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Foreword

Soft drinks with pHs lower than 4.0 are subjected to minimum pasteuriza-
tion at 65 °C for 10 min as required by the Japanese Food Sanitation Law.
Not only pathogenic bacteria but most spore-forming bacteria are unable to
grow at this low pH condition, and thus reports of microbial spoilage in
pasteurized acidic soft drinks are rare.

Since 1982, when the spoilage of aseptically packed apple juice was at-
tributed to a new type of acidophilic spore-forming bacteria in Germany, a
succession of similar complaints regarding other fruit juice concentrates
and their products has been received. In the beginning, the bacteria were
classified in the genus Bacillus, but later, in 1992, the new genus Alicy-
clobacillus was proposed owing to their characteristic cellular membranes
containing omega-alicyclic fatty acids. A group of Alicyclobacillus strains,
responsible for the tainting of fruit juices, was then described as A. aci-
doterrestris in 1999. They are acidophilic and grow preferably at around
pH 4.0. They are thermophilic and grow better at temperatures above
40 °C. This indicates that we might have been missing them by our ordi-
nary methods of bacterial detection at pH 7.0 and 35 °C. Their spores are
not inactivated by the pasteurizing conditions generally applied to juice
concentrates and juice-containing beverages. Above all, because the bacte-
ria do not produce gas, consumers do not see any sign of spoilage until
they open the product and notice its unpleasant taint.

The off-flavor is generated by the strain’s metabolism, which converts
vanillin in the original juices and flavor ingredients into guaiacol, which
has a strong medicinal, phenolic odor. A. acidoterrestris from soil and
manufacturing environments contaminates juices, then the spores germi-
nate and begin growing when conditions are conducive. Spoilage of fruit
juices and juice-containing acidic beverages is expected to increase, as va-
rieties of juice are traded increasingly and internationally. It is therefore
emphasized that the juice industry should take appropriate action for con-



trolling these new bacteria, although they are not classified as hazardous
but do jeopardize the commercial value of products by their taint produc-
tion.

The Food Safety Working Group of International Life Sciences Institute
Japan (ILSI Japan) has organized a research committee, together with the
Japanese soft drink industry, to collect scientific information on the diver-
sity and characteristics of Alicyclobacillus. They have been active in the
development of effective detection methods and the investigation into their
physiological features such as growth temperature and heat resistance in
juice products.

The first edition of this book was published in Japanese in 2004. It pro-
vided us with a full account of the information currently available on A/i-
cyclobacillus. Now I hope that with the English edition, we can share this
scientific and technological information and in return encourage interna-
tional participation in assuring the safety and quality of soft drinks.

June 2006

Mitsukuni Mori, Ph.D.
Former Managing Director, Japan Canners Association
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Preface to the Japanese Edition

We are pleased to publish this book, “Thermophilic Acidophilic Bacilli
Alicyclobacillus,” edited by the Microbiology Subcommittee of the Food
Safety Research Committee, International Life Sciences Institute Japan
(ILSI Japan).

Thermophilic acidophilic bacilli are thermophilic spore formers that can
grow at very low pH and at high temperatures such as 40 °C. These bacte-
ria are not inactivated under the conditions in which fruit juice is
heat-pasteurized. In addition, they do not produce gas or cause any subse-
quent change in the appearance of the juice container. Therefore contami-
nation is discovered only by the consumer upon opening and consuming
the product. In this respect, thermophilic acidophilic bacilli are difficult
bacteria to understand. Spoilage caused by these bacteria occurs not only
in Japan but all over the world. They are troublesome bacteria not only for
consumers but also for soft drink producers from an ingredient-sourcing
and sanitation point of view.

The Microbiology Subcommittee of the Food Safety Research Commit-
tee, ILSI Japan, recognized the importance and urgency of this problem,
and in the summer of 2003 hosted an international symposium on thermo-
philic acidophilic bacilli in Tokyo. ILSI Japan consulted with the ILSI
headquarters and invited experts from ILSI Europe and ILSI Latin Amer-
ica, who faced problems similar to those in Japan. The unexpectedly large
number of participants at this symposium opened our eyes to the serious-
ness of this problem and led us to publish this book, “Thermophilic Aci-
dophilic Bacilli, Alicyclobacillus,” which brings together the new insights
gained from the symposium with research published thus far.

“Thermophilic Acidophilic Bacilli Alicyclobacillus,” consisting of the
following sections, will be instrumental in understanding the overall pic-
ture of this species of bacteria:
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(1) Historical background of Alicyclobacillus

(2) Characteristics of Alicyclobacillus

(3) Methods of detecting Alicyclobacillus

(4) Methods of differentiating and identifying Alicyclobacillus

(5) Proliferation of Alicyclobacillus

(6) Cause of Alicyclobacillus contamination and preventive measures

(7) Government offices, associations, and NPOs concerned with Alicyclo-
bacillus

(8) Research institutes and researchers of Alicyclobacillus

ILSI is a science-based, international NGO, a unique organization
working closely with the WHO, and maintains a network within Japan as
well as the rest of the world. I am glad to know that this type of publication
is made possible by the voluntary efforts of an organization such as ILSI.
Last but not least, the enthusiasm and hard work of the Microbiology
Subcommittee of the Food Safety Research Committee, ILSI Japan, has
made it possible for me to recommend with confidence this valuable book.

October 2004

Shuichi Kimura
Chairman of ILSI Japan
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Preface

Since the early 1980s, when spoilage of fruit juices by acid-dependent,
thermotolerant spore-forming bacteria was first recognized, members of
the genus Alicyclobacillus have emerged as food spoilage organisms of
major significance to the fruit juice industry. Spoilage is generally mani-
fested as the formation of off-flavors and odors from compounds such as
guaiacol and halophenols. The economic impact of such incidents can be
very high. To date no human health risks are known to be associated with
the consumption of juices and other food products containing Alicycloba-
cillus.

Alicyclobacillus can be difficult to control in fruit juice products as their
spores survive juice pasteurization temperatures and may subsequently
germinate and grow after processing if conditions are suitable. The spoil-
age strains of Alicyclobacillus grow from around pH 2.5 to 6.0 and at
temperatures above 20 °C. Their spores survive for a long period of time in
fruit concentrates and similar environments; however, more dilute envi-
ronments are required for growth. 4. acidoterrestris is the most commonly
occurring species that taints juice and similar products, but other species
may also produce taints, particularly in products with a low juice content
that are fortified with minerals.

The industry is faced with concern and debate over the significance of
Alicyclobacillus spp. in raw materials, the behavior of the different species
in their products, the necessity for adequate control measures, and the
various analytical methods that may detect different species of Alicycloba-
cillus or even the broader group of thermo-acidophilic bacteria.

An inventory by the International Federation of Fruit Juice Producers
(IFU) revealed a wide diversity of detection methods in use across the in-
dustry and research institutes. Therefore the IFU Working Group on Mi-
crobiology took the initiative to develop an internationally acceptable
method for the detection of taint-producing Alicyclobacillus so that realis-

IX



tic microbiological criteria and specifications can be developed. This has
resulted in IFU-Method No.12, for the detection of taint-producing Alicy-
clobacillus in fruit juices, with a first revision of the method appearing in
September 2004. Further development of Alicyclobacillus detection meth-
ods is foreseen as data from ongoing research on the characterization of
Alicyclobacillus and their behavior in varying substrates become available.
International cooperation to harmonize such methods is strongly recom-
mended.

Bob Hartog, M.Sc.

Microbe Control Support

Formerly Chair of Working Group Microbiology
International Federation of Fruit Juice Producers (IFU)



Preface

It is a great privilege to be asked to write a preface for this important pub-
lication on Alicyclobacillus. The authors of this work have been leaders in
the development of detection methodology, identification, and characteri-
zation of these spoilage organisms, but until now they have not had the
opportunity to publish their body of work in a language other than Japa-
nese. This publication will afford a much larger audience the opportunity
to learn and benefit from the research work they have produced.

The microorganisms comprising the genus Alicyclobacillus are a very
interesting group because they are uniquely adapted to survive and grow in
what would normally be considered very harsh environments. The unique
properties of these organisms have created the potential for an unusual
spoilage problem in certain types of beverage products. These beverages
are typically shelf-stable, high-acid, non-carbonated products most com-
monly packaged in PET containers. The environment that exists in these
beverages is generally unwelcoming to most microorganisms, but some
Alicyclobacillus species find these beverages actually provide a nurturing
environment. It is for this reason that these organisms have become a
source of concern for the beverage industry and for the raw materials sup-
pliers of that industry.

As a result of this concern, in April 2005, an Alicyclobacillus (ACB)
subcommittee was formed within the Quality Technical Committee of the
International Society of Beverage Technology (ISBT). The subcommittee
is composed of three working groups focused on research, methodology,
and control. The research working group is reviewing published literature
to assess the state-of-the-art, provides on-going updates to the methodol-
ogy and control groups, and recommends consultants/subject matter ex-
perts. The methodology group is reviewing and assessing the development
of conventional and rapid methodologies, has created a reference strain
collection (of naturally occurring strains), and is working on the publica-
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tion of standardized test methods. The control group is investigating ingre-
dient/product process flows and sanitizer efficacy with the aim of estab-
lishing publishing industry standards/guidelines and best practices.

It is our hope that the publication of this book in English combined with
the research efforts of other groups such as ISBT, the [FU, and ILSI Japan,
will result in resolving the problems these organisms have created for the
beverage industry, its suppliers, and consumers.

Joe Shebuski, Ph.D.
Cargill Global Food Safety& Regulatory Affairs
Cargill, Incorporated
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Preface

Some 10 years after the first descriptions of Alicyclobacillus in fruit juices
by Cerny in 1984, a sample of apparently “normal” orange juice reached
our laboratory. The odor alteration was imperceptible, but a faint “strange”
smell was detected by chance by one of my colleagues, the first one to
open the bottle to smell the content. My client, a major exporter of orange
juice, had explained to me the background story of the sample. He had told
me that some PDA plates could show a limited growth of Gram-positive
bacteria, namely, in a very low number and after a rather long period of
incubation, while no growth was detected in ordinary QC methods used for
heterotrophic organisms.

As we always do when there is a deviation from the norm, we began a
survey of all known acidophilic microorganisms that could have some
connection with fruits. At the same time, we tried all kinds of media with
acidic pH, or dropped the neutral pH of media with citric acid in an at-
tempt to improve detection. At that time, my suspect was lactobacilli.
However, the surface plating resulted in a more successful growth than
pour plating, and spores were observed frequently. It was clear that
MRS-Lactobacilli media were not their preferred recipe. Successful plat-
ings started to be obtained with Orange Serum medium and with acidified
PDA at 37 °C, but still the results were not reproducible between counts on
different days. Based mostly on the Ph.D. thesis of Deinhard (1987), the
study of Alicyclobacillus was successfully conducted. I must emphasize
that without the precise and detailed information provided by the citrus
industries, the early work on Alicyclobacillus in orange juices could not
have been achieved. They were our reliable partners, collecting samples
and evaluating the entire production chain. I am convinced that this first
collaborative work, carried out in Brazil about 10 years ago, has developed
into a series of worldwide work, which resulted in the present book. I am
sure all information contained in this book will be highly welcomed and

X1



will be an essential “partner” for those who work in the field of QC and
microbiology for acidic juices.

Silvia Yuko Eguchi, Ph.D.
Director of Microbiology (Allergisa)
Formerly R&D Manager, Fundacao Andre Tosello
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Preface

With the purpose of providing a source of information on Alicyclobacillus
that was as complete as possible, current information was compiled and
“Thermophilic Acidophilic Bacilli Alicyclobacillus” was finally published
in Japanese by the publisher Kenpakusha in December 2004. The book
enjoyed such great popularity in Japan that, with the hope that it would be
of use to researchers in other countries, we embarked on this project to
translate it into English, along with the collaboration of several translators
and reviewers. It was a long road to completing this book, but finally after
2 years of hard work this English version can be published. We must
apologize to the many people who have waited so long for this book. In the
present version, we added some new information that was not in the Japa-

nese version.

We sincerely hope this book will be of help to readers in their research
and business.

Microbiology Committee, Food Safety Research Division
International Life Sciences Institute of Japan
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Chapter 1: Introduction

Issues related to spore-forming acidophilic bacteria, Alicyclobacillus, are
among the most serious problems facing the beverage industry in recent
years. This book was written for the purpose of providing a compilation of
currently available information about this concern, and it is hoped it will
serve as a reference to inquiries on this issue from those involved in bev-
erage production as well as the suppliers of major ingredients such as juice
concentrates, liquid sugars and other additives.

Problems with Alicyclobacillus have been evident in cases when there
was spoilage of juice and juice-containing beverages even after pasteuriza-
tion at temperatures close to 100°C. The spoilage microorganisms ap-
peared to be spore-forming (heat-resistant) acidophilic rod-shaped bacte-
ria, and they are now named Alicyclobacillus. They survive and grow in
acidic beverages, and are responsible for the production of guaiacol, a
medicine-like phenolic odor. Alicyclobacillus acidoterrestris, the most
frequent odor producing species, are the main target microorganisms of
this quality concern.

While many bacteria prefer to grow under neutral pH conditions, some
can survive and grow even in extraordinary habitats under extremely
acidic conditions such as in hot springs containing hydrogen sulfide. It is
surprising to know, then, that Alicyclobacillus, with optimal growth pH at
3.0-5.0, are present quite close to our daily life and are commonly found in
soil or fruit samples.

Before getting to the detailed descriptions on Alicyclobacillus in the
coming chapters, some general information about other acidophilic bacte-
ria, is needed. These organisms are generally defined as those capable of
growing at pH conditions lower than 3.0. This is briefly reviewed in Table
1-1. This information is provided by Itoh et al. ”. and was updated to in-
clude Hydrogenobaculum acidophilum, Leptospirillum ferrooxidans,
Acidiphilum acidophilum, Acidiphilum cryptum, Acidithiobacillus fer-
rooxidans, Acidithiobacillus caldus, Acidithiobacillus albertensis, Acidi-
thiobacillus thiooxidans, Alicyclobacillus acidocaldarius, Alicyclobacillus
acidoterrestris, Alicyclobacillus acidiphilus, Alicyclobacillus herbarius
and Sulfobacillus thermosulfidooxidans.
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Table 1-2 summarizes the information on Bacillus coagulans, Aceto-
bacter aceti, Gluconobacter oxydans and Lactobacillus acidophilus. They
are not acidophiles but known as highly acido-tolerant species. The Alicy-
clobacillus species are, as indicated in Tables 1-1 and 1-2, aerobic, aci-
dophilic and thermophilic bacteria. They are distinguished from the others
by their ability to form endospores as is seen with Bacillus coagulans
(Alicyclobacillus species were previously included in the genus Bacillus.).

Tetsuya Sawaki
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Chapter 2: Historical background related to
Alicyclobacillus

The main historical facts related to Alicyclobacillus are as follows:

1967 : Uchino and Doi of Nagoya University (Aichi Pref., Japan) re-
ported the isolation of a spore-forming bacteria from a hot spring site near
Lake Tazawa (Iwate Pref., Japan), that grew under acidic and geothermal

conditions, and has very similar characteristics to Bacillus coagulans .

1971 : Darland and Brock isolated bacteria from variety of thermal
acidic environments, both aqueous and terrestrial at Yellowstone National
Park and Hawaiian Volcano National Park, USA, with very similar char-
acteristics to the bacteria reported by Uchino and Doi ». Based on the
taxonomical properties, they named it Bacillus acidocaldarius; a new spe-
cies of the genus Bacillus. They also discovered this microorganism pos-
sessed unusual o-cyclohexyl fatty acids as its main cellular fatty acid
component.

1981 : Hippchen and co-workers isolated a thermo-acidophilic
spore-forming bacteria from soil and concluded it had widespread distribu-
tion. Later on, this bacterium was studied in detail by Deinhard and
co-workers, and in 1987 was proposed as a new species, Bacillus aci-
doterrestris > ?.

1982 : Contamination of pasteurized apple juice occurred in Germany >
on a large scale. This was the first reported incidence of spoilage by Alicy-
clobacillus. The cause was attributed to an organism related to Bacillus
acidocaldarius. However, later studies showed that the cause was Alicy-
clobacillus acidoterrestris. Also, around 1980, these authors detected a
foul odor in an experimental sample of a combined plum and apple juice.
In retrospect, we can now probably assume this was caused by Alicycloba-
cillus acidoterrestris.

1989 : The first report in Japan of an incident of deterioration in an
acidic juice product due to a similar bacterium was made by Suzuki ®.
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1990 & 1995 : In Australia, an unpleasant odor detected in a 40 % apple
juice sample (TetraPack, 250 mL) was attributed to the presence of
2,6-dibromophenol and 2,6-dichlorophenol. It was reported this bad odor
was not caused by any additives or preservatives added to the juice, but by
microbial contamination ",

1991 : Following reports by Niwa and co-workers of a series of con-
tamination incidents, the problem started drawing attention in Japan ®.

1994 : Splittstoesser and co-workers reported the strain isolated from
pasteurized apple juice in 1990 was a thermo-acidophilic bacterium. This
was the first mention of an isolation of this organism from contaminated
fruit juice in the USA ).

1995 : Mclntyre and co-workers isolated thermo-acidophilic bacteria
from a variety of fruit juices in the USA '

1996 : In Japan, Yamazaki and co-workers isolated and identified Alicy-

clobacillus acidoterrestris from a spoiled acidic drink '".

1997 : In Australia, a high concentration of guaiacol was detected in a
25 % tropical fruit drink, from which an Alicyclobacillus related strain was
isolated. The contamination source was reported to be an apple juice ”.

From this time on, research into the isolation, characterization, method-
ology for detection, rapid methods for differentiation, process control
technology and development of control techniques, has actively been pur-
sued in Japan, the United States, the European Community, Brazil and
Australia, with a number of reports having since been published.

Tetsuya Sawaki
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3-1 Abbreviations used for Alicyclobacillus

TAB, the abbreviation for “Thermo Acidophillic Bacilli (or Bacteria)” is
the most widely utilized way to designate the bacteria belonging to genus
Alicyclobacillus, and while it is not an exact label for Alicyclobacillus, it
has come to be accepted as synonym. The designation adopted in Japanese
is equivalent to “Thermo-tolerant Acidophillic Bacilli (or Bacteria)”,
which is also abbreviated as TAB. Some moderately thermophilic aci-
dophilic bacteria such as Bacillus fumarioli are included in the abbrevia-
tion, TAB, in a broader sense. Other abbreviations commonly used inter-
nationally are AAT for Alicyclobacillus acidoterrestris and BAT, the
former name for Bacillus acidoterrestris. This is still used for some desig-
nations such as culture media. ATSB is sometimes seen as an abbreviation
for “Acido-thermophilic Spore-forming Bacteria”, but is rarely used in Ja-
pan. Recently, ACB has been used as the abbreviation of Alicyclobacillus
worldwide. These abbreviations are routinely used in language related to
quality control and assurance. When a species and/or strain name is clearly
specified or used for technical purposes, the scientific name of the micro-
organism is adopted. Although somewhat confusing, these are the current
designations in use. The abbreviations used in this book follow those of the
original papers.

3-2 Classification

In 1967, Uchino and Doi isolated aerobic spore-forming bacteria from a
hot spring in Japan using acidic and high temperature conditions. They re-
ported the organisms as new species, closely related to Bacillus coagulans
D While a clear confirmation of the taxonomic status of the isolates is not
possible now because they are not preserved, the majority of their micro-
scopic, physiological and biochemical characteristics resemble those of the
bacteria now known as Alicyclobacillus ®, indicating that this was the first
report of an Alicyclobacillus isolation. A few years later, Darland and
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w-cyclohexyl fatty acids w-cycloheptyl fatty acids

Fig. 3-1. w-alicyclic fatty acids

Brock isolated bacteria with characteristics very close to those of the
strains, which were isolated by Uchino and Doi, from soil and water sam-
ples collected from Yellowstone National Park and the Hawaiian Volcano
National Park, USA. Based on the results of taxonomical research in 1987,
they were classified as a new species, Bacillus acidocaldarius *. Along
with their thermophilic and acidophilic characteristics, these bacteria pos-
sessed a cyclic alkyl terminal (alicyclic) radical in their cellular fatty acid
structure. These very distinctive w-cyclohexyl fatty acids (Fig. 3-1) are the
main component of the essential fatty acids of these organisms *. In 1987,
microorganisms with ®-cyclohexyl fatty acids were isolated from soil in
Europe and spoiled apple juice, but had some differing characteristics from
Bacillus acidocaldarius, and were named Bacillus acidoterrestris >. Other
isolates, also from soil, possessed w-cycloheptyl fatty acids (Fig. 3-1), and
were named Bacillus cycloheptanicus ®. In 1992, Wisotzkey and
co-workers reported that B. acidocaldarius, B. acidoterrestris and B.
cycloheptanicus should be reclassified from Bacillus to a new genus, A/i-
cyclobacillus, according to these three species possess the unique
w-alicyclic fatty acids and form one cluster based on the phylogenetic
analysis of 16S rRNA gene (16S rDNA) sequence 2. For some time after,
Alicyclobacillus was represented by these three species. Recently though,
Alicyclobacillus species have been identified as the cause of off odors as-
sociated with the spoilage of acidic beverages, and reported not only in
Japan "', but also in other parts of the world. Before this, incidents of
spoilage linked to Alicyclobacillus were few and only sporadically re-
ported 7% There was a great deal of speculation which attempted to ex-
plain these incidents including global warming, acid rain, large scale pro-
duction/factories and other factors, and as a result, these spoilage incidents
fueled research work on the isolation and identification of Alicyclobacillus.
A number of Alicyclobacillus isolates were found in soil, hot springs, bev-
erages and raw materials, and the following species were added as mem-
bers of Alicyclobacillus: “A. mali ” *", A. acidocaldarius subsp. rittmannii
) 4. hesperidum *>, Alicyclobacillus genomic species 1 2>, A. acidiphilus

10
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19 A. herbarius ", Alicyclobacillus genomic species 2 ) A. sendaiensis
) A. pomorum *® and A. vulcanalis®”. Recently, Sulfobacillus thermosul-
fidooxidans subsp. thermotolerans and Sulfobacillus disulfidooxidans were
reclassified as A. tolerans *® and A. disulfidooxidans®®, respectively. Now
Alicyclobacillus is comprised of twelve species (including one subspecies),
two genomic species and one proposed species (“4. mali ™). It is also pos-
sible that Alicyclobacillus genomic species 1 belongs to “A. mali ”, and
Alicyclobacillus genomic species 2 belongs to 4. sendaiensis (Table 3-1).
Taxonomical research on Alicyclobacillus has greatly improved the or-
ganization of this group compared to the past. However, factors such as
phylogenetic reassociation and further addition of a large number of new
species (the position of the novel species in the phylogenetic tree is shown
in Fig. 3-2), need to be considered from the taxonomical point of view at
greater depth.

0.02 10 098 A. kakegawaensis 5-A83J"
100 A. kakegawaensis 5-A16TN
A. shizuokaensis 4-A336T
A. herbarius CP1T
A. macrosporangidus 5A239-20-AT
A. disulfidooxidans DSM 12064T
A. tolerans DSM 162977
A. cycloheptanicus DSM 4006
100y A, contaminans E-8
A. contaminans 3-A191T
100 A. pomorum 3AT
90 A sendaiensis JCM11817T
Alicyclobacillus genomic species 2 MIH332
Alicyclobacillus genomic species 1 DSM 11984
100 A. acidocaldarius subsp. acidocaldarius ATCC 270097
97" A. acidocaldarius subsp. rittmannii DSM 112977
— A.vulcanalis DSM 161767
oo | 100 [ A. hesperidum DSM 124897
A. saccharis RB718T

99 95 A. acidoterrestris ATCC 490257
-| E A. fastidiosus S-TABT
68 A. acidiphilus TA67TT

B. subtilisTAM 12118T

Fig. 3-2. Phylogenetic tree (constructed using the maximum parsimony
method) of Alicyclobacillus species and related species based on 16S rDNA

Bacillus subtilis IAM 12118" was served as outgroup. The final dataset in-
cluded 1468 unambiguously aligned sites. Numbers represent percentages
from 1000 replicate bootstrap samplings (frequencies of less than 70 % are
not shown). Bar, 0.02 substitutions per nucleotide position.
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3-3 Characteristics of Alicyclobacillus

This section will discuss the overall characteristics and the primary differ-
entiation properties of Alicyclobacillus. Other detailed descriptions can be

: s e 2 15, 16, 22, 23,24, 25,2
found in the original references > ! 16:22:23. 24,25, 26.86.87)
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3-3-1 Morphology

Vegetative cells of Alicyclobacillus are rod shaped with termi-
nal/subterminal endospores that are approximately 0.7-1 pum wide and 3-5
pm long. The swelling of the cells due to endospore formation may or may
not occur, depending on the species (a greater number of strains show
swelling, Fig. 3-3). Chain formation is rare and motility is weak. The cells
stain as Gram-positive in the early stage of the cultivation and become
Gram-negative or Gram-variable at the end of the cultivation. This fact
was also confirmed by applying the Ryu method *”, where the cells stained
Gram-positive in younger cultures and Gram-negative with older cultures.
The size of the colonies is dependent on the growth medium, reaching 2-5
mm (sometimes larger), on YSG agar medium at optimum temperature.
The colony morphology can differ slightly depending on the strain, but in
general round colonies are formed (Fig. 3-3). Some older cultures may
appear contaminated, due to their heterogeneous morphology. The colo-
nies range in color from white to beige, becoming slightly darker with age.
Their sheen is not quite glossy. Growth beneath the surface of the agar
medium is limited to approximately 0.5-1 mm because of low oxygen
concentration.

Alicyclobacillus

A. pomorum . . A. acidocaldarius | A. acidoterrestris
genomic species 1

Fig. 3-3. Morphological characteristics of 4 Alicyclobacillus species

All strain were grown on YSG agar.
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3-3-2 Physiology and biochemical properties

Alicyclobacillus can grow in a temperature range from 20-70°C with an
optimum growth temperature: between 40 and 60°C and a pH range
2.0-6.0 with an optimum between 3.5 and 4.5 (Table 3-2). Growth is re-
duced at temperature and pH values outside the optimum range. Although
strict aerobes, these organisms can survive under micro-aerobic conditions
(growth is inhibited in the absence of oxygen). They metabolize sugars
very well, with acid production (Table 3-3). The sugars that can be me-
tabolized tend to form a group according to the species, although there is a
rather large variation within species °”. The metabolism of sugars is not
accompanied by gas production. Depending on the nutritional state of the
cells, the presence of salt, organic acids, polyphenols and alcohols, over a
certain concentration can inhibit growth, however some strains are known
to exhibit resistance to these inhibitors (See Chapter 8).

3-3-3 Quinone species and the composition of cellular fatty
acids

As in Bacillus, the major quinone (related to the respiratory chain) of A/i-
cyclobacillus is MK-7 (menaquinone-7), although some strains have a
quinone with a shorter chain, such as MK-3. The relative amount of these
quinones is dependent on the strain and the conditions of cultivation (Table
3-4).

Excluding A. pomorum, all other members of Alicyclobacillus are com-
posed of two types of w-alicyclic fatty acids as the main cellular fatty acids
(o-cyclohexyl and w-cycloheptyl fatty acids; Fig. 3-5). These fatty acids
are very rare and, excluding the present group, are found only in Sulfoba-
cillus spp. ***%, Curtobacterium pusillum *" and Propionibacterium
cyclohexanicum *® (in these bacteria, the fatty acids are present as a minor
component). At the species level, A. acidocaldarius, A. acidocaldarius
subsp. rittmannii, A. acidoterrestris, A. acidiphilus, A. disulfidooxidans,
“A. mali”, A. hesperidum, Alicyclobacillus genomic species 1, Alicycloba-
cillus genomic species 2, A. sendaiensis, A. tolerans and A. vulcanis pos-
sess w-cyclohexyl fatty acids. 4. cycloheptanicus and A. herbarius possess
o-cycloheptyl fatty acids. 4. pomorum does not have any of these fatty
acids, possessing iso and anteiso branched fatty acids. The presence of
w-alicyclic fatty acids is thought to be the factor that enables these organ-
isms to survive under acidic and thermal conditions ****, but it is not an
indispensable condition for survival.
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Table 3-3. Differencial characteristics of known Alicyclobacillus species

Characteristic 1 9 323 4 5 g2» 710 8 9 1029
Oxidase + - - + - R
Catalase + + + + + + + + +

Gelatin hydrolysis + + + + + + n.d
Starch hydrolysis + + + + + n.d.
Nitrate reduced to nitrite + + +
Growth in 5% NaCl + + + + + + + + + +
Growth in 5% NaCl - - - - + - - + + n.d.
Acid production from:

Glycerol + + + + + + - - + +
Erythritol - - - . +

D-Arabinose - - - - - - + + +
L-Arabinose - + + + + + + + + +
D-Xylose - + + + - - + + + +
L-Xylose +

D-Galactose - + + + + + + + n
L-Sorbose + - - + - - + +

Rhamnose - + + + + + +

Inositol +

Mannitol + + + + + + + + +
Sorbitol + + +

Methyl a-D-mannoside - - B + +

Methyl a-D-glucoside + + + + + +
Amygdalin + +
Arbutin + + + + + +
Aesculin + + + + + +

Salicin + + + + + + +
Cellobiose + + + + + + + +
Maltose + + + + + + + + +
Lactose + + + + + + + +
Melibiose + + w +

Sucrose + + + + + + + + +
Trehalose + + + + + + + + +
Melezitose + + + +
D-Raffinose + + + + + +
Starch + + w R R N nd.
Glycogen - + + + + - +
Xylitol + + R +

B-Gentiobiose - - + + w + +
D-Turanose + - + + + + - + +
D-Lyxose - - - - - R - +

D-Tagatose + - + + - - _ +

D-Fucose - - - - - R - . +
5-Keto-gluconate + - - - - - - + +

Strain 1, A. pomorum 3AT; 2, A. acidocaldarius subsp. acidocaldarius ATCC
27009"; 3, Alicyclobacillus genomic species 1 DSM 11984; 4, Alicyclobacillus
genomic species 2 MIH332; 5, 4. acidoterrestris ATCC 49025": 6, A. hesperidum
DSM 12489"; 7, A. acidiphilus TA 67"; 8, A. cycloheptanicus DSM 4006", 9, A.
herbarius TAM 14883"; 10, A. sendaiensis INTAP-1". +: positive, -: negative, w:
weakly positive, n.d.: no data avairable. All strain positive: D-ribose, D-glucose,
D-fructose and D-mannose. All strain negative: adonotol, methyl B-xyloside, dul-
citol, N-acetyl-glucosamine, L-fucose, L-arabitol, gluconate, inulin and
2-keto-gluconate.
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Table 3-4. Menaquinone composition of strains of Alicyclobacillus acidocal-
darius group 25, 26, 86, 87, 89)

Strain MKS3 (%) MKT7 (%)
Alicyclobacillus genomic species 1 DSM 11984 5.2 94.8
Alicyclobacillus genomic species 1 DSM 11983 4.5 95.5
Alicyclobacillus genomic species 1 DSM 453 17.7 82.3
Alicyclobacillus genomic species 1 DSM 454 6.5 93.5
Alicyclobacillus genomic species 1 DSM 455 9.2 90.8
Alicyclobacillus genomic species 1 DSM 12490 4.7 95.3
Alicyclobacillus genomic species 1 DSM 6481 4.0 96.0
A. acidocaldarius subsp. rittmannii DSM 11297° 7.7 92.3
A. acidocaldarius subsp. acidocaldarius ATCC 27009°  29.0 71.0
A. acidocaldarius DSM 448 11.9 88.1
A. acidocaldarius DSM 449 12.1 87.9
A. acidocaldarius DSM 451 26.8 73.2
A. acidocaldarius DSM 452 9.1 90.9
A. sendaiensis JNTAP-1" % 0 100
Alicyclobacillus genomic species 2 MIH 332 2.0 98.0

3-3-4 DNA G+C content and DNA-DNA similarity

The range of the Guanine + Cytosine content (G+C mol%) in the chromo-
somal DNA is 53-63 mol% 2. This value is near 62 % for A. acidocal-
darius and Alicyclobacillus genomic species 1 *****Y, and the values of
the other species are near 55 % (Table 3-6).

The DNA-DNA relatedness among Alicyclobacillus spp. is 10-70 %
between species (50-70 % between subspecies and under 50 % for differ-
ent species) °?. The relatedness between A. acidocaldarius and Alicyclo-
bacillus genomic species 1 is approximately 50-70 %, a difference typi-
cally obtained between subspecies and genotypes, indicating the close
similarity between these two strains (Table 3-6).

3-3-5 16S rRNA gene (16S rDNA)

The similarity of the 16S rDNA nucleotide sequence within the genus A/i-
cyclobacillus is reported to be over 92 % . Within close species, espe-
cially belonging to 4. acidocaldarius group, the similarity is over 98 % '
3% The phylogenetic tree obtained from the 16S rDNA sequence analy-
sis is shown in Fig. 3-5. Recently, 16S rDNA sequence is routinely used,
not only for Alicyclobacillus, but also for classification and identification

17



"BIEP OU “PU (% §'0>) JUNOWe 206N 1) *, /6791 INSA SUP42]01 'F “0T * ;90T INSA SUPPIXOOPYINSIP Y “61
119007 S smoruvidayopd(d 'y Q1 1 V¢ wniowod 'y L ¢ [61V-€ SUDUIUDIUOD " 9] | V-OT-6ETV-S SIS
-upodso.ovul y GJ ¢ LE88%1 INVI SnLwqiay "y ‘¢ 1 9¢eV- Sisuapyonziys 'y ‘¢l { [E8V-G S1ISUaDMD32YDY
¥ ‘T 1,STO6Y DOLV SHsaL2jop1ov "y ‘11 * GVIL-S Snsoipusnf 'y ‘01 *L9 VI Sydip1ov 'y 6 * 68¥T1
INSQ wnpriadsay 'y g © 1LY SHPY2oDS L £ 9L19T INSA SHPUPIINA "} *9 * 600LT DLV SHDp[po0pIoD
"dsqns snLwpppo0p1ov G 1 L6T1T INSA HuupiLe “dsqns snLiop|pooplov f 4y 8611 INSA 1 Se1vads orwou
-03 snjj120qo2M1Y ¢ ‘TEEHIN T SO10ads d1wousd snjj1opqoddoly g ¢ L1811 INDI Sisuaivpuas “p ‘] ureng

of various bacteria. However, it is important to keep in mind that for the

calculation of similarity or to perform a phylogenetic analysis, a reliable
database is needed containing sequences that can be trusted (databases
consisting of sequences that are not confirmed should not be used), and the

determined nucleotide sequence must of course be generated by high qual-

ity experimental data.
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Chapter 3: Characteristics of Alicyclobacillus

Table 3-6a. DNA base compositions and DNA-DNA hybridization values be-
tween isolates and type strains of related Alicyclobacillus species *>***)

DNA-DNA similarity (%)

Strain 1 2 3% 4 5 6 7 8 9 10
Alicyclobacillus genomic species 1 DSM 11984 100| 66 16 21 20 15 13 10 8
Alicyclobacillus genomic species 1 DSM 11983 99 | 57
Alicyclobacillus genomic species 1 DSM 453 93 | 65
Alicyclobacillus genomic species 1 DSM 454 89 | 61
Alicyclobacillus genomic species 1 DSM 455 86 | 57
Alicyclobacillus genomic species 1 DSM 12490 90 | 63
Alicyclobacillus genomic species 1 DSM 6481 79 | 59
A. acidocaldarius subsp. rittmannii DSM 112977 58 | 81 10
A. acidocaldarius subsp. acidocaldarius ATCC 27009" 57 [100] 83 20 16 29 13 10 12 10
A. acidocaldarius DSM 448 61 | 92
A. acidocaldarius DSM 449 60 | 99
A. acidocaldarius DSM 451 511 95
A. acidocaldarius DSM 452 52 ] 93
A. sendaiensis JNTAP-1" 100
Alicyclobacillus genomic species 2 MIH 332 44 39
A. acidoterrestris ATCC 49025" 12 11 5 100 23 24 15 12 10 11
A. acidoterrestris DSM 3923 86 [ 20 26
A. acidoterrestris DSM 3924 89|19 26
A. acidoterrestris DSM 2498 75 | 27 23
A. acidiphilus TA 67" 14 15 20]100] 31 22 12 11 9
A. hesperidum DSM 12489" 23 24 26 30 25]100| 13 10 11 12
A. hesperidum DSM 12766 32 21192
A. eycloheptanicus DSM 4006" 12 11 13 21 19 [100| 12 13 8
A. eycloheptanicus DSM 4005 86
A. eycloheptanicus DSM 4007 79
A. herbarius CP 1" 9 10 9 14 13 16[100] 11 11
A. pomorum 3A" 100
Bacillus tusciae IFO 15312" 79 6 5 7 5 4 7 [100

Strain 1, Alicyclobacillus genomic species 1 DSM 11984; 2, A. acidocaldarius
ATCC 27009"; 3, A. sendainensis INTAP-17; 4, A. acidoterrestris ATCC 49025";
5, A. acidiphilus TA 67" 6, A. hespericum DSM 12489"; 7, A. cycloheptanicus
DSM ;1006T; 8, A. herbarius CP 1%; 9, A. pomorum 3A"; 10, B. tusciae IFO
15312".

3-3-6 Odor (guaiacol) production

Alicyclobacillus is not pathogenic bacteria '. However, some species

produce an undesirable odor due to the production of guaiacol, causing
deterioration of the quality of acidic beverages (especially those containing
fruit juices). It has been known for some time that A. acidoterrestris pro-
duces guaiacol *”, but recently, 4. acidiphilus, A. herbarius and Alicyclo-
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bacillus sp. 2 (closely related to A. hesperidum: “A. hesperidum subsp.
aigle ” DSM 11985) were also reported as guaiacol producers (Table 3-7).
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The strain Alicyclobacillus sp. 2 DSM 11985 is especially difficult to
20

distinguish from 4. hesperidum, due to a very close similarity even at the
production of guaiacol follows the growth curve, gradually accumulating

genomic level (Table 3-8). Concerning the relationship between 4. aci-
doterrestris growth and the guaiacol production, it has been reported that
and ultimately being degraded (Fig. 3-4) '-***?. Other species were not
studied in detail. For detailed information about the mechanism of guaiacol
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biosynthesis, see section 3-6. Other off odor compounds are
2,6-dibromophenol and 2,6-dichlorophenol, these are also produced by A4.
acidoterrestris *"" *?. There is a report that A. cycloheptanicus ATCC
49029 produces guaiacol in orange juice, but the criteria and taxonomic
status of the strain have not yet been validated (this strain does not produce
guaiacol from wvanillic acid which is a precursor of guaiacol: our
unpublished data).
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Fig. 3-4. Growth curve of A. acidoterrestris and guaiacol production in
Y SG-vanillic acid broth

A. acidoterrestris ATCC 49025" spores suspension solution (5 ml, 2.0 x 10’
CFU/ml) was inoculated into 195 ml of YSG liquid medium containing vanil-
lic acid (final concentration: 100 ppm) and incubated at 45 °C for 48 h. Sam-
pling was performed after appropriate intervals, and measured the guaiacol
concentration by peroxidase method and the turbidity at Absegonm. As a refer-
ence, in the case of low spore concentration, the growth is slow and the pro-
duction of guaiacol also delays (data not shown).

3-3-7 Oxygen requirement

It is well known that Alicyclobacillus is an obligate aerobic organism. De-
pending on culture conditions however, it has been reported that a very
low level of oxygen, such as 0.1 % dissolved oxygen, can permit cell
growth *. However, the growth ceases when oxygen is depleted, even if
other nutrients are available. At this point the vegetative cells will
sporulate.
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Table 3-7. Guaiacol production ability of Alicyclobacillus strains

Species Strain Guaiacol (ppb)
DSM 11984 0
DSM 11983 0
DSM 453 0
DSM 454 0
X . . . DSM 12490 0
Alicyclobacillus genomic species 1 KHA 31 0
KHC 3 0
MIH 2 0
P2 0
S06 0
Alicyclobacillus genomic species 2 MIH 332 0
ATCC 27009" 0
DSM 448 0
DSM 449 0
DSM 451 0
DSM 452 0
A. acidocaldarius subsp. acidocaldarius 3B 0
3W 0
HP2 0
MIH 321 0
0dJ5 0
UZ 1 0
A. acidocaldarius subsp. rittmannii DSM 11297" 0
DSM 4006" 0
A. cycloheptanicus DSM 4005 0
DSM 4007 0
ATCC 49025" 218
DSM 2498 50
DSM 3923 370
A. acidoterrestris DSM 3924 500
B2065 40
B-064 350
OR3 120
A. acidiphilus TA 67" 480
A. hesperidum DSM 12489 0
DSM 12766 0
Alicyclobacillus sp. 1 isolate 3 (RB718) 0
DSM 11985 146
Alicyclobacillus sp. 2 }solate L 270
isolate 2 295
isolate 4 347
Alicyclobacillus sp. 3 8-E 0
A. herbarius cp1” 490
A. pomorum 3A" 0

Strains were inoculated into YSG liquid medium containing 1 ppm vanillin and
cultured at each optimum temperatures for 72 hours. After cultivation, guaiacol
concentration in the culture broth was analyzed by GC-MS. Alicyclobacillus sp.
4-8 do not produce guaiacol, but Alicyclobacillus sp. 9 produce guaiacol.
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Table 3-8. Sequence differences of 16S rDNA and guaiacol production ability
of A. hesperidum and the relatives

Guaiacol Nucleotide position
Species Strain .
production 98 131 148 149
T N T A G

A. hesperidum DSM 12489

DSM 12766 N T A G
Alicyclobacillus sp. 1 isolate 3 (RB718) A C G G

DSM 11985 + A C A A

i +
Alicyclobacillus sp. 2 isolate 1 N C A A

isolate 2 + N C A A

isolate 4 + A C A A

N: polymorphic site

Table 3-9. Effect of soluble solids on heat resistance of Alicyclobacillus WAC
strain spores in concord grape juice *

°Brix Temp. (°C) D-value (min)* z-value
85 53.0
16 90 11.0 6.9 °C
_______________________ 05 19
85 76.0
30 90 18.0 6.6 °C
_______________________ 05 .23
85 276.0
65 90 127.0 7.4°C
95 12.0

*: Average of four trials.

3-3-8 Resistance to alcohol

Information about the alcohol (ethanol) tolerance of Alicyclobacillus is
scarce. There is one report of a study that indicated growth was completely
inhibited by the presence of 6 % alcohol (ethanol) *. However, the spores

were not affected by this alcohol concentration **.
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3-3-9 Water activity

As with Bacillus, a high water activity (Aw>0.9) is needed for growth of
Alicyclobacillus. In the case of fruit juices (depending on the type), it has
been reported that a Brix close to 10 % allows cell growth, with an upper
limit of 18-20 % Brix '**"*). However, even in a Brix over 60 %, where
there is no cell growth (for example concentrated fruit juice), the spores
will survive. It has been reported that the heat resistance of Alicyclobacil-
lus spores increases incrementally with increasing Brix concentration (Ta-
ble 3-9) *©. The relationship between Alicyclobacillus growth and juice
type is discussed in more detail in Chapter 6.

Keiichi Goto

3-4 Heat resistance of Alicyclobacillus spores

As in the case of Bacillus and Clostridium, it is thought the temperature of
the endospore formation, time (maturation), nutrients in the culture me-
dium, and other factors affect the overall heat resistance of the spores of
Alicyclobacillus. The reported D and z values differ considerably among
researchers because the experimental conditions and protocols are not well
established and the taxonomy of this group is still unclear. Basically, the
heat resistance of Alicyclobacillus spores is thought to be lower than Ba-
cillus stearothermophilus, B. subtilis, Clostridium botulinum and C. tetani.
However, with the current pasteurization methods used for acidic bever-
ages, there is the possibility spores will survive in the product and may
cause subsequent spoilage. The heat resistance of the Alicyclobacillus
spores is discussed below.

3-4-1 Heat resistance of A. acidoterrestris in commercial
beverage products

In devising a strategy to prevent spoilage by 4. acidoterrestris, it is impor-
tant to investigate the heat resistance of A. acidoterrestris in commercially
available beverages, and determine if destruction of the spores is possible
under the conditions currently in use.

The heat resistance of A. acidoterrestris AB-1 strain, isolated from a
spoiled beverage, was determined to be Dggpc=10.9-13.7 min and
Dysec=2.1-3.2 min (Table 3-10); the D value being the time required to re-
duce the microbial population to 1/10 of the initial number, under the test-
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ing temperature. This indicated that under the current thermal processing

conditions (90-95°C, 15-20 sec) sterilization of the beverage is not suffi-
st 47)

cient .

Table 3-10. Heat resistance of 4. acidoterrestris AB-1 strain spores in com-
mercial beverages products *”

Beverages pH °Brix Temp.(°C) D-value (min)*
Orange 33 1.8 89 13.7+0.96
................................................ 9 . 32£082
Fruitblend 3.7 12.0 89 10.9:+0.97
95 2.1+0.20

*: Average of 5 samples+standard deviation.

3-4-2 Heat resistance of the Alicyclobacillus spores isolated
from concentrated orange juice

The heat resistance of spores of Alicyclobacillus spp. isolated from con-
centrated orange juice (Strains No. 46, 70 and 145 strains) and tested in
single strength orange juice were, respectively, Dgsoc=60.8-94.5 min,
Dog-c=10-20.6 min and Dosec=2.5-8.7 min (Table 3-11) **. The z value is
the temperature required to reduce the D value to 1/10 or increase 10
times. In the case of the strains shown in the Table 3-11, the range for the z
value was 7.2-11.3°C. Therefore, 90-95°C, for 15-20 sec, the conditions
currently being used, are not sufficient for sterilization of orange juice.

Table 3-11. Heat resistance of Alicyclobacillus spores isolated from concen-
trated orange juice *¥

Strain D-value (min) z-value
85 °C 90 °C 95 °C (O]
No.46* 60.8 10.0 2.5 7.2
No.70* 67.3 15.6 8.7 11.3
No.145* 94.5 20.6 3.8 7.2
DSM2498 50.0 16.9 2.7 7.9

*:Alicyclobacillus sp.
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3-4-3 Effect of soluble solids and pH on heat resistance

It is expected that the higher the soluble solids content (Brix), the greater
the heat resistance will be, and the extent of this effect is discussed below.
The effect of pH on heat resistance together with the content of soluble
solids is also summarized there. The effect of pH on the heat resistance of
A. acidoterrestris was compared under two different conditions: in an ex-
perimental model design (buffer) and in an actual fruit juices.

(1) Effect of soluble solids on heat resistance

When the heat resistance of spores of the Alicyclobacillus WAC strain,
isolated from sterilized apple juice, was tested in Concord Grape Juice, it
was found that the higher the soluble solids content, the greater the D
values and the greater the heat resistance (Table 3-12) *. This indicated
the destruction of spores present in concentrated juice is more difficult
than in single strength juice.

Table 3-12. Effect of soluble solids on heat resistance of Alicyclobacillus
WAC strain spores in concord grape juice **

°Brix Temp. (°C) D-value (min)* z-value
85 53.0
16 90 11.0 6.9 °C
_______________________ 9, 9
85 76.0
30 90 18.0 6.6 °C
_______________________ 95, o 2B
85 276.0
65 90 127.0 7.4°C
95 12.0

*:Average of four trials.

(2) Effect of soluble solids content and pH on heat resistance

Table 3-13 shows the effect of soluble solids content and pH on the heat
resistance of the spores of A. acidoterrestris NCIMB 13137". Heat resis-
tance increases as the soluble solids content increases and the D value in-
creases at higher pH values *”.
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Table 3-13. Effect of soluble solids and pH on heat resistance of A. acidoter-
restris spores measured in malt extract broth **

pH SS* Temp. D+SE**
(°Brix or % by weight of sucrose)  (°C) (min)
5 85 35.5+2.3
s T 077120037
60 85 60.3+ 2.4
S 07 _ 2155014 _
5 85 52.6 £ 1.6
& 9T 049820045
60 85 94.9 +£6.7
97 4.35+0.27

*:Average of four trials.

(3) Effect of pH on heat resistance

(3)-1 Effect of pH on heat resistance in buffer solution

Spores of A. acidoterrestris AB-1 strain, isolated from a spoiled acidic
beverage, were tested in citrate buffers (pH 2.5, 4.0, 6.0 and 6.9), and Dgsec
values of 0.9, 1.0, 0.9 and 0.9 min were obtained respectively, indicating
there were no appreciable differences at different pH values *”. The AB-1
strain showed no significant differences in heat resistance at temperatures
of 88-95°C in Mcllvine buffer (citrate-phosphate buffer; pH 3.0-8.0) (Ta-
ble 3-14), indicating the heat resistance of this spore is not pH-dependent
°D_ The effect of pH on the profiles of spore heat resistance of three strains
of A. acidoterrestris (VF, WAC and IP strains) isolated from apple and
other juices, showed that at 91°C the D value decreases as pH decreases,
but this was not observed at 97°C. The resistance of spores of 4. acidoter-
restris VF strain at pH 3.1 in malic acid buffer, resulted in Dgoc of 31.3
min, differing substantially from the result obtained at pH 3.7, which was
Dyjoc of 54.3 min, with (p<0.05). The Dgsc at pH 3.1 was 7.9 min and at
pH 3.7 was 8.8 min, not statistically different (»>0.05, Table 3-15) 2.
Therefore the results indicated that pH affect heat resistance of spore as
same as temperature. Table 3-14 shows no apparent influence of pH on
heat resistance; however in Table 3-15 some difference was detectable.
One possible reason may be the differences between strains.
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Table 3-14. Effect of pH on heat resistance of A. acidoterrestris AB-1 strain
spores in Mcllvine buffer >"

Temperature

88 °C 90 °C 92 °C 95 °C

30 2414163 148+1.28 62+037% 27+050°
4.0 259+ 1.45° 16.1+059° 6.1+£0.30°% 2.8+0.21°
5.0 29.1+1.87 16.6+ 1.68" 7.1+0.18° 2.7+0.11°
6.0 25.9+0.35° 16.8+0.28" 6.8+040°% 2.3+041°
7.0 24.7+0.21° 15.7+0.71° 6.7+£1.20%%  2.2+0.56°
8.0 25.7+1.01° 16.1+1.58" 5.7+0.13"  2.3+0.42°

pH

*: Mean + standard deviation.
a-¢: Mean values with the same superscript are not significantly different at
5 % level.

Table 3-15. Effect of pH on heat resistance 4. acidoterrestris VF, WAC and IP
strain spores, in model systems containing 0.4 % malic acid *”

D-value z-value

Strai T . H
- P min Q)
e
Strain VF (spoiled apple juice) =~ ===-=-----ieaa-ait R i
97 °C 3.1 7.9 10.0
RN 37 .88 1T
opoc 31 405
. . 3.7 53.2
Strain WAC (nonspoiled apple-cranberry beverage) ----=-==-==%=-==--="Zcocmmoomoan-.
g7oc 31 8.0 8.5
PR 37 .90 _ 77
TN
Strain IP (aseptically packged apple juice) ~  =====-=-=-2i2-0oo 2% FEREEEEELEEEEEE
o 3.1 3.6 8.0
97 °C
3.7 3.8 6.5

Table 3-16. Effect of pH on heat resistance of A. acidoterrestris spores in

grapeftuit juice **
Temp. (°C) pH D-value (min)*  z-value (°C)
80 3.0 31.85+1.29
........................ 40 .5230%1.94 .
90 3.0 5.69 + 0.21
........................ 40 . 9442040 ..
95 3.0 1.49 £ 0.04 11.53
4.0 1.73 £ 0.06 10.49

*: D-values shown are the average of two trials + standard.

28



Chapter 3: Characteristics of Alicyclobacillus

(3)-2 Effect of pH on heat resistance in fruit juice

The effect of pH on the heat resistance of A. acidoterrestris spores isolated
from a spoiled drink containing fruit juice, was investigated using grape
fruit juice as the heating medium. The pH affected heat resistance, with

smaller D values observed at the lower pH (Table 3-16) *.

3-4-4 Effect of the types of organic acid on heat resistance

The type of organic acid did not affect the heat resistance of the spores of
three strains of A. acidoterrestris (VF, WAC and IP strains), isolated from
fruit juices, such as apple, at either 91°C or 97°C (p>0.05, Table 3-17) *2.

Table 3-17. Effect of the types of organic acid on heat resistance of A. aci-
doterrestris VF strain spores >

Temp. (°C) pH Organic acid*  D-value (min)  z-value (°C)

malic acid 31.3
3.1 citric acid 46.1
91 ceeemeeooootArtavicacid A0 e
malic acid 54.3
3.7 citric acid 57.9
S .11 L SO S
malic acid 7.9 10.0
3.1 citric acid 8.2 8.5
97 eeeeee.oooootortaricacid I SRR 78 eene.
malic acid 8.8 7.7
3.7 citric acid 10.8 8.2
tartaric acid 10.0 7.1

*: malic; 0.40 %, citric; 0.58 %, tartaric: 0.45 % (range for commercial juices).

3-4-5 Effect of the types of fruit juice on heat resistance

Investigation of the heat resistance of A. acidoterrestris spores isolated
from spoiled juice, found that orange juice, which has the highest pH,
showed the highest D value at all temperatures evaluated (80-95°C).
Grapefruit juice, which has the lowest pH, exhibited the lowest D value
(Table 3-18) ™.
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Table 3-18. Effect of the types of fruit juice on heat resistance of A. acidoter-
restris spores 53)

Juice pH Temp. (°C)  D-value (min)*  z-value (°C)
80 54.30 £ 0.42
Orange 3.90 90 10.30 = 0.30 12.9
________________________________ 95 ... B389£004
80 41.15+0.24
Apple 3.51 90 7.38 £0.85 12.2
________________________________ 95 _...230£008
80 38.87 £ 0.20
Grapefruit  3.42 90 5.95 + 0.32 11.6
95 1.85+0.05

*: the average of two trials + standard deviation.

3-4-6 Effect of the heating medium on heat resistance

The heat resistance of A. acidocaldarius spores in citrate-phosphate buffer
(pH 4.0 and pH 7.0), distilled water, and orange juice was determined.
Results showed that at Dj5poc=0.1 min and z value=7°C there were no sig-

nificant differences between the tested heating media (p>0.05, Table 3-19)
54)

3-4-7 Effect of sporulating conditions on heat resistance

In order to prevent spoilage due to thermo-resistant microorganisms, it is
necessary to correctly determine their thermo-tolerance. For this purpose,
spores should be prepared to have high heat resistance as much as possible
%) The genetically inherent resistance of the strain and the environmental
conditions under which the spores were formed are thought to as well as
affect their heat resistance. Other environmental factors include composi-
tion of the sporulation medium, incubation temperature at the sporulating
phase *”, incubation time for spore maturation, metabolic products, and
strain preservation conditions *”.
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Table 3-19. Effect of the heating medium on heat resistance of A. acidocal-
darius STCC 5137 strain spores **

Heating medium Temp. (°C) D-value (min)* z-value (°C)*

110 2.6+ 0.6
pH4 buffer** 115 0.99+0.43 7.5+2.4
120 0.11 +0.07
............................. 125 .. .0.035£0002 ...
110 2.6+0.3
pH7 buffer** 115 0.5440.07 6.7+ 1.0
120 0.097 = 0.010
............................. 125 .. .0.014%£0002
110 3.7+1.6
distilled water 115 0.48+0.17 6.7+0.3
120 0.11+0.01
............................. 125 .. .0.024£0007 ...
110 3.9+0.1
Orange juice 115 0.610.34 6.8+ 1.5
120 0.087 = 0.009
125 0.027 + 0.007

*: Values are means + 95% CL. **: Mcllvine citrate-phosphate buffers.

(1) Effects of the sporulation medium composition on heat resistance

The addition of excessive amounts of manganese and calcium to the
sporulating medium can increase the heat resistance >*. This information is
summarized below:

(1)-1 Effects of MnSOy and citrate acid

The heat resistance in saline water of five different A. acidoterrestris
strains isolated from spoiled acidic beverages, was the greatest with spores
collected from cells grown in a medium containing 100 ppm MnSO, and
0.08 % citrate acid (Table 3-20). The observed resistance was
Dysoc=1.3-2.2 min (z=5.9-6.9°C) for four of the five strains (TIF1701,
TIF1702, TIF1703 and TIF1704 strains). For one strain (TIF1705 strain),
the value was Dosoc=20.1 min (z=7.1°C) *.

(1)-2 Effect of divalent cations

Divalent cations (Ca*", Mg*", Ba®", Mn®" and Sr*"; 5 mmol/L each) have
been reported to have no effect on the heat resistance of spores of A. aci-
doterrestris AB-1 strain, isolated from a spoiled beverage *.
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The effect of Mn®" in the culture medium on the heat resistance of spores
of A. acidoterrestris was detected in (1)-1, however it was not detected in
(1)-2. This fact may be due to the characteristics of the specific strains and
the conditions of sporulation (medium, temperature and period of incuba-
tion time), etc.

Table 3-20. Effect of sporulation media on heat resistance A. acidoterrestris
spores >

Strain Sporulation media (SMA) D-value (min) z-value
Citric acid (%) MnSO, (ppm) 90°C 100 °C {0
0.04 0 6.1
TIF 1701 0.04 100 9.2
0.08 0 3.2
_______________________ 008 100 88 60
0.04 0 2.1
TIF 1702 0.04 100 7.2
0.08 0 2.3
_______________________ 008 _....100 L5 64
0.04 0 3.5
TIF 1703 0.04 100 10.5
0.08 0 4.2
_______________________ 008 _..100 I8 59
0.04 0 8.1
TIF 1704 0.04 100 10.1
0.08 0 5.7
_______________________ 008 100 I8 69
0.04 0
TIF 1705 0.04 100 2.1
0.08 0 1.6
0.08 100 3.5 7.1

(2) Effects of the temperature during spore formation on the heat
resistance

Spores of Bacillus are known to become more resistant to heat treatment
when the cells are exposed to higher temperatures during spore formation.
In the same way, spores of 4. acidocaldarius produced at 45°C had a re-
sistance of Dj;0-c=0.48 min, while those produced at 65°C had a resistance
of Dy19oc=3.9 min, a value eight times higher > The same tendency was
observed with A. acidoterrestris, where the heat resistance was lower in
spores formed under lower temperatures .
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(3) Effects of the ion exchange treatment of the spore surface on heat
resistance

Spores of Bacillus subtilis and B. cereus become less resistant to high
temperatures when they are in H-form (acid treatment) as compared to
those in N-form (no treatment). In some cases when H-form cells are
changed to Ca-form (with an calcium ion treatment), we can observe an
incremental change in heat resistance > °>. However, with 4. acidoter-
restris AB-1 strain isolated from a spoiled acidic beverage, there was no
difference among the H-form, N-form and Ca-form spores. This would be
due to strong bonding of Ca and Mn with the dipicolinic acid of the spores,
which renders acid and calcium treatment ineffective for achieving ion
exchange on the spore surface >

3-4-8 Compounds that decrease heat resistance

As discussed in 3-4-1, spores of A. acidoterrestris present in commercially
available drinks cannot be eliminated using the current techniques of ster-
ilization (90-95°C, 15-20 sec) *”, and so a way of reducing heat resistance
of the spores is required. Nisin, lysozyme, and sucrose fatty acid esters
(emulsifier) may act as agents for reducing the heat resistance of the
spores. This is discussed below:

(1) Nisin

Nisin is a bacteriocin produced by Lactococcus lactis that has been used as
a food preservative in 56 countries worldwide, with widespread use in
Europe and America. It has not been approved for use in Japan, although
this is currently under consideration. It is known that nisin has the ability
to inhibit the growth of spores and vegetative cells of A. acidoterrestris >
%) In apple juice, the heat resistance of A. acidoterrestris spores (a strain
isolated from deteriorated fruit juice) was reduced by about 40 % with ad-
dition of nisin (50 IU/mL) (Table 3-21) *.

(2) Lysozyme

Lysozyme has been shown to greatly reduce the heat resistance of 4. aci-
doterrestris spores and this property has been confirmed in an application
with acidic beverages (Table 3-22) *”. Lysozyme is an enzyme responsible
for the hydrolysis of B-1,4 bond between N-acetyl-glucosamine and
N-acetyl-muramic acid of the peptidoglycans present in the bacterial cell
wall. Due to the spore coat in the external layer of most of the spores, ly-
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sozyme cannot penetrate into the cortex consisting of petidoglycans, and is
therefore not able to lyse the spore, but it can alter the permeability of the
external layer and significantly reduce the heat resistance of the spore. The
act of heating the enzyme can make it active against Gram-negative bacte-
ria, which are not affected by lysozyme under normal conditions . Heat-
ing may also change the stereostructure of the lysozyme molecule, making

it permeable to the spore coat *7.

Table 3-21. Effect of nisin on heat resistance of 4. acidoterrestris spores >

Nisin (IU/ml)  Temp. (°C)  D-value (min)*  z-value (°C)

80 23.75+£0.12
50 90 4.56 £ 0.09 13.8
........................... 95 195002
80 41.15+0.24
0 90 7.38+0.85 12.2
95 2.30 £ 0.03

*. Apple juice (pH 3.51), the average of two trials + standard.

Table 3-22. Effect of Lysozyme on heat resistance of A. acidoterrestris AB-1
strain spores *”

Heating medium Lysozyme (%) Dggec (min)
0.000 10.8
0.001 7.5
20mM Citric acid buffer (pH 4.0) 0.005 4.8
0.010 4.1
________________________________________________ 0020 .24
0.000 13.7

Commerecial orange juice

(3) Emulsifier

Sucrose fatty acid esters are emulsifiers that prevent germination of heat
resistant spores and also exhibit effective antimicrobial activity against
Alicyclobacillus. Sugar fatty acid esters composed of sucrose palmitate
(monoester P: msP) added at 50 ppm has the ability to decrease the heat
resistance (value of Dggec) of 4. acidoterrestris spores (Table 3-23) 63
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Table 3-23. Effect of sucrose palmitate (msP) on heat resistance of 4. aci-
doterrestris DSM 3923 strain spores

Heating medium msP (ppm) Dgoec (min)
Citric acid buffer 50 8.1
(pH 5.0) 0 9.7

3-4-9 Effect of aging on heat resistance

Spores of A. acidoterrestris NCIMB 13137", kept in frozen storage,
showed an increase in z value as the spores aged (z value 7.8°C—29°C;
Table 3-24) . Therefore, prior to juice sterilization, it is necessary to de-
fine the conditions of sterilization according to the intended period of fro-
zen storage.

Table 3-24. Effect of aging on heat resistance of 4. acidoterrestris NCIMB
13137 strain spores °”

Frozen storage (months) Dgsoc (min)* z-value (°C)
0 5.29 + 0.96 7.8+2.6
4 5.99+ 0.63 22+ 5
8 3.82 + 0.48 29+ 10
Takashi Tanaka

3-5 Toxicity and pathogenic characteristics of
Alicyclobacillus and its metabolic products

Very little information is available on toxicity and the pathogenicity of
Alicyclobacillus. In investigations carried out by Walls and Chuyate *, 4.
acidoterrestris and A. acidocaldarius cultured cells were injected, directly
into the mouse stomach and in another experiment 1-3 mL of spoiled apple
juice with turbidity and tainted odor (4. acidoterrestris 5 x 10° cell/mL)
were fed by direct injection into the mouths of Guinea Pigs. No signs of
pathogenicity were observed in either of these studies °”. To date, there
have been no reports of any cases of illness attributed to Alicyclobacillus.

It is known that Alicyclobacillus produces compounds that are responsi-
ble for the off odors, and the toxicological data of these compounds is
listed in Table 3-25 7% As described in section 3-6-1, the guaiacol de-
tected in juices with bad odor varies from approximately 10-200 ppb, and
the 2,6-dibromophenol and 2,6-dichlorophenol were detected at levels of
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trace to 10 ng/L 7. Many differences exist between humans and animals in
physical constitution, assimilation by respiratory and digestive tracts, bio-
chemical reactions, and other factors, therefore data obtained from animal
experiments should be regarded only as an indication of what might occur
in human subjects. However when we consider the data with respect to the
general intake of soft drinks, it is reasoned that even if beverages con-
taminated by Alicyclobacillus are consumed, there is little risk of health
problems since the consumption of odor related compounds is very low.

Table 3-25. Acute toxicity data of chemical substances related to off-flavor

produced by Alicyclobacillus species **7"
Chemicals ?;22?2: Route of exposure Type of test Dose
rat subcutaneous LDy, 900 mg/kg
mouse intravenous LDso 170 mg/kg
mouse inhalation LCso 7570 mg/m®
Guaiacol rabbit subcutaneous LDy, 1250 mg/kg
rabbit skin LDs, 4600 mg/kg
guinea pig subcutaneous LDy, 900 mg/kg
cat oral LDy, 1500 mg/kg
rat oral LD, 725 mg/kg
'2,6-Dibromophenol rat oral LDy, 22000 mg/kg
26D1chlor0phenol """" rat  intraperitoneal  LDs 390 mglkg
mouse oral LDj, 2120 mg/kg
S rat subcutaneous LDy, - 1730 mg/kg
2. 4-Dichlorophenol rat intraperitoneal LDs5, 430 mg/kg
mouse oral LDs, 1276 mg/kg
mouse intraperitoneal LDs, 153 mg/kg
246 rat  intraperitoneal  LDs 276 mglkg
[Irichlorophenol .. rat oral ... WD ... 820 mefkg
2. 4-Dibromophenol mouse oral LD, 282 mg/kg
rat oral LDsq 50 mg/kg

LDLo: Lowest Lethal Dose, The lowest dose of a substance introduced by any
route, other than inhalation, reported to have caused death in humans or ani-
mals. LD50: Lethal Dose 50, a dose which is lethal to 50 % of the animals
tested. LC50: Lethal Concentration 50, a concentration which is lethal to 50 %
of the animals tested.

Rie Yamamoto, Teiichi Suzuki
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3-6 Compounds responsible for off odor and their
mechanisms of production

As previously discussed, in fruit juice contaminated with Alicyclobacillus
there are occasional occurrences of distinctive “medicinal” or “smoky”
odors which indicate a clear correlation between the presence of these
bacteria and spoilage. The types of compounds that cause these odors and
their respective mechanisms of production are discussed below.

3-6-1 Types and characteristics of off odor compounds

A. acidoterrestris is the main cause of off odors in fruit juices and is re-
garded as a serious cause of spoilage, for the fruit juice industry. The
chemical compounds determined to be the cause of spoilage incidents and
odor formation are guaiacol, 2,6-dibromophenol and 2,6-dichlorophenol
7 Fig. 3-5 shows the structure of these compounds.

OH OH OH
OCH, Br Br cl cl

Guaiacol 2,6-Dibromophenol 2,6-Dichlorophenol

Fig. 3-5. Structures of odor compounds

Among these compounds, guaiacol is the primary and most significant
concern. Guaiacol has an acidic and characteristic “medicinal” smell. It is
possible to detect this odor at very low concentrations because the thresh-
old of sensory detection is extremely low, 1 ppb in water and 10 ppb in
orange juice. The amount of guaiacol detected in spoiled juice, varies from
10 to approximately 200 ppb, depending upon differences between strains
and growth conditions. This is much higher than the sensory thresholds.
When 4. acidoterrestris is inoculated in orange juice and stored at 25°C,
guaiacol is reported to be detected within a few days *”. Based on the ex-
perience of this author, there are cases where growth could be observed
within 1-2 days. Results obtained from an experiment carried out with 4.
acidoterrestris, indicated the generation of guaiacol was higher in orange
than apple juice, and 46°C was more favorable than 37°C for guaiacol
production ™. The species that are known to produce guaiacol are: A.
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Table 3-26. Growth of Alicyclobacillus bacteria and generation of guaiacol in acidic beverages "

A. acidiphilus A. cycloheptanicus A. herbarius

A. acidoterrestris

“A. mali”

A. acidocaldarius

TA 67" DSM 4006" cp1”

TA 3 DSM 3923

ATCC 27009"

Growth in acidic
beverages

Generation of guaiacol

from vanillin

acidoterrestris, A. acidiphilus, A. herbarius and
Alicyclobacillus sp. 2 (closely related to 4. hes-
peridum : “A. hesperidum subsp. aigle ” DSM
11985). Among these species, A. acidoterrestris
produces the highest amounts of guaiacol. There
are few reports of spoilage caused by 4. acidip-
hilus and A. herbarius ®. The ability of the re-
maining species to produce guaiacol has not yet
been observed. Table 3-26 summarizes the abil-
ity of several species of Alicyclobacillus to
grow in acidic beverages, their growth profile,
and guaiacol producing ability. As for the other
species, A. acidocaldarius, “A. mali ”, and A.
cycloheptanicus, there are strains which can
grow under experimental conditions, however
the production of guaiacol has not been detected
in any of them. On the other hand there are spe-
cies such as A. herbarius which has the ability
to produce guaiacol, yet growth has not been
observed in beverages .

The growth phase in which guaiacol is pro-
duced is not always the same, and is affected by
both the strain and temperature conditions. The
variation in viable cell number of 4. acidoter-
restris and guaiacol production in orange juice
is shown in Fig. 3-6. In this experiment,
guaiacol was not produced during the active
growth phase at temperatures of 35 or 55°C.
However, guaiacol production was initiated
when the cell number reached a steady state, or
when the cell number started to decline *".
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Fig. 3-6. Growth curve of A. acidoterrestris and guaiacol production in
100 % orange juice (Paper package) *"

2,6-Dibromphenol and 2,6-dichlorophenol are also, like guaiacol, unde-
sirable odor compounds with a “medicinal” smell. The sensory detection
thresholds of both compounds are 0.5 ng/L and 6.2 ng/L, respectively. The
values for the bromophenol group are listed in Table 3-27 7. The amount
detected in fruit juices with off odor varied up to several tens ng/L, which
is 1000 times lower than observed for guaiacol, but still at a concentration
10 times higher than the sensory limit. An example, of the detected values
is shown in Table 3-28. In all cases, 2,6-dibromophenol and
2,6-dichlorophenol were detected over the limit of sensory detection 7. It
has been reported that 2,6-dibromophenol was produced within 24 hours
when a fruit juice was inoculated with 4. acidoterrestris and stored in the
presence of oxygen at 45°C V. In addition to the two mentioned halophe-
nols, 2,4-dibromophenol and 2,4-dichlorophenol and 2,4,6-trichlorophenol
were also detected in odor tainted fruit juices, but their concentrations
were below the sensory detection limit and were not directly responsible
for the odor problem of the juice. While 4. acidoterrestis is known to pro-
duce these odor-forming compounds, it has not been confirmed whether or
not this is true in other species of Alicyclobacillus.
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Table 3-27. Flavor threshold concentrations of bromophenols water and prawn

meat ””
Water Prawn meat
Compound Threshold .. Threshold N
(ug/l) Flavour description (ue/ke) Flavour description
2-Bromophenol 3x 1072 Phenolic/iodine 2 Phenolic
4-Bromophenol 23 Phenolic nd nd
2,4-Dibromophenol 4 Phenolic nd nd
2,6-Dibromophenol 5x 10" Todoform 6x 107 Phenolic
2,4,6-Tribromophenol 6x10" Todoform nd nd

nd: Not determined.

Table 3-28. Flavour threshold concentrations of bromophenols water and
prawn meat "

2,6-dibromophenol  2,6-dichlorophenol
Sample

ng/L juice® ng/L juice”
Spoiled juice drink® 2 16
Inoculated juice drink®, incubated for 23 days at 48 °C 14 40
Aust isolate 1 inoculated in apple juice incubated for 2 2
28 days at 46 °C
Aust isolate 1 inoculated in apple juice incubated for 20 20
28 days at 46 °C
German type strain inoculated in apple juice 10 20
incubated for 28 days at 46 °C
Uninoculated juice, incubated and unincubated ND® ND®

a: Taste threshold 0.5 ng; 2,6-dibromophenol/L juice.

b: Taste threshold 30 ng; 2,6-dichlorophenol/L juice.

c: Pineapple, apple, passionfruit blend, 35 % juice.

d: Not detected. Limit of detection was around 1 ng halophenol/L juice.

3-6-2 Production mechanism of the odor compounds

Guaiacol has been investigated in detail regarding its production mecha-
nism as an odor forming compound "> ®) As shown by the metabolic
pathway in Fig. 3-7, guaiacol is produced by an oxidative reaction or by
metabolism of ferulic acid, vanillin or vanillic acid. The conversion of fer-
ulic acid to vanillin and vanillin to vanillic acid is mainly an oxidative
process, although there are some indications that an enzymatic process is
involved. Fig. 3-8 shows the oxidative pathway of vanillin from ferulic
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acid ®. Tt could be surmised that the biosynthethic pathway from ferulic
acid to vanillin has 4-vinyl-guaiacol as an intermediary compound, but
there are some reports that there is no participation of 4-vinylguaiacol in
the pathway **. Recently novel production mechanisms of guaiacol have
been reported. It is proposed that in the formation of guaiacol from vanillin
in orange juice, there is no contribution of the oxidative process and that
the enzymatic process of A. acidoterrestris is the only dominant pathway
%) Vanillin and vanillic acid are produced by many kinds of microorgan-
isms such as bacteria, fungi and yeasts, however the production of guaiacol
is observed with a very few microorganisms, mainly those from Bacillus
and some Actinomycetes *. Within Bacillus, the bacteria known to pro-
duce guaiacol are: Bacillus subtilis, B. megaterium, B. polymyxa (formally
Paenibacillus polymyxa) and B. licheniformis. Attention should be paid to
the fact that once the conditions required by Alicyclobacillus to produce
guaiacol are satisfied, other microorganisms may also cause spoilage **.

Ferulic acid Vanillin Vanilic acid Guaiacol
COOH
& CHO COOH
Oxidation Oxidation
— — —_—
OCH, Enzyme OCH, Enzyme OCH, Enzyme OCH,
OH OH OH OH
Oxidation
&
Enzyme
=z
OCH,
OH

4-vinil guaiacol

Fig. 3-7. Predictive pathway for the formation of guaiacol ™

On the other hand, the mechanism of halophenol synthesis is not yet
fully understood, although it is clear the key compounds in the biosyn-
thetic pathway are the phenolics, hydrogen peroxide, halide ion and halop-
eroxidase. It has been suggested that, once Alicyclobacillus species possess
an enzymatic system to promote halogenation of compounds, it becomes
possible to convert trace amounts of phenolic compounds, hydrogen per-
oxide and halide ions present in fruit juices into halophenols ™.
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Fig. 3-8. Proposed mechanisms for the formation of vanillin from FA in MOJ
solutions *

Recently, in Japan, it was shown that, in vitro and in orange juice, fer-
ulic acid and 4-vinylguaiacol are not the precursors of guaiacol, vanillic
acid and vanillin, and also vanillic acid is converted from vanillin only by
a bacterial enzyme which is produced by A. acidoterrestris **.

Hajime Tokuda
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Chapter 4: Parameters for detection of
Alicyclobacillus and test methods

4-1 Background

Since 1982 when incidents of deterioration due to Alicyclobacillus (later
identified as A. acidoterrestris) occurred in Germany ", more than 40 dif-
ferent test methods to detect Alicyclobacillus have been developed world-
wide. This can partly be attributed to the thermophilic and acidophilic
characteristics of Alicyclobacillus which make in vitro cultivation of the
bacteria so difficult. Sensitivity and precision varies among the methods.
Differences between the test results obtained in the country of production
and those obtained after the importation of the product, has generated
commercial conflicts. This situation is also influenced by differences
among countries in perceptions regarding thermo-acidophilic bacteria and
the commercial damage caused by them. In 2001, the IFU (International
Federation of Fruit Juice Producers, Paris, France), began international
cooperative efforts towards standardization of the methods for detecting
thermo-acidophilic bacteria (Alicyclobacillus). These efforts resulted in
publication of the “First Standard [FU-Method on the Detection Alicyclo-
bacillus in Fruit Juices” in April 2003. Later, a revision of the IFU method,
entitled “Method on the Detection of taint producing Alicyclobacillus in
Fruit Juices, revision 1” was published in September 2004 (IFU Handbook
Microbiological Methods, Method No.12).

In Japan on November 6, 2002, the Japan Fruit Juice Association (JFJA)
organized a joint meeting with beverage manufacturing companies (ten in
total) to discuss the development and adoption by the industry of a unified
method for detection of “Thermo-acidophilic bacteria (Alicyclobacillus)”.
Participants discussed factors conducive to contamination of foodstuffs by
Alicyclobacillus, and efforts to detect and control the bacteria They agreed
to adopt a unified method developed by a Working Group of the JFJA,
which started its activities in Spring, 2003. After many meetings and the
collection of a large amount of experimental data, guidelines for investi-
gating organisms belonging to the genus Alicyclobacillus were proposed.
Each of the participating companies then independently validated the
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guidelines. The results showed that there was either no difference, or an
improvement in the sensitivity of the suggested methodology compared
with the one normally used by each company. After that, on February 28th
2003, the “Unified method for detection of thermo-acidophilic bacteria”
(see 4-3) was promulgated [details are available in the Bulletin of the Juice
Producers Association, March edition (Japanese version)]. This method
was presented at the IFU - Microbiology Working Group (April 9th, 2003,
Koéln, Germany) with the aim of reaching an international alignment. Im-
provements to the approved methodology were added by this Working
Group in the Spring of 2004, and suggestions for an even simpler and
more accurate method resulted in a revision [see “4-3 Unified Method for
Detection of Thermo-acidophilic bacteria (4)”]. This revised method was
also presented at the IFU Symposium 2004 (Stuttgart, Germany), and the
Working Group is presently engaged in disseminating information on this
topic in Japan and other countries. The method was published in English
on February 23th, 2003 (details are available in the Bulletin of the Juice
Producers Association) '*. It is hoped that if the Alicyclobacillus detection
methods are unified in Japan, that in time they will also be accepted and
implemented internationally.

This book compiles the parameters which affect the detection of Alicy-
clobacillus (including some unpublished data), and introduces the “Unified
method for detection of thermo-acidophilic bacteria” developed by the
JFJA, as well as development work carried out by the IFU on the “Method
on the Detection of taint producing Alicyclobacillus in Fruit Juices, revi-
sion 1”. The present guidelines for Aliyiclobacillus detection are also dis-
cussed.

4-2 Parameters that affect the detection of Alicyclobacillus

In addition to the usual parameters of cultivation such as medium type,
temperature, growth period, pH and heat shock, the type of fruit and the
concentration of the juice play an essential role in Alicyclobacillus detec-
tion. Based on the publications available on this subject, each of these pa-
rameters will be reviewed and discussed further. The information was
verified by the JFJA, the IFU and ABECitrus (Brazilian Association for
Citrus Export).
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4-2-1 Growth medium

At present, YSG and BAT media are the most frequently utilized growth
media for the detection of Alicyclobacillus, followed by the Modified Plate
Count Agar (=mPCA), OSA, PDA, K-Agar, MEA, BAM and
Semi-synthetic medium. Less frequently utilized media include BCY,
BSSA, AAM, TYG, ALI, DTA and Modified YPGA. The geographical
distribution of the use of these media is as follows: YSG is used in Japan
and Brazil, BAT in Europe, and mPCA, OSA, PDA and K-Agar in the
United States and Australia. Comparative performance data for different
media has appeared in a number of publications. However, there is a con-
sensus that YSG and BAT media are more sensitive for the detection of
Alicyclobacillus growth. The composition of YSG medium is very simple,
however YSG medium does not have buffering capacity and therefore is
not appropriate for long term preservation of Alicyclobacillus strains be-
cause acidification of the medium occurs. The following are examples of
the comparative performance of the main media types used worldwide.

(1) Walls (now USDA Food Safety and Inspection Service) and Chuyate
from ILSI Risk Science Institute tested the capacity of K-agar,
Semi-synthetic medium and OSA to recover A. acidoterrestris spores us-
ing the Pour-Plate Technique **¥. From this study, K-agar showed the best
recovery capacity in all types of juices tested.

(Addendum) K-agar is a medium developed by Kirin Beverage Co., Ltd.
(Japan) being an abbreviation of Kirin-agar. It was observed that
Tween-80 in K-agar inhibited growth of some strains of A. acidoterrestris.
Kirin Beverage Co., Ltd. subsequently developed YSG medium with a fo-
cus on improving sensitivity to all Alicyclobacillus strains. Recent data in-
dicate that K-agar is also suitable for selective detection of A. acidoter-
restris.

(2) Fujita and Goto, members of the JFJA Working Group, evaluated the
performance of BAT agar and YSG agar (unpublished data). Results of
this work, which were included in the Working Group Technical Report of
2003, are summarized as follows. Using the “Surface Plating Technique”
no difference in growth of vegetative cells of Alicyclobacillus spp. was
observed between the media. Using the “Membrane Filter Technique”
there was almost no difference when comparing media for the recovery of
spores of Alicyclobacillus spp. using the “Membrane Filter Technique”
(Table 4-1 and Fig 4-1). However, when the “Pour Plate Technique” was
used for the recovery of spores of A. acidoterrestris, twice as many spores
were recovered on YSG agar than on BAT agar (Table 4-2). A comparison
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between Difco-base YSG agar (Bacto™ yeast extract: Code No. 212750,
soluble starch: Code No. 217820, Bacto™ agar: Code No. 214010) and
Merck-base YSG agar (yeast extract: Code No. 1.11926.1000, soluble
starch: Code No. 1.01252.0100, agar: Code No. 1.11925.1000) showed no
significant difference between these agars when vegetative cells were cul-
tured using the “Surface Plating” or “Membrane Filter Technique”. When
growth was compared using the “Pour Plating Method”, a slightly higher
number of colonies grew on the Merck-base YSG agar (Table 4-3).

Table 4-1. Growth of Alicyclobacillus species on BAT agar and YSG agar

Species Strain BAT agar YSG agar
DSM 6481 Good Good
. . . . DSM 11983 Good Good
Alicyclobacillus genomic species 1 506 Good Good
TA3 Good Good
Alicyclobacillus genomic species 2 MIH332 Good Good
ATCC 27009" Good Good
A. acidocaldarius 0J5 Good Good
MIH321 Good Good
3W Weak Good
ATCC 49025" Good Good
DSM 2498 Good Good
DSM 3923 Good Good
DSM 3924 Good Good
OR3 Good Good
B2065 Good Good
A. acidoterrestris B2066 Good Good
B2067 Good Good
RB1 Good Good
RB221 Good Good
RB253 Good Good
RB346 Good Good
RB359 Good Good
TAB-H1 Good Good
A. acidiphilus TAG7T Good Good
A. herbarius cp1” Good Weak
A. hesperidum DSM 12489 T Good Good
A. cycloheptanicus DSM 4006~ Weak Weak
A. pomorum 3A T Good Good

Growth was observed after 48 h incubation. Strains of A. acidiphilus, A. aci-
doterrestris, A. cycloheptanicus, A. hesperidum and A. pomorum were cultured
at 50 °C. Strains of Alicyclobacillus genomic species 1, Alicyclobacillus ge-
nomic species 2, A. acidocaldarius and A. herbarius were cultured at 60 °C.
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Table 4-2. Detection of A. acidoterrestris spore by pour plating method

(CFU/plate)
. BAT agar YSG agar
Strain
plate 1 plate 2  average plate 1 plate 2  average
ATCC 49025" 15 16 16 25 34 30
B2065 12 12 12 52 28 40
B2066 20 28 24 69 53 61
B2067 39 40 40 47 51 49
RB1 20 20 20 31 36 34
RB221 8 10 9 64 48 56
RB253 13 14 14 47 55 51
RB346 26 30 28 62 70 66
RB359 9 20 15 34 41 38
TAB-H1 30 38 34 34 41 38

Fifty A. acidoterrestris spores were inoculated into 20 ml of BAT agar or YSG
agar using the pour plating method. After incubation at 45 °C for 5 days, cfu
were determined.

Table 4-3. Detection of the spores of eight A. acidoterrestris strains in
Difco-based and Merck-based YSG agar

Strain Difco Merck
M-1 4.35 % 107 3.14 x 107
M-2 8.70 x 10° 9.05 x 10°
M-3 1.38 x 10° 2.05 x 10°
M-4 4.40 x 10° 8.45 x 10°
M-5 5.05 x 10” 4.70 x 10°
M-6 7.65 % 107 6.40 x 107
M-7 4.60 x 10° 1.21 x 107
M-8 1.41 x 107 1.75 % 10°

Strains of 4. acidoterrestris were cultured at 45 °C for 7 days then spores were
collected by centrifigation (3000 rpm x 10 min, twice). After heat shock treat-
ment at 70 °C for 20 min, the spore suspension was inoculated into Difco-based
and Merck-based YSG agar using the pour plating method. After incubation at
45 °C for 5 days, cfu were determined.
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A. acidoterrestris A. acidocaldarius The other TAB

YSG agar
BAT agar

Fig. 4-1. Comparison of BAT agar and YSG agar for the growth of 4. aci-
doterrestris

Each strain was spread on BAT agar and YSG agar and incubated at optimum
temperatures for 24 hours.

(3) Members of the Technical Committee of ABECitrus have tested BAT
agar and YSG agar with Alicyclobacillus isolates, using initial spore con-
centrations in orange juice of 10'-10" cfu/mL *. YSG agar was clearly
more effective for spore recovery at the 10" cfu/mL level (Fig. 4-2), but at
higher levels of inoculum there was no difference between the two media
(Fig. 4-3). In growth promotion tests, YSG agar was more effective in the
first 3 days of cultivation; however, for longer periods there was no dif-
ference between the media. In summary, YSG agar was the most effective
in regards to sensitivity, but it may have limited species selectivity.

(Addendum 1) The selectivity of the YSG medium (both solid and liquid)
is limited, because it also allows the growth of aerobic spores from aci-
dophilic or acido-tolerant bacteria such as B. subtilis and/or B. fumarioli.

(Addendum 2) YSG and BAT media are commercially available from
Merck under the codes: Code No. 1.07206.0500 (YSG agar), Code No.
1.07207.0500 (YSG broth) and Code No. 1.07904.0500 (BAT medium).
BBL distributes YSG agar ready medium (Code No. 251841).

(Addendum 3) YSG medium is recommended by the JFJA, while K-agar
in combination with BAT or YSG medium is recommended by IFU.
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Fig. 4-2. Comparison of A. acidoterrestis spores recovery from BAT and
YSG media (inoculation level: 10 CFU/ml)
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Fig. 4-3. Comparison of 4. acidoterrestis spores recovery from BAT and
YSG media (inoculation level: 100 CFU/ml)
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4-2-2 Temperature for growth

The temperature range and optimum pH for the growth of Alicyclobacillus,
grown in YSG broth are as shown in Table 4-4 7. These values differ
among strains (Table 4-5 and Fig. 4-4). The growth temperature used in
the “Unified Method for Detection of Thermo-acidophilic bacteria” is
45°C, but this is the temperature that was determined to be best for detec-
tion of A. acidoterrestris, the representative guaiacol-producing species. A
temperature of 50-55°C is suitable for detecting A. acidocaldarius and the
Alicyclobacillus genomic species 1 (Mitsuda and co-workers, unpublished
data).

In the unified methodology, growth is on YSG agar at 30°C. Under
these conditions, A. acidoterrestris, A. acidiphilus, A. cycloheptanicus and
A. hesperidum form colonies within 5 days of incubation whilst other spe-
cies do not (JFJA Working Group, unpublished data). Incubation at 45°C
allows the growth of all species.

4-2-3 Incubation period

Satisfactory growth is observed when a large amount of fresh vegetative
cells (< 1000 cell/ml) are inoculated into YSG liquid medium, and incu-
bated at the optimal growth temperature for 24 h. However, when the in-
oculum concentration is very low (> 1 cell/ml), growth will not necessarily
be detected after 24 h. Therefore the “Unified method for detection of
thermo-acidophilic bacteria” recommends including a 5-day “enrichment”.
The results of investigation of fresh orange juices using the unified meth-
odology show that 5 days enrichment was required to ensure subsequent
growth of all 4. acidoterrestris strains isolated from the range of samples
(Table 4-6).

4-2-4 pH

The pH profile and the optimal pH for the growth of Alicyclobacillus in
YSG liquid medium is shown in Table 4-7 *”. The optimal pH is within
the range of 3.5-4.5. YSG medium is pH 3.7 which was selected on the
basis of the pH of orange juice, which is close to 3.7. The growth of Alicy-
clobacillus is affected by the type of acid used for adjusting the pH. Inhibi-
tion occurs in the following order: acetic acid >> adipinic acid > lactic acid
> succinic acid. Growth was not significantly affected by fumaric acid,
L-ascorbic acid, L- malic acid or citric acid ”. For the pH adjustment of
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4-2-5 Heat shock conditions

Heat shock is applied in order to obtain a uniform germination of Alicy-
clobacillus spores. Eiroa and co-workers investigated the germination of 4.
acidoterrestris spores and concluded that a treatment of 70°C x 20 min
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was optimal for activation of spores (Table 4-9) '”. The “Unified Method
for Detection of Thermo-acidophilic bacteria” also recommends an activa-
tion period at 70°C x 20 min. Heat shock is not essential for the germina-
tion of Alicyclobacillus spores, perhaps due to the higher cultivation tem-
peratures. Heat shock synchronizes germination and eliminates other
microbial contaminants, such as yeasts and lactic acid bacteria. For this
reason, it is not necessary to conduct a heat shock treatment when a prod-
uct is tested immediately after sterilization. When a sample is tested after a
long storage period under refrigerated conditions, synchronized germina-
tion is obtained after heat shock treatment.

Table 4-8. Influence of heat shock conditions on the germination of 4. aci-
doterrestris spores "

Heat shock condition BAM agar  OSA agar
60 °C for 30 min 66 44
60 °C for 60 min 70 50
70 °C for 20 min 90 23
80 °C for 5 min 49 26
80 °C for 10 min 78 12
80 °C for 30 min <1 40
Boiling for 5 min <1 <1

Colony numbers were measured after incubation at 50 °C for 6 days.

4-2-6 Effect of concentration and the type of juice

The type of juice greatly affects the growth of Alicyclobacillus. Splitt-
stoesser and co-workers have investigated the growth of two strains of 4.
acidoterrestris-like bacteria in different types of fruit juices '". The inocu-
lated strains grew very well in apple juice, tomato juice and white grape
juice. Opposite results were observed with red grape juice, in which very
strong growth inhibition was observed (Table 4-10). Goto and co-workers
tested the growth behavior of several strains of 4. acidoterrestris in a vari-
ety of fruit juices, and have concluded that the behavior of the strains de-
pends on the type of juice and also on the source of isolation of the strains
(Table 4-11) 2.

The growth of Alicyclobacillus is also affected by the juice concentra-
tion. Members of the JFJA Working Group investigated the relationship
between the juice concentration and growth characteristics by examining
the growth profile of the bacteria in several fruit juices (Table 4-12) '
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The results showed that there was a strong correlation with the type of
juice, however even with orange juice, which showed good growth promo-
tion, there was a tendency toward complete inhibition of growth when the
juice concentration was over 50-60 % V. For juices with a high polyphe-
nol content, such as red grape juice, detection of Alicyclobacillus was dif-
ficult even when the juice concentration was over 10-20 % '¥. Based on
these results, the dilution ratio recommended in the unified methodology
for de]tgction of the thermo-acidophilic bacteria was determined (Table
4-12) 7.
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Fig. 4-4. Growth of four 4. acidoterrestris strains in 100 % orange juice

A. acidoterrestris spores (20-50 CFU/ml) were inoculated into 200 ml of or-
ange juice and then incubated at 30-55 °C for 7 days.

Table 4-12. Influence of heat shock conditions on the germination of A. aci-
doterrestris spores "

Fruit juice Dilutio ratio
Apple juice (Brix 70 %) 10 times
Orange juice (Brix 65 %) 10 times
Red grape juice (Brix 65 %) 20-50 times
White grape juice (Brix 65 %) 20 times
Carrot juice (Brix 40 %) 10 times
Lemon juice (Brix 50 %) 10 times
Grapefruit juice (Brix 55 %) 20 times
Peach juice (Brix 55 %) 10 times
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4-3 Unified method for detection of thermo-acidophilic
bacteria

A unified methodology for the detection of thermo-acidophilic bacteria has
been jointly designed by a consortium of ten beverage companies and the
JFJA. This method uses YSG medium (pH 3.7£1), with an incubation
temperature close to the common growth temperature for Alicyclobacillus
(45°C), improving the selective growth of Alicyclobacillus. For samples
that can be filtered, “Membrane Filtration Method” can be applied (4-3-1).
“Pour Plating Method” or “Spread Plating Method” can be used for sam-
ples that are not suitable for “Membrane Filtration Method” (4-3-2). Sam-
ples that are suitable for “Membrane Filtration Method” can also be tested
by “Pour Plating Method” or “Spread Plating Method”. Differentiation of
detected colonies can be verified by Peroxidase Kit (Va-YSG Medium,
Code 08900, Kyokuto Pharmaceutical Co., Ltd., Japan) and the Guaiacol
Detection Kit (Code 08920, Kyokuto Pharmaceutical Co., Ltd., Japan)
(4-3-3). Alternatively, differentiation can be carried out using the “Differ-
ential Temperature Test” (4-3-3). Target organisms which produce
guaiacol can be detected using the Peroxidase Kit (4-3-4).

Figures 4-5, 4-6 and 4-7 explain in detail the test method steps for A/i-
cyclobacillus. Basically, an analyte (usually concentrated fruit juice) is di-
luted in sterile water for the “Membrane Filtration Method” or YSG liquid
medium for other methods. The dilution varies among juice type, as shown
in Table 4-12. The sample is heat shocked at 70°C for 20 min, cooled im-
mediately and then cultured using one of the steps below (4-3-1, 4-3-2 or
4-3-4).

4-3-1 Clarified juice or syrup (liquid sugar)

Filter through a 0.45 pm membrane, transfer the membrane onto a YSG
agar surface, incubate at 45°C for 3-5 days, and then count the colonies
formed (Fig 4-5).

4-3-2 Turbid fruit juice

Pre-incubate the sample at 45°C for 3-5 days (enrichment), and then de-
termine cfu using the “Pour Plating Method” or the “Spread Plating
Method” (Fig 4-6). To determine the initial number of cells, take an ali-
quot of the sample prior to enrichment and culture it using the “Pour Plat-
ing Method” or the “Spread Plating Method”.
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| R

aw materials

v

10-100 g sample

| Sample preparation and heat treatment

A

1. Dilute sample 1:10 (or more, if necessary) with distilled water and mix well.
2. Heat at 70+1 °C for 20 min in a water bath.

y

Filtration

1. Filter the preheated sample through a sterile 0.45 pm membrane filter.

IZr‘lrcubation

A

1. Spread on YSG agar
2. Incubate at 45 °C for 3-5 days*

y

| Total TAB number |

(

A. acidoterrestris confirmation test
Differential growth temperature method or Peroxidase method)

Fig. 4-5. Standardized Membrane method for detection of thermo-acidophilic
bacilli

*1:

Recommend 5 days incubation.
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| Raw materials

10-100 g sample

y

| Sample preparation and heat treatment (*1) |

1. Dilute sample 1:10-1:50 (*2) with YSG broth and mix well.
2. Adjust sample to pH 3.5-4.0 using acid or alkali.
3. Heat sample at 70+1 °C for 20 min in a water bath.

4. Immediately cool in an ice-water bath.
A 4

| Pre-incubation |

1. Incubation temp: 45 °C
2. Incubation period: 3-5 days (*3)

r |

| AAT detection | | TAB detection
1. YSG agar plate 1. YSG agar plate
2. Incubation temp.: 30 °C 2. Incubation temp.: 45 °C
3. Incubation period: 3-5 days (*3) 1l 3 Incubation period: 3-5 days (*3)
Evaluation Evaluation
AAT positive or negative TAB positive or negative

} }

A. acidoterrestris confirmation test
(Differential growth temperature method or Peroxidase method)

Fig. 4-6. Standardized Pour plating and Spreading methods for the detection of
Thermo-Acidophilic Bacilli

In order to investigate initial numbers, test small amount of sample before

pre-incubation.
*1: Keep headspace, *2: see Table 4-14, *3: recommend 5 days incubation.
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‘ Raw materials

10-100 g sample

A 4

| Sample preparation and heat treatment (*1) |

1. Dilute sample 1:10-1:50 (*2) with YSG broth and mix well.
2. Adjust sample to pH 3.5-4.0 using acid or alkali.
3. Heat sample at 70+1 °C for 20 min in a water bath.

4. Immediately cool in an ice-water bath.
v

Pre-incubation

1. Incubation temp: 45 °C
2. Incubation period: 3-5 days (*3)

A. acidoterrestris confirmation test
(Differential growth temperature method or Peroxidase method)

Fig. 4-7. Standardized Direct detection method for thermo-acidophilic bacilli

In order to investigate initial numbers, test small amount of sample before
pre-incubation.
*1: Keep headspace, *2: see Table 4-14, *3: recommend 5 days incubation.

4-3-3 Differentiation of species

When the detection of guaiacol-producing species is required, fish colonies
with a sterile loop and perform the “Peroxidase Test” or “Differential
Temperature Method” (See “Chapter 5, Identification and differentiation
methods of Alicyclobacillus™).

4-3-4 Simplified method

After incubating the sample at 45°C for 5 days (enrichment), test the sam-
ple with the “Peroxidase Test” or the “Differential Temperature Method”,
and determine the presence or absence of guaiacol producers (Fig 4-7 and
Fig 4-8). To determine the initial number of cells, dilute an aliquot of the
sample and culture it using the “Pour Plating Method” or the “Surface
Plating Method”.

Detailed protocols for these methods are described in the Bulletin of the
Fruit lel)lice Association in 2003 March (in Japanese) %, 2003 April (in Eng-
lish) .
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1. Dilute sample with YSG broth, for dilution ratio see Table 4-14.
2. Adjust sample to pH 3.5-4.0 using acid or alkali.

3. Heat sample at 70+1 °C for 20 min in a water bath.

4. Immediately cool in an ice-water bath.

5. Incubate at 45 °C for 3-5 days.

6. Check AAT using the following method.

100 ¢ L 1. Buffer
sample/ 2. H,0, Kit reagents

3. Peroxidase

45 °C x 24hr R.T. X 10 min
) > >| Assess
Va-YSG broth AAT Other TAB
(KIT)

Fig. 4-7. Standardized thermo-acidophilic bacilli direct detection method using
a peroxidase kit

(Addendum 1) YSG liquid medium

(1) Dissolve yeast extract (2 g), glucose (1 g) and soluble starch (2 g) in
1000 mL of water, then adjust the pH to 3.7+0.1 with sulfuric acid or hy-
drochloric acid.

(2) Aliquot the medium in bottles, then autoclave (121°C x 15 min).

(Addendum 2) YSG agar medium

(1) Prepare solutions A and B and autoclave separately (121°C x 15 min).
Solution A: Dissolve yeast extract (2 g), glucose (1 g) and soluble starch
(2 g) are dissolved in 500 mL of water, then adjust the pH to 3.7+0.1 with
sulfuric acid or hydrochloric acid.
Solution B: Dissolve 15 g of agar in 500 mL water.
(2) Allow solutions A and B to cool to 50-60°C before combining. Dis-
pense medium into Petri dishes, solidify then allow the surface to dry.
*For “Pour Plating Method”, keep the medium at 50°C after mixing the
solutions.
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4-4 IFU Method on the detection of taint producing
Alicyclobacillus in fruit juices

“The IFU Method on the Detection of taint producing Alicyclobacillus in
Fruit Juices, revision 17, September 2004 was developed by the IFU
Working Group of Microbiology, and is based on the use of K-agar in
combination with BAT medium (pH 4.0) or YSG. Samples that are not
easily membrane filtered are inoculated by “Spread Plating Method” [>100
CFU/g (4-4-1)], or by performing a pre-enrichment [samples with <100
CFU/g (4-4-2)]. Analytes that can be filtered should be analyzed by the
“Membrane Filtration Method” (4-4-3). Methodologies to analyze indus-
trial products are also included [see (4-4-4) and (4-4-5)]. Differentiation is
based on the inability of Alicyclobacillus to grow on standard agar at neu-
tral pH, growth and spore production at 45°C on media at pH <4.0 (K-agar
and YSG/BAT) and growth at 65°C on YSG. Taint-producing strains of
Alicyclobacillus are unlikely to grow at 65°C (4-4-6).

Method flow diagrams are shown in Figs 4-9, 4-10, 4-11, 4-12 and 4-13.
The outline of the test is as follows: the analyte is diluted 10-fold with an
appropriate diluent, heat shock treated at 80°C for 10 min and then imme-
diately cooled to 40-45°C This pre-treatment flow is common to the other
samples. According to the species of the bacteria or the expected microbial
count, the test method can be selected from 4-4-1, 4-4-2 or 4-4-3. Finished
processed products are assayed using conditions given in 4-4-4 or 4-4-5.

For further details see revision 1 (September 2004) of the [FU method.

4-4-1 Juice concentrates and other raw materials that can not
be easily membrane filtered (>100 CFU/g)

0.1 mL of sample is spread on K-agar and on YSG or BAT agar, and then
incubated for 2-5 days at 45+1°C (Fig. 4-9).

4-4-2 Juice concentrates and other raw materials that can not
be easily membrane filtered (<100 CFU/g)

Incubate the sample at 45£1°C for 5 days (enrichment). After 2 days of
enrichment an aliquot of 0.1 mL is spread plated on K-agar and YSG or
BAT agar and incubated for 2 days at 45+1°C. If there is no growth on
these plates, repeat after 5 days of enrichment using fresh plates (Fig.
4-10).
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4-4-3 Juice concentrates and other raw materials that can be
membrane filtered

Filter sub-samples of the sample through a 0.45 pm pore size membrane.
Lay the filter on the surface of K-agar and YSG or BAT agar, and incubate
at 45+1°C for 2-5 days (Fig. 4-11).

4-4-4 Final products directly after processing

Incubate the product in its original container at 45°C for 7 days, then
spread plate a sample on K-agar and YSG or BAT agar surface and incu-
bate at 45+1°C for 2-5 days (Fig. 4-12).

4-4-5 Final products taken from the market

Inoculate 0.1 mL of the product onto K-agar and YSG or BAT medium
agar, and incubate at 45+£1°C for 2-5 days (Fig. 4-13). If necessary,
pre-enrich samples at 45+1°C for 7 days.

4-4-6 Confirmation tests

See revision 1 (September 2004) of the IFU method:

- Examine colonies growing on K agar, YSG agar and BAT agar. Select a
representative number of each colony type on which to conduct confirma-
tory tests.

Note: YSG and BAT medium support the growth of all known species of
Alicyclobacillus. It is therefore likely that a broader range of colony types
will be visible on these media compared to K agar.

- From each selected colony, streak a portion onto one K agar plate, one
plate containing neutral pH medium (e.g. plate count agar, tryptic soy agar
or brain heart infusion agar) and two YSG agar plates. Incubate the plate
containing neutral pH medium, K agar and one YSG plate at 45+1°C for
3-5 days. Incubate the second YSG plate at 65+1°C for 2-3 days.

- Inspect plates for growth. There should be no growth on the neutral pH
medium. If growth is observed on this medium, record the result as nega-
tive for Alicyclobacillus.

- Examine colonies on K agar for the presence of spores by examining a
wet mount with phase contrast microscopy, or perform a spore stain. If

72



Chapter 4: Parameters for detection of Alicyclobacillus

there is no growth on K agar, growth should be observed on YSG agar.
Spore formation may not occur on YSG agar, so spore formation on an ad-
ditional medium such as BAT agar may be required, preferably at pH <4.0
to exclude other acid-tolerant spore-forming bacteria such as Bacillus co-
agulans.

- Examine the YSG plate incubated at 65°C. Taint producing strains of
Alicyclobacillus are unlikely to grow at 65°C. If growth is observed, record
the result as negative for presumptive taint producing Alicyclobacillus.

- Record colonies that produce spores at pH 3.7 and do not grow at pH
>6.0 as presumptive Alicyclobacillus. Those that do not grow at 65°C are
presumptive taint producing Alicyclobacillus.

(Addendum) BAT agar

(1) Prepare solutions A and B, and autoclave separately (121°C % 15min).
Solution A: CaCl,*2H,0 (0.25 g), MgS0O4+7H,0 (0.50 g), (NH4),SO,
(0.20 g), KH,PO, (3.0 g), yeast extract (2.0 g), glucose (5.0 g), Trace Min-
erals Solution* 1 ml are dissolved in 500 mL water, and adjusted to pH 4.0
with 1N H,SO, or 1N NaOH.
*Trace Minerals Solution for Solution A: CaCl,2H,0 (0.66 g),
ZnSO47H,0 (0.18 g), CuSO45H,0 (0.16 g), MnSO,H,O (0.15 g),
CoCly*5H,0 (0.18 g), H;BO;5 (0.10 g), Na,M0oO4*2H,0 (0.30 g) are dis-
solved in 1 L water then sterilized at 121°C for 15 min. This solution can
be stored at 4°C.
Solution B: Dissolve agar (15-20 g) in 500 mL water. Sterilize by auto-
claving at 121°C for 15 min.
(3) Allows solutions A and B to cool to 50°C before combining. Dispense
medium into petri dishes, solidify then allow the surface to dry.
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4-5 Guidelines for Alicyclobacillus

Guidelines relating to Alicyclobacillus detection are not defined interna-
tionally or within Japan. 4. acidoterrestris is considered the most impor-
tant species for quality control purposes in Japan. However, other mem-
bers of the Alicyclobacillus genus can produce guaiacol and cause
deterioration of manufactured foodstuffs. Accordingly, methods for the
detection of all species need to be defined for routine use. Spoilage may
occur from a single spore in a 500 mL bottle '¥, meaning detection meth-
ods must be extremely sensitive. The characteristics of growth varies
among juice types and according to the species and strain (Table 4-15).
The IFU has determined taint- producing Alicyclobacillus to be the main
target organism.

Keiichi Goto
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Chapter 5: Differentiation and identification of
Alicyclobacillus species

5-1 Introduction

Over the past few years, various methods have been developed for the dif-
ferentiation and identification of Alicyclobacillus. These methods are de-
scribed in sections 5-2 to 5-13. The details of each method are provided
however the methods differ slightly from each other in sensitivity and per-
formance. Therefore it is very important to have a clear idea of the desired
objective before selecting the analytical method to be applied. For exam-
ple, the peroxidase method is effective for the detection of guaiacol and the
differentiation of guaiacol producing species (5-2). The 16S rRNA gene
(16S rDNA) sequence comparison method is effective for species identifi-
cation (5-4), and ribotyping is the preferred method for identification at the
strain level (5-7).

Prompt evaluation of the samples and measures to avoid cross contami-
nation are essential in order to perform proper differentiation and identifi-
cation of the species. When the vegetative cells are healthy, it is easier to
isolate the target bacteria. However, when a long period of time (more than
10 days at 4°C or 45°C) has elapsed after active growth, the cell count will
be extremely low (or cells may become completely inactive or dead). In
such cases, isolation of viable cells will be very difficult or impossible.
Also, when other microorganisms are present (such as from secondary
contamination after opening the container), the process of isolation be-
comes more difficult. In these cases, if the spores are still viable, a heat
shock step can be used for selective recovery. If the spores are dead, the
best way to evaluate the sample is to detect the off flavor components
(guaiacol and other phenolic components) in the spoiled product by using
the peroxidase method or gas chromatography.
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5-2 Peroxidase method

The Peroxidase method, which was developed by Niwa and co-workers in
Japan (Kirin Beverage Corp.) in 2002, is based on the detection of
guaiacol produced by 4. acidoterrestris and the other guaiacol producers,
by means of an enzymatic methodology ". This is very useful for differen-
tiation of colonies on an agar plate. It is also very handy to differentiate
guaiacol producing species when used in combination with other routine
tests such as the unified method for the detection of TAB (see 4-3 the Uni-
fied Method of Japan Fruit Juice Association). This method can also be
used for the analysis of other non-Alicyclobacillus guaiacol producers such
as Bacillus subtilis ®.

The principle of the method is as follows: guaiacol is produced through
the metabolism of vanillic acid (precursor of guaiacol) by A. acidoter-
restris and the other guaiacol producers in the detection medium. Four
molecules of guaiacol are converted into tetraguaiacol in the presence of
H,O, and peroxidase (Fig. 5-1). Measurement of the OD 70, allows for the
quantitative determination of tetraguaiacol (when values are over 0.1 in
relation to the control, or by observing the difference in the browning of
the suspension). A diagram of the analytical method is shown in Fig. 5-2.
To obtain conclusive results, it is best to use several fresh colonies for the
inoculation. Recently, this test has been commercialized in the form of an
analysis kit by Kyokuto Pharmaceutical Co., Ltd. (Japan). Use of this kit
can reduce the work necessary to adjust and validate the medium and other
reagents.

guaiacol guaiacol *
HZOZ
peroxidase = compound I ¥ compound II
compound II+ ¢+ * guaiacol peroxidase
guaiacol

4 X guaiacol* = tetraguaiacol (brownish composition)

Fig. 5-1. Principal of peroxidase method
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(A) Step
1. Buffer
100 ul/’ r 2. H KIT
0 3. Perox1dase
45 °C x 24hr R.T. x 10 min
> Judge
Va-YSG broth
(KIT)
(B) Result AAT Other TAB

Fig. 5-2. Detection of guaiacol producing species using colony by peroxidase
method

5-3 Method on the difference of growth temperature

This method is based on the fact that 4. acidoterrestris has a relatively low
optimum temperature for growth, when compared to the other Alicycloba-
cillus species. This method allows for differentiation among the 4. acido-
caldarius group and the A. acidoterrestris group (including A. acidiphilus
and A. hesperidum), within a period of 24 hours.

In practice, the method consists of smearing a loopful of a colony, or a
mixture of colonies onto two YSG agar plates, incubating one plate at
45°C and the other at 65°C and observing their growth after 18-20 h (see
Fig. 5-3). The interpretation of the results would be as follows (see Fig.
5-4):

1. Clear colony growth at 45°C, and no observation of growth at 65°C:
positive for 4. acidoterrestris.

2. No colony growth at 45°C, and observation of growth at 65°C: negative
for A. acidoterrestris and positive for the 4. acidocaldarius group.
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3. Clear colony growth at both 45°C and 65°C: positive for A. acidoter-
restris and also positive for the A. acidocaldarius group (this means both
species are present in the sample).

4. No colony growth observed at either temperature: negative for 4. aci-
doterrestris and positive for 4. acidocaldarius group (mainly Alicycloba-
cillus genomic species 1).

The group comprised of A. acidiphilus, A. cycloheptanicus and A. hes-
peridum exhibits the same behavior as A. acidoterrestris. However, A.
cycloheptanicus and a part of A. hesperidum do not produce guaiacol. The
main guaiacol producers are included, so we may conclude that from a
quality standpoint this would not affect the result (since the isolation of 4.
herbarius is very rare, this strain was excluded from the present list of
quality control indicators).

YSG agar plate

Desirable incubation
45°C time: 18-20 hours. 65°C

Fig. 5-3. Step of differential temperature method

Fig. 5-4. Colony formation pattern in differential temperature method
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5-4 Method of 16S rDNA sequencing

This method is based on the differences present in the nucleotide sequence
of 16S rDNA, especially the hypervariable (HV) region of 16S rDNA
(about 300 bp), among Alicyclobacillus species. It is important to work
with an isolated and pure colony. Presently this is the most accurate and
reliable technique for identification at the species level >

From a practical point of view, (limited to the HV region analysis), the
isolated pure culture is cultivated on YSG medium for 24 h, and DNA is
extracted from one loopful of a colony using commercially available kits.
Using a specific primer for the HV region amplification, the fragment is
amplified by PCR. The sequencing reaction is performed using the ampli-
fied fragment and the nucleotide sequence of the HV region is determined.
Finally, a search of similar sequences is performed using the Blast System
of the National Genome Research Gene Bank (DDBIJ:
http://www.ddbj.nig.ac.jp/), National Center for Biotechnology Informa-
tion (NCBI: http://www.ncbi.nlm.nih.gov/) and European Bioinformatics
Institute (EMBL: http://www.ebi.ac.uk/embl/), and based on these results
the most similar species is chosen.

Applied Biosystems (USA) has recently been commercializing a com-
plete kit for this analysis and database. The time required for this analysis
for several strains is at least 12 h (depending on the number of strains).
The phylogenetic tree constructed from the results obtained using this tool
is shown in Fig. 5-5. By constructing phylogenetic trees like this, it is pos-
sible to define similarity proximity, allocating each species to a position in
relation to the other species, even new species. The positive aspect of this
method is its applicability for the identification of Alicyclobacillus as well
for the other bacteria ®®. The general scheme for this method is presented
in Fig. 5-6.

Colony DNA preparation Amplification reaction
54 an 35
- Shsiy
! \

PCR
DNA sequencer
PCR
=4 RY
Homology search Electrophoresis Sequencing reaction

Fig. 5-6. Step of 16S rDNA analysis method
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0.02 10 098 A. kakegawaensis 5-A83JT
100 A. kakegawaensis 5-A16TN
A. shizuokaensis 4-A336T
A. herbarius CP1T
A. macrosporangidus 5A239-20-AT
A. disulfidooxidans DSM 12064
A. tolerans DSM 162977
A. eycloheptanicus DSM 40067
100; A, contaminans E-8
A. contaminans 3-A191T
100 A. pomorum 3AT
90 - A. sendaiensis JCM11817T
Alicyclobacillus genomic species 2 MTH332
Alicyclobacillus genomic species 1 DSM 11984
100 A. acidocaldarius subsp. acidocaldarius ATCC 270097
97" A. acidocaldarius subsp. rittmannii DSM 11297T
—— A.vulcanalis DSM 161767
oo | 100 [ A. hesperidum DSM 12489T
A. saccharis RB718T
99 95— A. acidoterrestris ATCC 490257
-| E A. fastidiosus S-TABT
68 A. acidiphilus TA6TT
B. subtilisTAM 121187

Fig. 5-5. Phylogenetic tree (constructed using the maximum parsimony
method) of Alicyclobacillus species and related species based on 16S rDNA

Bacillus subtilis IAM 12118" was served as outgroup. The final dataset in-
cluded 1468 unambiguously aligned sites. Numbers represent percentages
from 1000 replicate bootstrap samplings (frequencies of less than 70 % are
not shown). Bar, 0.02 substitutions per nucleotide position.

5-5 RAPD method

The Random Amplified Polymorphic DNA (RAPD) method is a PCR
based method, comprised of fingerprinting using single or multiple oli-
gonucleotides as the primers *. The main aspect of this technique is that,
by using a short primer of approximately 10 bases, multiple fragments can
be randomly amplified, and the profile of this amplification can determine
the pattern of the species or even subspecies. Yamazaki and co-workers
(Hokkaido University) utilized this technique for the detection of A. aci-
doterrestris, and have published an account using 3 different primers, to
easily differentiate A. acidoterrestris from the other Alicyclobacillus '
This method was affected by the purity and concentration of the DNA and
by the type of enzymes and apparatus used and therefore demonstrated
poor reproducibility. Further improvements are needed to standardize the
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method and harmonize these conditions. The method showed a similar
performance to the ribotyping analysis, and has proven handy to determine
similarity among different strains.

5-6 Amplification of the GyrB gene (gyrB)

The gyrB is a gene encoding the different topological forms of DNA, and
is widely distributed among living organisms. Regarding the nucleotide
sequence variability, gyrB (average similarity within Alicyclobacillus spe-
cies: 77.2 %) is less conserved than 16S rDNA (average similarity within
Alicyclobacillus species: 94.5 %), thus it enables a more refined differen-
tiation among the DNA sequences . Just like 16S rDNA, it can be used
to determine the nucleotide sequence and identify and differentiate the
species. Recently a method using an easier and more specific primer has
been developed '". Basically the method consists of using the chromoso-
mal DNA extracted from colonies as a template, performing a PCR reac-
tion using a specific primer for the genus Alicyclobacillus or A. acidoter-
restris, and detecting the difference between the reaction products by gel
electrophoresis. An example of the method is shown in Fig. 5-7. Positive
aspects of this method are the utilization of a low cost, common apparatus
in the laboratory and a required time of approximately 5 hours to get the
results. The gyrB method can also be used for techniques that were devel-
oped for 16S rDNA, such as the RT-PCR method ' and the Lamp
(Loop-mediated Isothermal Amplification) method '¥. For details about
the RT-PCR method and the Lamp method, please consult the original ar-

ticle '¥.

5-7 Ribotyping

This method consists of extracting chromosomal DNA from the colonies,
treating them with restriction enzymes, isolating the fragments by gel elec-
trophoresis, transferring them onto a membrane, and performing a southern
hybridization with a standard ribosomal DNA. The pattern obtained is im-
age analyzed to establish the relationship among species. This method al-
lows for the identification of the different strains, however, it is difficult to
determine the genus and species '*. In this method, a simple microbial cul-
tivation is prepared and all the subsequent steps can be automated, making
the entire process very easy. The required time for analysis is 8 hours, but
the equipment (Qualicon Riboprinter-TM, commercialized by Takara Bio-
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tech Co. in Japan and by DuPont Qualicon in USA) is relatively expensive
and the database is still not well constructed (it is possible to construct

your own database). These are some points to be considered and that need
to be addressed in future development work.
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Fig. 5-7. Gel electrophoresis patterns of the PCR products of Alicyclobacillus
spp. using 6 primer sets specific to 4. acidoterrestris

M: Marker, Lane 1: Primer set of PF1 & PR2, Lane 2: PF1 & PRI, Lane 3:
PF3 & PR2, Lane 4: PF3 & PR1, Lane 5: PF4 & PR2, Lane 6: PF4 & PR1.
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5-8 w-Cyclic fatty acids analysis

This method is based on gas chromatography analysis of the unique
o-cyclic fatty acids, found in Alicyclobacillus *'. Using this method it is
possible to identify Alicyclobacillus at the genus level. The determination
of the chain size of the detected main fatty acid allows grouping at the
species level. A. cycloheptanicus, A. herbarius, A. kakegawaensis and A.
shizuokaensis possess o-cycloheptil type fatty acid * '® and the others
possess the w-cyclohexil type fatty acid. Exception to this are, 4. po-
morum, A. contaminans and A. macrosporangidus which do not contain
wo-cyclic fatty acids, so they are excluded from detection by this method-
ology. Other microorganisms that possess w-cyclic fatty acid are Curto-
bacterium sp. 7, Propionibacterium sp. '® and Sulfobacillus spp. '*, but
the content of this fatty acid in Alicyclobacillus is more than 50 % of the
total fatty acids, allowing for an easy differentiation from the other mi-
crooorganisms. This method does not permit identification at the species
level.

5-9 VIT method

The VIT method (Vermicon Identification Technology, German) is based
on the use of gene probes labeled with fluorescent radicals for the detec-
tion of the genus Alicyclobacillus or specifically A. acidoterrestris *°.
Through a selective reaction between these probes and the unknown Alicy-
clobacillus, it is possible to visualize the cells directly under a fluorescence
microscope. A. acidoterrestris exhibits a red fluorescence and the remain-
ing Alicyclobacillus species emit green fluorescence. The positive aspect
of this method is that the procedure is simple and when a sufficient number
of cells are present, the result is obtained in few hours (in the case of too
few cells, an enrichment step is needed).

5-10 Sensory evaluation of guaiacol

This method is based on the metabolic ability of Alicyclobacillus species to
convert vanillin into guaiacol through vanillic acid. Basically, the target
colony is inoculated into a broth (such as YSG broth) supplemented with
vanillin, a precursor of guaiacol. The inoculated broth is incubated under
appropriated conditions and the presence/absence of guaiacol is deter-
mined by sensory analysis *". This method is extremely simple but the
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odor of guaiacol can be masked by the odor of the medium, therefore ap-
propriate training is required.

When YSG broth is used as the basal composition, it is recommended
the broth be diluted 2-4 fold with sterile distilled water. This reduces the
odor of the yeast extract (it is also recommended to distribute the broth in
test tubes for evaluation). The appropriate concentration of vanillin for this
evaluation is approximately 1-10 ppm, because the evaluation becomes
difficult if the concentration is over or under this range. The precision of
the evaluation is increased when the amount of fresh cells is as large as
possible, followed by a cultivation for 48-96 h at 50°C.

5-11 Detection of guaiacol

This method determines for the presence of guaiacol producing microor-
ganisms in the sample by qualitative or quantitative determination of
guaiacol. The amount of guaiacol in a sample is often very low, thus re-
quiring a method that allows for an accurate determination on the order of
1 ppb. Besides guaiacol, 2,6-dibromophenol or 2,6-dichlorophenol can
also be used as indicators *?, however their threshold is around 1000 times
lower than guaiacol, and an even more sensitive method is required.

In practice, solid phase microextraction (SPME) and GC-MS can be
used, and by selecting an appropriate internal standard, it is possible to de-
tect 0.5 pg/L of guaiacol *).

5-12 SensiMedia methodology

This method is based on the detection of carbon dioxide (CO,) produced
by Alicyclobacillus during their active growth phase. Microbio Co. (Japan)
has commercialized a device using liquid media coupled with a carbon di-
oxide sensor (SensiMedia for Alicyclobacillus and SensiMedia for A. aci-
doterrestris). The use of this media allows for differentiation of A. aci-
doterrestris, A. acidocaldarius and A. cycloheptanicus.

The sample is inoculated into the above media, and if a single living cell
is present in the inoculated sample, the carbon dioxide sensor will change
from dark blue to transparent and colorless. After cultivation, a specific
reagent is added for the differentiation of A. acidoterrestris. If positive the
color will be light blue or colorless. If negative the color will remain unal-
tered (blue) **.
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5-13 Assimilation of erythritol

This method is based on information provided by Baumgart in 1997, that
A. acidoterrestris is the only species among Alicyclobacillus species that
assimilates erythritol, with acid production *.

Plates are prepared with BAM medium supplemented with 10 g/L
erythritol and 0.015 g/L bromphenol blue as an indicator. Samples (colo-
nies or broth cultures) are streaked onto two plates, one plate being incu-
bated at 46°C and the other at 60°C, for a period of 3 days. If the color
surrounding the colonies becomes yellow, the test is positive for 4. aci-
doterrestris, and if the color remains unaltered (blue), the result is negative
for A. acidoterrestris. This test is also possible using liquid media.

Basically, the technique is the same as API 50CH. Since some erythri-
tol-negative strains have been isolated, there is the possibility of a
false-negative response.

Keiichi Goto
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Chapter 6: Growth Profile of Alicyclobacillus in
Fruit Juices

6-1 Introduction

Since the discovery of Alicyclobacillus as the odor-producing agent in fruit
juice, and with the development of more sensitive and reliable methodolo-
gies for its detection, the behavior of Alicyclobacillus in fruit juices is
gradually becoming clearer. To date, it is known that the growth of Alicy-
clobacillus in fruit juices can be directly or indirectly influenced by tem-
perature, pH and available oxygen (redox potential). In addition, other
factors that can impact growth are the type and amount of nutrients present
and naturally occurring antimicrobial compounds present in the juice. In
this chapter, these factors will be discussed in detail.

6-2 Differences in Alicyclobacillus species

Not all species of Alicyclobacillus grow in fruit juices under normal envi-
ronmental conditions, as discussed in Chapter 4. Some species, such as 4.
acidoterrestris, A. hesperidum and A. acidiphilus, can grow in soft drink
products containing fruit juice. Depending on the type of product and the
storage temperature (50-60°C) A. acidocaldarius and “A. mali ” may also
occasionally grow, although however, the degree of growth is low. The
growth of other Alicyclobacillus species in soft drinks has not yet been re-
ported.

As presented in Table 6-1 ", a wide range of differences was recognized
in the growth characteristics among strains of 4. acidoterrestris isolated
from various fruit juices. Although all of these strains were identified as 4.
acidoterrestris species at the taxonomic level, some strains grew very well
in orange juice but not in lemon juice or grapefruit juice. On the other
hand, other strains showed different behavior. This observation of the rela-
tionship between the strain and the type of juices in which it can grow is an
interesting point from an academic perspective. However, much care must
be taken with strains isolated from raw materials or from the industrial en-
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vironment, especially while their harmfulness is being evaluated in a
product.

Table 6-1. Growth of 4. acidoterrestris in various fruit juices "

Strain B2065 B2066 Bzog7 RB1 L0 M Mo KEoTAD
30% apple + + + + + + +
30% orange + + + + + + +
100% mix-juice + + + + + + + + +
30% lemon + + + + +

30% grapefruit + + + + + + +

Incubation temperature: 35 °C, inoculum level: 10> CFU/mL, aerobic condition,
incubation period; 2 weeks.

B2065-B2067: isolated from apple juice, RB1, RB253 and RB346: isolated
from orange juice, RB221: isolated from isotonic drink, RB359: isolated from
mango juice, TAB H1: isolated from pineapple juice. +: Growth, -: no growth.
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Fig. 6-1. Growth of four A. acidoterrestris strains in 100 % orange juice
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A. acidoterrestris spores (20-50 CFU/ml) were inoculated into 200 ml of or-
ange juice and then incubated at 30-55 °C for 7 days.
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The growth profiles of A. acidoterrestris strains at different tempera-
tures are compiled in Fig. 6-1. Growth was not observed for any of the
strains at temperatures close to the maximum limit (55°C). However, at
lower temperatures great variability among the strains was observed . It is
likely that these differences are due to different sensitivities to both tem-
perature and antimicrobial compounds present in the juices. In general, a
strain isolated from a fruit juice grows well in that juice.

6-3 Effects of temperature

The temperature for growth of Alicyclobacillus species is within a range
from 20°C to 70°C. For A. acidoterrestris, a species particularly known for
its ability to cause undesirable odor (guaiacol) in soft drinks, the tempera-
ture range for growth is 20-55°C ". In culture media, growth at tempera-
tures closer to the extremes of this range is very slow, requiring up to sev-
eral weeks to detect observable growth *. Similar behavior is also
observed when fruit juices is the growth medium. Table 6-2 shows the re-
lationship between the growth of A. acidoterrestris and incubation tem-
perature when spores were inoculated into different fruit juices. The results
showed no detectable growth was observed in orange, apple or other
non-carbonated fruit juices when stored at 4°C. However, when stored at
25, 35 and 45°C, an incremental increase in the cell count of 100 to
10000-fold was observed. With increasing cell numbers odor formation
was detected in greater numbers of samples. Guaiacol was detected in all
of the spoiled samples ». In Japan, the growth profile of a
thermo-acidophilic bacterial strain isolated from apple juice was investi-
gated in juices, having from 70-100 % apple content. As shown in Fig 6-2,
growth was observed at 35 and 45°C within a short period of time. How-
ever, growth was not detected at 25°C even after storage for 20 days .
This suggests that if the products are kept at room temperature, the possi-
bility of deterioration is very low, in the presence of this Alicyclobacillus
strain. Some authors have reported that in orange, grape and grapefruit
juices growth was not detected even at 35 and 45°C. It is well known that
the high polyphenol content in grape and apple juice, does inhibit the
growth of Alicyclobacillus. This will be discussed in further detail later.
Reports of growth in orange and other fruit juices have become increas-
ingly common, yet as shown in Table 6-3, the variation in growth behavior
in fruit juices has been shown to be very dependent on the Alicyclobacillus
strain used. Therefore it must be kept in mind that the results of investiga-
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tional studies may be greatly influenced by the strain utilized in these
studies.

100 % apple juice (35 °C storage)
100 % apple juice (45 °C storage)
70 % apple juice (45 °C storage)

107

70 % apple juice (35 °C storage)

Log CFU/ml

100 % apple juice (25 °C storage)
Orange, grape, grapefruit etc.
(25, 35 and 45 °C storage)

10!

10 20 (days)

Fig. 6-2. Growth pattern of A. acidoterrestris in various fruit juices >

The inoculated strain derived from apple juice.

6-4 Effects of the redox potential and available oxygen

Alicyclobacillus are strictly aerobic bacteria and so we can predict their
growth in fruit juice will be clearly affected by the amount of dissolved
oxygen and the redox potential of the juice.

As shown in Fig. 6-3 the growth characteristics of A. acidoterrestris are
greatly modified when ascorbic acid is added to apple juice resulting in a
lower redox potential; the growth of the bacteria is completely inhibited at
a concentration of more than 15 mg/100 mL ascorbic acid *.

Dissolved oxygen in the juice is greatly affected by the oxygen concen-
tration in the headspace of the filled container. As shown in Fig. 6-4, when
fruit juices (apple and orange) are bottled without leaving any headspace
or, alternatively, when the headspace is replaced by a N,/CO, gas mixture
with 0.84 % residual oxygen, the growth of 4. acidoterrestris is com-
pletely inhibited in both cases. The effect of the headspace oxygen level on
the growth profile of 4. acidoterrestris differs with juice type. In the case
of orange juice, growth was still observed with 0.1 % residual oxygen, as
shown in Fig. 6-5. However, the fact that growth remains controlled with
0.84 % oxygen concentration, as shown in Fig. 6-4, is believed to be due to
CO, acting as a bacteriostat in a synergistic mode of action. On the other
hand, in the case of apple juice and white grape juice, 0.1 % residual oxy-
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gen suppresses the growth of the bacteria >. There is also a recent report
on the effect of intermittent shaking headspace and temperature on the
growth of 4. acidoterrestris in apple juice .

Table 6-2. The growth of Alicyclobacillus acidoterrestris, detection of taint
and production of guaiacol in orange juice, apple juice and non-carbonated

fruit juice-containing drinks *
Temperature Incubation time Count . Guaiacol
Produced Sensory tainted
() (day) CFU/ml (ppb)
4 0 100 No NT
______________________ 21 ....600 __ No NI
0 100 No NT
25 1 8x10° No NT
_______________________ 6 .. &10° _  Nes 141
Orange juice 0 100 No NT
35 1 2x10* No NT
_______________________ 6 _....baot o Nes 133
0 100 No NT
44 1 3x10* No NT
______________________________________ 6 . 8¥20°  Nes .12
4 0 100 No NT
______________________ 21 _...<100  No NI
0 100 No NT
95 1 8x10° No NT
6 6x10* No NT
Apple juice 10 2x107 ] Yes .1 116
0 100 No NT
35 1 6x10* No NT
_______________________ 6 _...3a0°  Nes 173
0 100 No NT
44 1 3x10* No NT
______________________________________ 6 .20 Nes 337
4 0 100 No NT
Non- 13 60 No NT
carbonated - =====or e o 00 No NT
fruit juice- 35 -
COMEAIMING  ~mcmmmmmmmmmmcmmmmcmme 3 . 1X10° . Yes ___.....323
drink 44 0 100 NO NT
3 1x10° Yes 100-8

NT: not tested.

The type of container material also affects the dissolved oxygen in the
juice. Therefore it is easily deduced that the type of material used for the
container also affects growth. The growth characteristics of 4. acidocal-
darius (the strain was described as A. acidocaldarius in the reference ?,

but it might actually be A. acidoterrestris because this strain produced

96



Chapter 6: Growth Profile of Alicyclobacillus in Fruit Juices

guaiacol) inoculated in Valencia orange juice in a paper carton, incubated
at 35°C, were observed. There was very weak growth when the paper pack
was internally coated with aluminum, but deterioration was observed
within 2 days in the absence of this coating. On the other hand, slight
growth was detected when the juice was packaged in aluminum cans, but
the growth never exceeded 100-fold, and there was no alteration in ap-
pearance, odor or pH value. Since oxygen permeation was almost
non-existent in the situations described, it is thought that only the oxygen
remaining after the filling process can be used for growth of the microor-
ganisms.

RB221 RB253 RB346 RB359 TAB H1
+
=+
+
+
+

A. acidoterrestris strain
RB1
+
+
+
+

B2065-B2067: isolated from apple juice, RB1, RB253 and RB346: isolated from orange juice,
RB221: isolated from isotonic drink, RB359: isolated from mango juice, TAB HI: isolated from
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Fig. 6-3. Growth pattern of A. acidoterrestris DSM 2498 in ascorbic acid
added apple juices under aerobic condition (35 °C) ¥

—@— apple juice-no headspace

Log CFU/ml

(days)

Fig. 6-4. Growth pattern of A. acidoterrestris DSM 2498 in various filling
conditions (30 °C) >
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Fig. 6-5. Growth pattern of 4. acidoterrestris DSM 2498 in various O, condi-
tions (35 °C) ¥

6-5 Effects of the composition of the fruit juice and the
origin of the raw material

The growth behavior of Alicyclobacillus species is greatly affected by the
juice type. The growth characteristics of Alicyclobacillus species were
compared in different types of fruit juices, as shown in Table 6-4 7. The
growth was most easily observed in tomato, followed by apple and orange
juices. The pH of tomato juice is approximately 4, and in the case of the
other juices the pH is approximately 3.5, a value near the lower limit of the
range for Alicyclobacillus. The lower solids content in tomato juice may
also impact growth in this juice. Growth was not detected in the following
mixed juices: apple/orange/pineapple, apple/raspberry/grape and cranberry
cocktail. This may be because these juices have a very low pH, of 2.5-3.0.
The same type of study was carried out with A. acidoterrestris *, and these
results are presented in Table 6-5. The growth of A. acidoterrestris is
strongly affected by the source of juice, with growth being observed in
grapefruit, apple, orange, pear, white grape and tomato; but not in ap-
ple-cranberry, 10 % fruit juices , pineapple juice and salsa. This could be
attributed to the possibility that inhibitory compounds exists in some of the
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components of these juices and inhibit either germination of the spores or
growth of the cells.

Table 6-4. Growth of heat-activated VF and WAC spores in various commer-
cial fruit-juice beverages ”

Growth* Log N/N,

Juice Brix% pH
VF WAC
Apple, brand A 11.4 3.5 1.3 1.8
brand B 11 3.5 1.1 1.6
Apple-grape-cherry blend 14.8 3 -1.4 -0.9
Apple-orange-pineapple 14.8 2.9 -0.1 0.3
Apple-rasberry-grape 12.2 2.8 -1.5 -1.1
Apple-red grape 12.4 3.7 -0.4 -1
Granberry cocktail 14 2.4 -1.4 -1.3
Grape red, brand A 15.8 3.3 -0.7 -0.7
brand B 13.6 2.9 -1.2 -1.5
Grape-apple-cherry blend 12.4 3.7 0.7 -0.8
Grapefruit 10.4 3.2 0.3 -1.3
Orange 12 3.6 1.2 -0.8
Pineapple 13.4 3.3 0.4 -0.7
Pineapple-orange 12.8 3.4 0.3 -0.6
Prune 18.8 3.7 -0.6 -0.1
Tomato 7 4 2.3 2.4
Tropical fruit blend 13.6 3.7 1.2 -1.3

*: Two-days incubation at 43 °C.

Table 6-5. Spoilage of juices by 4. acidoterrestris

.. Initial Brix%/total
Product Initial pH solubule solids Growth

Apple cranberry juice 2.67 14.2

10% fruit juice 2.97 11.8 -
Grapefruit juice 3.28 10.0 + (slowly)
Apple juice 3.47 11.6 +
Pineapple juice 3.61 13.0

Orange juice 3.66 11.4 +
Pear juice 3.82 12.4 +
White grape juice 3.87 16.2 +
Salsa 3.92 12.5 TSS -
Tomato juice 4.27 6.1 +

Incubation at 35 °C, inoculum levels of 10' to 10* spores/ml.
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The Brix of the juices is another factor that affects the growth of A/icy-
clobacillus. When a range of Brix is obtained by adding water or sugar
into Riesling grape juice, at a 5-20 % level, a 100-fold growth difference
was observed when incubated at 43°C for 2 days. At a Brix of 21.6 %, the
growth was completely inhibited *.

Investigation of the Alicyclobacillus behavior in different juices, has
shown growth of Alicyclobacillus in white grape juice and inhibition in red
grape juice, having the same Brix and pH (Table 6-6) ?). This inhibition is
attributed to the presence of neutral phenolic compounds. In Table 6-7, the
inhibitory effect of several neutral phenolic compounds on Alicyclobacil-
lus is listed. A strong inhibition is observed with catechin gallate where the
growth is inhibited with 1000 mg/L ”. A variety of polyphenols extracted
from grapes were also investigated for their inhibitory effect on A. aci-
doterrestris, and the results indicated cumaric acid and ferulic acid had a
strong inhibitory affect with a MIC (minimal inhibitory concentration) of
150-200 mg/L '

Table 6-6. Growth of VF and WAC spores in diluted juice of various grape
cultivars ”

Brix% oH Growth* Log N/N,
VF WAC
White juices
Riesling 10.8 3.4 2.0 1.9
Seyval 9.5 3.2 2.2
Chardonnay 11.3 3.3 -0.9 -1.0
Elvira 7.8 3.4 2.2 2.2
Cayuga White 8.6 2.8 1.8 0.17
Red juices
Early Burgundy 9.1 3.5 -0.8
Gamay Noir 10.2 3.1 -0.9
Gamay Beaujolais 10.3 3.3 -1.2 -0.72
Pinotage 10.9 3.8 -1.0 -0.57
Cabernet Sauvignon 12.2 3.7 -1.0 -0.63
Concord 10.0 3.5 -1.2

*: Two days at 43 °C.
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Table 6-7. Growth of spores inocula in 6°Brix apple juice containing different
concentrations of added neutral phenolic compounds ”

Growth* Log N/N,

Phenolic mg/l
VF WAC
100 1.7 2.3
Catechin 200 1.7 2.3
_______________________________ 1000 19 .29
100 1.7 2.3
Epicatechin 200 1.8 2.3
_______________________________ 1000 19 26
100 1.8 2.1
Catechin-gallate 200 1.8 2.1
_______________________________ 1000 RL08
100 1.9 2.2
Quercetin 200 1.8 2.2
1000 1.8 2.6

*: Two days at 43 °C.

With regard to ethanol, growth is inhibited when the concentration is
above 6 %. This indicates Alicyclobacillus cannot grow in normal table
wines, and there is no risk of their deterioration '".

The effect of organic acids on the growth characteristics of A. acido-
caldarius are presented in Fig. 6-6, 6-7 and 6-8. Citric acid and malic acid
did not show a significant inhibition of growth, however the other acids
were inhibitory especially at lower pH. The decreasing order of inhibition
was acetic acid, adipinic acid, lactic acid, fumaric acid. Acetic acid was
found to strongly inhibit growth %

With regard to NaCl, a 2 % solution was not sufficient to control
growth, but control of growth of Alicyclobacillus was reported to ocur
when increased to 5 % NaCl ',

Hajime Tokuda
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(O Control A Citricacid (0.2%) @ Malic acid (0.2 %)

Fig. 6-6. Effects of pH and addition of citric and malic acids on the growth
and/or germination of spores of 4. acidocaldarius AC-1 "
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Fig. 6-7. Effects of pH and addition of lactic, and fumaric and adipic acids on
the growth and/or germination of spores of A. acidocaldarius AC-1'?

103



108 g
:'E\ 10 = pH5 3
£ : ]
- B 1
f,
@) f 1
p—a

0t - E

102 L .

0 0.1

Concentration of acetic acid (%)

Fig. 6-8. Effects of pH and addition of acetic acids on the growth and/or ger-
mination of spores of 4. acidocaldarius AC-1 "2
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Chapter 7: Distribution and Epidemiology

Improvement in the detection of Alicyclobacillus species has lead to many
more reports of the isolation of Alicyclobacillus from various environ-
ments, including spoiled fruit juices. The accumulation of these case stud-
ies has provided us with more extensive epidemiological information. In
the course of investigating the cause of such cases and identifying appro-
priate measures to eliminate them, we have come to a better understanding
of the characteristics of Alicyclobacillus with regard to beverage produc-
tion. This chapter describes the epidemiology of Alicyclobacillus, in rela-
tion to their distribution in soil environments (primary distribution), then
the secondary distribution in fruit juice or the manufacturing environment.

7-1 Primary distribution

The origin of Alicyclobacillus isolates is considered primarily to be from
soil V. As expected from their thermophilic and acidophilic features, they
are often isolated in acidic soils in volcanic areas and hot springs *™.
However, reports of their isolation in the Antarctic > ' indicates that their
distribution is worldwide. Table 7-1 shows the locations in Japan where
Alicyclobacillus has been isolated from soil and water samples. Many A/i-
cyclobacillus isolates have been reported in acidic environments around
hot springs and volcanic zones throughout Japan, from the north to the
south. Phylogenetic analysis using 16S rDNA sequences identified all as
Alicyclobacillus acidocaldarius and related species. However, some mor-
phological and genetic differences identified regional varieties. Alicyclo-
bacillus strains have also been isolated from soils with neutral pH '"'2.
For example, 50 strains were obtained by an attempt to isolate
“spore-forming thermophilic and acidophilic bacilli” from various neu-
tral-pH soil samples. Among them, 23 strains were isolated under a com-
bination of high temperature and acidic pH conditions. They all possessed
wo-cyclic fatty acids, the characteristic cell components in the Alicycloba-
cillus . Their characteristic features are summarized in Table 7-2.
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7-2 Secondary distribution

Awareness that Alicyclobacillus is responsible for incidences of an
off-odor in fruit juices has prompted many investigations aimed at eluci-
dating the route of contamination. The fruit, that is the raw material of the
fruit juice (leaves and the surface of the fruit), the orchard (soil etc.), the
fruit processing plant environment, the intermediate product from each
stage of the production process, the equipment and water used in the proc-
ess, have all been monitored ', In 1996 and 1997, the technical com-
mittee of The Brazilian Association for Citrus Exporters (ABECitrus) car-
ried out an extensive survey on Alicyclobacillus distribution . Three
major orange processing factories in Sdo Paulo State and suburban orange
farms around each factory were selected for the studies. Testing for Alicy-
clobacillus was conducted on one hundred samples taken from normally
harvested fruits, fruit on ground, harvested fruit in baskets, orange leaves,
ground soils, sprinkler water at orchards, fruit before and after the storage
in silos, before and after the chlorine wash, the washing water after the
chlorine wash, processed orange juice before concentration, juice after
pasteurization, concentrates (final products adjusted with recovered aroma)
as well as recovered orange aroma and flavoring. The results are shown in
Tables 7-3, 7-4 and 7-5. Relatively large numbers of Alicyclobacillus were
detected in all soil samples at a level of 10*-10° cfu/g. A small amount was
detected on the surface of the leaves and fruit, which is not surprising since
soil may easily come in contact with and adhere to the surface of the fruit
and leaves in the orchard. The contamination tended to be higher in dry
seasons than in rainy seasons, due it is thought to the dry soil being blown
up by the wind in the dry season, and washed away by the rain in the rainy
season. This data will serve as an important guide for developing strategies
for the control of Alicyclobacillus during orange processing; namely how
we can reduce the contamination on fresh fruits can be reduced, and to
what extent Alicyclobacillus contamination during the juice processing can
be eliminated. Since Alicyclobacillus are highly heat-resistant they are not
pasteurized by the regular heat treatment performed on squeezed juices at
orange factories. In particular, the efficacy of the wash and the degree of
contamination by Alicyclobacillus from the washing water is regarded to
greatly influence the extent to which the final product is microbe free. This
study indicates we have reason for concern since some samples of the
washing water showed relatively high levels of Alicyclobacillus contami-
nation. Strict elimination of processing of fruits that have dropped on the
ground is strongly recommended in order to prevent heavy contamination
by Alicyclobacillus from the orchard soils.
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Chapter 7: Distribution and Epidemiology

7-3 Taxonomy and epidemiological information on

Alicyclobacillus in food ingredients

Epidemiology of currently known Alicyclobacillus species, such as A.
acidocaldarius, A. acidoterrestris, A. hesperidum and Alicyclobacillus ge-

nomic species 1 is summarized in Table 7-6 ''”. Among them, 4. acido-
caldarius, A. acidoterrestris and Alicyclobacillus genomic species 1 are

the most frequent isolates from soil. 4. acidocaldarius strains are con-
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firmed not only from acidic environments in hot springs and volcanoes but
also from plant samples, including fresh fruits and processed juices, and
thus is the most widely recognized Alicyclobacillus species. A. acidoter-
restris has also been isolated quite widely from soils and fruits, as well as
fruit juice products and their processing water at factories ' '> ' As
such, it is the most common Alicyclobacillus responsible for spoilage of
fruit juices and acidic foods.

As stated, precautions against the contamination of food and beverages
by Alicyclobacillus species should be taken because they are found widely
in soil and agricultural products. Special notice should be given to the fact
that A. acidocaldarius, A. acidoterrestris and Alicyclobacillus genomic
species 1 have been detected not only in fruits but commonly in liquid
sugars as well. Fructose, glucose, sucrose, high fructose corn syrups, and
pectins from both citrus and apples, are reported as sources of A. acidoter-
restris and other species. Judging from the overall distribution and charac-
teristics of the Alicyclobacillus species, it can be concluded that they are
able to survive in a variety of agricultural products for which strong heat
pasteurization is not used for taste quality reasons. Moreover, attention
should be paid to the fact that contamination by Alicyclobacillus spores
can occur not only in juices but also in other raw materials and additives
used for food products and beverages. Unfortunately though, there is in-
sufficient epidemiological information at this time on Alicyclobacillus in
food ingredients other than fruit juices. Further extensive studies and sur-
veys in cooperation with producers and organizations concerned are
strongly advised if we are to fully understand and deal with current issues
regarding the extensive contamination of raw materials by Alicyclobacil-
lus.

Hajime Tokuda
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Chapter 8: Factors of spoilage caused by
Alicyclobacillus and prevention measures

To date, many Alicyclobacillus isolates have been derived mainly from soil
and hot springs ™. However, since a major spoilage incident of apple
juice by Alicyclobacillus in Germany, 1982 ¥, the bacteria has been iso-
lated from various food grade fruit juices *'?. Alicyclobacillus contamina-
tion of fruit juices is typically introduced via soil residue remaining on the
fruit surface . Similarly, Alicyclobacillus contamination of refined sugar
is introduced from raw plant material '*'>. Alicyclobacillus contamina-
tions are not limited to these mentioned above '®'”, and they pose serious
problems for the food industry because adaptive countermeasures are not
presently in place. In this chapter, reasons for spoilage due to Alicycloba-
cillus and effective preventative measures as reported so far are discussed
with regard to materials, production, products and distribution.

Kanjiro Takahashi

8-1 Factors and prevention of spoilage (contamination) in
materials

The Brazilian Association for Citrus Exporters (ABECitrus) conducted
comprehensive studies into the cause of orange juice contamination due to
Alicyclobacillus, as a cooperative research project of member companies
'™ The research targets included examining soils in the groves, the pro-
duction processes, orange juice products, and also the improvement of
guidelines (The project report is available from
http://www.abecitrus.com.br/.). The relationship between soil and fruit
with regard to contamination by Alicyclobacillus is reported as below:

“In all grove soil sample analyses so far performed, we encountered
relatively high counts of Alicyclobacillus, in the range of 10*-10° cfu/g,
and occurrences were regardless of regional differences between North
Central and South regions of the Sdo Paulo State orange belt (Tables 7-3 to
7-5). Alicyclobacillus was also found on the surface of fruits and leaves in
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the grove, with counts in the range of <10-10” cfu/kg product. On the con-
trary, fruit and leaf samples which were collected immediately after a rainy
day or in the rainy season (third sampling; Table 7-5) had significantly
lower counts of Alicyclobacillus, which suggested that the main contami-
nation source of the factory is the fruit itself (ultimately, the soil) and
enough washing at the initial phase of the process prior to concentration of
juice can help reduce Alicyclobacillus counts. Furthermore, Alicyclobacil-
lus was detected in the irrigation water (Table 7-3) and washing water
(Tables 7-3 to 7-5), which points to water as one of the most important
control points '*.”

Since the above report was published, Brazilian juice producers have
taken special care not to use ground fruits contaminated with soil particles,
and to thoroughly wash fruit with well processed water [or by using bacte-
ricide-treated water, see 8-2-2(3)] as prevention measures against Alicy-
clobacillus. These countermeasures are effective and practical for easily
washable fruits like oranges and apples. However, no effective methods
have been reported thus far for pineapples, herbs, and the raw materials of
sugar such as corn and beets.

8-2 Reasons for spoilage in production, and spoilage
prevention measures.

8-2-1 Reasons for spoilage in production, and spoilage
prevention measures.

As mentioned previously, the source of Alicyclobacillus contamination is
soil. Therefore, contamination occurs throughout the production lines
when raw materials (fruits etc.) that are carrying soil are subsequently
processed.

In order to reduce Alicyclobacillus contamination of plant material in
the factory, the raw material must firstly be washed thoroughly. Since
bacterial counts cannot be reduced sufficiently by washing with just cold
or warm water, detergents or bactericides are added to the washing water
[see 8-2-2(3)]. It is preferable to use water that has not been contaminated
with Alicyclobacillus, but if contaminated water must be used then it
should first be processed by elimination or sanitization. Special attention
must be taken to ensure treatment chemicals do not remain in the products.
The fruit-washing step is the most important control point, as it precedes
all downstream processing steps. For raw materials that are difficult (or
impossible) to wash, it is consequently very difficult (or impossible) to
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control Alicyclobacillus. All production processes including extraction, fil-
tration, centrifugation, concentration, filling, pipelines will be contami-
nated by Alicyclobacillus that is introduced on plant material. To prevent
Alicyclobacillus contamination in each step of the process, it is essential to
carry out adequate and regular washing and sanitization programs. More-
over, appropriate selection of methods and chemicals to be used for wash-
ing and sanitization must be made. Use of alkaline (for removal of dirt,
proteins, oils etc.) and acid (for removal of inorganic and sanitization) so-
lutions together with detergents is effective in the elimination of Alicyclo-
bacillus during washing and sanitization. Careful selection of chemicals
suitable to the particular production line is necessary [see 8-2-2(3)]. In ad-
dition to such washing and sanitization programs, devices that do not allow
the temperature of the in-process product to exceed 20°C are useful to
prevent Alicyclobacillus from remaining and growing. However, as Alicy-
clobacillus spores are extremely stable even at low temperatures, it is also
recommended to periodically wash and sanitize equipment that is main-
tained under freezing point.

As spores of Alicyclobacillus are heat-resistant, it is difficult to kill them
in the sanitization process by the standard procedures [see 8-2-2(2)] with-
out product deterioration. Therefore, for products that can be filtrated, fil-
ter elimination technologies are more effective. For products that cannot be
filtrated, sanitization technologies using pressure, ultraviolet rays, or radia-
tion are reportedly effective [see 8-2-2(1)]. Thus, as a means to prevent
against Alicyclobacillus contamination in production, maximization of the
efficiency and effectiveness of washing and sanitization processes is vi-
tally important, and due consideration should be given to determining the
washing program best suited to the practicalities of each production site.
The topic of washing sanitization is discussed in detail in “Science and
Technology of Washing Sanitization (Science Forum)” and “Biofilm
(Science Forum)”.

Keiichi Goto

8-2-2 Details of prevention measures

Unlike E. coli, there are no standard regulations for Alicyclobacillus con-
trol. Consequently, industries and corporations have been determining
their own course of action *”. In Brazil, as explained before, ABECitrus is
playing a key role in promoting comprehensive investigations on Alicy-
clobacillus. According to an ABECitrus report, it is considered that spoil-
age due to Alicyclobacillus can be reduced to a negligible level by making
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the inspection methods widely known, decontaminating plants, cooling
quickly after extraction, and storing products at 30°C or below *". There-
fore, we will further describe here aspects of sanitization, decontamination,
and use of bactericides and antibacterial agents as prevention measures
against Alicyclobacillus.

(1) Sanitization

Methods which have been reported to kill bacterial spores include heating,
ultra-high pressure, radiation, ultraviolet and ozone. Heating, pressure, ra-
diation and ultraviolet will be discussed here, as they have been reported as
effective for sanitization of Alicyclobacillus. The conditions stated below
should be regarded as an example only since they depend on species,
strains, growth and environmental parameters.

(1)-1 Heat sanitization

Effects of ultra-high temperature (UHT) against Alicyclobacillus are
shown in Table 8-1. The heat sanitizer is further categorized into two
types: plate and tube, based on the heat interchanger. Spores of A. aci-
doterrestris can be killed in clear apple juice by treatment at 112°C x 60
sec or 120°C x 20 sec heating with a plate type, or by 112°C x 60 sec or
120°C x 15 sec heating with a tube type heat sanitizer.

Table 8-1. Effect of UHT pasterization on survival of Alicyclobacillus spores
22)

. Pasterizati . . . .
Juices Type asterizatlon 1 - cidoterrestris A. acidocaldarius
condition

112 °C x 60 sec
Apple (clear)  Plate 120 °C x 15 sec +
(50 Brix%) 120 °C x 20 sec -
112 °C x 60 sec +

Tub

" 120°C x 15 sec :

112 °C x 60 sec

Plate 112 °C x 95 sec

Orange 120 °C x 10 sec

(60 Brix%) 120 °C x 15 sec
Tube 112 °C x 60 sec - -
120 °C x 15 sec - +

++ +|+ + +

+

'-: not surviving, +: surviving.
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(1)-2 Sanitization by pressure

Methods that utilize pressure can be used as non-heating sanitization
methods. Examples that utilize pressure together with heating or emulsifier
are introduced here.

a) Simultaneous use of pressure and heat

It is reported that while A. acidoterrestris spores in apple juice can survive
a pressure treatment (621 MPa x 10 min), they are killed by simultaneous
treatment with high pressure and heating (45-90°C X 1-10 min) (Table
8-2).

Table 8-2. Inhibitory effects of high pressure and heat on A. acidoterrestris
spores in apple juice **’

Pressure (MPa) Heat condition Log reduction (D)*

___________ Qe 90°CxImin 0
45°C x 10 min >3.5
207 71 °C X 1 min >3.5
e 90°CX5min >55
71 °C X 1 min >4.0
414 71 °C x 10 min >5.5
e 90°C X I min 55
22 °C x 10 min 0
621 71°Cx1 mi.n >4.0
71 °C x 10 min >5.5
90 °C X 1 min >5.5

*: Log (Initial) - Log (After treatment).

b) Simultaneous use of pressurization and emulsifier

While bactericidal effects improve when heating is combined with high
pressure treatment, it is reported that a sporicidal effect of 5.5 D against 4.
acidoterrestris spores can be obtained by the addition of 0.045 % emulsi-
fier (monolaurin, sucrose fatty acid ester), even under relatively mild heat-
ing conditions of 45°C (Table 8-3).

(1)-3 Radial pasteurization

Gamma-ray, X-ray and electron beam can be used for irradiation of foods
and food packaging materials. However, in Japan, the potato is the only
food that is permitted to be irradiated (for the inhibition of tuber germina-
tion).
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Table 8-3. Alicyclobacillus spore inhibition and inactivation in juice by pres-
sure, chemical preservatives, and mild heat 2

Strain  Medium L1695 (%)™ Log reduction (D)™
0 2
N1098 Apple juice 0.025 2
0.040 2.5
0.045 5.5

Pressure treatment: 392 MPa x 10 min x 45 °C.
1. Chemical preservatives (Sucrose laurate).
"2 Log (Initial) - Log (After treatment).

Radio sensitivity of 4. acidoterrestris GD3B strain is almost constantly
about 1.0-1.2 kGy of the Dy, value, independent of the culture conditions
(in saline at pH 6.8, in citrate buffer at pH 4.0, or on filter paper) and type
of radiation (gamma-ray or electron beam). In the citrate buffer at pH 4.0,
95°C, the two decimal reduction time of A. acidoterrestris was about 6
min (from an initial count was 10°-107). After this period a marked de-
crease in heat sensitivity was observed and heating for up to 60 min did
not improve efficacy. However, it is reported that when the bacterium is
first treated with 1.0 to 1.5 kGy radiation, subsequent heating at 95°C x 30
min almost completely kills 10° spores >

(1)-4 Ultraviolet pasteurization

Ultraviolet pasteurization is generally used for aseptic treatment of food
packaging and filling pasteurization of food surfaces. It is also used for the
sterilization of microbes adhering to packaging materials, and the air and
water used in food factories. Cases of Alicyclobacillus contamination are
few, but it has been reported that the D value of the juice drink isolate A.
acidocaldarius AC-1 spores for UV irradiation was 150 pW-min/cm’,
which was almost equivalent to that of B. subtilis spores whose D value

was 185 uW-min/cm® 2.

(2) Filter elimination

Alicyclobacillus spp., especially A. acidoterrestris is not sensitive to the
standard bactericidal methods used for acidic drinks 2. Therefore, filter
elimination technology is promising for the removal of Alicyclobacillus
spores from materials that are able to be filtrated.

(2)-1 Membrane filter
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Filter elimination equipment fitted with membrane filters with 0.45 pum or
smaller pore size are effective for eliminating Alicyclobacillus spores in
production processes of soft drinks and related materials (liquid sugars,
juices etc.) (Table 8-4).

Table 8-4. Removal of 4. acidoterrestris spores from syrup or soft drinks **

Filter brand Spores suspended medium (10*-10° CFU/m))

(Pore size rating) 68 % sucrose syrup 75 % fructose syrup 20 % apple juice
SCW800® (0.8 pim) + + +

EKW® (0.65 pm) + - -

EBW" (0.45 pm)

+: Positive, -: Negative.

(2)-2 Zeta Plus filter

Alicyclobacillus spores in apple juice can be eliminated using the 60H type
of “Zeta Plus Filter” which is a depth-type filter with zeta potential and
density gradient (Table 8-5). The zeta plus filters are not easily clogged,
which increases the volume which can be processed. It is particularly suit-
able for filter-processing highly viscous liquids, highly contaminated fluids
and gel-like solutions.

Table 8-5. Removal of 4. acidoterrestris spores by Zetaplus filter >

Zetaplus filters Log reduction value™ Spores (CFU)
P (D) Initial (900 m])™® After treatment
30H
3.5 4 %108 1 10°
______ Of1pm) TP pAxlo o e
60H >6.5 3.3 % 10° 0
(0.2-0.5 pm)

*1: Log (Initial) - Log (After treatment), *2: Apple juice.

(3) Bactericides

The main synthetic bactericides used in food products and in food manu-
facturing environments are shown in Table 8-6 ***). Ethanol is treated not
as a food additive but as a food by the Food Sanitation Law. Sodium hy-
pochloride, slightly acidic electrolyzed water, and hydroxyperoxide are
designated as bactericides, and can be used for sanitization of foods. But
according to the Food Sanitation Law, slightly acidic electrolysed water
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general bactericides are explained at the top of the table, followed by bac-

and hydroxyperoxide are prohibited from being contained in foods. With
tericidal preparations.
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(3)-1 Chlorine compounds

Chlorine compounds are categorized into hypochlorites, chlorine dioxides
and organic chlorines. Sodium hypochlorite of hypochlorites, chlorine di-
oxide and sodium chlorite of chlorine dioxides are introduced as follows
(Table 8-6).

(a) Sodium hypochlorite (NaOCl)

Sodium hypochlorite, one of the hypochloritic bactericides, is used as a
bactericide in food manufacturing factories because of its strong oxidative
effects. Sanitization effects of hypochlorites are pH dependant. However,
as the pH range of slightly acidic water is much narrower than that of hy-
pochlorites (pH 5.0 to 6.5), sanitization is hardly affected by pH. And fur-
thermore, as chlorine loses its sanitization effect in the presence of organic
compounds, it is important to thoroughly wash the objects to be sanitized,
such as food manufacturing equipment and fruits prior to sanitization.
Sanitization effects of chlorine are stronger with higher temperatures. Be-
cause sodium hypochlorite has 4 D sanitization effect against B. subtilis
spores at 200-500 ppm of effective chlorine concentration at pH 6.0 (Table
8-6), it is also expected to have a sanitization effect on thermophilic aci-
dophilic bacteria. A sanitization effect of 6 D or more is achieved when
1000 ppm sodium hypochlorite (NaOC]l) solution is contacted with 4. aci-
doterrestris spores for 10 min at 23°C (Table 8-7). It is reported that
K-agar (pH 3.7) is more suitable for the detection of A. acidoterrestris
spores than OSA (Orange Serum Agar, pH 5.0) or potato dextrose agar
(pH 3.5). A 1.3 D sanitization effect is obtained when 1000 ppm sodium
hypochlorite (NaOCI) solution is contacted with A. acidoterrestris spores
on the surface of an apple at 23°C for 1 min (Table 8-8). It is considered
that the insufficient sanitization effect is due to the natural cutin (a
wax-like substance surrounding the plant surface) that exists on the surface
of apple fruits making it hydrophobic.

(b) Chlorine dioxide (C10,)

Chlorine dioxide bactericides can be produced by the reaction of sodium
chlorite (NaClO,) and Cl,. Chlorine dioxide is a strong oxidant and char-
acteristically remains-in water longer than chlorine because it reacts poorly
with ammonium and nitrogen compounds **. The stabilized chlorine diox-
ide preparation which is produced by dissolving ClO, gas into purified
water, with addition of soda stabilizers and adjustment of pH to 8.5, can be
stored for about one year *".

Chlorine dioxide can provide a sanitization effect against 4. acidoter-
restris of 4.4 D, and 5.4 D or more at 40 ppm and 50 ppm, respectively,

125



when used to treat spores for 5 min. A 4.8 D or greater sanitization effect
against A. acidoterrestris spores the surface of apples is achieved by 40
ppm % 4 min or 120 ppm X 1 min contact with chlorine dioxide (Table 8-9)
) Chlorine dioxide is used in juice producing factories in Brazil because
it does not produce the harmful byproducts that sodium hypochlorite can
release.

Chlorine dioxide (about 100 ppm) can be used to destroy microbes in
water that is produced during the concentration process of orange juice.
This recycled water is only reused after confirming that chlorine dioxide
does not remain *.

Table 8-7. Efficacy of disinfectants in killing spores of 4. acidoterrestis *”

Disinfectants pH Concentration Log reduction (D)*
200 ppm 2.4
NaOCl 6.9+0.2 500 ppm 5.6
1000 ppm >6.0
500 ppm 0.4
NaClO, 2.5 850 ppm 0.9
1200 ppm 1.8
1% 0.4
H,0, 4.4+0.2 2 % 5.5
4 % >5.6

Treatment: 10 min x 23 +2 °C, medium: K agar.
*: Log (Initial) - Log (After treatment).

Table 8-8. Efficacy of disinfectants in killing spores of 4. acidoterrestis on ap-
40)
ples

Disinfectants pH Concentration Log reduction (D)
500 ppm 0.5
NaOCl 6.9+ 0.2 1000 ppm 13
NaClO, 2.5 1200 ppm 0.4
H,0, 4.4+0.2 2% 0.1

Treatment: 10 min x 23 £ 2 °C, medium: K agar.

(¢) Sodium chlorite (NaClO,)

Sodium chlorite is a chlorine dioxide bactericide (Table 8-6). The sanitiza-
tion effect obtained by contacting A. acidoterrestris spores with 1200 ppm
sodium chlorite (NaClO,) solution at 23°C for 10 min is only 1.8 D (Table
8-7). Similarly, there is almost no sanitization effect (0.4 D) against A.
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acidoterrestris spores on the surface of apple fruits by contacting 1200
ppm sodium chlorite solution for 1 min at 23°C. (Table 8-8).

Table 8-9. Efficacy of chlorine dioxide in killing spores of 4. acidoterrestis **

Concentration (ppm) Time (min) Log reduction D)*
0.5 0.1
40 1 0.7
____________________________________ 5 oA
0.5 1.0
Medium 80 1 2.8
____________________________________ B 2B
0.5 2.1
120 1 4.8
5 >5.4
1 1.5
2 3.2
Apples 40 3 4.5
.................................... 4 .2A8
120 1 >4.8

*: Log (Initial) - Log (After treatment).

(3)-2 Hydroperoxide

Hydroperoxide is a peroxide sanitizer (Table 8-6). Peroxide has a sanitiza-
tion effect due to its strong oxidizing power. Although it has been widely
used as a sanitizing and bleaching agent of foods, following its recognition
as a carcinogen, the food sanitation law has been revised to ban residues of
hydroperoxide remaining in food. While hydroperoxide has a sanitization
effect on a wide range of microorganisms, it must be used at considerably
high concentrations and high temperatures to be effective in a short time.
Unlike sodium hypochlorite there is almost no effect of pH on the sanitiza-
tion effects of hydroperoxide **. It is widely used to sanitize the surface of
packaging materials in the food industry.

A 5.5 D sanitization effect can be obtained by contacting 2 % hydrop-
eroxide (H,0,) solution with A. acidoterrestris spores for 10 min at 23°C
(Table 8-7). However, there was no sanitization effect observed when 2 %
hydroperoxide (H,O,) was contacted with A. acidoterrestris spores on the
surface of apple fruits at 23°C (Table 8-8).

(3)-3 Sanitizing preparations
(a) Oxonia Active

Oxonia Active (Ecolabo) is a sanitizing preparation composed of peracetic
acid, hydroperoxide, acetic acid, and stabilizers 37 Peracetic acid is similar

127



to hydroperoxide, a peroxide sanitizer, however it has far stronger sanitiz-
ing power than hydroperoxide.

Depending on the strain, its sanitization effect on Alicyclobacillus
spores can be 4.3 D or more when it is contacted at 1 % concentration at
50°C, for 15 min (Table 8-10).

Table 8-10. Efficacy of peracetic acid disinfectants in killing spores of Alicy-
clobacillus *

. Conc. Temp. Time Log reduction (D)*!
Disinfectants " -
(%) (°C)  (min) strain A strain B? B. cereus spores
0.5 0.7 >4.3
50 2 0.9 >4.3
Oxonia Active 1 5 3.4 >4.3
____________ 15 >4 43
40 10 <1
50 0.5 2.7 2.7
Vortex r 2 >44 >43
40 10 4-5

"' Log (Initial) - Log (After treatment).
"2 Alicyclobacillus spp. spores.
Data presented by Ecolab Inc.

(b) Vortex™

Vortex™ (Ecolab) is a liquid sanitizing preparation mainly composed of
the peroxy acids, peracetic acid and peroxycaprylic acid.

The sanitizing strength of peroxy acid depends on the length of its alkyl
chain and, therefore, peroxycaprylic acid (C8) has stronger sanitizing
power than peracetic acid (C2). This composition has a much better sani-
tization effect on spore-forming bacteria at a lower concentration than
Oxonia Active, whose principal ingredient is peracetic acid. Therefore,
Vortex™ 1is superior to the bacteriocide Oxonial Active (with peracetic
acid as a unique peroxy acid), and works more efficiently on a wider range
of microorganisms, especially on thermophilic acidophilic bacteria which
are drug resistant *.

A sanitization effect of 4.3 D or more on Alicyclobacillus can be
achieved by 50°C x 2 min contact of 1 % solution (Table 8-10). Vortex™
has a stronger effect against Alicyclobacillus spores than Oxonia Active,
with a bactericidal effect of more than 4.3 D achieved in 2 minutes when
contacting a 1 % solution of Vortex™, as opposed to 15 min for Oxonia
Active. The pH of the Vortex™ stock solution does not exceed 1 and that
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of working solution is 2.5 at 1 % concentration, depending on the quality

of the water +.

(c) Oxine®

Oxine® (Nu-Calgon) is a bactericidal preparation whose principal compo-
nent is chlorine dioxide. The preparation has a sanitizing strength of
99.998 % kill rate for 4. acidoterrestris spores when contacted for 10 min
at 30 ppm (Table 8-11). This sanitization effect is about 5 D *°.

Table 8-11. Efficacy of Oxine in killing spores of A. acidoterrestris *”

Test Organisms Concentration Contact Time Kill (%)
A. acidoterrestris spores 30 ppm 10 min 99.998
B. cereus spores 200 ppm 5 min 99.999

(4) Rapid cooling

Rapid cooling of pasteurized juice can help prevent spoilage by Alicyclo-
bacillus. There are two possible explanations for the efficacy of this
method: either spores stimulated to germinate by pasteurization are dam-
aged by the rapid cooling and cannot continue to grow, or the spores are
not regulated to grow at low temperatures.

Takashi Tanaka

8-3 Factors contributing to spoilage of food products, and
spoilage prevention measures

8-3-1 Introduction

If Alicyclobacillus spores have not been eliminated during the production
sanitization processes, it is very difficult to remove them from the final
product. Countermeasures to prevent spores from germinating and growing
in the final product include product design (vessel shape) and the use of
antibiotics and preservatives. These are discussed below in further detail.

Keiichi Goto
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8-3-2 Measures to prevent food spoilage

(1) Emulsifier

Sucrose fatty acid ester is an emulsifier that is effective for inhibiting the
germination of Alicyclobacillus spores. It is used for retort-sterilized
canned drinks such as coffee and milk drinks.

Sucrose palmitic acid ester (monoester-P) is a sucrose fatty acid ester,
that has bacteriostatic and antibacterial effects against Alicyclobacillus
spores (Table 8-12) *”. Diglycerine monomyristate has equivalent preven-
tive effects in drinks, as well as bacteristatic and antibacterial effects
against A. cycloheptanicus (Table 8-13) *®. The concentration of emulsifier
additives must be increased to be effective in pulp-containing drinks like
orange juice and apple juice, or fiber-containing vegetable juice drinks
(Table 8-14) 7%

Table 8-12. MIC values of monoester-P against Alicyclobacillus spores in clear
juice drink *”

Monoester-P (ppm)

Strain
0 10 25 50 75

A. acidoterrestris (DSM3923) 1x10° 2x10' 6x10' 5x10' 38x 10
A. acidocaldarius IFO15652) 2x10° 3x102 5x10%2 4x10% 4 x 10

Clear juice: pH 3.4, initial spores counts: 1 x 10° CFU/ml, after treatment
(95 °C x 30 sec), storage (35 °C x 3 weeks).
Data presented by Mitsubishi-Kagaku Foods Corporation.

Table 8-13. MIC values of glycerin fatty acid ester against 4. cycloheptanicus
spores in near water **

Poemu DM-100  Counts after storage 30 °C (CFU/ml)

(ppm) 3 days 7 days
0 2.8 x 10* 7.6 x 10°
2 4.2 x 10! 4.6 x 10!
3 2.9 x 10! 3.4 x 10*
5 3.3 x 10* 4.0 x 10'

Initial spores counts: 1.7 x 10> CFU/ml
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Table 8-14. Effect of pulp in drink on growth inhibition of microorganisms by
an emulsifier **)

Inhibitory
concentration (ppm)

Orange juice
content (%)
10 contained pulp 3.5 10 230
10 not contained pulp 3.5 10 =10

Kind of juices pH Brix

Emulsifier: glycerin fatty acid ester.
Data presented by RIKEN VITAMIN Co. Ltd.

(2) Phytogenic antibacterial agents
(2)-1 Polyphenol

A. acidoterrestris does not grow well in red grape juice, reportedly due to
the presence of high levels of polyphenols, which have antimicrobial ac-
tivity (Table 8-15) °*. Some substances with antimicrobial activities have
additive and synergistic antimicrobial activity. However, the minimum in-
hibition concentrations (MICs) of such substances range from 50-1000
ug/ml, which is much higher than concentrations found in grape juice (<3
pg/ml). Therefore, A. acidoterrestris growth inhibition in red grape juice is
not due simply to the synergistic effects of polyphenols. It should also be
noted that polyphenols have stronger antimicrobial effects at lower pHs,
lower effect in the presence of fibers (which adhere to polyphenols) *" and
no effect in the higher pH range.

Table 8-15. Effect of grape polyphenols on the growth of A. acidoterrestris

spores "

Polyphenol MIC (ng/ml)
Resveratrol 50
Ferulic acid 150
p-Coumalic acid 200
p-Hydroxybenzoic acid 400
(-)-Catechin-gallate 400
“Kyoho”’proanthocyanidine 900
Caffeic acid 1000
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(2)-2 Licorice oil extract

Sun Licorice is a commercial antimicrobial preparation whose effective

ingredients are derived by oil extraction from licorice root. The antimicro-

bial ingredient is grablidin, which is contained at 1 % (w/v) concentration
in Sun Licorice. The antimicrobial action of Sun Licorice against spores of
A. acidoterrestris is effective in acidic drinks like juice drinks at 50-100

ppm (Table 8-16) 2.
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(2)-3 Antimicrobial peptide

Antimicrobial peptides called thionins are present in the endosperm of
barley and wheat >*” and form 3 major groups: o-, B-, and y-thionins. a-
and B-thionins repress the growth of various kinds of molds **, bacteria
%69 " and yeasts ®"“? at concentrations in the range of 1-10* pg/ml. The
antimicrobial effects of y-thionin are restricted to molds .

a- and B-thionins from barley and wheat inhibit growth of A. acidoter-
restris ATCC 49025" at 5-10 pg/ml concentration in YEPG (yeast peptone
glucose broth) *. Wheat derived a-thionin at a concentration of 20 pg/ml
effectively decreases the number of A. acidoterrestris ATCC 49025"
spores in mandarin orange juice or fruit-vegetable mix juice (Fig. 8-1) *,
but only has a weak effect in 30 % apple juice (Table 8-17). Moreover, a
0.2 M citric acid extract of barley seeds (o-thionin; 100 pg/ml, -thionin;
50 pg/ml) and 3 % (v/v) malic acid inhibits the growth of A. acidoter-
restris ATCC 49025" (Table 8-17) ®” in mandarin orange juice.

Takashi Tanaka
9 - a-thionin
8 R g %
g 7
5 6
=
O 5
o0
S 4 + wheat a-thionin (20 y¢ g/ml)
b I N - G T S L L b 4
2 —A
1
0 T
0 2 4
Days (37 °C)
---# - fruit-vegetable —&— fruit-vegetable
—A— satsuma mandarin ---X--- satsuma mandarin

Fig. 8-1. Growth inhibition of A. acidoterrestris by a-purothionin in fruit
.. 65)
juice

A. acidoterrestris spores were inoculated into two juice types, and then
growth was monitored for five days in the presence and absence of wheat
a-thionin.

133



"Pa1s9) JON U
T8t o uruory)-¢ pue w3 Q| UIUoIy [ -0 SUIUIEIUO)) <y

0T X 0'T> u 0T X073 ULIBPUBW BWNSIES % (0T % € 10€RIIX8 PIOR dI[eW-Ao[Ieyg
0T x0'T> u 0T x0% ULBpUBW BWNS)BS % 00T % € #10BIIX6 pIOR OLIYI0-AS[Ieyg
;0T X6'T 0T X9 ;0T X0°G ordde o wormyrp 9% O€
0T X 6L OT X 9T ;0T X 6°L QINIXIW d[qe1dsoa-jmay (w3 og 789U M WOIJ SUIUOIY)- D
0T x €1 0T xX€9 0T x0¢ uLrepuBwW Bwnsies o 00T

sfep ¢ sfep 1

(TW/Nd0)
Do L& 938I0)S I93JB SIUNO))

T/ D) SIUNnod
seqods [entuy

aoInp Honippy uruour,
: Jo junowry ‘

(o SUIUOIY} Aq SAI0S $1.4152.442)0p10D "} JO UORIQIYUI YIMOID) *L[-8 JqEL

134



Chapter 8: Factors of spoilage caused by Alicyclobacillus

(2)-4 Acerola fruit juice

Acerola fruit (Malpighia emarginata DC.) has been reported to have
growth inhibitory activity against Alicyclobacillus acidoterrestris *" .
The growth of 4. acidoterrestris ATCC 49025 in YSG medium was com-
pletely inhibited when a water-extracted powder of acerola fruit (Viet-
namese cultivar) was added at the concentration of 0.2 % (w/v) (Fig. 8-2).
This powder also inhibited the growth of 4. acidoterrestris ATCC 49025"
in 35 % (w/v) apple juice at the concentration of 0.1 % (w/v) (Fig. 8-3).
Furthermore, it has been reported to have inhibitory effects on other TAB
species.

Acerola fruit is characterized by an extremely high content of vitamin C.
It also contains glucose, fructose, and malic acid as its major components,
and a certain amount of polyphenols. Partially-purified substances of these
acerola components (malic acid, vitamin C and polyphenols) did not show
inhibitory activities comparable to that of intact acerola fruit extract when
used at the corresponding concentrations. Thus, it is assumed that the in-
hibitory activity of acerola fruit originates from the combined effect of
those major and minor components.

Acerola fruit juice could be a useful nutritious ingredient that has the ef-
ficacy to prevent deterioration of fruit beverages by TAB.

Shozo Tanada
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inoculum () 0.01 0.1 0.2 0.3

acerola powder (%)

Fig. 8-2. Growth inhibition of 4. acidoterrestris ATCC 49025" in YSG me-
dium by acerola fruit powder *"*V
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Fig. 8-3. Growth inhibition of A. acidoterrestris ATCC 49025 in 35 % apple
juice by acerola fruit powder ¥

(3) Preservatives
(3)-1 Nisin

Nisin, derived from Lactococcus lactis, is the first bacteriocin to gain rec-
ognition as “generally regarded as safe” (GRAS) status from the FDA
(U.S. Food and Drug Administration). It is currently used as a food pre-
servative in 56 countries, mainly in Europe. In Japan, nisin has not yet
been designated as approved for use as a food additive, but this is currently
under review. Nisin exerts a high antibacterial activity against
gram-positive bacteria including Listeria monocytogenes, Clostridium
botulinum, and other food-poisoning bacteria, but not in Gram-negative
bacteria, molds, and yeasts 66.67)

Nisin is also known to suppress growth of spores and vegetative cells of
A. acidoterrestris > *. In addition, a bacteriocin produced by Lactococcus
sp. CU216 shows inhibitory activity against spores and vegetative cells of
Alicyclobacillus ™. The MIC of nisin for spores ranges from less than 1 to
13 IU/ml on modified yeast peptone glucose agar medium (mYPGA) at pH
3.4, and from 25 to 100 IU/ml at pH 4.2. A lower pH results in a lower
MIC value. The MIC value of nisin for vegetative cells is higher than that
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for spores (Table 8-18). Although growth is suppressed in orange fruit mix
juice by the addition of 25-50 IU/m nisin, it is not inhibited in the clear ap-
ple juice, even by the addition of nisin at more than 600 [U/ml.

Table 8-18. MIC values of nisin against vegetative cells and spores of 4. aci-

doterrestris on mYPGA plates

68)

MIC (IU/ml)

Strains mYPGA (pH 3.4)* mYPGA (pH 4.2)
Cells Spores Cells  Spores
ATCC 49025" 25 <1 50 25
ATCC 49026 25 2 50 25
ATCC 49027 25 13 50 25
AB-1 3 <1 100 50
AB-2 2 <1 25 25
AB-4 2 2 25 25
AB-5 50 13 100 100

*: modified Yeast-Peptone-Glucose Agar.

(3)-2 Lysozyme and NaCl

The growth of A. acidoterrestris is inhibited in Orange Serum Broth
(OSB) by adding lysozyme (a food preservative), at a concentration of
0.001 % (w/v) and likewise, by adding sodium chloride (NaCl) at a con-
centration of 5 % (w/v) (Table 8-19) '

Table 8-19. Effect of lysozyme and NaCl on growth of Alicyclobacillus ™"

0.001 %

Strains 5 % NaCl

lysozyme

SO SO N O SO N O N N

. acidoterrestris N-1089 (spoiled tomato juice)

. acidoterrestris N-1090 (spoiled mix juice)

. acidoterrestris N-1098 (conc. apple juice)

. acidoterrestris N-1104 (apple pear juice)

. acidoterrestris N-1107 (spoiled apple juice)

. acidoterrestris N-1108 (apple-cranberry juice)

. acidoterrestris ATCC 49025"

. acidocaldarius ATCC 27009" + +
. eycloheptanicus ATCC 49028"

Orange Serum Broth, +: positive, -: negative.
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(3)-3 Organic acids

Organic acids are sour compounds found naturally in abundance in fer-
mented food and fruits, and are known to have antibacterial activities.

The growth of A. acidocaldarius AC-1 strain derived from a fruit juice
drink is suppressed by organic acids at pH 5.5 or below. Stronger effects
are observed for acetic acid, adipic acid, lactic acid, and fumaric acid. In
particular, acetic acid has very strong growth inhibitory effects ’*. Anti-
bacterial activities rely on the undissociated molecules of organic acids,
and dissociation is more strongly repressed at lower pH. Since acetic acid
has the lowest acid dissociation constant, it has the strongest antibacterial
activity of these organic acids.

Since Alicyclobacillus is an obligately aerobic bacterium, availability of
dissolved oxygen has a great influence on its growth ability. Ascorbic acid
completely inhibits the growth of A. acidoterrestris when added to apple
juice at a concentration of 0.15 mg/m] 7.

(3)-4 Ethanol

Ethanol has a bacteriocidal effect and it is used as a sanitizer. Although it
has no bacteriocidal effect at low concentration (<10 %), it shows antibac-
terial activity in general. Growth of Alicyclobacillus is suppressed by
ethanol at concentrations of >6 % (v/v) ™.

(4) Containers

Because Alicyclobacillus is an obligately aerobic bacterium, its growth ac-
tivity is affected by the availability of dissolved oxygen. Dissolved oxygen
levels are determined by the oxygen concentration in the headspace of the
vessel. In the case of long-life paper pack (produced by TetraPak), there is
no head space. If there is no way to remove the head space, it is replaced
with nitrogen gas.

The ability of oxygen gas to pass through the packaging container mate-
rial also influences the growth of A. acidoterrestris. A. acidoterrestris
grows most easily in PET bottles which have moderate oxygen transpar-
ency, followed by LL paper packs, and then cans which do not allow any
air transfer. From outside to inside, the LL paper pack produced by Tetra
Pak consists of six layers of polyethylene, paper, polyethylene, aluminum
sheet, second layer polyethylene, and innermost polyethylene ™.

PET bottles are the most widely used kind of packaging in Japan, and
this is thought to be one of the reasons for the high incidence of contami-
nation due to Alicyclobacillus. In recent years, as the demand for PET bot-
tles has increased in Europe there is a danger that incidents of soft drink
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contamination may increase due not only to Alicyclobacillus but also to
other aerobic spore-forming bacteria.

(5) Storage temperature

The growth temperature range for Alicyclobacillus is between 20 and
70°C, depending on the species. For A. acidoterrestris, which is the main
cause of off-odors in fruit juice drinks, the growth temperature range is
from 20 to 55°C 7®. Determination of the growth temperature range re-
quires several weeks, as the growth rate is very slow at extremes of the
temperature range. .

It is expected that spoilage by 4. acidoterrestris can mostly be mini-
mized by maintaining products at 20°C or below during distribution.

Takashi Tanaka

8-3-3 Influence of product design on the risk of contamination
by Alicyclobacillus

There is extensive literature describing the influence of product design on
the risk of microbial contamination of soft drinks "®. The first step in de-
signing a product is to assess the risk of microbial contamination of the
foodstuff. The parameters listed below may be included in the assessment;
note that this list is not exhaustive, and assessment criteria vary among
companies.

(a) No microbial growth is observed, but an unpleasant (off) taste or odor,
or cloudiness is observed in the product.

(b) Microbial growth is allowed under the conditions in (a), to the extent
that cloudiness is not observed (less than 10° cells/ml). Care should be
taken in this case though, since an unpleasant-odor may be present even if
no muddiness is observed.

(c) A cloudy appearance or unpleasant-odor is permissible if it is masked
by palatable characteristics of the product.

(d) A certain level of contamination is permissible if the distribution tem-
perature and conditions are adhered to. The risk of contamination will be
low if the distribution temperature and time are enforced. Guidelines and
evaluation methods, and supplemental information specific to Alicycloba-
cillus are given below.
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(1) Guidelines for Alicyclobacillus

Guidelines to minimize Alicyclobacillus contamination of food products
have not been defined either internationally or domestically. Both IFU and
Japanese producers have identified that A. acidoterrestris requires the
closest monitoring. However, other Alicyclobacillus species, some of
which produce guaiacol, also cause food spoilage and must be monitored.
Methods to detect microorganism contaminants are difficult to prescribe as
they must be sufficiently sensitive to detect as little as a single spore,
which has been reported to cause spoilage of 500 ml of product ". Local
guidelines tend to be based on the results of inoculation and sanitization
tests (see below), since microbial growth varies according to the type of
juice and the bacterial species and strain used as inoculum. The Interna-
tional Society of Beverage Technologists is now working towards setting
guidelines for Alicyclobacillus.

(2) Evaluating the growth of Alicyclobacillus in food products

(2)-1 Inoculation test

The inoculation test involves inoculating spores (or vegetative cells) into
food products, and then monitoring bacterial growth and the release of un-
palatable (off) odors. The test provides an indication of the risk of con-
tamination by Alicyclobacillus, allowing appropriate precautionary meas-
ures to be implemented during production, packaging and storage of the
product.

Reliable results are obtained when multiple strains are used for the in-
oculation test. However, in practice, usually only two strains are assessed
and cell (spore) counts are between 10 and 10 per product. Criteria for the
selection of strains and methods for the preparation of spore inoculum are
described later.

After inoculation, the sample is heat shocked by treatment at 80°C x 10
min or 70°C x 20 min, with cooling immediately to cultivation tempera-
ture after treatment. Alternatively, pasteurization conditions are used in
some cases. The heat shock treatment is omitted when vegetative cells are
used as the inoculum. Cultivation is then in the range of 25 to 45°C. De-
pending on the purpose of the test, cultivation conditions are determined
by the distribution temperature and the optimal growth temperatures of the
strains used as inoculum. Several incubation periods are usually assessed,
ranging in duration from several days up to the product expiry date, or
longer (more than half a year).

Cell growth and the release of unpleasant odors are then assessed. Agar
media or membrane filters are generally used to examine cell growth, (see
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Chapter 4), and gas chromatography is used to characterize the source of
unpleasant odors (see Chapter 5). In recent years, the peroxidase method
has been developed to detect guaiacol (see Chapter 5).

Characteristics intrinsic to the product may obscure test results. Specifi-
cally, if guaiacol precursors are absent from the product, 4. acidoterrestris
will not grow to a detectable level. Further, oxygen availability (open ver-
sus unopened containers) and product container design will influence mi-
crobial growth. These factors must be taken into consideration when inter-
preting test results.

Details concerning factors that become parameters are explained in
Chapters 3 and 4.

(2)-2 Sanitization test

The sanitization test involves inoculation of cells (usually spores) into the
test product, followed by sanitization via prescribed conditions (heating,
preservatives, chemicals etc.). The number of surviving cells is then de-
termined. Variables such as temperature and inoculum cell count must be
combined in all possible combinations in order to determine the D or Z
value, which gives an indication of sanitization efficacy.

(2)-3 Test example 1

Vegetative cells of three A. acidoterrestris strains (derived from raw mate-
rials) were inoculated into two kinds of juice-containing soft drinks
(hot-pack-filled PET bottle) with different formulations and incubated at
40°C. Viable cells were counted at prescribed intervals. In one drink for-
mulation, only one of the three A. acidoterrestris strains grew, while in the
other formulation none of the strains grew. Thus the drink formulation
which did not support A. acidoterrestris growth was selected as the final
product formulation.

(2)-4 Test example 2

Spores of three A. acidoterrestris strains derived from bulk juices were in-
oculated into a juice-containing soft drink. After HTST sanitization, the
soft drink was hot-packed into PET bottles and stored at 40°C. Viable cells
were counted and off-odor components were evaluated as above. Although
cell counts increased by only 2-3 times, HTST sanitization conditions were
reevaluated because (i) the off-odor component (guaiacol) exceeded the
acceptable threshold and (ii) in the sensory test, an unpleasant odor which
differed from that of the negative control sample was detected.

(2)-5 Test example 3
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Spores of eight strains of A. acidoterrestris (derived from various materi-
als) were inoculated into a sports drink (commercial PET bottle product)
with the addition of a preservative up to a final concentration in the range
of 1-100 ppm. The PET bottles were stored at 35°C and viable cells were
counted at prescribed intervals after treatment at 70°C for 20 min. From
the results, the MIC value of the preservative was determined to be 10-25
ppm. Consequently, it was concluded that for this product, contamination
by A. acidoterrestris could be prevented by adding the preservative at a
concentration of 25 ppm.

(Note 1) 4. acidoterrestris strains

Test results are influenced by the A. acidoterrestris strain type and the type
of food being tested (see 4-2-6). Therefore, it is recommended to use mul-
tiple strains derived from raw materials, or strains derived from same raw
materials as inoculation medium. However, when such strains cannot be
isolated, type strains or standard strains are acceptable substitutes. Type
strains and standard strains are available domestically from NBRC
(http://www.nbrc.nite.go.jp/) or JCM (http://www.jem.riken.go.jp/), or in-
ternationally  from  DSMZ  (http://www.dsmz.de) or ATCC
(http://www.atcc.org). Instructions for re-hydration are provided by each
culture collection. About ten Alicyclobacillus strains derived from drink
products and their materials are kept in the [AM culture collection.

(Note 2) Cell suspension

For the preparation of a spore suspension, the bacterial strain of interest is
spread on YSG agar media, then incubated at the appropriate temperature
for 1-10 days. An optical microscope is used to determine when >90 % of
the cells are spores. Cells are collected from the agar surface using steril-
ized buffer (0.1 % MgSO,*7H,0, 0.8 % NaCl: pH 4.5), centrifuged (ca.
3500 rpm % 10 min) and then washed several times with the same buffer.
The final cell preparation is suspended in sterilized distilled water and
stored at 4°C for up to 30 days. When a stored spore suspension is used as
inoculum, it is desirable to determine the number of viable spores prior to
inoculation. Various media types should be tested for each strain to deter-
mine which type best supports sporulation. Sporulation rates of isolated
strains are generally higher than those of type strains, and sporulation rates
tend to be higher on solid agar rather than in liquid media.

Vegetative cells are often weakened or damaged during the gathering
and washing processes. Consequently, it is often very difficult to obtain
consistent results in replicate tests. The consistency of results is improved
when vegetative cells are pre-incubated in a liquid medium or in the prod-
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uct itself, however, the effects of foreign matters and metabolites should be
then be taken into consideration.

Tetsuya Sawaki, Rie Yamamoto, Keiichi Goto

8-4 Spoilage factors related to distribution and prevention
measures

For products that have been contaminated by Alicycobacillus spores, envi-
ronmental temperature during storage and distribution is the most impor-
tant factor to consider. Spoilage does not occur when products are stored at
< 20°C as explained before (see Chapter 6). However, when products are
stored and distributed at ambient temperatures, extremes as high as
30-40°C may be reached, for example in shop fronts, warechouses and de-
livery trucks. If all products could be distributed and stored at < 20°C, A/li-
cyclobacillus contamination would not occur, but unfortunately in practice
this is very difficult to achieve.

Japan’s climate is classified as “humid subtropical with a hot summer”
(Cfa by Koppen’s classification) except for Hokkaido whose climate is
“Marine west coast with warm summer” (Cfb) and “humid continental
with warm summer” (Dfb). Therefore, it exceeds 35°C during summer
days. Such climatic conditions are likely factors that contribute to the oc-
currence of Alicyclobacillus contamination incidents.

Keiichi Goto
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Chapter 9: Agencies, associations, NPOs,
institutes and researchers involved with
Alicyclobacillus

This chapter introduces public organizations that conduct investigations
and research on Alicyclobacillus, in various regions and countries, and in-
dicates their research interests and work. Addresses of contact personnel,
however, are not stated.

9-1 Japan

9-1-1 Japan Fruit Juice Association

Homepage address: http://www.kaju-kyo.ecnet.jp/

In November, 2002, the Japan Fruit Juice Association formed “a working
group to designate a unified detection method for thermo tolerant, aci-
dophilic bacteria” under the Juice Technical Research Committee and nine
soft drink makers. With the cooperation of researchers from member
companies, this detection method was established and published in Japan
(Kaju Kyokai Hou, No. 535, March 25, 2004). The method was announced
at the meeting of the microbiology working group of the International
Federation of Fruit Juice Producers (IFU) in April, 2004 and May, 2005
(held in Germany), and is an active step towards international harmoniza-
tion.

9-1-2 International Life Science Institute Japan (ILSI Japan)

Homepage address: http://www.ilsijapan.org/ilsijapan.htm

The Microbiology Subcommittee of the Food Safety Committee ILSI Ja-
pan, conducted a survey to determine which microorganisms were prob-
lematic in member companies of ILSI Japan, and from this information,
determined target microorganisms (Alicyclobacillus) and published a
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handbook on the thermophilic acidophilic bacteria. In August, 2003 ILSI
Japan held an international symposium, inviting such speakers as Mr. Bob
Hartog from IFU and Mr. Antonio Carlos Gongalves from ABECitrus to
give insight into the issues regarding Alicyclobacillus.

9-2 Brazil

9-2-1 The Brazilian Association of Citrus Exporters (ABECitrus)

Homepage address: http://www.abecitrus.com.br/

ABEUCitrus, located in Sdo Paulo State, is an association of Brazilian citrus
exporting companies,. Their technical committee has, as already men-
tioned in this book, taken a leading role in conducting comprehensive re-
search into Alicycobacillus (The report can be downloaded from ABECit-
rus homepage). Moreover, ABECitrus has been conducting fundamental
research and studies regarding the control and inspection methods for A/i-
cycobacillus with various organizations.

9-2-2 State University of Campinas (Universidade Estadual de
Campinas)

Homepage address: http://www.unicamp.br/

The State University of Campinas is located in Campinas City of State Sdo
Paulo. Dr. Pilar Rodriguez de Massaguer, Food Engineering Course, has
been carrying out research on Alicyclobacillus (identification, control
measures, detection methods, and so on) in collaboration with ABECitrus
and CCT.

9-2-3 Instituto de Tecnologia de Alimentos (ITAL)

Homepage address: http://www.ital.sp.gov.br/

ITAL is a food technological institute located in Campinas City, Sao
Paulo. They perform various kinds of testing on demand, and are also
conducting studies on Alicyclobacillus.
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9-2-4 Colegao de Culturas Tropical (CCT), Fundagao André
Tosello

Homepage address: www.cct.org.br/

CCT is one of the world’s most eminent microbiology institutes, located in
Campinas City in Brazil, and has carried out comprehensive studies on
Alicyclobacillus in collaboration with ABECitrus. Their research has been
directed towards establishing a method for detection of Alicyclobacillus
and establishing quality control indices, by inspecting, for example, the
diversity of isolated microorganisms at the gene level.

9-3 Europe

9-3-1 International Federation of Fruit Juice Producers (IFU)

Homepage address: http://www.ifu-fruitjuice.com/

IFU is an association of fruit juice producers, with companies from 33
countries as members. Reports related to Alicyclobacillus are often pre-
sented at the annual symposium held every year. The IFU Working Group
Microbiology (formerly Chairman, Mr. Bob Hartog) has been working
hard on the standardization of the test method for Alicyclobacillus and re-
sults are now being seen. At present, Japan is not an official member of
IFU but joins the Working Group Microbiology as a working group mem-
ber. IFU is pouring its energies into international harmonization and dis-
semenating knowledge on Alicyclobacillus.

9-3-2 TNO Nutrition and Food Research

Homepage address: http://www.tno.nl/

TNO (Netherlands Organization for Applied Scientific Research), estab-
lished in 1932, is the largest research and technology organization in
Europe, where about 5,300 specialists utilizing the most advanced tech-
nologies, are working on a variety of different research projects. Mr. Bob
Hartog formerly a member of TNO, collaborates with other staff on
microbiological related research. Alicyclobacillus is one of their project
themes and they carry out consulting services in addition to development
of identification methods by molecular biological techniques and examina-
tion of control measures.
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9-3-3 University of Applied Science

Dr. Jurgen Baumgart, Faculty of Food Microbiology, The University of
Applied Science, Germany, carried out research and studies on the quality
control of Alicyclobacillus; and in 1997 at FLUSSIGENS OBST (Jg. 64)
and at IFU Workshop Microbiology in 2000, proposed a detection method
that could be applicable for use in a QC laboratory of a production factory.

9-4 Australia

9-4-1 Food Science Australia

Homepage address: http://www.foodscience.afisc.csiro.au/

Food Science Australia, an institution financed by CSIRO
(http://www.csiro.au/) and AFISC (http://www.dpi.vic.gov.au/dpi/), con-
ducts research and development with regard to foods. As a member of
Food Science Australia (Food Safety & Hygiene) and also as a member of
IFU Working Group Microbiology. Ms. Nancy Jensen has through pres-
entations at symposiums and such contributed to making research on A4/i-
cyclobacillus more widely known.

9-4-2 Australian Fruit Juice Association

Homepage address: http://www.afja.com.au/

The Australian Fruit Juice Association, has presented at the IFU sympo-
sium, information on incidents in Australia and New Zealand of contami-
nation due to Alicyclobacillus.

9-5 United States of America

9-5-1 National Food Producer Association (NFPA)

NFPA, an organization representative of the American food industry (now
combined to International Association for Food Protection:
http://www.foodprotection.org/), also actively pursues problems related to
Alicyclobacillus (through research and investigation, designation of stan-
dards, and so on). Among such activities the study done by a group super-
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vised by Dr. Isabel Walls (now Office of Food Defense and Emergency
Response, USDA Food Safety and Inspection Service, through ILSI Risk
Science Institute) “the pathogenicity of Alicyclobacillus” is the only report
concerned with nonpathogenicity of this bacterium. Furthermore they have
been active as representatives of NFPA, in for instance the standardization
of test methods, and have contributed to the dissemination of information
in the United States.

9-5-2 University of Florida

Homepage address: http://www.ufl.edu/

Dr. Mickey E. Parish and his colleagues of the Citrus Research & Educa-
tion Center, University of Florida, are energetically taking on research in-
volved in development of test methods and control measures for Alicyclo-
bacillus. They have been spreading information by presentating research
results on Alicyclobacillus at domestic symposiums and so on.

9-5-3 Washington State University

Homepage address: http://www.wsu.edu/

The group led by Dr. Dong-Hyun Kang, Washington State University
(Food Science and Human Nutrition), and his colleagues is developing
control methods for Alicyclobacillus and fast detection methods for
guaiacol; reporting their results mainly in academic publications.

9-5-4 University of Georgia

Homepage address: http://www.uga.edu/

The research group of Dr. Larry Beuchat at the Center for Food Safety and
Quality Enhancement, the University of Georgia works on the relation-
ships between Alicyslobacillus and guaiacol, and is developing control
methods for them. They have reported their results mainly in academic
publications.

9-5-5 University of Wisconsin

Homepage address: http://www.wisc.edu/
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Dr. Charles W. Kaspar, Food Research Institute, University of Wisconsin,
and his colleagues are conducting research on Alicyclobacillus as part of
their research on microbial control (FRI News Letter, Fall 2000, Vol. 12,
No. 3).

9-5-6 Technical Committee for Juice and Juice Products
(TCJJP)

Homepage address: http://www.tcjjp.org/

TCJJP is an NPO that was established to contribute to the fields related to
juice, and it makes an effort to develop official test methods for bacteria
including Alicyclobacillus in cooperation with AOAC, NIJPA
(http://www.njpa.com/), and NFPA.

9-5-7 Cornell University

Homepage address: http://www.cornell.edu/

Dr. Don F. Splittstoesser (deceased), an emeritus professor of Cornell
University, was involved in working on the problems related to Alicyclo-
bacillus and made available invaluable information.

9-5-8 International Society of Beverage Technologists (ISBT)

Homepage address: http://www.bevtech.org/

In April, 2005, an Alicyclobacillus (ACB) subcommittee was formed
within the Quality Technical Committee of the International Society of
Beverage Technology (ISBT). The subcommittee is composed of three
working groups focused on Research, Methodology and Control. The Re-
search working group is reviewing published literature to assess the
state-of-the-art, and provides on-going updates to the Methodology and
Control groups, and recommends consultants/subject matter experts. The
Methodology group is reviewing and assessing the development of con-
ventional and rapid methodologies, and has created a reference strain col-
lection (of naturally-occurring strains) and is working on the publication of
standardized test methods. The Control group is investigating ingredi-
ent/product process flows and sanitizer efficacy with the aim at publishing
industry standards/guidelines and best practices.

Kanjiro Takahashi, Keiichi Goto
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