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Preface 

Nuts and dried fruits are nutrient-rich foods and constitute an excellent means of 
delivering health-promoting bioactive compounds. As such, they serve as important 
healthful snack items, besides being part of many traditional and new recipes in 
gastronomy worldwide. Frequent consumption of nuts and/or dried fruits is highly 
recommended to obtain the full beneft of the nutrients, bioactives, and antioxidants 
that they contain, together with their desirable favor (taste and aroma). 

Consistent scientifc evidence suggests that individuals who regularly 
consume sizable amounts of nuts (30 or 42.5 g/day, depending on recommenda-
tions by the European Food Safety Authority [EFSA] or the US Food and Drug 
Administration [FDA], respectively) and/or dried fruits (30–40 g/day, depending 
on the fruit) disclose lower rates of some chronic non-communicable diseases. The 
health effects of nuts encompass management of obesity and reduced incidence of 
cardiovascular diseases (CVD), type-2 diabetes, various types of cancers, and other 
diet-related chronic diseases. The strongest and most consistent benefcial effect 
of nut consumption is its association with reduced CVD rates. The salutary effects 
of nuts, together with the demonstration that, in spite of their high energy content, 
they do not promote adiposity and may help control body weight, has informed 
many lifestyle guidelines worldwide aimed at preventing CVD. Thus far, the FDA 
has approved three qualifed health claims for nuts in general and walnuts and maca-
damias in particular, whereas the EFSA has approved one authorized health claim 
for walnuts. 

Concerning dried fruits, the scientifc evidence is more limited and less con-
clusive, but in recent years several studies have suggested their potential health 
benefts for glucose metabolism and other cardiovascular risk factors, as well as for 
osteoporosis, constipation, and other common disorders typically affecting people 
in developed countries. There is only one health claim approved by the EFSA for 
dried fruits, which refers to prunes and gastrointestinal health. 

This book consists of 23 chapters divided into two sections preceded by an 
introductory chapter (Chapter 1). Section I includes 12 chapters on nuts (Chapters 
2–13), and Section II includes 10 chapters on dried fruits (Chapters 14–23). The mul-
tifunctional health benefts of the most popular tree nuts (such as almonds, Brazil 
nuts, cashews, hazelnuts, macadamias, pecans, pistachios, and walnuts), peanuts 
(a legume that is included in the nut group because of a similar nutrient compo-
sition and health effects), and dried fruits (such as apricots, dates, fgs, prunes, 
and raisins) are reviewed thoroughly. Where available, information on the health 
benefts of the least popular nuts and dried fruits is also covered. In addition, the 
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compositional and nutritional characteristics, natural antioxidants, and bioactives 
as well as phenolics/phytochemicals of nuts and dried fruits are comprehensively 
reviewed in Chapters 2 and 14, respectively. 

We are most grateful to the contributors to this book, who are internation-
ally renowned researchers, for their all-encompassing account of the the issues of 
concern on the health benefts of nuts and dried fruits. The book will serve as a 
major resource for those interested in the health aspects of nuts and dried fruits. 
Biochemists, food scientists, dietitians, nutritionists, and health professionals, 
including medical doctors, from academia, government, and nutrition clinics as well 
as industry should fnd the contents of this book of much interest. Although this 
book serves primarily as a reference manual, it also summarizes the current state 
of knowledge in key research areas and contains novel ideas for future research and 
development. In addition, it provides easy-to-read text suitable for teaching senior 
undergraduate and postgraduate students in the relevant areas. Nut and dried fruit 
growers, processors, exporters, and decision makers will obtain maximum beneft 
from this publication. Finally, we trust that this book will pave the way for a better 
appreciation of the concept, products, and opportunities in the feld for profession-
als, public health regulators, processors, and consumers. 

Cesarettin Alasalvar 

Jordi Salas-Salvadó 

Emilio Ros 

Joan Sabaté 

x 



xi 

 

 
 

 

 

Editors 

Cesarettin Alasalvar, Ph.D., FIFT, FISNFF, is the director of the Food Institute 
at TÜBİTAK Marmara Research Center (MRC) in Turkey and is also an Associate 
Professor of Food Science and Engineering. His research interests focus mainly 
on development of functional foods and nutraceuticals, nutritional and functional 
properties of foods, bioactive properties of phytochemicals, and separation and iden-
tifcation of bioactives as well as bioavailability of foods and human clinical trials. 
Dr. Alasalvar has been active in the Institute of Food Technologists (IFT) programs 
for many years and served as a past chair of the Nutraceuticals and Functional Foods 
Division. He was one of the co-founders of the International Society for Nutraceuticals 
and Functional Foods (ISNFF) and also served as a past president of ISNFF. 
Dr Alasalvar is an editor of Food Chemistry journal and serves as an editorial board 
member of Journal of Functional Foods, Journal of Food Bioactives, and Food Production, 
Processing and Nutrition journal. He is active in Horizon 2020 Programme and has 
served as Turkish Delegate of Societal Challenges II (Food Security, Sustainable 
Agriculture and Forestry, Marine, Maritime and Inland Water Research, and the 
Bio economy) of the Horizon 2020 Programme Committee since 2017. He is also 
the Scientifc Advisory Board Member of PRIMA (Partnership for Research and 
Innovation in the Mediterranean Area – Horizon 2020) and serves on the Academic 
Committee and World Forum for Nutrition Research and Dissemination Committee 
Members of International Nut and Dried Fruit Council (INC). Dr Alasalvar is the 
editor of six books and holds fve patents. His work has led to the publication of 
over 100 research articles in the form of peer-reviewed journals (h-index of 36) and 
book chapters. He has considerable experience in coordinating numerous national 
and European Union funded projects (FP7-NutraHEALTH and IPA-INNOFOOD). 
Dr Alasalvar has received a number of prestigious international awards, including 
the IFT-Fellow Award (2012), the TÜBİTAK MRC – Most Successful Researcher 
Award (2012), the ISNFF-Merit Award (2014), the Sabri Ülker International Science 
and Innovation Award on Food, Nutrition, and Health (2015), and the ISNFF-Fellow 
Award (2019) in recognition of his pioneering scientifc achievements. 

Jordi Salas-Salvadó, M.D., Ph.D., is Professor of Nutrition, director of the Human 
Nutrition Research Unit at the Rovira i Virgili University (URV) and clinical head of 
the Nutrition Unit of the Internal Medicine Service of the Hospital Sant Joan de Reus, 
Spain. He is also the vice-president of the Pere i Virgili Health Research Institute, 
principal investigator of the Pathophysiology of Obesity and Nutrition Research 
Network at Instituto de Salud Carlos III, chairman of the World Forum for Nutrition 



 E D I T O R S  

Research and Dissemination (INC), director of the Catalan Center of Nutrition 
(CCNIEC), and member of the Network of Experts of the Public Health Agency of 
Catalonia (ACSA). Previously, he was a member of the Scientifc Committee of the 
Spanish Agency for Food Safety, president of the Spanish Federation of Societies of 
Nutrition, Food, and Dietetics (FESNAD), and vice-dean – head of studies in Human 
Nutrition and Dietetics (URV). His research interests focus mainly on human clini-
cal trials evaluating the effect of diet and dietary components on obesity, type-2 
diabetes mellitus, metabolic syndrome, and cardiovascular disease (CVD). He is 
one of the leaders of the PREDIMED study, a landmark trial evaluating the effect of 
the Mediterranean Diet on the primary prevention of CVD. He is now the director 
and chair of the Steering Committee of the PREDIMED-PLUS study, an ongoing 
multi-center, randomized, and primary prevention trial on 6,900 overweight/obese 
participants with metabolic syndrome. He has directed more than 30 research proj-
ects funded by public agencies and 25 projects in collaboration with pharmaceutical 
and food industries. He is principal investigator or co-principal investigator of other 
projects funded by the Instituto de Salud Carlos III, the European Commission, 
and National Institutes of Health (USA). He has published more than 550 original 
research articles in peer-reviewed journals, has been editor of six books, and has 
co-authored more than 65 other books (h-index of 63 and more than 18,000 cita-
tions). He has also received an award as a highly cited researcher 2018 by Clarivate 
Analytics. 

Emilio Ros, M.D., Ph.D, is Emeritus Investigator, Institut d’Investigacions 
Biomèdiques August Pi Sunyer (IDIBAPS), Barcelona, Spain; founder and former 
head of the Lipid Clinic, Endocrinology, and Nutrition Department and Hospital 
Clinic, Barcelona; and former Principal Investigator of the research groups 
“Hypertension, Lipids, and Atherosclerosis” at IDIBAPS, Barcelona and “Nutrition, 
Lipids, and Cardiovascular Risk”, CIBER Fisiopatología de la Obesidad y Nutrición 
(CIBEROBN), Instituto de Salud Carlos III, Madrid, Spain. He was founder and 
vice-president of Sociedad Española de Arteriosclerosis (SEA), founder and edi-
tor of the offcial journal of SEA “Clínica e Investigación en Arteriosclerosis,” and 
founder and president of Sociedad Iberoamericana de Aterosclerosis. He under-
went postgraduate training in the USA (New York and Boston, 1970–1976) and 
was certifed by the American Board of Internal Medicine and the American Board 
of Internal Medicine, subspecialty Gastroenterology. He is active member of the 
editorial boards of Metabolism and  Nutrients, and former associate editor of the 
British Journal of Nutrition and Medicina Clínica (Barcelona). His research interests 
include nutrition in the prevention of cardiovascular diseases, age-related cognitive 
decline, and dementia, with especial interest in the Mediterranean diet and walnuts, 
plant sterols, blood membrane fatty acids, genetic dyslipidemias, cardiovascular 
risk assessment, and vascular imaging techniques. He also led the nutritional inter-
vention of the landmark PREDIMED trial of Mediterranean diet for primary car-
diovascular prevention and serves on the steering committees of the PREDIMED 
and PREDIMED-PLUS studies. Dr Ros has received numerous research grants 
from public and private agencies. He has published more than 380 original papers, 
over 130 review papers, 30 editorials, and 90 scientifc textbook chapters (h-index  
of 61). He has been speaker at many scientifc conferences and professor of many 

xii



 E D I T O R S 

postgraduate courses in the felds of nutrition, lipid metabolism, atherosclerosis, 
and cardiovascular prevention. He received the award for best scientifc career in 
Nutrition, Instituto Danone Spain 2013; the Grande-Covián Award for a life career in 
Nutrition, SEA 2014; the Excellence in Research Award, International Nut Council 
2014; and the CCNIEC award for a life career in Nutrition, Barcelona 2015. He has 
also received an award as a highly cited researcher globally for the period 2006– 
2016 by Clarivate Analytics. 

Joan Sabaté, M.D., Dr.PH, is professor of Nutrition and Epidemiology at Loma 
Linda University School of Public Health where he directs the Center for Nutrition, 
Lifestyle, and Disease Prevention. Originally from Spain, Dr Sabaté is a board-
certifed physician in Internal Medicine who moved to the USA to further train in 
Public Health Nutrition. He obtained a doctorate in Nutrition and a Fellowship in 
Nutritional Epidemiology. Dr Sabaté was the principal investigator of a nutrition 
intervention trial that directly linked the consumption of walnuts to signifcant 
reductions in serum cholesterol, published in the New England Journal of Medicine  
in 1993. The Archives of Internal Medicine later published his fndings of a pooled 
analysis of 25 intervention trials establishing the benefts of nut consumption for 
blood lipid levels and lowering the risk of heart disease. He has been the principal 
investigator of over 30 clinical trials investigating the health effects of nuts and other 
plant foods, funded by public and private agencies. He enjoys conducting research 
and disseminating the fndings. He has authored more than 200 research articles 
in the scientifc literature, many of them in high-impact journals (h-index of 57 and 
more than 10,500 citations). Dr Sabaté is co-investigator of the Adventist Health 
Studies, prospective epidemiological studies relating dietary intake with health out-
comes that have the largest cohorts of vegetarians. He is editor of the reference 
book  Vegetarian Nutrition published by CRC Press, and was the principal architect 
of the Vegetarian Food Guide Pyramid released in 1987 at the 3rd International 
Congress on Vegetarian Nutrition and redesigned in 2008. He has been chair of the 
4th–7th International Congress on Vegetarian Nutrition, and he edited the congress 
proceedings published in the American Journal of Clinical Nutrition. For the past 
10 years, Dr Sabaté  has directed the Environmental Nutrition research program at 
the Loma Linda University School of Public Health. This program focuses on sus-
tainable diets and explores the interrelationships between the environmental and 
health impacts of food choices, and ultimately seeks to improve the sustainability, 
health, and equity of food systems. He is editor of the book Environmental Nutrition:  
Connecting Health and Nutrition with Environmentally Sustainable Diets, published 
by Elsevier. 

xiii 



https://taylorandfrancis.com/


xv 

Contributors 

Cesarettin Alasalvar 
TÜBİTAK Marmara Research Center 
Food Institute 
Gebze-Kocaeli, Turkey 

Bahram H. Arjmandi 
Department of Nutrition, Food, and 

Exercise Sciences 
College of Human Sciences 
Florida State University 
Tallahassee, Florida 

Alessandro Atzeni 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

Dagfnn Aune 
Department of Epidemiology and 

Biostatistics 
School of Public Health 
Imperial College London 
London, United Kingdom 

and 

Department of Nutrition 
Bjørknes University College 
Oslo, Norway 

and 

Department of Endocrinology 
Morbid Obesity and Preventive Medicine 
Oslo University Hospital 
Oslo, Norway 

Maira Bes-Rastrollo 
Department of Preventive Medicine and 

Public Health 
University of Navarra 
Pamplona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

and 

IdiSNA 
Navarra Institute for Health Research 
Pamplona, Spain 

Edward Bitok 
Center for Nutrition, Healthy Lifestyle, 

and Disease Prevention 
School of Public Health 
Loma Linda University 
Loma Linda, California 

and 

Department of Nutrition and Dietetics 
School of Allied Health Professions 
Loma Linda University 
Loma Linda, California 

Christopher N. Blesso 
Department of Nutritional Sciences 
University of Connecticut 
Storrs, Connecticut 



 C O N T R I B U T O R S  

Bradley Bolling 
Department of Food Science 
University of Wisconsin-Madison 
Madison, Wisconsin 

Josefna Bressan 
Department of Nutrition and Health 
Universidade Federal de Viçosa 
Viçosa, Brazil 

Mònica Bulló 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

Ana Paula Silva Caldas 
Department of Nutrition and 

Health 
Universidade Federal de Viçosa 
Viçosa, Brazil 

Arianna Carughi 
Sun-Maid Growers of California 
Kingsburg, California 

Sui Kiat Chang 
Department of Nutrition and 

Dietetics 
School of Health Sciences 
International Medical University 
Kuala Lumpur, Malaysia 

Luc Djoussé 
Department of Medicine 
Division of Aging 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, Massachusetts 

and 

Veterans Affairs Boston Healthcare 
System 

Boston, Massachusetts 

Heinz Freisling 
Nutritional Methodology and 

Biostatistics Group 
International Agency for Research 

on Cancer 
Lyon, France 

Serena Galiè 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

Daniel Gallaher 
Department of Food Science and 

Nutrition 
University of Minnesota 
St. Paul, Minnesota 

Chelsea Garcia 
Department of Nutritional Sciences 
University of Connecticut 
Storrs, Connecticut 

Kelli S. George 
Department of Nutrition, Food, and 

Exercise Sciences 
College of Human Sciences 
Florida State University 
Tallahassee, Florida 

Marta Guasch-Ferré 
Department of Nutrition 
Harvard TH Chan School of Public 

Health 
Boston, Massachusetts 

xvi 



 

 

C O N T R I B U T O R S 

Pablo Hernández-Alonso 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

Kelly A. Higgins 
Department of Food Science 
Purdue University 
West Lafayette, Indiana 

Stephanie R. Hunter 
Department of Nutrition Science 
Purdue University 
West Lafayette, Indiana 

Tasnim F. Imran 
Department of Medicine 
Cardiology Section 
Boston Medical Center 
Boston University School of Medicine 
Boston, Massachusetts 

and 

Department of Medicine 
Division of Aging 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, Massachusetts 

and 

Veterans Affairs Boston Healthcare 
System 

Boston, Massachusetts 

David J.A. Jenkins 
Department of Nutritional Sciences and 

Medicine 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

Toronto 3D Knowledge Synthesis and 
Clinical Trials Unit 

Clinical Nutrition and Risk Factor 
Modifcation Center 

St. Michael’s Hospital 
Toronto, Ontario 

and 

Li Ka Shing Knowledge Institute 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Division of Endocrinology and 
Metabolism 

St. Michael’s Hospital 
Toronto, Ontario 

Cyril W.C. Kendall 
Toronto 3D Knowledge Synthesis and 

Clinical Trials Unit 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

College of Pharmacy and Nutrition 
University of Saskatchewan 
Saskatoon, Saskatchewan 

xvii 



 

 

C O N T R I B U T O R S  

Yakup Kohen 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

Penny Kris-Etherton 
Department of Nutritional 

Sciences 
The Pennsylvania State University 
University Park, Pennsylvania 

Jie Liu 
Department of Food Science 
School of Food and Health 
Beijing Technology and Business 

University (BTBU) 
Beijing, China 

Jiyuan Liu 
Department of Food Science 
University of Wisconsin-Madison 
Madison, Wisconsin 

and 

College of Food Science and Nutritional 
Engineering 

China Agricultural University 
Beijing, China 

Xiaocao Liu 
Department of Food Science 
University of Wisconsin-Madison 
Madison, Wisconsin 

and 

School of Food Science and 
Engineering 

South China University of 
Technology 

Guangzhou, China 

Miguel Ángel Martínez-González 
Department of Preventive Medicine and 

Public Health 
University of Navarra 
Pamplona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

and 

IdiSNA 
Navarra Institute for Health 

Research 
Pamplona, Spain 

and 

Department of Nutrition 
TH Chan Harvard School of Public 

Health 
Boston, Massachusetts 

Giuseppina Mandalari 
Department of Chemical, Biological, 

Pharmaceutical, and Environmental 
Science 

University of Messina 
Messina, Italy 

Iris Mandalozano 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

Richard D. Mattes 
Department of Nutrition Science 
Purdue University 
West Lafayette, Indiana 

Breanna M. McArthur 
Department of Food Science 
Purdue University 
West Lafayette, Indiana 

xviii 



 C O N T R I B U T O R S 

Sonia Blanco Mejia 
Toronto 3D Knowledge Synthesis and 

Clinical Trials Unit 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

María Marhuenda Muñoz 
Department of Nutrition, Food 

Sciences, and Gastronomy 
School of Pharmacy and Food 

Sciences 
University of Barcelona 
Barcelona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

and 

Nutrition and Food Safety Research 
Institute (INSA-UB) 

University of Barcelona 
Barcelona, Spain 

Jananee Muralidharan 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

Elizabeth P. Neale 
School of Medicine 
Faculty of Science, Medicine, and Health 
University of Wollongong 
Wollongong, Australia 

Stephanie K. Nishi 
Toronto 3D Knowledge Synthesis and 

Clinical Trials Unit 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

Hwayoung Noh 
Nutritional Methodology and 

Biostatistics Group 
International Agency for Research 

on Cancer 
Lyon, France 

Melody Ong 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

Melanie Paquette 
Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

Clinical Nutrition and Risk Factor 
Modifcation Center 

St. Michael’s Hospital 
Toronto, Ontario 

xix 



 

 

C O N T R I B U T O R S  

Darshna Patel 
Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

Clinical Nutrition and Risk Factor 
Modifcation Center 

St. Michael’s Hospital 
Toronto, Ontario 

Kristina Petersen 
Department of Nutritional Sciences 
The Pennsylvania State University 
University Park, Pennsylvania 

Zoha Prasla 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

Sujatha Rajaram 
Center for Nutrition, Healthy Lifestyle, 

and Disease Prevention 
School of Public Health 
Loma Linda University 
Loma Linda, California 

Rosa M. Lamuela Raventós 
Department of Nutrition, Food 

Sciences, and Gastronomy 
School of Pharmacy and Food Sciences 
University of Barcelona 
Barcelona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

and 

Nutrition and Food Safety Research 
Institute (INSA-UB) 

University of Barcelona 
Barcelona, Spain 

Emilio Ros 
Endocrinology and Nutrition Service 
Institut d’Investigacions Biomèdiques 

August Pi Sunyer 
Hospital Clínic 
Barcelona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

Joan Sabaté 
Center for Nutrition, Healthy Lifestyle, 

and Disease Prevention 
School of Public Health 
Loma Linda University 
Loma Linda, California 

Sandhya Sahye-Pudaruth 
Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

Clinical Nutrition and Risk Factor 
Modifcation Center 

St. Michael’s Hospital 
Toronto, Ontario 

Aleix Sala-Vila 
Barcelonaβeta Brain Research 

Center (BBRC) 
Pasqual Maragall Foundation 
Barcelona, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

xx 



 

 

C O N T R I B U T O R S 

Jordi-Salas Salvadó 
Department of Biochemistry and 

Biotechnology 
School of Medicine 
Rovira i Virgili University 
Reus, Spain 

and 

CIBER Fisiopatología de la Obesidad y 
Nutrición (CIBEROBN) 

Instituto de Salud Carlos III 
Madrid, Spain 

Fereidoon Shahidi 
Department of Biochemistry 
Memorial University of Newfoundland 
St. John’s, Newfoundland and Labrador 

John L. Sievenpiper 
Toronto 3D Knowledge Synthesis and 

Clinical Trials Unit 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

and 

Division of Endocrinology and 
Metabolism 

St. Michael’s Hospital 
Toronto, Ontario 

and 

Li Ka Shing Knowledge Institute 
St. Michael’s Hospital 
Toronto, Ontario 

Kristie (Korbua) Srichaikul 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

Valerie Sullivan 
Department of Nutritional Sciences 
The Pennsylvania State University 
University Park, Pennsylvania 

Linda C. Tapsell 
School of Medicine 
Faculty of Science, Medicine, and 

Health 
University of Wollongong 
Wollongong, Australia 

Effe Viguiliouk 
Toronto 3D Knowledge Synthesis and 

Clinical Trials Unit 
Clinical Nutrition and Risk Factor 

Modifcation Center 
St. Michael’s Hospital 
Toronto, Ontario 

and 

Department of Nutritional Sciences 
Faculty of Medicine 
University of Toronto 
Toronto, Ontario 

Ziyuan Wang 
Department of Food Science 
School of Food and Health 
Beijing Technology and Business 

University (BTBU) 
Beijing, China 

Mingsi Xie 
Department of Food Science 
School of Food and Health 
Beijing Technology and Business 

University (BTBU) 
Beijing, China 

xxi 



https://taylorandfrancis.com/


 

  
  
  
  

 

C h  a p t e r  1 

Health Benefts of Nuts 
and Dried Fruits 

An Overview 

Cesarettin Alasalvar, Jordi-Salas Salvadó, 
Emilio Ros, and Joan Sabaté 

1.1 Introduction 1 
1.2 Health Benefts of Nuts 2 
1.3 Health Benefts of Dried Fruits 4 
1.4 Conclusion 5 
References 5 

1.1 introduction 

Nuts and dried fruits have been part of the human diet since prehistoric times [1,2]. 
They are key food categories in most plant-based diets, such as vegetarian diets [3], 
the Mediterranean diet, and other healthy regional diets [4]. 

According to the botanical defnition, a nut is simply a dried fruit with one seed 
(rarely two) in which the ovary walls are very hard (stony or woody) at maturity, and 
the seed is unattached or free within the ovary wall. However, the word nut is com-
monly used to refer to any large, oily kernel in a shell that can be eaten as food. The 
most commonly consumed nuts are almonds, Brazil nuts, cashews, hazelnuts, mac-
adamias, peanuts, pecans, pine nuts, pistachios, and walnuts. Peanuts are botani-
cally legumes but, because of their similar nutrient composition and their proven 
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cardiovascular health benefts, they are considered as nuts by both nutritionists and 
consumers. 

Fresh fruits are processed by various techniques to become dried fruits in 
order to extend their shelf life. Therefore, dried fruits are a concentrated form of 
fresh fruits with lower moisture content. Fruits can be dried whole, in halves, or in 
slices. In this form, they are easy to store and distribute, are available throughout 
the year, and are a healthier alternative to salty or sugary snacks. Apples, apricots, 
currants, dates, fgs, peaches, pears, prunes, and raisins are referred to as tradi-
tional dried fruits, although other fruits such as blueberries, cranberries, and straw-
berries have also been included in this food category. 

Nuts and dried fruits are nutrient-rich foods and constitute an excellent means 
to deliver health-promoting bioactive compounds. As such, they serve as important 
healthful snack items, besides being part of many traditional and new recipes of 
gastronomy worldwide. Frequent consumption of nuts and/or dried fruits is highly 
recommended to obtain the full beneft of the nutrients, bioactives, and antioxidants 
that they contain, together with their desirable favor. The macronutrients, micro-
nutrients, and other health-promoting bioactive compounds contained in nuts and 
dried fruits may synergistically interact to modulate the risk of cardiometabolic and 
other non-communicable diseases through various mechanisms. 

Several prospective studies, clinical trials, and experimental investigations 
have reported benefcial effects on several outcomes after nut consumption [5]. The 
benefts of dried fruits, however, have been less explored [6]. 

This overview chapter summarizes the nutritional signifcance and health 
benefts of nuts and dried fruits and also discusses their great potential as salutary 
foods for a number of diseases afficting humans. 

1.2 Health Benefts of Nuts 

Tree nuts are recognized as healthy foods because of their unique nutritional 
attributes. Tree nuts and peanuts are rich in monounsaturated fatty acids, with 
the exception of Brazil nuts, heartnuts, pine nuts, and walnuts, which are rich in 
polyunsaturated fatty acids [7]. They are good sources of dietary fber [8,9] and 
provide macronutrients, micronutrients, fat-soluble bioactives, and phytochemi-
cals [9–12]. 

Frequent nut consumption has especially been shown to have benefcial effects 
on the cardiovascular system. It has been well over two decades since nut consump-
tion was frst associated with a reduced risk of coronary heart disease (CHD) in 
the Adventist Health Study cohort [13] and its lipid-lowering effects shown in a ran-
domized controlled trial [14]. In large epidemiologic studies, the frequency of nut 
consumption was consistently related to lower rates of CHD and total cardiovascular 
disease (CVD) incidence and mortality [15]. The frequency of nut consumption was 
also related to lower rates of sudden death in a large cohort of men, as well as lower 
rates of peripheral artery disease [16], atrial fbrillation [17], and all-cause and CVD 
mortality [15,18]. 

Nuts may exert a protective effect on CVD through different mechanisms. The 
most recognized is their lipid-lowering effect, which has consistently been demon-
strated in several population groups using different types of nuts, study designs, 
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and comparator diets [19,20]. However, the magnitude of the reduced risk of CHD 
associated with nut consumption cannot be explained only by the cholesterol lower-
ing effect. 

Thus, nuts may protect against CVD through other potential mechanisms 
such as improving endothelial function, but no effect on infammation [21] and oxi-
dation [22], reducing postprandial glycaemia and insulin resistance while substitut-
ing other sources of carbohydrates [23], or increasing satiety [24]. Nut consumption 
has also recently been shown to change gut microbiota composition and metabolism 
with potential benefcial effects on cardiovascular risk factors [25]. 

Because nuts are an energy-dense food containing a high amount of fat, a 
widespread concern regarding their consumption is that it may lead to weight 
gain and obesity, and consequently increase the risk of type-2 diabetes (T2D) and 
other comorbidities. In addition, because nuts are frequently consumed salted, 
it is believed that they could contribute to an increased risk of hypertension. 
However, there is consistent evidence that frequent nut consumption does not lead 
to any appreciable weight gain or increase in the risk of abdominal obesity when 
incorporated into healthy diets [26,27]. Moreover, the evidence suggests that nut 
consumption does not increase insulin resistance in the long term and may even 
increase insulin sensitivity [28], and that it ameliorates endothelial function [21]. 
In addition, an inverse association was found between the frequency of nut con-
sumption and the prevalence and incidence of metabolic syndrome (MetS) [29]. 
Finally, some clinical trials evaluated the effect of nuts in individuals with MetS 
and found that they may have benefted some of the components of the syndrome 
[29]. However, controversy exists as to the protective effect of nuts against T2D. 
Nuts may lower the risk of incident T2D in women, but the effect inconclusive in 
men [15]. Furthermore, limited evidence suggests that nuts might reduce blood 
pressure [30]. 

There is also incipient evidence that nut consumption may benefcially impact 
non-cardiovascular outcomes. Thus, nuts appear to reduce the risk of certain types 
of cancer [31,32], delay age-related cognitive decline [33], reduce the risk of depres-
sion [34], and improve sperm motility and other parameters of fertility [35]. 

In summary, a large body of scientifc evidence suggests that individuals who 
regularly consume sizable amounts of nuts (30 or 42.5 g/day, depending on rec-
ommendation by European Food Safety Authority [EFSA] or the Food and Drug 
Administration [FDA], respectively) disclose lower rates of some chronic non-com-
municable diseases. Thus far, the FDA has approved three qualifed health claims 
on nuts in general and walnuts and macadamias in particular [36,37,63], whereas the 
EFSA has approved one authorized health claim for walnuts [38]. Nuts have been 
included in the American Heart Association’s (AHA) report on goals for health pro-
motion and disease reduction for 2020 [39], in the recent AHA/American College of 
Cardiology Guidelines on lifestyle factors to reduce CVD risk, and in the Canadian 
Cardiovascular Society Guidelines and those of other National Institutes of Health 
and Scientifc Societies. Nuts are also an important component of the Mediterranean 
diet [40], vegetarian diets [41], and any plant-based dietary pattern recommended 
for health [42]. 

Section I of this book provides a comprehensive overview on the nutritional 
profles, health-promoting phytochemicals/bioactives, and health benefts of nuts 
when included in healthy dietary patterns. 
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1.3 Health Benefts of Dried Fruits 

Dried fruits are a good source of energy due to their high carbohydrate content, 
contain small amounts of lipids and protein, and are rich sources of essential nutri-
ents. Thus, dried fruits contain both water-soluble vitamins (betaine, choline, folate, 
niacin, pantothenic acid, pyridoxine, ribofavin, thiamine, and vitamin C) and fat-
soluble vitamins (A, E, and K). Among them, vitamins A, C, and E are well known 
for their antioxidant properties. Dried fruits are also good sources of fber and min-
erals [9]. In addition, they contain a wide array of bioactive phytochemicals, such 
as phenolic acids (hydroxycinnamic acids and hydroxybenzoic acids), favonoids 
(anthocyanins, favan-3-ols, favonols, and favones), phytoestrogens, carotenoids, 
tannins (proanthocyanins and hydrolysable tannins), stilbenes, and chalcones/dihy-
drochalcones, all powerful antioxidants. The positive health effects of the bioactive 
phytochemicals present in dried fruits are probably related to their strong antioxi-
dant activities, among other mechanism [6,43]. 

With regard to health claims for dried fruits, the EFSA authorizes health 
claims provided that they are based on scientifc evidence and can be easily under-
stood by consumers. There has only been one health claim approved thus far by the 
EFSA for dry fruits, which refers to prunes and gastrointestinal health [44]. In order 
to obtain the claimed effect, about 100 g of prunes should be consumed daily. No 
health claim for dried fruits has been approved by the FDA. 

Concerning dried fruits, the scientifc evidence is more limited and not as con-
clusive as that available for nuts, but in the last decade it has suggested that individu-
als who regularly consume generous amounts of dried fruits experience favorable 
effects in terms of CVD, sudden cardiac death, stroke, cardiometabolic syndrome 
(endothelial function, infammation, and blood pressure) [45–47], various types of 
cancer [48,49], T2D [23,50], obesity [51], and bone health [52,53], as well as gut 
health and microbiota [54–56], and other benefts for cognitive function, appetite, 
satiety control, and hepatoprotection [57], although for some outcomes controver-
sies still exist. At any rate, daily consumption of dried fruits is recommended in 
order to obtain the full beneft of the nutrients and health-promoting phytochemi-
cals, including antioxidants, that they contain, together with their desirable taste 
and aroma [58,59]. 

Because of the high sugar content of dried fruits, ranging from 38 g/100 g 
in prunes to 73 g/100 g in cranberries [9], they are expected to have a high glyce-
mic index (70 and above) and thus promote high insulin responses. However, recent 
studies have shown that dried fruits have a low (55 and under) to moderate (56–69) 
glycemic and insulin index, and after consumption glycemic and insulin responses 
are comparable to those of fresh fruits [60]. This could be due to the presence of fber 
and polyphenols, which are capable of modifying the glycemic response [6,61,62]. 
Frequent consumption of foods with a low glycemic index may help decrease the risk 
of T2D and help in the management of the established condition [43,58]. 

As mentioned, several studies have highlighted the health benefts of dried 
fruit consumption; however, there is no consensus in the literature about the por-
tion size of dried fruit that should be consumed. In addition, in spite of the fact that 
there are no specifc recommendations, the consumption of dried fruits has been 
encouraged as a strategy to improve diet quality and reach desirable levels of both 
fruit consumption and intake of some nutrients that are often defcitary in the usual 
diet [51]. 
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Section II of this book provides a comprehensive overview on the nutritional 
profles, health-promoting phytochemicals/bioactives, and health benefts of dried 
fruits when included in healthy dietary patterns. 

1.4 conclusion 

In this book, we present the latest scientifc evidence on the health effects of nuts 
and dried fruits and on how and why they occur. Consumption of both nuts and 
dried fruits has been associated with cardiometabolic and other health benefts. 
Although compared to nuts, the level of evidence on dried fruits is lower, the con-
sumption of both food groups needs to be promoted for public health purposes. 
Nuts and dried fruits have a complementary nutritional profle. Both can be incor-
porated into a healthy diet as snacks, in salads, in sauces, and in other recipes. 
Future studies evaluating the health effects of combinations of nuts and dried fruits 
are warranted. 
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2.1 introduction 

Nuts are dry fruits with generally one seed in which the wall becomes hard at matu-
rity. The most popular tree nuts include almonds, Brazil nuts, cashews, hazelnuts, 
macadamias, pecans, pine nuts, pistachios, and walnuts. In addition, acorns, beech 
nuts, betel nuts, butter nuts, chestnuts, coconuts, heartnuts, ginkgo nuts, hickory 
nuts, and pili nuts, among others, are also known as edible tree nuts. Peanuts, which 
are botanically legumes, have nutrient profles similar to those of tree nuts and are 
thus also addressed in this chapter. 

Considering the production of world’s most popular nuts (Table 2.1), peanuts 
rank frst on a global basis, with a production of 42,707,000 metric tons (MT) in-shell 
basis, followed by almonds (1,262,131 MT shell basis), walnuts (866,820 MT shell 
basis), cashews (786,068 MT shell basis), pistachios (587,507 in-shell basis), and 
hazelnuts (509,325 MT shell basis) in 2017–2018. Production of the remaining four 
nuts (Brazil nuts, macadamias, pecans, and pine nuts) was around 231,597 MT shell 
basis for the same year [1]. Moreover, world’s chestnut production was 2,261,589 
MT in-shell basis in 2016 [2]. Little information about the production of acorns, 
beech nuts, butter nuts, coconuts, hickory nuts, heart nuts, and pili nuts is available. 

Nuts contain numerous health-promoting bioactive components. They are 
highly nutritious and provide macronutrients (fats, proteins, and carbohydrates), 
micronutrients (minerals and vitamins), fat-soluble bioactives (monounsaturated 
fatty acids [MUFA], polyunsaturated fatty acids [PUFA], monoacylglycerols, diac-
ylglycerols, triacylglycerols, phospholipids, sterol esters, tocopherols, tocotrienols, 
phytosterols, phytostanols, squalene, terpenoids, sphingolipids, carotenoids, chlo-
rophylls, alkyl phenols, and essential oils, among others), and other phytochemi-
cals belonging to the polyphenol class, such as phenolic acids (hydroxybenzoic 
and hydroxycinnamic), favonoids [favonols, favones, favanols (favan-3-ols or cat-
echins), favanonols, favanones, anthocyanins, and isofavanes], stilbenes, lignans, 
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naphthoquinones, hydrolyzable tannins (ellagitannins and gallotannins), condensed 
tannins or proanthocyanidins, ellagic acid, and phenolic aldehydes, among other 
phytochemicals such as alkaloids, coumestan, phytates, terpenes, and phytoestro-
gens [3–12]. 

Based on United States Department of Agriculture (USDA) available data, 
total nut consumption (tree nuts and peanuts) in the United States is rather low (162 
mg/day). In the EU, 5.0 g of peanuts/day are consumed, contributing 71.5 mg of 
polyphenols. Tree nuts have 86.9 mg of polyphenols, and thus the nut contribution 
to polyphenols in the EU diet amounts to 158 mg/day, which is very similar to the 
US diet [13]. 

This chapter provides a comprehensive overview of nutrients, natural antioxi-
dants, fat-soluble bioactives, and phenolics in nuts. Percentages of recommended 
dietary allowances (RDA) or adequate intake (AI) of vitamins and minerals pro-
vided by nuts in adult men and women (aged 19–50 years) are also provided. 

2.2 Nutrient Profles of Nuts 

Nuts are rich sources of essential nutrients. The compositional and nutritional 
characteristics of 18 nuts (acorns, almonds, beech nuts, Brazil nuts, butter nuts, 
cashews, chestnuts, coconuts, ginkgo nuts, hazelnuts, hickory nuts, macadamias, 
peanuts, pecans, pili nuts, pine nuts, pistachios, and walnuts) are compared and 
presented in Table 2.2. Nutrient profles of heartnuts are not available in the USDA 
database or elsewhere, therefore they are not discussed in this section. 

2.2.1 Proximate Composition 

Nuts are a nutrient-dense component of the diet. Their proximate composition var-
ies considerably depending on the nut type being considered. Based on the data 
provided in Table 2.2, lipid (fat) is the predominant component (2.00–79.55 g/100 
g, being lowest in ginkgo nuts and highest in pili nuts), followed by carbohydrate 
(3.98–77.31 g/100 g, being lowest in pili nuts and highest in chestnuts), protein 
(6.20–25.80 g/100 g, being lowest in beech nuts and highest in peanuts), moisture 
(water) (1.36–12.40 g/100 g, being lowest in macadamias and highest in ginkgo 
nuts), and ash (1.14–3.70 g/100 g, being lowest in macadamias and highest in beech 
nuts). Nuts are characterized by a high lipid content and are thus considered an 
excellent source of energy (348–719 kcal/100 g, being lowest in ginkgo nuts and 
highest in pili nuts) [12]. Low moisture content is important for the extended shelf 
life and sensory quality of nuts, as it helps to reduce microbial growth and various 
associated undesirable biochemical changes [14]. 

2.2.1.1 Lipids 
Most nuts are rich in lipids (ranging from 31.41 g/100 g in acorns to 79.55 g/100 g 
in pili nuts) with a few exceptions, such as ginkgo nuts (2.00 g/100 g) and chestnuts 
(4.45 g/100 g); these lipids make up the major portion of the energy obtained from 
these nuts (Table 2.2). Again, cultivar type, geographical location, and growing con-
ditions infuence the lipid content of mature kernels [14]. 

16 

https://1.14�3.70
https://1.36�12.40
https://6.20�25.80
https://3.98�77.31
https://2.00�79.55


 
ta

b
le

 2
.2

 
C

om
po

si
tio

na
l a

nd
 N

ut
rit

io
na

l C
ha

ra
ct

er
is

tic
s 

of
 N

ut
s 

(p
er

 1
00

 g
)

N
ut

rie
nt

 

Unit 

Acornsa 

Almonds 

Beech nutsb 

Brazil nuts 

Butter nutsc 

Cashews 

Chestnutsd 

Coconutse 

Ginkgo nutsf 

Hazelnuts 

Hickory nutsg 

Macadamias 

Peanuts 

Pecans 

Pili nutsh 

Pine nuts 

Pistachios 

Walnuts 

Pr
ox

im
at

e 
co

m
po

si
tio

n

W
at

er
 

g 
5.

06
 

4.
41

 
6.

60
 

3.
42

 
3.

34
 

5.
20

 
9.

45
 

3.
0 

12
.4

0 
5.

31
 

2.
65

 
1.

36
 

6.
50

 
3.

52
 

2.
77

 
2.

28
 

4.
37

 
4.

07
 

En
er

gy
 

kc
al

 
50

9 
57

9 
57

6 
65

9 
61

2 
55

3 
37

4 
66

0 
34

8 
62

8 
65

7 
71

8 
56

7 
69

1 
71

9 
67

3 
56

0 
65

4 

Pr
ot

ei
n 

g 
8.

10
 

21
.1

5 
6.

20
 

14
.3

2 
24

.9
0 

18
.2

2 
6.

39
 

6.
88

 
10

.3
5 

14
.9

5 
12

.7
2 

7.
91

 
25

.8
0 

9.
17

 
10

.8
0 

13
.6

9 
20

.1
6 

15
.2

3 

Lip
id

 (f
at

) 
g 

31
.4

1 
49

.9
3 

50
.0

0 
67

.1
0 

56
.9

8 
43

.8
5 

4.
45

 
64

.5
3 

2.
00

 
60

.7
5 

64
.3

7 
75

.7
7 

49
.2

4 
71

.9
7 

79
.5

5 
68

.3
7 

45
.3

2 
65

.2
1 

SF
A 

g 
4.

08
 

3.
80

 
5.

72
 

16
.1

3 
1.

31
 

7.
78

 
0.

84
 

57
.2

2 
0.

38
 

4.
47

 
7.

04
 

12
.0

6 
6.

28
 

6.
18

 
31

.1
8 

4.
90

 
5.

91
 

6.
13

 

M
U

FA
 

g 
19

.9
0 

31
.5

5 
21

.8
9 

23
.8

8 
10

.4
3 

23
.8

0 
1.

54
 

2.
75

 
0.

74
 

45
.6

5 
32

.6
1 

58
.8

8 
24

.4
3 

40
.8

0 
37

.2
3 

18
.7

6 
23

.2
6 

8.
93

 

PU
FA

 
g 

6.
05

 
12

.3
3 

20
.0

9 
24

.4
0 

42
.7

4 
7.

85
 

1.
76

 
0.

71
 

0.
74

 
7.

92
 

21
.8

9 
1.

50
 

15
.5

6 
21

.6
1 

7.
61

 
34

.0
7 

14
.3

8 
47

.1
7 

A
sh

 
g 

1.
78

 
2.

97
 

3.
70

 
3.

43
 

2.
73

 
2.

54
 

2.
40

 
1.

94
 

2.
80

 
2.

29
 

2.
0 

1.
14

 
2.

33
 

1.
49

 
2.

91
 

2.
59

 
2.

99
 

1.
78

 

C
ar

bo
hy

dr
at

e 
g 

53
.6

6 
21

.5
5 

33
.5

0 
11

.7
4 

12
.0

5 
30

.1
9 

77
.3

1 
23

.6
5 

72
.4

5 
16

.7
0 

18
.2

5 
13

.8
2 

16
.1

3 
13

.8
6 

3.
98

 
13

.0
8 

27
.1

7 
13

.7
1 

D
ie

ta
ry

 f
br

e 
g 

na
 

12
.5

 
na

 
7.

5 
4.

7 
3.

3 
11

.7
 

16
.3

 
na

 
9.

7 
6.

4 
8.

6 
8.

5 
9.

6 
na

 
3.

7 
10

.6
 

6.
7 

Su
ga

rs
 

g 
na

 
4.

35
 

na
 

2.
33

 
na

 
5.

91
 

na
 

7.
35

 
na

 
4.

34
 

na
 

4.
57

 
4.

72
 

3.
97

 
na

 
3.

59
 

7.
66

 
2.

61
 

St
ar

ch
 

g 
na

 
0.

72
 

na
 

0.
25

 
na

 
23

.4
9 

na
 

na
 

na
 

0.
48

 
na

 
1.

05
 

na
 

0.
46

 
na

 
1.

43
 

1.
67

 
0.

06
 

M
in

er
al

s

C
al

ci
um

 
m

g 
54

 
26

9 
1.

0 
16

0 
53

 
37

 
67

 
26

 
20

 
11

4 
61

 
85

 
92

 
70

 
14

5 
16

 
10

5 
98

 

C
op

pe
r 

m
g 

0.
82

 
1.

03
 

0.
67

 
1.

74
 

0.
45

 
2.

20
 

0.
65

 
0.

80
 

0.
54

 
1.

73
 

0.
74

 
0.

76
 

1.
14

 
1.

20
 

0.
96

 
1.

32
 

1.
30

 
1.

59
 

Fl
uo

rid
e 

μg
na

na
na

na
na

na
na

na
na

na
na

na
na

10
na

 
na

3.
4

na
 

Iro
n 

m
g 

1.
04

 
3.

71
 

2.
46

 
2.

43
 

4.
02

 
6.

68
 

2.
38

 
3.

32
 

1.
60

 
4.

70
 

2.
12

 
3.

69
 

4.
58

 
2.

53
 

3.
53

 
5.

53
 

3.
92

 
2.

91
 

M
ag

ne
si

um
 

m
g 

82
 

27
0 

na
 

37
6 

23
7 

29
2 

74
 

90
 

53
 

16
3 

17
3 

13
0 

16
8 

12
1 

30
2 

25
1 

12
1 

15
8 

M
an

ga
ne

se
 

m
g 

1.
36

 
2.

18
 

1.
34

 
1.

22
 

6.
56

 
1.

66
 

1.
30

 
2.

75
 

0.
22

 
6.

18
 

4.
61

 
4.

13
 

1.
93

 
4.

50
 

2.
31

 
8.

80
 

1.
20

 
3.

41
 

Ph
os

ph
or

us
 

m
g 

10
3 

48
1 

0.
0 

72
5 

44
6 

59
3 

17
5 

20
6 

26
9 

29
0 

33
6 

18
8 

37
6 

27
7 

57
5 

57
5 

49
0 

34
6 

Po
ta

ss
iu

m
 

m
g 

70
9 

73
3 

10
17

 
65

9 
42

1 
66

0 
98

6 
54

3 
99

8 
68

0 
43

6 
36

8 
70

5 
41

0 
50

7 
59

7 
10

25
 

44
1 

Se
le

ni
um

 
μg

 
na

 
4.

1 
na

 
19

17
 

17
.2

 
19

.9
 

1.
8 

18
.5

 
na

 
2.

4 
8.

1 
3.

6 
7.

2 
3.

8 
na

 
0.

7 
7.

0 
4.

9 

So
di

um
 

m
g 

0.
0 

1.
0 

38
 

3.
0 

1.
0 

12
 

37
 

37
 

13
 

0.
0 

1.
0 

5.
0 

18
 

0.
0 

3.
0 

2.
0 

1.
0 

2.
0 

Zi
nc

 
m

g 
0.

67
 

3.
12

 
0.

36
 

4.
06

 
3.

13
 

5.
78

 
0.

35
 

2.
01

 
0.

67
 

2.
45

 
4.

31
 

1.
30

 
3.

27
 

4.
53

 
2.

97
 

6.
45

 
2.

20
 

3.
09

 

(C
on

tin
ue

d)
 

 N U T S  

17



  

 
ta

b
le

 2
.2

 (
c
o
n
ti
n
u
ed

) 
C

om
po

si
tio

na
l a

nd
 N

ut
rit

io
na

l C
ha

ra
ct

er
is

tic
s 

of
 N

ut
s 

(p
er

 1
00

 g
)

N
ut

rie
nt

 

Unit 

Acornsa 

Almonds 

Beech nutsb 

Brazil nuts 

Butter nutsc 

Cashews 

Chestnutsd 

Coconutse 

Ginkgo nutsf 

Hazelnuts 

Hickory nutsg 

Macadamias 

Peanuts 

Pecans 

Pili nutsh 

Pine nuts 

Pistachios 

Walnuts 

Vi
ta

m
in

s

Be
ta

in
e 

m
g 

na
 

0.
5 

na
 

0.
4 

na
 

na
 

na
 

na
 

na
 

0.
4 

na
 

na
 

0.
6 

0.
7 

na
 

0.
4 

na
 

0.
3 

C
ho

lin
e 

m
g 

na
 

52
.1

 
na

 
28

.8
 

na
 

na
 

na
 

22
.1

 
na

 
45

.6
 

na
 

na
 

52
.5

 
40

.5
 

na
 

55
.8

 
na

 
39

.2
 

Fo
la

te
 (D

FE
) 

μg
 

11
5 

44
 

11
3 

22
 

66
 

25
 

10
9 

9.
0 

10
6

11
3 

40
 

11
 

24
0 

22
 

60
 

34
 

51
 

98
 

N
ia

ci
n 

m
g 

2.
41

 
3.

62
 

0.
88

 
0.

30
 

1.
05

 
1.

06
 

0.
85

 
0.

60
 

11
.7

3 
1.

80
 

0.
91

 
2.

47
 

12
.0

7 
1.

17
 

0.
52

 
4.

39
 

1.
30

 
1.

13
 

Pa
nt

ot
he

ni
c 

ac
id

 
m

g 
0.

94
 

0.
47

 
0.

93
 

0.
18

 
0.

63
 

0.
86

 
0.

90
 

0.
80

 
1.

35
 

0.
92

 
1.

75
 

0.
76

 
1.

77
 

0.
86

 
0.

48
 

0.
31

 
0.

52
 

0.
57

 

Py
rid

ox
in

e 
(B

-6
) 

m
g 

0.
70

 
0.

14
 

0.
68

 
0.

10
 

0.
56

 
0.

42
 

0.
66

 
0.

30
 

0.
64

 
0.

56
 

0.
19

 
0.

28
 

0.
35

 
0.

21
 

0.
12

 
0.

09
 

1.
70

 
0.

54
 

Ri
bo

fa
vi

n 
m

g 
0.

15
 

1.
14

 
0.

37
 

0.
04

 
0.

15
 

0.
06

 
0.

36
 

0.
10

 
0.

18
 

0.
11

 
0.

13
 

0.
16

 
0.

14
 

0.
13

 
0.

09
 

0.
23

 
0.

16
 

0.
15

 

Th
ia

m
in

 
m

g 
0.

15
 

0.
21

 
0.

30
 

0.
62

 
0.

38
 

0.
42

 
0.

30
 

0.
06

 
0.

43
 

0.
64

 
0.

87
 

1.
20

 
0.

64
 

0.
66

 
0.

91
 

0.
36

 
0.

87
 

0.
34

 

Vi
ta

m
in

 A
 (R

A
E)

 
μg

 
0.

0 
0.

0 
0.

0 
0.

0 
6.

0 
0.

0 
0.

0 
0.

0 
55

 
1.

0 
7.

0 
0.

0 
0.

0 
3.

0 
2.

0 
1.

0 
26

 
1.

0 

Vi
ta

m
in

 C
 

m
g 

0.
0 

0.
0 

15
.5

 
0.

7 
3.

2 
0.

5 
15

 
1.

5 
29

.3
 

6.
3 

2.
0 

1.
2 

0.
0 

1.
1 

0.
6 

0.
8 

5.
6 

1.
3 

Vi
ta

m
in

 E
 (A

TE
) 

m
g 

na
 

25
.6

3 
na

 
5.

65
 

na
 

0.
90

 
na

 
0.

44
 

na
 

15
.0

3 
na

 
0.

54
 

8.
33

 
1.

40
 

na
 

9.
33

 
2.

86
 

0.
70

 

Vi
ta

m
in

 K
 

μg
 

na
 

0.
0 

na
 

0.
0 

na
 

34
.1

 
na

 
0.

30
 

na
 

14
.2

 
na

 
na

 
0.

0 
3.

5 
na

 
53

.9
 

na
 

2.
70

 

A
m

in
o 

ac
id

s

A
la

ni
ne

 
g 

0.
46

1 
0.

99
9 

0.
41

4 
0.

60
9 

1.
37

2 
0.

83
7 

0.
42

7 
0.

35
2 

0.
59

1 
0.

73
0 

0.
66

2 
0.

38
8 

1.
02

5 
0.

39
7 

0.
50

9 
0.

68
4 

0.
97

3 
0.

69
6 

A
rg

in
in

e 
g 

0.
62

3 
2.

46
5 

0.
44

3 
2.

14
0 

4.
86

2 
2.

12
3 

0.
45

7 
1.

13
0 

1.
00

5 
2.

21
1 

2.
08

6 
1.

40
2 

3.
08

5 
1.

17
7 

0.
51

6 
2.

41
3 

2.
13

4 
2.

27
8 

A
sp

ar
tic

 a
ci

d 
g 

0.
83

7 
2.

63
9 

1.
07

1 
1.

32
5 

3.
09

6 
1.

79
5 

1.
10

3 
0.

67
3 

1.
29

8 
1.

67
9 

1.
36

8 
1.

09
9 

3.
14

6 
0.

92
9 

1.
22

2 
1.

30
3 

1.
88

4 
1.

82
9 

C
ys

tin
e 

g 
0.

14
4 

0.
21

5 
0.

19
7 

0.
30

6 
0.

48
4 

0.
39

3 
0.

20
2 

0.
13

6 
0.

05
5 

0.
27

7 
0.

27
1 

0.
00

6 
0.

33
1 

0.
15

2 
0.

18
9 

0.
28

9 
0.

29
2 

0.
20

8 

G
lu

ta
m

ic
 a

ci
d 

g 
1.

29
9 

6.
20

6 
0.

80
0 

3.
19

0 
6.

08
4 

4.
50

6 
0.

82
4 

1.
57

4 
2.

00
1 

3.
71

0 
2.

88
5 

2.
26

7 
5.

39
0 

1.
82

9 
2.

39
3 

2.
92

6 
4.

30
0 

2.
81

6 

G
ly

ci
ne

 
g 

0.
37

6 
1.

42
9 

0.
31

9 
0.

73
3 

1.
50

8 
0.

93
7 

0.
32

9 
0.

32
6 

0.
55

4 
0.

72
4 

0.
70

8 
0.

45
4 

1.
55

4 
0.

45
3 

0.
65

0 
0.

69
1 

1.
00

9 
0.

81
6 

H
is

tid
in

ei
 

g 
0.

22
4 

0.
53

9 
0.

17
2 

0.
40

9 
0.

80
8 

0.
45

6 
0.

17
7 

0.
15

8 
0.

24
4 

0.
43

2 
0.

38
9 

0.
19

5 
0.

65
2 

0.
26

2 
0.

25
5 

0.
34

1 
0.

51
2 

0.
39

1 

Iso
le

uc
in

ei
 

g 
0.

37
6 

0.
75

1 
0.

24
5 

0.
51

8 
1.

17
9 

0.
78

9 
0.

25
2 

0.
27

0 
0.

50
0 

0.
54

5 
0.

57
6 

0.
31

4 
0.

90
7 

0.
33

6 
0.

48
3 

0.
54

2 
0.

91
7 

0.
62

5 

Le
uc

in
ei

 
g 

0.
64

4 
1.

47
3 

0.
36

7 
1.

19
0 

2.
19

9 
1.

47
2 

0.
37

8 
0.

51
1 

0.
75

5 
1.

06
3 

1.
02

7 
0.

60
2 

1.
67

2 
0.

59
8 

0.
89

0 
0.

99
1 

1.
60

4 
1.

17
0 

(C
on

tin
ue

d)
 

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

18 



 

 

  
  

         ta
b
le

 2
.2

 (
c
o
n
ti
n
u
ed

) 
C

om
po

si
tio

na
l a

nd
 N

ut
rit

io
na

l C
ha

ra
ct

er
is

tic
s 

of
 N

ut
s 

(p
er

 1
00

 g
)

N
ut

rie
nt

 

Unit 

Acornsa 

Almonds 

Beech nutsb 

Brazil nuts 

Butter nutsc 

Cashews 

Chestnutsd 

Coconutse 

Ginkgo nutsf 

Hazelnuts 

Hickory nutsg 

Macadamias 

Peanuts 

Pecans 

Pili nutsh 

Pine nuts 

Pistachios 

Walnuts 

Ly
si

ne
i 

g 
0.

50
5 

0.
56

8 
0.

36
7 

0.
49

0 
0.

77
0 

0.
92

8 
0.

37
8 

0.
30

4 
0.

49
4 

0.
42

0 
0.

49
7 

0.
01

8 
0.

92
6 

0.
28

7 
0.

36
9 

0.
54

0 
1.

13
8 

0.
42

4 

M
et

hi
on

in
ei

 
g 

0.
13

6 
0.

15
7 

0.
14

6 
1.

12
4 

0.
61

1 
0.

36
2 

0.
15

1 
0.

12
9 

0.
13

3 
0.

22
1 

0.
30

0 
0.

02
3 

0.
31

7 
0.

18
3 

0.
39

5 
0.

25
9 

0.
36

0 
0.

23
6 

Ph
en

yl
al

an
in

ei
 

g 
0.

35
4 

1.
13

2 
0.

26
2 

0.
63

9 
1.

44
2 

0.
95

1 
0.

27
0 

0.
34

9 
0.

40
8 

0.
66

3 
0.

71
3 

0.
66

5 
1.

37
7 

0.
42

6 
0.

49
7 

0.
52

4 
1.

09
2 

0.
71

1 

Pr
ol

in
e 

g 
0.

32
4 

0.
96

9 
0.

32
6 

0.
70

6 
1.

23
6 

0.
81

2 
0.

33
6 

0.
28

4 
0.

83
0 

0.
56

1 
0.

57
1 

0.
46

8 
1.

13
8 

0.
36

3 
0.

47
1 

0.
67

3 
0.

93
8 

0.
70

6 

Se
rin

e 
g 

0.
34

4 
0.

91
2 

0.
31

0 
0.

67
6 

1.
64

0 
1.

07
9 

0.
31

9 
0.

35
6 

0.
69

5 
0.

73
5 

0.
80

6 
0.

41
9 

1.
27

1 
0.

47
4 

0.
59

9 
0.

83
5 

1.
28

3 
0.

93
4 

Th
re

on
in

ei
 

g 
0.

31
2 

0.
60

1 
0.

22
1 

0.
36

5 
0.

94
0 

0.
68

8 
0.

22
8 

0.
25

1 
0.

64
0 

0.
49

7 
0.

42
2 

0.
37

0 
0.

88
3 

0.
30

6 
0.

40
7 

0.
37

0 
0.

68
4 

0.
59

6 

Tr
yp

to
ph

an
i 

g 
0.

09
8 

0.
21

1 
0.

06
9 

0.
13

5 
0.

36
6 

0.
28

7 
0.

07
1 

0.
08

1 
0.

17
0 

0.
19

3 
0.

13
9 

0.
06

7 
0.

25
0 

0.
09

3 
0.

18
9 

0.
10

7 
0.

25
1 

0.
17

0 

Ty
ro

si
ne

 
g 

0.
24

6 
0.

45
0 

0.
17

2 
0.

41
6 

0.
97

7 
0.

50
8 

0.
17

7 
0.

21
3 

0.
14

6 
0.

36
2 

0.
45

4 
0.

51
1 

1.
04

9 
0.

21
5 

0.
38

1 
0.

50
9 

0.
50

9 
0.

40
6 

Va
lin

ei
 

g 
0.

45
5 

0.
85

5 
0.

34
6 

0.
76

0 
1.

54
1 

1.
09

4 
0.

35
7 

0.
41

7 
0.

67
7 

0.
70

1 
0.

73
0 

0.
36

3 
1.

08
2 

0.
41

1 
0.

70
1 

0.
68

7 
1.

24
9 

0.
75

3 

So
ur

ce
: 

A
da

pt
ed

 fr
om

 th
e 

U
.S

. 
D

ep
ar

tm
en

t o
f A

gr
ic

ul
tu

re
 (U

SD
A

), 
U

SD
A

 N
at

io
na

l N
ut

rie
nt

 D
at

ab
as

e 
fo

r 
St

an
da

rd
 R

ef
er

en
ce

 L
eg

ac
y 

Re
le

as
e,

 
20

18
. P

ub
lis

he
d 

on
lin

e 
at

 h
ttp

s:
//

nd
b.

na
l.u

sd
a.

go
v/

nd
b/

se
ar

ch
/l

is
t (

ac
ce

ss
ed

 Ju
ne

 2
0,

 2
01

8)
.

N
ot

e:
 S

om
e 

nu
m

be
rs

 a
re

 ro
un

de
d 

to
 th

e 
se

co
nd

 d
ig

it 
af

te
r d

ec
im

al
 p

oi
nt

.
A

bb
re

vi
at

io
ns

: 
AT

E,
 a

lp
ha

-to
co

ph
er

ol
 e

qu
iv

al
en

ts;
 D

FE
, d

ie
ta

ry
 fo

la
te

 e
qu

iv
al

en
ts;

 M
U

FA
, m

on
ou

ns
at

ur
at

ed
 fa

tty
 a

ci
ds

; n
a,

 n
ot

 a
va

ila
bl

e;
 P

U
FA

, 
po

ly
un

sa
tu

ra
te

d 
fa

tty
 a

ci
ds

; R
A

E,
 re

tin
ol

 a
ct

iv
ity

 e
qu

iv
al

en
ts;

 S
FA

, s
at

ur
at

ed
 fa

tty
 a

ci
ds

. 
a 

A
co

rn
s,

 d
rie

d.
 

b 
Be

ec
h 

nu
ts,

 d
rie

d.
c 

Bu
tte

r n
ut

s,
 d

rie
d.

d 
C

he
stn

ut
s,

 E
ur

op
ea

n,
 d

rie
d,

 u
np

ee
le

d.
e 

C
oc

on
ut

s,
 d

rie
d 

(d
es

ic
ca

te
d)

, n
ot

 s
w

ee
te

ne
d.

f 
G

in
kg

o 
nu

ts,
 d

rie
d.

g 
H

ic
ko

ry
 n

ut
s,

 d
rie

d.
 

h 
Pi

li 
nu

ts,
 d

rie
d.

In
di

sp
en

sa
bl

e 
am

in
o 

ac
id

s.
 

 N U T S  

i 

19

https://ndb.nal.usda.gov


  

 
 

  
 
 

 

  

 

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

The lipid composition of nuts is benefcial because most of the fatty acids are 
unsaturated (MUFA and PUFA) rather than saturated fatty acids (SFA) [5]. Among 
the 18 nuts listed in Table 2.2, only coconuts contain higher levels of SFA (57.22 g/100 
g) than MUFA (2.75 g/100 g) and PUFA (0.71 g/100 g). MUFA is predominant in most 
nuts, except Brazil nuts, butter nuts, chestnuts, pine nuts, and walnuts [12] as well as 
heartnuts [15], which are rich in PUFA. The fatty acids of coconuts are mostly satu-
rated in nature, with lauric acid (12:0) being the predominant SFA (14.9 g/100 g) [14]. 

Based on the data in Table 2.2, both MUFA and PUFA vary between 58.98% in 
pili nuts and 97.60% in butter nuts with respect to the total fatty acids present. In the 
most commonly consumed nuts (almonds, Brazil nuts, cashews, hazelnuts, maca-
damias, peanuts, pecans, pine nuts, pistachios, and walnuts), heart-healthy unsatu-
rated fatty acids (MUFA and PUFA) range from 74.96% in Brazil nuts to 92.30% in 
hazelnuts among the total fatty acids present (Table 2.2). Due to their high propor-
tion of unsaturated fatty acids, nut oils have a more favorable composition than most 
vegetable oils. The fatty acid profles of nut oils are given in detail in Section 2.6.1. 

2.2.1.2 Carbohydrates 
Carbohydrates are essentially composed of fber, sugars, and starches. Acorns, 
chestnuts, and gingko nuts contain higher amounts of carbohydrates (53.66, 77.31, 
and 72.45 g/100 g, respectively) compared to other nuts (ranging from 3.98 g/100 
g in pili nuts to 33.50 g/100 g in beech nuts). In addition, almonds, chestnuts, coco-
nuts, and pistachios have a higher content of dietary fber (12.5, 11.7, 16.3, and 10.6 
g/100 g, respectively) than other nuts listed in Table 2.2 [12]. It is important to note 
that the high content of dietary fber found in nuts helps meet dietary recommenda-
tions (14 g of fber for every 1000 calories of food consumed). This becomes 25 g/ 
day for adult women and 38 g/day for adult men, depending on age [16]. Based on the 
data provided in Table 2.2, at the suggested consumption level (1.5 ounces = ~42.5 
g of nuts), nuts deliver 5.6%–27.7% of the daily recommendation of fber for adult 
women and 3.7%–18.2% of that for adult men. 

In terms of sugar content, pistachios contain the highest level (7.66 g/100 g), 
followed by coconuts (7.35 g/100 g) and cashews (5.91 g/100 g) (Table 2.2). Other 
nuts contain less than 5 g/100 g of sugar; hence data on the sugar content of most 
nuts is not presented due to their low content. Sucrose is the major simple sugar in 
nuts, accounting for >95% of the total sugars present. Other sugars include fructose, 
glucose, maltose, and galactose. The sugar content of nuts also varies considerably 
depending on the growing conditions, drying methods, nut maturity, cultivar, and 
growth/cultivation location [12,14]. 

Nuts, unlike other plant foods such as cereals and tubers, do not contain large 
amounts of starch, except for chestnuts. According to the USDA [12] database, 
cashews contain 23.49 g/100 g starch. In addition, recently Hao et al. [17] measured 
the total starch content of six chestnut cultivars from China and found that their con-
tent ranged from 58.33 to 63.58 g/100 g (on a dry weight basis). The average starch 
content of 47 chestnut cultivars grown in Spain was 57 g/100 g [18]. 

2.2.1.3 Proteins 
Almonds, butter nuts, peanuts, and pistachios appear to have the highest protein 
content (21.15, 24.90, 25.80, and 20.16 g/100 g, respectively), whereas acorns, beech 
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nuts, chestnuts, coconuts, macadamias, and pecans contain the lowest amounts 
(less than 10 g/100 g) (Table 2.2). Nuts, in general, are a good source of plant pro-
tein, especially for people who do not include animal protein in their diet. 

2.2.2 Minerals 

A total of 11 minerals have been reported in nuts by USDA [12]. In general, potas-
sium is the most abundant mineral, followed by phosphorus, calcium, and/or mag-
nesium. Among the 18 nuts listed in Table 2.2, all contain 11 minerals, albeit to a 
different extent, except for fuoride, which is only reported in pecans and pistachios. 
The antioxidant mineral selenium in Brazil nuts (1917 μg/100 g) is much higher 
than other nuts (range from 0.7 μg/100 g in pine nuts to 19.9 μg/100 g in cashews). 
The daily requirement of minerals at the suggested consumption level of nuts is 
discussed in detail in Section 2.2.6. 

2.2.3 Vitamins 

Nuts contain both water-soluble vitamins (betaine, choline, folate, niacin, panto-
thenic acid, pyridoxine, ribofavin, thiamine, and vitamin C) and fat-soluble vitamins 
(A, E, and K), albeit to different extents. Among them, vitamins A, C, and E are 
known as antioxidant vitamins [3]. Beechnuts, chestnuts, and ginkgo nuts have the 
highest amounts of vitamin C (15.5, 15.0, and 29.3 mg/100 g, respectively) among 
the 18 nuts listed in Table 2.2. Almonds and hazelnuts are excellent sources of vita-
min E [25.63 and 15.03 mg alpha-tocopherol equivalents (ATE)/100 g, respectively]. 
Pine nuts and cashews are the richest sources of vitamin K (53.9 and 34.1 μg/100 
g, respectively), whereas vitamin A is most abundant in ginkgo nuts (55 μg retinol 
activity equivalents [RAE]/100 g). Peanuts contain almost ~2-fold higher folate than 
those of acorns, beech nuts, chestnuts, ginkgo nuts, hazelnuts, and walnuts. Nuts, 
in general, are poor sources of betaine, choline, vitamin A, vitamin C, and vitamin 
K, with some exceptions [12,14]. The daily requirement of vitamins at the suggested 
consumption level of nuts is discussed in detail in Section 2.2.7. 

2.2.4 Amino Acids 

The amino acid compositions of nuts are summarized in Table 2.2. Glutamic acid is 
the most abundant (0.800–6.206 g/100 g) amino acid, followed by arginine (0.443– 
4.862 g/100 g) and aspartic acid (0.673–3.146 g/100 g). These three amino acids 
contribute from nearly 35.56% (in acorns) to 50.11% (in almonds) to the total amino 
acids present. The quality of proteins is related mainly to their indispensable amino 
acid composition and digestibility. Although nuts contain all indispensable amino 
acids, nut proteins are incomplete proteins, similar to other plant proteins. The 
ratio of indispensable to total amino acids in nuts ranges from 29.85% for almonds to 
43.18% for acorns (Table 2.2). 

Considering the recommendations of the Food and Agriculture Organization 
(FAO)/World Health Organization (WHO) for indispensable amino acid intake for 
adults (>18 years old) [19], lysine is a limiting amino acid in macadamias, whereas 
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methionine is the limiting one in almonds, ginkgo nuts, hazelnuts, macadamias, 
peanuts, and walnuts (data in Table 2.2 were calculated based on reference protein). 
The other indispensable amino acids were all present above the reference values. 

Ruggeri et al. [20] reported that lysine was the frst indispensable limiting 
amino acid in almonds, hazelnuts, pecans, pine nuts, pistachios, and walnuts. Later 
on, Venkatachalam and Sathe [21] studied 10 commercially available nuts (almonds, 
cashews, hazelnuts, macadamias, pecans, peanuts, pine nuts, pistachios, and wal-
nuts) and found that compared to the FAO/WHO recommended indispensable 
amino acid intake for adults, only almonds and peanuts were defcient in sulfur-
containing amino acids (methionine + cystine), whereas all other tree nuts contained 
adequate amounts of all of the indispensable amino acids. 

2.2.5 Health Claims for Nuts 

So far, the Food and Drug Administration (FDA) has three qualifed health claims 
on nuts in general and walnuts and macadamias in particular, whereas the European 
Food Safety Authority (EFSA) has only one authorized health claim for walnuts. 

In 2003, the FDA approved the frst qualifed health claim, which states that 
“scientifc evidence suggests but does not prove that eating 1.5 ounces per day of most 
nuts as part of a diet low in saturated fat and cholesterol may reduce the risk of heart 
disease” [22]. The FDA evaluated the data and determined that, although there was 
scientifc evidence supporting this claim, the evidence was not conclusive. For a 
food to qualify for the qualifed health claim, the product must contain 11 g or more 
of whole or chopped nuts per preference amount customarily consumed (a standard 
serving size). Any nuts labelled with the claim must contain less than 4 g saturated 
fat per 50 g. Eligible nuts for the claim include almonds, hazelnuts, pecans, some 
pine nuts, pistachios, walnuts, and peanuts [22,23]. 

In 2004, the FDA also approved another qualifed health claim for nuts, specif-
cally for walnuts and heart disease. The claim states that “supportive but not conclu-
sive research shows that eating 1.5 ounces per day of walnuts, as part of a low saturated 
fat and low cholesterol diet and not resulting in increased caloric intake, may reduce 
the risk of coronary heart disease’’ [24]. The eligible foods must be whole or chopped 
walnuts. 

In 2017, the FDA announced that the Agency would permit the use of a quali-
fed health claim regarding the relationship between consumption of macadamias 
and a reduced risk of CHD despite the nuts being above the typically permitted level 
of fat and below the typically required levels of nutrients. The claim permitted for 
use by the FDA is that “supportive but not conclusive research shows that eating 1.5 
ounces per day of macadamia nuts, as part of a diet low in saturated fat and cholesterol 
and not resulting in increased intake of saturated fat or calories may reduce the risk of 
coronary heart disease’’ [109]. 

The EFSA authorizes health claims provided that they are based on scientifc 
evidence and can be easily understood by consumers. As of today, there is only one 
health claim approved by the EFSA with regard to nuts, which refers to walnuts and 
endothelial function. The claim, which states that “walnuts contribute to the improve-
ment of the elasticity of blood vessels,” can be used only in foods that provide a daily 
intake of 30 g of walnuts. In order to bear the claim, the consumer must be informed 
that the benefcial effect is obtained with a daily intake of 30 g of walnuts [25]. 
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The daily values of minerals and vitamins in nuts are calculated and presented 
based on the FDA qualifed health claim (1.5 ounces = ~42.5 g) in the following two 
sections. 

2.2.6 Daily Intake Values of Minerals from Nuts 

With respect to the nutritional aspects of nuts, the percentages of RDA or AI of 
minerals for adult men and women (aged 19–50 years) are given in Table 2.3 [12,26– 
30]. Consuming 42.5 g (one and one-half servings) of nuts [22] supplies 21.3%–104% 
(men and women) of copper, 5.5%–35.5% (men) and 2.5%–15.8% (women) of iron, 
5.5%–39% (men) and 7.2%–50.7% (women) of magnesium, 4.1%–163% (men) and 
5.2%–208% (women) of manganese, 6.3%–44% (men and women) of phosphorus, and 
0.5%–1481% (men and women) of selenium for RDA or AI, respectively. With regard 
to selenium, Brazil nuts serve as an excellent source of this mineral. Only one kernel 
of Brazil nuts (5 g) supplies 174% of the RDA of selenium for adults. Based on RDA 
or AI values among the 18 nuts listed in Table 2.3, cashews are the richest source of 
copper and iron, whereas Brazil nuts are the richest source of selenium, phospho-
rus, and magnesium. In addition, pine nuts are rich in manganese and zinc. Nuts, in 
general, contribute to small amounts of daily intake values of potassium, while they 
contain little sodium. 

2.2.7 Daily Intake Values of Vitamins from Nuts 

With respect to the nutritional aspects of nuts, the percentages of RDA or AI of vita-
mins for adult men and women (aged 19–50 years) are given in Table 2.4 [12,27–29]. 
Consuming 42.5 g (one and one-half servings) of nuts [22] supplies 1.0%–25.5% (men 
and women) of folate, 0.8%–32.1% (men) and 0.9%–36.6% (women) of niacin, 1.5%–15% 
(men and women) of pantothenic acid, 2.9%–55.6% (men and women) of pyridoxine, 
1.3%–37.3% (men) and 1.5%–44% (women) of ribofavin, 2.1%–42.5% (men) and 2.3%– 
46.4% (women) of thiamin, 1.2%–72.6% (men and women) of vitamin E for RDA or AI, 
respectively. Based on RDA or AI values among the nuts listed in Table 2.4, peanuts 
are the richest source of folate, niacin, and pantothenic acid, whereas almonds are 
the richest source of ribofavin and vitamin E. Vitamin E is the most abundant in 
both almonds and hazelnuts. In addition, cashews and pine nuts are good sources 
of vitamin K, while ginkgo nuts are rich in vitamin C. Nuts, in general, contribute 
to small amounts of daily intake values of choline and vitamins such as A, C, and K. 

2.3 total Phenolics and Phytates in Nuts 

Phenolics are the major group of phytochemicals. With respect to total phenolic 
profles of 12 nuts (Table 2.5), pecans have the highest total phenolics (2016 mg 
gallic acid equivalents (GAE) and total favonoids (34.01 mg/100 g), whereas pista-
chios have the highest total isofavones (177 μg/100 g), total lignans (199 μg/100 g), 
and total phytoestrogens (383 μg/100 g). In addition, hazelnuts contain the highest 
total content of proanthocyanidins (491 mg/100 g) [10,31–34]. Phytates have been 
reported in most nuts, ranging from 150 mg/100 g in macadamias to 350 mg/100 g 
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in almonds [21]. The corresponding values for other nuts (acorns, beech nuts, betel 
nuts, butter nuts, coconuts, ginkgo nuts, hickory nuts, and pili nuts) are not available 
in the literature. Detailed information on phenolics in nuts is given in Section 2.7. 

2.4 Natural Antioxidants in Nuts 

Comprehensive reviews on natural antioxidants in nuts have already been reported 
by Alasalvar and Shahidi [3], Alasalvar and Bolling [7], and Chang et al. [9]. 
Therefore, natural antioxidants in nuts are not discussed in detail in this chapter. 
Briefy, natural antioxidants present in nuts are in the form of nutrient and non-
nutrient antioxidants. In addition to well-known nutrient antioxidants, namely vita-
mins A, C, and E, as well as the mineral selenium, there are numerous non-nutrient 
antioxidants, namely phenolics (such as resveratrol and quercetin) and carotenoids 
(such as β-carotene and lycopene) in plant foods. Thus, as mentioned earlier in this 
chapter (Sections 2.2.2 and 2.2.3), nuts are good sources of vitamin E and selenium. 
Among the antioxidant vitamins A, C, and E, vitamin E is the most abundant in most 
nuts. Vitamin E is a dominant and the most powerful lipid-soluble antioxidant in the 
body and serves as the primary defence against lipid peroxidation [35] by protecting 
the body’s cells from free radical damage [36,37]. Although selenium has several 
health benefts, it is an essential constituent of a number of enzymes, some of which 
have antioxidant function [38]. 

With regards to non-nutrient antioxidants, thousands of phytochemicals, 
some with strong antioxidant activities, such as catechin, quercetin, tannins, ellagic 
acid, chlorogenic acid, cyanidin, carotenoids, and resveratrol, have been reported. 
Several studies have also reported that phenolic compounds possess much stronger 
antioxidant activities than nutrient antioxidants [3,4,6–9]. 

2.5 Antioxidant Activities of Nuts 

Comprehensive review on in vitro and biological assays of natural (raw) and roasted 
nuts (almonds, Brazil nuts, cashews, chestnuts, hazelnuts, macadamias, peanuts, 
pecans, pine nuts, pistachios, and walnuts) have already been reported by Chang 
et al. [9]. The in vitro chemical assays employed included ferric reducing antioxi-
dant power (FRAP), oxygen radical absorbance capacity (ORAC), total antioxi-
dant activity (TAA), thiobarbituric acid reactive substances (TBARS), reducing 
power, β-carotene bleaching assay, trolox equivalent antioxidant capacity (TEAC), 
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), and 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging activity, among others. The biologi-
cal-based assays commonly used include low-density lipoprotein (LDL) oxidation 
inhibition, LDL + very low-density lipoprotein (VLDL) oxidation inhibition, haemol-
ysis inhibition, retention of supercoiled DNA, hydroxyl, superoxide, and hydrogen 
peroxide radical inhibitory assays [9]. 

Table 2.6 compares antioxidant activities (both in vitro and biological assays) 
of 12 nuts using three different in vitro assays (ORAC, DPPH, and FRAP) and one 
biological assay (LDL+VLDL). While pecans have the highest ORAC value [17,940 
μmol trolox equivalents (TE)/100 g], walnuts possess the highest antioxidant activ-
ity in DPPH (12,000 μmol TE/100 g), FRAP (23.1 mmol Fe+2/100 g), and LDL+VLDL 
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oxidation inhibition (1.8 μM [IC50]). In LDL+VLDL oxidation inhibition, the lowest 
value indicates the highest antioxidant activity [13,31,39–41]. The antioxidant activi-
ties of different nuts vary widely based on the assay type employed. This suggests the 
need to perform more than one type of antioxidant activity measurement to consider 
the various mechanisms of antioxidant action and the limitations of each assay [42]. 

Remarkably, in all nuts, most of the antioxidants are located in the skin (pel-
licle) and less than 10% is retained in the nut when the skin is removed [40]. In 
other words, the removal of the skin from nuts considerably reduces antioxidant 
activity [43]. In most other cases, nuts without the skin contain less than 50% of 
total antioxidants compared to nuts with skin [40,44,45]. This fact, rarely taken into 
consideration in prior feeding trials with nuts, should not be overlooked in future 
studies. Walnuts are an exception, because they are almost always consumed as a 
raw product with the skin. Over the past few years, much attention has been paid to 
the skins of nut kernels. Nut skins are rich sources of phenolic compounds and pos-
sess stronger antioxidant activities than those of their kernels [9]. 

Vinson and Chai [13] also measured the total polyphenols and antioxidant eff-
cacies of nine nuts. The order of decreasing antioxidant effcacy (increasing IC50) 
for raw nuts was reported as walnuts > cashews > hazelnuts > pecans > almonds 
> macadamias > pistachios > Brazil nuts > peanuts. Roasting caused a decline in 
effcacy [13]. 

In a recent study reported by Schlörmann et al. [46], the hydrophilic anti-
oxidant activity (expressed as mmol TE/100 g fresh weight) of nuts decreased in 
the order of walnuts (11.0) > hazelnuts, pistachios (3.3) > almonds, macadamias 
(2.1), while the lipophilic antioxidant activity (expressed as µmol tocopherol equiva-
lents/100 g fresh weight) of nuts decreased in the order of pistachios (29.5) > wal-
nuts (26) > almonds (18) > hazelnuts (14.1) > macadamias (2.8). 

2.6 Fat-Soluble Bioactives in Nuts 

Fat is the predominant component in nuts (Table 2.2). There has been an increasing 
interest in functional characteristics of nut oils as they seem to be an interesting 
source of bioactive constituents. The benefts of including nuts in the human diet 
are partly related to their fat components. The levels of fat-soluble bioactives such 
as fatty acids (SFA, MUFA, and PUFA), tocols, vitamin E, phytosterols, sphingolip-
ids, carotenoids, chlorophylls, and alkyl phenols present in 12 commonly consumed 
nut oils (almonds, Brazil nuts, cashews, chestnuts, hazelnuts, heartnuts, macada-
mias, peanuts, pecans, pine nuts, pistachios, and walnuts) are reported and com-
pared in Table 2.7 [7,47–49]. Comprehensive reviews by Alasalvar and Pelvan [5] and 
Alasalvar and Bolling [7] on fat-soluble bioactives are available in the literature for 
further reading. The chemical structures of the major fat-soluble bioactives (carot-
enoids, fatty acids, sphingolipids, alkyl phenols, and chlorophylls) present in nuts 
are given in Figure 2.1. 

2.6.1 Fatty Acids 

Among the 12 nut oils listed in Table 2.7, heartnut, walnut, and macadamia oils 
contain the lowest proportion of SFA (3.66%), MUFA (15.28%), and PUFA (4.39%), 
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Figure  2.1  Chemical structures of the major fat-soluble bioactives (carotenoids, 
fatty acids, sphingolipids, alkyl phenols, and chlorophylls) present in nuts. 

respectively, whereas oils from Brazil nuts, hazelnuts, and heartnuts contain the 
highest proportion of SFA (25.35%), MUFA (83.24%), and PUFA (81.21%), respec-
tively. MUFA is predominant in most nut oils, except Brazil nuts, chestnuts, heart-
nuts, pine nuts, and walnuts, which are rich in PUFA. The heart-healthy fatty acids 
(MUFA + PUFA) vary between 74.65% in Brazil nut oil and 96.55% in heartnut oil of 
the total fatty acids present. In addition, heartnut and walnut oils are good sources 
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Figure 2.1 (continued)  Chemical structures of the major fat-soluble bioactives  
(carotenoids, fatty acids, sphingolipids, alkyl phenols, and chlorophylls) present in nuts. 

of omega-3 fatty acids (alpha-linolenic acid; 18:3ω-3) (10.09 and 13.17%, respectively) 
[5,7,15,21,50–52]. 

2.6.2  Tocols (Tocopherols and Tocotrienols) 

Vitamin E refers to a group of fat-soluble compounds including four tocopherols and 
four tocotrienols, designated as α, β, γ, and δ. Nut oils contain different patterns and 
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amounts of tocols, predominantly α-tocopherol [5,7,12,53–55]. The mean content of 
total tocols ranges from 6.15 mg/100 g oil for macadamias to 59.60 mg/100 g oil 
for chestnuts (Table 2.7). Data on tocol levels and patterns in 12 nut oils (almonds, 
Brazil nuts, cashews, chestnuts, heartnuts, hazelnuts, macadamias, peanuts, 
pecans, pine nuts, pistachios, and walnuts) have been reported by Alasalvar and 
Pelvan [5]. Therefore, detailed profles of nut oils are not provided in this chapter. 
As compared to other nut oils in Table 2.7, hazelnut oil serves as an excellent source 
of vitamin E (41.92 mg ATE/100 g oil), followed by pistachio oil (33.28 mg ATE/100 
g), almond oil (26.35 mg ATE/100 g oil), pine nut oil (20.03 mg ATE/100 g oil), and 
peanut oil (17.01 mg ATE/100 g oil). Macadamia oil contains the lowest amount of 
vitamin E (0.92 mg ATE/100 g oil). 

With regards to the RDA value of vitamin E, 42.5 g (one and one-half servings) 
of nuts recommended by the FDA [22] provide between 0.02% and 79.23% of the daily 
15 mg of vitamin E recommended for adult men and women [28]. Hazelnut oil meets 
the highest RDA requirement among the 12 nut oils listed in Table 2.7. 

2.6.3 Phytosterols (Sterols and Stanols) 

Plant sterols and stanols (also known as phytosterols) are lipid-like compounds 
that occur naturally in many foods of plant origin. These include vegetable oils, 
nuts, seeds, cereals, vegetables, and fruits. They compete and inhibit the intestinal 
absorption of cholesterol. Plant stanols can be regarded as saturated plant sterols 
[56]. Systematic reviews and meta-analysis indicate that consumption of 2 g/day of 
sterols/stanols for 3–4 weeks lowers LDL cholesterol concentration by an average 
of 10% [57–59]. Both the FDA and EFSA have health claims on plant sterols and sta-
nols. Therefore, both types of phytosterols are used in developing functional foods 
to reduce the risk of coronary heart disease [56]. 

The total phytosterol content of nut oils, expressed as mg/100 g oil, ranges 
from128 in macadamia oil to 307 in walnut oil (Table 2.7). Nut oils contain different 
patterns and amounts of phytosterols, predominantly β-sitosterol [5,7,47,52,54,60]. 
To the best of our knowledge, no data on phytosterols exist in the literature for 
chestnut and heartnut oils. Data for phytosterol levels and patterns in 10 nut oils 
(almonds, Brazil nuts, cashews, hazelnuts, macadamias, peanuts, pecans, pine nuts, 
pistachios, and walnuts) have been reported by Alasalvar and Pelvan [5]. Therefore, 
detailed patterns and profles of nut oils are not provided in this chapter. 

2.6.4 Sphingolipids 

Sphingolipids in nut oils range from 20 to 330 mg/100 g, being lowest in hazelnut oil 
and highest in pistachio oil [47] (Table 2.7). Fang et al. [61] summarized the content 
of sphingolipids in fve nuts (almonds, cashews, hazelnuts, peanuts, and walnuts) 
and found that the concentration of cerebroside (d18:2-C16:0h-Glu) ranged from 
0.021 to 0.068 mg/g nut, being lowest in hazelnuts and highest in almonds. Studies 
about sphingolipids in nuts are quite sparse. However, two recent reviews discussing 
the sphingolipid characteristics of certain nuts have been published [5,62]. Thus, 
more efforts are needed to gain reliable data on the sphingolipid content of nuts. As 
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compared to other foods such as milk, eggs, soybeans, meats (chicken, beef, and 
pork), cereals (wheat), and nuts have relatively low sphingolipid content [7]. 

2.6.5 Carotenoids 

Carotenoids are a group of pigments that occur widely and abundantly in nature. 
Fruits, vegetables and vegetable oils, dairy products, leaves, shrimp, lobster, crab, 
salmonid fsh, and the plumage of exotic birds all contain carotenoids. They are 
responsible for bright red, orange, and yellow hues in many fruits and vegetables. 
In contrast to other plant foods, certain nuts contain limited amounts of carot-
enoids such as α- and β-carotene, β-cryptoxanthin, lutein, lycopene, and zeaxanthin 
[6,7,63–65]. Among the 12 nuts listed in Table 2.7, only cashew oil (0.09 mg/100 g 
oil), pecan oil (0.014 mg/100 g oil), and pistachio oil (6.70 mg/100 g oil) contain 
carotenoids [64–66]. 

Recently, Stuetz et al. [67] analyzed carotenoids in six raw (unroasted) and 
roasted nuts (almonds, cashews, hazelnuts, macadamias, pistachios, and walnuts). 
The concentrations of carotenoids were highest in pistachios with values for lutein/ 
zeaxanthin of about 2757 μg/100 g raw nuts and for β-carotene of about 204 μg/100 
g raw nuts. These levels were 16- and 8-fold higher than the concentrations of lutein/ 
zeaxanthin and β-carotene in hazelnuts, respectively, with the highest content in 
carotenoids after pistachios. Roasted almonds and walnuts showed signifcantly 
lower lutein/zeaxanthin (34% and 39% at 160/170°C, P< 0.001) levels than the 
respective raw nuts, whereas the high concentrations of lutein/zeaxanthin in pista-
chios and hazelnuts were not affected by roasting [67]. 

2.6.6 Chlorophylls 

Chlorophyll pigments are important quality parameters since they correlate with 
color, which is a basic attribute for evaluating oil quality. Among the commonly con-
sumed nuts listed in Table 2.7, only pine nut oil (0.007 mg/100 g) and pistachio oil 
(24.09 mg/100 g) contain chlorophylls [7,64,68]. No data are available in the litera-
ture on the chlorophyll content of other nuts. 

2.6.7 Alkylphenols 

In general, alkylphenols are chemical compounds that consist of one or more alkyl 
chains bound to a phenol. Phenol consists of an aromatic ring and a hydroxyl group. 
Cashew oil contains between 146 and 242 mg/100 g anacardic acids and cardols, 
while pistachio oil has 16 different cardanols (44 mg/100 g) (Table 2.7) [7,48,49]. To 
the best of our knowledge, alkylphenols in other nuts have not been characterized 
and reported. A series of 12 components (anacardic acids, cardols, 2-methylcardols, 
and cardanols) in cashew shell oil have been isolated and reported [69]. 

Gómez-Caravaca et al. [70] measured alkyl phenols in raw and roasted cold 
pressed cashew nut oils. Anacardic acids were the major alkyl phenols contained 
in both oils (28.51 mg/100 g raw nut oil and 27.16 mg/100 g roasted nut oil), fol-
lowed by cardol (15.42 mg/100 g raw nut oil and 20.37 mg/100 g roasted nut oil), 
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cardanol (0.70 mg/100 g raw nut oil and 1.67 mg/100 g roasted nut oil), and 2-meth-
ylcardol compounds (0.79 mg/100 g raw nut oil and 0.81 mg/100 g roasted nut oil). 
Raw and roasted oils did not show any different compositions except for cardanols. 
The oil produced from roasted cashew nuts had a higher concentration of cardanols. 
Trevisan et al. [48] also reported different levels and profles of alkylphenols in vari-
ous cashew products (such as apple, nut, cashew nutshell liquid, and fber). 

2.7 Phenolics in Nuts 

Phytochemicals are defned as non-nutritive, naturally occurring, and biologi-
cally active compounds found in plants. They mainly consist of phenolics, carot-
enoids, organosulphur compounds, nitrogen-containing compounds, and alkaloids. 
Phenolics can be divided into favonoids, phenolic acids, stilbenes, coumarins, lig-
nans, and tannins, among others. They have been reported in nuts except couma-
rins [4]. Figure 2.2 shows selected simple phenolics (phenolic acids and favonoids) 
present in nuts. Among them, favonoids, phenolic acids, and tannins are the major 
groups of phenolics and are present in all nuts, albeit to different extents. Different 
classes and levels of phenolic compounds have been studied for different nuts and 
have also been reported in some databases such as the Phenol-Explorer and USDA 
databases [10,11,71]. Among nuts, almonds, chestnuts, hazelnuts, peanuts, pecans, 
pine nuts, pistachios, and walnuts have the most diverse phenolic profles. However, 
limited studies have been carried out on the detailed phenolic profles of Brazil nuts, 
cashews, heartnuts, and macadamias (Table 2.8). Detailed comparisons of phenolic 
profles of 12 nuts are reviewed in detail here. 

2.7.1 Flavonoids 

Flavonoids are a group of phenolic compounds that can be classifed into seven 
groups: anthocyanins, favan-3-ols (favanols or catechins), favonols, favanones, 
favones, favanonols, and isofavones [4,42]. Flavonoids reported in nuts are pre-
dominantly conjugated with sugars or other polyols via O -glycosidic bonds or ester 
bonds. 

2.7.1.1 Anthocyanins 
Anthocyanins are only present in almonds (cyanidin, delphinidin, procyanidin B2, 
and, procyanidin B3), pistachios (cyanidin-3-O -galactoside and cyanidin-3-O -gluco-
side), and walnuts (cyanidin) (Table 2.8) [72–76]. 

2.7.1.2 Flavan-3-ols 
Numerous favan-3-ols have been characterized in nuts, except for heartnuts and 
macadamias. Hazelnuts have the highest number of favan-3-ols, followed by pea-
nuts, walnuts, and pine nuts (Table 2.8). Catechin is the most abundant favan-3-ols 
in nuts. In addition, epicatechin is present in all nuts, except Brazil nuts and pecans. 
Epigallocatechin has been reported in both cashews and pine nuts, while gallocat-
echin is only present in chestnuts and pine nuts. Gallocatechin is the most abundant 
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Figure 2.2 Selected simple phenolics (phenolic acids and favonoids) present in 
nuts. 
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table 2.8 Phenolics in Nuts 

Nut Types of Phenolic Compounds Unit Content References 

Almonds Anthocyanins Cyanidin mg CE/g 1.76 [72] 

Delphinidin 0.05 

Procyanidin B2 1.24 

Procyanidin B3 3.16 

Flavan-3-ols (+)-Catechin mg/100 g fw 0.2–2.4 [77,78] 

(-)-Epicatechin 0.2–0.8 

Flavonols Isorhamnetin mg/g dw 0.04 [77] 

Isorhamnetin-3-O-glucoside 0.9 

Isorhamnetin-3-O-rutinoside 0.9 

Kaempferol 0.12 

Kaempferol-3-O-glucoside 0.31 

Kaempferol-3-O-rutinoside 0.28 

Dihydroxykaempferol 0.3 

Quercetin 0.12 

Quercetin-3-O-galactoside 0.02 

Quercetin-3-O-glucoside 0.01 

Quercetin-3-O-rutinoside 0.3 

Flavanones Eriodictyol mg/g dw 0.01–0.1 [77] 

Eriodictyol-7-O-glucoside 0.01 

Naringenin 0.28 

Naringenin-7-O-glucoside 0.03 

Phenolic acids Caffeic acid mg/g dw 1.1–1.5 [77,78,88] 

Chlorogenic acid 1.6 

o-Coumaric acid 0.2–0.7 

p-Coumaric acid 0.12–0.6 

trans-p-Coumaric acid 0.09 

Ferulic acid 0.13–0.2 

Gallic acid 0.1–0.45 

5-Hydroxybenzoic acid 0.3–1.3 

Protocatechuic acid 0.9–4.5 

Vanillic acid 0.94–2.9 

p-Hydroxybenzoic acid 0.15 

p-Hydroxyphenylacetic acid 0.05 

Phloretic acid 0.07 

Sinapic acid 0.11 

Syringic acid 0.08 

Hydrolyzable tannins Ellagitannins mg/100 g fw 53–57 [103] 

Gallotannins 20–34 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut 

Brazil nuts 

cashews 

chestnuts 

Hazelnuts 

Types of Phenolic Compounds 

Stilbenes Resveratrol 

Resveratrol-3-O-glucoside 

Tyrosols Hydroxytyrosol 

Tyrosol 

Vanillin 

Flavan-3-ols Catechin 

Phenolic acids Ellagic acid 

Gallic acid 

Protocatechuic acid 

Vanillic acid 

Flavan-3-ols (+)-Catechin 

(-)-Epicatechin 

Epigallocatechin 

Phenolic acids p-Coumaric acid 

Gallic acid 

Syringic acid 

Flavan-3-ols (+)-Catechin 

Epicatechin 

(+)-Gallocatechin 

Phenolic acids Caffeic acid 

o-Coumaric acid 

Ferulic acid 

Gallic acid 

Sinapic acid 

Syringic acid 

Vanillic acid 

Stilbenes Resveratrol 

Tyrosols Hydroxytyrosol 

Tyrosol 

Flavan-3-ols Catechin 

Epicatechin 

Epicatechin-3-gallate 

Procyanidin dimer 1 

Procyanidin dimer 2 

Procyanidin dimer 3 

Procyanidin trimer 1 

Procyanidin trimer 2 

Procyanidin trimer 3 

Procyanidin trimer 4 

Procyanidin trimer 5 

Procyanidin trimer 6 

Procyanidin tetramer 1 

Procyanidin tetramer 2 

Procyanidin tetramer 3 

Procyanidin B2 

Unit 

mg/100 g fw 

µg/g defatted 
meal 

mg/g of 
defatted meal 

mg/100 g fw 

mg/100 g fw 

mg/kg dw 

Content 

0.15 

7.72 

0.20 

0.14 

0.18 

25.2 

11.4a, 14.9b 

81.8a, 52b 

120a, 33b 

35a, 8.8b 

11.7 

7.4 

4.5 

0.1 

0.1 

0.6 

0.01–0.3 

0.3 

0.01 

0.08 

0.09 

0.13 

0.44 

0.36 

0.07 

0.07 

0.08 

0.12 

0.07 

1.08 

0.15 

1.33 

1.0–72.9 

1.25–25 

1.84 

0.24–7.4 

0.5–3.0 

0.7–12.3 

10.2 

12.0 

1.9 

7.5 

3.3 

5.6 

1.3–4.5 

References 

[78,107] 

[79] 

[80] 

[75,78] 

[78,81] 

[81–83] 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut Types of Phenolic Compounds Unit Content References 

Flavonols Myricetin-3-O-rhamnoside 0.5–42.5 

Quercetin pentoside 0.07–2.9 

Quercetin-3-rhamnoside 0.5–47.0 

Phenolic acids Caffeic acid mg/100 g fw 0.36 [45,78,81,82,94] 

Chlorogenic acid 1.7 

Cinnamic acid 0.15 

o-Coumaric acid 0.11 

p-Coumaric acid 0.15–0.47 

Ferulic acid 0.64 

Gallic acid 0.13–1.3a, 
1.7–4.1b 

p-Hydroxybenzoic acid 0.12 

Protocatechuic acid 0.15–0.7a, 
2.5–7.8b 

Syringic acid 0.08 

Salicylic acid 0.06 

Sinapic acid 0.13 

Vanillic acid 0.03 

4-Hydroxybenzoic acid 0.07 

Hydrolysable tannins B type dimer gallate mg/kg dw 6.34 [83] 

Glansreginin A 21.3 

Glansreginin B 56.1 

Stilbenes Resveratrol mg/100 g fw tr [78] 

Tyrosols Tyrosol 0.14 

Vanillin 0.05 

Dihydrochalcones Phloretin-2-O-glucoside mg/kg 1.04–4.6 [81] 

Heartnuts Phenolic acids Ellagic acid mg/100 g dw 55–70 [32] 

Valoneic acid dilactone 12–62 

Macadamias Phenolic acids 2,6-Dihydroxybenzoic acid mg/100 g dw na [96] 

3,5-Dimethoxy-4- na 
hydroxycinnamic acid 

2’-Hydroxy-4’- na 
methoxyacetophenone 

3’,5’-Dimethoxy-4’- na 
hydroxyacetophenone 

Peanuts Flavan-3-ols Procyanidin monomers mg CE/100 g 16.1 [84,85] 

A-type procyanidin dimers mg/100 g dw 90.2 

B-type procyanidin dimers 19.1 

A-type procyanidin trimers 214 

B-type procyanidin trimers 7.3 

A-type procyanidin tetramers 296 

B-type procyanidin tetramers 20.1 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut 

Pecans 

Types of Phenolic Compounds 

Catechin 

Epicatechin 

Flavonols Kaempferol 

Quercetin 

Phenolic acids cis-Coutaric acid 

trans-Coutaric acid 

Caftaric acid 

Coumaroyl rhamnose 

Ferulic acid 

Feruloyl pentoside 

p-Coumaric acid 

p-Hydroxybenzoic pentoside 

p-Hydroxybenzoic acid 

Chlorogenic acid 

Stilbenes Resveratrol 

Flavan-3-ols Catechin 

Phenolic acids Caffeic acid 

Chlorogenic acid 

Gallic acid 

p-Hydroxybenzoic acid 

Protocatechuic acid 

Ellagic acid 

Free phenolics 

Caffeic acid hexoside 

Gallic acid derivative 

Breifolin carboxylic acid 

Valoneic acid dilactone 

Ellagic acid pentose 

Methylellagic acid 

Ellagic acid galloyl pentose 

Methyl ellagic acid pentose 

Dimethylellagic acid 

Soluble esterifed linked 

Gallic acid derivative 

Protocatechuic acid 

p-Hydroxybenzoic acid 

Valoneic acid dilactone 

Ellagic acid 

Methylellagic acid 

Ellagic acid derivative 

Sinapoylquinic acid 

Soluble glycoside-bound 

Caffeic acid hexoside 

Gallic acid derivative 

p-Hydroxybenzoic acid 

Valoneic acid dilactone 

Unit 

µg/g dw 

mg/100 g dw 

µg/g dw 

mg/g dw 

µg/g dw 

Content 

tr 

170 

1.6 

12.4 

296 

139 

17.3 

41.4 

119 

29.7 

31 

29.7 

157 

2.42 

0.1 

0.3–0.4 

96 

350 

45 

275 

17.5 

3.4 

6.7 

13.6 

5.2 

9.4 

9.3 

7.4 

4.4 

8.5 

3.1 

79.3 

21 

48.2 

190 

119 

7.0 

6.9 

14.4 

6.7 

45.4 

30.9 

262 

References 

[85] 

[89] 

[85,89] 

[86] 

[92,93] 

[86,91] 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut 

Pine nuts 

Pistachios 

Types of Phenolic Compounds 

Ellagic acid 

Syringic acid derivative 

Gallic acid 

Flavan-3-ols Catechin 

Epicatechin 

Epicatechin-3-gallate 

Epigallocatechin 

Epigallocatechin-3-gallate 

Gallocatechin 

Flavonols Quercetin 

Flavanonols Taxifolin 

Phenolic acids Ellagic acid 

Gallic acid 

Protocatechuic acid 

Vanillic acid 

Anthocyanins Cyanidin-3-O-galactoside 

Cyanidin-3-O-glucoside 

Flavan-3-ols Catechin 

Epicatechin 

Procyanidin dimer 

Flavanones Eriodictyol-7-O-glucoside 

Eriodictyol-3-O-hexoside 

Eriodictyol 

Naringenin 

Naringenin-7-O-
neohesperidoside 

Flavones Apigenin 

Luteolin 

Flavonols Kaempferol 

Myricetin 

Quercetin 

Quercetin-3-O-rutinoside 

Quercetin-3-O-glucoside 

Quercetin-3-O-hexoside 

Rutin 

Isofavones Daidzein 

Genistein 

Genistein-7-O-glucoside 

Phenolic acids Caffeic acid 

Cinnamic acid 

o-Coumaric acid 

p-Coumaric acid 

Chlorogenic acid 

Ferulic acid 

Gallic acid 

p-Hydroxybenzoic acid 

Unit 

µg/g fw 

μg/g fw 

mg/100 g fw 

mg/100 g fw 

Content 

103 

24 

86.2 

3.9–36 

1.5–16 

2.1–16 

2.8–18.5 

5.6–19 

9.2–65 

3.9–27 

1.1–2.5 

5.8–35.4 

2.9–26 

1.2–1.7 

2.8–21 

0.2 

0.01 

4.8 

0.1–3.0 

0.1–6.0 

4.1 

0.02–0.4 

2.0–9.4 

0.2 

37.1 

0.6 

0.08 

0.2 

0.2 

2.0 

9.81 

3.0 

0.3 

3.0 

4.2 

6.9 

4.7 

0.3–1.34 

tr 

16.8–65.6 

13.5–39.0 

0.75 

4.2–7.2 

3.2–69.87 

0.1 

References 

[87] 

[73,74] 

[73,74,88] 

[78,88,95] 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut Types of Phenolic Compounds Unit Content References 

p-Hydroxyphenylacetic acid 0.05 

Protocatechuic acid 2.1 

Phloretic acid 0.05 

Syringic acid 0.08 

Vanillic acid 0.13 

Stilbenes Resveratrol mg/100 g fw 0.14 [78] 

Tyrosols Tyrosol mg/100 g fw 0.13 [78] 

Hydroxytyrosol 0.21 

Walnuts Anthocyanins Cyanidin mg/100 g fw 0.27 [75,76,105] 

Flavan-3-ols Catechin mg/kg fw 3.9–4.7 

Epicatechin 0.8 

Procyanidin dimer 1 252 

Procyanidin dimer 2 2.11 

Procyanidin trimer 278 

Procyanidin tetramer 2.0 

Flavonols Q-galloyl pentoside 1 4.35 

Q-galloyl pentoside 2 1.25 

Q-galloyl pentoside 2.32 

Unknown 429 16.0 

Unknown 459 2.0 

Quercetin mg/100 g fw 0.75 [78] 

Phenolic acids Caffeic acid mg/100 g fw 0.18 [76,78] 

Chlorogenic acid 0.11 

Cinnamic acid 0.05 

o-Coumaric acid 0.34 

p-Coumaric acid 0.21 

Ferulic acid 0.15 

p-Hydroxybenzoic acid 0.16 

p-Hydroxyphenylacetic acid 0.05 

Ellagic acid 4.4 

Ellagic acid hexoside 2.9 

Ellagic acid pentoside 31.8 

3-O-Caffeoylquinic acid 1.8 

3-O-p-Coumaroylquinic acid 1.2 

Ferulic acid glucoside 0.32 

Phloretic acid 0.05 

Gallic acid 37.2 

Protocatechuic acid 0.34 

Sinapic acid 0.12 

Syringic acid 0.15 

Vanillic acid 0.14 

Hydrolysable tannins Galloyl bis HHDP glucose 1 mg/kg fw 185 [75,76,105] 

Galloyl bis HHDP glucose 2 57.6 

Glansreginin B 28.2 

Glansreginin A 484 

(Continued) 
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table 2.8 (continued) Phenolics in Nuts 

Nut Types of Phenolic Compounds Unit Content References 

HHDP digalloyl glucose isomer 1 48.4 

HHDP digalloyl glucose isomer 2 54.3 

HHDP digalloyl glucose isomer 3 17.7 

Di-galloylglucose 22 

Di-HHDP glucose isomer 1 148 

Di-HHDP glucose isomer 2 183 

Di-HHDP glucose isomer 3 144 

Di-HHDP glucose isomer 4 80.2 

Vescalagin isomer 1 38.3 

Vescalagin isomer 2 109 

Vescalagin isomer 3 29.1 

Vescalagin isomer 4 189 

Vescalagin isomer 5 55.0 

Vescalagin isomer 6 35.0 

Ellagitanins mg/100 g dw 1600 [105] 

Tyrosols Hydroxytyrosol mg/100 g fw 0.30 [76,78] 

Tyrosol 0.14 

Abbreviations: CE, catechin equivalents; dw, dry weight; fw, fresh weight; HHDP, hexahydroxydiphe-
noyl; na, not available; tr, trace. 

a Phenolic compounds determined from free phenolic extracts. 
b Phenolic compounds determined from bound phenolic extracts. 

favan-3-ol present among the six favan-3-ols present in pine nuts. Procyanidin 
dimers and procyanidin trimers are present in both hazelnuts and walnuts, while 
procyanidin tetramers are present in hazelnuts, peanuts, and walnuts (Table 2.8) 
[73–88]. 

2.7.1.3 Flavonols 
Flavonols have been reported in almonds, hazelnuts, peanuts, pine nuts, pista-
chios, and walnuts at varying concentrations. Lin et al. [77] reported 11 favonols in 
almonds, among which isorhamnetin-3-O -glucoside and isorhamnetin-3-O -rutino-
side predominated. Isorhamnetin, isorhamnetin-3-O -glucoside, isorhamnetin-3-O -
rutinoside, and dihydroxykaempferol are only present in almonds among the 12 nuts 
reported in Table 2.8. Quercetin-3-O -rutinoside is the most abundant favonol in pis-
tachios [73]. Rutin has only been reported in pistachios. Kaempferol-3-O -glucoside 
is only present in almonds, while quercetin-3-O -glucoside and quercetin-3-O -rutin-
oside are reported in both almonds and pistachios. Some unique favonols (such 
as Q-galloyl pentoside 1, Q-galloyl pentoside 2, Q-galloyl pentoside, unknown 429, 
and unknown 459) have only been reported in walnuts. Moreover, myricetin-3-O -
rhamnoside, quercetin pentoside, and quercetin-3-rhamnoside are only present in 
hazelnuts (Table 2.8) [73–77,81–83,87–89]. 
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2.7.1.4 Flavanones 
Flavanones are another important group of favonoids. Four favanones in almonds 
(eriodictyol, eriodictyol-7-O -glucoside, naringenin, and naringenin-7-O -glucoside) 
and fve favanones in pistachios (eriodictyol-7-O -glucoside, eriodictyol-3-O -hexo-
side, eriodictyol, naringenin, and naringenin-7-O -neohesperidoside) have been iden-
tifed (Table 2.8). Naringenin and naringenin-7-O -neohesperidoside are the most 
abundant favanones reported in almonds and pistachios, respectively [73,74,77,88]. 

2.7.1.5 Flavones 
Flavones, such as apigenin and luteolin, are present only in pistachios, where api-
genin is the most abundant one (Table 2.8) [73,74,88]. 

2.7.1.6 Flavanonols 
In terms of favanonols, taxifolin is the only compound present in pine nuts, accord-
ing to a study conducted by Hoon et al. [87] (Table 2.8). 

2.7.1.7 Isofavones 
Four isofavones (formononetin, daidzein, genistein, and glycitein), four lignans 
(matairesinol, lariciresinol, pinoresinol, and secoisolariciresinol), and one coumes-
tan (coumestrol) are reported in nuts. Among nuts, pistachios are the richest source 
of total isofavones, total lignans, and total phytoestrogens [33,90]. Tomaino et al. 
[73] identifed three isofavones in pistachios: daidzein, genistein, and genistein-7-O-
glucoside (Table 2.8). 

2.7.2 Phenolic Acids 

Phenolic acids are the second largest group of phenolics after favonoids. Phenolic 
acids in foods occur in free, esterifed, glycosidic, and insoluble-bound forms. Free 
phenolic acids are known to contribute to the taste of foods. Two classes of phenolic 
acids, hydroxycinnamic acids and hydroxybenzoic acids, are present in nuts [9]. 
Pecans contain the highest number of phenolic acids (30) [86,91–93], followed by 
walnuts (20) [76,78], almonds (15) [77,78,88], hazelnuts (14) [45,78,81,82,94], pis-
tachios (13) [78,88,95], and peanuts (10) [85,89]. Other nuts (Brazil nuts, cashews, 
chestnuts, heartnuts, macadamias, and pine nuts) contain between two and seven 
phenolic acids, being lowest in heartnuts and highest in chestnuts [32,75,78– 
80,87,96] (Table 2.8). All nuts contain phenolic acids, albeit to different extents. 

Although phenolic acids have not been well characterized in some nuts (such 
as Brazil nuts, cashews, heartnuts, macadamias, and pine nuts), gallic acid is pres-
ent in all nuts, except heartnuts, macadamias, and peanuts. Gallic acid is the most 
abundant phenolic acid reported in chestnuts, pistachios, and walnuts among the 
12 nuts listed in Table 2.8. Chlorogenic acid [350 μg/g dry weight (dw)] is the most 
abundant phenolic acid identifed in pecans, followed by p-hydroxybenzoic acid (275 
μg/g dw) and caffeic acid (96 μg/g dw). Pecans are also a good source of ellagic acid 
together with Brazil nuts, heartnuts, pine nuts, and walnuts [32,76,78,79,87,92,93]. 
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Moreover, protocatechuic acid is the most abundant phenolic acid present in 
almonds, Brazil nuts, and hazelnuts among phenolic acids identifed for each nut. 
Although phloretic acid is reported only in almonds and pistachios, valoneic acid 
dilactone is present in heartnuts and pecans. In addition, p-hydroxyphenylacetic 
acid has been reported only in almonds, pistachios, and walnuts (Table 2.8). 

Some phenolic acid derivatives (such as brevifolincarboxylic acid, caffeic acid 
hexoside, protocatechuic acid hexoside, valoneic acid dilactone, methylellagic acid, 
dimethyl ellagic acid pentose, dimethyl ellagic acid galloyl pentose, dimethyl ellagic 
acid hexoside, digalloyl ellagic acid, ellagic acid galloyl pentose, and sinapoylquinic 
acid) have recently been reported for the frst time in pecans [91,97]. Meanwhile, 
3-O -p-coumaroylquinic and 3-O -caffeoylquinic acids are reported only in walnuts 
[83]. Recently, Pelvan et al. [94] have identifed some new phenolic acids in Turkish 
Tombul hazelnuts, such as neochlorogenic acid, ellagic acid, 3-p-coumaroylquinic 
acid, digalloyl-glucose isomer, coutaric acid, and fertaric acid. 

2.7.3 Tannins 

Proanthocyanidins (condensed tannins) and hydrolysable tannins are generally the 
most abundant polyphenols in most nuts. Depending on their structures, tannins 
are defned as proanthocyanidins (monomers, dimers, oligomers, and polymers of 
favan-3-ols) or hydrolysable (gallotannins and ellagitannins). Selected complex 
phenolics (proanthocyanidins, gallotannins, and ellagitannins) present in nuts are 
given in Figure 2.3. 

With regards to proanthocyanidins, the total proanthocyanidins contents of 
nuts are given in Table 2.5. Hazelnuts contain the highest total content of proantho-
cyanidins (491 mg/100 g) among nuts [11,98]. No proanthocyanidins are reported in 
Brazil nuts, heartnuts, macadamias, or pine nuts. The order of total proanthocyani-
din concentrations in descending order of nuts is as follows: hazelnuts > pecans > 
pistachios > almonds > walnuts > cashews > chestnuts [98]. Lainas et al. [99] found 
that natural hazelnut extractable proanthocyanidins were 81% oligomers (4–9mers) 
and polymers (≥10mers). However, roasted hazelnut extractable proanthocyani-
dins were only monomers to trimers. This decrease was apparently due to skin loss 
during roasting. The majority of nut proanthocyanidins are highly polymerized 
(>10mers). However, cashews contain only the monomer and dimer of proanthocy-
anidins [100]. In addition, proanthocyanidins of pecans have also been determined 
where a majority of its proanthocyanidins were A- and B-type dimers. The proantho-
cyanidin monomers, trimers, tetramers, pentamers, and hexamers of pecans were 
also separated and characterized by the same authors [91,97]. Recently, B-type pro-
cyanidin hexamers have been reported in pecans [101]. The most common prodel-
phinidins reported in pecans are trimers [97,102], where tetramers to heptamers are 
also present [97,101]. 

With respect to hydrolysable tannins, these have been well-documented in 
walnuts, hazelnuts, and almonds. Walnuts have been reported to contain the high-
est numbers of hydrolysable tannins, followed by hazelnuts and almonds (Table 2.8) 
[75,76,83,103,104]. Indeed, walnuts are the richest plant source of ellagitannins 
(~1600 mg/100 g), where the most abundant ellagitannin is pedunculagin [105,106]. 
Ellagitannins and gallotannins are present in almonds [103], whereas B type dimer 
gallete, glansreginin A, and glansreginin B are reported in hazelnuts [83]. Regueiro 
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Figure 2.3  Selected complex phenolics (proanthocyanidins, gallotannins, and 
ellagitannins) present in nuts. 

48 



 N U T S  

HO 

OHHO 
HO 

OH 

OHO 

O 

O 
O 

OH 

OH 

OH 
OH 

OH 

HO 
OH 

HO 

HO O 
O 

O 

O 

O O 

Vescalagin 

OH 

OH 

OH 

O 

O 

O 

OO 

OH 

OHHOOHHO 

HO 

OO 

O 

O 

O 

OH 
HO 

HO 

HO 

OH 

O 

O 

OH 

OH 

HO 

O 
OH 

Glansreginin A 

Figure 2.3 (continued)  Selected complex phenolics (proanthocyanidins, gallo-
tannins, and ellagitannins) present in nuts. 
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et al. [105] have identifed and confrmed the identity of some polyphenols which 
had not earlier been reported in walnuts: stenophyllanin C, stenophyllanin A/B, 
malabathrin A, eucalbanin A, cornusiin B, heterophylliin E, pterocarinin B, pteroca-
rinin A, oenothein B, reginin A, and alienanin B, and when compared to the results 
reported by Slatnar et al. [76]. Recently, Pelvan et al. [94] identifed some new hydro-
lysable tannins in Turkish Tombul hazelnuts, namely favogallonic acid dilactone 
isomer, valoneic acid dilactone, hexahydroxydiphenoyl (HHDP)-glucose isomer, 
ellagic acid pentoside isomer, and ellagic acid hexoside isomer. In addition, some 
new hydrolysable tannins, namely vescalagin isomers, di-hexahydroxydiphenoyl 
(Di-HHDP) glucose isomers, galloyl bis HHDP glucose, HHDP digalloyl glucose 
isomers, and di-galloylglucose, have been reported in walnuts (Table 2.8) [75,76]. 
HHDP detaches after acid hydrolysis and spontaneously lactonizes to ellagic 
acid. This group made up 60.8% of the hydrolysable tannins detected in walnuts. 
Glansreginin A and B are present in both hazelnuts and walnuts [75,76,83]. 

2.7.4 Stilbenes 

The presence of stilbenes, such as resveratrol, has been reported in almonds, chest-
nuts, hazelnuts, peanuts, and pistachios. Hazelnuts contain trace amounts of stil-
benes as compared to other reported nuts (Table 2.8) [8,78,85,89,107,108]. Stilbenes 
are predominantly located in the skins of nuts. Almonds also contain resvera-
trol-3-O -glucoside, predominantly concentrated in the skin [107]. The variability of 
resveratrol content among the 109 US peanut cultivars over 2 years was 0.003–0.026 
mg/100 g peanuts [108]. 

2.7.5 Other Phenolics 

Dihydrochalcones, such as phloretin-2-O -glucoside, are present only in hazelnuts 
[81]. Tyrosols, derivatives of phenethyl alcohol, are also reported in almonds, chest-
nuts, hazelnuts, pistachios, and walnuts. Three tyrosols (hydroxytyrosol, tyrosol, 
and vanillin) are present in nuts, among which vanillin is only reported in almonds 
and hazelnuts (Table 2.8) [78]. 

2.8 conclusion 

Nuts, which contain phytochemicals and fat-soluble minor components as well as 
nutrient and non-nutrient antioxidants, are an excellent choice for heart-healthy 
snack foods and food supplements. Nuts should be consumed with their skins (pel-
licles) and raw when possible, because of their high phytochemical content as well 
as antioxidant activity. A detailed and up-to-date summary and scientifc review of 
the available data on nutrient and non-nutrient antioxidant components of nuts are 
reported in this chapter. The compiled results indicated that many of the fat-soluble 
bioactives and phytochemicals are yet to be fully identifed and characterized in 
some nuts. Therefore, further research should focus on identifying and quantifying 
these health-promoting compounds in Brazil nuts, cashews, chestnuts, heartnuts, 
macadamias, and pine nuts. 
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3.1  introduction 

The history of nut effects on blood lipids dates back to the early 1990s, when we 
published data from the Adventist Health Study, an epidemiologic investigation of 
26,473 California Seventh-day Adventists, which for the frst time showed a pro-
tective effect of higher nut consumption on coronary heart disease (CHD) [1]. 
Consequently, in an attempt to understand the underlying mechanisms for protec-
tion against CHD, we designed and conducted a feeding trial which showed that 
moderate intake of walnuts improved the lipid profles of young normolipidemic men 
[2]. This landmark fnding led us to believe that the apparent protective effect of 
nut consumption against CHD observed among California Adventists might have 
been mediated in part through improvement in blood lipids. Ever since, many other 
trials with a variety of nuts and designs were conducted to test this hypothesis. We 
have previously reported pooled results of 25 trials that examined the effect of nut 
intake on blood lipids [3]. The results were not only confrmatory of our earlier fnd-
ings, but also indicated that nut consumption lowered blood lipids in a dose-related 
manner. Presently, the lipid lowering-effect of nuts is the most extensively studied 
mechanism explaining the benefcial effects of nut consumption on cardiovascular 
disease (CVD) prevention (see detail in Chapter 6). 

This chapter presents a summary of the evidence regarding the lipid, lipopro-
tein, and apolipoprotein changes induced by nut-enriched diets; it is not intended to 
be a comprehensive review. Areas of discussion include the effcacy of tree nuts ver-
sus peanuts, and walnuts versus other tree nuts, in modifying blood lipids and lipo-
proteins; the dose effect of nut consumption; and the clinical relevance (with respect 
to improvement in blood lipids) of nut studies conducted among various populations. 
More importantly, the potential mechanisms for improvement in blood lipids follow-
ing nut consumption are discussed. 

3.2 effect of Nut consumption on 
Blood Lipids and Lipoproteins 

The causal role of an elevated serum cholesterol level in the genesis of atheroscle-
rosis and its main clinical manifestation, CVD, is well established [4], as are life-
style practices that have a marked impact in prevention [5]. Briefy, the pathological 
basis of CVD stems primarily from abnormalities in lipid and lipoprotein metabo-
lism [6] that result in elevated low-density lipoprotein cholesterol (LDL-C) and total 
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cholesterol (TC) and low levels of high-density lipoprotein cholesterol (HDL-C). 
Results of pooled data from over 1 million individuals indicate that for every 38.7 
mg/dL increment in TC, the risk of CHD increases by 20% in women and by 24% 
in men [4,7]. Decades ago, data from the Multiple Risk Factor Intervention Trial 
indicated that a marked reduction in LDL-C signifcantly decreased CHD risk [8]. 
Indeed, cholesterol reduction stands as a most important CHD preventive measure. 
Concerning nutritional effects on lipids, saturated fatty acids (SFAs) have been 
shown to have the greatest potential for raising LDL-C [9], while monounsaturated 
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) have either a neutral 
or a lowering effect on LDL-C [10]. The latter two fatty acids are the predominant 
type of unsaturated fatty acids found in nuts and, together with other bioactive con-
stituents, confer benefcial effects on blood lipids. We now review the evidence con-
cerning nut effects on individual blood lipids and lipoproteins. 

3.2.1 Total Cholesterol 

As reported earlier, the benefcial effect of nut consumption on blood lipids was frst 
demonstrated in a group of young normolipidemic men [2]. This pioneering study 
conducted in Loma Linda University demonstrated that an additional 10% decrease 
in TC could be realized with the incorporation of walnuts (20% of energy) into the 
National Cholesterol Education Program (NCEP)–recommended cholesterol-low-
ering diet. Over several years, dozens of other nut trials were conducted among 
different populations and with varying degrees of dietary control. The frst meta-
analysis on 13 walnut studies (n = 365) conducted through 2008 confrmed our 
earlier fndings, with results indicating signifcantly greater decrease (weighted 
mean difference = -10.3 mg/dL) in TC in walnut diets compared to various control 
diets [11]. Shortly thereafter, we published a pooled analysis of 25 nut trials that 
encompassed 583 normolipidemic and hypercholesterolemic men and women with 
an age range of 19–86 years. Nut consumption ranged from 23 to 132 g/day (mean, 
67 g). Collectively, nut intake achieved a 10.9 mg/dL [5.1%] reduction in TC [3]. 
Consistent with our fndings, a systematic review and meta-analysis of 61 nut trials 
[12] (walnuts, n = 21; almonds, n = 16; pistachios, n = 7; hazelnuts, n = 6; macadamias, 
n = 4, pecans, n = 2; mixed tree nuts, n = 2; and Brazil nuts, n = 1) with 2,582 unique 
participants estimated an average reduction of 4.7 mg/dL (95% CI, –5.3, –4.0) in TC 
for every serving (28 g/day) of nuts. Comparably, other recent systematic reviews 
and meta-analyses that included studies on almonds [13], hazelnuts [14], pistachios 
[15], and walnuts [16] also reported signifcant decreases in TC with nut intake. 
With respect to the meta-analysis of walnut studies, results indicate that walnut-
enriched diets lowered TC by 6.99 mg/dL (95% CI: –9.39, –4.58 mg/dL; P < 0.001) 
compared with control diets [16]. More pronounced effects were observed when 
walnuts accounted for 10%–25% of total energy compared with lower doses (< 10% 
of total energy). 

We examined studies that were reported after the above systematic reviews 
and meta-analyses were published and found that they were consistent with earlier 
fndings. For example, a 90-day study conducted among dyslipidemic and hyperten-
sive patients to examine the effect of a healthful diet with partially defatted Brazil 
nut fours (13 g/day) compared to placebo (dried cassavas) showed a signifcant 
reduction in TC (–20.5 mg/dL) in the Brazil nut group [17]. Also, the consumption 
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of cashews (11% of total energy) as part of an average American diet signifcantly 
reduced TC by 3.9% in adults with or at risk of hyperlipidemia [18]. Contrastingly, a 
more recent study showed that the isocaloric incorporation of cashews into the diet 
of healthy subjects had little effect on TC [19]. An 8-week study conducted among 
healthy adults > 50 years showed that the walnut-enriched (43 g/day) diet signif-
cantly lowered TC compared to a control diet (walnut versus control: −8.5 ± 37.2 
versus −1.1 ± 35.4 mg/dL) [20]. Mazidi et al. [21] also reported in a meta-analysis 
of 20 randomized clinical trials (RCTs) that nut consumption signifcantly reduced 
TC (mean difference = −0.82 mg/dL). Mirroring these fndings are those of a sys-
tematic review and meta-analysis of 18 almond studies undertaken to determine the 
effects of almond supplementation on blood lipid levels. The average daily intake of 
almonds ranged from 20 to 113 g/day, and the duration of the almond consumption 
period ranged from 4 weeks to 18 months. Pooled results indicated that on average, 
almond-enriched diets signifcantly reduced TC by ~6 mg/dL [13]. The collective 
evidence from human intervention studies convincingly shows that nuts are effec-
tive in lowering TC. The benefts were observed despite differences in study design, 
sample size, nature of participants, and degree of dietary control, as well as amount 
or type of nut consumed. 

3.2.2 LDL-C 

Most cholesterol in the circulation is carried by LDL particles, and LDL-C has been 
shown by many prospective studies and RCTs to be responsible to a large extent for 
the association with CHD risk [22,23]. Nut trials have yielded trends for LDL-C that 
parallels those of TC. In our frst walnut trial, we observed an 8.2 mg/dL decrease in 
LDL-C in the walnut diet compared to the control diet, representing a reduction of 
16.3% [2]. Further, in our pooled analysis of 25 nut RCTs, we found that nut-enriched 
diets decreased LDL-C by 10.2 mg/dL (7.4% change) [3]. Since then, several system-
atic reviews and meta-analyses of studies encompassing various nut diets have also 
reported reductions in LDL-C, with mean estimates ranging from 0.69 to 9.2 mg/ 
dL [11,13,14]. The most comprehensive report to date on nuts and blood lipids is a 
report comprising of 61 trials [12], 38 of which were RCTs and 23 nonrandomized 
trials. The overall effect of nut diets was a 4.8 mg/dL decrease in LDL-C for every 
28 g/day serving of nuts. Further analysis showed a positive association between 
the dose of phytosterols (4.8 to 279 mg/day) and LDL-lowering effect, although 
this relationship was driven by the total daily dose of nuts, rather than by the dif-
ferences in phytosterol content between types of nuts [24]. We found a few newer 
studies that were published after the most recent meta-analyses. Two studies, one 
with cashews [18] and another with walnuts [20], reported signifcant reductions 
in LDL-C. However, three others, two with cashews [19,25] and one with almonds 
[26], showed no signifcant changes in LDL-C. This is likely due to the low dose of 
nuts consumed and recruitment of subjects whose TC was elevated at baseline. We 
have previously discussed how the relationship between nut intake and blood lipids 
is modifed by body mass index (BMI) [3]. As with TC, the evidence concerning 
nut consumption and lowering of LDL-C convincingly shows that the inclusion of 
a variety of nuts in the diet for periods as short as 3 weeks can result in signifcant 
reductions in LDL-C. The benefcial effects would be apparent regardless of study 
design, comparison diets, and degree of dietary control. However, the magnitude of 
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effect seems to be infuenced by the dose rather than the type of nut, as highlighted 
in the meta-analysis by Del Gobbo et al. [12] Stronger effects were observed in ran-
domized [27–40] and nonrandomized [41–50] trials providing ≥ 60 g/day (about 2 
ounces or 2 servings) of nuts. Those providing 100 g nuts/day [43,46,49,50] lowered 
LDL-C concentrations by up to 35 mg/dL, an effect comparable to some statins [51]. 
It would be of interest for future studies to investigate whether higher nut doses 
would elicit even greater responses in LDL-C. 

3.2.3 HDL-C 

Prospective cohorts have reported an inverse relationship between serum HDL-C 
and risk for cardiovascular events in diverse populations [52]. Although the link 
between low HDL-C and increased CHD risk is well established, fndings on the 
effect of nut-enriched diets on HDL-C are mixed and inconclusive. Several system-
atic reviews and meta-analyses of nut feeding trials, including studies with mixed 
tree nuts [12], almonds [13], hazelnuts [14], and walnuts [16], all showed that HDL-C 
was not signifcantly changed after nut consumption. One possible explanation for 
the neutral fndings is that most trials recruited predominantly healthy individu-
als whose baseline HDL-C was not particularly low. Nonetheless, few studies have 
reported what would be considered clinically meaningful changes in HDL-C follow-
ing nut consumption. These studies were either conducted in subjects with apparent 
risk factors or involved dietary restrictions/modifcations. For example, a low dose 
of almonds (10 g/day) consumed before breakfast increased HDL-C by 12%–16% in 
CHD patients [53]. Likewise, substituting almonds for a carbohydrate-rich snack 
within a lower saturated-fat diet improved HDL-C in normal-weight hyperlipidemic 
individuals [54]. Remarkably, cashews, which were exempted in the 2003 Federal 
Drug Administration (FDA) “heart healthy” claim due to their high saturated 
fat content, were recently shown to increase HDL-C in adults with type-2 diabe-
tes (T2D) [25]. To date, clinical outcome trials of pharmacological agents aimed 
at raising HDL-C have failed to show a reduction in atherosclerotic CVD events 
[55]. However, there is no reason to believe that raising HDL-C by natural means is 
not benefcial. In this case, nut consumption may present a cost-effective strategy 
for addressing low HDL-C, even if the benefts are minimal. Hence, further investi-
gations with various populations (particularly those with low HDL-C) and varying 
doses of nuts are warranted to further examine a possible benefcial effect on HDL-
C. Overall, based on the available evidence, no defnitive conclusions can be drawn 
on the effect of nut consumption on HDL-C. 

3.2.4 Triacylglycerols 

Elevated serum triacylglycerols (TAG) are an established independent risk factor 
for atherosclerosis and CHD, but the risk associated with TAG is more pronounced 
in the presence of high LDL-C and/or low HDL-C levels [56]. In our pooled analy-
sis of 25 nut trials, we reported that, overall, nut consumption had no signifcant 
effect on TAG levels – except in individuals with hypertriglyceridemia (≥ 150 mg/ 
dL) [3], in whom TAG levels were reduced by 20.6 mg/dL (10.2%). A systematic 
review and meta-analysis of 61 nut trials conducted 5 years later [12] reported a 
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modest (−2.2 mg/dL) but signifcant reduction in TAG per serving of tree nuts (28.4 
g/day). Reductions were greater in nonrandomized (-4.6 mg/dl) versus randomized 
trials (–1.6 mg/dL), with no signifcant between-group differences. Also, a recent 
systematic review and meta-analysis of 26 walnut trials [16] showed signifcantly 
greater reduction in TAG concentration (-4.69 mg/dL) in participants consuming 
walnut-enriched diets compared with those following control diets. However, in con-
trast to the results of our pooled analysis [3], no differences in effects were observed 
for trials enrolling hypercholesterolemic compared with normocholesterolemic 
individuals. In a previous meta-analysis of 13 walnut trials published by the same 
group [11], there was only a tendency towards decreased TAG with walnut-enriched 
diets. We examined studies published after the above reports and found four newer 
nut studies [19,26,57,58] that reported nonsignifcant changes in TAG with various 
nut-enriched diets, and one with almonds that reported a signifcant decrease in 
TAG [59]. With respect to the almond study, it is highly likely that the observed 
effect on TAG was due to subjects having high TAG levels at baseline. Altogether, 
the evidence for a benefcial effect of nut consumption on TAG leans towards walnut 
and, to some extent, almond-enriched diets. The hypotriglyceridemic effect of nuts 
is amplifed when baseline TAG levels are elevated, suggesting a possible therapeu-
tic effect in this group. Nevertheless, more dose-response investigations are needed 
to shed light on the effect of nut consumption on TAG, especially in individuals with 
hypertriglyceridemia. 

3.2.5 Apolipoproteins 

Plasma apolipoproteins have been shown to be more informative predictors of future 
cardiovascular risk than lipoproteins [60]. Briefy, apolipoprotein B (ApoB) is the 
primary protein component of LDL, whereas apolipoprotein A1 (ApoA1) is the pri-
mary protein associated with HDL [61]. A systematic review and meta-analysis of 61 
nut trials [12], 19 of which examined apolipoproteins, showed that inclusion of nuts 
in the diet did not affect ApoA1 concentration, but signifcantly lowered ApoB in a 
dose related manner (−3.7 mg/dL; 95% CI: −5.2, −2.3 mg/dL). Stronger effects were 
observed in individuals with T2D (−11.5 mg/dL; 95% CI: −16.2, −6.8 mg/dL) than in 
nondiabetic healthy populations (−2.5 mg/dL; 95% CI: −4.7, −0.3 mg/dL). In a recent 
meta-analysis of 26 RCTs [16], a diet rich in walnuts signifcantly reduced ApoB 
(mg/dL) (weighted mean difference = −3.74 [95% CI: −6.51, −0.97]) and marginally 
reduced ApoA1 (weighted mean difference = −2.91 [95% CI: −5.98, 0.08]). These 
results correspond to a 1.1% greater decrease in apoA1 and 4.2% greater decrease in 
ApoB for the walnut diet groups compared with the control diet groups. 

Recent trials continue to elicit mixed fndings on the effect of nut consumption 
on apolipoproteins. For example, a 4-week RCT comparing the individual and com-
bined effects of consumption of dark chocolate, cocoa, and almonds on CVD risk 
factors [62] reported a −6.6 ± 2.6% decrease in ApoB in the almond-enriched diet 
compared to −2.1 ± 2.6% in the reference diet (average American diet). The decrease 
in ApoB was signifcantly greater when almonds were combined with dark chocolate 
(−7.2 ± 2.6% compared with −2.1 ± 2.6%). This study found no treatment effect of 
almonds on ApoA1. Similarly, a short trial with Brazil nuts resulted in no change in 
ApoA1 and a slight nonsignifcant increase in ApoB [63,64]. Whereas many nut stud-
ies reported no change or slight reductions in ApoA1, a study with hazelnuts [65] 
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reported a signifcant increase in ApoA1, which was seen as refecting an increase in 
HDL-C. Overall, in spite of the diversity in participant characteristics, comparison 
diets, and study design, nut feeding trials consistently demonstrated reductions in 
ApoB while ApoA1 remained largely unchanged. The benefcial effects of nuts on 
ApoB were observed over a wide spectrum of intake, ranging from 5 to 126 g of 
nuts per day. Still, more randomized studies of high-dose nut consumption will help 
clarify their beneft on apolipoproteins, especially among the diabetic population. 
Also, since ApoB resides on all atherogenic lipoproteins, mechanistic studies are 
needed to elucidate whether improvement in blood lipids is the result of decreased 
production or increased clearance of ApoB or both. 

3.2.6 ApoB:ApoA1 Ratio 

The ratio between ApoB and ApoA1 (ApoB:Apo-1) has been suggested to be a pow-
erful and more accurate predictor of future CVD risk than TC and HDL-C [60,66]. 
In our previous almond study, we showed that the isoenergetic incorporation of ~68 
g/day of almonds (20% of energy) into an 8368 kJ (2000 kcal) NCEP Step I diet sig-
nifcantly decreased the ApoB:ApoA1 ratio in a dose-related manner [36]. Reduction 
in the ApoB:ApoA1 ratio following nut consumption has also been observed in over-
weight and obese persons [62], patients with T2D [64,67] or at high CVD risk [68], 
and in mildly hypercholesterolemic individuals [69]. The above studies involved 
ingestion of 30–60 g/day of nuts (almonds, hazelnuts) for periods of 4–12 weeks. 
Although few studies have examined this outcome, the results strongly suggest that 
the inclusion of a variety of nuts in the diet may favorably change ApoB:ApoA1 ratio. 

3.2.7 Newer Markers of Blood Lipids 

Small dense LDL (sdLDL) and oxidized LDL (oxLDL) have been shown to play a 
signifcant role in atherosclerotic plaque formation [70–73]. The sdLDL and LDL 
particle phenotype associated with increased TAG-rich lipoprotein, are more sus-
ceptible to oxidation than large LDL [72]. The oxLDL on the other hand have been 
shown to favor the intracellular accumulation of cholesterol esters and generation 
of foam cells [73], which are the hallmark of early atherosclerotic lesion formation 
[74]. Several studies have examined oxidation markers following nut consump-
tion. In a study of healthy individuals, Berry et al. [75] showed that participants 
were less prone to oxidation of plasma and LDL lipids after an almond diet than 
after a low-fat diet. Similarly, a walnut-enriched diet was associated with nonsig-
nifcant decreases in serum oxLDL [76]. In a large feeding trial involving older 
subjects at high cardiovascular disease risk, a Mediterranean diet (MedDiet) 
enriched with 30 g raw, unpeeled, mixed nuts (50% walnuts) given for 3 months 
was associated with a signifcant 10% reduction in circulating oxLDL concentra-
tions [77]. Also, Hudthagosol et al. [78] examined postprandial changes following 
3 sequences of test meals composed of whole pecans, blended pecans, and a for-
mulation of refned ingredients of equivalent macronutrient composition. Results 
of this investigation indicated signifcant decrease in oxLDL by 30%, 33%, and 26% 
at 2, 3, and 8 hours respectively after the consumption of whole pecans. Likewise, 
a diet enriched with pistachios was modestly associated with decreases in oxLDL 
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[79], whereas hazelnut-enriched diets [44,48] resulted in a signifcant decrease in 
plasma oxLDL. However, not all studies disclosed inverse associations. Hyson et 
al. [80] failed to show any improvement in the susceptibility of LDL-C to oxidative 
stress after feeding either whole almonds or almond oil to healthy individuals. 
Unchanged oxLDL levels were also reported in two other intervention studies, one 
with walnuts [81] and another with hazelnuts [82]. The studies were conducted in 
hyperlipidemic adults and hyperlipidemic children respectively. 

With respect to sdLDL, a MedDiet enriched with nuts (30 g/day) consumed 
for one year resulted in signifcant reductions of medium-small LDL and very-small 
LDL (10% and 11%, respectively) [83]. Also, replacing carbohydrate consumption 
with mixed nuts (75 g/day) for 3 months resulted in a signifcant reduction in sdLDL 
in men and postmenopausal women with T2D [64]. Elsewhere, Almario et al. [84] 
reported that a walnut-supplemented diet increased serum levels of alpha-linolenic 
acid (ALA), while decreasing total and LDL-C. The cholesterol lowering was largely 
confned to a signifcant reduction in sdLDL. In another trial, a diet providing 20% 
of energy from pistachios signifcantly reduced sdLDL levels in individuals with ele-
vated LDL-C [85]. Further, a 4-week hazelnut-enriched diet (1 g/kg/day) increased 
the ratio of large to small LDL in normolipidemic individuals [48]. Another pista-
chio-enriched diet showed reduced sdLDL in subjects with pre-diabetes [86]. In 
contrast, the addition of almonds (100 g/day) to statin therapy for 4 weeks resulted 
in a rather unexpected fnding, that is, a statistically signifcant shift from larger, 
buoyant LDL-C particles to smaller, dense LDL-C particles [87]. 

HDL particles have been shown to be cardioprotective due to their role in 
reverse cholesterol transport [88]. HDL may be separated into particles which con-
tain ApoA-I (LpA-I) and those which contain both ApoA-I and ApoA-II (LpAI/AII) 
[89,90]. In a comparison of subjects with and without CHD, LpA-I has been shown 
to be the protective sub-fraction [91]. We came across two studies that have exam-
ined the effect of nut consumption on HDL sub-particles. One showed that substitut-
ing almonds (42 g/day) for a carbohydrate-rich snack within a lower-saturated fat 
diet improves HDL subspecies, specifcally by preventing decreases in LpA-I [54]. 
The other study reported that a pistachio-enriched diet (57 g/day) signifcantly 
increased the percentage of small HDL particles [86]. 

Taken together, the above fndings indicate that nut consumption not only pre-
vents the oxidation of LDL, but also could modify the lipoprotein particle size and 
subclass concentrations in a way that favors cardiovascular health. These changes 
can take place with or without a change in the lipid profles. We noted the lack of sys-
tematic reviews and/or meta-analyses on these outcomes, probably due to insuff-
cient data. Hence more studies are needed to examine these newer markers of blood 
lipids. Table 3.1 presents the summary of systematic reviews and meta-analyses that 
have examined the effect of nut consumption on blood lipids and lipoproteins. 

3.3 Mechanisms for the Benefcial effect of Nut 
consumption on Blood Lipids and Apolipoproteins 

3.3.1 Fatty Acid Compositions 

Nuts have favorable effects on serum lipids primarily because of their high levels of 
unsaturated fatty acids (such as MUFAs and PUFAs) and low levels of saturated fatty 
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acids (SFAs – only 4%–5%), and a host of plant-based bioactive compounds [11]. Their 
unique fatty-acid profles composed of MUFAs contribute an average of 62% of the 
energy from fat, and, together with PUFAs, contribute a total of ~91% of the energy 
from fat [93]. The fatty-acid profles of nuts facilitate a favorable shift in dietary fatty 
acids when nuts are substituted for foods that are high in SFAs or carbohydrates. 
Animal and human studies have shown that fats containing unsaturated fatty acids 
enhance hepatic receptor-dependent clearance of LDL and concomitantly reduce 
plasma LDL-C levels [94]. PUFAs specifcally have been shown to reduce the levels 
of ApoB while MUFAs increase the levels of ApoA1, which mediates the effux of 
cholesterol associated with HDL particles [95]. The unsaturated fatty acids in nuts 
may alter the activities of lipoprotein lipase and hepatic lipase [96–98] by decreas-
ing Apo CIII, which is an inhibitor of lipoprotein lipase. It is well established that 
overexpression of plasma Apo CIII causes hypertriglyceridemia [99]. Additionally, 
PUFAs can mediate the expression of several genes involved in lipid metabolism 
via nuclear factors including the peroxisomal proliferator–activated nuclear recep-
tors gamma (PPAR γ), liver X receptor (LXR), hepatocyte nuclear factor-(HNF)-
4α, nuclear factor kappa B (NFκB), and sterol-regulatory element binding protein 
(SREBP) [98,100]. Further, unsaturated fat is considered a better substrate for ace-
tyl coenzyme A (Acyl-CoA) transferase, which esterifes cholesterol to cholesterol 
ester, thus reducing intracellular cholesterol levels [99]. Unsaturated fat in nuts 
tends to increase membrane fuidity [101,102], which can improve the affnity of 
LDL receptors to the ligand apoB-100 with ensuing enhancement of LDL-C uptake 
[102]. Additionally, the n-3 PUFA in some nuts, such as walnuts, can up-regulate the 
enzyme cholesterol 7-α hydroxylase, the rate-limiting enzyme of bile acid synthesis 
[94], via activation of nuclear factor LXR [103]. 

3.3.2 Other Nutrients/Non-Nutrients 

3.3.2.1 Fiber 
Although the improvement in blood lipids is attributable primarily to the favorable 
fatty acid profle of nuts, other components of nuts, including dietary fber [104] and 
plant sterols [105], play a signifcant role as well (see detail in Chapter 2). Nuts con-
tain ∼7 g/100 g dietary fber, of which ∼25% is soluble fber [106]. In a meta-analysis 
of 67 controlled trials to quantify the cholesterol-lowering effect of major dietary 
fber, Brown et al. [106] noted that 2–10 g/day of soluble fber was associated with 
small but signifcant decreases in TC. The soluble fber in nuts, comprising hemicel-
lulose, pectin, and lignin, has a salutary effect on lipid metabolism primarily through 
enhanced colonic synthesis of short-chain fatty acids by gut bacteria, particularly 
propionate synthesis [107,108]. These short-chain fatty acids have been shown to 
lower 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase and consequently 
reduce de novo cholesterol synthesis. This feedback loop mechanism enhances 
LDL uptake into hepatocytes, thus lowering plasma LDL-C [98,107]. The fber in 
nuts may also interfere with micelle formation and increase the excretion of stool 
fat and bile acids [37,109,110]. When bile acids are lost in the feces, cholesterol from 
the intracellular cholesterol pool is utilized to replace it, which further reduces the 
intracellular cholesterol pool. Lowering the intracellular cholesterol pool provides 
a feedback to up-regulate LDL receptor expression with ensuing increased uptake 
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of LDL-C, resulting in decreased plasma LDL-C [111]. Insoluble fber also retains 
water and hydrates the fecal bolus leading to increased fecal bulk and decreased 
intestinal transit time [104,112]. 

3.3.2.2 Phytosterols 
Like all plant foods, nuts are cholesterol-free but contain chemically related phy-
tosterols. The phytosterol content of nuts generally ranges from 72 to 272 mg/100 
g in the form of campesterol, ergosterol, stigmasterol, and β -sitosterol [113,114]. 
In a systematic review and meta-analysis of 61 tree-nut trials, Del Gobbo et al. [24] 
showed that total phytosterol doses supplied by nuts in the different trials ranged 
from 4.8 to 279 mg/day. The detailed cholesterol-lowering mechanism of phytos-
terols is not completely understood, although it has been proposed that it is likely 
linked to their absorption, which in turn affects the absorption of cholesterol [115]. 
Both dietary cholesterol and plant sterols are transported to the cells of the intesti-
nal mucosa by micelles. However, the high physiochemical affnity of plant sterols 
for micelles (because of a bulkier hydrocarbon molecule) induces competition with 
dietary cholesterol [116] which leads to decreased absorption of cholesterol in the 
duodenum and proximal jejunum. The displaced cholesterol is ultimately excreted 
with feces [115–117]. Also, phytosterols and cholesterol compete to be absorbed via 
the lipid-transporter protein, Niemann–Pick Type C1. In this process, phytosterols 
may down-regulate this transporter, thus decreasing cholesterol absorption [118]. 
The decrease in cholesterol absorption and re-absorption results in decreased cel-
lular concentrations, which in turn upregulates the expression of the LDL receptor 
through activation of SREBP-2 [119]. Excretion of biliary cholesterol from hepato-
cytes is the last step in reverse cholesterol transport and may involve phytosterols as 
potential players [116]. Phytosterols may also exert hypocholesterolemic effects via 
interactions with intracellular enzymes, namely cholesterol acyltransferase (ACAT) 
and HMG-CoA reductase. 

3.3.2.3 Polyphenols 
Nuts are rich sources of highly bioactive polyphenols (see detail in Chapter 2), 
representing one of the richest food sources per serving [120,121]. The polyphe-
nols present in nuts are mainly ellagitannins and proanthocyanidins, the former 
predominating in walnuts [122] and the latter in hazelnuts and almonds [123]. A 
study examining the acute effects of consuming a nut meal (75% of energy from 
walnuts or almonds) observed increased total plasma polyphenol levels, with peak 
concentration achieved approximately 90 minutes post-ingestion [124]. Similarly, a 
study designed to isolate, identify, and quantify phenolic compounds following wal-
nut consumption (English versus black walnuts) observed the presence of various 
phenolic compounds including 5-caffeoylquinic acid, 3-caffeoylquinic acid (black 
walnut only), 4-caffeoylquinic acid, quercetin-3- rutinoside, quercetin-3-galactoside, 
quercetin- 3-pentoside, quercetin-3-arabinoside, quercetin-3-rhamnoside, and the 
aglycone quercetin (English walnut only) [125]. Catechins, which belong to the 
proanthocyanidins class, have been found in plasma after pecan consumption in 
humans [78] and almond ingestion by hamsters [126]. Polyphenols may exert cho-
lesterol-lowering activity by inhibiting pancreatic cholesterol esterase, binding bile 
acids, and reducing the solubility of cholesterol in intestinal micelles with ensuing 
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cholesterol malabsorption [127]. A study performed in atherosclerosis-susceptible 
mice suggested that the combined presence of PUFAs and polyphenols is necessary 
for atheroprotective activity to occur [128], an observation that points to a novel 
mechanism for the anti-atherosclerotic effect of nuts. 

3.3.3 Changes in Gut Microbiome Induced 
by Nutrient Compounds of Nuts 

Prebiotic compounds in nuts may act collectively to stimulate growth of benef-
cial gut bacterial species, and at the same time inhibit growth of pathogenic ones 
[129]. Nuts are rich in polymerized polyphenols, representing one of the richest 
food sources of polymerized polyphenols per serving [120]. Polymerized polyphe-
nols transit through the gut unabsorbed, arriving in the colon, where they act as 
substrates for the human gut microbiota. Data from the LifeLines-Deep study esti-
mated that the gut microbiota composition can explain 4% of the variation in HDL-C 
[130]. Several of the microbes identifed in this study, including Bacteroidales (phy-
lum Bacteroidetes) and family Clostridiaceae (phylum Firmicutes) are known to be 
involved in bile acid metabolism [130]. Secondary bile acids derived from bacterial 
metabolism are absorbed in the colon [131], enter the circulation, and can modu-
late hepatic and/or systemic lipid metabolism through nuclear or G protein-coupled 
receptors (GPCRs) [132]. Short chain fatty acids (SCFAs) – acetate, butyrate, and 
propionate – are generated by gut bacterial fermentation of dietary fber from nuts. 
SCFAs have been shown to suppress hepatic lipogenesis through activation of the 
hepatic cyclic adenosine 3', 5'-monophosphate (cAMP)/protein kinase A/cAMP-
responsive element binding protein pathway and enhance oxidative metabolism in 
mice [133] and may thereby improve blood lipid levels. Altogether, nut consumption 
can positively alter the host microbiota to produce metabolites that may favorably 
modify blood lipids (see detail in Chapter 13). However, more human intervention 
studies administering different doses over a suffciently long period of time should 
be performed to evaluate not only the prebiotic properties of nuts, but also the exact 
mechanisms by which the metabolites produced by gut microbiota promote healthy 
blood lipid levels. 

3.4 Strength of the evidence Regarding 
Nut intake and Blood Lipids 

Whereas the overall cholesterol-lowering effect of nuts is unequivocal, the evidence 
regarding nut effects on specifc lipids/lipoproteins varies widely. Table 3.2 presents 
the summary of the level of evidence regarding the effect of nuts on individual lipid 
fractions. 

3.5 tree Nuts versus Peanuts 

Peanuts, which botanically are groundnuts or legumes, are widely identifed by con-
sumers as part of the nut food group. Despite their diversity, peanuts share many 
common nutritional characteristics with tree nuts [134]. However, unlike tree nuts, 
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table 3.2 Effects of Nut Consumption on Blood Lipids: Summary of 
Scientifc Evidence 

Particle Effect Level of Evidence References 

TC Decrease ++ [1,2,9,10–16] 
LDL-C Decrease ++ [1,2,10,11,15,16] 
HDL-C Increase +/− [25,53,54] 
*TAG Decrease +/− [11,12,16,28,59] 
ApoA1 Increase +/− [69] 
ApoB Decrease +/− [12,16,62] 
ApoB : ApoA1 Decrease +/− [36,62,64,67–69] 

Notes: ++, evidence from several studies; +, limited evidence from few studies; 
+/−, equivocal evidence. * Effect limited to individuals with elevated 
baseline levels. 

Abbreviations: ApoA1, apolipoprotein A1; ApoB; apolipoprotein B; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; TAG, triacylglycerols; TC, total cholesterol: 

peanuts are more ubiquitous in the American diet owing to their high palatability 
and accessibility to lower-income shoppers [135]. Several studies have examined 
the effect of peanut consumption on blood lipids and lipoproteins. Results from 
individual studies are varied. For example, daily inclusion of 46 g peanuts and or/ 
peanut butter in the diet of free-living adults with T2D resulted in clinically mean-
ingful reduction in LDL-C:HDL-C and an increase in HDL-C [136]. A 12-week study 
showed that the incorporation of 42 g/day peanuts into the habitual diet led to sig-
nifcant reductions in TC and TAG only among participants with elevated baseline 
values [137]. At a much higher dose (500 kcal/day), peanut consumption resulted in 
a signifcant reduction in TC (7.2%) and TAG (20.0%) without signifcant changes in 
LDL-C or HDL-C [138]. According to the results of a systematic review and meta-
analysis of 13 RCTs, peanuts had no signifcant effect on LDL-C weighted mean 
difference ([WMD: −3.31mg/dL]), TAG (WMD: −7.59 mg/dL), and TC (WMD: 
3.15 mg/dL) [139]. However, consumption of high-oleic peanuts and peanut sprouts 
had a positive signifcant effect on HDL-C when consumed for more than 12 weeks 
(WMD: 2.72mg/dL) [139]. It is worth noting that previous peanut studies have 
reported lipid-lowering effects when MUFAs was substituted for SFAs [140,141], 
suggesting that the SFA content of the diet can modify the effect of peanuts (and tree 
nuts) on blood lipids and lipid ratios. Overall, the evidence suggests that peanuts are 
nearly as effective as tree nuts in lowering blood cholesterol and, to a smaller extent, 
apolipoproteins. 

3.6 Walnuts versus Other tree Nuts 

Walnuts have a rather unique nutrient profles compared to other nuts. The food 
composition database published by the U.S. Department of Agriculture indicates 
that 100 g of walnuts contain 15.2 g protein, 65.2 g fat, and 6.7 g dietary fber [16]. 
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Whereas most nuts are high in MUFAs, walnuts are composed largely of PUFAs (47.2 
g), especially linoleic acid (18:2n-6; 38.1 g) and ALA (18:3n-3; 9.1 g) [16]. Walnuts 
have also the highest content of bioactive polyphenols of all nuts [122] and, unlike 
other nuts, contain sizable amounts of phytomelatonin [142], a molecule with anti-
oxidant and anti-infammatory properties, besides having a sleep-regulatory role. 
Several systematic reviews and meta-analyses investigating the effects of walnuts 
on blood lipids have been published. A recent meta-analysis of 26 RCTs with walnuts 
(15–108 g/day) representing 5%–24% of the total energy in prescribed diets showed 
that walnut diets signifcantly lowered TC (−6.99 mg/dL), LDL-C (−5.51 mg/dL) 
and TAG (−4.69 mg/dL) compared to control diets [16]. Another meta-analysis of 
18 almond studies showed that TC, LDL-C, and TAG were signifcantly reduced by 
~6 mg/dL, 4.8 mg/dL, and 5.9 mg/lL, respectively; and that HDL-C was not signif-
cantly affected (–0.66 mg/dL) with almond intake [13]. In reference to a previous 
meta-analysis and systematic review conducted by Banel and Hu [11], which found 
greater reduction in TC comparing walnuts with controls, Kim et al. [143] remarked 
that part of the reason could be the larger amount of walnuts consumed in these 
studies (30–108 g/day). This was also confrmed by Guasch-Ferré et al. [16], whose 
updated meta-analysis and systematic review of walnut studies showed pronounced 
effects in lowering of TC and LDL-C concentrations when walnuts accounted for 
10%–25% of total energy compared with lower doses. Other tree nuts, including 
hazelnuts [14], pistachios [15], macadamias [42,144,145], and pecans [34,37], have 
equally showed benefcial effects on blood lipids, albeit with fewer RCTs. Hence, 
further studies are needed (especially with hazelnuts, macadamias, and pecans) to 
accurately distinguish how one nut type differs from the others in improving blood 
lipids. This is challenging considering that the relationship between nut consump-
tion and blood lipids is confounded by many factors, including type of control diets, 
underlying disease conditions, and study design. 

3.7 Dose–Response effect of Nut Diets 

Our previous pooled fndings from intervention studies indicated that nut consump-
tion improved blood lipids in a dose-related manner [3]. At 20% of dietary energy 
from nuts (equivalent to 71 g [2.5 ounces] for a 2000 kcal diet), blood lipid levels 
were reduced by 9.9 mg/dL (4.5% change) for TC and by 9.5 mg/dL (6.5% change) 
for LDL-C. At 12.2% of dietary energy from nuts (equivalent to 43 g [1.5 ounces]), 
blood lipid levels were reduced by 7.1 mg/dL (3.2% change) for TC and by 7.2 mg/dL 
(4.9% change) for LDL-C. At 10% of dietary energy from nuts (equivalent to 35 g [1.2 
ounces]), blood lipid levels were reduced by 6.1 mg/lL (2.8% change) for TC and by 
6.2 mg/dL (4.2% change) for LDL-C. Similar dose responses were estimated for the 
LDL-C:HDL-C ratio and for TAG levels in individuals with baseline TAG levels of at 
least 150 mg/dL [3]. More recently, Del Gobbo et al. [12] reported inverse relation-
ships between tree nut intake and blood lipids. Specifcally, linear dose–response 
relationships were observed between tree nut intake and ApoB (r = −0.12) and TAG 
(r = −0.16). However, the effect on TC and LDL-C was nonlinear, with stronger 
effects being observed in trials providing doses of ≥ 60 g nuts/day (≥ 2 servings/ 
day). Results of a recent meta-analysis of 24 walnut studies (n = 1059) indicated 
that walnut intake signifcantly lowered TC in a dose-dependent manner; however, 
a nonsignifcant trend between walnut intake and lower LDL-C was observed [16]. 
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Del Gobbo et al. [12] recommended more RCTs with high doses of nuts (e.g., 100 g 
nuts/day - > 3 servings/day) to help clarify whether the benefts on blood lipids and 
apolipoproteins are indeed nonlinear. 

3.8 Populations that Beneft Most from Nut intake 
with Respect to improvement in Blood Lipids 

Tree nuts and peanuts have extensively been investigated in adults with hyper-
cholesterolemia, obesity, metabolic syndrome, prediabetes, and diabetes, but less 
in individuals with established CVD and in pediatric populations. In addition, few 
studies have addressed the important question of which populations might obtain 
increased beneft from nut consumption in terms of lipid-profle improvement. A low 
dose of almonds (10 g/day) consumed before breakfast was shown to be effective in 
increasing HDL-C and lowering TC, LDL-C, TAG, and very low-density lipoprotein 
cholesterol (VLDL-C) in CHD patients on lipid-lowering medications [53]. Similarly, 
adding 100 g of almonds daily to chronic statin therapy for 4 weeks signifcantly 
reduced non-HDL-C [87]. Both these studies suggest that nuts may be effective as 
adjunctive treatment for patients on statin therapy. We have reported previously in 
our pooled analysis of 25 nut trials that the effcacy of nut consumption in improving 
lipid profles was similar in men and women and across all age groups [3], although 
the effects were signifcantly modifed by baseline LDL-C, BMI, and diet type. With 
respect to BMI, we noted that the cholesterol-lowering effects of nut consumption 
were more pronounced in individuals with lower BMI. This phenomena was also 
observed by Mukkudem-Petersen et al. [35], who reported that high consumption 
of neither walnuts nor cashews was associated with blood lipid changes in obese 
individuals or those with metabolic syndrome. Obese subjects have an attennuated 
cholesterol-lowering response to diets rich in unsaturated fat compared to lean indi-
viduals, probably because of underlying insulin resistance, which has been shown 
to favor de novo cholesterol syntheis [146]. This increased endogenous production 
of cholesterol is associated with reduced intestinal cholesterol absorption [147,148]. 
Nuts are rich in plant sterols that might contribute to cholesterol lowering by inter-
fering with cholesterol absorption, but this effect would be blunted when choles-
terol absoprtion rates are low. Another group that may beneft from nut intake are 
children and adolescents with primary hyperlipidemia [58]. In this 8-week RCT, 66 
subjects were enrolled and randomized in 3 groups receiving 1) hazelnuts with skin; 
2) hazelnuts without skin; and 3) dietary advices for hyperlipidemia only (controls). 
The amount of hazelnuts per portion was calculated based on the doses advised 
for adults, adjusted on the basis of the children’s body weight (0.43 g/kg of body 
weight on average, corresponding to 15–30 g portions). Results of this study showed 
that hazelnuts signifcantly reduced the concentrations of LDL-C and increased the 
HDL-C:LDL-C ratio. However, in a separate analysis, hazelnut consumption had no 
signifcant effect on oxLDL levels [82]. 

According to the meta-analysis of Del Gobbo et al. [12], it is noteworthy that 
improvement in blood lipids following nut consumption has been observed without 
signifcant differences by disease condition, age, sex, background diet, interven-
tion, or study duration. However, this meta-analysis concluded that tree nuts low-
ered ApoB to a 3–4-fold greater degree in trials conducted in diabetic individuals, 
suggesting that nuts may be important for lowering CVD risk in patients with T2D. 
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table 3.3 Presence (Yes) or Absence (No) of Heterogeneity in 42 RCTs Examining Nut 
Intake and Blood Lipids/Apolipoproteins 

P-value for 
Factor Lipid Fraction Heterogeneity 

TC LDL-C HDL-C ApoA1 ApoB 
Age (mean) No No No No No all > 0.38 
Gender No No No No No all > 0.18 
Disease status No No No No Yes P = 0.018 all other > 0.28 

(diabetes) 
Background diet No No No No No all > 0.18 
Nut type No No No No No all > 0.10 
Duration No No No No No all > 0.13 

Source: Adapted from Del Gobbo, L.C. et al., Am. J. Clin. Nutr., 102, 1347, 2015. With 
permission. 

Notes: Results are based on weighted mean difference per serving nuts/day (28.4 g/ 
day). 

Age: < 40, 40–50, and > 50. 
Gender: Male ≥ 50% and male ≤ 50%. 
Disease status: Obese, metabolic syndrome, high cholesterol, type 2 diabetes, and appar-

ently healthy. 
Background diet: Habitual, American Heart Association diet, isoenergetic, low-fat, high-

fat, and other healthy diets. 
Nut type: Walnuts, pistachios, macademias, pecans, cashews, almonds, hazelnuts, mixed 

nuts. 
Duration: 3–4 weeks, 4–5 weeks, and > 5 weeks. 
Abbreviations: ApoA1, apolipoprotein A1; ApoB; apolipoprotein B; HDL-C, high-density 

lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RCTs, 
randomized clinical trials; TC, total cholesterol. 

More studies are needed to examine this assumption further. Table 3.3 indicates 
the presence or absence of heterogeneity among 42 RCTs of nuts and blood lipids/ 
apolipoproteins based on supplementary data published [12]. 

3.9 Nut Form 

It has been suggested that the cell wall of intact nuts may limit the release of lipids 
and other nutrients available for digestion [149]. Besides, short-term clinical trials 
report that whole-nut consumption increases fecal fat losses, suggesting that part 
of the fat passes therough the gastrointestinal tract undigested [149,150]. This has 
practical implications, since it could potentially diminish the cholesterol-lowering 
properties of whole nuts. Few studies have examined whether nut form (e.g., raw, 
roasted, whole, ground, or chopped) and processing may differentially impact 
blood lipids. A peanut trial [151] reported that there were no signifcant differ-
ences between peanut forms (raw unsalted, roasted unsalted, roasted salted, honey 
roasted peanuts, or peanut butter) with respect to changes in TC, LDL-C, HDL-C, 
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or TAG concentrations. Another study showed that the ingestion of three forms of 
hazelnuts (ground, sliced, or whole) improved the lipid and lipoprotein profles in 
mildly hypercholesterolemic individuals regardless of nut form [69]. Another study 
comparing the effects of consuming dry roasted, lightly salted versus raw hazel-
nuts showed no signifcant differences in changes in blood lipids (TC and LDL-C) 
and apolipoprteins (ApoA1 and ApoB) bewteen the two nut forms, although HDL-C 
and TAG concentrations were signifcantly higher following the consumption of raw 
hazelnuts when compared to those that had been dry roasted and slightly salted 
[65]. These results are similar to those of of an almond study [50], which showed 
that unblanched almonds, whether raw or dry roasted, were equally effective in low-
ering TC and LDL-C. It is worth noting that previous research has reported that 
the nutrient composition of nuts remains largely unchanged when the roasting tem-
perature is between 120 and 160 °C [152]. Roasting in this temperature range also 
resulted in a better sensory evaluation for nuts. Questions have arisen as to whether 
nut oils have differential effects on blood lipids compared to whole nuts. A study eval-
uating the effect of peanut oil on various outcomes, including blood lipids, reported 
an increase in HDL-C and signifcant reductions in LDL-C when a daily peanut oil 
load providing 30% of resting energy expenditure was given for 8 weeks [153]. In 
another study, overweight individuals with high LDL-C and TAG completed a ran-
domized, controlled, four-period, postprandial feeding study [154]. During each of 
the four visits to the clinic, participants consumed one of four randomly assigned 
test diets: 85 g ground whole walnuts, 34 g ground de-fatted walnut meat, 51 g wal-
nut oil, or 5.6 g ground defatted walnut skins. Results indicated that the ingestion of 
walnut oil signifcantly increased cholesterol effux from foam cells by decreasing 
the expression of the lipogenic enzyme stearoyl CoA desaturase 1 (SCD1). Similarly, 
replacing one-half of the habititual fat intake with fat from whole almonds or almond 
oil had similar effects on plasma lipids in normolipidemic men and women, as both 
diets reduced TC, LDL-C, and TAG to the same extent and resulted in comparable 
increases in HDL-C [80]. 

Presently, there is little evidence to show that nut form and processing differ-
entially affects blood lipids. Nonetheless, more studies are needed to further clarify 
this issue. 

3.10  conclusion 

Although a considerable amount of research has been devoted to understanding 
the effect of nut consumption on blood lipids and lipoproteins, much remains to be 
learned. The level of evidence regarding the cholesterol (TC and LDL-C)-lowering 
effect of nuts is convincing. Correspondingly, their effect on apolipoproteins, 
HDL-C, and TAG concentrations remains unclear and warrants further investiga-
tion. As noted, the major determinant of the cholesterol-lowering effect of nuts 
appears to be nut dose (~42 g/day or 1.5 ounces) rather than nut type [12]. This 
highlights the need for quality feeding studies with varying doses, larger sample 
sizes, and longer duration to investigate this relationship. Notwithstanding the 
limitations of past studies, it should not be missed that nuts have many benefcial 
attributes. Key nutrients in nuts, including vegetable protein, unsaturated fat, 
dietary fber, an array of vitamins and minerals, and other bioactive compounds 
such as polyphenols, work synergistically through multiple mechanisms not 
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only to promotefavorable lipid profles, but also to induce other cardioprotective 
effects. In addition to its blood lipid–lowering effect, the inclusion of nuts in the 
diet has been shown to improve the overall nutrient profles of the diet [155] with-
out adversely affecting body weight [156,157]. Thus, the consumption of nuts as 
part of a healthy diet should be encouraged as a public health measure to promote 
cardiovascular health. 
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4.1  introduction 

Nuts are a matrix of several bioactive compounds that exhibit a number of health 
benefts. Their unique nutritional profles rich in mono- and polyunsaturated fatty 
acids (MUFA and PUFA), fber, various minerals (e.g., potassium, calcium, and 
magnesium), vitamins (e.g., vitamin E), and phytochemicals with powerful antioxi-
dant effects suggests a potential role in the modulation of infammation (including 
oxidative-related processes), endothelial function (EF), and blood pressure (BP). 
In this regard, several cardio-metabolic disorders may beneft from their unique 
nutritional profles. In this chapter, we focus on the health effects of nut consump-
tion on parameters related to infammation, EF, and BP, all of which are altered in 
the metabolic syndrome (MetS) [1]. 

Infammation is a key early stage of many metabolic disorders and of the ath-
erosclerotic process. Several infammatory markers have been identifed as indepen-
dent predictors of different metabolic conditions in human prospective studies [2]. 
Chronic low-grade infammation has been closely linked to the genesis and progres-
sion of insulin resistance (IR) and endothelial dysfunction (ED). The latter refers 
to the impairment of endothelium-dependent vasodilatation, implies widespread 
abnormalities in endothelial integrity and homeostasis, and is one of the mecha-
nisms involved in the etiology and development of atherosclerosis. The endothelium 
maintains circulation and blood fow, regulates vascular tone, and modulates leuko-
cyte and platelet adhesion to the endothelium and the transmigration of leukocytes 
into the sub-endothelial space. The most traditional and widely accepted view is that 
hypertension is a cause rather than a consequence of ED, although some authors 
suggest that the reverse may also be true. 

Scientifc evidence supports the hypothesis that dietary factors are important 
in modulating oxidation, infammation, and EF. With this scenario, because sev-
eral nut components have been shown to infuence infammation in vivo, the regular 
consumption of nuts could protect against the possible consequences of low-grade 
infammation and ED. 

In clinical practice and research studies, the most common technique used to 
evaluate EF is fow-mediated dilatation (FMD) of the brachial artery [3]. However, 
its application in practice requires a highly experienced operator, and comparability 
in different settings is challenging. Recently, peripheral arterial tonometry (PAT) 
provides an alternative option for non-invasive measurement of EF [4]. Placed on 
a fngertip, it measures pulse arterial volume changes induced by upper-arm cuff 
occlusion and generates the reactive hyperemia index (RHI) automatically. Unlike 
the FMD measurement, RHI is operator-independent and easy to perform. Brachial-
ankle pulse wave velocity (baPWV) is usually monitored in some clinical trials as it 
refects arterial elasticity [5]. 

Circulating biomarkers may also be measured to assess endothelial activation 
and infammatory processes. Soluble cellular adhesion molecules are secreted by 
the endothelium together with immune cells such as macrophages. They comprise 
inter-cellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 
(VCAM-1), and E-selectin. These molecules are useful for monitoring EF because 
they are usually increased in patients with cardiovascular disease (CVD) [6]. 
Moreover, common evaluation of infammatory-related processes is performed by 
measuring cytokines. Blood cells secrete cytokines such as tumor necrosis factor-α 
(TNF-α), interleukin (IL)-6, and IL-1β, whereas adipocytes secrete adipokines 
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such as adiponectin and leptin. High sensitivity C-reactive protein (CRP), which is 
secreted mainly by hepatocytes, is also a standard measure of systemic low-grade 
infammation. 

Available data from different epidemiological, in vitro/in vivo, and randomized 
clinical trials involving nut consumption, infammation, and EF/BP are reviewed in 
this chapter. 

4.2 Health Benefts of Nut consumption 

4.2.1 Epidemiological Studies 

Several epidemiological studies have analyzed the associations between nut con-
sumption and biomarkers related to infammation, oxidation, and EF. Nut consump-
tion has also been associated with a lower risk of hypertension in prospective cohort 
studies. Table 4.1 summarizes the evidence from epidemiological studies on nut 
consumption, infammation, EF, and BP. 

The EF biomarkers most commonly assessed in epidemiological studies 
include the circulating levels of VCAM-1, ICAM-1, and IL-6. Some clinical trials 
have included direct measurements of EF in the vascular bed, such as FMD of the 
brachial artery or PAT to obtain the RHI. As an illustration, in a cross-sectional 
study involving 772 individuals at high cardiovascular risk, participants in the high-
est tertile of mixed-nut consumption (hazelnuts, almonds, and walnuts) showed the 
lowest circulating levels of VCAM-1 and ICAM-1 together with lower concentrations 
of high-sensitivity CRP and IL-6 [7]. However, only ICAM-1 displayed a signifcant 
inverse association with a higher intake of nuts. Similarly, no signifcant associations 
between total nut consumption and the plasma biomarkers ICAM-1 and VCAM-1 
were observed in a prospective study of 6,309 women from the Nurses’ Health Study 
(NHS) followed for 22 years [8]. 

Most epidemiological studies usually include CRP, IL-6, fbrinogen, and adipo-
nectin as infammatory markers. The frst epidemiological study examining these 
biomarkers was conducted in 2005 within the framework of the Multi-Ethnic Study 
of Atherosclerosis (MESA), a cross-sectional analysis of 6,080 participants which 
showed that total nut and seed consumption was inversely associated with circulat-
ing concentrations of CRP, IL-6, and fbrinogen [9]. After adjusting for potential con-
founders, mean concentrations of CRP decreased from 1.97 mg/L in subjects who 
rarely or never ate nuts and seeds to 1.71 mg/L in those consuming nuts and seeds 
≥ 5 times/week (P for trend = 0.003). Corresponding adjusted mean concentrations 
of IL-6 and fbrinogen decreased from 1.25 to 1.14 pg/mL (P for trend = 0.003) and 
from 343 to 331 mg/dL (P for trend = 0.003), respectively [9]. However, these associ-
ations were attenuated when the models were further adjusted for body mass index 
(BMI). In another cross-sectional study involving 987 women with type-2 diabetes 
(T2D) from the NHS, greater adherence to the Mediterranean diet (MedDiet) was 
associated with higher concentrations of adiponectin, a potent anti-infammatory 
cytokine originating in adipose tissue. Nuts, among other food groups, showed the 
strongest associations with adiponectin levels [10]. 

Thus far, fve prospective cohort studies have evaluated the associations 
between nut consumption and the incidence of hypertension. Four studies found 
signifcant associations between nut consumption and a lower risk of hypertension 
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[11–14], while one study reported no relationship [15]. These prospective studies 
included large sample sizes ranging from 4,304 to 80,426 participants, with follow-
up times ranging from 3.4 to 15 years. A 15%–28% lower risk of hypertension was 
observed in individuals in the highest nut-consumption categories compared to 
those in the lowest (Table 4.1). 

In short, evidence from epidemiological studies suggests that nut consumption 
may have benefcial effects on EF and infammatory biomarkers, but clearly, more 
prospective studies with large sample sizes are warranted to confrm these associa-
tions. In addition, consistent evidence from prospective cohort studies suggests that 
total nut consumption is inversely associated with the incidence of hypertension. 

4.2.2 In Vitro and In Vivo Animal Studies 

Results from in vitro and in vivo studies have provided a broad range of evidence 
regarding the benefcial effects of nut consumption on different health outcomes, 
such as hyperlipidemia and T2D [16]. However, the specifc evaluation of the effect 
of nuts – or their components – in cell cultures or animal models on the modulation 
of parameters related to infammation, EF, and BP is limited. Most of the published 
evidence has focused on infammation and derives from assays using nut extracts 
or polyphenols (e.g., resveratrol or ellagic acid), which are present in nuts but also 
in other food groups. Almost all the available research on this topic has focused on 
extracts from non-edible parts, such as the peel, leaves, stems, and roots, and rarely 
on the kernel. An in-depth analysis of the healthful properties of non-edible parts 
of nuts is beyond the scope of this review, which focuses on studies that evaluate 
specifc nutrients (e.g., polyphenols) or edible parts in traditional nuts in relation to 
infammation, EF, and BP outcomes. 

4.2.2.1 Experimental Studies with Whole Nuts 
Two studies in rats found increased antioxidant enzymatic activity in animals fed 
pistachios for 8 weeks [17,18]. In the frst study, the rats were divided into three 
groups of 12 animals and assigned to a control group, fed a standard diet; and two 
pistachio groups, fed a standard diet containing 20% or 40% energy from pistachios. 
A signifcant increase in the activities of paraoxonase/arylesterase 1 (PON1) and 
arylesterase – both markers of antioxidant capacity – was observed in the two 
groups with pistachio-supplemented diets compared to the control group after 10 
weeks’ intervention [17]. In the second study, the rats were assigned a control diet 
(standard commercial chow); a control diet supplemented with 1.26% energy intake 
in the form of pistachios; a control diet with 1.63% cholesterol, 0.41% cholic acid, and 
16.3% sunfower oil (hyperlipidemic diet); or a hyperlipidemic diet supplemented 
with 1.26% energy intake in the form of pistachios. After 8 weeks, the rats on the 
hyperlipidemic diet supplemented with pistachios had higher total antioxidant activ-
ity, as determined by thiobarbituric acid-reactive substances (TBARS), compared to 
rats fed the hyperlipidemic diet alone [18]. 

Another study involving 19-month-old rats fed a 6% or 9% walnut diet, approxi-
mately equivalent to a human eating 28 g or 42 g, reported a signifcant inhibition of 
the activation or phosphorylation of P38-mitogen-activated protein kinase (MAPK) 
and nuclear factor kappa B (NF-κB) in brain tissues. Because both molecules are 
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involved in the infammatory response, these results suggest a potential attenuation 
of infammatory genes mediated by nuts [19]. 

4.2.2.2 Lipid Profles of Nuts 
Several in vitro studies have suggested that the healthy properties of nuts can be 
attributed in part to their high content in dietary unsaturated fatty acids. Zhao et 
al. [20] showed that α-linolenic, linoleic, and docosahexaenoic acids were able to 
reduce the Escherichia coli lipopolysaccharide-stimulated production of IL-6, IL-1β, 
and TNF-α in a dose-dependent manner in THP-1 cells compared to palmitic acid. 
Contingent upon its content, walnut oil has shown both anti-infammatory and pro-
infammatory properties in a monocytic cell line, depending on concentration and 
length of incubation, which suggests that it can diminish oxidative stress and modu-
late infammation [21]. Importantly, oleic acid and peanut oil high in oleic acid were 
able to enhance insulin production in the INS-1 cell line, and oleic acid was able to 
reverse the inhibition of insulin production by TNF-α. These fndings suggest that 
a diet high in oleic acid – easily achieved through consumption of peanuts, tree nuts 
other than walnuts, and olive oil – can have a benefcial effect reversing the nega-
tive effects of the infammatory cytokines present in the circulation in metabolic 
disturbances [22]. 

4.2.2.3 Antioxidants in Nuts 
As nuts are an antioxidant-rich matrix, research has focused on evaluating some of 
their most important antioxidants (see Chapter 2 for details). The effcacy of raw and 
roasted nut antioxidants to counteract oxidative stress was assessed by measuring 
the ability of free polyphenol nut extracts to inhibit the oxidation of lower density lipo-
proteins (low-density lipoprotein [LDL] plus very low-density lipoprotein [VLDL]). 
Walnut polyphenols showed the best effcacy of the nuts tested, as well as the highest 
lipoprotein-bound antioxidant activity [23]. A recent study investigated whether poly-
phenol extracts from natural raw shelled pistachios and roasted salted pistachio ker-
nels have anti-infammatory and antioxidant properties at lower doses than reported 
previously. The monocyte/macrophage cell line J774 was used to assess the extent 
of protection by raw shelled and roasted salted pistachios against lipopolysaccha-
ride (LPS)-induced infammation. The results demonstrated that pre-treatment with 
extracts from raw or roasted pistachios exerted signifcant protection against LPS-
induced infammation, as a reduction in TNF-α and IL-1β secretion was observed in 
a dose-dependent way. It was, therefore, shown that, at lower doses, the polyphenols 
present in pistachios do possess antioxidant and anti-infammatory properties [24]. 

Specifc polyphenols such as ellagic acid and resveratrol have been widely 
evaluated. Ellagic acid occurs naturally in fruits such as berries, nuts, and pome-
granates, while resveratrol is mainly found in grapes and red wine, but also in 
some plants and fruits such as peanuts, pistachios, and cranberries [25]. Recently, 
researchers have begun to show a possible involvement of ellagic acid in the infam-
matory cascade through the inhibition of cyclooxygenase (COX) protein expres-
sion, as well as anti-infammatory effects in vivo in mice [26]. Moreover, resveratrol 
seems to protect against oxidative stress-induced ED in the aortas of diabetic mice 
by inhibiting TNF-α-induced activation [27]. Another phenolic compound, chloro-
genic acid, which is found in coffee, apples, almonds, and artichokes, has also been 

97 



  

  

 
 

 
     

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

investigated. Chang et al. [28] showed that chlorogenic acid dose-dependently sup-
pressed IL-1β-induced mRNA expression of VCAM-1, ICAM-1, and endothelial cell 
selectin in human umbilical vein endothelial cells (HUVEC). This anti-infamma-
tory activity of chlorogenic acid in HUVEC suggests that it could be useful in the 
prevention of atherosclerosis. 

4.2.2.4 Nut Extracts and Skins 
Gentile et al. [29] evaluated the effects of a hydrophilic nut extract (HPE) from 
Pistacia vera on the production of reactive oxygen species (ROS) in RAW 264.7 
macrophage cells. A dose-dependent decrease in LPS-induced ROS production was 
observed when cells were incubated with different concentrations of HPE, suggest-
ing that proanthocyanidins are bioactive components responsible for this effect. 
HPE suppressed nitric oxide (NO) and TNF-α production, inhibited prostaglandin 
E2 (PGE2) release, and decreased cyclooxygenase-2 (COX-2) content. Similarly, 
the incubation of RAW 264.7 murine macrophages with a pistachio oil extract for 
24 hours decreased some LPS-induced infammatory markers such as interferon-
induced protein with tetratricopeptide repeats 2 (Ift-2), TNF-α, and IL-6, together 
with the expression of TNFα, IL-6, and IL-1β [30]. 

Willis et al. [31] generated a methanolic extract of English walnuts ( Juglans 
regia) and examined the effects of walnut extract exposure on LPS-induced activa-
tion in BV-2 microglial cells. They showed that walnut extract induced a decrease 
in TNF-α production, showing anti-infammatory effects in microglia. THP-1 cell 
monocytes were incubated with peanut extract (24% phenolic acid, 37% favanols, 
and 39% favonols) for 1 hour and then stimulated with LPS for 4 hours. Polyphenol-
rich peanut extract signifcantly reduced extracellular LPS-induced TNF-α protein 
secretion by inhibiting the c-Jun transcription factor, suggesting a potent anti-
infammatory effect [32]. In a recent study, gene expression profles associated with 
infammation (IL6, inducible nitric oxide synthase [iNOS], and COX-2) were char-
acterized in LPS-stimulated RAW 264.7 macrophages after treatment with pistachio 
extracts. Skin and kernel polar extracts were the most potent components inhibit-
ing the expression of COX-2. The skin non-polar extract had the strongest effect 
in decreasing the non-mitochondrial oxidative burst associated with infammatory 
responses in macrophages [33]. 

4.2.2.5 Putative Mechanisms: Benefcial Effects of 
Nut Consumption on Infammation and Endothelial 
Function/Blood Pressure Modulation 
Nuts, as a complex food matrix, contain diverse macro- and micronutrients and other 
bioactive components that could have benefcial effects in several health outcomes. 
Through different mechanisms, certain components of nuts such as unsaturated 
fatty acids, minerals (e.g., magnesium, potassium, and calcium), fber, L-arginine, 
antioxidants, and the low sodium content may synergically protect against infam-
mation and/or EF/BP (Figure 4.1). 

There is a close connection between systemic markers of mild infammation 
and the progression of ED, elevated BP, and atherosclerotic disease [34], and the 
set of bioactive compounds contained in nuts could partly explain their protective 
antioxidant and anti-infammatory properties [16]. As described earlier, nuts are a 
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rich source of several types of antioxidants, such as polyphenols (e.g., favonoids) 
and tocopherols. The intake of antioxidants may play a relevant role in modulating 
infammation through both their antioxidant action and the modulation of signal 
transduction pathways such as the NF-κB and ensuring regulation of infammatory 
genes in macrophages and endothelial cells [25].

 Nuts are high in unsaturated fatty acids. Walnuts are rich in PUFA, while 
almonds and hazelnuts contain high levels of MUFA (see Chapter 2 for details). The 
benefcial anti-infammatory effects of unsaturated fats have been widely described. 
For example, α-linolenic acid, an important component in walnuts, appears to elicit 
anti-infammatory effects via activation of the peroxisome-proliferator activated 
receptor γ [35]. Both PUFA and MUFA were able to reduce serum levels of the 
vasoconstrictor thromboxane B2 (TXB2), which might infuence BP regulation 
[36]. Regarding their mineral content, the low amount of sodium in nuts may pro-
tect against impairment of the endothelium-dependent dilation accompanying high 
sodium diets, which promote ED. Epidemiological data has shown that magnesium 
intake is inversely associated with systemic infammation, ED, and metabolic condi-
tions [37]. Magnesium intake stimulates the production of nitrous oxide (N2O) and 
vasodilator prostacyclins and blocks calcium channels, thus inducing vasodilatation 
[37]. Moreover, potassium intake may decrease BP by reducing extracellular fuid 
volume, modulating the activity of the renin-angiotensin system, reducing angio-
tensin effects, relaxing vascular smooth muscle, and reducing peripheral vascular 
resistance [38]. Inadequate amounts of dietary calcium may cause blood calcium 
levels to drop and promote the release of parathyroid hormones that may negatively 
affect BP control [39]. 

The fber content of nuts could lower postprandial glycemia and, through 
colonic fermentation, produce short-chain fatty acids that may inhibit infammation. 
Furthermore, dietary fber is purported to decrease BP by inducing satiety, decreas-
ing energy intake, contributing to a lower body weight, and ameliorating EF [40]. 
The amino acid content of L-arginine, a precursor of NO, seems to modulate the 
vascular infammatory and systemic hormonal environment, which, in turn, may 
have a positive effect on vascular EF [39]. 

To conclude, although the available evidence is still limited, a consistent bene-
fcial effect of nut components in parameters related to infammation, oxidation, and 
BP has been suggested. Further studies are needed in order to assay the nutrients 
from nuts in in vitro/in vivo models of ED and/or hypertension. 

4.2.3 Human Intervention Studies 

Results from human intervention studies consistently support previous fndings 
derived from observational studies in large populations, studies conducted in exper-
imental animals, and those obtained in in vitro assays. 

4.2.3.1 Acute Clinical Trials 
A total of seven acute crossover studies have evaluated the effects of nut consump-
tion on EF/BP and/or infammation in healthy, obese, MetS, or mild hypercholes-
terolemic subjects (Table 4.2). These studies mainly focused on walnuts [41–43], but 
evidence from almonds [44], pistachios [45], peanuts [46], and hazelnuts [47] is also 
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available. Four studies have evaluated EF/BP [41,43,45,46], and two others have 
analyzed infammation [42,47] as primary outcomes. Another trial conducted with 
almonds investigated infammation as a secondary outcome [44]. 

The study by Cortés et al. [41] compared the effects of high saturated fatty acid 
meals supplemented with either walnuts or olive oil (OO) on postprandial events in 
healthy or hypercholesterolemic subjects. They found a similar postprandial rise in 
infammatory markers after the two meals, except for soluble E-selectin, which was 
lower after the walnut meal. They also reported that postprandial FMD was worse 
after the OO meal versus the walnut meal in both study groups. Berryman et al. [43] 
also evaluated acute walnut consumption in 15 obese and mildly hypercholesterol-
emic subjects. They reported that walnut oil favorably affected EF – as measured 
by an increase in both the RHI and the Framingham RHI – and whole walnut inter-
vention increased ex vivo cholesterol effux in J774 cells cultured with postprandial 
serum versus fasting baseline. On the other hand, two recent studies using other 
nuts and conducted in MetS and obese subjects found contradictory results [45,46]. 
Kendall et al. [45] reported an intermediate change in RHI after a meal with white 
bread plus 85 g of pistachios, even though it did not differ from the other available 
50 g carbohydrate control meals. Liu et al. [46] found no signifcant modulation of 
FMD following a peanut shake (85 g peanuts) versus a control meal matched for 
energy and macronutrient content. Interestingly, both acute trials found further 
improvements in postprandial glycemia [45] and triacylglycerols (TAG) levels [46]. 

Studies evaluating acute nut consumption and infammatory markers as the 
primary outcome have been conducted in healthy subjects [42,47], evaluating either 
walnuts or hazelnuts. Jiménez-Gómez et al. [42] conducted a trial in 20 healthy 
men consisting of 4 weeks following three different interventions (Western diet, 
Mediterranean diet, or high carbohydrate diet) and a vegetable n-3 fatty acid diet 
with a subsequent breakfast meal consisting of butter, OO or walnuts, respectively. 
The authors reported a signifcantly lower postprandial IL-6 expression in periph-
eral blood mononuclear cells (PBMC) after consuming a walnut breakfast compared 
to the OO and butter breakfasts. Moreover, the butter breakfast increased TNF-α 
levels compared to the OO and walnut breakfasts. Di Renzo et al. [47] recently evalu-
ated the inclusion of 40 g hazelnuts in the context of a high-fat and high-saturated fat 
meal. They reported that oxidized low-density lipoprotein (ox-LDL) increased with 
the high-fat meal compared to no dietary treatment and decreased with the high-fat 
meal plus hazelnuts versus the high-fat meal alone. 

Finally, Berry et al. [44] evaluated EF as a secondary outcome in a trial aiming 
to analyze postprandial lipid profles after the consumption of almonds incorporated 
into muffns. Participants in treatment groups consumed almond microparticles or 
almond oil plus almond four, while those in the control group consumed a muffn 
with a sunfower oil blend. The researchers failed to fnd any modulation in mea-
sures of vascular tone, but they did report that the postprandial increase in plasma 
TAG was lower after the meal with almond microparticles than after the other two 
test meals. 

In conclusion, acute nut consumption seems to induce a reduction in the con-
centration of some infammatory biomarkers, and walnut meals improve EF, but 
there is little evidence of any benefcial effect of other nuts. Even though there are 
several acute clinical trials involving EF/BP and/or infammatory parameters in 
healthy or hypercholesterolemic individuals, there is a lack of studies evaluating 
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these outcomes in those with hypertension or T2D who might beneft more from the 
benefcial effect of different types of nuts on infammatory and/or EF/BP markers. 

4.2.3.2 Chronic Clinical Trials 
Several clinical trials have evaluated the effect of different types of nuts or a com-
bination of them on multiple parameters and/or biomarkers related to infamma-
tion, EF, and BP (Table 4.3). The EF – measured as FMD, PAT, and/or circulating 
molecules – were the primary outcome in 15 randomized clinical trials (RCTs) 
[48–62], whereas biomarkers of infammation were the primary outcome in 18 trials 
[50,56,57,62–76]. Additionally, another 17 trials have evaluated parameters related 
to EF, BP, and/or infammation as secondary outcomes [77–93]. 

4.2.3.2.1 Clinical Trials Evaluating EF Several chronic RCTs have focused on EF 
parameters as primary or secondary outcomes (Table 4.3). The number of partici-
pants in these studies ranged from 15 to 372 and their baseline characteristics were 
variable, including healthy, obese, diabetic, and hypercholesterolemic individuals, 
and those with MetS and at high cardiovascular risk. Several types of nuts have 
been analyzed, such as pistachios, walnuts, peanuts, almonds, hazelnuts, and mixed 
nuts. Interventions ranged from 4 to 24 weeks, six studies were parallel, and 13 had 
a crossover design. Nut doses ranged from 10% to 20% of energy and were added 
to different types of diet and compared to control groups such as ab libitum diets, 
hypocaloric diets, low-fat diets, Western diets, average American diets, and lifestyle 
modifcations. 

Benefcial effects of nut consumption on EF were observed in fve clinical trials 
[52–54,61,93]. FMD improved signifcantly after consumption of a walnut-enriched 
diet in three crossover studies, with diets being supplemented with 56 g/day, 16.4% 
of energy or 56 g/day of walnuts, respectively [53,54,58]. Importantly, signifcant 
improvements were also found in FMD following a walnut-supplemented diet with 
or without calorie regulation and compared to a walnut-free diet [93]. The intake 
of 80 g/day of in-shell pistachios plus lifestyle modifcation also showed signifcant 
improvements in baPWV and FMD compared to lifestyle modifcation alone [61]. 

Walnuts are the most studied nuts regarding effects on vascular reactivity, as 
assessed by FMD. For example, in a crossover feeding trial comparing a walnut-
supplemented diet with an isoenergetic healthy MedDiet for 4 weeks each, Ros et 
al. [49] found improved EF through increased FMD and decreased VCAM-1 and 
ICAM-1 in 20 patients with hypercholesterolemia. Another crossover study con-
ducted in normal to mildly hypercholesterolemic participants also showed that a 
walnut diet reduced ICAM-1 compared to a nut- and fsh-free diet [57]. However, 
other RCTs observed no signifcant changes in EF after consumption of a walnut-
enriched diet [56,89]. According to the authors, the differing results between studies 
are likely due to the length of the dietary interventions, differences in the baseline 
lipid profles, and the fact that greater benefts in EF have been observed in hyper-
cholesterolemic subjects as opposed to normocholesterolemic subjects. Biomarkers 
of EF, ICAM-1, and VCAM-1 were also slightly improved after the consumption of a 
walnut-enriched diet and a diet containing mixed nuts [52]. In fact, other RCTs eval-
uating different types of nuts, such as mixed nuts [50], almonds [67], and hazelnuts 
[71] have also observed benefcial effects of nut consumption on EF, measured as 
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circulating biomarkers such as ICAM-1 and VCAM-1 in healthy individuals, obese 
individuals, or those at high cardiovascular risk. 

4.2.3.2.2 Clinical Trials Evaluating Infammation The effect of nut consumption 
on the modulation of chronic infammation and oxidation as primary or second-
ary outcomes was evaluated in several RCTs (Table 4.3). In a dose-response 
RCT conducted in 25 hyperlipidemic subjects, an average consumption of 73 g 
of almonds per day signifcantly reduced ox-LDL concentrations compared to an 
isoenergetic control diet, which supports the protective effect of nuts on coro-
nary heart disease (CHD). However, no signifcant changes were found for CRP 
[63]. Similar fndings were obtained by the same research group in another clini-
cal trial conducted in hyperlipidemic subjects following a portfolio diet rich in 
plant sterols, soy protein, viscous fbers, and almonds for 4 weeks. No signifcant 
treatment effect was observed on CRP concentrations. However, the proportion 
of CRP changes in the portfolio diet group was signifcantly greater than that 
of control group when subjects with CRP levels above the 75th percentile were 
excluded from the analysis [64]. The improvement in infammatory status after 
nut consumption was also demonstrated in healthy subjects. In this case, a single 
ingestion of 20 g or 50 g of Brazil nuts caused a signifcant long-term decrease in 
circulating IL-1, IL-6, TNF-α, and interferon-γIFN-γ levels and increased IL-10 
for up to 30 days after consumption, questioning the advantage of consuming 
a large portion of nuts intermittently or small portions chronically [73]. These 
anti-infammatory effects were corroborated in a 24-week RCT conducted in 60 
subjects with MetS. After consuming a diet providing 20% energy from unsalted 
pistachios, a signifcant reduction in CRP, TNF-α, leptin, and TBARS, together 
with increased adiponectin concentrations, was observed. Changes in other 
infammatory markers were no longer signifcant [74]. Moreover, two crossover 
RCTs in healthy and T2D individuals whom were given different doses of almonds 
(ranging from 10% to 20% of energy) analyzed the effect of almond consumption of 
CRP levels. Both studies showed a signifcant decrease in CRP following almond 
diets compared to control diets [67,70]. Likewise, one parallel study involving pre-
hypertensive and hypercholesterolemic participants [69] and one crossover trial 
with hypercholesterolemic participants [88] suggested benefcial effects through 
lowering CRP after the consumption of hazelnuts (30 g/day and 49–86 g/day, 
respectively). However, CRP concentrations remained unchanged after the intake 
of nuts (mixed nuts, pistachios, almonds, and walnuts) in several other controlled 
clinical trials [49,50,56,57,60,87,92,94]. Other biomarkers of infammation includ-
ing IL-6, IL-8, IL-10, TNF-α, and ox-LDL have also been investigated, although 
inconsistent results were found. Differences in the length of the trials, type of 
population, and the type and amount of nuts could partly explain the discrepan-
cies. Some of these trials have also investigated other outcomes, such as lipid 
profles and glucose parameters. 

A systematic review and meta-analysis of 61 RCTs revealed no signifcant 
effects of tree nuts on infammatory markers (e.g., CRP in 8 RCTs) [95]. Neale 
et al. [96] recently published another systematic review and meta-analysis of the 
effects of nut consumption on markers of infammation and EF. A total of 32 ran-
domized controlled studies were included. Results indicated a benefcial effect of 
nut consumption on FMD (weighted mean differences [WMD]: 0.79% [95% CI 0.35 
to 1.23]) as a marker of EF, and a non-signifcant reduction of CRP levels (WMD: 
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−0.01 mg/L [95% CI −0.06 to 0.03]), or circulating molecules such as ICAM-1 and 
VCAM-1 as measures of infammation. This meta-analysis points to a positive 
effect of nuts on EF but also to a lack of consistent evidence for a clear anti-infam-
matory role. 

4.2.3.2.3 Clinical Trials Evaluating Blood Pressure A large number of controlled 
feeding trials using nuts have evaluated the effect of different types of nuts on BP, 
always as a secondary outcome. The total doses of nuts used ranged from 30 to 108 
g/day. In most of the studies, subjects consumed raw nuts in the context of a diet. 
Comparisons were made with nut-free diets or meals (Table 4.3). 

Although several RCTs have observed no changes in BP after nut-supple-
mented diets, seven others have reported an improvement in BP after the consump-
tion of mixed nuts [54,55,58,59,68,69,86]. Three of them showed benefcial effects in 
lowering systolic and diastolic BP in subjects following diets enriched with walnuts 
(30–56 g/day) [54,58,86], one with almonds (84 g/day) [55] and one with pistachios 
(30-60 g/day) [59]. The largest study involved 372 participants at high cardiovas-
cular risk and showed that a MedDiet supplemented with mixed nuts (hazelnuts, 
almonds, and walnuts) for 12 weeks decreased both systolic and diastolic BP com-
pared to a control diet recommending the reduction of all types of fat intake [81]. 

Along these lines, a recent meta-analysis of 21 RCTs evaluating the effect of 
tree nuts and peanuts on BP, always a secondary outcome of nut feeding studies, 
showed that total nut consumption lowered systolic BP in participants without T2D. 
Pistachios seemed to have the strongest effect on reducing both systolic and diastolic 
BP. Mixed nuts also reduced diastolic BP, but no signifcant effects were observed 
for overall nut consumption in the total population [97]. A subsequent meta-analysis 
of 17 RCTs assessing the lipid effects of nuts in which BP was a secondary outcome 
found a null effect on systolic or diastolic BP [95]. 

In summary, fndings from chronic RCTs suggest potential benefts of nut con-
sumption on EF, BP, and infammatory biomarkers, although some evidence, partic-
ularly for the effects on BP, is still controversial and further investigation is needed. 

4.3  conclusion 

In conclusion, evidence from epidemiological, in vitro/in vivo, and clinical studies 
generally supports the notion that nut consumption is associated with benefcial 
effects on EF and infammation. In particular, several RCTs have demonstrated 
that consumption of nuts, particularly walnuts, improves EF as directly assessed 
by FMD or PAT. Some, but not all, RCTs with nuts have also reported lower concen-
trations of circulating EF molecules, particularly IL-6 and VCAM-1, and of infam-
matory and oxidative markers, but not of CRP. The unique nutritional composition 
of nuts may explain their potential to favorably infuence vascular reactivity. The 
knowledge gaps on the anti-infammatory and endothelial-related effects of nuts 
observed in clinical studies using nut-enriched diets probably stem from the fact 
that most of them were not designed to evaluate these specifc outcomes. Further 
research is clearly needed to pinpoint the role of nut consumption in cardiometabolic 
variables at the molecular and cellular levels and to replicate the results found in epi-
demiological and clinical studies especially designed for this purpose. As shown in 
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the present chapter, the ability of nuts to ameliorate EF, BP, and infammation could 
partly explain the consistent inverse associations observed between the frequency 
of nut consumption and the risk of CVD. 
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5.1 introduction 

Substantial epidemiological and clinical evidence indicates that tree and ground nut 
consumption is associated, correlatively or causally, with reduced risk for numerous 
chronic diseases. The mechanisms behind these associations have not been fully 
characterized. However, it is hypothesized that increased intake of phytochemicals, 
fber, unsaturated fats, and selected micronutrients from nuts leads to reductions 
in low-density lipoprotein (LDL)-cholesterol, total cholesterol, triacylglycerols, and 
blood pressure, as well as moderating blood sugar and appetite. As a result, sev-
eral regulatory bodies including the Food and Drug Administration, European Food 
Safety Authority, and Food Standards Australia New Zealand have approved health 
claims for nuts. The evidence behind these claims is reviewed in other chapters of 
this book (see Chapters 2 and 12 for details). 

Despite the approved health claims and the high nutrient density of nuts, their 
consumption is hindered because they are viewed as energy dense and high in fat. 
These properties have been associated with positive energy balance, overweight, 
and obesity, conditions that contribute to chronic diseases such as cardiovascular 
disease, diabetes, and hypertension. Thus, concern about body weight remains a 
barrier to increased nut consumption [1]. However, evidence challenging this view 
has emerged over the past three decades. Energy intake and body weight measured 
in cross-sectional and prospective cohort studies are summarized in Table 5.1. 
Across numerous studies, body weight is lower among nut consumers than non-
consumers despite the evidence indicating that nut consumers have higher energy 
intake. This seeming contradiction may be due to energy underreporting by nut 
non-consumers, differences in dietary and lifestyle patterns associated with body 
weight in nut consumers and non-consumers, or properties of nuts that affect energy 
balance. The latter is the focus of this review. 

Research over the past two decades has revealed three mechanisms that 
collectively indicate that moderate nut consumption has a limited effect on body 
weight [2]: 

1. The energy contained in nuts is not fully bioaccessible, leading to limited 
absorption effciency. 

2. Frequent nut consumption may enhance resting energy expenditure. 
3. Nuts have strong effects on appetitive sensations leading to a high level of 

dietary energy compensation. 

All three of these mechanisms have their origins in the oral cavity. It is here that ini-
tial appetitive signals are generated in response to the chemical and physical proper-
ties of nuts. These signals modulate the motivation to eat and perhaps also digestive, 
absorptive, and metabolic processes. Added to this, the mechanical reduction of nuts 
into digestible particles through mastication alters their physical state with impli-
cations for digestive and absorptive effciency. Further, oral processing stimulates 
sympathetic nervous system activity that may contribute to energy expenditure. 
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There is increasing recognition that the oral cavity is a critical, integral com-
ponent of the gastrointestinal (GI) tract rather than a distinct entity. “Taste” recep-
tors, once thought to exist only in the mouth, have now been identifed throughout 
the body [3,4]. At the same time, appetitive hormones previously believed to ema-
nate from the stomach and small intestine are now known to be released by taste 
cells [5,6]. Thus, there is coordination and a continuum of processes starting with 
the entry of food into the oral cavity and ending with fecal excretion that determines 
the impact of consuming any given food, beverage, or diet. This chapter begins by 
critically evaluating the literature relating the oral processing of nuts to energy 
intake, energy expenditure, and appetite, elaborating on the role of nut type and 
degree of processing. This is followed by a broader consideration of the effects of nut 
consumption on total diet quality and energy balance. 

5.1.1 Mastication of Whole, Raw Nuts, and Energy Extraction 

Mastication is the initial step in digestion [7]. Its primary role is to mechanically break 
down solid foods, such as nuts, into smaller particles so that nutrients embedded within 
cellular compartments of the food matrix can be released (bioaccessible) and made 
potentially available for absorption in the intestine (bioavailable) [8]. At the cellular 
level, mastication results in cell separation, cell rupture, or a combination depending 
on the structure and composition of the cell walls [8,9]. Cell separation occurs when the 
forces holding the cells together are weaker than the cell walls and is associated with 
limited release of intracellular nutrients. Cell rupture occurs when the forces holding 
the cells together are stronger than the cell walls and their cellular contents are released 
under pressure. Generally, the cells of soft plant tissues, such as cooked legumes and 
ripe fruits, separate, whereas the cells of crisp/crunchy plant tissues, such as nuts, tend 
to rupture. For the latter foods, the number of ruptured cells created during mechani-
cal processing affects digestion and absorption of intra-cellular lipids and potentially 
other nutrients [10]. However, even when mastication fails to fully rupture cell walls, 
fractures and fssures are created that can provide digestive enzymes access to enter 
cells for digestion [7,10,11] and facilitate the release of nutrients [8,12]. 

Inadequate mastication may lead to ineffcient energy absorption [13]. In the 
case of nuts, lipid bioaccessibility depends on the proportion of ruptured to intact 
cells after mastication, and this is generally inversely related to the size of par-
ticles in the swallowed food bolus [12,14], as illustrated in Figure 5.1. Whole raw 
almonds, for example, are chewed into relatively large particles and their particles 
have a proportion of cells that are not disrupted, thus making them more resistant 
to lipid release [14,15]. Few trials to date have investigated how chewing affects 
particle size and lipid release from less brittle whole nuts (e.g., walnuts, pine nuts, 
and cashews). Presumably, the mastication of these nuts results in smaller bolus 
particles, although cells may separate rather than rupture, limiting lipid release/ 
digestion. Further verifcation is required to support this hypothesis. 

5.1.2 Mastication of Processed Nuts and Energy Extraction 

Inherent desired properties of nuts may be augmented by how they are processed 
which can alter their digestibility. Roasting dehydrates nut tissues, causing them to 
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Figure 5.1 Structural changes in the microstructure of masticated nut particles of 
increasing size (A, B, and C). Note, cell wall structure is shown in black and intracel-
lular lipids are in gray. A shows that cells within smaller bolus particles are ruptured 
and most of the cellular lipid has been extracted, and B and C illustrate limited cell 
wall rupturing within particles of larger sizes and cells. 

become more brittle. This promotes their degradation during mastication and gen-
erally results in greater lipid bioaccessibility and bioavailability [16]. Additionally, 
roasting and nut form (e.g., whole, sliced, butter, oil, or flour) significantly modifies 
chewing behavior (e.g., bite force, number of masticatory cycles required before 
swallowing, and final particle size) [17]. The implications of processing remain 
poorly characterized. In vitro digestion of almonds demonstrates that roasting 
results in smaller particles when masticated but negligible changes in lipid release 
[12,14]. Randomized controlled trials (RCTs) have yielded different results. In one 
trial, roasted almonds yielded a greater number of particles with smaller sizes and 
greater available energy compared to whole raw almonds [18]. Conversely, another 
controlled trial reported particle sizes were significantly larger (> 3.35 mm) after 
mastication of sliced and roasted almonds compared to other almond varieties [19]. 
The variability in an individual’s mastication patterns may, in part, contribute to the 
discrepancies in lipid availability across studies [20]. More research is necessary 
to understand the significance (or insignificance) of nut processing on nutrient bio-
availability and energy extraction. 

5.1.3 Mastication of Various Nut Types

Overall, the available data demonstrate that insufficient mechanical disruption of 
nut tissues results in incomplete nutrient release. Although most trials document-
ing this phenomenon have been conducted with almonds, trials with other nuts have 
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yielded similar fndings [21–24]. However, energy yields do not conform to projec-
tions based on physical properties. Almonds and walnuts differ in hardness yet yield 
comparable energy [15,21]. Walnuts and pistachios are not markedly different in 
physical properties [21,22] but yield discrepant amounts of energy. It is presently 
not possible to predict energy yields across nut types; therefore, more information 
is needed to elucidate their contribution to energy balance. Further, nuts are eaten 
in many ways (e.g., boiled, steamed, or as ingredients), which can greatly affect 
their overall bioaccessibility. Generally, a better understanding of the relationship 
between nutrient extraction and the digestion of available energy in nuts would pro-
vide a basis for processing nuts to achieve different purposes. For individuals in posi-
tive energy balance, whole nut consumption may be recommended to lower energy 
bioaccessibility, whereas for individuals ingesting nuts with the goal of increasing 
intake of macro- and micronutrients, nut forms with higher nutrient bioavailability 
may be optimal (e.g., oil and butter). 

5.1.4 Fecal Fat Excretion 

The accepted energy values of nuts as reported in the United States Department 
of Agriculture (USDA) National Nutrient Database are based on the Atwater fac-
tors; a system commonly used to approximate the metabolizable energy of foods 
[25]. Evidence of the limited energy bioaccessibility of nuts is not refected in these 
energy estimates. Recent studies indicate that almonds, walnuts, cashews, and pista-
chios provide approximately 24%, 21%, 16% and 5% less metabolizable energy, respec-
tively, than predicted by Atwater factors [15,21,22,97]. Studies of peanuts [26,27] 
and pecans [23] also reveal ineffcient energy absorption based on increased fecal 
fat loss, but the magnitude has not been quantifed. Findings from these studies are 
summarized in Table 5.2. Indeed, nut form also impacts bioaccessibility and bio-
availability, and thus fecal fat excretion varies depending on the physical food form 
consumed. This effect has been documented in trials with various peanut [24,26] 
and almond products (e.g., whole, sliced, butter, and oil) [18]. 

5.1.5 The Role of Mastication on Energy Expenditure 

Another complementary explanation for the inverse or null association between nut 
consumption and body weight relates to enhanced energy expenditure with chronic 
nut consumption. Total energy expenditure is primarily comprised of three com-
ponents: resting energy expenditure (REE) (the energy required to support the 
body at rest), thermogenic effect of feeding (TEF) (the energy cost of digesting, 
absorbing, and metabolizing food), and the energy expended during physical activ-
ity [28]. Several trials reveal an increase in thermogenesis with peanut consumption 
[27,29,30]. One study observed an increase in REE and TEF after providing 320 
kcal of high-oleic peanuts to men with overweight or obesity in an acute feeding trail 
[29]. Another trial found that REE was elevated 11% after frequent peanut consump-
tion in healthy adults for 19 weeks; however, no change in TEF was observed [27]. 
Similarly, another trial noted a 5% increase in REE in participants with overweight 
compared to normal weight participants following peanut oil ingestion for 8 weeks, 
and an 11% increase in REE was reported in overweight men only [30]. This increase 
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in REE was sustained after adjusting for body weight and heart rate. No differences 
in TEF were reported in groups that were either lean or overweight [30]. Other tri-
als have failed to observe differences in energy expenditure among different types 
of nuts (e.g., walnuts [31], hazelnuts [32], or almonds [2,33]). To date, data do not 
indicate that nut consumption augments physical activity [2,27,30,32,33]. Only one 
study reported an increase in physical activity with regular nut consumption [34]. 
However, the study was not designed to assess changes in energy expenditure. 

The mechanism by which nut consumption may increase energy expenditure 
is not clear but has been attributed to the combination of mono- and polyunsaturated 
fatty acids (MUFA and PUFA) and protein they provide. Protein is the most ther-
mogenic macronutrient [35], and unsaturated fatty acids are oxidized more rapidly 
than saturated fatty acids (SFA) [36]. This would be expected to result in increased 
TEF, which has not been widely observed. Chewing can elevate REE [37–39], but 
not to the magnitude reported for nut intake. Taken together, a rise in energy expen-
diture associated with nut consumption has been reported, but not consistently. 
Verifcation or rejection of this proposed mechanism for energy dissipation would 
be worthwhile. 

Collectively, these data provide a plausible mechanism to explain fndings of 
higher daily energy intake coupled with neutral effects on body weight among nut 
consumers. Increased fecal energy loss and elevated energy expenditure would off-
set the greater energy consumption as measured by bomb calorimetry or calcula-
tions based on proximate analyses of nuts. 

5.1.6 Oral Processing of Nuts and Appetite 

5.1.6.1 Nut Consumption, Gut Hormones, and Appetite 
The oral processing of nuts may promote satiety by various mechanisms [40,41]. 
First, mastication disrupts the cell walls of nuts, releasing the lipids and proteins 
from the cells [42], which, in turn, prompt the release of gut-derived hormones, such 
as cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1), gastric inhibitory poly-
peptide (GIP), peptide YY (PYY), and leptin, that reportedly enhance satiation and 
satiety. However, the evidence is mixed regarding whether these hormones alter 
appetite or if they simply aid the digestive process of food components that promote 
satiety [43,44]. Studies that measured endocrine responses from nuts have yielded 
inconsistent results: one trial showed signifcantly increased PYY after peanut con-
sumption compared to no peanuts [45], whereas other trials reported no signifcant 
difference in PYY concentration after consumption of walnuts [31] or pine nut oil 
[46] compared to no nuts. Similar discrepant results were observed for GLP-1. A 
signifcant increase in GLP-1 concentration has been noted after consumption of 
pine nut oil compared to no nut consumption [46], while others reported trends but 
no signifcant differences with nut consumption compared to no nut consumption 
[45]. Additional studies noted no signifcant difference in GLP-1 concentration after 
whole nut consumption compared to no nut consumption [31,47]. Other measured 
hormones (e.g., CCK, ghrelin, leptin, and GIP) also showed inconsistent fndings 
after consumption of nuts compared to no nuts [31,45–47]. Therefore, the role of gut 
hormone responses in nut-induced satiety is not clear. 

Second, the satiety effect of nuts may be partially attributed to their physical 
form and increased need for mastication. Studies comparing nut forms have isolated 
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the relative importance of oral processing on appetite (appetitive sensations defned 
in Table 5.3). One study reported that, when consumed as a preload, both peanuts 
and peanut butter led to suppression in hunger ratings, but the decline was less 
with peanut butter [48]. In another study that compared whole almonds, almond 
butter, almond four, and almond oil, daylong fullness ratings were signifcantly 
higher after consuming whole almonds compared to almond four and almond oil, 
and higher fullness ratings were reported for almond butter compared to almond 
four [47]. Similar results have been reported with whole walnuts and walnut but-
ter [107]. These results suggest that whole nuts have stronger satiation and hunger 
suppressing effects than forms that have been mechanically reduced. There may be 
a higher expected satiation with whole nuts that becomes self-fulflling [49]. Thus, 
it appears that mechanical processing makes a stronger contribution to appetitive 
sensations than nutrient signaling, but a cognitive effect is also plausible [50]. 

5.2 Non-Oral effects of Nut consumption on Appetite 

5.2.1 Timing of Nut Consumption 

Over the past two decades, nuts have become a model food for appetite control: 
They have been shown to increase satiation [47] and satiety [31] and to decrease 
hunger [48,51] and desire-to-eat [51] ratings. The timing of nut consumption may 
alter their effects on appetite [51]. Several studies indicate a strong appetitive effect 
when nuts are consumed in the morning. Consumption of whole almonds in cereal at 
breakfast signifcantly increased daylong fullness ratings compared to cereal with-
out almonds in adults who were overweight [47]. Similarly, walnut consumption as 
part of a shake at breakfast was associated with higher satiety and fullness ratings 
before consumption of lunch compared to when an energy, carbohydrate, and fat-
matched placebo shake was consumed at breakfast [31]. Reported satiety remained 
signifcantly increased after 3 and 4 days of consuming the walnut shakes at break-
fast [31]. When almonds were consumed with a meal at lunch, there was less hunger 
suppression than when almonds were consumed at breakfast [51]. Likewise, there 

table 5.3 Defnitions of Indices of Appetite 

Indices of Appetite Defnition 

Hunger The sensation that initiates an eating event based on a biological 
need for energy. It is not related to how much one can eat. 

Fullness The sensation that grows within an eating event and controls 
how much food one will eat. 

Desire to eat The sensation that is driven by cognitive infuences, sensory 
properties of foods, and expectation. It provides motivation to 
seek out food independent of energy needs. It is not related to 
how much one can eat. 

Prospective An estimate of how much one thinks they can eat at a given 
consumption moment. 

Satiation The sensation that promotes the termination of an eating event. 
Satiety The sensation that infuences the interval between eating events. 
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were no signifcant differences in appetite ratings when peanuts were consumed at 
lunch compared to an iso-energetic meal [52]. This suggests that if consumed with a 
meal, nuts paired with breakfast elicit optimal suppression of hunger and increased 
satiety ratings throughout the morning and day in acute feeding trials, although 
additional verifcation is required.

 Snack consumption promotes excess energy intake and has been implicated in 
the obesity epidemic [53,54]. However, nuts consumed as a snack can exert marked 
suppressive effects on hunger and desire to eat ratings [51]. A 4-week, randomized, 
controlled parallel-arm study with participants at risk for type-2 diabetes contrasted 
almond consumption at breakfast, lunch, or as a morning or afternoon snack com-
pared to no almond consumption. Participants who consumed almonds reported lower 
hunger and desire-to-eat ratings before the subsequent meals. However, participants 
that consumed almonds alone as a morning or afternoon snack reported signifcantly 
lower levels of hunger and desire to eat ratings 60 minutes post snack, compared to 
when almonds were consumed with meals. In that trial, there were no signifcant 
differences in fullness ratings [51]. In another study, normal weight women reported 
dose-dependent greater fullness and lower hunger after consumption of 0, 28, or 42 
g of raw almonds as a mid-morning snack. Energy intake at lunch was also lower in a 
step-wise pattern. However, the appetite ratings were not suppressed throughout the 
day, as no signifcant group differences in appetitive ratings between lunch and din-
ner were observed [55]. Conversely, another study examining the effects of peanuts 
consumed with a meal or as an afternoon snack in healthy participants observed that 
average hunger and fullness ratings did not differ between snack groups with and 
without peanuts or with timing of consumption. However, there was greater energy 
compensation after consuming the peanut-only load and the snack mix with the 
peanut load compared to the energy-matched control snack [52]. Although not fully 
consistent, the preponderance of evidence indicates nuts consumed as a snack sup-
press hunger, augment fullness, and promote energy compensation at a subsequent 
eating event. If verifed through further work, this would support a role for nuts by 
individuals who choose to snack while attempting to maintain or lose body weight. 
Collectively, nuts consumed with breakfast or as a snack have the most pronounced 
effects on appetite compared to other times of the day. 

5.2.2 Properties of Nuts that Affect Appetite 

While no single property of nuts has been shown to account for noted appetitive 
effects, there are multiple reasons for the decreased ratings of hunger and desire to 
eat and the increased ratings of fullness and satiety reported across studies. First, 
nuts provide 0.9–3.5 g of dietary fber per 1 oz portion [56]. Fiber contributes to gas-
tric distension and slows gastric emptying, transit time, and absorption of nutrients 
from the GI tract. These actions possibly increase feelings of fullness, but they do 
not explain the entire phenomenon. Secondly, nuts provide unsaturated fatty acids, 
including 2.5–16.7 g MUFA and 0.4–13.4 g PUFA per 1 oz serving [56]. Unsaturated 
fatty acids are more readily oxidized than SFA [57]. It has been hypothesized that 
fatty acid oxidation maintains satiety between meals and is documented to delay 
the onset of feelings of hunger in mice [57]. Therefore, the high unsaturated fatty 
acid content of nuts could contribute to satiety and longer intervals between eat-
ing events [57]. However, several trials failed to report differential appetitive effects 
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following nut loads varying in fatty acid composition [58,59]. Nuts are also rich in 
protein, with a content ranging from 2.2–6.0 g per oz [56]. Protein is reportedly the 
most satiating macronutrient [60], and consumption is associated with decreased 
energy intake compared to other macronutrients [61–63]. Protein consumption 
leads to the secretion of satiety hormones such as GIP, GLP-1, CCK, and PYY and the 
inhibition of ghrelin, all of which may promote satiety. However, as noted above, nut 
consumption does not have a robust effect on gut peptide secretion. Nevertheless, 
the composition of nuts (e.g., fber, unsaturated fat, and protein) may contribute to 
their effects on appetite. 

In addition to their chemical composition, there are physical attributes of nuts 
that could aid in modulating appetite. For example, consuming in-shell nuts may 
lower energy intake. A randomized, crossover, controlled-feeding trial in university 
students revealed that consumption of in-shell pistachios led to lower energy intake 
than shelled pistachio kernels [64]. It was hypothesized that not only does consumer 
manual shelling slow consumption time, but also that the empty shells provide a 
visual cue as to how many nuts were eaten, which may affect appetite and energy 
intake [65]. However, no signifcant differences in fullness or satisfaction ratings 
were reported in this study [64]. 

Overall, nuts have been shown to increase fullness and satiety and to decrease 
hunger and desire-to-eat ratings, especially when eaten at breakfast or as snacks. 
Multiple nutrient, cognitive, and physical properties of nuts likely act synergistically 
to impart these sensations, and isolation of these components does not yield the 
same effects. But even so, changes in appetitive sensations are just one mechanism 
by which nuts may prompt energy displacement. 

 5.3 Nut consumption and Dietary compensation 

When nuts are consumed, they may be added to the diet or displace other energy-
yielding foods or beverages to varying degrees. The latter is referred to as dietary 
compensation or energy displacement. Dietary compensation is calculated as the 
percentage of energy contributed by the nut that is offset by the reduction of free-
feeding energy intake [61]. Compensation most commonly refers to energy intake 
but may be assessed for any nutrient or other food constituent. 

The following dietary information is needed to calculate dietary energy or 
nutrient (i) compensation [27,62] in feeding trials: habitual or baseline energy 
intake (Hi), amount of energy in the supplemented food (Si), and the observed 
energy intake on the supplemented diet (Ai). Percent dietary compensation equates 

(H + S )- Ai i ito *100.  Zero pearcent dietary compensation occurs when the supple-
Si 

mented food is added to the diet. This results in increased energy intake contrib-
uted by the nut supplement and theoretically increases body weight if consumed 
chronically. Varying degrees of dietary compensation can occur if nuts are substi-
tuted for other forms of energy in the diet, either intentionally or unintentionally. 
100% dietary compensation occurs when all the energy provided by the nut supple-
ment is displaced by an equal amount of energy from the free-feeding diet. Under 
this condition, no change in body weight would be expected. If nut supplementation 
leads to reduced total daily energy intake compared to the habitual diet, then dietary 
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compensation is greater than 100%. This would be expected to lead to weight loss. 
Partial compensation would lead to an intermediate level of weight gain if compen-
sation is the only mechanism by which the energy from nuts is offset. As discussed 
above, this is not the case due to ineffciencies in energy extraction. This section 
discusses dietary compensation in response to nut consumption as a mechanism 
to explain the lack of change in body weight after incorporating nuts into the diet. 

5.3.1 Summary of RCTs 

Numerous studies have investigated energy intake and body weight changes with 
the incorporation of a variety of nuts to the diet. Dietary compensation studies have 
been summarized previously [43,61]. These and additional trials assessing the 
effect of nut consumption on energy intake, dietary compensation, and body weight 
are compiled in Table 5.4. When dietary compensation was not reported in the pri-
mary research article, an estimation was calculated based on the energy content 
of the nut load, habitual energy intake, and energy intake with the nut load (see 
formula above). Reported dietary compensation with nut consumption ranges from 
19%–151%. Variability in calculated dietary compensation may be attributed to study 
design (e.g., free feeding, substitution, and addition to diet) and the nature of the nut 
load (e.g., nut type, physical form, and portion size). 

5.3.2 Impact of Study Design on Dietary Compensation 

Free-feeding studies supply nuts to participants with no additional dietary guidance 
and are the most ecologically valid approach to studying dietary compensation. In 
contrast, substitution studies direct participants to substitute the nuts for another 
source of energy in the diet. Addition trials require participants to adhere to their 
customary diet, purposefully prohibiting compensation with the addition of nuts. To 
understand the effect of the free-feeding, substitution, and addition consumption of 
peanuts on energy balance, one trial instructed participants to consume 50% of their 
energy as peanuts freely, in addition to, or substituted into an isoenergetic diet in a 
crossover design trial [27]. Dietary compensation in the substitution arm was 98%, 
which was expected, given this was the dietary instruction. Dietary compensation 
in the addition arm (theoretically 0% energy compensation) was 56%. Thus, partici-
pants did not comply with the dietary instruction – an observation that is consis-
tent with a high satiety value for peanuts. When provided with peanuts to consume 
freely with no dietary advice, dietary compensation was 66%. These results suggest 
energy intake is at least partially compensated for with intake of peanuts in a free-
feeding environment. 

5.3.3 Impact of Nut Type and Load on Dietary Compensation 

Both nut type and energy content of the nut load could infuence dietary compen-
sation. Few RCTs compare energy compensation between nuts. One acute study 
reported that peanuts and peanut butter preloads led to compensation of 151% and 
104%, respectively, while compensation was 57% following consumption of almonds 
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[48]. However, there is not enough evidence from RCTs to conclude that consump-
tion of any one type of nut leads to greater dietary compensation than another. This is 
largely due to the wide variability in energy compensation across studies. For exam-
ple, calculated energy compensation with walnut consumption was 19% in one study 
[63] and 80% in another study [66]. Some studies provide nut supplements based on 
the subjects’ daily energy requirement; other studies use a specifed energy load. 
Both methods have their advantages and disadvantages. Interpretation of weight 
change in interventions with nut loads based on energy requirements would equate 
the magnitude of metabolic challenge across individuals and thereby reduce vari-
ance. On the other hand, providing a specifed load may be more relevant to free-
feeding conditions, because nuts are often consumed in pre-portioned packages. 

5.3.4 Dietary Compensation and Body Weight in RCTs 

Despite incomplete compensation, body weight does not change signifcantly with 
chronic nut consumption [2,27,32,33,67–73]. Weight gain did occur in two free-feed-
ing studies, although the gain was far less than expected if no dietary compensation 
had occurred [33,69]. With no dietary advice other than to add 12% of dietary energy 
as walnuts (on average 35 g), changes in body weight and fat mass were minimal (1.0 
kg) [69]. Similarly, when 15% of daily energy was consumed as almonds (on average 
54.3 g or 320 kcal), dietary compensation fell between 54% and 78% (based on esti-
mates from dietary recalls and food diaries, respectively). Actual weight gain was 
only 0.40 kg [33]. Therefore, despite incomplete compensation of dietary energy, 
there is little evidence from RCTs that consumption of nuts promotes weight gain 
[43,61,74,75]. 

5.4 Nut consumption Patterns 

Before summarizing what food groups might be displaced with nut consumption, it 
is important to understand how nuts are typically consumed. The healthy fat trend, 
increased snack consumption, and desire for healthy convenience foods have led to 
increased nut sales since the late 1990s [76,77] as well as the increased inclusion of 
nuts in alternative food products [78]. In 2001–2004, candy was the top nut-containing 
food (46%), followed by baked items/desserts (24%), cookies (17%), ready-to-eat cereal 
(9%), and entrees (4%) [79]. In 2009–2010, approximately 80% of nuts in the United 
States were consumed as a single food item. The remaining 20% were consumed with 
grains (6.7%–8.5%) or candy (8.0%–8.5%) [80]. Nuts are now most commonly con-
sumed as snacks (75%) [77]. However, nuts (particularly nut butters in sandwiches 
or nuts in confections) can also be consumed as part of a mixed meal. Peanuts can be 
consumed as peanut butter and jelly, a common convenient meal eaten by adolescents 
and adults in the United States. Consumption of nuts in this form is quite different than 
consumption of a walnut cookie or almonds out of hand, yet it is classifed the same in 
the epidemiological assessment of National Health and Nutrition Examination Survey 
(NHANES) datasets and other dietary pattern databases. For example, an assessment 
of African American women with overweight or obesity found nuts were most com-
monly consumed as desserts, and consumption of nuts was associated with increased 
consumption of added sugars [81]. The consumption of nut-containing products has 
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not been evaluated extensively in either epidemiological studies or RCTs. Although 
nuts may contribute desired nutrients, ultimately their health impact will be deter-
mined by how they are included in the diet. 

5.4.1 Nut Consumption and Diet Quality 

Generally, nut consumption leads to a nutrient profle of the diet that refects that of the 
nut itself (e.g., increased fber, MUFA, PUFA, vitamin E, and potassium and magne-
sium, among others). Diet quality is commonly determined by compliance to the USDA 
Guidelines for Americans, assessed using the Healthy Eating Index (HEI). It has been 
proposed that replacing all snacks in the typical American diet (based on NHANES 
2009–2012 data) iso-energetically with nuts would theoretically improve diet quality 
by reducing energy contributed by solid fats and added sugars [82]. Nut consumers 
(defned as consuming ≥ 7.09 g of nuts/day) had higher HEI-2010 scores than non-
consumers in both NHANES 1999–2004 and 2005–2010 [32,83,84]. Similarly, nut con-
sumers in Mediterranean countries typically have higher Mediterranean diet scores 
and overall metabolic health than non-nut consumers [85,86]. 

Although HEI is a validated method for assessing diet quality from dietary 
recalls [87], using this index to determine the effect of nut intake on diet quality is 
questionable in both RCTs and epidemiological studies. This is primarily because 
nuts themselves are a dimension of the HEI score formula, falling under “total 
protein foods” and “fatty acids.” Therefore, by defnition of the HEI, diet quality 
improves with nut consumption even if all other components of the diet stay the 
same. A better assessment of diet quality requires examination of intake of specifc 
foods and nutrients, and how they change between nut consumer categories. Cross-
sectional dietary pattern studies commonly report higher total fat [83,88], lower 
saturated fat [83,89], lower total grains [83,84], lower refned grains [88], and lower 
meat [83,88,90] consumption among nut consumers, suggesting that nuts may, in 
part, replace these items in the diet. 

Improved diet quality associated with nut intake raises the question of whether 
nuts themselves reduce the risk of obesity or metabolic diseases or if nuts are simply 
consumed by individuals who practice a healthy diet and lifestyle; is it the nut or the 
person consuming the nut? Although it is likely that nuts are consumed by individu-
als who practice other healthy diet and lifestyle patterns, there is evidence that nut 
consumption improves diet quality. When provided with mixed nuts as part of the 
Mediterranean diet in the Prevención con Dieta Mediterránea (PREDIMED) study, 
nut consumers reported increased consumption of legumes and fsh compared to 
the habitual diet [73]. In another study, participants consumed lower quantities of 
SFA, carbohydrates, and higher total fat, MUFA, and PUFA when provided with a 
daily serving of hazelnuts for 12 weeks than participants provided with iso-energetic 
chocolate, potato crisps, or no additional food. A replication of this study yielded 
similar results [68]. However, nut supplementation alone does not appear to improve 
diet quality beyond the nutritional benefts of the included nuts. 

5.5 Are there Differences between Nuts? 

Although all nuts are energy-dense and nutrient-rich, they vary on multiple dimen-
sions such as macro- and micro-nutrient content, phytochemical content, structural 
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and sensory properties, consumption practices, and food forms. Evidence to date 
indicates that no nut yields 100% of their calculated energy content, although there is 
some variability between nut types and forms [15,21,22]. Despite these differences, 
all nuts have the same effect on energy balance. Since nuts are grouped into one 
category in most epidemiological trials, the ability to determine whether there are 
differences between nuts is limited. Epidemiological studies investigating the differ-
ence between the impact of peanuts and tree nuts on obesity reported greater weight 
maintenance benefts with the consumption of tree nuts than with peanuts [88,90]. 
However, this has not been evaluated in a RCT and remains uncertain [90]. Nuts 
are rarely compared between each other in RCTs. If multiple nuts are consumed, 
they are typically delivered as a mixture of nuts rather than separately to different 
groups. Overall, there is currently not enough evidence to determine if the various 
nuts have different effects on appetite or dietary compensation. The prevailing view 
is that nuts are more similar than different in their effects on body weight [43]. 

5.6 conclusion 

Obesity has risen markedly over the last several decades, and studies have shown a 
positive relationship between body weight and high-energy-dense foods [91]. Nuts 
are energy-dense and can make substantial contributions to daily energy intake, yet 
the literature indicates that frequent nut consumption does not undermine, and may 
even aid, weight loss/maintenance. Multiple mechanisms linked to the oral cavity, 
including incomplete energy bioaccessibility, a possible augmentation of thermo-
genesis, and superior satiety/satiation effects, have been proposed to explain the 
lack of association between nut consumption and weight gain. Based on the avail-
able evidence from RCTs, mastication seems to have an effect on the bioaccessi-
bility and satiety properties of nuts. However, additional data are needed to make 
defnitive conclusions concerning the specifc role of mastication in the thermogenic 
and energy compensation effects of nuts. Future studies should determine whether 
different forms and types of nuts have distinct effects on nutrient bioaccessibility, 
appetite responses, and energy compensation. 

In conclusion, nuts included in a healthy dietary pattern may be benefcial for 
weight management because they provide many important nutrients that are known 
to improve human health concurrent with appetitive sensations that drive strong 
energy compensation. However, the impact of nuts on health cannot be detached 
from the foods they displace in the diet. The degree to which the health benefts 
associated with nut consumption are altered by the foods they displace in the diet 
is not well understood. Additional data regarding the effects of nut consumption on 
overall diet quality are needed to further our understanding of the greater effect 
they exert on health. 
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6.1 introduction 

Tree nuts have been a regular component of the human diet from long before agri-
cultural times [1]. They are defned as dry fruits that contain a seed within the ovary 
wall that becomes hard at maturity. These include almonds, Brazil nuts, walnuts, 
hazelnuts, chestnuts, cashews, pecans, macadamias, and pistachios [2]. Although 
peanuts are classifed as legumes, they are often included in studies of nuts and are 
referred to as nuts due to their similar nutritional compositions and culinary uses. 
Nuts contain important nutrients such as polyunsaturated fats, vitamin E, dietary 
fber, potassium, magnesium, and antioxidants, which may reduce the risk of cardio-
vascular disease (CVD) via improvement of lipid profles, glucose regulation, and 
antioxidant effects [3–5]. In addition to these health benefts, it is also important to 
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consider the sustainability of nut consumption on a global scale. Nuts have a lower 
water footprint as compared to other types of food and thus may be more sustain-
able for the planet. For instance, the global average footprint for nuts (9,063 m3/t) is 
much lower than that of meat such as beef (15,415 m3/t) [6]. 

Because nuts are energy-dense foods with a high fat content, some consumers 
may have the misconception that nut consumption leads to weight gain. However, 
several epidemiologic and short-term clinical trials have found that nut intake not 
only did not induce weight gain, but also was inversely associated with body mass 
index (BMI) [7]. Other clinical trials have found that intervention with tree nuts 
either leads to a decrease in body weight [8–10] or has no effect on total body weight 
[11] (see Chapter 7 for details). 

Large cohort studies have reported an inverse association between nut consump-
tion and incident coronary heart disease (CHD), and short-term feeding trials have 
documented benefcial effects of nuts on lipid profles and biomarkers of cardiovas-
cular risk [8]. Thus, in 2003, the United States Food and Drug Administration issued 
a statement linking nut intake with a reduced risk of CVD [12]. Since then, nuts have 
been included in the American Heart Association’s report on goals for health promo-
tion and disease reduction for 2020 [13], in the recent American Heart Association’s/ 
American College of Cardiology guidelines on lifestyle factors to reduce CVD risk 
[14], and in the Canadian Cardiovascular Society guidelines [15]. Nuts are also an 
important component of the Mediterranean diet [16] and a part of the planet-based 
dietary patterns recommended for overall health [17]. In this chapter, we summarize 
the evidence supporting the benefcial effects of nut consumption on clinical CVD. 

6.2 Nut consumption and Risk of 
clinical cardiovascular Disease 

6.2.1 Total Cardiovascular Disease 

In a study including three cohorts – 76,364 women from the Nurses’ Health Study 
(NHS) (1980 to 2012), 92,946 women from the NHS II (1991–2013), and 41,526 men 
from the Health Professionals Follow Up Study (HPFS) (1986–2012) – who did not 
have CVD at baseline, 14,136 cases of incident CVD were found over 5,063,439 per-
son-years of follow-up. The multivariable model hazard ratio (HR) for those who 
consumed one serving of nuts (28 g) at least fve times per week compared to those 
who never consumed nuts was 0.86 (95% CI: 0.79-0.93) [18]. Similarly, a meta-analy-
sis including 12 studies found that higher nut intake was associated with a lower risk 
of CVD, with a HR of 0.79 (95% CI: 0.70–0.88, I2 = 60%) per 28 g/day increase in nut 
intake [19]. Another recent meta-analysis including 18 prospective cohort studies 
and 8,862 cases of incident CVD found a relative risk (RR) of 0.70 (95% CI: 0.60–0.81) 
for CVD for each incremental nut serving per day [20]. In the PREvención con DIeta 
MEDiterránea (PREDIMED) trial, a multicenter trial in Spain which assigned 7,447 
participants to either a Mediterranean diet supplemental with extra virgin olive 
oil, a Mediterranean diet supplemented with mixed nuts, or a control diet (advised 
to reduce fat), the primary end-point of a major cardiovascular event (myocardial 
infarction [MI], stroke, or death from cardiovascular causes), occurred in 288 par-
ticipants over a median follow up of 4.8 years. The HR was 0.72 (95% CI 0.54–0.95) 
for the group with nuts compared to the control diet group [21]. 
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Overall, these studies suggest an inverse association of nut consumption and 
risk of CVD with at least a modest effect or greater. 

6.2.2 Coronary Heart Disease 

In a meta-analysis of cohort studies including 315,397 participants (12,331 cases 
of CHD), one serving/day increase in nut intake was associated with a 29% lower 
risk of CHD (pooled RR: 0.71, 95% CI: 0.63–0.80, I2 = 47%, n = 11 studies) and a 21% 
lower risk of CVD (RR: 0.79, 95% CI: 0.70–0.88, I2 = 60%, n = 12 studies). A nonlinear 
association was observed, with only a slight reduction in risk above 15–20 g/day of 
nut consumption [19]. Similarly, in another meta-analysis of observational studies, 
nut consumption was associated with a 24% lower risk of fatal ischemic heart disease 
(HR: 0.76, 95% CI: 0.69–0.84, I2 = 28%, n = 6 studies with 6749 events) and a 22% lower 
risk of nonfatal ischemic heart disease (HR: 0.78, 95% CI: 0.67–0.92, I2 = 0%, n = 4 
studies, 2101 events) per weekly 24.8 g servings taken over a month [22]. Another 
recent meta-analysis found that nut consumption was associated with a lower risk of 
CVD mortality (fve studies, RR: 0.73, 95% CI: 0.68–0.78) and CHD (three studies, 
RR: 0.66, 95% CI: 0.48–0.91) [23]. In an analysis of 169,340 women from the NHS 
and 41,526 men from the HPFS, the multivariable adjusted HR for CVD and CHD 
for those who consumed one serving of nuts (28 g) fve or more times per week 
compared with those who never consumed nuts were 0.86 (95% CI: 0.79–0.93) and 
0.80 (95% CI: 0.72–0.89), respectively, after 5,063,439 person-years of follow-up [18]. 
In the PREDIMED study, the HR for the incidence of MI in the Mediterranean diet 
group with nuts was 0.76 (95% CI: 0.47–1.25) compared to the control diet group [21]. 
Although not statistically signifcant – likely due to a low number of events (31 cases 
of myocardial infarction) – there is an effect in the direction of lowered risk. 

In summary, results from large-scale cohort studies are consistent with 
benefcial effects of tree nuts on CHD risk [18,19,22–24], whereas fndings from 
randomized trials are mixed regarding the effects of tree nuts on cardiovascular 
biomarkers. Table 6.1 summarizes the key clinical studies on nut consumption 
and CVD. Figure 6.1 lists the postulated effects of nut consumption on subclinical 
factors. 

6.2.3 Stroke or Transient Ischemic Attack 

In a prospective cohort of 26,285 German participants from the European 
Prospective Investigation into the Cancer and Nutrition Potsdam study, people who 
never consumed nuts had a 56% higher risk of stroke (HR: 1.56, 95% confdence 
interval: 1.17–2.08) compared to individuals who consumed less than half portion 
per week after 8 years of follow-up; no dose–response relationship was noted in 
this study [25]. A dose-response meta-analysis of 396,768 participants (9272 total 
stroke cases) demonstrated a nonsignifcant lower risk of stroke (RR: 0.93, 95% CI: 
0.83–1.05, I2 = 14%, P heterogeneity = 0.31) for one serving per day increase in nut 
consumption with evidence of a nonlinear association between nut consumption and 
stroke risk (J-shaped curve) [19].

 In another meta-analysis that included 228,799 subjects and 5,669 inci-
dent cases of total stroke, the highest nut-consumption category was associated 
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Figure 6.1 Postulated effects of nut consumption on subclinical disease. Abbreviations: 
CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
VCAM-1, vascular cell adhesion molecule-1. 

with a 10% lower risk of total stroke compared to the lowest category of nut 
consumption (pooled RR: 0.90, 95% CI: 0.81-0.99; P heterogeneity = 0.53, I2 = 0, 
n = 8 studies). There was no beneft of nuts on ischemic stroke (RR: 0.97, 95% CI: 
0.84–1.10; I2 = 0) or hemorrhagic stroke (RR: 1.17, 95% CI: 0.54–2.54; I2 = 77.3%) 
[26]. Additionally, this risk was modifed by gender, in that high nut consump-
tion was associated with a lower risk of stroke in women (RR: 0.85, 95% CI: 0.75– 
0.97) but not in men (RR: 0.95, 95% CI: 0.82–1.11) [26]. In a large cohort study 
of 21,078 men, nut consumption was not associated with total or ischemic stroke 
after 21 years of follow-up. However, there was a suggestive nonlinear relationship 
between nut consumption and risk of hemorrhagic stroke – multivariable adjusted 
HRs (95% CI) for hemorrhagic stroke for subjects consuming nuts < 1, 1, 2–4, 5–6, 
and ≥ 7 times/week were 1.13 (0.78–1.62), 1.05 (0.70–1.58), 0.49 (0.27–0.89), 1.50 
(0.79–2.84), and 1.84 (0.95–3.57), respectively (P for quadratic trend 0.12) [27]. 
In a study including three cohorts – 169,340 women from the NHS I and II and 
41,526 men from the HPFS – the risk estimate for stroke among participants who 
consumed tree nuts two or more times per week compared to those who never 
consumed nuts was 0.94 (95% CI: 0.88–1.05). Although the relative risk did not 
reach statistical signifcance, there was a trend in the direction of lower risk with 
higher nut consumption [18]. In the PREDIMED study, the HR for the incidence 
of stroke in the Mediterranean diet group with nuts was 0.54 (95% CI: 0.35–0.82) 
compared to the control diet group, indicating a sizable reduction in risk of stroke 
in participants who consumed nuts [21]. 

Overall, current evidence suggests that the relation between nut intake and 
stroke may be complex. Although not reaching statistical signifcance, all point esti-
mates are in the direction of lower risk of stroke with nut consumption. Several stud-
ies have examined total stroke (which includes fatal and nonfatal, and ischemic and 
hemorrhagic strokes) as the outcome, while only a handful of studies have exam-
ined the subtypes of stroke separately. Although there is overlap with risk factors, 
ischemic and hemorrhagic strokes differ in their pathophysiologic mechanisms and 
may have different associations with nut intake. More studies are needed to further 
elucidate the relation of nut intake with stroke subtypes. 
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6.2.4 Atrial Fibrillation 

Few studies have examined the relation of nut consumption with incidence of atrial 
fbrillation. In a cohort of 21,054 male subjects from the Physicians’ Health Study, 
nut consumption was not associated with the risk of atrial fbrillation; HRs (95% CI) 
for incident atrial fbrillation were 1.0 (reference category), 1.00 (0.90–1.11), 1.09 
(0.97–1.21), 1.07 (0.95–1.21), and 0.91 (0.70–1.17) across increasing categories of nut 
consumption (P for trend 0.26) after a median follow-up of 24 years. Results were not 
altered when stratifed by BMI or age [28]. In the PREDIMED trial, the intervention 
with a Mediterranean diet supplemented with nuts did not affect the incidence of 
atrial fbrillation when compared to the control group [29]. More studies are needed 
to examine the association between nut intake and incidence of atrial fbrillation. 

6.2.5 Heart Failure 

In the PREDIMED trial, after a median follow-up of 4.8 years, a total of 94 heart-
failure cases occurred. There was a nonsignifcant 32% reduction in heart-failure 
risk when comparing the Mediterranean diet supplemented with extra virgin olive 
oil (HR: 0.68, 95% CI: 0.41–1.13) with the control group and no meaningful reduction 
in heart-failure risk when people receiving the Mediterranean diet supplemented 
with nuts were compared to the control group (HR: 0.92, 95% CI: 0.56–1.49) [30]. In 
a prospective cohort of 20,976 men from the Physicians’ Health Study, nut consump-
tion was not associated with incident heart failure after 19.6 years of follow-up with 
multivariable adjusted; HRs were 1.0 (reference category), 0.98 (95% CI: 0.83–1.15), 
1.06 (95% CI: 0.89–1.27), and 1.01 (95% CI: 0.84–1.22) for nut consumption of < 1, 1, 
and ≥ 2 servings/week, respectively (P for linear trend: 0.64) in both lean and over-
weight men [31]. Since subtypes of heart failure were not examined in these studies, 
it is unclear whether tree nut consumption could infuence the risk of heart failure 
with preserved or reduced ejection fraction. Further studies are needed to clarify 
this important question, given the growing burden of heart failure. Nut intake can 
modulate nitric oxide production and result in blood pressure reduction, which in 
turn modulate the development of heart failure [32]. 

6.2.6 Peripheral Arterial Disease 

In a cross-sectional analysis of 3,312,403 individuals screened for peripheral arterial 
disease (PAD) (219,527 cases of prevalent PAD), daily consumption of tree nuts was 
associated with a 21% (95% CI: 20%–23%) lower odds of having PAD compared to a 
nut intake of less than once per month in a multivariable adjusted model [33]. In the 
PREDIMED trial, the HR for incident peripheral arterial disease for participants in 
the Mediterranean diet plus nuts was 0.50 (95% CI: 0.30–0.81) when compared to 
controls (low-fat diet group) [34]. 

6.2.7 Sudden Cardiac Death 

In a prospective cohort of US male physicians, nut consumption was inversely asso-
ciated with the risk of sudden cardiac death [35]. Among 21,454 participants, those 
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who consumed nuts 2+ times per week had a 47% lower risk of sudden cardiac death 
(RR: 0.53, 95% CI: 0.30–0.92) compared to people who rarely or never consumed nuts 
after 17 years of follow-up [35]. Other studies are needed to confrm these fndings. 

6.3 conclusion 

The review of currently available data (mostly from observational studies and the 
PREDIMED trial) suggests a modest but consistent inverse association between 
nut consumption and CVD and CHD risk. In addition, the association between nut 
consumption and stroke incidence remains equivocal. Further studies are needed to 
clarify the relation of nut intake with stroke subtypes (e.g., hemorrhagic and isch-
emic strokes) and other major cardiovascular endpoints. Given the current burden 
of CHD in the world, and the absence of weight gain with tree nut consumption, it is 
reasonable to advise nut consumption as part of an overall healthy diet for the pre-
vention of CVD (in the absence of allergies to tree nuts and/or peanuts). 
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7.1 introduction 

Nuts have been part of our food culture since time immemorial. Even the frst homi-
nids consumed nuts to feed themselves [1]. Nuts are nutrient-dense foods, rich in 
macronutrients, micronutrients, and bioactive phytochemicals. Their unique com-
position is thought to be responsible for their benefcial health effects [2]. Plausible 
biological mechanisms, magnitude of the associations, and consistency among 
populations support the observed associations with the incidence of cardiovascular 
disease (CVD) and all-cause mortality [3], and suggest a potential role for nuts in 
reducing cancer and cognitive impairment [4]. 

Almonds, hazelnuts, walnuts, pistachios, cashews, Brazil nuts, pecans, and 
pine nuts are dry fruits with one seed, of which the ovary wall becomes hard at 
ripeness. Peanuts are legumes from a botanical point of view, but they have similar 
nutrient profles to tree nuts, which is why they are usually considered nuts from 
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a consumer’s perspective [2]. Nuts are nutritious foods. They are good sources of 
antioxidants, plant sterols, unsaturated fatty acids, and vegetable protein [5,6]. As a 
consequence, nuts may be benefcial for preventing chronic diseases. 

The high-energy, high-fat content of nuts (between 50% and 70% of their 
weight) is responsible for the popular but unfounded belief that their consumption 
may lead to weight gain [7]. Therefore, the general population tends to avoid the 
consumption of this food, and even in clinical practice settings, the healthfulness of 
nuts has been questioned because of the concern about their potential to contribute 
to weight gain. This chapter summarizes current knowledge on the topic of nut con-
sumption and adiposity. 

7.2 epidemiological evidence 

The frst study that reported a cross-sectional negative association between the fre-
quency of nut consumption and body mass index (BMI) was published in 1992 in 
the context of the Adventist Health Study [8]. Later, several cross-sectional stud-
ies also found an inverse association between nut consumption and BMI [9,10]. A 
review including cross-sectional studies concluded that adding nuts to a calorie-
restricted diet enhanced insulin sensitivity and was associated with improved rates 
of weight loss [11]. Nevertheless, it is known that nut consumers are more likely to 
have healthy lifestyle habits. Also, in these cross-sectional studies, the temporal 
sequence of the association between nut consumption and body weight cannot be 
determined, and it is always possible that participants with lower body weight may 
be systematically more prone to consume nuts; that is, reverse causality bias cannot 
be discarded in cross-sectional studies. 

Longitudinal studies are better protected against reverse causality bias, but 
it is always possible that subjects less prone to future weight gain might have self-
selected themselves for higher nut consumption. In this context, the best design is a 
randomized controlled trial (RCT), wherein nut consumption is not self-selected but 
randomly allocated. A recent meta-analysis of RCTs assessing the effects of walnut-
enriched diets versus control diets on blood lipids and CVD risk factors concluded 
that walnut-enriched diets were not associated with greater weight after follow-up 
[12]. However, the maximum follow-up of the 26 RCTs included in this systematic 
review was only 1 year. It is possible that the effect of nut consumption on weight 
gain might be gradual, and a positive association on body weight or obesity can 
only be observed over a longer period of time. For this reason, it seems important 
to evaluate this association using long-term epidemiological studies, with good 
control of confounding and selection bias. The appropriate statistical control for a 
wide array of baseline characteristics, lifestyles, and dietary habits should be very 
strict in observational studies in order to reduce the distorting effects derived from 
the fact that participants with healthier lifestyles might be more likely to self-select 
themselves for higher nut consumption. 

Evidence to date from long-term and well-controlled epidemiological studies 
is based on prospective cohorts and two RCTs conducted each one in Europe and 
the United States. After applying appropriate methods to control for confounding 
derived from self-selection, all of these studies concluded that nut consumption was 
not associated with higher weight gain or with higher risk of developing overweight 
or obesity. 
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7.2.1 Prospective Cohort Studies 

Table 7.1 summarizes the published prospective cohort studies on long-term nut 
consumption and weight gain or risk of overweight, obesity, and abdominal obesity. 
The frst long-term prospective epidemiological study that assessed the effect of 
nut consumption on weight change was the Spanish Seguimiento Universidad de 
Navarra (SUN) cohort in 2007 [13]. Among 8,865 adult men and women, and after 
adjusting for age, sex, baseline BMI, leisure time physical activity, smoking sta-
tus, snacking between meals, TV watching, and total energy intake, participants 
consuming nuts at least twice per week did not exhibit higher risk of gaining 5 or 
more kg; in fact a lower risk was observed, with an odds ratio (OR) of 0.71 (95% 
confdence interval [CI], 0.54–0.93). Higher nut consumption was not associated 
with higher risk of developing overweight/obesity during follow-up. Even those in 
the highest category of nut consumption gained less weight than those who never 
or almost never consumed nuts, after adjusting for multiple baseline characteris-
tics. These results were consistent with those updated several years later in this 
same cohort, with a dynamic design that allows for a progressive higher accrual of 
participants [14]. 

These frst results found from the SUN cohort were replicated 2 years later 
by the Nurses’ Health Study II (NHS-II), with 51,188 female participants assessed 
after an 8-year follow-up period [15]. Women who reported consuming nuts (tree 
nuts plus peanuts) at least twice per week experienced a slightly lower average 
weight gain (5.04; se: 0.12 kg) than did women who rarely ate nuts (5.55; se: 
0.04 kg) after adjusting for a wide array of potentially confounding factors, includ-
ing age, BMI, alcohol intake, physical activity, smoking, postmenopausal hormone 
use, oral contraceptive use, glycemic load, and intakes of total fber, trans fat, 
alcohol, fruit, vegetables, red meat, processed meat, refned grain, whole grain, 
snacks, sugar-sweetened beverages, diet beverages, low-fat dairy products, and 
high-fat dairy products. Interestingly, in this study, estimates were also adjusted 
for changes in covariates and changes in soft-drink consumption during follow-
up, which had previously been reported to be associated with weight gain in the 
NHS-II cohort and other cohorts. Also, additional analyses were conducted to 
adjust for changes in prudent and Western dietary patterns based on the results 
from principal component analysis of 39 predefned food groups. After controlling 
for all these factors, the fndings were similar to those originally reported by the 
SUN cohort. 

In 2011, Mozaffarian et al. [16] conducted large prospective analyses with 
120,877 US women and men from the NHS-I and -II and health professionals fol-
low-up cohorts. Their objective was to evaluate lifestyle, including repeated 4-year 
changes in food consumption as predictors of 4-year weight changes repeatedly 
assessed during a 20-year period. Increased consumptions of yogurt, fruits, whole 
grains, nuts, and vegetables were associated with concurrent weight losses during 
these 4-year periods. Specifcally, each increase of one serving per day of nuts was 
associated with –0.26 kg (95% CI: –0.44 to –0.08) after adjusting for a wide set of 
potentially confounding variables, including sex, age, baseline BMI, sleep duration, 
changes in smoking status, physical activity, television watching, alcohol use, and 
all of the dietary factors assessed. Importantly, in this large study, many restrictions 
were applied to eliminate additional sources of potential confounding. 
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Fernandez-Montero et al. [17] studied the long-term effects of tree nuts on 
metabolic syndrome (MetS) in 9,887 participants of the SUN cohort. Results assess-
ing the components of MetS showed an inverse association with incident abdomi-
nal obesity both in men and women who reported the consumption of at least two 
servings per week of nuts compared to those who never or almost never consumed 
nuts. Among women, the magnitude of the association was higher. 

The largest long-term observational epidemiological study conducted so far 
in the feld of nut consumption and weight gain is the study carried out with data 
from the European Prospective Investigation into Cancer and Nutrition (EPIC)-
Panacea cohort [18]. It comprised 373,293 men and women, 25–70 years old, from 
10 European countries. The authors found that long-term weight gain was lower 
in subjects consuming higher amounts of nuts including peanuts. Similarly, those 
who consumed the highest amounts of nuts (fourth quartile) had a 5% lower risk of 
becoming overweight or obese over 5 years (relative risk: 0.95; 95% CI, 0.92–0.98). 

7.2.2 Long-Term Randomized Clinical Trials 

Table 7.2 summarizes the published RCTs on long-term nut consumption and weight 
gain or risk of overweight, obesity, and abdominal obesity. Simultaneous to the pre-
vious reported fndings, a large RCT to assess the role of the Mediterranean diet 
(MedDiet) on cardiovascular prevention, the PREvención con DIeta MEDiterránea 
(PREDIMED) trial, was started in Spain (the recruitment lasted from 2003 to 
2009). In the PREDIMED trial, one of the three randomized arms received advice 
to consume tree nuts (30 g/day) and a free allotment of mixed nuts to ensure this 
level of daily consumption (50% walnuts, 25% almonds, and 25% hazelnuts). In 2008, 
Salas-Salvadó et al. [19] published preliminary results of the PREDIMED trial, but 
included only a subgroup (n = 1224) of the initial participants assessed after a 1-year 
follow-up. Participants allocated to MedDiet supplemented with nuts were those 
with the highest reductions in prevalence of abdominal obesity from 64.5% to 59.6%. 
At the same time, they experienced the highest reversion rate of MetS (18.9%) com-
pared to those allocated to the control group (11.7%). 

Recently, PREDIMED investigators reported the effect of the high-fat MedDiets 
recommended in the trial on body weight and waist circumference (WC) after 5 years 
of follow-up [20]. The group randomly allocated to a MedDiet rich in nuts showed 
no evidence of weight gain associated with nut consumption. Conversely, the results 
showed a modest reduction in WC compared to the control group. 

The results of a secondary analysis on weight changes of the 2-year random-
ized trial Walnuts and Healthy Aging (WAHA) study, primarily designed to examine 
the effects of walnuts on age-related cognitive impairment and macular degenera-
tion, were recently published [21]. Authors specifcally studied the effects of long-
term walnut supplementation (approximately 15% of daily energy requirements) on 
body weight in free-living elders compared with control elders who followed their 
habitual diet and abstained from walnuts or excessive intake of other nuts (> 2 serv-
ings/week). The results showed that an average of nearly 300 kcal from walnuts 
on a daily basis for 2 years (even when advice on foods to be replaced when adding 
walnuts to the diet was not provided) neither led to weight gain nor caused any 
signifcant change in body composition when the results were compared with the 
control group (not eating nuts or only occasionally). 
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7.3 Systematic Reviews and Meta-Analyses 

A meta-analysis of prospective studies on different food groups and risk of over-
weight, obesity, and weight gain [22] concluded that nut consumption was asso-
ciated with lower weight gain, defined as either more than 2 kg per year, or 5 
kg or more in an average time period of 2.3 years. The summary risk ratio for 
weight gain was 0.76 (95% CI: 0.58–0.99). In the same meta-analysis, authors 
found no association between nut consumption and the risk of overweight or 
obesity. 

A systematic review specifcally on nut consumption and risk of overweight/ 
obesity was published by Li et al. [23] in 2018 following the MOOSE guidelines. 
They included six cohort studies with results on overweight, obesity, or MetS in 
420,890 subjects and 62 RCTs with information on changes in body weight param-
eters in 7184 participants. The results from this systematic review and meta-anal-
ysis allay any fear about the supposed weight-gain effects of consuming nuts in 
the context of a healthy diet. For each additional serving per week of nuts, the 
risk of overweight was reduced by 3% and, for obesity only, it was reduced by 
5%. In addition, the pooled results of RCTs suggested that nut supplementation 
could lower body weight, BMI, and WC. Interestingly, the authors stratifed the 
effects of nuts on different anthropometric variables and according to the type of 
nuts used in the feeding trials. Regarding body weight, studies conducted with 
almonds were those with higher infuence in the random effects models and the 
only ones that presented a statistically signifcant inverse association. The con-
fdence intervals of the results for nut types different from almonds comprised 
always the null value. Similarly, fndings were presented for BMI and the results 
of nine studies conducted with walnuts found a statistically signifcant association 
for a modest increase. For WC, almonds were the nut type most represented, and 
they also showed a statistically signifcant inverse association. On the other hand, 
the results of three studies with pistachios suggested a statistically signifcant 
association with modestly increased values. This review attempted to elucidate 
the effect of different types of nuts on weight gain, but clearly further studies are 
needed to clarify the existence of a differential effect on anthropometrics depend-
ing on particular nuts. Based on the evidence from the long-term prospective stud-
ies and RCTs previously discussed, most of the studies that evaluated the effect 
of mixed nuts were based on the items included in the food frequency question-
naires. In the case of the PREDIMED trial, the MedDiet plus nuts arm of the trial 
comprised mixed nuts (walnuts, almonds, and hazelnuts). In the WAHA trial, obvi-
ously walnuts were supplemented. Results from the NHS, in general, did not differ 
between tree nuts and peanuts. 

Regarding specifcally walnuts, Guasch-Ferre et al. [12] in their updated 
meta-analysis and systematic review of RCTs on effects on blood lipids and other 
CVD risk factors found that, compared to control diets, walnut-enriched diets did 
not lead to signifcant differences in weight change, which contrasts with fndings 
of the meta-analysis of Li et al. [23]. The key issue here is that supplementation 
with nuts or a higher consumption of nuts, despite contributing to an inherent 
additional increment in total energy intake, did not lead to weight gain in the avail-
able studies. 
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Similarly, when hazelnut consumption was specifcally assessed in another 
systematic review and Bayesian meta-analysis, Perna et al. [24] found that BMI 
remained substantially unchanged. 

In a systematic review of RCTs aimed at evaluating the effect of tree nuts on 
MetS criteria, authors concluded that there were no adverse effects on WC across 
different nut types [25]. However, they pointed out that their conclusions were lim-
ited by the short duration and poor quality of the majority of available RCTs, as well 
as by the existence of unexplained heterogeneity among studies. Therefore, there 
is plenty of room for improving scientifc evidence, and larger, longer, and higher 
quality trials are needed. 

In 2013, Flores-Mateo et al. [26] conducted the frst meta-analysis of RCTs 
specifcally examining changes in adiposity variables in relation to nut consump-
tion. From the results of 33 RCTs included in the meta-analysis, authors concluded 
that nut-enriched diets did not increase adiposity measures. They identifed the 
study focus (energy restriction compared with weight-loss maintenance) as a poten-
tial explanation for the heterogeneity between studies. As expected, those studies 
with nuts and energy restriction were more prone to observe weight loss than those 
without any energy restriction. Therefore, from a public health perspective, in the 
promotion of nut consumption among the general population, it is very important to 
highlight the idea of food substitution and moderation in serving size instead of food 
addition. Otherwise, if a person consumes the entire bag of nuts in addition to other 
snacks, for sure he/she will put on weight in the near future. 

7.4 Biological Plausibility 

There are several mechanisms that support the null effects or even an inverse asso-
ciation between nut consumption and weight gain (Figure 7.1). 

• Nuts are rich in dietary fber and protein, which are associated with satiety 
and satiation [27,28]. 

• The fber content of nuts may additionally induce a delay in gastric empty-
ing and subsequent nutrient absorption that potentially suppresses hunger 
[27,28]. 

• The protein, fber, and unsaturated fat content of nuts may also increase 
resting energy expenditure and thermogenesis [27,28]. 

• The high unsaturated fat content of nuts is the cause of a suggested effect 
on higher fat oxidation rates [27,28]. 

• Because of their structure and composition, whole nuts are not completely 
chewed, and therefore, the total amounts of lipids liberated from the nuts 
are incompletely absorbed and are lost in the feces, leading to some degree 
of energy loss [27–31]. 

• Nuts tend to replace processed snacks rich in sugar, fat, and refned grains, 
foods with a high-risk profle for weight gain. Such replacement is likely to 
be a plausible explanation for the benefcial effects of nuts observed in the 
prevention of weight gain [28,32]. 

• It is suggested that nut components such as polyphenols and fber have pre-
biotic properties that might improve the gut microbiome, and as a conse-
quence prevent weight gain [33]. 
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Figure 7.1 Potential plausible biological mechanisms supporting a null association 
between nut consumption and weight gain. (Adapted from Jackson, C.L. and Hu, F.B., 
Am. J. Clin. Nutr., 100(Suppl.1), 408S, 2014 and Lamuela-Raventos, R.M. and Onge, 
M.S., Crit. Rev. Food Sci. Nutr., 57, 3154, 2017.) 

7.5 conclusion 

Based on the available scientifc evidence so far, consumption of nuts is not associ-
ated with weight gain or risk of overweight or obesity. Rather, the inclusion of nuts in 
restricted-calorie diets appears to be a good strategy to help people to lose weight or 
maintain a healthy body weight. Importantly, they should not be added, but should 
replace alternative unhealthy snacks. 

Similarly to olive oil [34], nuts are a good example that not all energy-dense 
foods are associated with weight gain in a context of a healthy dietary pattern. 
Presumably, nuts are protective against weight gain despite their high energy den-
sity because most energy is made up of healthy fats in the forms of unsaturated 
fatty acids. Therefore, nut consumption is a good example of the need to focus 
nutritional recommendations on overall food and diet quality instead of focusing on 
single nutrients. However, in the context of the current obesity pandemic, there is a 
need for clear messages and practical resources for obesity prevention. Weight gain 
is gradual and diffcult to detect and reverse. Prevention should be the priority. It 
seems critical to stress the importance of replacement. Using nuts to replace other 
less healthful foods may represent an evidence-based and very practical advice. The 
awareness of serving size and total calorie intake should be simultaneously high-
lighted in order to avoid positive energy balance. As exemplifed by fndings of the 
PREDIMED trial, consumption of moderate amounts of nuts (a handful, approxi-
mately 30 g per day) can be incorporated to a dietary pattern such as the MedDiet 
to prevent CVD, type 2-diabetes, and other non-communicable diseases. Otherwise, 
consumption of nuts as added foods to the diet, while sitting in front of the TV, might 
not be the best strategy to prevent weight gain. 
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8.1 introduction 

Nuts are nutrient-dense foods, rich in unsaturated fatty acids, vegetable protein, 
fber, and minerals (e.g., magnesium and potassium), as well as bioactive compo-
nents such as polyphenols, tocopherols, phytosterols, and phenolics [1–4]. From a 
consumer perspective, the term nuts encompasses tree nuts (almonds, Brazil nuts, 
cashews, hazelnuts, macadamia, pecans, pine nuts, pistachios, and walnuts), defned 
as dry fruits with one seed in which the ovary wall becomes hard at maturity; and 
peanuts, which are technically a legume but share a similar nutritional profles to 
tree nuts. 

Publications on nuts and cardiovascular disease (CVD), specifcally those 
relating to blood lipids, have led to a qualifed health claim from the Food and Drug 
Administration (FDA) in 2003, stating that “eating 1.5 ounces (~ 42.5 g) of most nuts 
as part of a diet low in saturated fat and cholesterol may reduce the risk of heart disease” 
[5]. Nuts are a component of numerous dietary patterns, such as the Mediterranean, 
vegetarian, and Portfolio dietary patterns, associated with the prevention of non-
communicable diseases including benefts for diabetes and glycemic control [6–8]. 
Some diabetes clinical practice guidelines recommendations currently acknowl-
edge nuts (Table 8.1); however, recommendations are inconsistent, non-specifc, and 
occasionally non-existent [9–12]. Moreover, despite the recognized health benefts 
associated with nut consumption, intake is relatively low and does not normally meet 
the level noted in the FDA health claim for heart disease risk reduction. In North 
America, only approximately 6.8% of Americans are tree nut consumers with a mean 
intake of 44.3 g/day, whereas per capita usual intake has been reported as 3.3 g/day 
[13]. Similarly, Canadian nut consumers composed less than 5% of the population 
on any given day with a mean intake of 18 g/day according to the 2004 Canadian 
Community Health Survey (CCHS) [14]. Worldwide, combined nut and seed intake 
ranged from 0.2 to 152.7 g/day, with a global daily mean of 8.9 g [15]. 

The chapter summarizes and discusses the highest quality evidence, namely 
systematic reviews and meta-analyses (SRMAs) of prospective cohort studies and 
randomized controlled trials (RCTs), as well as individual RCTs and prospective 
cohort studies evaluating the effect of nuts (in their whole and/or butter forms) on 
the prevention and management of diabetes. 

8.2 Nuts in the Prevention and Management of Diabetes 

8.2.1 Findings from Prospective Cohort Studies 

Epidemiological studies have assessed the association of nut consumption with 
the prevention and management of diabetes. The association of nut consumption 
with metabolic syndrome (MetS), diabetes incidence, or diabetes mortality has 
been assessed in 15 prospective cohorts (Table 8.2). These prospective cohorts 
tended to assess a combination of nuts rather than a specifc nut type, via use of 
food frequency questionnaires. All of the studies consisted of a follow-up dura-
tion of ≥ 5  years varying in the number of participants, from a couple thousand 
to a hundred thousand individuals, and country of conduct, including Australia (1 
cohort), Iran (1 cohort), China (2 cohorts), Europe (4 cohorts, one each in Finland, 
Germany, the Netherlands, and Spain), and the US (7 cohorts). The fndings from 
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table 8.1 Recommendations on Nut Intake in Diabetes Guidelines 

Guideline Grade 
Association Recommendation Assessment References 

American Eating foods rich in long-chain n-3 fatty Grade B [9] 
Diabetes acids, such as fatty fsh (EPA and 
Association DHA) and nuts and seeds (ALA), is 

recommended to prevent or treat 
CVD. 

Diabetes Canada Dietary patterns emphasizing nuts to Grade B, [10] 
(formerly improve glycemic control may be Level 2 
Canadian considered in people with T2DM. 
Diabetes 
Association) 

Diabetes UK Dietary patterns, specifcally the Grade 3 [11] 
Mediterranean and DASH-style diets, 
are recommended to reduce CVD risk 
factors and CVD events in people with 
diabetes. Key features of these diets 
include eating more whole grains, 
fruits, vegetables, fsh, nuts, and 
legumes (pulses). 

European Consumption of two to three servings Grade B [12] 
Association for of – preferably oily – fsh each week 
the Study of and plant sources of n-3 fatty acids 
Diabetes (e.g., rapeseed oil, soybean oil, nuts, 

and some green leafy vegetables) are 
recommended to ensure an adequate 
intake of n-3 fatty acids. 

Abbreviations: ALA, α-linolenic acid; CVD, cardiovascular disease; DASH, Dietary 
Approach to Stop Hypertension; DHA, docosahexaenoic acid; EPA, eicos-
apentaenoic acid; T2DM, type-2 diabetes mellitus. 

these prospective cohorts in regards to risk of MetS, diabetes incidence, and diabe-
tes mortality, are summarized and discussed in the following sections. 

8.2.1.1 Nuts and Metabolic Syndrome 
One prospective cohort study conducted in Spain assessed the association between 
nut consumption, specifcally walnuts, almonds, hazelnuts, and peanuts, and risk 
of developing MetS [16]. MetS was defned according to the International Diabetes 
Federation (IDF) and American Heart Association (AHA)/National Heart, Lung, 
and Blood Institute harmonizing defnition [17], where MetS was recognized if at 
least three of the following fve components were present: 

1. Elevated waist circumference according to the population- and country-
specifc defnition. 

2. Elevated triacylglycerols (≥ 1.7 mmol/L) or the presence of drug treatment 
for elevated triacylglycerols. 
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3. Reduced high-density lipoprotein (HDL)-cholesterol (< 1.03 mmol/L 
in males and < 1.3 mmol/L in females) or drug treatment for reduced 
HDL-cholesterol. 

4. Elevated blood pressure (systolic ≥ 130 mm Hg and/or diastolic ≥ 85 mm 
Hg) or presence of antihypertensive drug treatment in a patient with his-
tory of hypertension. 

5. Elevated fasting glucose ≥ 5.6 mmol/L or drug treatment for elevated 
glucose. 

Participants (n = 9887) were followed for a minimum of 6 years as part of the 
Seguimiento Universidad de Navarra (SUN) Project prospective cohort study 
formed of Spanish University graduates free of MetS and/or diabetes at baseline. 
Participants who consumed at least 2 servings (one serving ≈50 g) of nuts per week 
exhibited a 34% lower risk of MetS than those who never/almost never consumed 
nuts after adjustment for age and sex (OR: 0.66, 95% CI: 0.49-0.89; P-trend = 0.042). 
However, in addition to being older, nut consumers tended to be more physically 
active, to consume more alcohol, and to be former rather than current smokers. 
When adjusted for these confounding factors along with total energy intake and 
body mass index, the association was no longer signifcant (OR: 0.73, 95% CI: 0.54, 
0.99; P-trend = 0.23). When assessed by sex, no association was seen among men 
(OR: 0.97, 95% CI: 0.67–1.39; P-trend = 0.58), but the inverse linear trend was signif-
cant among women (OR: 0.31, 95% CI: 0.16–0.61; P-trend = 0.001) [16]. 

In the Melbourne Collaborative Cohort Study (MCCS), the relationship 
between protein intakes, including a category assessing nuts and legumes, with inci-
dence of MetS and changes in its components were examined in 5,324 participants 
between the ages of 27 and 80 years. MetS was defned in a similar manner as in the 
SUN cohort. Protein from legume and nut intakes as a percentage of energy was 
found to be associated with decreased likelihood of incident MetS over the 11-year 
follow-up after adjustment for potential confounding factors [18]. 

Based on the fndings from the SUN and MCCS cohort studies, there is some 
suggestion that nut intake may be associated with reduced risk of the development 
of MetS; however, these fndings are limited in that they are specifc to people 
from Spain and Australia/New Zealand, respectively. Moreover, the MCCS cohort 
assessed the relationship of legume and nut protein intakes and did not separate 
the analysis of protein from nut intake alone, nor did it consider the whole nut as 
opposed to just the protein component. 

8.2.1.2 Nuts and Diabetes Incidence 
Nine prospective cohorts have shown inconsistent fndings regarding the associa-
tion between nut consumption and incidence of type-2 diabetes mellitus (T2DM) 
[19–26] (Figure 8.1). 

When prospective cohorts have been systematically reviewed and meta-
analyzed, no associations between nut consumption and risk of T2DM have been 
observed [27–32]. It should be noted that not all nine of the prospective cohorts were 
included in each or any of the three systematic reviews and meta-analyses that have 
been conducted to date assessing nut intake and T2DM incidence. Potential reasons 
for why all nine cohorts may not have been included are publication date or not 
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Number Pooled effect estimates 
I2, b Number of Diabetes end point  References for of (%) participant RR (95% CI)  RR (95% CI) SRMA studies 

Diabetes incidence 
Luo et al. [31] 5 356,893 1.00 (0.84, 1.19) 
Afshin et al. [30]a 6 230,216 0.87 (0.81, 0.94) 
Guo et al. [28] 6 263,663 0.98 (0.84, 1.15) 
Zhou et al. [29] 6 342,213 0.92 (0.78, 1.09) 
Wu et al. [27] 5 263,406 0.98 (0.84, 1.14) 
Schwingshackl et al. 8 313,847 0.95 (0.85, 1.05) 
[32] 

Diabetes mortality Aune et al. [36] 4 202,751 0.68 (0.52, 0.90) 

67.7 
21.8 
67.7 
78.7 
74.2 

67 

0.0 

Figure 8.1 Summary of systematic reviews and meta-analyses of prospective cohorts 
looking at the association between nut consumption (highest versus lowest intake 
levels) and diabetes endpoints. Abbreviations: RR, relative risk; SRMA, systematic 
review and meta-analysis. a Data are from fve prospective cohorts and one random-
ized controlled trial (PREDIMED). b I2 refers to the degree of inter-study heterogeneity, 
where 0%–40% might not be important heterogeneity; 30%–60% may be moderate 
heterogeneity; 50%–90% may be substantial heterogeneity; and 75%–100% may be 
considerable heterogeneity. 

meeting inclusion and exclusion criteria. Schwingshackl et al. [32] conducted the 
most recent of the six systematic reviews and meta-analyses, which included eight 
studies with 313,847 participants and 27,016 T2DM cases with no signifcant associ-
ation for the highest versus lowest nut intake (RR: 0.95; 95% CI 0.85–1.05; I2 = 67%). It 
should be noted that the meta-analysis included both RCTs and observational stud-
ies, in addition to studies that assessed nuts and seeds combined [32]. Wu et al. [27] 
conducted the next most recent of the three systematic reviews and meta-analyses, 
which involved fve cohorts of 263,406 participants and 11,610 T2DM cases. There 
was no statistically signifcant association between consumption of nuts and risk of 
developing T2DM (RR: 0.98; 95% CI: 0.84–1.14; I2 = 74.2%). The systematic reviews 
and meta-analyses by Afshin et al. [30], Guo et al. [28], and Zhou et al. [29], which 
were published the year prior to the meta-analysis of Wu et al. [27], each involved 
six studies, although the cohorts included differed between these meta-analyses. 
Afshin et al. [30] presented an inverse association with T2DM risk with 13,308 cases 
of 230,216 participants (RR: 0.87; 95% CI: 0.81–0.94). It should be noted that the 
meta-analysis included both RCTs and observational studies, in addition to studies 
that assessed nuts and seeds combined [30]. While Guo et al. [28] and Zhou et al. 
[29] showed similar fndings of null associations between nut intake with risk of 
T2DM when comparing never/rare consumers with those consuming > 2 servings 
(about 28 g) per week (Figure 8.1), this lack of association was also observed in 
dose–response analyses. 

As mentioned, inconsistencies have been observed in the cohorts assessing 
nut consumption and incidence of T2DM and this is evident from the I2 statistic in 
each of six meta-analyses which are all, save one [30], above 60%, indicating sub-
stantial between-study heterogeneity (Figure 8.1). Wu et al. [27] and Zhou et al. [29] 
could not identify the source of heterogeneity. In a sensitivity analysis conducted 
by Guo et al. [28], it was found that results from the Iowa Women’s Health Study 
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(IWHS) cohort substantially affected the pooled results of their meta-analysis, such 
that when this cohort was removed from the analyses, the model became more 
homogeneous (I2 = 31.1%) with a RR of 0.90 (95% CI: 0.80, 1.00) compared to 0.98 
(95% CI: 0.84, 1.15) and I2 = 67.7%, P = 0.008 when all cohorts were included. Reasons 
why the IWHS might contribute to the observed heterogeneity may be due in part to 
the overall low mean intake of nuts in this cohort (reported mean nut intake was 0.75 
servings/week). It has also been suggested that the older mean population age, the 
inclusion of only one dietary measure compared to multiple dietary measures, and 
the methods used for the diagnosis of T2DM possibly explain why fndings from the 
IWHS differed from those of other cohorts [19]. 

8.2.1.3 Nuts and Diabetes Mortality 
Four prospective cohorts have suggested nut intake to be associated with a mostly 
non-signifcant reduction in diabetes mortality (Table 8.2) [33–35]. These fndings 
were supported by a systematic review and meta-analysis of prospective cohort stud-
ies indicating higher nut intake to be associated with reduced risk of mortality from 
diabetes when comparing both highest versus lowest intake of nuts (Figure 8.1) [36]. 
A similar fnding was also observed in the dose–response analysis [36]. Specifcally, 
a 39% reduction in the relative risk of diabetes mortality was shown with a one-serv-
ing-per-day increase in nut consumption, where one serving equals 28 g. Based on 
the fndings of this meta-analysis and the assumption that the associations observed 
between nut consumption and diabetes mortality are causal, the authors estimated 
that for the regions assessed (e.g., North and South America, Europe, Southeast 
Asia, and Western Pacifc), 139,000 deaths due to diabetes may be attributable to a 
nut intake below 20 g/day [36]. 

8.2.1.4 Strengths, Limitations, and Conclusion 
The main strengths of these prospective cohorts are the long duration of follow-up 
(ranging up to 30 years) and large number of participants in the included studies, 
providing suffcient power to detect an association. However, several limitations 
need to be mentioned. In addition to the typical weaknesses demonstrated by pro-
spective cohort studies, such as inability to determine causation, most included 
studies were limited by the questions asked in the food frequency questionnaires 
(FFQ) and, thus, most did not provide data on the types of nuts consumed or their 
preparation, such as whether they were salted, spiced, roasted, or raw. Tree nuts 
and peanuts are often grouped together in FFQs and are sometimes also combined 
within a question including seeds and/or other legumes. Thus, it was not possible 
to examine the infuence of types of nuts or preparation methods on diabetes risk 
or mortality. As well, it is acknowledged that FFQs are prone to measurement error. 
Even though the majority of these FFQs are stated as being validated, it has been 
suggested that there may be poorer dietary assessment among men, thus leading 
to higher measurement error. For example, in a repeatability study of the FFQ used 
in the SUN cohort, the correlation coeffcient for nut intake was 0.76 among women, 
but only 0.37 among men [37]. Despite the acknowledged weaknesses of FFQs, they 
remain the most practical and feasible approach for assessing dietary intake in large 
epidemiological studies. Additional limitations of the described studies are that 
the dose of nut intake remained relatively low even in the highest quartiles of the 
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analyses (with estimated median nut intakes ranging from 0 to 213 g/week) or were 
not suffciently described, being presented as times or servings per day without 
an equivalent gram amount noted. Moreover, the majority of cohorts evaluated nut 
consumption at baseline as the dietary exposure. However, dietary habits may have 
changed during the study follow-up period. This could have potentially resulted in 
misclassifcation of exposure biasing results, thus possibly explaining the null asso-
ciation with T2DM. 

The overall evidence from prospective cohort studies suggests non-signif-
cant to potential benefcial associations of nut consumption with the management 
and prevention of diabetes. Yet, future prospective cohort analyses and systematic 
reviews and meta-analyses of prospective cohorts specifc to nut intake, their dis-
tinct types, and their preparation method with diabetes morbidity and mortality will 
help improve our understanding and inform trial design. 

8.2.2 Findings from Randomized Controlled Trials 

8.2.2.1 Nuts and Glycemic Control in Individuals with High Diabetes Risk 
The effect of nut consumption on glycemic control in individuals at risk for diabe-
tes (e.g., individuals with prediabetes, MetS, or one or more criteria of MetS) has 
been investigated in over 25 RCTs (Table 8.3). The effect of various types of nuts 
have been assessed, including almonds (6 trials), Brazil nuts (1 trial), cashews (1 
trial), macadamias (1 trial), pecans (1 trial), peanuts (3 trials), pistachios (5 trials), 
walnuts (5 trials), and mixed nuts (4 trials), at intakes ranging from 20 to 85.5 g/ 
day. More than half of these trials had a follow-up duration ≥ 12 weeks (58%) and 
a parallel design (73%), and varied in sample size (median: 63 individuals, range: 
18–210 individuals) and country of conduct, including the US (11 trials); Spain (4 
trials); Australia, Brazil, China, and Korea (2 trials each); and India, Iran, and South 
Africa (1 trial each). The fndings from these RCTs in regards to biomarkers of gly-
cemic control, including hemoglobin A1c (HbA1c), fasting glucose, fasting insulin, 
and homeostatic model assessment for insulin resistance (HOMA-IR), as well as 
MetS risk, are summarized and discussed in the following sections. 

HbA1c. Seven RCTs have assessed the effect of nut consumption on HbA1c lev-
els in individuals at risk for diabetes (Table 8.3). The majority of these trials showed 
no signifcant impact on HbA1c. One reason for this may be because individuals had 
well-controlled HbA1c levels at baseline across all trials, with mean HbA1c levels rang-
ing from 5.67% to 5.92%. This suggests that the incorporation of nuts into the diet 
helps little with the management of HbA1c levels in individuals at risk for developing 
diabetes who have good glycemic control. Of these trials, one showed a signifcant 
difference between the peanut intervention and the control (grain bar), where the 
control showed a signifcant lowering in HbA1c compared to peanuts (−0.25% versus 
−0.18%, P = 0.001) [38]. In this trial, participants were asked to consume peanuts (28 
g/day) or the grain bar control (40 g/day) as a preload 1 hour prior to their dinner 
meal for 8 weeks. Participants were encouraged to continue the feeding protocol 
after the end of the trial and return for follow-up testing at 12 and 16 weeks. At 16 
weeks, however, there were no signifcant differences in HbA1c levels between the 
control and peanuts (–0.07% versus –0.16%, P = 0.159), suggesting that there was 
either a deviation from following the original protocol or that there may be no effect 
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over the longer term. Given that HbA1c levels refect blood glucose levels in the pre-
ceding 3 months (~90 days or 12 weeks) [39], an 8-week follow-up duration may not 
have been a suffcient amount of time to assess the impact of peanut consumption 
on HbA1c. Thus, more studies are needed to clarify this fnding. Given the overall 
fndings from available trials, the majority of which had a follow-up duration of ≥ 12 
weeks (5/7 trials), it appears that nut consumption might help in the management of 
HbA1c in individuals with well controlled levels. However, given the small number of 
trials in this area, more trials are needed to better understand the impact of nut con-
sumption on HbA1c in those at risk for developing diabetes, especially in individuals 
with HbA1c levels that are within a higher risk range. 

Fasting Glucose. One SRMA of RCTs has previously been published in this 
area assessing the effect of tree nut consumption on fasting glucose in individuals 
with one or more criteria of the MetS (11 trials, n = 841). Tree nut consumption was 
shown to non-signifcantly lower fasting glucose mean differences [MD] = –0.06 
mmol/L, 95% CI: –0.17, 0.06 mmol/L) (Figure 8.2) [40]. There was evidence of 
substantial heterogeneity (I2 = 56%, P = 0.01), which means that the effect differed 
across trials. In particular, all trials showing a signifcant lowering in fasting glucose 
levels prescribed pistachios [41–43], suggesting that they may be more benefcial 
than other nuts for lowering fasting glucose levels in this population; however, more 
studies are needed to confrm this. There are also several other RCTs that were 
not included in this meta-analysis due to their ineligibility (e.g., non-tree nuts, inap-
propriate control arm) or because they were published after the publication of this 
systematic review and meta-analysis (Table 8.3) [38,44–55]. Of these trials, some 
showed that nut consumption signifcantly lowered fasting glucose compared to 
their respective controls, with mean differences ranging from –0.2 to –0.66 mmol/L 
[46,48,56], whereas the remaining trials showed no signifcant impact on fasting 
glucose. There did not appear to be a particular nut type, amount, follow-up dura-
tion, or baseline fasting glucose range in trials that showed a beneft versus those 

Mean differenceNuts Control Weight Mean difference [95% CI] References for study Year [95% CI] (n) (n) (%) (mmol/L) (mmol/L) 

Schutte et al. [100] 2006 41 21 3.1  0.80 [0.21, 1.39] 

Li et al. [42]  2010  27  25  9.5 -0.29 [-0.54, -0.04] 

Wien et al. [58]  2010  32  33  5.7 -0.01 [-0.40, 0.38] 

Wu et al. [61]  2010  94  95  7.6 0.03 [-0.28, 0.34] 

Casas-Agustench et al. [57]  2011  25  25  9.5 -0.01 [-0.26, 0.24] 

Katz et al. [101] 2012 40 40 12.6 0.00 [-0.17, 0.18] 

Wang et al. [43]  2012  56  30 11.8  -0.23 [-0.43, -0.03] 

Anderson et al. [102] 2013 11 11 7.6  -0.23 [-0.54, 0.08] 

Somerset et al. [103] 2013 35 29 6.6  0.31 [-0.04, 0.66] 

Tan and Mattes [104] 2013 110  27 15.2  -0.04 [-0.16, 0.08] 

Gulati et al. [41]  2014  30  30 11.0  -0.22 [-0.44, -0.00] 

Total [95% CI]  501 366  100 -0.06 [-0.17, 0.06] 

Heterogeneity: Tau² = 0.02; Chi² = 22.77, df = 10 (P = 0.01); I² = 56% 

Test for overall effect: Z = 0.97 (P = 0.33) Favours nuts Favours control 

-2 -1 0 1 2 

Figure 8.2 Modifed forest plot of randomized trials adapted from Blanco Mejia S. 
et al., BMJ Open, 4, e004660, 2014, assessing the effect of tree nut consumption 
on fasting glucose in individuals with one or more criteria of the metabolic syndrome. 
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that did not. Therefore, the fndings from available trials appear to be inconsistent. 
The inclusion of data from these trials and future trials will likely change the overall 
pooled effect estimate in future systematic reviews and meta-analyses and improve 
our understanding of the effect of nuts on fasting glucose in individuals at risk for 
diabetes. 

Fasting Insulin and HOMA-IR. Eighteen RCTs have assessed the effect 
of nut consumption on fasting insulin in individuals at risk for diabetes (Table 8.3). 
Several of these trials showed that nut consumption signifcantly lowered fasting 
insulin compared to the respective controls, with mean differences ranging from 
–13.89 to –31.60 pmol/L [48,55–58], whereas the remaining trials showed no sig-
nifcant impact on fasting insulin. Similar fndings were seen in trials assessing 
the effect of nut consumption on HOMA-IR. Of the 11 available trials (Table 8.3), 
approximately half showed that nut consumption signifcantly lowered HOMA-IR 
compared to their respective controls, with mean differences ranging from –0.51 
to –1.66, whereas the remaining trials showed no signifcant impact on HOMA-IR. 
There did not appear to be a particular nut type, amount, follow-up duration, or base-
line range that was present in trials that showed a beneft versus those that did not. 
Therefore, the effect of nut consumption on fasting insulin levels and HOMA-IR 
appears to be inconsistent. More trials are needed to improve our understanding of 
the effect of nuts on fasting insulin and HOMA-IR in individuals at risk for diabetes. 

MetS Risk. The large multicenter Prevención con Dieta Mediterránea 
(PREDIMED) trial showed that consumption of mixed nuts in the context of a 
Mediterranean diet resulted in a greater reversion in the prevalence of MetS in com-
parison to advice on a low-fat diet over 1 year (13.7% versus 2.0%, P = 0.01), where the 
odds ratio for the reversion of MetS was 1.7 (95% CI: 1.1, 2.6) [59]. Following this 
1-year analysis, the full and fnal PREDIMED cohort, after a median follow-up of 
4.8 years, was assessed to determine the long-term effects of a Mediterranean diet 
plus nuts on MetS. Findings indicated that among the 5,801 participants, 3,707 with 
MetS at baseline, the risk of MetS incidence did not differ signifcantly between 
the intervention and control groups, whereas in those who had MetS at baseline, 
reversion occurred in 28.2% of participants, with the Mediterranean diet plus nuts 
being signifcantly more likely to revert MetS compared with the low-fat control diet 
(Figure 8.3) [60]. The reversion rate of MetS was also assessed in another RCT, 
which was conducted in 189 Chinese individuals with MetS over 12 weeks, compar-
ing the effect of walnuts (30 g/day) in the context of an AHA diet to an AHA diet 
alone, and it showed no signifcant differences between the two groups (25.5% versus 
21.1%) [61]. Given the small number of studies and inconsistent fndings, more trials 
are needed to improve our understanding. 

Diabetes Incidence. The PREDIMED multicenter trial assessed the effcacy 
of nut consumption in relation to T2DM incidence, frst in participants at the Reus, 
Spain center [62], followed by a subgroup analysis of all PREDIMED participants 
who did not have diabetes at baseline and for whom the incidence of diabetes could 
be ascertained during follow-up [63]. Findings from PREDIMED-Reus indicated a 
reduction of diabetes incidence by 52% with consumption of a Mediterranean diet 
supplemented with mixed nuts compared to the control (HR: 0.48, 95% CI: 0.24, 
0.96) [62]. When all PREDIMED participants free of diabetes at baseline were 
analyzed (n = 3541), the reduction observed with consumption of a Mediterranean 
diet supplemented with mixed nuts in the risk of T2DM incidence compared to the 
control remained marginal and was no longer signifcant (HR: 0.82; 95% CI: 0.61, 
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Pooled effect estimates 
Test forRisk ratio Outcome  NTC NP NC Risk ratio [95% CI] overall Heterogeneity[95% CI] effect 

I2 = 48%Diabetes incidence 2 2387 193 P = 0.04
0.75 [0.58, 0.99] (P = 0.16) 

Metabolic syndrome 1 3819a NOb 0.92 [0.79, 1.08] P = 0.32  NA incidence 

Metabolic syndrome 1 2416a NOb 0.78 [0.65, 0.93] P = 0.005 NAreversion 

Favours nuts  Favours control 

Figure 8.3 Summary of randomized controlled trials of clinical outcomes (metabolic 
syndrome incidence and reversion [Adapted from Babio, N. et al. Can. M. Assoc. 
J., 186, E649, 2014] and diabetes incidence [Adapted from Salas-Salvado, J. et al., 
Diabetes Care, 34, 14, 2011 and Ann. Intern. Med., 160, 1, 2014]). To allow the sum-
mary estimated for each endpoint to be displayed on the same axis, odds ratio and 
hazard ratios were transformed to risk ratios and 95% CIs. Abbreviations: NA, not 
applicable; NC, number of cases; NO, not obtainable; NP, number of participants; 
NTC, number of trial comparisons. a Values are based on baseline data; however, 
the authors noted that these numbers were reduced for the analyses due to missing 
data. b Values were not obtainable from the original manuscript nor from the authors. 

1.10) [63]. However, when combined using fxed effects, the risk ratio indicated a 
signifcant reduction in diabetes incidence with consumption of a Mediterranean 
diet supplemented with mixed nuts compared with control 0.75 (95% CI: 0.58, 0.99) 
(Figure 8.3). 

8.2.2.1.1 Strengths, Limitations, and Conclusion Overall, the existing body of evi-
dence from RCTs shows inconsistent fndings with regards to nut consumption and 
its effects on glycemic control outcomes in individuals at risk for diabetes. In par-
ticular, in the assessment of the effect of nuts on HbA1c, the majority of trials showed 
that nut consumption did not signifcantly alter HbA1c levels; however, this may be 
due to the participants having well-controlled levels at baseline, whereas analyses 
in those with elevated HbA1c (e.g., individuals with diabetes) present with signif-
cant, yet moderate, HbA1c benefts (described in Section 8.2.2.2). Furthermore, 
the majority of these trials were ≥ 12 weeks, which is considered to be a suffcient 
period of time to observe meaningful changes in HbA1c. In order to improve our 
overall understanding in this area, more RCTs are needed, especially trials with 
longer follow-up duration, since just over half of the trials discussed herein were ≥ 
12 weeks and were conducted in individuals with higher risk baseline ranges for the 
different glycemic control biomarkers. Furthermore, a SRMA of RCTs in this area 
would be useful to better understand the overall effect of nut consumption on gly-
cemic control outcomes in individuals at risk for developing diabetes, as well as for 
understanding which factors have the most optimal impact on glycemic control. For 
example, it would be useful to understand which foods should be replaced with nuts 
in the diet for the most benefcial impact, as the current trials vary in this regard – 
some prescribe proportional reductions to all foods, others suggest replacing carbo-
hydrate- or saturated fat–rich foods, whereas others provide no specifc instructions 
on food replacement. Meta-analytic techniques would allow one to explore these 
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types of questions. Lastly, no trials to date have assessed the effect of hazelnuts or 
pine nuts in this area. Therefore, future trials and SRMAs of RCTs will help improve 
our understanding, inform clinical practice guidelines and dietary recommenda-
tions, and improve the health of individuals at risk for diabetes. 

8.2.2.2 Nuts and Glycemic Control in Individuals with Diabetes 
The effect of nut consumption on glycemic control outcomes (HbA1c, fasting glucose, 
fasting insulin, and HOMA-IR) in individuals with T2DM has been investigated in 
15 RCTs [64–78] (Table 8.3). Several nut types have been assessed at intakes rang-
ing from 30 to 84 g/day, including almonds (6 trials), walnuts (3 trials), pistachios 
(2 trials), cashews (2 trials), hazelnuts (1 trial), and mixed nuts (1 trial). Most trials 
were longer term (60% ≥ 12 weeks) and had a parallel design (60%) but varied in 
sample size (median: 35 individuals, range: 13 to 269 individuals) and country of 
conduct, including the US (6 trials), Iran (3 trials), 2 trials each in Australia and 
Taiwan, and 1 trial each in Canada and India. To date, there have been no RCTs eval-
uating the effect of pecans, pine nuts, Brazil nuts, macadamias, or peanuts in this 
area. Viguiliouk et al. [79] conducted the only SRMA of RCTs assessing the effect 
of tree nuts on glycemic control in diabetes (12 trials, 450 participants). This SRMA 
included trials ≥ 3 weeks duration conducted in T2DM and compared the effect 
of diets containing tree nuts to isocaloric diets without tree nuts on HbA1c, fasting 
glucose, fasting insulin, and/or HOMA-IR, the results of which are discussed in this 
section. There has also been another SRMA, conducted by Blanco Mejia et al. [40], 
which assessed the effect of tree nuts on MetS criteria, including fasting glucose, in 
individuals with and without diabetes. The results of this SRMA were stratifed by 
health status, including T2DM, which are also discussed in this section. 

HbA1c. Eleven RCTs have assessed the effect of nut consumption on HbA1c in 
individuals with diabetes (Table 8.3). Seven trials [64,66–70,76] have been meta-ana-
lyzed by Viguiliouk et al. [79], while 4 additional trials [74,77,78,80] and a reanalysis 
[81] of Jenkins et al. [70] have been published since this SRMA. Seven trials (8 com-
parisons) were included (n = 274) in the overall pooled effect estimate for the effect 
of tree nuts on HbA1c in T2DM, which showed diets containing tree nuts led to a 
signifcant but modest lowering in HbA1c compared to diets without tree nuts (MD= 
–0.07% [95% CI: –0.10, –0.03%]), with no signifcant inter-study heterogeneity (I2 = 
37%) (Figure 8.4). Sensitivity analyses, by either removal of a single study or using 
a different correlation coeffcient (0.25 and 0.75), did not modify the signifcance of 
the pooled effect estimate. The authors were unable to detect any statistically signif-
cant subgroup effects by nut type or any other subgroup. The additional three trials 
[77,78,80] showed no signifcant effect between diets, while the other [74] showed a 
signifcant decrease in HbA1c in the individuals randomized to the pistachio group. 
The reanalysis by Jenkins et al. [81] did not result in any changes in signifcance for 
the two comparison groups included in the SRMA. Nonetheless, the additional four 
trials and the reanalysis might impact the overall pooled effect estimate of the SRMA. 

Fasting Glucose. Fourteen RCTs have assessed the effect of nut consump-
tion on fasting glucose in individuals with diabetes (Table 8.3). Ten trials [64,65,67– 
72,76,82] have been meta-analyzed by Blanco Mejia et al. [40] and Viguiliouk et al. 
[79], while four additional trials [74,77,78,80] and a reanalysis [81] of Jenkins et al. 
[70] have been published since these SRMAs. Ten RCTs (11 comparisons) were 
included (n = 413) in the overall pooled effect estimate for the effect of tree nuts on 
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Pooled effect estimates 

Comparison Trials NP MD (95% CIs) SMD (95% CIs) SMD (95% CIs) I 2 P-value 

HbA1c 8  274 -0.07 [-0.10, -0.03] -1.39 [-1.98, -0.59] 37% < 0.001 

Fasting glucose  11  413 -0.15 [-0.27, -0.02] -0.71 [-1.28, -0.09] 35% 0.03 

Fasting insulin 9  286 -3.42 [-10.06, 3.21]  -0.34 [-0.99, 0.32] 72% 0.31 

HOMA-IR 3  107 -0.24 [-0.51, 0.04] -0.99 [-2.10, 0.16] 87% 0.10 

Favours nuts Favours control 

Figure 8.4 Summary of systematic reviews and meta-analysis of randomized 
controlled markers of glycemic control. The pooled effect estimates adapted from 
Viguiliouk, E. et al., PLoS ONE, 9, e103376, 2014 (open access journal), assessing 
the effect of diets containing nuts on markers of glycemic control. To allow the sum-
mary estimates for each end point to be displayed on the same axis, MDs were trans-
formed to SMDs and pseudo-95% CIs, which were derived directly from the original 
mean difference and 95% CI. Abbreviations: HbA1c, glycated hemoglobin; HOMA-IR, 
homeostasis model assessment of insulin resistance; MD, mean differences; NP, num-
ber of participants; SMD, standardized mean differences. 

fasting glucose in T2DM, which showed a discrepancy between the signifcance 
in the two SRMAs. Viguiliouk et al. [79] showed that diets containing tree nuts led 
to as signifcant but modest lowering in fasting glucose compared to diets without 
tree nuts (MD= –0.15 mmol/L [95% CI: –0.27, –0.02 mmol/L]), while Blanco Mejia 
et al. [40] showed no signifcance effect (MD= –0.16 mmol/L [95% CI: –0.37, 0.05 
mmol/L]), with no signifcant inter-study heterogeneity (I2 = 35%) (Figure 8.4). The 
discrepancy between the SRMAs results was in the value for the pooled correlation 
used for imputing missing standard deviations, as Blanco Mejia et al. [40] included 
additional RCTs (trials with other health status such as dyslipidemia, MetS criteria, 
and otherwise healthy) to calculate the correlation. Sensitivity analyses showed a 
change in the pooled effect estimate from signifcant to non-signifcant with the 
independent removal of three RCTs [70,71,73] and when using the 0.75 correlation 
coeffcient in paired analyses of crossover trials. The authors were unable to detect 
any statistically signifcant subgroup effects by nut type or any other subgroup. 
From the additional trials, none of the four [74,77,78,80] showed any signifcant 
effect between diets. The reanalysis by Jenkins et al. [81] did not show any changes 
in signifcance for the two comparison groups included in the SRMAs. Nonetheless, 
the additional four RCTs and the reanalysis might impact the overall pooled effect 
estimate of the SRMAs. 

Fasting Insulin. Eleven RCTs have assessed the effect of nut consumption 
on fasting insulin in individuals with diabetes (Table 8.3). Eight trials [64,65,67– 
69,71,72,76] have been meta-analyzed by Viguiliouk et al. [79], while three additional 
trials [77,78,80] have been published since this SRMA. Eight RCTs (9 comparisons) 
were included (n = 286) in the overall pooled effect estimate for the effect of tree nuts 
on fasting insulin in T2DM, which showed diets containing tree nuts had no signif-
cant effect on fasting insulin in comparison to diets without tree nuts (MD = –3.42 
pmol/L [95% CI: –10.06, 3.21 pmol/L]), with substantial unexplained inter-study 
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heterogeneity (I2 = 72%) (Figure 8.4). Sensitivity analyses, consisting of removal 
of a single study or use of a different correlation coeffcient (0.25 and 0.75), did not 
modify the signifcance of the pooled effect estimate. The authors were unable to 
detect any statistically signifcant subgroup effects by nut type or any other sub-
group. From the additional trials, all three [77,78,80] showed no signifcant effect 
between diets. It seems that the additional three trials might not impact the overall 
pooled effect estimate of the SRMAs. 

HOMA-IR. Seven RCTs have assessed the effect of nut consumption on 
HOMA-IR in individuals with diabetes (Table 8.3). Three trials [65,68,71] have been 
meta-analyzed by Viguiliouk et al. [79], while four additional trials [74,77,78,80] have 
been published since this SRMA. Three RCTs (3 comparison) were included (n = 
107) in the overall pooled effect estimate for the effect of tree nuts on HOMA-IR 
in T2DM, which showed that diets containing tree nuts had no signifcant effect 
on HOMA-IR in comparison to diets without tree nuts (MD = –0.24 [95% CI: –0.51, 
0.04]), with considerable unexplained inter-study heterogeneity (I2 = 87%) (Figure 
8.4). Sensitivity analyses consisting of the removal of single trials showed that the 
removal of Ma et al. [68] changed the overall effect from non-signifcant to signif-
cant, but sensitivity analyses using different correlation coeffcients (0.25 and 0.75) 
did not modify the signifcance of the pooled effect estimate. The authors were 
unable to detect any statistically signifcant subgroup effects by nut type or any 
other subgroup. From the additional RCTs, none of the four [74,77,78,80] showed 
any signifcant effect between diets. Even though the number of additional trials is 
higher than the number of those included in the SRMA, it seems that adding them 
might not impact the overall pooled effect estimate of the SRMA. 

8.2.2.2.1 Strengths, Limitations, and Conclusion Strengths of the available evi-
dence of nut consumption on glycemic control outcomes in individuals with T2DM 
include the fact that there have been two SRMAs evaluating the evidence up to 2014. 
Second, since 2014 there have been four additional RCTs evaluating the evidence 
on all markers of glycemic control (HbA1c, fasting glucose, fasting insulin, and 
HOMA-IR). Lastly, even though one paper included in the SRMAs was retracted 
and re-evaluated, the re-evaluation did not result in any changes in the signifcance 
of the effects for the two comparisons included and might not have an impact in 
the two outcomes (HbA1c and fasting glucose) reported. Despite these strengths, 
limitations are still present, including the fact that one of the studies [70] that pro-
vided data for HbA1c and fasting glucose was retracted at the authors’ request due to 
lack of adjustment for repeated measures in the same individual. Nonetheless, the 
reanalysis [81] of the data did not result in any changes in the signifcance of the 
effects for either outcome. Second, none of the included SRMAs performed a dose-
response analysis or incorporated the Grading of Recommendations Assessment, 
Development, and Evaluation for the certainty in the overall evidence and strength. 
Lastly, there have been no RCTs evaluating the effect of pecans, pine nuts, Brazil 
nuts, macadamias, or peanuts in this area. However, since all nut types have similar 
nutrient profles, the recommendation can be extended to include all type of nuts. 

The overall evidence suggests that the inclusion of nuts in the diets of individu-
als with T2DM seems to have a modest positive effect in long and short-term blood 
glucose control as seen for HbA1c and fasting glucose respectively, while having a 
neutral effect on insulin resistance (fasting insulin and HOMA-IR). However, there 
is a need for larger and longer RCTs that evaluate the markers of glycemic control, 
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including other types of nuts, as primary endpoints in order to support the current 
evidence. It is also necessary to re-evaluate the markers of glycemic control with 
the new published trials, including a dose-response analysis and an evaluation of the 
overall evidence strength. 

8.3 Potential Mechanisms and Barriers to consumption 

There are several biological mechanisms which may explain the proposed recom-
mendations of nut consumption for the management and prevention of diabetes, 
including, but not limited to, nutrient displacement, antioxidant effect, magne-
sium content, monounsaturated fatty acid (MUFA) profles, and synergistic effect 
between polyunsaturated fatty acids (PUFA), MUFA, polyphenols, and carotenoids 
for micro ribonucleic acid modulation. The ability of nuts to improve glycemic con-
trol may relate to a carbohydrate displacement mechanism by which nuts reduce 
the glycemic load of the diet by displacing high glycemic index carbohydrates [79]. 
However, more trials investigating the effect of displacing ≥ 5% energy from carbo-
hydrates with tree nuts are needed to strengthen the results determining if a clini-
cally meaningful change in HbA1c is achievable [79]. Bioactive compounds, such 
as polyphenols and phytosterols, found in nuts have been implicated in antioxidant 
activities. Individuals consuming nuts compared to those with little consumption 
have shown a signifcant reduction of DNA damage and protein thiol concentrations, 
a marker of protein oxidative damage [83,84]. Other proposed factors relate to the 
micro- and macronutrient composition of nuts. From a micronutrient standpoint, 
magnesium plays an important role in carbohydrate metabolism, yet low blood lev-
els of magnesium are commonly seen in individuals with T2DM [85]. Nuts are rich 
in magnesium, with a content ranging from 121 to 376 mg/100 g [86]. SRMAs of 
prospective cohorts and RCTs in individuals with T2DM indicate reduced diabetes 
risk as well as glycemic control benefts with magnesium intake [87–89]. Similarly, 
benefts have been observed with MUFA intake and glycemic control as evaluated 
by SRMAs, wherein nuts are a source of MUFAs with amounts ranging from 9 to 59 
g/100 g [86]. This is of interest, since fatty acids have been shown to infuence glu-
cose metabolism by altering cell membrane function, enzyme activity, insulin sig-
naling, and gene expression [90]. In particular, a SRMA of RCTs in individuals with 
abnormal glucose tolerance showed that high MUFA diets were effective as reduc-
ing HbA1c [91]. MUFAs in combination with PUFAs, polyphenols, and carotenoids 
act synergistically to modulate miRNAs, where miRNAs have been recognized as 
being biomarkers and regulators for various metabolic pathways, including insulin 
secretion, glucose homeostasis, and carbohydrate and lipid metabolism [92]. This 
has been shown with consumption of 50–57 g/day of pistachios for a period of 1–4 
months resulting in positive effects on glucose control modulating specifc miRNAs, 
improving insulin sensitivity through the P13K-AKT signaling pathway [93]. 

In spite of the proposed mechanisms of action and the epidemiological studies 
as well as RCTs showing the health benefts of eating nuts, individuals and health 
professionals have had the unfounded belief that because nuts have a high fat con-
tent, they should be consumed sparingly for fear of gaining weight [94]. Scientifc 
fndings about the benefts of nut consumption and the appropriate translation of 
information to inform individuals’ knowledge and perception of eating nuts indi-
cate that there is inadequate knowledge regarding the protective aspect of nuts on 
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diabetes [94]. Particularly, nut consumption by low-income adults has been shown 
to not meet recommended amounts, with the suggestion that the affordability of 
nuts may be a limiting factor in their intake [95]. Also, older adults have frequently 
reported avoidance of nut consumption due to dental issues [96]. These barriers to 
nut consumption are of concern, since older, lower-income adults tend to be those at 
higher risk of diabetes and CVD. 

Allergies are another important consideration in regards to nut consumption. 
Prevalence of tree nut and peanut allergies range from 0.05 to almost 5%, albeit prev-
alence of individual tree nut allergies has been shown to vary signifcantly by region. 
For example, hazelnut allergy was the most common tree nut allergy in Europe, with 
walnuts and cashews being the most prevalent tree nut allergies in the US [97,98]. 
Nut consumption is not recommended for individuals with such a contraindication, 
despite the potential benefts for diabetes prevention and management. 

8.4 conclusion 

Findings from the available SRMAs of prospective cohorts and RCTs, as well as 
subsequent individual prospective cohorts and RCTs, support the consumption 
of nuts, showing a lack of negative effect with the potential to help maintain glu-
cose control via HbA1c levels in individuals with prediabetes and improve glycemic 
control in those with T2DM. Despite their purported nutritional value and noted 
health benefts, worldwide nut-consumption levels remain low [15,99]. Future 
research is needed to assess the effects of specifc nut types, in addition to con-
ducting larger and longer RCTs evaluating markers of glycemic control as primary 
endpoints in order to support the current evidence, as well as further assessing 
the barriers and facilitators of nut intake. Overall, the existing data supports the 
inclusion of nuts as part of a healthy plant-based diet for the prevention and man-
agement of diabetes. 
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9.1 introduction 

In 2016, there were 17.2 million cancer cases and 8.9 million cancer deaths glob-
ally, and cancer incidence increased by 28% between 2006 and 2016 [1]. Cancer 
incidence is also increasing in adults younger than 50 years as exemplifed in can-
cers of the colorectum or breast [2,3]. This increasing cancer burden is thought to 
be due to population aging and environmental changes such as smoking, obesity, 
and unhealthy dietary habits [1,4]. Conversely, factors such as a healthy diet, being 
physically active, and maintaining ideal body weight can have a strong infuence 
on cancer prevention [5]. It has been estimated that up to 50% of cancer cases can 
be prevented [6]. Therefore, there is considerable interest in studying the impact 
of lifestyle changes, in particular diet, on cancer development and progression [7]. 
There is compelling evidence that nutrition has substantial effects on the incidence 
and progression of cancer [8]. 

Both observational and intervention studies have shown that a high intake of 
nuts is associated with a reduced risk of coronary heart disease (CHD) and possi-
bly other health outcomes such as diabetes, obesity, cancer, and all-cause mortality 
[9,10]. Higher nut consumption may also play a role in reducing risk of individual 
cancer types [10]; however, epidemiological data on nuts and cancer risk are less 
extensive than for cardiovascular disease (CVD). Further, a better understanding of 
underlying mechanisms for potential risk reduction associated with a higher intake 
of nuts is also needed. 

This chapter provides a review of the literature on epidemiological and mecha-
nistic evidence of associations between higher intake of different types of nuts and 
cancer risk, and assesses coherence of the respective results between the studies in 
vitro/in vivo and in humans. 

9.2 cancer chemoprevention by Nuts 

The large international variation in cancer rates that are minimally explained by 
genetic factors points towards the importance of modifable risk factors, such as 
diet, in cancer etiology [11,12]. A more holistic view of the evidence shows that most 
diets that are protective against cancer are rich in foods of plant origin [7]. Relatively 
unprocessed foods of plant origin are rich in nutrients and dietary fber. Higher 
consumption of these foods, instead of processed foods and sugars, could protect 
against weight gain, overweight, and obesity as well as obesity-related cancers [5]. A 
reasonably high consumption of nuts (> 1 serving of nuts per week compared to no 
consumption) has been associated with a 10% lower body weight gain in adults in the 
European Prospective Investigation into Cancer and Nutrition (EPIC)-PANACEA 
cohort, a subcohort of the EPIC study, which included 373,293 men and women aged 
25–70 years at baseline from 10 European countries, with a median follow-up time of 
5 years [13]. In the same study population, the EPIC-PANACEA cohort, adult weight 
gain was positively associated with colorectal cancer risk [14]. Nuts contain high 
amounts of nutrients such as unsaturated fats, protein, vitamins (alpha-tocopherol, 
folate, and niacin), minerals (magnesium, calcium, and potassium), and phytochem-
icals – all of which may offer anti-carcinogenic, anti-infammatory, and antioxidant 
properties (see Chapter 2 for details). Nuts have also been shown to modulate the gut 
microbiota, and new mechanistic hypotheses on diet–cancer relationships include 
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interactions between host and environmental factors in selecting microbiota that in 
turn infuence carcinogenesis [15]. 

9.2.1 Epidemiological Studies 

Current scientifc evidence regarding the association between human nutrition and 
cancer has been derived mostly from prospective studies and a few randomized con-
trolled trials with cancer endpoints [12]. Here, we discuss epidemiological studies 
from around the world on nut consumption and risk of cancer at different anatomical 
sites. The focus is on prospective observational studies, but a few large population-
based case-control studies are also considered. Epidemiological studies on different 
cancers are reviewed in the following sections. 

9.2.1.1 Breast Cancer 
A total of fve prospective cohort studies and one large population-based case-
control study on nut consumption and breast cancer risk were published before 
December 2017 (Table 9.1). A prospective cohort study in 15,773 Swedish women 
aged 46–75 years at baseline with a mean follow-up time of 10.3 years reported 
null associations between higher nut intake (median 6 g/day) and risk of breast 
cancer compared to non-consumers [16]. Similarly, in the Nurses’ Health Study 
(NHS) II, wherein 88,803 women aged 24–43 years at baseline were recruited and 
2,830 cases occurred during 20-year follow-up, no association between the fre-
quency of nut consumption and risk of pre- or postmenopausal breast cancer risk 
was detected [17]. In addition, in the same cohort, replacing one serving/day of red 
meat with one serving of nuts was not associated with a reduced risk of breast can-
cer, although a suggestive inverse association was observed [18]. Furthermore, in 
the Netherlands Cohort Study that included more than 60,000 women aged 55–69 
years and followed up for more than 20 years, no signifcant association between 
nut intake and total breast cancer risk was observed. However, a statistically signif-
cant inverse association between higher nut intake and risk of estrogen receptor-
negative postmenopausal breast cancer was reported [19]. For proliferative benign 
breast disease, a study from the NHS II cohort reported that two or more serv-
ings of nuts per week during adolescence were associated with a 36% lower risk 
compared with an intake of less than one serving per month [20]. Similarly, in a 
cohort of pre-adolescent and adolescent girls, compared to non-consumers, one or 
more servings of nuts and peanut butter three times/week was associated with a 
signifcantly lower risk of developing benign breast disease during follow-up [21]. 
Finally, a large population-based case–control study in the United States showed a 
signifcant inverse association between higher nut intake in adolescence and risk 
of breast cancer in adulthood, with a stronger association for postmenopausal than 
premenopausal tumors [22]. 

9.2.1.2 Colorectal Cancer 
Four prospective cohort studies and one large case-control study investigated 
associations between nut consumption and colorectal cancer risk (Table 9.2). One 
of the earliest studies investigating associations between nut consumption and 
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incident colon cancer reported a 32% reduced risk (95% Confdence Interval [CI]: 
–4% to 55%) in 32,051 white men and women of the Seventh-Day Adventist Health 
Study (AHS), wherein 157 cases occurred during a 6 -year follow-up, comparing > 
4 times/week consumption with less than once/week [23]. Subsequently, Jenab et 
al. [24] reported a statistically signifcant 21% reduced risk for colorectal cancer 
in women but a null association in men, comparing highest with the lowest intake 
categories across 10 European countries in the EPIC. In a prospective cohort 
study in 12,026 men and 11,917 women aged 30–65 years at baseline from Taiwan 
with 10-year follow-up, higher peanut consumption of more than 2 times/week 
was associated with a statistically signifcant reduced risk of developing colorec-
tal cancer in women and with a non-signifcant reduction in men, compared to 
lower consumption with less than once/week [25]. In addition, women participat-
ing in the NHS who consumed nuts 2 or more times per week had a statistically 
signifcant 13% lower risk of colorectal cancer compared with those who rarely 
consumed nuts, but the association was not statistically signifcant. In the same 
study, no association was observed for peanut-butter consumption [26]. Finally, a 
large population-based case-control study in Korea, where nut consumption fre-
quency and patterns may differ compared with other countries, found a statisti-
cally signifcant inverse association between higher nut consumption and risk 
of colorectal cancer, and associations persisted for all subsites of the colon and 
rectum among both men and women, with the exception of proximal colon cancer 
for women [27]. 

9.2.1.3 Esophageal and Gastric Cancer 
Among older American adults aged 50–71 years at baseline in the National 
Institutes of Health (NIH), American Association of Retired Persons (AARP) Diet 
and Health Study with a median follow-up time of 15.5 years, higher nut consump-
tion was inversely associated with risk of developing non-cardia gastric adenocar-
cinoma (Hazard Ratio, HR: 0.73 [95% CI: 0.57, 0.94]); a similar inverse association 
was reported for peanut-butter consumption [28]. In the same study, no signifcant 
associations between the highest and lowest intakes of nuts or peanut butter and 
the risk of gastric cardia adenocarcinoma, esophageal adenocarcinoma, or esopha-
geal squamous cell carcinoma were observed [28]. In a regional case-control study 
from China (Yanting County), highest versus lowest frequency of peanut consump-
tion was inversely associated with esophageal squamous cell carcinoma risk (Odds 
Ratio, OR 0.31, 95% CI 0.16–0.59) [29]. 

9.2.1.4 Lung Cancer 
In the Environment and Genetics in Lung Cancer Etiology (EAGLE) study, a 
population-based case-control study, and in the prospective cohort of the NIH-
AARP study, a higher frequency of nut consumption was inversely associated 
with overall lung cancer risk (highest versus lowest quintile, OREAGLE = 0.74; 95% 
CI, 0.57–0.95; HR A ARP = 0.86; 95% CI, 0.81–0.91), regardless of smoking status. 
Results from the prospective cohort showed similar associations across histo-
logic subtypes and more pronounced benefts from nut consumption for those 
who smoked 1–20 cigarettes/day (OREAGLE = 0.61; 95% CI, 0.39–0.95; HR A ARP = 
0.83; 95% CI, 0.74–0.94) [30]. 
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9.2.1.5 Ovarian Cancer 
In a prospective population-based cohort study among 47,140 Swedish women aged 
30–49 years at baseline with a median follow-up time of 16 years, no statistically 
signifcant association between intake of specifc food items rich in phytoestrogens, 
including nuts, and ovarian cancer risk was found [31]. 

9.2.1.6 Lymphomas 
In a prospective cohort of 35,159 Iowa women aged 55–69 years at baseline with a 
20-year follow-up, no associations between intakes of specifc antioxidant-rich foods, 
including nuts, and lymphoma risk was observed [32]. 

9.2.1.7 Leukemia 
In the EPIC study, associations between dietary intakes and risk of total leukemia 
and leukemia subtypes were investigated, and no associations were detected for nut 
consumption [33]. 

9.2.1.8 Pancreatic Cancer 
After adjusting for main known risk factors, women who consumed a 28 g serving 
size of nuts > 2 times/week experienced a signifcantly lower risk of pancreatic can-
cer (Risk Ratio [RR], 0.65; 95% CI, 0.47–0.92; P for trend < 0.007) when compared 
with those who largely abstained from nuts in the large prospective NHS, which 
included 75,680 women aged 30–55 years at enrollment and ascertained 466 inci-
dent cases during a 30-year follow-up [34]. 

9.2.1.9 Prostate Cancer 
One of the frst prospective analyses of selected food groups related to the risk of 
prostate cancer in men of the AHS and found a statistically non-signifcant inverse 
association with higher nut consumption (Table 9.3) [35]. More than 25 years later, 
the role of nuts in prostate cancer development and survival after prostate cancer 
diagnosis was investigated in the Health Professionals Follow-up Study [36]. Among 
about 47,000 men followed over 26 years, 6,810 individuals developed prostate can-
cer, and associations between eating nuts frequently and incidence of all prostate 
cancers were largely null, including advanced and fatal cancers [36]. There is some 
evidence that higher levels of plasma alpha-tocopherol or plasma selenium concen-
trations might be inversely associated with prostate cancer risk [5]. Both nutrients 
are found in high concentrations in certain nuts, such as selenium in Brazil nuts and 
alpha-tocopherol in almonds and hazelnuts [37]. 

9.2.2 In Vitro and In Vivo Animal Studies 

In vitro and in vivo experimental studies to determine whether nuts can help combat 
cancer are instrumental to understand potential mechanisms and whether results 
are coherent with studies in humans. Potential anti-cancer properties of nuts or 
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phytochemicals present in them relate to several cellular processes involved in 
tumor development and progression, including cell survival, cell proliferation, cell 
invasion, and angiogenesis [38,39]. The principal fndings from in vivo and some in 
vitro studies, mostly conducted with walnuts, are discussed next and summarized 
in Table 9.4. 

9.2.2.1 Breast Cancer 
In a pilot study by Hardman and Ion [40], consumption of 18% of energy from walnuts 
signifcantly decreased the growth rate of implanted human breast cancer tumors in 
nude mice. As a likely mechanism for the lower growth, the authors suspected the 
suppression of proliferation of cells that might transform into cancer cells or sup-
pression of the growth of metastatic sites in the tumor by the walnut omega-3 fatty 
acid and alpha-linolenic acid. Subsequently, the same investigators [41] showed that 
exposure to small amounts of walnuts in the diet of C(3)1 TAg transgenic mice, a 
well-characterized breast cancer model, slowed the development and reduced the 
multiplicity of mammary gland cancers. Walnuts in the diet were associated with 
alterations in cell signaling pathways involved in proliferation, cell differentiation, 
and apoptosis. 

In addition, Garcia et al. [39] investigated the effects of polyunsaturated fatty 
acids (PUFA) plus phytomelatonin from walnuts in the development of implanted 
mammary gland adenocarcinoma. BALB/c mice were fed a semisynthetic diet sup-
plemented with either 6% walnut oil and 8% walnut four containing phytomelatonin 
(walnut diet, WD) or 6% corn oil plus commercial melatonin (melatonin diet, MD), 
or the control diet (CD) containing only 6% of corn oil. Plasma melatonin, apoptosis, 
tumor infltration, and survival time were signifcantly lower in CD mice than in 
MD and WD mice (P < 0.05). The authors concluded that melatonin along with 
PUFA from a walnut diet exerts a selective inhibition of some cyclooxygenase and 
lipoxygenase activities and has a synergistic anti-tumor effect on a mammary gland 
adenocarcinoma model [39]. Finally, Chen et al. [42] reported that ellagic acid, a 
polyphenol that abounds in walnuts, inhibited the growth of breast cancer cells, and 
the TGF-β/Smads signaling pathway was proposed as the potential molecular mech-
anism for regulating cell cycle arrest and inhibiting proliferation in vitro. 

In summary, in vivo and in vitro studies demonstrated a reduced growth and 
multiplicity of breast cancer tumors in association with walnuts or their main char-
acteristic compounds, and these fndings are coherent with data from observational 
studies in humans, in whom inverse associations between higher nut consumption 
and risk of breast cancer were reported. Of the investigated mechanistic aspects, 
suppression of proliferation, alterations in cell signaling pathways involved in cell 
differentiation and apoptosis, and selective inhibition of cyclooxygenase and lipoxy-
genase activities have been put forward. 

9.2.2.2 Colorectal Cancer 
Nagel et al. [43] examined the effects of dietary walnut and faxseed oil supplemen-
tation on colorectal cancer growth and possible underlying mechanisms in vivo in 
female nude mice. They found that isocaloric amounts of walnuts and faxseed oil, 
compared with corn oil, inhibited colorectal cancer growth rate by 30%–45%, and 
that tumor weight was decreased. Their data suggest that consumption of walnuts 
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table 9.4 Potential Anticancer Properties of Nuts Based on In Vitro and In Vivo 
Experimental Studies 

Putative Mechanism of Nuts’ 
Cancer Model Dietary Factor Dietary Factor References 

Human breast Suppression of cell 18% of dietary [40] 
cancer tumors in proliferation or suppression energy from 
nude mice. of metastasis. walnuts. 

C(3)1 TAg Alterations in cell signaling Walnuts in the diet. [41] 
transgenic mice, related to proliferation, 
breast cancer. differentiation, and 

apoptosis. 
Implanted Inhibition of cyclooxygenase 6% walnut oil or 8% [39] 
mammary gland and lipoxygenase. walnut four 
adenocarcinoma containing 
in BALB/c mouse phytomelatonin. 
model. 

Breast cancer Growth inhibition of breast Ellagic acid, [42] 
cells. cancer cells through cell abundant in 

cycle arrest and inhibition walnuts. 
of proliferation. 

HT-29 human Inhibition of tumor growth Walnut and faxseed [43] 
colon cancer cells rate through suppression of oil. 
in nude mice. angiogenesis. 

Mice treated with Tumor suppression Dietary walnut of up [44] 
organotropic associated with alterations to 15% of total 
colon carcinogen. in gut bacteria. caloric intake. 

ACF in rats treated ACF and cell turnover Diet containing [49] 
with reduced. whole almonds, 
azoxymethane. almond meal, or 

almond oil. 
TRAMP Reduced TRAMP mouse Whole almonds as [50] 

prostate cancer growth and part of a high-fat 
size and declined in diet. 
plasma IGF-1, resistin, and 
LDL. 

TRAMP Reduced TRAMP mouse Whole walnuts and [51] 
prostate cancer growth and walnut oil. 
size and improved insulin 
sensitivity and effects on 
cellular energy status and 
tumor suppression. 

Implanted tumor Reduced number and Standard mouse diet [52] 
model in nude growth of LNCaP human supplemented with 
mice. prostate cancer cells and walnuts. 

decreased oxidative stress. 

Abbreviations: ACF, aberrant crypt foci; IGF-1, plasma insulin-like growth factor-1; LDL, 
low-density lipoprotein; TRAMP, transgenic adenocarcinoma of the mouse 
prostate. 
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might be benefcial against the progression of colorectal cancer by suppressing 
angiogenesis [43]. Dietary walnut consumption at concentrations of ~7% and ~9% 
by weight, equivalent to 10%–15% of total energy intake, showed protection against 
colon cancer after a potent carcinogen insult in a well-established mouse cancer 
model [44]. The described cancer protection was associated with signifcant altera-
tions in gut bacteria, which appeared to be associated with tumor suppression [44]. 
In another mouse model after colon cancer–cell injection, expression of miRNAs 
1903, 467c, and 3068 signifcantly decreased, and expression of miRNA 297a signif-
cantly increased in the walnut-treated group as compared to the control diet [45]. 
These results indicate that changes in the miRNA expression profles likely affect 
target gene transcripts involved in pathways of anti-infammation, anti-vasculariza-
tion, anti-proliferation, and apoptosis [45]. 

Guan et al. [46] examined the effect of walnuts on intestinal homeostasis and 
intestinal tumorigenesis and growth in wild-type mice, two Adenomatous polyposis 
coli (Apc) models (Apc1638N/+ and Apc∆14) mice, and in MC38 colon cancer cells in 
vivo, respectively. They found that walnuts signifcantly reduced circulating C-C 
Motif chemokine ligand 5 (CCL5) and preserved intestinal stem cell (ISC) func-
tion during a high-fat diet (HFD) with 7.6% walnuts (HFD+W) mice, compared 
with HFD control mice. Also, tumor multiplicity was reduced in Apc1638N/+ HFD+W 
mice, and tumor growth was inhibited in Apc∆14 HFD+W mice compared to HFD 
controls. These results indicate that walnut intake could prevent obesity-induced 
colon cancer. 

Koh et al. [47] examined the effect of walnut phenolic extract (WPE) on intes-
tinal infammation and colitis-associated colon cancer using human colonic epithe-
lial cell line, COLO205, both acute and chronic mice models, and a murine model 
of colitis-associated colon cancer (CAC). They found that WPE signifcantly inhib-
ited proinfammatory cytokine (e.g., interleukin-8 [IL-8] and Interleukin-1α [IL-1α]) 
mRNA expression by inhibiting nuclear factor-kB (NF-κB) signaling in COLO205 
cells. Also, WPE reduced the severity of colitis in association with attenuation of 
NF-kB signaling in the colons of both colitis models and reduced tumor develop-
ment in the CAC model. Another study by Choi et al. [48] assessed the effect of 
WPE on mitochondria in a colon cancer stem-cell model (CSCs). The WPE treat-
ment promoted the transcription of genes associated with mitochondrial functions 
and metabolic pathways and enhanced glycolysis and oxidative pathways in colon 
CSCs. These results suggest that walnuts potentially prevent intestinal infamma-
tion, thereby exhibiting chemopreventive effects on bowel tumorigenesis. 

Davis and Iwahashi [49] assessed the effect of almonds on colon cancer. The 
effects of diets containing whole almonds, almond meal, or almond oil on aberrant 
crypt foci (ACF) and cell turnover in azoxymethane-treated F344 male rats were 
investigated. Whole almond ACF and cell turnover were both signifcantly lower 
than in wheat bran and cellulose diet groups (–30% and –40%, respectively), while 
almond meal and almond oil ACF and almond meal cell turnover declines were only 
signifcant versus cellulose (P < 0.05). The authors suggest that almond consump-
tion might reduce colon cancer risk via at least one almond lipid-associated compo-
nent [49]. 

In summary, in vivo studies suggest that consumption of nuts (walnuts, much 
studied in this regard, and almonds) inhibits growth of colorectal cancers and, more 
specifcally, colon cancer. Among the investigated pathways, suppression of angio-
genesis, proliferation, and infammation, as well as increased apoptosis and favor-
able alterations to gut bacteria, have been put forward as potential mechanisms. 
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9.2.2.3 Prostate Cancer 
A diet containing walnuts has been shown to reduce prostate cancer growth and 
tumor size in two models: a transgenic model [50,51] and an implanted tumor model 
[52]. Davis et al. [50] evaluated the effects of whole walnuts fed as part of a high-
fat diet on tumor growth in the transgenic adenocarcinoma of the mouse prostate 
(TRAMP) cancer model. They found that whole walnuts fed as part of a high-fat 
diet reduced TRAMP mouse prostate cancer growth and tumor size. The walnut 
diet–consuming animals also showed declines in plasma insulin-like growth factor-1 
(IGF-1), resistin, and low-density lipoprotein (LDL)-cholesterol, elevations of which 
have all been linked to tumor growth. The authors further suggested that the wal-
nut effects are not due to their specifc fatty acid or tocopherol content [50]. These 
fndings were confrmed in the study by Kim et al. [51], wherein prostate cancer 
growth was reduced by walnut-containing diets in the TRAMP animal cancer model 
(comparing whole walnuts, walnut oil, and other oils). They could also show that 
walnut-containing diets improved insulin sensitivity and decreased IGF-1. Further, 
walnut diets increased microseminprotein-beta (MSMB) mRNA, a tumor suppres-
sor, and decreased cyclooxygenase-2 (COX-2) mRNA, both reported to inhibit pros-
tate tumor growth [51]. 

Reiter et al. [52] used an implanted tumor model to investigate whether a stan-
dard mouse diet supplemented with walnuts reduced the establishment and growth 
of LNCaP human prostate cancer cells in nude (nu/nu) mice. The walnut-enriched 
diet reduced the number and the growth of tumors; only 3 of 16 (18.7%) of the walnut-
fed mice developed tumors, while 14 of 32 control diet–fed mice (44.0%) developed 
tumors [52]. Furthermore, it was found that walnut-fed mice had less than one-half 
the hepatic F2-isoprostane concentrations of control mice. The authors suggested 
that decreased concentrations of F2-isoprostanes following dietary exposure to wal-
nuts would indicate decreased oxidative stress, likely due to the richness of antioxi-
dants in these nuts [52]. 

In summary, in vivo models suggest that diets containing walnuts reduce the 
risk of prostate cancer. Mechanistically, declines in plasma levels of IGF-1, resis-
tin, LDL-cholesterol together with reduced oxidative stress and infammation, and 
increased expression of tumor suppressors have been suggested as potential cancer 
protective pathways. 

9.2.3 Human Intervention Studies Including Meta-Analyses 

A well conducted human intervention study in the form of a randomized controlled 
trial is the best study design for determining a causal relation between an interven-
tion and its putative outcomes, but it is rare in public health concerning nutrition and 
clinical events. Intervention studies with intermediate outcomes that are risk factors 
for a disease are more feasible and may provide mechanistic insight. Meta-analyses 
provide summary evidence evaluating and combining results of relevant studies. 

9.2.3.1 Intervention Studies 
In a secondary analysis of the Prevención con Dieta Mediterránea (PREDIMED) 
trial [53], a non-signifcant risk reduction of frst invasive breast cancer (n = 35 
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cases) with a hazard ratio: 0.59 (95% CI: 0.26–1.35) was observed in 4,152 postmeno-
pausal women with the Mediterranean diet supplemented with mixed nuts (30 g/ 
day: 15 g walnuts, 7.5 g hazelnuts, and 7.5 g almonds) [54]. This association was not 
signifcant, probably due to the small number of incident cases (n = 35) during the 
relatively short follow-up period of 4.8 years. 

Hu et al. [55] tested the potential effects of supplementation of Brazil nuts 
and green tea extract alone or in combination on genetic and epigenetic biomarkers 
related to colorectal cancer development in a randomized clinical trial involving 32 
human volunteers (> 50 years of age). They found that a 6-week intervention with 
Brazil nuts or green tea extract alone affected gene expressions associated with 
selenoproteins, wingless/integrated (WNT) signaling, infammation, and DNA 
methylation [55]. Higher levels of circulating selenium and selenoproteins have 
been shown to be inversely associated with colorectal cancer in the prospective 
EPIC study [56]. 

Simon et al. [57] examined whether short-term consumption of walnuts, a food 
rich in alpha-linolenic acid, affects levels of serum prostate-specifc antigen (PSA), 
a marker of prostate enlargement, infammation, and cancer. In a 12-month ran-
domized crossover study in 40 middle-aged men, no signifcant difference between 
mean PSA level after a 6-month walnut-supplemented diet (1.05 mu g/L, 95% CI 
[0.81, 1.37]) and after a 6-month control diet (1.06 mu g/L, 95% CI [0.81, 1.38]) 
(P = 0.86) was observed. 

Focusing on tocopherols, Spaccarotella et al. [58] also assessed the effect of 
walnuts, rich in gamma-tocopherol, on markers of prostate and vascular health in 
men at risk for prostate cancer. They conducted an 8-week walnut supplementa-
tion study to examine effects on serum tocopherols and PSA in 21 men. Based on 
the observed fndings of a signifcant decrease in the alpha-tocopherol : gamma-
tocopherol ratio with an increase in serum gamma-tocopherol and a trend towards 
an increase in the ratio of free PSA : total PSA, the authors suggested that walnuts 
might improve biomarkers of prostate and vascular status. 

A pilot study by Jia et al. [59] investigated the effects of almond consumption 
on DNA damage and oxidative stress among 30 regular cigarette smokers randomly 
divided into three groups. After 4 weeks, lower levels of urinary 8-OH-dG and single-
strand DNA breaks in the two almond-treated groups as compared with the control 
group were observed. Furthermore, the malondialdehyde level, a surrogate marker 
of oxidative stress, was lower in the almond-treated groups than in the controls. The 
authors concluded from the results of this pilot study that almond consumption has 
preventive effects on oxidative stress and DNA damage caused by smoking [59]. 

9.2.3.2 Meta-Analyses 
A systematic review and meta-analysis of 11 cohort studies and 20 case-control 
studies found that nut consumption was inversely associated with risk of all cancers 
combined (RR 0.85, 95% CI 0.76–0.95) for the highest versus lowest nut consump-
tion category [10]. Regarding specifc cancer sites, inverse associations between nut 
intake and cancers of the colorectum, endometrium, and pancreas were found [10]. 
There were no signifcant associations with upper-aerodigestive tract cancer, breast 
cancer, gastric cancer, glioma, hepatocellular carcinoma, leukemia (including acute 
myeloid leukemia), lymphoma, ovarian cancer, prostate cancer, or stomach cancer, 
among others [10]. 
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Wu et al. [60] also reviewed and meta-analyzed the literature with regard to 
dietary protein sources and incidence of breast cancer. After combining data from 
three cohort studies, including 4,506 cases among 148,807 participants, it was con-
cluded that nut consumption was not associated with risk of breast cancer; the sum-
mary RR per serving/day was 0.96 (95% CI 0.84–1.09) [60]. 

Schwingshackl et al. [61] reviewed prospective studies investigating associ-
ations between 12 food groups, including nuts, and risk of colorectal cancer. Six 
studies with 7,283 cases were included in the high versus low consumption analysis 
(range: 0–22 g/day of nuts) and no association was observed (RR: 0.96; 95% CI 0.90, 
1.02) for the highest versus lowest nut consumption category [61]. In a subgroup 
analysis, an inverse association for nut consumption and colon cancer but not rectal 
cancer was reported [61]. 

9.3 cancer Death 

In a systematic review and meta-analysis of prospective studies, nut consumption 
was inversely associated with risk of cancer death when highest versus lowest cat-
egories of consumption were compared (RR: 0.86; 95% CI: 0.75, 0.98) [62]. In a sub-
sequent meta-analysis of prospective studies investigating nut consumption and risk 
of CVD, total cancer, and all-cause and cause-specifc mortality in adult populations, 
the summary RRs per 28 g/day increase in nut intake was 0.85 (95% CI: 0.76–0.94) 
for total cancer [9]. Including three additional prospective studies, Chen et al. [63] 
estimated a summary RRs for high compared with low nut consumption of 0.87 (95% 
CI: 0.80–0.93) for cancer mortality (11 studies with 21,353 deaths). 

In a study using PREDIMED data, Guasch-Ferre et al. [64] conducted a cohort 
analysis with baseline consumption of nuts as the exposure and mortality outcomes. 
Subjects in the upper category of total nut consumption had a signifcant 40% (95% 
CI −37% to −98%) reduction of cancer deaths (n = 130). 

As described, in the Health Professionals Follow-up study, associations 
between frequent nut intake (fve or more times per week) and prostate-cancer-
specifc mortality were null [36]. However, those diagnosed with prostate cancer 
who consumed nuts fve or more times per week had a lower risk of dying from 
other causes (than cancer) by more than 30% compared to men who ate nuts once 
or less per month. Of the 4,346 men diagnosed with non-metastatic prostate cancer 
during the 26 years of follow-up, only about 10% died from prostate cancer. Roughly, 
one third of the cancer patients died from CVD and the rest from other causes. 
Although not specifcally reported, survival benefts related to frequent nut con-
sumption might have been particularly linked to a reduced CVD incidence and mor-
tality among prostate cancer patients [36]. 

9.4 conclusion 

Evidence from multiple lines of research, encompassing cell line studies, animal 
models, prospective and retrospective observational studies, meta-analyses, and 
interventional studies, is suggestive that higher consumption of nuts is inversely 
associated with the risk of certain cancers and of dying from cancer (Table 9.5). 
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Among the 11 cancer sites investigated in the literature, inverse associa-
tions were most consistent across studies for colorectal cancer and more specif-
cally with colon cancer. This is also in line with strong evidence accrued by the 
World Cancer Research Fund/American Institute for Cancer Research that foods 
containing dietary fber are probably inversely associated with colorectal cancer 
[7]. Potential mechanisms include suppression of angiogenesis, proliferation, and 
infammation, as well as increased apoptosis and favorable induced changes in gut 
bacteria. Indirectly, a higher consumption of nuts may be linked to a reduced risk of 
colorectal cancer through reduced weight gain during adult life. 

Despite the many studies conducted investigating nut intake and breast can-
cer, the available evidence is insuffcient. In vivo studies are coherent with epide-
miological studies and with the results of a secondary analysis of a randomized 
controlled trial. However, associations for these studies, including a meta-analysis 
of epidemiological studies, did not reach formal statistical signifcance, and the 
strengths of the associations were modest, with a ~4% lower risk per serving (~30 
g)/day. In contrast, an intake of one serving/day in the large PREDIMED random-
ized controlled trial was associated with a non-signifcant 41% lower risk. There 
is a suggestion that associations may differ by menopausal status and estrogen/ 
progesterone receptor subtypes, with more apparent inverse associations for post-
menopausal cancer and for estrogen receptor-negative subtypes. Assuming a true 
association between nut consumption and breast cancer risk, likely mechanistic 
pathways are suppression of proliferation, alterations in cell signaling pathways 
involved in cell differentiation and apoptosis, and a selective inhibition of some 
cyclooxygenase and lipoxygenase activities. Reduced weight gain in adulthood 
could indirectly translate into an inverse association between higher nut intake and 
breast cancer risk. 

There is also suggestive, but still limited, evidence for an inverse associa-
tion between higher nut consumption and prostate cancer incidence. In vivo and in 
vitro studies concur with the epidemiological evidence. Mechanistically, declines 
in plasma levels of IGF-1, resistin, LDL-cholesterol, reduced oxidative stress, and 
infammation and increased expression of tumor suppressors have been put forward 
as potential cancer protective pathways. This is supported by suggestive evidence 
that higher levels of plasma alpha-tocopherol or plasma selenium concentrations 
might be inversely associated with prostate cancer risk [7]. Both nutrients are found 
in high concentrations in some nuts [37]. 

There is also insuffcient evidence for an inverse association between higher 
nut consumption and risk for cancers of the esophagus, endometrium, lung, ovaries, 
pancreas, and stomach. Observed associations for these cancer sites were inverse 
but not signifcant and, due to the limited number of cases, no conclusions could be 
drawn. This evidence comes from few epidemiological studies, and further prospec-
tive studies, clinical trials, and mechanistic studies are necessary. 

In summary, frequent nut consumption may reduce infammation and oxida-
tive stress, increase apoptosis, and favorably modify gut bacteria, as well as support 
weight maintenance during adult life. These factors have all been implicated in the 
development of cancer. Nuts in the diet may also have a role in the tertiary preven-
tion in cancer survivors. More research with improved exposure assessment for 
specifc types of nuts and possibly better biomarkers of nut consumption is war-
ranted to give further support to the promising observations of a putative chemopre-
ventive effect of nuts. 
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10.1 introduction 

Tree nuts are botanically defned as a dry fruit containing one seed within the 
ovary wall that becomes hard at maturity, and they include walnuts, almonds, hazel-
nuts, cashews, pistachios, and pecans [1]. Brazil nuts are botanically classifed as 
seeds, while peanuts are botanically classifed as legumes; however, all of these are 
referred to as nuts because of a similar nutrient content and culinary use. Nuts have 
a high content of protein, mono- and poly-unsaturated fatty acids (MUFA, PUFA), 
fber, and several vitamins (vitamin E, ribofavin, and niacin) and minerals (magne-
sium, potassium, and copper) [2]. Nuts also have a high content of antioxidants, with 
walnuts, pecans, and pistachios being particularly rich [3]. The benefcial nutrient 
profle of nuts may reduce blood concentrations of low-density lipoprotein (LDL)-
cholesterol and triacylglycerols (TAG) and, therefore, contribute to reduce the risk 
of coronary heart disease (CHD), a fnding that has been frequently observed in 
epidemiological studies [4]. Detailed information about nut constituents, bioactives, 
and antioxidant activity are presented in Chapter 2 of this book. Other bioactive com-
pounds found in nuts are the phenolic compounds, including ellagic acid, anacardic 
acid, genistein, resveratrol, and inositol phosphates, all of which have antioxidant 
properties and may contribute to reducing cancer risk by inducing cell cycle arrest 
and apoptosis, and inhibiting cell proliferation, migration, invasion, and angiogen-
esis [5]. However, to date, the epidemiological evidence regarding nut consumption 
and cancer risk has been limited. 

Although intake of nuts, in general, is quite low compared to other food 
groups, there is considerable variation in the intake of nuts between countries and 
regions worldwide, and there has been a trend of increasing consumption globally 
from a mean intake of 6.6 g/day in 1990 to 8.9 g/day in 2010 [6]. Nut intake ranged 
from 0.3 g/day in southern sub-Saharan Africa in 2010 to 16.3 g/day in west sub-
Saharan Africa and 32.6 g/day in Southeast Asia, and from 3–3.5 g/day in Central 
and Western Europe to 11.2 g/day in Eastern Europe and 5.2 g/day in Northern 
America [6]. There is also some variation in nut intake within regions; for example, 
in the European Prospective Investigation into Cancer and Nutrition (EPIC) study, 
a European multi-center cohort study including 23 centers across 10 countries, the 
mean intake of nuts was 4 g/day across countries ranging from 2.04 g/day in Sweden 
and the United Kingdom to 8.42 g/day in the Netherlands [7]. 

This chapter summarizes the evidence relating nut consumption to risk of 
all-cause and cause-specifc mortality and to longevity, with a focus on data from 
individual prospective cohort studies as well as large-scale systematic reviews and 
meta-analyses. In addition, further studies which have been published since these 
meta-analyses were published are reviewed. 

10.2 Nut consumption and All-cause 
Mortality and Longevity 

The association between nut consumption and all-cause mortality has been inves-
tigated in a large number of studies, and fndings have been consistent regarding 
the direction of the association. All 15 studies (16 risk estimates) on nut consump-
tion and all-cause mortality [8–22] reported relative risks (RRs) below one with 
higher nut consumption, and 11 of these risk estimates were statistically signifcant 
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[10–14,16–18,20,22]. In a meta-analysis of these studies including 85,870 deaths and 
819,448 participants, the summary RR was 0.78 (95% confdence interval [CI]: 0.72– 
0.84, I2 = 66%, n = 16) per 28 g/day (Figure 10.1a) [23]. There was evidence of a non-
linear association, Pnonlinearity < 0.0001, with no further reductions in mortality with 
an intake above 15–20 g/day (Figure 10.1b) [23]. The summary RRs from the nonlin-
ear dose–response analysis were 0.89 (95% CI: 0.87–0.91), 0.84 (95% CI: 0.81–0.87), 
0.82 (95% CI: 0.79–0.85), 0.82 (95% CI: 0.80–0.84), 0.84 (95% CI: 0.82–0.85), and 0.85 
(95% CI: 0.83–0.86) for an intake of 5, 10, 15, 20, 25, and 28 g/day respectively, com-
pared to nonconsumers (Table 10.1) [23]. Both consumption of tree nuts and peanuts 
were associated with reduced all-cause mortality, with summary RRs = 0.82 (95% CI: 
0.75–0.90, I2 = 70%, n = 4) and 0.77 (95% CI: 0.69–0.86, I2 = 64%, n = 5) per 10 g/day, 
respectively. However, there was no association between peanut butter and mortal-
ity, with summary RR = 0.94 (95% CI: 0.86-1.02, I2 = 0%, n = 2) [23]. The inverse 
association between total nut consumption and mortality was observed in men and 
women, in European and North American studies, in studies with large and small 
numbers of deaths, in studies of high and medium study quality, and when stratifed 
by whether the studies adjusted or not for a wide range of potential confounders, 
including age, education, family history of CHD, body mass index (BMI), smoking, 
alcohol, physical activity, hypertension, hypercholesterolemia, intake of red and/or 
processed meat, fsh, fruits and vegetables, dairy, and energy intake, among others 
[23]. The association was slightly stronger among studies with a short follow-up 
compared to studies with a long follow-up, and this might be explained by regression 
dilution bias, as few studies had repeated measurements of nut consumption. 

In contrast to these results are the fndings from the Prevención con Dieta 
Mediterránea (PREDIMED) trial, a parallel-group, multicenter, randomized trial of 
a Mediterranean diet supplemented either with extra-virgin olive oil or with nuts, as 
compared with a control group who were advised to eat a low-fat diet [24]. Although 
the study did fnd a 28%–31% reduction in risk of the primary endpoint (a compos-
ite of myocardial infarction, stroke, and death from cardiovascular causes) in both 
intervention groups, the hazard ratio (HR) was 1.12 (95% CI: 0.86–1.47) for all-cause 
mortality in the Mediterranean diet with nuts group compared to the control group 
and 0.90 (95% CI: 0.69–1.18) in the Mediterranean diet plus olive oil group compared 
to the control group [24]. The reasons(s) for these inconsistencies are unclear but 
might include differences in the exposure defnition – the PREDIMED study inves-
tigated a Mediterranean diet supplemented with nuts or olive oil, while the obser-
vational studies have analyzed only nut consumption; differences in the length of 
follow-up – for example, many of the observational studies had a follow-up duration 
of between 10 and 30 years [23], while the PREDIMED study only had a median 
follow-up of 4.8 years; limited statistical power (the sample size of PREDIMED was 
calculated for the primary endpoint but not for other secondary endpoints), with 87 
cardiovascular disease (CVD) deaths and 348 all-cause deaths compared to 18,655 
CVD cases and 85,870 deaths in the meta-analysis [23]; or simply chance variation. 

Few studies have investigated differences in longevity in relation to nut con-
sumption. Fraser and Shavlik [25] found that among participants with covariates at 
medium risk eating nuts ≥ 5 times/week versus < once/week was associated with 
a 2.74 (95% CI: 1.60–3.88) year longer life expectancy among men, and a 1.87 (95% 
CI: 0.72–3.02) year longer life expectancy among women. Among participants with 
covariates at high risk, the respective results showed a 2.87 (95% CI: 1.64–4.11) year 
longer life expectancy among men and a 1.18 (95% CI: 0.06–2.29) year longer life 
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Figure 10.1  Nut consumption and all-cause mortality, linear (A) and nonlinear (B) 
dose–response analyses. (Adapted from Aune, D. et al., BMC Med., 14, 207, 2016, 
Open access journal.) 
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expectancy among women [25]. The combination of different health factors includ-
ing a vegetarian diet, high exercise, high nut consumption, medium tertile of BMI, 
never smoking, and ever use of hormone replacement therapy (among women only), 
compared with a nonvegetarian diet, low-exercise, low nut consumption, highest ter-
tile of BMI, past smoking, and never use of hormone replacement therapy, was asso-
ciated with a difference in life expectancy of 10 years among men and women [25]. 

10.3 Nut consumption and cause-Specifc Mortality 

10.3.1 CVD Mortality 

All the cohort studies that have assessed the association between nut intake and 
overall CVD mortality have shown inverse associations [11,13,14,16–19,21,22]. 
These fndings are most likely driven to a large degree by the inverse association 
with CHD mortality, given the less clear association between nut consumption and 
risk of stroke mortality. In a meta-analysis of nine cohort studies on nut consump-
tion and CVD mortality, the summary RR for high versus low nut intake was 0.76 
(95% CI: 0.67–0.86, I2=65%, Pheterogeneity = 0.004) per 28 g/day [23]. Some evidence of 
nonlinearity was observed with no further reduction in risk with intakes above 15 
g/day (Table 10.1) [23]. In the PREDIMED study, there was no association between 
the consumption of a Mediterranean diet combined with nut consumption and CVD 
mortality (HR = 1.02, 95% CI: 0.63–1.67), although a suggestive inverse association 
was observed for the Mediterranean diet and olive oil group (HR = 0.62, 95% CI: 
0.36–1.06) [24]. The potential reasons for these inconsistencies have been discussed 
under the section on all-cause mortality. 

10.3.1.1 CHD Mortality 
The Adventist Health Study (AHS) frst reported on the association between nut 
consumption and the risk of CHD mortality in 1992 [26]. The HR for ≥ 5 servings/ 
week of nuts versus < 1 serving/week was 0.52 (95% CI: 0.36–0.76) for fatal myocar-
dial infarction, and 0.59 (95 %CI: 0.45–0.78) for coronary deaths [26]. Further studies 
followed up on these fndings in subsequent years, including the Oxford Vegetarian 
Study (OVS) [8], the Nurses’ Health Study (NHS) [27], and the Physicians’ Health 
Study (PHS) [28]. The OVS found no association between more frequent nut intake 
and ischemic heart disease deaths, reporting a HR of 0.87 (95% CI: 0.45–1.68) for ≥ 
5 servings of nuts per week versus < 1 serving/week, whereas the NHS observed 
a nonsignifcant inverse association with fatal CHD (HR = 0.60, 95% CI: 0.33–1.10) 
[27]. In the PHS, an inverse association was observed between regular nut intake 
and risk of CHD death (HR = 0.70, 95% CI: 0.50–0.98 for ≥ 2 servings/week versus 
< 1 serving/month), and a particularly strong inverse association was observed for 
sudden cardiac death (HR = 0.53, 95% CI: 0.30–0.92) but not for nonsudden CHD 
death (HR = 0.84, 95% CI: 0.55-1.28) [28]. Most studies that subsequently have been 
published showed inverse associations between higher nut intake and CHD mortal-
ity [11,14,16,17,19–21], although in one study the association was not statistically 
signifcant [18]. Several meta-analyses have also been published in relation to the 
association between nut consumption and CHD mortality. The most recent meta-
analysis found a summary RR of CHD mortality of 0.69 (95% CI: 0.63–0.75, I2 = 0%, 
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n = 9) per 28 g/day of total nut intake in the linear dose–response analysis [23]. 
Notably, there was a nonlinear inverse association between nut intake and CHD 
mortality, with little beneft beyond an intake of 20–25 g/day (Table 10.1) [23]; how-
ever, the high-end of nut intake across studies was 28 g/day (one serving per day), 
and thus it is diffcult to say whether the risk is further reduced with intakes of 2–3 
servings per day based on current data. 

10.3.1.2 Stroke Mortality 
Data regarding nut consumption and the risk of stroke mortality has rather con-
sistently shown no signifcant association [16,17,19–21,29,30]. In a meta-analysis of 
seven cohort studies on nut intake and stroke mortality, there was no association in 
the linear dose–response analysis (summary RR = 0.95 [95% CI: 0.79–1.15, I2 = 0%, 
Pheterogeneity = 0.64]) per 28 g/day. However, in the nonlinear dose–response analysis, 
a slight U-shaped association was observed with a reduced risk at 10–15 g/day but 
no association at an intake of 25 g/day (Table 10.1) [23]. 

10.3.1.3 Potential Mechanisms for a Reduced CVD Mortality with Nuts 
With regard to the mechanisms that may explain a benefcial effect of nut consump-
tion on risk of CHD mortality, it has been shown in randomized trials that a high 
nut intake reduces total cholesterol, LDL-cholesterol, and LDL to high-density 
lipoprotein (HDL) cholesterol ratio, as well as TAG in a dose–response manner [4]. 
Another more recent meta-analysis of randomized trials also found that nut con-
sumption reduced total cholesterol, LDL- cholesterol, apolipoprotein B (apo B), and 
TAG [31]; however, the dose–response analysis suggested that there was little or 
no reduction in total and LDL-cholesterol with nut intakes up to 20–30 g/day, and 
the lipid-lowering effects were more apparent with very high intakes of 60–100 g/ 
day [31], which is slightly in contrast to the fndings of a meta-analysis that found no 
or little further beneft in reducing risk of mortality from CVD and all-causes with 
an intake beyond 15–20 g/day [23]. However, the top range of intake across studies 
was 28 g/day (one serving per day) in this meta-analysis and, with the current epi-
demiological data, it is not possible to say whether intakes beyond one serving per 
day can provide further reductions in risk. Given the limited number of those who 
consume very high amounts of nuts in most populations, very large studies would 
probably be needed to clarify this question. While some nuts (such as Brazil nuts, 
heart nuts, pine nuts, and walnuts) have a high content of PUFAs, which are known 
to have benefcial effects on serum cholesterol, the rest are rich in MUFA (such as 
almonds, cashews, hazelnuts, macadamias, pecans, pistachios, and peanuts), which 
have been shown to have a neutral or mild hypocholesterolemic effect [32]. One 
meta-analysis also found that diets high in MUFA reduced body-fat mass and had 
a blood pressure lowering effect [33]. However, it has been shown that the reduc-
tions in serum cholesterol observed when people eat more nuts are approximately 
25% larger than what can be predicted based on the fatty-acid composition of nuts 
[34], suggesting that other components of nuts are also likely to contribute to their 
benefcial effects on CHD mortality. Nuts are also high in fber, vegetable protein, 
folate, niacin, vitamin E, potassium, magnesium, and phytochemicals, which may 
contribute to the reduction in CVD mortality (see Chapter 2 for details). In addition, 
a recent meta-analysis showed a benefcial effect of nut consumption on endothelial 
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function [35]. The observation that a high nut intake may reduce the risk of sud-
den cardiac death [28] suggests that nuts have antiarrhythmic properties and can 
reduce ventricular arrhythmias. This could be due to the alpha-linolenic acid con-
tent of walnuts, which can be elongated and desaturated to longer-chain PUFAs with 
established antiarrhythmic effects in some experimental models [36,37]. However, 
further studies are needed to clarify this question. 

10.3.2 Cancer Mortality 

Most of the studies that have assessed the association between nut consumption 
and total cancer risk [13,14,16–18,20,22,38] have focused on total cancer mortality 
[13,14,16–18,20,22], while one study reported on total cancer incidence [38]. Five 
[13,14,16,17,20] of the eight studies (seven publications) [13,14,16–18,20,22] evaluat-
ing nut consumption and total cancer mortality reported signifcant inverse associa-
tions, while the remaining studies reported nonsignifcant associations [14,18,22]. 
In a meta-analysis of eight cohort studies, the summary RR was 0.85 (95% CI: 0.76– 
0.94, I2 = 41.8%, n = 8) per 28 g/day of nuts [23] and, although the test for nonlinear-
ity was not signifcant, there was no further reduction in risk with intakes above 
15 g/day (Table 10.1). A signifcant inverse association was also observed between 
the intake of tree nuts and total cancer mortality with a summary RR = 0.80 (95% 
CI: 0.72–0.89, I 2= 0%, n = 3) per 10 g/day, but not for peanuts, summary RR = 0.92 
(95% CI: 0.82–1.03, I2 = 30%, n = 5) [23]. Nuts contain several constituents including 
ellagic acid (walnuts), anacardic acid (cashews), genistein (hazelnuts and peanuts), 
resveratrol (peanuts), inositol (cashews and peanuts), and fber (all nuts) that could 
reduce risk and mortality from cancer by inducing cell cycle arrest and apoptosis 
and inhibiting cell proliferation, migration, invasion, angiogenesis, and metastasis 
[39–43]. 

10.3.3 Mortality from Other Causes (Neurodegenerative, 
Respiratory, Infections, Diabetes, and Kidney Disease) 

When nut consumption was analyzed in relation to specifc causes of death other 
than CVD and cancer, there was evidence of inverse associations between nut intake 
and mortality from respiratory disease, summary RR = 0.48 (95% CI: 0.26–0.89, 
I2 = 61%, n = 3), diabetes, summary RR = 0.61 (95% CI: 0.43–0.88, I2 = 0%, n = 4), and 
infectious diseases, summary RR = 0.25 (95% CI: 0.07–0.85, I2 = 54%, n = 2) per 28 
g/day, but the associations with mortality from neurodegenerative disease (NDD), 
summary RR = 0.65 (95% CI: 0.40–1.08, I2 = 5.9%, n = 3) and kidney disease, 0.27 (95% 
CI: 0.04–1.91, I2 = 61%, n = 2) were not signifcant (Table 10.1) [23]. The summary RR 
per 10 g/day was 0.79 (95% CI: 0.62–1.01, I2 = 0%, n = 3) and 0.69 (95% CI: 0.53–0.91, 
I2 = 49.8%, n = 3) for the association between tree nuts and peanuts and respiratory 
disease mortality, respectively, and 0.42 (95% CI: 0.24–0.73, I2 = 0%, n = 2) for the 
association between peanut consumption and kidney disease mortality [23]. None of 
the other associations between specifc types of nuts and these mortality outcomes 
were signifcant. Although mechanisms are less clear with regard to other causes 
of death than CVD and cancer, a recent study in mice suggested that dietary fber 
feeds the bacteria in the colon, while a lack of dietary fber would induce bacteria to 
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break down the mucosa of the intestine as a source of nutrients; this can make the 
mice more prone to infections [44]. This mechanism might perhaps explain part of 
the inverse association between nut consumption and infectious disease mortality 
[23]; however, further epidemiologic studies are needed before the evidence can be 
considered conclusive in relation to these mortality outcomes, and further mecha-
nistic studies are needed to clarify the underlying mechanisms. 

Under the assumption of a causal relationship between nut consumption and 
reduced mortality, we estimated that approximately 4.4 million premature deaths 
might have been attributable to a nut intake below 20 g/day in 2013 globally (with 
the exception of Africa and the Middle East, areas for which we did not have data on 
nut intake) [23]. This included 1.2 million CHD deaths, 470,000 cancer deaths, 1.1 
million respiratory disease deaths, and 140,000 diabetes deaths. 

10.3.4 Mortality in Patient Populations (Type-2 
Diabetes, Heart Failure, and Cancer) 

In the EPIC study, there was an inverse association between consumption of nuts 
and seeds and all-cause mortality among 6,384 patients with diabetes mellitus; the 
HR was 0.94 (95% CI: 0.90–0.97) per 1 g/day among diabetes patients and 0.99 (95% 
CI: 0.98–1.00) among participants without diabetes [45]. In the NHS and the Health 
Professionals Follow-up Study (HPFS), the HR for patients with diabetes consum-
ing nuts ≥ 5 times per week compared to < 1 serving per month was 0.66 (95% CI: 
0.52–0.84) for CVD mortality and 0.69 (95% CI: 0.61–0.77) for all-cause mortality, 
but there was no association for cancer mortality (HR = 0.84, 95% CI: 0.67–1.06) 
[46]. When specifc types of nuts were examined, the associations were stronger 
for tree nuts across all outcomes, with HRs of 0.61 (95% CI: 0.49–0.76), 0.73 (95% 
CI: 0.60–0.90), and 0.67 (95% CI: 0.60–0.74) for CVD, cancer, and all-cause mortal-
ity for an intake of ≥ 2 servings per week versus < 1 time per month, while the HRs 
for the same comparisons for peanuts were 0.86 (95% CI: 0.70–1.05), 0.87 (95% CI: 
0.70–1.07), and 0.80 (95% CI: 0.72–0.90), respectively [46]. In the Women’s Health 
Initiative, higher nut consumption was associated with lower mortality after diag-
nosis of heart failure [47] and the HR for the highest versus the lowest quartile of 
nut consumption was 0.86 (95% CI: 0.74–0.96). A recent analysis also suggested that 
high nut consumption might improve survival among colon cancer patients [48]. 
The study included 826 stage three colon cancer patients and, during a 6.5 year fol-
low-up, 177 patients died and 199 patients experienced cancer recurrence or devel-
oped new primary tumors. Higher nut consumption was associated with improved 
disease-free survival and overall survival with HRs of 0.58 (95% CI: 0.37–0.92) and 
0.43 (95% CI: 0.25–0.74) comparing nut consumption of ≥ 2 times per week versus 
never after adjustment for age, sex, depth of invasion through bowel wall, number 
of positive lymph nodes, baseline performance status, treatment group, BMI, physi-
cal activity, aspirin use, and glycemic load [48]. The association for recurrence-free 
survival was not signifcant: HR = 0.70 (95% CI: 0.42–1.16) for an intake of ≥ 2 times 
per week versus never. There was little evidence of modifcation of the association 
by other risk factors including sex, treatment, performance status, number of posi-
tive lymph nodes, BMI, physical activity, glycemic load, aspirin use, microsatellite 
status, and mutations in the KRAS, BRAF, PIK3CA genes, or by cyclooxygenase-2 
expression. When stratifed by type of nuts, inverse associations were observed for 
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tree nuts for all three outcomes with HRs of 0.54 (95% CI: 0.34–0.85) for ≥ 1 time per 
week versus never for disease-free survival, 0.56 (95% CI: 0.33–0.94) for recurrence 
free survival, and 0.47 (95% CI: 0.27–0.82) for overall survival, but the correspond-
ing HRs for peanuts were 0.81 (95% CI: 0.53–1.23), 0.97 (95% CI: 0.61–1.53), and 0.60 
(95% CI: 0.37–0.98), respectively [48]. In a secondary analysis using the cumulative 
average of pre-diagnosis and post-diagnosis nut consumption, the respective HRs 
for nut intake of ≥ 2 times per week versus never were 0.45 (95% CI: 0.33–0.62), 0.46 
(95% CI: 0.32–0.64), and 0.43 (95% CI: 0.30–0.61) [48], suggesting a higher reliability 
of using repeated dietary assessments compared to using a single one. Although 
an analysis of the HPFS cohort found no association between nut consumption and 
prostate cancer incidence and mortality, follow-up of the prostate cancer patients 
after diagnosis showed that there was an inverse association between nut con-
sumption and all-cause mortality and fatal prostate cancer. Comparing an intake 
of ≥ 5 times/week versus < 1 time/month, HRs were 0.66 (95% CI: 0.52–0.83) for 
all-cause mortality and 0.62 (95% CI: 0.36–1.07) for fatal prostate cancer, suggesting 
improved overall survival among those prostate cancer patients eating more nuts 
[49]. Although the current data are very limited with regard to nut consumption and 
survival among specifc cancer groups, they are consistent with the overall evidence 
on nut consumption and mortality. However, further studies are needed before frm 
conclusions can be made. 

10.4 conclusion 

There is strong evidence showing that high consumption of nuts is associated with 
reduced risk of mortality from all causes, total CVD, CHD, and total cancer. In addi-
tion, there is suggestive evidence that a high consumption of nuts may reduce mor-
tality from respiratory disease, diabetes, and infections. Evidence does not support a 
clear association between nut consumption and stroke mortality, although a nonlinear 
U-shaped association cannot be excluded. Limited data is available on nut consump-
tion and risk of mortality from CVD other than CHD and stroke, as well as risk of spe-
cifc cancers and less common causes of death, and further studies are warranted to 
clarify these associations. To date, no studies have reported separate results for raw 
unsalted nuts and fried or roasted and salted nuts, and it would be important to clarify 
whether there are differences in the health effects of nuts depending on whether they 
are processed or not. None of the studies published on nut consumption and CVD, 
cancer, or mortality to date have made any attempts to correct for measurement error, 
so this is another point for improvement that might be important to consider in future 
studies. In addition, the high end of the range of nut intake in the current observa-
tional studies is one serving per day, a reason why any further studies might want to 
clarify what the shape of the dose–response relationship is between nut consump-
tion, all-cause, and cause-specifc mortality at higher levels of consumption, given 
that randomized trials suggested improvements in cardiovascular risk factors at 
higher levels of intake (60–100 g/day) [31]. Recently, metabolomic biomarkers have 
been identifed for several foods, including nuts [50,51], and future studies might 
provide more defnitive answers by incorporating such analyses. Current evidence 
supports recommendations to increase nut consumption among people without nut 
allergy and suggests that higher nut consumption reduces the risk of mortality from 
all causes, total CVD, CHD, and total cancer. If the observed associations between 
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nut consumption and reduced mortality are causal, increasing nut intake to 15–20 g/ 
day globally in 2013 could have prevented 4.4 million premature deaths [23], signify-
ing a substantial public health impact. This prediction concurs with the recent fnd-
ings from a comprehensive assessment of mortality due to CVD, obesity, or diabetes 
attributable to 10 dietary factors in 2012 in the United States, which reported that 
the second cause of the largest numbers of estimated diet-related cardiometabolic 
deaths (8.5% of 702,308 deaths) was low nut/seed consumption (the frst cause was 
high dietary sodium) [52]. 
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11.1 introduction 

An unwanted consequence of increased lifespan and ensuing population aging in 
recent decades is a growing number of elderly individuals at risk of neurodegen-
erative disorders, particularly Alzheimer disease (AD), the most common type of 
dementia [1]. Brain pathology in AD consists of amyloid deposits, neurofbrillary 
tangles, and amyloid-rich neuritic plaques, together with neuron loss and gliosis 
[2]. However, a substantial proportion of patients with dementia in general or AD in 
particular also have evidence of vascular brain injury, including small artery arte-
riosclerosis, lacunar infarcts, microinfarcts, and hemorrhages [3]. AD and vascular 
brain injury share a heterogeneous and multifactorial physiopathology and a slow 
progression over decades before becoming clinically evident. Given the current lack 
of effective pharmacological treatments for AD and estimates that prevalence will 
triple by 2050, medical and public health efforts should focus on primary preven-
tion [4]. Indeed, there is an increasing interest in preventive strategies for cognitive 
decline, a common harbinger of dementia [5]. 

Analysis of population-based data suggests that one-third of AD cases world-
wide might be attributed to potentially modifable risk factors [6]. Diet is a typical 
modifable environmental factor that has been related to many non-communicable 
diseases with a link to AD, such as hypertension, cardiovascular disease (CVD), 
and diabetes [7]. There is increasing scientifc evidence that, via a direct effect on 
the brain or by infuencing risk factors shared by CVD and neurodegenerative dis-
orders, nutrition may profoundly infuence cognition and the risk of dementia and 
related disorders, including depression [8–10]. On the other hand, oxidative stress 
and infammation are believed to play a pivotal role in the initiation and progression 
of AD and other neurodegenerative diseases [11,12]. It follows that, among nutri-
tional strategies to fght cognitive decline and AD, foods and dietary patterns rich 
in antioxidants might be best suited. Indeed, there is accumulating evidence from 
epidemiologic studies that long-term adherence to plant-based dietary patterns, rich 
in antioxidant foods such as fruits, vegetables, whole grains, legumes, and nuts and 
often in seafood, is associated with better cognitive outcomes among older adults 
from diverse populations, as summarized in a recent systematic review of 32 cohort 
studies and six randomized controlled trials (RCTs) [13]. Of the studies included in 
that review, the Mediterranean diet (MeDiet) was by far the most investigated, with 
consistent evidence in support of protection against cognitive decline. Although more 
limited, research on other healthy plant-based diets such as the Dietary Approach 
to Stop Hypertension (DASH) diet, the Mediterranean-DASH diet Intervention for 
Neurodegenerative Delay (MIND) diet, and the so-called anti-infammatory diets 
also showed promising results [13–15]. Neuroimaging studies have also suggested 
that increased adherence to the MeDiet is associated with greater brain volumes 
and lesser changes due to brain atrophy [14]. 

Nuts are an integral part of all plant-based diets; they have an optimal nutrient 
profle, particularly abundant monounsaturated fatty acids (MUFAs) and polyun-
saturated fatty acids (PUFAs) and polyphenols (see Chapter 2 for details); and their 
frequent consumption is associated with improved endothelial function and anti-
infammatory effects (see Chapter 4 for details), a consistent reduction in the risk 
of CVD (see Chapter 6 for details), and a possible benefcial effect on diabetes risk 
(see Chapter 8 for details). PUFAs and polyphenols are recognized nutrients with 
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a positive effect on brain metabolism and cognition, in part via their anti-infamma-
tory properties [16]. In addition, given that cardiovascular risk factors and CVD are 
established links of neurodegeneration, it can be predicted that nut consumption, 
already well known to beneft vascular function, would also favor cognition and 
overall brain health [17]. There have been few epidemiological studies and even 
fewer RCTs examining the effects of nut consumption on cognition [18], while no 
study has evaluated whether diets rich in nuts infuence hard clinical outcomes 
(e.g., dementia or AD). On the other hand, some large prospective studies have 
reported data on nut consumption and mortality from neurodegenerative diseases 
and few have assessed the effect of nuts on depression, an established association 
of neurodegenerative disorders. In contrast, there have been a somewhat larger 
number of studies using nuts, particularly walnuts, in experimental models of brain 
aging and neurodegeneration. The fndings of these studies are comprehensively 
reviewed here. 

11.2 epidemiological Studies 

11.2.1 Nut Consumption and Cognition 

Only fve epidemiological studies have assessed consumption of nuts, exclusive of 
other food groups, for outcomes on cognitive function [19–23] (Table 11.1). While 
most studies showed a positive association, the quality of the evidence is low because 
three of them were cross-sectional and only two were prospective. 

In a prospective study of middle-aged adults from the general Dutch popula-
tion (Doetinchem Cohort Study), investigators assessed cognitive performance at 
baseline and after follow-up for 5 years in relation to quintiles of consumption of 
plant foods [19]. Results showed that highest nut intake was associated with bet-
ter cognitive function at baseline and with lesser cognitive decline at follow-up in 
models adjusted for age; sex; level of education; total energy intake; intake of other 
fruits, vegetables, legumes, and juices; and baseline cognitive function. However, 
the follow-up association with delayed cognitive decline weakened when data were 
further adjusted for cardiovascular risk factors, suggesting that nut consumption 
may partly beneft cognition via reducing the cardiovascular risk profle. 

A cross-sectional study nested within a sub-cohort of the PREvención con 
DIeta MEDiterránea (PREDIMED), a randomized nutrition intervention trial using 
supplemented MeDiets for the primary prevention of CVD, assessed the relation 
of consumption of various foods with cognitive function in 447 older individuals at 
high cardiovascular risk [20]. Of all the foods considered, only olive oil, coffee, wine, 
and walnuts (mean consumption 1.10 g/day, range 0–30 g/day), but not total nuts 
(mean consumption 5.13 g/day, range 0–60 g/day), related to better cognitive func-
tion independently of known risk factors for cognitive decline, consumption of other 
foods, and energy intake. Of note, total urinary polyphenol excretion, an objective 
biomarker of consumption of polyphenol-rich foods, was directly associated with 
working memory function. The overall fndings of this study suggest that walnuts 
and other polyphenol-rich foods could counteract age-related cognitive decline. 

A prospective study of a sub-cohort of 15,467 older women from the Nurses’ 
Health Study (NHS) specifcally assessed total nut intake in relation to cognitive 
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function after adjustment for possible confounders [21]. A validated telephone inter-
view for cognitive status evaluating mainly global cognition and verbal memory was 
administered every 2 years. Total nut intake was divided into fve categories of fre-
quency of servings (28 g per serving): never or < 1/month (46.6% of the cohort), 1–3/ 
month (23.2%), 1/week (23.7%), 2–4/week (4.8%), and ≥ 5/week (1.7%). In spite of 
the low numbers of women consuming relatively high amounts, the results showed 
that higher long-term total nut consumption was associated with better average 
status for all cognitive outcomes analyzed. Noticeably, the difference in the global 
composite score between women consuming at least 5 servings of nuts/week and 
non-consumers of nuts was equivalent to the mean difference observed between 
women 2 years apart in age. 

In the National Health and Nutrition Examination Survey (NHANES), a rep-
resentative weighted sample of US adults is periodically assessed. In a round of 
5,662 participants 20–90 years of age and in two rounds of those 60 years and older 
with 5,054 and 2,975 participants, respectively, cognitive tests were administered 
to random samples and related to consumption of walnuts, exclusive of other nuts, 
with a cross-sectional design [22]. While only approximately 8% of participants were 
reported to consume walnuts with high certainty, walnut consumption was associ-
ated with cognitive function in all groups. These results, however, must be taken 
with caution, because only one 24-hour diet recall is administered in NHANES and 
this can miss many individuals who do not consume nuts on a daily basis. Indeed, 
the numbers of persons consuming walnuts on the given day of the 24-hour diet 
recall was quite small, ranging from < 4% to 13% of participants evaluated in the 
three study groups. 

Finally, a cross-sectional study of 894 Chinese adults aged 50 years and older 
assessed the association of consumption of various foods with cognitive status after 
adjustment for known risk factors of cognitive deterioration [23]. Concerning nuts, 
daily consumption was divided into three groups: ≤ 15 g, 15–30 g, and > 30 g, but 
numbers or percentages per group were not specifed. The results showed that 
higher fruit, vegetable, and nut consumption were associated with delayed memory 
by covariance analysis. In this study, dietary factors were also compared between 
248 participants with mild cognitive impairment (MCI) and 646 labeled as cogni-
tively healthy, and data showed that normal individuals consumed more nuts than 
those with MCI (10.71 versus 7.14 g/day, P <0.05). 

Two additional epidemiological investigations evaluated consumption of plant 
foods including nuts in relation to cognitive outcomes. In a cross-sectional study of an 
elderly Norwegian cohort from the general population (n = 2031, ages 70–74 years), 
nuts were non-signifcantly associated with better cognitive performance, but only 
16% of the participants were nut consumers [24]. A prospective investigation from the 
Seguimiento Universidad de Navarra cohort of university graduates in Spain assessed 
consumption of Mediterranean foods in relation to cognition at baseline and after 6–8 
years of follow-up in 823 older participants, and it reported no association of the food 
group “fruits plus nuts” with changes in cognitive test scores [25]. 

11.2.2 Nut Consumption and Depression 

Late-life depression is a common psychiatric disorder that much compromises older 
people’s quality of life. Depression is considered a risk factor for cognitive decline, 
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but the evidence for dementia is less clear [26]. However, given that major depres-
sion is commonly associated with attention problems, memory defcit, and impaired 
executive function, there is the question of whether depression may increase an 
individual’s risk or just be an early marker of brain changes associated with cogni-
tive decline [27]. Anyhow, nutrition has the capacity to infuence depression risk to a 
similar extent that it does other non-communicable disorders, and a salutary role of 
healthy diets and a detrimental role of Western dietary patterns on depression risk 
has been suggested by a meta-analyses of cohort studies [28]. As with other health 
outcomes, prospective studies point to an anti-infammatory dietary pattern such as 
the MeDiet as having a strong benefcial association with the risk of incident depres-
sion [29,30], which is not unexpected given the contribution of chronic infammation 
to the pathophysiology of depression [31]. For a similar reason, depression is also a 
risk factor for coronary heart disease, although the association is bidirectional [32]. 
Nuts, a paradigmatic component of the MeDiet with anti-infammatory properties, 
can also be postulated to have a salutary effect on depression, but the epidemiologic 
evidence is scanty and of suboptimal quality. 

Nut consumption was reported to have a benefcial effect on depressive symp-
toms in a large cross-sectional study of Chinese adults [33]. In another cross-sec-
tional report from NHANES conducted with data collected in the last decade, nut 
consumers, and particularly walnut consumers, disclosed lower depression scores 
than non-nut consumers, and this benefcial effect was more pronounced in women 
[34]. Again, food consumption was assessed only via 24-hour diet recalls, which can 
provide strong evidence for frequently consumed foods but, unless repeated, are 
much weaker for sporadically consumed foods such as nuts. In the Invecchiare in 
Chianti study, an Italian prospective investigation of 1,058 adults followed for up to 9 
years with repeated measurements of diet and of depression scores, no association 
between consumption of nuts and depressive symptoms was observed [35]. 

11.2.3 Nut Consumption and Neurodegenerative Disease Mortality 

While there is consistent epidemiologic evidence that nut consumption relates to 
lower all-cause and CVD mortality (see Chapter 10 for details), there is much less 
information on neurodegenerative disease mortality. Indeed, only two prospective 
studies collected data on this outcome [36,37]. The study by Bao et al. [36], a report of 
the seminal prospective cohorts of the NHS and the Health Professionals Follow-up 
Study, is the largest and more reliable, providing mortality data (1,969 deaths from 
neurodegenerative disease) on 76,464 women and 42,498 men during more than 3 
million person-years of follow-up. The summary relative risks for neurodegenerative 
disease mortality comparing extreme quintiles of nut consumption were 0.61 (95% 
confdence interval [CI], 0.30–1.22) for women and 1.04 (95% CI, 0.44–2.45) for men, 
and neither of these two estimates was signifcant. The Netherlands Cohort Study 
followed 1,743 men and 1,950 women aged 55–69 years from the general population 
for 10 years and reported on total and cause-specifc mortality in relation to total nut 
consumption [37]. Concerning neurodegenerative disease, only 80 deaths occurred, 
and there was a non-linear association with nut consumption, with a hazard ratio 
(HR) comparing extreme quartiles of 0.53 (95% CI, 0.25–1.14). In this study, the 
authors excluded peanut butter from the category “nuts” because of the customarily 

266 

https://0.25�1.14
https://0.44�2.45
https://0.30�1.22


 

  

 

N U T S  A N D  B R A I N  H E A L T H  

high presence of salt and/or simple sugars in the former, which could override the 
presumed benefts associated with nut consumption. However, the results for the 
outcome here considered were similar. Thus, nut consumption does not appear to be 
related to deaths from neurodegenerative disorders, and clearly, more studies are 
warranted given the favorable tendency for women in the NHS and for both sexes in 
the Netherlands Cohort Study. 

11.3 clinical trials 

11.3.1 Trials of Nut Consumption with Outcomes on Cognition 

Few RCTs have examined the effects of nuts on cognitive outcomes [38–42], and 
even fewer have sustained the intervention for more than 12 weeks (Table 11.2); 
hence, the level of evidence is still fragmentary. The largest RCTs with longest fol-
low-up were two sub-studies of the landmark PREDIMED trial. PREDIMED was a 
successful nutrition intervention trial of primary CVD prevention using a MeDiet 
supplemented with either extra-virgin olive oil or mixed nuts (30 g/day: 15 g wal-
nuts, 7.5 g almonds, and 7.5 g hazelnuts) versus a control diet (advice to follow a low-
fat diet) in older individuals at high cardiovascular risk but no CVD at enrollment 
[43]. In a PREDIMED sub-study conducted in the Navarra recruiting center, two 
neuropsychological tests assessing general cognition were administered, but only 
at the end of the study after intervention for a median of 6.5 years; thus, changes 
over time were not assessed [39]. The results indicated that both MeDiets were 
associated with better cognitive outcomes compared to the control diet. In another 
PREDIMED sub-study carried out in the Barcelona recruiting center, a compre-
hensive cognitive battery was administered both at baseline and at trial’s end after 
a median follow-up of 4.1 years [40]. Results showed that composites of memory 
performance, executive function, and global cognition improved above baseline with 
the two MeDiets, while values for all cognitive domains declined in participants 
assigned to the control diet. However, the improvement in executive function and 
global cognition with the nut-supplemented diet did not reach statistical signifcance 
compared to the control diet. Hence, the fndings of this trial demonstrate that a 
MeDiet supplemented with mixed nuts can delay the age-related decline of memory 
function. 

Three additional small, short-term RCTs tested walnuts [38], peanuts [41], 
or almonds [42] for cognitive outcomes. Surprisingly, given that intervention only 
lasted 8–12 weeks in these trials, the diets enriched with walnuts and peanuts were 
associated with signifcant improvements in the results of specifc cognitive tests in 
comparison with the control diets without nuts (Table 11.2). In the study by Barbour 
et al. [41], short-term memory and verbal fuency improved with a high-oleic acid 
peanut diet compared to the control diet. In this trial, a transcranial Doppler was 
used to non-invasively measure blood fow velocity in the middle cerebral artery, 
and results showed that the peanut diet induced a small but signifcant increase in 
cerebrovascular reactivity, which can be equated to improved endothelial function 
of brain arteries [41]. On the other hand, in the study by Dhillon et al. [42], almond 
consumption for 12 weeks had no effect on cognitive performance compared to the 
control diet. In this trial, additional acute experiments were conducted to examine 
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whether a high-fat lunch rich in almonds would infuence the well-established post-
lunch dip in alertness, memory, and vigilance. The fndings revealed that, compared 
with a high-carbohydrate meal, almond consumption at lunch ameliorated the post-
meal decline in memory but not in attention performance [42]. 

A small PREDIMED sub-study assessed plasma levels of brain-derived neuro-
trophic factor (BDNF), a positive biomarker of brain function, in 243 study subjects 
after 3 years of intervention [44]. Results showed increased BDNF concentrations 
in participants assigned the MeDiet supplemented with nuts in comparison with 
the control diet, particularly among those with prevalent depression (n = 37). Small 
numbers, however, dictate caution in the interpretation of these results, which have 
not been replicated. 

Thus, the fndings of the few RCTs examining the effects of nut consump-
tion on cognitive outcomes after intervention with a MeDiet supplemented with 
nuts point towards a benefcial effect, but this might not be entirely attributable 
to nuts, as other components of the MeDiet also changed in these studies, and 
clearly, larger and longer-term studies are warranted. A large RCT lasting 2 years 
(Walnuts and Healthy Aging [WAHA]) examined the effects of a diet enriched 
with walnuts at 15% of energy versus a similar diet without nuts on cognitive out-
comes in 700 healthy elders [45], and the results are expected soon. In any case, 
to maximize the opportunity of uncovering the benefcial effects of any experi-
mental diet, individuals at high risk of cognitive impairment or already having 
memory complaints should perhaps be studied rather than those who are cogni-
tively intact [46]. 

11.3.2 Trials of Nut Consumption with Outcome on Depression 

A single RCT tested the hypothesis that nut consumption could help improve depres-
sion. In the PREDIMED trial, the MeDiet-plus-nuts arm disclosed a lower incidence 
of incident depression, with a multivariate HR of 0.78 (95% CI, 0.55–1.10) in compari-
son with participants assigned to the control group, although this was not signif-
cant. However, when the analysis was restricted to participants with type-2 diabetes 
(close to 50% of the cohort), the magnitude of the effect of the intervention with the 
MeDiet supplemented with nuts reached statistical signifcance, with a multivariate 
HR of 0.59 (95% CI, 0.36–0.98) [47]. 

Another RCT examined the role of walnuts in improving mood, a multi-pronged 
component of cognition that includes depression. In this study, 64 young students 
underwent a crossover, 8-week double-blind trial [48]. Walnuts were delivered in 
banana bread, consisting of two servings of fnely ground walnuts (60 g/day), while 
the control diet had similar-looking and tasting banana bread without walnuts. The 
Profle of Mood States (POMS) questionnaire, an accepted scale used in studies of 
cognition, served to estimate the intensity of mood disturbance in the participants. 
The POMS covers six mood domains: tension-anxiety, depression-dejection, anger-
hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment. No signifcant 
changes in mood were observed in the analyses of the whole study subjects, but 
there was a signifcant medium-effect size improvement in the total mood distur-
bance score in young men, which was not detected in young women. There was no 
reasonable explanation for the observed sex differences. 
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11.4 experimental Studies Relating Nuts to Brain Function 

11.4.1 Experimental Studies with Walnuts 

The nutrient composition of walnuts differs from that of all other nuts in three 
important ways: a) they contain ~10% of energy as α-linolenic acid (ALA), the main 
vegetable n-3 (omega-3) PUFA; b) they are a rich source of phytomelatonin; and 
c) they possess more polyphenols than any other nut type [49,50]. Given that both 
n-3 PUFA and antioxidant polyphenols are considered critical brain foods [8,9], it is 
not surprising that most in vitro and in vivo experimental studies investigating the 
effects of nuts on brain function have been conducted with walnuts [51]. 

The frst experimental animal studies with walnuts concerning brain health 
were conducted in the lab of the late Jim Joseph at the Human Nutrition Research 
Center on Aging at Tufts University in Boston, USA. Willis et al. [52] fed aged rats a 
control diet or 2%, 6%, or 9% walnut diets – equivalent to 0.4, 1.0, or 1.5 servings (28 
g), respectively, of walnuts per day in humans – for 8 weeks before motor and cogni-
tive testing. Results showed that the 2% and 6% walnut diets improved psychomotor 
performance and all the walnut diets improved working memory, although the 9% 
diet showed impaired reference memory. Thus, moderate rather than large amounts 
of walnuts improved cognition and motor performance in aged rats. Subsequently, 
the same investigators demonstrated in an in vitro model that walnut-extract expo-
sure inhibited lipopolysaccharide (LPS)-induced activation of rat BV-2 microglia 
cells in culture through phospholipase D2–mediated internalization of Toll-like 
receptor 4 [53]. This is a salutary effect because a pro-infammatory phenotype of 
microglia can result in the production of cytotoxic intermediates and is associated 
with age-related neurodegeneration. Subsequent work from this lab using the same 
model of activated microglial cells indicated that serum metabolites from aged rats 
fed walnuts attenuated LPS-induced nitrite release and reduced pro-infammatory 
tumor necrosis factor-alpha, cyclooxygenase-2, and inducible nitric oxide synthase 
production, suggesting antioxidant and anti-infammatory protection or enhance-
ment of membrane-associated functions in brain cells by walnut serum metabolites 
[54]. A recent study, again performed using the same in vitro model, indicated that 
bioactive compounds in walnuts were capable of modulating microglial activation 
through regulation of intracellular calcium and calmodulin expression [55]. 

An increase in the aggregation of misfolded or damaged polyubiquitinated 
proteins has been the hallmark of many age-related neurodegenerative diseases. 
Additional work from the Tufts University lab showed that a 6% or 9% walnut diet 
given to aged rats signifcantly reduced the aggregation of polyubiquitinated pro-
teins and activated autophagy, a neuronal housekeeping function, in the corpus stria-
tum and particularly the hippocampus [56], a critical brain area involved in memory 
function. The effectiveness of walnuts in activating autophagy in the brain provides 
evidence of a neuroprotective effect beyond antioxidant and anti-infammatory 
actions. In another in vitro study from this research group, the cellular mechanisms 
by which walnuts and PUFAs infuence neuronal health and functioning in aging 
was investigated in a model of rat hippocampal neurons, wherein cell death and 
calcium dysregulation was promoted with dopamine and LPS stimulation. Results 
showed that walnut extract, ALA, and docosahexaenoic acid (DHA, the main fsh-
derived omega-3 PUFA) signifcantly protected against cell death and calcium 
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dysregulation, providing further insight into the capacity of walnuts and their main 
components to protect against age-related cellular dysfunction [57]. 

Another group active in experimental walnut research in relation to neuro-
degeneration is that of Abha Chauhan at the New York State Institute for Basic 
Research in Developmental Disabilities. Fibrillar amyloid beta-protein (Aβ) is a 
major histo-pathologic feature in the brain of AD patients and a potent pro-oxidant 
promoting neuronal cell death. Early in vitro work from this lab indicated that wal-
nut extract dose-dependently inhibited Aβ formation and was able to defbrillize pre-
formed Aβ fbrils, thus keeping them in a soluble form, and additional experiments 
suggested that polyphenols were the anti-amyloidogenic component of walnuts [58]. 
Subsequent in vitro experiments in PC12 pheochromocytoma cells showed that wal-
nut extract counteracted Aβ-induced oxidative stress and associated cell death [59]. 
Using Tg2576 transgenic mice, a long-used model of AD, these investigators also 
showed that feeding these mice diets containing 6% or 9% walnuts – equivalent to 1 
or 1.5 servings of 28 g per day in humans – for 9–10 months resulted in a signifcant 
improvement in memory, learning skills, and motor development compared to the 
same mice on a control diet without walnuts [60]. Further work from this lab using 
the same mouse model, which aimed at uncovering the underlying mechanisms of 
neuroprotection by walnuts, showed that long-term (10 or 15 months) dietary sup-
plementation with 6% or 9% walnuts was effective in reducing oxidative stress, as 
evidenced by decreased levels of reactive oxygen species, lipid peroxidation, and 
protein oxidation, as well as by enhanced activities of antioxidant enzymes [61]. 
Thus, if translated to humans, the results of these studies [58–61] overall suggest 
that dietary supplementation with walnuts might have a benefcial effect in reducing 
the risk, delaying the onset, or slowing the pathophysiological progression of AD. 

A recent study in rats treated with D-galactose, a model of accelerated aging, 
assessed the effects of 6% and 9% walnut diets given for 8 weeks on cognitive behavior 
and hippocampal neurogenesis [62]. Behavioral tests showed that walnut diets sig-
nifcantly reversed spatial memory loss, locomotor activity defciency, and reduced 
recognition behavior. Increased hippocampal neurogenesis by walnut diets was also 
demonstrated by increased expression of hippocampal-activated cyclic adenosine 
monophosphate (AMP) response element-binding protein and BDNF, two crucial 
molecules involved in hippocampal neurogenesis and the formation of memories. 
Additional experimental research from Iran [63] and Pakistan [64] using a rat model 
of amnesia induced by scopolamine, an agent that interrupts cholinergic transmis-
sion, shows that walnut feeding restores cholinergic function, which is impaired in 
AD, and prevents memory loss. 

In summary, all published experimental studies with walnuts and their con-
stituents suggest a benefcial effect on brain health. 

11.4.2 Experimental Studies with Other Nuts 

A few experimental investigations on nuts other than walnuts for effects on brain 
health have been published, three studying almonds [65–67] and one each hazel-
nuts [68] and pistachios [69]. In a study from India, Kulkarni et al. [65] investigated 
the effect of almond paste on cognitive function and brain cholinesterase activity in 
the rat model of scopolamine-induced amnesia. At daily doses of almonds equivalent 
to approximately 6 g in humans, administered orally for 1 or 2 weeks, the learning 
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skills and memory function of scopolamine-treated rats improved and brain cho-
linesterase activity decreased, hence implying augmentation of cholinergic trans-
mission. Using a slightly different approach, researchers from Pakistan pre-treated 
rats with an oral almond suspension (400 mg/kg/day – a dose similar than used in 
the study from India) for 4 weeks prior to scopolamine injection, and documented 
improvements in memory retention and cholinergic function, as assessed by the 
increased acetylcholine content and reduced acetylcholinesterase activity in the 
hippocampus and frontal cortex of treated rats compared to control animals [66]. 
Subsequent work from this Pakistani group, using the same model and a similar 
research protocol, again showed improved memory function in addition to reduced 
brain oxidative stress in almond-treated rats compared to controls [67]. 

In another in vivo study using rats with neuroinfammation induced by intra-
hippocampal Aβ injection, researchers from Iran showed that feeding hazelnuts (800 
mg/kg/day) for circa 16 days improved memory and ameliorated anxiety-related 
behavior while reducing infammatory molecules and apoptosis in the hippocampus 
[68]. Recently, Indian investigators reported improved memory performance and 
reduced lipid peroxidation and glutathione levels in mice with scopolamine-induced 
amnesia pre-treated with oral ethanolic extracts of pistachios at doses of 200 and 
400 mg/kg [69]. 

Therefore, although the level of experimental evidence is scarce on the effects 
of nuts other than walnuts on brain health, almonds, hazelnuts, and pistachios seem 
to share the benefcial effects of walnuts on cognition and neuroinfammation in a 
few rodent models of neurodegeneration. Interestingly, three of the types of nuts 
discussed here (almonds, hazelnuts, and walnuts) or oils derived from them are 
used in traditional Persian medicine in the treatment of memory loss and as food for 
the elderly [70]. 

11.5 Neuroprotective Properties of Nut constituents 

Nuts are nutritionally dense foods consisting of a unique matrix of macronutrients, 
micronutrients, and bioactive phytochemicals (see Chapter 2 for details). On the 
basis of prior experimental evidence and, to a lesser extent, fndings from epidemio-
logical studies relating nutrition to brain health, some of these nut constituents can 
be predicted to be neuroprotective. Among them, the best suited to be considered 
“brain nutrients” are PUFAs, particularly ALA, and polyphenols, although other 
nut components such as phytomelatonin, phytosterols, antioxidant tocopherols, and 
folic acid may also support neurological health and cognitive wellness. The possible 
contribution of these nut bioactives to the clinical and experimental effects of nuts 
on brain function discussed above will be briefy reviewed here. 

11.5.1 α-Linolenic Acid (ALA) 

Under physiological conditions, the bioavailability of ALA, an essential fatty acid, is 
nearly complete because it is readily absorbed in the intestinal tract. Once absorbed, 
ALA is converted to a small extent into its longer-chain counterpart eicosapentae-
noic acid (EPA) and marginally into DHA, which is an important component of the 
phospholipids of neuronal membranes [71]. Of note, in clinical studies, ALA intake 
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has been shown to have anti-infammatory effects via reduction of serum cytokine 
concentrations and of cytokine production by cultured peripheral blood mononu-
clear cells [72]. Although clinical data are inconclusive, experimental studies have 
also shown an antiarrhythmic effect of ALA, akin to that of DHA [71]. 

ALA has been much less studied than EPA and DHA in relation to health out-
comes, so epidemiological studies are limited and have yielded conficting results 
[71]. A meta-analysis of studies published up to May 2015 investigating fsh con-
sumption, n-3 PUFA intake, and the n-3 PUFA content of plasma fractions in relation 
to cognitive impairment, dementia, and Parkinson’s disease concluded that seafood 
consumption and total n-3 PUFA intake, but not ALA intake (nine studies), related 
to better outcomes [73]. In the cited prospective Doetinchem Cohort Study [19], 
which was not included in this meta-analysis, ALA intake was associated with less 
global cognitive decline and memory impairment. Additional studies on this topic 
have since been published. In a recent longitudinal study of aging and dementia, 
the association between consumption of seafood and long-chain n-3 PUFAs with 
cognitive changes was assessed in 915 older individuals after follow-up for 5 years 
[74]. Findings indicated that higher ALA intake was associated with slower global 
cognitive decline, but only in APOE ε4 carriers. In a cross-sectional study of 672 
cognitively normal participants with mean age of 80 years, higher ALA intake was 
associated with larger cortical thickness [75]. The fndings of two brain pathological 
studies in brain donors also deserve to be mentioned. In an aging project involving 
282 brain donors, the authors found decreased odds of cerebral macroinfarcts and 
microinfarcts in those who self-reported higher dietary ALA intake, frst measured 
by a food frequency questionnaire at a mean of 4.5 years before death [76]. In a path-
ological study measuring fatty acids in various brain regions, unsaturated fatty acid 
metabolism, including ALA, was found to be dysregulated in the brains of patients 
with varying degrees of AD pathology [77]. Thus, the results of epidemiological 
studies are generally inconclusive regarding ALA and brain health. 

A single RCT, the Alpha Omega Trial, designed primarily as a cardiovascular 
prevention study, tested the effects of ALA on cognitive impairment as a secondary 
endpoint. In this trial, 2,911 stable coronary patients from 60 to 80 years old were 
randomized to receive 400 mg/day EPA+DHA, 2 g/day ALA, 400 mg/day EPA+DHA 
plus 2 g/day ALA, or a placebo for a median of 3.3 years, and results showed no sig-
nifcant differences in cognitive decline for the active treatment groups versus the 
placebo [78]. However, ALA supplementation was associated with somewhat better 
results than EPA+DHA, as it signifcantly reduced cognitive decline in patients aged 
< 70 years and in those with fsh intake > 20 g/day and reduced the risk of severe 
cognitive decline by approximately 10%, although without reaching statistical sig-
nifcance. However, the Mini Mental State Examination, a rough global measure of 
cognitive function, was the only neuropsychological test administered, which dic-
tates caution in the interpretation of these fndings. 

Experimental studies have been more successful in uncovering the benefts 
of ALA in the brain akin to those observed for EPA and DHA, including neuropro-
tection, enhanced production of BDNF, vasodilation of brain arteries, and neuro-
plasticity [79]. In vivo experiments of natural aging in rats have demonstrated that 
long-term ALA supplementation prevents age-related memory defcits and brain 
neurodegeneration [80,81]. In line with the fndings of Fisher et al. [54] in activated 
microglial cells treated with serum from walnut-fed rats, Lee et al. [82] found that 
addition of ALA to the culture medium of C6 glial cells treated with a neurotoxin 
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disclosed antioxidant and anti-infammatory effects, translating into increased cell 
viability. Also, in a rat model of mild controlled cortical impact, the subcutaneous 
administration of ALA resulted in a signifcant reduction in brain bruise volume 
and protected against anxiety-like behavior [83]. Interestingly, in a study carried 
out in Caenorhabditis elegans, a worm with long-lived mutant forms widely used 
in aging research, treatment with ALA dose-dependently increased lifespan [84]. 
Thus, based on animal studies, supplementation with ALA appears to have cogni-
tive benefts, showing neuroprotection through antioxidant, anti-infammatory, and 
antiamyloid effects. The fact that walnuts are the only nuts containing signifcant 
amounts of ALA could favor their benefcial effects on brain health above those of 
other nut types. 

11.5.2 Polyphenols 

Polyphenols are a large family of heat-labile, water-soluble phytochemicals, and 
secondary metabolites of plants characterized by a chemical structure of hydroxyl 
groups on aromatic rings. They are capable of quenching oxygen-derived free radi-
cals, with thousands of species grouped into fve large classes (favonoids, phenolic 
acids, stilbenes, lignans, and other polyphenols) [85]. Given the prevailing hypoth-
esis that oxidative stress is a major driver of cognitive dysfunction and plays an 
important role in activating cell signaling pathways that contribute to lesion forma-
tion and promote the development of AD [11,12], exogenous antioxidants, particu-
larly dietary polyphenols, are likely to beneft brain health. 

Nuts are exceptionally rich in polyphenols (see Chapter 2 for details). 
Noticeably, compared to other tree nuts, walnuts have the highest level of bioactive 
polyphenols [86]. In nuts, polyphenols reside mostly in the skin (outer peel), where 
they help to perpetuate the species by protecting the plant’s DNA from oxidative 
stress due to thermal or radiation injury, as well as protecting the seed from patho-
genic microorganisms and insects due to their strong odor and taste. Thus, peeling 
or roasting of nuts results in sizeable polyphenol losses, as do boiling, frying, or 
microwave heating. In clinical studies, polyphenols from nuts are absorbed follow-
ing acute ingestion, with attendant increases in plasma concentrations, enhance-
ment of plasma antioxidant capacity, and reduced plasma lipid peroxidation [87,88]. 
There is also experimental evidence that polyphenols and their metabolites are able 
to cross the blood–brain barrier and attain brain tissues [89–91]. 

There is a vast literature suggesting neuroprotection by dietary polyphenols 
and foods rich in these compounds [8–10,92]. The few epidemiological studies that 
have investigated polyphenol intake in relation to cognitive aging or dementia have 
generally, but not always, reported a benefcial association, which might depend on 
specifc polyphenol subtypes [93]. In a recent study from a French cohort of 1,329 
older non-demented adults, Lefèvre-Arbogast et al. [94] assessed cumulative intake 
of various polyphenol subclasses and followed participants for 12 years for dementia 
outcomes. The polyphenol pattern studied combined several favonoids, stilbenes 
(including resveratrol), lignans, and other subclasses from specifc polyphenol-
rich plant foods, including nuts. Compared with participants in the lower quintile 
of the polyphenol score, those in the higher quintile had a 50% lower risk of demen-
tia (95% CI, 20% to 68%) in multivariate models, which suggests a robust neuropro-
tective power of these particular polyphenol subtypes. RCTs have been conducted 
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with specifc polyphenols for outcomes on cognitive function, with mixed results 
according to systematic reviews [95,96]. Intake of resveratrol, a stilbene found in 
red grapes, red wine, blueberries, and peanuts, had no signifcant impact on factors 
related to memory and cognitive performance in fve trials, although it appeared to 
enhance mood [96]. Finally, many experimental studies have examined the effects 
of polyphenols on brain health, with generally positive results concerning brain 
perfusion, synaptic plasticity, neuroinfammation, oxidative stress signaling, and 
autophagy, as reviewed [97]. 

11.5.3 Other Nut Components 

Apart from ALA and polyphenols, other nut constituents, such as melatonin, phy-
tosterols, antioxidant tocopherols, folic acid, and non-sodium minerals (potassium, 
magnesium, and calcium) have the capacity to benefcially impact brain health. 
There is ample experimental evidence that melatonin, a hormone synthetized by 
the mammalian pineal gland at night that is best known for its sleep-regulatory role, 
has pleiotropic effects, such as antioxidant, anti-infammatory, and neuroprotective 
activities [98]. A role of melatonin in neurodegeneration has been suggested by the 
evidence that in preclinical stages of AD, when patients still manifest normal cogni-
tion, cerebrospinal fuid melatonin levels are reduced, which may be an early trig-
ger and marker for the disease [99,100]. Experimental melatonin defciency is also 
linked to degeneration of cholinergic neurons and Aβ accumulation in the brain of 
mice, reversible upon dietary supplementation [101]. Many plants contain sizable 
amounts of bioavailable melatonin [102], walnuts being one of its main food sources, 
with an average content of 350 ng/100 g. Melatonin from walnuts is absorbed, as 
shown by a roughly four-fold rise in serum levels in parallel with increased serum 
antioxidant activity in experiments with walnut-fed rats [103]. Thus, although direct 
proof is lacking, it is conceivable that melatonin might contribute to the benefcial 
effects of nuts, particularly walnuts, on brain health. 

Phytosterols, a constituent of nuts that contributes to their cholesterol-low-
ering effects [104], are minimally absorbed from the intestinal tract but are able 
to cross the blood–brain barrier and accumulate in the membranes of central ner-
vous system cells [105]. An experimental study in mice showed that one plant sterol, 
stigmasterol, reduced Aβ generation by modifying cleavages of the amyloid precur-
sor protein when incorporated into neuronal membranes, suggesting that dietary 
intake of stigmasterol might be benefcial in preventing AD [106]. Experimental 
studies also support anti-infammatory effects of phytosterols, albeit clinical studies 
have not yielded consistent results, as reviewed [107]. Theoretically, the richness of 
nuts in phytosterols might beneft neurological health and cognitive aging following 
long-term consumption. 

The term vitamin E refers to four tocopherols (α- β- γ-, and δ-tocopherol), 
but only RRR-α-tocopherol is a true vitamin. Dietary tocopherols are bioavailable 
because, being small fatty molecules, their intestinal absorption takes place by 
similar mechanisms to dietary fat and enter the circulation via chylomicron par-
ticles [108]. Tocopherols are an integral component of all nuts, usually in the form 
of α-tocopherol, while walnuts are an excellent source of γ-tocopherol, a highly 
active free-radical scavenger and anti-infammatory molecule [109]. The role of vita-
min E in the prevention of AD is a matter of debate. In prospective studies, higher 
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consumption of foods rich in vitamin E (vegetable oils, nuts, and whole grains) 
appears to modestly reduce the long-term risk of dementia and AD [110], and plasma 
vitamin E levels are associated with lower prevalent AD in case-control studies [111]. 
However, RCTs of vitamin E supplementation in patients with cognitive impairment 
have failed to demonstrate improved cognition or delayed progression to dementia 
[9,112]. It must be noted that the α-tocopherol form of vitamin E, not γ-tocopherol, 
was always used in these RCTs. In this sense, it is interesting that, in autopsy studies 
of individuals deceased during an ongoing clinical-neuropathological cohort study 
in the US, brain γ-tocopherol concentrations, but not those of α-tocopherol, were 
associated with lower AD neuropathology, suggesting that γ-tocopherol is the neu-
roprotective form of vitamin E [113]. Again, these fndings point to walnuts as poten-
tially more active than other nuts in promoting brain health. Still, in experimental 
studies conducted in rodent models of aging or AD, vitamin E in its α-tocopherol 
form has been shown to reduce oxidative stress, attenuate the toxic effects of Aβ, 
and improve cognitive performance [114]. 

Folate is an essential water-soluble B vitamin required by most body tissues, 
including the brain, for one-carbon transfer reactions, which are essential for meth-
ylation processes involved in methionine regeneration and epigenetic changes, the 
synthesis of DNA and RNA nucleotides, and amino acid metabolism [115]. Cerebral 
folate suffciency appears to be necessary to forestall age-related neuropathology 
and its consequences [116], and population-based studies have demonstrated that 
a low folate status is associated with mild cognitive impairment, dementia (particu-
larly AD), and depression in older individuals [117]. However, as with supplemental 
vitamin E, there is little evidence that folic acid supplementation improves cognitive 
function or delays cognitive decline [9]. Elevated plasma homocysteine, a hallmark 
of folate defciency, is also associated with cognitive impairment and dementia, but 
reducing plasma levels with folate supplementation has also proven ineffective to 
improve cognition [118]. Nuts are good sources of folate, with concentrations rang-
ing from 11 to 240 μg per 100 g, peanuts being the richest, followed by hazelnuts and 
walnuts. As the dietary reference intake for adults (excluding pregnant and lactat-
ing women) of naturally occurring folate is 400 μg daily, long-term consumption of 
nuts contributes to some extent to an adequate folate status. Nevertheless, the role 
of folate in isolation in the possible neuroprotective effects of nuts is still unproven. 

Nuts are also a good source of arginine, an essential amino acid for human 
development. It is a precursor of nitric oxide, the endogenous vasodilator, and as 
such contributes to blood pressure regulation and vasomotor tone [119], critical for 
vascular health, including appropriate cerebral blood fow. 

Finally, non-sodium minerals (potassium, magnesium, and calcium) are also 
abundant in nuts [104] and may play a signifcant role in neuroprotection, although 
the evidence is still fragmentary. Some prospective studies have suggested an 
association of non-sodium mineral intake with improved cognition or a lower risk 
of dementia [120–122]. Thus, in 1081 community-dwelling Japanese individuals 
without dementia aged 60 years and older with a 17-year follow-up, higher dietary 
intakes of potassium, calcium, and magnesium were associated with a reduced risk 
of all-cause dementia, especially vascular dementia [120]. Cherbuin et al. [121] pro-
spectively assessed 1,406 cognitively healthy individuals with a mean age of 62.5 
years, who were followed for 8 years, and reported that higher intake of magnesium 
was associated with a decreased risk of MCI, albeit only in men, but no effect of cal-
cium and an opposite effect of potassium were found. In a prospective study of 1,194 
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community-dwelling older adults followed for 2 years, higher potassium intake was 
associated neither with cognitive decline in the full cohort nor with micro- and macro-
structural brain MRI indices assessed in a subset of participants [122]. Moreover, 
individuals suffering from AD have been shown to have lower plasma magnesium 
levels [123]. Hence, the most consistent benefcial association of dietary minerals 
with cognitive outcomes is for magnesium. In other studies, consistent inverse 
associations with stroke risk were found for intakes of potassium and magnesium 
but not calcium [124]. Current evidence from epidemiological studies suggests that 
higher magnesium intake, either dietary or via supplementation, is associated with 
a reduced potency of cardiovascular risk factors, including hypertension, metabolic 
syndrome, insulin resistance, and type-2 diabetes, besides being inversely related 
to the risk of total CVD and, particularly, stroke [125]. These effects of magnesium 
and, to a lesser extent, potassium are likely to contribute to the salutary effect of 
nuts on brain health. 

An important aspect of nuts as possible neuroprotective agents is their capac-
ity to benefcially impact vascular risk factors, such as blood pressure, glucoregula-
tion, endothelial function, and infammation, which are all linked to brain health 
[17]. The established association of nut consumption with reduced CVD outcomes 
(see Chapter 6 for details) and its putative benefcial effect on diabetes risk (see 
Chapter 8 for details) is also highly relevant to brain health. 

11.6 conclusion 

Cognitive decline and dementia are major societal issues worldwide because of the 
aging population and the absence of effective treatment. Indeed, RCTs testing vari-
ous interventions in patients with severe cognitive impairment or established AD 
have failed to show any beneft, probably because at this stage neuropathology is 
far advanced and irreversible. While there is still an urgent need to develop effec-
tive treatments for age-related neurodegenerative diseases, prevention strategies in 
preclinical stages represent an approach that needs to be tested, although presently 
it is still in its infancy. Because neurodegeneration and related clinical events, pri-
marily dementia in general and AD in particular, are believed to be intimately linked 
to age-related increases in oxidative stress and infammation, primary prevention 
could be achieved earlier in life by consuming a healthy diet, rich in antioxidant and 
anti-infammatory phytochemicals. Data from epidemiological studies indeed sug-
gest that long-term adherence to healthy, plant-based dietary patterns such as the 
MeDiet is associated with better cognition and a reduced incidence of dementia and 
AD. This could have been predicted based on the accumulated evidence from epi-
demiological studies and RCTs like PREDIMED concerning the benefcial effects 
of plant-based diets on other highly prevalent non-communicable diseases, such 
as total CVD, ischemic heart disease, and stroke and their risk factors, which are 
shared by neurodegenerative diseases. In fact, as reviewed here, evidence is begin-
ning to accumulate that nuts, well known to positively impact risk factors for CVD 
and CVD itself, also support neurological health and cognitive wellness through a 
variety of mechanisms. 

Limited epidemiological evidence suggests that regular nut consumption 
relates to better cognition and a lower incidence of depression, a prevalent clini-
cal condition frequently associated with cognitive dysfunction, while data are not 
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available on dementia outcomes. Very few prospective studies have reported neuro-
degenerative disease mortality in relation to adherence to nuts, with neutral results. 
Few RCTs using nuts in isolation or supplemented to the MeDiet point towards a 
benefcial effect on cognition. Published experimental studies, mostly conducted 
with walnuts, endorse the benefcial effects of nuts on brain health. Nuts have a rich 
matrix of benefcial macronutrients such as PUFAs and arginine; micronutrients 
like tocopherols, folate, and non-sodium minerals; and bioactive phytochemicals, 
particularly polyphenols, phytosterols, and melatonin. According to the paradigm 
that food, not nutrients, is the fundamental unit in nutrition [126], all these nut 
constituents are likely to play a role in neuroprotection, working in concert to posi-
tively infuence metabolic and vascular physiology pathways while counteracting 
oxidation and infammation (Figure 11.1). As summarized in Figure 11.1, nut con-
sumption improves cardiometabolic and brain health due to nuts’ unique composi-
tion in bioactive nutrients and phytochemicals and a complex synergy among them 
with effects on diverse metabolic pathways. Unsaturated fatty acids and the main 
micronutrients and phytochemicals are represented together with their principal 
biological targets (long arrow connections). The net effects demonstrated in exper-
imental and/or clinical studies on outcome variables related to cardiometabolic and 
neurological health for each relevant nut nutrient and for consumption of whole 
nuts are shown. For simplicity, not all nut constituents with an impact on metabolic 
pathways or synergies between them can be shown. For instance, dietary fber 

Figure 11.1 (See color insert.) Summary of mechanisms whereby nut consumption 
benefts cardiometabolic risk and brain health. Note: *Only α-linolenic acid may 
have an antiarrhythmic effect. Abbreviations: LDL-C, low-density lipoprotein choles-
terol; TG, triacylglycerols; K, potassium; Mg, magnesium; Ca, calcium. 
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(not shown), an integral component of nuts, will contribute to reducing low-density 
lipoprotein cholesterol and improving insulin sensitivity, while phytosterols and 
vitamin E may be neuroprotective directly besides effects ascribable to reducing 
oxidation and infammation. Folate (not shown) is another putative neuroprotective 
nut component. The overall result of interactions among nut components ensuing 
consumption of whole nuts would be reduced incidence of and/or mortality from 
chronic non-communicable diseases such as CVD, diabetes, and neurodegenera-
tive disorders. 

In summary, there is incipient evidence that nut diets might be a useful tool 
to prevent or at least delay the cognitive decline that frequently affects older per-
sons in the aging population. The recommendation to consume nuts frequently is an 
easy-to-implement lifestyle modifcation, known to help prevent chronic non-com-
municable disorders such as CVD, a beneft that is likely to extend to age-related 
neurodegenerative disorders such as cognitive impairment and dementia. While 
suggestive, the clinical evidence on the beneft of nut consumption on brain health 
is still preliminary. This underlines the need to perform larger and well-designed 
prospective studies in the general population and to conduct RCTs with as long a 
follow-up as possible in older individuals at risk of cognitive impairment. 
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12.1 introduction 

Habitual consumption of nuts has been associated with a range of health benefts, 
particularly reduced risk of cardiovascular diseases (CVD) and coronary heart dis-
ease (CHD) [1,2]. Nut intake has also been shown to result in favorable changes 
in biomarkers of disease development and progression, including lipid levels [3], 
chronic infammation [4,5], and endothelial function [4], among others. 

The health benefts associated with nut consumption are thought to be linked 
to the unique nutritional profle of nuts. For example, nuts, particularly walnuts, are 
rich sources of polyunsaturated fatty acids (PUFA) such as α-linolenic acid [5]. Nuts 
also contain fber, phytosterols, and antioxidants such as vitamin E, selenium, and 
polyphenols [5]. Unique features of nut composition, such as the encapsulation of 
their fatty acids within cell walls, leading to incomplete digestion and fat malabsorp-
tion, may also play a role in the negligible effects on body weight seen with regular 
nut consumption despite their energy density [6,7]. 

It should be noted, however, that we do not consume individual nutrients or 
foods in isolation, but rather whole diets comprising multiple foods [8]. Thus, while 
it is possible to identify their nutritional contribution, the overall health beneft from 
consuming nuts tends to be observed within the context of a whole diet. In part, 
dietary guidelines refect this position by referring to a range of foods recommended 
for consumption, but they do not necessarily place foods in the context of meals and 
cuisines. In different regions of the world, nuts are consumed in varying amounts. 
This may refect culinary patterns and cultural uses of food, but it can also highlight 
challenges for the implementation of dietary guidelines. This chapter discusses 
the signifcance of nuts in healthy dietary patterns and summarizes the position of 
nuts in a selection of dietary guidelines throughout the world. To view discordance 
between recommendations and consumption patterns, self-reported nut consump-
tion is also considered from national surveys. 

12.2 Nuts as components of Healthy Dietary Patterns 

Nuts have traditionally appeared in studies of dietary patterns associated with a 
range of health benefts, including reduced risk of disease and improved weight 
management [3]. These patterns can also be cuisine-based, such as seen in the 
Mediterranean diet and vegetarian diets, or specifcally designed for disease 
management, as was the case with the Dietary Approaches to Stop Hypertension 
(DASH) diet. 

12.2.1 Mediterranean Dietary Patterns 

The Mediterranean diet describes the traditional dietary pattern of areas in the 
Mediterranean region, including Spain, Southern Italy and Turkey, Greece, and 
Crete [9]. Whilst there are variations between regions, the Mediterranean diet is 
typically characterized by a high intake of olive oil, fruits, vegetables, whole grains, 
and legumes, with limited intake of red meats and processed foods [9]. Nuts, includ-
ing walnuts, almonds, hazelnuts, and pine nuts, also feature as key components of 
the Mediterranean diet [10]. 
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The recent landmark study conducted throughout Spain, the Prevención 
con Dieta Mediterránea (PREDIMED) trial, tested the effects of a Mediterranean 
diet supplemented with either mixed nuts or extra virgin olive (EVOO) compared 
to a low-fat control diet [10]. The study arm supplemented with nuts received 
30 g of mixed nuts (15 g walnuts, 7.5 g almonds, and 7.5 g hazelnuts) per day. 
Participants were also provided with shopping lists, meal plans, and recipes. Nut 
consumption also featured in a 14-item assessment tool designed to determine 
compliance to the Mediterranean diet, with consumption of three or more 30 g 
servings of nuts per week being allocated one point towards the total dietary 
score [11]. 

The PREDIMED study produced good compliance with nut consumption, 
and after a median follow-up of 4.8 years, a 28% reduction in the primary com-
posite end point (myocardial infarction, stroke, or death from a cardiovascular 
cause) was reported compared to the low fat diet group [10]. Secondary analyses of 
the PREDIMED study have indicated that consumption of nuts (or EVOO) in the 
context of a Mediterranean diet also resulted in favorable health outcomes such 
as reduced blood pressure [12], reduced incidence of type-2 diabetes (T2D) [13], 
and peripheral artery disease [14], as well as reductions in levels of infammatory 
biomarkers [15]. 

The role of the supplemented foods (mixed nuts and EVOO) was debated in 
the literature, given that differences between diet groups in individual food group 
consumption were mainly observed with the supplemented foods [16]. However, 
analyses of compliance to the overall Mediterranean dietary pattern found sig-
nifcant differences between groups, with the Mediterranean diet groups scoring 
higher than the controls on Mediterranean diet scores [17]. This meant that while 
the mixed nuts and EVOO may have driven shifts in dietary patterns, the overall 
dietary pattern was different between groups, and adherence to the Mediterranean 
diet, the main dietary variable of concern, was achieved. Nevertheless, the specifc 
inclusion of nuts within the Mediterranean diet confrmed that they contributed to 
the improvements in health outcomes. 

12.2.2 Vegetarian and Vegan Dietary Patterns 

In contrast to the Mediterranean diet, vegetarian and vegan dietary patterns are 
characterized by the foods they exclude, ranging from red meat, chicken, and fsh to 
eggs and dairy for individuals following a vegan diet. Consumption of a vegetarian 
or vegan dietary pattern has been associated with a range of health benefts, includ-
ing reductions in blood pressure [18] and reductions in mortality from heart disease 
and cancer, but not of total cardiovascular and cerebrovascular diseases or all-cause 
mortality [19]. 

Given that many of the foods excluded in a vegetarian or vegan diet are high 
in protein, nuts provide an important source of protein in these dietary patterns. 
Emerging evidence suggests that substitution of plant protein, such as that provided 
by nuts, in place of protein from animal sources is associated with reduced risk of 
all-cause mortality [20] and improved glycemic control [21]. Although the evidence 
base in this area is complex due to variations between foods sources of protein [22], 
nuts appear particularly important in contributing to the health benefts derived 
from vegetarian dietary patterns. 
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12.2.3 Dietary Approaches to Stop Hypertension 

Unlike the Mediterranean and vegetarian/vegan dietary patterns, which are 
informed by traditional cultural habits or ethical beliefs, the DASH diet was specif-
cally designed to investigate the effect of a whole dietary pattern comprising favor-
able foods and nutrients on the management of hypertension [23,24]. The initial 
randomized controlled trial exploring the effects of a DASH diet featured a dietary 
pattern rich in fruits, vegetables, and low-fat dairy foods, with reduced intakes of 
snacks and sweets compared to the control diet, which was designed to provide 
nutrients in similar quantities to the typical American diet [23]. The DASH diet also 
contained a higher quantity of nuts than the control diet, with the 2,100 kcal DASH 
diet containing 0.7 servings of nuts, seeds, and legumes per day (compared to 0 
servings in the control diet). Consumption of the DASH diet for 8 weeks resulted in 
signifcantly greater reductions in systolic and diastolic blood pressure than seen in 
the control group. 

Following the success of the initial study using the DASH diet, DASH-sodium 
was developed, a multicenter randomized controlled trial exploring the effects of the 
DASH diet at high, intermediate, and low sodium levels [25]. The DASH-sodium diet 
continued to feature nuts, including 0.5 servings of nuts and seeds per day, in a 2,100 
kcal diet [26]. While even the higher sodium DASH diet was found to signifcantly 
reduce blood pressure in comparison to the control diet, the combined effect of the 
DASH diet and reduced sodium intake resulted in the largest blood pressure reduc-
tion [27]. Thus, both the dietary pattern and the reduction in sodium content worked 
together to produce lower blood pressure. 

In addition to its favorable effects on blood pressure, consumption of the 
DASH diet has been found to result in improvements in a range of other health 
outcomes. Consumption of the DASH diet has been reported to result in improve-
ments in blood glucose control as well as reductions in the infammatory biomarker 
C-reactive protein in diabetic individuals [28]. Evidence from a recent meta-analysis 
of observational studies confrms the anti-hypertensive effect of the DASH-style 
diets together with reduction of total and low-density lipoprotein cholesterol levels, 
and a greater benefcial effect in improving cardiovascular risk factors was apparent 
in subjects with an increased cardiometabolic risk [29]. A meta-analysis of obser-
vational studies exploring DASH-style dietary patterns among other healthy diets 
found reductions in the risk of CVD, cancer, T2D, neurodegenerative disease, and 
all-cause mortality [30]. The strong evidence base surrounding the DASH diet has 
underpinned much of the understanding of foods that make up healthy dietary pat-
terns, with nuts continuing to appear as a key component. 

12.2.4 Impact of Nut Consumption on Healthy Dietary Patterns 

In addition to contributing to physiological effects, emerging evidence suggests that 
consumption of nuts may play a role in mediating the quality of the overall dietary 
pattern. In observational research, nut consumers also report higher intakes of 
other healthy foods, such as fruits, dark-green vegetables, and fsh, compared to 
subjects reporting no or lower nut consumption [31–33]. Results from recent clinical 
trials indicate that diet quality improves in participants supplemented with walnuts 
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[34,35], resulting from increased consumption of healthy foods such as seafood and 
sources of plant protein [36]. These results suggest that consumption of nuts drives 
changes in dietary patterns by facilitating increased intake of other healthy foods, 
meaning that in addition to forming a key component of healthy dietary patterns, 
nuts may also be central to developing and maintaining healthy dietary indices. 

As nutrition research shifts from a focus on individual nutrients to whole 
foods and diets [37], the evidence base continues to demonstrate the range of 
health benefts associated with healthy dietary patterns such as those described 
here. Recent meta-analyses have demonstrated the favorable effects of consuming 
healthy dietary patterns (which typically include nuts), including reductions in risk 
of T2D [38], reductions in blood pressure [29,39], and improvements in markers 
of chronic infammation [40–42] and endothelial function [42]. Evidence for the 
relationship between dietary factors and chronic disease risk is evaluated in the 
development of dietary guidelines [37]. Whether nuts are considered in this evi-
dence review depends on the determination of the associated research questions. 
Cultural eating patterns and local culinary habits may also be taken into account. 
The next section of this review considers the range of representations of nuts in 
dietary guidelines and how they compare with usual consumption patterns in the 
population. 

12.3 the inclusion of Nuts in Dietary Guidelines 

Dietary guidelines are tools for translating the evidence base on nutrients, foods, 
and dietary patterns to consumers, for the dual purposes of ensuring adequate nutri-
ent intake and decreasing the risk of chronic disease [37]. As highlighted above, 
there is substantial evidence for the positive relationships between consumption of 
nuts and dietary patterns featuring nuts and improvements in risk of chronic dis-
ease. This evidence base has been translated to consumer recommendations in 
food-based dietary guidelines globally [43], many of which promote nut consump-
tion (Table 12.1). The positioning of nuts within dietary guidelines is often refective 
of the food supply in a region; therefore, a selection of food-based dietary guidelines 
exemplifying guidelines surrounding nut consumption is discussed below. Selected 
guidelines are also limited to those published in the English language. Specifc rec-
ommendations for nut consumption from these dietary guidelines, including recom-
mended and serving sizes, are summarized in Table 12.2. 

Given the large number of foods available for consumption, dietary guidance 
systems tend to group foods according to their primary nutrient composition. When 
this nutrient is protein, nuts can be found classifed with other protein-rich foods 
such as meat, eggs, and fsh [44–46]. As nuts also contain a large proportion of 
lipid, they have also been categorized with oils. Recommendations for nut consump-
tion vary between dietary guidelines established for specifc countries, ranging 
from advice presented at the food group level without specifc reference to nuts, for 
example in the United Kingdom [47], to advice to consume a given amount of nuts, 
for example the minimum of 15 g/day listed in the Dutch Dietary Guidelines [48]. 
Serving sizes also varied, although 15–30 g appeared to be the most common por-
tion size used (Table 12.2). 
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table 12.1 Food-Based Dietary Guidelines Referring to Nut Consumption 

Country Publication Year Guidelines Found in English 

Albania 2008 √ 
Antigua and Barbuda 2013 √ 
Australia 2013 √ 
Austria 2010 No 
Belgiuma 2005 No 
Belize 2012 √ 
Benin 2015 No 
Brazil 2014 √ 
Canada 2007 √ 
Colombia 2014 No 
Croatia 2002 No 
Fiji 2009 √ 
Greece 1999 √ 
Grenada 2006 √ 
Guatemala 2012 No 
Guyana 2004 √ 
India 2011 √ 
Iran 2006 No 
Ireland 2011 √ 
Jamaica 2015 √ 
Latvia 2008 No 
Lebanon 2013 √ 
Malaysia 2010 √ 
Malta 2016 √ 
Namibia 2000 √ 
Netherlands 2015 √ 
New Zealand 2015 √ 
Nigeria 2001 √ 
Oman 2009 √ 
Philippines 2012 √ 
Qatar 2015 √ 
Saint Kitts and Nevis 2010 √ 
Saint Lucia 2007 √ 
Saint Vincent and the Grenadines 2006 √ 
Sierra Leone 2016 √ 
South Africa 2012 √ 
Spain 2008 No 
Sri Lanka 2011 √ 
Sweden 2015 √ 

(Continued) 
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table 12.1 (continued) Food-Based Dietary Guidelines Referring to Nut Consumption 

Country Publication Year Guidelines Found in English 

Switzerland 2011 No 
Turkey 2006 √ 
United Kingdom 2016 √ 
United States of America 2015 √ 

Source: Adapted from Food and Agriculture Organisation of the United Nations, Food-
based Dietary Guidelines. Published online at: http://www.fao.org/nutrition/e 
ducation/food-dietary-guidelines/home/en/ (accessed July 28, 2018). 

a Guidelines refer to “nut oil.” 

12.3.1 Dietary Guidelines Established in the 
United States, Canada/Australia, New Zealand/ 

the United Kingdom, and Ireland 

Nuts are presented in a similar fashion in the dietary guidelines of these largely 
English-speaking countries. Nuts are seen as part of a healthy diet and are aligned 
with certain other foods based on elements of their nutritional composition, with 
emphasis on macronutrients, lipid, and protein. The approach to the development of 
the guidelines is also similar. 

The Dietary Guidelines for Americans (DGA) were updated in 2015 following 
a review of the 2010 edition by the DGA Advisory Committee [49,50]. The update 
involved a highly comprehensive review incorporating four approaches: (1) conduct-
ing original systematic reviews of the literature; (2) utilizing existing systematic 
reviews, meta-analyses, and scientifc reports from Federal bodies or scientifc 
organizations; (3) analyzing national data on disease prevalence and food and nutri-
ent intakes; and (4) food pattern modeling [49]. 

The 2015–2020 DGA emphasize the importance of consuming a healthy 
dietary pattern, which evidence reviews characterized as being plant-based and 
containing high amounts of fruits and vegetables, whole grains, seafood, nuts, and 
legumes, whilst containing moderate amounts of low- or no-fat dairy foods, lower 
quantities of red and processed meat, and low amounts of sugar-sweetened foods 
and drinks as well as refned grains [50]. The DGA provides quantitative recom-
mendations for food consumption within three different variations of healthy dietary 
patterns, in order to translate the guidelines into practical advice for consumers. 
The Healthy U.S.-Style Eating Pattern was designed to be an example of a healthy 
style of eating based on reported food consumption in the United States. Within 
this dietary pattern, it is recommended that individuals consume 5 oz-equivalents 
(~71 g) of nuts, seeds, and soy products per week in the context of a 2,000 kcal/day 
diet, with varying amounts recommended for lower and higher energy diets. Other 
healthy dietary patterns designed to allow for other styles of eating also incorporate 
nuts: the Healthy Mediterranean-Style Eating Pattern includes 5 oz-equivalents (~71 
g) of nuts, seeds, and soy products per week in the context of a 2,000 kcal/day diet, 
whereas the Healthy Vegetarian Eating Pattern includes 14 oz-equivalents (~199 g)/ 
week. Within the eating patterns, one oz-equivalent (~28.4 g) is considered to be ½ 
oz (~14.2 g) of nuts/seeds, to account for their energy-dense nature. 
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As with the United States DGA, Health Canada developed Canada’s Food Guide 
[51] to promote healthy eating patterns for the national population. The guidelines 
were also developed based on evidence reviews evaluating the effect of food intake 
patterns on health outcomes. In addition, the guidelines were designed to align with 
current nutrient intake recommendations. Nuts were treated as part of the “meat and 
alternatives” group. Signifcantly, the accompanying resource document designed 
for educators and communicators notes that nuts are an energy-dense food, despite 
containing monounsaturated fatty acids (MUFA) and PUFA that are benefcial for 
cardiovascular health [52], implying the need to consider overall energy intakes in 
consequent dietary patterns. Nevertheless, there are culinary considerations; for 
example, the educator document contains suggestions for incorporating nuts into 
the diet, such as “add nuts to your vegetable stir-fry.” 

Unlike the United States DGA, Canada’s Food Guide does not provide a specifc 
recommendation for the amount of nuts to incorporate into a healthy dietary pattern. 
Instead, recommendations are made for the higher order “meat and alternatives” 
group, with guidance ranging from one serving per day (children aged 2–3 years) to 
three servings per day (males aged 18 years and older). One serving of shelled nuts 
is considered to be 60 mL (1/4 cup). Like the Australian Dietary Guidelines, highly 
active individuals are encouraged to consume additional foods from the core food 
group to meet their energy needs. 

The Australian Dietary Guidelines [53] were updated in 2013 following a 
comprehensive series of evidence reviews. Systematic reviews of the evidence 
were conducted to explore the effect of nut and seed consumption on a range of 
outcomes, including risk of obesity and CVD. An umbrella review examining the 
effect of the Mediterranean diet on health or disease outcomes was also conducted. 
The Australian Dietary Guidelines recommend that Australians consume a variety 
of foods from the fve food groups. Nuts are categorized with other protein-rich 
foods such as lean meat, poultry, fsh, eggs, tofu, seeds, and legumes, with a serv-
ing of nuts considered to be 30 g. Like the DGA, the development of the Australian 
Dietary Guidelines utilized dietary modeling to translate nutrient requirements 
into recommended intakes of food groups [54]. Recommendations for the number 
of total servings of protein-rich foods varies between individuals based on age and 
gender, from one serving per day for children aged 2–3 years, to 3 ½ servings for 
pregnant women. In addition, nuts and seeds may also form part of an allowance for 
unsaturated-fat spreads and oils, with recommended intakes ranging from ½ serv-
ing (children aged 2–3 years), to 4 servings (men aged less than 70 years). In this 
case, a serving of unsaturated-fat spreads and oils is considered to be approximately 
10 g of nuts. In addition to the recommended number of servings listed above, indi-
viduals who are taller or more active will also require additional doses of the fve 
food groups and/or unsaturated-fat spreads and oils, as well as scope for including 
discretionary choices. These approaches demonstrate how advice on consumption 
of nuts is also framed around total dietary considerations, including dietary protein, 
fat, and total energy intake. 

The New Zealand Ministry of Health released the Eating and Activity 
Guidelines for New Zealand Adults in 2015 [55], replacing the Food and Nutrition 
Guidelines for Adults [56] and incorporating physical activity guidelines (previ-
ously provided separately in Movement = Health [57]). The New Zealand Eating 
and Activity Guidelines were developed based on evidence reviews conducted for 
other dietary guidelines, including the Australian Dietary Guidelines [58], the 
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Nordic Nutrition Recommendations [59], and the DGA [49], in addition to system-
atic reviews conducted by global authorities such as the World Health Organization 
[60] and the World Cancer Research Fund [61]. With the release of the New Zealand 
Eating and Activity Guidelines, recommendations surrounding protein-rich foods 
were updated to align with the growing body of evidence for the benefcial effects of 
protein from plant and seafood sources [20,21]. As such, the protein-rich food group 
is now defned as “legumes, nuts, seeds, fsh and other seafood, eggs, poultry (e.g., 
chicken), or red meat with the fat removed.” Adults are recommended to consume 
either two or more servings of legumes, nuts, or seeds per day (with a serving of 
nuts defned as 30 g or a small handful), or one serving of foods rich in animal pro-
tein per day (such as fsh or seafood, eggs, poultry, or red meat). The guidelines also 
include recommendations on how to include nuts in the diet, such as substituting 
nuts for less healthy foods. Thus, further shifts in considerations can be seen from 
this approach, moving to the protein source (plant or animal) and the need to make 
food choices at the expense of other foods in establishing healthy dietary patterns. 

In the United Kingdom, the Eatwell Guide was released in 2016 by Public 
Health England [47], replacing the previous food guide, the Eatwell Plate. The revi-
sion was underpinned by food modeling based on the National Diet and Nutrition 
Survey as well as recommendations for nutrient consumption (the Dietary Reference 
Values) [62]. Nuts are categorized in the “beans, pulses, fsh, eggs, meat, and other 
proteins” group in the Eatwell Guide. Unlike food guides from a number of other 
countries, nuts are not specifcally mentioned in the food group name or listed in the 
recommendations for the group, which recommends consumers “eat more beans 
and pulses, two portions of sustainably sourced fsh per week, one of which is oily.” 
However, as has been the case in many guidelines to date, nuts are depicted picto-
rially in the guide and listed as an included component of the food group, but no 
additional details on types of nuts, serving sizes, or strategies for including nuts in 
the diet are provided. 

Ireland’s Healthy Eating Guidelines were revised in 2011 [63], prompted by 
the need to update the previous food guide to address a rising chronic disease bur-
den. Revision of the existing food guide involved a process of evaluating the energy 
and nutrients content of diets aligning with the previous recommendations, and 
comparing these to requirements for various age and gender groups. The practi-
cality of interpreting advice in the previous guide and the positioning of different 
food groups was also considered in the revision. As with the Eatwell Guide from 
the United Kingdom [47], nuts are referred to sparingly in the Irish Health Eating 
Guidelines. Nuts are considered to be part of the meat, poultry, fsh, and/or alter-
natives food group, and consumers are advised to “choose lean meat and poultry; 
include fsh (oily is best), and remember that peas, beans, and lentils are good alter-
natives.” Nuts are also not specifcally referred to in the detailed overview of the 
food groups, which provides recommendations on types of foods to include from 
each food group, as well as suggested cooking methods. Consumers are specifcally 
advised to limit their intake of salted nuts, in order to reduce sodium intake. Thus, 
consideration of another nutrient, sodium, comes into play, and in association with 
food processing rather than the inherent nutritional composition of raw nuts. 

As with a number of other guidelines globally, Ireland’s Healthy Eating 
Guidelines recommend consumption levels by age and gender groups. Males aged 
between 15–50 years are advised to consume one “main meal” serving of foods from 
the meat, poultry, fsh, and/or alternatives food group and 1–2 “light meal” servings 
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per day, whilst all other age and gender groups are recommended to consume one 
“main meal” and one “light meal” serving per day. Unsalted nuts are recommended 
as a potential option for a “light meal,” with the serving size listed as a handful, or 
1–2 teaspoons of peanut butter. This combines the consideration of the nuts as a 
single food group and culinary elements, bringing into play the concept of a meal. 

In this set of guidelines from English speaking countries, the position of nuts 
can be seen to be somewhat variable and possibly ambiguous, particularly where 
concerns are present for energy and fat consumption. Challenges for guidelines 
development will remain with untangling the inter-relationships between dietary 
qualities, refected in overall nutrient and total energy intakes, while still appreciat-
ing the unique nutritional package and the evidence of the health benefts of the 
consumption of nuts. 

12.3.2 Dietary Guidelines in the Mediterranean Region 

Rather than limit dietary fat, the Mediterranean cuisine can be seen to embrace it, 
but only as a result of commitment to naturally fat-rich plant foods, notably olive oil 
and nuts. Thus, there is a greater emphasis on foods themselves and then the type 
of fat they provide. 

The Greek Dietary Guidelines were released in 1999 [64]. The guidelines spe-
cifcally highlight nuts as a source of MUFA, vitamin E, and fber. As a result, along 
with seeds, they are recommended as a healthy snack choice. A Greek version of the 
Harvard Mediterranean diet pyramid accompanies the guidelines and recommends 
consumption of 3–4 servings of olives, pulses, and nuts per week. One serving is 
considered to be equal to approximately half the portion size served in restaurants. 
With a largely plant-based diet, the inclusion of signifcant servings of these fat-rich 
foods would still maintain an overall balance in nutrient and energy intakes. 

More recently, the Dietary Guidelines for Maltese Adults [65] was released in 
2016. The guidelines and their accompanying food selection guide, the Healthy Plate, 
were developed following a review of the literature. Like many dietary guidelines in 
Europe, the Maltese dietary guidelines promote consumption of a Mediterranean 
dietary pattern. Nuts are considered to be part of the “meat and alternative products” 
food group, which also includes lean meat, fsh, poultry, eggs, legumes, and seeds, 
although the guidelines also highlight nuts as a source of omega-3 fatty acids. The 
dietary guidelines recommend adults consume approximately 20 g of nuts 4–5 times 
a week (for a total of 80–90 g per week). Nuts are encouraged as a healthy snack 
option, and guidelines recommend the consumption of raw or roasted and otherwise 
unsalted nuts, rather than fried or salted varieties. Nuts are also promoted as an 
alternative to meat to promote sustainability. This introduced another dimension 
to the attribution of value to nuts. In addition the reference to cuisine, guidance on 
snacks and the limitation of added sodium refect considerations beyond macronu-
trient composition. 

The Food-Based Dietary Guidelines for Lebanese Adults were released in 
2013 [66]. Nuts are classifed in the “protein-rich foods” group, with lean red and 
white meat, eggs, legumes, and seeds. In the context of a 2,000 kcal diet, consum-
ers are recommended to have 5–6 ½ servings of this group per day, with a serving 
of nuts considered to be 15 g. The 6th Guideline also specifcally refers to nuts, 
recommending that individuals “consume legume-based dishes regularly and enjoy 
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some unsalted nuts and seeds,” with the goal of increasing intakes of protein, fber, 
and micronutrients. The Food-Based Dietary Guidelines for Lebanese Adults also 
include cuisine-based suggestions for increasing the intake of legumes, nuts, and 
seeds, including adding nuts to breakfast cereals, rice dishes, salads, homemade 
puddings, and fruit salads. Raw unsalted nuts are also suggested as a healthy option 
for snacking. In addition to the guideline recommending increased consumption of 
legumes, nuts, and seeds, the Lebanese Dietary Guidelines also highlight walnuts 
as an alternative source of omega-3 fatty acids for those who do not consume fsh or 
fsh oil supplements. Thus, the value of nuts is considered for an essential fatty acid 
as opposed to just protein, traditionally seen in its categorization with meats and 
similar foods. 

12.3.3 Dietary Guidelines in Northern European Regions 

The Nordic Nutrition Recommendations 2012 [59] are the basis for a number of 
dietary guidelines in Northern Europe, including Denmark, Estonia, Finland, 
Iceland, Norway, and Sweden. The recommendations were developed based on a 
number of comprehensive systematic reviews of the literature, with reference to 
additional scientifc reports and recommendations from other expert bodies nation-
ally and internationally. 

The Nordic Nutrition Recommendations emphasize the important of consum-
ing a dietary pattern rich in plant-based foods, featuring vegetables, fruits, pulses, 
nuts, seeds, and whole grains. The recommendations also encourage consumption 
of fsh and seafood, vegetable oils and spreads, and reduced fat from dairy foods. 
Nuts are specifcally highlighted as one of the foods consumers should eat more of 
in order to promote health. In reviewing the evidence for the effects of consumption 
of specifc food groups on health, nuts are discussed with other plant foods such as 
vegetables, fruits, and berries. Signifcantly, nuts are promoted as a fber-rich food 
and are also encouraged as a strategy for improving dietary fat quality. 

In 2015, the Netherlands released their updated dietary guidelines, which 
had last been updated in 2006 [48]. The development of the 2015 Dutch Dietary 
Guidelines was informed by the body of evidence from background documents, 
such as pooled analyses, meta-analyses, and systematic reviews, on the relation-
ships between nutrients, foods, and dietary patterns and chronic diseases. The 
Dutch Dietary Guidelines recommend the consumption of a plant-based dietary pat-
tern, with reduced consumption of animal foods such as red meat. The guidelines 
specifcally refer to increasing nut consumption, due to the relationship between nut 
intake and reduction of CHD risk. Unlike many other guidelines globally, the Dutch 
Dietary Guidelines include a guideline solely concerning nuts, where consumers are 
advised to “eat at least 15 g of unsalted nuts daily.” This demonstrates an emergence 
of nuts being considered as a distinct food group. 

12.3.4 Dietary Guidelines in South Asia and Asia 

The revised version of the Dietary Guidelines for Indians was released in 2011, 
building on the frst version which was initially published in 1998 [44]. The guide-
lines were revised following shifts to the socio-economic situation in India, which in 
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turn with globalization have resulted in an increased prevalence of obesity and other 
chronic diseases, although protein-energy malnutrition continues to be an issue for 
much of the population [67]. Within the Dietary Guidelines for Indians, nuts are 
considered to be part of the “Oils, fats, nuts, and oilseeds” group, a position seen in 
other countries. Nuts are highlighted as being useful to increase the energy density 
of the diet, and are also stated to be rich in protein, calcium, ribofavin, and folate. 
Nuts are also emphasized as a source of omega-3 fatty acids, with consumers being 
advised to substitute nuts in place of visible and invisible fat from animal products. 
Despite their energy density, nuts are still considered to a valuable component in the 
dietary prevention of obesity, with a diet rich in fruits, vegetables, legumes, nuts, 
and whole grains advised to consumers. Thus, the broader nutritional contribution 
of nuts remains important in this context. 

The Malaysian Dietary Guidelines were updated in 2010 to include an 
expanded list of recommendations with more comprehensive information than the 
frst version, published in 1999 [68]. Background information underpinning the 
guidelines was developed based on reviews of the literature. Within the Malaysian 
Dietary Guidelines, nuts are grouped with other protein-rich foods such as fsh, 
meat, poultry, eggs, and legumes. Nuts are highlighted as being rich in fber, pro-
tein, unsaturated fatty acids, and other vitamins and minerals, and are recom-
mended to be consumed as alternatives to other protein-rich foods from animal 
sources, such as meat. However, the guidelines warn against excessive consump-
tion due to the energy content of nuts, and limited consumption of salted nuts is 
recommended. The guidelines recommend that nuts and seeds be consumed in 
a weekly diet, with cuisine-based suggestions given such as the inclusion of nuts 
in vegetarian stir-fries. The Malaysian food pyramid also provides quantitative 
recommendations for other foods in this food group (for example ½–2 servings of 
meat, poultry, and eggs per day). Although specifc recommendations regarding 
nuts are not provided, their presence in culinary guidance is similar to that seen 
elsewhere. 

The revised version of the Food Based Dietary Guidelines for Sri Lankans [46] 
was released in 2011. Nuts are classifed in the “nuts and oil seed” group, and adults 
are recommended to eat 2–4 servings from this food group per day (one serving is 
considered to be 15 g or one tablespoon of nuts). Nuts are emphasized as being good 
sources of fber, folate, vitamin E, selenium, and MUFA. These nutrients would 
become available in their recommendation as a healthy snack. 

12.3.5 Dietary Guidelines in South American, 
Caribbean, and African Regions 

The Dietary Guidelines for the Brazilian Population, updated in 2014 [69], specif-
cally highlight the importance of considering whole foods and dietary patterns, 
rather than focusing solely on individual nutrients. The guidelines were developed 
in a joint initiative of the Ministry of Health and the Center for Epidemiological 
Research in Nutrition and Health of the University of São Paulo and were supported 
by the Brazilian Pan American Health Organization Offce. The development pro-
cess used in the guidelines was highly participatory, using working groups made up 
of a range of experts, with stages of evaluation and public consultation. Rather than 
prescribing amounts of foods to consume, the Dietary Guidelines for the Brazilian 
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Population recommends ten steps to achieving a healthy diet. A distinguishing 
feature of these guidelines is seen with the initial focus on consuming a variety of 
natural or minimally processed foods, with a particular emphasis on plant foods. 
Nuts without the addition of salt or sugar are categorized as a natural or minimally 
processed food in the guidelines. The addition of salt or sugar to nuts results in them 
being considered to be processed and, as a result, consumption of these varieties are 
not encouraged. The Brazilian Dietary Guidelines also emphasize the importance 
of considering the role of individual foods within the wider cuisine. As such, the 
guidelines contain suggestions and images depicting healthy meal options. Nuts 
are recommended as components of salads, sauces, and other dishes, or as a snack. 
The importance of cuisine and the foods contained therein is refected in these 
guidelines. 

The Food-Based Dietary Guidelines for Jamaica were released in 2015 [70]. 
The guidelines were developed following focus group discussions, household tri-
als, and consultations with stakeholders. The guidelines are aimed at those aged 
2 years and older and are designed to address health problems associated with 
under and over-nutrition, including chronic diseases such as CVD and T2D. Of the 
eight food-based dietary guidelines, one guideline recommends Jamaicans include 
peas, beans, and nuts in their daily meals as a way of increasing fber intake, pro-
viding dietary variety, and improving satiety. Unsalted nuts are also highlighted as 
a healthy snack. Quantitative recommendations for nut consumption vary by age, 
gender, and activity. In the context of a 2,200 kcal/day diet, consumers are recom-
mended to eat three servings of legumes and nuts per day, with a serving proving 
73 kcal (listed as being equivalent to 16 peanuts, 7 cashews, or 10 almonds). This is 
a substantial consideration for this food group, refecting their signifcance in the 
local diet. 

In Africa, the Sierra Leone Food-Based Dietary Guidelines for Healthy Eating 
were published in 2016 [45], with technical guidance and supervision from the Food 
and Agriculture Organization of the United Nations. The Sierra Leone guidelines 
were designed to address the prevention and management of both under-nutrition 
and overweight/obesity. Unlike a number of other guidelines worldwide, due to dif-
ferences in nutrient profle, nuts are not grouped with protein foods but are instead 
classifed with other dietary sources of fat such as oils and seeds. The nutrient-
dense nature of nuts is highlighted, and consumption of nuts is recommended. For 
example, in mixed dishes, the role of nuts is highlighted as a source of protein and 
nutrients, without which individuals could risk nutrient inadequacy or defciency. 
Within the Sierra Leone guidelines, an example of a serving of nuts given is half 
a cup of shelled groundnuts, and when used in mixed dishes it is recommended 
that each individual consume enough nuts and seeds to fll their palm. Again, the 
positioning of nuts is substantial in this population where problems of both under-
nutrition and obesity are present. 

12.4 Descriptive consumption of Nuts 

The consumption of nuts reported within a given population is a consideration for 
their inclusion in dietary guidelines. National surveys indicate that nut consumption 
may fall short of recommendations in a number of countries, suggesting a disconnec-
tion between dietary guidance and consumer behavior. For example, the 2011–2013 
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Australian Health Survey identifed that only 15.6% of individuals reported consum-
ing nuts or nut products on the day of the survey [71]. Mean consumption of nuts 
and nut products between 2011 and 2013 in the Australian Health Survey was 5.2 g, 
likely due to the large proportion of the population who did not consume nuts. The 
2008–2009 New Zealand Adult Diet Survey also reported similar mean intakes of 
total nuts to that found in Australia, although a higher proportion of nut consumers 
were identifed in New Zealand, with 28.9% of the population consuming nuts on the 
day of the survey [72]. This variation may in part be due to differences in survey 
methodology, as the New Zealand survey considered “nuts from hidden sources” 
such as muesli bars to contribute to total nut intake, whereas the Australian survey 
did not. It should also be noted that available data from both the Australian and New 
Zealand surveys represent a single day’s consumption, which may have resulted in 
under-estimation of the proportion of nut consumers. 

Results from other national surveys also suggest a low proportion of nut con-
sumers in other countries. For example, O’Neil et al. [32] explored nut consumption 
reported in the National Health and Nutrition Examination Survey in the United 
States in 2005–2010. In adults aged over 19 years, those consuming tree nuts (con-
sidered to be those reporting a usual nut intake of more than ¼ ounce per day) made 
up only 6% of the population. Due to the low proportion of consumers, mean usual 
intake of nuts in the population overall was approximately 3 g per day, whereas mean 
usual intake in nut consumers was 44.3 g per day. Whilst a relatively small propor-
tion of the population reported consuming nuts, these results suggest that those 
who did were likely to meet recommended intake quantities. This suggests scope 
for targeting individuals currently not consuming nuts to promote intakes which are 
in line with dietary guidelines. 

12.5 conclusion 

From a traditionalist nutrition perspective, nuts provide substantive amounts of pro-
tein, fat, and energy in the diet, along with a range of essential micronutrients and 
bioactive compounds. Thus, the inclusion of nuts in the total diet contributes to the 
overall nutritional quality. The energy and fat content of the diet refects the combi-
nation of foods consumed, and nuts can be important contributors to the overall bal-
ance achieved. Research involving habitual consumption of nuts provides evidence 
of a range of favorable health effects, particularly cardiovascular benefts. Nuts form 
part of a number of healthy dietary patterns, and emerging evidence now suggests 
that their inclusion may further improve the quality of a dietary pattern. 

Dietary guidelines are developed based on evidence of nutritional benefts. 
The considerations apparent in the statements of guidelines from various regions of 
the world suggest that the nutrient contributions remain important. Nuts may be cat-
egorized with other protein-rich or fat-rich foods or treated as a discrete food group. 
Emergent considerations now appear as nuts as a source of plant protein and an alter-
native source of desirable fatty acids. Cuisine is an important element, with educa-
tional support materials moving beyond reference simply to snacks, a protein source 
in meals, and inclusion in traditional dishes to include established serving sizes for 
nuts and recommended frequency of consumption. Processing is also emerging 
as a concern, particularly with the caution expressed around the addition of salt 
and sugar to nut products. Most guidelines recommend regular nut consumption, 
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although evidence from representative surveys suggests that consumers may not be 
complying with these recommendations. To fnd ways of encouraging nut consump-
tion to ensure intakes align with dietary recommendations presents a public health 
challenge. Further research is also required on the complementary role of including 
nuts as a strategy for promoting healthy dietary patterns and should continue to 
investigate the effect of nuts on a range of emerging health outcomes, such as novel 
biomarkers of health. 
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13.1 introduction 

The impact of nut consumption on human health is widely recognized. The benef-
cial effects of nuts have been mainly attributed to their specifc fatty acid profles, 
high fber content, and richness in bioactive compounds with antioxidant and anti-
infammatory properties. However, the prebiotic properties of nuts as substrates for 
gut microbiota and their potential impact on health have been much less explored. 

In this chapter, we focus on the overall effect of plant-based diets on gut micro-
biota and specifcally in the modulatory role of nut consumption. We summarize 
the evidence provided by in vitro and in vivo animal studies using gnotobiotic mice 

313 



  

 

 

 
 

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

and multi-stage fermentation models, as well as recent evidence from clinical trials. 
Finally, we propose an overview of putative mechanisms explaining these fndings, 
albeit further mechanistic studies are required to help unravel the underlying mech-
anisms linking nut consumption, gut microbiota, and health benefts. 

13.2 the effect of Diet on Gut Microbiota 

It is now well established that dietary habits infuence the composition of gut micro-
biota. The traditional view of the benefcial effects attributed to single nutrients 
has been shifting towards synergy of multiple food components and dietary pat-
terns. Based on long-term dietary habits, the gut microbial profle is divided broadly 
into two enterotypes: (i) Prevotella enterotype, found predominantly in individuals 
consuming carbohydrate-based or vegetarian diets; and (ii) Bacteroidetes phylum, 
found in diets high in protein and/or animal products [1]. There are several well-
known diet patterns based on different cultures and geographical locations; how-
ever, the three most common dietary patterns followed around the world are the 
Western diet, Mediterranean diet (MedDiet), and Asian diet. Vegetarian (lacto ovo-
vegetarian [LOV] and pesco-vegetarian) and vegan diets emphasize consumption 
of plant-based food, which are also present in Mediterranean and Asian diets. The 
microbiome may be key to understanding mechanisms explaining the protective 
effects of vegetarian diets against chronic diseases such as type-2 diabetes (T2D), 
hypertension, cardiovascular disease (CVD), and different types of cancer [2–4]. In 
contrast, the Western diet is characterized by high refned carbohydrates and meat 
intake [5]. Macronutrient content could vary highly among these diets. For example, 
the total fat content in an omnivorous diet (34%–36%) is higher than in the LOV 
(30%–34%) and the vegan diets (28%–32%) [6]. 

The MedDiet, widely acknowledged to be a healthy dietary pattern, is char-
acterized by a high consumption of fruits, vegetables, legumes, fsh, whole grains, 
nuts, and olive oil; moderate consumption of dairy products and wine; and low 
intake of red and processed meats and foods that contain high amounts of added 
sugars. Therefore, the MedDiet is rich in fat, especially monounsaturated fat, which 
abounds in olive oil and nuts, but also in antioxidants and polyphenols from all 
sources of vegetables. However, the synergistic effect of the MedDiet components 
on gut microbiota has been little explored. High adherence to the MedDiet has been 
associated with benefcial changes in the gut microbiome and their metabolome, 
such as abundance of fber-degrading Prevotella and Firmicutes and raised produc-
tion of fecal short-chain fatty acids (SCFAs) [7]. Higher adherence to the MedDiet 
was also found to be characterized by lower counts of pathogenic Escherichia coli 
and higher frequency of benefcial Bifdobacteria [8]. Conversely, lower adherence 
to the MedDiet was linked to higher urinary trimethylamine N-oxide levels, a micro-
bial metabolite believed to be a marker for cardiovascular risk [9]. Consumption 
of MedDiet with up to 22% monounsaturated fat in an obese population has also 
been shown to increase counts of the benefcial Roseburia genus [10]. An interesting 
study comparing the effect of a vegan diet rich in seaweed, wholegrain, legumes, 
and fermented products (the Ma-Pi 2 diet) to a control MedDiet was conducted in 
12 participants with reactive hypoglycemia for 3 days. The diets did not induce sig-
nifcant changes in gut microbiota, but fecal SCFAs increased signifcantly after the 
vegan diet [11]. 
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The vegan diet is similar to the vegetarian diet but is completely devoid of 
animal products, including dairy, which is commonly included in the vegetarian 
diet. More than three decades ago, van Faassen et al. [12] conducted one of the 
frst studies analyzing gut microbiota, wherein they compared three diets for 20 
days each (vegan, LOV, and mixed Western diet) in 12 healthy men. The genera 
Lactobacillus and Enterococcus were found to be reduced among participants con-
suming the vegan diet. A large-scale trial compared the gut microbiome from veg-
ans (n = 105) and vegetarians (n = 144) to that of age and gender-matched controls 
consuming an omnivorous diet. The four most important taxonomical groups of 
gut bacteria (Bacteroides, Bifdobacterium, E. coli, and Enterobacteriaceae) did not 
differ signifcantly between omnivores, vegans, and vegetarians. However, vegan 
samples differed the most from omnivores for the aforementioned bacterial gen-
era [13]. It was also noted that the stool pH was signifcantly reduced in vegans 
compared to omnivore controls. The reduced pH could be related to the higher 
microbial production of SCFAs that occurs when more microbial substrates, such 
as the ones derived from vegan diet, are available [13]. This lowering in pH was 
also strongly correlated with reduced counts of Enterobacteriacea and, specif-
cally, E. coli. 

A study conducted in Slovenia observed the differences amongst healthy indi-
viduals with long term consumption of omnivorous versus vegan or lacto-vegetarian 
dietary patterns. This study included 31 omnivores, who were compared with 20 
vegan or 11 lacto-vegetarian participants. Proportions of Bacteroides to Prevotella 
were found to be higher among the vegan/lacto-vegetarian group in comparison 
to omnivores. In addition, a higher proportion (percent of group-specifc DNA in 
relation to all bacterial DNA) of Bacteroides thetaiotaomicron, Clostridium clostridi-
oforme, and Faecalibacterium prausnitzii, and a lower proportion of Clostridium 
cluster XIVa, that is, an overall healthier gut microbiota profle, was observed in veg-
etarians compared to omnivores. Similar to the Slovenian study, another study con-
ducted in Thailand compared the stool microbiome of six non-vegetarians to seven 
vegetarians, showing a high proportion of Bacteroides in non-vegetarian participants 
and higher proportion of Prevotella in vegetarians [14]. Similar results have been 
reported in African children from Burkina Faso, where the most abundant genus in 
the gut microbiota of vegetarians was Prevotella, whereas in children living in urban 
Florence (Italy) who primarily consume non-vegetarian foods, Bacteroides was the 
most abundant genus [15]. 

High consumption of dietary fber typically from plant-based diets has received 
maximum attention in relation to positive changes in gut microbiota [16]. Shifting 
from a high fat diet to a high fber diet in 20 middle-aged African Americans for 2 
weeks showed changes in microbiota and their pathways with increased butyrogen-
esis and benefcial changes in mucosal biomarkers of colon cancer [17]. Plant-based 
diets such as vegetarian and MedDiet are not only rich in fber, with recognized 
effects on gut microbiome, but also contain high amounts of polyphenols, which are 
mainly found in fruits, vegetables, legumes, nuts, wholegrain cereals, tea, coffee, 
cocoa, and wine [18]. Tea polyphenols have shown the ability to inhibit the growth of 
pathogens such as Helicobacter pylori, Staphylococcus aureus, Listeria monocytogenes, 
and Pseudomonas aeruginosa [19]; hence plant-based diets rich in polyphenols have 
the potential to modify the gut microbiome profle and its metabolic effects. 

Other than the major recognized dietary patterns, people also follow differ-
ent diets for specifc aims and lengths of time. For the purpose of this chapter, it 
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is worth mentioning ketogenic and gluten free diets, which are usually rich in fat. 
The ketogenic diet has been used as a nutritional therapy for a wide range of neuro-
related diseases, such as epilepsy [20], Parkinson’s disease [21], and autism [22], but 
also to treat obesity [23,24]. One in vivo study conducted in mice demonstrated that 
the ketogenic diet increased benefcial gut microbiota and improved neurovascu-
lar function. In addition, it reduced the pro-infammatory genera Desulfovibrio and 
Turicibacter, while increasing the benefcial Akkermensia municiphila [25]. However, 
exploration of the ketogenic diet’s mechanisms of action based on gut microbiota 
has been limited thus far. Another diet followed by patients with celiac disease and 
frequently by individuals who believe they are gluten intolerant is the gluten-free 
diet. This diet has been associated with reduction in the diversity of Bifdobacterium 
and Lactobacillus [26,27]. 

It is undisputed that different dietary patterns have a varied impact on gut 
microbiota and health. Starting from understanding the role of single nutrient or 
individual food components would allow us to look better into the combined effect of 
different dietary elements. In the following sections of this chapter, the role of nuts – 
a key component of such dietary patterns – on gut microbiota is explored. 

13.3 Modulation of Gut Microbiota by Nut consumption 

13.3.1 Methodological Issues of In Vitro and In Vivo Studies 

Since the beginning of the twenty-frst century, the majority of human studies have 
been based on the use of fecal samples to identify the microbial species of the gas-
trointestinal tract and to correlate microbiota composition with host phenotype [28]. 
The use of 16S rRNA sequencing has been established as the main technique to pro-
vide taxonomic information about the microbiota [29]. Despite the creation of 16S 
rRNA-based catalogues via high-throughput sequencing platforms, little is under-
stood about the functionality of the species identifed [30]. 

Human studies have utilized valid approaches to address research questions 
about the effects of specifc nutrients on gut microbial composition or to confrm 
effects observed or mechanisms implied in simplifed models; there are, however, 
important limitations to consider: 

i. To investigate the effects of nutritional compounds on the gut microbiota 
sometimes requires the administration of high doses of test ingredients, 
which could lead to undesirable side effects and entails diffculty monitor-
ing and achieving good compliance to the interventions [28]. 

ii. There is an inherent diffculty in obtaining samples from different areas of 
the gastrointestinal tract [31]. 

iii. It is crucial to consider the microbial community of the mucus layer, formed 
by the secretions of the gut epithelial cells, which separates the gut lumen 
and host tissue [32], but sampling is invasive, and fecal samples do not rep-
resent the community of this mucus layer [33]. 

iv. The adaptability of colonic microbiota to changes in substrate availability 
and inter-individual variability between samples resulting from genetic 
background, diet, health status, lifestyle, and environmental conditions, 
are important constraints [34]. 
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v. In the context of the impact of prebiotics and probiotics on gut microbiota 
composition, it is diffcult to determine if their effects are driven by direct 
growth stimulation or by the decrease in pH caused by the SCFAs produced 
by microbial fermentation [35]. 

vi. The complexity of host–microbiota interactions is an added hindrance in 
focusing on gut microbial activity and interpret the results [36]. 

13.3.2 Animal Models 

The use of animal models makes it possible to modulate and investigate host– 
microbe interactions in highly controlled conditions while reducing interferences 
that can be encountered in human studies [37]. In gnotobiotic systems, animals born 
in aseptic conditions are exposed to a specifc single bacterium or a known consor-
tia of bacteria, allowing researchers to explore their effects on host functions [38]. 
Once animals are sacrifced, it is possible to examine the colonic contents wherein 
bacterial metabolites have not been absorbed by the host, which allows the collec-
tion of valid information on the metabolic activity of the gut microbiota compared to 
studies using analyses of spot feces. For the screening of nutritional interventions, 
such as pre- and probiotics, and to examine mechanisms of action and effects on 
the host and identifying relevant biomarkers, the use of animal models represents a 
more advantageous approach compared with human studies [39]. 

In vivo studies are useful to describe the activity of prebiotics, especially when 
targeting specifc bacterial species as Bifdobacteria and Lactobacilli by promoting 
the fermentation of prebiotic carbohydrates with ensuing selective enrichment in 
the gastrointestinal tract [40]. These species are able to inhibit pathogenic bacte-
ria through the production of SCFAs and antimicrobial compounds, as well as by 
competition for growth substrate and adhesion sites [41]. In fact, approaches com-
bining in vitro and in vivo studies were used to examine differences between raw 
and roasted almonds promoting potential prebiotic effects [42]. After digestion in 
vitro, the fermentation profle of raw and roasted almonds by three typical intestinal 
bacterial species (Lactobacillus acidophilus, Bifdobacterium breve, and E. coli) was 
determined. Wistar rats were exposed to different diets supplemented with raw or 
roasted almonds. Fecal samples were also used for the determination of bacterial 
and digestive enzymes. This set of experiments showed the potential prebiotic effect 
of raw and roasted almonds, including regulation of intestinal bacteria and improved 
metabolic activities. The roasting process may negatively affect the prebiotic effects 
of almonds but signifcantly improves their metabolic effects [42]. 

Supplementation with walnuts in mouse models was used to investigate their 
potential cancer-protective properties. Fecal samples were collected and analyzed to 
determine diet-induced changes in gut microbiota. Results demonstrated that walnut 
consumption reduces colon tumor development, and alterations in the microbiome 
were associated with a tumor-suppressive effect [43]. Additional in vivo experiments 
were performed to identify gut microbiome changes after inclusion of walnuts in 
the diet [44]. Male Fischer rats were exposed to one of two different diets: (i) a diet 
supplemented with walnuts, or (ii) a diet in which fat, fber, and protein from walnuts 
were matched with corn oil, casein, and a cellulose fber source. The isolation of 
bacterial DNA from colon samples and subsequent sequencing permitted the dis-
tinction of microbial communities between the two different diet groups. Animals 

317 



  

 

 
 
 
 

 
 
 

 

 

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

consuming walnuts showed signifcantly greater species diversity, with increased 
abundance of probiotic-type bacteria, including Lactobacillus, Ruminococcaceae, 
and Roseburia, suggesting a health-promoting change in the gut microbial commu-
nity. However, there are limitations in the use of animal models, such as high costs 
and labor-intensive procedures, and they do not fully represent human metabolism. 
Therefore, translating fndings from animal models to conditions in humans still 
remains a complicated issue. 

13.3.3 In Vitro Experimental Models 

In vitro experimental models to study the impact of nutrients on gut microbiota often 
consist of fermentation techniques, which are based on the anaerobic processes 
that generate energy by the breakdown of organic compounds or any process that 
generates bacterial metabolites as end-products [45]. This technique avoids the 
disadvantages of in vivo models and allows the characterization of the gut micro-
biota under controlled physiological conditions (e.g., anaerobiosis, retention time, 
culture media, temperature, and pH) to better simulate the different regions of the 
colon. The cultivation of aerobic and anaerobic human gut microorganisms derived 
from fecal samples takes place in chambers called bioreactors or fermenters, mirror-
ing enzymatic digestive activity, mucous production, and host-microbiota interac-
tions [46]. 

The simplest and most frequently used in vitro model is the batch culture fer-
mentation system, suitable for performing short-term experiments (24–48 hours). 
The growth of a pure or mixed bacterial suspension occurs in a carefully selected 
medium without the further addition of nutrients. Continuous culture fermentation 
models, as single-stage, are used to simulate proximal colon function and metabolic 
activity. The simulation of proximal, transverse, and distal colon regions is achieved 
by using multi-stage fermentation models [47]. More complex models simulate 
the gastrointestinal tract from the stomach through the small intestine, reproduc-
ing human digestive functions such as bile secretion, motility, pH, and absorption 
capacities of the upper intestine [48] and also including other host functions such as 
peristaltic mixing and uptake of metabolites [49]. 

In 2008, Mandalari et al. [50] investigated the potential prebiotic effect of two 
almond products – fnely ground almonds and defatted fnely ground almonds – by 
using a full model of intestinal digestion. Results showed that fnely ground almonds 
signifcantly increased the populations of Bifdobacteria and Eubacterium rectale, 
while no signifcant differences in the proportions of gut bacterial species were 
detected in response to defatted ground almonds. Of note, the increased growth 
of these bacterial species during fermentation of fnely ground almonds correlated 
with increased butyrate production. 

Other studies were performed to evaluate the prebiotic effect endurance of 
chestnut components by examining the viability of selected lactic acid bacteria 
strains after exposure to simulated gastric secretions of the stomach and to the bile 
salts released into the duodenum [51]. Some strains were selected according to their 
tolerance to low pH values and bile salts and were exposed to simulated gastric or 
bile juice in presence of chestnut extract with or without immobilization in chestnut 
fber. Chestnut extract improved gastric tolerance to Lactobacilli through a protec-
tive effect due to specifc hydrophobic peptides or oligopeptides. 
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A more recent study examined the chemopreventive effects of walnuts on 
colon cancer through an in vitro simulated digestion and fermentation system using 
human fecal samples [52]. The results demonstrated the ability of human fecal 
microbiota to convert fatty acids from walnuts to potential chemopreventive metabo-
lites. In addition, the production of butyrate and reduction in potential carcinogens 
such as secondary bile acids and lipid peroxidation products might have contributed 
to the protective effects of nuts in the development of colon cancer. 

In vitro gut fermentation models represent an innovative technological 
approach which permits investigations into both the existence of gut microbial spe-
cies and their related functionality. The design of an ultimate approach to investi-
gate gut microbiota functionality must, therefore, include a combination of in vitro 
and in vivo models, to deepen the complex relationship between the intestinal micro-
bial community, diet, and host, and to further elucidate the role of gut fora in health 
and disease [53]. 

Research fndings obtained from all these in vitro and in vivo studies assess-
ing the gut microbiota modulation by nut consumption were further applied to clini-
cal studies that will be addressed in the next section. 

13.3.4 Human Intervention Studies 

The role of nut consumption on changes in gut microbiota have been described in 
several clinical feeding trials [54–60] (Table 13.1). In 2014, Ukhanova et al. [54] per-
formed two separate randomized, controlled, cross-over feeding studies in healthy 
subjects who were assigned to diets enriched with 42 or 84 g/day of either almonds 
(n = 18) or pistachios (n = 16) or a control nut-free diet, each dietary period lasting 18 
days. The results showed that both nut types had a signifcant modulatory role on the 
microbiota, although there was a greater overall prebiotic effect on gut microbiota 
composition with the pistachio diet compared with the almond diet. Moreover, pista-
chios’ microbiota modulation specifcally increased the number of butyrate-produc-
ing bacteria – widely identifed as potentially benefcial – whereas the numbers of 
Bifdobacteria remained unaffected [54]. Also, by assessing gut-derived metabolites 
in 24-hour urine after a pistachio diet or a control diet, a 4-month, randomized clini-
cal trial (RCT) conducted in 49 subjects with pre-diabetes found a shift towards a 
healthier gut microbiota following the pistachio diet [59]. Three metabolites related 
to gut microbiota metabolism (hippurate, p-cresol sulfate, and dimethylamine) 
decreased after the pistachio diet compared with the nut-free control intervention. 

Three clinical studies have examined the specifc effects of almonds or 
almond products on the intestinal microbiome. Liu et al. [58] reported a 6-week 
feeding trial with 48 volunteers randomly assigned to one of three different inter-
vention groups, who took half the test food at lunch and half at dinner. Groups were 
divided into i) a control group supplied with 8 g/day of fructo-oligosaccharides, ii) 
an intervention group supplemented with 10 g/day of almond skins, and iii) an inter-
vention group supplemented with 56 g/day of roasted, unsalted, whole almonds. 
Signifcant increases in the proportion of Bifdobacterium spp. and Lactobacillus spp. 
in both almond groups were observed. The populations of E. coli mildly changed 
and the growth of Clostridium perfringens was signifcantly repressed in both 
almond groups. Motivated by their previous fndings [54], the same research group 
designed a 3-week short-term crossover study with 29 parents and their children 
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(n = 29) to examine gut microbiota modulation by almonds. Parents consumed 42 
g/day of almonds and encouraged their children to consume 14 g/day of almonds 
(including almond butter). Signifcant changes at overall genus levels after almond 
consumption versus control intervention were observed, particularly in children 
[60]. However, no modulation at the species level was reported. The third study, a 
3-week RCT conducted in 18 healthy subjects, also assessed the benefcial effect 
of almond consumption on gut microbiota composition compared to an almond-
free control diet [55]. Almond intervention included the consumption of 42 g/day of 
raw or processed (roasted and/or chopped) almonds or almond butter. The results 
showed that almond consumption increased the relative abundances of Lachnospira, 
Roseburia, and Dialister. Particularly, compared to controls, chopped almonds 
increased the abundance of Lachnospira, Roseburia, and Oscillospira, while whole 
almonds increased counts of Dialister. Thus, almond consumption – and the nuts’ 
degree of processing – had a signifcant impact on the relative abundances of intes-
tinal microbiota species. 

Two RCTs of different duration assessed changes in gut microbiota due to 
walnut consumption [56,57]. In a crossover RCT, 135 normal-weight or overweight 
healthy individuals consumed 43 g/day of walnuts or a nut-free diet for 8 weeks [56]. 
Generalized UniFrac distance (a parameter for comparing microbial communities) 
showed that walnut consumption signifcantly modulated both microbiome compo-
sition and diversity. By using a multidimensional scaling approach, authors reported 
dissimilarities of approximately 5% between walnut and control diet interventions. 
Specifcally, the abundance of the family Ruminococcaceae and genus Bifdobacteria 
increased signifcantly, while the genera Blautia and Anaerostipes decreased signif-
cantly during walnut consumption. Holscher et al. [57] conducted a 3-week cross-
over study to evaluate the effects of the consumption of 42 g/day of walnuts versus 
no consumption in 18 overweight but otherwise healthy men and women. Compared 
with the control period, walnut consumption resulted in a 49%–160% higher rela-
tive abundance of the genera Faecalibacterium, Clostridium, Dialister, and Roseburia 
and 16%–38% lower relative abundance of Ruminococcus, Dorea, Oscillospira, and 
Bifdobacterium. Microbiota modulation following walnut consumption was accom-
panied by improvements in the lipid profles. These results are supported by experi-
mental in vivo studies indicating that walnuts increased the relative abundances of 
Firmicutes, including the genera Clostridium [43] and Roseburia [44]. Specifcally, 
walnuts showed mild colonic protection against a potent carcinogenic insult par-
tially due to walnut-induced changes to the gut microbiome [43]. In fact, diets rich in 
nuts have been associated with a reduced risk of total and cause-specifc mortality 
from cancer [61]. Thus, gut microbiota could also have a potential benefcial role in 
tumorigenesis. Moreover, both Faecalibacterium and Roseburia have been reported 
to be negatively associated with age, whereas Oscillospira may be positively asso-
ciated with age [62,63]. Therefore, it has been suggested that the consumption 
of walnuts may help to slow age-related changes in the microbiota. Nevertheless, 
additional research is necessary to assess the effects of walnut consumption on gut 
microbiota in the context of aging and cancer development. 

Thus, increasing evidence supports the notion that healthy individuals con-
suming 1–2 servings/day of nuts may signifcantly beneft from improvements in 
the intestinal microbiota characterized by the enhancement of probiotic and butyric 
acid–producing species. However, the importance of the modulation of other not so 
well-known bacteria is still pending. Importantly, a common issue shared by most 
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RCTs assessing intestinal microbiota changes in response to dietary interventions 
is that a “healthy microbiota” has not been unequivocally defned [64]. The meth-
odology for microbiota analysis has also varied among studies (Table 13.1), from 
targeting specifc genera to sequencing specifc variable 16S rRNA region(s) (e.g., 
V1-V3), thus limiting the comparisons among them. Therefore, further studies are 
needed to determine whether microbial modulation is maintained during longer nut 
consumption periods, affects subjects with cardiometabolic diseases, and is associ-
ated with improvements in other disease-related parameters. 

13.4 Putative Mechanisms: Gut Microbiota, 
Nuts, and Health Axes 

Several epidemiological and clinical studies have evaluated the benefcial effect of 
nut consumption on different health outcomes, including a reduced risk of CVD, 
metabolic syndrome, and cancer [65–68], with particular reference to their effect 
in decreasing the infammatory status in atherogenesis [65]. In this regard, bioac-
tive compounds of nuts, such as tocopherols, phytosterols, polyphenols, folic acid, 
selenium, and magnesium, are reported to have antioxidant and anti-infammatory 
properties, which could explain in part the decreased risk of both CVD and T2D in 
individuals with high nut consumption. However, apart from the direct antioxidant 
and anti-infammatory effects of bioactive compounds of nuts affecting different 
health outcomes, it is important to consider the prebiotic effect they exert directly 
on gut microbiota and indirectly into intestinal homeostasis [69]. 

The prebiotic effect of nuts is mainly related to dietary fber (non-digestible 
polysaccharides) and polyphenols (polymerized compounds). Dietary fber (cellu-
lose, hemicelluloses, pectin, etc.) are fermented by the intestinal bacteria to SCFA, 
especially butyrate, while polyphenols are only partially absorbed in the small intes-
tine during the digestion process, although when reaching the colon they are bioac-
tivated by the microbiota [70]. 

The product of bacterial fermentation butyrate, for example, enhances ade-
nosine monophosphate kinase (AMPK) activity in liver and muscle by increasing 
the adenosine monophosphate/adenosine triphosphate ratio, as observed in in vitro 
studies [71]. AMPK is an enzyme that plays a great role in cellular energy homeo-
stasis and is involved in lipid and glucose metabolism. Additionally, butyrate stimu-
lates the expression of peptide YY via the G-protein-coupled receptors leading to 
inhibition of gut motility and suppression of appetite [72] and also inhibits hydroxy-
methyl-glutaryl-CoA reductase activity [73], the limiting enzyme for the cholesterol 
synthetic pathway, which explains in part the hypocholesterolemic effect of nuts 
[74]. Therefore, a butyrogenic microbiota composition is currently a common unit of 
measurement for gut microbiome health. 

The cited in vitro studies with almonds of Mandalari et al. [50] showed an 
increase in the levels of lactic, acetic, propionic, and butyric acids produced by bac-
terial fermentation. Similarly, the cited clinical studies of Ukhanova et al. [54], with 
almonds and pistachios, showed that the main fermenters of polysaccharides from 
nuts are SCFA-producing bacteria. At the same time, polyphenols need to be bio-
activated by microbiota to express their benefcial effects on health. Bioaccessible 
polyphenols are involved in decreasing the synthesis of fatty acids in the liver and 
delaying their intestinal absorption [75]. They slow down digestion of carbohydrates 

324 



 

 
     

N U T S :  G U T  H E A L T H  A N D  M I C R O B I O T A  

through the inhibition of digestive enzymes or modulation of glucose uptake [76]. 
For instance, bacterial species including Lactobacillus plantarum, L. paraplanta-
rum, and L. pentosus express the enzymes that promote the intestinal bioavailability 
of polyphenols. 

The nuts with highest contents of polymerized polyphenols are hazelnuts and 
pecans, followed by pistachios, almonds, and walnuts. On the other hand, walnuts 
are the richest plant source of ellagitannins (approximately 1600 mg/100 g) [77], a 
particularly active type of polyphenols included within the so-called “hydrolysable 
tannins” group. Ellagic acid is metabolized by gut microbiota into highly bioactive 
urolithins, which are absorbed and appear in the circulation following nut consump-
tion and may infuence cardiometabolic health through a variety of mechanisms, 
as reviewed [78]. In reference to intestinal health, in vitro assays have shown that 
the prebiotic properties of ellagitannins increase the growth of Lactobacillus and 
Bifdobacterium [79], together with improved insulin sensitivity and decreased DNA 
damage [80]. 

Despite differences in the evidences linking nut consumption to a benef-
cial overall gut microbiota composition (Figure 13.1), mechanistic studies are still 
needed in order to understand the complex interplay between nuts’ components and 
selective microbiota modulation and function. In this regard, omics platforms are 
presently the gold standard methodologies in gut microbiota analysis. A general 
understanding about both its composition and metabolic function is given respec-
tively from metagenomics and metabolomics techniques in stool samples. However, 

Figure 13.1 Summary of the effects of nuts and/or their constituents on microbiota 
modulation observed in experimental in vitro an in vivo models and in clinical studies. 
* Inconsistent results have been found; thus, the most common modulatory outcome 
was reported. Abbreviation: SCFAs, short chain fatty acids. 
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since gut microbiota is a recent area of research, a consensus about analytical proce-
dures is still lacking. For example, metagenomics is strictly dependent on a uniform 
and reliable method of microbial DNA extraction, which is one of the most important 
critical points for further analysis [81]. At the same time, the possibility of analyzing 
more accurately different microbial metabolites also depends on the possibility of 
sharing different methods of analysis, which include nuclear magnetic resonance, 
liquid chromatography-mass spectrometry (MS), gas chromatography-MS, and 
high-performance liquid chromatography-MS, among others [82]. 

13.5 conclusion 

Little is known about the impact of nuts on the gut microbiome, but the available 
evidence strongly suggests that tree nuts alter gut microbial communities in differ-
ent animal and human studies. This is supported by some in vitro studies showing 
the ability of nut consumption to change microbiota composition and activity. It is 
unclear whether microbial changes are preserved during long periods of nut supple-
mentation and if they are causally related to the observed changes of gut function 
and host metabolism. Long-term human RCTs investigating the effect of different 
types and amounts of nuts would be useful to understand the possible mechanisms 
by which nuts could have benefcial effects on health and disease through the modu-
lation of the human gut microbiome. More studies using multiple omics methodolo-
gies (metagenomics, metabolomics, and proteomics) are warranted in the future to 
better understand the underlying mechanisms of nut effects on microbiota in rela-
tion to various health outcomes. 
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14.1  introduction 

Most of the common fruits are produced on a seasonal basis and hence may not be 
available in fresh form throughout the year. Thus, in order to prolong their shelf 
life, fresh fruits are processed using various techniques to make dried fruits. Dried 
fruits are a concentrated form of fresh fruits, albeit with lower moisture content 
than that of their fresh counterparts since a large proportion of their moisture con-
tent has been removed through sun-drying or through various modern drying tech-
niques [1,2]. 

Fruits can be dried whole (e.g., grapes, berries, apricots, and plums), in 
halves, or as slices (e.g., mangoes, papayas, and kiwis). Dates, fgs, prunes, raisins, 
apricots, peaches, apples, and pears are referred to as conventional or traditional 
dried fruits. Meanwhile, some fruits, such as blueberries, cranberries, cherries, 
strawberries, and mangoes, are usually infused with sugar solutions or fruit-juice 
concentrates prior to drying [2]. Some products sold as dried fruit, such as papayas 
and pineapples, are actually candied fruits [3]. 

Considering the 2017/2018 global production of commercially important dried 
fruits (Table 14.1), raisins rank frst on a global basis with a production of 1,216,500 
metric tons (MT), followed by dates (1,025,000 MT), prunes (240,808 MT), apricots 
(226,760 MT), and fgs (139,400). However, statistics on the global production of 
other died fruits are generally scarce [4]. 

Dried fruits serve as important healthful snack items worldwide. They provide 
a concentrated form of fresh fruits. Dried fruits, with their unique combination of 
favor (taste and aroma), essential nutrients, fber, and phytochemicals, are conve-
nient for healthy eating and bridge the gap between recommended intake of fruits 
and actual consumption. Dried fruits are nutritionally equivalent to fresh fruits in 
smaller serving sizes, ranging from 30 to 43 g depending on the fruit, in current 
dietary recommendations in different countries. Numerous scientifc evidences sug-
gest that individuals who regularly consume generous amounts of dried fruits have 
lower rates of cardiovascular disease (CVD), obesity, various types of cancer, type-2 
diabetes, and other chronic diseases, although for certain diseases some controver-
sies exist. Therefore, daily consumption of dried fruits is recommended in order to 
get the full beneft of the nutrients and health-promoting phytochemicals, including 
antioxidants, that they contain, together with their desirable taste and aroma. Dried 
fruits also have the advantage of being easy to store and distribute, available around 
the year, readily incorporated into other foods and recipes, and a healthy alternative 
to salty or sugar-coated snacks [1,2]. 

This chapter provides a comprehensive overview of nutrients, natural anti-
oxidants, and phytochemical compositions of commercially important dried fruits. 
Percentages of recommended dietary allowances (RDA) or adequate intake (AI) of 
vitamins and minerals provided by dried fruits in adult men and women (aged 19–50 
years) are also provided. 
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14.2 Nutrient Profles of Dried Fruits 

Dried fruits are rich sources of essential nutrients. Compositional and nutritional 
characteristics of 12 dried fruits (apples, apricots, dates, fgs, peaches, pears, prunes, 
raisins, blueberries, cranberries, currants, and mangoes) are compared and pre-
sented in Table 14.2. Complete nutrient profles of other dried fruits (such as açai 
fruits, bananas, blackberries, blackcurrants, cherries, dried citrus fruits, goji berries, 
guavas, mulberries, nectarines, papayas, passion fruits, raspberries, and strawber-
ries, among others) are not available in the United States Department of Agriculture 
(USDA) database or elsewhere, and therefore they are not discussed in this section. 

14.2.1 Proximate Composition 

Dried fruits are a nutrient-dense component of the diet. Their proximate composition 
varies considerably depending on the dried fruit type being considered. Based on the 
data provided in Table 14.2, carbohydrate is the predominant component (61.33–82.80 
g/100 g; being lowest in peaches and highest in cranberries), followed by moisture 
(water) (14.80–31.80 g/00 g; being lowest in blueberries and highest in peaches), pro-
tein (0.17–4.08 g/100 g; being lowest in cranberries and highest in currants), lipid 
(fat) (0.27–1.18 g/100 g; being lowest in currants and highest in mangoes), and ash 
(0.15–2.64 g/100 g; being lowest in cranberries and highest in prunes). Dried fruits 
are a good source of energy due to their high carbohydrate content. The most calorie-
rich fruits are mangoes (319 kcal/100 g), followed by blueberries (317 kcal/100 g), 
cranberries (308 kcal/100 g), and raisins (299 kcal/100 g). In other words, dried fruits 
are rich in carbohydrate and mainly devoid of lipid and protein [5]. 

14.2.1.1 Carbohydrates 
Carbohydrates are essentially composed of sugars, fbers, and starches. The 
dominant carbohydrate in dried fruits is sugars. Based on the USDA database in 
Table14.2, dried fruits contain natural sugars, ranging from 38.13 g/100 g in prunes 
to 72.56 g/100 g in cranberries. Fructose and glucose are the main sugars found in 
all dried fruits, except dates and peaches where sucrose is most abundant (23.84 
and 15.42 g/100 g, respectively) (Figure 14.1). Trace amounts of maltose (in dates 
and prunes), galactose (fgs), and lactose (sweetened cranberries) are also found in 
some dried fruits [5]. Levels of sugar may differ according to the drying methods, 
growing conditions, region, fruit maturity, and cultivar, among others (Table 14.1 
and Figure 14.1) [5,6]. 

Their content of dietary fber (2.4–9.8 g/100 g) makes dried fruit an important 
source of it that makes it easier to reach the recommended daily intake (14 g of fber 
for every 1,000 calories of food consumed each day). This provides between 25 and 
38 g of fber per day, depending on age [7]. On a per serving basis, 40 g of dried fruits 
deliver over 9% of the recommended daily intake of fber, depending on the fruit [5]. 
It has been reported that dried fruits (40 g serving) compare favorably in their fber 
content with commonly consumed fresh fruits (one cup or one fruit serving) [5,8]. 

The majority of dried fruits do not contain starch; the exceptions are prunes 
(5.11 g/100 g), fgs (5.07 g/100 g), raisins (2.70 g/100 g), and apricots (0.35 g/100 g) 
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Figure 14.1 Sugar content of selected dried fruits. Source: Adapted from the U.S. 
Department of Agriculture (USDA), USDA National Nutrient Database for Standard 
Reference Legacy Release, 2018. Published online at https://ndb.nal.usda.gov/ndb/ 
search/list (accessed June 20, 2018) and from Turkish Food Composition Database, 
TürKomp. Published online at http://www.turkomp.gov.tr/?locale=en (accessed 
August 28, 2018). 

(Table 14.2). As expected, dried fruits, unlike other plant foods, such as cereals, 
nuts, and tubers, do not contain large amounts of starch [5]. 

14.2.1.2 Lipids 
Dried fruits are very low in their lipid content (ranging from 0.27 g/100 g in currants 
to 1.18 g/100 g in mangoes) (Table 14.2). Lipid contributes to a very small portion 
of the energy obtained from dried fruits. Therefore, detailed information on lipid 
content and profles (e.g., fatty acids, phytosterols, and tocols) of dried fruits are not 
discussed in this section. Again, cultivar type, geographical location, and growing 
conditions infuence the lipid content of dried fruits. However, the seeds of fruits 
may serve as a good source of specialty lipid, often with high tocol content. 

14.2.1.3 Proteins 
Dried fruits contain a low content of protein, ranging from 0.17 to 4.08 g/100 g. 
Among the 12 dried fruits listed in Table 14.2, apricots, fgs, peaches, raisins, and 
currants appear to have the highest (between 3.07 and 4.08 g/100 g), whereas oth-
ers contain the lowest (less than 2.5 g/100 g) amount of protein. 

14.2.2 Minerals 

A total of 11 minerals have been reported in dried fruits by the USDA [5]. In general, 
potassium is the most abundant mineral, followed by phosphorus, calcium, and/or 

343 

https://ndb.nal.usda.gov
https://ndb.nal.usda.gov
http://www.turkomp.gov


  

 

  

   

  

H E A L T H  B E N E F I T S  O F  N U T S  A N D  D R I E D  F R U I T S  

magnesium. Among the 12 dried fruits listed in Table 14.2, all contain 11 minerals, 
albeit to a different extent, except for fuoride, which is only reported in prunes and 
raisins. The content of the antioxidant mineral selenium in dates (3.0 μg/100 g) is 
much higher than that in other dried fruits (range from 0.2 μg/100 g in pears to 2.2 
μg/100 g in apricots). Daily requirement of minerals at suggested consumption level 
of dried fruits is discussed in detail in Section 14.2.6. 

14.2.3 Vitamins 

Dried fruits contain both water-soluble vitamins (betaine, choline, folate, niacin, 
pantothenic acid, pyridoxine, ribofavin, thiamine, and vitamin C) and fat-soluble 
vitamins (A, E, and K) at different levels. Among them, vitamins A, C, and E are 
known as antioxidant vitamins. 

With respect to water-soluble vitamins, mangoes and blueberries have the 
highest amounts of vitamin C (42.3 and 23.8 mg/100 g, respectively) among the 
12 dried fruits listed in Table 14.2. Dried fruits, in general, contain a small amount 
of vitamin C due to the drying process such as drying under sunlight. Moreover, 
certain dried fruits are good sources of folate, such as mangoes (68 μg dietary folate 
equivalents [DFE]/100 g); niacin, such as peaches (4.38 mg/100 g); and pyridoxine, 
such as currants (0.30 mg/100 g) and mangoes (0.33 mg/100 g) [2,5]. 

Regarding fat-soluble vitamins, prunes and blueberries are the richest sources 
of vitamin K (59.5 and 59.4 μg/100 g), whereas apricots and peaches are the rich-
est sources of vitamin A (180 and 108 μg retinol activity equivalents [RAE]/100 g) 
among the 12 dried fruits listed (Table 14.2). In addition, vitamin E is most abundant 
in apricots (4.33 mg alpha-tocopherol equivalents [ATE]/100 g) and mangoes (4.02 
mg ATE/100 g). Although certain dried fruits are rich in some fat-soluble vitamins, 
they are in general poor sources of these vitamins due to the low fat content of the 
products [5]. Daily requirement of vitamins at suggested consumption level of dried 
fruits is discussed in detail in Section 14.2.7. 

14.2.4 Amino Acids 

The amino acid compositions of eight major dried fruits are summarized in Table 
14.2. Values for dried blueberries, cranberries, currants, and mangoes are not avail-
able in the literature. Even though dried fruits contain all indispensable amino acids 
(except tryptophan in pears), in general, they are not good sources of amino acids 
due to their low protein content. Therefore, detailed information on amino acid pro-
fles of dried fruits are not discussed in this section. 

14.2.5 Health Claims for Dried Fruits 

The European Food Safety Authority (EFSA) authorizes health claims provided 
that they are based on scientifc evidence and can be easily understood by consum-
ers. At this time, there is only one health claim approved by the EFSA with regard 
to dried fruits, which refers to prunes and digestive health [9]. Due to the scientifc 
evidence published in 2006 about prunes and constipation, the EFSA authorized the 
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health claim: “dried plums/prunes can contribute to normal bowel function.” In order 
to obtain the claimed effect, about 100 g of prunes should be consumed daily. 

14.2.6 Daily Intake Values of Minerals from Dried Fruits 

With respect to nutritional aspects of dried fruits, percentage of RDA or AI of miner-
als for adult men and women (aged 19–50 years) are given in Table 14.3 [5,10–13]. 
Consuming 40 g (on a per-serving basis) of dried fruits supplies 0.4%–6.5% (men 
and women) of calcium, 2.7%–20.9% (men and women) of copper, tr-2.3% (men) and 
tr-3.1% (women) of fuoride, 2.0%–20.3% (men) and 0.9%–9.0% (women) of iron, 0.4%– 
6.6% (men) and 0.6%–8.6% (women) of magnesium, 3.1%–174% (men) and 4.0%–222% 
(women) of manganese, 0.5%–7.1% (men and women) of phosphorus, 0.4%–9.9% 
(men and women) of potassium, 0.1%–2.2% (men and women) of selenium, 0.1%– 
4.3% (men and women) of sodium, and 0.4%–2.4% (men) and 0.5%–3.3% (women) of 
zinc for RDA or AI, respectively. 

Based on the RDA or AI values among the 12 dried fruits listed in Table 14.3, 
mangoes are an excellent source of manganese. Figs are high in calcium, magne-
sium, and manganese, whereas currants are good source of copper and phosphorus. 
Peaches are an important source of iron and phosphorus. Moreover, apricots are an 
important source of potassium among the 12 dried fruits listed in Table 14.3. In gen-
eral, dried fruits contribute to small amounts of daily intake values of minerals, such 
as fuoride, selenium, sodium, and zinc, with the exception of a few dried fruits. On 
a per-serving basis (40 g or about ¼ cup), dried fruits rank among the top potassium 
sources in diets around the world [8]. Moreover, on a per-serving basis, different 
dried fruits such as apricots, currants, dates, fgs, peaches, prunes, and raisins (40 
g serving), compare positively within potassium content of the 10 most common 
fresh fruits (apples, bananas, grapes, mangos, oranges, peaches, pears, pineapples, 
strawberries, and watermelons [one cup or one fruit serving]) [5,8]. 

14.2.7 Daily Intake Values of Vitamins from Dried Fruits 

With respect to nutritional aspects of dried fruits, percentage of RDA or AI of 
vitamins for adult men and women (aged 19–50 years) are given in Table 14.4 
[5,11,13,14]. Consuming 40 g (on a per-serving basis) of dried fruits supplies 0.5%– 
1.7% (men) and 0.6%–2.2% (women) of choline, 0.4%–6.8% (men and women) of folate, 
1.4%–11.0% (men) and 1.6%–12.5% (women) of niacin, 0.4%–4.7% (men and women) 
of pantothenic acid, 1.2%–10.2% (men and women) of pyridoxine, 0.9%–6.5% (men) 
and 1.1%–7.6% (women) of ribofavin, 0.1%–5.3% (men) and 0.1%–5.8% (women) of 
thiamin, tr-8.0% (men) and tr-10.3% (women) of vitamin A, 0.1%–18.8% (men) and 
0.1%–22.6% (women) of vitamin C, 0.1%–11.5% (men and women) of vitamin E, and 
0.9%–19.8% (men) and 1.2%–26.4% (women) of vitamin K for RDA or AI, respectively. 

Based on the RDA or AI values among the 12 dried fruits listed in Table 14.4, 
mangoes contain higher levels of choline, folate, pyridoxine, and vitamin C than 
other dried fruits, whereas prunes and blueberries are the richest sources of vita-
min K. While vitamin A and E are most abundant in apricots, peaches are good 
sources of niacin and ribofavin. In general, dried fruits contribute to small amounts 
of daily intake values of choline, folate, and thiamin and vitamins A, C, E, and K. 
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14.3 Antioxidant Activities of Dried Fruits 

A comprehensive review of the antioxidant effcacies of dried fruits such as apples, 
apricots, cranberries, dates, fgs, peaches, pears, prunes, and raisins has already 
been reported by Chang et al. [1]. Various assays (in vitro and biological) have been 
used to determine the antioxidant activities of different dried fruits [1,15–19]. In this 
chapter, only oxygen radical absorbance capacity (ORAC) values of selected dried 
fruits are compared (Table 14.5). Raisins (golden seedless) have the highest ORAC 
value (10,450 µmol trolox equivalents [TE]/100 g fresh weight [fw]), followed by 
pears, prunes, apples, peaches, dates (Deglet noor), fgs, and apricots. Interestingly, 
dates (Medjool) have the lowest ORAC value (2,387 µmol TE/100 g fw) among the 
11 dried fruits listed [15,20]. The antioxidant activities of different dried fruits vary 
widely based on the assay type or cultivar. 

Various studies have reported the bioactive compounds and corresponding 
antioxidant activities of dried fruits (e.g., peaches and dates), which are always 
higher than those of their corresponding fresh counterparts [16,18,21,22]. This is 
because antioxidants become concentrated after the dehydration process. There is 
a loss of or change in some phytochemicals during drying. However, the antioxidant 
activity and total phenolic content (TPC) of dried fruits remain relatively unaffected 
during the process, although many of the phenolic compounds are still to be identi-
fed [23]. 

table 14.5 Antioxidant Activity, Total Phenolics, and Total Phytoestrogens in Selected 
Dried Fruits (Values in per 100 g edible portion) 

ORAC Total phenolics Total 
(μmol of (mg of phytoestrogens 

Dried fruit TE/100 g) GAE/100 g) (μg/100 g) References 

Applesa 6681 324 na [20,64] 
Apricotsa 3234 248 445b [20,28,64] 
Dates (Deglet noor) 3895 661 330c [15,20,28] 
Dates (Medjool) 2387 572 na [15,20] 
Figs 3383 960 na [15,20] 
Peachesa 4222 283 na [20,64] 
Pearsa 9496 679 na [20,64] 
Prunes 8578 1195 184c [15,20,28] 
Raisins (Golden seedless) 10450 na na [20,65] 
Raisins (Seedless) 3037 1065 30d [15,20,28] 
Raisins (White)a 4188 330 na [20,64] 

Abbreviations: GAE, gallic acid equivalents; ORAC, oxygen radical absorbance capac-
ity; na, not available; TE, trolox equivalents; VLDL, very low-density 
lipoprotein. 

a Dried to 40% moisture (purchased in Italy). 
b Turkish. 
c Whole pitted. 
d California seedless. 
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14.4 Phytochemicals in Dried Fruits 

Dried fruits have a wide range of bioactive phytochemicals such as phenolic acids, 
favonoids, phytoestrogens, and carotenoids, among others, as well as antioxidant 
activities. Phytochemicals are defned as nonnutritive, naturally occurring, biologi-
cally active, and chemically derived compounds found in plants. However, a large 
percentage of phytochemicals is still unknown and remains to be identifed [2]. 
Phytochemicals can be mainly divided into carotenoids, organosulfur compounds, 
phenolics, nitrogen-containing compounds, phytoestrogens, and alkaloids [24]. Of 
these, carotenoids, phytoesterogens, and phenolics, which are most abundant in 
dried fruits, are discussed in detail below. 

14.4.1 Carotenoids 

Carotenoids, which are fat-soluble bioactives, are plant pigments responsible for 
bright red, yellow, and orange hues in many fruits and vegetables. Five carotenoids, 
namely α-carotene, β-carotene, β-cryptoxanthin, lutein, and zeaxanthin, are present 
in some dried fruits, albeit to different extents. Of these, β-carotene, which acts as 
provitamin A, is the most abundant in apricots (2163 μg/100 g), peaches (1074 μg/100 
g), mangoes (sweetened) (786 μg/100 g), and prunes (394 μg/100 g). Peaches are 
also rich in lutein + zeaxanthin (559 μg/100 g) and β-cryptoxanthin (444 μg/100 g) 
[5]. With regard to total carotenoid content among the 12 dried fruits, apricots have 
the highest content (2163 μg/100 g), followed by peaches (2080 μg/100 g), mangoes 
(sweetened) (878 μg/100 g), and prunes (692 μg/100 g). The other dried fruits con-
tain small amounts of carotenoids, ranging from 18 to 292 μg/100 g. No carotenoids 
have been reported in raisins (seedless) (Figure 14.2). 

Figure 14.2 Carotenoid content of selected dried fruits. Source: Adapted from 
the U.S. Department of Agriculture (USDA), USDA National Nutrient Database for 
Standard Reference Legacy Release, 2018. Published online at https://ndb.nal.usda. 
gov/ndb/search/list (accessed June 20, 2018). 
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The low level of carotenoids in dried fruits may be due to the drying process, 
since carotenoids are sensitive to heat or sun-drying [25–27]. However, the USDA 
Nutrient Database [5] reported that drying signifcantly increased carotenoid 
concentration (such as β-carotene, β-cryptoxanthin, and lutein) in dried peaches 
compared to their fresh counterparts. This happens because the removal of water 
concentrates the carotenoids. 

14.4.2 Phytoestrogens 

Phytoestrogens comprise three major classes of compounds, namely isofavones, lig-
nans, and coumestans. Some dried fruits, such as apricots, currants, dates, prunes, 
and raisins, have been shown to contain isofavones (formononetin, daidzein, genis-
tein, and glycitein), lignans (matairesinol, lariciresinol, pinoresinol, and secoisolar-
iciresinol), and coumestans (coumestrol). Among the four dried fruits (apricots, 
dates, prunes, and raisins) reported in Table 14.5, total phytoestrogen contents 
ranged from 30 µg/100 g in raisins (seedless) to 445 µg/100 g in apricots. Dried 
fruits have a higher content of lignans (ranging from 22.0 to 401 µg/100 g) than iso-
favones (ranging from 4.2 to 39.8 µg/100 g). Coumestan, expressed as coumestrol, 
is generally present in low concentrations in dried fruits [1,28]. In addition, daidzein, 
genistein, and biochanin A have been reported in trace amounts in dried apricots 
[29,30]. Meanwhile, dried fgs contain a relatively low amount of isofavones (5.97 
µg/100 g) compared to other dried fruits, except dried apricots (4.27 µg/100 g) [30]. 
However, there has not to date been any detailed quantitative analysis on different 
classes of phytoestrogens in different forms and varieties of other dried fruits. 

14.4.3 Phenolics 

Phenolic compounds may be divided into six groups (phenolic acids, favonoids, stil-
benes, coumarins, lignans, and tannins, among others). Dried fruits contain most of 
them, albeit to different extents [1,2]. Dried fruits are excellent sources of phenolic 
compounds. These make up the largest group of plant phytochemicals in the diet 
and they appear to be, at least in part, responsible for the health benefts associated 
with diets abundant in fruits and vegetables. 

The Folin-Ciocalteau reagent assay is a common method used to determine 
the TPC of dried fruits. Total phenolics of dried fruits, expressed as mg of gallic 
acid equivalents (GAE)/100 g fw, range from 248 to 1195, being lowest in apricots 
and highest in prunes (Table 14.5) [15,20]. It is interesting to note that raisins (seed-
less) contain ~3-fold higher total phenolics than that of white raisins. In another 
study conducted by Ishiwata et al. [16], total phenolics (expressed as mg of ascorbic 
acid equivalents [AAE]/g dried weight [dw]) of dried fruits decreased in the order 
of apricots > raisins > cranberries > peaches > fgs > pears > prunes > apples > 
dates. However, in another study reported by Vinson et al. [18], dates demonstrated 
the highest total phenolics (1959 mg catechin equivalents [CE]/100 g fw), while fgs 
had the lowest (320 mg CE/100 g fw) among the six dried fruits studied (apricots, 
cranberries, dates, fgs, plums, and raisins). These results clearly show that total 
phenolics of dried fruits may differ according to the drying method, growing condi-
tions, region, fruit maturity, and varietal factors, as well as the method used for the 
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analysis of total phenolics. In the following sections, the most abundant phenolics 
(such as favonoids, phenolic acids, tannins, stilbenes, and dihydrochalcones) pres-
ent in dried fruits are reviewed in detail. 

14.4.3.1 Flavonoids 
Flavonoids are a group of phenolic compounds that can be classifed into seven 
groups: anthocyanins, favan-3-ols (favanols or catechins), favonols, favanones, 
favones, favanonols, and isofavones [24,31]. The major favonoids reported in 
dried fruits are anthocyanins, favan-3-ols, favonols, and favones. The reported fa-
vonoids in selected dried fruits are listed in Table 14.6. 

Anthocyanins Anthocyanins are only reported in cranberries, dates, fgs, peaches, 
and raisins (Table 14.6). Raisins have been reported to contain the highest number 
of anthocyanins, followed by cranberries and fgs [32–36]. Raisins and cranberries 
have the most diverse profles of anthocyanins, while cranberries have the most 
abundant content of anthocyanins [32,33]. Peonidin-3-O -galactoside (2740 mg/g 
dw) is the most abundant anthocyanin identifed in cranberries, followed by cyani-
din-3-O -galactoside (1951 mg/g dw), cyanidin-3-O -arabinoside (1335 mg/g dw), and 
peonidin-3-O -arabinoside (1110 mg/100 g dw) [33]. 

Eighteen anthocyanins have been reported in raisins [32]. A number of anthocy-
anins (such as cyanidin-3-glucoside, delphinidin-3-glucoside, malvidin-3-glucoside, 
pelargonidin-3-glucoside, peonidin-3-glucoside, and petunidin-3-glucoside) and 
anthocyanin-derived compounds (delphinidin-3-acetylglucoside, malvidin-3-acetyl-
glucoside, malvidin-3-caffeoylglucoside, peonidin-3-acetylglucoside, petunidin-
3-acetylglucoside, petunidin-3-caffeoylglucoside, petunidin-3-coumaroylglucoside, 
vitisin A, vitisin B, A-type vitisin of malvidin-3-acetylglucoside, and B-type vitisin 
of peonidin-3-glucoside) are present in Spanish Merlot and Syrah varieties of raisin 
[32]. Anthocyanin-derived compounds present in raisins are not reported in other 
dried fruits. 

Flavan-3-ols Numerous favan-3-ols have been characterized in dried fruits, except 
dates. Apricots have the highest number of favan-3-ols, followed by raisins and fgs 
(Table 14.6). Lower levels of favan-3-ols are reported in dried fruits as compared to 
favonols, anthocyanins, and phenolic acids. 

Catechin and epicatechin are present in all dried fruits except dates and 
peaches. Gallocatechin is the most abundant favan-3-ol reported in apricots (2955 
mg/100 g dw), followed by polymeric procyanidins (202 mg/100 g dw) and epi-
catechin (20–133 mg/100 g dw) [37,38]. Catechin (615 µg hyperoside equivalents 
[HE]/g) is the most abundant favan-3-ol present in raisins, followed by procyanidin 
B1 (346 µg HE/g) and procyanidin B3 (139 µg HE/g) [39,40]. 

Epigallocatechin gallate has been reported in apricots, cranberries, and rai-
sins, while procyanidin B2 is only present in apricots, fgs, peaches, prunes, and 
raisins [33,37–41]. In addition, procyanidin B1 is only present in apricots, fgs, and 
raisins. Polymeric procyanidins have also been reported only in apricots, peaches, 
and prunes (Table 14.6). 

Flavonols Flavonols have been reported in apples, apricots, cranberries, dates, 
fgs, peaches, prunes, and raisins at varying concentrations [33,35–38,40–47]. 
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table 14.6 Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

Apples Flavan-3-ols Catechin mg/100 g dw 0.26–18 [42,58] 

Epicatechin 3.1–50.5 

Flavonols Cyanidin-3-O-galactoside mg/100 g dw 2.97 [42,43] 

Quercetin-3-O-galactoside 36.2 

Quercetin-3-O-glucoside 5.93 

Quercetin-3-O-rhamnoside 9.21 

Quercetin-3-O-rutinoside 1.71 

Quercetin-3-O-xyloside 6.7 

Phenolic acids Chlorogenic acid mg/100 g dw 139–180 [42,58] 

Chalcones/ Phloridzin mg/100 g dw 35.4 [42] 
Dihydrochalcones Phloretin 0.32 

Apricots Flavan-3-ols Catechin mg/100 g dw 3.9–47.3 [37,38,41] 

Epicatechin 20–133 

Epicatechin gallate 13.26 

Epigallocatechin 8.2 

Epigallocatechin gallate 8.2 

Gallocatechin 2955 

Procyanidin B2 5.2–9.4 

Procyanidin B1 21.3 

Polymeric procyanidins 202 

Flavonols Myricetin 1.29 

Quercetin 0.30 

Quercetin-3-O-glucoside 8.14 

Quercetin-3-O-rutinoside 30.1 

Quercetin-3-O-galactoside 4.00 

Rutin 34.6–75 

Flavones Luteolin mg/100 g dw 0.43 [37] 

Phenolic acids Chlorogenic acid mg/kg dw 365 

Neochlorogenic acid 221 [41] 

Caffeic acid mg/100 g dw 0.36 [38,51] 

Cumaric acid 0.30 

Gallic acid 35.0 

Ferulic acid 0.32 

Protocatechuic acid 12.6 

Vanillic acid 3.8 

4-O-Caffeoylquinic acid 50.04 

3-p-Feruloylquinic acid 7.13 

Chalcones/ Phloridzin mg/100 g dw 0.17 [37] 
Dihydrochalcones 

(Continued) 
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table 14.6 (continued) Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

cranberries Anthocyanins Cyanidin-3-O-arabinoside mg/100 g dw 1335 [33] 

Cyanidin-3-O-galactoside 1951 

Cyanidin-3-O-glucoside 62.1 

Delphinidin-3-O-glucoside 16.7 

Malvidin-3-O-arabinoside 7.96 

Peonidin-3-O-arabinoside 1110 

Peonidin-3-O-galactoside 2740 

Peonidin-3-O-glucoside 254 

Flavan-3-ols Catechin mg/100 g fw 0.80–3.80 [33,44] 

Epicatechin 4.5–45.7 

Epigallocatechin gallate 1.9 

Flavonols Myricetin mg/100 g fw 16.6 

Quercetin 19.4 

Methoxyquercetin mg/100 g dw 9.11–10.7 [33] 
pentoside 

Methoxyquercetin 11.1–51.4 
hexoside 

Myricetin-3-O-pentoside 25.2–611 

Quercetin-3-O-galactoside 33.3 

Quercetin-3-O-pentoside 38.6–53.2 

Quercetin-3-O-rhamnoside 124 

Quercetin-benzoyl- 5.7 
galactoside 

Quercetin 3.9 
p-coumaroyl-hexoside 

Phenolic acids Caffeic acid mg/100 g fw 2.31 [52,53] 

Chlorogenic acid 10.3 

Ferulic acid 2.96 

Gallic acid 14.5 

p-Coumaric acid 25.2 

Protocatechuic acid 51.2 

3-Hydroxybenzoic acid 1.90 

3-Hydroxyphenylpropionic 1.53 
acid 

4-Hydroxybenzoic acid 3.42 

4-Hydroxyphenylacetic 3.21 
acid 

Proanthocyanidins A-type PAC dimer mg/100 g dw 64.7–101 [33] 

A-type PAC trimer 73.9 

B-type PAC dimer 27.8 

Procyanidin polymers 1076 

(Continued) 
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table 14.6 (continued) Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

PAC dimers 5.1 [60] 

PAC trimers 4.4 

PAC 4-6mers 10.1 

PAC 7-10mers 0.33 

Dates Anthocyanins Cyanidin mg/100 g fw 1.7 [44] 

Flavonols Quercetin 0.9 

Phenolic acids Caffeic acid mg/100 g fw 2.5 [54] 

Ferulic acid 11.8 

Gallic acid 1.6 

o-Coumaric acid 2.9 

p-Coumaric acid 5.8 

Protocatechuic acid 4.9 

Syringic acid 2.9 

Vanillic acid 2.3 

Proanthocyanidins PAC dimers mg/100 g dw 1.84 [61] 

PAC trimers 3.02 

PAC 4-6mers 5.9 

Figs Anthocyanins Cyanidin-3-O-rutinoside mg/100 g fw 0.19 [34–36] 

Cyanidin-3-glucoside 0.1 

Cyanidin-3-rutinoside 1.5 

Flavan-3-ols Catechin mg/100 g fw 1.5–8.7 [36,45] 

Epicatechin 0.6–21.83 

Procyanidin B1 0.8–1.5 

Procyanidin B2 0.5–1.3 

Flavonols Kaempferol-3-O-glucoside mg/100 g fw 0.4 [35,36,45] 

Kaempferol rutinoside 0.2–2.0 

Quercetin 0.6–16 

Quercetin-3-glucoside 0.2–0.7 

Quercetin glucoside 2.5 

Quercetin-3-O-glucoside 2.9 

Quercetin rutinoside 10.2 

Quercetin acetylglucoside 2.6 

Rutin 9.0–15 

Flavones Apigenin-7-rutinoside mg/100 g fw 16–32 [35,45] 

Luteolin-3-7-O-diglucoside 13–22 

Luteolin-8-C-glucoside 0.14 

Phenolic acids Benzoic acid mg/100 g fw 1.1–2.6 [35,36,50] 

Chlorogenic acid 0.8–3.0 

(Continued) 
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table 14.6 (continued) Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

Cinnamic acid 0.6–2.6 

m-Coumaric acid 0.13–0.19 

o-Coumaric acid 0.8–1.05 

p-Coumaric acid 0.33–9.9 

Ferulic acid 7.2 

Gallic acid 0.10 

Gentisic acid 2.2–2.8 

p-Hydroxybenzoic acid 0.15–1.5 

Protocatechuic acid 1.96 

Salicylic acid 1.3–2.6 

Syringic acid 0.3–0.43 

Vanillic acid 2.1–3.3 

Proanthocyanidins Total proanthocyanidins mg CyE/100 g dw 103–180 [62] 

Peaches Anthocyanins Cyanidin-3-glucoside mg/100 g fw 5.1 [21] 

Flavan-3-ols Procyanidin B2 mg/100 g fw 82.9 [38] 

Polymeric procyanidins 138 

Flavonols Quercetin-3-O-rutinoside- 3.9 
glucoside 

Quercetin-3-O-rutinoside 9.11 

Quercetin-3-O-galactoside 2.7 

Kaempferol-3-O-rutinoside 3.11 

Isorhamnetin-3-O- 6.52 
rutinoside 

Phenolic acids Chlorogenic acid mg/kg fw 151 [59] 

Neochlorogenic acid 85.3 

4-O-Caffeoylquinic acid mg/100 g fw 114 [38] 

Pears Flavan-3-ols Catechin mg/g fw 2.6 [63] 

Epicatechin 15.2 

Phenolic acids Caffeoylquinic acid 6.1 

p-Coumaroylmallic acid 0.7 

Chalcones/ Arbutin 7.5 
Dihydrochalcones 

Prunes Flavan-3-ols Epicatechin mg/kg dw 7.2 [57] 

Procyanidin B2 mg/100 g fw 88.1 [38] 

Polymeric procyanidins 185 

Flavonols Quercetin-3-O-rutinoside 26.7 

Quercetin-3-O-galactoside 4.00 

Isorhamnetin-3-O- 3.64 
rutinoside 

(Continued) 
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table 14.6 (continued) Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

Phenolic acids Caffeic acid mg/kg dw 1–35 [55–57] 

Chlorogenic acid 67–562 

Neochlorogenic acid 928–3045 

p-Coumaric acid 2–43 

Protocatechuic acid 0.5–2.0 

4-O-Caffeoylquinic acid mg/100 g fw 35.1 [38] 

3-O-Caffeoylshikimic acid 10.35 

3-p-Feruloylquinic acid 11.12 

Raisins Anthocyanins Cyanidin-3-glucoside mg/kg dw 1.16–1.56 [32] 

Cyanidin-3-acetylglucoside 0.67–0.98 

Delphinidin-3-glucoside 1.45–1.75 

Delphinidin-3- 0.39–0.40 
acetylglucoside 

Malvidin-3-glucoside 47.2–74.1 

Malvidin-3-acetylglucoside 14.3–16.7 

Malvidin-3- 1.56–1.73 
caffeoylglucoside 

Pelargonidin-3-glucoside 0.87–1.04 

Peonidin-3-glucoside 20.0–22.7 

Peonidin-3-acetylglucoside 3.81–5.57 

Petunidin-3-glucoside 9.34–11.4 

Petunidin-3-acetylglucoside 5.17–6.33 

Petunidin-3- 2.86–2.95 
caffeoylglucoside 

Petunidin-3- 2.36–2.54 
coumaroylglucoside 

A-type vitisin of 0.44–0.53 
malvidin-3-
acetylglucoside 

B-type vitisin of 0.38–0.75 
peonidin-3-glucoside 

Vitisin A 0.11–0.12 

Vitisin B 0.76–0.84 

Flavan-3-ols Catechin µg HE/g 615 [39,40] 

Epicatechin 48.1 

Epicatechin-3-O-gallate 10.9 

Epigallocatechin-3-O- 4.9 
gallate 

Procyanidin B1 346 

Procyanidin B2 41.8 

Procyanidin B3 139 

Procyanidin C1 14 

(Continued) 
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table 14.6 (continued) Phenolics in Selected Dried Fruits 

Dried Fruit Types of Phenolic Compounds Unit Content References 

Flavonols Isorhamnetin-3-O-glucoside mg/100 g dw 1.25 [40,46,47] 

Isorhamnetin-hexoside 1.8–43 

Isorhamnetin 0.7–17 

Kaempferol 3.3–49 

Kaempferol hexoside 81–213 

Quercetin 0.8–98 

Quercetin-3-O-glucoside 2.1 

Quercetin-3-O-glucuronide 3.4–42 

Quercetin-3-O-rutinoside 109–260 

Flavones Astilbin µg/100 g dw 0.3–27 [40] 

Apigenin mg/g dw 0.09–0.47 [48] 

Apigenin-7-glucoside 0.03–0.09 

Luteolin 0.06–1.32 

Luteolin-7-glucoside 0.27–1.17 

Malvine 0.1–0.26 

Naringenin 0.05–0.2 

Phenolic acids Caffeic acid 

Cinnamic acid 

mg/100 g dw 0.63 

0.16 

[40,47– 
49] 

Caftaric acid 3.26–19 

Coutaric acid 0.64–3.5 

Chlorogenic acid 0.02–0.23 

Ferulic acid 0.32 

Gallic acid 0.16–0.69 

p-Coumaric acid 0.36–8.6 

p-Hydroxybenzoic acid 0.23 

p-Hydroxyphenylacetic 
acid 

0.12 

Protocatechuic acid 0.15–0.44 

Rosameric acid 0.05–0.15 

Syringic acid 0.34 

Vanillic acid 1.21 

Isovanillic acid 0.15–0.18 

Salicylic acid 0.06 

3,4-Dihydroxybenzoic 
acid 

0.51 

3,4-Dihydroxyphenylacetic 
acid 

0.10 

Stilbenes Resveratrol 0.02–0.12 [40,48] 

trans-Resveratrol 2.60 

Abbreviations: CyE, cyanidin equivalents; dw, dry weight; fw, fresh weight; HE, hypero-
side equivalents; PAC, proanthocyanidins. 
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Figure 14.3  Chemical structures of representative phenolic compounds (phenolic 
acids, favonoids, and anthocyanidins) present in dried fruits. 

Among dried fruits, cranberries, raisins, apples, apricots, and peaches have the 
most diverse favonol profles (Table 14.6). 

Rutin is the most abundant favonol in apricots (34.6–75 mg/100 g dw) [37,38] 
and fgs (9–15 mg/100 g fw) [35,36,45]. While quercetin is present in all dried fruits, 
except pears, myricetin has only been reported in apricots and cranberries. In addi-
tion, kaempferol and its derivatives are present only in fgs, peaches, and raisins 
(Table 14.6) 
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Figure 14.3 (continued)  Chemical structures of representative phenolic com-
pounds (phenolic acids, favonoids, and anthocyanidins) present in dried fruits. 

Quercetin-3-O -rutinoside is found in apples, apricots, peaches, prunes, and  
raisins. Of these, raisins have the highest amount of this compound (109–260  
mg/100 g fw) [40]. Meanwhile, quercetin-3-O -galactoside (36.2 mg/100 g dw) is  
the most abundant favonol present in apples, followed by quercetin-3-O -rhamno-
side (9.2 mg/100 g dw) [42,43]. Furthermore, myricetin-3-O -pentoside (25.2–611  
mg/100 g dw) is most abundant favonol in cranberries, followed by quercetin-3-O -
rhamnoside (124 mg/100 g dw) and quercetin-3-O -pentoside (38.6–53.2 mg/100  
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Figure 14.4  Chemical structures of representative phytoestrogens present in dried 
fruits. 

g dw) [33]. Some unique favonols (such as methoxyquercetin pentoside, methoxy-
quercetin  hexoside,  quercetin-benzoyl-galactoside,  and  quercetin  p-coumar-
oyl-hexoside) that are not present in other dried fruits have been reported in  
cranberries [33]. Moreover, quercetin-3-O -rutinoside-glucoside has only been  
reported in peaches [38]. 

362 



     

 

 

 
  

 
 
 
 
 
 
 
 
 

 

D R I E D  FRU I TS:  N U T R I E N TS,  N AT U R A L  A N T I OX I DA N TS,  A N D  P H Y TO CH E M I C A L S  

Flavones Flavones have only been reported in apricots (luteolin) [37], fgs (api-
genin-7-rutinoside, luteolin-3-7-O -diglucoside, and luteolin-8-C-glucoside) [35,45], 
and raisins (astilbin, apigenin, apigenin-7-glucoside, luteolin, luteolin-7-glucoside, 
malvine, and naringenin) [40,48] (Table 14.6). Apigenin-7-rutinoside (16–32 mg/100 
g fw) and luteolin-3-7-O -diglucoside (13–22 mg/100 g fw) are the most abundant 
favones in fgs [35,45]. Among dried fruits, astilbin, naringenin, and malvine are 
only present in raisins [40,48]. 

14.4.3.2 Phenolic Acids 
Phenolic acids are the second largest group of phenolics after favonoids and occur 
in foods in free, esterifed, glycoside, and insoluble-bound forms. Free phenolic 
acids are known to contribute to the taste of foods and include both hydroxycin-
namic acids (caffeic, chlorogenic, cinnamic, trans-cinnamic, o-coumaric, p-cou-
maric, ferulic, caffeoylquinic, p-coumaroylquinic, sinapic, and trans-p-coumaric 
acids) and hydroxybenzoic acids (gallic, p-hydroxybenzoic, 3,4-dihydroxybenzoic, 
p-hydroxyphenylacetic, protocatechuic, syringic, and vanillic acids), both of which 
have been reported in dried fruits. 

Contents and compositions of phenolic acids present in dried fruits are sum-
marized in Table 14.6. Raisins contain the highest number of phenolic acids (18) 
[40,47–49], followed by fgs (14) [35,36,50]; then the same for both apricots (10) 
[37,38,41,51] and cranberries (10) [52,53]; and fnally the same numbers in dates 
(8) [54] and prunes (8) [38,55–57]. Other dried fruits, such as apples, peaches, and 
pears, contain between one and three phenolic acids, being lowest in apples [41,58] 
and highest in peaches [38,59]. Among the identifed phenolic acids, chlorogenic acid 
in apples (139–180 mg/100 g dw), 4-O-caffeoylquinic acid in apricots (50.04 mg/100 g 
dw), protocatechuic acid in cranberries (51.2 mg/100 g fw), ferulic acid in dates (11.8 
mg/100 g fw), p-coumaric acid in fgs (0.33–9.9 mg/100 g fw), 4-O-caffeoylquinic acid 
in peaches (114 mg/100 g fw), caffeoylquinic acid in pears (6.1 mg/g fw), neochlo-
rogenic acid in prunes (928–3045 mg/kg dw), and caftaric acid in raisins (3.26–19 
mg/100 g dw) are the most abundant phenolic acids reported (Table 14.6). 

Both chlorogenic and neochlorogenic acids are abundantly present in apricots, 
prunes, and peaches. Caffeic acid is found in all dried fruits, except apples, peaches 
and pears. Protocatechuic acid is found in most dried fruits, except for apples, fgs, 
peaches, and pears. Both gallic acid and ferulic acid are present in apricots, cran-
berries, dates, fgs, and raisins. 3-Hydroxybenzoic acid, 3-hydroxyphenylpropionic 
acid, 4-hydroxybenzoic acid, and 4-hydroxyphenylacetic acid are present only in 
cranberries. Gentisic acid is found only in fgs, whereas 4-O -caffeoylquinic acid is 
reported in apricots, peaches, and prunes. Meanwhile, two unique phenolic acids, 
caffeoylquinic acid and p-coumaroylmallic acid, are found only in pears. Finally, 
while salicylic acid is reported in both fgs and raisins, vanillic acid is present in 
apricots, dates, fgs, and raisins (Table 14.6). 

Four free phenolic acids (protocatechuic, vanillic, syringic, and ferulic) 
and nine bound phenolic acids (gallic, protocatechuic, p-hydroxybenzoic, vanillic 
and syringic acids, caffeic, p-coumaric, ferulic, and o-coumaric acids) have been 
reported in fresh and sun-dried Omani dates of three native varieties [54]. In addi-
tion, there are some unique phenolic acids reported only in raisins, such as caftaric, 
coutaric, rosameric, isovanillic, 3,4-dihydroxybenzoic, and 3,4-dihydroxyphenyl-
acetic acids [40,48]. 
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14.4.3.3 Tannins 
Tannins are defned as proanthocyanidins (also known as condensed tannins) (mono-
mers, dimers, oligomers, and polymers of favan-3-ols) or hydrolysable tannins (gal-
lotannins and ellagitannins), depending on their structures. Proanthocyanidins 
have only been reported in cranberries, dates, and fgs [33,60–62] (Table 14.6). 
Proanthocyanidin dimers, trimers, and tetramers to hexamers are present in both 
dates and fgs, while proanthocyanidins heptamers to decamers are only reported 
in cranberries [33,60,61]. A-type proanthocyanidin dimer, trimer, and B-type proan-
thocyanidin dimer are only present in cranberries [33]. Procyanidin polymers (1076 
mg/100 g dw) are the most abundant proanthocyanidins reported in cranberries, 
followed by A-type proanthocyanidin dimer (64.7–101 mg/100 g dw) and A-type pro-
anthocyanidin trimer (73.9 mg/100 g dw) [33]. Figs have been reported to contain 
103–180 cyanidin equivalents (CyE)/100 g dw of total proanthocyanidins [62]. 

14.4.3.4 Stilbenes 
There are two stilbenes that have been reported in raisins, trans-resveratrol (2.60 
mg/g dw) and resveratrol (0.02–0.12 mg/g dw) [40,48]. No stilbenes have been 
reported in other dried fruits. 

14.4.3.5 Chalcones/Dihydrochalcones 
Chalcones/dihydrochalcones have been reported in apples (phloridzin and phlor-
etin) [42], apricots (phloridzin) [37], and pears (arbutin) [63] (Table 14.6). Among 
them, phloridzin is the most abundant of the chalcones/dihydrochalcones in apples 
(35.4 mg/100 g dw) [42]. 

14.5  conclusion 

Dried fruits are good sources of fber, carbohydrate, micronutrients, and phy-
tochemicals, with low sodium content and only trace amounts of fat. In fact, con-
suming dried fruits in the same amount as their fresh counterparts provides more 
nutrients, calories, and sugar, although they may be lower in some heat-sensitive 
nutrients such as vitamin C and carotenoids. Despite their high sugar content, dried 
fruits have low-to-moderate glycemic index, which is benefcial for controlling blood 
glucose level for diabetic patients. Dried fruits, which contain an abundance of phy-
tochemicals as well as nutrient and nonnutrient antioxidants, is an excellent choice 
as a snack food and food additive. A detailed and up-to-date summary and scientifc 
review of the available data on nutrient and nonnutrient antioxidant components of 
dried fruits are reported in this chapter, which indicates that consumption of dried 
fruits as healthy snacks is a viable way to increase daily fruit consumption. 
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15.1 introduction 

Dried fruits provide a unique combination of essential nutrients and health promot-
ing bioactive compounds or phytochemicals. Practically devoid of fat, dried fruits 
are concentrated sources of sugar, have a high content of dietary fber, contribute 
to the daily requirement of key vitamins and minerals, and provide a broad range 
of phytochemicals, including phenolic acids, favonoids, and carotenoids. Limited 
information, however, is available on the bioavailability of vitamins and essential 
minerals and of phytochemicals from dried fruits. In this chapter, we summarize the 
current literature regarding this topic. 

15.2 Bioavailability and Bioaccessibility of 
Nutrients and Phytochemicals in Dried Fruits 

Epidemiological studies have shown that diets rich in fruits and vegetables are asso-
ciated with a lower risk of chronic diseases such as cardiovascular disease (CVD), 
diabetes, and cancer. Their protective effect has been attributed, in part, to their 
content of bioactive compounds or phytochemicals. However, the biological proper-
ties of these compounds depend on the ease by which they are released from the 
food matrix (bioaccessibility), their bioavailability, and, in some cases, their metabo-
lism by colonic microbiota. The term bioaccessibility is defned as “the fraction of 
the compound that is released from its matrix in the gastrointestinal tract and thus 
becomes available for absorption,” whereas bioavailability generally refers to the 
fraction of an oral dose from a parent compound of active metabolite that is absorbed 
and reaches the systemic circulation [1]. In these terms, bioavailability is strictly 
dependent on bioaccessibility [2]. Only carotenoids and phenolic compounds will be 
discussed in this section, as they are the most investigated compounds in relation to 
health benefts of dried fruits. In nutritional sciences, the term relative bioavailabil-
ity is commonly used to describe the bioavailability of a compound from one source 
compared to another. Figure 15.1 illustrates the basic events describing the fate of 
ingested nutrients and phytochemicals in the body [3]. 

15.3 Sugars and Sugar Alcohols in Dried Fruits 

Fruits are concentrated sources of simple sugars and, in some cases, certain sugar 
alcohols, primarily sorbitol. Dried fruits, consequently, can have very high con-
centrations of sugars. As reported in the United States Department of Agriculture 
(USDA) Food Composition Database (Table 15.1), the total sugar concentration of 
many dried fruits exceeds 50% of the weight of the dried fruits. Dried plums and 
peaches have the lowest sugar concentration. In the majority of dried fruits where 
individual sugars were reported, glucose and fructose are the major sugars. Only 
in dates and dried peaches does sucrose constitute the major sugar. In prunes, fgs, 
and raisins, sucrose is present in low concentrations. 

Of the dried fruits for which the sorbitol concentration has been reported, or 
can be extrapolated from values in fresh fruits, prunes have the greatest concentra-
tion, although dried pears also have a signifcant concentration. Raisins and dried 
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Figure 15.1 Basic events describing the fate of nutrients and phytochemicals. (1) 
Liberation: the release and dissolution of a compound to become available for 
absorption (bioaccessibility); (2) absorption: the movement of compounds from the 
site of administration to the blood circulation; (3) distribution: the process by which a 
compound diffuses or is transferred from the blood to the body tissues; (4) metabo-
lism: the biochemical conversion or transformation of a compound into a form that 
is easier to eliminate; and (5) excretion: the elimination of unchanged compound or 
metabolites from the body, mainly via renal, biliary, or pulmonary pathways. Source: 
Adapted from Holst and Williamson, Curr. Opin. Biotechnol., 19, 73, 2008. With 
permission. 

apricots would be expected to have no sorbitol, based on the lack of sorbitol in the 
fresh fruit. More detail information about nutritional characteristics of dried fruits 
is given in Chapter 14. 

15.3.1 Glycemic Index as a Measure of Glucose Bioavailability 

Plasma glucose increases after ingestion of glucose-containing foods, or foods 
containing starch or sucrose. The magnitude of this postprandial increase, both in 
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terms of its amplitude and the duration of its increase relative to fasting glucose con-
centrations, has long been of interest in terms of its association with diabetes and 
coronary heart disease (CHD). As an attempt to quantify the postprandial increase 
in plasma glucose caused by foods, relative to some standard, the glycemic index 
(GI) was proposed by Jenkins et al. [4]. Operationally, the GI is measured as the area 
under the curve of the plasma glucose response to a food, measured multiple times 
over 2 hours, expressed as a percentage of the area under the plasma glucose curve 
for a reference carbohydrate, which is either a glucose solution or white bread. Thus, 
the GI can be considered a measure of the bioavailability of glucose (as glucose or 
products that give rise to glucose when hydrolyzed, such as starch or sucrose) from 
a food. In normal individuals, the postprandial glucose response to oral fructose is 
minimal [5], as is the glucose response to sorbitol [6]. Thus, the GI of an individual 
dried fruit largely depends on the bioaccessibility of glucose and sucrose from the 
dried fruits. GI values ≥ 70 are considered high. Intermediate values are 55–70, and 
a low GI is ≤ 55. 

The GI has been determined for a number of different dried fruits. As shown 
in Figure 15.2, dried apricots and prunes have the lowest GI, with values of approxi-
mately 30. Dates also have a low GI of approximately 42, although this value varies 
considerably depending on the type of dates. For example, the Bahri variety of dates 
has a GI of 50, whereas the GI of the Bo ma’an variety has a value of 31. Sweetened 
dried cranberries, dried fgs, and raisins have GI values considered to be medium 
(62, 61, and 58, respectively), although in the case of dried cranberries, the GI was 

Figure 15.2 Glycemic index for a number of dried fruits and for grapes, using glu-
cose as the reference. Values are taken from the University of Sydney Glycemic Index 
Database (http://www.glycemicindex.com/index.php). When multiple values existed 
for the same dried fruit, the values were averaged. 
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likely infuenced by the sweetener. Overall, dried fruits have a low to intermediate 
GI. This is consistent with the study by Miller et al. [7], who concluded that foods 
high in simple sugars, such as fruits, generally have a lower GI than starchy foods. 

Grapes, the one fruit listed with a dried fruit counterpart (e.g., raisins) has 
an average GI of 49, somewhat lower than the value for raisins. This might suggest 
greater bioavailability of the sugars from raisins than grapes. However, in a study 
comparing the blood glucose response of a 100 kcal serving of raisins to a 100 kcal 
serving of Thompson Seedless grapes, the variety of grapes used to make com-
mercial raisins, it was found that raisins had a somewhat lower glycemic response 
than grapes (Table 15.2) [8]. In another study, the glycemic response to the recom-
mended serving size of raisins (36 g, 109 kcal, and 27 g carbohydrate) and Thompson 
seedless grapes (151 g, 104 kcal, and 26 g carbohydrate) were compared. With blood 
collections at 30, 60, and 120 minutes, there were no differences (P > 0.05) in blood 
glucose levels between the treatments at any time point [9]. 

15.3.2 Sorbitol 

The sugar alcohol sorbitol (also called D-glucitol) is present in several dried fruits, 
as shown in Table 15.1. Prunes have the greatest concentration, followed by dried 
pears. Dried apples, fgs, and peaches have low concentrations of sorbitol, whereas 
dried apricots and raisins would be expected to have no sorbitol, based on the lack 
of detection of sorbitol in the fresh fruits. Although sorbitol is known to be incom-
pletely absorbed, the majority does seem to be taken up by the small intestine. In 
ileostomy patients, only about 26.8 ± 2.8% of a dose of sorbitol could be recovered in 
the ileal effuent, indicating that about three-quarters of the dose was absorbed [10]. 
Based on these fndings, the metabolizable energy value was estimated to be 2.8 
kcal/g. Similar results were found in normal subjects in which the distal ileal con-
tents were aspirated after a meal containing sorbitol. Absorption of sorbitol was esti-
mated at 79 ± 4%, and subsequently the energy value was estimated at 3.58 kcal/g 
[11]. Sorbitol that is not absorbed in the small intestine is completely fermented in 
the large intestine [12]. 

There appear to be no studies of sorbitol absorption from fruits, fresh or dried, 
or indeed from any other whole food. However, it has been shown that a solution of 
sorbitol is better absorbed when containing either glucose or lipids, compared to 

table 15.2 Glycemic Response to 100 kcal Serving of Raisins 
and Thompson Seedless Grapes 

Time (min) Raisins Thompson Seedless Grapes 

Plasma glucose (mg/dL) 
0 150.8 ± 10.1 154.4 ± 15.2 
30 180.5 ± 12.7 204.6 ± 16.2 
60 167.3 ± 13.2 181.3 ± 18.2 
120 143.7 ± 11.4 149.5 ± 14.9 

Source: Adapted from Wilson, T. et al., Food Nutr. Sci., 3, 1162, 
2012. Open access journal. 
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the sorbitol solution alone [13]. The improved absorption of sorbitol with co-admin-
istration of glucose or lipids was attributed to a slowing of gastric emptying by the 
glucose or lipids. Since sorbitol is passively absorbed in the small intestine [14], a 
slower presentation of gastric contents to the small intestine allows for a greater 
absorption. Thus, it would be expected that sorbitol absorption would be greater 
from a food, including dried fruits, compared to pure solutions of this sugar alcohol. 

15.4 Vitamin and Mineral Absorption 

15.4.1 Vitamins 

Fruits, including dried fruits, are considered a good food source of only a few vitamins. 
They are not, for example, a source of vitamins A, D, or E, as vitamins A and D are only 
found in animal products, and vitamin E is associated with oil-rich foods, such as nuts 
and seeds. However, fruits are often an excellent source of ascorbic acid (vitamin C) 
and carotenoids, some of which have pro-vitamin A activity, as discussed in the follow-
ing section. However, none of the commonly consumed dried fruits in the United States 
are a particularly good source of vitamin C. This is unsurprising, as drying processes 
lead to signifcant degradation of vitamin C [15]. Of the dried fruits, only prunes are a 
good source of vitamin K (phylloquinone) (Table 15.3), providing about 28 µg vitamin K 
per serving size of 5 prunes, which is 23% of the daily adequate intake for men and 31% 
for women. More detailed information about daily requirements of vitamins of dried 
fruits is given in Chapter 14. 

There are no studies of bioavailability of vitamin C from dried fruits. However, 
it has been shown that vitamin C is equally well absorbed from whole oranges, 

table 15.3 Vitamin K, Potassium, and Iron Content of Dried Fruits 

Vitamin K Potassium Iron 
Dried fruits Serving size (µg) (mg) (mg) 

Apples 6 rings (38.4 g) 1.2 173 0.54 
Apricots 10 halves (35 g) 1.1 407 0.93 
Dates 2 (48 g) 1.3 334 0.43 
Figs 5 (42 g) 6.6 286 0.85 
Peaches 3 halves (39 g) 6.1 388 1.58 
Pears 2 halves (36 g) 7.3 533 0.76 
Prunes 5 (47.5 g) 28.3 348 0.44 
Raisins Small box (42.5 g) 1.5 322 0.81 

Source: Adapted from U.S. Department of Agriculture (USDA), USDA National 
Nutrient Database for Standard Reference Release 28, 2016. Published 
online at https://ndb.nal.usda.gov/ndb/search/list (accessed April 1, 
2018). 

Notes: Adequate Intake of vitamin K is 120 µg/day for men and 90 µg/day for 
women. The Adequate Intake for potassium is 4.7 g/day. The 
Recommended Dietary Intake for iron is 8 mg/day for men and post-
menopausal women and 18 mg/day for premenopausal women. 
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orange juice, and synthetic vitamin C in humans [16]. This suggests that the food 
matrix has little if any effect on the bioavailability of vitamin C. Based on these fnd-
ings, one would suspect that the modest amount of vitamin C present in some dried 
fruits would be as available for absorption as from the fresh fruits it is derived from. 

Since green leafy vegetables are the major dietary source of vitamin K [17], and 
fruits, with the exception of prunes, are low in vitamin K, it is understandable that 
no bioavailability studies have been conducted with fruits, fresh or dried. However, 
one point about vitamin K bioavailability worth noting is that vitamin K absorption 
is greatly increased in the presence of some dietary fat. For example, the vitamin K 
in spinach was absorbed to a 3-fold greater extent when consumed with butter com-
pared to without butter [18]. Thus, consuming prunes in the absence of fat, such as 
alone as a snack, may result in a relatively low absorption of their vitamin K. 

15.4.2 Minerals 

All dried fruits are a good source of potassium, with dried pears having the most 
potassium per standard serving, and dried apples the least (Table 15.3). There appear 
to be no studies of the bioavailability of potassium from dried fruits. However, potas-
sium is generally effciently absorbed from the small intestine, typically around 85%, 
although there is considerable individual variation [19]. Thus, it is likely that potas-
sium is well absorbed from dried fruits and therefore would be a signifcant dietary 
source of the mineral. Since a high sodium-potassium ratio is associated with a sig-
nifcant increase in risk for CVD as well as all-cause mortality in the US population 
[20], increased consumption of dried fruits would provide a means to reduce the 
sodium-potassium ratio, therefore potentially reducing CVD risk. 

Iron defciency is the most common nutrient defciency in the world, leading to 
anemia and associated symptoms, such as fatigue. Although dried fruits would not 
be considered a rich source of dietary iron, several dried fruits have suffcient iron 
that they could make a signifcant contribution to total iron intake. Dried peaches 
have notable iron content, but dried apricots and raisins also have suffcient iron to 
make a worthwhile contribution to iron status in some circumstances, particularly 
for men and postmenopausal women. However, the bioavailability of the iron may be 
low in at least some dried fruits. When examined using an in vitro digestion/Caco-2 
cell culture model, the iron bioavailability of raisins was quite low [21], a fnding 
attributed to the high concentration of iron-binding phenolic compounds in raisins, 
which are known to decrease iron absorption [22]. Thus, dried fruits with a high 
concentration of phenolic compounds are likely to have low iron bioavailability. The 
carotenoids and phenolic compounds of dried fruits are discussed in the following 
sections. 

15.5 carotenoids in Dried Fruits 

Carotenoids are natural plant pigments responsible for most of the yellow, orange, 
and red colors of fruits and vegetables. Depending on their structural characteris-
tics, they can be categorized as provitamin A carotenoids (e.g., α-, β-, and γ-carotene, 
β-cryptoxanthin) or non-pro-vitamin A carotenoids (e.g., lycopene, lutein, zea-
xanthin, astaxanthin, and neoxanthin). Carotenoids exert signifcant antioxidant 
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activity by singlet-oxygen quenching and free-radical scavenging, mechanisms that 
may explain their protective effect on human health. They have been shown to play a 
role in the prevention of degenerative disease, especially CHD, age-related macular 
degeneration, and certain cancers. Before exerting health effects, however, carot-
enoids need to be released from the food matrix, dispersed, and solubilized into 
mixed micelles in the small intestine and then absorbed by the enterocytes into the 
blood stream (Figure 15.1). The effectiveness of this process depends on many fac-
tors, both dietary and physiologic. The main determinants include the food matrix 
in which the carotenoid is incorporated and the interaction of carotenoids with other 
dietary components [23]. The type and amount of carotenoid consumed in the meal, 
host nutrient status, and genetic factors all infuence absorption [24]. Excellent 
reviews on carotenoid bioavailability and bioaccessibility are available [24,25]. 

Dried fruits are a source of an array of carotenoids, notably α- and β-carotene, 
β-cryptoxanthin, lutein, and zeaxanthin. Of these, β-carotene is particularly high 
in dried apricots, peaches, mangos, and papayas [26]. Dried peaches provide lutein 
+ zeaxanthin and β-cryptoxanthin, prunes provide β-carotene, and red-feshed 
dried papayas provide lycopene [27]. Dates are rich in lutein and neoxanthin [28]. 
Traditional dried fruits have a higher carotenoid content than their fresh counter-
parts do, as they are concentrated by the removal of water. On the other hand, the 
exposure of the fruit to high temperatures in the presence of oxygen induces oxida-
tion, which affects carotenoid content and profles [29]. 

The major physical barriers to carotenoid bioaccessibility in plant foods, and 
probably of the greatest relevance to dried fruits, are the thickness and fbrous 
structure of cell walls and the morphology of the chromoplast wherein carotenoids 
are localized [30]. Mastication disrupts the cellular matrix, but the impact of cell 
walls on bioaccessibility is not limited to the ease with which cellular contents are 
released. The fruit’s fber content (cell wall material) can increase the viscosity 
of intestinal content, thus entrapping carotenoids and bile salts and decreasing 
the activity of digestive enzymes. This would reduce the effciency of micelle for-
mation [31]. Pectin, a viscous dietary fber, has been shown to inhibit carotenoid 
absorption [32]. Thermal processing or dehydration can affect carotenoid bioac-
cessibility by making mastication less effective, by hardening cell walls, and by 
concentrating fber. 

In vitro digestion approaches have been used to assess the impact of food 
matrix factors on carotenoid bioaccessibility from fruits, vegetables, and nuts but 
not from dried fruits. Very few studies have assessed the bioavailability of carot-
enoids from dried fruits. Gouado et al. [27] measured systemic levels of carotenoids 
after consuming fresh, dried, or juiced mangoes and papayas. Two groups of healthy 
volunteers ate meals containing bread, yogurt, and one of the three forms of fruit on 
different days. Meals were served after an overnight fast, and blood samples were 
collected before the meal (T0 – Control) and 4 hours (T4) and 8 hours (T8) after 
the test meal. Subjects received 100 g of the dried fruit or 565, 568, 532, and 513 g of 
the juiced mango, fresh mango, juiced papaya, and fresh papaya, respectively. Dried 
fruits were prepared by slicing fresh fruits and drying on a gas drier (starting at 
80 ˚C and ending at 40 oC) until residual moisture content was 12%. The carotenoid 
content of the dried fruits was signifcantly lower than those of the juiced and fresh 
fruits. This is because exposure to light and excessive heat led to oxidative destruc-
tion of the carotenoids. Carotenoids from dried mangoes and papayas were absorbed 
at a slower rate than from their fresh counterparts. The authors hypothesized that 
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drying hardens cell walls, making the liberation of carotenoids from the cellular 
matrix more diffcult. Carotenoids from dried mango slices were absorbed slower 
than from dried papayas. The authors attributed this to the higher fber content of 
mangoes. It is interesting to note that Jeffrey et al. [33], using an in vitro model of 
gastric and small intestinal digestion, estimated bioaccessibility to be 48.5 ± 13.3% 
and 37.3% ± 52.5 for β-carotene and lutein, respectively, in fresh papayas and 31.8 ± 
3.7% and 13.5 ± 11.9 % for these carotenoids in fresh mangoes. 

15.6 Phenolic compounds in Dried Fruits 

Phenolic compounds are characterized by having hydroxyl groups on aromatic 
rings, and are common plant secondary metabolites involved in defense against 
ultraviolet radiation or physiological damage by pathogens. Several hundred phe-
nolics have been identifed in fruits and vegetables, which may be classifed into 
phenolic acids, favonoids, stilbenes, and lignans, among others, according to the 
number of phenol rings they have and the structural elements that bind these rings 
to one another. 

Polyphenols are probably the most investigated phytochemicals of nutritional 
interest. Prospective epidemiological studies, as well as cross-sectional observa-
tions and interventions, have linked these compounds to benefcial effects in human 
health by reducing the incidence of several chronic diseases, including CVD, stroke, 
type-2 diabetes, and several types of cancer, among others. In mechanistic studies, 
they have been shown to inhibit the proliferation of cancer cells, reduce vasculariza-
tion, protect neurons against oxidative stress, lower markers of infammation and 
oxidative stress, stimulate vasodilation, and improve insulin secretion [34]. 

Dried fruits provide a wide range of polyphenols and phenolic acids. The major 
favonoids found in dried fruits are anthocyanidins, dehydrochalcones, favonols, fa-
vones, and fava-3-ols. The common phenolic acids present are chlorogenic acid, 
caffeic, ferulic, p-coumaric acid, protocatechuic acid, and gallic acid [28,35,36]. 
The total phenolic content (TPC) of dried fruits (apples, apricots, cranberries, 
dates, peaches, pears, prunes, and raisins), expressed as ascorbic acid equivalents 
(AAE)/100 g of dry weight (dw), has been reported to range from 916 to 2414 [37]. 
In this analysis, raisins had the highest TPC, and dates had the lowest. However, this 
ranking was not replicated in another study [28]. Drying concentrates the phenolic 
compounds in fruits but has variable effects on the phenolic profles and the TPC, 
depending on the type of drying process and the fruit [38,39]. The drying process 
can also alter the microstructure of the fruits and thus affect the bioaccessibility and 
bioavailability of phenolic compounds after intestinal digestion. 

Polyphenol bioavailability involves the following digestive and metabolic pro-
cesses (Figure 15.3): 

1. Release of polyphenol from the food matrix. 
2. Changes in polyphenols during the gastric/small intestinal digestion 

including cleavage of sugar moieties in glycosides. 
3. Cellular uptake of aglycones and some conjugated polyphenols by 

enterocytes. 
4. Microbiological fermentation of non-absorbed polyphenols or those 

excreted via bile to yield additional metabolites. 
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Figure 15.3 (See color insert.) General pathway of absorption of phenolic compounds 
contained in foods rich in dietary fber, such as fruits and vegetables. Source: Adapted 
from Palafox-Carlos, H. et al., J. Food Sci., 76, R6, 2011. Open access journal. 

5. Phase I/II enzymatic modifcation that occur upon uptake in small intes-
tine and colon; transport to the bloodstream and tissue redistribution. 

6. Excretion via the kidney [40]. 

As is the case with carotenoids, several factors may impact polyphenol bioacces-
sibility and bioavailability, including the food matrix; the amount of fber, protein, 
carbohydrate and antioxidant vitamins co-ingested; and the molecular structure of 
the polyphenol itself. Many excellent reviews on polyphenol bioavailability are avail-
able [40–42]. 

Of special relevance to dried fruits is the infuence of dietary fber on poly-
phenol bioaccessibility. A large proportion of polyphenols is associated with dietary 
fber. Extractable polyphenols (easily extracted with methanol or water) should be 
differentiated from non-extractable (or insoluble-bound) polyphenols (NEPPs), 
which are mostly attached to the cell wall. While many of the low-molecular weight 
polyphenols, such as phenolic acids, are released during digestion in the gastric 
phase or in the small intestine, higher-molecular-weight compounds, such as tan-
nins and proanthocyanidins, which are typically covalently bound to dietary fber 
or proteins, would be expected to reach the colon. NEPPS can range from 80% to 
90% in commonly consumed fruits. In a recent review of dietary fber as a carrier 
of antioxidants, it was suggested that, although NEPPs may not be available in the 
small intestine, they may be released into the colon by microbiological fermentation. 
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Figure 15.4 (See color insert.) Total urinary excretion of phenolic acid metabolites 
from raisins, white wine, and grapes per 24 hours. Source: Adapted from Carughi, A., 
Ann. Nutr. Metab., 62, 14, 2013. With permission. 

Using an in vitro model of digestion and colonic fermentation, it has been estimated 
that 48% of polyphenols are bioaccessible in the small intestine, while 42% become 
bioaccessible in the large intestine, and only small amounts (about 10%) are inac-
cessible and remain in the food matrix after the whole digestion process [43]. In the 
Spanish diet, it has been estimated that 197 mg/person/day of polyphenols from 
fruits are bioaccessible in the small intestine, 346 mg/person/day are bioaccessible 
in the large intestine, and 74 mg/person/day are non-bioaccessible [43]. Other than 
the effect of NEPPs, fber per se may decrease bioavailability, as in the case of carot-
enoids, by physical entrapment, increased viscosity, and increased bulk [40]. 

In vitro models simulating gastrointestinal digestion have been developed to 
assess bioaccessibility of phenolic compounds from fruits and vegetables [1,44,45]. 
These methods are fast and safe, and they do not have the ethical restrictions of 
the in vivo methods. Although results cannot predict the human in vivo condition, 
they are a tool for investigating the effect of food matrix and enzymes on polyphe-
nol bioavailability. Even so, very limited information is available on dried fruits. 
Kamiloglu et al. [46] measured antioxidant activity, proanthocyanidin content, and 
major phenolic compounds in yellow and purple fresh and dried Turkish fgs at dif-
ferent phases of simulated gastrointestinal digestion. TPC was determined using the 
Folin-Ciocalteau reagent, and total antioxidant capacity (TAC) was estimated from 
four different assays. Phases included post gastric digestion, intestinal digestion, 
and a dialyzed fraction after intestinal digestion. Dialysis through a semi-permeable 
cellulose membrane allows the study of free soluble fraction of polyphenols poten-
tially available for further uptake as a simplifed model of the epithelial barrier, thus, 
an indication of bioavailability. They found that after intestinal digestion, in both 
fresh and dried yellow and purple fgs, chlorogenic acid and rutin values were much 
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lower in the dialyzed fraction, indicating that the amount of these compounds avail-
able for absorption under the conditions of the small intestine is quite low. They also 
found that the amount of chlorogenic acid was higher in the dialyzed fraction from 
dried fgs than from fresh fgs, which may indicate that sun-drying had a positive 
effect on its bioaccessibility. The results were reversed for rutin; drying may have an 
adverse effect on rutin bioaccessibility, as lower values for this compound were seen 
in the dialyzed fraction after intestinal digestion. The amounts of both cyanidin-
3-glucoside and cyanidin-3-rutinoside of dried purple fgs were higher than those of 
their fresh fg counterparts in the gastric digestion fraction. However, no anthocya-
nins were detected in yellow and purple dried fgs, indicating low bioaccessibility. 
As mentioned above, this does not mean that they have no role in health protection; 
if they are not absorbed in the small intestine, they can reach the large intestine, 
where they can be transformed by the colon microbiota. The metabolites generated 
can have a benefcial effect on the large intestinal cells, the microbiota itself or be 
absorbed and exert a biological action elsewhere in the body. In fact, Matsumura 
et al. [47] measured the antioxidant activity of the non-extractable fraction of dried 
persimmons and found that the non-extractable fraction may possess signifcant 
antioxidant potential in vivo, as measured by plasma oxygen radical absorbance 
capacity values of experimental animals, and retain bioactivity by inducing changes 
in plasma triacylglycerols and high-density lipoprotein cholesterol. 

In another study, using the same model, Kamiloglu et al. [48] assessed the 
impact of gastrointestinal digestion on the TPC and TAC of dried apricots, fgs, and 
raisins. As with the study above, there was an increase in TPC for all samples after 
PG. TAC also increased. However, TPC after intestinal digestion in the dialyzed 
fraction was only a part of the initial phenolic content. Comparable results were 
found for apple phenolics, using a similar in vitro model of digestion [45]. In this 
study, about 65% of phenolics and favonoids were released during gastric digestion, 
with less than 10% released during intestinal digestion. Anthocyanins present after 
gastric digestion were not detectable after intestinal digestion. Free-soluble pheno-
lics crossing the semi-permeable cellulose membrane, and thus potentially available 
for further uptake, were signifcantly lower than after intestinal digestion. TAC fol-
lowed the concentration of TPC and favonoids. Results are consistent with those of 
Tagliazucchi et al., [44] who assessed the bioaccessibility of phenolic compounds in 
grapes using a model of in vitro gastrointestinal digestion. The amount of bioacces-
sible polyphenols, favonoids, and anthocyanins increased during gastric digestion. 
The transition to the intestinal environment caused a decrease in all the analyzed 
classes of polyphenols followed by a renewal in the extraction of polyphenols and 
favonoids but not of anthocyanins. The authors concluded that the gastrointesti-
nal tract might act as an extractor, wherein polyphenols are progressively released 
from a solid matrix and made available for absorption. Similar results were observed 
by Zhao et al., [49] who investigated the effects of three thermal drying methods 
on the phenolic profles and their bioaccessibility and the antioxidant activity of 
Rhodomyrtus tomentosa berries using a similar in vitro gastrointestinal digestion 
model. Release of phenolics from the food matrix mainly occurred in the stomach. 

Kamiloglu et al. [48] evaluated the in vitro bioaccessibility of phenolics and 
antioxidant activity during the consumption of dried fruits (fgs, apricots, and rai-
sins) with nuts (almonds, walnuts, and hazelnuts) using the in vitro model described 
above. Consumption of fg–nut and apricot–walnut/hazelnut mixtures instead of 
consuming them alone results in higher TAC recoveries in the dialyzed fraction, 
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which may refect greater bioavailability. For all samples, co-digestion of dried fruits 
with nuts reduced the TPC in the dialyzed fraction. The authors suggested that 
dietary fber in dried fruits might decrease bioaccessibility by acting as an entrap-
ping matrix and restricting the diffusion of the enzymes to their substrates in the 
in vitro system. Physiologically, this would suggest that a large fraction of the poly-
phenols bound to the fber end up in the large intestine. Considering that the Folin-
Ciocalteu assay for total phenolics is subject to interference from amino acids and 
purines that are released from the proteins and nucleic acid by enzymatic action in 
the in vitro digestion procedure, this assay may not be suffcient to refect changes 
in phenolics during co-digestion. 

Very few studies have examined bioavailability of dried-fruit phenolic com-
pounds. A liquid chromatography-mass spectrometry method was developed to mea-
sure the concentration of caffeic acid, ferulic acid, and chlorogenic acid in human 
plasma and urine. This method was tested in plasma and urine samples collected 
from three healthy volunteers after they ingested a single dose of 100 g of dried 
plums [50]. While no chlorogenic acid was detected in the plasma (limit of detection 
10 nmol/L), small amounts were recovered in the urine, particularly 2–4 hours after 
ingestion. Caffeic acid in free and conjugated forms in urine increased from between 
1.5-fold to 3-fold after dried-plum ingestion. Plasma levels of ferulic and caffeic acid 
also increased 2 hours after dried-plus ingestion. It is well known that dried-plum 
consumption increases serum levels and urinary excretion of hippuric acid within 
48 hours after ingestion. This could refect the bacterial metabolism and absorp-
tion of quinic acid and phenolic compounds in the digestive tract, as quinic acid is 
excreted in the urine as hippuric acid [51]. 

A recent study examined the antioxidant effect and the bioavailability of phe-
nolic compounds from Corinthian raisins in 15 healthy subjects [52]. Subjects con-
sumed 144 g raisins, and blood samples were collected at 0, 1, 2, 3, and 4 hours 
following consumption. Plasma TPC (µg gallic acid equivalents [GAE]/mL plasma) 
and serum resistance to copper-induced oxidation peaked at 1 hour after rai-
sin consumption (P < 0.05) and correlated strongly with each other (Table 15.4). 

table 15.4 Plasma Total Polyphenols and Total Serum Oxidizability 
after Ingestion of 144 g Raisins 

Total Polyphenols Total Serum Oxidizability 
Time (Hours) (µg GAE/mL Plasma) (tLAG in Seconds) 

0 290 ± 13 1630 ± 172 
1 316 ± 20* 3011 ± 641* 
2 296 ± 23 2216 ± 542 
3 308 ± 20 1933 ± 382 
4 309 ± 21 2378 ± 559 

Source: Adapted from Kanellos, P.T. et al., Plant Foods Hum. Nutr., 68, 
411, 2013. With permission. 

Note: Values are means ± SEM, *P < 0.05 at different time points 
measured. 

Abbreviations: GAE, gallic acid equivalents, tLAG, lag-time in sec. pre-
ceding copper-induced oxidation. 
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Sixteen phenolic compounds were identifed and quantifed in subjects’ plasma by 
gas chromatography-mass spectrometry analysis, most reaching highest levels at 
1 hour after consumption. A second rise in many phenolic compounds in plasma 
was observed 4 hours after consumption, possibly due to enterohepatic recycling 
of phenolic compounds and reabsorption. This study also measured plasma level of 
triterpenoid oleanolic acid and found that it peaked 4 hours after consumption. The 
results suggest that raisins infuence antioxidant potential in vivo, and that phyto-
chemicals are bioavailable. Repeated measures, however, did not display any sig-
nifcant difference in plasma concentrations of individual compounds measured at 
different times. 

A pilot human cross-over intervention study wherein subjects consumed 100 
g raisins, 400 g grapes, and 300 mL non-alcoholic white wine (equivalent weight 
of fresh grapes) suggests that microbial metabolism in the colon plays an impor-
tant role in the bioavailability of phenolic acids [53]. Despite the lower content of 
phenolic compounds in raisins as compared to grapes, subjects consuming raisins 
and grapes had a signifcantly higher level of the metabolite dihydroferulic acid in 
their urine compared to non-alcoholic white wine. Other phenolic metabolites were 
present in the urine at comparable levels for all three treatments, showing that the 
bioavailability of phenolic compounds, as estimated from content in 24-hour urine, 
is very similar for these grape-derived products despite substantial differences in 
processing (Figure 15.4). The data suggests that microbial metabolism in the colon 
plays an important role in the bioavailability of phenolics from raisins. 

15.7 Gut Microbiota 

The human gut microbiota is a complex and dynamic ecosystem made of thou-
sands of different bacterial species, of which more than 90% belong to the phyla 
Bacteroidetes and Firmicutes [54,55]. The gut microbiota is now recognized as a criti-
cal factor in nutrition and health, affecting the bioavailability and the metabolism 
of many food ingredients [56]. The integrity of the gut mucosal barrier is essential 
for maintaining a host energy balance, which could preclude the onset of certain 
chronic metabolic diseases, including intestinal infammation and metabolic syn-
drome [57,58]. 

Dysfunction of the gut barrier and dysbiosis have been reported in typical 
Western diets that are high in saturated fats and low in fber and phytochemicals, 
which could lead to a range of pathologies, such as infammatory bowel disease 
and increased permeability of bacterial lipopolysaccharide (LPS) [59]. LPS plays 
an important role in infammatory responses related to acute infections and is found 
in blood and tissues with postprandial and chronic infammation [60]. Intestinal 
infammation and disturbed colonic fermentation in subjects suffering from irritable 
bowel syndrome have been found to be associated with (a) microbiomes limited in 
the abundance and diversity of Bacteroidetes and Firmicutes and (b) reduced num-
bers of Clostridium coccoides [61]. A high-fat, high-sugar diet was found to increase 
intestinal permeability and tumor necrosis factor-alpha (TNF-α) secretion, result-
ing in a greater ability of invasive Escherichia coli to colonize the gut mucosa and 
induce infammation in transgenic mice [62]. 

There is growing interest in the contributions of diet-mediated changes in the gut 
microbiota, and advances in molecular analysis techniques allow effcient microbiota, 
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profling in animal and human studies. The composition of the intestinal microbiota is 
highly individual: molecular 16S rDNA-based microbiota analysis techniques includ-
ing denaturing gradient gel electrophoresis, fuorescent in situ hybridization, and 
quantitative PCR have been very benefcial in identifying new species [63–66]. 

A variety of plant foods and nuts have been reported to selectively and positively 
infuence the growth of the gut microbial ecology [67–69]. Gibson and Roberfroid 
[70] frst described prebiotics as “non-digestible food ingredients that benefcially 
affect the host by selectively stimulating the growth and/or activity of one or a lim-
ited number of bacteria in the colon, thus improving the health of the host.” It has 
been demonstrated that functional foods rich in dietary fber, polyphenols, or both 
were able to exert a prebiotic effect through the modulation of the human gut micro-
biota, which resulted in an increase of benefcial bacteria such as Bifdobacteria and 
Lactobacilli [71–73]. 

15.7.1 Impact of Dried Fruits on Gut Microbiota 

The microbial fermentation of certain dietary components present in dried fruits, 
such as dietary fber and polyphenols, could improve host health. Dried grapes (e.g., 
raisins, Vitis vinifera L.) are rich in both simple sugars and fructo-oligosaccharides, 
known for their prebiotic potential [74–76]. We have recently demonstrated that sun-
dried raisins exhibit the potential to promote the colonization and proliferation of 
benefcial bacteria in the human gastrointestinal tract, and stimulate the produc-
tion of advantageous organic acids [69]. Wijayabahu et al. [77] conducted a pilot 
human feeding study to determine how consumption of three oz. (~85 g) servings 
of sun-dried raisins per day affected composition and activities of the microbiota. 
Fecal samples were collected at baseline and days 7 and 14 of the study. Based on 
high throughput 16S rRNA sequence analysis, they observed stability in microbiota 
diversity indexes and in the proportions of bacterial phyla. Individual bacterial sig-
nature sequences suggested that the prevalence of up to 16 Operational Taxonomic 
Units (OTUs) changed during the frst week of raisin consumption compared to only 
11 OTUs that changed during the second week of raisin consumption. They also 
detected a signifcant reduction in an OTU closest to Klebsiella spp., potentially an 
enteric pathogen. The fndings suggested that while adding raisins to the diet does 
not distort overall microbiota composition, it might potentially be benefcial to the 
host by reducing enteric infammation associated with sub-clinical infections with 
an enteric pathogen. The anti-infammatory effect of grape-seed proanthocyanindin 
extract in high-fat diet-induced obesity and the contribution of the effects of grape-
seed proanthocyanindin extract on the gut microbiota metabolism has recently been 
evaluated. The results demonstrated that supplementation with grape-seed proan-
thocyanindin extract signifcantly decreased plasma levels of infammatory factors 
such as TNF-α, interleukin 6, and monocyte chemoattractant protein-1, accompa-
nied by increased macrophage infltration in epidydimal fat and liver tissues [78]. 
Furthermore, grape-seed proanthocyanindin extract also reduced epidydimal fat 
mass and improved insulin sensitivity. The 16S rDNA analyses revealed that grape-
seed proanthocyanindin extract supplementation modulated the gut microbiota com-
position and certain bacteria, including Clostridium XIVa, Roseburia, and Prevotella. 
More importantly, depleting gut microbiota by antibiotic treatment abolished the 
benefcial effects of grape-seed proanthocyanindin extract on infammation and 
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adiposity. A polyphenol-rich fraction obtained from table grapes decreased adipos-
ity, insulin resistance, and markers of infammation and affected the gut microbiota 
in high-fat-fed mice, thus attenuating many of the adverse health consequences 
associated with consuming a high-fat diet [79]. 

The relationship between the intestinal microbiota and the hypocholesterol-
emic and anti-obesity effects of whole grape-seed four from white and red wine-
making was evaluated by Kim et al. [80]. The results suggested that the benefcial 
health effects of Chardonnay grape-seed four on high-fat-induced metabolic disease 
related to the modulation of the intestinal microbiota and their metabolic processes. 

Two reports have indicated that dates affected the gut microbiota. A fruit 
extract signifcantly increased the growth of Bifdobacteria and production of short-
chain fatty acids in vitro, whereas an in vivo study showed benefcial changes in 
terms of increased stool frequency, reduction of stool ammonia concentrations, 
and reduced genotoxicity in human fecal water after consumption of dates for 21 
days [81,82]. Blumberg et al. [56] have recently reviewed the impact of cranberries 
on gut microbiota and cardiometabolic health. Bioactives present in cranberries, 
particularly the proanthocyanidins, favonols, and hydroxycinnamic acids, may act 
against a range of bacterial, fungal, and viral pathogens such as Escherichia coli [83], 
Helicobacter pylori [84,85], Streptococcus mutans [86], Porphyromonas gingivalis [87], 
Staphylococcus aureus [88], Pseudomonas aeruginosa [89], Cryptococcus neoformans 
[84], Haemophilus infuenzae [90], and Candida albicans [91]. Furthermore, Anhe 
et al. [92] demonstrated that a polyphenol-rich cranberry extract protected against 
chronic infammation associated with gut barrier dysfunction, with reduction in 
plasma LPS, cyclo-oxygenase-2, and TNF-α in mice. Polyphenols from cranberries 
had positive effects on oxidative stress, proinfammatory cytokines, nuclear factor-
kappa B activation, and nuclear factor E2-related factor 2 [93]. A prune-essence 
concentrate may positively regulate the intestinal microbiota and effectively act as 
a hypocholesterolemic agent. This was demonstrated in a placebo-controlled, ran-
domized study with 60 healthy mild hypercholesterolemic subjects, who showed a 
signifcant increase in the numbers of benefcial bacteria such as Bifdobacterium 
spp. and Lactobacillus spp., whereas the numbers of Clostridium perfringens and 
Escherichia coli decreased [94]. The shift in microbiota composition correlated with 
a reduction in total cholesterol and LDL-cholesterol levels. 

Patrignani et al. [95] evaluated the combined effects of an aroma compound 
(citral, used at a concentration of 50 mg/L) and high pressure homogenization 
treatments (performed at 100 MPa for 1–8 successive passes) on the inactivation 
dynamics of Saccharomyces cerevisiae SPA strain inoculated in apricot juices at level 
of about 4.5 log CFU/mL. Results demonstrated that yeast cell viability decreased 
with the increase of passes at 100 MPa and the relationship between yeast cell loads 
and number of passes at 100 MPa followed a linear trend. In addition, the effect of 
high pressure homogenization treatment can be potentiated throughout the pres-
ence of citral and ethanol, increasing the time necessary to reach a spoilage thresh-
old during storage. 

15.7.2 Fermentation of Bioactive Compounds in Dried Fruits 

It is well established that dried fruits contain bioactive compounds, including poly-
phenols as well as other phytochemicals such as terpenes, organic acids, complex 
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carbohydrates, and sugars, among others [96,97]. The two major classes of polyphe-
nols are hydroxycinnamic acids and favonoids, which account for around one half 
and one quarter of our dietary polyphenol intake, respectively [98]. Caffeic acid, 
the most abundant hydroxycinnamic acid, is commonly esterifed with quinic acid 
to form chlorogenic acid [99]. Amongst favonoids, quercetin is the most common 
favonol, often present as glycosides, such as the rutinoside conjugate rutin [100]. 

Due to their low bioavailability, only a small proportion of polyphenols (about 
10%) are directly absorbed in the small intestine, whereas as much as 90% enter 
the colon where they can be metabolized by intestinal bacteria [67]. Therefore, the 
gut microbiota plays a crucial role in the bioconversion of polyphenols into lower 
molecular weight metabolites, which can be absorbed and are responsible for the 
health benefts associated with consumption of polyphenol-rich foods. Caffeic acid 
is much better absorbed than chlorogenic acid, which is fermented in the colon into 
caffeic acid [101]. Quercetin aglycone has a very high bioavailability, with a peak in 
urine 24 hours after intake, whereas most of the rutin reaches the colon where it is 
fermented and liberates quercetin, some of which is absorbed in the colon and the 
remainder biotransformed into simpler phenolic acids [102]. 

The fermentation in the large bowel through anaerobic microbial metabolism 
usually generates production of short-chain fatty acids, such as acetate, propionate, 
and butyrate [103,104]. A recent in vitro investigation suggested that the effect of phe-
nolic compounds is dependent on the absorption and metabolism in the gastrointes-
tinal tract [105]. The biological activities related to consumption of dried fruits may 
also be due to the synergistic interaction of different polyphenols rather than to the 
action of an individual or single phenolic group [106]. Parkar et al. [107] investigated 
the fermentation of four dietary polyphenols, rutin, quercetin, chlorogenic acid, and 
caffeic acid, using an in vitro mixed culture model of human gut microbiota. All four 
compounds were biotransformed rapidly, disappearing from the medium within half 
an hour and later replaced by phenolic acid breakdown products (hydrocaffeic acid, 
dihydroxyphenylpropionic acid, 3-hydroxyphenylacetic acid, 4-hydroxyphenylpropi-
onic acid, 3- hydroxyphenylpropionic acid, and phenylpropionic acid). Fermentation 
of polyphenols stimulated proliferation of Bifdobacteria and decreased the ratio of 
Firmicutes to Bacteroidetes, relative to controls. 

The red cranberry is rich in several groups of phenolic compounds, especially 
favonols (200–400 mg/kg), anthocyanins (136–1710 mg/kg), and proanthocyani-
dins (4,188 mg/kg (96). Proanthocyanidins are oligomers and polymers of favan-
3-ol monomers (mainly [epi]afzelechin, [epi]catechin, and[epi]galocatechin) joined 
by B-type (4b-8 or 4b-6) and additional A-type (2b-O-7 or 2b-O-5) linkages. Sanchez-
Patan et al. [108] reported the in vitro degradation of cranberry polyphenols by 
the human gut microbiota and its subsequent modulation by polyphenols and their 
metabolites. The results showed the formation of phenylacetic (3,4-dihydroxy-, 
3-hydroxy-, 4-hydroxy-, and phenylacetic), phenyl-propionic (3-[3’,4’-dihydroxy-phe-
nyl]-, 3-[3’-hydroxy-phenyl]-, 3-[4’-hydroxy-phenyl]-, and 3-[phenyl]propionic acid), 
and benzoic (3,4-dihydroxy-, 4-hydroxy,2-hydroxy-, and benzoic acid) acids, as well 
as phenols such as catechol and its derivatives (4-methy- and 4-ethyl), derived from 
the action of colon microbiota on cranberry polyphenols. Wang et al. [106] found a 
signifcant increase in the content of 4-hydroxyphenylacetic, 4-hydroxybenzoic acid, 
2-hydroxybenzoic, and benzoic acids, among other metabolites, in urine samples of 
healthy subjects after a 3-week administration of cranberry juice. Khanal et al. [109] 
demonstrated that a diet containing cranberries signifcantly increased the excretion 
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of 3,4-dihydroxyphenylacetic, 3-hydroxyphenylacetic, 3-(3’-hydroxyphenyl)-pro-
pionic, and 3,4-dihydroxybenzoic in the urine of rats. In comparison to fermenta-
tion of grape-seed polyphenols, microbial degradation of cranberry polyphenols 
produced a different phenolic fngerprint, characterized by a relatively higher 
production of 3,4-dihydroxyphenylacetic, 3-(3’,4’-dihydroxyphenyl)-propionic, 
3-(4’-hydroxyphenyl)-propionic, and phenylpropionic acids [110]. Microbial fer-
mentation of grape-seed extracts, which are rich in B-type proanthocyanidins, 
induced formation of intermediate metabolites, such as 5-(3’,4-dihydroxyphenyl)-
γ-valerolactone and 4-hydroxy-5-(3’,4’-dihydroxyphenyl)-valeric acid, and of several 
phenolic acids, including 3-(3,4-dihydroxyphenyl)-propionic acid, 3,4-dihydroxy-
phenylacetic acid, 4-hydroxymandelic acid, and gallic acid. 

When comparing the effect of grape-seed and cranberry extracts on the growth 
of lactic acid bacteria pure cultures, a higher reduction in growth parameters was 
detected after incubation with grape-seed extract compared to cranberry extract 
[111,112]. These fndings demonstrated that procyanidin B2 (B-type linkage) has 
a higher inhibitory capacity than procyanidin A2 (A-type linkage). Interestingly, 
Lactobacillus plantarum cleaved the heterocyclic ring of monomeric favan-3-ols, 
originating 1-(3',4'-dihydroxyphenyl)-3-(2″,4″,6″-trihydroxyphenyl)propan-2-ol. This 
activity was exhibited by a few human intestinal bacteria only. 

In vitro fermentation of grape-seed extracts with different favon-3-ol compo-
sitions showed an increase in the growth of Lactobacillus spp. and a decrease in 
the Clostridium hystolyticum group [110]. A recent study reported that the extrac-
tion and in vitro fermentation of polyphenols from grape seeds resulted in a signif-
cant increase in the numbers of Bifdobacterium and Lactobacillus spp. as well as an 
inhibition of the growth of the Clostridium histolyticum group and the Bacteroides-
Prevotella group [113]. Raisins contain favonols (such as quercetin and kaempferol) 
and phenolic acids (such as caftaric and coutaric acid) [97]. In 2010, Williamson 
and Carughi [35] reported that raisins are richer in certain acids, such as protocate-
chuic and oxidized cinnamic acids, than their hydrated counterparts. A recent study 
reported that polyphenols contained in red wine altered the intestinal Bacteroidetes/ 
Firmicutes balance and signifcantly increased the concentration of Firmicutes and 
Bacteroidetes found in stool samples [114]. Polyphenol consumption resulted in no 
discernable effect on Lactobacillus spp. abundance. In addition, raisins are known 
to contain signifcant amounts (2.0–3.5 g/100 g) of tartaric acid (TA), which in and 
of itself could infuence the composition of the colonic microbiome. A study demon-
strated that the inclusion of TA in the diet has a positive impact on colonic health; the 
work compared the effect of a low-fber, grape-free diet to one including either 120 
g of sun-dried raisins or 5 g cream of tartar (roughly equivalent to the amount of TA 
in the raisins) on intestinal function in healthy adults [115]. The authors found that 
both diets effectively minimized intestinal transit time. Unlike other fruit acids (e.g., 
malic and citric acids), TA is not absorbed in the small intestine and is fermented 
by colonic bacteria into short-chain fatty acids. As was discussed above, these acids 
play a signifcant role in maintaining colonic well-being. 

15.8 conclusion 

Dried fruits provide a broad range of nutrients and health-promoting bioac-
tive compounds. However, few studies using dried fruits qualitatively and/or 
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quantitatively describe their uptake into the body and bioavailability. Simple sug-
ars are well absorbed, but the more compact food matrix and concentration of 
fber, a result of the drying process, may impact absorption rate and therefore 
lower the GI. Studies using simulated in vitro gastrointestinal tract digestion 
models indicate that there is a limited absorption of phytochemicals from dried 
fruits after intestinal digestion. It has been postulated that unabsorbed phyto-
chemicals may be active in the digestive tract, rather than systemically. As the 
digestive tract is a major organ involved in the immune response, effects within it 
may still contribute to its overall health indirectly, but signifcantly. Reaching the 
colon, phytochemicals are metabolized by gut microbiota to form a wide range 
of bioactive metabolites. Some of these could be responsible for health benefts 
attributed to the parent compound. Measuring nutrient bioavailability from dried 
fruits is an open area of investigation. More research should be conducted on 
dried fruits to determine metabolites of bioactive compounds after urinary excre-
tion, and to compare metabolite excretion after ingestion of dried fruits to fresh 
fruit counterparts. Studies of bioaccessibility using in vitro gastrointestinal tract 
models cannot directly mimic the in vivo absorption process but are important 
mechanistic approaches. This research is critical to demonstrate the signifcance 
of these compounds present in dried fruits for disease prevention and maintain-
ing optimal health. 
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16.1 introduction 

Coronary heart disease (CHD) continues to be the largest cause of death in the 
United States, contributing to over 600,000 deaths per year, which is more than 
all forms of cancer combined [1]. Atherosclerosis, a key contributor to CHD, is 
characterized by the hardening and thickening of the artery wall caused by an 
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accumulation of fatty plaques [2]. Atherosclerosis is considered to be not only an 
infammatory disease characterized by infltration of immune cells, but also a 
lipid disorder. The accumulations of lipids from plasma-derived lipoproteins, such 
as low-density lipoprotein-cholesterol (LDL-C), are major contributors to plaque 
development [2]. Oxidized lipids can accumulate in macrophages residing in the 
sub-endothelial layer of the artery wall, forming foam cells and contributing to 
lesion formation [2]. Therefore, managing blood lipid levels is recommended as a 
primary prevention strategy [3]. Elevated serum concentrations of total cholesterol 
(TC), triacylglycerols (TAG), and especially LDL-C are well-known to increase the 
development of CHD [3]. As a result, LDL-C is a primary target of therapy for CHD 
prevention [3]. In contrast, low concentrations of high-density lipoprotein-choles-
terol (HDL-C) are associated with worse CHD outcomes and may explain, in part, 
the residual risk of patients with well-controlled LDL-C [4]. The main function of 
HDL that is thought to be responsible for its protective function is its critical role in 
reverse cholesterol transport. Based on epidemiological data, a 1 mg/dL increase 
in HDL-C is predicted to result in a 2–3% decrease in CHD risk [5]. Lifestyle modi-
fcations, such as changing dietary habits, are recommended as the frst strategy 
in the management of abnormal serum lipid profles [3]. Dietary fat and cholesterol 
are widely recognized to infuence fasting plasma lipids [6,7]. Saturated fats appear 
to be the major dietary component responsible for the elevated serum cholesterol 
associated with Western diets [7,8]. Pharmacological agents, such as statins, eff-
ciently reduce plasma LDL-C and lower CHD risk; however, as with most drugs, 
undesirable side effects may occur. Therefore, it is important to consider how 
foods, such as dried fruits, may infuence serum lipid profles. 

The 2015–2020 Dietary Guidelines for Americans [9] recommends the con-
sumption of a variety of fruits, including dried fruits, as part of a healthy eating pat-
tern. Traditional methods of dehydrating fruits include sun-drying and air-drying 
to prevent spoilage and preserve the quality of the food [10]. More modern methods 
of drying, such as freeze-drying, have also been used to better preserve the nutri-
tional and sensory qualities of fruits [10]. It is estimated that approximately 7% of 
the US adult population regularly consumes dried fruits [11]. Considering that the 
consumption of fruits has been shown to reduce the risk of CHD by 7% for each addi-
tional portion of fruit per day, dried fruits may be incorporated into dietary patterns 
as convenient snacks or consumed with meals to meet dietary recommendations 
[12]. The consumption of dried fruits was associated with improvements in diet 
quality and reductions in body weight, body mass index, and waist circumference 
based on data from the National Health and Nutrition Examination Survey [11]. 
Dried fruits provide a variety of nutrients and natural bioactive compounds which 
may improve serum lipid profles and thus lower CHD risk. The intake of dietary 
fber from fruits has been shown to be inversely associated with cardiovascular 
disease (CVD) and CHD risk [13]. Soluble fber in fruits may lower serum choles-
terol through binding with bile acids in the intestinal tract, thereby inhibiting their 
reabsorption and promoting cholesterol catabolism to bile acids [14]. Soluble fber 
may also be fermented in the gut to produce short-chain fatty acids, some of which 
have been shown to regulate hepatic lipid metabolism [14]. The intake of soluble 
fbers, including pectin, is associated with reductions in plasma TC and LDL-C con-
centrations, without changes of HDL-C or TAG [15]. Dried fruits also contain small 
amounts of phytosterols [16], which have positive effects on serum cholesterol. 
Phytosterols are compounds of the sterol lipid class that include both plant sterols 
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and plant stanols, and are found in any food of plant origin. These sterol compounds 
have cholesterol-lowering properties, especially seen in LDL-C concentrations, as 
they reduce the intestinal absorption of cholesterol [17]. In addition, the various 
favonoids found in dried fruits are bioactive components that may infuence lipid 
metabolism [18]. The consumption of favonoids has shown to be protective against 
CVD in observational studies [19]. Based on the variety of components in dried 
fruits that may impact lipid metabolism, the purpose of this chapter is to summa-
rize pre-clinical and clinical research data investigating the effects of consuming 
dried fruits on lipid profles. 

16.2 Health effects of Dried Fruits 

16.2.1 Pre-Clinical Evidence of Effects on 
Serum Lipid and Lipoprotein Profles 

There is considerable evidence in animal studies for the improvement of serum 
and hepatic lipid profles with the consumption of various dried fruits (Table 16.1). 
Freeze-dried apples have been shown to have a signifcant effect on the lipid pro-
fles of Wistar and Zucker rats, particularly under hyperlipidemic conditions. Three 
studies [20–22] have shown that freeze-dried apples notably decrease plasma cho-
lesterol in male Wistar rats and obese Zucker rats. Aprikian et al. [20] analyzed the 
effects of lyophilized Gala apples in male Wistar rats. The rats were fed either a diet 
containing 15% (w/w) lyophilized Gala apple or a control diet matched in carbohy-
drates and sugar content. After 3 weeks, plasma cholesterol was lowered by 9.3% in 
rats fed the apple diet compared with control rats. However, the Gala apple diet did 
not alter the liver cholesterol content or TAG concentrations in the experimental 
animals. Similarly, Aprikian et al. [21] found in a second study that a 20% (w/w) 
lyophilized apple diet had similar effects on plasma cholesterol in obese Zucker rats. 
The rats were either fed a control diet containing 0.25% (w/w) cholesterol or the 
same diet containing the lyophilized apple for 3 weeks. Plasma TC and LDL-C con-
centrations were reduced in the apple-fed obese rats compared with control obese 
rats. Liver TAG accumulation was also reduced by 50% in the obese rats fed the apple 
diet. However, in the same study, the same dosage of freeze-dried apples did not 
impact plasma or liver lipid profles in lean rats. One other study tested the effects 
of a 10% (w/w) lyophilized apple diet on male Wistar rats over the course of 4 weeks 
[22]. Plasma cholesterol concentrations were reduced by 20% in apple-fed rats com-
pared with a control group fed a high-cholesterol diet. Liver cholesterol content was 
reduced by 30% in apple-fed rats compared with control rats. It is important to note 
that reductions in plasma cholesterol were most pronounced during hyperlipidemic 
conditions. Two out of the three animal studies conducted with dried apples revealed 
comparable effects on liver lipids under hyperlipidemic conditions [21,22]. 

Besides apples, other commonly consumed dried fruits have shown the poten-
tial to modify lipid metabolism in animal studies. Consumption of prunes, peaches, 
pears, or fgs by rodents have all been demonstrated to positively affect plasma and 
hepatic lipid profles. Lucas et al. [23] studied the effects of prune supplementation 
on serum and liver lipid profles in ovariectomized (OVX) female rats. OVX rats 
were fed a control diet or diets containing either 5% (w/w) or 25% (w/w) prunes for 
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45 days. At the end of the study, rats fed the high-dose prune diet had decreased 
serum TAC, specifcally lower non-HDL-C, as well as a reduction in total liver lip-
ids. However, the rats fed the lower dose had no signifcant differences in serum or 
hepatic lipids compared with OVX control rats. In a study conducted by Leontowicz 
et al. [22], male Wistar rats were fed either a control diet, a high-cholesterol diet, 
10% (w/w) lyophilized peach/pear diets, or 10% (w/w) lyophilized peach/pear diets 
with added cholesterol for 4 weeks. In rats fed the peach or pear diets containing 
1% (w/w) non-oxidized cholesterol, plasma TC, LDL-C, TAG, liver cholesterol, and 
plasma phospholipids were reduced, while HDL-phospholipids increased compared 
with the high cholesterol control group. In contrast, the rats that were fed the peach 
or pear diets without added cholesterol did not have signifcantly altered serum or 
liver lipids compared with control rats. 

In addition, Mahmoud et al. [24] fed male albino rats fve different diets for 
6 weeks in order to analyze the effects on lipid metabolism. The diets included 3% 
(w/w) low and 5% (w/w) high doses of dried fgs, 3% low and 5% high doses of syca-
more fgs, and a control diet, all containing 2% (w/w) cholesterol. All rats that were 
fed the fg and sycamore-containing diets experienced improvements in lipid pro-
fles. Plasma TC, TAG, very-low density lipoprotein-cholesterol (VLDL-C), LDL-
C, and LDL-C/HDL-C ratio decreased, while HDL-C increased in all fruit groups 
compared with the high-cholesterol diet. However, other dried fruits, such as dried 
plums and cranberries, have had minimal effects on lipid profles in rodents. 

Gallaher and Gallaher [25] used apolipoprotein E (apoE)-defcient mice as a 
model to determine the effects of dried plum powder on lipid profles and athero-
sclerosis. Mice were fed a 0.15% (w/w) cholesterol diet, or the same diet containing 
either 4.75% (w/w) or 9.5% (w/w) dried plum powder, for 5 months. Blood cholesterol 
was not affected by either of the diets, except for a slight decrease in non-fasting 
plasma TC at week 15 in the group of mice fed the high-dose plum diet. Interestingly, 
it was the lower dose plum diet, not the higher dose, which signifcantly reduced 
atherosclerotic lesion area, despite no changes in serum lipids. 

Kim et al. [26] evaluated the effects of freeze-dried cranberry powder on male 
Sprague-Dawley rats for 6 weeks. Rats were fed a control, a 2% (w/w) low dose, or a 
5% (w/w) high dose cranberry diets, each containing 1% (w/w) cholesterol. Neither 
the low dose nor high dose of cranberry had any effect on serum TC, LDL-C, or the 
HDL-C/LDL-C ratio. However, serum HDL-C increased signifcantly in the group of 
rats fed the high-dose cranberry diet, suggesting that freeze-dried cranberries had 
a modest but positive effect on the serum lipid profles. 

Overall, various dried fruits have been shown to improve serum and hepatic 
lipid profles in rodent models. However, while there is strong evidence of lipid-low-
ering effects with dried fruit in pre-clinical studies, benefts seen in animal studies 
must translate to humans to be of practical signifcance. 

16.2.2 Clinical Evidence for Effects on 
Serum Lipid and Lipoprotein Profles 

Although there is evidence for improvements in lipid profles with dried fruit con-
sumption in animal studies, fndings in human studies have not been as strong 
(Table 16.2). This is possibly related to the much lower dosages that are used in 
clinical studies. Raisins have been the most commonly studied dried fruit in human 
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intervention trials. Puglisi et al. [27] studied the effects of the addition of one cup 
of raisins per day to an exercise regimen (walking) over 6 weeks in men and post-
menopausal women (aged 50–70 years). Compared with exercise alone, the addition 
of raisins to exercise had no signifcant effects on plasma TC, LDL-C, HDL-C, or 
TAG. Daily raisin intake has also been compared with conventional snack intake in 
both non-diabetic [28] and diabetic [29] adults. The addition of 85 g raisins (3 oz) 
per day for 12 weeks lowered serum HDL-C but did not change other serum lipids 
compared with a conventional snack control in non-diabetic men and women (mean 
age 60 years) [28]. Furthermore, the intake of 85 g raisins (3 oz) per day for 12 weeks 
did not signifcantly alter serum lipids compared with control snacks in men and 
women with type-2 diabetes (mean age 58 years) [29]. A study of longer duration, 
where men and post-menopausal women with type-2 diabetes (aged 54–71 years) 
consumed 36 g of Corinthian raisins per day or their usual diet for 24 weeks, also 
showed no signifcant effects on serum lipid profles [30]. 

Besides being studied as raisins, grapes have also been examined in freeze-
dried form. In a study conducted in pre- and post-menopausal women, the consump-
tion of 36 g/day of freeze-dried grape powder (equivalent to 1.5 servings/day of 
grapes) for 4 weeks resulted in signifcant reductions in plasma LDL-C, TAG, apoB, 
apoE, and cholesteryl ester transfer protein activity compared with a matched pla-
cebo powder [31]. There were no differences in plasma TC, HDL-C, LDL oxida-
tion rate, or lecithin-cholesterol acyltransferase activity. However, compared with 
a placebo powder, the daily consumption of 46 g/day of freeze-dried grape pow-
der (equivalent to two servings/day of grapes) for 30 days was shown to have no 
signifcant effects on plasma TC, LDL-C, HDL-C, and TAG in men with metabolic 
syndrome [32]. Consistent with this fnding, the consumption of freeze-dried grape 
powder (46 g/day) for 3 weeks did not alter the serum lipid panel (TC, LDL-C, HDL-
C, and TAG) in obese men and women [33]. Although lipoprotein particle analysis 
by nuclear magnetic resonance (NMR) spectroscopy revealed signifcant reductions 
in the number of large LDL particles and large LDL-C concentrations in plasma, 
there were no signifcant changes in small LDL particle and small LDL-C concentra-
tions [33]. Large LDL is not as detrimental as small LDL in regards to CHD [34]; 
thus, the impact of these changes on heart disease risk is unclear. In contrast, we 
have recently reported that the daily consumption of 60 g/day of freeze-dried grape 
powder (equivalent to 2.5 servings/day of grapes) for 4 weeks signifcantly reduced 
plasma TAG in adult men and women with metabolic syndrome compared with con-
suming a matched placebo powder [35]. However, no other changes in plasma lipids 
or NMR lipoprotein particle characteristics were observed. Overall, dried grapes 
in the form of raisins or as a freeze-dried powder did not consistently affect tradi-
tional serum lipid profles. However, freeze-dried grapes did lower LDL-C and TAG 
concentrations in one study which included only women [31] and lowered TAG con-
centrations in one study which included men and women with metabolic syndrome 
[35]. Data which show that freeze-dried grapes impact LDL particle characteristics 
is intriguing, and this area warrants further research. 

As well as raisins, other conventional dried fruits have been examined in 
clinical studies, including apples, dates, and fgs. Peterson et al. [36] examined the 
effects of consuming dried Mission fgs in men and women with elevated LDL-C 
(aged 30–75 years). Participants consumed either 120 g/day of dried fgs for 5 weeks 
or their usual diet in a crossover study design. Interestingly, consumption of the 
fg diet resulted in elevated serum TC, with no changes in LDL-C, HDL-C, or TAG 
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compared with the usual diet. The lack of a washout period is a limitation of this 
study due to potential carryover effects. Although soluble fber intake increased 
with the addition of fgs, total energy and sugar intake also increased and may have 
contributed to the study fndings. 

Chai et al. [37] compared the consumption of dried apples (75 g/day) with 
dried plums (100 g/day) (comparative control) for 12 months in post-menopausal 
women (aged 50–61 years). Dried apples signifcantly reduced plasma TC and 
LDL-C concentrations over time, although differences compared with dried plums 
were only observed for plasma TC after 6 months. Eid et al. [38] studied the effects 
of Ajwa dates in healthy men and women (aged 18–55 years). Participants consumed 
either seven dates daily (~50 g/day) or matched control powder (maltodextrin-dex-
trose) for 3 weeks, separated by a 2-week washout period. Compared with control, 
the consumption of dates did not signifcantly impact serum TC, LDL-C, HDL-C, or 
TAG concentrations. 

Although not traditionally consumed as a dried fruit, strawberries have been 
shown to impact serum lipids when consumed in freeze-dried form. Basu et al. [39] 
examined the effects of consuming freeze-dried strawberry (FDS) beverages in 
men and women with increased abdominal adiposity and elevated serum lipids (aged 
39–59 years). Participants were randomized to consume either 25 g/day FDS (low 
dosage FDS), 50 g/day FDS (high dosage FDS), or their respective control bever-
ages for 12 weeks. Compared with its respective control beverage, the consumption 
of high dosage FDS signifcantly reduced serum TC, LDL-C, and NMR-measured 
small-LDL concentrations. No other signifcant changes in serum lipids or plasma 
NMR lipoprotein profles were observed with high dosage FDS. The low dosage 
FDS did not signifcantly alter serum lipids and lipoprotein particle characteristics 
compared with its control beverage. 

Overall, clinical studies examining dried fruit intake have shown some posi-
tive effects on lipoprotein particle characteristics. However, compared with animal 
studies, changes in serum lipid profles are less evident. 

16.3 conclusion 

Dried fruits contain several components which would be expected to improve lipid 
profles, including fber, favonoids, and phytosterols. Based on pre-clinical studies 
using rodent models, various dried fruits appear to improve serum and hepatic lipid 
profles (Figure 16.1). However, the amount/dosages of the dried fruits fed in animal 
studies may be diffcult to achieve in a human diet. Thus, the benefts seen in animal 
studies may not translate to humans, who consume dried fruits mainly as snacks or 
add them in small amounts to meals. In clinical studies, some dried forms of fruit 
(apples, strawberries, and freeze-dried grapes) have been shown to improve serum 
lipid or lipoprotein profles in typically older, overweight populations, while other 
dried fruits (raisins, fgs, and dates) have not shown much effect in various adult 
populations. More clinical research is warranted to examine lipid profle responses 
to the intake of dried fruits in a wider variety of populations. This is especially true 
in regards to lipoprotein particle characteristics, as important effects on lipoprotein 
metabolism may be missed when measuring only the traditional serum lipid panel. 
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Figure 16.1 Overview of the effects of various dried fruits on lipid profles in both 
animal and human studies. 
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17.1 introduction 

Cardiovascular disease (CVD) is the number one cause of death and disability 
worldwide. Poor diet is a leading risk factor for cardiovascular mortality; 72% and 
53% of deaths from ischemic heart disease and stroke, respectively, are attributable 
to poor diet [1]. Diabetes also contributes signifcantly to global death and disability, 
with dietary factors accounting for over one-third of diabetes-related mortality [1]. 

Cardio-metabolic syndrome is a constellation of physiological impairments 
associated with the development of diabetes and CVD. Contributing factors include 
visceral obesity, insulin resistance, dyslipidemia, elevated blood pressure, increased 
infammation, and hypercoagulability. An estimated one-quarter of the adult popula-
tion worldwide [2] and 35% of the United States adult population [3] are afficted by 
cardio-metabolic syndrome. 

Impairments in the vascular system are both contributors to and consequences 
of cardio-metabolic syndrome. A healthy vascular system regulates hemodynamics, 
thrombosis, and infammation in response to and recovery from biochemical and 
mechanical stressors. Any imbalance in these activities is termed endothelial dys-
function, a pathophysiological condition that precedes and may be independently 
predictive of atherosclerosis. Interventions that protect endothelial function may 
reduce the risk of cardio-metabolic syndrome. 

Diets high in fruits and vegetables have been associated with reduced risk 
of cardio-metabolic syndrome. As only 13.1% of Americans meet daily fruit intake 
recommendations [4], strategies to increase consumption are needed. Dried fruit 
comprises 2.6% of Americans’ whole fruit intake [5], and only 6.9% of the population 
consumes one-eighth of a cup-equivalent of fruit (1 tablespoon) or more per day 
[6]. The current low consumption in the United States represents an opportunity to 
increase fruit consumption and potentially improve health. An analysis of 1999–2004 
National Health and Nutrition Examination Survey (NHANES) data showed that 
dried-fruit consumers have higher intakes of several shortfall nutrients identifed 
by the 2015 Dietary Guidelines Advisory Committee (DGAC), including vitamin 
A, fber, and potassium. They also have lower intakes of over-consumed unhealthy 
nutrients, namely sodium and saturated fatty acids [6]. Therefore, inclusion of dried 
fruits in the usual diet may help individuals achieve recommended nutrient intake 
levels. In the 2015-2020 Dietary Guidelines for Americans (DGA), each half cup of 
dried fruit is counted as one cup-equivalent, and it is recommended that two cup-
equivalents of fruit be consumed per day [7]. 

Of particular interest is the effect of dried fruits on vascular health. Concern 
regarding the adverse effect of high fructose intake, including contributions from 
dried fruits, may discourage consumption. However, fructose only represents 
between one-third and one-half of the sugar in dried fruits [8]. Furthermore, they 
are sources of a rare monosaccharide, D-allulose (previously D-psicose), which has 
anti-hyperlipidemic and anti-hyperglycemic properties [9]. Dried fruits, while a 
source of intrinsic sugars, are also nutrient dense and may have vascular benefts. 
Many dried fruits are also good sources of fber and potassium, nutrients that sup-
port vascular health [10–12]. The nutritional characteristics of dried fruits are pre-
sented in detail in Chapter 14. 

This chapter examines current evidence regarding the effect of dried fruits on 
measures of vascular health. Epidemiological evidence, in vitro and in vivo animal 
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studies, and human intervention trials are reviewed to assess the effects of dried 
fruits on endothelial function, infammation, and blood pressure. 

17.2 epidemiological Studies 

17.2.1 Endothelial Function 

Vascular homeostasis is largely regulated by the vascular endothelium, a single 
layer of cells lining blood vessels that separates the smooth muscle beneath from 
circulating blood. Beyond serving as a barrier, the endothelium actively secretes 
various substances that infuence vasodilation, vascular smooth-muscle cell growth, 
clot formation, and leukocyte adhesion and activation. Chief among these sub-
stances is nitric oxide (NO), a soluble gas produced in the conversion of L-arginine 
to L-citrulline by NO synthase. An imbalance between relaxing factors, such as NO, 
and contracting factors, such as endothelin-1 and angiotensin, results in endothelial 
dysfunction. 

Endothelial dysfunction is associated with increased large artery stiffness, 
which is an independent predictor of cardiovascular events and all-cause mortality 
[13]. Assessment of pulse wave velocity (PWV) provides a measure of regional arte-
rial stiffness, with higher velocity indicating stiffer arteries. A longitudinal study 
that followed children into adulthood reported associations between fruit consump-
tion and PWV [14]. Childhood and adulthood fruit intake, ranked by quintile, were 
inversely associated with adulthood PWV (P for trend across quintiles of childhood 
and adulthood intake = 0.04 and 0.03, respectively), and fruit consumption in adult-
hood was predictive of PWV (β = -0.06, P = 0.03). Individuals with high consumption 
of fruits tracking from childhood through adulthood had signifcantly slower PWV 
than those with persistently low consumption grouped by quintiles (difference 0.46 
m/s, P = 0.03). Dried fruit consumption was not specifcally evaluated, so it is uncer-
tain whether this association exists for dried fruits as well. 

17.2.2 Circulating Markers of Endothelial Function 

Circulating levels of cellular adhesion molecules expressed by endothelial cells 
increase in response to endothelial damage. Elevations in endothelial activation may 
promote atherosclerosis [15]. These molecules include soluble vascular cell adhe-
sion molecule-1 (sVCAM-1), soluble intercellular adhesion molecule-1 (sICAM-1), 
and endothelial-leukocyte adhesion molecule, also known as E-selectin. Evaluating 
associations between dietary factors and serum levels of these molecules helps to 
understand the relationship between diet and endothelial health. 

Based on available evidence, the association between fruit and vegetable con-
sumption and markers of endothelial function is uncertain. In cross-sectional stud-
ies, dietary patterns high in fruits and vegetables have been inversely associated 
with sICAM-1 [16] and E-selectin levels [17]. A dietary pattern rich in fruits and 
vegetables was also prospectively associated with lower E-selectin and sICAM-1, 
but not sVCAM-1 at 15-year follow-up [18]. However, these dietary patterns were also 
high in other foods such as fsh, nuts, and whole grains; the individual components 
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of these diets were not evaluated. The association between fruit intake, specifcally, 
and adhesion molecules was investigated in a small subsample of the Prevención con 
Dieta Mediterránea (PREDIMED) participants [19]. Higher total fruit intake was 
not signifcantly associated with peripheral concentrations of sICAM-1 or sVCAM-1 
in adults at increased risk for CVD. 

17.2.3 Infammation 

Infammation contributes to the development of endothelial dysfunction through 
activation of endothelial cells. The infammatory response is characterized by the 
release of pro-infammatory cytokines, including tumor necrosis factor-α (TNF-α) 
and interleukin-1β (IL-1β), which induce expression of cell adhesion molecules and 
monocyte chemoattractant protein-1 (MCP-1) by endothelial cells [15]. These sub-
stances promote rolling and adhesion in the recruitment of monocytes, which are 
essential steps preceding endothelial transmigration. Acutely, this response serves 
a protective role, but it can become maladaptive and harmful to the endothelium in 
the context of chronic infammation [20]. 

Associations between dietary patterns rich in fruits and peripheral levels of 
the infammatory cytokines TNF-α and IL-6 have been examined. High fruit and 
vegetable consumption was associated with lower TNF-α in adults, which persisted 
after adjustment for body mass index (BMI) [21]. Higher consumption of fruits and 
vegetables was associated with lower IL-6 in adolescents [22] and adults [21]. High 
fruit and vegetable consumption in a large ethnically diverse adult population was 
also associated with lower IL-6 concentrations, but the association was no longer 
signifcant after adjustment for waist circumference [16]. Fruit consumption, spe-
cifcally, was inversely related to IL-6 in adults at high CVD risk, and the association 
remained signifcant after adjustment for BMI [19]. 

The observed inverse relationship between IL-6 and fruit and vegetable con-
sumption would predict a similar inverse relationship for C-reactive protein (CRP). 
Associations with CRP are generally consistent with this expectation, but fndings 
are not uniform. Lower CRP was observed among adolescents [22], women [17], 
and adult men and women [23] consuming diets high in fruits and vegetables, and 
the associations persisted after adjustment for BMI. Adherence to a dietary pat-
tern higher in fruit and vegetables was also inversely associated with CRP in an 
ethnically diverse adult population, and the association remained signifcant after 
adjustment for waist circumference [16]. Lower CRP was predicted with increasing 
fruit and vegetable consumption in adults, after adjustments for age, race/ethnicity, 
and sex [24]. Further adjustments for BMI and energy intake, however, attenuated 
the relationship. Likewise, a signifcant inverse association between fruit and veg-
etable consumption and CRP was detected among community-dwelling adults, but 
the association was no longer signifcant after adjustment for multiple covariates, 
including BMI [21]. 

Diet components other than fruit may infuence these associations. Therefore, 
some scientists have attempted to tease apart the specifc effects of fruit consump-
tion. Greater fruit consumption has been signifcantly inversely associated with 
CRP, independent of BMI, in men [25–27] and in both men and women [28]. A cross-
sectional study of individuals with type-2 diabetes found that, relative to the low-
est tertile of fruit consumption, those in the highest fruit intake tertile – a mean 
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difference of only 20 g/day – had 31% lower high sensitivity CRP (hs-CRP; P < 0.001) 
after adjustment for potential confounders, including total energy and vegetable 
intake [29]. However, Salas-Salvadó et al. [19] did not fnd any relationship between 
fruit consumption and hs-CRP among individuals at elevated risk for CVD. 

Associations between consumption of dried fruits, specifcally, and infamma-
tory markers have not been evaluated. Rather, dried fruits are counted toward total 
fruit intake [22] or as a component of a dietary pattern [30]. In a cross-sectional 
analysis of adolescents’ (n = 285) dietary intake assessed by food frequency ques-
tionnaire and fasting infammatory markers, fruit consumption – including fresh 
and dried fruits but excluding fruit juices – was negatively associated with serum 
CRP and IL-6, but not TNF- α [22]. A large cross-sectional study of Italian adults (≥ 
35 years of age; n =7,646) used principal factor analysis to identify an “Olive Oil and 
Vegetables” dietary pattern, with which intake of dried fruits was positively cor-
related [30]. Greater adherence to this diet pattern was negatively associated with 
CRP (P for trend 0.018). However, the relationship of dried fruits with this marker, 
compared to other components of the dietary pattern, was not evaluated. 

Bhupathiraju et al. [31] demonstrated lower CRP with increasing variety, but 
not quantity, of fruits and vegetables consumed. Consuming a wide array of fruits 
and vegetables increases exposure to nutrients and phytochemicals that may be 
absent or only found in low concentrations in commonly consumed types. Fruits 
infrequently consumed in their fresh forms, such as fgs and dates, may be more 
accessible and acceptable to consumers as dried fruits. Dried fruits thus offer oppor-
tunities for dietary diversifcation and may support lower infammation. 

17.2.4 Blood Pressure 

Elevated blood pressure is the leading metabolic risk factor for global deaths and 
disability. High systolic blood pressure (SBP) contributes to 10.4 million deaths and 
208.1 million disability adjusted life years [1]. A reduction in blood pressure of 10 
mmHg systolic or 5 mmHg diastolic is associated with a 22% decrease in coronary 
heart disease (CHD) events and 41% decrease in stroke [32]. 

Endothelial dysfunction is closely associated with high blood pressure, 
although the direction of causation is unclear. Perturbation of endothelial function 
may increase blood pressure due to impaired vascular relaxation from inadequate 
NO release or activity. However, in a prospective study of a large ethnically diverse 
population, endothelial dysfunction was not predictive of hypertension [33]. High 
blood pressure in adolescent men was, instead, predictive of endothelial dysfunc-
tion in adulthood [34]. The relationship is likely bidirectional and may vary by 
population [35]. 

Adherence to diets rich in fruits has been inversely associated with blood 
pressure. A cross-sectional analysis of dietary patterns and blood pressure among 
overweight adults revealed a signifcant inverse association between adherence to a 
dietary pattern high in nuts, seeds, fruits, and fsh and both SBP and diastolic blood 
pressure (DBP) [36]. Dietary sodium intake, a potential confounder in associations 
between diet and blood pressure, was not signifcantly different in individuals who 
did not adhere to this pattern. Combined fruit and vegetable consumption was sig-
nifcantly inversely associated with SBP among French adults after adjustment for 
multiple covariates, including total energy intake (β = -0.33, P = 0.03) [37]. 
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Associations between dried fruit consumption, specifcally, and various health 
endpoints were examined in the National Health and Nutrition Examination Survey 
(1999–2004) dataset [6]. Adult dried-fruit consumers, defned by consumption of at 
least one-eighth of a cup-equivalent per day reported on a 24-hour diet recall, were 
found to have signifcantly lower blood pressure [6]. After adjustment for BMI and 
energy intake, the association remained signifcant, with mean SBP and DBP in 
consumers and non-consumers assessed as 121.4 ± 0.7 versus 122.9 ± 0.3 mm Hg 
and 71.1 ± 0.6 versus 72.1 ± 0.2 mm Hg, respectively (both P < 0.05). 

The epidemiological evidence generally supports an association between 
fruit consumption and vascular health. However, the association between vascu-
lar outcomes and dried-fruit consumption, specifcally, has only been examined in 
one known large-scale study [6], and daily consumption in this population is rela-
tively low. Examining various indicators of vascular health among populations with 
greater usual dried-fruit consumption may provide stronger evidence for the role of 
dried fruit in population health. 

17.3 In Vitro and In Vivo Animal Models 

17.3.1 Nitric Oxide Mediated Effects 

Animal and in vitro models may help to explain how dried fruits mechanistically alter 
vascular health, likely through the action of polyphenols (Figure 17.1). Vasodilation 

Figure 17.1 Mechanisms through which dried fruit–derived polyphenols and 5-HMF 
infuence vascular function. Abbreviations: 5-HMF, 5-hydroxymethylfurfural; ADMA, 
asymmetric dimethylarginine; eNOS, endothelial nitric oxide synthase; E-selectin, 
endothelial-leukocyte adhesion molecule 1; ICAM, intercellular adhesion molecule; 
IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; NADPH, nicotinamide 
adenine dinucleotide phosphate; NF-κB, nuclear factor kappa-light-chain-enhancer of 
activated B cells; ROS, reactive oxygen species; TNFR, tumor necrosis factor receptor; 
TNF-α, tumor necrosis factor- α; VCAM, vascular cell adhesion molecule. 
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is largely controlled by release of NO, which diffuses from the endothelium to inhibit 
platelet aggregation, leukocyte adhesion, and smooth-muscle cell proliferation. A 
balance between NO production by nitric oxide synthase (NOS) and inactivation by 
reactive oxygen species (ROS) underlies endothelial function. 

Raisins appear to support NO production when a cholesterol-rich diet is con-
sumed. A high cholesterol diet fed to male Wistar rats for 13 weeks resulted in very 
weak NOS expression in the left ventricular cardiac muscle fbers and the endothe-
lial lining of cardiac blood vessels, whereas expression was moderate in control rats 
fed a standard diet [38]. When mice on a high cholesterol diet were concomitantly 
administered a raisin homogenate via a nasogastric tube, NOS expression at these 
sites was signifcantly greater than in mice fed a high cholesterol diet without rai-
sins, whereas raisins had no signifcant effect on standard diet-fed rats. The physi-
ological implications of these changes were not evaluated, but attenuation of the 
decrease in endothelial NOS expression would be expected to preserve endothelial 
function. Along with decreased NOS expression, the high cholesterol diet signif-
cantly increased fasting triacylglycerols (TAG) and low-density lipoprotein (LDL)-
cholesterol concentrations [38]. LDL-cholesterol increases endogenous production 
of an NOS inhibitor, asymmetric dimethylarginine (ADMA) [39]. Functional impair-
ments may result from this inhibition, as evidenced by the inverse correlation 
between fasting LDL-cholesterol and fow-mediated brachial artery dilation [40]. 
Elevated post-prandial TAG has been shown to impair endothelial function [40]. The 
addition of raisins to the high cholesterol diet prevented the increase in TAG and 
LDL-cholesterol [38], and it is likely that this protected NOS activity. 

17.3.2 Polyphenols and Lipid Absorption 

Lower TAG was also reported in guinea pigs fed lyophilized grape powder [41]. 
The decrease in serum TAG was speculated to result from polyphenol interference 
with lipid absorption [41], and other studies have supported this hypothesis [42]. 
Polyphenols are a diverse group of compounds in plants involved in defense against 
environmental and biological stressors. Many have been investigated for their 
potential beneft to human health. Polyphenols from red wine have been shown to 
decrease secretion of hepatic and intestinal apolipoprotein B (apo B) and upregulate 
expression and activity of LDL receptors [43,44]. The polyphenol content of raisins 
could potentially explain the observed reductions in lipids and, thereby, their infu-
ence in NOS expression. 

In addition, the high cholesterol diet increased fasting insulin and glucose con-
centrations [38], likely increasing insulin resistance. Insulin-induced stimulation of 
endothelial NO production is attenuated in insulin resistance, while production of 
the vasoconstrictor endothelin-1 is enhanced [45]. Raisins prevented the increase in 
insulin and glucose resulting from the high cholesterol diet, a fnding suggestive of 
preserved insulin sensitivity and thereby protection of endothelial function. 

17.3.3 Antioxidants and Oxidative Stress 

Hypertriglyceridemia and hyperglycemia increase generation of ROS, resulting in 
increased oxidative stress and endothelial dysfunction [40]. Antioxidants from dried 
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fruits could potentially oppose the damage induced by acute hypertriglyceridemia 
and hyperglycemia by quenching ROS. 

In vivo antioxidant activity of dried fruits has been demonstrated in a rabbit 
model of atherosclerosis. Rabbits were fed a standard or cholesterol-enriched diet 
with or without currants (Vitis vinifera L., var. Apyrena) for 8 weeks, and measures 
of serum oxidative stress, plasma phenolic compounds, and aortic intimal thick-
ness were compared [46]. Currants inhibited formation of atherosclerotic lesions in 
rabbits fed the high cholesterol diet, resulting in signifcantly lower intimal thick-
ness in the abdominal portion of the aortic vessel. Oxidative stress, assessed by 
serum thiobarbituric acid reactive substances (TBARS) concentration, increased 
in rabbits fed high cholesterol diets, but was signifcantly lower in those supple-
mented with currants. No changes in these endpoints were observed in rabbits fed 
the standard diet, with or without currants. Interestingly, total and non-high-den-
sity lipoprotein (HDL)-cholesterol concentrations increased signifcantly on both 
cholesterol-enriched diets, with no differences between currant-supplemented and 
non-supplemented groups. TAG and glucose concentrations remained unchanged. 
It appears that the vascular benefts of currants were independent of lipemic or gly-
cemic changes. Instead, currants attenuated the increase in oxidative stress induced 
by a high cholesterol diet. 

Decreasing oxidative stress may be a mechanism by which antioxidant-rich 
dried fruits reduce endothelial activation and infammation. Genetic expression of 
endothelial adhesion molecules and the chemokines MCP-1 and IL-8 is regulated 
by nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), which is 
activated in the setting of elevated cellular oxidative stress [47]. Conversely, its acti-
vation is inhibited by antioxidants. Oxidative stress contributes to endothelial NOS 
uncoupling, a state in which NOS shifts from NO production to superoxide anion 
radical generation from molecular oxygen. NO bioavailability is also reduced in the 
setting of oxidative stress, as ROS react with NO to form peroxynitrate. Inhibition 
of oxidative stress thus decreases endothelial activation and favors NO production 
and bioavailability. 

17.3.4 Polyphenols and Blood Pressure 

Limited animal and in vitro studies support a role of dried fruits in blood pressure 
reduction. Intravenously administered prune extract dose-dependently decreased 
SBP and DBP of rats [48]. However, translation to human health is limited by the 
intravenous route of administration used to achieve the hypotensive effect. In 
humans, prune bioactives must be digested, absorbed, and circulated in metaboli-
cally active forms at suffcient concentrations to obtain their physiological benefts. 

Enteral digestion and absorption of dried fruit components that reduce blood 
pressure were demonstrated with dried fg extract in rats [49]. Oral administration 
of dried fg extract at several concentrations (250, 500, and 1,000 mg/kg) signif-
cantly decreased SBP and DBP in normotensive rats at 1 and 3 hours post-adminis-
tration, compared to baseline. Dried fg extract (1,000 mg/kg), administered daily, 
also prevented hyperglycemia-induced rises in SBP and DBP in rats hydrated with 
a 10% glucose solution instead of water for 21 days. The anti-hypertensive effect of 
dried fgs was hypothesized to result from antioxidant activities of the polyphenols 
they contain. 
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Polyphenols are thought to be responsible for the blood pressure–lowering 
effects of grape products, namely wine and grape juice but also potentially raisins. 
A red grape skin extract (GSE), administered orally to rats for 28 days, prevented 
hypertension induced by N(G)-nitro-L-arginine methyl ester (L-NAME), a known 
inhibitor of NOS [50]. Mechanisms of action were investigated by evaluating vasodi-
lation in isolated mesenteric vascular beds of rats in response to drug and GSE treat-
ment. After treatment of the vascular bed with the cytotoxic bile acid deoxycholic 
acid to remove the endothelium, vasodilation in response to GSE was signifcantly 
reduced, whereas endothelium-independent vasodilation in response to nitroglycerin 
was not affected. The vasodilator effect of GSE was unaffected by pretreatment of the 
vascular bed with inhibitors of prostanoids or calcium- or adenosine triphosphate 
(ATP)-dependent potassium channels, whereas L-NAME signifcantly reduced GSE-
induced vasodilation. Thus, GSE appears to promote vasodilation through increasing 
endothelial NO production and/or availability, and it may thereby exert antihyperten-
sive effects. The preservation of the bioactive phytochemicals from GSE in raisins, in 
concentrations suffcient to achieve clinically meaningful improvements in endothe-
lial function and blood pressure, has not been confrmed. 

Similarly, freeze-dried strawberry polyphenols have been shown to improve 
endothelial-dependent relaxation. Rabbit aorta rings pre-contracted with norepineph-
rine were treated with an aqueous extract of freeze-dried strawberry powder, result-
ing in dose-dependent relaxation [51]. No effect was observed after removal of the 
endothelium nor after L-NAME treatment, pointing to NOS as the responsive endo-
thelial relaxation mediator. Through immunoblotting of human umbilical vein endo-
thelial cells treated with strawberry extract, the investigators demonstrated that the 
extract induced phosphorylation and thereby increased activation of endothelial NOS. 

The polyphenols in grapes, and possibly in raisins, may increase levels of NO 
by augmenting transcription and translation of endothelial NOS. Endothelial cells 
exposed to dealcoholized red wine polyphenol extract for 18–20 hours were shown 
to increase NO production, endothelial NOS protein levels, and transcription of NOS 
[52]. Thus, increased activity and/or expression of endothelial NOS appear to be 
mechanisms by which fruit polyphenols improve endothelial function. 

17.3.5 Angiotensin Converting Enzyme Inhibition 

Prune extract [48] and date sugar (fnely ground dates) [53] have been shown to inhibit 
serum angiotensin converting enzyme in vitro, elucidating another potential mecha-
nism of action. This mechanism has not been confrmed in vivo. The antihypertensive 
effect of grape-derived bioactives appears to be independent of the renin-angiotensin 
system, as GSE reduced blood pressure in a low-renin model of hypertension in rats 
[50]. Different phytochemicals may act through different pathways to infuence blood 
pressure. Further investigations are warranted to determine what components of 
dried fruits exert these actions and which mechanisms are implicated. 

17.4 Human intervention Studies 

Clinical trials evaluating the effect of dried fruits on vascular outcomes are summarized 
in Table 17.1. The limited evidence points to opportunities for further investigation. 
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17.4.1 Endothelial Function 

Change in endothelium-dependent forearm blood fow response was evaluated 
after an 8-week fruit and vegetable intervention [54]. Each one-serving increase in 
self-selected fruit and vegetable consumption improved maximum response to ace-
tylcholine by 6.2% in hypertensive adults. Endothelium-independent vasodilation, 
assessed by brachial artery vasodilation response to sodium nitroprusside, remained 
unchanged, confrming that vasodilation was mediated by endothelial changes 
related to the dietary intervention. Despite the functional changes observed, cir-
culating markers of endothelial activation, including sICAM-1 and sVCAM-1, did 
not change. Dried fruits, specifcally, were not evaluated in this trial. However, as a 
concentrated form of fruit, it may be a useful strategy to increase daily fruit intake 
to promote vasodilation. 

A randomized, double-blind, crossover, and controlled trial evaluated tem-
poral changes in brachial fow-mediated dilation (FMD) in healthy men consum-
ing freeze-dried blueberry beverages as well as the dose-dependency of the FMD 
response by comparing beverages with incrementally greater polyphenol contents 
[55]. FMD improved signifcantly at 1, 2, and 6 hours post-blueberry beverage con-
sumption, compared to the control beverage. Response increased linearly with poly-
phenol content up to 766 mg polyphenols (equivalent to 240 g blueberries), after 
which response plateaued. The activity of neutrophil-reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, a membrane-bound generator of ROS, 
was signifcantly decreased at the same time points, whereas activity remained 
unchanged with the control beverage. The peaks in FMD and decline in NADPH 
oxidase were correlated with increases in specifc plasma polyphenol metabolites, 
and changes in FMD and NADPH oxidase activity were also signifcantly corre-
lated. These relationships support the proposed role of polyphenols in mediating 
vascular changes by inhibiting NADPH oxidase, though further research is needed 
to identify the specifc polyphenols responsible for the effect. Other measures of 
vascular health, including blood pressure, PWV, and augmentation index, remained 
unchanged in this acute feeding study. 

Signifcant endothelial benefts may only be realized acutely after polyphe-
nol consumption. A double-blind crossover study evaluating changes in fasting 
FMD after 4 weeks of daily high- versus low-polyphenol freeze-dried apple con-
sumption among hypercholesterolemic men did not detect signifcant changes in 
FMD, relative to baseline or between apple varieties [56]. The daily apple dose 
was 40 g, equivalent to two fresh apples, and provided 214 mg and 1.43 g total 
polyphenols in the low- and high-polyphenol treatments, respectively. Clearance 
of these active metabolites from circulation in a fasted state may explain the lack 
of change in FMD. 

Endothelial function may be improved by dietary antioxidants scavenging 
ROS. Absorption and in vivo activity of dried fruit antioxidants are supported by 
acute and short-term feeding trials. Dried fgs overcame the pro-oxidant effect of 
a high-sugar beverage consumed by 10 healthy adults [57]. Consumed alone, soda 
decreased plasma antioxidant capacity, as assessed by the trolox equivalents anti-
oxidant assay. When 40 g of dried fgs were consumed with the soda, antioxidant 
capacity increased by 9% relative to baseline. Hallawi dates consumed for 4 weeks 
(100 g/day) signifcantly decreased serum oxidative status, analyzed by TBARS 
assay, by 33% relative to baseline in 10 healthy adults [58]. Medjool dates did not 
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affect oxidative status in this small pilot study, a fnding that investigators attributed 
to their lower total concentration or different composition of phenolic compounds. 

An important antioxidant role of phenolic compounds is supported by studies 
that have compared raisins processed by different techniques. Golden raisins (50 
g) consumed daily for 4 weeks increased serum antioxidant capacity assessed by 
oxygen radical absorbance capacity (ORAC) assay [59]. Levels peaked at 3 weeks, 
and serum oxidation lag time increased and reached statistical signifcance by week 
4. Fresh grapes consumption increased antioxidant capacity only at 2 weeks, and 
neither grapes nor sun-dried raisins affected serum oxidation lag time. The increase 
in serum antioxidant capacity after golden but not sun-dried raisin consumption was 
attributed to their retention of phenolic antioxidants in processing, supported by 
signifcantly greater in vitro ORAC values. Investigators acknowledge that uncon-
trolled dietary factors or stress may have infuenced results. 

Dried fruits also contain 5-hydroxymethylfurfural (5-HMF), a browning reac-
tion product. Evidence of a role of 5-HMF mediating in vivo protection against oxi-
dative stress is reported in an acute feeding study comparing urinary excretion of 
8-hydroxydeoxyguanosine (8-OHdG) before and 5 hours after consumption of 100 
g dried dates, apricots, currants, plums, or fruit-enriched bread [60]. Urinary con-
centrations of 8-OHdG, a product of oxidized DNA, were assessed as a measure of 
oxidative stress. Concentrations of 5-HMF in the tested dried fruits were inversely 
associated with changes in 8-OHdG, and urinary concentrations of the 5-HMF 
metabolite (5-hydroxymethyl-2-furoic acid) were directly associated with urinary 
8-OHdG. These associations support an antioxidant role of 5-HMF in humans con-
suming dried fruits. By protecting NO from oxidative degradation, antioxidant-rich 
dried fruits may support endothelial function. 

17.4.2 Infammation 

The infammatory cascade directly impacts the vascular wall, including the endo-
thelium. Dietary interventions that decrease infammation may protect endothelial 
function. The most commonly examined infammatory biomarker is CRP, which is 
not only a marker of systemic infammation but also may suppress endothelial NO 
release [61,62]. 

Clinical trials with dried fruits have not consistently demonstrated changes in 
infammatory markers after various dietary interventions. In a randomized cross-
over study of 15 healthy adults, neither golden nor sun-dried raisins consumed daily 
(50 g/day) for 4 weeks signifcantly changed CRP concentrations relative to baseline 
[59]. Twenty-four weeks of daily raisin consumption (36 g/day) did not change hs-
CRP in 26 adults with well-controlled diabetes, relative to baseline [63]. Likewise, 
dried plums, supplemented at 50 g or 100 g per day for 6 months, did not alter hs-
CRP in 16 and 13 healthy post-menopausal women, respectively [64]. Consistent 
with this fnding, daily supplementation of dried apples (75 g/day) or prunes 
(100 g/day) in 45 and 55 post-menopausal women, respectively, for one year did not 
signifcantly change serum CRP [65]. 

Baseline and intervention diets were not assessed in these studies. Whether 
dried fruits are substituted for other foods in the diet or added to the usual diet may 
affect infammatory response to the intervention. This might explain the observed 
differences in results. In addition, signifcant CRP changes in response to diet 
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interventions may not be seen in a healthy adult population. The effect of dried-fruit 
interventions on infammatory measures in individuals with elevated baseline CRP 
has not been reported. Finally, CRP is a biomarker that can fuctuate appreciably in 
response to various factors, including illness, stress, and diet. At least two measure-
ments, separated by 2 weeks, are recommended to assess an individual’s CRP con-
centration. Often, only one sample per baseline and endpoint is assessed to compare 
changes in CRP with dietary intervention studies [63]. Signifcant variation between 
and within subjects was reported when weekly CRP was assessed during baseline 
(4 weeks) and treatment (4 weeks each) periods of a supplemental intervention [59]. 
Thus, the lack of observed changes in CRP with dried-fruit interventions may refect 
the variability of this biomarker due to uncontrolled factors rather than lack of anti-
infammatory benefts. 

TNF-α is another commonly measured marker of systemic infammation and 
immunological activation. A parallel group randomized controlled trial of healthy 
adults aged 50–70 years compared the effect of daily raisin consumption (1 cup/day) 
for 6 weeks, independently (n = 12) or with a prescribed walking intervention (n = 
10) versus walking alone (n = 12) on TNF-α, sICAM-1, IL-8, and monocyte chemo-
tactic protein-1 [66]. All treatments resulted in comparable reductions in sICAM-1, 
while plasma IL-8 and MCP-1 remained unchanged. Plasma TNF-α decreased in the 
raisin-only intervention but remained unchanged in the other arms. The reduction in 
sICAM-1 after raisin consumption may be mediated through reduced TNF-α, which 
activates NF-κB and thereby upregulates sICAM-1 expression. Though investiga-
tors could not explain why TNF-α did not change in the walking-plus-raisins group, 
they suggested that exercise lowered sICAM-1 through an alternative mechanism 
by increasing antioxidant status. In contrast, daily raisin consumption (36 g/day) 
for 24 weeks by men and post-menopausal women diagnosed with type-2 diabetes 
(n = 26) did not alter serum concentrations of TNF-α or IL-6 [63]. However, the 
portion consumed in this study was much smaller. A 36 g portion is approximately 
one-quarter cup, whereas one cup was consumed daily in the aforementioned trial. 

17.4.3 Blood Pressure 

The effect of dried-fruit consumption on blood pressure is more consistent based 
on current evidence. Raisins support blood pressure reductions at varying intake 
levels and durations. In a parallel design study, overweight and obese adults (BMI 
25–34.9 kg/m2) consumed either an ounce (28.35 g) of raisins (n = 31) or a 100-calo-
rie portion of a processed snack (n = 15), three times daily for 12 weeks. Eligible 
participants had impaired fasting serum or plasma glucose, defned as 90–150 mg/ 
dL, and elevated blood pressure (SBP >120–160 mm Hg or DBP >80–100 mm Hg) at 
baseline. Among those consuming raisins, blood pressure signifcantly decreased 
from baseline (mean change –5.4 mm Hg for SBP and –4.5 mm Hg for DBP) and 
relative to the comparator group consuming processed snacks [67]. A similar study 
was undertaken in adults with type-2 diabetes (BMI 25–50 kg/m2), comparing the 
effect of consuming raisins (1 oz, three times daily; n = 27) versus processed snacks 
(100-calorie portions, three times daily; n = 19) for 12 weeks on various metabolic 
outcomes including blood pressure. The raisin intervention decreased SBP by 
8.7 mm Hg relative to the control group, but did not affect DBP [68]. Participants 
remained weight stable in both studies, supporting the effectiveness of the raisin 
intervention rather than weight change. 
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A shorter 6-week intervention in healthy adults 50–70 years of age (n = 12) con-
suming 1 cup of raisins daily decreased SBP by 2.2% relative to baseline (P = 0.008). 
However, the same change was observed for comparator groups assigned to either a 
walking (n = 12) or walking plus 1 cup per day raisins (n = 10) intervention [66]. DBP 
did not change. As weight remained stable in all groups, the change was attributed 
to the interventions. In contrast, two daily servings (36 g/day) of raisins consumed 
by adults with type-2 diabetes (n = 26) for 24 weeks decreased DBP from baseline 
(71.4 ± 8 versus 76.8 ± 10.5 mm Hg, P = 0.013), but not SBP [63]. 

Phytochemicals or unique properties of nutrients delivered within a food 
matrix may signifcantly contribute to blood pressure reduction. This concept is best 
exemplifed by a controlled dietary intervention comparing a Dietary Approaches to 
Stop Hypertension (DASH)-type diet to a Western-type diet equal in sodium but 
supplemented with potassium, magnesium, and fber [69]. The blood pressure–low-
ering effect of the DASH diet is often attributed to these nutrients. Yet, participants 
with elevated blood pressure and abdominal obesity had signifcantly lower SBP 
and DBP after following a DASH diet for 3 weeks, compared to the supplemented 
Western-type diet. The DASH diet also improved arterial elasticity and reduced 
the aortic augmentation index, indicating decreased arterial stiffness. Importantly, 
sodium was equal across diets. 

Polyphenols are speculated to be responsible for the additional blood pres-
sure-lowering benefts of fruits. Post-menopausal women with pre- and stage 1 
hypertension supplemented with 22 g freeze-dried blueberries (equivalent to 1 
cup fresh) daily for 8 weeks had signifcantly lower brachial SBP (–5.1%) and DBP 
(–6.3%) and improved peripheral arterial stiffness, as evidenced by decreased 
brachial-ankle PMV (P < 0.01), compared to placebo [70]. NO concentrations were 
also signifcantly increased in the blueberry group after 8 weeks supplementa-
tion. The increase in NO after chronic daily blueberry consumption is likely medi-
ated through inhibition of NADPH oxidase by polyphenols [55], which thereby 
increases NO bioavailability. 

Thus, the sum of evidence indicates that dried-fruit consumption is associated 
with improved measures of endothelial health, infammation, and blood pressure. 
Their vascular effects appear to be mediated by supporting NO availability. They 
may increase production by upregulating NOS expression or activation or by oppos-
ing oxidative stress. Several mechanisms may operate simultaneously. 

Several components of dried fruits may be responsible for these actions, 
including polyphenols and browning reaction products. However, dried fruits are 
also good sources of nutrients with established vascular health benefts. While not 
entirely responsible for the vascular benefts of fruits, potassium and fber are likely 
contributors. Consumers of dried fruits, who have lower blood pressure on aver-
age, achieve greater daily intakes of potassium and fber than non-consumers [6]. 
Observational and experimental evidence support the role of potassium and fber in 
endothelial and vascular function. 

A systematic review of controlled intervention studies reports improved endo-
thelial and vascular function with increased potassium intake, particularly among 
individuals with high sodium intake [12]. Changes in blood pressure may mediate 
the vascular improvements. An inverse association between potassium intake and 
blood pressure has been demonstrated, with each 1,000 mg increase in potassium 
associated with a 1.04 mmHg (95% confdence interval, 0.27–1.82) decrease in 
SBP and 0.75 mmHg (95% confdence interval, 0.22–1.28) decrease in DBP [71]. A 
meta-analysis of randomized controlled trials and observational prospective cohort 
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studies also supports the role of potassium in lowering blood pressure, at least in 
hypertensive individuals [72]. Many dried fruits contain potassium, though dried 
apricots and peaches are particularly good sources, containing 465 mg and 398 mg 
potassium, respectively, per 40 g serving. 

Several dried fruits are also good sources of fber, containing at least 2.5 g per 
¼ cup (40 g) serving. Cross-sectional evidence supports an association between 
higher fber intake and lower blood pressure. Among adults, the odds of having 
hypertension were signifcantly reduced for those consuming the highest ver-
sus lowest quintile of total dietary fber (0.71, 95% confdence interval 0.54–0.93; 
P < 0.02) and fber from dried fruits, specifcally (0.76, 95% confdence interval 
0.62–0.92; P < 0.01) [10]. In middle-aged adults, greater total fber intake of 6.8 g 
per 1000 kcal was associated with a 1.69 mmHg lower SBP, after adjustments for 
lifestyle factors and BMI [11]. The primary source of dietary fber was fruits, a 
high potassium food group. After further adjustment for urinary potassium excre-
tion, the association was no longer signifcant. This fnding suggests that, in this 
population, lower blood pressure associated with high fber diets may have been 
confounded by higher potassium intakes. Nonetheless, the beneft of fber is sup-
ported by a meta-analysis of randomized placebo-controlled trials concluding that 
fber supplementation signifcantly reduces DBP, though the decrease in SBP was 
non-signifcant [73]. Reductions were greatest for older (>40 years) and for hyper-
tensive populations. 

Fiber may beneft vascular health by protecting against arterial stiffening. 
Elasticity of healthy arteries allows them to respond to changes in blood fow. In 
contrast, increasing blood fow through stiff arteries increases SBP and cardiac 
afterload, thereby heightening CVD risk. Blood pressure reciprocally infuences 
vascular stiffening, as remodeling is stimulated in response to vessel wall stress. A 
24-year longitudinal study following adolescents into adulthood found fber to be pro-
tective against development of carotid arterial stiffness, as assessed by ultrasound 
[74]. The association remained signifcant after adjustment for energy intake, smok-
ing, alcohol consumption, and physical activity. Further adjustment for mean arte-
rial pressure only weakly attenuated the association, indicating that blood pressure 
was not mediating the relationship between fber and artery stiffness. Individuals 
with the stiffest arteries (tertile 3) in adulthood also consumed signifcantly less 
fruit (–32.6 g/day) throughout adolescence than those in the lowest tertile of artery 
stiffness, after adjusting for energy intake and lifestyle factors. The association was 
greatly attenuated (~65%) by adjusting for fber, supporting the hypothesis that fber 
itself is protective against arterial stiffening. Thus, high fber intakes may beneft 
vascular health independently of any observed changes in blood pressure, and dried 
fruits can contribute valuably to daily fber intake. 

17.5 conclusion 

Cardio-metabolic impairments underlie the vast majority of non-communicable dis-
eases worldwide. Over the past few decades, the importance of vascular health in 
the etiology of chronic disease has been recognized. Assessment methodology has 
evolved, yielding techniques to detect preclinical changes predictive of disease risk. 
Greater implementation will improve our understanding of how diet impacts vascu-
lar health. 

430 

https://0.62�0.92
https://0.54�0.93


   

 

  

  

  

  

  

  

  

  

  

 

  

  

  
 

D R I E D  F R U I T S  A N D  C A R D I O - M E T A B O L I C  S Y N D R O M E  

The available evidence indicates that dried-fruit consumption may improve 
cardio-metabolic health in the context of a healthy dietary pattern. Fruits, and the 
nutrients they contain, are under-consumed in the United States. Dried fruits repre-
sent convenient, shelf-stable forms of fruits that are options for meeting fruit recom-
mendations in the 2015–2020 Dietary Guidelines for Americans. Further research is 
needed to clarify the extent to which phytochemicals are altered by processing and 
whether this affects their bioactivity. Elucidating the mechanisms and phytochemi-
cals responsible can also help to identify processing techniques (e.g., heat-drying 
versus freeze-drying) or particular fruits that best promote vascular health. 
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18.1  introduction 

Increased fruit intake has been part of dietary advice for many decades, with recom-
mended intakes for fruits and vegetables set at 5–10 servings per day [1]. Recently, 
the 2015 dietary guidelines for Americans have also advised three dietary patterns 
(healthy US-style pattern, healthy vegetarian pattern, and healthy Mediterranean 
pattern) with fruit intake as a shared theme across all three patterns (total fruit 
consumption approximately 350–440 g/day) [2]. In cohort studies, fruit and veg-
etable intake has been related to reduced incidence of stroke, total cardiovascular 
events, cancer, and all-cause mortality [3–5]. In terms of risk factor reduction, ben-
efts from fruits may be related to the higher potassium and magnesium content and 
the phenolic and phytosterol levels, as well as the dietary fber and fructose content 
(low glycemic index [GI]). In low GI diets, the dietary contents of temperate climate 
fruits have been shown to be a major driving factor in lowering the GI of the diet as 
they provide a healthy palatable low GI dietary option that is associated with a reduc-
tion in hemoglobin A1c (HbA1c) in type-2 diabetes (T2D) [6]. 

While there are data on the benefts of fresh fruits on health promotion, the 
current information on dried fruits is signifcantly less. Possibly the reason for this 
lack of attention paid to dried fruits is because of the paucity of this food group in 
the habitual diet of Western populations, with only 6.9% of the adult population con-
suming dried fruits, raisins being the major dried fruit consumed as reported in the 
National Health and Nutrition Examination Surveys (NHANES 1999–2004) [7,8]. 

Nevertheless, although no prospective cohort studies have reported links 
between dried-fruit consumption and cardiovascular disease (CVD), and T2D, few 
cohort studies have demonstrated the association between dry fruit consumption 
and reduction in cancer incidence or mortality [63]. In addition, there are some data 
on aspects of glycemic control, insulin sensitivity, and carbohydrate metabolism. 
Multiple clinical studies have also assessed the benefts of dried fruits on changes 
in blood pressure (BP), blood lipids, body weight, oxidative stress, infammatory 
markers (C-reactive protein, CRP), and satiety, among others [9–16]. This chapter 
highlights the evidence of the benefts of dried fruits on glycemic response, stan-
dardized as GI, and their effects on T2D related cardiometabolic health conditions 
including BP, serum lipids, body weight, and infammation. 

18.2 Glycemic index of Dried Fruits 

Fruits contain fruit sugar (fructose) as well as glucose and sucrose (the disaccha-
rides of fructose and glucose). Fructose is a low GI sugar with a GI on the bread scale 
of approximately 30 [17]. With the average of all sugars giving a GI lower than bread, 
some improvement in blood glucose control in diabetes might be expected with the 
use of dried fruits, as has been seen in the effect of temperate-climate fresh fruits 
on HbA1c as the clinical marker of glycemic control in diabetes [6]. As can be seen 
in Figure 18.1, when the more temperate-climate fruits were dried (pears, peaches, 
apricots, apples, and plums), lower GI values were also seen [18]. For example, in a 
study with 31 healthy adults, GI values of raisins were found to be moderate (from 
49.4 to 62.3, on a glucose scale) in a study where raisins were also found to have a 
low insulin index [19]. Nonetheless, in the GI Table of Atkinson et al. [18], the mean 
GI of raisins on the bread scale was 93, which is toward the high end of the moderate 
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Figure 18.1 Glycemic index values of dried fruits (based on the bread scale) with 
their respective standard deviations. (Adapted from Atkinson, F.S. et al., Diabetes 
Care, 31, 2281, 2008. With permission.) 

range. Only four GI values of fresh fruits were available for comparison with their 
dried-fruit counterparts (two had GI values above their dried fruit equivalents). 
Fresh apricots had a GI value of 49 compared to 45 for dried apricots, and fresh 
apples (Golden delicious) had a GI value of 46 compared to 41 for dried apples. Two 
comparisons had GI values below their dried fruit equivalents. Black grapes had a 
GI of 84 compared to a GI of 93 for raisins. Soft, early ripened dates had a GI value of 
67 compared to dried dates with a GI of 76 [18]. 

The low GI fruit sugar, fructose, in soft drinks, however, has been blamed for 
adverse effects in terms of obesity, especially in the young, and for worsening meta-
bolic syndrome (MetS) [20–23]. Nevertheless, the effects have only been reported 
in hypercaloric diets or at high levels of fructose intakes [24]. These effects may, 
therefore, not be relevant when fructose is consumed in the amounts present in a 
moderate intake of dried fruits. 

18.3 impaired Fasting Glucose and type-2 Diabetes 

When raisins were used as a snack at 1 oz (~28.3 g) three times/day for 12 weeks 
compared to a non-fruit snack in a study of 46 participants with moderately raised 
systolic BP (129.2 mmHg) and with moderately raised fasting blood glucose levels, 
a 0.12% reduction was seen in HbA1c (P = 0.004), following consumption of raisins 
compared to the control group, suggesting signifcantly greater blood glucose con-
trol (10). Similarly, in a study of 36 participants with T2D fed 50 g of freeze-dried 
strawberries (equal to 500 g fresh strawberries) for 6 weeks, a signifcant reduction 
was seen in HbA1c (–0.47% test, +0.15% control). HbA1c reduction was also associated 
with a reduced low-density lipoprotein (LDL) oxidation (as malondialdehyde) and 
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a reduced CRP, a marker of infammation and CVD risk [25]. These data, hence, 
suggest improved diabetes control and a reduced risk of CVD. These studies were 
supported by a further 12 weeks raisin feeding trial of 1 oz raisins three times/ 
day in 57 participants with T2D, where signifcant reductions in fasting and post-
prandial glucose response were also seen, together with a non-signifcant reduction 
in HbA1c also of 0.12%, possibly due to low statistical power [11]. In these studies, 
however, reported glucose reductions have been small and often included only lower 
post-prandial glucose or insulin responses (most studies have not been powered suf-
fciently to detect the effects on HbA1c) [19,26,27]. 

18.4 type-2 Diabetes Related Health conditions 

18.4.1 Blood Pressure 

Fresh fruit consumption has well-documented effects in reducing BP. Indeed, the 
key recommendations of the Dietary Approach to Stop Hypertension (DASH), which 
have been broadly accepted, especially in North America, focused on increased 
fruit intake, together with increased vegetable and low-fat dairy intake and reduced 
intake of meat and salty snack foods [28]. Dried fruits are excellent sources of potas-
sium, which is not lost by drying, in contrary enhanced by this process to be more 
concentrated per unit weight. On the other hand, when drying, the concentration of 
sodium remains low on a weight-for-weight basis and also in absolute terms per serv-
ing (see Chapter 14, Table 14.2). Dried fruits also contain magnesium and calcium, 
both minerals being associated with BP reduction. This combination of high potas-
sium, low sodium, and the presence of magnesium and calcium would be expected 
to lower BP and so be responsible for the BP-lowering effect of dried fruits. This 
anticipated BP-lowering effect has been demonstrated for raisins of between –6.0 
and –10.2 mmHg [10–12,29,30] and also for freeze-dried strawberries, with a sub-
stantial reduction in either systolic or diastolic BP [31,32] of as much as –8 mmHg 
for the test compared to non-fruit control snacks [11]. The observed BP reduction 
commends the use of dried fruits, along with fresh fruits, in the control of BP. The 
BP effect is important when considering the effect of dried-fruit consumption in 
diabetes. We suggest that the lower GI of dried fruits may reduce insulin levels post-
prandially, limiting the effect of insulin on the kidney in retaining sodium and hence 
contributing to a reduction in BP [33]. This reduction in BP may limit glomerular 
damage, for which those with diabetes are at especially higher risk, and further sug-
gest a role for dried fruits, especially temperate-climate dried fruits. 

18.4.2 Blood Lipids 

The effect of dried fruits on blood lipids has, in general, been neutral, with no major 
reduction in total or LDL cholesterol [30,32,34–38]. However, in one study of hyper-
lipidemic participants, a high dose of 120 g/day of raisins resulted in a 13% reduction 
in total cholesterol and a 16% reduction in LDL cholesterol [39]. Certainly, dried 
fruits contain zero saturated fat or cholesterol and so might be predicted to have 
additional “bad food” displacement potential [40] when large amounts are consumed 
[39]. Their content of viscous fber, although small, might also have contributed a 
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cholesterol-lowering effect. Freeze-dried strawberries at 50 g/day have also been 
shown to lower serum total and LDL cholesterol and, interestingly, to also reduce 
another risk factor for CVD, namely small dense LDL particle size [31]. At any rate, 
no studies have reported increased triacylglycerols (TAG) or lowered high-density 
lipoprotein (HDL) cholesterol associated with dried-fruit consumption [39] and, 
therefore, there is no evidence that they would worsen MetS. However, the effects of 
large intakes of dried fruits have not been reported in vulnerable populations (e.g., 
subjects with MetS and/or prediabetes) and these data are, therefore, not available 
to guide clinical decisions. At present, one can conclude that dried fruits can be tried 
in the management of hyperlipidemic individuals with no deleterious effects and 
possibly benefts. These data are important in view of the concerns on blood lipid 
control and the increased risk of CVD seen in individuals with diabetes. 

18.4.3 Body Weight 

Dried-fruit consumption has been associated with an improvement in diet quality 
and, in turn, lower rates of overweight and obesity in adults in the United States 
in the NHANES survey of 1999–2004 [7]. The NHANES survey of 13,292 adults 
showed that those who consumed more than 20 g of dried fruits daily had a lower 
body mass index (BMI) and waist circumference, suggesting benefts of dried-fruit 
consumption for MetS [7]. However, with the average intake of dried fruits approx-
imated at 6 g/day, considerably more dried fruits would have to be consumed at 
the individual level to lead to a population difference. Furthermore, the pairing of 
dried fruits with nuts in popular healthy snacks, such as “trail mix,” may be a way 
to increase dried-fruit consumption. This pairing approach, however, may raise the 
question in population surveys of whether the benefts ascribed to dried fruits may 
indeed be the result of their pairing with nuts, which have demonstrated multiple 
benefts in relation to reduced CVD, T2D incidence, improved diabetes control, 
lower blood lipids, and at least a neutral effect on body weight [8,41–44]. 

In relatively short-term clinical trials, raisins, prunes, and freeze-dried straw-
berry powder have not been demonstrated to have any weight-loss beneft in par-
ticipants but, on the other hand, no weight gain was noted [25,30,37,45]. Since 
diabetes is a condition where weight gain may result in worsening glycemic con-
trol,  the neutral effect of dried fruits on body weight, might encourage the use of 
dried fruits to reduce post-prandial glucose and to reduce BP as it is a weight-neutral 
source of potassium, calcium, and magnesium while having a low sodium content. 
Furthermore, the pairing of dried fruits with nuts may enhance the health benefts 
of dried fruits through additive or, perhaps, synergistic effects [46]. 

18.4.4 Antioxidants and Infammation 

Fruits are good sources of antioxidants that appear to be present also in dried fruits 
[16,47,48], and increased antioxidant activity has been reported in the serum of 
individuals fed grape extract and raisins. In a further trial of 36 T2D participants, 
reduced LDL oxidation was seen, as assessed by reduced malondialdehyde, after 
feeding freeze-dried strawberries for 6 weeks. These effects were also associated 
with reduced CRP levels [25], indicating reduced infammation and reduced CVD 
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risk [49]. The exact physiological effects of these changes are beginning to be elu-
cidated. Reduced LDL oxidation is likely to reduce LDL cholesterol uptake by the 
scavenger system in the arterial wall, reducing foam cell production from mast cells 
and, hence, cholesterol plaque formation [50]. A reduced level of infammation asso-
ciated with lower CRP levels has also been associated with reduced cancer death in 
addition to lower CVD events [49]. These areas require further exploration in rela-
tion to dried fruits. 

18.5 Mechanism of Action 

In vitro and in vivo studies have been conducted to elucidate the mechanisms by 
which dried fruits may promote improvement in glycemic control and insulin sen-
sitivity. Rodent studies have been conducted to explore these mechanisms, but the 
fndings have been inconsistent and may have limited applicability to the human 
setting as key differences exist between rodent and human physiology of glucose 
metabolism [51], including a limited hepatic storage of glycogen and a dependence 
on gluconeogenesis in mice to maintain higher daylong blood glucose levels com-
pared to larger mammals such as dogs and humans [51]. 

In vitro and in vivo studies using human cell lines have demonstrated the bene-
fts of grape powder extract in reducing the lipopolysaccharide-mediated infamma-
tory cascade in macrophages [52] and reduction in tumor necrosis factor-α mediated 
infammation and insulin resistance in human adipocytes [53]. 

In rodent studies, grape polyphenol extract or grape skin extract diets have led 
to decreased muscle TAG content and increased glucose transporter type 4 expres-
sion in an in vitro analysis [54], and anti-hyperglycemic effects in further studies 
[55], respectively. In addition to grapes, date fruit extract was also shown to attenu-
ate neurophysiological and behavioral changes induced in a streptozotocin-induced 
diabetic rat model and was associated with prevention of diabetic neuropathy [56]. 

In human studies, dried fruits generally have low to moderate GI. Their 
higher fructose content and their displacement effect may explain the postprandial 
glucose and HbA1c reductions that have been noted [10,25]. In addition, magnesium 
has been shown to improve glycemic control [57]. In magnesium defciency states, 
alterations of adenosine triphosphate production and utilization, leading to changes 
in carbohydrate metabolism and insulin resistance, which have been suggested to 
increase the risk of T2D [58]. Furthermore, the polyphenols in dried fruits have 
been proposed to protect pancreatic β-cells against oxidative stress, infammation, 
and glucose toxicity, which may prevent development of insulin insensitivity and 
T2D [59–62]. 

18.6  conclusion 

It can be concluded that dried fruits need further exploration for their therapeu-
tic effects, especially in T2D blood glucose control and BP reduction. Specifc 
dried fruits, such as raisins, have been shown to promote glycemic control and BP 
reduction in recent studies. Mechanisms which may help to explain the benefts 
of dried fruits such as raisins may relate to their relatively lower GI and insulin 
index potential, high mineral content such as potassium and magnesium, increased 
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fber content, and high levels of antioxidant and anti-infammatory compounds. 
Furthermore, dried-fruit consumption has not been shown to raise body weight or 
increase TAG levels. Therefore, the use of dried fruits in combination with nuts, 
with which they are often paired, could be part of a useful dietary strategy to help 
reduce the risk of T2D, reduce postprandial glycemic, and possibly decrease the 
risk of CVD. 
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19.1 introduction 

Cancer has an immense worldwide burden. It is estimated that cancer will cause 
9.6 million deaths globally in 2018, which positions it as the second leading cause of 
death [1]. Lung, breast, colorectal, prostate, skin, and stomach cancers are the most 
common forms of cancer [2]. A variety of genetic, environmental, and lifestyle fac-
tors infuence cancer risk. 
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The inverse association between fruit consumption and cancer has been 
well accepted globally. For example, the U.S. Food and Drug Administration has 
approved health claims for fruits and cancer: 

(a) “Low fat diets rich in fber-containing grain products, fruits, and vegeta-
bles may reduce the risk of some types of cancer, a disease associated with 
many factors” [3]. 

(b) “Development of cancer depends on many factors. Eating a diet low in fat 
and high in fruits and vegetables, foods that are low in fat and may contain 
vitamin A, vitamin C, and dietary fber, may reduce your risk of some can-
cers. Oranges are a good source of fber and vitamin C” [4]. 

Increasing fruit and vegetable consumption has been identifed as a key factor for 
reducing the burden of cancer and is a component of the World Health Organization 
Global Strategy on Diet Physical Activity and Health [1]. The World Health 
Organization (WHO) advises “Eating at least 400 g or 5 servings of fruits and veg-
etables per day reduces the risk of non-communicable diseases, and helps ensure an 
adequate daily intake of dietary fber” [5]. 

Dried fruits make an important contribution to meeting dietary recommenda-
tions for fruit consumption. Dried fruits are rich sources of dietary fber and other 
nutrients, as well as various bioactive phytochemicals (Figure 19.1 and see detail in 
Chapter 14). This chapter focuses on dried-fruit commodities with the highest level 

Figure 19.1 Representative bioactives identifed in dried fruits. 
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of production and consumption, namely raisins, dates, fgs, prunes, and apricots [6]. 
It should be noted that a wide variety of lyophilized fruits and fruit extracts have 
been tested in cell or animal models for cancer prevention. Some of these are emerg-
ing products, such as lyophilized black raspberry powder, which have received con-
siderable attention for their therapeutic value and have been reviewed elsewhere [7]. 

19.2 cancer chemopreventive effects 
of Dried Fruit consumption 

19.2.1 Epidemiologic Studies 

High fruit consumption is inversely associated with all-cause mortality [8]. In an 
observational study of 65,226 participants in the 2001–2008 Health Surveys for 
England, dried-fruit consumption reduced the hazard ratio (HR) per portion of all-
cause mortality to 0.91 (95% confdence interval [CI]: 0.84-0.99, P = 0.03) [9], a level 
of risk reduction somewhat lower than that observed with fresh fruit, which entails 
a HR for all-cause mortality per portion of 0.68 (95% CI: 0.58–0.79). 

In contrast to all-cause mortality data, the association of fruit intake with total 
cancer mortality is not strongly supported [8]. This is partly due to the varied causes 
and types of cancer. For instance, there is limited information on the specifc asso-
ciations between fruit consumption and esophagus, lung, stomach, colorectal, and 
bladder cancers [10]. A recent dose–response meta-analysis of 95 different prospec-
tive studies [11] concluded that combined fruit and vegetable intake was associated 
with a relative risk (RR) of total cancer of 0.9 (95% CI: 0.87–93). Comparing high 
to low fruit consumption resulted in a total cancer RR of 0.92 (95% CI: 0.88–0.96). 
The RR of dried fruit for total cancer was 0.89 (95% CI: 0.61–1.30), a value far from 
statistical signifcance. This study highlights the limited prospective data available 
for dried-fruit consumption and total cancer, as this meta-analysis only included two 
studies [12,13]. The frst was a prospective study of 11,000 health-conscious British 
adults in the Health Food Shoppers Study [12], which updated an earlier analysis 
that included dried fruit [14]. Weekly consumption of nuts/dried fruit was not sig-
nifcantly associated with total or site-specifc cancer reduction [12]. In contrast, 
increased fresh fruit consumption was associated with reduced mortality from all 
cancers (RR 0.78, 95% CI: 0.65–0.95) and specifcally lung cancer (RR 0.52, 95% 
CI: 0.32–0.86) [12]. The second prospective cohort study was the Massachusetts 
Health Care Panel Study of 1,271 participants above age 66 [13]. Dried-fruit con-
sumption was associated with a non-signifcant RR for cancer death of 0.6 (95% CL: 
0.3–1.4) [13]. 

Beyond the aforementioned studies, several other epidemiologic studies have 
evaluated how consumption of dried fruit is associated with mortality and cancer 
risk. A case-control study performed in Spain, including 354 cases and controls, 
found and inverse association of increased dried-fruit consumption with gastric can-
cer, with an odds ratio (OR) of 0.4 (95% CI: 0.2–0.8) [15]. The risk factors for pancre-
atic cancer were evaluated in the prospective Adventist Health Study (n = 34,000), 
which included Seventh-Day Adventists who did not smoke, drink alcohol, or eat 
pork. In this study, consumption of raisins, dates, and other dried fruits greater than 
three times/week was inversely associated with pancreatic cancer risk (RR of 0.35, 
95% CI: 0.17–0.73; multivariate-adjusted predicted RR of 0.19, 95% CI: 0.04–0.86) 
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[16]. In the same cohort, consumption of raisins, dates, or other dried fruits more 
than fve times/week was associated with a RR of prostate cancer of 0.62 (95% CI: 
0.36–1.06, P = 0.06). The age-adjusted reduction in prostate cancer risk for dried-
fruit consumption was signifcant for trend (P = 0.01), with a RR of 0.51 (95% CI: 
0.31-0.85) at the highest level of consumption [17]. The Netherlands Cohort Study 
surveyed 58,279 men, 55–69 years old at baseline, with 6.3 median years of follow-
up, and it found a non-signifcant inverse association between the frequency of dried 
fruit consumption and prostate cancer, with a RR of 0.49 (95% CI: 0.18–1.32) per 25 
g increased consumption [18]. 

In summary, dried-fruit consumption is associated with reduced risk of mor-
tality. However, the epidemiological evidence specifc for dried fruits and cancer risk 
is limited, in part because dried fruits have not been routinely categorized in dietary 
surveys [19,20], and the amount consumed is scarce in some cohorts. At present, 
there is limited evidence of an association of increased dried-fruit consumption with 
reduced risks of gastric, prostate, and pancreatic cancers [15–17]. Including dried 
fruit intake in dietary surveys is expected to have an important infuence on cancer 
risk estimates. 

19.2.2 In Vitro Experiments and In Vivo Animal Studies 

Dried raisins, fgs, dates, prunes, and apricots have been investigated for anti-
carcinogenic activity using a variety of cell and animal-based research methods 
(Table 19.1). These studies imply that dried-fruit bioactives may act to inhibit cancer 
at the stages of initiation, promotion, or progression via induction of detoxifcation 
enzymes, inhibition of oxidative stress and infammation, or induction of apoptosis 
in cancerous or pre-cancerous cells (Figure 19.2). These in vitro assays and in vivo 
animal studies are analyzed further in the following subsections. 

19.2.2.1 Raisins 
Dried grapes (e.g., raisins, sultanas, and currants) are produced in many regions of 
the world. Grape cultivars include seed-bearing or seedless varieties of white, red, or 
black grapes [21]. Sultanina grapes (e.g., Thompson seedless, Sultaniye, Sultanine, 
and Kishmish) are the most popular dried grape product [21]. Raisins are dietary 
sources of polyphenols, including phenolic acids such as caftaric and coutaric acids, 
favonoids such as quercetin and kaempferol, and stilbenes such as resveratrol and 
trans-resveratrol (see details in Chapter 14). Compared to their fresh counterparts, 
the phenolic contents of raisins are much higher because of concentration during 
the drying process [22,23]. 

Polyphenol-rich extracts of raisins have been applied to cancer cells to 
evaluate their anti-carcinogenic effects. Polyphenol-rich extracts from freeze-
dried currants and sultanas were applied to a human gastric adenocarcinoma cell 
line (AGS), and they suppressed cell proliferation and induced AGS cell apopto-
sis at 500 µg/mL [24]. This dose also decreased the protein and mRNA levels of 
intercellular adhesion molecule-1 (ICAM-1) in tumor necrosis factor-α (TNF-α) 
stimulated AGS cells [24]. Another study evaluated the anti-infammatory effect 
of fve different sun-dried raisin hydro-alcoholic extracts in AGS cells [25]. Raisin-
seed extracts were more potent than raisin extracts at inhibiting TNF-α induced 
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Figure 19.2 Potential anti-carcinogenic mechanisms of bioactives from dried fruits. 

interleukin-8 (IL-8) release from AGS cells, having half-maximal inhibitory con-
centration (IC50) values of 0.49 and 3.34 µg/mL, respectively [25]. Raisin seed 
extracts contained higher proanthocyanidin and favonol than the fruit extract 
[25]. Methanolic extracts of Greek currants and sultanas inhibited proliferation 
of HT29 human colon cancer cells [26]. These extracts inhibited TNF-α induced 
IL-8, cyclooxygenase-2 (COX-2), glutathione, and p65 protein levels in HT29 cells 
[26]. To the best of our knowledge, the anti-carcinogenic activity of raisin con-
sumption has not yet been investigated in animal models. Therefore, the available 
in vitro data suggest that consumption of raisins may protect against gastric and 
colon cancers. 

19.2.2.2 Figs 
Similar to other dried fruits, fgs are rich in fber, polyphenols, and nutrients (see 
details in Chapter 14). The fg skins of some varieties contain anthocyanins, and fg 
pulp is rich in proanthocyanidins [27]. Figs are also a source of chlorogenic acid and 
favonoids (such as kaempferol-rutinoside, quercetin glycosides, and rutinoside) 
[27]. Ethanolic extract prepared from dried fgs inhibited MCF-7 breast-cancer cell 
proliferation, with an IC50 of 31 μg/mL after 72 hours [28]. Figs were successively 
extracted with hexane, ethyl acetate, and methanol and applied to MCF-7 cells 
[29]. Ethyl acetate fg extracts exerted the most potent inhibition of viability, hav-
ing IC50 values between 12.5 and 6.25 μg/mL [29]. Tirucallane-type triterpenoids 
(fcutirucins A-I) isolated and purifed from an ethanolic extract of air-dried fgs 
were individually applied to cultured MCF-7, HepG2, and U2OS cell lines, repre-
senting breast cancer, hepatocarcinoma, and osteocarcoma cell lines, respectively 
[30]. Ficutirucins A, B, F, G, and I were cytotoxic to all three cell lines, having IC50 

values less than 50 μM [30]. Thus, fg polyphenols and triterpenoids may possess 
anti-carcinogenic activity. 

Alcohol is a known carcinogen, and increased consumption is associated 
with cancer risk [31]. Limited data from an in vivo rodent study suggests that fg 
consumption confers hepatoprotection from ethanol [32]. Dried fgs (10% w/w) 
fed to Wistar albino rats for 50 days with or without 20% ethanol to induce oxida-
tive stress and hepatotoxicity prevented increased lipid oxidation in the liver (e.g., 
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malondialdehyde [MDA]), reduced subchronic liver damage (histopathology), and 
normalized hepatic glutathione peroxidase activity [32]. 

19.2.2.3 Dates 
Dates contain a variety of phenolics and carotenoids, as reviewed by others [33]. 
Dates have appreciable phenolic acids and favonoids and provide fber, vitamins, 
and minerals (see details in Chapter 14). Methanolic extracts of Ajwa dates inhib-
ited proliferation of MCF-7 breast cancer cells at 5 mg/mL by increasing apoptosis, 
pro-apoptotic gene expression (p53, Bax, caspase 3), and cell DNA fragmentation 
[34]. An ethyl acetate extract of defatted Ajwa dates applied to PC-3 prostate cancer 
cells and normal fbroblast skin cells inhibited cancer cell growth, having an IC50 

of 0.4 mg/mL, but did not affect the viability of normal fbroblasts [35]. In PC-3 
cells, the date extracts increased apoptosis by inducing cell-cycle arrest, increas-
ing oxidative stress, and reducing mitochondrial membrane potential [35]. The 
active components of these extracts remain undefned, and further studies in ani-
mal models of breast and prostate cancer are warranted. Nonetheless, consump-
tion of date extracts exhibited anti-carcinogenic activity in Wistar rats treated with 
diethylnitrosamine to induce hepatocellular carcinoma [36]. After diethylnitrosa-
mine treatment, rats consumed dried aqueous Ajwa date extracts at 0.5 or 1 g/kg 
body weight for 10 weeks [36]. Date-extract consumption prevented the histological 
appearance of hepatic fbrosis and immunocyte infltration; increased interleukin-2, 
interleukin-12, and anti-tumor cytokines; and inhibited the proinfammatory cyto-
kines interleukin-1 alpha, interleukin-1 beta, granulocyte-macrophage colony-stim-
ulating factor, and interleukin-6. The highest level of date-extract consumption also 
reduced hepatic oxidative stress (e.g., MDA), and both levels increased superoxide 
dismutase activity relative to the control diet [36]. 

19.2.2.4 Prunes 
Prunes have a signifcant polyphenol content that consists mainly of chlorogenic 
and neochlorogenic acids (see details in Chapter 14). Prunes are also noted for their 
nutrient density and fber content [37]. Infammation increases the proliferation of 
precancerous cells and is associated with the progression of tumor formation and 
malignancy [38]. A polyphenol-rich prune extract at a dose of 1 mg/mL inhibited 
infammation in cultured RAW 264.7 macrophages via inhibition of lipopolysaccha-
ride (LPS)-stimulated COX-2 and reduced nitric oxide (NO) production. In another 
study, prune polyphenols inhibited hydrogen peroxide–induced TNF-α excretion in 
RAW 264.7 macrophages but stimulated TNF-α in LPS-treated cells [40]. Polyphenol 
treatment increased Toll-like receptor 4 (TLR4) expression in LPS-stimulated mac-
rophages, potentially explaining increased TNF-α. 

Ethanolic extracts of prune juice were administered to Caco-2 and KATO-III 
cancer cell lines and a normal colon fbroblast cell line (CCD-18Co) [41]. The prune 
extracts inhibited growth of the stomach and cancer cell lines to viability below 20% 
at 0.25 mg/mL after 24 hours and increased cellular apoptosis, while viability was 
unaffected in normal fbroblasts [41]. 

Prunes have been evaluated in a rodent model of colon cancer [42]. Low-
moisture prune powder was fortifed at 4.75% or 9.5% (w/w) in rodent diets and fed 
for 10 days prior to azoxymethane injection and for 9 weeks after [42]. Neither level 
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of prune consumption inhibited the appearance of aberrant crypts or foci relative to 
the control diet [42]. In contrast, prune consumption improved other markers rele-
vant to colon cancer risk, including decreased fecal bile acids, cecal β-glucuronidase 
activity, and cecal 7α-dehydroxylase activity [42]. Thus, despite a null effect on pre-
cancerous lesions, prune consumption may inhibit risk factors that accelerate colon 
cancer. 

19.2.2.5 Apricots 
Fresh apricots contain carotenoids, favan-3-ols, proanthocyanidins, and hydroxycin-
namic acids, among others [43]. Dried apricots also retain carotenoids and polyphenols 
in addition to their fber and nutrient content (see details in Chapter 14). Terpenoids 
from Japanese apricot (‘Ume’) have received attention for their anti-cancer activity. The 
extract, MK615 (Misatol), contains apricot terpenoids (e.g., ursolic acid, oleanic acid, 
and lupeol) and is derived from a diethyl-ether extract of the fresh fruits (Figure 19.1) 
[44,45]. The apricot extracts inhibit growth of cell lines relevant to stomach cancer 
(Kato-III), promyelocytic leukemia (HL-60), breast cancer (MCF-7, MDA-MB-468), 
hepatocellular carcinoma (HuH7, HepG2), and colon cancer (SW48, COLO, WiDr) 
[44,46–48]. Mice injected with mammary carcinoma cells (FM3A) and treated with 
660 μg MK615 per day had improved survival relative to the control [49]. The apricot 
extracts also improved splenic CD4/CD8 ratios in mice relative to the control [49]. 

Several studies have utilized dried apricots for inhibition of cancer in rodent 
models. Sun-dried or sulfur-fumigated apricots were compared in azoxymethane 
(AOM)-treated rats [50]. Rodent diets were supplemented with 20% (w/w) apricots 
for 7 weeks. AOM-induced oxidative stress and increased telomerase activity in 
the colon. Apricot consumption increased colonic glutathione and reduced MDA 
relative to the AOM-treated control group [50]. Apricot consumption also inhibited 
AOM-induced NO levels in the colon, inhibited telomerase activity by 59%–78%, 
and ablated colonic dysplasia [50]. The authors concluded that sun-dried apricots 
provided a marginally better response to AOM on the basis of telomerase activity. 
Apricot consumption also improved colonic antioxidant function in healthy rats by 
increasing glutathione (26.79%) and reducing MDA (6.69%) and NO (31.57%) com-
pared to untreated controls. 

Apricot supplementation was evaluated in combination with radiotherapy 
for inhibiting hepatic carcinogenesis induced by 7,12-dimethylbenz[a]anthracene 
(DMBA) [51]. Consumption of 20% (w/w) apricots for 6 weeks reduced DMBA-
induced mitosis and nuclear factor kappa B (NFκB) in liver tissue, and increased 
Bax and caspase 3 compared to the DMBA-treated group [51]. Apricot consumption 
further augmented the effect of radiation treatment on liver tissue of DMBA-treated 
rats by further decreasing hepatic Bcl-2 (~38%) and NFκB (~10%) compared to radia-
tion treatment alone [51]. 

Dried-apricot consumption improved testicular health concurrent with expo-
sure to alcohol or low-dose X-rays. Alcohol consumption increases cancer risk, in 
part by increasing cellular damage and oxidative stress [52]. In Sprague-Dawley 
rats, apricot consumption (20% w/w) reduced the impact of chronic ethanol con-
sumption on Leydig and Sertoli cell counts, seminiferous tubule diameter, as well 
as markers of histopathological damage to seminiferous tubules in the testis [52]. 
In a different study, low-dose X-rays were applied to Sprague-Dawley rats to induce 
testicular damage [53]. Testicular oxidative stress and histopathological markers 
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of tubule damage were reduced by consumption of 20% apricots (w/w) for differ-
ent intervals prior, concurrent, or after X-ray treatment, with sustained apricot con-
sumption being most effective at preventing X-ray testicular damage [53]. 

Apricot consumption also inhibited chemotherapy-induced kidney toxicity in 
rats [54]. In this model, methotrexate administration increased renal failure and 
oxidative stress in the kidney tissue of Wistar albino rats [54]. Rats consumed 10% 
apricots (w/w) for 3 weeks prior to methotrexate treatment and then continued for 1 
week after chemotherapy. Apricot consumption reduced oxidative stress by decreas-
ing MDA by 25% and improved antioxidant function by increasing catalase activity 
by 48% and superoxide dismutase activity by 44% in kidney tissue, while also reduc-
ing methotrexate-induced glomerulosclerosis [54]. 

19.2.3 Human Intervention Studies 

No long-term randomized controlled trials utilizing dried fruits for cancer preven-
tion are available. Shorter intervention studies have used dried-fruit interventions to 
evaluate modulation of biomarkers relevant to cancer risk, such as oxidative stress, 
infammation, estrogen metabolites, microbiota, and fecal water genotoxicity, as 
described below. Although the physiological relevance of total plasma antioxidant 
capacity has been questioned as a biomarker, some cancer diagnoses are associated 
with a reduction of this measure [55]. These studies are summarized in Table 19.1 
and will be discussed below. 

19.2.3.1 Raisins 
A randomized, controlled trial with a crossover design evaluated fasting and post-
prandial markers of oxidative stress and infammation in overweight men and women 
(n = 17) after consuming 90 g of raisins for 2 weeks [56]. Raisin consumption mod-
estly increased fasting plasma protein-free oxygen radical absorbance capacity val-
ues by 3.5% and reduced urinary 8-isoprostaglandin-F2α by 22% relative to controls, 
but fasting and postprandial infammation were not affected [56]. Another study 
evaluated how the acute consumption of 144 g of raisins affected plasma antioxidant 
activity and phenolics in healthy adults (n = 15) [57]. At 1 hour after raisin consump-
tion, plasma total phenols and resistance to serum oxidation reached peak capacity, 
indicating an acute antioxidant beneft [57]. Increased raisin intake also reduced bio-
markers of chronic infammation in healthy older men and post-menopausal women 
aged 50–70 years [58]. Daily intake of ~160 g raisins reduced plasma TNF-α from 
3.5 to 2.1 ng/L (n = 12), although this change was not observed in a group that 
consumed raisins and also increased walking frequency (n = 12) [58]. Notably, this 
study lacked a dietary control group. 

Although biomarkers of oxidative stress, antioxidant function, and chronic 
infammation can be altered by raisin consumption, further long-term clinical stud-
ies are required to investigate the effect of raisin consumption on cancer risk. 

19.2.3.2 Prunes 
Prune consumption modulated biomarkers relevant to breast cancer risk in healthy 
pre-menopausal women [59]. After a run-in phase of three menstrual cycles, women 
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consumed 100 g of prunes daily for 6 months. Urinary 16α-hydroxyestrone, a bioac-
tive estrogen metabolite hypothesized to be associated with breast cancer risk, was 
reduced by prune consumption [59]. While this result is promising, the design of 
this trial was not randomized and did not include a control food. 

Fecal bile acids, such as lithocholic acid, are associated with an increased 
colon cancer risk because of their tumor-promoting activity [60]. A crossover inter-
vention study in hypercholesterolemic men compared 100 g daily prune consump-
tion to grape juice for 4 weeks and showed that prunes reduced fecal lithocholic acid 
by ~20% compared to grape juice [61]. 

The combination of prunes with resistance training for breast cancer survi-
vors was evaluated for strength, body composition, bone turnover biomarkers, and 
infammation [62]. No treatment effect was reported for circulating C-reactive pro-
tein, a marker of infammation. 

19.2.3.3 Dates 
A randomized, controlled, crossover study in healthy adults aged 18–55 years 
(n =  21) evaluated how Ajwa date consumption affected biomarkers relevant to 
colon cancer risk [63]. Participants consumed ~50 g Ajwa dates or a control food 
of maltodextrin/dextrose for 21 days each, having had a 2-week washout. Fecal 
microbiota was assessed by fuorescence in situ hybridization assessing the bacte-
rial groups Bifdobacterium, Lactobacillus, Ruminococcus, and Clostridium, among 
others, but the date intervention did not change microbiota or fecal short-chain fatty 
acids. Date consumption reduced fecal water genotoxicity, determined by applying 
fecal water to colonic HT29 cells, and also reduced fecal ammonia [63]. The lower 
genotoxicity of fecal water suggests a potential modulation of colon cancer risk by 
date consumption. 

19.2.3.4 Apricots 
To the best of our knowledge, there is no evidence from human intervention studies 
for a putative anti-cancer activity of dried apricots. 

19.3  conclusion 

The cumulative evidence for the cancer-preventive effects of dried-fruit consumption 
is promising but limited (Table 19.1). Cell-based and rodent models of cancer suggest 
that dried-fruit bioactives and fber contribute to cancer prevention. Epidemiological 
data imply that increased dried-fruit consumption is inversely associated with risk 
of prostate, pancreatic, and gastric cancer. Human intervention studies suggest that 
frequent consumption of some dried fruits (prunes, raisins, and dates) modulates 
oxidative stress, infammation, and other biomarkers relevant to cancer risk in some 
individuals. However, the long-term nature of cancer etiology and prohibitive costs 
of long-term human intervention studies has left a notable research gap that might 
hopefully be flled by future trials. At present, increased fruit consumption is rec-
ommended for cancer prevention in healthy individuals as well as cancer survivors 
[5,64]. Dried fruit should continue to help fll this dietary need. 
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20.1 introduction 

As the population continues to age, the prevalence of chronic diseases increases in 
parallel. Osteoporosis is a highly prevalent chronic disease, most likely due to the 
rate of bone resorption exceeding the rate of bone formation. This condition begins 
to appear in most individuals over the age of 50, particularly in postmenopausal 

has numerous negative health effects, including being associated with signifcant 
bone loss. This loss of bone mass and the deterioration of the bone microstruc-
ture dramatically increase the risk of fractures. These events are associated with 
increases in markers of infammation and oxidative stress [1]. Normal levels of 

women. The sudden cessation of estrogen production at the onset of menopause 
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estrogen work to inhibit osteoclastogenesis directly and through upregulation of 
bone biomarkers that are secreted by osteoblasts. Besides the decline in estro-
gen production associated with menopause, the regulation of bone formation and 
resorption is hindered by numerous factors [2]. There are a number of options for 
prevention and treatment to help slow the decline in further bone loss, and in some 
cases, even reversal is possible. There are pharmaceutical treatment options avail-
able such as hormone replacement therapy, anti-resorptive medications, and bone 
forming agents; however, these drugs are not free from side effects, they can be 
costly, and compliance with these medications is usually low [3]. One alternative 
to pharmacological agents is diet modifcation with nutrient-rich foods. Among all 
foods, fruits are especially rich in polyphenolic compounds, which are often found 
in even more concentrated amounts in their dried counterparts. Polyphenols have 
been shown to be anti-infammatory and to affect bone metabolism [4]. Among all 
dried fruits, prunes have been the most extensively studied in regards to osteopro-
tection, with promising results [5]. Research suggests that the benefcial effects 
of prunes on bone are exclusive to the dried version of the plum fruits. That then 
begs the question of which other dried fruits may have similar benefcial effects on 
bone. The key modes by which bone loss may be prevented or reversed through 
dietary intervention include direct effects on bone cells, estrogen receptors, and 
infammation. This chapter highlights selected dried fruits and their potential for 
osteoprotection. 

20.2 Bone Health and Osteoprotection of Dried Fruits 

Fruits naturally contain a number of phytochemicals with potential osteoprotective 
effects. Many of these bioactives, including but not limited to resveratrol, kaemp-
ferol, proanthocyanidins, quercetin, and catechins, have been shown to directly 
affect bone cells, as well as estrogen receptors in in vitro studies. Many phytochemi-
cals are also potent antioxidants that help reduce infammation, which is a risk fac-
tor for bone loss [6]. Another important factor which infuences bone homeostasis 
is the acid/base balance. Overall, consumption of fruits and vegetables has been 
shown to positively infuence the alkalinity of blood, and hence the benefts of fruits 
and vegetables on bone might be explained in part by their effects on the acid/base 
balance [7]. 

With reference to phytochemicals found in fruits, anthocyanin intake alone 
has also been positively associated with hip bone mineral density (BMD) [8]. A num-
ber of animal studies have similarly demonstrated a positive relationship between 
polyphenols and bone health. In ovariectomized rats, kaempferol [9], quercetin [10], 
catechins [11], and resveratrol [12] supplementation were all able to prevent ovari-
ectomy (Ovx)-induced bone loss. Additionally, resveratrol alone was able to improve 
calcium retention in bone [13]. 

Many animal and epidemiological studies have demonstrated the benefcial 
effects of fruits, both fresh and dried, on a number of chronic diseases. However, to 
our knowledge, there are very few clinical studies that have examined the effects 
of fresh and dried fruits on bone health. Common dried fruits that have been stud-
ied with regard to bone health, mostly in cell culture and animal studies, include 
dried pomegranates, fgs, apples, apricots, dates, mangoes, and grapes, and prunes. 
There have been several clinical studies demonstrating short and long-term effects 
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of prunes on bone [14–16]. The following sections summarize the evidence for the 
osteoprotective effects of certain dried fruits. We start this chapter with dried fruits 
that have less evidence of their effcacy on bone, and will end with prunes, for which 
more clinical studies are available. 

20.2.1 Pomegranates 

As the popularity of pomegranates (Punica granatum L.) increases, so does research 
on their potential health benefts. Though not typically consumed in dried form, 
pomegranates contain fatty acids, sterols, alkaloids, vitamin C, vitamin K, and a 
number of polyphenolic compounds, namely tannins (ellagic acid), ellagitannins 
(punicalagin), and favonoids (anthocyanins, quercetin, and kaempferol) [17]. Dried 
pomegranates alone and in combination with red clover extract were shown to have 
an inhibitory effect on estrogen defciency-related osteoporosis in Ovx rats [18]. 
Pomegranates have also been shown to possess antioxidant activity through their 
nutritive and nonnutritive components including punicalagin, a large ellagatannin 
that is important for osteoprotection [19]. The nutritive content of dried pomegran-
ates, namely vitamin C and vitamin K, may also play a role in its ability to promote 
bone health (Table 20.1). Nonetheless, there is a need for conducting clinical studies 
using pomegranates to explore outcomes on post-menopausal bone health, since 
pomegranates are known to contain estrogenic compounds and even estrone itself 
(17 mg/kg dried seed) [20]. 

20.2.2 Figs 

Figs (Ficus carica L.), which are often consumed in their dried form, are particu-
larly rich in vitamin K, manganese, copper, and phenolic acids (gallic acid) [21]. 
These nutrients are likely the source of dried fg’s role in osteoprotection (Table 
20.1 and Figure 20.1). Though the potential health benefts of fgs have not been 
extensively studied, they are seen as a possible hepatoprotective functional food, 
and there is some limited research available about their potential effects on bone 
health. Several in vitro and in vivo studies have shown the antioxidative actions of 
fgs and their polyphenols [22,23]. In a study done by our research team, Sprague-
Dawley rats were fed a diet containing 2% fructo-oligosaccharides (FOS) and 7.5% 
fgs for 60 days, after 45 days on a maintenance diet to establish bone loss after 
Ovx. We found that the diet supplemented with fgs and FOS effectively reversed 
the Ovx-induced loss of calcium content in the fourth lumbar vertebrae of the rats 
[24]. FOS are known to play a role in calcium and magnesium absorption in the 
colon and to increase the bioavailability of select polyphenols, thus playing a pos-
sible role in promoting bone health [25]. It is likely that the combination of FOS 
and fgs created an additive effect, leading to the benefcial results on bone calcium 
content. Additionally, since many risk factors for osteoporosis such as smoking, 
hypertension, and diabetes are also associated with high levels of oxidative stress, 
the antioxidant activity of the polyphenols found in fgs may be another important 
factor for osteoprotection [26]. Estrogen defciency is shown to decrease antioxi-
dant levels in a model for Ovx-induced loss of bone [27], and dried fgs have been 
able to increase antioxidant activity and eventually overcome the oxidative stress 
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table 20.1 Evidence Supporting a Role of Nutritive Compounds Found in Dried Fruits 
in Osteoprotection 

Nutrient of Sources (per 100 g Suggested Role of Selected 
Interest Serving) Nutrient in Bone References 

Vitamin K Prunes (15.6%) Promotes calcium balance; [65] 
(% AI) Figs (15.6%) required for γ-carboxylation of 

Pomegranates (14.3%) osteocalcin. 
Vitamin C Pomegranates (14.8%) Infuences expression of bone [79,80] 
(% RDA) matrix genes in osteoblasts; 

infuences genes involved in 
skeletal development and 
maintenance; and plays a role in 
mediating bone matrix 
deposition. 

Vitamin E Apricots (35.8%) Tocotrienols can protect osteoblasts [81] 
(% RDA) against oxidative damage and 

suppress osteoclastogenesis. 
Potassium Apricots (25.1%) Contributes to the maintenance of [82] 
(%AI) Raisins (15.9%) BMD; may reduce bone 

Prunes (15.6%) resorption. 
Dates (14.8%) 

Boron Prunes (200%) Stimulates bone growth and [61] 
(% ADI) metabolism; may play a role in 

preserving BMD, bone 
microarchitecture, and bone 
strength. 

Manganese Figs (25%) Component of superoxide [58–60] 
(% AI) Dates (15%) dismutase; necessary for bone 

Raisins (15%) matrix formation and is a cofactor 
Apricots (10%) for several enzymes in bone 

tissue. 
Copper Dates (44.4%) Required for the cross linking of [57] 
(% RDA) Apricots (33.3%) collagen and elastin. 

Raisins (33.3%) 
Prunes (28.9) 
Figs (23.1%) 
Apples (22.2%) 

Abbreviations: ADI, average daily intake; AI, adequate intake; BMD, bone mineral den-
sity; RDA, recommended dietary allowances. 

Note: Fruits listed contain 10% or more of the U.S. RDA or AI when RDA is not 
available. 

associated with high sugar-sweetened soda consumption [21]. Based on our rat 
study, we suggest that future clinical trials are warranted to evaluate the effcacy 
of dried fgs in preventing or reversing bone loss. A rat model is an appropriate 
model for bone studies [28], as we have always observed that what happens in rats 
in terms of bone can almost be duplicated in humans. However, research in humans 
is needed in the future. 
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Figure 20.1 (See color insert.) A diagram depicting the major polyphenol in selected 
fruits, with images of their fresh and dried forms. 
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20.2.3 Apples 

Aside from their nutritive value and cholesterol lowering properties, as shown by 
our research group in a 1-year clinical study [29], dried apples (Malus pumila) 
may have osteoprotective potential due to their polyphenol content, which includes 
mainly hydroxycinnamic acids (chlorogenic acid), favan-3-ols (catechin), and fa-
vonols (quercetin). Apples are also good sources of copper (Table 20.1) and phlo-
ridzin, which is a favonoid specifc to the apple fruit (Figure 20.1). Some of these 
individual compounds have demonstrated bone-protective effects in both cell culture 
and animal studies. Quercetin was able to partially preserve the development of an 
osteoblast phenotype in fetal rat calvaria cells exposed to oxidative stress [30]. The 
presence of quercetin in the hydroxyapatite environment enhanced proliferation and 
differentiation of osteoblast-like MG63 cells and downregulated osteoclastogenesis 
from osteoclast precursors 2T-110 [31]. In osteoblast-like MC3T3-E1 cells damaged 
by hydrogen peroxide, quercetin preserved the structural integrity of the cells and 
protected against peroxide damage when added in tandem with hydrogen peroxide 
[32]. In rabbits given intramuscular injections of quercetin three times per week over 
3 months, cortical bone thickness increased in those animals given doses of 10 μg/ 
kg and 100 μg/kg [33]. Additionally, in all three doses of quercetin (10, 100, and 
1000 μg/kg), there was a lower density of secondary osteons (irregular Haversian 
bone tissue). Though dried apples are increasing in popularity, research on the dried 
version of the fruit is scarce in general, and especially in regard to bone. A dried 
apple–supplemented diet has been shown to down-regulate osteoclast activity after 
inhibition of the osteoclastogenesis regulator Nfatc-1 in Ovx mice and up-regulate 
Bcl-2 homologous antagonist/ killer 1 (Bak1), which promotes apoptosis of osteo-
clasts [34]; however, in the same study, dried apples had no effect on osteoblast activ-
ity. Clinical studies on the regular consumption of dried apples remains warranted to 
observe whether results from these studies are applicable to the human population. 

20.2.4 Apricots 

The polyphenolic compounds contained in apricots (Prunus armeniaca) are largely 
hydroxycinnamic acids (neochlorogenic and chlorogenic acid), which also make 
up a large portion of the polyphenols in prunes, which numerous clinical studies 
have shown to be effective in preventing bone loss in postmenopausal women. Dried 
apricots are also a good source of vitamin E, potassium, copper, and manganese. 
Research on dried apricots with regard to bone health is limited. One 2011 study 
demonstrated the potential of an apricot extract to promote osteoblastic differentia-
tion in cell culture [35]. Though this study used an extract from fresh apricots, an 
animal study found that mice given a dried apricot–supplemented diet were able to 
prevent the Ovx-induced loss in the whole body and the spine BMD (Figure 20.2) 
after 8 weeks when compared to the Ovx control mice [34]. These improvements 
in BMD were due to an increase in whole-body bone mineral content (BMC). This 
same group of mice had greater vertebral trabecular bone volume per unit of total 
volume (BV/TV) and trabecular number (Tb.N.) compared to the Ovx control ani-
mals. Dried apricots also effectively restored the compromise in trabecular bone 
connectivity density, structural model index, and density seen after Ovx [34]. 
Finite element analysis found that dried apricots reversed Ovx-induced decreases 
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Figure 20.2 Whole body (◼) and spine (◆) BMD. Dual energy X-ray absorptiometry 
scans after 8 weeks of sham-operated (Sham) and Ovx mice fed control diet or Ovx 
receiving control diet supplemented with either 25% (w/w) prunes, apples, apricots, 
grapes, or mangoes. Values are expressed as mean ± SE (n = 8) mice in each 
group. *Indicates signifcance (P < 0.05). Abbreviations: BMD, bone mineral density; 
Ovx, ovariectomy. (Adapted with modifcation from Rendina, E. et al., PLoS One, 8, 
e60569, 2013, Open access journal.) 

in biomechanical parameters of vertebral body trabecular bone (total force, stiff-
ness, and size-independent stiffness) to the level of the sham control group. Dried 
apricots also up-regulated Bak1, which may be one mechanism by which they pro-
tect against bone loss. Based on these initial fndings, it is suggested that dried 
apricots are second to plums in their bone-protective effects. A feasibility study is 
warranted to observe short-term and long-term effects of dried apricots on bone 
health in humans. 

20.2.5 Dates 

Dates, which are most commonly eaten in their dried form, are a good source of 
copper, potassium, and manganese, which may contribute potential bone-protective 
effects (Table 20.1). The polyphenols hydroxybenzoates, hydroxycinnamates, and 
favanols (procyanidins, catechins, and tannins) are also found in dates [36,37]. In 
2010, Arjmandi et al. [24] demonstrated that a combination of 7.5% dried dates and 
2% FOS added to the diet of Sprague-Dawley rats was able to reverse Ovx-induced 
loss of BMD in the right femur (Figure 20.3). We also found that the same combina-
tion of dried dates and FOS also reversed the Ovx-induced loss of calcium content 
in the fourth lumbar vertebra [24]. These results were comparable to the effects 
of prunes plus FOS given in this study. To our knowledge, there are no proposed 
mechanisms by which dried dates may potentiate these effects on BMD; however, 
it is possible that the quercetin content of dates may be one contributing factor to 
its possible osteoprotective capabilities (see previously referenced studies). Again, 
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Figure 20.3 Right femur (◆) and fourth lumbar (◼) BMD. *P < 0.05, treatment that 
has a signifcantly improved BMD at the right femur compared to Ovx. ** P < 0.05, 
treatment that had a signifcant effect on improving fourth lumbar BMD compared to 
Ovx. Abbreviations: BMD, bone mineral density; DP, dried plums; FOS, fructo-oligo-
saccharides; L4BMD, bone mineral density of fourth lumbar vertebra; Ovx, ovariec-
tomy; RFBMD, bone mineral density of the right femur. (Adapted with modifcation 
from Arjmandi, B.H. et al., J. M. Food, 13, 312, 2010. With permission.) 

initial fndings warrant replication and new clinical studies to investigate the bone-
protective effects of dates in humans. 

20.2.6 Mangoes 

Dried mangoes are a good source of proanthocyanidins, favan-3-ols (catechin), fa-
vonols (quercetin), hydroxycinnamic acids (chlorogenic, ferulic, and caffeic acids), 
and hydroxybenzoic acids (gallic and vanillic acid) [37]. Mangoes also contain man-
giferin, a xanthone that is unique to them. Previously mentioned research explored 
the potential bone-protective benefts of quercetin, a proanthocyanidin, to which 
the possible bone-protective benefts of dried mangoes may be attributed. Mangoes 
contain cholorogenic acid, which is also found in prunes, dried fruits that have been 
well studied in regard to their bone-protective effects. Most studies focus on the 
bark, leaves, and peel of mangoes due to their greater concentration of compounds 
with health promoting effects, so research on the fesh of the fruit in relation to 
bone health is limited. One study found that a dried mango–supplemented diet 
likely down-regulated osteoclast activity in Ovx mice after an observed increase 
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in glutathione (GPx) activity; however, no skeletal response was observed with its 
supplementation [34]. Consumption of mangoes may be of overall beneft, but this 
primary study does not suggest that it has any tangible effects on bone. 

20.2.7 Raisins 

Raisins, which are dried grapes, may have potential health benefts in osteoprotec-
tion due again to their polyphenol content. Grapes are signifcant sources of polyphe-
nols such as stilbenes (resveratrol), anthocyanidins, tannins (proanthocyanidins), 
and catechins [38,39]. Epidemiological studies have shown a positive relationship 
between grape polyphenols and bone health. In a study conducted in Australia, red 
wine consumption in men was shown to be positively associated with lumbar BMD 
[40], and favonoid intake in women has been positively associated with spine and 
femoral neck BMD [8,41]. Grape seed proanthocyanidin extract was able to restore 
depleted calcium stores in bone to a greater extent than calcium alone [42] and was 
shown to decrease levels of N-terminal telopeptide (NTX), a marker of bone resorp-
tion [13]. Aside from their phytochemical profles, raisins are also a good source of 
other vitamins and minerals, including potassium, magnesium, and copper, all of 
which are positively associated with bone health (Table 20.1). 

Given that raisins are derived from grapes, they have the potential to exhibit 
similar osteoprotective benefts as observed with red wine, favonoids, or grape seed 
proanthocyanidin extracts. The dehydration of fruits leaves the dried version with 
a more concentrated nutrient profle and therefore higher amounts of polyphenols 
compared to the original fruit on a weight-by-weight basis [43], thus further sug-
gesting the osteoprotective potential of raisins. We showed that a 2% FOS and 7.5% 
raisin diet prevented the Ovx-induced loss of calcium content in the fourth lumbar 
vertebra of female rats [24]. A raisin supplemented diet was also able to prevent 
the Ovx-induced loss of whole-body and spine BMD in mice [34], improve the total 
force mechanical parameter of trabecular bone compared to the Ovx control group 
[34], increase bone calcium retention [44], and increase cortical bone structure and 
strength [44]. It is likely that the raisin-supplemented diet improved bone calcium 
deposits through both improving renal calcium retention and reducing bone turn-
over, and improved cortical bone by protecting against endocortical bone resorp-
tion, which is elevated in postmenopausal women [45]. Raisins were also able to 
down-regulate osteoclast activity through an increase in GPx activity and an up-reg-
ulation of Bak1 [34]. These promising results provide evidence for the osteoprotec-
tive potential of raisins, though research on the topic is even more limited than the 
research on grapes; therefore, the full potential of raisins in osteoprotection is unde-
termined at present and it is unknown if these demonstrated effects differ between 
grapes and raisins, warranting further clarifcation and research. 

20.2.8 Prunes 

Prunes are particularly rich in nutrients including vitamin K, potassium, magne-
sium, boron, and polyphenols including chlorogenic acid, neochlorogenic acid, 
and proanythocyanins, all of which are known to be important for bone health 
(Table 20.1). Prunes have also been ranked with one of the highest oxygen radical 
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absorbance capacities among common fruits and vegetables [4,46]. The observed 
antioxidant activity of prunes is likely attributed to their polyphenol content. 

The fndings from numerous studies looking at the osteoprotective effects of 
prunes compared to other fresh and dried fruits largely suggest that prunes are 
the most effective. Arjmandi et al. [47] were among the frst to observe the bone-
protective effects of prunes, both in general and in established osteoporosis. A 
prune-supplemented diet effectively prevented the Ovx-induced loss of BMD in 
the spine and whole body of mice, which was believed to be due to the increase 
in whole-body BMC, compared to the Ovx control animals [34,48]. Other studies 
[49,50] confrmed that a prune diet prevented Ovx-induced decline in whole-body, 
fourth lumbar, femur, and tibial BMD in rats. Multiple doses of prunes also effec-
tively restored established bone loss in the femur and tibia to the same extent as 
estrogen supplementation in Ovx rats [51]. Ovx mice fed a prune-supplemented diet 
had greater vertebral trabecular BV/TV, Tb.N., and trabecular thickness, and dem-
onstrated an anabolic effect on their vertebral trabecular bone [34]. Prunes also pre-
vented the Ovx-induced loss of bone at the proximal tibia where BV/TV and Tb.N. 
were comparable to the sham control group [34] and restored the compromise in 
trabecular bone connectivity density, structural model index, and density after Ovx. 

Similarly, Smith et al. [50] found that 15% and 25% wt/wt prune diet improved 
trabecular bone and cortical thickness in Ovx rats, which was likely partially due 
to decreased bone turnover hypothesized after a reduction in the biomarkers of 
bone metabolism, N-terminal procollagen type 1 (PINP), and deoxypyridoline 
(Dpd). Finite element analysis found that prunes effectively reversed Ovx-induced 
decreases in total force, stiffness, and size-independent stiffness of vertebral body 
trabecular bone to the level of the sham control group, and increased size-indepen-
dent stiffness in the tibia. These improvements in microarchitectural properties of 
bone indicate greater bone strength. Prunes have also been shown to down-regulate 
osteoclast activity due to an increase in GPx activity, an up-regulation of Bak1, and 
an inhibition of the osteoclastogenesis regulator Nfatc 1, bringing them to the level 
of the sham control group, perhaps suppressing Ovx-induced apoptosis; there was, 
however, no effect on osteoblast activity. On the other hand, there is evidence from 
Ovx rat models that prunes increase circulating insulin-like growth factor-I (IGF-I) 
levels, which stimulates osteoblast proliferation and differentiation [47,50]. In 2003, 
Mühlbauer et al. [52] were the frst to report the ability of prunes to inhibit bone 
resorption in male rats, as assessed by urinary excretion of tritium-labeled tetracy-
cline released from the bones of rats pre-labelled with tritiated tetracycline. Prunes 
were the only fruit shown to demonstrate similar bone resorptive effects compared to 
onions, which had been previously identifed for their bone-protective properties. In 
a male rat model of gonadal hormone defciency, a 15% and 25% prune diet prevented 
orchidectomy (Orx)-induced loss of BMD in the whole body, femur, and lumbar 
spine [53]. Both diets prevented Orx-induced decrease in biomechanical properties, 
including cortical bone ultimate load and compressive force, and stiffness of the tra-
becular bone within the vertebrae. Deterioration of trabecular bone microarchitec-
tural properties in the distal femur and vertebral body was also prevented with both 
doses of prunes. Serum levels of IGF-I were increased, while urinary excretion of 
Dpd and bone mRNA levels of RANKL and osteoprotogerin (OPG) were reduced by 
all doses of prunes, suggesting a suppression of bone turnover. In 2007, Bu et al. [54] 
reported that prunes reversed Orx-induced bone loss in terms of increased density 
and enhanced microarchitectural properties. The effects of prunes on increasing 
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BV/TV and number and decreasing trabecular separation in this study were compa-
rable to parathyroid hormone (PTH). Prunes also led to signifcant improvements 
in vertebral and femoral BMD and cortical thickness; however, the extent was not 
as great as with PTH. To determine whether prune supplementation could reverse 
aged-related bone loss in a male model, Halloran et al. [55] fortifed the diets of 
6-month-old (adult) and 18-month-old (old) male mice with 0%, 15%, and 25% prunes 
by weight for 6 months. A 25% prune diet led to a gain in cancellous bone volume, 
which exceeded baseline by approximately 50% in adult mice and 40% in old mice. 
This study demonstrated that supplementation with prunes can restore bone that 
has been lost as a result of aging. 

When combined with FOS in Ovx rats, prunes showed enhanced effcacy in 
reversing Ovx-induced BMD loss in the right femur and fourth lumbar, calcium 
loss in the fourth lumbar, and trabecular separation [24]. A combination of FOS, 
prunes, and a soy-based diet had the greatest effect on improving lumbar BMD and 
also improved the biomechanical properties of bone [56]. These results may be due 
to enhanced bone formation and suppressed bone resorption, as evidenced by an 
increase in alkaline phosphatase (ALP) and a decrease in urinary Dpd. 

In osteopenic postmenopausal women, daily consumption of 100 g of prunes 
for 3 months signifcantly increased biomarkers of bone formation, namely total 
ALP, bone-specifc ALP (BALP), and IGF-I, by 12%, 6%, and 17%, respectively [16]. 
The following 1-year study in osteopenic postmenopausal women comparing dried 
apples (control diet) and prunes demonstrated that 100 g daily prune consumption 
improved BMD of the ulna and lumbar spine [14]. In the same study, prune con-
sumption was also associated with signifcantly decreased tartrate-resistant acid 
phosphatase 5b (TRAP-5b) and BALP levels, suggesting an increase in bone resorp-
tion. Osteocalcin and C-reactive protein (CRP) levels were signifcantly lower than 
that of the group receiving dried apples, suggesting increased osteoblast activity. 
Additionally, prune consumption increased levels of receptor activator of nuclear 
factor kappa-B ligand (RANKL) to a lesser extent than the control group (+1.99% 
and +18.33%, respectively), increased OPG levels to a greater extent than the control 
group (+4.87% and –2.15%, respectively), and decreased sclerostin levels compared 
the control group (–1.12% and +3.78%, respectively). Though these percent changes 
did not reach statistical signifcance, they do suggest that prunes may prevent bone 
loss in postmenopausal women by suppressing bone turnover. Six months of supple-
mentation with either 50 or 100 g of prunes daily also demonstrated a reduction in 
TRAP-5b levels, and suggests that a dose of 50 g of prunes is just as effective as 
100 g of prunes in prevention of bone loss in postmenopausal women [15]. Recent 
data from a follow-up study, 5 years after 1 year of regular prune consumption, sug-
gests that even without continued regular consumption of prunes, participants in 
the prune group retained BMD of the ulna and lumbar spine to a greater extent than 
the original control group of dried apples [5]. 

Though the exact components of prunes that contribute to their osteoprotec-
tive effects are not certain, it is likely that many of their components, for example, 
polyphenols, dietary fber, vitamin K, boron, copper, magnesium, and potassium, 
contribute to an additive effect, rather than only one responsible nutrient. Boron 
is a trace element that is critical for bone health, as a defciency or excess in con-
sumption of boron can be harmful to bone. Boron has been shown to stimulate 
bone growth and bone metabolism [57] and to play an important role in preserving 
BMD, bone microarchitecture, and bone strength [58–60]. Epidemiological studies 
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suggest that potassium contributes to the maintenance of BMD in men and women 
[61], and higher intakes of potassium have been shown to reduce bone resorption, 
particularly alongside high protein intake [62]. Copper is a cofactor for lysyl oxidase, 
which is involved in the cross-linking of collagen and elastin [63,64]. Vitamin K pro-
motes a calcium balance and is a cofactor for the γ-carboxylation of osteocalcin, a 
bone-matrix protein secreted by osteoblasts that promotes normal bone mineraliza-
tion by regulating the growth of hydroxyapatite crystals [65]. Previous research has 
also demonstrated that chlorogenic acid is bone protective. Zhou et al. [66] demon-
strated that supplementing Ovx rats with chlorogenic acid led to improved BMD 
and bone microarchitecture, and an increased proliferation of osteoblast precursors 
and osteoblast differentiation, as well as increases in bone-formation biomarkers. 
Despite this, Léotoing et al. [67] demonstrated that the bone-protective effect of 
prunes is not dependent on the content of chlorogenic acid. However it is important 
to consider that other polyphenols in prunes, such as quercetin, rutin, and proan-
thocyanidins, as well as dietary fber including pectin, fructans, hemicelluloses, 
and cellulose [63,67], may also be responsible for the effects of prunes on bone. 
Polyphenols and their metabolites are known to act as antioxidants themselves [68– 
70] and also activate endogenous antioxidants and inhibit infammatory signaling 
pathways [71,72]. Since bone loss has also been linked to free radicals, an imbalance 
in antioxidant defenses, oxidative stress [73,74], and a pro-infammatory state [6], 
it is possible that the polyphenols in prunes work through this mechanism. Lastly, 
prunes are rich in soluble and insoluble fbers including pectin, fructans, hemicel-
luloses, and cellulose [63,67], which are known to increase mineral absorption (e.g., 
calcium) [75], likely through the production of short-chain fatty acids (SCFA) in 
the intestine, where they, in turn, enhance calcium absorption. Both dietary fber 
and polyphenolic compounds have been shown to alter the microbial composition in 
the gut [75–77]; therefore it is possible that chronic prune consumption stimulates 
changes in the gut microbiome, increasing SCFA production. 

Since prunes have been shown to increase serum ALP, decrease serum 
sclerostin, and favorably tilt the ratio of OPG to RANKL, it is possible that the pos-
itive effect of prunes on bone is mediated through epigenetic regulation of bone 
metabolism. This notion is speculative, and direct evidence is not available; however, 
it can be indirectly supported, as all of the aforementioned molecules seem to exert 
epigenetic infuences on osteoblast and osteoclast cells [78]. Figure 20.4 depicts the 
possible mechanisms of action by which prunes or their bioactive components exert 
their effects on bone. 

20.3 conclusion 

Overall, the research in Ovx rats indicates a possible relationship between con-
sumption of dried mangoes, dates, apples, apricots, raisins, and even pomegranates; 
however, this evidence has not yet been reproduced in a clinical setting. Though this 
evidence for the possible osteoprotective effects of these fruits exists, the best evi-
dence suggests that prunes have the ability to both prevent and reverse bone loss in 
postmenopausal women and potentially in men. These dried fruits may have osteo-
protective effects through the action of their phenolic composition, including quer-
cetin and chlorogenic acid; however, the exact mechanism by which these effects 
may occur remains unknown. It is important to note that for most dried fruits, there 
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Figure 20.4 (See color insert.) Proposed mechanisms of action of prune polyphenols 
on bone. Abbreviations: BAP, bone-specifc alkaline phosphatase; M-CSF, macro-
phage colony stimulating factor; NFATc1, nuclear factor of activated T-cells 1; OPG, 
osteoprotogerin; RANK, receptor activator of nuclear factor kappa-B; RANKL, recep-
tor activator of nuclear factor kappa-B ligand. 

are hundreds of different cultivars, whose nutritive and phenolic composition may 
differ. There is a possibility that any putative health benefts of each dried fruit could 
differ based on the type and cultivar of the fruit that is available. On the other hand, 
the overall additive effect of the nutritive and nonnutritive components of these fruits 
may be enough to counteract this possibility, since the exact proportions of nutrients 
may not matter so much as the existence of the nutrients themselves within the 
matrices of each of these dry fruits. In conclusion, scientifc evidence showing that 
dried fruits have benefcial effects on bone is limited; therefore, further research 
and more randomized clinical trials are warranted to make future recommendations 
based on evidence. 
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21.1 introduction 

Dried fruits are a form of fresh fruits that have been concentrated by means of 
drying techniques, and hence they have a lower moisture content and water activ-
ity [1]. There are two classes of dried fruits, depending on whether the fruits have 
been treated or not before drying. Apples, apricots, currants, dates, fgs, peaches, 
pears, prunes, and raisins are called conventional or traditional dried fruits because 
they are not treated, whereas fruits such as mangoes and the different berries are 
commonly infused with sugar solutions or fruit juice before drying. Regardless, 
the drying of both types can be either natural, by exposition to the sun; or artif-
cial, through the use of specialized dryers or dehydrators [2]. The drying of the 
fruits allows easy storage and distribution and has the advantage of being available 
throughout the year [1]. 

The consumption of dried fruits was discouraged more than 30 years ago 
because of their high sugar content [3]. However, consumption has increased in 
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recent times since studies in the 1990s demonstrated the potential benefcial effects 
of some of their components, such as resveratrol and other polyphenols, on cardio-
vascular disease (CVD) [4]. 

Regarding incorporation of dried fruits in the habitual diet, few studies have 
evaluated possible links between their consumption and diet quality. A prospective 
study performed within the 1999–2004 National Health and Nutrition Examination 
Survey (NHANES) demonstrated an association between dried-fruit consumption 
and diet quality, relating dried-fruit consumption to improved nutrient intake, a 
higher overall diet quality score, and lower body weight/adiposity measures [5]. 
In addition, a cross-sectional study described an inverse association between dried 
fruit intake, among other foods, and the prevalence of metabolic disorders [6]. 

As with every food, the frst contact that dried fruits have in our organism 
is with the gut lining; therefore their components could, to some extent, exert 
health benefts there as well. The human gastrointestinal tract is home to millions 
of microorganisms, representing the largest community in the body. The current 
knowledge of gut microbiota is quite wide, and it has been suggested that intesti-
nal permeability may play a role in intestinal infammatory status and gut-barrier 
integrity [7]. Furthermore, deleterious changes in the microbiota, known as dysbio-
sis, or changes in the intestine due to dysbiosis, have been shown to be involved in 
the development of chronic diseases such as obesity and diabetes [8]. Several stud-
ies have shown that germ-free animals have higher susceptibility to infections and 
reduced nutrient uptake. Nevertheless, these animals restore their normal function 
when colonized by normal microbiota [9]. While some of these illnesses are caused 
by physical changes in the gut, most of them are due to changes in bacteria and 
other organisms or in the products generated by them. In fact, a signifcant part 
of the molecules that are absorbed by the enterocytes are not those that have been 
eaten but, instead, their metabolites [10]. Figure 21.1 shows an example of this: 2R, 
3S -dihydromyricetin, and quercetin are modifed by the gut microbiota into prod-
ucts such as phloroglucinol, 5-(3,4,5-trihydroxybenzyl)dihydro-2(3H)-furanone, 
3,4-dihydroxyhydrocinnamic acid, and 3,4-dihydroxyphenylacetic acid. These are 
the molecules that enter the cells after reaching the bloodstream [11]. The human 
microbiota has been reported to have a greater metabolic capacity than our own 
cells [12,13]; therefore, when the balance is broken, there is a risk of malfunction. 

Diet is an important modulator of the microbiota and its products. For this 
reason, it is of interest to know the composition of the different dried fruits and their 
effect on the gut microbiota and their metabolites. The relationship between gut 
health and microbiota and the consumption of dried fruits has not been investigated 
thoroughly. A few studies, though, have described to some extent the effect that 
dried fruits, their extracts, or their fresh counterparts have on the composition of 
the microbial community of the gastrointestinal tract and the status of the gut lining. 
This chapter highlights the effect that the components of dried fruits exert on gut 
health and microbiota. 

21.2 Benefts of Dried Fruits on Gut Health and Microbiota 

Since the composition of dried fruits does not vary much after dehydration, apart 
from in the concentration of nutrients and phytochemicals, regular intake of 
these fruits can exert various health benefts. Although there are different drying 
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Figure 21.1 (See color insert.) 2R, 3S -dihydromyricetin, and quercetin are modi-
fed by the microbiota, and different products [1,3,5-benzenetriol, dihydro-5-(3,4, 
5-trihydroxyphenyl)methyl-2(3H)-furanone, 3,4-dihydroxyhydrocinnamic acid, and 
3,4-dihydroxyphenylacetic acid] enter the cells. 

methods, the most commonly known and used to date are related to heat, which 
clearly reduces the amount of the micronutrient ascorbic acid because of its ther-
molability [14]. 

Dried fruits are remarkable sources of carbohydrates and simple sugars but, 
despite their sweetness, they have low to moderate glycemic and insulin indices com-
parable to those of their fresh counterparts [15–17]. The fact that they do not mediate 
a major spike in blood sugar or insulin might be due to their high content of fber, fruc-
tose, and phenolic compounds that are able to moderate the glycemic response [18]. 
For this reason, dried fruits with a low glycemic index could be useful in the treatment 
of hyperglycemic conditions. Moreover, their effects may be even more benefcial in 
subjects with a high body weight because of their low fat content and also because 
they seem to reduce food intake to a greater extent than their fresh analogues [19]. 

Dried fruits are also relevant sources of dietary fber, which is why they are 
included in high fber diets recommended to reduce the risk factors of several non-com-
municable diseases such as type-2 diabetes, obesity, and CVD [20,21]. Some of these 
dried fruits are also well recognized as an effective treatment for constipation [22,23]. 
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Carbohydrates are the main sources of carbon and energy for the microbiota 
and, as mentioned, are abundant in dried fruits. The microbiota has a great capacity to 
hydrolyze complex polysaccharides, of which xylan-, pectin-, and arabinose-containing 
structures are common in the plant-origin foods that we consume [24]. This capacity 
of hydrolysis is very important to humans, as our genome lacks most of the enzymes 
needed for the degradation of these glycans, non-starch polysaccharides. They 
stimulate fermentation leading to bacterial proliferation and increased biomass [25]. 
Polysaccharides are fermented by the microbiota to short chain fatty acids (SCFA), 
organic acids that serve as an energy source for other bacteria, the epithelium, and 
other tissues. The main SCFA are acetate, propionate, and butyrate, the latter serving 
not only as a source of energy but also for maintaining mucosal integrity, modulating 
intestinal infammation, and promoting genomic stability, thereby protecting against 
colon cancer [26]. These weak acids also contribute to lowering the colonic pH, which 
contributes to the inhibition of growth and activity of pathogenic bacteria. 

In addition, when fber is not completely fermented, it increases digesta mass 
due to its physical presence and ability to adsorb water, resulting in the dilution 
of toxins and shortening of transit time, which, in turn, reduces the exposure to 
potential harmful molecules [27]. In view of their low levels of protein and fat, dried 
fruits do not increase the risk of colorectal cancer or intestinal permeability, which 
are unwanted consequences of the digestion or fermentation products derived from 
these macronutrients [27]. 

Regarding micronutrients, as with vegetables, dried fruits are particularly 
rich in potassium and can, therefore, help in reducing blood pressure [28]. There 
is no information available about the possible relationship between potassium and 
microbiota. 

Phenolic compounds integrated in the food matrix are non-nutrients that have 
recently been related to the modulation of metabolism. In the case of dried fruits, it 
has been shown that phytoestrogens (isofavones and lignans) might modulate the 
secretion of insulin from the pancreas (1), and genistein and daidzein could regulate 
glucose homeostasis [29]. 

The effect of dietary polyphenols on overall health is very dependent on their 
metabolism by the microbiota, but in the case of gut health, these phytochemicals 
may exert a direct effect thanks to their interaction with the epithelium and the 
microbiota. In this way, a two-way interaction between phenolic compounds and 
microbiota has been described [30]. Regarding the effects on the microbiota, it has 
been reported that polyphenols are able to modulate intestinal ecology not only 
because of their prebiotic capacity but also due to selective antimicrobial activity 
[31]. The phenolic composition of dried fruits is still under investigation, with differ-
ent study groups evaluating different drying methods and determinations that may 
not be comparable [32]. 

Very few studies have focused on the relationship between dried fruits and gut 
health and the microbiota, but in the following sections, we will review the evidence 
that has arisen in this area. 

21.2.1 Epidemiologic Studies 

A recent study associated a higher body mass index and body fat with higher ace-
tate fecal concentrations and lower levels of the Bacteroides species [33]. It was also 
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found that obese individuals had a lower consumption of fsh, fruits, and dried fruits, 
as well as a lower fber intake and antioxidant capacity from the diet. These results 
can likely be explained by the low consumption of fruits and dried fruits, which are 
good sources of fber and rich in antioxidant phytochemicals. 

21.2.2 In Vitro and In Vivo Animal Studies 

Dates are the second most commonly consumed dried fruit. One study assessed their 
effect on the microbiota using pH-controlled, mixed fecal batch cultures, and also their 
potential to inhibit colon cancer cell growth using Caco-2 cells [34]. The aim of this 
study was not only to assess the role of whole dates but also that of their polyphenols; 
therefore, polyphenol-rich extracts as well as whole date extracts were applied to the 
cell cultures. Both extracts signifcantly increased the growth of bacteria such as bif-
dobacteria. These bacteria are benefcial in that their growth may inhibit the progres-
sion of pathogens and promote the production of SCFA. Nonetheless, the bifdogenic 
activity was weaker than that induced by cereals. The growth of other bacteria from 
the Atopobium species that are thought to modulate caspases, leading to apoptosis and 
the inhibition of Caco-2 cancer cell growth in vitro, was promoted by the whole date 
extract, as were some species of the Coccoides-Eubacterium group, which relate to 
the production of butyrate, have anticancer properties, and protect against ulcerative 
colitis. Whole date extracts also exerted a direct antiproliferative action [34]. 

Another study demonstrated a similar effect of raisins on the growth of benef-
cial bacteria. In this study, a full dynamic gastric model was used instead of cultures 
in order to provide a more accurate approach to the human gastrointestinal tract. On 
comparison with fructooligosaccharides (FOS), it was observed that the promotion 
of Bifdobacterium proliferation was again related to the polyphenol content of the 
raisins. In addition, FOS was found to promote the growth of Lactobacillus species. 
A decrease in Bacteroidetes and an increase in Proteobacteria and Actinobacteria was 
also found after exposure to both raisins and FOS, whereas only raisins promoted 
an increase in Roseburia species and butyrate-producing strains and a decrease in 
Ruminococcaceae and Faecalibacterium prausnitzii [35]. 

Other studies have been performed with fruit extracts that may have the 
same effect as their dried-fruit counterparts. Pigs fed grape seed and grape marc 
meal extract showed a decrease of Streptococcus and Clostridium species and down-
regulation of several pro-infammatory genes in the intestinal mucosa [36]. Broiler 
chicks fed similar extracts (grape pomace and grape seed extracts) showed a higher 
biodiversity in benefcial bacteria and an increase in the ratio of villus height to crypt 
depth at the jejunum, both of which may infuence gut physiology and biochemistry 
[37]. Both studies associated the modulation of the microbiota with the polyphenol 
content of the extracts. 

Another study found that intake of grape antioxidant dietary fber induced an 
increase of benefcial Lactobacillus in rat cecum, which was found to be not only due 
to polyphenols but also to the high dietary fber content [38]. A similar approach to 
the previous studies was taken using Ume, a Japanese apricot. The fber of this fruit 
was fed to mice, which showed an increase in the amount of feces and Bacteroides 
and Clostridium occupation ratios after the intervention [39]. 

Two studies on different fsh species showed that when they were fed a diet 
enriched with a mix of dates and probiotics, there was a change in the expression of 
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several genes related to mucosal immunity, such as a down-regulation of rbl and hep 
and up-regulation of fbl [40,41]. 

21.2.3 Human Intervention Studies 

A pilot study performed in San Diego showed a modest, albeit positive, effect of 
prunes in women. The intervention compared two 100-kcal snacks: low-fat cookies 
and prunes. These snacks were incorporated twice a day in a crossover design for 
two 2-week periods, separated by a 2-week wash-out period. After the prune period, 
the volunteers’ bowel habits were slightly improved compared with the cookie period: 
stools were softer and had increased bulk, and their motion was facilitated. These 
results were attributed to the combination of fber and sorbitol present in prunes [42]. 

A more recent randomized, controlled, and crossover study investigated the 
effect of palm-date consumption on microbiota growth and large intestinal health. 
Volunteers followed a 3-week intervention period in which they incorporated 50 g of 
dates daily into their diet. There was no signifcant change in the growth of bacteria, 
but fecal water disclosed inhibition of cancer cell proliferation, and its genotoxicity 
was signifcantly reduced. However, date consumption led to a signifcant increase in 
stool frequency, which was between 3 and 4 on the Bristol chart (normal status) [43]. 

There are few studies on general analyses of dried fruits as well as a lack of 
studies on individual fruits or comparative studies of different dried fruits, making 
it diffcult to determine whether the few effects described above are related to one 
fruit or are general for all dried fruits. Apart from their content in micronutrients, 
the composition of the different dried fruits does not vary greatly, and therefore the 
effects derived from their carbohydrate or fber content could be very similar. 

21.3 conclusion 

There are very few studies on gut microbiota of dried fruits. The health effects related 
to gut health and microbiota of the macronutrients, the main components of dried 
fruits, have been established, but there is a need for further investigation regarding 
micronutrient and non-nutrient composition. Apart from the prebiotic effect of fber, the 
modulation of the microbiota and gut health is very dependent on the micronutrient 
composition of the diet. There is a lack of studies related to dried fruit consumption 
and gut microbiota. Studies of dried fruits are of great interest, taking into account that 
dried fruits are often recommended as a “healthy” snack choice and that recent studies 
have shown that modulation of the microbiota has a profound infuence on health status. 
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22.1 introduction 

It is commonly accepted that regular consumption of an appropriate amount of fruit 
has multiple health benefts, including antioxidative, anti-infammation, lipid lower-
ing, improved glycemic control, cardioprotective, and anticancer effects [1–3]. The 
contents of nutrients or phytonutrients in traditional dried fruits remain similar to 
those in the fresh equivalents that contribute to human health. Dried fruits have 
also been shown to contribute to various other health benefts, such as cognitive 
function, appetite and satiety control, intestinal health, and hepatoprotection due to 
their high content of dietary fbers and polyphenols with prebiotic effects. It has also 
been reported that addition to the diet of easily achievable quantities of dried fruits 
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could improve some aspects of cognitive function, not only in elderlies but also in 
young individuals [4,5]. Dietary fber sourced from dried fruits can slow absorption 
of some nutrients and improve appetite regulation, which is benefcial for weight 
control, prevention of overconsumption, and obesity. In addition, dried fruits have 
been reported to help reduce oxidative damage, prevent infammation, and bowel 
disease, along with enhancing hepatoprotection [6–9]. 

In this chapter, the physiological functions of dried fruits on outcomes such as 
cognitive function, appetite and satiety control, and intestinal health improvement as 
well as hepatoprotection are discussed. Furthermore, the underlying mechanisms 
behind their bioactivities are also reviewed to aid better understanding of the nutri-
tive values of dried fruits. The experimental animal studies and human randomized 
clinical trials on above health benefts of dried fruits are summarized in Table 22.1 
and Table 22.2, respectively. 

22.2 Other Health Benefts of Dried Fruits 

22.2.1 Cognitive Function 

A growing body of research suggests that nutritional factors can preserve brain func-
tion from age-related decline. Recent research has highlighted the potential cogni-
tive health benefts of dried fruits. For example, in experimental studies, dietary 
supplementation with dried blueberries, strawberries, or spinach could reverse 
age-related decline in neuronal signal transduction, cognitive, and motor behavioral 
defcits in rats [10,11]. Moreover, there are also clinical data pointing to the posi-
tive effect of dried berries on cognition. Thus, a randomized, double-blind, placebo-
controlled trial conducted by Miller et al. [4] indicated that participants (between 
60 and 75 years old) consuming 24 g/day of freeze-dried blueberries (equivalent 
to 1 cup of fresh blueberries) for 90 days had signifcantly fewer repetition errors 
in the California Verbal Learning test (P = 0.031, ηp2 = 0.126) and reduced switch 
cost on a task-switching test (P = 0.033, ηp2 = 0.09) relative to the placebo control 
group. Positive effects of dried blueberries on cognition were also found in children. 
The research reported by Whyte et al. [5] showed that in an acute study, 7–10-year-
old children consuming blueberry drinks containing 15 or 30 g freeze-dried wild 
blueberries (WBB) powder could improve cognitive function, including immedi-
ate recall, word recognition, and capable of learning new skills. Further analysis 
revealed that WBB-related cognitive improvements took place in a dose–response 
manner, with the best performance following 30 g WBB. These effects seem to be 
particularly sensitive to the cognitive demand of the task. 

Many bioactive components, including polyphenols, polysaccharides, vita-
mins, and minerals, may play an important role in the cognitive-enhancing effects 
of dried fruits. Polyphenols have many biological properties, such as enhancing 
antioxidant activity, modulating endothelial function, promoting gastrointestinal 
digestion, and reducing blood lipid levels. There is also evidence that polyphenols 
have the ability to prevent neurodegenerative diseases [2]. Numerous studies have 
also shown that polyphenolic compounds are able to attenuate cognitive impairment 
and reduce brain lesions in experimental Alzheimer’s Diseases (AD) animal mod-
els. These effects are associated with an improvement in brain antioxidant status 
and the prevention of free radical–induced neuronal damage. For example, grape 
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powder intake could reverse social defeat–induced behavioral and cognitive defcits 
in rats by increasing the antioxidant pool and preventing cell damage and death in 
rats [11]. Quercetin and resveratrol are the major contributors towards the benef-
cial effects of grape powder [11]. Berries, including blueberries, cherries, strawber-
ries, and blackcurrants, which are regular fruits in our daily life, are rich in various 
types of anthocyanins and favonoids (see detail in Chapter 14). Flavonoids are the 
key components supporting the benefcial effects of improving antioxidant capac-
ity and reducing blood pressure [12]. Other common polyphenols found in dried 
fruits are catechins, which have been reported to improve perception and recogni-
tion through reducing the protein expression of Aβ1-42 and increasing superoxide 
dismutase (SOD) activity [13,14]. 

Dried fruits, which contain many polysaccharides with antioxidant capacity, 
could improve learning and memory ability. For example, Lycium barbarum polysac-
charides extracted from dried wolfberries have been reported to reduce the lipofus-
cin content in myocardial tissue while increasing SOD activity in the brain and liver, 
which plays an important role in delaying senility. Another experimental study in 
mice also suggested that administration of dried aqueous extract of Euphoria longan 
can enhance learning and memory, and its benefcial effects appear to be mediated 
in part by brain-derived neurotrophic factor expression and immature neuronal sur-
vival [15]. 

Beyond that, dried fruits contain various vitamins and minerals that cannot 
be autosynthesized in adequate amounts and are necessary for human physiologi-
cal processes. Minerals, especially calcium and iron, are also important nutrients 
involved in regulating several brain physiological functions. Vitamins and their 
metabolites are involved in many cellular processes, including neuronal differen-
tiation and neurotransmitter release. Vitamin C is suggested to play a major role 
in the pathogenesis of AD by direct neuroprotection against oxidative stress [16]. 
Dried pineapples are rich in vitamin C and manganese, which can enhance memory. 
Juice and ethanolic extract of pineapples signifcantly restored object-recognition 
ability in mice with scopolamine-induced amnesia, indicating its potential effect in 
the management of cognitive disorders [16]. Because few studies have evaluated the 
effect of dry fruits on cognitive function, large randomized clinical trials are war-
ranted in the future to increase the evidence level. 

22.2.2 Appetite and Satiety Control 

On a global scale, obesity represents one of the most important public health issues. 
Hence, there is a great need to fnd preventive strategies for weight gain [17,18]. 
Appetite and satiety refect the motivation to eat and the behavior that is directed 
towards consumption of food and energy supply [6,19]. Therefore, suppressing appe-
tite and enhancing satiety would be a plausible method to control food intake and 
weight gain. Dried-fruit consumption (at least 1 ounce/day) could reduce abdomi-
nal obesity and reduced the risk of being overweight or obese (body mass index 
[BMI] > 25 kg/m2) in adults [20]. 

In general, daily food consumption consists of three meals and possible snacks, 
and the time gap between meals is a measure of satiety. In this view, satiety and 
appetite regulation in part control the daily amount of food consumption [21,22]. The 
relationship between dried-fruit consumption and appetite and satiety regulation 
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has been assessed in several studies in recent years. A clinical study examined the 
effects of ad libitum consumption of an after-school snack on appetite and energy 
intake in 26 children (8–11 year-old normal weight) examined over 4 separate week-
days. The results showed that an after-school ad-libitum snack of raisins could lead 
to a lower cumulative food intake (P < 0.001) and lower appetite (P < 0.001) than 
after snacks of potato chips or cookies [23]. Similar results were observed in another 
clinical study showing that an afternoon snack with mixed berries could decrease 
subsequent energy intake at dinner in adult women [24], and dried plum snacks were 
proven to increase satiety compared to an isoenergetic amount of bread, which could 
reduce food intake at a meal after the consumption of the snack [25]. Mechanistic 
studies showed that dried fruits could promote satiety by changing the levels of some 
hormones such as leptin, which regulates appetite [7]. That was also evidenced by 
another report that consuming dried plums suppressed hunger by lowering plasma 
glucose and/or satiety-regulating hormone concentrations [26]. 

Many bioactive components in dried fruits could play an important role in satiety 
and appetite regulation. The peel of Citrus aurantium (also known as bitter orange) 
has a high content of volatile oils that give a strong bitter favor and would suppress 
appetite in the recipes of certain areas [6]. Moreover, C. aurantium contains a kind of 
alkaloid named synephrine, an adrenergic agonist that is typically incorporated into 
supplements to help weight loss [27]. An experimental in vivo study demonstrated 
that synephrine alkaloid signifcantly reduce food intake and body weight in rodents 
[28]. Another appetite-suppressing component derived from the dried fruit rind of 
Garcinia cambogia, hydroxycitric acid, could induce hepatic glycogen accumulation, 
which may result in a feeling of satiety or reduced appetite, especially in rodents [29]. 

Dietary fber, another important component of dried fruits, induces satiation 
by increasing chewing time, secretion of saliva, gastric juice, and satiety hormones, 
while decreasing absorption rates in the small intestine [21]. Therefore, consum-
ing dried fruits could infuence weight control by impacting satiation and satiety 
through their fber contents [30–32]. Dried fruits are usually preferred in situations 
where convenience is a priority, such as outdoors, which makes dried fruits a pre-
ferred snack between meals to lower appetite and control satiety [33]. 

Dried fruits are good for human health as they provide a great source of nour-
ishment, including essential nutrients, fber, and various phytochemicals. Further 
research should be carried out to analyze their complete profles of phytochemi-
cals, such as phenolic acids, favonoids, phytoestrogens, and carotenoids, and to 
illustrate the relation between their appetite regulation and satiety control activity. 
Nutritionists should continue to encourage the consumption of dried fruits as part 
of a healthy diet and overall healthy lifestyle and to help weight control. In addition, 
more human intervention studies or clinical trials are needed to validate the effect 
of dried fruits on appetite and satiety control. 

22.2.3 Intestinal Health 

Dried fruits have been reported to be benefcial for intestinal health, a topic that has 
been drawing attention recently [26]. Dietary fber is one of the factors that might 
be responsible for the protection offered by dried fruits against bowel diseases 
[34,35]. Dried fruits retain dietary fber which is not affected by drying and can be 
completely preserved, thereby playing a major role in the gut through accelerating 
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gastrointestinal transit. A meta-analysis of randomized controlled trials (RCTs) 
investigating the impact of prunes on stool output found a statistically signifcant 
increase in stool frequency of 1 stool/week [34]. Dried fruits, such as apricots, con-
tain high levels of sorbitol, which has laxative properties and could increase stool 
weight [26]. A meta-analysis of RCT in 21 healthy human volunteers found that con-
suming 50 g dates (3.9 g fber, 1 g sorbitol)/day for 3 weeks compared with a malto-
dextrin and dextrose control had a statistically signifcant beneft on stool frequency 
with no evidence of gastrointestinal side-effects [36]. Dried apples, which are rich in 
dietary fber and pectin, could play a two-way regulation on stool output. The pectin 
in apples can absorb 2.5 times of its own volume of water, making the stool soft and 
easy to expel, thus relieving constipation. When the problem is diarrhea, the pectin 
of dried fruits can absorb fecal water, thicken the stool, and alleviate diarrhea [37]. 
Furthermore, dietary dried Citrus unshiu peels have been used as a traditional folk 
medicine for the treatment of gastrointestinal motility disorders in Korea, and the 
aqueous extracts of dried mature C. unshiu peels have shown the potential to be 
developed as a prokinetic agent that may prevent or alleviate gastrointestinal motil-
ity dysfunction in humans [31]. Tannins, molecules that stimulate gastric and gut 
mucosa, can induce diarrhea. This would make dried fruits more suitable for people 
with altered gastrointestinal function [38]. Moreover, dried fruits are an excellent 
source of vitamins and minerals (e.g., vitamin C, vitamin E, potassium, magnesium, 
and iron) (see detail in Chapter 14). Vitamin E could help to repair intestinal muco-
sal damage and promote wound healing. Cadir et al. [39] found that oral administra-
tion of vitamin E to rats could reduce intestinal morphological damage caused by 
hypoxia. As a new functional factor, intestinal fora also play an important role in 
regulating the intestinal health of host. Generally, high-molecular weight dietary 
fber cannot be digested by gastric and pancreatic enzymes; it thus enters the large 
intestine intact and is used by the intestinal fora. Desai et al. [8] reported that when 
there is a chronic or intermittent defciency of dietary fber, the gut microbiota 
use the host mucin glycoprotein as a source of nutrients, reducing the width of the 
mucus barrier and increasing the opportunity for pathogen invasion. In addition, in 
an experimental mouse model of ulcerative colitis, a diet containing freeze-dried 
black raspberries (5%–10%) for 1 week signifcantly reduced dextran sulfate sodium 
(DSS)-induced acute injury to the colonic epithelium by suppressing tissue levels of 
several key pro-infammatory cytokines, including tumor necrosis factor (TNF)-α 
and interleukin 1β [40]. In another experimental study in mice by Piberger et al. 
[41], oral administration of dried bilberries during acute DSS-induced acute colitis 
ameliorated disease severity and reduced the secretion of interferon-γ and TNF-α 
from mesenteric lymph node cells. Given the limited number of clinical studies with 
dried fruits and the present insight into their molecular mechanisms of action for 
prevention of intestinal diseases, more studies are warranted to investigate the rela-
tive contribution of phytochemicals to these effects. 

22.2.4 Hepatoprotection 

Oxidative stress plays an important role in the pathogenesis of liver disease. At 
present, certain antioxidative ingredients in fruits such as polyphenols, favonoids, 
and vitamins have been reported to reduce oxidative stress with ensuing hepato-
protection [42]. In fact, there are many reports indicating that fruit consumption is 
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associated with a reduced risk of liver disease [43], and the antioxidants contained 
in fruits have been suggested as possible mediators of the benefcial effects [44]. 

Natural antioxidant compounds such as polyphenols, organic acids, vitamin E, 
and carotenoids are common in different fruits. These molecules can inhibit free-
radical formation by reducing or donating hydrogen to other compounds. Dried fgs 
are rich sources of phenolic acids, flavonoids, and carotenoids [45–47] and have 
shown hepatoprotective effects. Turan et al. [9] incorporated fg powder into rats’ 
chow to study the hepatoprotective and antioxidant effects of dried fgs on ethanol-
induced oxidative stress. They demonstrated that treatment with fg powder effec-
tively protected the rats against ethanol-induced hepatotoxicity, as evidenced by a 
decrease in levels of aspartate aminotransferase, alanine aminotransferase, gamma 
glutamyltranspeptidase, and lactate dehydrogenase serum enzyme. Debib et al. 
[48] studied the hepatoprotective effects of dried fgs (Ficus carica) combined with 
extra virgin olive oil and its phenolic components on CCl4-induced oxidative stress 
and hepatotoxicity in rats. Results indicate that extra virgin olive oil and dried fg 
extract are effective in preventing CCl4-induced liver damage in rats and that the 
hepatoprotective effects are attributable to the antioxidant properties of these foods. 
Freeze-dried mango pulp is also a rich source of phenolic compounds and dietary 
fber. Domínguez-Avila et al. [49] showed that mango bioactive substances benef-
cially altered lipoprotein metabolism and attenuated nonalcoholic steatohepatitis in 
Wistar rats. Yurt and Celik [50] studied the hepatoprotective and antioxidant effect 
of sun, sulphited dried apricots and their kernels against ethanol-induced oxida-
tive stress in the rat. They concluded that dried apricots have an hepatoprotective 
effect, probably through promotion of a systemic antioxidant milieu. Reports by Raju 
et al. [51] also showed that dried fruits of Solanum nigrum Linn could counteract 
CCl4-induced hepatic damage in rats. Dried fruits also retain most functional oils 
and glycosides. For example, dried fruit of Sophora japonica L. is rich in polyphenol 
sophoricoside, an isofavone glycoside. Li et al. [52] studied the hepatic protective 
effect of oral sophoricoside infusion in mice fed a high fructose diet, well-known to 
cause liver injury, and showed that it could decrease liver damage by regulating lipid 
metabolism, enhancing antioxidant activity, and inhibiting the release of infam-
matory cytokines. All these results provide a scientifc basis for the development 
and application of sophoricoside as a new natural therapeutic agent for alleviating 
chronic liver injury. 

22.3 conclusion 

Benefcial biological effects of dried fruits on diverse outcomes such as cognitive 
function, appetite and satiety control, intestinal health, and hepatoprotection are 
discussed. The underlying mechanisms behind the bioactivity of dried fruits and 
their main constituents, based mostly in experimental studies, are also reviewed to 
help better understand their nutritive values. However, with limited human studies 
on the effects of traditional dried fruits on the above outcomes, further research is 
needed to extend our knowledge of the potential benefcial impact of dried fruits 
on public health. In addition, there remains a challenge for public health advice to 
discern whether the benefcial health effects of dried fruits in individuals may differ 
depending upon genetics, lifestyle, and typical dietary intake.  
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23.1 introduction 

Fruits are essential foods for maintaining optimum health. In the context of nutri-
tional risk, a recent systematic review has shown that fruit consumption is a key food 
factor with a benefcial impact on cardiovascular disease (CVD), type-2 diabetes 
mellitus (T2DM), and cancer [1]. Several studies have shown that eating between 
three and fve servings of fruits and vegetables per day can prevent the development 
of chronic non-communicable diseases (NCDs). The 2010 Dietary Guidelines for 
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Americans recommended that half of the food consumed in a meal should be fruits 
and vegetables [2]. In addition to proven health benefts, fruit consumption is pres-
ent in different cultures around the world, regardless of religious dietary practices, 
nutritional therapies, and dietary patterns, which makes fruits even more important 
from a nutritional point of view [3,4]. 

The most common fruits are available subject to the seasonality of their 
production, making them unavailable in fresh form all year round [5,6]. For this 
reason, fresh fruits are submitted to various methods of processing, resulting in 
dried fruits, which are presented as concentrated forms of the fresh fruits; they 
contain less moisture when compared with their fresh counterparts, which provides 
greater durability [5]. Dried fruits can be processed whole (such as grapes, berries, 
apricots, and plums) or sliced (mangoes, papayas, and kiwis). Today, these foods 
represent important healthy snack options and can be consumed as substitutes for 
fresh fruits. Moreover, dried fruits have the advantage of being easily stored and dis-
tributed, constituting themselves as easily accessible commodities, used as healthy 
alternatives to the consumption of processed snacks that contain high sodium and 
sugars [5]. 

Recently, several studies have highlighted the health benefts of dried fruit 
consumption; however, there is no consensus in the literature about the portion size 
of this food that should be consumed. The impact of dried fruit intake on diet qual-
ity has also been poorly studied [5]. In addition, despite the fact that there are no 
specifc recommendations, the consumption of dried fruits has been encouraged as 
a strategy to reach the recommendation of the daily intake of fruits and of several 
nutrients frequently consumed in low quantities [7]. 

In this chapter, the benefts of dried fruit consumption and the importance 
of including these types of food in the habitual diet as a strategy to make the food 
pattern healthier are discussed. In addition, the total amount of dried fruits rec-
ommended in the current food guidelines of some countries around the world is 
highlighted. 

23.2 Dried Fruits as components of Healthy Dietary Patterns 

It is well established that a nutritionally healthy diet is crucial to good health and 
wellbeing throughout the various stages of life development [8]. An unhealthy diet 
contributes to poor health and is traditionally recognized as a modifable risk factor 
for the development of NCDs [8]. Currently, the Mediterranean dietary pattern and 
the vegetarian dietary pattern are among the healthiest recognized eating patterns 
in the world closely associated with the reduction of CVD and increased life expec-
tancy [9–11]. In these two dietary patterns, fruit consumption plays a prominent 
role since, fundamentally, fruits are the main micronutrient and antioxidant carri-
ers of the diet [9,12,13]. Fruit consumption is associated with a benefcial effect on 
cardiometabolic risk factors, oxidative stress, and cancer independently of the back-
ground diet [14,15]. The consumption of fruits in their dehydrated form is included 
in the eating habits of different cultures around the world, thus highlighting fruits 
as critical components of diverse food patterns [5]. When prepared without added 
sugar, dried fruits have a nutritional composition similar to that of their fresh coun-
terparts and are also consistently associated with health benefts [5,16]. 
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23.2.1 Vegetarian Dietary Patterns 

The vegetarian diet mainly consists of consuming foods of vegetable origin, includ-
ing fruits, vegetables, nuts, seeds, and grains. However, some vegetarians also 
consume eggs and dairy products as part of the diet [9]. When well planned, a veg-
etarian diet can be nutritionally adequate and healthy. This dietary pattern has been 
associated with lower risk of heart disease, T2DM, obesity, and certain types of 
cancer, and helps to reduce blood cholesterol concentrations. Nonetheless, when 
unbalanced, a vegetarian diet can lead to nutritional defciencies, especially in situ-
ations of high metabolic demand [17]. 

The Adventist Health Study 2, a cohort with a relatively high proportion of veg-
etarians, has long examined the relationship between vegetarian eating patterns, 
health benefts, and disease risk [4]. According to this cohort study, the vegetarian 
dietary pattern is associated with lower body mass index (BMI) [18], lower preva-
lence and incidence of T2DM [18,19], and lower prevalence of metabolic syndrome 
[20] and hypertension [21], as well as reduced all-cause mortality [22] and, in some 
cases, a lower risk of cancer [23]. 

As discussed earlier, dried fruits represent concentrated forms of their fresh 
counterparts, which, together with vegetables, make up the basis of the vegetar-
ian diet. Among strict vegetarians, fruit consumption is fundamental for adequate 
intake of vitamins [24]. In this sense, within the vegetarian dietary pattern, dried 
fruits are an important alternative to help in the adequate intake of micronutrients, 
considering their higher content of vitamins and minerals in relation to fresh fruits. 
In addition, they also contribute to adequate fber intake and increase the diet qual-
ity index [5]. Nevertheless, there are no studies that have directly investigated the 
role of dried fruit consumption within the vegetarian dietary pattern. 

23.2.2 Mediterranean Dietary Patterns 

The most relevant food pattern known for its positive impact on life expectancy 
and reducing CVD is the Mediterranean dietary pattern [10]. The traditional 
Mediterranean diet is characterized by high consumption of fruits, vegetables, nuts, 
legumes, and whole grains; moderate consumption of fsh; and low consumption of 
meat and dairy products. Alcohol is often consumed, but in moderation and in the 
form of wine, usually accompanying meals. The total intake of lipids usually is high 
(40% of energy intake), in which monounsaturated fatty acids are the most prevalent 
[13,10]. The great growth in the quantity and quality of scientifc evidence available 
over the last 25 years shows that the traditional Mediterranean diet is one of the 
healthiest food patterns in the world [10]. 

Like nuts, traditional dried fruits are also components of the Mediterranean 
diet valued for their sweetness and long-term stability [25]. Several studies have 
highlighted the benefts of fruit consumption in the context of the Mediterranean 
diet [25–28]. The prospective SUN cohort study showed that fruit and vegetable con-
sumption was inversely associated with hypertension in a Mediterranean population 
with high vegetable-fat intake [26,27]. Buil-Cosiales et al. [28], when evaluating an 
elderly Mediterranean population with a high cardiovascular risk, found that those 
who consumed nine or more portions per day of fruit plus vegetables had a CVD risk 
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hazard ratio of 0.60 (95% CI 0.40, 0.96), as compared with those who consumed less 
than fve servings of fruit per day. 

Although several studies highlight the role of fresh fruit consumption in the 
benefts associated with the Mediterranean dietary pattern, there are no studies in 
the literature that have evaluated the effect and/or contribution of dried fruit con-
sumption on the benefts attributed to this dietary pattern. Despite this, scientifc 
evidence has shown that dried fruits promote the same health benefts attributed to 
fresh fruits, given their similar nutritional composition. 

23.3 Descriptive consumption of Dried Fruits 

It is estimated that in the 2000s, about 2.7 (4.9%) million of the world’s deaths were 
directly attributed to the low consumption of fruits and vegetables [29]. In the 
United States, institutions such as The National Cancer Institute, The American 
Heart Association, and The Produce for Better Health Foundation’s More Matters 
program stimulate fruit intake as recommended by My Pyramid (2 cups per day), 
which can be consumed in various forms, that is, fresh, frozen, natural juice, or 
dried, with the aim of reaching the recommended portion of daily fruit consump-
tion [7]. However, among Americans, fruit consumption has historically been below 
recommended levels, and little has changed over the years. Data from the Centers 
for Disease Control and Prevention indicate that 39% of American adults consume 
less than one serving of fruit per day [30]. Even in other developed nations such as 
Australia, Canada, and the United Kingdom, research has shown that there is a gap 
between recommendations for fruit and vegetable intake and what is actually con-
sumed [31]. A study of 52 middle-income countries showed that 78.4% of men and 
77.6% of women partook of fruit and vegetable consumption below the recommended 
minimum quantities, despite decades of concern and publicity about the importance 
of consuming these foods [32]. 

In this scenario, traditional dried fruits have been considered as key food items 
in some healthy food patterns because of their nutritional value, ease of access, 
and long-term stability [16]. Besides having a similar nutrient profle to their fresh 
counterparts, dried fruits are excellent sources of fbers [33]. Currently, dried fruits 
are consumed in lower quantities than fresh and canned fruits. An epidemiologi-
cal study showed that only 6.9% of the adult American population consumed dried 
fruits [7]. Another study showed that 2.6% of the total calories of the whole fruit 
group came from the consumption of dried fruits [34]. The analysis of data from the 
National Health and Nutrition Examination Survey (NHANES) study (1999-2004) 
showed that raisins are the most consumed dried fruits, often about six times more 
than other dried fruits [7]. This is due to their diversifed form of consumption and 
use in different food products such as breads, muffns, cakes, cereal bars, and choc-
olates [16]. 

In the NHANES study (1999–2004), the dried fruit portion corresponded to 
one-eighth of the fresh fruit portion and could be consumed one or more times per 
day. From this defnition, it was verifed that the individuals who consumed dried 
fruits in greater quantity had signifcantly lower intakes of solid fats, alcohol, and 
added sugar, plus a greater intake of vegetables, meats, and products derived from 
soy in comparison to the non-consumers [7]. Besides, the non-consumers had a sig-
nifcantly greater waist circumference and BMI than the consumers. In view of the 
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nutritional value of these foods, consumers of dried fruits also had higher intakes of 
fber, vitamins (A, C, E, thiamine, ribofavin, niacin, and folate), minerals (calcium, 
phosphorus, magnesium, iron, zinc, copper, and potassium), and signifcantly lower 
sodium intake [7]. As an additional evaluation, the association between dried fruit 
consumption and diet quality was verifed according to the Healthy Eating Index 
2005, and it was observed that the consumption of dried fruits contributed to an 
improvement of 8% in the total Healthy Eating Index 2005 scores among consumers 
of dried fruits compared to non-consumers [7]. 

Although evaluations of dried fruit consumption are still scarce in the scien-
tifc literature, the nutritional value of these foods has been consistently reported, 
along with their potential to improve diet quality and prevent disease. Thus, these 
foods are increasingly highlighted as viable alternatives to fruit consumption and 
unhealthy snacks [16]. Lloyd-Williams et al. [35] estimated the potential impact of 
replacing unhealthy snacks (fried potatoes, sweets, and cakes) with healthy snacks 
(fruits, dried fruits, and unsalted nuts) on CVD mortality, and observed that at least 
one daily substitution of an unhealthy snack for a healthy snack may prevent about 
6,000 cases of CVD per year in the United Kingdom. 

The 2010 Dietary Guidelines Advisory Committee identifed the 10 nutrients 
(vitamins A, C, D, E, and K, choline, calcium, magnesium, potassium, and dietary 
fber) that are often ingested in smaller amounts than recommended by men and 
women, and verifed that adequate intake of fruits, including dried fruits, contrib-
utes to the reversal of this scenario [36]. In addition, adequate fruit consumption, 
which can be achieved with dried fruits, was also associated with a lower frequency 
of dyslipidemia, arterial hypertension, acute myocardial infarction, T2DM, and 
some types of cancer [7]. Thus, the regular consumption of dried fruits contributes 
to an adequate intake of nutrients, making the habitual diet healthier and reducing 
the risk of NCDs. 

23.4 the inclusion of Dried Fruits in Dietary Guidelines 

Considering the evidence presented here about the benefts of dried fruits consump-
tion for human health, as well as their popularity in the food culture of different 
populations around the world, some food-based dietary guidelines have begun to 
recommend their consumption (Table 23.1). Food-based dietary guidelines are 
brief nutritional recommendations used to guide consumers adequately as to the 
choice of foods and beverages that constitute a proper dietary intake of nutrients and 
reduce the risk of NCDs [37]. In addition, dietary guidelines are based on the best 
available scientifc evidence regarding diet–health interaction and are infuenced by 
the current dietary pattern and public health problems in the country for which it is 
intended. 

Dietary guidelines in some countries now provide recommendations for the 
ingestion of dried fruits that refect the consumption of these foods in the local cul-
ture and are aimed at promoting health. We reviewed the dietary guidelines avail-
able in English on the website of the Food and Agriculture Organization of the 
United Nations, and 12 of them had recommendations for dried fruits consumption 
(2 from Europe, 3 from the Near East, 4 from the Asia and the Pacifc regions, 1 from 
Latin America and the Caribbean, and 2 from North America), which are presented 
below and summarized in Table 23.1. 
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23.4.1 Dietary Guidelines in Asia and the Pacifc 

The Dietary Guidelines for the Fijian population were published in 2013 and are 
based in 10 sections about food and health that highlight three food groups and 
lifestyle patterns to promote good nutrition and health. Each section refers to an 
important health problem that affects wellbeing and, if followed, helps to achieve a 
balanced and healthy life. Within the Dietary Guidelines for Fijians, the consump-
tion of dried fruits is recommended in the seventh section “Give children healthy 
meals and snacks” as a healthy snack option to be used occasionally. However, the 
recommendations for dried fruits consumption are brief, and no portion sizes are 
defned for these foods [38]. 

The frst version of the Food Based Dietary Guidelines for Sri Lankans was 
published in 2002. This guideline has been revised taking into account the latest 
evidence and scientifc principles and the constant changes in eating patterns and 
lifestyle that occur over time [39]. In these Dietary Guidelines, dried fruits are 
included within the recommendations for fruit consumption (1–2 medium-size fresh 
fruits or 4–6 tablespoons of dried fruits/day). In addition, some dried fruits are indi-
cated as sources of fber (dates, prunes, and raisins) and antioxidants (prunes and 
dates). The Food Based Dietary Guidelines for Sri Lankans also recommends eating 
at least fve fruits and vegetables daily to meet micronutrient needs. 

The Australian Dietary Guidelines [40] were updated in 2013 after extensive 
review of the scientifc evidence. The consumption of dried fruits is specifed in the 
second section of the Dietary Guideline entitled “Enjoy a wide variety of nutritious 
foods from these fve groups every day,” which highlights that eating patterns with 
high intake of vegetables/beans and fruits helps to protect against NCDs, including 
heart disease, stroke, and some types of cancer, as well as avoid excessive weight gain. 
In this dietary guideline, dried fruits are indicated as a suitable option for fruit con-
sumption; however, it is recommended that they may be consumed with moderation 
and occasionally due to the high sugar content and risk of promoting tooth decay. For 
men and women between the ages of 19 and 50 years, two daily servings of fruits (1 
serving = 150 g) are recommended, and these may be occasionally substituted and/or 
supplemented with dried fruit (1 serving of the fruit group = 30 g of dried fruit). 

In 2015, the New Zealand Ministry of Health released the Eating and Activity 
Guidelines for New Zealand Adults to replace the Food and Nutrition Guidelines for 
Adults [41]. The Eating and Activity Guidelines for New Zealand Adults is the frst 
in a new series of guidelines providing comprehensive advice on nutrition, physical 
activity, and obesity prevention for all New Zealanders over time [42]. Theses dietary 
guidelines have been developed from the review dietary guidelines of other countries 
and renowned institutions around the world. As in the Australian Dietary Guidelines, 
consumption of dried fruits is also cautiously recommended in the New Zealand 
Dietary Guidelines. In Eating Statement 2, titled “Choose and/or prepare foods and 
drinks with little or no added sugar,” dried fruits are discussed as snacks containing 
high amounts of sugar. It should be noted that because they are dehydrated, and 
therefore have reduced volume, a large quantity of dried fruits may be easier to con-
sume at a single time, providing a high sugar intake and favoring the development of 
dental caries. For this reason, the New Zealand Ministry of Health’s recommendation 
is to limit the amount of dried fruits included in the diet. However, there is no recom-
mendation in relation to the size of a portion of dried fruits that should be consumed. 
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23.4.2 Dietary Guidelines in Europe 

The Recommendations on Healthy Nutrition in Albania was published in 2013 and 
drawn up by experts from various institutions (Ministry of Health, Ministry of 
Agriculture, Food and Consumer Protection, Ministry of Education and Science, 
Economic Center for Education and Child Growth in the Municipality of Tirana, The 
Public Health Institute, and the Tirana Regional Public Health Directorate), who par-
ticipated in the process of implementing the Stability Pact Project “Strengthening 
Food Safety and Nutrition Services in the South Eastern European Countries” [43]. 
In the dietary guidelines for Albanians, the consumption of dried fruits is recom-
mended for children aged 2–6 years as an alternative to their fresh counterparts. 
Both types of fruits, in fresh and dehydrated forms, are part of the fruit group, of 
which two servings per day should be consumed (1 portion of the fruit group = 
1 portion of fresh fruit, or approximately ¾ of a cup of 100% juice fruit or ¼ cup of 
dried fruits). 

The Dietary Guideline for Adult Maltese, titled “Healthy Eating: the 
Mediterranean Way!” follows the Mediterranean dietary patterns in its recommen-
dations and was published in November 2015 by the Ministry of Health of Malta [44]. 
In this dietary guideline, dried fruits are part of the fruit and vegetable group. At 
least two daily servings of fruit are recommended (1 portion of fruit = 160 g of fresh 
fruits). Regarding the consumption of dried fruits, it is recommended that only one 
of the daily portions of fruits may be consumed in the form of dried fruits because 
of the high sugar content of these foods, but the amount in grams representing a 
portion of dried fruits is not established. In addition, as in the dietary guidelines of 
other countries [40,42], the dietary guideline for the Maltese population also raises 
the concern that the excessive consumption of this type of food may favor the devel-
opment of caries, impairing dental health. 

“The Eatwell Guide Helping You Eat a Healthy, Balanced Diet” was published 
in 2016 by Public Health England to serve most people regardless of weight, dietary 
restrictions, and/or ethnic preference [45]. In this dietary guideline, dried fruits are 
part of the fruit and vegetable group, of which it is recommended to consume at least 
fve daily servings of various fruits and vegetables, whether fresh, frozen, canned, 
dehydrated, or in the form of juice. In these guidelines, one serving of fruit is equal 
to 80 g of fresh fruit and can be replaced with one serving of dried fruit (1 portion of 
dried fruit = 30 g). 

23.4.3 Dietary Guidelines in Latin America 

The dietary guidelines for the Brazilian population were published in 2014 by the 
Ministry of Health of Brazil and were designed to promote the health and wellbeing 
of Brazilians [46]. In this dietary guideline, consumption of dried fruits is recom-
mended within the group of natural or minimally processed foods as an alternative 
to healthy foods to be consumed in small meals. However, there is no established 
recommendation for the size of the dried fruit portion, since Brazilian Dietary 
Guidelines do not establish portions for the food groups but rather focus on encour-
aging the consumption of a variety of natural or minimally processed foods, with 
special emphasis on plant foods. 
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23.4.4 Dietary Guidelines in the Near East 

The Food Based Dietary Guideline Manual for Promoting Healthy Eating in the 
Lebanese Adult Population was published in 2013 by the Faculty of Agricultural 
and Food Sciences and the American University of Beirut, in collaboration with the 
Lebanese National Council for Scientifc Research [47]. Lebanese dietary guidelines 
are based on simple and easily achievable recommendations based on locally available 
and affordable foods for the promotion of healthy eating and lifestyle practices. In the 
third section of this dietary guideline, “Eat a Variety of Nutritious Foods Every Day 
for a Balanced Diet,” dried fruits are recommended in the fruit group, which should 
be consumed daily (1 serving = 1 small apple or 1 large banana, orange, or peach, or 
½ cup of dried fruits such as dates, prunes, raisins, and apricots). In order to increase 
fruit consumption, it is also recommended that dried fruits may be added to yogurts 
and eaten in snacks. Moreover, a recommendation to consume traditional dried fruits 
without the addition of sugar and without chocolate coverage is emphasized. 

The Qatar Dietary Guideline was published in 2015 and developed by The 
Supreme Council of Health, Health Promotion, and Noncommunicable Diseases/ 
Public Health Department [48]. These dietary guidelines mainly recommend con-
sumption of plant foods (vegetables, fruits, whole grains, nuts, and seeds), based on 
decades of research demonstrating their health benefts. A serving of dried fruits is 
defned as ¼ cup and appears as part of the fruit group, of which it is recommended 
to consume 2–4 servings per day. In addition, dried fruits are also suggested as 
healthy snack options because they are easy to pack and carry; however, the proviso 
is made that these foods should be consumed in moderation and that preference 
should be given to those without added sugar. 

In a process that took more than 4 years and involved many experts, the 
Department of Nutrition developed the Omani Food Based Dietary Guidelines con-
sisting of 10 guidelines, plus a visual presentation to guide the Omanis to a healthy 
lifestyle [49]. In the fourth section of this guideline, titled “Consume 2–4 servings 
of fruits daily,” dried fruits are described as part of the fruit group, of which a con-
sumption of four servings is recommended for men and 3.5 servings for women aged 
19–50 years. However, there is no defnition of the amount in grams representing a 
portion of dried fruits. 

23.4.5 Dietary Guidelines in North America 

The frst American Dietary Guideline was published in 1980 and has been updated 
every 5 years. Each issue refects the essence of nutrition science and brings with it 
the scientifc advances in the feld. The American Dietary Guideline, entitled “The 
2015–2020 Dietary Guidelines for Americans,” brings recommendations on the 
components of a healthy and nutritionally adequate diet to help promote health and 
prevent NCDs in current and future generations [2]. In these dietary guidelines, 
two daily servings of fruit are recommended, which can be achieved by ingestion of 
fresh, cooked, canned, frozen, or dehydrated fruits (1 serving of the fruit group = ½ 
cup of dried fruits), with the proviso that at least half of the recommendation should 
be achieved with the intake of whole fresh fruits. Although recommended in the 
fruit group as an equivalent of fresh fruits, it is recommended that the consumption 
of dried fruits be done carefully, considering the caloric density of these foods. 
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Canada’s Food Guide defnes and promotes healthy eating for Canadians, 
translating the science of nutrition and health into a healthy eating pattern [50]. 
The Canadian Dietary Guideline emphasizes the importance of combining healthy 
eating with physical activity. By following the recommendations of Canada’s Food 
Guide, Canadians will be able to meet their nutrition needs and reduce the risk of 
obesity and NCDs such as T2DM, heart disease, certain cancers, and osteoporo-
sis. In the third session of the Canadian Dietary Guideline, entitled “The Healthy 
Eating Pattern for Canadians Eat the Recommended Amount and Type of Food 
Each Day: Vegetables and Fruits,” dried fruits are recommended as part of the fruit 
and vegetable group. The recommendation is that men consume 8–10 and women 
7–8 servings of the fruit and vegetable group per day. The dried fruit portion is 
defned as ¼ cup. 

23.5 conclusion 

Like fresh fruits, dried fruits are rich in various nutrients benefcial to health, and 
their incorporation in the habitual diet may support improving its quality. The con-
sumption of these foods as part of a healthy dietary pattern potentially promotes 
the same benefts attributed to fresh fruit consumption, such as reducing the risk 
of CVD and other NCDs. Furthermore, dried fruit consumption is widely dissemi-
nated due to their durability, accessibility, sweetness, and culinary use in various 
preparations and food products. Nevertheless, little has been investigated regarding 
the role of these foods in the food cultures in different regions around the world. 

Understanding key food patterns and how some foods contribute to healthier 
eating patterns is critical to the development and implementation of dietary guide-
lines to reduce diet-related diseases. Thus, based on the recognition of the nutri-
tional value of dried fruits and their potential to help in the optimum intake of fruits 
and micronutrients, further studies should be carried out to correctly guide the pop-
ulation regarding the consumption of these foods. Besides, it should be highlighted 
that dried fruits consumption, as part of the food culture, may make different food 
patterns healthier. 
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Figure 11.1 Summary of mechanisms whereby nut consumption benefts cardiometa-
bolic risk and brain health. Note: *Only α-linolenic acid may have an antiarrhythmic 
effect. Abbreviations: LDL-C, low-density lipoprotein cholesterol; TG, triacylglycerols; 
K, potassium; Mg, magnesium; Ca, calcium. 



  

 

Figure 15.3 General pathway of absorption of phenolic compounds contained in 
foods rich in dietary fber, such as fruits and vegetables. Source: Adapted from Palafox-
Carlos, H. et al., J. Food Sci., 76, R6, 2011. Open access journal. 

Figure 15.4 Total urinary excretion of phenolic acid metabolites from raisins, white 
wine, and grapes per 24 hours. Source: Adapted from Carughi, A., Ann. Nutr. 
Metab., 62, 14, 2013. With permission. 



 Figure 20.1 A diagram depicting the major polyphenol in selected fruits, with 
images of their fresh and dried forms. 



 

 
            

    

Figure 20.4 Proposed mechanisms of action of prune polyphenols on bone. 
Abbreviations: BAP, bone-specifc alkaline phosphatase; M-CSF, macrophage colony 
stimulating factor; NFATc1, nuclear factor of activated T-cells 1; OPG, osteoproto-
gerin; RANK, receptor activator of nuclear factor kappa-B; RANKL, receptor activator 
of nuclear factor kappa-B ligand. 

Figure 21.1 2R, 3S -dihydromyricetin, and quercetin are modifed by the microbiota, 
and different products [1,3,5-benzenetriol, dihydro-5-(3,4,5-trihydroxyphenyl)methyl 
-2(3H)-furanone, 3,4-dihydroxyhydrocinnamic acid, and 3,4-dihydroxyphenylacetic 
acid] enter the cells. 
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