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Foreword

In every part of the world, people wage a con-
stant battle against food contamination and the
resulting food-borne diseases and food wastage.
Efforts to reduce the devastating consequences
of food contamination started long before writ-
ten records. Besides cooking, smoking, and
simple sun drying, fermentation is one of the
oldest technologies used for food preservation.
Over the centuries, it has evolved and has been
refined and diversified. Today, a large variety of
foods are derived from this technology, which is
used in households, small-scale food industries,
and large-scale enterprises. Foods so produced
form a major part of the human diet all over the
world but only a few people are aware of the
multitude of fermented products and their im-
portance in the human diet. In fact, all cultures
have in the course of their development learned
the technique to preserve some of their foods by
fermentation. However, the safety of fermented
foods is a concern everywhere.

In the past, traditional fermentation technolo-
gies were based on experiences accumulated by
consecutive generations of food producers, as a
result of trial and error. Only relatively recently
have science and technology started to contrib-
ute to a better understanding of the underlying
principles of the fermentation process and of the
essential requirements to ensure the safety as
well as nutritional and sensory quality of fer-
mented foods. Since the days of Louis Pasteur,
who pointed to the importance of hygiene in re-
lation to fermentation, it is known that this tech-
nology is easily influenced by various factors

X

during processing, and if not applied correctly,
the safety and/or quality of the final product may
be jeopardized. As a matter of fact, causes and
outbreaks of food-borne illness have been traced
back to fermented food, in spite of the general
ineffectiveness of food-borne disease surveil-
lance programs in most countries.

Fermentation is also of economic importance
in areas or for populations where preservation
technologies such as cold storage (refrigeration)
or hot-holding cannot be used for lack of re-
sources or facilities. In such situations, fermen-
tation may be considered an affordable technol-
ogy, which—if applied correctly—results in the
safe preservation of foods, including comple-
mentary foods for infants. Particularly in devel-
oping countries, as a result of poor hygiene and
incorrect application of fermentation, comple-
mentary foods are often contaminated with
pathogens and subsequently are a major cause of
infant diarrhea and associated malnutrition.

Against this background, the World Health
Organization (WHO), jointly with the Food and
Agriculture Organization (FAO), organized in
1995 a workshop to assess fermentation as a
household technology for improving food
safety.! This workshop was the first of its kind,
highlighting the critical points in the fermenta-

'Fermentation: Assessment and Research. Report
of a Joint FAO/WHO Workshop, Pretoria, South Af-
rica, 11-15 December 1995. WHO Consultations and
Workshops: WHO/FNU/FOS/96.1
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tion process to ensure the safety of the resulting
products, in line with the Hazard Analysis and
Critical Control Point (HACCP) system. In a
way, this book is a result of this workshop. Both
Aspen Publishers and the two editors, M.J. Rob-
ert Nout and Martin R. Adams, deserve applause
for this initiative and the unique approach they
have adopted: the book focuses on food safety in
all its aspects and is largely hazard based, which
helps to identify those areas where knowledge is
lacking but needed for a satisfactory risk assess-
ment to be made. This is in contrast to the exist-
ing literature on fermented foods, which is gen-
erally confined to descriptions of the product(s)

and the microbiology/biochemistry of their pro-
duction.

In the interest of public health and food secu-
rity, I wish this book a large and interested read-
ership and for fermentation to result in safe, nu-
tritionally adequate, and superbly tasting foods
with long shelf lives.

Fritz Kiiferstein, DVM, PhD

Former Director, Programme of Food
Safety and Food Aid, WHO, Geneva;
Current Distinguished Visiting Scientist,
Joint Institute for Food Safety and Applied
Nutrition, Washington, DC



Preface

Fermented foods enjoy worldwide popularity
as attractive, wholesome and nutritious compo-
nents of our diet. They are produced on an enor-
mous scale employing a huge variety of ingredi-
ents and manufacturing techniques. Whether
traditional home-made foods, or high-tech prod-
ucts derived from genetically modified organ-
isms, the safety of the consumer remains of fore-
most importance.

Fermented foods have always been generally
regarded as safe, but this reputation has been se-
riously threatened in recent years by incidents
such as outbreaks of illness caused by pathogens
in soft cheeses and fermented meats, chronic
cyanide intoxications from poorly processed
cassava tubers, and mycotoxins in fermented ce-
real foods. In addition, modern techniques of ge-
netic engineering and biotechnology, which of-
fer considerable opportunities in the area of
fermented food production, have also raised
safety concerns among consumers. It is neces-
sary therefore to have concrete guidelines on the
conditions which lead to safe products and to
have a realistic view about what “guaranteed
safety” means. The massive impact of HACCP
as a systematic approach to ensuring food safety
has been widely apparent in recent years and the
technique is as applicable to food fermentation
as to any other food processing operation. At
present however, the literature on fermented
foods has no focus on safety, but is mainly de-
scriptive, concentrating on microorganisms re-
sponsible for fermentation and on the biochemi-
cal changes occurring in the food.
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This book aims to integrate modern concepts
of safety assurance with the sometimes very tra-
ditional environment of the production and dis-
tribution of fermented foods. In particular, we
have taken a largely hazard-based approach
rather than one centered on the different com-
modities used. Introductory chapters aim to pro-
vide a broad understanding of the nature of fer-
mented foods, their production, distribution, and
use by consumers, and also discuss the general
features of fermentation processes that contrib-
ute to the product’s overall safety and HACCP.
For the bulk of the book, we have sought chap-
ters which describe the principal individual haz-
ards, both chemical and microbiological, and try
to provide some guidance on how these might be
controlled in food fermentations. These hazards
are discussed from the point of view of their se-
verity and incidence, how they get into the food,
which foods are specifically at risk, and what, if
any, are the conditions that remove or inactivate
these hazards. In many cases there is a dearth of
published material specifically on fermented
foods, and contributors have used data obtained
in slightly different contexts to give some guid-
ance. This exercise has proved useful in high-
lighting where information is lacking and identi-
fying areas where more research is desperately
needed.

It is hoped that the book will serve as a source
of reference to support and help improve the
production of safe fermented foods at all scales
(household preparation up to large-scale indus-
trial plants) and using all major food groups.
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CHAPTER 1

Fermented Foods and
Their Production

M.J. Robert Nout

FERMENTATION AND FOOD SAFETY
Fermentation

Fermentation is one of the oldest methods of
food processing. Bread, beer, wine, and cheese
originated long before Christ. Although modern
food technology has contributed to the present-
day high standard of quality and hygiene of fer-
mented foods, the principles of the age-old pro-
cesses have hardly changed. In industrialized
societies, a variety of fermented foods are very
popular with consumers because of their attractive
flavor and their nutritional value (Figure 1-1).

In tropical developing regions, fermentation is
one of the main options for processing foods. In
the absence of facilities for home refrigeration,
freezing, or home canning, it serves as an afford-
able and manageable technique for food preserva-
tion. Fermentation can also increase the safety of
foods by removing their natural toxic components,
or by preventing the growth of disease-causing
microbes. It imparts attractive flavor and nutritive
value to many products. Fermentation is an attrac-
tive technique because it is low cost and low tech-
nology and it can be easily carried out at the house-
hold level, often in combination with simple
methods such as salting, sun drying, or heating
(e.g., boiling, steaming, frying).

Contrary to unwanted spoilage or toxin pro-
duction, fermentation is regarded as a desirable
effect of microbial activity in foods. The mi-
crobes that may be involved include molds

(mycelial fungi), yeasts (unicellular fungi), and
bacteria. Examples of food fermentations and
the microbes responsible for the desired changes
will be presented in this chapter.

In general, the desirable effect of microbial
activity may be caused by its biochemical activ-
ity. Microbial enzymes breaking down carbohy-
drates, lipids, proteins, and other food compo-
nents can improve food digestion in the human
gastrointestinal tract and thus increase nutrient
uptake. Several bacteria excrete B vitamins into
food. As a result of their growth and metabo-
lism, substances of microbial origin are found in
the fermented food, including organic acids,
alcohols, aldehydes, esters, and many others.
These may have a profound effect on the quality
of the fermented product. For instance, lactic
and acetic acids produced by lactic acid bacteria
(LAB) have an inhibitory effect on spoilage bac-
teria in sourdough bread and yogurt, and the pro-
duction of ethanol and carbon dioxide deter-
mines the acceptability of bread, beer, and wine
(ethanol disappears from bread during the bak-
ing process).

In addition to enzymes and metabolites, mi-
crobial growth causes increased amounts of mi-
crobial cell mass. This may be of nutritional and
aromatic interest in yeast extract, for instance.
The presence of living microbial cells such as in
nonpasteurized yogurt may well have advanta-
geous effects on the intestinal microflora and,
indirectly, on human health.
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Nr. Name of product Major ingredient(s) Functional microorganisms
1 quark cows’ milk lactic acid bacteria (LAB)
2 yogurt cows’ milk LAB
3 sauerkraut white cabbage LAB
4 cultured milk (“karnemelk™) cows’ milk LAB
5 treated black olives olives LAB
6 gouda cheese cows’ milk LAB
7 raw fermented sausages pork and/or beef meat LAB
8 yeast-leavened bread wheat flour yeasts (Y)

9 lager beer barley, hops Y

10 white wine grapes Y

11 sherry grapes Y

12 lager beer barley, hops Y

13 gruyere cheese cows’ milk LLAB + propionibacteria

14 pumpernickel bread rye fiour LAB+Y

15 mixed sourdough bread rye + wheat flour LAB + Y

16 camembert cheese cows’ milk LAB + molds

17 raw fermented sausage pork and/or beef meat LAB + molds

18 SOy sauce soybeans and wheat Molds + LAB + Y

19 tempeh soybeans LAB + Molds + Y

Figure 1-1 Fermented foods representing different types of fermentations and raw materials

Food Safety

In its widest sense, the safety of food must be

other detrimental effects. In principle, such ill-
nesses can be caused by agents of biological,

achieved through safe production, storage, and  Table 1-1.

handling in order to avoid food-borne illnesses
such as food intoxication, infectious diseases, or

chemical, or physical nature, as exemplified in

In this book, the fermentation of food will be
viewed in relation to these safety aspects. The



Table 1-1 Some Examples of Threats to Consumer Safety

Nature Type of Causative Agents Specific Examples lliness
Biological Pathogenic microorganisms Bacteria (Salmonelia spp.) Enteric infections
Viruses (Rotavirus)
Parasites (Cryptosporidium spp.)
Toxigenic microorganisms Mycotoxin-producing fungi (Aspergillus flavus) Liver cancer
Toxin-forming bacteria (Clostridium botulinum) Respiratory failure
Biogenic amine-forming bacteria (Enterobacteriaceae) Hypertension
Chemical Phytotoxins Cyanogenic glycosides (linamarin) in cassava tubers Cyanide intoxication
Environmental contaminants Pesticides Intoxications
Veterinary drugs
Heavy metals
Toxic metabolites Biogenic amines (e.g., in fish) Hypertension
Food additives and ingredients Preservatives Allergies
Colorants
Physical Foreign matter Glass Injuries (cuts, perforations)
Metal

UOLINPOLJ A1DY] PUD SPOO] PIIUIULID
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book begins with a closer look at fermentation as
a food processing technology. Next, the intrinsic
safety of fermented foods as well as the prin-
ciples of the hazard analysis critical control
point (HACCP) system are discussed, followed
by several examples of hazards that are potential
threats to consumer safety.

The use of genetically modified ingredients or
microorganisms in food fermentations, as well
as the use of microorganisms as probiotics in
fermented foods, are aspects that require a sys-
tematic and critical assessment of their safety.

In the final synthesizing chapter, the HACCP
approach is used to illustrate and compare some
of the critical processing steps that affect the
safety of fermented foods.

FOOD FERMENTATION COMPONENTS
Food Ingredients

Food ingredients include the raw foods cho-
sen for fermentation which can be of plant or
animal origin. These foods contain a variety of
nutrients for the consumer but also some of these
nutrients will be required for the microbial
growth and metabolism during the fermentation
process. In order to enable microbial activity,
sufficient water must be present. Consequently,
water must be added in case the other ingredi-
ents are too dry. For several reasons, such as
taste or preservation, miscellaneous substances
may be added to the ingredient mix. These will
be discussed in more detail below.

Food Groups

+ Plant origin: Fermented foods of plant ori-
gin are derived from a variety of raw mate-
rials of different chemical composition and
biophysical properties. Tuberous roots
such as potatoes and cereals and tree crops
like breadfruit have a relatively high starch
content. Legumes and oil seeds generally
have a high protein content. Green veg-
etables, carrots, beets, tomatoes, olives, cu-
cumbers, okra, and forage crops for animal
feed silages have a high moisture content.
Fruits contain high concentrations of re-
ducing sugars.

Most fermentative preservations of veg-
etables and cereals are due to the action of LAB,
often in combination with yeasts. But other bac-
teria, such as Bacillus spp., or mycelial fungi,
such as Rhizopus and Aspergillus spp., are
equally important in the fermentation of le-
gumes and oil seeds.

+ Animal origin: Foods of animal origin that
are fermented are mainly milk, meat, fish,
and seafood. These are all quite perishable,
and fermentation has long been an effective
method for prolonging the shelf life of
these valuable nutrients.

Milk originating from cows, buffaloes, sheep,
and, occasionally, other animals has a high
moisture content; contains proteins, minerals,
and vitamins; and has a neutral pH. A rapid
acidification by lactic acid bacterial fermenta-
tion to pH values of less than 4.5 strongly inhib-
its the survival and growth of spoilage-causing
or disease-associated bacteria. Milk contains
ample amounts of the fermentable carbohydrate
lactose, which is an essential ingredient to en-
able this fermentation. Due to the reduced pH, as
well as bacterial glycocalix, the viscosity in-
creases and various liquid fermented milk prod-
ucts are obtained, ranging from fluid cultured
milk to stringy viscous Scandinavian milks,
mixed sour-alcoholic fizzy fluids, and gel-type
products such as yogurt. Milk is also rather volu-
minous; nomadic tribes developed methods to
curdle milk and separate the coagulated casein
from the residual liquid (whey). The coagulate
represents only approximately 10% of the origi-
nal milk volume. Fermentation by LAB, and oc-
casional propionibacteria, yeasts, and molds, re-
sults in a variety of cheeses.

Meat (cow, pork, goat, etc.) contains very low
levels of fermentable carbohydrates, thus posing
limitations to lactic acid fermentation. Many of
the fermented meats derive their long shelf life
from a combination of preservative effects.
Acidification by LAB is usually boosted by add-
ing sugar, and added salt, nitrate, or nitrite, as
well as some extent of dehydration, are major
aspects of the preservation of fermented sau-
sages. It is interesting to note that most fer-



mented sausages have been prepared from raw
meat. In order to avoid the risk of raw meat-
borne food infections by parasites, it is recom-
mended to freeze the meat prior to processing.
Fish and seafood (e.g., shrimp) pose similar
restrictions to bacterial fermentation: They con-
tain only low quantities of fermentable carbohy-
drates. In practice, this has led to two major
types of fish products preserved by fermenta-
tion. The first is a mixture of fish and salt that
results in liquid protein hydrolysate after several
months of fermentation. Halotolerant bacteria
and yeasts may play a role in flavor formation,
but the high salt content is responsible for the
preservation. The second type of fish product is
a mixture of fish, little salt, and cooked starchy
food (e.g., rice or cassava), the latter providing
fermentable carbohydrates; these products are
preserved mainly by lactic acid fermentation.

Nutrients Required by Microorganisms

» Carbon and nitrogen: Most microorgan-
isms require some form of organic carbon.
In natural raw materials, this is found
mainly in carbohydrates (e.g., monomers,
dimers, etc., and a number of polymeric
food-storage and structure-giving polysac-
charides such as starch, pectins, hemicellu-
lose, and cellulose). Molds and certain bac-
teria (e.g., Bacillus spp.) are good
producers of extracellular carbohydrate-de-
grading enzymes that can release ferment-
able mono- and oligomeric substances. Ac-
counts of the response of yeasts to sources
of carbon, nitrogen, phosphorus, and sulfur
are available.?*#! Yeasts and LAB are
known to be poor converters of polysaccha-
rides and pentoses. Although the presence
of chitin and acacia gum was shown to in-
crease the rate of yeast growth and fermen-
tation,?! these compounds were not me-
tabolized as nutrients.

In addition to fermentable saccharides, other
nutrients required for cell growth and metabo-
lism include inorganic (e.g., NH+') or organic
sources of nitrogen (e.g., urea, amino acids, and
peptides, but rarely extracellular proteins),

Fermented Foods and Their Production 5

phosporus (e.g., inorganic phosphate or phos-
phate esters), and sulfur (e.g., sulfate, sulfite,
methionine, glutathione). Fungi usually do not
require additional nutrients in food fermenta-
tion. Optimum carbon/nitrogen ratios for growth
are 10-100. For use in industrial fermentations,
it was shown that R. oryzae could grow well
with only starch and nitrogen salts; the addition
of vegetable juice further stimulated growth.”

* Minerals: Iron, magnesium, potassium,
sodium, and calcium are normally required
for cell growth.*! Of additional interest is
the effect of Ca?* ions, which was reported
to increase the ethanol tolerance of Saccha-
romyces cerevisiae.* Manganese plays an
important role in LAB; deficiencies may
lead to fermentation failures.

*+ Vitamins and other growth factors: The
most common growth factors for yeasts are
biotin, pantothenic acid, inositol, thiamine,
nicotinic acid, and pyridoxine.*! Riboflavin
and folic acid are synthesized by all yeasts,
but are required by some bacteria. Fungal
requirements for additional vitamins in the
food environment seem to be negligible.
On the contrary, they may contribute to the
nutritive value of fermented foods by vita-
min synthesis.

Water

Water is essential for microbial growth and
metabolism. The extent to which water is avail-
able for biological metabolism is expressed as
water activity (Aw) or, occasionally, as water po-
tential.’* Aw is the more commonly used termi-
nology and is defined by the ratio of equilibrium
water vapor pressure of the food and of pure wa-
ter, at a defined temperature such as 20 °C. Aw
ranges from 0 to 1. Most microorganisms re-
quire Aw to be greater than 0.70, with optimum
greater than 0.99.

Added Food Ingredients

A variety of added ingredients affect the ac-
tivity of microorganisms and thus can be used to
regulate the rate and extent of fermentation. Salt
and sugar are well known for their antimicrobial
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effect at high concentrations. Salt levels greater
than 15% w/w and sugar concentrations greater
than 25% w/w reduce the Aw considerably; in
addition, NaCl has a specific inhibitory influ-
ence caused by Na* ions. Herbs, spices, and so
forth may contain inhibitory proteins, organic
acids, essential oils, pigments, resins, phenolic
compounds, caffeine, and so on. On the other
hand, some spices are excellent sources of man-
ganese, which is essential for LAB.

Microorganisms

Three groups of microorganisms are used in
food fermentation, namely bacteria, yeasts, and
molds. Table 1-2 illustrates some prominent
species of microorganisms, some of the food fer-
mentations in which they are of importance, and
their function.

How do microorganisms enter the fermenta-
tion? Different scenarios of increasing complex-
ity can be distinguished,? as will be explained in
the following sections:

Natural Fermentation in Raw Substrate

Most raw foods of animal or plant origin con-
tain a variety of microorganisms that arrived by
chance or that have an ecological association
with them, based on preharvest growing condi-
tions. Food processing activities can also add
certain microorganisms to food. If food is al-
lowed to ferment without prior heating, most of
these microorganisms can multiply. However,
their opportunities will be restricted by their
ability to grow and compete in the food, and by
external conditions. This usually results in a suc-
cession of predominant microorganisms, finally
stabilizing in a fermented product that contains a
mixed microbial population dominated by mi-
croorganisms that are particularly suited to the
physicochemical conditions prevailing in the fi-
nal product. This type of fermentation is exem-
plified by sauerkraut, which is shredded and
salted cabbage that is fermented by LAB.!
Drawbacks of natural fermentations are that they
take a relatively long time to complete, and the
outcome is always a surprise.

Use of Traditional Mixed Starter
Cultures in Raw or Preheated
Substrate

The drawbacks of natural fermentation can be
reduced when a large quantity of microorgan-
isms that occur in the final product are added.
These may be expected to bring about a more
rapid domination and a more predictable quality
of the fermented product. An example of this
approach is the traditional fermentation of sour-
dough, a mixture of cereal flour (wheat or rye)
with water of dough consistency.’? A small
quantity of previously fermented sourdough is
mixed into the new dough, and this practice can
be successfully carried out for many years to
achieve dependable fermentations.

Traditional mixed-culture starters are also ap-
plied in the fermentation of precooked ingredi-
ents. Examples are the Indonesian fermented
soybean food tempeh (also known as tempe), '*
as well as African alcoholic beverages such as
Ghanaian pito made from sorghum.’® For
tempeh, a mixed culture of molds (Rhizopus and
Moucor spp.) especially grown for this purpose
on plant leaves (Hibiscus tileaceus) is used.?’
The fermentation starter for pito is an inocula-
tion belt, a woven rope that is suspended in the
fermenting beer and on which the predominating
yeasts (Saccharomyces spp.) are present as a
sediment. The fermentation of a next batch of
pito beer is started by immersing the inoculation
belt into the sugary liquid made from sorghum,
which is a common cereal in tropical climates.

Use of Pure Cultures (Single or Mixed)
in Preheated Substrate

With increasing scale of production, more so-
phisticated technical facilities, and higher in-
vestment and operational risks, the use of labo-
ratory-selected and precultured starter cultures
becomes a necessity. Because equipment for
aseptic processing at a large production scale is
extremely expensive, common procedures in-
clude pure culture maintenance and propagation
under aseptic conditions (e.g., sterile laboratory
and pilot fermentors). At production scale, the
food ingredient to be fermented is preheated in



Table 1-2 Selected Examples of Microorganisms and their Function in the Fermentation of Foods

Importance of Fermentation for

Microbial Group Species Fermented Foods Product Characteristics
Bacteria Lactic acid bacteria: Lactobacillus delbrtickii
ssp. bulgaricus and Streptococcus
salivarius ssp. thermophilus Yogurt Contribute to flavor, shelf life, structure, and
consistency by the production of lactic acid,
acetaldehyde, diacetyl, and polysaccharides
Yeasts Saccharomyces cerevisiae Alcoholic beverages
(beers, wines) Produce ethanol, COz, and flavor
Molds Aspergillus sojae Soy sauce Form proteolytic and saccharolytic enzymes,

enabling solubilization and flavor production
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order to minimize the level of microbial contami-
nation; subsequently, the pure culture starter
(single or mixed cultures) is added and fermenta-
tion takes place at the highest practicable and af-
fordable level of hygienic protection.

Use of Pure Cultures in Sterilized
Substrate

For the propagation of starter cultures, or in
other situations requiring the absolute absence
of microbial contamination, food ingredients or
otherwise suitable nutrients are sterilized and
kept in sterile confinement. Pure cultures of
starter microorganisms are added using aseptic
techniques. Not only is this an expensive tech-
nique, but it is also unnecessary in production-
scale food fermentation. Moreover, severe heat
treatments required to achieve sterility can harm
heat-sensitive nutrients for both the microorgan-
ism and the consumer.

Enzymes

The importance of enzymes in fermentation
processes lies in their ability to degrade complex
substrates. Some examples are in koji fermenta-

tion, where 4. oryzae enzymes degrade starch,
protein, and cell wall components, and in
tempeh production, where Rhizopus spp. en-
zymes degrade cell wall components, protein,
lipids, phytic acid, and oligosaccharides. Pro-
teases produced by LAB are important degrad-
ing proteins in fermented milk products. Some
enzymes involved in the degradation of complex
substrates include amylolytic, proteolytic, li-
polytic, and cell wall degrading enzymes.

Ampylolytic Enzymes

Starch is composed of two polysaccharides,
amylose and amylopectin, both consisting of
glucose units only (Figure 1-2). Amylose is a lin-
ear glycan in which the sugar residues are con-
nected by «-1,4 bonds; amylopectin is a
branched glycan in which glucose residues in the
backbone and the side chains are o-1,4 linked.
The side chains are attached by o-1,6 linkages.

Starch is degraded by several amylases work-
ing simultaneously. «-amylases hydrolyze
«a-1,4 glucosidic linkages. Iso-amylase is a
debranching enzyme; it hydrolyzes ¢-1,6 gluco-
sidic linkages. Amyloglucosidase liberates
single glucose units from the nonreducing end,

Amyloglucosidase

O Glucose

iso-amylase or
puliulanase

.O Maltose

Figure 1-2 Amylopectin molecule and its degradation by several amylases. Adapted with permission from
Uhlig, H. (1991). Enzyme arbeiten fiir uns. Technische enzyme und ihre Anwendung. Miinchen, Wien: Carl

Hanser Verlag.®



whereas B-amylase liberates maltose units.
These enzymes belong to the class of hydro-
lases. In industrial-scale production of o-amy-
lases, the enzyme is derived from the pancreatic
gland of swine and cattle and from microbial
cultures. Microorganisms that produce amylases
are B. subtilis and A. oryzae. B. licheniformis
produces a heat-stable amylase that can be used
at 100-110 °C. Gelatinization of starch by heat-
ing enhances enzyme catalysis. Thus, the swol-
len gelatinized starch substrate is degraded 300
times faster by bacterial amylase and 10° times
faster by fungal amylase than the native,
unswollen, nongelatinized starch.

Proteases

Proteases are classified according to their
source (e.g., animal, plant, microbial), their cata-
lytic action (e.g., endopeptidase or exopeptidase),
and the nature of the catalytic site. Endopeptidases
are the proteases that are used most commonly in
food processing, but in some cases, they are ac-
companied by exopeptidases. Endopeptidases
cleave polypeptide chains at particularly suscep-
tible peptide bonds distributed along the chain,
whereas exopeptidases hydrolyze one amino acid
from the end of the chain. The four major classes
of endopeptidases are carboxy! proteases (i.e., as-
partic protease), cysteine proteases, serine pro-
teases, and metallo proteases (Table 1-3). As the
names imply, carboxyl, cysteine, and serine pro-
teases have carboxyl, cysteine, and serine side
chains, respectively, as essential parts of the cata-
lytic site. The carboxyl proteases generally have
maximum catalytic activity at acid pH. The serine
proteases have maximum activity at alkaline pH;
the closely related cysteine proteases usually show
maximum activity at more neutral pH values. The
metallo proteases contain an essential metal atom,
usually Zn?*, and have an optimum activity at neu-
tral pH. Ca?* stabilizes these enzymes and strong
chelating agents (such as ethylenediamine-
tetraacetic acid, or EDTA) inhibit them.

Enzymes Degrading Cell Wall
Components

In order to understand how enzymes affect
plant cell walls, the structure of the walls first
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must be reviewed. Microscopic investigations
have revealed that plant cell walls can be divided
into three layers: the middle lamella, primary
wall, and secondary wall (Figure 1-3). The
middle lamella acts as an intercellular binding
substance and is mainly composed of pectin.
Secondary cell walls contain less pectin but con-
tain some lignin. Primary cell walls consist of
cellulose fibers called microfibrils embedded in
a matrix of pectins, hemicelluloses, and proteins
(Figures 1-3 and 1-4). Pectin is the major bind-
ing component of the cell wall, and its degrada-
tion by pectolytic enzymes will cause fruit or
vegetables to become soft. This is the first step
of enzymatic degradation of the cell wall.

» Pectolytic enzymes: The basic structure of
pectins is a linear chain of a-linked mol-
ecules of pyranosyl D-galacturonic acid.
Varying proportions of carboxylic groups
can be present as methyl esters. The esteri-
fication is usually by methanol, in which
case the pectin is said to be methylated.
When less than 50% of the carboxyl groups
are methylated, the pectin is referred to as
low methoxyl pectin; when more than 50%
of the carboxyl groups are methylated, the
pectin is referred to as high methoxyl pec-
tin. Pectin situated in the middle lamella is
removed from the cell wall relatively easily
and is most easily degraded by appropriate
enzymes. In contrast, enzymes do not eas-
ily degrade the pectin within primary and
secondary cell walls. Pectinases are defined
and classified on the basis of their action
toward the galacturonan part of the pectin
molecules. Two main groups are distin-
guished, pectin esterases and pectin
depolymerases.

* Hemicellulases: Hemicelluloses are
polysaccharides that are extracted from
plant cell walls by strong alkali. They are
composed of four major substances:
arabinans, galactans, xyloglucans, and xy-
lans. As an example, arabinans are de-
graded by the enzymes, arabinanases.
Arabinans are branched polysaccharides
with a backbone of -1,5 linked L-arabinose



Table 1-3 Overview of Proteases

Optimum Stability

Name Type Source pH-Optimum pH Range
Proteases of animal origin
Chymosin Carboxyl protease Stomach lining of calves 6.0-7.0 6.5-6.0
Pepsin Carboxyl protease Gastric lining of swine or bovine 2.0
Pancreatic protease® Pancreas 9.0 3.0-5.0
Proteases of plant origin
Papain Cysteine protease Tropical melon tree (Carica papaya) 7.0-8.0 45-6.5
Bromelain Cysteine protease Pineapple (fruit and stalk) 7.0-8.0
Ficin Cysteine protease Figs (Ficus carica) 7.0-8.0
Bacterial proteases
Alkaline protease Serine protease e.g., Bacillus subtilis 7.0-11.0 7.5-9.5
Neutral protease Metallo protease e.g., Bacillus thermoproteolyticus 6.0-9.0 6.0-8.0
Pronase Streptomyces griseus
Fungal proteases
Acid protease Carboxyl protease Aspergillus oryzae 3.0-4.0 5.0
Neutral protease Metallo protease Aspergillus oryzae 55-7.5 7.0
Alkaline protease Serine protease Aspergillus oryzae 6.0-9.5 7.0-8.0
Protease Carboxyl protease Mucor pusillus 3.5-4.5 3.0-6.0
Protease Carboxyl protease Rhizopus chinensis 5.0 3.8-6.5

*A mixture of trypsin, chymotrypsin, and various peptidases with amylase and lipase as accompanying enzymes.

0t
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Primary wall ——>

Middle lamella ——»

Secondary wall ——>»

Figure 1-3 Schematic representation of the structure of plant cell walls. Reproduced with permission from
Voragen, A. G. J., Van den Broek, L. A. M. (1991). Fruit juices. Biotechnological Innovations in Food Process-
ing, pp. 187-210. Edited by Biotol Team. Oxford, UK: Butterworth-Heinemann.*

units (Figure 1-5). To approximately every arabinosidase (arabinofuranosidase) and
third arabinose molecule, additional arabi- endo-arabinanase. Arabinosidase can be
nose units are attached by o-1,2- or 0-1,3 subdivided into two forms, A and B. The B
linkages. This can produce complex struc- form degrades branched arabinan to a lin-
tures. There are two types of arabinanases: ear chain by splitting off terminal «-1,3 or

¥ /| RG | with
Xyloglucan PGA junction AV | arabinogalactan
2one '.:t side-chains
' LU |
L - — L5 Y

Figure 1-4 Schematic representation of the primary cell wall. PGA and RG are part of pectin. Reproduced with
permission from Carpita, N. C., Gibeaut, D. M. (1993). Structural models of primary cell walls in flowering
plants: consistency of molecular structure with the physical properties of the walls during growth. The Plant
Journal 3, 1-30.7
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OH
HOCH,
OH

Figure 1-5 The structure of arabinans. Adapted with permission from Beldman, G., Schols, H. A., Pitson, S. M.,
Searle-van Leeuwen, M. J. F., Voragen, A. G. J. (1997). Arabinans and arabinan degrading enzymes. In Advances
in Macromolecular Carbohydrate Research. Vol. 1, pp. 1-64. Edited by R.J. Sturgeon. London: JAI Press.!

o-1,2 linked side chains. At the same time,
this enzyme slowly and sequentially breaks
the o-1,5 linkages at the nonreducing end
of linear arabinan. Endo-arabinanase hy-
drolyzes linear arabinan in a random fash-
ion, producing oligomers of shorter
lengths. Arabinosidase A degrades the
arabinan oligomers to monomers. Arabina-
nases occur in some plants and microorgan-
isms. Fungal arabinanases have an optimum
pH of approximately 4.0; bacterial
arabinanases have an optimum pH of ap-
proximately 5.0-6.0.

+ Cellulases: Cellulose is the best known of
all plant cell wall polysaccharides. It is par-
ticularly abundant in secondary cell walls
and accounts for 20-30% of the total dry
mass. Cellulose is a linear chain of B-1,4
linked glucose units. In cellulose, these 3-
1,4 glucan chains aggregate by hydrogen
bonds to rigid flat structures called fibrils
(Figure 1-4). The degree of polymerization
can be very high, up to 14,000 in secondary
cell walls. The rigid structure makes cellu-
lose very resistant to degradation by en-
zymes. Cellulase (often called the cellulase
complex) is a multienzyme complex sys-
tem composed of several enzymes: endo-

glucanase, exo-glucanase, cellobiose hy-
drolase, and cellobiase.

Lipases

Lipases degrade triglycerides. They only act
on an aqueous-lipid interface such as a micelle.
Generally, the enzymes catalyze the hydrolysis
of triglycerides to produce fatty acids and glyc-
erol, but there are also specific enzymes that
catalyze the hydrolysis of monoacylglycerides,
phospholipids, and esters of sterols. Generally,
the mode of action of lipases results in fatty ac-
ids being preferentially hydrolyzed from 1- and 3-
positions of triglycerides so as to leave 2-substi-
tuted monoacylglycerides. Microbial lipases may
also catalyze the hydrolysis in all three positions.
The composition of the fatty acid (i.e., length,
stereoconformation, and degree of saturation) af-
fects the specificity and speed of the lipases.

Phytases

Phytases catalyze the hydrolytic removal of
phosphate groups from phytic acid (Figure 1-6),
a substance that occurs widely in cereals and le-
gumes and that is known to limit the
bioavailability of macro- and micronutrients.
The ability to degrade phytate occurs widely
among molds (4. ficuum, R. oligosporus), yeasts
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Figure 1-6 Structure of phytic acid

(Candida krusei, Schwanniomyces castelli), and
LAB (Pediococcus pentosaceus, Lactobacillus
agilis, Lb. confusus). Because the optimum pH of
most phytases is approximately 5.5, the phytate
degradation can be less effective if a lactic acid
fermentation has resulted in low pH values.

Tannases

Tannases catalyze the hydrolysis of polyphe-
nols (tannins). Fungal enzymes (e.g., from 4.
niger) are used in the food industry to degrade
tannins. Tannin removal results in reduced tur-
bidity in tea-based beverages. It also benefits the
nutrient bioavailability in tannin-containing fer-
mented cereal products.?

DIVERSITY OF FERMENTED FOODS

There is a wide variety of fermented foods
worldwide. Various excellent reference books
on fermented foods are available,54%45 as are
source books on industrial aspects of food bio-
technology, including food fermentation.?3333
Mention was made already of the various food
ingredients that can be fermented, as well as the
microorganisms and enzymes that are used in
fermentations.

In the strict sense, fermentation refers to a
form of anaerobic energy metabolism. In the
context of fermented foods, however, the micro-
bial growth and metabolism can take place under
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aerobic conditions as well. For example, mold
fermentations require oxygen to facilitate their
growth and enzyme production.

An aspect of interest is the physical state un-
der which the fermentation takes place. This can
be in the form of liquid in which the microorgan-
isms are suspended while a relatively simple
mixing device is used to ensure the homogeneity
of microorganisms, substrates, and products. In
these liquid fermentations, or LFs, the continu-
ous phase is the liquid, and the control of tem-
perature and levels of dissolved oxygen can be
achieved with immersion coolers or heaters, and
aeration. Quite a different situation occurs in a
heap of cooked soybeans in which homogeneous
growth of strictly aerobic molds is required.
Whereas the particulate matter (i.e., soybeans)
contains sufficient water to allow microbial
growth, water is not the continuous phase; gas
(i.e., air) is.This physical state is referred to as
solid-state fermentation, or SSF. Because gas is
a poor conductor of heat and mass, SSFs have a
tendency to develop gradients of temperature
and gas composition. Control of homogeneity
requires more complex measurement and mix-
ing systems as compared to LF. In practice, in-
termediate situations such as shredded veg-
etables or particles such as olives, which are
fermented while immersed in brine, can be en-
countered. These can be considered as immer-
sion LF because the continuous phase is liquid
but contains immersed particles. Obviously,
these do not always behave like LF.

Table 1-4 illustrates selected examples of
food fermentations representing different food
groups, functional microorganisms and en-
zymes, oxygen requirements, physical states,
and present levels of industrialization. As men-
tioned earlier, food ingredients of plant as well
as animal origin are used to prepare fermented
foods. Of the functional microorganisms, LAB
play the predominant role in the prolongation of
shelf life because of the antimicrobial effect of
their acids. In addition, yeasts are often found as
minority companions of LAB; they sometimes
contribute to shelf life by scavenging residual
assimilable carbon sources. This is the case, for
example, in fermented pickles. The major func-



Table 1-4 Examples of Food Fermentation Processes

Fermented Mode of Microorganisms and  Enzymic Modifications = Oxygen Physical
Food Group Food Consumption Major Products* of The Product Requirement  State  Industrializationt References
Starchy crops:  Agbéli maweé Cooked paste Lactic acid bacteria Degradation of starch  Aerobic Solid 12 30
cassava forming lactic and and cell walls
acetic acid
Cereals: wheat  Sourdough Bread Lactic acid bacteria and Degradation of starch  Anaerobic  Solid 14 16
and rye yeasts forming lactic and maltose
and acetic acid, and
carbon dioxide
Legumes: Tempeh Fried snacks or Molds forming mycelium Degradation of protein, Aerobic Solid 1-3 26, 28
soybean cooked side and enzymes cell walls, and lipids
dish
Vegetables: Sauerkraut Vegetable dish  Lactic acid bacteria Anaerobic  Immersed 14 3
cabbage or relish forming lactic acid in liquid
Fruits: grape Wine Alcoholic Yeasts (and occasion- Anaerobic  Liquid 14 10
beverage ally lactic acid
bacteria) forming
ethanol and flavor
Meats: pork and Raw dried Hearty food Micrococcaceae, lactic  Degradation of lipids ~ Anaerobic  Solid 1-4 36
beef sausages ingredient or acid bacteria (and
shack occasionally molds)
forming organic acids
and flavor and
stabilizing meat color
Milk: cow, Yogurt Breakfast or Lactic acid bacteria Degradation of Anaerobic  Liquid 14 42
buffalo dessert forming lactic acid, proteins
acetaldehyde, and
diacetyl and providing
structure
Milk: cow, Soft cheeses Sandwiches Lactic acid bacteria and Degradation of Aerobic Solid 14 8
sheep, goat and snacks molds forming acidity,  proteins and lipids

release enzymes for
ripening and flavor

development

*Mention is made only of functional groups of microorganisms.
1, home-produced; 2, village style; 3, national market; 4, international market.
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tion of yeasts in yeast-fermented products is
their copious production of carbon dioxide, such
as gas in bread and beer and ethanol in alcoholic
beverages. The functionality of molds is mainly
in their production of enzymes that degrade
polymeric components such as cell wall
polysaccharides, proteins, and lipids. This can
have considerable consequences for the texture,
flavor, and nutritional value of mold-fermented
foods. Depending on the functional microorgan-
isms that should be propagated, the incubation en-
vironment (i.e., availability of oxygen for strict
aerobes, anaerobic conditions when mold growth
is undesirable) and physical state can be selected
and optimized. It is of interest to note that, in con-
trast to predominantly LFs that are common in the
pharmaceutical industry, a considerable number
of food products are fermented by SSF.

PROCESS UNIT OPERATIONS

The manufacture of fermented foods is orga-
nized in a sequence of activities called unit op-
erations.? Irrespective of the scale at which the
process takes place, the following types of unit
operations can be distinguished.

Physical Operations

Transport

Transport is one of the most important unit
operations. It has the purpose of transferring in-
gredients (i.e., transport of mass) to the desired
localities and/or equipment. Its aim is also to as-
sist in heating and cooling (i.e., transport of
heat). There is a wide variety of materials and
methods that can be used for transport. The
choice depends on the type of product, scale of
production, economic considerations, and local
conditions.

Grading and/or Sorting

Grading and/or sorting have the purpose of
achieving homogeneity of size, color, maturity,
hardness, and so forth. At the same time, items
that are spoiled, infected, or otherwise deterio-
rated are removed. From a food safety point of
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view, grading and sorting are important tools
that can be used to optimize the quality of inputs.

Cleaning and/or Washing

Cleaning and/or washing are carried out to re-
move dirt, dust, insects, agricultural residues,
and so forth. Depending on the type of ingredi-
ents, dry or wet cleaning can be chosen. In cereal
processing, for example, dry cleaning of wheat
prior to flour milling is performed by a combina-
tion of aspiration and sieving. But, in maize pro-
cessing, maize kernels can be washed in water
prior to wet milling. Water is becoming ever
scarcer and expensive, causing increased inter-
est in dry operations.

Physical Separations

Dehulling, peeling, trimming, and other sepa-
rations are aimed at obtaining the desired ana-
tomical parts of plant or animal tissue while re-
moving the undesired ones. Examples are the
removal of poorly digestible seedcoats from
soybeans by dehulling, the removal of the cortex
of the cassava root because of its bitter taste and
possible toxicity, and the trimming of fat from
red meat.

Moisture Adjustment

Moisture adjustment is required to achieve,
for example, the desired consistency and edibil-
ity of dry seeds and grains. The need for a suffi-
ciently high Aw for microbial metabolism was
mentioned earlier. Water can be added as an in-
gredient and mixed; soaking or steeping in water
is also a common method to increase the mois-
ture content of ingredients. Especially during
longer periods of soaking at favorable tempera-
tures, microbial activity can take place. Several
cereal fermentation processes combine soaking
with fermentation.

Size Reduction

Size reduction of particulate matter is re-
quired to obtain meal or flour from seeds, to ob-
tain pulp from tubers or fuits, or to prepare a ho-
mogeneous slurry of meat and other ingredients
for sausage making. Size reduction is performed
by cutting, grinding, impact hammering, and so
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forth usy a wide variety of equipment that has
been developed to suit the processing of specific
raw materials.
Mixing

Mixing has the purpose of obtaining homoge-
neity of mass and heat. Mixing of mass is the
most common type of mixing and is exemplified
by the mixing of ingredients to obtain a homoge-
neous product. Mixing at a small scale is rela-
tively easy and can be carried out with simple
kitchen utensils. The larger the scale of opera-
tion, the more complicated mixing becomes.
Mixing of dry components can be achieved us-
ing specific mixing equipment such as tumblers
or augur-type mixers, but it is also feasible to
combine mixing with other operations such as
grinding or transport. Mixing of liquids is often
achieved in stirred tanks. Mixing of wet and dry
ingredients can be carried out in kneading ma-
chines for doughs or in stirred tanks for less vis-
COUS suspensions.

Bioprocessing Operations

For microbial and enzymatic transformations,
a first requirement is the presence of the required
ingredients, including the desired microorgan-
ism(s) and/or enzyme(s), the required substrates
and cofactors, and sufficient water. Several of
the unit operations mentioned above will be in-
volved to fulfill these requirements.

In order to allow the transformations to take
place, incubation under optimum conditions for
the correct period of time will be needed. In or-
der to safeguard the constancy of these incuba-
tion conditions, unit operations such as mixing,
heating, cooling, and transport are needed to en-
sure even distribution of mass and heat, compen-
sate for heat losses or generated heat, and com-
pensate for deficiencies or overproduction of
mass by additions or removal.

Thermal Processing Operations

Heating and cooling are both characterized as
the transport of heat. Heat treatments and cool-
ing are of extreme importance in food process-

ing and thus merit specific attention. The pri-
mary objective of heating is to render food palat-
able. It causes the gelatinization of starch, dena-
turation of protein, and softening of tough
tissues, and transforms a number of flavors.

Heat treatments consist of a warming-up
phase, a period of holding time, and a cooling-
down phase. Temperatures exceeding 70 °C
cause enzyme inactivation and kill vegetative
microbial cells. The combination of temperature
and time determines the lethal effect of heat
treatments. In principle, the term pasteurization
corresponds to mild heat that kills heat-sensitive
vegetative cells of bacteria, yeasts, and molds.
Sterilization signifies killing all living cells, in-
cluding more heat-resistant spores of bacteria
and molds. In food processing practice, steriliza-
tion is not always required to ensure long-term
shelf life of foods. In this respect, the term com-
mercial sterility indicates a situation where
some heat-resistant spores may have survived
the heat treatment, but the composition of the
food prevents their revival during storage.

In view of bioprocessing, the timing of heat
treatments is of crucial importance. Fermenta-
tion of ingredients without prior heat treatment
(e.g., raw cereals, raw meat, etc.) has by defini-
tion a mixed character: Microorganisms and en-
zymes that were present in the ingredient will
take part in the fermentation, sometimes as sole
actors and sometimes as an accompaniment to
added starter microorganisms. At larger scale
production, fermentations must be better defined
and controlled, and selected or optimized starter
cultures must be used. In order to ensure opti-
mum functioning and to remove potentially haz-
ardous microorganisms, the ingredients can be
pasteurized or sterilized prior to inoculation and
fermentation. In such case, it should be realized
that some heat-sensitive growth factors such as
enzymes and vitamins may have to be replenished
in order to enable effective microbial metabolism.

Cooling in food fermentation can be used as a
processing tool. Prior to inoculation, heat-
treated ingredients must be cooled to inoculation
temperature. During fermentation, the excessive
production of metabolic heat must be removed
by cooling in order to prevent fermentation fail-



ures. In certain products such as yogurt, the fer-
mentation is halted by cooling in order to pre-
vent excessive acid development. Not all fer-
mented foods have a long shelf life. Refrigerated
distribution and storage contribute to shelf life
and hygienic safety.

Organization in Flow Diagram

A flow diagram is a pictorial scheme illustrat-
ing the sequence in which ingredients and unit
operations are combined and providing data re-
garding processing conditions such as tempera-
ture, time, mass, pH, and so forth. Figure 1-7 il-
lustrates this principle.

Appendix 1-A provides flow diagrams for se-
lected food fermentations. For each major food
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group, two commodities have been selected.
These flow diagrams are not intended to provide
recipes or exclusive methods of preparing the
respective products. Their purpose is to provide
an insight into the process conditions and tim-
ing, as well as relevant environmental antimicro-
bial conditions that are of importance in food
safety.

PROCESS CONDITIONS

Appendix 1-A aims to provide concrete pa-
rameter values (or ranges) affecting microbial
growth, metabolism, survival, and death as well
as enzymatic activity/stability, that are relevant
to food safety. These data can be useful in

cereal grains
grading, cleaning
grinding
mixing, kneading

dough

bread

“OOHO@HO”OOH

consumption

packaging, distribution

water, salt, fat 1

v
fIOf r(/,// baker's yeast C————"1

fermentation 2-3 h, 25-30 °C

baking 20—30 min, 220-250 °C

cooling to ambient temperature

<> Physical unit operations

1 Ingredients, (intermediate) products

<<> Bioprocessing unit operations

<> Thermal unit operations

Figure 1-7 Principle of flow diagram (case of bread making)
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HACCP approaches. Appendix 1-A provides
flow diagrams and process conditions of rel-
evance for the processing of starchy roots and
tubers (cassava, Tables 1-A—1 and 1-A-2), ce-
reals (barley, rye, and wheat, Tables 1-A—3 and
1-A—4), legumes (soybeans, Tables 1-A~5 and
1-A-6), vegetables (cabbage, Table 1-A—7 and
olives, Table 1-A-8), fruits (grapes, Table 1-A—
9 and palm sap, Table 1-A-10), meat (pork,
Tables 1-A—11 and 1-A-12), fish (fresh water,
Table 1-A-13 and sea water, Table 1-A-14),
and milk (yogurt, Table 1-A—15 and cheese,
Table 1-A-16). The icons explained in Figure
1-7 are used throughout these flow diagrams to
provide a quick overview of the sequence of bio-
and thermal unit operations. This is of special
importance with regard to safety, as illustrated
by the following cases.

¢ Case 1: Is the food heated at all, some-
where during the process? This may be of
crucial importance in view of viruses (refer
to Chapter 8) and parasites (Chapter 9).

+ Case 2: If heated, does this take place before
or after fermentation? This will have serious
implications in view of the activity of endog-
enous enzymes, which may detoxify endog-
enous toxic substances (Chapter 4), and in
view of naturally occuring pathogens (Chap-
ter 7), as well as the need for added safe
starter cultures (Chapters 10 and 11).

* Case 3: Is the fermented product usually
cooked prior to consumption (e.g., tempeh)
or is it eaten uncooked (e.g., most yogurts)?
Needless to say, cooking prior to consump-
tion will provide an additional “safety net”
to the consumer.
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APPENDIX 1-A

Flow Diagrams for Selected
Food Fermentations
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Table 1-A-1 Food Group: Starchy Roots and Tubers Product Name: Gari (Fermented and Dried Cassava) Reference: 40

Other Conditions of
Antimicrobial Relevance

] 000

dehydration and
starch gelatinization)
sieve
package and store
reconstitute with cold
water or milk
consume

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
— cassava tubers cassava (Manihot esculenta)
<> wash
<> peel (remove cortex)
<> grate to coarse pulp
<> putinjute or
polypropylene bag
<> pressurize by weight to from 65% moisture content to
enable de-watering approx 50% moisture content
<> ferment natural fermentation dominated by 12-96 h at 25-35 °C organic acids (lactic, acetic)
Lactobacillus plantarum, Coryne- 0.6-1.2% w/w
bacterium spp., Geotrichum candidum initial pH 6.2
final pH 4-4.5
<> break lumps
<> garify (toasting for 15-20 min at 80-85—-100 °C  dehydration to approx 8%

moisture content

in polythene bags or hermetic tins

Note: Factors contributing to shelf life: Dehydration to about 8% moisture content, combined with hermetic storage aliows sheif life of several months.
Other remarks: During this process, the grating facilitates the enzymatic degradation and detoxification of naturally occurring cyanide (mainly in the form of linamarin). HCN (ppm)
levels in cassava roots, peeled roots, grated peeled roots, fermented pulp, and finished gari were 306, 184, 104, 52, and 10, respectively.
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Table 1-A-2 Food Group: Starchy Roots and Tubers Product Name: Tape Ketella (Fermented Cassava) Reference: 40

Flow Diagram

Ingredients and Microorganisms

Other Conditions of
Antimicrobial Relevance
Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)

cassava tubers

wash

peel (remove cortex)
cut to 5-10 cm pieces
steam

cool

inoculate

00000

ferment

] ¢

consume

cassava (Manihot esculenta)

ragi tapé (inoculum on rice powder)
containing Amylomyces rouxii,
Endomyeces fibuligera, Endomyces
burtonii, lactic acid bacteria

10-30 min at 80-100 °C

2-3dat25-30 °C ethanol to approx 2% viv
lactic acid 0.1-0.3%
final pH approx 5.0

Note: Factors contributing to shelf life: Tape ketella has no shelf life. It is consumed as a snack or used occasionally as an ingredient in baked goods (cakes).

[44
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Table 1—-A-3 Food Group: Cereals Product Name: Lager Beer Reference: 35

Other Conditions of
Antimicrobial Relevance

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
—— 1. Malting: barley (Hordeum vulgare)
<> soaking 1-2 d at 10-20 °C with inter-
mittent airing, until moisture
content 45-50% w/w
<> germination 4-6dat 15-20 °C generation of saccharolytic,
<> proteolytic, and other brewing
enzymes; partial modification of
the barley grain
<> kilning at 71-92 °C to reduce
moisture content to 4-5% w/w
2. Mashing:
<> coarse milling
<> mashing infusion mashing (30 min—
> several h at 65 °C) or
decoction mashing (2-3 h at
increasing temperatures from
35-100 °C)
<> filtration product: sweet wort
byproduct: spent grain
— 3. Wort boiling:
—— hops addition hops (Humulus lupulus) hops have antimicrobial effects
<> boiling 1-3hat100°C
<> filtration
<> cooling to2-5°C
<> filtration product: wort
—

continues
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Table 1-A-3 continued

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
4. Fermentation:
<> pitching brewers’ yeast (Saccharomyces cerevisiae
 E— or S. uvarum) at approx 107 yeast cells
per ml wort
<> primary 1—2 wks at 1015 °C
fermentation
<> sedimentation product: young (“green”) beer
—
<> secondary 1-4 wks at 2-6 °C
fermentation
(lagering)
<> filtration product: mature beer cooling to 0-2 °C
—
<> 5.Bottling
<> 6. Pasteurization 5 min at 60 °C holding temp

1 consume

Note: Factors contributing to shelf life: Lager beer has no shelf life unless it is kept anaerobic and refrigerated. Bottled lager beer derives its shelf life from pasteurization and the
exclusion of air.

144
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Table 1-A-4 Food Group: Cereals Product Name: Wheat Mixed Grain Sourdough Bread Reference: 38

Flow Diagram

Ingredients and Microorganisms

Other Conditions of
Antimicrobial Relevance

Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)

00

Ol

10 000 00 ¢

mix ingredients
for sourdough

fermentation of
sourdough

seed sour
mixing and
kneading of
bread dough
ingredients

fermentation of
bread dough
divide, make-up
intermediate
proof

shape and tin
tin proof

bake

cool
consume

rye flour 15 kg

seed sour 0.3 kg

water 12.01

yeasts (Candida krusei, Pichia saitoi,
Saccharomyces cerevisiae, Torulopsis
holmii) and lactic acid bacteria (Lacto-
bacillus sanfranciscensis, Lb. plantarum,
Lb. fermentum)

seed sour 27 kg

rye flour 15 kg

wheat flour 70 kg

bakers’ yeast 2 kg

salt (NaCl) 2 kg

water 51 |

see above, but dominated by Saccharo-
myces cerevisiae (added bakers’ yeast)

15-24 h at 23-31 °C

1-2 h at 26 °C pH 4.6-4.7

5 min

30-60 min at 30—40 °C

35-40 min; oven temperature 0.5-0.7% lactic acid in baked
200-250 °C product

to ambient temperature

Note: Factors contributing to shelf life: Packaging in paper or other bags permitting moisture migration.
Other Remarks: Storage at 20 °C for several days, limited by staling.
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Table 1-A-5 Food Group: Legumes Product Name: Tempe Kedele (Soybean Tempeh) Reference: 27

Flow Diagram

Ingredients and Microorganisms

Thermal Data (Time at Temp)

Other Conditions of
Antimicrobial Relevance
(Salt, pH, Preservatives, elc.)

soak whole
soybeans in water

dehull

cook

cool
inoculate with
mold starter
package

0 0 1900 00]

ferment

harvest fresh
tempeh

slice or dice
fry or stew

I

consume

soybeans (Glycine max), lactic acid
bacteria (Lactobacillus plantarum), yeasts
(Saccharomyces dairensis),
Enterobacteriaceae

Rhizopus microsporus, R. Oligosporus, R.
oryzae, Mucor indicus

plant leaves (banana) or polyethylene
sheets or boxes, with perforation holes

Note: Factors contributing to shelf life: Fresh tempeh can be stored refrigerated or frozen.

6—24 h at 20-30 °C

20—40 min at 80-100 °C

24-48 h at 25-30 °C external
temp; internal temperature
may become approx 10 °C
higher

few min in oil of 180 °C, or
5-10 min in water or sauce of
100 °C

pH soaking water decreased from
6.5t0 4.1

ph beans 5.0-6.5

limited perforation allows
mycelium growth with very little
sporulation

initial pH 5.0;

final pH 6.5-7.5

NHs is formed due to proteolysis

9C
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Table 1-A—6 Food Group: Legumes Product Name: Koikuchi-Shoyu (Soy Sauce) Reference: 13

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
1 mixing equal quantities soybeans (cooked, whole) cooking: 40—45 min at 130 °C
<> of soybeans and wheat wheat (roasted, crushed) or equivalent; roasting: few
<> min at 170-180 °C
—— inoculation koji starter containing Aspergillus sojae,
<> Asp. oryzae
<> incubation to obtain 2-5dat25-30°C
molded mass = koji
—— mixing koji and brine koji NaCL approximately 18% (w/v)
<> to obtain moromi mash brine
<> fermentation Tetragenococcus halophila, 6-8 months ethanol 2-3% (v/v), lactic acid
Zygosaccharomyces rouxii 1—-2% (w/w), final pH 4.7-4.8
pressing,
<> residue used as
animal feed
—
—— obtain raw
S0y sauce
<> pasteurize 70-80°C
<> bottle
[—— consume

Note: Factors contributing to shelf life: Combined effect of high salt concentration, mild acidity, and pasteurization.

UONONPOL] N1DY] PUD SPOOL] PIIUDULID]

LT



Table 1-A-7 Food Group: Vegetables Product Name: Sauerkraut (Sour Fermented Cabbage) References: 11, 29

Flow Diagram

Other Conditions of
Antimicrobial Relevance
(Salt, pH, Preservatives, efc.)

Ingredients and Microorganisms Thermal Data (Time at Temp)

0 00 00 00000

white cabbage
harvest, transport
grading

coring

trimming

shredding to 1-2 mm
thick

salting (and
homogenous mixing)
load into fermentation
tanks or vats

cover with sheet
heading (place weight
on cabbage)
fermentation

Postfermentation Options
—— 1. fresh sauerkraut in

bulk

Brassica oleracea

byproduct: inner core
byproduct: outer leaves

add 1.0-3.5 (typically 2.25)% w/w NaCl

using boards and weights or bags filled
with water

natural fermentation by microbial
succession: Leuconostoc mesenteroides,
Lactobacillus brevis, dominated by
Lactobacillus plantarum. Lactobacillus
bavaricus occasionally added as a starter
culture

at least 1% w/w lactic acid should
be formed

3-6 wks at 18-22 °C

—— 2. fresh packaged sauerkraut —— 3. fresh packaged long-life ——— 4. canned sauerkraut
sauerkraut
allow secondary fermentation —— add preservative (0.1% w/w <> pasteurize 3 min at 74—

to complete sugar depletion <> Na-benzoate) 82°C
—— fill in plastic pouches — fill in glass or plastic C—— hotfill in cans
<> <>

continues

8T
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Table 1-A-7 continued

&> refrigerate and sell <> refrigerate and sell <> refrigerate and sell > refrigerate and sell
shelf life 1-2 wks shelf life shelf life 8-12 months shelf life 18—30 months
>2months at<7 °C; >3
months under CO2 modified
atmosphere
[ consume [— consume ] consume [— consume

Note: Factors contributing to shelf life: The combination of acidity and depletion of fermentable sugars. In addition, exclusion of air, preservatives, pasteurization, or sterilization, as
shown above.

Other remarks: Sauerkraut can be eaten without any heat treatment (e.g., in sandwiches), but it is also popular in cooked dishes with potatoes and meats.
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Table 1-A-8 Food Group: Vegetables Product Name: Treated Black Olives in Brine References: 14, 29

Other Conditions of
Antimicrobial Relevance

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
7 fresh olives Olea europaea sativa of various stages of fruits contain 0.5—1.0% organic
maturation (yellowish green to purple) acids (citric, oxalic, malic), as well
<> wash as 1-3% phenolic compounds
with antimicrobial effect
—— brine 5-7% w/v NaCl
<>
<> ferment natural fermentation; no starter added;
lactic acid bacteria (dominated by
Lactobacillus plantarum) and yeasts
(Pichia membranifaciens, Pichia vinii)
— lye treatment 1-2% w/v NaOH
<>
[—— air oxidation purging with air; add iron salts to stabilize
<> (blackening) black color
—— wash, neutralize pH to 5.8-7.9
<>
— storage in brine 2.5-5.0% w/v NaCl
<>
<> son, size
[— can add 1.5% w/v NaCl brine final NaCl concentration approx
< 1.5% wiw
&> sterilize
[ consume

Note: Factors contributing to shelf life: The combination of heat treatment and moderate salt and acidity. The antimicrobial effect of phenolic compounds occurring in fresh olives is not
relevant for the shelf life of the finished product because the mentioned substances have been degraded during the lye treatment.
Other remarks: Canned olives are often consumed without prior heating.

0¢
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Table 1-A-9 Food Group: Fruits Product Name: Red Grape Wine References: 5, 10, 25

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
[ grapes Vitis vinifera fermentation until fermentable
<> destemming
crushing, sulfiting S02 100-150 mg/l
<> sometimes additional nitrogen sources
 —
<> fermentation “on the starter cultures are occasionally used; 1-3 wks at 20-25 °C sugars less than 0.1%. Final
skins” otherwise natural fermentation by succes- ethanol 11-17% v/v. Acidity:
sion; wild yeasts (Kloeckera apiculata, volatile 0.1-0.15% w/v as acetic
Kloeckera apis, Torulopsis stellata, acid; total acidity 0.5-0.7% w/v as
Candida stellata), followed by Saccharo- tartaric acid
myces cerevisiae (dominating primary
fermentation)
<> racking separate skins (“lees”) from young wine
<> secondary fermentation  starter cultures used: Oenococcus oeni few days at pH > 3.5 and conversion of malic acid into lactic
temp>15°C acid (typically 1.5-3.5 g/l lactic
<> clarification acid)
<> aging bulk tanks 3 months-2 years
<> blending
<> filtration
<> bottling
[ consume

Note: Factors contributing to shelf life: The combination of ethanol, moderate acidity, and exclusion of air. Residual sulfite may be present, but this is not an essential preservative.
Absence of fermentable sugars (“dry wines”) contributes to shelf life.
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Table 1-A—10 Food Group: Fruit Product Name: Toddy (Palm Wine) Reference: 40

Other Conditions of
Antimicrobial Relevance
(Salt, pH, Preservatives, etc.)

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp)
— collection of palm sap  sap of oilpalm (Elaeis guineensis) or
coconut palm (Cocos nucifera)
<> natural fermentation yeasts (Saccharomyces cerevisiae, 0-48 h at 25-35 °C
Candida spp.), lactic acid bacteria
(Lactobacillus spp., Leuconostoc spp.),
acetic acid bacteria, Zymomonas spp.,
Micrococcus spp.
<> filtration
<> bottle (optional)
<> pasteurize (optional) 15 min at 80 °C
<> cool (optional)
[—J consume

Note: Factors contributing to shelf life: Fresh palm wine has no shelf life except when it is kept refrigerated or bottled and pasteurized.

organic acids (lactic, acetic)
0.2-0.4%

pH 4.5-3.5

ethanol 4-10%
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Table 1-A-11 Food Group: Meat

Flow Diagram

Ingredients and Microorganisms

Thermal Data (Time at Temp)

Product Name: Salami (Italian-Style Raw Fermented Sausage) Reference: 6

Other Conditions of
Antimicrobial Relevance
(Salt, pH, Preservatives, etc.)

—— medium chopping
<> (cuttering)

r— filling into casings

<> ripening (fermentation)

<> drying

C— consume

pure frozen pork or a pork/beef mix, fat,
salt (NaCl) 2.5-4.5% w/w

NaNO: 125 ppm

pepper, mace, cardamon, garlic totalling
1% wiw

natural or artificial casings

Lactobacillus spp., Pediococcus
acidilactici, Micrococcus spp.,
Debaryomyces hansenii

15-90d at 15-25 °C

several wks at 12-15 °C to
reduce A, to 0.67-0.92

acidity approx 2.5% w/w as lactic
acid, various antimicrobial
compounds (e.g., H202), pH initial
5.8-6.0 to pH final 4.9-6.0

Note: Factors contributing to shelf life: The combination of salt, nitrite, acidity, pH, anaerobic conditions, and reduced water activity. The lower the A,, the longer the shelf life. This
type of sausage is not smoked, in contrast to many other raw fermented sausages.
Other remarks: If no frozen pork was used, it must be heated to 58 °C to kill Trichinella. Otherwise, no heat treatment takes place and the product is consumed without prior cooking.
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Table 1-A-12 Food Group: Meat Product Name: Lup Cheong (Chinese raw sausage) References: 20, 21

14

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, eftc.)
— coarse chopping pork meat and fat, sugar, salt
<>
— filling into casings natural casing (intestine)
<> _
<> predrying approx 36 h at 48 °C and
65% RH to A, 0.9
3dat20°C and 75% RH finalpH 5.9 and A, 0.8
no starter; natural fermentation by lactic taste preference requires low
<> fermentation acid bacteria, micrococci, efc. levels of acidity
<> cooking

[ consume

Note: Factors contributing to shelf life: The combination of reduced water activity, sait, and moderate acidity.
Other remarks: The product is heated prior to consumption, distinguishing it from the consumption of European-style raw sausage.
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Table 1-A-13 Food Group: Fish Product Name: Plaa-Raa (Fish-Rice Paste) Reference: 32

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
—— small fresh water gourami (Trichogastea spp.), snake-head
fish (whole) fish (Ophicephalus striatus), catfish
(Clarias spp., Heterobagrus sp.), tawes,
bards (Puntius spp.), butter catfish
(Ompok sp.), tilapia (Tilapia spp.)
C— mix with salt NaCl salt 11-24% w/w
<> ferment endogenous proteases, Tetragenococcus several days at ambient
halophila, Staphylococcus epidermidis, temperature
Micrococcus spp., Bacillus spp.
—1 mix with roasted rice glutinous or normal paddy rice, roast until
dark brown, coarse grinding
<> packin earthen or
glass jars
<> ferment Tetragenococcus halophila and other several days to a year acidity 0.7-1.9% as lactic acid;
lactic acid bacteria, Staphylococcus final pH varies from 4.1-6.9
epidermidis, Micrococcus spp., Bacillus
spp.

[— consume

Note: Factors contributing to shelf life: Combined effect of high salt concentration and hermetic storage.
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Table 1-A-14 Food Group: Fish Product Name: Nuoc-Mam (Fish Sauce) Reference: 40

Other Conditions of
Antimicrobial Relevance
Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)
—— small sea fish, whole Decapterus, Engranlis, Dorosoma,
Clupeodes, Stolephorus spp.
——1 mix with salt fish : salt 1:3t0 1:1.5
<>
<> transfer to large vessel
1 cover with layer of salt
<>
<> pressurize by weight
<> fermentation endogenous proteases (halotolerant few months to 1 year at lactic acid approx 1% w/w;
bacteria: Paracoccus halodenitrificans, 20-30 °C final pH 5.7-6.0
Aerococcus haloviridans are present; their
function is not clear)
<> drain liquid to obtain salt content 24-28% w/v
first-quality Nuoc-Mam
| —
——— wash residue with
<> boiling sea water in
several stages to
obtain second and
subsequent qualities
<> bottling
[— consume

Note: Factors contributing to shelf life: The combination of high salt content, organic acids, and hermetic bottiing ensure a shelf life of several months.

9¢
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Table 1-A-15 Food Group: Milk Product Name: Stirred Yogurt Reference: 42

Other Conditions of
Antimicrobial Relevance

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, elc.)

—— milk cow milk

<> standardize

<> homogenize 55 °C at 20 MPa

&> pasteurize (high 5 min at 85 °C

pasteurization)

<> coolto 30-32 °C

<> inoculate 0.025% w/w starter culture containing
equal numbers of Streptococcus salivarius
spp. thermophilus and Lactobacillus organic acids (lactic, acetic) to
delbrueckii spp. bulgaricus approx 0.8—1% w/w as lactic acid;

<> ferment 1620 hat 32 °C final pH 4.1-4.6

<> stir

<> coolto6°C

<> aseptic packaging

[ consume

Note: Factors contributing to shelf life: The combination of acidity and other antimicrobial compounds produced by lactic acid bacteria, anaerobic conditions in hermetically sealed jar,
low storage temperature, and the presence of live (competing) microorganisms.
Other remarks: The product is consumed without prior heating.
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Table 1-A-16 Food Group: Milkk Product Name: Camembert Surface-Ripened Cheese References: 4, 17, 19

Other Conditions of
Antimicrobial Relevance

Flow Diagram Ingredients and Microorganisms Thermal Data (Time at Temp) (Salt, pH, Preservatives, etc.)

— pasteurization cow milk 48% fat 20 sec at 70-72 °C
<>
<> cooling
[— inoculation mesophilic lactic acid bacteria cheese
<> starter Lactococcus lactis spp. cremoris,

Le. lactis spp. lactis, Leuconostoc

mesenteroides spp. cremoris, Leuc. lactis
<> sfir 15-60 min at 34 °C until 0.2% titratable acidity and pH
<> 4546
— renetting rennet 0.01% viv 2-3hat34°C
<>
<> _
<> out, drain whey 24hat18°C whey pH 5.5
— spray-inoculate spore suspension Penicillium camemberti
<>
<> superficial drying 5-6h
— salting 2-3 times by rubbing crystalline salt 2-3dat14°C
<> or in 25% brine 1-15hat14°C
<> ripening first phase 8dat 13-16 °C at 95% RH
<> ripening second phase 3 wks at 11 °C at 85% RH pH cheese increases to 6-7
<> packaging and aluminium foil, polyethylene film, wooden

distribution or cardboard boxes

[— consume

Note: Factors contributing to shelf life: Refrigerated storage at 24 °C.

8¢
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CHAPTER 2

Why Fermented Foods Can Be Safe

Martin R. Adams

INTRODUCTION

Over time, the human diet has evolved to ex-
clude materials that are frankly hazardous and
for which there is no simple procedure to render
them harmless. As a result, our food supply is
generally safe, although it can never be entirely
devoid of risk. There are a variety of hazards that
can be associated with food materials. These can
be broadly classified into three categories: in-
trinsic, extrinsic, and processing/biogenic (Ex-
hibit 2—1).

Some of these hazards can be severe, as in the
case of botulinum toxin or bongkrekic acid poi-
soning, but they can be controlled, and the risk
they pose can be reduced to acceptable levels by
effective and hygienic processing and prepara-
tion. Safety considerations should always be
paramount in modern food processing and are
also an implicit aspect of traditional methods of
processing and preserving food. This is particu-
larly true of fermented foods, which take poten-
tially hazardous raw materials such as raw meat
and milk and transform them into acceptable
products with better keeping qualities and re-
duced risk. The bulk of this book addresses par-
ticular groups of hazards, their significance in
fermented foods, and ways in which they are
controlled. This chapter addresses the mecha-
nisms by which fermentation can improve food
safety in more general terms.

39

PHYSICAL PROCESSING

In Chapter 1, the various physical unit opera-
tions associated with fermented food production
were described. These operations are common to
a number of food production processes and,
wherever they occur, they can have some impact
on product safety.

Transport

The manner in which raw materials are trans-
ported can affect their quality. Physical damage
during transport can breach natural antimicro-
bial barriers, allowing microorganisms access to
nutrient-rich underlying tissues, where they can
grow rapidly. Excessive delays during transport
can also increase time for microbial growth and
for natural processes of senescence to occur.

Grading and Sorting

Inspection and sorting to remove damaged or
obviously infected raw material is a basic pro-
tective barrier that can be useful in reducing risk.
It can be used to exclude obviously infected
meat, damaged or moldy fruit, or mold-infected
grains. For example, mechanical or hand sorting
of infected nuts has been shown to reduce over-
all aflatoxin levels considerably; reduced afla-
toxin levels were also evident after hand sorting
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Exhibit 2-1 A Classification of Food Hazards

Intrinsic—Properties of the food itself,
_natural toxins (e.g., cyanogenic glycosides,
glycoalkaloids)

Extrinsic—Contaminants posing a direct
hazard (e.g., infectious pathogens—Salmo-
nella, Shigella, viruses, protozoa; toxic
chemical contaminants—pesticide residues,
heavy metals)

Processing/Biogenic—Hazards produced as a
result of processing and/or generated by
microbial contaminants (e.g., nitrosamines,
biogenic amines, bacterial toxins, mycotoxins)

of figs.®#? This is, however, a relatively blunt
weapon because, in many cases, there is no vi-
sual indication to help distinguish foods that
pose a hazard from those that do not.

Cleaning and/or Washing

Microbial pathogens can be associated with
the surface of fruits and vegetables as a result of
contamination in the field. These may be natural
soil microorganisms such as the spore-forming
pathogens, Bacillus cereus and Clostridum botu-
linum, or Listeria monocytogenes, or they may
be enteric in origin, such as Salmonella, Escheri-
chia coli, and Shigella, arising from contact with
human or animal feces, sewage, or untreated
water. Contaminants may also be introduced
during harvesting and postharvest handling.

Interior tissues are generally, but not invari-
ably, sterile, and the majority of the surface-as-
sociated microflora can be removed by washing.
Typically, vigorous washing of plant products in
clean water will reduce microbial levels by 10—
100-fold, but does not ensure the complete
elimination of risk or levels of risk reduction
comparable to processes such as pasteurization
or canning. The efficacy of washing can be im-
proved slightly by incorporating antimicrobials
such as chlorine in the wash water. For example,
washing of lettuce leaves with water removed an
average of 92.4% of the total microflora. This

was increased to 99.5% by including 100 mg 1!
of available free chlorine and adjusting the pH to
4.5-5.0.% Failure to remove more of the microf-
lora was ascribed to the survival of bacteria in pro-
tective hydrophobic pockets or folds in the leaf
surface, an effect that will vary between com-
modities as a result of differences in surface com-
position and topology. Increased production of
ready-to-eat vegetables has heightened interest in
the surface disinfection of fruits and vegetables,
and the subject has been extensively reviewed.’

Washing of animal carcasses with hot solu-
tions of lactic or acetic acid can reduce the total
microbial load by 2-3 log cycles, although uni-
form treatment of all surfaces is difficult and
Salmonella and E. coli show more marked resis-
tance to such treatments.*®

Physical Separation

Physical separation can include peeling or
trimming to remove external layers. Because the
external layers are where most contamination
will be found, removing them can substantially
improve overall microbiological quality pro-
vided it is done hygienically, avoiding contami-
nation of the freshly exposed surfaces under-
neath. The interior tissues of plants are generally
considered to be sterile. Although this is not al-
ways true, substantial reductions in count can be
achieved by using only hygienically removed
interior tissues. With leafy vegetables such as
cabbage, the bacterial load on inner leaves can
be 1000-fold lower than on the outer leaves and
the interior tissues of the plant.’

Chemical hazards can also be reduced by the
physical separation of plant components. The re-
moval of green surface layers from potatoes can
reduce their glycoalkaloid content, and detach-
ing the 2-3 mm thick parenchymal layer of cas-
sava that underlies the cortex will reduce the
overall concentration of the cyanogenic glyco-
sides, linamarin and lotaustralin.!

Moisture Adjustment

Changes in the water activity (Aw) of a mate-
rial can have a profound effect on microbial haz-



ards. Depending on the circumstances, a de-
crease in Aw that is produced by drying or the
addition of solutes such as salt will reduce the
potential for microbial growth but also enhance
microbial resistance to adverse conditions, thus
potentially enhancing the survival of pathogens
that may be present. Increasing the Aw has the
potential to allow growth of previously quies-
cent organisms, perhaps allowing them to grow
to numbers that are sufficient to initiate an infec-
tion once they are ingested or produce enough
toxin in the product to cause illness. Under cer-
tain circumstances, an increase in the Aw as a re-
sult of soaking could also permit the onset of a
lactic fermentation, which will help control or
eliminate microbial hazards.

Size Reduction

Comminution of a raw material will disrupt
cells, thereby releasing their contents. This, in
turn, will increase the supply of nutrients to any
microorganisms present, stimulating their
growth. This can be beneficial when the growth
of those organisms whose dominance is neces-
sary for a successful fermentation is encouraged,
but in some circumstances, it could also stimulate
growth of any pathogens present. The precise out-
come will depend on a number of factors such as
relative number of organisms present, their sub-
strate affinities, and their physiological state.

The relative sensitivities of different compo-
nents of the microflora to antimicrobial factors
produced by the plant material may also be im-
portant. Many plants have defense systems that
are activated by cellular disruption. These sys-
tems release compartmentalized enzymes, al-
lowing them to act on their substrates and pro-
ducing compounds that are active against
microorganisms and predators such as insects.
Examples of this are the release of isothio-
cyanate by the myrosinase-glucosinolate system
in crucifers!® and allicin produced during the
crushing of garlic.

The reduction of chemical hazards is also
sometimes assisted by tissue disruption. The
cyanogenic glycosides in cassava are hydro-
lyzed to produce a cyanohydrin by the endog-
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enous enzyme, linamarase, when cellular dam-
age occurs.'® Microorganisms appear to play no
role in cyanogen reduction in the traditional fer-
mented cassava product, gari,® although in pro-
cesses where whole roots or large pieces are fer-
mented, microbial activity does assist the
endogenous process by softening the tissues.”!

Mixing

Mixing will serve to distribute microorgan-
isms throughout a mass of material. Very often,
this distribution will accelerate the desirable fer-
mentation and thereby improve safety, although
it also has the potential to transfer pathogens to
microenvironments where they are protected
from antimicrobial factors that prevail else-
where in the material.

MICROBIAL ACTIVITY

As already noted, the production of fermented
foods shares many unit operations with other
types of food processing, all of which can con-
tribute to product safety. The unique feature of
food fermentations, however, is the central role
that microbial activity plays in the overall pro-
cess, contributing a number of desirable proper-
ties such as improved product shelf life, in-
creased safety, and improved flavor or texture.
In developed countries today, the availability of
modern food preservation techniques, such as an
efficient cold chain, have diminished the signifi-
cance of fermentation as a food preservation
technology, although it remains of major impor-
tance in developing countries.

Improvements in food safety arising from mi-
crobial activity during fermentation are largely
due to lactic acid bacteria (LAB), which are a
group of organisms that predominate in the ma-
jority of fermented foods. Their growth and me-
tabolism inhibit the normal spoilage flora of the
food material and any bacterial pathogens that it
may contain. This inhibition can act in two
ways: It can slow or arrest growth of the organ-
ism, or it can inactivate or kill the organism.
Both procedures can result in an improvement in
safety. With toxigenic pathogens, the inhibition
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of growth can effectively ensure safety, assum-
ing that initial numbers are below those neces-
sary to produce levels of toxin that can cause ill-
ness. With infectious bacterial pathogens,
slowing or preventing growth may be insuffi-
cient to guarantee safety because the infectious
dose of some pathogens can be very low. Inacti-
vation or killing of bacteria does occur, but even
quite high levels of inactivation still may not be
sufficient to eliminate risk entirely. This will de-
pend on factors such as the pathogen concerned,
its initial numbers, and its physiological state.

The LAB

The LAB are a group of gram-positive, non-
sporeforming, fermentative anaerobes that are of-
ten aerotolerant (Table 2-1). They produce most
of their cellular energy as a result of the fermenta-
tion of sugars. In the case of hexoses, this can pro-
ceed by one of two pathways, providing a useful
diagnostic feature as well as playing a critical role
in their antimicrobial activity. Homofermenters
ferment hexoses by the Embden-Meyerhof path-
way to produce almost exclusively lactic acid,
heterofermenters produce less acid overall as a
mixture of lactic acid, acetic acid, ethanol, and
carbon dioxide using the 6-phosphogluconate/
phosphoketolase pathway.’

The ability of LAB to inhibit other organisms
has been a topic of extensive research over the
years, and the field has been reviewed periodi-
cally.#40:527274 A variety of antimicrobial factors

produced by LAB have been identified (Exhibit
2-2); these will be discussed individually. The
production of many of these compounds is lim-
ited to a few restricted species or strains of LAB.
Because these strains/species are not ubiquitous
in lactic fermented foods, it is clear that they can
only play some contributory role to the overall
preservative effect. For so many different LAB
to appear in fermented foods, the principal pre-
servative factor must be something that is com-
mon to them all. This central and unvarying fea-
ture is their use of fermentative pathways to
generate cellular energy and the fact that this
leads inevitably to the production of organic ac-
ids, principally lactic acid, and a decrease in pH.
Acidity levels in some fermentations can exceed
100 mM, reducing the pH to less than 4.0 in
weakly buffered systems.

Organic Acids and Reduced pH

Low pH and the presence of organic acids are
the two principal components of the inhibition of
microorganisms under the acid conditions pro-
duced by fermentation. The three contributory
aspects of acid inhibition were described nearly
50 years ago by Ingram et al. 4

1. the pH
2. the degree of dissociation of the acid
3. the inherent toxicity of the acid anion

Pathogenic bacteria will grow over a pH range
of 25 units but generally grow best at pH values
around neutrality, in the pH range of 6—7. As the

Table 2-1 Principal Genera of Lactic Acid Bacteria Associated with Food

Rod Coccus

Homofermenter Heterofermenter

Lactobacillus +
Lactococcus

Enterococcus
Carnobacterium +
Leuconostoc

Weissella

QOenococcus

Pediococcus

Streptococcus
Tetragenococcus

+ +

+ 4+ + + + +

I I+ + +
|+

I
I+ + + + |

+ + + 1
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Exhibit 2-2 Antimicrobial Factors Associated with
Lactic Acid Bacteria

Low pH

Organic acids

Bacteriocins

Carbon dioxide

Hydrogen peroxide

Diacetyl

Ethanol

Reuterin

Nutrient depletion and crowding

pH decreases away from the optimum region,
the growth rate declines, eventually reaching
zero. At pH values below the minimum that will
support growth, the microorganism is progres-
sively inactivated. The rate of inactivation is
temperature dependent—the higher the tempera-
ture, the faster the rate. This relationship applies
for temperatures from chill to lethal, and has
been noted in both food and model systems for a
number of pathogens such as Salmonella,
E. coli, Listeria, and Yersinia enterocoliti-
ca, 3537688 and also at low Aw.3¢

If microorganisms allowed their internal pH
to equilibrate to the same value as their environ-
mental pH, they would only be able to function
over a very limited pH range close to neutrality.
In fact, for most pathogens, growth only ceases
once the pH has dropped to less than pH 4.5.
This is because bacteria have the ability to main-
tain their internal pH higher than that of their
acidic environment. Both the cell membrane,
which has a low permeability to hydrogen ions,
and the intrinsic buffering capacity of the cyto-
plasm help to maintain the cytoplasmic pH, but
the cell also possesses a number of active
mechanisms for maintaining pH homeostasis.
These include the removal of protons in ex-
change for the uptake of potassium ions, and the
uptake and decarboxylation of amino acids to
produce neutralizing amines.!!1235

Although weak organic acids such as those
produced by fermentation are less effective at
decreasing the extracellular pH, they are more
effective at inhibiting bacteria than strong acids
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such as hydrochloric.!32%6483 For example, re-
cent data have shown that for 19 strains of
enterohemorrhagic E. cofi, the minimum growth
pH was 4.25 when hydrochloric acid was used as
the acidulant and 5.5 when acetic acid was used.”
This observation is linked to two important prop-
erties of acids such as acetic and lactic acid.

1. They are weak carboxylic acids that only
partially dissociate in aqueous solution.

2. In their undissociated form, they carry no
net charge and have appreciable lipid solu-
bility, which allows them to diffuse freely
through the cell’s plasma membrane down a
concentration gradient into the cytoplasm.

The fact that the undissociated species is the
more active antimicrobial form of these acids is
illustrated in Figure 21, where the degree of in-
hibition of E. coli is clearly linked with the de-
gree of dissociation of the acid present. In a fer-
mented food, the low pH will increase the
proportion of the undissociated form present.
When the undissociated acid passes through the
cell’s cytoplasmic membrane into the higher pH
of the cytoplasm, it will dissociate, thereby
acidifying the cytoplasm and releasing the acid
anion. The increased leakage of protons into the
cytoplasm will place a metabolic burden on the
cells, which will divert resources away from
growth-related functions, thus slowing growth.
The cell will also accumulate the acid anion,
which can disrupt cellular processes.” As the
extracellular pH decreases and the total concen-
tration of acid increases, so the burden will in-
crease until growth is no longer possible.

The pKa of an acid is therefore an important
determinant of an acid’s antimicrobial activity
because it describes the proportion present in the
undissociated form at any given pH. Differences
in the lipophilicity of the undissociated acid and
the intrinsic toxicity of the anion will account for
differences in the observed toxicity of acids with
similar pKa values. Acetic acid (pKa 4.76) is a
weaker acid than lactic acid (pKa 3.86); this
could account for the frequent observation that it
is a more effective antimicrobial.'? It may also
account for the apparent synergy in the antimi-
crobial effect of mixtures of lactic and acetic
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Figure 2-1 Effect of total acid concentration on the percentage acid dissociation (x) and the specific growth rate
of Escherichia coli (a) with acetic acid and (b) with lactic acid.

acid, where lactic acid, the stronger acid, de-
creases the pH, thereby increasing the propor-
tion of acetic acid in the undissociated form and
thus potentiating its antimicrobial effect.?®
Heterofermentative LAB can produce mixtures

of lactic and acetic acid when they have alterna-
tive electron acceptors such as oxygen or fruc-
tose to help regenerate their nicotinamide
adenine dinucleotide (NAD). Although hetero-
fermenters produce less overall acidity than



homofermenters, their early dominance in sev-
eral natural vegetable fermentations could be
very important in providing the rapid inhibition
of other organisms present and setting the fer-
mentation on its subsequent course.

The antimicrobial effect will depend on the
amount of acid produced, which will depend on
the numbers of LAB present. Numerous studies
have shown that bacterial pathogens do not sur-
vive well when they are added to a prefermented
food where the LAB have had the opportunity to
grow to large numbers and the pH is already
low.50.61.70.71.31.87 However, when pathogens are
present at the start of fermentation, inhibition
will be delayed until the LAB have achieved a
numerical dominance and produced sufficient
acid to achieve an effect. In one instance, when
the LAB (in this case, Lactococcus lactis) out-
numbered the pathogen (E. coli) by more than 5
log cycles, the pathogen was still able to grow
for five hours, increasing in numbers by 2 log
cycles during that time.?

Bacteriocins

Bacteriocins are polypeptide antimicrobials
that are produced by bacteria and are bacteri-
cidal to other, normally very closely related, or-
ganisms. In recent years, a considerable research
effort has been devoted to the identification and
characterization of bacteriocins produced by
LAB. The widespread consumption of LAB in
foods without any adverse health effects is taken
as an indication that they can generally be re-
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garded as safe! and therefore their bacteriocins
might have potential as “natural” food preserva-
tives. Tangible practical results from this work
have been slight, though it has led to the descrip-
tion of numerous new bacteriocins.*330.66

These new bacteriocins have been classified
into four main groups (Table 2-2). Under this
scheme, Class I bacteriocins are the lantibiotics,
which include nisin, the only bacteriocin that is
currently approved for use in foods.? Nisin is a
small (3.4 kDa) heat-stable polypeptide contain-
ing some unusual amino acids introduced by
post-translational modification of a ribosomally
synthesized precursor. It is distinguished from
many other bacteriocins by its relatively broad
range of activity, being inhibitory to most gram-
positive bacteria. It has been used as a food pre-
servative for 50 years and has, more recently,
been given “generally regarded as safe” (GRAS)
status in the United States.®® Nisin’s principal
use in food processing has been to inhibit the
outgrowth of spores, which show the greatest
sensitivity to nisin. Gram-positive non-
sporeforming pathogens such as Staphylococcus
aureus and L. monocytogenes are inhibited, al-
though S. aureus is one of the most nisin-resis-
tant gram positives and L. monocytogenes has
been shown to acquire nisin resistance quite
readily.?6-3962

Early work suggested that nisin resistance in
several Bacillus species was due to the produc-
tion of a nisinase enzyme that specifically re-
duced the C-terminal dehydroalanyl lysine to

Table 2-2 Classification of Bacteriocins Produced by Lactic Acid Bacteria

Class Subclass Description
1 Lantibiotics (e.g., nisin); small, heat stable, containing lanthionine
il Small (<10 kDa), heat stable, non-lanthionine-containing,
membrane-active peptides
lla Pediocin-like peptides with Y-G-N-G-V-X-C- near the amino terminus;
anti-listerial
b Two-peptide bacteriocins
lic Thiol-activated peptides

i Large (>30 kDa) heat labile proteins
v Complex bacteriocins: protein with lipid and/or carbohydrate
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alanyllysine.*~7 More recently, attention has fo-
cused on the composition of the cytoplasmic
membrane where nisin exerts its effect by form-
ing pores. Studies have seen differences in the
phospholipid content of membranes in nisin-re-
sistant and nisin-sensitive strains of L. mono-
cytogenes®>* and changes in the fatty acid com-
position leading to less fluid membranes in
resistant strains.’” This appears not to be the
complete explanation, however, as several stud-
ies have implicated other features of the cell en-
velope in resistance. For example, it has been
shown that the hydrophobicity of L. monocyto-
genes cells correlates with their nisin sensitiv-
ity,?”63 that nisin-resistant strains show different
sensitivities to cell wall-acting compounds,??
and that removal of the cell wall of resistant
strains abolishes resistance.?” Some clarification
of these findings and the observation that cells
possess limited nisin-binding sites?® has come
from the work of Breukink et al.'” They con-
firmed an observation made 20 years previ-
ously” that nisin binds with high affinity to
Lipid II, a membrane-anchored cell wall precur-
sor, and proposed that differences in nisin sensi-
tivity may reflect different amounts or availabil-
ity of Lipid IL.17

Nisin is used commercially as a partially puri-
fied concentrate but may be produced in situ
during a fermentation. Its production during
cheese fermentations and the consequent inhibi-
tion of other starter organisms led to its first iso-
lation and description. Studies of the effect of
nisin-producing cultures on the safety of fer-
mented foods have produced mixed results. In
situ nisin production has been shown to inhibit
the growth of L. monocytogenes in Camembert
cheese,* although levels of 150 IU g! produced
by Lc. lactis in fermented rice made no discern-
ible contribution to the inhibition of S. aureus,
which was ascribed entirely to the lactic acid
produced.”> However, there have been several
reports of work employing LAB-producing bac-
teriocins other than nisin to inhibit L.
monocytogenes in fermented sausages, cottage
cheese, smoked salmon, and bean sprouts.33458.68

The value of nisin and other LAB bacteriocins
as aids to bacteriological food safety is limited

by their range of activity. Gram-negative bacte-
ria, which constitute the majority of food-borne
bacterial pathogens, are generally resistant to ni-
sin due to its inability to penetrate the outer
membrane. If, however, the outer membrane
permeability is increased by treatment with ch-
elators such as ethylenediaminetetraacetic acid
(EDTA) or thermal injury, then they do display
sensitivity.!423353¢ Prospects for using this ap-
proach to inhibit gram negatives in fermented
foods are not promising because the pH drop
during fermentation does not appear to produce
appreciable outer membrane injury and reduces
the ability of EDTA to chelate metal ions and
permeabilize the outer membrane.!?

Carbon Dioxide

Heterofermentative LAB produce 1 mole
(22.4 liters) of carbon dioxide for every mole of
hexose they ferment. This can help establish
anaerobic conditions, thereby preventing the
growth of obligate aerobes such as molds and
slowing the growth of facultative organisms
such as the Enterobacteriaceae. Anaerobic con-
ditions will also give the LAB a competitive
edge and encourage a successful fermentation.
An increased partial pressure of carbon dioxide
also has its own specific antimicrobial activity.
Molds and oxidative gram-negative bacteria are
most susceptible, whereas lactobacilli and some
yeasts show high tolerance. There is consider-
able scope for improving the understanding of
the inhibitory mechanisms of carbon dioxide
and the relative importance of factors such as the
ability of carbon dioxide to decrease intracellu-
lar pH, its inhibition of enzymatic reactions, and
the disruptive effects of its interaction with cell
membranes.

Hydrogen Peroxide

In the presence of oxygen, LAB produce hy-
drogen peroxide through the activity of fla-
voprotein oxidases. Because LAB are catalase
negative, the hydrogen peroxide can accumulate
in the medium. Hydrogen peroxide is a strong
oxidizing agent and exerts its antimicrobial ef-
fect directly or through its degradation products
such as superoxide, Oz, and hydroxyl radicals.



LAB appear to be more resistant to hydrogen per-
oxide than many other bacteria. A reported mini-
mum inhibitory concentration for L. lactis was
125 mg 1!, whereas that for S.aureus was 5-6
mg 112592 However, the amounts accumulated by
LAB in culture are quite variable. Lactococci
growing in milk and the meat starter organism,
Pediococcus cerevisiae, both produce levels be-
low 1 mg I'! in the bulk environment.”7” Increased
amounts of hydrogen peroxide can be produced by
improving aeration through shaking and at low
temperatures when the oxygen solubility is
greater.?'?> It has been suggested that hydrogen
peroxide production by LAB in refrigerated foods
is a significant antimicrobial factor.!¢*7 However,
this seems an unlikely scenario in the production
of most fermented foods. It is possible that hydro-
gen peroxide plays a significant role during the
early stages of fermentation while residual dis-
solved oxygen is removed, or that microenviron-
ments with higher levels may persist. In general,
though, the contribution of hydrogen peroxide is
likely to be relatively minor.

Diacetyl

Diacetyl (2,3-butanedione) is produced by
strains of several LAB and plays an important
role in the sensory properties of many fermented
foods, particularly dairy products. It can accu-
mulate when the organism reaches the stationary
phase of growth or when there are alternative
sources available from which to generate the key
intermediate pyruvate, such as citrate. Antibac-
terial activity of diacetyl has been demonstrated
against a number of bacteria, including Adero-
monas hydrophila, Bacillus spp., Enterobacter
aerogenes, E. coli, Mycobacterium tuberculosis,
Pseudomonas spp., Salmonella, S. aureus, and
Y. enterococolitica 344865 Gram negatives gen-
erally show greater sensitivity and the LAB are
most resistant.

However, diacetyl does have an extremely
sharp odor, and the acceptable sensory threshold
in dairy products is 2-7 mg kg'.>* The levels of
diacetyl reported to produce appreciable micro-
bial inhition are usually quite high (e.g., for
gram-negative bacteria, approximately 200 mg
kg"), well in excess of this level. Some studies
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have suggested that lower concentrations of
diacetyl can be effective, particularly at lower
temperatures,® but others have failed to see any
appreciable contribution of diacetyl at 10 mg kg!
to the inhibition of E. coli in refrigerated dairy
foods.?® Overall, the contribution of diacetyl to
bacterial inhibition in fermented foods appears
to be relatively minor.

Ethanol

Ethanol is a well-established antimicrobial. It
is the principal fermentation product of the yeast
Saccharomyces cerevisiae and plays a central
role in the microbiological safety of alcoholic
beverages, where it is often the most important
single hurdle in a series that can also include
heat treatment, low pH, anaerobic conditions,
and elevated carbon dioxide levels. Yeast activ-
ity also removes the mycotoxin patulin from
apple juice (see Chapter 5).

Heterofermentative LAB will also produce
ethanol, but in lower concentrations. The levels
produced are inversely related to the amount of
acetic acid produced because these compounds
represent alternative fates of acetyl phosphate in
the heterofermentation pathway. In addition to
any direct inhibitory effect, ethanol has also
been shown to augment the lethal effect of low
pH and lactic acid in E. coli O157, though at
higher concentrations than would be likely to
occur in lactic fermentations.** Heterofer-
menters dominate during the initial phase of sev-
eral natural fermentations and ethanol may, like
other products of heterofermentation, contribute
in these early stages to setting the fermentation
on its desirable course.

Reuterin and Other Low Molecular
Weight Compounds

A number of low molecular weight compounds
with antimicrobial activity have been isolated and
identified from culture filtrates of LAB. The most
studied to date has been reuterin, B-hydroxy-
propanal. This is present in stationary phase cul-
tures of strains of the heterofermenter, Lactobacil-
lus reuteri, when grown anaerobically on a
mixture of glucose and glycerol or glyceralde-
hyde. Reuterin exists in three forms—the alde-
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hyde, its hydrate, and a cyclic dimer—and has
very broad spectrum antimicrobial activity against
bacteria, fungi, protozoa, and viruses. The relative
activity of the different forms is not known, al-
though they are thought to act by inhibiting sulfhy-
dryl-containing enzymes.?*

The addition of reuterin to foods such as minced
beef, milk, and cottage cheese has been shown to
control coliform growth and to inactivate L.
monocytogenes and E. coli 0157.2432 However, its
role in fermented foods is uncertain. One study
where L. reuteri and glycerol were added to her-
ring fillets to stimulate reuterin production in situ
showed some potential to reduce growth of the
gram-negative flora present. In other cases where
the incorporation of L. reuteri in foods has been
described, in a fermented milk and an Emmental-
type cheese, its presence has been for its potential
probiotic effect rather than for reuterin production
in the food.?8%

Pyroglutamic acid, 2-pyrrolidone-5-carboxy-
lic acid, is a natural constituent of some plant
foods and fermented products such as soy sauce
and can be produced by the thermal dehydration
of glutamic acid.>* It has been shown to be pro-
duced by a range of LAB, including strains of L.
casei, L. helveticus, Streptococcus bovis, and
unspecified pediococci.!*#93 Pyroglutamic acid
is active primarily against gram-negative bacte-
ria such as Pseudomonas and Enterobacter. Its
activity against gram-negative pathogens has
not been reported, although it is inactive against
the gram-positive pathogens L. monocytogenes
and S. aureus.!

A number of other low molecular weight com-
pounds with antimicrobial properties have been

identified in culture filtrates from L. plantarum
cultures. These include mevalonolactone, methyl-
hydantoin, and benzoic acid.’ They have been
shown to act synergistically with lactic acid
against Pantoea (Enterobacter) agglomerans, but
their significance in food fermentations remains to
be established.

Nutrient Depletion and Overcrowding

The absence of inhibitory agents is a neces-
sary but insufficient condition for microbial
growth. The microbial cell must also have suffi-
cient space and nutrients available to it. Foods
will rarely offer microorganisms a uniform me-
dium, and numerous microenvironments may
exist where conditions differ substantially from
the bulk properties of the material. This is a criti-
cal factor in the microbiological stability of but-
ter and similar spreads, where microorganisms
are confined in aqueous droplets dispersed in the
continuous fat phase. The presence of large num-
bers of LAB in a fermented food will deplete it of
readily available nutrients and occupy space that
might have been available to other less desirable
organisms. This is supported by the recent obser-
vation that filtration of a fermented broth to re-
move cells of Le. lactis decreased the subsequent
inhibition of E. coli."’ It is an area that is only just
beginning to be explored.

OVERALL SIGNIFICANCE OF
DIFFERENT ANTIMICROBIAL
FACTORS

To describe the combined effect of a number
of antimicrobial factors, the analogy of a hurdle

Table 2-3 Shelf Life and Composition of Fermented Fish Products from Thailande®

Product Salt (%) pH Shelf Life
Pla-som 2.3-5.9 4.0-4.6 3 weeks
Som-fug 2.5-5.8 41-5.0 2 weeks
Pla-chom 3.84.38 5.0-6.1 2 weeks
Pla-chao 4.4-95 4.0-5.3 1-2 years
Pla-paeng-daeng 4.5-9.2 3.9-5.2 6—12 months
Pla-ra 7.8-17.9 47-6.2 1-3 years



race has been used. Perhaps nowhere in food
preservation is the concept of multiple barriers
or hurdles more appropriate than in fermented
foods. The LAB themselves can contribute a
number of different antimicrobials, and micro-
bial activity is often combined with other inhibi-
tory factors such as salting or partial drying.

It is possible to make some generalizations re-
garding the relative importance of these various
factors. Certainly the predominant microbial
factor is the production of organic acids and the
reduction in pH, although the others described
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here could all contribute to the aggregate effect,
particularly to ensuring a successful early domi-
nance of LAB. Reduction in Aw generally plays
a much more significant role in the inhibition of
microbial growth compared to bacterial acid
production. This is illustrated by data on the
shelf life of fermented fish products in Thailand
and their composition, where differences in salt
content have greater impact on product shelf life
(Table 2-3). Microbial activity is, however,
probably more important and effective at reduc-
ing numbers of microbial hazards.
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CHAPTER 3

An Introduction to the Hazard
Analysis and Critical Control Point

(HACCP) System and Its Application
to Fermented Foods

Yasmine Motarjemi

INTRODUCTION

The Hazard Analysis and Critical Control
Point system, often known under its acronym
HACKCP, is a system that was conceived in the
1960s by the Pillsbury Company, National
Aeronautics and Space Administration (NASA),
and the U.S. Army Laboratories at Natick to en-
sure the safety of foods for astronauts. Origi-
nally developed to ensure the microbiological
safety of foodstuffs, it is now recognized that the
system can be equally applied to control and pre-
vent chemical and physical hazards.!!

In the 30 years since its conception, the
HACCP system has grown to become the uni-
versally recognized and accepted method for
food safety assurance. In appreciation of the im-
portance of the HACCP system for enhancing
food safety, and in view of the importance of
globalization of the food supply and the need for
harmonization of food safety requirements, the
Codex Alimentarius Commission (CAC)
adopted in 1993 the Guidelines for the Applica-
tion of HACCP, which have received interna-
tional recognition. In 1997, on the recommenda-
tion of the World Health Organization (WHO),
the CAC guidelines were revised and improved.’

For more than 20 years, WHO has recognized
the importance of the HACCP system for the pre-
vention of food-borne diseases and has played an
important role in its development, promotion, and
harmonization. One of the most important initia-
tives of the organization has been the promotion of
the HACCP system in small industries and cottage
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industries and the use of the HACCP system for
health education activities.

Before explaining the HACCP system and its
application to the preparation of fermented
foods, it is essential to understand why the sys-
tem has received such recognition by the food
industry and has been promoted by public health
authorities, in particular WHO. For this purpose,
the historical development of food safety needs
to be reviewed. *

HISTORICAL DEVELOPMENT

Food safety has been of concern to human-
kind since the dawn of history, and many of the
problems encountered in our food supply go
back to the earliest recorded years. Many rules
and recommendations advocated in religious or
historical texts are evidence of the concern to
protect people against food-borne hazards and
food adulteration. Although advances in science
and technology in the last few centuries have in-
creased scientists’ understanding of chemical
and biological hazards, up until the early 1980s,
the food hygiene' systems in many countries
were based on empirical knowledge acquired
through the surveillance of food-borne diseases

*Food safety is the assurance that food will not
cause harm to the consumer when it is prepared and/or
eaten according to its intended use.

*Food hygiene is defined as all conditions and mea-
sures necessary to ensure the safety and suitability of
food at all stages of the food chain.
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and, in some instances, on the perception of
what is considered a hazard. Often, this percep-
tion led to the fact that food hygiene was inter-
preted simply as cleanliness.

Because of the prevalence of diseases trans-
mitted by the fecal-oral route, such as typhoid
fever and cholera, the emphasis of food safety
programs for a long time was on the improve-
ment of water supply and sanitation infrastruc-
tures and the protection of food from fecal con-
tamination. As a result, regulatory authorities
focused their inspection activities on the clean-
ing and sanitation of food businesses and on the
personal hygiene of food handlers. A similar ap-
proach was adopted in health education activi-
ties, and the focus of food hygiene education
programs was based mainly on hand washing,
boiling of water, and the protection of food
from flies. These measures, where imple-
mented, have been effective in reducing the in-
cidence of fecal-orally transmitted food-borne
and waterborne diseases, such as typhoid fever
and cholera. However, they have been insuffi-
cient to prevent other types of food-borne dis-
eases, such as salmonellosis and campylobac-
teriosis. With the recent drastic changes in food
production and lifestyles, some of these dis-
eases have even increased in incidence. In addi-
tion, other types of problems have emerged.®

THE NEED FOR CHANGE

The end of the twentieth century was marked
by significant changes in the food safety assur-
ance system and food control. Traditionally, the
method of food safety assurance was based on
two types of measure: (1) actions undertaken
during the procurement of raw materials, pro-
cessing, manufacturing, transport, and distribu-
tion, including design, layout, and cleaning of
premises to prevent contamination; and (2) ac-
tions undertaken to ensure that food, which was
produced, was indeed safe. The former were
usually prescribed in the Codes of Good Manu-
facturing Practice (GMP) and/or the Codes of
Hygienic Practice (GHP). For the purpose of the
latter, industries tested the end product for con-
firmation of safety. Food control and public

health authorities also inspected premises for
compliance with GMP/GHP and other regula-
tory requirements. As mentioned above, these
inspections often focused on the cleanliness of
premises, food handlers, and the immediate en-
vironment and failed to identify shortcomings re-
lated to the production and preparation procedure
itself. Authorities also carried out independent
testing of end products. These methods of food
safety assurance and food control showed certain
weaknesses: The control of premises was based on
random inspection and not on what happened dur-
ing longer periods of time before or after the in-
spection. End-product testing performed by indus-
try or food inspectors also proved to be costly and
time consuming and provided insufficient assur-
ance of food safety (see the following section on
the benefits of the HACCP system).

Concomitant with the recognition of the limi-
tations of traditional approaches to food safety
control, the concern for food safety grew. There
were many reasons for these concerns.?

* increasing incidence of food-borne dis-
eases in many parts of the world

» recognition that one of the major health
problems of developing countries, infant
diarrhea, is to a large extent food-borne

» emergence of new or newly recognized
food-borne pathogens such as verocyto-
toxin-producing Escherichia coli, Campy-
lobacter spp., food-borne trematodes, and
Salmonella enteritidis

+ increased knowledge and awareness of the
serious and chronic health effects of food-
borne hazards

+ increased number of vulnerable people,
such as the elderly, children, pregnant
women, immunocompromised individuals,
the undernourished, and individuals with
other underlying health problems

+ increased awareness of the economic con-
sequences of food-borne diseases

+ the possibility of detecting minute amounts
of contaminants in food, due to advances in
scientific and analytical methods

+ industrialization and mass production lead-
ing to (1) increased risks of large-scale food



contamination and (2) the considerably
larger numbers of people affected in food-
borne disease outbreaks as a result

+ urbanization, leading to a longer and more
complex food chain, and thus greater possi-
bilities for food contamination

» new food technologies and processing
methods, causing concern either about the
safety of the products themselves or about
the eventual consequences due to inappro-
priate handling in households or food ser-
vice and catering establishments

+ changing lifestyles, depicted by an increas-
ing number of meals eaten out of the home,
either in food service and catering estab-
lishments or at street food stalls

* increased tourism worldwide and interna-
tional trade in foodstuffs, both leading to a
greater exposure to foreign and unfamiliar
food-borne hazards

+ increased contamination of the environment

+ increased consumer awareness of food
safety

+ lack of or decreasing resources for food
safety

As a result of the above, but also recognizing
the limitations of the traditional approaches, pub-
lic health authorities and the food industry have
both recognized the need to move to a more pre-
ventive, scientific, and cost-effective food safety
assurance approach, namely, the HACCP system.

WHAT IS THE HACCP SYSTEM?

The HACCP system is defined by the CAC as
a system which identifies, evaluates, and con-
trols hazards which are significant for food
safety. The value of the HACCP system lies in
the fact that it is a scientific, rational, and sys-
tematic approach to the identification, assess-
ment, and control of hazards during production,
processing, manufacturing, preparation, and use
of food to ensure that food is safe when con-
sumed. The HACCP system is based on seven
principles, as introduced in Appendix 3-A.?

Through the application of these principles,
industries or food establishments that apply the
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system will be led to review their process of food
production or preparation critically, to identify
hazards and control measures, to establish objec-
tive criteria for ensuring safety, and to monitor
that control measures have been properly imple-
mented, in particular at those steps during the
food production that are critical for food safety.
They will also foresee the necessary corrective
actions when monitoring procedures indicate
failures in the control of hazards. Through veri-
fication and documentation, they can also, at all
times, verify the adequacy of their measures.
Guidance for the application of these principles
has also been provided by the CAC text on
HACCP Principles and Guidelines for its Appli-
cation (Appendix 3—-A). It is, however, recog-
nized that for the application of the HACCP sys-
tem to be successful, some additional measures
need to be considered.

1. Management commitment. The successful
implementation of the HACCP system re-
quires a change in attitude of policy and
decision makers in all sectors concerned
as well as management commitment. Al-
though implementation of the HACCP
system brings many benefits, and in the
long term may reduce financial costs, its
implementation in the initial stages re-
quires additional resources encompassing
qualified personnel, technical support fa-
cilities, equipment, training, and so forth.
Such conditions can be met only where
there is a management commitment.

2. Prerequisites for HACCP. Prior to apply-
ing the HACCP system to any sector of the
food chain, that sector should be operating
according to the CAC General Principles
of Food Hygiene, the appropriate CAC
Codes of Practice, and appropriate food
safety legislation.

3. Training. Adequate training of personnel
is a key to effective implementation of the
HACCP system. Such training should in-
clude an explanation of the HACCP sys-
tem, the reasons for and the objectives of
its application, as well as the responsibili-
ties of each person involved in the imple-
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mentation of the HACCP plan. The tasks
of operators working at each critical con-
trol point (CCP) should also be clearly de-
fined and the operators should be trained
in performing them.>!!

BENEFITS OF THE HACCP SYSTEM

The benefits of the HACCP system are sum-
marized in the following paragraphs.!!

The HACCP system overcomes many of

the limitations of the traditional approaches

to food safety control (generally based on

“snap-shot” inspection and end-product

testing), including

a. limitations of “snap-shot” inspection
techniques in predicting potential food
safety problems

b. the difficulty of collecting and examin-
ing sufficient samples to obtain mean-
ingful, representative information in a

that all reasonable precautions have been
taken to prevent a hazard from reaching the
consumer. In this way, it encourages confi-
dence in the safety of food products and
thus promotes both confidence in the food
industry and stability of food businesses.
Data collected facilitate the work of food
inspectors for auditing purposes.

The HACCP system is applicable to the
whole food chain, from the raw material to
the end product (i.e., growing, harvesting,
processing or manufacturing, transport and
distribution, preparation, and consumption).
The application of the HACCP system can
promote international trade by increasing
confidence in food safety.

The HACCP system can be readily inte-
grated into quality management systems
such as total quality management, ISO
9000, and so forth.

timely manner and without the high cost ~AREAS OF APPLICATION
of end-product analysis

c. reduction of the potential for product re- The HACCP principles can be applied in a
call variety of ways.

d. identification of problems without un-

derstanding the causes » The HACCP system is a system that is used

+ The HACCP system allows for the identifi-

cation of all conceivable, reasonably ex-
pected hazards, even where failures have
not previously been experienced. It is there-
fore particularly useful for new operations.
The HACCP system is sufficiently flexible
to accommodate any changes that might be
introduced, such as progress in equipment
design, improvements in processing proce-
dures, and technological developments re-
lated to the product.

The HACCP system will help target/direct
resources to the most critical part of the
food operation.

With the HACCP system, one can expect
an improvement in the relationship be-
tween (1) food processors and food inspec-
tors and (2) food processors and consum-
ers. The HACCP system provides a
scientifically sound basis for demonstrating

as a method of food safety assurance in
food production, processing, manufactur-
ing, and preparation. The CAC guidelines
for the application of the HACCP system
provide guidance on how the seven prin-
ciples of HACCP can be implemented in
food industries in order to have the greatest
chance of success (Appendix 3-A).

The HACCP system is amenable to effec-
tive food control. It allows for more effi-
cient inspection of food operations because
the role of food inspectors is centered on
the assessment of the HACCP plan and
confirmation that it is designed properly
and operating effectively.

The HACCP principles, in particular prin-
ciples 1 to 5, can be used to study food prepa-
ration practices and to identify and assess
hazardous behavior, which should be the
focus of health education interventions.



» The HACCP concept can be used in the man-
agement of overall food safety programs to
identify those problems all along the food
chain that are of greatest risk to public health,
and to prioritize interventions.

THE HACCP SYSTEM IN FOOD
HYGIENE

Today, to achieve food safety, it is recognized
that there is a need to apply measures of in-
creased specificity (Figure 3—1). At a more gen-
eral level, the CAC outlines the general prin-
ciples of food hygiene. These principles lay the
foundation for food hygiene. Second, more
product-specific hygienic measures may be ap-
plied to focus better on issues that are relevant to
specific commodities. These measures, also pre-
scribed by the CAC, are described in specific
codes of manufacturing or hygienic practices.
The CAC has developed codes for a number of
products, such as smoked or salted fish, cured
ham, and so forth. Finally, application of the
HACCP system can further enhance food safety
by providing a mechanism for analyzing the haz-
ards for each food or process, developing a tai-
lor-made plan for ensuring food safety with em-
phasis on CCPs, and ensuring that the critical
limits at these points are met. With each layer of
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the above measures, the degree of assurance of
food safety increases.*

To harmonize and promote the application of
the HACCP system in food industries, the CAC
outlined the principles and elaborated the guide-
lines for the application of the system. The prin-
ciples of the HACCP system, as defined by the
CAC, set the basis for the minimum require-
ments for mandatory application of the HACCP
system. The guidelines are, on the other hand, a
general guidance, and adherence to them is vol-
untary. The CAC text on the HACCP Principles
and Guidelines for its Application are presently
annexed to the CAC General Principles of Food
Hygiene, and their application is consequently
recommended. However, due to the status of the
CAC in international trade in food, the applica-
tion of the HACCP system to the production,
processing, or manufacturing of food may in
some countries become compulsory for food ex-
port. The reason is that since the conclusion of
the GATT Uruguay Round of Multilateral Trade
Negotiations in April 1994 and the coming into
force of the World Trade Organization (WTO)
Agreement on Sanitary and Phytosanitary Mea-
sures, the work of CAC is recognized as the ref-
erence or “yardstick” for national food safety re-
quirements. As a result, members of the WTO
need to take the work of CAC into consideration

General principles of food hygiene

: 'm Ib_. y . I‘: n

Figure 3-1 HACCP in food hygiene: Each additional measure of food hygiene will increase the degree of food

safety assurance.'*
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and adapt their legislation to the provisions pro-
vided by CAC. In recent years, some countries
such as the United States and the European
Union have made application of the HACCP
system compulsory in the production and pro-
cessing of certain foodstuffs such as seafood, in-
cluding those that are imported.

The implementation of the HACCP system in
all food industries is an established goal in many
countries. However, most progress made in
implementing the HACCP system so far has
been achieved in medium- and large-scale food
industries, particularly in industrialized coun-
tries. Worldwide, analyses of food-borne dis-
ease outbreaks show that the greatest majority of
food-borne disease outbreaks result from mal-
practices during food preparation in small busi-
nesses, canteens, and homes. In small businesses
and homes in both developed and developing
countries, the application of the HACCP system
meets with greater difficulties.

In recognition of the need for improving the
safety of foods that are prepared or processed in
homes, food service establishments, street food
vendors, and “cottage” industries, WHO pro-
posed the use of HACCP systems to small op-
erations and for health education purposes.!’1

APPLICATION OF THE HACCP
APPROACH TO FOOD PREPARATION

The CAC General Principles of Food Hygiene
provide guidance on the basic general require-
ments that are essential to ensuring food safety as
well as food suitability. WHO has adapted these
principles to different settings (e.g., food service
establishments, street food vendors, and house-
holds) and recommended specific hygienic mea-
sures for the preparation of food under such condi-
tions.%!213 Although these food hygiene principles
are fundamental to achieving food safety, their ap-
plication for ensuring safety nevertheless has cer-
tain limitations.°

» They do not provide a mechanism for pri-
oritizing control measures, even though
some measures may prove to be more criti-
cal than others.

» The guidance is nonspecific to foods, op-
erations, special socioeconomic conditions
where the food is prepared, or the cultural
factors leading to high-risk practices.

Therefore, it is recommended that HACCP
studies be conducted in these settings to identify
the measures that are critical for ensuring the
safety of foods in the given sociocultural and
economic conditions of preparation. The identi-
fied measures should be considered CCPs and,
depending on the circumstances, they should be
the subject either of enforcement and/or of train-
ing and education.

In general, small food businesses or street
food vendors do not have the expertise necessary
for conducting such HACCP studies. The same
is also true for domestic food handlers. It is the
role of trade associations, food inspectors or, in
the case of domestic food handlers, health au-
thorities to conduct such studies and train or
educate the food businesses and households in
implementing and monitoring control measures
at the CCP in an adequate manner. Such an ap-
proach provides a mechanism for prioritizing
key behavior or practices that should be en-
forced or promoted in a given professional group
or population.

In most cases, a complete HACCP study can-
not be conducted for every type of food and
preparation method, and priorities must, there-
fore, be set. Whenever possible, epidemiological
data should be used in establishing priorities.
High priority should be given to foods that are
commonly implicated as vehicles of food-borne
diseases and to the type of food operations
where outbreaks of food-borne diseases have
been reported. Data on food-borne diseases are,
however, not always available. In the absence of
such data, priorities can be set based on the fac-
tors described in the following paragraphs.

Intrinsic Properties of the Food Involved

Some foods may contain toxic chemicals or
microbial pathogens or their toxins because of
the practices involved in the production of the
raw materials. For example, raw meats may be



contaminated with microbial pathogens at the
slaughtering stage, and raw vegetables may be
contaminated with microbial pathogens or toxic
chemicals from fertilizers, pesticides, and so
forth. Food properties also relate primarily to
characteristics of the food that may support the
survival and/or growth of microorganisms based
on knowledge of microbial ecology and epide-
miological history. The characteristics that are
most useful are pH, water activity (Aw), and re-
dox potential (Eh). These factors influence the
growth of infectious or toxigenic microorgan-
isms. Foods that are possibly hazardous because
they readily support rapid and progressive
growth of microorganisms should be given high
priority. Next, priority should be given to foods
that can support the growth of pathogens during
prolonged storage periods. Foods that are “rela-
tively stable,” in particular with regard to patho-
genic organisms, can be assigned lower priority.

Preparation and Handling

Food operations that commonly contribute to
the cause of food-borne illnesses are those that (1)
prepare hazardous foods in advance of serving, (2)
store foods in a manner that might allow microbial
growth, and (3) inadequately reheat food to inacti-
vate pathogens or toxins. On the other hand, food
that is thoroughly cooked just before consumption
is safe from biological hazards although chemicals
and certain toxins may not be affected. Food that
has been processed, even in a simple form such as
fermentation, may be safe when held at ambient
temperatures. Similarly, commercially processed
foods, especially those that are well packaged,
may pose little hazard to the consumer when they
are sold by street vendors.

Volume of Food Prepared

The concern about volume of food prepared
relates primarily to the amount of food prepared
in advance of sale and/or consumption. For in-
stance, in street-vending operations, this amount
can be indirectly measured by the average daily
sales, the amount of prepared foods on display,
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and the duration of holding cooked foods on
display.

Susceptibility of Consumers

Infants and children, pregnant women, the
hospitalized, immunocompromised persons, and
the elderly are more susceptible to food-borne
diseases than the general population. Foods
which are intended for these groups of consum-
ers should receive a higher priority.

Many of the fermented foods, particularly those
that are prepared as complementary foods for in-
fants and young children in Aftica, fall into one or
more of the above categories. In view of this,
WHO joined with the Food and Agricultural Or-
ganization (FAO) in December 1995 to conduct a
workshop on the assessment of fermentation as a
household technology to improve food safety,
during which the HACCP system was applied to
several African fermented foods.®? CCPs for the
preparation of each of these foods were deter-
mined and it was recommended that control mea-
sures at these points should be included in the
health education of food handlers. As an example,
the application of the HACCP system to the prepa-
ration of gari is presented below. HACCP studies
have shown that in general, the following mea-
sures during the preparation of African fermented
foods should be the focus of training and health
education.

» rapid and adequate acidification

» sufficient cooking for rendering food safe

+ sufficient size reduction of cassava to en-
able enzymatic degradation of toxic cyano-
genic glycosides

« avoidance of moldy raw material in view of
possible mycotoxin contamination

* use of safe water

Through these studies, it could also be clearly
demonstrated that some preparation practices
presented a high food safety risk. For instance,
the preparation of togwa (see Chapter 12) in-
volves the addition of “power flour” after the
food has been cooked. Thus, there is a risk of
postcooking contamination, particularly with
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acid-resistant pathogens. In addition, if the lactic
acid fermentation fails, the addition of power
flour may lead to the proliferation of bacterial
pathogens. To minimize food safety risks, it was
recommended to accelerate the fermentation by
back-slopping or use of starter cultures, or using
power flour of high quality and avoiding
postcooking contamination. In addition, the
HACCP study showed that the original proce-
dure for power flour preparation needs to be
modified. In order to avoid postcooking con-
tamination, it was recommended to boil the wa-
ter that was used for the purpose of soaking and
germination.

APPLICATION OF THE HACCP SYSTEM
TO GARI*

1. Product description—Gari is a granular
starchy food that is made from cassava
roots. The processing starts with peeling,
washing, and grating the tubers. The
grated pulp is then put into bags (often jute
or woven polypropylene bags) and left to
ferment for several days under weight
(pressure), during which time water is also
removed. Fermentation is followed by
fragmentation, drying, and roasting. Dur-
ing the roasting stage, the core tempera-
ture reaches 80—85 °C and the starch is ge-
latinized. Palm oil is sometimes added
during roasting. After the roasting pro-
cess, the gari, as it is now called, is cooled
and stored. The final moisture content will
determine its shelf life. When a final mois-
ture content of less than 10% is reached,
gari may be stored for several months. At
higher moisture contents, the shelf life of
gari is reduced to a few weeks because of
potential mold growth.

*Application of the HACCP system has been sim-
plified and adapted to household conditions. Al-
though the same approach can be used for production
on a cottage and industrial scale, the requirements in
terms of CCPs, critical limits, and monitoring proce-
dures may be different and more severe. Model
HACCP plans are not appropriate for use until they
are validated for a specific food and food process.

. Intended use—Gari is an important part

of the staple diet in Nigeria and many
other African countries. It is also given to
children over one year of age. Gari can be
prepared in many different ways. In the
following example, soaking in cold water
is used.

. Flow diagram—The flow diagram of gari

is presented in Figure 3-2.

. Hazards of concern—Hazards consid-

ered in this context include biological
(e.g., bacteria, viruses, parasites), chemi-
cal (e.g., contaminants, mycotoxins), and
physical agents.

. Identification of hazards, control mea-

sures, and CCPs—Table 3—1 shows the

hazards that are associated with each step

in the preparation of gari and some pos-
sible measures for their control.

a. Raw material: Major hazards of cassava
are cyanogenic glucosides (i.e.,
linamarin and lotaustralin) and contami-
nation by agrochemicals. Cyanogenic
glucosides will be hydrolyzed and re-
moved during later stages in the process-
ing and preparation of gari (i.e., grating,
fermenting, and roasting). However, in
regard to chemical contaminants and
agrochemicals, households should ob-
tain assurance from the suppliers regard-
ing the safety of raw products.

Depending on its source, water may
be contaminated. Although the micro-
biological safety of water is of lesser
importance when washing cassava be-
cause it will be fermented and heat
treated, it is critical that safe water is
used in the final preparatory stages be-
fore consumption.

b. Peeling: Some foreign matter and
pathogens may be introduced at this
step. However, because the cassava
will be washed and heat treated, the
control of hazards, other than peeling in
hygienic conditions, is not critical at
this stage.

¢. Washing: Microbiological hazards
may be introduced if the water is not
clean. Therefore, as part of a good hy-
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Figure 3-2 Application of the HACCP system to the preparation of gari in households®

gienic practice, safe water should be
used. Hazards introduced at this step
can nevertheless be controlled during
subsequent steps of gari production.
Washing can, though, decrease the
amount of foreign matter.

d. Grating: This is the most important
step with regard to detoxification when
the cellular disruption results in the re-
lease of linamarase enzymes and
greater contact of the enzymes with its
substrate linamarin. Therefore, grating



Table 3—-1 Application of the HACCP System to the Preparation of Gariin Households

Critical Control Monitoring
Step Hazards Control Measures Points Critical Limit Procedure Corrective Actions
1. Raw material . Agrochemicals a. Obtain assurance a. No
i) Cassava from supplier of
adequate
preharvest and
postharvest
handling of roots
. Cyanogenic b. Grating, fermenta- b. No
glucosides tion, and roasting
. Pathogens c. Heat treatment c. No
1. Raw material . Chemical a. Obtain assurance a. Yes a. Clear, free of odor a. Observation, a. Use another
ii) Water contaminants, of the source of and off-taste smelling, and source of water
depending on the water; use only tasting
source safe water
. Pathogens (e.g., b.i) Use safe water b. Yes for step 10 b. i) Indication of b. i) Inquiry from b. i) Boil the water
pathogenic E.coli, (i.e., filtered and contamination health authorities
Campylobacter, V. disinfected) or
cholerae, ii) Boil the water ii) Bubbles ii) Observation i) Reboil
Salmonella,
Cryptosporidium,
Giardia lamblia,
Entamoeba
histolytica),
Rotavirus
2. Peeling . Foreign matter a. Washing a. No
. Pathogens b. Heat treatment b. No
3. Washing . Introduction of a. Use safe water a. No
pathogens through
water
. Residual foreign b. Thorough washing b. Yes b. As clean as b. Observation b. Reclean

matter

possible

continues

9
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Table 3-1 continued

Critical Control Monitoring
Step Hazards Control Measures Points Critical Limit Procedure Corrective Actions
4, Grating a. Residual cyanide  a. Complete grating  a. Yes a. Absence of coarse a. Observation a. Regrate
particles
b. Pathogens b. Clean the b. No
equipment
c. Foreign matter ¢. Use well- c. Yes c. Free of visible c. Observation ¢. Remove foreign
maintained foreign matter material
equipment
5. Bagging Chemical Use clean bags; Yes Absence of chemical Monitor the source Use other bags
contamination obtain assurance contaminants and other uses of
from supplier about bags
no previous and
hazardous use of the
bags
6. Fermentation Growth of pathogens Rapid fermentation  Yes Acid taste and Observation, Discard
under weight and production of characteristic odors  smelling, and tasting
toxin (e.g., Staphylo- within 24 hours
coccus aureus)
7. Roasting a. Residual cyanide  a. i) Thorough a. Yes a. i) Sufficient time a. iyTime keeping a. i) Continue
roasting for roasting roasting
ii) Breaking up ii) Small size i) Observation ii} Breaking up
lumps particles lumps
b. Mold growth b. Same as above b. Yes b. Same as above b. Same as above b. Same as above

during storage if
high moisture
content

continues

washs JODVE 24} 0 UOHINPOLIU]
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Table 3-1 continued

Critical Control Monitoring
Step Hazards Control Measures Points Critical Limit Procedure Corrective Actions
8. Cooling Contamination Cool under hygienic  No
through environment conditions (e.g., put in
clean container and
clean environment)
9. Storing Mold growth during  Thorough roasting No, see step 7

10. Soaking and
serving

storage if high
moisture content

a. Recontamination
with water

b. Recontamination
by dirty hands,
utensils, environ-
ment

c. Growth of
pathogens and
spores of Bacillus
cereus, if
consumption is
delayed for more
than four hours

(see step 7:
roasting); keep in dry
conditions

a. Use safe water
b. Wash hands and

use clean utensils

¢. Consumption
without delay

a. Yes see step 1

b. Yes

c. Yes

a. See step 1 (water) a. See step 1 (water) a. See step 1(water)

b. Washing with soap b. Observation b. Thorough heating
and thorough
rinsing with clean
water

¢. Use within four
hours

¢. Time keeping c. Thorough heating

¥9
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must be thorough to ensure a fast deg-
radation of linamarin.

Foreign matter and pathogens may
also be introduced at this stage. Al-
though pathogens can be killed at the
roasting step, the prevention and elimi-
nation of any foreign matter at this step
is essential.

e. Bagging: Unclean bags may further
contaminate the raw material. Chemi-
cal contamination is of particular con-
cern at this step. The bags should not
have been used previously for purposes
that could jeopardize the safety of gari
(e.g., for storage of pesticides).

f. Fermentation: Rapid fermentation is
important to prevent the growth of un-
desirable microorganisms and the pro-
duction of toxins. Fermentation is
therefore a CCP for the control of
pathogens.

Fermentation also provides the op-
portunity (contact time) necessary for
the action of linamarase on its sub-
strate. During later stages, however,
fermentation may have an antagonistic
effect on detoxification because the de-
crease in pH resulting from fermenta-

Introduction to the HACCP System 65

tion may lead to the stability of cyano-
hydrins. An optimization of the fer-
mentation process with respect to hy-
drolysis of linamarin and control of
microbial growth is therefore important
for ensuring the chemical and micro-
biological safety of gari.

g. Roasting: Further detoxification of cas-
sava occurs during roasting when the
hydrogen cyanide is evaporated. Thor-
ough drying at this step is also impor-
tant for the stability of gari and the pre-
vention of mold growth during storage.
It is important to prevent lumps from
forming because they may limit the
drying and evaporation of hydrogen
cyanide.

h. Cooling: Cooling should take place un-
der hygienic conditions.

i. Storing: To prevent mold growth, gari
should be kept under dry conditions
and protected from animals and ro-
dents.

j. Serving: Water used for soaking gari, as
well as hands and utensils, may reintro-
duce pathogens. It is critical that the wa-
ter used at this step is safe, and that uten-
sils and hands are washed thoroughly.
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APPENDIX 3-A

HACCP Principles and
Guidelines for Its Application

Assemble HACCP team

The food operation should ensure that the appropriate product-specific knowledge and expertise is
available for the development of an effective HACCP plan. Optimally, this may be accomplished by
assembling a multidisciplinary team. Where such expertise is not available on-site, expert advice
should be obtained from other sources. The scope of the HACCP plan should be identified. The scope
should describe which segment of the food chain is involved and the general classes of hazards to be
addressed (e.g., does it cover all classes of hazards or only selected classes).

Describe product

A full description of the product should be drawn up, including relevant safety information such as
composition, physical/chemical structure (including Aw, pH, etc.), microbicidal/static treatments (e.g.,
heat treatment, freezing, brining, smoking, etc.), packaging, durability, storage conditions, and method
of distribution.

Identify intended use

The intended use should be based on the expected uses of the product by the end user or consumer.
In specific cases, vuinerable groups of the population such as institutional feeding may have to be
considered.
Construct flow diagram

The flow diagram should be constructed by the HACCP team. The flow diagram should cover all
steps in the operation. When applying HACCP to a given operation, consideration should be given to
steps preceding and following the specified operation.

On-site confirmation of flow diagram

The HACCP team should confirm the processing operation against the flow diagram during all
stages and hours of operation and amend the flow diagram where appropriate.
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HACCP principles

Guidelines for their application

Principle 1
Conduct a hazard analysis

Principle 2
Determine the critical
control points (CCPs).

Principle 3
Establish critical limit(s).

The HACCP team should list all of the hazards that may be
reasonably expected to occur at each step from primary production,
processing, manufacture, and distribution until the point of con-
sumption.

The HACCP team should next conduct a hazard analysis to identify
for the HACCP plan which hazards are of such a nature that their
elimination or reduction to acceptable levels is essential to the
production of a safe food.

In conducting the hazard analysis, wherever possible, the following
should be included:

* the likely occurrence of hazards and severity of their adverse
health effects

* the qualitative and/or quantitative evaluation of the presence of
hazards

 survival or multiplication of microorganisms of concern

» production or persistence in foods of toxins, chemicals, or
physical agents

* conditions leading to the above

The team must then consider what control measures, if any, exist
that can be applied for each hazard.

More than one control measure may be required to control a
specific hazard(s) and more than one hazard may be controlled by
a specified control measure.

There may be more than one CCP at which control is applied to
address the same hazard. The determination of a CCP in the
HACCP system can be facilitated by the application of a decision
tree (Figure 3—A~1) which indicates a logic reasoning approach.
Application of a decision tree should be flexible, given whether the
operation is for production, slaughter, processing, storage, distribu-
tion, or other. It should be used for guidance when determining
CCPs. This example of a decision tree may not be applicable to all
situations. Other approaches may be used. Training in the applica-
tion of the decision tree is recommended.

If a hazard has been identified at a step where control is necessary
for safety, and no control measure exists at that step, or any other,
then the product or process should be modified at that step, or at
any eatrlier or later stage, to include a control measure.

Critical limits must be specified and validated if possible for each
critical control point. In some cases, more than one critical limit will
be elaborated at a particular step. Criteria often used include
measurements of temperature, time, moisture level, pH, Aw, and
available chlorine, and sensory parameters such as visual appear-
ance and texture.
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()] Do control measure(s) exist?

i l T Modify step,

Yes No
i process, or product

Is control at this step
necessary for safety?

v
No [>| NotaCCP >! Stop (*)

——>| Yes

v

Is the step specifically designed to
Q2 eliminate or reduce the likely occurrence
of a hazard to an acceptable level?

¥
No

y

Could contamination with identified
hazard(s) occur in excess of acceptable
level(s) or could these increase to
unacceptable levels?

Y Y
Yes No | Nota CCP Stop (*)

v

Will a subsequent step eliminate
Q4 identified hazard(s) or reduce likely
occurrence to an acceptable level?

v v Y

Yes No ——— | CRITICAL CONTROL POINT

l

Not a CCP >| Stop (*)

\4

Yes

Q3

* Proceed to the next identified hazard in the described process.

Figure 3—-A-1 Example of a decision tree to identify CCPs.?

HACCP principles Guidelines for their application
Principle 4 Monitoring is the scheduled measurement or observation of a CCP
Establish a system to relative to its critical limits. The monitoring procedures must be able
monitor control of the to detect loss of control at the CCP. Further, monitoring should
CCPs. ideally provide this information in time to make adjustments to

ensure control of the process to prevent violating the critical limits.
Where possible, process adjustments should be made when
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HACCP principles

Guidelines for their application

Principle 5

Establish the corrective
action to be taken when
monitoring indicates that a
particular CCP is not under
control.

Principle 6

Establish procedures for
verification to confirm that
the HACCP system is
working effectively.

Principle 7

Establish documentation
concerning all procedures
and records appropriate to
these principles and their
application.

monitoring results indicate a trend toward loss of control at a CCP.
The adjustments should be taken before a deviation occurs. Data
derived from monitoring must be evaluated by a designated person
with knowledge and authority to carry out corrective actions when
indicated. If monitoring is not continuous, then the amount or
frequency of monitoring must be sufficient to guarantee that the
CCP is in control. Most monitoring procedures for CCPs will need to
be done rapidly because they relate to on-line processes and there
will not be time for lengthy analytical testing. Physical and chemical
measurements are often preferred to microbiological testing
because they may be done rapidly and can often indicate the
microbiological control of the product. All records and documents
associated with monitoring CCPs must be signed by the person(s)
doing the monitoring and by a responsible reviewing official(s) of
the company.

Specific corrective actions must be developed for each CCP in the
HACCP system in order to deal with deviations when they occur.

The actions must ensure that the CCP has been brought under
control. Actions taken must also include proper disposition of the
affected product. Deviation and product disposition procedures
must be documented in the HACCP recordkeeping.

Establish procedures for verification. Verification and auditing
methods, procedures, and tests, including random sampling and
analysis, can be used to determine if the HACCP system is working
correctly. The frequency of verification should be sufficient to
confirm that the HACCP system is working effectively. Examples of
verification activities include

¢ review of the HACCP system and its records
¢ review of deviations and product dispositions
¢ confirmation that CCPs are kept under control

Where possible, validation activities should include actions to
confirm the efficacy of all elements of the HACCP plan.

Efficient and accurate recordkeeping is essential to the application
of a HACCP system. HACCP procedures should be documented.
Documentation and recordkeeping should be appropriate to the
nature and size of the operation.

Documentation examples are:

* hazard analysis
¢ CCP determination
e critical limit determination

Record examples are:

¢ CCP monitoring activities
¢ deviations and associated corrective actions
¢ modifications to the HACCP system



CHAPTER 4

Chemical Hazards and Their Control:
Endogenous Compounds

Leon Brimer

INTRODUCTION

Raw materials of vegetable origin may con-
tain natural toxic or antinutritional compounds,
endogenous constituents that are synthesized by
the plant itself. Antinutritional means a deleteri-
ous effect due to the hindrance of uptake or use
of other components in the diet. Examples of
antinutritional compounds include tannins,
which among others bind to proteins, making
them unacceptable as substrates for proteases;
proteinase inhibitors, which inhibit proteinases
such as trypsin and chymotrypsin; phytate, which
binds a number of minerals, making them unavail-
able for uptake; and thiaminase, which degrades
vitamin B,. An effect may be due to the parent
compound or to metabolites that are formed in the
gut or in the organism after absorption.

Although a few toxic and antinutritional com-
pounds found in plants are proteins, most are
low molecular weight compounds. Examples of
proteins are ricin,*® which is found in the seeds
of Ricinus communis L. (castor bean), lectins,?!?
found especially within the legumes; and the
proteinase inhibitors, which are also common in
legumes.5? The smailer molecules with deleteri-
ous effects belong to the groups of compounds
that are normally classified as secondary me-
tabolites. The number of secondary constituents
isolated from plants, fungi, and animals is high.
Luckner worked with 26 biosynthetic groups di-
vided into 107 subgroups, many of which con-
tained more than 1,000 structures.!>* The major-
ity of these compounds was found in plants. The
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alkaloids, for example, have had the attention of
phytochemists for more than 150 years. In 1950,
approximately 2,000 alkaloids were recognized;
by 1970, the number had increased to approxi-
mately 4,000; 20 years later, approximately
10,000 were known.?" It is necessary, then, to fo-
cus on the most important endogenous plant toxins
as seen from a food and feed point of view.

The most prominent constituents known to re-
strict the nutritional value of food or fodder in-
clude certain nonprotein amino acids, alkaloids
and glycosides, together with the tannins. How-
ever, knowledge concerning the influence of fer-
mentation on these agents is very limited except
for certain of the glycosides. Because a number
of very important commodities of food and fod-
der worldwide do contain toxic glycosides,* the
occurrence and effects of toxic glycosides, and
their fate during food fermentations, will be pre-
sented in this chapter.

TOXIC AND ANTINUTRITIONAL
GLYCOSIDES IN FOOD AND FEED

Glycosides consist of one or more genins (ag-
lycones) to which one or more mono- or oli-
gosaccharides are linked. The glycosidic
linkage(s) may differ (i.e., one differentiates be-
tween O-, S-, and C-glycosides) (Figure 4-1). If
the sugar part is a glucose moiety, it is called a
glucoside. A number of different glycosides and
oligosaccharides causing physiological effects
(toxins) or reduced uptake or use of nutrients af-
ter ingestion are known in the plant kingdom. So
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Figure 4-1 (a) The general structure of O-, S-, and C-glucosides as representatives of the broader groups of
O-, S-, and C-glycosides, respectively. At top, an O-glucoside; middle, an S-glucoside; bottom, a C-glucoside.
(b) Examples of naturally occurring O-, S-, and C-glucosides. Top (Linamarin—a cyanogenic glucoside found in
cassava), middle (Sinigrin—a glucosinolate), and bottom (Barbaloin—an anthrone C-glucoside from 4loe spp.;

laxative). Note: R = aglycone (= genin).

are a number of bitter-tasting glycosides that re-
duce the palatability of the plant (Table 4-1). A
few of these glycosides have been shown to be
protective to the plant;!2°29 however, most have
only been recognized as toxic to domestic animals
or humans. The broad range of compounds listed
in Table 4-1 illustrates the diversity of chemical
structures found even within the restricted field of
toxic and antinutritional glycosides and oligosac-
charides. Because this diversity also means a
broad range of different mechanisms of action, the
most important compounds are described in the
following paragraphs.

Cyanogenic Glycosides

Cyanogenesis (cyano—Greek [kyanos =
blue] and genesis—Greek [creation]) means the
formation of cyanide/hydrogen cyanide, or
HCN. Organisms that possess the ability to re-
lease cyanide may be termed cyanogenic or
cyanophoric (phoros—Greek [bearing]). If the
cyanide is formed from the breakdown of an-
other compound, this compound is called a cya-
nogenic (cyanogenetic) compound, or simply, a
cyanogen. Cyanogens include cyanogenic gly-
cosides, cyanogenic lipids, cyanohydrins, and
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Table 4-1 Toxic, Antinutritional, and Bitter-Tasting Glycosides and Oligosaccharides

Compound group or

compound

Examples

Toxicity, taste, etc.

In sources of food and feed

O-Glycosides, Sugar Esters, and Oligosaccharides

Cyanogenic glycosides

Glycoalkaloids

Glycosides of organic
nitriles

Glycosides and sugar
esters of aliphatic
nitrocompounds

Methylazoxymethanol

(MAM) glycosides
Naringin

Oligosaccharides

Platyphylloside

Polyphenols

Ptaquiloside

Saponins

Vicine and convicine

Linamarin in Manihot esculenta,
Euphorbiaceae, in general wide-
spread in the plant kingdom
(Tracheophyta and
Spermatophyta)sz 129182

Chachonin and solanin in Solanum
tuberosum, Solanaceae
(Angiospermae)140.206

Simmondsin in Simmondsia californica
(Jojoba), Buxaceae
(Angiospermae)2277

Miserotoxin in Asfragalus spp.,
Fabaceae (= Leguminosae;
Angiospermag)160.204

Cycasin in Cycas spp., Cycadaceae
(Gymnospermae)?2154

In Citrus spp., espec. C. paradisi
(grapefruit), Rutaceae
(Angiospermae)22’

In seeds of several legume spp.,
Fabaceae ( = Leguminosae;
Angiospermae)®+215

In Betula pendula, Betulaceae
(Angiospermae)?262

2-hydroxyarctiin in Carthamus tinctorius
(Safflower), Asteraceae
( = Compositae; Angiospermae).203

In Pteridium aquilinum, Polypodiaceae
(Tracheophyta)24e250

Triterpene or steroid saponins in
Quinoa spp., Borassus flabellifer,
Glycyrrhizae glabra and Balanites
spp. (Angiospermage)7495.125

In Vicia faba (faba bean), Fabaceae
( = Leguminosae; Angiospermae)?7¢

In medicinal and toxic plants

Acute and chronic toxicity due to
release of HCN; neurotoxicity
of intact glycosides dis-
cussed; bitter taste

Corrosive to the gastrointestinal
tract; upon absorption, acutely
toxic due to several mecha-
nisms; bitter taste

Causes chronic toxicity of
unknown mechanism

Acutely toxic to ruminants;
inhibit the TCA-cycle of the
cells

Carcinogenic

Bitter taste

Flatulence-producing

Antinutritional (deterrrent) to
several animal species
Cathartic (laxative); bitter taste

Acutely toxic and carcinogenic

Some atoxic, other mildly to
strongly toxic; several are
bitter tasting

Acutely toxic to glucose-6-
phosphate dehydrogenase-
deficient individuals

Carboxyatractyloside
(CAT) and related
compounds

CAT in Atractylis gummifera,
Asteraceae (= Compositae;
Angiospermae)+.187

Acutely toxic; inhibit mitochon-
drial oxidative phosphorylation

continues
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Table 4-1 continued

Compound group or

compound Examples

Toxicity, taste, etc.

Cardeno- and
bufodienolides (cardiac glycosides),

Scrophulariaceae

(Angiospermae)'61.225

Cucurbitacins

“Digitalis” glycosides in Digitalis spp.

Cucurbitacin L in Citrullus colocynthis,
Cucurbitaceae (Angiospermae),
some cucurbitacins also present in

Acutely toxic to the heart

Intensely bitter substances,
some of which are acutely
toxic

food plants (ref. text below)103.126

Glycosides of Vitamin Ds

(Angiospermae)?7¢
Ranunculin
spp., Ranunculaceae
(Angiospermae)?e0.19

Glycosides of 1¢,25-(OH)2Ds in
Solanum glaucophylium, Solanaceae

In Ranunculus and Caratocephalus

Chronic toxicity (vitamin D
intoxication—calcinoses)

Acutely toxic; irritant to mucous
membranes; Upon absorption,
it affects several organs such
as the heart, the lungs, etc.

C-Glycosides (Some Also Occurring as O-Glycosides)
In medicinal plants

Anthraquinone, an-
throne, and dianthrone

glycosides Angiospermae)152.280

Sennosides in Cassia angustifolia,
Fabaceae (= Leguminosae;

Laxative effect; some com-
pounds are drastica

S (Thio)—Glycosides
In food and feed resources

Glucosinolates

In many species within the families of
Capparales (Angiospermae)2?

Chronic toxicity due to release
of thiocyanate and other
compounds; sharp (burning)
taste

cyanogenic epoxides.’»!82 Cyanogenesis has been
detected in prokaryotes, fungi, plants, and ani-
mals. Cyanogens have been isolated from a great
number of organisms; the glycosides, however,
have been isolated only from plants and insects.'®?

The release of cyanide from a cyanogen im-
plies the degradation of the compound, a reac-
tion that may be either spontaneous or enzyme
catalyzed.’2'%2 Cyanogenic lipids and cyano-
genic glycosides are broken down to cyanchy-
drins (hydroxynitriles); these are cyanogens in
themselves (Figure 4-2). The cyanogenesis
starts on crushing of the tissue, the cyanogens,

and the degradative enzymes being compart-
mentalized either at the subcellular level or at
tissue level in the intact plant.?!!

The glycosides are the most common cyano-
gens, and comprise more than 60 structures.'#62¢!
They were recognized early as substances that are
poisonous to animals.?¢ Cyanogens are of some
systematic importance at the level of higher plant
taxa,'822%5 and within certain families and gen-
era.!82194.292 The ingestion of cyanide and cyano-
genic compounds may lead to acute!”? as well as
chronic intoxications, the latter including the cen-
tral nervous system (CNS) syndrome, konzo.26927
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Figure 4-2 The interrelationship between cyanogenic compounds and cyanide/hydrogen cyanide. In a cyano-
genic glycoside, R, is a saccharide moiety; in a cyanogenic lipid, an acyl moity. Hydrolases: glycosidase(s)—
Refer also to Figure 4—3—or lipase. Note that the cyanohydrin formed upon hydrolysis of one of the three types
of cyanogens (epoxynitriles, glycosides, or lipids) is a cyanogen itself.

Glycoalkaloids

Steroidal alkaloids and alkaloid glycosides
occur throughout the genus Solanum (Solan-
aceae). The common potato (S. tuberosum) con-
tains in its edible tuber the two compounds o~
chaconin and a-solanin.!** The total content may
vary from 10 mg/kg to 390 mg/kg, with a mean
of 73 mg/kg.’¢ In other species of Solanum and
closely related genera, different glycosides and
free genins may dominate.’2206 Gastrointestinal
absorption of steroidal alkaloid glycosides var-
ies between animal species. Some hydrolysis of
the glycosidic bond and further metabolism
seem to occur in different animal species, as
judged from analyses comparing the serum level
of a-chaconin and/or a-solanin to that of total
alkaloids at different times after ingestion.!
The toxicity of the potato glycosides to humans
includes gastrointestinal upset with diarrhea,
vomiting, and abdominal pain. In severe cases,
neurological symptoms, some of which are
clearly a result of the acetylcholinesterase in-

hibitor activity of these glycosides,?¢ are seen. !4
Both a-chaconin and a-solanin, together with
their aglycones, are teratogenic in one or more
animal models.” However, Kuiper-Goodman &
Nawrot'® did not find the suggested association
of the consumption of blighted potatoes during
pregnancy with increasing incidences of spina
bifida substantiated.

Methylazoxymethanol Glycosides

Glycosides of methylazoxymethanol (MAM)
have been found only in cycads (Macrozamia
and Cycas spp). The concentration is high in
seeds; smaller quantities are found in stems and
leaves.!** Extensive losses of sheep have oc-
curred in Australia due to consumption of
Macrozamia and Cycas spp.'?® The first isola-
tion of a MAM glycoside, macrozamin (the f3-
primeverosid of MAM), was from seeds of M.
spiralis Miq., an Australian cycad. Today, other
MAM glycosides are known, among these cyca-
sin (the B-D-glucopyranosid of MAM), which
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was shown to be characteristic of, and exclusive
to, all the genera of cycads.'>* The relative con-
centrations of cycasin to macrozamin in ripe
seeds differ within the cycad genera.'”” The gly-
cosides release MAM on the hydrolysis, which
is catalyzed by B-glycosidases. MAM is a mu-
tagenic and carcinogenic alkylating agent.!63178

Oligosaccharides

Flatulence is a common phenomenon that is
associated with the ingestion of legumes, among
others, and caused by the microbial fermentation
of low molecular weight sugars. Many of these
sugars are o-galactosides because humans do
not have a-galactosidase in their digestive
tract.!® The legume oligosaccharides, raffinose,
stachyose, and verbascose,?!’ are of particular
interest. Soybeans contain (by weight) approxi-
mately 1% of raffinose and 2.5% of stachyose;?!
the winged bean contains 1-2% of raffinose, 2—
4% of stachyose, and 0.2-1% of verbascose.”

Ptaquiloside

Bracken fern(s) (Pteridium spp.) found
throughout the world causes cancer of the uri-
nary bladder in ruminants and is the only higher
plant shown to cause cancer naturally in ani-
mals.2¥ Enzootic hematuria, the clinical name
given to the urinary bladder neoplasia of rumi-
nants, tends to occur persistently in localized
bracken-infested regions. The major carcinogen
of bracken is the mutagenic and clastogenic
norsesquiterpene glucoside, ptaquiloside, which
in laboratory animals has been shown to be carci-
nogenic per os.''1%024% Bracken has further been
associated with carcinoma of the upper digestive
tract of cattle, where it is believed to transform the
bovine papilloma (type 4) to a malign tumor. After
hydrolysis of the glucoside, the genin is partly
converted under alkaline conditions to a
dienone, which can then undergo further reac-
tions to form adducts with DNA bases. A pre-
liminary investigation of the alkylation patterns
produced has been presented.?*® Bracken fern is
acutely toxic to several farm animals such as
horses, cattle, and sheep, the syndromes being

different for the different animal species.’? The
administration of pure ptaquiloside to a calf re-
sulted in the same symptoms as known for the
bracken intoxications of this species, thus dem-
onstrating that the causative principle of cattle
bracken poisoning is ptaquiloside.'!?

Saponins

A great number of food and feed plants con-
tain saponins. Saponins may belong either to the
group of pentacyclic triterpenoid saponins or to
the steroidal saponins. The latter include in a
broad sense the steroidal alkaloid glycosides that
are found, for example, in potatoes. Although
certain saponins such as the medicinally used
quillaja saponin have been known for centuries
to damage mucous membranes,'?* most saponins
are considered quite unproblematic when they
are administered orally. Saponin fractions from
certain Yucca spp. have even been used as a feed
additive to promote growth of, for example, tur-
keys.”! However, concerns have been raised re-
cently that saponins in food or feed may promote
oral sensitisation to allergens through their
membranolytic action in the gastrointestinal
tract, resulting in enhanced uptake of the aller-
gens.!?® This concern is based on the fact that sa-
ponins have been shown to act as oral adju-
vants.’>132158 Food plants that may contain
considerable amounts of saponins include the
seeds of Quinoa spp., fruits of Borassus flabellifer
(palmyrah) and Balanites spp., and roots and sto-
lons of Glycyrrhizae glabra (licorice) (Table 4-1).
The palmyrah fruits are fermented to wine (palm
wine) in Sri Lanka, whereas experimental solid-
state tempeh fermentations have been described
for quinoa. However, no information is available
conceming the fate of the saponins in any of these
products.

Vicine and Convicine

Vicia faba (faba/fava bean), V. harbonensis,
and V. sativa contain the two glycosides, vicine
and convicine,?!* which after hydrolysis in the
intestine and uptake of the genins (divicine and
isouramil) cause hemolytic anemia (favism) in



glucose-6-phosphate dehydrogenase-deficient
individuals.!6628¢ Together with condensed
tannins, these two glycosides limit the use of the
proteinaceous raw faba beans as feed for mono-
gastric animals.!¢”?7¢ Vicine and convicine have
not been detected in significant concentrations
in other plant species.

Cucurbitacins

Cucurbitacins were first characterized as the
bitter compounds of cucumbers, marrows, and
squashes (Cucurbitaceae). The cucurbitacins as
a group are thought to be among the most bitter
substances known to man. Cucurbitacin B can
be detected in dilutions as low as 1 ppb, and the
glycosides of cucurbitacin E at 10 ppb.!”s
Cucurbitacins make up a group of oxygenated
tetracyclic triterpenes, some of which occur as
glycosides.!®* Some cucurbitacins are not only
bitter, but also toxic. Thus, the lethal dose for
10% of a test group of mice (LD, orally mice) of
cucurbitacin B is approximately 5 mg/kg b.w.103
This is quite strong toxicity, as seen from the
fact that it is equal to the lowest dose used in the
International Organization for Economic Coop-
eration and Development Guidelines test for
acute oral toxicity (Fixed Dose procedure,
guideline no. 420).

Glucosinolates

In 1990, more than 100 glucosinolates were
already known.?2 They occur in Capparales,
Salvadorales, Violales, Euphorbiales, and
Tropaeolales within Violiflorae sensu Dahl-
gren.”’*% Reasons for interest in glucosinolates
or glucosinolate-containing plants are the vari-
ous antinutritional and toxic effects, the flavors,
and the positive physiological effects associated
with these constituents and their byproducts.?
Rape (Brassica napus, B. campestris, and B.
Juncea) is among the most important crop con-
taining glucosinolates. Seeds of these species
contain approximately 400 g of oil and approxi-
mately 250 g of protein per kg. However, the use
of rapeseed meals as a protein source in live-
stock rations and human diets is limited because
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of compounds associated with the protein frac-
tions. These include phytic acid, phenolic com-
pounds, and glucosinolates. Rapeseed that is
bred to contain less than 2% erucic acid in its oil
and less than 30 pg/g of aliphatic glucosinolates
is termed “double low” or “canola.” All pure
glucosinolates tested in animal diets have caused
antinutritional or toxic effects even when they
were in concentrations relevant to levels based
on double-low rapeseed as the protein source.?*

RISKS ASSOCIATED WITH THE
OCCURRENCE OF TOXIC
GLYCOSIDES IN DIFFERENT
COMMODITIES

Regarding toxins in food, the compounds that
call for discussions in further detail are the cya-
nogenic glycosides, but also the MAM glyco-
sides, ptaquiloside, the saponins, the favism
agents (vicine and convicine), and the
glucosinolates.

Cyanogenic Glycosides

Although discussions concerning a toxicity of
intact cyanogenic glycosides may be found, the
literature at present concludes that known in-
toxication syndromes, whether acute or chronic,
are mainly due to HCN that is formed from the
compounds,?33.236

A plant containing cyanogenic glycosides
may or may not contain enzymes that catalyze
their breakdown (i.e., hydrolases [B-glycosi-
dases] and cyanohydrin lyases). These are stored
separately from the glycosides.?!! When a tissue
containing both cyanogenic glycosides and
these enzymes is crushed, enzyme(s) and
substrate(s) are brought together and hydrolysis
and further lysis (i.e., cyanogenesis) starts. Thus,
the intake of raw or processed cyanogenic mate-
rial normally will mean an intake of a mixture of
the genuine glycoside(s) and accompanying hy-
drolysis products. Tissues that only contain the
glycosides (and not the enzymes) will only give
rise to exposure to the genuine glycoside(s).

Although cyanogenic glycosides may un-
dergo acid hydrolysis,’%% the conditions in the
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stomach of a nonruminant, together with the
very short residence time, will let the main frac-
tion pass to the intestine. In the intestine, the gly-
cosides will be absorbed, as shown for linamarin
in a number of animal species and in hu-
mans, 937110208 apgd for prunasin and amygdalin
in different animal species,*+220221.235 or it will be
hydrolyzed by microorganisms.?84+21¢ In hu-
mans, Carlson et al.** very recently found that
approximately 25% of linamarin ingested in a
stiff porridge prepared from cassava flour was
absorbed and excreted unchanged in the urine,
whereas a little less than 50% was converted to
cyanohydrin or cyanide and absorbed as such.
The rest could not be accounted for. Most or all
of the absorbed glycosides will be excreted in
the urine, as shown for both linamarin and
amygdalin in animals and humans.”3%11%17 HCN
as well as cyanohydrins will give rise to cyanide
exposure through absorption and nonenzymatic
lyses of the cyanohydrins.

Whereas the absorbed glycosides will be ex-
creted unchanged in the urine, the HCN will be
totally or partly metabolized, the main metabo-
lite being the goitrogenic compound, thiocyan-
ate. The rate of this conversion will depend on
the nutritional status of the individual. Current
knowledge concerning the known biomarkers
for cyanide exposure (acute and long term) and
their use in clinical and experimental toxicology
was reviewed by Rosling.?*! The detoxification
processes (metabolization) and methods for the
estimation of the sulphane sulphur pools available
for this were reviewed by Westley.?®! Acute hu-
man intoxications have been described as a result
of the intake of cassava products and almonds,
whereas sorghum and cyanogenic acacia leaves
and pods have caused veterinary intoxications.

Acute Intoxication

Acute intoxications in humans caused by the
intake of insufficiently processed cassava meals
have been reported from nearly all parts of the cas-
sava consuming area, although it must be empha-
sized that the published reports are very scarce in
relation to the extensive use of cassava as human
food.>7678172 The symptoms of acute intoxication

include vomiting, nausea, headache, dizziness,
difficulty with vision, and collapse.!”?

Chronic Intoxication Syndromes

Evidence has accumulated that cyanide expo-
sure from the diet is a causative factor in
konzo,''52¢ and may aggravate iodine defi-
ciency disorders.®® The influence, if any, on the
development of special types of diabetes re-
mains a matter of discussion.’>?6* Symptoms and
diagnosis of konzo have been described by
Rosling & Tylleskir.?*

Based on the knowledge available concerning
the toxicity of cyanide and cyanogenic glyco-
sides, the Joint World Health Organization
(WHO)/Food and Agricultural Organization
(FAO) Expert Commitee on Food Additives and
Contaminants (JECFA) tried to estimate a safe
level for the intake of cyanogenic glycosides by
humans. The committee concluded that “be-
cause of lack of quantitative toxicological and
epidemiological information, a safe level of in-
take of cyanogenic glycosides could not be esti-
mated.” However, the committee also concluded
that “a level of up to 10 mg HCN/kg of product
is not associated with acute toxicity.”?33®32
Thus, no authority has yet felt confident to set
scientifically based safe levels for the intake of
one or more of the known cyanogenic glycosides
(or their products of degradation), that is, levels
that take the risk(s) for the development of
chronic intoxications into consideration. In
acknowledgement of this, the “International
Workshop on Cassava Safety,” held in Ibadan,
Nigeria in 1994, concentrated on making recom-
mendations concerning steps to be taken in re-
search; in breeding programs; and in informa-
tion to extension workers in the agricultural,
food, and nutrition sectors. !¢

Long before humans knew the identity of cya-
nide, they did know that bitter cassava is a good
starch crop, but that it must be detoxified before
consumption.s”% Today, we know that this is
because of its content of the cyanogenic gluco-
sides, linamarin and lotaustralin, Overviews of
the occurrence of cyanogenic glycosides in
plants used for human or animal consumption
are provided in Conn’! and Jones.'?* Some of the



important species of plants have been subjected
to selection/breeding for a low total cyanogenic
potential (TCP). Examples of the constituents
and the TCP of economically important crops
are provided in the following sections, together
with some remarks concerning their importance
as food or feed commodities.

Phaseolus lunatus (Seeds) and Other Beans.
Seeds from several species of legumes are used
for human consumption, many of which contain
toxic and antinutritional substances. Thus, seeds
from, for example, P. lunatus, P. aureus,
Cajanus cajan, Canavalia gladiata, and Vigna
unguiculata have been examined due to con-
cerns about the possibility for cyanide intoxica-
tions.®192 All of these species are known to be
cyanogenic in one or more tissues.?*? P. lunatus
contains linamarin as its main cyanogenic con-
stituent; the cyanogens have not been identified
in the other species.?*2 Only P. lunatus has been
subjected to investigations concerning the varia-
tion in the cyanogenic potential.2! However, sev-
eral of the other species certainly may contain
toxic amounts of cyanogens in the seeds.!%?

Prunus Species (Seeds). Peach, plum, cherry,
apricot, and almond (family Amygdalaceae
sensu Dahlgren ) are all drupes (stone fruits) of
great importance to man. Cyanogenic glycosides
typical for Amygdalaceae are phenylalanine de-
rived.'®2 Thus, the ripe seeds of P. persica
(peach), P. domestica (plum), P. avium/cerasus
(cherry), P. dulcis (P. amygdalus) (almond), and
P. armeniaca (apricot) all contain amygdalin as
the major cyanogenic constituent. The total cya-
nogenic potential per gram dry weight of whole
fruit rises during the early development, and the
relative composition of cyanogens changes from
100% prunasin in the beginning to nearly 100%
of amygdalin in the ripe seed.®>17%1® Amygdalin
and different Prunus seeds have, in spite of their
ineffectivity, been commercially promoted for
years as medicines to treat different cancers. %

* Almond—This tree is very widely culti-
vated around the Mediterranean. The nam-
ing of the species and its varieties/cultivars
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has changed through time.” The tree comes
in two varieties, var. dulcis and var. amara,
of which var. amara contains high concen-
trations of amygdalin in its ripe seeds (also
denoted “bitter almonds™).3>5%% The seeds
are used in confectionary and bakery.”
They contain approximately 50% of lipids,
the oil being used in cosmetics and derma-
tology.>** Bitter almonds (but also, e.g.,
apricot seeds) are also used to produce an
essential (volatile) oil called “oil of al-
monds.” This competes with synthetic ben-
zaldehyde as a source of flavor.* Only few
references exist concerning the content of
cyanogenic glycosides in almonds.’%%
Conn’® found bitter almond seeds to release
290 mg of HCN/100 g of seed. According
to Sturm,26° commercial sweet almonds
from California in general contain less
bitter seeds (approximately 1%) than the
2-3% that is normally found in the Medi-
terranean ones.

» Apricot—Apricots have considerable eco-

nomic importance for several countries
such as Italy, the production of which was
approximately 200,000 tons in 1988.2%
Different products are marketed from apri-
cots, including fresh, dried, and canned
fruits; nectar; jam; and distilled liqueur.!7
The number of varieties and hybrids of
apricots are numerous.!’* Thus, Audergon
et al.'* tested more than 400 varieties as
part of a physicochemical characterization
program. Several marketed products of
apricots require destoning,> leaving the
stones as a byproduct from which oil can be
extracted. The use of the seed/presscake is,
however, restricted by the toxicity.?%¢ De-
pending on the variety and type of apricot,
the apricot stone is relatively small, repre-
senting 6—8% of the fruit weight, even if it
can sometimes reach 10%.17¢ To the best
knowledge of the present author, no inves-
tigations have been published concerning
the variation in content of amygdalin in
seeds of different cultivars. However, as
part of investigations concerning the mi-
crobial degradation of cyanogens in such
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seeds, Tuncel et al. 26627 analyzed two
batches of bitter and one of sweet Turkish
apricot seeds, obtained on the commercial
market. The bitter ones were found to con-
tain approximately 52 and 92 umol/g d.w.,
respectively; the sweet ones contained ap-
proximately 2.5 umol/g.

» Peach—Much of the same that has been
said for apricot can be said for peach. Seeds
from P. persica Batsch (peach) also contain
amygdalin as their major cyanogenic con-
stituent.!”> Kupchella & Syty'*! analyzed
the total cyanogenic potential of the seeds
from an undefined cultivar and found it to
correspond to a content of amygdalin of ap-
proximately 2.45% w/w.

Linum usitatissimum (Seeds = Linseed/Flax-
seed). Flax is grown for two main purposes, fi-
bers and seeds. Different cultivars are used for
the two products. Whole seeds are used as a
laxative due to the swelling seed coat polysac-
charides.?® Both full-fat flaxseed flour and de-
fatted meal from the oil extraction are on the
commercial market, the latter in two qualities,
with 30% and 40% protein, respectively.!*® Flax
is one of the major industrial oilseeds traded in
world markets. Global production for crop year
1994-1995 was 2.44 million metric tons, with
Canada contributing a major share. Flaxseed oil
is used for a multitude of purposes, the oil being
priced up to four times that of the whole seed.!?
The extraction cake (linseed meal) is tradition-
ally used for fodder purposes. Recently, research
into the refinement of flax products has
accelarated. Thus, two patents have been issued
for the use of flaxseed polysaccharide (gum) for
cosmetic and medical preparations,’*!% and an
optimization of protein extraction from defatted
flaxseed meal has been presented.'*

Until 1980, linamarin was thought to be the
main cyanogen in linseed. However, looking for
the factor(s) in linseed meal responsible for its
protective effect against selenium toxicity,
Smith ef al. %! isolated two new cyanogenic gly-
cosides (linustatin and neolinustatin). A later
TLC-based investigation concerning the con-
centrations of different cyanogenic glycosides in

a linseed sample gave the following pmol/g:
linustatin+tneolinustatin 4.6, linamarin 0.46, and
lotaustralin 0.36,%2 pointing to linustatin and
neolinustatin as the major cyanogenic constitu-
ents. This was further confirmed by a high per-
formance liquid chromatography (HPLC) analy-
sis of 48 samples, which on the other hand only
found traces of linamarin and lotaustralin.?*
However, a recent investigation showed quite
some variation between 10 cultivars. Two con-
tained no linamarin, whereas in the cultivar
Vimy, 7.8% of the weight of the total cyano-
genic glycosides were linamarin.?’! This is close
to the findings of Brimer et al.? for an unspeci-
fied sample. Frehner et al.%° analyzed both the
cyanogenic potential and the relative cyanogen
composition during fruit development—one cul-
tivar. As in Prunus seeds, the monoglucosides
predominated at anthesis, shifting toward
diglycosides during maturation. Rosling?3®
found the cyanogenic potential of a nonspecified
number of commercially sold linseed in Sweden
to range from 4 mmol/kg to 12 mmol/kg (112—
336 mg kg'! HCN). The acute lethal dose is less
than 2 mmol in 24 hours in sick and malnour-
ished patients.?”®

Manihot esculenta (Roots and Leaves). The
genus Manihot (Euphorbiaceae) incorporates
more than 200 species, all originating in tropical
America, from where several have been spread
to other continents. Thus, M. esculenta Crantz
(cassava) is today grown as a major source of
starch in tropical Africa, India, Indochina, Indo-
nesia, and Polynesia.!®* As early as 1605,
Clusius reported that cassava could be toxic to
man. The two cyanogenic glucosides, linamarin
and lotaustralin, are responsible for this.”®133 The
cyanogenic potential (CNp) of several cassava
germplasm collections has been investigated.
Thus, Aalbersberg & Limalevu'! analyzed 28
cultivars grown in Fiji, and found a variation
from approximately 15 mg to 120 mg HCN
equivalents/kg f.w. Dufour®’#° looked at 14 cul-
tivars of the Tukanoan Indians in northwest
Amazonia and found very high levels (310-561
mg HCN eq./kg f.w.) in Kii (toxic cultivars) and
171 mg HCN eq./kg f.w. in the only Makasera



(nontoxic/safe cultivar) grown. The Tukanoan
Indians clearly expressed that they preferred
toxic varieties as the main staple (70% of calorie
intake) component of their diet. In this connec-
tion, it should be noted that the so-called “safe”
(Makasera) cultivar had a higher CNp than the
100 ppm (f.w.) that was proposed as the upper
limit by Koch®”® based on acute toxicity. Fi-
nally, Bokanga?* examined 1,768 different cas-
sava collections and found that the content of the
central pith of the root varied from approxi-
mately 1 mg to more than 530 mg HCN equiva-
lent/ kg d.w. The peel surrounding the pith has a
much greater content, as have the leaves.?* No
acyanogenic cassava was found. While discuss-
ing the cyanogenic potential in this precise way, it
should be born in mind that variations of up to
100% may be recorded between roots of the same
plant.?* It has also been shown that age, agricul-
tural practices,”? and environment may have a
strong influence on its cyanogenic potential 426
The leaves of M. esculenta also serve as food
and feed.”” The cyanogenic potential of leaves
from the same plant is less variable than that of
the roots,?* and is usually 5 to 20 times higher on
a fresh weight basis.? The high content in the
leaves normally does not present a problem for
their use in food, given the methods generally
used in their preparation.?® In contrast, the roots
of many cultivars, if not properly processed,
have actually caused both acute and chronic in-
toxications worldwide. However, it should be
emphasized again that the cassava root (even
highly cyanogenic types) is a very valuable and
irreplaceable crop. To ensure its safe use in ev-
ery community under all conditions, the effec-
tiveness of the different processing techniques
(under rural as well as industrialized conditions)
needs to be verified and the knowledge spread.®

Sorghum Species (Leaves and Seeds). Seed-
lings of S. bicolor (Poaceae) and other Sorghum
species synthesize the cyanogenic glucoside
dhurrin that is localized in the ariel shoots of the
plant.’®! Thus, three-day-old etiolated seedlings
of S. vulgare (i.e., the name for any cultivated
grain sorghum) was found to contain up to 15
pmoles/g.* The content in mature leaves is much
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lower. The concentration depends on species,
subspecies, and race/cultivar, and is also influ-
enced by ecological factors.®> Although most in-
toxications are seen in cattle browsing a newly
sprouted field, forage may not be totally
safe.55282 Grain sorghums constitute an impor-
tant part of human nutrition in several semi-arid
areas of the world.*!#8 Generally, the grains are
considered completely safe for human consump-
tion,’136 although the digestibility and biologi-
cal value are not always high as a result of the
occurrence of quite high concentrations of
phytate and polyphenolics in several cultivated
types.’$5120 Especially in Sudan, sorghum is irre-
placeable, being the traditional stable food.* Al-
though sorghum seeds in general are safe, ger-
minated seeds are not. In certain African
countries, germinated sorghum seeds are used
traditionally for the production of malt,® which
in turn is used for the brewing of alcoholic bev-
erages® and for the production of the baked
products called Hulu-mur.®* According to
FAOQ,38 the traditional methods of preparation of
these products remove the dhurrin effectively;
however, it is stressed that the existence of these
products must not be seen as an indication of
sprouted sorghums being safe—they are not.38

MAM Glycosides

A metabolic fate and mechanism of toxicity,
including the same alkylating end product as
with dimethylnitrosamine, has been proposed
for the MAM that is released from the MAM
glycosides.?”® Thus, cycasin has been shown to
be toxic to a number of animals, causing hepatic
lesions and demyelination with axonal swelling
in the spinal cord.??- 246 Cow’s milk may be a vec-
tor of transmission of plant toxins. Thus,
Mickelsen ef al.'®® showed that MAM can pass
into the milk of lactating rats, causing tumors in
the offspring. The seeds of several Cycas spp.
are traditionally eaten in Australia®? and on cer-
tain islands.!3%2*% A special neurological syn-
drome occurring on the island of Guam, and
termed Guam ALS-PDC, has been hypothesized
to be due to the intake of seeds of C.
circinalis 5925 In 1987, Spencer et al.?>* pro-
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posed that the causative factor of this syndrome
was the neuroexcitotoxic amino acid B-N-
methylamino-L-alanine (BMAA). However, a
number of subsequent investigations doubted
this, as reviewed by Stone?*® in an article on the
gradual disappearance of this disease. Thus, it
may never be known whether the MAM glyco-
sides could have a role in this disease, though it
remains a possibililty given the spinal cord le-
sions reported in goats as a result of chronic in-
take of cycasin.?4¢

Ptaquiloside

The carcinogenicity of ptaquiloside demon-
strated in feeding experiments with rats, mice,
hamsters, guinea pigs, and cattle, among others,
is alarming because the young shoots of bracken
fern are highly regarded as a tasty dish in Ja-
pan.''! Hence, this intake of bracken has been
linked to high incidences of stomach cancer in
Japan,''! and in Costa Rica among people who
have been exposed to milk that was produced in
bracken-infested grasslands.® The theory has
been supported by the finding of a high tumor
incidence in rats and mice that were fed milk
from cows that had been fed with dietary
complements of bracken, and by the subsequent
demonstration of ptaquiloside in bovine milk.¢

Saponins

Food and feed containing saponins include
soybean, guar, quinoa, balanites fruits, and oth-
ers. Besides the membranolytic action of many
saponins, certain of these compounds exert spe-
cial effects due to the structure of their agly-
cone.?® Such effects include (1) lowering of
blood cholesterol;'* (2) reversible sodium reten-
tion and potassium loss leading to hypertension,
water retention, and electrolyte imbalance (e.g.,
glycyrrhizinic acid found in licorice root, the
roots and stolons from Glycyrrhiza glabra, and
for products to which licorice root extract, or
glycyrrhizinic acid, has been added);!00.133.239.256
and (3) crystal formation in the liver and biliary
system, which may inhibit the excretion of
phylloerythrin (from chlorophyll degradation),

causing a subsequent photosensitation as seen in
“Geeldikkop” (a Tribulus terristris intoxica-
tion).!*! A number of saponins are bitter. The
occurrence of bitter saponins in palmyrah
(Borassus flabellifer L) fruit pulp thus reduces
the use of juices based on this fruit.”* Likewise,
seeds of Chenopodium spp. used for human con-
sumption (C. quinoa [quinoa), C. pallidicaule
[canihua], and C. berlandieri ssp. nuttaliae
[Safford] Wilson and Heiser [huauzontle]) contain
bitter saponins,’>-197:226 most of which are concen-
trated in the outer layers of the grain.#0:41.223

Vicine and Convicine

Favism is characterized by anemia, jaundice,
and hemoglobinuria, and may develop in sub-
jects with glucose-6-phosphate dehydrogenase
(G6PD) deficiency as a consequence of faba
bean intake. Favism has also been reported in
breast-fed infants whose mothers had eaten faba
beans, and in newborn infants.5* More than 300
variants of G6PD are known.?”? In addition, an
association between the genotype of ACP, (hu-
man red cell acid phosphatase) and favism has
been shown, and a possible biochemical mecha-
nism has been proposed.?” Most cases of G6PD
deficiency described in the past were from Italy
and other countries around the Mediterranean,
that is, patients with the common Mediterranean
B-form of G6PD, rather than the common African
A (-) form.?”> However, recent investigations have
shown that subjects with variants that result in a
relatively mild G6PD deficiency may also develop
favism.**18! Preventive measures and treatments
have been described elsewhere. 102,162,188

Glucosinolates

The most prominent toxic manifestation of
glucosinolates in humans is the occurrence of
goiter.?'4 In animal experiments, this and other
effects were generally more pronounced when
myrosinases were included in the diet.?’? The ef-
fects seen were related to differences in the side
chains and to chirality.?5? The fact that there are
several mechanisms behind the toxic and
antinutritional effects has also been very re-



cently stressed by the results of the most detailed
studies on the degradation products of various
glucosinolates.?? These authors presented an
overview of the different degradation products
formed from glucosinolates, which also include,
for example, oligomers. From the degradation of
glucobrassicin (an indole glucosinolate),
indolyl-3-methanol is formed in considerable
amounts, but it disappears very quickly, giving
rise to, among others, appreciable amounts of
thiocyanate ion. No organic isothiocyanates and
thiocyanates are formed. In contrast, the degra-
dation of various aliphatic glucosinolates results
in the formation of nitriles as well as
isothiocyanates and thiocyanates.? Toxic effects
of glucosinolates in B. oleracea have been re-
viewed by Stoewsand*’ and those of crambe
(Crambe abyssinica) meal fed to broiler chicks
by Kloss et al.'3” The mechanism behind the ob-
served decrease in cancer risk for people on diets
with a high content of cruciferous vegetables has
been investigated by Wallig et al.?™

VARIATION IN TOXIN
CONCENTRATION AMONG
VARIETIES AND CULTIVARS: THE
INFLUENCE OF TRADITIONAL
DOMESTICATION AND MODERN
BREEDING

Several toxic glycosides (including various
saponins and cyanogenic glycosides, etc.) are
known to be bitter tasting in addition to toxic.
Hence, the term “bitter,” as opposed to “sweet,”
has been used traditionally to designate naturally
occurring or selected groups within a plant spe-
cies that contain high amounts of the toxic (and
bitter) substance. Depending on the view of the
botanical author, the groups in question may be
divided on the level of variety, form, or cultivar.
Examples of plant species for which the division
bitter/sweet has been used are P. dulcis and other
Prunus spp. (containing amygdalin), as well as
M. esculenta (cassava, containing linamarin),
and in quinoa.’® In most such cases, a correla-
tion between the toxicity (content of glycoside)
and the degree of bitterness of the plant part has
been established. However, it is only seldom that
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a proper investigation concerning the degree to
which this correlation holds has been performed.
Thus, a positive correlation, but with exceptions,
was found in a number of smaller studies on cas-
sava roots.?’ Hence, King & Bradbury'* took
up the challenge of investigating in more detail
the bitter-tasting substances in cassava paren-
chyma and cortex. Linamarin was found to be
the sole contributer to bitterness present in the
parenchyma; a new structure (isopropyl-p-D-
apiofuranosyl-(1-6)--D-glucopyranoside) con-
tributing in the cortex of some cultivars. This is
in agreement with a very recent study from
Malawi, 2** which compared the content of cya-
nogenic glucosides in the cortex of 492 cassava
roots with their taste as estimated by a taste
panel. The correlation had an r2= 0.96 when
looking at the cultivar level.

It is well documented, at least for a number of
cyanogenic plant species, that the concentration
of both the glycosides and the enzymes degrad-
ing them can show a discrete variation (poly-
morphism) as well as a continous one. The poly-
morphism is genetically based, whereas the
continous variations observed may be both ge-
netically and environmentally influenced.?26.116-
119,130,159,18 The genetic polymorphism (discrete
variation, chemical races) with respect to the oc-
currence of both cyanogenic constituents and
hydrolytic enzymes makes it difficult to define
what is meant by a “cyanogenic species.” Fur-
thermore, it should be noted that the cyanohy-
drin lyase, which cleaves the cyanohydrins
formed after the hydrolysis of the glycoside(s),
may be expressed in certain organs and not in
others. Thus, White et al.?® recently showed that
this enzyme, although present in the leaves, is
not expressed in the roots of cassava. This obser-
vation explains why very high intermediate con-
centrations of cyanohydrins are formed during the
processing of cassava roots. The environmental
influences mentioned above may furthermore
mean that certain plants will be found positive at
some times of the year and negative at others.

Increased use of more highly cyanogenic cul-
tivars of cassava among small farmers has been
reported from several places. Thus, Dufour re-
ported on a clear preference for Kii (toxic variet-
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ies) for most purposes by the Tukanoan Indi-
ans,®”% whereas Aalbersberg & Limalevu!
stated that planting of the toxic (bitter) cultivars
increased in New Guinea. Also, Onabolu ef al.’
found that the three most commonly grown cul-
tivars in Ososa (a semi-urban farming commu-
nity approximately 80 km east of Lagos, Nige-
ria), where cassava has been the main staple for
decades, were all stated to be poisonous and to
need processing. However, this was not re-
garded as a disadvantage. Farmers’ reasons for
preferentially growing cassava cultivars provid-
ing bitter roots were studied in Malawi.*® In
many traditional agricultural communities, the
farmers (often the women) judge the “safeness”
of the roots by chewing a small piece. According
to Dufour, 7° the Tukanoan Indians appear to be
able to distinguish accurately less from more poi-
sonous cultivars by the taste. Very recent studies
from Malawi prove such a procedure to exist, and
to be very effective (Chiwona-Karltun, personal
communication, October 2000).

Several of the species within the family
Cucurbitaceae, which are used as human food,
naturally contain cucurbitacins in amounts that
are unacceptable to the market. However, in-
tense domestication and breeding have resulted
in cultivars low in bitter compounds.!26.127
Breeding programs for curcurbits are constantly
aware of the bitterness.3*

Great variations (0—13000 pg/g) may also be
found in the content of ptaquiloside in bracken
fern as a result of both ecological and genetic
variation, a tendency for higher contents being
reported when originating in relatively colder
climates.?* In addition, P. esculentum contains
the cyanogenic glucoside, prunasin, the concen-
tration of which similarly has been related to cli-
matic conditions.!%

Also, quinoa cultivars vary concerning the
quantitative content of saponins, and the tradi-
tion has, as for other crops, been working with
so-called sweet and bitter varieties.!*

For V. faba, it should be mentioned that, al-
though Duc et al. % gave the first report of a gene
that codes for nearly a zero content of vicine and
convicine, present-day cultivars contain ap-
proximately 7 and 2.5 mg g! respectively.?’

REMOVAL OF TOXINS THROUGH
PROCESSING

Traditional Household versus Modern
Industrial Processing

When discussing the removal of toxic and
antinutritional constituents, one must distin-
guish between traditional household processing
and industrial processing. The two procedures
may use different starting materials and will
have different means of analyzing these and dif-
ferent methods available for processing. The pri-
orities may indeed be very different when choos-
ing between slow versus fast processing
methods, and between processes that require low
input of water and/or energy as compared to
methods requiring a high input. The general
trend of a greater number of traditional food fer-
mentation processes being industrialized has
been discussed recently by Rombouts & Nout.??

A number of industrial processing methods or
laboratory methods meant for industrial devel-
opment were investigated quite early on for soy-
bean (e.g., removal of oligosaccharides and pro-
teinase inhibitors)47,56,9l,109,224,245,248,261,264 and fOl'
cruciferous plants (glucosinolates).?0,72,85,151,255
Later, linseed (flax, cyanogenic glyco-
sides),49:156.157.275 jojoba meal (organic nitrile
glycosides),? citrus juices (limonoids and
naringin),'05,145.212229.244 cotton seeds (gossy-
pol),'” and quinoa seeds (saponins)®2%¢ were
focused on. For commodities such as cassava
roots and leaves, lima beans, cycas seeds,
bracken leaves, and yam tubers (alkaloids as
well as terpenes), most methods described and
investigated scientifically are actually house-
hold processing methods. A look at the process-
ing of cassava roots will help illustrate the im-
portant characteristics for each of the two
sectors.

Household Processing (Cassava Roofts)

Both in South America and in sub-Saharan
Africa, sweet and bitter roots are generally re-
garded as two well-known different crops, and
most traditional methods of processing that have
been studied have proven very effective in re-
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moving the cyanogens.!”¢%197 Likewise, studies
in Mozambique,?”!% Tanzania,'’?> and Zaire!'?
have demonstated that problems with intoxica-
tions, whether accute or chronic, are seen only
when shortcuts are made in the traditional meth-
ods of processing. Shortcuts may be introduced
due to shortage of food or to a wish to produce
products for the commercial market faster.

Industrial Processing (Cassava Roots)

Although industrial processing of cassava
roots for starch has existed for decades in Bra-
zil,* cassava processing industries are coming
into existence only gradually in Africa. These
include small-scale producers of flours, biscuits,
and fermented products such as gari,!62*7 as well
as bigger industries making the same products or
products such as dry snacks. If industrial pro-
cessing starts from bitter cultivars, precautions
must be taken to ensure that methods are fol-
lowed that give safe products. Often, traditional
household methods will be scaled up because
they are well known and give products that are
well accepted by the local population. However,
because these methods generally require pro-
longed processing,!52%? it may be tempting to
make shortcuts in order to increase production
and/or reduce the requirements for storage/pro-
cessing capacity, water, or energy. In such cases,
it will be crucial to investigate the new process
and the products.

Unit Operations that May Influence the
Concentration or the Identity of Toxins

A reduction in the level of a toxin or an
antinutritional constituent in a product may be
achieved in different ways. Analyzing the reduc-
tions reported in a number of studies on one or
more of the commodities such as soy-
bean’42,47,56,151,233 rapeseed,20,72,85,255 yam tu-
bers,!2*2"® jojoba meal,? Cycas seeds,?? citrus
juices,”>195145 quinoa seeds,” faba beans,!2106.167.287
cassava roots and leaves,3911.15.77.142,143.202 f]ax.
seeds,!56:157.275 lima beans and other beans, 24192218
Prunus seeds,85:238266267 and Sorghum green
parts,?? one can conclude that substances may
(1) leach during soaking (steeping/retting),
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(2) be deliberately extracted using aqueous or
nonaqueous solvents or two-phase systems, or
(3) be degraded. The rate and extent of leaching/
extraction will depend on the degree of commi-
nution (particle size) or, for whole seeds or
roots, on whether dehulling or peeling has taken
place. Tissue softening/maceration and cell dis-
ruption by the action of growing microorgan-
isms or added enzymes will also play a role.
Degradation may be the result of a chemical re-
action catalyzed by endogenous and/or added
enzymes. It may also be the result of a chemical
or heat treatment. Finally, the compound may be
degraded by microorganisms during a fermenta-
tion. In all cases, the degradation will normally
depend on parameters such as moisture content,
temperature, and pH. In the case of enzyme-
catalyzed reactions and reactions with added
chemicals (e.g., oxidations), the substrate (the
toxin) must be released so as to come into con-
tact. The method of grating, how effective cell
rupture is, and the resulting particle size will
have an influence on the end result.2¢ Contact
may be facilitated further by the action of micro-
organisms or of added pectinolytic and cellu-
lolytic enzymes. As mentioned previously, the
level of endogenous enzyme(s) present may
vary from cultivar to cultivar.

Again, one can learn from the production of a
cassava product, namely, the fermented product,
gari. Early investigations into the hydrolysis of
linamarin during the production of gari reported
that hydrolysis took days,!2l.1341°1 whereas
Vasconcelos et al.?’! found that 95% of initial
linamarin was hydrolyzed three hours after grat-
ing the roots. A fast degradation was also ob-
served by Giraud et al.,”’®*) which led this
group to conclude: “The observed differences
may be explained by the use of non-traditional
means for the preparation of gari, particularly
during the grating of the cassava roots or as
Mkpong et al. (1990) [see ref. 171] noticed, by
the utilisation of cassava varieties showing dif-
ferent levels of endogenous linamarase.” Both of
these variables have already been touched on;
the example thus further underlining the impor-
tance of chemical control whenever a change is
made, either in starting materials, processing
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equipment, or the process. However, there is
more in this quotation that calls for a discussion,
specifically, the words “non-traditional means
for the preparation.” From this, one could get the
impression that because the two most recent pa-
pers find a “fast” degradation, this is most prob-
ably what one will get using “traditional equip-
ments/methods for the grating.” But, what are
“traditional equipments/methods™? Obviously, a
person from Nigeria, the world’s largest cassava
producer® (where the crop is mainly produced
for human consumption by subsistence farmers)
and the home country of gari, would think of the
equipment/methods used in his or her region as
“traditional.” Hence, it is interesting to note that
a very recent investigation where local female
Nigerian processors prepared gari using their
own utensils could report a period of hydrolysis
of approximately four days. A control study at
the research station International Institute of
Tropical Agriculture (IITA) in Ibadan, Nigeria,
using the same method gave the same result,
even though two different cultivars were used in
the two examples.!®’

Degradation Products

The degradation of a toxic constituent may
lead to one or more nontoxic reaction products;
however, it may also lead to the formation of
new toxins. For glycosides, the most common
degradation processes will be those that start
with the hydrolysis of the glycosidic bond(s)
giving the aglycone and one or more saccha-
rides. However, other routes of degradation have
been described. Thus, the cyanogenic glucoside,
linamarin, is metabolized to the glycoside of the
corresponding amide by a bacterium,
Brevibacterium sp. strain R312,147.148 whereas
Verbiscar et al.?” reported that a number of strains
of Lactobacillus acidophilus and L. bulgaricus
seem to degrade the toxic (noncyanogenic) cyano-
glycosides in jojoba meal by acting on the
cyanogroup. Returning to the route starting with
the hydrolysis of the glycosidic bond(s), one
should still be aware that several different possi-

bilities often exist, depending on the glycoside
and the enzyme/microorganism in question.
Again, the degradation of cyanogenic glycosides
will be used as an example.

A cyanogenic B-bis-glycoside such as amygda-
lin or vicianin may in principle be hydrolyzed
through a sequential (two-step) mechanism or a
simultanous (one-step) mechanism (Figure 4-3).
Both systems have been found in cyanogenic
plants.!'* For degrading microoganisms, however,
Brimer and coworkers**?* demonstrated that most
seem to cleave such glycosides in two steps, al-
though important differences in the overall pro-
cess have been observed. Thus, a considerable
concentration of the intermediate product
prunasin, another (toxic) cyanogenic glycoside,
is formed during the hydrolysis of amygdalin by a
yeast such as Endomycopsis fibuliger and by fila-
mentous fungi such as Mucor circinelloides and
Penicillium aurantiogriseum. In contrast, only
negligible concentrations were detected using a
strain of L. plantarum."*® In all four cases, the end
product was the cyanohydrin mandelonitrile, a
toxin in itself, and in general more toxic than the
parent glycoside?” because the latter may be ab-
sorbed and excreted unchanged.”’

Depending on the product/process in which
the cyanohydrin is formed, it may have different
fates. The commodity itself may contain a cy-
anohydrin lyase (o—hydroxynitrilelyase) that
catalyzes the cleavage to form HCN and an
oxocompound (Figure 4-2). This is true for cas-
sava leaves, almond, and linseed,!%> but appar-
ently not for cassava root, where the enzyme
seems not to be expressed.?®* Also, if the starting
material has been heated (e.g., an oil extraction
cake), this process may not happen because en-
zymes may have been inactivated. If the result-
ing pH is higher than around six, the cyanohy-
drin will disintegrate spontaneously to form the
same two products. Exogenous enzymes or
microoganisms can also metabolize the cyano-
hydrin;'?213¢ however, described examples on
the latter using food-acceptable processes are
few. In an alkaline medium, any cyanide that is
formed will remain present if it is not extracted.
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Figure 4-3 Different mechanisms for the enzymatic degradation (hydrolysis) of a cyanogenic glycoside (con-
taining a disaccharide moiety) to a cyanohydrin, which in turn may release HCN either spontaneously or by
enzyme catalysis. (a) Cleavage of a glycoside by a bis-glycosidase (simultaneous mechanism, e.g., Vicianin in a
Davallia species). (b) Cleavage by the concerted action of two hydrolytic reactions (sequential mechanism, e.g.,
the hydrolysis of the bis-glucoside amygdalin by glucosidase A and B in almond). Note: Glu = Glucose Moiety,
Gluc. = Glucose, Gly = a monosaccharide moiety (i.e., glucose or another).

In moist acid media, the cyanohydrin, if not fur-
ther metabolized, will prove quite stable.®7%7
However, it may be driven out by drying or by
heating/cooking.!72¢¢ Looking at the conse-
quences of these examples, the following should
be noted.

1. Degradation of a toxin may result in the
formation of another. This means:

a. When new processes/toxic raw materi-
als are taken into a production, the
whole degradation process should be
clarified or the end product should be
tested toxicologically.

b. If a process that results in the formation
of other toxins is used, the chemical
analysis used for end-product control
must quantify all possible toxins (start-
ing, intermediate, and end products).

2. New toxins formed may be removed by the
same type of process(es) that led to degrada-
tion of the parent compound(s) or may need
other measures for their removal.

Microorganisms and Enzymes that Can
Facilitate the Removal of Toxins through
Degradation

Recently, Reddy & Pierson??? published a
short review on the reduction of antinutritional
and toxic compounds in plant foods by fermen-
tation. Chemical entities discussed included
phytates, tannins, cyanogenic glycosides, ox-
alates, saponins, lectins, and inhibitors of en-
zymes such as oi-amylase, trypsin, and chymot-
rypsin. Phytates may be hydrolyzed by
endogenous as well as microbial phytases. The
reduction of phytates during breadmaking and
tempeh fermentations were discussed in particu-
lar. Most of the parameters pointed to earlier in
this text are shown to be of importance, depend-
ing on the product and raw materials. Among the
glycosides, only cyanogens are discussed and
only briefly. Hence, more details concerning
current knowledge about enzymes and microor-
ganisms that can degrade toxic glycosides will
be provided next. A review of all processes and
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all organisms shown to be able to degrade one or
another toxin is beyond the scope of this article.
Thus, reference will only be made to a limited
number of review articles and original papers.

Microorganisms

A number of microorganisms isolated from
fermenting food and feed products have been in-
vestigated for their ability to degrade toxins, es-
pecially glycosides. Likewise, a number of
screenings have been performed on other spe-
cies/strains from different collections of micro-
organisms. The glycosides used as substrates
have mainly been the cyanogenic glycosides,
amygdalin,®*3® linamarin,?>?% and linustatin;!4°
the jojoba cyanoglucosides;?’? and vicine/
convicine.!® The resulting overall picture is that
high B-glycosidase activities are most often
found within filamentous fungi, followed by
yeasts and, finally, bacteria. Among the bacteria,
lactic acid bacteria such as L. plantarum tend to
show relatively high activities. The level of ac-
tivity is strongly strain dependent. Compared to
plant enzymes,'!* most crude as well as purified
microbial B-glycosidases seem to possess quite a
broad substrate specificity,'#??%7 a factor that
may be important to remember and analyze in
further detail, particularly when screening using
an artificial substrate.'*’ In addition to the ability
to degrade the glycosides, it is also crucial that
the organism grows well on the vegetable sub-
strate.!8s Degradation of toxic glycosides by
means other than hydrolysis of the glycosidic
link has only been described in a few cases: The
case of the bacteria Brevibacterium sp., and
strains of L. acidophilus and L. bulgaricus, have
already been mentioned.

Whether the vegetable toxin itself can inhibit
the growth of microorganisms has been ad-
dressed in only a few studies. The study by
Brabban & Edwards?® on the effect of
glucosinolates on microbial growth showed an
antimicrobial effect of both the parent com-
pounds and the aglycones formed as a result of
microbial hydrolysis of the glucosinolates. The
paper is stongly recommended for its detailed
and illustrative discussions.

Enzymes

Studies have been published regarding the use
of added plant enzymes for the hydrolysis of
toxic glycosides.!2268.282 In the case of the addi-
tion of B-glycosidase from almond (as powdered
almond) to faba bean dishes, quite effective
treatments have been demonstrated at relatively
low cost.!2 However, most other studies have
shown a need for such high amounts of partly
purified enzyme(s) that it seems unfeasible from
a cost-benefit point of view. Crude microbial
enzymes with known glycosidase activities from
microorganisms have also been investigated.
Such studies have demonstrated effective accel-
eration of detoxification processes in cassava®®’
or hydrolysis of pure glycosides from faba
bean.!®* However, most such crude enzymes
have been derived from filamentous fungi, and
the relative role of the glycosidase(s) compared
to other activities present, such as cellulase and
pectinases, is still to be clarified. A significant
role for cellulase in particular, in both the soften-
ing of tissue and the acceleration of natural toxin
degradation, has been demonstated for linamarin
degradation in cassava root.$>11,77.79-81

CONCLUSION

A number of food plant species contain toxic
or antinutritional substances. In cases where cul-
tivars/varieties are grown that have a content
that is too high for consumption, the level must
be reduced through processing. A number of
such methods of processing have been devel-
oped succesfully for a wide variety of crops
throughout the world. The reduction of glyco-
sides is especially well documented in literature,
safe products being produced by the fermenta-
tion of roots from even highly toxic cultivars of
cassava. However, incidents of both acute and
chronic intoxications have been described, but in
general only when the usual methods of fermen-
tation were not adhered to.

Several vegetables studied show great varia-
tion among varieties/cultivars with respect to the
content of both toxins and endogenous enzymes



that can cause changes in the level or nature of
the toxins during processing. Likewise, the ac-
tivity of enzymes such as B-glycosidases,
pectinases, and cellulases are strongly strain de-
pendent when looking at the fermenting micro-
organisms. Although glycosidases may contrib-
ute directly to the degradation of glycosidic
toxins, the tissue and cell wall degrading en-
zymes may facilitate the detoxification process,
releasing both the toxins and endogenous plant
enzymes.
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In conclusion, the safety of the end product
depends on a number of factors such as the (1)
overall process scheme, (2) overall time of pro-
cessing, (3) equipment used (e.g., type of grind-
ers), (4) variety/cultivar of vegetable commodity
used, and (5) identity (genetic stability) of the
microorganisms used in fermentations. Any
change in any of these factors, such as when pro-
duction is industrialized, should trigger a check
of the safety of the end product through chemi-
cal analysis or by other means.
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CHAPTER 5

Chemical Hazards and
Their Control: Toxins

Maurice O. Moss

MICROBIAL TOXINS

Many food commodities are susceptible to
contamination by microorganisms, the subse-
quent growth of which can lead to the presence
of toxic compounds in food. Some of the bacte-
rial toxins, such as those of Staphylococcus
aureus, Clostridium botulinum, and many
Gram-negative species associated with food poi-
soning are macromolecules such as proteins.
However, some bacteria are able to produce low
molecular weight toxic metabolites, which may
contaminate foods and cause serious poisoning.
One example is Burkholderia (Pseudomonas)
cocovenenans, which produces toxins such as
bonkrekic acid and toxoflavin (see bongkrek poi-
soning on page 112). Another example is the mac-
rocyclic depsipeptide, cereulide, which is recog-
nized as the emetic toxin of Bacillus cereus.

Several species of cyanobacteria can also pro-
duce very toxic metabolites, but rarely are these
directly associated with foods. An exception
may be the contamination of species, such as
Spirulina, grown as food or as components of
“health food” products, with toxigenic species.
More directly associated with foods are the tox-
ins that are produced by groups of eukaryotic al-
gae such as dinoflagellates and diatoms. These
may be ingested by shellfish or fish and pass
through the food chain to humans.

A number of species of fungi can produce
relatively low molecular weight secondary me-
tabolites, which are toxic to humans and domes-
ticated animals and are referred to as mycotox-
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ins.* Mycotoxin biosynthesis may be associated
with the preharvest stage of crop production by
fungi that are obligate endophytes of plants,
plant pathogens, or members of the flora respon-
sible for the decay of senescent plant material.#’
However, the highest concentrations of many of
these toxic metabolites are produced by fungi
growing on postharvest commodities that are
stored under inappropriate conditions. 3! The
majority of mycotoxins are especially important
in the context of animal husbandry, but several
are also significant as contaminants of human
foods and will be dealt with in the following sec-
tions. Table 5-1 summarizes the toxins consid-
ered, their most common sources, and the food
commodities most frequently implicated.

A number of fermented foods involve a mold-
ripening stage, usually with species of Penicil-
lium. Some of these molds are known to be po-
tentially toxigenic; thus, strains of P. roqueforti
can produce PR-toxin but not during the produc-
tion of the blue cheeses. Many strains of P.
camemberti produce cyclopiazonic acid, and
this compound has been detected in the crusts of
Camembert-type cheese but not in the interior of
the cheeses.’>3 Cyclopiazonic acid has also
been found associated with mold-ripened fer-
mented sausage.’® Aspergillus versicolor is a
common member of the surface flora of hard
cheeses stored for long periods, and this species
is known to produce sterigmatocystin, a myc-
otoxin that is a biosynthetic precursor of the
aflatoxins and is both acutely toxic and carcino-
genic but very much less so than aflatoxin Bi.
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Table 5-1 Toxic Microbial Metabolites that May Be Associated with Foods

Toxin Sources Commodities LDso (mg/kg)
Aflatoxin B1 Aspergillus flavus Maize, groundnuts, 0.5 (dog)
A. parasiticus treenuts, dried figs, 9.0 (mouse)
A. nomius spices
Ochratoxin A Penicillium verrucosum Cereals, coffee, spices, 28 (rat)
A. ochraceus dried vine fruits
Patulin P. expansum Apple juice, other fruit 35 (mouse)
A. clavatus juices, malted barley
residues
T-2 toxin Fusarium sporotrichioides Overwintered cereals 5.2 (rat)
Deoxynivalenol F. graminearum Cereals 46 (mouse)
Fumonisin B F. moniliforme Maize ?
Cyanoginosin Microcystis aeruginosa Water 0.05 (mouse)

Bonkrekic acid

Toxoflavin

Saxitoxin

Okadaic acid

Domoic acid

Burkholderia cocovenenans

B. cocovenenans
Alexandrium catenella

Dinophysis fortii

Pseudonitzschia pungens

Tempeh bonkrek

Tempeh bonkrek
Mussels

Mussels

Mussels

6.84 (oral LD1oo
in mouse)

8.4 (oral in mouse)
0.012 (ip in mouse)

0.2 (LD9s
in mouse)

3.6 (mouse)

This mycotoxin can be found in cheeses but usu-
ally only at the surface.’ A recent study has
demonstrated the occurrence of sterigmatocystin
in Ras cheese that was purchased in local mar-
kets in Egypt.*?

AFLATOXINS

Although aflatoxins are produced by a small
number of species of the genus Aspergillus, they
are especially widespread because there are es-
sentially three routes to the contamination of
food commodities.

1. Direct contamination through the mold
spoilage of stored products by species such
as A. flavus, A. parasiticus, and A. nomius

2. Preharvest production in the field by the
establishment of an endophytic associa-
tion of one of these species with plants
such as maize and groundnuts, followed
by some form of stress on the growing
crop, such as drought

3. Passage through the food chain into ani-
mal products, such as milk, following the
consumption by farm animals of contami-
nated animal feeds



The aflatoxins are a family of metabolites; the
most important of which in terms of both toxic-
ity and prevalence is aflatoxin Bi (Figure 5-1).
Aflatoxins are acutely toxic, carcinogenic, and
immunosuppressive. Aflatoxins have been
found in a wide range of tropical and subtropical
products such as figs, pistachio and Brazil nuts,
spices, peanuts, and maize. Pittet® provided a
useful update on the natural occurrence of afla-
toxins and other mycotoxins with detailed infor-
mation concerning the incidence and range of
concentrations found. The most important of
those commodities that might be used as a raw
material for fermented foods is maize, although
there have been reports of low concentrations of
aflatoxins in both rice’® and wheat.’¢ A diverse
range of products associated with foods and bev-
erages of the Far East, such as rice wine, soy
sauce, and miso, involves the use of a source of
amylolytic, lipolytic, and proteolytic enzymes.
This material, known as koji, traditionally is pro-
duced by growing appropriate strains of A. oryzae
on substrates such as rice, wheat, and soya beans.
This mold is closely related to A. flavus, and may
indeed be a “domesticated” form of this species.'
Some koji fungi are indistinguishable from
A. flavus but are nontoxigenic. It seems that the
selection of strains producing increased levels of
secreted hydrolytic enzymes has selected strains
that do not produce aflatoxins.

Aflatoxins are susceptible to both microbial
and mammalian metabolism. Indeed, it is a con-

—osutl) T
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Figure 5-1 Aflatoxin B,.
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sequence of metabolism in the mammalian liver
that the aflatoxins are toxic (Figure 5-2). The
wide range in both acute and carcinogenic toxic-
ity (Table 5-2) in different animal species re-
sults from differences in the metabolic activities
of these animals. Carcinogenicity is associated
with the formation of aflatoxin epoxide and its
subsequent reaction with guanine residues in
DNA, whereas the acute toxicity requires the
hydroxylation of this epoxide to form dihydro-
xyaflatoxin, which can react with the lysine resi-
dues of proteins. The possibility that microor-
ganisms could be used to degrade aflatoxins, and
hence detoxify contaminated foods, has been re-
viewed.> One of the earliest reports of the suc-
cessful removal of aflatoxins by microorgan-
isms was that of Lillehoj and his colleagues at
the Northern Regional Research Laboratories in
Peoria, Illinois.’’3® Arising from a wide screen
of both eukaryotic and prokaryotic microorgan-
isms, the bacterium Flavobacterium auranti-
acum (NRRL B-184) was the most effective, but
the phenomenon has not been converted into a
practical detoxification process.

When cows are fed on feed contaminated with
aflatoxin Bi, they secrete a proportion of the
contaminant in their milk as the metabolite, afla-
toxin M. This compound is less toxic than its
precursor, but, because it is uniformly distrib-
uted in a liquid food such as milk, and very
young and elderly people may be exposed to a
significant extent, the European Commission
(EC) has set a particularly stringent maximum
permissible level for aflatoxin M in milk and
dairy products of 0.05 pg/kg. The comparable
level for aflatoxin B: in groundnuts, nuts, dried
fruit, and cereals for direct human consumption
is 2 ug/kg (EC No 1525/98), although less strin-
gent levels are set in other parts of the world.?
Unfortunately, there is no consistent evidence
that aflatoxin M is removed during any of the
most commonly used processes in the milk in-
dustry, such as heat treatment, cold storage, or
spray drying.” Neither is aflatoxin completely
degraded during the fermentation processes
used in the manufacture of cheese, cream, or
butter, although it may be partitioned between
the different components of each process. Thus,
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Table 5-2 Oral Acute LDso Values and TDso Values for Carcinogenesis of Aflatoxin Br
Animal Species LDso (mg/kg body wt) TDso (Lgrkg body wt/day)
Rabbit 0.3 -
Cat 0.6 -
Dog 0.5-1.0 -
Pig 0.6 -
Baboon 2.0 -
Rat (male) 5.5 1.3-5.8
Rat (female) 17.9 6.9-12.5
Macaque monkey 7.8 -
Rhesus monkey 156
Cynamolgus monkey 848
Mouse 9.0 >5,300
Hamster 10.2 -
Humans 5.0* 132t

*Based on epidemiological evidence from cases of acute poisoning®'

tBased on an analysis of intake versus incidence data’

cheese may retain as much as 60% of the afla-
toxin M1 in the milk that is used in its manufac-
ture, whereas cream may retain only approxi-
mately 10%, and butter as little as 2%.

Aflatoxin B may be detoxified during the fer-
mentation of milk because Lactococcus lactis
(previously known as Streptococcus lactis) is able
to convert it into aflatoxin Bzsand aflatoxicol (Fig-
ure 5-3).4%4! In fact, the formation of aflatoxin B2.
may simply be the result of the reduced pH; there
is the possibility of it being reconverted to the par-
ent compound. However, it has been claimed that
the formation of aflatoxin Boa is not simply a re-
sult of acid-catalyzed hydration of aflatoxin Bi,
and also that viability is not a prerequisite for the
removal of aflatoxin B: by probiotic strains of
Lactobacillus rhamnosus.?*>*' There have been
searches for other microbial systems for the re-
moval of aflatoxins from foods and a possibility
actively being investigated is the use of enzymes
from a nontoxic, edible species of fungus,
Armillaria tabescens, which is valued already in
China for its medicinal properties in alleviating a
number of disorders.?

An alternative strategy to detoxifying afla-
toxin directly in foods is the possibility of re-
moval from the gastrointestinal tract by pro-

biotic bacteria. Such a study has been carried out
using probiotic strains of Lactobacillus and Pro-
pionibacterium.? The results from these investi-
gations suggest that such probiotic bacteria have
a role in reducing the bioavailability of food-
borne carcinogens such as aflatoxin Bi. How-
ever, the most effective strategies for limiting
human exposure to aflatoxins are to avoid con-
tamination in the first place or a chemical pro-
cess, such as ammoniation, to degrade aflatoxin
irreversibly in animal feeds.5

OCHRATOXIN A

Ochratoxin A (Figure 5-4) is produced by P.
verrucosum in temperate climates and by a num-
ber of Aspergillus species, especially A.
ochraceus, in warmer parts of the world.*® Och-
ratoxin A is most common in cereals of temper-
ate countries, such as barley, oats, rye, and
wheat,’** but has also been found in maize,*
coffee, cocoa, dried vine fruits, wine,*® and
beer.®* Although ochratoxin A can survive fer-
mentation processes, it normally does not sur-
vive the malting process used in the production
of beer.*? Its presence in beer at very low con-
centrations (ca 0.2 ng/ml) may be due to its pres-
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Figure 5-3 (a) Aflatoxin B,, (b) Aflatoxicol.

ence in adjuncts that are used in commercial
beer production. A survey of the occurrence of
ochratoxins in a range of wines from the Swiss
retail market showed them to be present at very
low concentrations and to be more frequent, and
at higher concentrations, in red wines from more

southerly regions of Europe.?? It is probable that
contamination precedes the fermentation stage.
These results confirm that ochratoxins are not
removed by an alcoholic fermentation.
Ochratoxin A is relatively thermostable, hav-
ing a half life at 100 °C of more than 10 hours in
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Figure 54 Ochratoxin A.
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dry wheat and nearly 2.5 hours in moist wheat.”
Several studies have confirmed that ochratoxin
A will survive in most food processes involving
a heating stage. Like aflatoxin, ochratoxin A can
also pass through the food chain and may be
found in meat products, especially of the pig,*
but it does not seem to be secreted effectively
into cow’s milk.” However, surveys in Scandi-
navian countries have shown the occurrence of
ochratoxin A in cow’s milk in Sweden® and Nor-
way.”? Because of the low biotransfer of ochra-
toxin A from animal feeds to milk, Skaug”
speculated that the inhalation of contaminated
airborne particles may be the route into cow’s
milk. If ochratoxin is not normally present in
milk, it would not be expected to occur in dairy
products. However, some cheeses are readily
contaminated with molds, and some of the molds
isolated from cheeses have been shown to produce
ochratoxin in the laboratory. Scott,in his detailed
review of the occurrence of mycotoxins in dairy
products, concluded that “cheese is generally a
good substrate for fungal growth but a poor sub-
strate for experimental mycotoxin production.”
®221) There are a few reports of the natural occur-
rence of ochratoxin A in moldy cheese, and these
are referenced in this review, but the molds used
deliberately for the production of mold-ripened
cheeses (i.e., P. roqueforti and P. camemberti) do
not produce this mycotoxin.

The transfer of ochratoxin from animal feeds
to animal tissues, such as muscle, liver, and kid-
neys, combined with the extended residence
time for ochratoxin A in animal tissues, leads to
the possibility of its presence in meat products.
There are many reports of the occurrence of och-
ratoxin A in kidneys, liver, and even sausages,
and these have been documented extensively.’
The contamination of meat products by transfer
from animal feeds should be distinguished from
the occurrence of ochratoxin A in moldy meat
products such as smoked pork, other smoked
meats, and sausages, in which much higher lev-
els of ochratoxin A can be found.*

At the acute level, ochratoxin A is a
nephrotoxin, which is certainly responsible for
most cases of porcine nephropathy and has been
suspected to be an etiological agent in Balkan
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endemic nephropathy. A detailed risk assess-
ment of this mycotoxin has been carried out®*
and it seems prudent to assume that it is also car-
cinogenic."” For this reason, and because there is
no doubt regarding human exposure to ochra-
toxin A from a range of foods, the member coun-
tries of the European Union are presently seek-
ing to agree to maximum levels in foods for
human consumption; these are likely to include
maximum acceptable levels in fermented bever-
ages such as beer and wine.

PATULIN

Patulin (Figure 5-5) is produced by a number
of species of Penicillium, Aspergillus, and
Byssochlamys, but, in the context of human
foods, the most important species is P.
expansum. This mold is associated especially
with a soft rot of apples, but may also occur on a
wide range of other fruits. P. expansum is able to
form a rapid brown soft rot in apples, once infec-
tion has been established, and it becomes imme-
diately recognizable once the conidiophores
bearing large numbers of blue green spores form
as pustules on the surface of the rot. Although
infection is usually through a wound and the rot
is usually very evident, some apple varieties can
be infected from within, and, although the apple
looks superficially sound, the core may be in-
fected and contaminated with patulin. It is un-
likely that fresh fruit will be a hazard because as
soon as mold contamination is apparent, it will
normally be discarded because of the obvious
visual and taste defects. However, an organolep-

Figure 5-5 Patulin.
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tically acceptable fruit juice can be expressed
from fruit containing some rot, and patulin is
stable at the low pH values of most fruit juices.

The natural occurrence of patulin in commer-
cial apple juice was reported as long ago as 1972.%°
Surveys since then have demonstrated that the
contamination of fruit juices with patulin is a con-
tinuing nuisance.'%4¢! Patulin was discovered
originally as a potentially useful broad spectrum
antibiotic, but the acute toxicity precluded its use.
The report of Dickens & Jones in 1961° suggested
that, at high enough doses, patulin could induce
sarcomas in experimental animals at the site of in-
jection and hence may be carcinogenic. However,
several studies since then have failed to provide
conclusive evidence that patulin is carcinogenic,?
but the United Kingdom has set an advisory maxi-
mum level of 50 pug/1 in apple juice for human con-
sumption, and there is not yet any statutory limit
for patulin in the European Community. A report
of the U.K. Ministry of Agriculture, Fisheries and
Food* demonstrated that a few samples of fresh
apple juice taken from retail outlets in the United
Kingdom were contaminated with patulin at levels
that were above the advisory limit. A detailed as-
sessment of this report and others, as well as the
analytical difficulties associated with the determi-
nation of low concentrations of patulin in apple
juice, is available.”!

It has been known for some time that patulin
disappears during the fermentation of apple juice
to cider using the yeast Saccharomyces
cerevisiae.® The microbial decomposition of
patulin requires the yeast to be viable; it is an in-
ducible phenomenon, and occurs during fermenta-
tive metabolism rather than respiratory metabo-
lism. More recently, it has been shown that patulin
is metabolized to a number of products including
ascladiol during a yeast fermentation.”® If due dili-
gence is paid to the quality of apple juice used in
the manufacture of cider, it seems unlikely that
patulin will be a problem in cider.

FUSARIUM TOXINS

The genus Fusarium contains several species
that are important plant pathogens causing seri-
ous losses in agriculture and horticulture. They

are thus of special importance in the field during
the growth and development of a crop. Some
species are also capable of continuing growth
and metabolic activity postharvest, but they re-
quire higher water activities (Aw) than most spe-
cies of Penicillium and Aspergillus. Fusarium is
associated with a very wide range of secondary
metabolites, many of which are toxic to farm
animals and humans. The three groups that are
particularly important in human foods are the
polyketide-derived zearalenone, the sesquiter-
penoid trichothecenes, and the recently discov-
ered fumonisins. Bennett & Richard* reviewed
the effects of processing on these toxins in con-
taminated grains and it is clear that they are
stable during wet and dry milling and ethanol
fermentations with the exception of deoxyni-
valenol, for which there is conflicting evidence
concerning the effect of fermentation. Although
these processes may not destroy the common
fusarial toxins, they do influence their segrega-
tion among the various fractions of the process.
Thus, for example, wet milling will produce
toxin-free starch from maize, but the other prod-
ucts, used in animal feeds, will have higher lev-
els of zearalenone than the starting material.

Zearalenone

Zearalenone (Figure 5-6) has little or no acute
toxicity but has potent estrogenic activity and is
responsible for a serious disorder in pigs known as
vulvovaginitis. Zearalenone is produced by sev-
eral species of Fusarium, but the most important
are F. graminearum and F. culmorum, both of
which may be responsible for head rot (often char-
acterized by a pink or red discoloration of the de-
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Figure 5-6 Zearalenone.



veloping grain) in cereals such as maize, wheat,
and barley. The ecology of Fusarium in cereals
has been reviewed in detail by Chelkowski,'* and
there are many reports of the occurrence of
zearalenone, with or without other Fusarium tox-
ins, in cereals.?%5% 73 Zearalenone can be formed in
the field (up to 21 mg/kg ),* but the largest con-
centrations are usually associated with poor stor-
age postharvest. Concentrations as high as 2.9 g/
kg have been reported.* A survey of Canadian
beers for Fusarium mycotoxins failed to demon-
strate the occurrence of zearalenone,® and it
seems unlikely that this metabolite will occur at
significant levels in fermented milk products.

Trichothecenes

The trichothecenes form a very large family
of sesquiterpene metabolites, the most important
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of which, in the context of foods, are produced
by species of Fusarium. The terrible outbreaks
of alimentary toxic aleukia in humans, and of
hemorrhagic moldy corn toxicosis in farm ani-
mals, are especially associated with T-2 toxin
(Figure 5-7a), which is produced primarily by F.
sporotrichioides and F. poae. This is one of a
group of very toxic trichothecenes that fortu-
nately are relatively rare in crops grown for hu-
man consumption. The conditions leading to
outbreaks of alimentary toxic aleukia are hope-
fully avoidable (i.e., widespread famine follow-
ing a war). A much more common trichothecene
is deoxynivalenol (Figure 5-7b), which is
formed by F. graminearum, F. culmorum, and
related species. Indeed, there are some years
when samples from crops such as barley may
show 100% incidence of deoxynivalenol (DON)
because these species of Fusarium are patho-

Figure 5-7 (a) T-2 toxin (b) Deoxynivalenol.
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gens that may establish themselves in the field,
causing red scab diseases, and continue their ac-
tivity postharvest.

During the period 1996-1998, DON was
widespread in cereals throughout the temperate
parts of the world, with incidences from 43% to
100% and concentrations from 2 pg/kg to
62,050 ng/kg.>® There is a clear account of the
type of weather conditions that occurred during
the growing season for maize in Maryland and
Delaware during 1994, which led to DON
contamination prior to harvest.”” Although not
as toxic as T-2 toxin, DON, like all the
trichothecenes, is immunosuppressive and bio-
logically active at concentrations very much
less than the LDso of 50-70 mg/kg. DON is a
stable molecule and may pass into fermented
cereal products, but it does not appear to be a
problem in fermented dairy products. It would
be surprising if DON were not found in beers
and, indeed, it has been reported that 29 of 50
samples of Canadian and imported beer ana-
lyzed contained DON.% Although the majority
of beers had very low concentrations of DON,
nine had more than 5 ng/ml, and a single sample
had as much as 50.3 ng/ml.

Fumonisins

The fumonisins are produced by F.
moniliforme and related fusaria that do not pro-
duce trichothecenes. Fumonisin B1 (Figure 5-8)
is known to cause equine encephalomalacia, pul-
monary edema in pigs, and a number of other ill-
nesses in a range of animal species. It may be
associated with esophageal carcinoma in hu-
mans®? and has recently been the subject of a
monograph.?® An assessment of human exposure
to the fumonisins for people in the Netherlands
with a special emphasis on those people with
gluten intolerance who would be especially at
risk has been carried out.'® The fumonisins are
associated with maize and maize products, re-
flecting the host specificity of the molds produc-
ing it. In those commodities, it is remarkably
widespread and can occur in relatively high con-
centrations. In his extensive review, Pittet®® pro-
vided documentation of surveys in many countries
during the period 1995-1998 with incidence of
occurrence ranging from 20% to 100% and con-
centrations from 10 pg/kg to 37,650 ng/kg.
These surveys included maize products such as
polenta, corn flakes, and popcorn.
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As with DON, it would seem likely that
fumonisins will be found in beers in which
maize products are used at some stage during the
manufacture, but there is no evidence of trans-
mission from animal feeds to milk and hence to
milk products. By using immunoaffinity col-
umns for extraction and cleanup, it has been
shown that 86% of samples of beer that was pur-
chased in retail outlets in Lincoln, Nebraska,
contained fumonisin B1.2* The Lincoln study fol-
lowed an earlier report of fumonisin contamina-
tion of beer in Canada that had included beers
that were imported from the United States.5".7
These authors agreed that the most likely source
of fumonisin in beer is the maize grits that are
used as a brewing adjunct.

The fumonisins are relatively stable to el-
evated temperatures and survive a range of
cooking, baking, and frying processes. Thus, af-
ter baking corn muffins spiked with fumonisin
B: for 20 minutes at 175 or 200 °C, as much as
84% and 72%, respectively, survived.?” A sig-
nificant reduction when spiked corn masa was
fried at 140-170 °C for up to six minutes was
also found. Even frying contaminated chips for
15 minutes at 190 °C only reduced the fumonisin
level by 67%. However, it has also been reported
that, during extrusion cooking of com grits, the
reduction of fumonisin B1 depended on several
factors, including moisture content and whether or
not mixing screws were used.!? One of the prob-
lems in assessing the significance of the break-
down of the fumonisins is that they are esters of an
aminopentol compound, and some food processes
lead to the hydrolysis of the ester groups to the par-
ent compound, which is still toxic.

The preparation of tortillas in Central and
South America requires the treatment of maize
with lime to produce nixtamal before cooking.
Scott & Lawrence®® validated the methodology
for measuring the aminopentol formed from
fumonisin Bi1 in calcium hydroxide-processed
foods such as tortilla and nacho chips, taco
shells, and air-dried corn tortillas. They found
significant levels of the aminopentol, but always
at lower levels than the fumonisin B: from which
it was derived. This implies that the latter had
partly survived the alkaline process. Tortillas
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from villages in Guatemala may have as much as
185 mg kg! of AP:1 (i.e., the aminopentol de-
rived from the hydrolysis of fumonisin B1) and
also still contain up to10 mg kg'! of fumonisin Bi
itself.#2 AP1 may not always be formed during
cooking and food processing of contaminated
maize, even if fumonisin levels are reduced.’

ALTERNARIA TOXINS

Species of Alternaria cause dry and soft black
rots of a range of commercially important crops
and are often associated with the postharvest
spoilage of fruits and vegetables.’® The most com-
mon species is 4. alternata, which can produce a
number of toxic metabolites, the most important
of which is tenuazonic acid (Figure 5-9). Other
toxins include alternariol and its monomethyl
ether, altenuene, and the altertoxins. The analysis
of such a complex mixture requires a multitoxin
method.>! One or more of these toxins have been
isolated from a number of cereals, oilseed rape,
tomatoes, sunflower seed, and olives. There is
the potential for these toxins to occur in the
products of cereals, oilseeds such as sunflower,
fruit juices, and tomato products, but there is no
information regarding the effects of food pro-
cessing on the survival of Alternaria toxins into
fermented foods. Although isolates of Alterna-
ria have been reported as part of the mold flora
of some cheeses,* it is unlikely that Alternaria
toxins will have any significance for human
health from fermented foods. A detailed account
of Alternaria species and their toxins is given by
Bottalico & Logrieco.¢
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Figure 5-9 Tenuazonic acid.
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BACTERIAL AND ALGAL TOXINS

The conditions for the growth of most food
poisoning bacteria are generally well under-
stood, and the control of growth can be effected
by heat treatment, refrigeration, reduced Aw and
low or high pH, alone or in combination. One or
more of these parameters can also be combined
with the presence of both synthetic or natural
growth inhibitors. However, once bacterial tox-
ins have been formed and released into the food,
they are generally resistant to the conditions that
inhibit or kill the producing organism.

Botulinum toxins are relatively large
polypeptides (i.e., molecular weights of approxi-
mately 150 kDa) that are usually complexed
with proteins as a progenitor toxin when they are
released into the food. Such complexes are more
stable at elevated temperatures and low pH than
the pure neurotoxins. Of 14 outbreaks of botu-
lism associated with dairy products between
1912 and 1997, the majority involved cheese or
cheese spreads.31460 An especially serious out-
break in the United Kingdom during 1989 in-
volving 27 cases and one death was a result of
the consumption of hazelnut yogurt that was
contaminated with type B neurotoxin produced
by a proteolytic strain of C. botulinum.>* The
problem was not with the yogurt itself, which
has a pH too low for growth and toxin produc-
tion, but with the canned hazelnut conserve that
was added to it. This was occasioned by a
change in production from a product with a high
sucrose content receiving a mild heat treatment
to a product in which sucrose was replaced with
aspartame, in response to a perceived public de-
mand for low sugar products. The heat treatment
remained unchanged and was insufficient to kill
C. botulinum spores, but the high sucrose con-
tent prevented growth in the original formula-
tion. The elevated Aw of the new formulation al-
lowed growth and toxin formation in the
hazelnut conserve and, although the pH of the
yogurt to which it was added prevented further
growth of the organism, it did not inactivate the
toxin that had already been produced.

The enterotoxins of S. aureus are small single
polypeptide chain proteins (i.e., molecular

weights 26 to 30 kDa) that are more heat resistant
than the producing organism. Although fermenta-
tion processes would normally prevent growth of
this organism, there have been instances of entero-
toxin production in cheese when the starter culture
failed to grow fast enough,*® and in salami sausage
when a change in production conditions again al-
lowed S. aureus to outcompete the organisms used
for the fermentation.’*7

The emetic toxin of B. cereus known as
cereulide is a cyclic dodecadepsipeptide! that is
stable to proteolytic enzymes and remarkably
heat stable (i.e., no loss of activity after 90 min-
utes at 121 °C). Cereulide is usually produced in
cooked rice, pasta, and noodles, and is very un-
likely to occur in fermented foods.

Bongkrek Poisoning

An Indonesian food known as tempeh bong-
krek is made by inoculating coconut presscake
with the mold Rhizopus oligosporus. Contamina-
tion of this food by the pseudomonad B. cocoven-
enans, previously known as P. cocovenenans,?!
unfortunately is not uncommon and has been re-
sponsible for quite a number of deaths. B.
cocovenenans produces two toxic metabolites,
toxoflavin (Figure 5-10) and bongkrekic acid
(Figure 5-11), which has been shown to be a
heptenetrioic acid.!® Normally, the rapid growth
of R. oligosporus over and into the solid sub-
strate effectively inhibits bacterial growth, al-
though bonkrekic acid formation is not necessar-
ily directly correlated with bacterial numbers.
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Figure 5-10 Toxoflavin.
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Outbreaks of bonkrek poisoning seem to oc-
cur most often when coconut presscake is mixed
with excessive amounts of coconut milk. The
presence of both an aqueous environment and
elevated levels of lipids seems to encourage bac-
terial growth and bongkrekic acid formation. It
seems that temperature, pH, moisture, and salt
concentration themselves do not fully explain
why some tempeh bonkrek becomes toxic and
another factor, such as the presence of appropri-
ate lipids, may be implicated. In a useful review
of the conditions influencing the formation of
these toxins, it was specifically demonstrated
that fatty acids have an important role in the for-
mation of bongkrekic acid.?? Although compa-
rable in acute toxicity, bongkrekic acid is usu-
ally present at much higher concentrations than
toxoflavin and is most likely to be of greatest
significance in causing illness. A few hours after
consumption of toxic tempeh bongkrek, people
complain of malaise, abdominal pains, dizzi-
ness, sweating, and fatigue. Coma and death can
follow within 20 hours of the onset of symp-
toms. The edible jelly fungus (Tremella
fuciformis), which is cultivated in several coun-
tries in southeast Asia, is contaminated fre-
quently with B. cocovenenans, and has also been
implicated in bongkrek poisoning.

Cyanobacterial Toxins

A number of species of freshwater
cyanobacteria belonging to the genera
Microcystis, Anabaena, and Aphanizomenon
can form extensive blooms in standing water and
may cause deaths of animals drinking the con-
taminated water.!! Cyanoginosin (Figure 5-12),
a toxic metabolite of Microcystis aeruginosa, is
an hepatotoxin. It is unlikely that these toxins
will find their way into fermented foods, al-
though there may be some concern that they may
contaminate samples of Spirulina that are col-
lected from the wild and used as food and health
products.

Algal Toxins

Among the eukaryotic algae, it is the di-
noflagellates and a small group of diatoms that
cause concemn because of their ability to produce
very potent toxins. A number of toxic responses
to contamination of seafoods occur, of which
paralytic shellfish poisoning, diarrheal shellfish
poisoning, and neurotoxic shellfish poisoning
are all associated with marine dinoflagellates,
and amnesic shellfish poisoning with species of
marine diatom. Table 5-3 lists a selection of the
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Figure 5-12 Cyanoginosin.

Table 5-3 A Selection of Eukaryote Algal Toxicoses

Toxicosis Associated Species Toxins
Dinoflagellates
Paralytic shellfish Alexandrium catanella Saxitoxin (Figure 5-13)
poisoning (PSP)
Diarrheal shellfish Dinophysis fortii Okadaic acid (Figure 5-14)
poisoning (DSP)
Neurotoxic shellfish Gymnodium breve Brevitoxin
poisoning (NSP)
Ciguatera Gambierdiscus toxicus Ciguatoxin
poisoning
Diatoms
Amnesic shellfish Pseudonitzschia pungens Domoic acid (Figure 5-15)

poisoning (ASP)



Figure 5-13 Saxitoxin.
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Figure 5-14 Okadaic acid.
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species and toxins involved? (Figure 5-13, 5-
14, and 5-15). These toxins are generally resis-
tant to the temperatures involved in cooking and
are likely to be unaffected by the salting and

acidification that is associated with fermented
fish products. In any case, it seems unlikely that
the species of shellfish and fish involved will be
used in the production of any fermented foods.
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CHAPTER 6

Toxic Nitrogen Compounds Produced
during Processing: Biogenic Amines,
Ethyl Carbamides, Nitrosamines

M. Hortensia Silla-Santos

INTRODUCTION

Nitrogen compounds are very important in the
nutrition of microorganisms, plants, animals,
and humans. On the other hand, nitrogen is also
a component of potentially harmful compounds
such as amines, amides, and nitrosamines. These
compounds can be present in foods as a result of
food components and process conditions.

BIOGENIC AMINES

Biogenic amines are basic nitrogenous com-
pounds that are formed mainly by the decar-
boxylation of amino acids or by amination and
transamination of aldehydes and ketones. They
are organic bases with low molecular weight and
are synthesized by microbial, vegetable, and ani-
mal metabolism. Biogenic amines in food and
beverages are formed by the enzymes of the raw
material or by microbial amino acid decarboxy-
lase activity,” but it has been found that some of
the aliphatic amines can be formed in vivo by the
amination of corresponding aldehydes.% The
chemical structure of biogenic amines (Figure
6-1) can either be aliphatic (e.g., putrescine, ca-
daverine, spermine, spermidine, agmatine), aro-
matic (e.g., tyramine, phenylethylamine), or het-
erocyclic (e.g., histamine, tryptamine). Amines
such as polyamines (i.e., putrescine, spermidine,
spermine, and cadaverine) are indispensable
components of living cells and are important in
the regulation of nucleic acid function and pro-
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tein synthesis, and probably also in the stabiliza-
tion of membranes.!?

Formation of Biogenic Amines in Food

In most foods and beverages, amine formation
is generated by the decarboxylation of the corre-
sponding amino acid. The precursors of the main
biogenic amines involved in food poisoning are
shown in Figure 6-1. Prerequisites for biogenic
amine formation by microorganisms are the
(1) availability of free amino acids, (2) presence
of decarboxylase-positive microorganisms, and
(3) conditions that allow bacterial growth and
decarboxylase synthesis and activity.

Because amines are formed by enzymatic ac-
tivity of the food or bacterial flora, the inhibition
of such activity or the prevention of bacterial
growth would be very important in order to
minimize the amine content of food. One ap-
proach to control the bacterial flora is to use pre-
servatives. Some spices and herbs have been re-
ported to possess antimicrobial activity against
food spoilage bacteria. Their use, then, could be
considered provided they are compatible with
the food. Cloves and cinnamon are reported to
be inhibitory to bacterial growth and biogenic
amine production by bacteria, but with only a
slight effect. Bacteria differ in their sensitivity to
spices, and this sensitivity also depends on other
factors such as temperature.’® Manufacturing
conditions influence the production of biogenic
amines. Thus, tyramine, putrescine, and cadav-
erine concentrations in tempeh can be low or
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Figure 6-1 Principal biogenic amines in fermented food and their precursors: (a) histamine and tyramine; (b)
cadaverine and putrescine; (c) serotonine and tryptamine; (d) spermine and spermidine.

high depending on the manufacturing process
(e.g., soaked soybeans, type of fermentative mi-
croorganisms, boiling, home cooking by stew-
ing or frying in oil, and storage temperature).®
Histamine production in cheese has been re-
lated to factors such as the availability of sub-
strate, pH, salt concentration, and temperature
(Table 6-1). The proper storage temperature is
probably the most important method of preven-
tion.!?! Antibiotics such as penicillin and tetra-
cycline added to scombroid fish repress hista-
mine synthesis, > though this is not an approach
that is compatible with food use. Amino acid de-
carboxylase activity is stronger in an acidic envi-
ronment,'*”” and bacteria tend to produce these
enzymes under acid stress conditions as a part of

their defense mechanisms.!%-37-126 Several factors
influence the pH decrease in fermented foods,
such as starter culture, contaminating flora, tem-
perature/time, and the use of additives, such as
glucono-8-lactone (GDL). The presence of fer-
mentable carbohydrates such as glucose en-
hances both bacterial growth and their amino
acid decarboxylase activity. Histamine forma-
tion was inhibited by salting, with the inhibition
being proportional to the brine concentration.!!?

There are different opinions as to the influence
of time and temperature of storage on the synthesis
of biogenic amines. The content of biogenic
amines in food seems to increase with both time
and temperature.! However, it has been reported'®
that histamine levels in raw and cooked ground
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beef were unaffected by storage conditions (4, 7,
and 10 °C during 12 days), but when the storage
temperature was increased (21 °C), increased
amine concentration was observed.? Amine con-
centrations were also unaffected by cooking, with
the exception of spermine, which decreased dur-
ing heat treatment. Wendakoon & Sakaguchi!?®
also indicated that histamine is thermally stable
during the cooking process.

Oxygen availability also has a significant effect
on the biosynthesis of amines. Facultative anaero-
bic microorganisms produce less biogenic amines
in anaerobic conditions as compared with aerobic
conditions.’” Feedback repression of histidine-de-
carboxylase has also been detected when the
amount of histamine increases. !>

Microorganisms Producing Biogenic Amines

Among the bacteria that are capable of syn-
thesizing biogenic amines, many different spe-

cies within a group of related genera may pos-
sess a specific decarboxylase. Also, large
interspecies variations may occur within one ge-
nus. Numerous enteric bacteria have been re-
ported to possess histidine decarboxylase activ-
ity, but only a few of the bacteria found in foods
have been implicated in the formation of toxico-
logically significant levels of histamine. Enteric
bacteria, specifically Morganella morganii
(Proteus morganii), certain strains of Klebsiella
pneumoniae, and a few strains of Hafnia alvei,
are prolific histamine producers and are impor-
tant in the hygiene of fish products.?®!13313¢ Like-
wise, other bacteria have been related to hista-
mine formation in fish, including P. vulgaris,
Escherichia, Clostridium, Salmonella, and Shi-
gella.¥ Staphylococcus spp., Vibrio, Pseudomo-
nas, and Bacillus spp. have been identified as
histamine-producing bacteria in fermented
fish, 9138140 a5 has cadaverine and putrescine
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Table 6-1 Factors Affecting Synthesis of Biogenic Amines (BA)

Factors

Principal Activity

References

Substrate

Microorganisms with
necessary enzyme

Free amino acids (increase BA)
Amino acid decarboxyiase (increases BA)

68, 83, 118
1,2,18,19, 37, 40, 59

pH Acid (increases BA) 17,59, 125, 126, 127
Temperature Refrigeration (decreases BA) 17,59, 83,115
Atmosphere Aerobiosis (decreased BA in anaerobic

and increased in aerobic conditions) 17, 37,59
Antibiotics Inhibition of microorganisms (decreases BA) 135
Fermented carbohydrates Acididification (increases BA) 113
Spices Inhibition of microorganisms (decreases BA) 138

Oxidase enzymes

MAOQO, DAO (decrease BA)

66, 67

synthesis capability by M. morganii, Entero-
bacter cloacae, Citrobacter freundii, and Serra-
tia liquefaciens.”®

In cheeses, the lactic flora is dominant during
the ripening process. Streptococcus faecalis
(Enterococcus faecalis)*' has been associated
with tyramine in cheese?? and in other milk prod-
ucts.’ In miso, tyrosine decarboxylase-produc-
ing bacteria have been identified as E. faecium
and Lactobacillus bulgaricus, and histamine de-
carboxylase has been associated with Lactoba-
cillus spp. and L. sanfrancisco.”'*? Fermentation
may be important in the formation of biogenic
amines through the action of added lactic acid
cultures or the natural microflora. Amino acid
decarboxylase activity has been shown to de-
pend on the composition of the medium and the
growth phase of the microorganisms, with the
highest amino acid decarboxylase enzyme ac-
tivities being detected in the stationary phase.’’

The presence of high concentrations of free
amino acids in meat and meat products that are
exposed to microbial degradation enhances the
possible formation of large amounts of biogenic
amines.!® Amine-producing lactic bacteria such
as L. brevis, L. buchnerii, L. curvatus, L. carnis,
L. divergens (Carnobacterium divergens),*' and
L. hilgardii have been isolated from meat and
meat products.’7677110114.122 Tn salami, hista-
mine synthesis has been associated with Gram-

negative bacteria (P. fluorescens, C. freundii,
and Acinetobacter calcoaceticus var. anitra-
tum), but also with Gram-positive strains, in-
cluding micrococci and staphylococci.!?’

The malo-lactic fermentation bacterium
Pediococcus cerevisiae, which withstands the
presence of sulphur dioxide better than
Oenococcus oeni, can be regarded as the main
cause of histamine formation in wine.'>% Vari-
ous histaminogenic abilities of the yeasts have
been confirmed in fermentation tests. There is
evidence that amino acid decarboxylase en-
zymes are not well distributed among the yeasts
and the most commonly used malo-lactic bacte-
ria. It seems that amino acid decarboxylase is
more frequently found in the groups of entero-
bacteria and lactic acid bacteria (LAB). When
LAB proliferated in beer, the formation of bio-
genic amines could be detected.?®

Biogenic Amines in Fermented Food

Biogenic amines can be expected in virtually
all foods that contain proteins or free amino ac-
ids and that are subject to conditions enabling
microbial or biochemical activity. The total
amount of the different amines formed depends
strongly on the nature of the food and the micro-
organisms present.'®* Biogenic amines are
present in a wide range of food products includ-



ing fish products, meat products, dairy products,
wine, beer, vegetables, fruits, nuts, and choco-
late!!9 (Table 6-2). In nonfermented foods, the
presence of biogenic amines above a certain
level is considered as indicative of undesired
microbial activity.?” Therefore, the amine level
could possibly be used as an indicator of micro-
bial spoilage, although the presence of biogenic
amines does not necessarily correlate with the
growth of a spoilage flora because not all spoil-
ers are decarboxylase positive. Levels of hista-
mine, putrescine, and cadaverine usually in-
crease during spoilage of fish and meat, whereas
levels of spermine and spermidine decrease.!®
Scombroid fish have been associated most com-
monly with incidents of histamine intoxication
(scombrotoxicosis). The formation of histamine
in scombroid and other marine fish containing
abundant endogenous histidine has been attrib-
uted to microbial action rather than to endog-
enous histidine decarboxylase activity.3”13* Dur-
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ing the preparation of fermented food, one can
expect the presence of many kinds of microor-
ganisms, some of them capable of producing
biogenic amines. Most products in which LAB
grow contain considerable amounts of pu-
trescine, cadaverine, histamine, and tyramine.!®

Fish Products

The levels of amines can vary extensively in
fish products. Trace quantities of putrescine,
tyramine, agmatine, and tryptamine have been
detected in Ghananian fermented fish.'* Orni-
thine and citrulline were detected as decomposi-
tion products of arginine in fish sauce, and hista-
mine was also confirmed as a decomposition
compound from histidine, but only in trace
amounts.” In anchovies, a high level of biogenic
amines during the manufacturing process can be
due to the long processing time, which favors
bacterial growth.”

Table 6—2 Biogenic Amines Content in Some Foods (ppm)

Food Histamine  Tyramine  Cadaverine  Putrescine  Reference

Fish and fish products

Sailfish 1680.0 145.0 47

Fermented fish paste 640.0 376.0 35.0 121

Anchovies 12.6 21.6 38.3 7.6 134
Cheeses

Cheddar 1300.0 700.0 121

Swiss 2500.0 490.0 330.0 121
Meat products

Salchichén 7.3 280.5 1.7 5.5 135

Fuet 22 190.7 18.9 71.0 135

Dry fermented sausages 286.0 1500.0 396.0 121
Fermented vegetables

Sauerkraut 10.0 20.0 25.0 50.0 110

Soy sauce 2740.0 4660.0 121
Beers: top-fermented

Ale 0.6 5.0 0.9 5.7 55

Kriek 5.6 225 6.3 4.5 55
Beers: botton-fermented

Lager 0.7 49 0.8 41 55

Pilsner 1.0 5.6 2.0 5.1 55

Nonalcoholic 0.6 6.2 1.0 3.1 55

Wine 33 3.3 69
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A fishy odor is derived from a variety of com-
ponents, of which trimethylamine (TMA) is
predominant. TMA and its precursor, TMA N-
oxide, are used as a nitrogen source by As-
pergillus oryzae.®® Possibly, TMA-using molds
could be applied to remove TMA from relevant
food material.

Cheese and Dairy Products

After fish, cheese is the most commonly im-
plicated food associated with histamine poison-
ing. The first reported case of histamine poison-
ing occurred in 1967 in the Netherlands and
involved Gouda cheese.'?' Many studies have
been undertaken to determine the amine content
of cheese products, and a variety of amines, such
as histamine, tyramine, cadaverine, putrescine,
tryptamine, and phenylethylamine, have been
found in different cheeses.?13:23:25.64.80,92,104,132

Meat Products

Biogenic amines can be found in fermented
meat products as a consequence of microbial ac-
tivity related to fermentation, but they may also
be found in products made from poor quality
raw materials through microbial contamination.
Good manufacturing processes for meat prod-
ucts, using amino acid decarboxylase negative
starter cultures, results in the formation of very
small amounts of biogenic amines.?®7 Un-
cooked and ripened meats showed higher
amounts of histamine and tyramine than cooked
meat products. Maijala et al.”* also detected in-
creased concentrations of histamine and
tyramine during sausage fermentation. Amines
can also be found after fermentation during stor-
age.? Bauer et al.!! reported that the addition of
starter culture did not affect their formation.
Roig-Sagues & Eerola!® observed that the influ-
ence of starters on biogenic amine formation in
minced meat depended on the kind of decar-
boxylating microorganisms that were present in
the raw material. Dry sausages without starter
microorganisms showed variable concentrations
of biogenic amines. This could be due to varia-
tions in the ripening time?? and differences in the
natural microflora responsible for fermenta-
tion.30:1% Polyamines, putrescine, cadaverine,

histamine, tyramine, and 2-phenylethyl-amine,
have also been detected in fermented sausages
by Straub et al.'** Cured meat products such as
sausages are frequently implicated in amine poi-
soning due to histamine and tyramine.!%73.10%126

Vegetables

A succession of microorganisms is involved
in sauerkraut production. And consequently,
biogenic amines, especially putrescine, can be
expected in the brine.!® Other fermented veg-
etables where amines have been detected are
green table olives, cucumbers, and lupin.*?

Very low levels of biogenic amines were de-
tected in a study of Asian foods. Low levels of
tyramine were found in commercial samples of
Japanese pickled vegetables (vrume-zuke) and in
kim chee (kimchi), a traditional Korean fer-
mented cabbage.!?! In miso, tyramine and hista-
mine have been determined by Ibe ef al., -3 but
it seems that these amines are not generated in
high quantities in fermented vegetables.

Wine and Beer

Agmatine, cadaverine, ethanolamine, hista-
mine, putrescine, and tyramine are produced in
high quantities during alcoholic fermentation.?®
Many kinds of biogenic amines have been de-
tected in both white and red wine: tyramine, his-
tamine, tryptamine, monomethylamine, 2-
phenethylamine, putrescine, cadaverine,
spermidine, iso- and n-amylamine, pyrrolidine,
iso- and n-butylamine, iso- and n-propylamine,
and ethylamine.*!>% Putrescine, histamine, me-
thylamine, and tyramine also developed during
malo-lactic fermentation and the wine aging
process.!?

In beers, the presence of tyramine’’ and hista-
mine?’** has been observed. Biogenic amines are
formed by the barley enzymes during malting,
even under sterile conditions. The grain micro-
flora and pitching yeast contaminants seemed to
be responsible for elevated amine levels, espe-
cially histamine, in beer. Malt and hops contribute
to the amine content of wort and beer. Spermine
and spermidine levels decreased sharply during
mashing, whereas the other amines increased,
with the exception of putrescine.



Health Effects

Putrescine, spermidine, and spermine are in-
dispensable components of all living cells.
Polyamines are very stable compounds that are
able to resist heat and survive acidic and alkaline
conditions. They can interact nonspecifically
with negatively charged structures and, in these
nonspecific roles, they can be replaced by metal
ions, most often by Mg?* or Ca?*. Because of their
structure, they can fulfill a wide range of specific
functions in cells, such as the control and inhibi-
tion of mRNA translation to proteins and regula-
tion of the fidelity of translation. Polyamines can
stimulate ribosome subunit association, stabilize
the tRNA structure and reduce the rate of RNA
degradation, enhance both RNA and DNA synthe-
sis, help to condense DNA, covalently modify
proteins, and regulate the rigidity and stability of
cellular membranes. !

Certain classes of amines, the catechola-
mines, indolamines, and histamine, fulfill im-
portant metabolic functions in humans, espe-
cially in the nervous system and the control of
blood pressure. Phenylethylamine and tyramine
cause a rise in blood pressure, whereas hista-
mine reduces it. Histamine has a powerful bio-
logical function, serving as a primary mediator
of the immediate symptoms observed in allergic
responses, such as urticarial lesions.'?! Although
biogenic amines such as histamine, tyramine,
and putrescine are needed for many critical func-
tions in man and animals, the consumption of
food containing high amounts of these may have
toxic effects. Symptoms that can occur after ex-
cessive oral intake include nausea, respiratory
distress, hot flush, sweating, heart palpitation,
headache, bright red rash, oral burning, and
hyper- or hypotension.

The most notorious food-borne intoxications
caused by biogenic amines are related to hista-
mine. Food poisoning involving the consumption
of food containing abnormally high levels of hista-
mine has been recognized for many years. Numer-
ous outbreaks of histamine poisoning have oc-
curred after eating cheese or fish. Histamine is the
most toxic amine detected in food (fish, cheese,
wine, meat products), and normally it is associated
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with food spoilage. The toxic effect depends on
histamine intake, presence of other amines,
aminooxidase activity, and the intestinal physiol-
ogy of the individual. The gut can absorb six to ten
times more histamine when putrescine, cadaver-
ine, and spermidine are present. !

The biogenic monoamines (i.e., serotonin,
phenylethylamine, and tyramine) and the di-
amines (1.e., histamine and tryptamine) are also
formed and degraded during normal cellular me-
tabolism, playing a variety of physiological
roles, such as the regulation of body tempera-
ture, stomach volume, and pH. They can also af-
fect brain activity.!® Biogenic amines such as
putrescine, cadaverine, spermidine, and others
have been reported to be radical scavengers.
Tyramine has a marked antioxidative activity,
which increases with tyramine concentration,
and this antioxidative effect may be attributable
to its amine and hydroxy groups.!4! Polyamines,
spermine, spermidine, and putrescine, inhibit the
oxidation of polyunsaturated fatty acids, and this
antioxidative effect is correlated with the num-
ber of amine groups in the polyamine.”

Nitrosable secondary amines (i.e., agmatine,
spermine, spermidine) can form nitrosamines by
reaction with nitrite and produce carcinogenic
compounds.’” In general, N-nitroso compounds
can be formed by the interaction of amino com-
pounds with nitrosating reagents such as nitrite
and nitrogen oxides during the storage, preserva-
tion, and cooking of foods.#* The reaction of
nitrosating agents with primary amines produces
short-lived alkylating species that react with
other components in the food matrix to generate
products (mainly alcohols) that are devoid of
toxic activity at the concentrations produced.
The nitrosation of secondary amines leads to the
formation of stable N-nitroso compounds; that
of tertiary amines produces a range of labile N-
nitroso products. Secondary amines such as pu-
trescine and cadaverine can react with nitrite to
form heterocyclic carcinogenic nitrosamines,
nitrosopyrrolidine and nitrosopiperidine.*® For
this reason, concern over the use of nitrite has
promoted many investigations.+344.93,108,128

Fortunately, a fairly efficient detoxification
system exists in the intestinal tract of animals,
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which is capable of metabolizing normal dietary
intakes of biogenic amines. Under normal condi-
tions in humans, exogenous amines absorbed
from food are detoxified rapidly by the action of
amine oxidases or by conjugation; but in aller-
genic individuals, or if monoamine oxidase in-
hibitors are applied or when intake levels of
amines are too high, the detoxification process is
disturbed and biogenic amines accumulate in the
body. Amino oxidases are induced in the presence
of mono- or diamines.!® The enzymes monoamine
oxidase (MAO) and diamine oxidase (DAO) play
an important role in this detoxification process.
However, when the activity is suppressed by one
or more substances known as potentiators, detoxi-
fication is inhibited. This may explain why spoiled
fish or aged cheese is more toxic than histamine in
aqueous solution.

Alcoholic beverages are good potentiators for
sensitivity against biogenic amines. Certain
drugs have been implicated as contributing fac-
tors in cases of histamine poisoning. Antihista-
mines, antimalarials, and other medications can
inhibit histamine-metabolizing enzymes.!?
Some amines, specifically putrescine and cadav-
erine, inhibit histamine-detoxifying enzymes.
Other amines that may act as potentiators in-
clude tyramine (which can inhibit MAO) and
tryptamine (which inhibits DAO). Phenylethyl-
amine is a DAO and HMT (histamine N-methyl-
transferase) inhibitor.!?! Some microorganisms
(Sarcina lutea, Lactococcus lactis, L. lactis
subsp. lactis, and L. lactis subsp. diacetilactis*')
contain monoamine oxidase or diamine oxidase
(L. lactis subsp. cremoris,*' A. niger, and Tri-
chosporon spp''?). Some types of yeasts found in
Roquefort cheese are capable of assimilating ca-
daverine, putrescine, and histamine.'?

The levels reported for histamine and its po-
tentiators in food would not be expected to pose
any problem if normal amounts were consumed.
In susceptible individuals, 3 mg of phenylethyl-
amine causes migraine headaches; 6 mg total
tyramine intake was reported to be a dangerous
dose for patients receiving monoamine oxidase
inhibitors.!!% A level of 1000 mg/Kg (amine/
food) is considered dangerous for health. This
level is calculated on the basis of food-borne his-

tamine intoxications and the amine concentration
in the food. The discrepancy in the toxic histamine
level in food might be due to the absence or pres-
ence of other synergistic biogenic amines like pu-
trescine and cadaverine. The European Union has
proposed that the average content of histamine
should preferably be less than 100 ppm, but should
not be higher than 200 ppm in fish or fish products
belonging to the scombridae and clupedae fami-
lies.” The European Union set a three-class plan
for maximum allowable levels of histamine in
fresh fish (n = 9 number of units to be analyzed
from each lot; ¢ = 2 number of units allowed to
contain a histamine level higher than m = 100
ppm; maximum permissible level M = 200 ppm)
and fish products (m = 200 and M = 400 ppm).

Conclusions

A reduction in the biogenic amine content of
food can be achieved by the following steps.

1. Select raw material without high levels of
amines or microbial contamination.

2. Provide systematic control at each pro-
cessing step with good hygienic practice.
This can result in an optimized process
with the corresponding inhibition of spoil-
ing microorganisms and low levels of bio-
genic amines.

3. In fermented food, the selection criteria
for bacteria used for starter cultures should
include analysis of potential amine pro-
duction.

4. Taking into account the effect of potentia-
tors (including alcohol and other amines)
on the toxicological activity of amines,
amine profiles should be determined in-
stead of simply the levels of histamine and
tyramine.

5. The original concentration of amines in
food can change as a result of storage con-
ditions and these should be controlled.

ETHYL CARBAMIDES

Ethyl carbamate is an ester of cabamidic acid.
Whereas carbamidic acid is unstable and disso-
ciates spontaneously into carbon dioxide and



ammonia, the esters of carbamidic acid are
stable.

H:N-CO-OH — NHs+ CO2
carbamidic acid ammonia carbon dioxide

The carbamides can be esterified with different
alcohols such as ethanol to form ethyl carbamate.

Formation

The carbamide or carbamidic acid is formed
from carboxylic and amino groups. The most
common carbamide is urea, the final product of
protein metabolism in ureolytic animals.

HO-CO-OH + NH; —»
carbonic acid ammonia

HoN-CO2 NHs * — HoN-CO- NH:
ammonium carbamate urea

In fermented beverages, ethyl carbamate is
produced during the fermentation process as a
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product of yeast metabolism. Carbamyl phos-
phate is produced from adenosine triphosphate
(ATP), carbon dioxide, and ammonia by car-
bamyl-phosphate synthase, a reaction necessary
for arginine synthesis, which is enhanced when
ammonia levels are high, This compound may re-
act with the ethanol that is formed in fermentation
and results in ethyl carbamate, which is a potent
carcinogen for humans. Ethyl carbamate can also
be formed in fermented food (Figure 6-2) by the
reaction of ethanol and urea that is produced natu-
rally from amino acids like citrulline, which is
formed via arginine degradation in wine by some
LAB during malo-lactic fermentation;* or when
urea is added as a yeast nutrient.>

The overall reaction for these compounds is via
an acid-catalyzed ethanolysis. In wines from
grapes with low nitrogen content and the addition
of sugar and water (to further dilute the significant
amino acids), the urea remaining in the wine may

NH, — C — NH, — C3Hg — CH — COOH (arginine) + COOH — CH = CH — COOH (fumaric acid)

[
NH NH

COOH NH

[

NH,

COOH — CH, — CH — NH — C — NH — C3Hg — CH — COOH (argininosuccinic acid)

NH, — C — NH — C3Hg — CH — COOH (citrulline) + COOH — CH, — CH — COOH (aspartic acid) + ATP

[
o NH,

NH,

NH, — COO — POg~ (carbamyl phosphate) + NH, — C3Hg — CH — COOH (ornithine)

NH,

carbamyl phosphate + C,H;OH (ethanol) = C,Hg — COONH, (ethyl carbamate) + Hy PO,

Figure 6-2 Formation of ethyl carbamate via arginine degradation



128  FERMENTATION AND FOOD SAFETY

be negligible.'?0 The extent of ethyl carbamate for-
mation is likely to depend on the level of precur-
sors, the yeast strain used, fermentation condi-
tions, and the pH during the process.%

Ethyl carbamate was not detected in a range
of fermented foods where yeasts were not in-
volved as a major population. Experiments on a
model grape juice demonstrated that N-car-
bamyl-amino acid was produced by yeast during
fermentation. Because the conversion of N-car-
bamyl-amino acid into ethyl carbamate is not fa-
vored chemically, N-carbamyl amino acids are
not expected to contribute substantially to the
formation of ethyl carbamate in wines under
normal conditions of wine making and aging.>%
Ingledew et al.5* demonstrated that yeast fer-
mentation itself did not lead to the production of
ethyl carbamate. However, when subsequent
heating steps were applied to fermented bever-
ages in which urea was present or made, ethyl
carbamate was formed in significant quantities.

The source of urea is arginine breakdown via
arginase activity. Citrulline and other N-car-
bamyl amino acids can react with ethanol to
form ethyl carbamate. Samples of commercially
processed juices were fermented under con-
trolled conditions to determine variation in
amino acid uptake or excretion during yeast
growth and fermentation. There was almost al-
ways rapid uptake of all of the amino acids ex-
cept alanine, proline, citrulline, ornithine, and
arginine. Urea excretion and uptake were depen-
dent primarily on yeast strain and on amounts of
arginine remaining in the juice during fermenta-
tion. Amounts of urea excreted tend to increase
at higher temperatures. At very high amino acid
levels, arginine is metabolized very slowly,

which minimizes urea excretion. Comparison of
various yeasts shows that patterns of urea uptake
are generally similar.”

Studies on factors (Table 6-3) influencing the
formation of ethyl carbamate in wines have
demonstrated that ethyl carbamate can be
formed spontaneously from urea, citrulline, or
carbamyl phosphate in acidic ethanolic solu-
tions. At high temperatures, all compounds con-
taining a carbamyl structure have the potential to
form ethyl carbamate. Although all wines have
the potential to form ethyl carbamate, the likeli-
hood is greatest in wines that have undergone
malo-lactic fermentation.*¢ Nitrogenous con-
stituents of wine other than urea are not corre-
lated with urea formation, and N-fertilization of
the grapes does not affect urea formation in the
resulting wines.!" In Cabernet Sauvignon and
Chardonnay wines, ethyl carbamate contents in-
creased over two years of storage. There was no
significant effect of wine type (red vs. white) or
pH on ethyl carbamate content. Holding tem-
perature had a significant effect on ethyl car-
bamate formation; increasing the temperature by
10 °C may increase the rate of ethyl carbamate
formation up to 3-fold. Thus, knowledge of the
urea concentration and wine storage temperature
permits a good estimation of the amount of ethyl
carbamate that will form over a period represen-
tative of wine storage.!?

Applications

In the past, the American baking industry has
used several reducing agents such as ascorbic
acid, sodium metabisulphite, and cysteine-N-
carbamide as chemical dough developers in-

Table 6-3 Factors Affecting Ethyl Carbamate (EC) Synthesis

Factors Causative Effect References
Substrate Free urea, carbamyl-P (increase EC) 36,61, 137
Enzyme activity Carbamyl-P synthetase, urease (increase EC) 61
pH Acid (increases EC) 61
Heat process Toasting (increases EC) 21
Ascorbic acid Decreases EC 21



stead of cysteine. Cysteine-N-carbamide has
been shown to improve sour bread dough notice-
ably, and the addition of cysteine to the sour-
dough system significantly reduced mixing re-
quirements and increased bread volume.!*® In
chemical dough development, cysteine is used
most commonly. It speeds the breadmaking pro-
cess by expediting disaggregation by splitting
disulphide bonds between protein aggregates
through reduction and promoting disulphide inter-
change with less mixing. Carbamide considerably
increases the stability of starch phosphate at low
temperatures. An addition of a small quantity of
carbamide to the starch increases its water absorp-
tion power, raises its viscosity, and improves the
transparency of its aqueous solution.

In the European Union, the use of cysteine-N-
carbamide is forbidden because of its possible
role in promoting carcinogenesis. For this rea-
son, when it is used in any food-related material,
it must be within the limits permissible by the
sanitary authorities. The use of carbamide as a
substrate in the growth of yeasts led to improved
molasses fermentation. Carbamide addition as a
nitrogen source was recommended for molasses
with reduced nitrogen content. Molasses-grown
yeast reduced leavening time in the baking pro-
cess and improved the quantity of molasses alco-
hol with simultaneous production of baker’s
yeasts of good quality.'> After molasses fer-
mentation is finished, carbamide can be re-
moved from alcoholic beverages with urease,
preferably from LAB; the optimum for this reac-
tion is pH 2-5.5% Carbamide was the most effi-
cient nitrogenous substance added to manioc
(cassava) mash for the nutrition of the yeast cells
in the saccharification and fermentation of man-
ioc starch.®

Carbamides also find application in packag-
ing material for maintaining more moisture in
the product.>!!” In other cases, carbamide is
added in the form of carbamide peroxide to give
hydrogen peroxide in processes for protecting
milk or milk products containing lactoperoxi-
dase from bacterial spoilage during storage.!”
Carbamide used as a feed supplement or as fer-
tilizer can influence the chemical composition of
vegetables and meat.!’6 When carbamides are
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used as insecticides in wheat storage, the control
and norms to be followed in the fumigation and
storage of wheat to be used as seed or for food
are very strict. At certain levels, the presence of
carbamide in some foods can be detected by its
odor or bitter taste.’

Health Effects

Ethyl carbamate (urethane) has mutagenic
and carcinogenic properties. Due to the toxicity
of carbamide, there are maximum permissible
concentrations in some countries set on the basis
of animal trials in foods and water. The presence
of various levels of ethyl carbamate in distilled
spirits and wines, and fermented foods such as
bread, soy sauce, miso, and yeast spread has
been reported. In most countries, there is no le-
gal limit for ethyl carbamate, but the Food and
Agricultural Organization (FAO)/World Health
Organization (WHO) suggested a level of 10
ppb for soft drinks; in Canada, the tolerance
level ranges from 30 ppb in wines to 400 ppb in
distilled spirits.3’

Conclusions

Ethyl carbamate is a carcinogenic and mu-
tagenic compound that results from the esterifi-
cation of carbamic acid by ethanol in alcoholic
fermentations. The use of proper starter cultures
of yeasts in the manufacturing of fermented
foods can result in increased levels of safety of
these foods. The selection of nontoxigenic start-
ers that antagonize pathogenic microorganisms
and have detoxifying ability should be a priority.

NITROSAMINES

Nitrosamines are formed by the reaction of
secondary and tertiary amines or amino groups
contained in compounds such as dialkylamines,
alkylarylamines, piperazine, and pyrrolidine,
with nitrite. Two precursors, secondary amines
and nitroso acid, are required for the formation
of nitrosamines. Certain foods have been found
to contain various nitrosamines, many of which
are known carcinogens. The formation of nitro-
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samine has been demonstrated in food-nitrite
mixtures. Although amines are present in foods,
wine, tobacco products, drugs, and other envi-
ronmental chemicals such as pesticides, sources
of nitrite, the other precursor, vary. Human ex-
posure can be by the ingestion or inhalation of
preformed N-nitroso compounds or by endog-
enous nitrosation. It has been established un-
equivocally that N-nitroso compounds are also
formed in the body from precursors that are
present in the normal diet.*

Formation

The formation of nitrosamine from nitrite
takes place through various steps, as indicated in
Figure 6-3.

The rate constant K is independent of pH, but
the amine and nitrous acid concentrations
change with pH. The first two reactions are fa-
vored by acidic conditions. However, if the envi-
ronment is too acidic, the amine will be proto-
nated and unable to react with the nitrous
anhydride (N203). Nevertheless, nitrosation can
also occur under the nonacidic conditions that
are found in some foods, and oxides of nitrogen
(NOx) can react directly without the requirement
for acid conditions. Some components found in
foods catalyze nitrosation reactions. Nitrite in
food can be produced by microbial nitrate reduc-
tion. Nitrates are naturally present in soil, water,
and food, and also in the air at low concentration
as a result of industrial pollution. Nitrates in soil

can accumulate due to fertilizer treatments. For
example, under conditions of excessive fertiliza-
tion at low temperatures and with low intensity
of light, nitrate can accumulate in vegetables.*
Nitrosamines can become a part of foods by
the use of nitrite as an additive, through process-
ing, especially drying, and through their forma-
tion during food preparation, migration from
food contact surfaces, or indirect addition along
with other additives. Products made from rubber
(elastomers) contain volatile nitrosamines that
can migrate to food or drinks. The rubber netting
used to hold hams and other cured products dur-
ing processing can also result in the migration of
very small amounts of nitrosamines to foods.
Fiddler et al.*® confirmed these findings and re-
ported that additional nitrosamines could be
formed when rubber products were exposed to
solutions that were similar to human saliva.
There is a controversy regarding the possible
migration of nitrosamines from rubber elastic
netting into meat products. Rubber elasticized
netting has been in use since the 1960s, and the
Keystone Casing Supply Company (Carnegie,
Pa) first received confirmation of approval for
their Jet Net formulation netting from the U.S.
Department of Agriculture (USDA) in 1964. In
1985, a study showed possible migration of nit-
rosamines from the nipples on baby bottles into
saliva or milk.'% To minimize the potential for
nitrosamines formation, the manufacturers of
elastic rubber netting reformulated the rubber
component to reduce the level of nitrosatable

+
2 NOs~) 2Hs 5 (HNO,)

NITRITE NITROUS ACID

N203 +

NITROUS SECONDARY
ANHYDRIDE AMINE

RoNH

-—

N203 + 2 H20
NITROUS
ANHYDRIDE WATER
RNN=O + HNO,
NITROSAMINE  NITROUS ACID

Figure 6-3 Formation of nitrosamine from nitrite at a rate of K (R,NH) x (HNO,).



amines.” Some paper-based packaging materi-
als contain trace levels of volatile nitrosamines,
which can migrate to foods.*

Nitroso compounds can be formed inside the
body, and the diet influences the nature of nitroso
compound formed. Humans are also exposed to
nitrosamines through normal physiological pro-
cesses in the stomach through the reaction be-
tween amines and nitrite. The nitrite can be de-
rived from two sources: consumption of foods that
contain nitrite and the conversion of nitrate to ni-
trite in the body. Nitrate can be derived both from
normal nitrogen metabolism and from the diet.
Dietary nitrate is absorbed quickly after ingestion
and is circulated in the blood. Then it is excreted
and concentrated in the saliva, where microorgan-
isms in the mouth convert it to nitrite. The nitrite is
swallowed, resulting in the formation of nitro-
samines in the stomach. The major source of di-
etary nitrate is vegetables, with cured meats con-
tributing a small amount. Diet may play a role in
the types and amounts of nitrous compounds that
are formed endogenously. The dietary balance be-
tween nitrate and ascorbic acid may be particu-
larly important because ascorbic acid is capable of
inhibiting endogenous nitrosamine formation re-
sulting from nitrate exposure.*

Nitrosamines in Food
Cured Food

The origin of the use of nitrates as a meat cur-
ing agent is lost in antiquity. Humans have been
using salt for preserving food for thousands of
years, obtaining good products with flavor and
color typical of cured foods. Common salt usu-
ally contains impurities from other salts, includ-
ing nitrates, which give the cured color and the
cured aroma. The term “curing” came to be used
for the first time in northern Germany to de-
scribe the treatment of meat and fish with com-
mon salt. This has meant that even today, there is
some confusion between salting, treating with
common salt, and curing, treating with nitrate or
nitrite-curing salts. The salt used to preserve
meat contains potassium nitrate, which produces
the characteristic flavor and color of the cured
meats. Later, scientific understanding of the cur-

Toxic Nitrogen Compounds 131

ing process began to evolve, and the role of ni-
trite was recognized. It was observed that nitrate
was reduced to nitrite by bacterial activity, and
that nitrite is reduced to nitric oxide to form the
typical curing color. These findings led to the
use of nitrite directly as a curing ingredient. Ni-
trite is a highly reactive chemical. In the com-
plex meat system, several reactions can occur,
including the reaction of nitric oxide with myo-
globin to form the red color of the cured meat.
Concern over nitrosamines stimulated consid-
erable interest in the value of nitrite as an antimi-
crobial agent. This has focused mainly on the
minimum levels necessary for the control of C.
botulinum and on developing alternatives to re-
place nitrite wholly or in part. Hauschild*® sug-
gested that, from a safety point of view, signifi-
cant reductions in nitrite input could be made for
a number of cured meats without the need for
compensation. Fermented meats may belong to
this group. With respect to the antimicrobial ac-
tivity of nitrite on other toxigenic or infectious
microorganisms in food, the evidence is rather
contradictory due in part to the complex interac-
tions occurring during product processing. Dur-
ing the 1970s, as pressure mounted to minimize
the allowable level of nitrite for curing meat,
there was concern about the risk of botulism.
This concern resulted in a large number of col-
laborative studies conducted jointly by govern-
ment and industry. The general conclusion was
that nitrite is required to maintain safety, but it
was also noted that the interaction of other fac-
tors such as salt level, pH, and heat treatment is
critical. In 1982, the Committee on Nitrite and
Alternative Curing Agents in Foods? issued a re-
port in which the status of the search for alterna-
tives to nitrite was reviewed exhaustively. They
listed the following potential alternatives and/or
partial substitutes: ascorbate and tocopherol, ir-
radiation, LAB, potassium sorbate, sodium
hypophosphite, and fumarate esters. The amount
of nitrite added to the bacon can be reduced by
the addition of LAB and fermentable sugar,
which lower the pH, thereby ensuring that C.
botulinum will not grow and produce toxin.?124
N-nitrosation is influenced by many factors
such as pH, level of precursors, basicity of the
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nitrosatable amines, and the presence of cata-
lysts and inhibitors. A number of compounds
such as sulfur dioxide, bisulfite, o-tocopherol,
ascorbic acid, and glutathione are known to in-
hibit N-nitrosation. Simple phenols and
polyphenolic compounds can decrease or in-
crease the rate of N-nitrosation reactions de-
pending on their structure and reaction condi-
tions, especially pH. Under acidic conditions,
certain phenolic compounds are known to com-
pete more efficiently for the available nitrite
than the amines. The inhibition of nitrosation
occurs in most cases because the nitrosating
agents are converted to innocuous products such
as nitric oxide, nitrous oxide, or nitrogen.!!!
Vegetable juices inhibit N-nitrosodimethyl-
amine formation to a certain degree, but lemon
juice was found to inhibit its formation to the
greatest extent. The inhibition of N-nitro-
sodimethylamine formation by a solution con-
taining the same amount of ascorbic acid as that
of the lemon juice was 0.6%, suggesting that an-
other compound is responsible for the inhibi-
tion.* Ascorbic acid (vitamin C), tocopherol (vi-
tamin E), and erythorbic acid (isoascorbic acid)
are used routinely in meat curing, primarily to
speed up the curing process.’*%197 Ascorbic and
erythorbic acids have the disadvantage of being
water soluble, whereas nitrosation occurs prima-
rily in the lipid phase.* Tocopherols have the
disadvantage that they are lipid soluble and,
hence, difficult to disperse in an aqueous cure
pump mix. Tocopherol can be coated onto the
salt, when salt dissolves in the brine, a fine sus-
pension of tocopherol results.

Temperature influences nitrosamine forma-
tion in food that is rich in amines and nitrites.>*
The methods used for heating also have an influ-
ence. Cooking by broiling and frying, for ex-
ample, generates a higher level of nitrosamine
than boiling and microwave heating.?® Cooking
can also generate additional amine precursors to
contribute to preformed nitrosamines in foods.>!
Smoked products have a higher level of nitro-
samines due to the high temperatures and the
components of smoke.**” Interest has been fo-
cused on cured meats because the potential for
nitrosamine formation would be greatest in

foods to which nitrite had been added, and be-
cause the ingestion of nitrite might lead to the
formation of nitrosamines in the stomach. Nitro-
samines have been found consistently in bacon
only after it has been fried. Fried bacon contains
two or three volatile nitrosamines, N-nitro-
sopyrrolidine and N-nitrosodymethylamine, N-
nitrosothiazolidine at lower levels, as well as
nonvolatile nitrosamine (e.g., N-nitrothiazoli-
dine carboxylic acid) in lower concentration and
less frequently. When bacon is fried, nitrosating
agents cannot be extracted from the raw or fried
out fat, but the nitrogen oxides formed from the
added nitrite react with the unsaturated lipids
during the curing process to form compounds
that can decompose during frying to form
nitrosating agents (e.g., NO, NOz, N203).
N-nitrosamine formation occurs primarily in
the lipid phase of bacon and can be effectively
inhibited by lipophilic free-radical scavengers.
This implies a free-radical mechanism that may
not be a direct transfer of a nitroso group be-
tween the nitrosating agent and the amine.' The
nitro-nitroso compounds demonstrated the
greatest capacity for N-nitrosation. Nitrogen di-
oxide can also react with unsaturated fatty acids
to form uncharacterized nitrosating agents.”
Dinitrogen trioxide (N203) easily reacts with
methyloleate to form several additional prod-
ucts, some of which are capable of N-nitrosation
under conditions similar to frying bacon.!®! Sev-
eral factors influence nitrosamine formation in
fried bacon, including the age and fat content of
the bacon when cooked, the amount of nitrite
used in the cure, the presence of nitrosation in-
hibitors, and the temperature of frying. The older
the raw belly bacon, the greater protein break-
down is to secondary amines. Bacon with higher
fat content tends to produce more nitrosamines
when fried. In general, bacon that is fried at
lower temperatures contains less nitrosamines,
even if it is cooked well done. When bacon is
prepared in a microwave oven, it contains less
nitrosamine than when it is fried because of the
lower temperature. Nitrosamines have not been
found routinely in other meats, even when fried.
This is because most cured meats, with the ex-
ception of bacon, are not fried to complete dry-



ness. The volatile nitrosamines formed in other
meat products are carried off with the water va-
por during the frying process.*

Other factors such as age of food, storage, and
processing may affect the amount of amine pre-
cursors available. In the Turkish fermented sau-
sage, sucuk, nitrite concentration decreased in
all raw samples during storage for up to 10 days.
Nitrosamines were not detected in either raw or
cooked sucuk made with 150 ppm nitrite. Raw
samples made with 200 ppm nitrite contained
0.015 ppm N-nitrosodiethylamine and 0.057
ppm N-nitrosodimethylamine; however, no nit-
rosamines were detected in cooked samples of
sucuk made with 200 ppm nitrite. Sucuk made
with 300 ppm nitrite was free from nitrosamines
before cooking, fried samples contained up to
0.034 ppm N-nitrosodiethylamine, and grilled
samples contained up to 0.011 ppm N-nitro-
sodiethylamine.?*

Amines have been historically associated
with fish and fish products with respect to dete-
rioration of quality. These amines increase the
likelihood of nitrosamine formation in the pres-
ence of nitrite in curing fish. With fresh fish,
cooking increased or caused N-nitrodimethyl-
amine to be formed where none was present
originally. This effect was more pronounced
with salt-dried seafoods, especially when they
were broiled with gas. The concentration of
amines present, particularly dimethylamine, a
potential precursor of N-nitroso dimethylamine,
varies with the fish species and other factors.?!
Other fermented foods in which nitrosamines
have been detected are alcoholic beverages such
as brandy, vodka, red wine, and vermouth,? as
well as Bulgarian hard and semihard cheeses.®

Noncured Products: Beer

There are many studies on the presence of ni-
trosamines in beer or in hops, malt, and brewing
material.5456116129.131 The presence of nitrogen
oxides (NOx) in the air in malt kilns may result in
the formation of dimethylnitrosamine in the
malt, and carryover of nitrosamine into the
beer.** During the malt drying by the direct-fire
kilning process, N-nitrosodimethylamine is pro-
duced. Oxides of nitrogen formed from combus-
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tion become incorporated into the drying air,
where they react with amines in the malt. In re-
sponse to these findings, the malting industry
significantly reduced N-nitrosodimethylamine
formation in the process by converting to indi-
rect-fire kilns and/or by introducing sulphur di-
oxide during kilning.!% Hordenine and gramine,
tertiary amine alkaloids that are biosynthesized
from tyrosine in malt, have been demonstrated
as amine precursors for N-nitrosodimethyla-
mine® (Figure 6—4).

Nitrosamines can also rise to dangerous levels
in drinking water,’%’2 snuff of tobacco,®® and
nicotine chewing gum 3¢

Health Effects

Quite large quantities of nitrate are ingested
daily with food, particularly from vegetables
and, locally, from drinking water. Epidemiologi-
cal studies have demonstrated a correlation be-
tween the concentration of nitrate in potable wa-
ter and the death rate due to stomach cancer.??
There is very little nitrate in meat; the same is
generally true of meat products. In an overall
balance sheet for human nitrate ingestion, meat
and meat products play only a subordinate role.
As far as nitrite is concerned, however, it is
known to have a harmful effect on the human
organism. By attaching itself to hemoglobin, the
blood pigment, nitrite blocks oxygen supplies in
the body. In the 1920s, nitrite was still freely
used, added in the wrong dose or inadvertently
confused with common salt. As a result of this
erroneous application, people died by ingesting
nitrite from cured meat products. Because of
this, the nitrite regulations were issued at the be-
ginning of the 1930s, banning the use of pure ni-
trite in cured meat products. Since then, its use
has only been permitted in a mixture with com-
mon salt. The curing of meat products became a
subject of further concern in the 1970s, however,
when it became known that nitrosamines are
sometimes produced in meat products and can
be harmful to human health.

Most nitrosamines are very carcinogenic. The
quantity of nitrosamine produced in meat prod-
ucts is variable. But even doses of carcinogenic
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or toxic substances that lie below the threshold
may contribute to ill health by their cumulative
effects. This should be remembered when curing
salt is used. Even residues involving only a
slight risk from the toxicological point of view
should be regarded as undesirable and avoidable
in meat and meat products. It has only been in ex-
ceptional cases that tests have been made to deter-
mine to what extent a foreign substance is reab-
sorbed in the human gastrointestinal tract after
being bound to muscle protein or animal fat. Sub-
stances that have a close binding affinity to mac-
romolecular structures (e.g., ribonucleic acids,
proteins) are likely to be reabsorbed only incom-
pletely after ingestion with a full mixed diet.
This means that low “secondary” bioavailability
is a further safety factor for the consumer.*?
Epidemiological studies do not produce hard
experimental data that prove specific cancer-
causative factors. Rather, they provide associa-
tion hypotheses or “risk factors” for further
study. It is well known that nitrosamines are a
broad class of compounds that are formed from
the nitrosation of substituted amides, urea, car-
bamates, and guanidine.’* The nitrosamides are
direct active carcinogens, meaning that the acti-

vation is nonenzymatic, occurring by spontane-
ous hydrolysis. Bioactivation of nitrosamines,
on the other hand, occurs through an initial 2-
hydroxylation, catalyzed by cytochrome P450
(Figure 6-5). This distinction between these two
classes of N-nitroso compounds correlates with a
tendency for nitrosamides to produce tumors at the
initial organ exposed (e.g., stomach), whereas nit-
rosamines can initiate tumors at distal sites. Ap-
proximately 300 different N-nitroso compounds
have been evaluated for carcinogenicity, and more
than 90% have been found positive.®

Human exposure to nitroso compounds oc-
curs through three main routes.

1. Exogenous levels in foods. These are usu-
ally nitrosamines, as the nitrosamides tend
to be unstable. The formation of nitro-
samines in foods occurs through the reac-
tion of secondary or tertiary amines with a
nitrosating agent (commonly, nitrous an-
hydride), which in turn is formed from so-
dium nitrite added to a number of foods as
a preservative and color enhancer.

2. Tobacco smoke. Tobacco smoke contains
tobacco-specific nitrosamines, which
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have been implicated in the etiology of
cancers associated with smoking.’® The
U.S. National Academy of Sciences®! esti-
mated that exposure of smokers to volatile
nitrosamines through cigarette smoke (17
ng/day) is two orders of magnitude higher
than the estimated dietary exposure due to
ingestion of food with the highest nitro-
samine level (fried bacon, 0.17 ug/day). In
fact, foods as sources of human exposure
to nitrosamines were ranked lower than ei-
ther automobile interiors (0.5 pg/day) or
cosmetics (0.41 pg/day).

3. Endogenous formation in the acidic envi-
ronment of the stomach. Vegetables con-
tain high levels of nitrate, whereas dietary
nitrite comes primarily from cured meats.
However, the dietary contribution of ni-
trite is small compared to the conversion
of nitrate to nitrite by microorganisms of
the gastrointestinal tract.

In order to control the possible health risks of
preservatives, it is of primary importance that
the consumption of preservatives in foods must
be in accordance with the acceptable daily intake
based on the highest intake that does not give
rise to detectable adverse effects. The values are
often derived from studies with laboratory ani-
mals and a safety factor is then applied to the
highest level at which no adverse effect is ob-
served. Exposure to food preservatives is un-

likely to be constant and will change in the fu-
ture as a consequence of technological develop-
ments in the food industry and changes in di-
etary habits. There will therefore be a continuing
need to update exposure data to monitor the ef-
fects of these developments on preservative in-
takes. The formation of carcinogenic N-nitro-
samines from the administration of nitrite and
secondary amines in animal studies only occurs
at nitrite levels that are far in excess of the di-
etary intakes that humans are exposed to. In the
United Kingdom, the Scientific Committee for
Food has recommended that nitrate should not
be used as an additive in infant foods in view of
the acute effect of infantile methemoglobinemia.
Although the nitrate anion is chemically very
stable, it is readily reduced microbially to nitrite;
approximately 5% of ingested nitrate is so re-
duced to nitrite. In practice, however, epidemio-
logical investigations have failed to demonstrate
an unequivocal link between nitrate exposure
and cancer.”

Conclusions

Nitrite is one of the most important food ad-
ditives from both an economic as well as a tech-
nical standpoint. The addition of nitrite changes
perishable meats and fish into unique cured
products such as bacon and ham, which have
desirable flavor and appearance characteristics
and longer shelf life. It also protects these prod-
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ucts against the deadly food-borne bacterium,
C. botulinum.

The correct use of nitrite in bacon results in
the occurrence of very low levels of nitro-
samines, which at higher levels have been
shown to be carcinogenic in laboratory animals.

Beverages such as beer also contain volatile
nitosamines. Through modifications in the pro-
cessing and use of chemical inhibitors, and the
addition of lactic starters to meat products, the
food industry has substantially reduced the con-
tent of volatile nitrosamines in human food.
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CHAPTER 7

Microbiological Hazards and
Their Control: Bacteria

R. R. Beumer

INTRODUCTION

The inactivation or inhibition of undesirable
microorganisms is an essential part of food pres-
ervation. Foods can be made safe by treatments
such as pasteurization or sterilization (e.g., milk,
cooked meat products, and canned foods), or
they may possess intrinsic properties that con-
tribute to safety, such as structure, low pH, and/
or low water activity (Aw) (e.g., fruit, pickles,
and honey). One further way of improving shelf
life and safety, through the use of a competitive
microbial flora, is widely employed in the pro-
duction of fermented milks, vegetables, meat,
fish, and grains, giving products with changed
composition and taste as well as a prolonged
shelf life. It is estimated that approximately 30%
of our food supply is based on fermented prod-
ucts,*® though not all fermented foods are uni-
versally accepted. The modified sensory proper-
ties in some fermentation products are
acceptable only in certain regions; elsewhere,
they would be considered spoiled or unpalatable.

Fermented foods have generally been consid-
ered as less likely to be vehicles for food-borne
infection or intoxication than fresh foods due to
the competitive activity and metabolites of the
functional flora* (see Chapter 2). All raw mate-
rials used in fermentation processes, such as
fruits, vegetables, meat, fish, milk, and eggs, can
harbor pathogenic bacteria.®® Depending on the
type of fermentation (e.g., lactic acid, alcoholic,
or mold), these pathogens may be (partly) elimi-
nated or their growth inhibited by the antibacte-

141

rial substances that are produced (e.g., lactic
acid, acetic acid, alcohol). To ensure a satisfac-
tory fermentation and to control the growth of
food-borne pathogens, the use of specific start-
ers is often recommended.

In this chapter, the safety of fermented products
will be discussed in relation to the pathogenic bac-
teria; Aeromonas hydrophila, Bacillus cereus,
Campylobacter, Clostridium botulinum, Escheri-
chia coli O157:H7, Listeria monocytogenes, Sal-
monella spp., Shigella, Staphylococcus aureus,
Vibrio spp., and Yersinia enterocolitica.

OUTBREAKS RELATED TO
FERMENTED PRODUCTS

A great part of food-borne disease is prevent-
able. In addition to good manufacturing prac-
tices (GMPs) and the Hazard Analysis Critical
Control Point (HACCP) system, domestic hy-
gienic practices have a key role to play in pre-
venting infection.>!252 Most food-bome diseases
are attributed to the consumption of, or cross-
contamination from, raw or undercooked food
products (e.g., vegetables, sprouts, shellfish, and
poultry), in many cases with an extended period
between preparation and consumption.!4

The antibacterial factors that are present in
fermented foods may affect both the growth and
the survival of bacterial pathogens that are
present in a raw material. In most fermented
foods, the inhibition of growth is more common
and can often ensure safety where levels of con-
tamination are low. But with infectious patho-
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gens, particularly those with a small minimum
infectious dose, some degree of inactivation may
be necessary to provide an acceptable level of
safety. So, although fermented foods are gener-
ally considered to be safe, process failures and
contaminated raw materials have resulted in
their being involved in food-borne illness. For
example, several outbreaks of illness have been
attributed to the consumption of fermented sau-
sages contaminated with S. aureus and Salmo-
nella spp.,”® and emerging pathogens, such as L.
monocytogenes and E. coli O157:H7, have been
identified as causative organisms in outbreaks
involving fermented products such as sausages,
cheeses, and yogurt.®27:47

These outbreaks have raised questions regard-
ing the safety of fermented food products and
have prompted studies using artificially con-

taminated raw materials to identify critical con-
trol points (e.g., fermentation pH, final heating
temperature, heating time) and critical limits
(e.g., pH 4.6, 55 °C for 20 minutes) that can be
integrated into an HACCP plan to ensure safe
products.?

BACTERIAL PATHOGENS OF
CONCERN IN FERMENTED
PRODUCTS

There is extensive literature describing the
limits for the growth of bacterial pathogens.
Some of the data relevant to fermentation pro-
cesses are summarized in Table 7—1,5! and a few
key features of these organisms are presented in
the following paragraphs.

Table 7-1 Limits for Growth of Some Common Bacterial Pathogens

Minimum Aw
Organism Minimum pH Minimum Temperature (Max % NaCl)
Aeromonas hydrophila <45 >0.0,<4.0 -
(5-6%)
Bacillus cereus 5.0 4.0 0.93
Campylobacter 4.9 30.0 > 0.987
(1.5%)
Clostridium botulinum
Group 1: Proteolytic 4.6 10.0-12.0 -
Group 2: Nonproteolytic 5.0 3.3 (10%)
(5%)
Escherichia coli 4.4 7.0-8.0 0.95
Listeria monocytogenes 4.4 -0.4 0.92
Salmonella 3.8 5.2* 0.94
Shigella 4.9-5.0 6.1-7.9 -
(3.78-5.18%)
Staphylococcus aureus
Growth 4.0 7.0 0.83
Toxin production 4.5 10.0 0.87
Vibrio cholerae 5.0 10.0 0.97
(4.0%)
Vibrio parahemolyticus 48 5.0 0.94
(10%)
Yersinia enterocolitica 4.2 -1.3 -
(> 5%,< 7‘%)

*Most serotypes fail to grow below 7 °C.



Aeromonas

Aeromonas are facultatively anaerobic, Gram-
negative rods (belonging to the Vibrionaceae)
that are found in water (including sewage) and in
food products that have been in contact with
contaminated water (e.g., seafood, vegetables).
Some species are well known as fish pathogens;
others are human pathogens. 4. hydrophila
seems the most important species; however, its
significance in the epidemiology of human ill-
ness is still unclear. Symptoms associated with
infection include diarrhea, abdominal pain, and
headache, and are more severe in children.585!

Aeromonas do not appear to be a serious risk
in well-produced fermented foods. The addition
of Aeromonas to skim milk during lactic fermen-
tation,*’ to yogurt,® and to two traditional fer-
mented foods (mahewu and sour porridge) re-
sulted in a sharp decrease in numbers.®
However, microbiological examination of
homemade fermented sorghum porridge*' and
industrially produced fermented sausages
(longaniza and chorizo) showed its presence in
numbers ranging from 1.0 logio cfu/g to 4.5 logio
cfu/g. It was concluded that the hygienic status
of factories significantly affected the incidence
and counts of Aeromonas.?*

Campylobacter

Campylobacter species are micro-aerophilic,
Gram-negative curved or spiral rods belonging
to the Campylobacteriaceae. Members of this
genus have been associated with disease in ani-
mals for many years. From 1970, the thermo-
philic campylobacters (growth from 30—45 °C)
have been recognized as important food-borne
pathogens; they are now the most common cause
of gastroenteritis in many developed countries.
C. jejuni, C. coli, and C. lari are responsible for
more than 90% of the human illness caused by
campylobacters, which are normally character-
ized by profuse diarrhea and abdominal pain
three to five days after consumption. Diarrthea
can often be bloody, and more serious sequelae
such as reactive arthritis and Guillain-Barré syn-
drome have also been reported.!
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Enormous numbers of campylobacters may
be found in the gut of chickens (and other birds)
and pigs. C. lari is often found in seagulls and, as
a consequence, in shellfish.>+¢! Raw milk and
poorly cooked poultry products are most fre-
quently involved in outbreaks, and cross-con-
tamination from raw poultry to ready-to-eat
products may also be an important factor in
transmission. Although the infective dose of
Campylobacter is relatively low (approximately
500 cfu), Campylobacter transmission by fer-
mented foods is probably not significant. They
do not grow below 30 °C and are sensitive to
freezing, drying, low pH, and sodium chloride,
and so would not survive well in fermented
foods. This has been confirmed by artificial con-
tamination of fermenting products such as
salami, weaning foods, and yogurt, which re-
sulted in a rapid decrease in numbers.3%444¢

Vibrio spp.

Vibrios are facultatively anaerobic, Gram-
negative bacteria belonging to the family of the
Vibrionaceae, and are commonly found in
aquatic environments.

V. cholerae includes the true cholera-producing
bacteria (“classic” and “El Tor” biovars) and the
so-called “non O1 strains,” which lack the somatic
“0O1” antigen and produce a less severe gastroen-
teritis. Cholera has been known since ancient
times and is still a disease of worldwide signifi-
cance. The organism is commonly isolated from
river waters and coastal marine waters and, as a
consequence, from shellfish and other marine ani-
mals,®'7! but its transmission by fermented fish
products has not been reported. The use of con-
taminated water for washing or irrigation may in-
troduce the pathogen onto vegetables. Refriger-
ated or frozen storage of contaminated food
products will not ensure safety because of the
good survival of vibrios at low temperatures.!®

V. parahaemolyticus is a halotolerant patho-
gen that is commonly found in marine coastal
waters in warm water regions. Fish and shellfish
are usually associated with outbreaks caused by
this pathogen, as are, to a lesser extent, salt-pre-
served vegetables. 18 61
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V. vulnificus is very similar to V. parahaemo-
Iyticus but differs from the other pathogenic,
halotolerant vibrios in that diarrhea is not a com-
mon symptom of infection. V. vulnificus is
highly invasive, causing septicemia. Illness is
clearly associated with liver diseases such as cir-
rhosis and hepatitis. The majority of cases of ill-
ness have been reported after the consumption of
raw shellfish, in particular, raw oysters.33 ¢!

Vibrios are not acid tolerant and lactic acid
bacteria (LAB) isolated from fermented fish
products inhibited both V. cholerae and V.
parahaemolyticus, indicating that the antibacte-
rial activity of the functional flora is important in
ensuring the safety of fermented fish products.
This has also been observed in pickled foods and
squid shiokara that were artificially contami-
nated with V. parahaemolyticus.’>™

E, coli O157:H7, Salmonella spp., Shigella
Spp., and Y. enterocolitica

All members of the Enterobacteriaceae family
are facultatively anaerobic, oxidase-negative,
Gram-negative rods that are capable of ferment-
ing glucose. Some are known pathogens, such as
E. coli (especially E. coli O157), Salmonella,
Shigella, and Yersinia, and a great part of the
family, including the food-borne pathogens, are
components of the fecal flora of animals. As a
result, the whole family or parts of it (coliforms
and E. coli) are used as hygiene indicators for
processed foods.

E. coli O157:H7

On the basis of virulence factors and disease
patterns, human pathogenic E. coli strains are
classified in the following principal groups:

» Enteropathogenic E. coli (EPEC), acute
watery diarrhea; young children particu-
larly susceptible

+ Enterotoxigenic E. coli (ETEC), acute wa-
tery diarrhea (often in travelers)

* Entero-invasive E. coli (EIEC), dysentery-
like syndrome

» Enterohemorrhagic E. coli (EHEC), bloody
diarrhea syndrome

Within the EHEC-group, E. coli O157:H7 is
the organism that is isolated most frequently in
cases of hemorrhagic colitis (HC) and hemolytic
uremic syndrome (HUS). Because this pathogen
is relatively acid resistant, it is less affected by
fermentation and can be of concern in fermented
foods such as yogurt and fermented sau-
sages.22254361 Several food-bome outbreaks of
E. coli have been reported in recent years, in-
clhiding some involving fermented meats and
Cheeses.l7’63’64’67‘69

Salmonella

Salmonella is often found on raw meat (poul-
try) and is widely distributed in the environment
and universally recognized as an important
cause of food-borne infections. Salmonellas are
present in the gut of contaminated animals (and
humans) and are shed in the feces. As a result, a
great variety of raw materials can be contami-
nated with this pathogen. Illness is characterized
by diarrhea, abdominal pain, and fever generally
6—48 hours after consumption of the organism.!
Meat, milk, poultry, and eggs are the principle
vehicles for Salmonella transmission, and fer-
mented foods derived from these materials, such
as salami and cheeses, have occasionally been
associated with outbreaks of iliness. Recently,
acid-resistant strains of Salmonella have been
implicated in food-borne outbreaks,*>¢! which
led to many studies on the fate of salmonellas
inoculated in fermenting products such as finger
millet,* Siljo,?! and fermented sausages.?33347.62

Shigella

Shigella is closely related to E. coli (DNA ho-
mology and biochemical pattern). Shigellas are
not natural inhabitants of the environment but
originate from humans and higher primates in
the acute phase of illness. Both person-to-person
infections (due to poor personal hygiene) and the
consumption of contaminated water or foods
washed with contaminated water give rise to dis-
tinct symptoms of the disease, such as bloody



diarrhea. In some countries, shigellas are epi-
demic.®' Artificial contamination of products
with low pH values (< 5.0) results in a rapid de-
crease in numbers of shigellas, suggesting that
most acid-fermented foods will not be signifi-
cant as vehicles for this type of infection.*!->3

Y. enterocolitica

Y. enterocolitica is a widely distributed
psychrotrophic bacterium. Certain serotypes
(0:3, 0:5,27; 0:8, and O:9) present in raw milk,
seafood, and raw pork have been associated with
food-borne infections. The tonsil area of pigsisa
unique ecological niche with a high incidence of
Y. enterocolitica. Gastroenteritis is the most
common symptom; however, sometimes illness
is also characterized by fever and abdominal
pain (resembling appendicitis). In some cases,
this has led to surgery.®! There are relatively few
outbreaks reported with this pathogen; however,
in many of these, milk was the incriminated
product. The behavior of Yersinia has been stud-
ied in fermenting milk*’ and yogurt.!! During the
first few hours of the fermentation, growth was
observed, followed by a reduction below the de-
tection level after fermentation and storage for
four days.

B. cereus

B. cereus is an aerobic, Gram-positive spore-
forming rod (belonging to the Bacillaceae) that
can cause both food-borne infection (character-
ized by diarrhea) and intoxication (vomiting af-
ter ingestion of the toxin cereulide). As a spore
former, this bacterium is ubiquitous and may be
found in cereals and their products, such as rice
and flour, and spices. Small numbers in foods
are not considered significant.®' The behavior of
B. cereus was studied in fermenting products
such as mageu, a sour maize beverage;'> kinema,
a fermented soya bean food;* tempeh;>' salads;!?
and fish sausage.’ In all cases, initial growth was
observed, but in products where pH decreased
due to the growth of LAB, subsequent inhibition
occurred that was correlated to the rate of de-
crease in pH. In products without a lactic acid
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fermentation (e.g., tempeh), numbers reached
108 cfu/g. However, if the soya beans were
soaked, resulting in acidification of the beans to
pH less than 4.5, the growth of B. cereus was
prevented.’! Interestingly, food-borne illness has
also been associated with other Bacillus species
such as B. subtilis, B. licheniformis, and B.
pumilis, and strains of many of these are associ-
ated with the production of fermented vegetable
protein products such as Japanese natto, Nige-
rian iru (dawadawa), Indian kinema, and Thai
thua-nao, but, as far as we are aware, there have
not been any recorded outbreaks of illness asso-
ciated with them.

C. botulinum

C. botulinum is an anaerobic, Gram-positive,
spore-forming rod (belonging to the Bacil-
laceae). Food-borne botulism is a neuroparalytic
syndrome caused by the botulinum neurotoxin
that is produced by vegetative cells of C. boruli-
num growing in food. This bacterium is ubiqui-
tous, and spores are widely distributed in the soil
and on the shores and bottom deposits of lakes
and coastal waters, and in the intestinal tract of
fish and animals.! The human pathogens are
classified into proteolytic and nonproteolytic
strains; the former being slightly more acid tol-
erant and mesophilic, whereas the latter can
grow down to 3.3 °C. Most outbreaks of food-
borne botulism have been caused by home-pro-
cessed vegetables, fish, or meat products.”® Al-
though C. botulinum spores are present in most
raw agricultural products, the number of out-
breaks is relatively small, usually occurring after
inadequate processing. Nitrite inhibits C. botuli-
num and is an important safety factor in the pro-
duction of cured and fermented meats. In Japan,
botulism caused by nonproteolytic strains pro-
ducing type E toxin is often associated with the
consumption of izushi, which is made by the
natural fermentation of raw fish and cooked
rice.’? The largest recorded outbreak of food-
borne botulism in the United Kingdom was asso-
ciated with the consumption of contaminated
hazelnut yogurt, but in this case, production of
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the toxin had occurred in the hazelnut puree that
was added to the yogurt rather than in the yogurt
itself (see also Chapter 5).%

S. aureus

S. aureus is a facultatively anaerobic, Gram-
positive coccus belonging to the Micrococ-
caceae. It can produce several heat-stable en-
terotoxins that, after ingestion of the food, may
cause food poisoning with symptoms of nausea
and vomiting. The production of staphylococcal
enterotoxins occurs mostly in food products that
are rich in proteins with a low number of com-
petitive microorganisms (e.g., whipped cream,
cooked meat products, smoked fish). S. aureus is
present on the skin and mucous membranes of
warm-blooded animals (including humans). Ap-
proximately 50% of the human population are
carriers of this pathogen. Contamination of
cooked or ready-to-eat food products by a colo-
nized person followed by storage for several
hours at ambient temperatures is often impli-
cated in outbreaks of illness.®! The organism is
relatively salt tolerant and will produce toxin
down to pH values of 4.5. Fermented sausages’
and, to a lesser extent, raw milk cheeses?33¢have
been associated with outbreaks of illness, al-
though the organism is generally regarded as a
poor competitor and its growth in fermented
foods is generally associated with a failure of the
normal flora.>

L. monocytogenes

L. monocytogenes is a facultatively anaerobic,
Gram-positive rod. Species of Listeria are ubiqg-
uitous and potential food contaminants, but only
L. monocytogenes is a human and animal patho-
gen. Approximately 30% of cases of listeriosis
are perinatal, and in 20-25% of the cases, infec-
tion proves fatal for the fetus or newborn. Most
other cases of listeriosis occur in immunocom-
promised persons, with a death rate varying
from 30% to 50%.°!

Due to its widespread occurrence in the envi-
ronment, this pathogen can be harbored in low
numbers by practically all raw food products,

and processed foods can be contaminated from
the production environment. L. monocytogenes
is able to grow at refrigeration temperatures, so a
considerable increase in numbers is possible in
contaminated products with a long shelf life
(e.g., cooked meat products, smoked salmon).

Fermented products such as sausages and soft
mold-ripened cheeses have been associated with
listeriosis.?¢3® The organism is not particularly
acid tolerant, but where mold ripening occurs in
a fermented product, the rise in pH can allow
surviving Listeria to resume growth, causing
problems to occur.

PRESENCE OF PATHOGENS IN RAW
MATERIALS

Bacteria can enter raw materials or food prod-
ucts at various stages in the food chain. Primary
production is a major source of both spoilage
and pathogenic organisms. The primary con-
tamination of raw materials includes microor-
ganisms from soil, feces, surface water, and so
forth, and will also be influenced by conditions
of harvesting, slaughter, storage, and transport.
During food production, the extent of secondary
contamination will be influenced by factory lay-
out, hygienic design of the equipment, personal
hygiene, water, air, (pest) animals, and packag-
ing material.1?

Many of the bacteria introduced into food are
of little concern. They are not well adapted to
survival or growth in the product or are easily
eliminated in further processing steps. However,
a certain proportion of bacteria may cause prob-
lems and are a good reason to try to keep the mi-
crobial load of raw materials as low as possible,
particularly for those products that reach the
consumer in a raw state (e.g., meat, poultry, sea-
food, eggs, and vegetables). Pathogen-free rais-
ing of livestock would reduce risk, but this is dif-
ficult and expensive to achieve. There is clearly
an urgent need for efficient and acceptable meth-
ods to decrease the numbers of spoilage micro-
organisms and pathogens from such products.
Ionizing radiation is very effective, but con-
sumer acceptance of this procedure is still a
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problem. Decontamination by a lacticaciddipor =~ EFFECT OF FERMENTATION
spray decreases the numbers of some pathogens PROCESSES ON THE SURVIVAL OF
on carcasses, although acid sprays appear to pro- BACTERIAL PATHOGENS

duce little reduction in E. coli (including E. coli
0157) and Salmonella.**% Food legislators in
many countries also have objections to this
method on the grounds that it may mask poor
hygiene or lead to the adaptation of microorgan-
isms to low pH.

Table 7-2 presents the relationship between
the pathogens discussed in this chapter and raw
materials used in fermentation processes.

It has been estimated that approximately 30%
of the human food supply is based on fermented
products. Raw materials used are vegetables
(e.g., cabbage, cucumber, olives), cereals (e.g.,
rice, maize, wheat), legumes (e.g., soybean),
fruit (e.g., grapes), meat (particularly pork), and
milk.'® From Table 7-2, it is clear that these raw
materials may be contaminated with usually low
numbers of some of the pathogens listed.

Inactivation, survival, and/or growth during and
after fermentation depends on intrinsic factors
(e.g., pH and Aw), extrinsic factors (e.g., storage
temperature and modified air packaging), implicit
factors (e.g., antagonism and the production of an-
tibacterial substances), and process factors (e.g.,
heat treatment), as well as the physiological char-
acteristics of the organisms themselves.

The effect of fermentation processes on the
survival of bacterial pathogens is discussed
more extensively in Chapter 2. Before the main
fermentation process starts, nonmicrobial pro-
cess factors such as peeling, washing, soaking,
and/or grinding may reduce the numbers of
pathogens present in food. Removal of the outer
layer (peeling) has the greatest effect, whereas
washing of the raw materials usually reduces to-
tal counts by 1 log cycle. Sometimes, a higher
reduction can be obtained by adding (organic)
acids or disinfectants; however, this procedure is
not allowed in all countries. Moreover, a major
disadvantage to adding acids or disinfectants is
the possibility of selecting strains adapted to low
pH or to disinfectants if concentrations are too
low to be detrimental.?76668 In particular, the
acid-adapted pathogens have shown better sur-
vival in fermented products.284

Processes such as mixing and grinding have
no lethal effect on bacteria. The only result of
these steps is a better distribution of cells in the
product and the separation of clumps of cells.

The main factors controlling the survival and/
or growth of food-borne pathogens are (low) pH,

Table 7-2 Raw Materials and the Presence of Some Food-borne Pathogens

Pathogen Meat Milk Vegetables & Fruit Fish & Shellfish
Aeromonas ++ + +++ ++
Bacillus cereus - ++ ++ -
Campylobacter +++ + - -
Clostridium botulinum ++ + ++ ++
Escherichia coli 0157:H7 ++ ++ + -
Listeria monocytogenes + + + +
Salmonella ++ + + +
Shigella - - + +
Staphylococcus aureus ++ ++ - -
Vibrio - - + +
Yersinia + + - _

+ = sometimes present (25%), ++ = likely to be present (25-50%), +++ = usually present (> 50%), and — = not likely to be found
in these products.
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Aw, heat treatment, and cold storage (see Chap-
ter 2). In Table 7-3, the effect of various fermen-
tation processes is shown on pH and Aw values
in the final products and the possible production
of specific antimicrobial substances.

It is generally accepted that in well-fermented
foods, the production of organic acids and a low
Aw (due to the addition of salt or drying) may
control the growth of pathogens in these prod-
ucts. However, in view of the values of pH and
Avwin the end products (Table 7-3), it can be con-
cluded that many food-borne pathogens, espe-
cially in products with relatively high final pH
values, can survive. They may even grow if the
Aw is also high enough. A critical point for the
growth of pathogens is the beginning of the fer-
mentation process, when the pH is still high and
the competitive effect of the functional flora is
low. Some alcoholic fermentations may be a
possible exception, where a low substrate pH
value may prevent pathogen growth.24

The abundance of literature on the inhibition of
food-bome pathogens by LAB in fermentation
processes is confusing. There are variations in the
types of products (e.g., a wide variety of sausages,
fermented milks, etc.) and considerable differ-
ences in protocols for growth and addition of the
pathogen, which makes comparison of the results
obtained by different researchers very difficult.

During fermentation, antimicrobial products
are produced (see Chapter 2). Most of these, in-
cluding organic acids, hydrogen peroxide, carbon
dioxide, diacetyl, and bacteriocins, are produced
by LAB. There is considerable evidence on the
antimicrobial activity of organic acids such as lac-
tic acid and acetic acid, but effective concentra-
tions of hydrogen peroxide, carbon dioxide, and
diacetyl are rarely present at levels sufficient to
make a major contribution to antibacterial activity.

The value of bacteriocins is limited by the fact
that they are usually only active against Gram-
positive cells, although theoretically this could
be overcome by the addition of chelating agents
such as Ethylenediaminetetraaceticacid, or
EDTA (see Chapter 2). In practice, it might be of
more advantage to concentrate on other factors
such as choice of raw materials and the use of
GMP and the HACCP concept.

THE CONTROL OF MICROBIAL
HAZARDS

Although many fermented foods are a less
likely vehicle for bacterial food-borne illness
than fresh foods, hygienic practices during fer-
mentation (especially in traditional household
fermentations), the possible use of contaminated
raw materials, and the low stability of these

Table 7-3 Effect of Various Fermentation Processes on the Survival and Growth of Food—borne

Pathogens
Type of Fermentation
Substrates pH Aw Antagonism*

Lactic acid fermentation

Meat, pork, poultry 4.5-6.0 0.85-0.99 B,H,C,D

Cabbage, vegetables <4.0-5.5 >0.96 B,H,C,D

Milk <4.0-55 > 0.96 B,H,C,D
Alcoholic fermentation

Grains 4.0-5.5 >0.96 E

Fruits <4.0 >0.96 E
Mold fermentation

Soybeans 4.0-5.0t >0.96 -

*By production of other substances than organic acids (e.g., bacteriocins (B), hydrogen peroxide (H), ethanol (E), carbon

dioxide (C), diacetyl (D), etc.).
tpH value after soaking, just before inoculation with spores



products compared with canned or frozen foods,
make control of microbial hazards necessary.
The following factors are of importance:

+ use of contaminated raw materials

» prevention of contamination (zoning,
cleaning, and disinfection)

+ poorly controlled fermentations, including
ripening (HACCP)

+ consumption without prior heating

The Use of Contaminated Raw Materials

The prevention of contamination of raw mate-
rials with pathogenic microorganisms should be
the goal of everyone involved in the preharvest
and postharvest phases of delivering products to
the consumer. This is a “mission impossible”
because pathogens are normally present in the
soil (and therefore on the surface of fruits and
vegetables), in surface water (which results in
contaminated fish and shellfish), and in the gut
of animals (causing contaminated products of
animal origin, such as milk and meat).

To minimize the risk of infection or intoxica-
tion, pretreatment of the raw materials might be
helpful. The simple practice of washing, for ex-
ample, removes a portion of the pathogens (up to
90%). Another possibility (not for raw meat) is
heat treatment (pasteurization) of the raw mate-
rials (e.g., milk). If pasteurization of the raw
materials is not possible, a postprocess pasteur-
ization might be necessary to eliminate patho-
gens in the final product. This type of
postprocess pasteurization is sometimes prac-
ticed with fermented sausages.

Zoning

Raw materials are the primary source of many
of the bacteria that are responsible for food-
borne infections and intoxications. But, bacteria
may also be transferred to food by the produc-
tion environment and personnel, either directly
or by cross-contamination through surfaces,
equipment, utensils, and/or hands that have not
been adequately cleaned and disinfected. Zon-
ing, that is, dividing the production area into
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“dry and wet” and/or “high, medivm, and low
care” areas, is useful in preventing product con-
tamination. The concept of hygiene zones was
initially applied to prevent Salmonella contami-
nation of very sensitive products such as milk
powder. Nowadays, zoning has evolved into a
complex set of measures including the layout
and design of equipment, air filtration, personnel
hygiene routes, and appropriate cleaning and
disinfection procedures. However, zoning is
only useful when it is applied logically and to the
appropriate degree.

Applied in fermentation processes, there
should be areas for

» the storage of the raw materials (low hy-
giene)

* the preparation of the raw materials, that is,
washing, cutting, and adding ingredients
(medium hygiene)

+ the fermentation of the raw materials (me-
dium hygiene)

» the filling of suitable packages (medium
hygiene)

« the storage of the final products (medium
hygiene)

An example of an area of high hygiene is the
room where starter cultures are prepared for the
lactic fermentation of milk. Here, a potential
danger is the infection of the cultures with bacte-
riophages. Zoning, the allocation of an area
strictly separated from the production process,
will help to prevent the introduction of bacte-
riophages in starter cultures. However, this will
be insufficient if it is not accompanied by other
preventive measures such as strict cleaning and
disinfection procedures and changing shoes
when entering the area. Changing shoes cannot
be replaced efficiently by covering shoes with
plastic covers (that often break) or by using shoe
disinfecting systems (improper disinfection due
to rapid inactivation of the disinfectant), which
can cause potentially contaminated wet areas
around the system.

It is not feasible to discuss zoning for all types
of fermentation processes here. In practice, zon-
ing should be embedded in HACCP studies and
must be acceptable and practicable for all indi-
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viduals. Zoning should be introduced after ad-
equate training so that personnel know why zon-
ing is important and are motivated to follow its
requirements.

Cleaning and Disinfection

Inadequate cleaning and disinfection can lead
to reduced food quality, resulting in more rapid
food spoilage and greater risk of food-borne dis-
eases. Moreover, in food spills (pathogenic) mi-
croorganisms might adapt to extreme conditions
such as low pH, giving them the opportunity to
survive and/or grow in the final product.

Cleaning and disinfection are two separate but
closely related concepts. Cleaning is removing
dirt and a proportion of the microorganisms
present; disinfection is treating the surfaces in
such a way that the remaining microorganisms
are killed or reduced to an acceptable level.
Cleaning should be done first; otherwise, the
subsequent disinfection will be less effective.

HACCPs

After zoning has been introduced as part of
the prevention plan, attention should be paid to
the presence and behavior of pathogens in raw
materials, the fermentation process, the final
product, and the production environment. Mi-
crobiological investigation estimating the pres-
ence and numbers of pathogens and spoilage or-
ganisms in raw materials and food products
forms an important part of control programs for
ensuring the safety and quality of food products.
Until recently, microbial counts were an impor-
tant though ineffective method for assessing
food quality. Nowadays, food safety systems
have been introduced based on HACCPs, in
which control is exercised throughout the pro-
cess itself.

An HACCP study will provide information
concerning critical control points (CCPs), that is,
raw materials, locations, practices, procedures,
formulations, or processes where measures can be
applied to prevent or minimize hazards.*

It is outside the scope of this contribution to
identify all CCPs for known fermentation pro-
cesses. In general, raw materials (contaminated
with pathogens), the fermentation process (time
to reach final pH, Aw, and final pH), storage and
preparation of starter cultures, and heat treat-
ment (of raw materials or of the fermented prod-
ucts) are the most important CCPs.

An HACCP study will not result in control
measures that eliminate all safety problems, but
it will provide information that can be used to
determine how best to control the remaining
hazards. It is then up to management to use that
information correctly. If control procedures fol-
low clearly established rules, inspectors can
have greater confidence in food producers. Gov-
ernments are also more able to accept the re-
sponsibility taken by industry because they can
understand why and how controls are made.
This has been recognized internationally, and
the application of HACCP principles is recom-
mended by the Codex Alimentarius Commis-
sion and is mandatory in many countries. In its
present format, the application of HACCP prin-
ciples is best suited to industrial food process-
ing; small-scale producers of fermented foods,
especially in nondeveloped countries, will have
greater difficulty following this route. Relatively
simple hygiene codes, based on HACCPs, could
inform food handlers and households about ap-
propriate fermentation techniques*®-2 (see Chap-
ters 3 and 12).

Quantitative Risk Assessment

In many cases, the concept of HACCPs is
used in only a qualitative way. By the implemen-
tation of quantitative risk analysis (QRA) in ex-
isting HACCP systems, a more quantitative ap-
proach is possible. A smart, stepwise, interactive
identification procedure for food-borne micro-
bial hazards has been developed by van Gerwen
& Zwietering.? This procedure is based on three
levels of detail ranging from rough hazard iden-
tification via detailed to comprehensive hazard
identification. At first, the most relevant prob-
lems are identified before focusing on less im-
portant problems.



* The first level (rough hazard identification)
selects pathogens that were involved in
food-borne outbreaks with the product in
the past. These data can be found in the lit-
erature, although not all outbreaks are re-
ported, particularly in nondeveloped coun-
tries, and in many cases or outbreaks, the
causative organism or the food vehicle is
not identified.

» The second level (detailed hazard identifi-
cation) selects pathogens that were re-
ported to be present on the raw materials
and ingredients used in the product. The
greater part of these data can be found in
the literature.

+ The last level (comprehensive hazard identi-
fication) selects all (human) pathogens as
hazardous, including pathogens that unex-
pectedly recontaminate the product. In this
step, it is possible to estimate the effect of
unexpected hazards (i.e., emerging patho-
gens, or pathogens that adapted to or are re-
sistant to intrinsic factors of the product, such
as acid-resistant Salmonella). Possible future
problems can be anticipated in this way.

After this type of hazard identification,
knowledge rules should be used to reduce the
probably long list to a manageable list of the
pathogens that are most likely present in the fi-
nal product.

The following three types of rules are used.

1. Selection of pathogens that are present or
able to survive in the end product (e.g., re-
moval from the list of vegetative patho-
gens present in a product that will un-
dergo pasteurization). Survival after
pasteurization due to inappropriate time/
temperature combinations and post-
process contamination are not included in
this rule. This should be ascertained by
GMP and HACCP analysis.

2. Selection of pathogens that are likely to
cause problems. Pathogens that are very
rarely transmitted are not likely to cause
health problems and can be removed from
the list.
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3. Selection of pathogens that are able to
grow or produce toxin in the product. Esti-
mation of capacity to grow is based on the
maximum and minimum growth tempera-
ture, pH, and Aw. Other growth-determin-
ing factors such as the presence of preser-
vatives and natural antimicrobial systems
are not taken into account.

The knowledge rules can only be applied ap-
propriately by experienced microbiologists as-
sisted by the use of literature and/or models pre-
dicting the growth or inactivation of pathogens.

Simplified Identification Procedure for
Food-Borne Microbial Hazards in
Fermented Sausage

Food Science and Technology Abstracts (ret-
rospective 1969-1989 and current 1990-1999)
were used as a database for the first levels of
hazard identification. The results are presented
in Table 7—4. With the rough hazard identifica-
tion, only three pathogens (E. coli O157:H7,
Salmonella, and S. aureus) involved in outbreaks
were found. The ingredients used in this product
are meat (pork, beef), pork backfat, salt, nitrate,
and spices (pepper). With a detailed hazard iden-
tification for the raw materials, all pathogens
listed in Table 7-2 are selected, even some
pathogens that are indicated as not likely to be
present (e.g., B. cereus). This is because the se-
lection for Table 74 was based on literature
data for the presence of these pathogens (even in
low numbers). Table 7-2 only presents informa-
tion if there is a strong or a weak relationship
between the pathogen and the raw material.

Applying type 1 knowledge rules (survival of
pathogens in the end product) only results in the
removal of Campylobacter. This pathogen will
not survive fermentation processes due to the
low pH. Using type 2 rules removes B. cereus,
Shigella, and Vibrio. These pathogens are of
little concern in fermented sausages because
growth at low pH is not possible (B. cereus and
Vibrio spp.), or because the presence in the raw
materials is only accidental (transmission via
contaminated persons).



152  FERMENTATION AND FooD SAFETY

Tabie 7-4 Results of the Hazard ldentification Procedure Applied to Fermented Sausage

Knowledge Rules

Rough Hazard Identification Detailed Hazard Identification type 1 type 2 type 3
Aeromonas X X
Bacillus cereus X
Campylobacter

Escherichia coli O157:H7 Escherichia coli 0157:H7 X X X
Listeria monocytogenes X X X

Salmonella Salmonella X X X
Shigella X

Staphylococcus aureus Staphylococcus aureus X X x*
Vibrio X
Yersinia X X

*Growth and toxin production of Staphylococcus aureus is usually restricted to the start of the fermentation process, when there

is a rather slow decrease in pH.

The pathogens likely to cause problems are
Aeromonas, E. coli O157:H7, L. monocyto-
genes, Salmonella, S. aureus, and Yersinia.

To use type 3 rules, it was assumed that the
pH of the final product was 5.0 = 0.1 and the Aw
was 0.95 £ 0.01. If all types of knowledge rules
are applied, Aeromonas and Yersinia can be re-
moved because usually high levels are needed
for food-borne infection, and growth in ferment-
ing sausage is poor or not possible at all.¢!

The remaining pathogens are those from the
rough hazard identification (E. coli O157:H7, Sal-
monella, and S. aureus) and L. monocytogenes.

Under the conditions described, growth and
toxin production by these pathogens are usually
restricted to the first 6-12 hours of fermentation.
This can be followed by a gradual decline or sur-
vival of the cells, 263133434756 Because of the
presence of competitive microorganisms,
growth of S. aureus is seldom a problem.>* The
low pH values will affect growth and survival of
L. monocytogenes.®?¢2747 in contrast to the acid-
adapted and acid-tolerant strains of Salmonella
and E. coli O157:H7.2234

The knowledge obtained from the stepwise
identification procedure provides a way to effi-
ciently assess those hazards that need to be con-
trolled during processing.

VALIDATION OF THE SAUSAGE
FERMENTATION PROCESS FOR THE
CONTROL OF PATHOGENS

As aresult of outbreaks of illness caused by S.
aureus in fermented meat products,” the Ameri-
can Meat Institute formulated GMP for fer-
mented dry and semi-dry sausages.’

The rapid decrease to low pH values, preferably
lower than pH 4.0, that results in a sufficient inac-
tivation of salmonellas and S. aureus turned out to
be of little effect against E. coli O157:H7,247 as
was demonstrated by the recent outbreaks of E.
coli O157:H7 linked to the consumption of fer-
mented sausages. The U.S. Department of
Agriculture’s Food Safety and Inspection Service
(USDA-FSIS) developed guidelines for validating
a 5-log reduction of E. coli 0157:H7 in fermented
sausage.?? To meet the criteria set in the guideline,
challenge tests should be performed to investigate
the behavior of this pathogen during the fermenta-
tion process and a postpasteurization treatment.
The information to perform a microbiological
storage test or a challenge trial can be gained from
the literature or from laboratory test models (e.g.,
the Food MicroModel). In most cases, the labora-
tory models provide a more conservative view
than the real product situation, as each parameter



has usually been studied under otherwise ideal
conditions.

Microbiological Challenge Tests

Laboratory simulation of what can happen to
a food product during processing, distribution,
and subsequent handling is an established tech-
nique in the food industry. There are two main
reasons why this type of testing is carried out. In
general, safety is of prime concern because the
food manufacturer must ensure that a product
presents a minimum risk to the consumer. The
other reason is to establish the shelf life or keep-
ing quality of a product. In this case, quality is of
most interest. In both cases, the product is nor-
mally stored at specified temperatures for at
least the anticipated or prescribed shelf life. De-
pending on the information available on raw
materials, process, organisms of interest, and so
forth, the product can be inoculated with (low)
numbers of spoilage organisms and/or patho-
gens before processing or storage. With these
laboratory simulation tests, which are manda-
tory in some markets, and data from computer
models (e.g., Food MicroModel), it is possible to
demonstrate that everything that can be reason-
ably expected has been done.

Depending on the background for carrying out a
laboratory simulation test (quality or safety), and
whether the product is likely to contain the types
of microorganisms of concern, these tests should
be named differently to avoid confusion. In a chal-
lenge test, the product is inoculated with either
pathogenic or spoilage organisms, depending on
whether consumer safety issues or product stabil-
ity are of most concern. In a storage test, some-
times called shelf life or keeping quality test, the
product is not inoculated with microorganisms
and the aim is to check safety and/or quality. The
experimental plan and execution of a storage test
may, however, differ, depending on which of the
factors is to be studied.

Purpose of Microbiological Challenge and
Storage Tests

One of the important tools used to ensure the
production of safe food is the identification of
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CCPs in an HACCP study. CCPs have to be con-
trolled in order to eliminate hazards or minimize
their likelihood of occurrence. It is essential that
the identification and setting of criteria for CCPs
are based on sound knowledge and relevant in-
formation so that target levels and tolerance lim-
its can be established. CCPs are under control if
the criteria are met. Only if sufficient knowledge
concerning the effect of intrinsic, extrinsic, and
process factors on the safety of the product is
available can the setting of criteria at each CCP
be done easily.

However, if information is scarce or unavail-
able, data have to be obtained by storage testing
and/or microbiological challenge testing. A mi-
crobiological challenge test is an exercise to
simulate what can happen to a food product dur-
ing processing, storage, distribution, and subse-
quent handling, following inoculation with one
or more relevant pathogens.

It is important to realize when a microbiologi-
cal challenge test should not be performed. If it
is evident that the pathogen(s) will grow readily
in the product, a challenge test will be a waste of
time. Such pathogens must be eliminated by
proper heat treatment or by preservation of the
product.

Challenge testing will provide information on
the types of pathogens capable of growth in the
product. With the data obtained, the risks of food
poisoning can be assessed and the conditions
necessary to prevent food poisoning can be de-
termined. As a consequence, the safety of the
product can be determined in terms of intrinsic
factors. Therefore, the information obtained is
the basis for setting criteria at relevant CCPs.

Challenge testing will provide information
about the growth of selected pathogens in a
product. However, the likelihood of presence of
these pathogens in the product should be ob-
tained from literature or databases.

Planning of a Storage Test and a Challenge
Test

The factors below, also relevant for the first
part of an HACCP study, must be considered
when planning storage tests and challenge tests.
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+ microbiological status of the raw materials

+» product composition and limits for critical
hurdles

_ * process design and parameters

* packaging system

+ anticipated storage, distribution, and con-
sumer handling conditions

+ identification of the risks of food poisoning
from the product

+ existing knowledge of the types and prop-
erties of organisms relevant to the product

Carrying Out a Microbiological Challenge
Test

If the decision is made that a challenge test is
required, and after deciding which organisms are
relevant for the test, a protocol has to be devel-
oped. It is important to ensure that enough
samples of the product are available at each time
point of the investigation. The number of
samples in the test depends on the heterogeneity
of the product; all of the technical procedures
must be reliable and reproducible.

There are two types of microbiological chal-
lenge tests: process challenge tests and product
challenge tests. The objective of the process chal-
lenge test is to determine whether or not a selected
pathogen survives a process (e.g., fermentation).
The results from such tests are available directly
after processing by enumeration of surviving mi-
croorganisms. In some cases, such as ripening in
fermentation processes, analysis must be done af-
ter a few weeks. Product challenge tests investi-
gate whether or not the pathogens in artificially
contaminated products can grow or under what
conditions unacceptable levels will be reached.

The test strains used (preferable a cocktail of
strains) should be isolated from identical or
similar products. During preparation of the in-
oculum, stress conditions (that might reduce vi-
ability) should be avoided. Because in practice,
pathogens entering the product from the envi-
ronment might be adapted to the intrinsic factors
of the product (e.g., poorly cleaned product en-
vironment), it might be necessary to train the
microorganisms to growth at low pH or low Aw
in order to ensure reliable results.

Process Challenge Test for Fermented
Products Artificially Contaminated with
E. coli O157:H7

Among the many different types of fermented
sausage, pepperoni is one of the most popular
varieties. In both the pepperoni and the Lebanon
bologna process, E. coli O157:H7 survives the
fermentation process.?#7

Performing challenge tests as described above
might lead to the conclusion that other acid-toler-
ant pathogens will also survive the fermentation
process, which makes a postfermentation heat
treatment necessary to produce a safe product.
Another possibility, less suitable for raw meat but
applicable for items such as raw milk, is pasteur-
ization of the raw materials. Zoning, in combina-
tion with good manufacturing processes, should
prevent postprocess contamination.

In the future, more research is needed to under-
stand the behavior of (acid-adapted) pathogens in
fermentation processes. With this knowledge, hy-
giene codes should be developed for all types of
fermentations in order to ensure safe products,
both in industrial and in household technologies.
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CHAPTER 8

Microbiological Hazards and
Their Control: Viruses

Michael J. Carter and Martin R. Adams

INTRODUCTION

Viruses differ significantly from bacterial
pathogens because they are obligate intracellular
parasites and can replicate only within an appro-
priate living host cell. The source of all viruses is
thus a previously infected individual who sheds
infectious particles into his or her immediate en-
vironment. Transmission to another host can be
direct, as in person-to-person spread (e.g.,
through aerosols created by a sneeze or vomit-
ing), or indirect, involving some other agent as a
carrier for the virus. Food-bome transmission is
of the indirect type. All viruses that infect via the
enteric tract (and are shed in feces) are poten-
tially capable of food-borne transmission. Direct
person-to-person spread can also occur if the op-
portunity arises; direct feces-to-mouth transmis-
sion is common in children, and airborne spread,
leading to contamination of distant surfaces, has
been reported.

Foods are contaminated with viruses as a re-
sult of the distribution of fecal- or vomitus-de-
rived viruses through the environment, eventu-
ally contaminating the food or water of another
potential host. This process is highly variable. It
could, for instance, result fairly directly from an
infected food handler contaminating food imme-
diately before consumption, or it could be the
end result of a prolonged distribution process
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moving virus from fecal material to river and es-
tuary and, perhaps eventually, to seafood. Gen-
erally, these indirect routes require more time
than direct spread, and the stability of the virus
particle will be key to its successful distribution.
Evolution has ensured that viruses of this type
are especially fitted for survival in transit, which
has a direct influence on their ability to survive
in processed food.

Water, either ingested directly or used as an
ingredient or washing agent during food pro-
cessing, is the chief vehicle for disseminating
enteric viruses. It is also significant in carrying
these viruses to plants in the field (e.g., in irriga-
tion water or sprays), and to the most significant
vector of food-borne viral illness, molluscan
shellfish. Most food-borne viruses survive well
in water. Their survival is assisted by high pro-
tein content and high ionic strength, particularly
calcium and magnesium ions, which tend to sta-
bilize the particles. These conditions are often
found in sewage and sewage-contaminated wa-
ter. The adsorption of virus to suspended solids
such as clays or organic matter can also protect
the particles from inactivation.

Viruses contaminating food are there as a re-
sult of a dilution and distribution process that
may have taken a significant time. Because vi-
ruses have an absolute requirement for living
cells in which to replicate, they cannot increase
in numbers during this distribution phase or
within contaminated food during storage. In
fact, the amount of contaminating viruses may
decrease during storage; this can be assisted by
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treatment with heat, irradiation, chemicals, or
other factors such as the pH changes associated
with the fermentation of foodstuffs. Thus, the
levels of active viruses in foods must be ex-
pected to be generally very low. Consequently,
and with very few exceptions (mainly molluscan
shellfish), viruses are only rarely detected in
foodstuffs before consumption. In fact, it is only
molluscan shellfish that are routinely monitored
for the presence of viruses; in all other cases, a
contaminating virus is usually inferred only ret-
rospectively once consumption has led to ill-
ness. Direct contamination of food from an in-
fected food handler could deliver a more
concentrated virus loading to a foodstuff, but
because this could occur very sporadically, at
any stage up to and including serving, testing
food for virus contamination from this source is
generally not a viable option.

There are problems in assessing the impor-
tance of viral food-borne illness. Figures gener-
ally suggest that it is relatively low in adults,
with the exception of the caliciviruses. How-
ever, there is an almost complete lack of data
addressing endemic levels of infection. Official
figures refer almost entirely to “outbreaks” of
food-borne virus illness, that is, to epidemic be-
havior. Such outbreaks could result from the si-
multaneous consumption of contaminated food
by many people, or equally from the infection of
a single person via contaminated food, followed
by more direct person-to-person spread within
the person’s immediate surroundings. It is prob-
ably significant that many outbreaks of infection
are observed in closed communities where hy-
giene may not be advanced and where there is
increased potential for person-to-person spread,
such as in childcare centers or nursing homes. It
is this subsequent transmission that renders the
original food-borne infection statistically “vis-
ible.” Food-borne infections such as these would
not be recorded if, for instance, they had oc-
curred in a private home and affected one or only
a few relatively fit persons. Consequently, the
figures available probably represent only the tip
of the iceberg as far as the incidence of food-
borne virus transmission is concerned. Some
measure of the extent of underreporting was

gained from the Infectious Intestinal Disease
Study conducted in England during the period
1993-1996.4¢ This study concluded that
underreporting was most severe for diarrhea-
causing viruses, and that for every officially re-
ported case of infection with Norwalk-like virus
(NLV), there were actually 1,562 cases in the
community at large.

FOOD-BORNE VIRUSES
General Features

There are two broad classes of virus that may
infect through the gut. The first class uses the
enteric tract as the portal of entry to the body, but
subsequently spreads elsewhere around the
body. Examples of this type of infection would
be spread to muscle tissue of the skeleton or
heart (as in the Coxsackie B viruses), to the
meninges and central nervous system (polio and
occasionally other enteroviruses), or to the liver
(hepatitis A and E viruses). Viruses in the sec-
ond class are true inhabitants of the gut. They
replicate significantly only in this tissue and in-
duce signs and symptoms of a typical “gastroen-
teritis.” This is mainly diarrhea, but can be ac-
companied by differing degrees of vomiting.
Viruses like this include the caliciviruses,
rotaviruses, adenoviruses, and astroviruses. Fi-
nally, there are a few agents that are detected
routinely in the gut, such as the pico-bima vi-
ruses. These are poorly characterized and do not
seem to be associated with disease. The general
features of these viruses, as well as their size,
structure, and genome content, are provided in
Table 8-1.

Difficulties in Culture and Diagnosis

The gut is a very specialized habitat in viro-
logical terms; all viruses require living cells as
hosts and are totally dependent on the processes
that their host cells are able to provide (e.g., for
protein synthesis and protein processing). There
is a multiplicity of different cell types in the gut,
each with a different role. This is reflected in a
differing complement of enzymes and surface
proteins; cells may even vary in these properties
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Table 8-1 Food-Borne Viruses
Virus Members Features Associated lliness
Caliciviridae  Norwalk-like and Sapporo- 34 nm nonenveloped Norwalk-like: explosive
like viruses particies with distinctive projectile vomiting in
morphology (surface older children/young
cups). adults. Noncultivable.
Single stranded +ve Sapporo-like: more
stranded RNA genome. common in younger
children believed to be
milder in effect,
noncultivable.
Reoviridae Rotavirus groups A-E; Multi-layered, Diarrhea common in the

only groups A—C are
found in man. Group C
is rare and group B is
uncommon except in
China.

Adenoviridae  Adenovirus group F, types

Astroviridae

40 and 41

Types 1-8

Picornaviridae (Enterovirus)

Poliovirus
Coxsackievirus
ECHO virus
Enterovirus

(Hepatovirus)
Hepatitis A virus

nonenveloped 70 nm
particles, enclosing
double-stranded RNA
genome. Only type A is
cultivable and requires a
trypsin supplement.

100 nm, nonenveloped
icosahedral particles, ds
DNA genome. Cultivable
in some cells (e.g.,
Graham 293)

28 nm nonenveloped, star
motif may be visible.
Single-stranded +ve RNA.
Appearance can be
variable; may be mistaken
for calici or parvoviruses.
Cultivable in differentiat-
ing colonic cells with
trypsin supplement.

28 nm nonenveloped
particles, single-stranded,
+ve sense RNA. Grow
relatively easily in a
variety of human and
primate cell lines.

As above, cultivable with
difficulty.

young, decreasing in
frequency with age.
liness returns in the
elderly.

Mild diarrhea, may be
prolonged virus shed-
ding. Mainly affects
children.

Mostly infects children, but
higher serotypes are
rarer and can cause
significant disease in
adults. Relatively mild,
but probably underesti-
mated.

Mainly asymptomatic, can
induce muscle pains
(Bornholm Disease),
cardiomyopathy,
meningitis, and CNS
motor paralysis (most
common with polio).

Hepatitis, mild in the
young.

continues
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Table 8-1 continued

Virus Members Features Associated Illlness

Unclassified  Hepatitis E virus Calicivirus-like particle Similar features to HAV
structure, containing but more severe. Often
single stranded +ve RNA  fatal if contracted in late
of unique genomic pregnancy.
organization.
Noncultivable.

Parvoviridae  Wollan, Ditchling. Cockle  Smooth featureless 25 nm  Widespread shellfish-

agents particles. Single-stranded  associated outbreaks,
DNA genome. Poorly largely controlled
characterized, through cooking.
noncultivable.

Coronaviridae Uncharacterized

Large enveloped virus,
fragile, noncultivable.

Associated with neonatal
necrotising enterocolitis.

Food-borne transmission
unlikely in view of their

fragility.

Toroviridae Uncharacterized

Fragile, enveloped virus,

Unknown

may resemble Berne
virus in horses.
Noncultivable, food-
borne transmission
unlikely as above.

at different stages during their differentiation.
Furthermore, all gut cells are bathed in a solution
of the various products that are secreted by other
specialized gut cells, notably, of course, pro-
teases. These features make the gut a very diffi-
cult cellular environment to mimic in culture.
For instance, a virus might replicate in one par-
ticular type of cell at one stage of its differentia-
tion and could also require extracellular soluble
products released from quite different cells en-
tirely. For this reason, viruses that replicate in
the gut have been very difficult to culture in the
laboratory, and some still cannot be grown.
Those that can be cultivated often require that
the culture is supplemented with proteases, usu-
ally trypsin,’ or even with duodenal juice.’” Spe-
cialized cells are also sometimes needed (e.g.,
differentiating colonic carcinoma cells for
astroviruses).* Viruses that penetrate beyond

the gut and invade other tissues are generally
(but by no means always) simpler to cultivate
than those that reside in the gut.

This difficulty in cultivation has two impor-
tant effects. First, virus detection can be prob-
lematic. Usually, a cause of infectious gut illness
can only be established in approximately half of
the cases that are investigated. It is likely that a
large proportion of those cases of infection that
remain unidentified will in fact be found eventu-
ally to be caused by viruses, but by viruses that
hitherto have been missed because they are not
culturable, and because there is no adequate di-
agnostic test for this particular virus. The only
catch-all method is electron microscopy, but this
depends on a virus being readily recognizable by
its shape and present in large numbers (many
workers quote a minimum requirement of 10¢
particles per ml before observation becomes



even reasonably likely). Large viruses like the
rota- and adenoviruses are distinctive under the
microscope, but small, diffuse, or fuzzy viruses
may often be overlooked, and their identification
makes high demands on the operator. Other tests
may be less demanding in use, but require char-
acterized reagents such as antibodies for aggluti-
nation or ELISA-based methods and primers for
PCR-based detection. Thus, these tests can only
find viruses that are already characterized and
known; they cannot discover new ones. These
shortcomings bias the relative detection fre-
quencies of viruses associated with enteric in-
fection. Although the extent of any such bias is
not clear, it is difficult to avoid the conclusion
that virus-associated enteric illness is likely to be
substantially underestimated, and that this prob-
lem will be worse when considering the smaller,
less distinct viral agents.

Second, if it is not possible to culture a virus in
vitro, then that virus can only be mvestigated in
vivo. If the only hosts are humans, such experi-
ments become expensive and cumbersome, if not
ethically unacceptable. For this reason, many of
the fundamental investigations into stability,
transmission, and reinfection that are required
have not been done or have not been confirmed.

POTENTIALLY FOOD-BORNE VIRUSES

Table 8—1 summarizes the main viruses asso-
ciated with enteric infection. Several of these are
as yet uncharacterized and of necessity will not
be considered in this chapter. Any virus that is
enterically transmitted is potentially transmis-
sible via food, although person-to-person spread
may be more common. This is especially true of
viruses that affect children and infants. Most en-
teric viruses fall into this category. Infection is
acquired early in life and becomes less common
through late childhood, adolescence, and adult
life, increasing in significance once more in the
elderly. The significance of food-borne infection
can thus depend on the types of food that are
usually ingested by children. Chief among infec-
tions of adults are the Norwalk-like viruses
(NLVs, previously called the small round struc-
tured viruses—SRSVs), and the Sapporo-like vi-
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ruses (SLVs), two related members of a virus
family called the Caliciviridae. Viruses of the
NLYV type are the most common viral cause of
explosive outbreaks of projectile vomiting in
adults. In recent years, reports of viral gastroen-
teritis, particularly NLV outbreaks, have shown
a dramatic increase in England and Wales; 418
cases were identified in 1992 and 2,387 in 1996.4
In 1994, reports of NLV outnumbered those of
Salmonella for the first time. This is probably
due in part to increased awareness and referral
for diagnosis, but it indicates the extent to which
such infections may have been missed in the
past, and probably continue to be missed today.
Increased surveillance for viral gastroenteritis
was introduced in the United Kingdom between
1992-1995, and this has yielded some very in-
teresting results. A preliminary data set was ob-
tained for 2,149 of 2,680 outbreaks during this
period. Of these cases, 25% were attributed to
Salmonella, 33% to NLV, 2% to rotaviruses, and
0.5% each associated with astroviruses and
small round (parvovirus) like agents. Twenty
percent of cases were of unknown etiology, and
approximately half of these were believed due to
viruses. The features of all of these viruses asso-
ciated with food-borne transmission are de-
scribed briefly in the following sections.

Caliciviruses (NLVs and SLVs)

NLVs and SLVs have different appearances
under the electron microscope, and the relation-
ship between them has been debated for some
time. SLVs have an obvious and unique struc-
ture under the electron microscope; they appear
to be covered in cup-like depressions, from
which the virus takes its name (calici = a cup).
However, the NLVs appear fuzzy. Structural
studies using cryo electron microscopy have
now revealed considerable underlying similarity
in structure, and molecular studies have rein-
forced these. It is now clear that these two agents
are related.!!

NLVs

NLVs were first identified following an out-
break of enteric illness among adults in the town
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of Norwalk, Ohio that has now given its name to
all viruses of this type. NLVs are associated with
sporadic outbreaks of diarrhea and vomiting
‘among young adults and older individuals. The
disease is more common in winter than at other
times of the year, and had been tentatively
named winter vomiting disease in 1940, al-
though its cause was not known at that time.
NLV is characterized by an incubation period of
up to 48 hours, with illness lasting for 1-2 days.
This virus differs from most other agents of viral
gastroenteritis in that it mainly attacks adults and
it frequently induces a high level of vomiting
among infected individuals. In fact, sudden, ex-
plosive, projectile vomiting may be the first ob-
vious symptom of infection. For this reason,
many cases of NLV are actually identified at
work. Thus, the implications if a food handler
should be infected are obvious.

In addition, although there are multiple sero-
types of NLV (probably more than eight), immu-
nity to each seems to be short lived. Thus, indi-
viduals may be protected for only a short period of
time (months) following an infection before they
become susceptible to the same virus again.’’
Some people appear to have an inherent resistance
to infection; these individuals remain symptom
free, even in the absence of antibody. However,
sensitive persons may require several bouts of in-
fection by the same virus before antibody levels
are sufficient for some protection. Even in middle
age, only approximately 50% of people are serop-
ositive. Although NLV does cause outbreaks in
institutionalized settings where person-to-person
spread can be significant, it is also associated with
multiple simultaneous exposure events where oth-
erwise healthy adults consume virus-contami-
nated food. Such outbreaks have minimal person-
to-person transmission components, and 7-8% of
outbreaks in the United Kingdom are described as
mainly or chiefly food-borne in nature. However,
this attribution is not particularly robust; the real
figure could be significantly higher.

NLV is spread chiefly by water. Significant
outbreaks of NLV have been associated with the
commercial manufacture of ice from contami-
nated wells, soft fruits, and fruit juices. How-
ever, chief among the sources of NLV outbreaks

is the consumption of raw or partially cooked
shellfish. Molluscan shellfish are filter feeders,
often farmed or growing naturally in estuarine
locations. In Europe, most estuaries are contami-
nated with sewage effluent, and any viruses that
are shed in the water from communities living
upstream become concentrated within the bod-
ies of the shellfish. Frequent outbreaks of gastro-
enteritis have been associated with fecal bacteria
that was also concentrated in this way, but sim-
ply relaying the shellfish in clean water (depura-
tion) is often sufficient to allow them to purge
themselves of such bacteria. Unfortunately, this
process is inefficient in ensuring the removal of
viruses. Current European Union law regulates
the sale of shellfish according to the levels of
coliform bacteria they may contain, though this
is no guarantee of virological cleanliness. Con-
sequently, each year, a number of outbreaks are
attributed to the consumption of raw shellfish,
particularly oysters. Outbreaks show a slight
seasonality, for instance, shellfish seem to clear
viruses less efficiently in the winter when sea
temperatures are lower, and outbreaks may also
increase at such times. Eating habits can also be
a contributory factor. For example, in the United
States, there are often outbreaks around Febru-
ary 14th and around Thanksgiving because oys-
ters are traditionally eaten there at these times.

SLVs

SLVs cause illness more commonly in chil-
dren and account for some 3% of hospital admis-
sions for diarrhea in both the United Kingdom
and the United States. Most children are serop-
ositive by age 12 and seem to become infected
between three months and six years of age. The
disease is particularly common in institutional-
ized settings such as schools and daycare cen-
ters. Incubation is between 24—48 hours, and ill-
ness is usually mild and short lived, with
diarrhea tending to predominate. Any clinical
differences reported in the illness induced by
SLV and NLV seem to reflect more the age of
the patient than an intrinsic property of the virus
itself. On those occasions where SLV may cause
illness in adults, the signs and symptoms are in-
distinguishable from those of NLV.



An assessment of the stability of NLV is par-
ticularly difficult because the virus can only be
cultivated in volunteers. However, despite this
limitation, a few valuable studies have addressed
this point, and it is worth commenting on the
sensitivity of NLV to chlorine used in the treat-
ment of potable water. Reports from the United
States show that the virus resists treatment at a
peak level of 5 mg/l for 30 minutes. Thus, NLV
can survive water chlorination to this level and
has even been detected in tap water in the United
Kingdom (although it is not known if it was in-
fectious at that point). NLV is inactivated at lev-
els of 10 mg/], and this is used to decontaminate
water supplies if contamination is suspected.
The virus is relatively more chlorine resistant
than polio and human rotaviruses (rotavirus is
inactivated at levels greater than 3.5 mg/1).%¢
NLYV is acid stable, surviving at pH values as
low as 2.7 for three hours at room temperature,
and also relatively heat stable (resists 60 °C for
30 minutes).!* Because the virus cannot be
grown, feline calicivirus (FCV) is frequently
used as a model.* Although it is true that the fe-
line virus will probably mimic the behavior of
NLYV in terms of where it tends to accumulate, it
is a relatively poor model for stability. For ex-
ample, FCV is considerably more acid labile
than NLV. Like all other enterically transmitted
viruses, NLV lacks an envelope and thus tends
to resist lipid solvents that would otherwise inac-
tivate viruses by stripping their lipid envelopes.
For instance, NLV is not inactivated by 20%
ether at 4 °C for 18 hours.!?

Rotaviruses

Rotaviruses are members of the family
Reoviridae (Table 8-1) and account for some
3.5 million cases of diarrhea in the United States
each year. This equates to 35% of hospital ad-
missions for diarrhea each year. Even in a devel-
oped country like the United States, approxi-
mately 120 children die each year from this
virus, and fatalities are probably far more nu-
merous in less developed countries. The peak
age for illness is between six months and two
years; by four years of age, most people have
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been infected.?” Immunity to rotaviruses is long
lasting and secretory immunoglobulin A (IgA)
in the gut plays an important role.

Group A rotaviruses exist in nine serotypes,
and variations in other proteins increase the anti-
genic diversity of this group. However, as time
progresses, individuals are exposed to many dif-
ferent variants of rotavirus, and immunity gradu-
ally accumulates. Thus, frequency of illness de-
creases with age. However, silent secondary
re-infections can occur throughout life (as in
parents caring for infants), thereby providing an-
other means for the virus to spread in the com-
munity. Illness usually develops after an incuba-
tion period of four to seven days and presents as
diarrhea and vomiting lasting approximately one
week. In the United Kingdom, only some 2% of
outbreaks were attributed as food-borne. The vi-
ruses are stabilized by calcium ions, which pro-
mote integrity of the particle.*? Ionic detergents
can reduce infectivity (e.g., 0.1% sodium
dodecyl sulphate, or SDS), but non-ionic deter-
gents can actually increase virus titre by break-
ing up aggregates and dispersing the particles.
Viruses are very resistant to acid conditions and
are stable over a wide pH range from 3.0 to 9.0.14
They can retain infectivity for months at 20 °C#
and also resist heating to 50 °C. Rotaviruses tend
to survive desiccation well and are reduced in ti-
tre by less than 10-fold during drying (A. Bosch,
personal communication). Once dried, the virus
survives well on either porous or nonporous sur-
faces, being relatively unaffected by temperature
or relative humidity. Infectivity of dried viruses
reduces in titre by just more than 2 logs over a 60-
day period, regardless of substrate, temperature,
relative humidity, or the presence of accompany-
ing fecal material. This makes rotavirus one of the
most stable of enteric viruses, second only to hepa-
titis A virus in this respect.!

Adenoviruses

There are 47 serotypes of adenoviruses, but
only types 40 and 41 cause enteric illness.
Adenoviruses account for some 5-20% of U.S.
hospital admissions for diarrhea, mainly in chil-
dren below two years of age.?’ Incubation lasts
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three to ten days, and illness (watery diarrhea)
may last for one week. However, prolonged
shedding of the virus has been reported. As chil-
dren age, exposure to adenovirus infection
gradually increases the levels of immunity. Only
20% of children below six months of age have
antibody to these viruses, but by age three, this
has risen to 50%.?7 In the United Kingdom, ad-
enovirus-related outbreaks are extremely rare;
only one case was identified between 1992—
1995, and this was not believed to be food-
borne.* Clearly, this is in stark contrast to the
antibody prevalence figures and implies that in-
fection may be mainly in the community and
doesn’t follow outbreak behavior.

There are few studies that have specifically ex-
amined the stability properties of the enteric
adenoviruses, but most workers agree that the vi-
ruses are certainly stable between pH 5 and 9 and
up to 45 °C."7 Infectivity is rapidly (10 minutes)
lost above 56 °C, and this is associated with par-
ticle disintegration.*® Other workers have exam-
ined the stability of the enteric adenovirus type 40,
when dried on to fomites.! Adenovirus is one of
the least stable of the enteric viruses under these
conditions, and its behavior seems to resemble that
of poliovirus rather than rota-, astro-, or hepatitis
A viruses, which tend to be more robust. Desicca-
tion itself causes a 100—1000-fold decrease in titre.
However, infectivity persists for seven days on
nonporous substrates, it is stabilized by the pres-
ence of accompanying fecal material, and it is un-
affected by levels of relative humidity. Adeno-
viruses survive less well on porous surfaces, and
the accompanying material seems to decrease its
stability. Survival is better at 4 °C than at 20 °C on
either surface. In liquids, adenovirus stability
closely resembles that of the astroviruses, which
are small, round RNA containing viruses respon-
sible for enteric infections mainly in the young of
animals and humans. Adenoviruses survive rela-
tively well in tap water; log titre reduction values
of 3.2 were observed after 60 days at 20 °C. The
virus is also disinfected by free chlorine, giving
log titre reduction values of 2.5 and 3 after two
hours in the presence of 0.5 and 1 mg/1 free chlo-
rine, respectively. Again, this behavior mimics
that of human astroviruses.?3

Astroviruses

Astroviruses (serotypes 1-8) account for
some 5% of hospital admissions in the United
States, almost entirely of children.?” By seven
years of age, 50% of children are already serop-
ositive for the most common serotype (type 1),
and this reaches 75% by age 10. Illness is gener-
ally mild and lasts some two to three days after
an incubation period of similar length. This has
led many researchers to dismiss these viruses as
causative agents of significant disease in hu-
mans. However, this is not necessarily true, first
because the higher serotypes are less common,
thus infection is delayed and occurs among older
children and adults. Preexisting antibody to
other serotypes may modify the severity of any
resulting illness but may not prevent the occur-
rence of clinical disease. In Japan in 1995, 1,500
older children and their teachers were affected in
a widespread food-borne outbreak caused by
astrovirus type 4,%* and symptomatic illness has
also been seen in adults in the United Kingdom
and France. Second, astrovirus diagnosis can
present particular problems that may lead to an
underestimation of the number of cases. Diagno-
sis still largely relies on electron microscopy,
but particle morphology alone is not necessarily
a good guide. Astroviruses may frequently be
mistaken for small round (parvovirus-like)
agents and even for NL'Vs.?? This is a significant
finding, because a recent survey in the United
Kingdom identified only nine outbreaks associ-
ated with astrovirus (and a further two mixed in-
fections that also contained NLV), of which ap-
proximately 20% were thought to be
food-borne.* A further four outbreaks of illness
were associated with small round virus, an agent
usually assumed to be parvovirus and routinely
dismissed as the causative agent of the outbreak.
However, half of these cases were believed to be
food-borne, and in view of the potential for
misidentification, these agents require further
investigation. Should these cases actually repre-
sent misidentified astroviruses, then the propor-
tion of astrovirus outbreaks classified as food-
borne could be as high as 30—45%. Recently, an
ELISA-based detection kit has been produced,



which could help to answer these questions if it
is widely adopted.

Astroviruses survive desiccation well, drop-
ping by only 10-fold with or without accompa-
nying organic material. If the virus is dried on to
a nonporous surface, accompanying fecal matter
can boost relative survival by 10-100-fold, with
infectivity persisting for up to 65 days and prob-
ably much longer at 4 °C. Astrovirus survival is
greatly reduced at increased temperatures and
can decay completely within 10 days at 20 °C on
a nonporous surface. Adenoviruses survive
equally well on porous surfaces at 4 °C regard-
less of the presence or absence of fecal material,
infectivity persisting for more than 90 days. This
suggests that environmental temperature may
play an important role in the seasonality of
astrovirus outbreaks because indirect transmis-
sion would be assisted by decreased temperature
(A. Bosch, personal communication).

Astrovirus survives well in dechlorinated
(tap) water® and reduces in titre by 100-fold after
60 days at 4 °C. This is increased to a 3.2 log
reduction after 60 days at 20 °C, which is a very
similar stability to that observed for human
rotavirus and adenovirus type 40, where the
same reduction was seen at 20 °C. Free chlorine
seems more effective at disinfecting astrovirus-
contaminated water than water contaminated
with hepatitis A or human rotavirus. Astrovirus
titres were reduced by 2.5 logs after one hour ata
free chlorine concentration of 0.5 mg/l. This in-
creased to 3 logs in the presence of 1 mg/l free
chlorine. However, in both cases, residual infec-
tivity was still detected after two hours of treat-
ment when the log titre reduction was 4.17.3

Hepatitis Viruses

Hepatitis viruses A and E are classified differ-
ently. Hepatitis A virus (HAV) is the only mem-
ber of a single virus genus (Hepatovirus) of the
Picornaviridae. Hepatitis E virus (HEV), how-
ever, has some structural features resembling the
caliciviruses, but its unique genomic organiza-
tion means that it cannot be classified easily
within any of the existing virus families.

Viruses 167

Both viruses spread predominantly through
water and are concentrated by molluscan shell-
fish. HAV is not uncommon, but HEV is rare in
developed countries. It does, however, occur in
epidemic form in India and in the former Soviet
Union. The worst outbreak of HEV involved
30,000 people in New Delhi in 1955. More lim-
ited shellfish-associated outbreaks occur spo-
radically around the Mediterranean. In the
United Kingdom, HEV is limited to returning
travelers. Clinical features of both viruses are
similar, although HEV tends to be more severe
and can be fatal in pregnancy. Convalescence
may be prolonged (8—10 weeks), and some 15%
of cases of HAV may follow a relapsing course
over 12 months or more.

The spread of picornaviruses has been af-
fected profoundly by human activities. In former
times, when the quality of water could not be
guaranteed, infection occurred early in life
through exposure to virus-contaminated water.
Under these conditions, infections tended to be
mild (often subclinical) and were endemic in the
society. However, where water purification and
other public health measures have been imple-
mented, the possibilities of infection for all of
these viruses are reduced, which has had the ef-
fect of increasing the mean interval between
contacts with the virus. As a result, infection is
delayed, and thus occurs predominantly in older
individuals.

This infection delay is well demonstrated in
countries where sanitation has improved over
recent years.'>?8 In Hong Kong in 1979, 30% of
those people under 30 years of age had been in-
fected with HAV; by 1989, this number was 9%
and is still falling. Presumably, this will progress
eventually to resemble the situation in the devel-
oped countries where the vast majority of per-
sons older than 30 have no antibody to HAV
(i.e., they have never been infected).'® This is
significant for the course of the infection be-
cause the virus is more severe if it is contracted
in adulthood. People older than 30 years of age
account for only some 30% of the cases of HAV,
but nearly 80% of the deaths occur in this age
range.'” Shellfish will, of course, concentrate
any viruses shed in sewage and contaminating
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their natural habitat, including picornaviruses,
and perhaps more significantly, HAVs and
HEVs. Significant outbreaks of illness have
been noted in Singapore and have been attrib-
uted directly to virus contamination of shell-
fish;*7 similar outbreaks that are mainly attribut-
able to direct virus contamination of water occur
with HEV.?® Consequently, as water quality im-
proves, it is expected that persons growing older
in the absence of HAV infection would develop
a taste for shellfish and shellfish products (in-
cluding fermented foods) and become exposed
to the virus later in their lives. They would have
no residual immunity from childhood infections
(see astroviruses above), which could pose a risk
of severe disease later in life.

HAYV is more stable to acid than other gut vi-
ruses of the picornavirus family. It retained vir-
tually all activity following 120 minutes at pH
1.0 and was still viable (although reduced in ti-
tre) after five to eight hours.#! Other enterovi-
ruses were inactivated virtually completely
within two hours at this pH. HAV is also rela-
tively more heat stable and survives heating at
60 °C for 60 minutes,!%>?! being only partially
inactivated after 12 hours at this temperature at
neutral pH.?%% In the absence of divalent cat-
ions, 50% of particles will disintegrate within 10
minutes at 61 °C, although in the presence of 1
M MgCl, this is not achieved until 81 °C. The
equivalent temperatures for poliovirus are 43 °C
and 63 °C, respectively, and polio appears far
more sensitive to desiccation and storage in the
dry state than HAV. This suggests that poliovi-
rus is an inadequate model for the survival of
enteric viruses in general, and especially for
HAV.14 HAV does, however, become rapidly
inactivated (in minutes) at temperatures higher
than 98 °C and can also be destroyed by chlorine
and hypochlorite (10-15 ppm residual chlorine
after 30 minutes; 3—10 ml/l hypochlorite 20 °C
for 5—15 minutes). However, HAV is more chlo-
rine resistant than other picornaviruses.2* In
general, HAV is the most stable of the
enterically transmitted viruses. It survives desic-
cation with minimal decrease in titre (0.5 log)
and, once dried, shows virtually no reduction in
titre during a seven-day period regardless of the

surface onto which it has been dried, tempera-
ture or relative humidity of storage, or the pres-
ence of accompanying fecal material. Titres are
reduced by only 1-2 logs during the next 60 days
after drying.! These data suggest that the sur-
vival of HAV is likely in fermented foods, al-
though it has not been rigorously assessed, and
exposure to the virus from the consumption of
shellfish or fermented foods prepared from them
remains a possibility.

ASSESSMENT OF VIRUS RISK
Contamination of Foods

Virus levels will not increase during the fer-
mentation of food; therefore, virus content of
these materials becomes an issue only where
there is significant contamination of the food be-
fore it is fermented. Most food-borne viruses are
resistant to both acid conditions and mild heat
treatment and could survive these aspects of fer-
mentation processes. NLVs represent the great-
est risk of gastroenteritis for adults because they
are not likely to be immune. Stability data for
these viruses are scarce because of the difficulty
in assessing their survival, but it seems unlikely
that they would be more resistant to physical
treatments than HAV. Thus, in assessing the po-
tential for virus survival in food, it would seem
that procedures that would inactivate HAV
probably give the greatest protection against vi-
rus dissemination in the food. The other viruses
that could be present in food are largely infec-
tions of childhood. With the exception of fer-
mented cereals and dairy curds in some cultures,
children may not eat much fermented food and
thus the acquisition of infection from this source
(even if the viruses survive) is likely to be rare.
Adults consuming food that has been contami-
nated with these viruses would be protected by
residual immunity resulting from childhood in-
fection. HAV poses a serious threat to adults
with no preexisting immunity. Because this is
the virus that is hardest to remove (and thus most
likely to survive), HAV contamination of fer-
mented foods (especially of shellfish-derived
foods) could pose an increasing threat in areas



where sanitation is rapidly improving and serop-
ositivity to HAV is falling in adults.

Improved knowledge of the types of food that
are regularly contaminated with viruses should
permit an assessment of the relative risks associ-
ated with particular foods. In the United King-
dom, rigorous investigation often fails to iden-
tify the food vehicle of transmission. However,
accepting the significance of NLVs as the most
commonly identified cause of illness in adults, a
recent survey found that 35 (65%) of the NLV
outbreaks could be attributed to a particular
foodstuff, the most frequent being oysters.* In
those cases where a particular food was impli-
cated, virus was detected in the food itself in
only two cases, both oysters. This percentage re-
flects the generally low level of virus contamina-
tion in other types of food. Other food vehicles
implicated were diverse, including sandwiches,
pies, fresh fruit, fruit and vegetable salads,
gateaux, fish, lobsters, and prawns. Many of the
dishes were not served alone, and the common
feature could be fresh fruit or salad vegetables
that were often served as a garnish if not a main
component of the meals. It is not possible to as-
sess how many of these outbreaks were associ-
ated with contamination by food handlers imme-
diately before serving, and how many might
have resulted from virus contamination of the
food before its preparation. Certainly, food han-
dlers were suspected in 19 cases, but was con-
firmed in only four. Viral illness has been asso-
ciated with intrinsic contamination of fruit in the
past,®*! and the worldwide trade in fruit and veg-
etables may well increase such a risk in the fu-
ture. It is generally held, in the United Kingdom
at least, that there are two major patterns of
transmission of food-borne viruses—those due
to intrinsic contamination of shellfish with virus,
and those due to other foods probably involving
contamination by food handlers. It is not generally
believed that virus contamination of vegetables
and fruit at source is a major contributor to food-
borne viral illness in the United Kingdom.

Food-borne spread of HAV is not common. In
the United Kingdom, during the 1980s, seven
outbreaks were attributed to shellfish and a simi-
lar number to food contamination by handlers.
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More recently, out of 19,000 cases (mostly in-
volving children), only 0.5% were associated
with food, with shellfish again being the major
culprit. This risk is far more significant else-
where where substantial outbreaks have been at-
tributed to shellfish consumption. An outbreak
associated with clams in Shanghai may have
been the largest recorded outbreak of food-borne
iliness ever.? HEV occurs in the United King-
dom only in one or two cases per year, entirely
associated with travelers returning from areas in
which the disease is endemic. Waterborne
spread would seem to be the major vehicle of
transmission, although shelifish-associated
cases have been reported.

Virus Survival in Fermented Foods

There are few data that are directly concerned
with the survival of viruses in fermented foods.
Studies conducted in fermented meats have
shown that the viruses responsible for foot and
mouth disease (i.e., FMDV), African swine fe-
ver, and hog cholera do not survive the produc-
tion process.?®?* However, these viruses are of
veterinary importance and are known to be more
labile than human enteric viruses. FMDV is acid
labile, is inactivated below pH 6, and is not like
gut viruses of the same family such as polio,
whereas the viruses causing hog cholera and Af-
rican swine fever are both enveloped and there-
fore more susceptible to the adverse conditions
encountered during fermentation.'¢ When model
enteric viruses such as polio, Coxsackie, and
echovirus, which are more relevant to human
health, were used, they were found to persist in
high titres virtually unaffected by the processing
that reduced the pH to 5.0-5.4.122225 Studies
with bacteriophage and simian rotavirus in fer-
mented cereals that are more weakly buffered
and consequently have a lower pH have also
demonstrated the ability of viruses to survive
well in fermented products.’2° This relative
paucity of information does, however, point to
the difficulty of controlling risk from food-borne
viruses through fermentation, though further
work is clearly needed. Based on all of the infor-
mation available, however, some general infer-
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ences can be drawn concerning the risks posed
by viruses and their control.

First, the type of food on which the product is
based will be an important factor. Shellfish are an
obvious high-risk material because they often live
in sewage-contaminated estuarine waters and con-
centrate available viruses in their tissues. The ini-
tial preparation of shellfish involves shucking the
shellfish flesh, and even if this is then washed, it is
unlikely to remove virus contamination from the
shellfish gut. Fermented foods prepared from or-
ganisms that consume shellfish (such as octopus
or scavenging crabs) may be contaminated indi-
rectly from this source. However, viruses are not
believed to be retained with the same efficiency in
these creatures, so the initial risk is presumably
more short lived.

Vegetable produce may be contaminated ei-
ther on the surface (e.g., by handling, washing,
or spraying with contaminated water)® or more
deeply within the tissues (e.g., resulting from the
uptake of viruses contaminating irrigation wa-
ters used in cultivation). This is more likely in
the case of produce with a high water content,
such as celery, pumpkins, cucumbers, and other
soft fruits. Surface contamination can be effec-
tively removed by peeling provided the peelings
are not simply allowed to elute any virus into the
washing water and thus redistribute the material
across freshly peeled surfaces. Similarly, wash-
ing itself can be very effective, and efficiency
can be increased if small quantities of (prefer-
ably ionic) detergent can be used.

Where produce is contaminated with fecal
material, viruses may be dried on to the surface
as aggregates with other organic material. This
tends to promote survival on nonporous surfaces
such as a waxy plant cuticle. In these cases, the
use of detergent could not only remove the ag-
gregate, but also disperse it, thus increasing the
number of potential infectious units present. Un-
der these conditions, thorough rinsing becomes
essential. Potable water washing alone can re-
duce surface contamination by bacteria by 10—
100-fold, and the use of hypochlorite is even
more effective. Common commercial washing
procedures in the developed world use 100 ppm
hypochlorite (yielding 30—40 ppm free chlorine)

at pH 6.8-7.1 and 4 °C and a contact time of two
minutes. Other materials such as soft fruits that
could be damaged by this process can be sprayed
or immersed for only 10 seconds in 15-20 ppm
free chlorine.” Tests have found that in general,
hypochlorite under these conditions is very ef-
fective against viruses in suspension;* however,
its efficacy against viruses that are adsorbed to a
surface or in the presence of other organic mate-
rials cannot be assumed as great. Studies suggest
that hypochlorite may not be as effective as as-
sumed when it is used to control HAV that was
artificially introduced on to strawberries. Hy-
pochlorite treatment was approximately 10-fold
less effective against this virus on the fruit than
the same virus in suspension, and full control
could not be achieved below levels that would
render the fruit inedible.*> Furthermore, this
method of cleansing must be limited to an effect
on surface contamination only; it could clearly
not affect any deeper contamination within the
plant tissues.

Fermentation frequently involves salting, par-
ticularly fermented shellfish products produced
in southeast Asia, where salt levels of up to 30%
by weight can be used, producing a saturated
brine.*® Salt (sodium chloride) itself is generally
not injurious to virus particles lacking an enve-
lope; other ions are more problematic, with ce-
sium having an adverse and sometimes irrevers-
ible effect on virus polymerase function. High
salt (especially under acid conditions) can lead
to the precipitation of proteins; this is likely to
occur and will be aided by a generally high pro-
tein concentration in the environment. Precipita-
tion on this scale would certainly cause the pre-
cipitation of virus particles and a considerable
reduction in their infectivity. Precipitated vi-
ruses can redissolve should the salt concentra-
tion be reduced at a later stage, but residual
clumping and loss of infectivity would mean that
the original titre will not be recovered. Other
salts have a stabilizing effect on virus particles,
particularly divalent cations; magnesium stabi-
lizes polioviruses and calcium stabilizes
rotaviruses.

pH reduction in fermentation is typical, and
pH could fall to as low as 3.8. However, all en-



teric viruses are able to infect through the gut,
and thus all must be designed for passage
through the acid conditions of the stomach. In-
deed, stability to acid (pH 4.0) remains one of
the routine tests for enteroviruses, differentiat-
ing them from the morphologically identical rhi-
noviruses that infect via the nasal mucosa and
are not required to possess acid stability. Acid
resistance is thus a common feature of all of the
viruses in these groupings, and acid production
per se is not likely to reduce virus titre signifi-
cantly unless accompanied by heat. This is sup-
ported by the limited number of studies done on
virus survival in acid-fermented foods. Nout et
al.*? used the bacteriophage (MS-2) as a model
for human viruses and found that it survived
much better than bacteria in a fermented por-
ridge at pH 3.8; its numbers declining by ap-
proximately 0.1 log cycle per hour. Even better
survival was found in work using the simian
rotavirus SA 11, a good model for the behavior
of unculturable human rotavirus. In 24 hours at
30 °C, the virus titre decreased by 0.25 log
cycles at pH 4.0 and by 1 log cycle at pH 3.3.5°
Significantly, this work found the effect to be
purely pH-related, with no difference when dif-
ferent acidulants were used. The enhanced anti-
microbial effect of weak organic acids seen
against bacteria clearly does not operate with
nonenveloped, nonmetabolically active virus
particles.

During fermentation, autolysis of the tissues
will lead to protease release. Gut viruses are re-
quired to possess some degree of protease resis-
tance because infection through the gut must ex-
pose them to these enzymes. In fact, some seem
to have evolved to require the addition of pro-
teases such as trypsin during their culture in
vitro. Trypsin, however, is a specific enzyme
recognizing certain sites in the protein, and all
viruses are susceptible to prolonged protease
treatment. This is especially true of broad-spec-
trum proteolytic enzymes such as protease K and
pronase, and plant enzymes such as bromelain
and papain. The enzymes released during au-
tolysis are also broadly reactive against proteins.
Regardless of the context of the peptide bond,
they too are able to destroy virus particles even-
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tually. Detergents and saponifiers will also assist
this action if present. The addition of protease-
containing fruit or fruit juice (especially pine-
apple) would also aid this effect in fermented
shellfish products such as Plaa-mam and Khem-
mak-nat.® Virus particles would, however, be
protected from this process if they are present as
aggregates or inclusions (perhaps within shell-
fish gut tissue) or surrounded by a high local
concentration of protein.

Finally, there is heat treatment. The ability of
a heat treatment to eliminate risk from a patho-
genic organism will depend not only on the in-
trinsic heat sensitivity of the organism, but also
on the initial numbers of the organism present,
the heating menstruum, the temperature, and the
time of exposure. Although there is a wealth of
information on how these factors can affect bac-
terial survival, the thermal inactivation kinetics
of viruses have not been subject to the same kind
of scrutiny. A temperature of 65 °C is ineffective
against most of the enteric viruses; certainly
astroviruses, HAV, and rotaviruses can survive
such treatment even if adenoviruses and poliovi-
ruses may be substantially reduced in titre. A re-
cent study? has shown that less than 0.5 minutes
at 85 °C produced a reduction of more than 5 log
cycles in the titre of HAV in three different dairy
products, whereas heating at conventional pas-
teurization temperatures of 71-73 °C required
13-18 minutes to achieve the same effect. Some
protective effect from fat was seen in cream con-
taining 18% fat, but no significant differences
were discernible between skimmed and whole
(3.5% fat) milk.

The failure to see outbreaks of viral illness as-
sociated with correctly pasteurized milk indi-
cates the very low association of human viruses
with this product. Thus, by extension, fermented
milk products are likely to be relatively safe with
regard to viral infections, particularly when op-
erations such as milking and fermentation are
mechanized, thus reducing the risk of contami-
nation from food handlers. FCV could not be
cultured from cockles immersed in boiling water
for one minute or longer, during which time the
average internal temperature reached 78 °C. Im-
mersion for 30 seconds, which achieved an aver-
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age internal temperature of approximately 63 °C,
produced a 2-log reduction in titre.** HAV (and
polio virus) were completely eliminated from
cockles that achieved an average internal tem-
perature of 85-90 °C for one minute. These data
were used as the basis for setting heat-treatment
regulations for cockles in the United Kingdom
(90 °C for 90 seconds).’® In some products,
though, the temperature treatment necessary to
eliminate risk may be incompatible with product
quality, although there is some evidence that in

acid (fermented) foods, the heat resistance of vi-
ruses is much reduced.>

Viruses clearly pose some special problems.
The available data suggest that a fermentation
process alone will not ensure safety from viral
infection, although the highest risk is associated
only with a very limited number of substrates.
Further studies are clearly indicated to explore
the integrated effect of all aspects of processing
on virus survival in order to establish a realistic
estimate of risk.
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CHAPTER 9

Microbiological Hazards and
Their Control: Parasites

Mike Taylor

INTRODUCTION

Many types of parasites are food-borne, and
humans can become infected following the in-
gestion of infected or contaminated meat, fish,
molluscs, vegetables, or fruit, or products de-
rived from these foods. In most cases, parasitic
infections are acquired by eating raw or incom-
pletely cooked food, or food that is partially
pickled or smoked or poorly preserved. Most, if
not all, infections are preventable if the food is
prepared sufficiently to destroy the infective
stages of the parasite. However, many infections
are commonly associated with cultural and eat-
ing habits that have been in practice in popula-
tions for generations.

Meat from many species of animals has been
arecognized source of many helminth, and some
protozoal, infections, in man. In developed
countries, the introduction of meat hygiene mea-
sures has resulted in reduced incidences of many
of the traditionally recognized helminth infec-
tions. However, the eating of many traditional
raw or lightly cooked meat dishes continues, and
may occasionally result in infection in man.
Raw, uncooked fish dishes are also commonly
eaten in many cultures, and snails, clams, oys-
ters, and a variety of other molluscs are part of
the diets of many people worldwide. Although
most food-borne helminth infections are re-
ported from Third World countries, increased

Source: © Crown copyright 1997. Published with
the permission of the Controller of Her Britannic
Majesty’s Stationery Office. The views expressed are
those of the author and do not necessarily reflect those
of Her Britannic Majesty’s Stationery Office or the
VLA or any other government department.
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immigration, tourism, and desire to experience
the culinary dishes of other cultures may in-
crease the incidence of parasitic disease in other
countries. As with some helminths, protozoan
parasites are opportunistic infections that are of-
ten acquired as the result of poor hygiene or
travel to foreign countries.

Fermented foods that use raw ingredients that
have been contaminated or infected with infective
or intermediate parasite stages have the potential
to cause human infection. Although food-borne
parasitic diseases continue to be reported globally,
reports of human infection following the ingestion
of fermented food are sparse. Cultural dishes such
as som fak (a fermented Thai minced fish dish)
have been reported to result in human infection
with the helminth parasite, Gnathostoma (see
Gnathostomosis). Infection with another proto-
zoan parasite, Giardia, has been reported follow-
ing the ingestion of cheese dip. Fermentation
alone may therefore be insufficient to prevent the
transmission of many food-borne parasites, and
potentially infected material should be avoided
wherever possible, or alternatively subjected to
freezing or some form of heat treatment.

Many parasites infect humans, but reference
is made only to those helminths and protozoa
that are recognized as food-borne and a potential
source of infection in fermented foods.

NEMATODES

The nematodes are a diverse group of para-
sitic or free-living unsegmented worms that are
usually cylindrical and elongate in shape. With
few exceptions, the sexes of nematodes are sepa-
rate, and the life cycle may be direct or indirect,



176  FERMENTATION AND FOOD SAFETY

involving an intermediate host. The general de-
scription and classification of the food-borne
nematodes discussed in this chapter are summa-
rized in Table 9-1.

Angiostrongylosis

Angiostrongylus cantonensis and A. costari-
censis are parasites of rodents (predominantly
rats) that can cause disease in humans through the
ingestion of infected snails. Two other species, 4.
malaysiensis and A. mackerrasse, occur but have
not been associated with human infection. Most
human infections are acquired by eating infected
snails, but can occur through eating infected
shrimp and crab, or snail- or slug-contaminated
raw vegetables.

Public Health Significance

A. cantonensis can cause meningitis and menin-
goencephalitis with mild to moderate symptoms,
often of sudden onset, with intense headaches;
vomiting; moderate intermittent fever; and, in ap-
proximately 50% of cases, coughing, anorexia,
malaise, constipation, and somnolence.!” In se-
vere cases, coma and death may occur. Accidental
ingestion of the slug intermediate host of 4.
costaricensis causes abdominal angiostrongylosis
with symptoms similar to appendicitis, including
fever, abdominal pain, anorexia, diarrhea, and
vomiting.” Migratory larvae may cause gastroen-
teritis, tumor-like masses or abcessation of the in-
testines, liver enlargement, nervous signs, coma,
and, occasionally, death.!® Infection is normally
diagnosed by confirming the presence of parasites
or eggs in surgically removed tissues or fluids or
by using serological assays.37-14416%

Life Cycle

Adult worms are found in the pulmonary ar-
teries of rats. The life cycles of 4. cantonensis
and 4. costaricensis are similar and are shown in
Figure 9-1. The prepatent period (from infection
to maturity) is 4245 days.

Distribution

The distributions of A. cantonensis and A.
costaricensis are summarized in Table 9-2.

Most human infections and deaths associated
with 4. cantonensis have been reported from
Taiwan, Thailand,3!'7 and some Pacific is-
lands, but human infections have been reported
in most countries where the parasite occurs and
appears to be spreading.’> The incidence of
angiostrongylosis appears to be spreading, espe-
cially in those areas in which snails are an im-
portant part of the diet.

Epidemiology and Transmission

Humans become infected with angiostrongyl-
osis by intentionally or accidentally eating in-
fected snails or slugs. Rodents are infected by in-
gesting infected molluscs or by ingesting infective
larvae present in “slime” on plants. In most en-
demic areas of Asia, both land and aquatic snails
(Achatina and Pila) are eaten regularly. The giant
African land snail, Achatina fulica, is a particular
delicacy in many countries and is a good interme-
diate host. Slugs and snails (which are used for
medicinal purposes in some cultures), land crabs,
shrimp, and paratenic hosts such as toads and
frogs have also transmitted infection. Sauces pre-
pared from shrimp juices or unwashed contami-
nated vegetables have also been incriminated. The
drinking of untreated water containing larvae re-
leased from dead snails has also been suggested as
a means of infection. Infection continues to be re-
ported from new areas of the world, in part due to
the dissemination of the intermediate snail hosts,
but also due to transportation of infected rats on
ships. Most terrestrial and aquatic snails are sus-
ceptible to infection, and populations can be
readily infected from carrier rats.

Prevention and Control

Angiostrongyliosis can be prevented by edu-
cating people in endemic areas to avoid eating
uncooked molluscs, particularly land snails.
Freezing will kill larvae present in snails if they
are frozen at —15 °C for 12-24 hours. Paratenic
hosts (i.e., shrimp, prawn, crabs) should be
cooked before eating, and vegetables should be
washed before eating raw. Little or no informa-
tion is available on the survivability of infective
larvae in fermented foods such as balao-balao
(fermented shrimp).



Table 9-1 Food—-Borne Helminths—Classification

Phylum Class Order Family Genus
Nemathelminthes Nematoda (Roundworms) Strongylida Metastrongyloidae Angiostrongylus
Elongate, cylindrical, unsegmented worms with
fluid-filled body cavity. Sexes are separate. Ascaridida Anisakidae Anisakis
Life cycle direct or indirect. Enophida Trichinellidae Trichinella
Capillaridae Capillaria
Dioctophymida Dioctophymatidae Dioctophyma
Spirurida Thelaziidae Gongylonema
Gnathostomatidae Gnathostoma
Platyhelminthes Cestoda (Tapeworms) Pseudophyllidea Diphyllobothridae Diphyllobothrium
Tape-like segmented body comprising head,
neck, and strobila (proglottids). Bothria or suckers
for attachment. Hermaphroditic. Indirect life cycles. Cyclophyllidea Taeniidae Taenia
Trematoda (Flukes) Echinostomida Fasciolidae Fasciola
Unsegmented leaf or lancet-shaped worms with Fasciolopsis
two muscular suckers for attachment and well- Echinostomatidae Echinostoma
developed oral sucker and pharynx. Hypoderaeum
Hermaphroditic (generally). Indirect life cycles. Plagiorchiida Troglotrematidae Paragonimus
Nanophyetes
Opisthorchiidae Heterophyidae Heterophyes
Metagonimus
Opisthorciidae Opisthorcis
(Clonorchis)

Source: © Crown Copyright.
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\ First-stage larvae

Ingested by rat excreted in feces

Angiostrongylus cantonensis

)

Second- and third-stage larvae in Camers
intermediate host (slug, snail) (crabs, py

Human infection through ingestion of
raw or undercooked intermediate host
(snails) or carriers (crabs, prawns, etc.)

Figure 9-1 Life cycle of Angiostrongylus cantonensis. Source: © Crown Copyright.

Anisakiosis worms are common parasites of marine mam-
mals (Table 9-2), and the larval stages are found
Anisakiosis is a parasitic gastrointestinal dis-  in marine fish and squid. Humans acquire infec-

ease of man that is caused by the larval stages of  tions by eating the raw or improperly cooked or
nematodes of the family Anisakidae. The adult  preserved meat of these animals. There are many



Table 9-2 Food-Borne Helminths (Nematodes, Cestodes)

Parasite Class Parasite Distribution Main Hosts (final) Source of Infection to Man
Nematoda Angiostrongylus Asia and Pacific Islands, Australia, India, Rodents (rats) Molluscs (snails), shrimps,
(Roundworms) Africa, Caribbean, parts of United crabs, amphibians,

States contaminated vegetables
and salads
Anisakis simplex North and South America, Pacific Islands, Pinipeds (whales, dolphins, Fish
Anisakis decipens parts of northern Europe porpoises)
Seals, sealions, walruses
Capillaria phillipinensis  Phillipines, Thailand Man (several species of Fish
birds)
Dioctophyma renale Worldwide (North and South America, Carnivores (mink, ferret, Fish
southern Europe, Asia, Middle East) dogs, cats, jackals), man
Gnathostoma spinigerum Thailand, Japan, southeast Asia, China,  Carnivores (dogs and Fish , frogs, chickens,
Mexico (Middle East, Africa, Baltic cats), man ducks, snakes
Gnathostoma hispidum States, Russia) Pigs, man
Gongylonema pulchrum  United States, former USSR, parts of Ruminants, pigs, dogs, Salads (insects)
Europe, Middle East, China, North cats, horses, rodents,
Africa, New Zealand primates, man
Trichinella spiralis Worldwide (except Antartica) Pigs, rodents, carnivores  Meat
(mink, fox, badger,
bears, walrus, seals),
man
Cestoda Diphyllobothrium latum  Northern Hemisphere (northern Europe,  Dog, fox, mink, cat, pig, Fish
(Tapeworms) Russia, North America, South America, bear, seals
Asia, Africa)
Taenia saginata Central Africa, Asia, South and West Man Meat (beef)
(Cysticercus bovis) Africa, parts of Europe, southeast Asia,
Central and South America; also
reported in United States, Canada,
Australia and Pacific Islands
Taenia solium Central and South America, central and Man Meat (pork)
(Cysticercus east Africa, southeast Asia, southern
cellulosae) Europe

Source: © Crown Copyright.
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species of anisakid nematodes, but those most
often associated with human illness are Anisakis
simplex, Pseudoterranova decipiens, Phoca-
nema, and Contracaecum spp.

Public Health Significance

Anisakis causes acute or chronic gastrointesti-
nal disease in man. Migrating larvae cause a for-
eign-body reaction and eventually necrosis and
hemorrhage of the stomach, occasionally creat-
ing tunnels and burrows in the stomach mu-
cosa,’'® causing pain, nausea, and vomiting. The
acute symptoms subside in a few days, but a
vague abdominal pain with intermittent nausea
and vomiting persists for weeks, with symptoms
resembling those of a peptic ulcer. The condition
is often misdiagnosed because of its similarity to
other acute gastrointestinal conditions (e.g., gas-
tric ulcers or neoplasm, appendicitis, diverticuli-
tis, Crohn’s disease, gallstones, etc.). Diagnosis
is normally only made following biopsy and
confirmed on histopathology.

Life Cycle

Adult anisakid worms are located in the
stomach of marine cetaceans and pinnipeds but
do not develop in humans. The life cycle of
these worms is shown in Figure 9-2. Humans
become infected if an intermediate fish host
containing infective third-stage larvae is eaten
uncooked.

Distribution

Fish infections are found in most oceans and
seas but are highest in areas in which there are
high marine mammal populations, such as
coastal Japan and Alaska. Many species of fish
are naturally infected with anisakiosis, and the
prevalence of infection can be very high. In
Japanese waters, 123 species of marine fish have
been found to harbor the parasite.!'® The global
distribution of anisakiosis is summarized in
Table 9-2. The highest levels of infection have
been reported from Japan and the Netherlands.38

Epidemiology and Transmission

The main source of infection from anisakid
worms for man is marine fish, many species of
which are highly parasitized by anisakid larvae.

Humans acquire 4. simplex by eating raw or
poorly salted, pickled, or smoked herring, cod,
mackerel, salmon, or squid, and P. decipiens
from cod, halibut, flatfish, and red snapper.
Such traditional preparations as green herring,
lomi lomi salmon, seviche, sushi, and sashimi
(i.e., seasoned fish fillets), all of which use raw
or uncooked fish, are major sources of infec-
tions.3* In the Netherlands, the occurrence of the
disease was due to the habit of consuming raw
or lightly salted herring (green herring).'6? Al-
though the habit persists, the incidence of hu-
man anisakiosis has been drastically reduced by
freezing fish before marketing. In recent years,
the highest incidence of the disease has been re-
corded in Japan, where many fish dishes are
eaten raw (sashimi); pickled in vinegar
(sunomono); or fermented in rice, rice bran, or
koji (sushi and zuke). In the United States, at
least two cases have been linked to eating
seviche (i.e., pieces of raw fish seasoned in
lemon juice for several hours), and others to eat-
ing Japanese raw fish dishes.

Prevention and Control

The risk of human infection with anisakiosis
increases in countries where fish are eaten
raw.!”? Anisakiosis is preventable by ensuring
that only well-cooked marine fish, octopus, and
squid are eaten. Larvae are killed by cooking at
60 °C or above. Freezing fish at —20 °C for 24
hours will kill the larvae, with the exception of
some North American species that can survive
freezing at that temperature for 52 hours. Clean-
ing and eviscerating fish immediately after they
are caught prevents larvae migrating from the
intestine to the muscles. Salt curing, marinating,
microwaving, and smoking temperatures are in-
sufficient to kill the parasite.>* Marination of
herring has been a long tradition in parts of
northern Europe,®>1% involving the preservation
of herring fillets in salt and acetic acid. The salt/
acetic acid marination process produces the typi-
cal flavor as a result of denaturing of the fish
proteins, lowering of the pH, and addition of
sugar and spices.!*® The salt/acid treatment may
take up to 42 days to kill Anisakis larvae, and at
low concentrations may not kill larvae at all.»
Larvae have also been shown to survive in izushi
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Figure 9-2 Life cycle of Anisakis simplex. Source: © Crown Copyright.

(i.e., pickled rice with cod roe, fillets of salmon,
and cod) and in sashimi.!!®

Capillariosis

Intestinal capillariosis is caused by a tiny
nematode, Capillaria philippinensis. The dis-
ease was first recognized in the Philippines in
the 1960s and has subsequently been reported in

other countries.?23*% Man is the main definitive
host for the parasite, but several species of birds
are now believed to be a natural host and are able
to transmit the infection.3’

Public Health Significance

Infections with C. philippinensis can cause di-
arrhea, anorexia, weight loss, and, if left un-
treated, death. The parasites cause damage to the
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mucosa of the small intestine, leading to fluid,
protein, and electrolyte loss. Clinical symptoms
include abdominal pain and diarrhea. If treat-
ment is not initiated rapidly, patients die because
of the irreversible effects of the electrolyte loss,
heart failure, or septicemia. In endemic areas, a di-
agnosis can be made on patients based on clinical
signs. In chronic infections, there is weight loss,
wasting, and intractable diarrhea. Infection is con-
firmed by identifying eggs, larvae, and adults mi-
croscopically in the feces. Serological tests are not
sufficiently specific for routine use.

Life Cycle

C. philippinensis 1s a small nematode that is
found in the small intestines of man. Further de-
velopment occurs in fish. A number of species of
freshwater fish are suspected to serve as inter-
mediate hosts for the parasite. The fish are usu-
ally small and are eaten whole in the Philippines
and Thailand, leading to human infection.

Distribution

The distribution of intestinal capillariosis is
summarized in Table 9-2. Nearly 2,000 cases of
capillariosis have been recorded in the Philip-
pines, with more than 100 deaths. In Thailand,
there have been only a few hundred cases, with
an unknown number of deaths recorded.’

Epidemiology and Transmission

Sanitation facilities are poor in many rural ar-
eas of southeast Asia and defecation in the fields
is a common practice. During the monsoon
rains, the feces are broken down and washed
away to streams and ponds, resulting in infection
of freshwater fish. These and many other foods
are eaten uncooked, especially in the endemic
areas of the Philippines and in Thailand.

Prevention and Control

Educating both the local population and visi-
tors of the dangers of eating uncooked freshwa-
ter fish can help prevent intestinal capillariosis.
Improvement of sanitation and the control of in-
discriminate disposal of feces would also be
beneficial. No information is available on the
conditions that kill the parasite in fish and

whether they are known to survive in fermented
fish products.

Dioctophymosis

Dioctophyma (Dioctophyme) renale is a large
kidney-dwelling nematode of carnivores. Infec-
tion is acquired by ingesting raw or undercooked
fish or frogs. It has only rarely been reported in
man.

Public Health Significance

Infection in man can cause renal damage and
associated symptoms of renal colic, hematuria,
or urinary obstruction. In humans and dogs, Dio-
ctophyma usually locates in only one kidney,
most often the right one, and in most cases only
one parasite is found, causing little or no clinical
symptoms. Infection is diagnosed by the pres-
ence of the characteristic thick, bipolar eggs in
urine (only if female worms are present).

Life Cycle

D. renale is a large, blood-red nematode that is
found in the kidneys of carnivores (Table 9-2).
The size of the parasite depends on the size of the
host species; in dogs, the adult female of the para-
site can reach up to 1 m in length. The intermediate
host is a free-living, aquatic segmented worm (oli-
gochaete) in which further development to an in-
fective larva occurs. Transmission to a final host
occurs following ingestion of the annelid interme-
diate host, or more usually following ingestion of a
fish or a frog, which act as transport hosts. The
prepatent period is from 3'/2 to 6 months.

Distribution

D. renale is found on all continents with the
possible exception of Africa and Oceania (Table
9-2). The most frequently reported form of in-
fection is canine dioctophymosis, with the high-
est prevalence of infection in Canadian wild
mink (Mustela vison), where 18% of the animals
are infected. The disease is very rare in man,
with only a few reports worldwide.

Epidemiology and Transmission

In North America, mustelids, especially mink,
appear to be the main reservoir. In other areas, it



is likely that other species of mustelids or wild
canids serve as main definitive hosts. These
hosts are infected by ingesting frogs or fish
(paratenic hosts) and aquatic oligochaetes (inter-
mediate hosts) that contain the third-stage lar-
vae. Dogs and humans are accidental hosts and
are infected by ingesting raw fish and frogs, and
almost always harbor only one parasite. The rar-
ity of human infection can be explained by the
fact that larvae are located in the mesentery and
liver of fish and frogs, which generally are not
eaten by man.

Prevention and Control

Infection can be prevented, both in humans
and dogs, by avoiding the consumption of raw or
undercooked fish and frogs. It is not known what
conditions result in larval death.

Gnathostomeosis

Gnathostomosis is caused by infection with
the larval or immature adult stages of nematodes
of the genus Gnathostoma. Adult parasites are
reported in dogs, cats, and other carnivorous ani-
mals worldwide. In Thailand, more than 40 spe-
cies of vertebrates have been reported to be natu-
rally infected. These include freshwater fish,
frogs, snakes, chickens, ducks and other birds,
rats, mongooses, and tree shrews.>® Four species,
G. spinigerum and G. hispidum, and more re-
cently, G. doloresi and G. nipponicum, have
been reported in humans in Japan, 15152

Public Health Significance

Man is an abnormal host, with infection re-
sulting in a larval migrans causing red, itchy,
and edematous subcutaneous swellings that usu-
ally last approximately one week but can recur
weeks or months later. More rarely, the parasite
may enter the eye, causing subconjunctival
edema, exopthalmus, impaired vision or blind-
ness through hemorrhage, and retinal damage.
Invasion of the central nervous system (CNS)
can produce headaches, neck stiffness, drowsi-
ness, or coma and death. Brain hemorrhage and
transitory obstructive hydrocephalus have also
been reported.!*? Diagnosis in endemic areas is
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based on history, symptoms, or serology and can
be confirmed following the recovery and identi-
fication of parasitic larvae.!!4

Life Cycle

Adult worms of G. spinigerum are found in
tumor-like masses in the stomach wall of fish-
eating mammals. The life cycle of G. spinigerum
is shown in Figure 9--3. The prepatent period is
approximately six months.

Distribution

The distribution of human gnathostomiosis is
summarized in Table 9-2.

Epidemiology and Transmission

The main source of human infection of
gnathostomosis in Thailand is the snake-headed
fish, Ophicephalus spp., which is one of the
fishes used in som-fak, a rice-fermented fish dish
with widespread popularity. In Japan, freshwa-
ter Ophicephalus species are eaten raw as
sashimi. The ingestion of raw or inadequately
cooked fish is the major source of infection in
other areas reporting the disease. Infections in
Mexico are attributed to eating raw cycloid fish as
ceviche.” Human infections are also reported
from eating raw or poorly cooked catfish, eels,
frogs, chickens, ducks, and snakes.’® Dogs, cats,
and several species of wild mammals are reser-
voirs of the parasite. These definitive hosts be-
come infected primarily through eating infected
fish or other animals that serve as paratenic hosts.

Prevention and Control

Health education programs in endemic areas
of Asia are required to control this type of infec-
tion. Ensuring that people eat only well-cooked
fish, eels, or other intermediate hosts such as
snakes, frogs, and poultry can prevent infec-
tions. Potentially copepod-infested water should
be boiled or treated.

Gongylonemosis

Gongylonema pulchrum is a spiruroid nema-
tode of the Thelaziidae family (Table 9-1). It is
found in all domesticated mammals, but is most
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Figure 9-3 Life cycle of Gnathostoma spinigerum. Source: © Crown Copyright.

prevalent in ruminants (Table 9-2). Cases of hu-
man infection are rare.

Public Health Significance

In humans, gongylonemosis parasites have
been found in the submucosa of lips, gums, hard

palate, soft palate, and tonsils, with pharyngitis
and stomatitis reported. Diagnosis is based on
history, clinical signs of mouth irritation, and
microscopic identification of the parasite. Occa-
sionally, the parasite has been found emerging
from the mouth. Infection in animals is usually



asymptomatic, but may sometimes cause lesions
of the mouth or pharynx.? In pigs, the parasite is
found in the tongue mucosa and may cause oc-
clusion of the esophagus.'”

Life Cycle

Adult Gongylonemosis worms live in the
mouth, esophagus, or rumen of the final hosts. The
life cycle of G. pulchrum involves coprophagic
beetles of the genera Aphodius, Ontophagus, and
Blaps as intermediate hosts. Ruminants become
infected by ingestion of the beetles with grass or
other infested food.

Distribution

Although G. pulchrum is widely distributed
geographically, human infection is rare. The dis-
tribution of G. pulchrum is summarized in Table
9-2. Infection in domestic ruminants varies con-
siderably, with high levels of infection reported
in the Ukraine (e.g., 32-94% of adult cattle, 39—
95% of sheep, and 0-37% of pigs infected),?
and Iran (e.g., 49.7% of the cattle).* In the
United States, the parasite was found in 5.9% of
pigs, varying from 0 to 21% according to geo-
graphic origin.'”

Epidemiology and Transmission

Man is an accidental host and is probably in-
fected by ingesting beetles on salads and raw
vegetables.

Prevention and Control

Because the Gongylonemosis parasite is rare
in humans and causes only mild symptoms, spe-
cial control measures are usually not recom-
mended. Individual protection can be obtained
by observing the rules of personal, food, and en-
vironmental hygiene.

Trichinellosis (Trichinosis)

Trichinellosis (trichinosis) is a food-borne
disease that is caused by infection with parasitic
nematodes of the genus, Trichinella. Infection
results from ingesting meat harboring infective
larvae. Until recently, 7. spiralis was accepted
as the sole representative of the genus Tvi-
chinella. 1t has now become clear that not all
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populations of the parasite are the same, and five
species have recently been proposed.’* T.
spiralis is the most important species, with
widespread distribution in domestic pigs.

Public Health Significance

Trichinellosis is a cosmopolitan zoonotic,
food-borne, parasitic disease resulting from the
ingestion of meat harboring the infective larvae
of Trichinella. Intestinal trichinellosis is usually
mild and therefore not often diagnosed, but may
cause diarrhea and abdominal discomfort, some-
times accompanied by nausea and vomiting.

[eavy infections can be severe, causing ex-
tremely painful muscles, and even fatalities in
man. The illness typically begins one to four
weeks after ingestion of infective meat, and is
characterized by muscle aches and fever. Muscle
pain, which may be severe and incapacitating, is
an outstanding feature, with the jaw muscles fre-
quently involved. The infection of heart muscle
may induce severe, even fatal, myocarditis.
Death may also result from encephalitis or pneu-
monitis. In most parts of the world, the probabil-
ity of contracting the disease is now low, and its
decline, certainly throughout the western world,
can be attributed to the introduction of a number
of control measures discussed later. Diagnosis
may be based on a clinical history of prior con-
sumption of raw or undercooked meat, but this
aspect may be missed, particularly in countries
where the disease rarely occurs. Clinical signs of
muscle aches, fever, and periorbital edema are
indicative of the disease. Infection is usually di-
agnosed by demonstrating larvae in muscle bi-
opsy specimens.

Life Cycle

T. spiralis is a small, nematode parasite that is
found in the small intestine of man, pig, rat, and
other mammals (Table 9-2). The life cycle of T
spiralis is shown in Figure 9—4. Encysted larvae
remain infective for months, even years. In some
hosts, especially man, they eventually die and
become calcified. Trichinella is remarkable
among parasitic nematodes in having neither a
free-living stage between individual hosts nor an
intermediate host. The spread of larvae through-
out the host musculature permits transmission to
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Figure 94 Life cycle of Trichinella spiralis. Source: © Crown Copyright.

another individual host, but only after the death
of the first host.
Distribution

Trichinella has been recorded on every conti-
nent except Antarctica (Table 9-2). In many ar-

€as, its prevalence in man and pigs has been re-
duced to a low level, but persists at higher levels
in wildlife. Prevalence rates are higher in large
carnivorous or scavenging species such as bears,
mink, fox, badger, wild boar, and rodents. Infor-
mation on the global incidence of clinical



trichinellosis in man is not readily available, but
it is evident that there has been a striking reduc-
tion in western Europe and the United States.
Several outbreaks in France and Italy have been
associated with eating horse meat that was
thought to have become infected by intention-
ally or inadvertently eating fodder that was con-
taminated with the bodies of dead rats or mice.
Outbreaks of varying severity continue to occur
in eastern Europe, the former Soviet Union,
Asia, and occasionally elsewhere.

Epidemiology and Transmission

Two distinctive epidemiological cycles of T.
spiralis are recognized, domestic and sylvatic.
The domestic cycle involves pigs and rats,
through either the feeding of uncooked pork
scraps (e.g., in waste feed) to pigs, cannibalism
among pigs (e.g., scavenging of dead carcasses
and possibly tail biting of live pigs), or infection
of rats by disposal of uncooked pork and the sub-
sequent infection of pigs by the ingestion of in-
fected rats. Human infection occurs when
undercooked or raw pig meat is eaten.

In the sylvatic cycle, Trichinella is transmit-
ted among species of wildlife. Man becomes in-
fected by consuming game meat. The two cycles
may be interrelated by the fact that domestic
pigs may scavenge on dead wild animals and
vice versa. Rats can also be of significance in
this respect in that they may become infected ei-
ther through eating pork scraps or by scavenging
wildlife carcasses. Rats may in turn be hunted
and eaten by wildlife predators, or when they
die, be eaten by wild carrion feeders or pigs.
Crossover of Trichinella from one transmission
cycle to another may occur, with domestic to
sylvatic cycle the more likely'® as wildlife
strains may have low infectivity for rats or pigs.

Prevention and Control

Human infection by trichinae is linked to the
consumption of undercooked pork or game
meat. A number of measures can therefore be
taken to control infection. These involve a com-
bination of consumer education and control of
infection in pigs. Pig herds can be kept free of
infection by ensuring that pork scraps are not fed
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to pigs. In some countries, laws requiring waste
food (swill) to be cooked before being fed to
pigs have been introduced to help control a num-
ber of important viral pig diseases. Good hus-
bandry and rat-proofing piggeries also help con-
trol infection. In many countries, meat
inspection procedures have been introduced to
identify infection.

Ethnic or cultural practices in which meat is
eaten undercooked or raw are a particular risk
area and may call for special educational mea-
sures. Traditional types of sausage (including
fermentated sausage) that receive little cooking
have long been associated with human disease.
Education draws attention to the need to freeze
or cook such foodstuffs. Freezing may be more
acceptable because it has less effect on flavor
and taste than cooking. To be effective, meat
must be frozen throughout and stored for suffi-
cient time to ensure death of encysted larvae.
The thermal death point of 7' spiralis is approxi-
mately 57 °C, and cooking pork so that it reaches
a temperature of 77 °C gives a margin of safety
without destroying the taste of the meat. Slightly
lower temperatures may be adequate provided
the temperature is achieved uniformly through-
out the meat. It can be assumed that pork will be
safe if it is cooked until there is no red or pink col-
oration throughout. In the United States, fer-
mented pork sausages must either originate from
Trichinella-certified meat or be heated to 58.3 °C
at the end of the fermentation process.®’ Although
certain factors such as pH may affect survivability
of trichinae in fermented sausage, prescribed heat
treatment is considered necessary.’!

CESTODES (TAPEWORMS)

There are a number of food-borne tapeworms
that infect humans, of which a few are acquired
by eating meat or fish. A general description and
classification of food-borne tapeworm species is
provided in Table 9-1.

Diphyllobothriosis

Although there are various species of fish
tapeworm reported in humans, the most impor-
tant is Diphyllobothrium latum.
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Public Health Significance

Diphyllobothriosis is usually asymptomatic,
but long-term infection with the tapeworm may
produce vitamin Bi2 deficiency leading to anemia.
The presence of several worms may cause intesti-
nal obstruction. CNS signs of peripheral and spi-
nal nerve degeneration have been reported. Diag-
nosis is based on identifying the presence of the
characteristic eggs in human feces.

Life Cycle

The fish tapeworms are among the largest
worms to infect humans. Adult tapeworms are
found in the small intestine, ranging from 2 m to
15 m in length and living as long as 10 years.
Many species of fish such as pike, perch, turbot,
salmon, and trout serve as second intermediate
hosts. The life cycle of D. latum is shown in Fig-
ure 9-5.

Distribution

The distribution of D. latum is widespread in
the temperate and subarctic regions of the North-
ern Hemisphere where freshwater fish are eaten.
Distribution is summarized in Table 9-2.

Epidemiology and Transmission

Diphyllobothriosis is transmitted by the in-
gestion of infected, raw, or improperly cooked
freshwater fish. Human cultures with prefer-
ences for smoked, pickled, or raw fish (such as
sashimi or sushi) are at particular risk.

Endemnicity is maintained where there is
poor sanitation, or, due to the practice of lake-
side hotels, pumping of raw sewage into fresh-
water lakes. The parasite may have been spread
by the emigration of infected people from en-
demic areas into lake regions in which suscep-
tible copepods and fish were present. Scandina-
vian and Russian immigrants are thought to have
introduced the parasite into the Great Lakes re-
gion of North America and Alaska.

Prevention and Control

Human infection is easily prevented by ensur-
ing that freshwater fish is well cooked or by
changing dietary habits through education. If
fish is to be eaten raw, smoked, pickled, or fer-

mented, then freezing at —10 °C for 1-3 days
should kill pleurocercoid larvae in the fish tis-
sue. Sewage from lakeside hotels and from lei-
sure boats should be treated before release into
the lakes.

Taeniosis (Cysticercosis)

Taeniosis is intestinal infection with a pre-
adult or adult stage of a tapeworm of the genus
Taenia. Only two species, T. saginata and T.
solium, infect human intestines as adult tape-
worms, and man is the only known final host.
Intermediate stages of these human tapeworms
infect the tissues of meat-producing animals.
Tissue infection with a metacestode stage of
Taenia is referred to as cysticercosis. The inter-
mediate hosts of T. saginata and T. solium are
domesticated cattle and pigs, respectively, but
several other ruminants, including sheep, goats,
and llamas, have been recorded as carriers of C.
bovis, although the validity of these hosts has
been questioned. The reindeer, Rangifer
tarandus, has been shown to act as an intermedi-
ate host in Russia. Cysticerci thought to be C.
cellulosae have been reported in monkeys, wild
pigs, bush babies, camels, rabbits, hares, bears,
dogs, foxes, cats, rats, and mice. Four species
(i.e., T. solium, T. saginata, T. multiceps, and T.
hydatigena) parasitize human organs as cys-
ticerci; the last three species invading man only
exceptionally.'s* Other species, T. serialis, T.
longihamatus, T. crassiceps, and T. taeniae-
Jformis, have occasionally been diagnosed as a
cause of cysticercosis in man.!21452

Public Health Significance

Taeniosis itself causes little if any disability
and morbidity. Conversely, human cysticercosis
has a definite public health significance, causing
disability and death in infected people. Cys-
ticerci may be found in every organ of the body
of man, but are most common in the subcutane-
ous tissue, eye, and brain. In the brain
(neurocysticercosis), the tissue reaction that oc-
curs may cause a variety of CNS disorders, some
of which may be fatal. In endemic areas,
neurocysticercosis may be responsible for 30—
60% of cases of epilepsy, and mortality may
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Figure 9-5 Life cycle of Diphyllobothrium latum. Source: © Crown Copyright.

range from 1% to 2% of all causes of death. Fora  matic improvement in therapy. Diagnosis of hu-
long time, treatment of taeniosis was neither safe =~ man taeniosis is not always straightforward and
nor satisfactorily effective; however, the intro-  is based on clinical symptoms and the identifica-
duction of effective taenicides has seen a dra-  tion of tapeworm proglottids or eggs during
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stool or anal swab examination.” Repeated fecal
examinations increase the chances of finding
eggs, and diagnosis can be improved by taking
perianal swabs using sticky cellophane tape. A
fecal antigen test has also been reported.’*!

Life Cycle

Adult tapeworms of T saginata measure 4-12
m in length and take approximately three months
to become fully grown. T. solium is shorter, 1.5 m
to 8 m, and takes 62-72 days to mature. Both
tapeworms are found in the small intestine of
man and may live for up to 25 years. The life
cycles are similar, involving cattle and pigs re-
spectively (Figure 9-6).

Distribution

T. saginata (C. bovis) occurs in many cattle-
breeding regions and especially where beef is
eaten raw or undercooked. Distribution of T.
solium (C. cellulosae) is usually confined to poor
countries because it is mainly related to the low
sanitation in pigs’ breeding areas. Human migra-
tion and increased consumption of pork increases
the spread of taeniosis/cysticercosis from the en-
demic rural areas into urban areas. Bovine cys-
ticercosis has a high prevalence in western and
eastern Central Africa and some Asian countries.5
Moderate infections are seen in other coun-
tries!?>! and are summarized in Table 9-2. The
prevalence of bovine cysticercosis in Europe and
the United States has decreased throughout the
twentieth century, through the introduction of
meat inspection procedures in these countries.
Fluctuations in prevalence in Europe have oc-
curred as a result of the migration of people fol-
lowing World War II and increased tourism,!?* and
in the United States, occasional outbreaks have
been attributed to Mexican immigrant workers. 4!

The distribution of pig cysticercosis is also
summarized in Table 9-2. In countries that are
supposed to be free of T. solium infections, human
cysticercosis may occur sporadically, mainly due
to contact with infected migrants or tourists.”

Epidemiology and Transmission

Man becomes infected with taeniosis by eat-
ing raw or undercooked meat containing viable

cystercerci. The life span of cysticerci varies,
probably due to parasite or host strain variations,
different infection doses, and host immunologi-
cal responses. C. bovis in cattle, for example, re-
main viable for nine months to three years.
Numbers of cysticerci depend not just on the de-
gree of exposure to infective and viable tape-
worm eggs, but also on the level of host immu-
nity that can effectively reduce the number of
developing cysticerci.

Adult tapeworms have a high biotic potential.
Within infected human populations, the total
production of eggs can be enormous. The eggs
are sensitive to temperatures higher than 38 °C
and to desiccation, but are capable of surviving
European winters for 35 days® and of surviving
in sea or brackish waters for some time. The
eggs are also relatively resistant to chemicals. 7.
saginata eggs remain infective for calves after
16 days in sewage, up to 71 days in sludge, and
for several months in pastures.!1

Animal husbandry practices, human eating
habits, sanitary education, and willingness to co-
operate in control programs are all factors that
may further influence the transmission of
taeniosis. Poverty, ignorance, and some local
customs of eating raw pork or raw meat or vis-
cera may also play an important transmission
role. The habit of eating raw meat or semi-raw
sausages is strongly rooted in some cultures.

Prevention and Control

Control measures include improved diagnosis
and treatment of human taeniosis as well as
proper pig and cattle husbandry and the instiga-
tion of meat inspection procedures. However,
routine meat inspection may be inadequate for
light infections and may miss more than half of
the infected animals.!s In cattle, the heart is
most frequently infected; in pigs, the tongue is
the most commonly infected organ.!? Poor local
sanitation is largely responsible for the ease of
transmission in rural endemic areas.

Food transmission can be controlled by avoid-
ing the consumption of raw pork or beef or semi-
raw meat products. Freezing infected pork or
beef can kill the cysticerci when the internal
temperature of meat or a carcass is less than —5
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Figure 9-6 Life cycle of Taenia solium and Taenia saginata. Source: © Crown Copyright.



192  FERMENTATION AND FooD SAFETY

°C for at least four days or around —20 °C for at
least 12 hours. It is not known if cysterci can sur-
vive meat fermentation conditions, but it would
seem sensible to freeze or heat treat flesh ingre-
dients wherever possible.

TREMATODES (FLUKES)

Trematodes or flukes are unsegmented,
dorso-ventrally flattened, leaf- or lancet-shaped
parasitic worms. The life cycles of the parasitic
flukes discussed in the text are indirect, involv-
ing a variety of intermediate hosts. A general
description of food-borne flukes and their classi-
fication is provided in Table 9—1.

Clonorchiosis

Clonorchis sinensis (Opisthorchis sinensis), the
Chinese liver fluke, is a trematode infection that is
found throughout southeast Asia. The parasite is
acquired by eating raw or poorly cooked or pre-
served freshwater fish, particularly carp, and can
infect a range of mammals, including man.

Public Health Significance

Human infections may be present for many
years without causing overt signs of clinical dis-
ease. The development of clinical signs depends
on the number of worms present, which can num-
ber several thousands in heavy infections. Large
numbers of flukes in the bile ducts can cause cho-
langitis (inflammation of the bile ducts) and gall-
stones in man,'’> and may possibly predispose to
cholangiocarcinoma.'#* The parasite may on occa-
sions enter the pancreatic ducts, causing dilatation,
fibrosis, and pancreatic stones.

Life Cycle

Adult flukes, which may live as long as 30
years, inhabit the bile ducts of man and other fish-
eating mammals. More than 100 species of fish are
reported hosts for the parasite in Asia. The life
cycle of adult fluke is shown in Figure 9-7.

Distribution

The parasite distribution of flukes is shown in
Table 9-3. Infection rates have decreased in Ja-
pan in recent years, but infections remain wide-

spread in China, Taiwan, and Korea. The preva-
lence and distribution of infection is associated
with the presence of susceptible snail and fish
intermediate hosts and habits of the indigenous
populations. It has been suggested that close to
25 million people are infected in Asia, mostly in
southern China and North Korea.

Epidemiology and Transmission

Infection by flukes in man occurs by eating
raw, undercooked, or poorly preserved infected
fish. In some areas where the parasite occurs,
fish is eaten raw in thin slices with rice (congee).
The eating of raw freshwater fish has become
increasingly popular in several Far Eastern
countries, and consequently the prevalence of
human infection is increasing. Infections outside
of Asia are usually imported. In most endemic
areas, cats and dogs are infected in high num-
bers. Levels of infection are maintained by the
practice of fertilizing ponds used to raise fish
with human excrement.

Diagnosis is based on the identification of the
characteristic eggs in fecal samples, which have
to be differentiated from other trematode eggs
such as Heterophyes heterophyes, Metagonimus
yokogawi, Haplorchis taichui, and Opisthorchis
species (Table 9—4). Several serologic tests have
been developed, but most are nonspecific. A re-
ported enzyme-linked immunosorbent assay
(ELISA) may be of value.3°

Prevention and Control

In endemic areas, treatment of all infected
persons and improved sanitation would help
control infection by flukes. In areas where fish
are raised in ponds, human and animal feces
should be composted or sterilized before they
are applied as fertilizer to ponds.

Thorough cooking of all freshwater fish is the
most effective means of controlling infection by
flukes. Clonorchiosis can be prevented by avoid-
ing eating raw, undercooked or improperly pick-
led, salted, dried, smoked, or fermented fish in
endemic areas. There is little or no information
on conditions affecting the survivability of the
encysted infective stages in fish flesh. Education
projects are of some benefit, but the eating of
raw or fermented freshwater fish has been a

Next Page
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found throughout southeast Asia. The parasite is
acquired by eating raw or poorly cooked or pre-
served freshwater fish, particularly carp, and can
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Human infections may be present for many
years without causing overt signs of clinical dis-
ease. The development of clinical signs depends
on the number of worms present, which can num-
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Adult flukes, which may live as long as 30
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The parasite distribution of flukes is shown in
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pan in recent years, but infections remain wide-

Previous Page

spread in China, Taiwan, and Korea. The preva-
lence and distribution of infection is associated
with the presence of susceptible snail and fish
intermediate hosts and habits of the indigenous
populations. It has been suggested that close to
25 million people are infected in Asia, mostly in
southern China and North Korea.

Epidemiology and Transmission

Infection by flukes in man occurs by eating
raw, undercooked, or poorly preserved infected
fish. In some areas where the parasite occurs,
fish is eaten raw in thin slices with rice (congee).
The eating of raw freshwater fish has become
increasingly popular in several Far Eastern
countries, and consequently the prevalence of
human infection is increasing. Infections outside
of Asia are usually imported. In most endemic
areas, cats and dogs are infected in high num-
bers. Levels of infection are maintained by the
practice of fertilizing ponds used to raise fish
with human excrement.

Diagnosis is based on the identification of the
characteristic eggs in fecal samples, which have
to be differentiated from other trematode eggs
such as Heterophyes heterophyes, Metagonimus
yokogawi, Haplorchis taichui, and Opisthorchis
species (Table 9—4). Several serologic tests have
been developed, but most are nonspecific. A re-
ported enzyme-linked immunosorbent assay
(ELISA) may be of value.3°

Prevention and Control

In endemic areas, treatment of all infected
persons and improved sanitation would help
control infection by flukes. In areas where fish
are raised in ponds, human and animal feces
should be composted or sterilized before they
are applied as fertilizer to ponds.

Thorough cooking of all freshwater fish is the
most effective means of controlling infection by
flukes. Clonorchiosis can be prevented by avoid-
ing eating raw, undercooked or improperly pick-
led, salted, dried, smoked, or fermented fish in
endemic areas. There is little or no information
on conditions affecting the survivability of the
encysted infective stages in fish flesh. Education
projects are of some benefit, but the eating of
raw or fermented freshwater fish has been a
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Figure 9-7 Life cycle of Clonorchis sinensis. Source: © Crown Copyright.

practice among Asian communities for centu-
ries, and many cultures would be reluctant to
change their habits. Freezing fish for a week at
—10 °C would be beneficial, but even frozen fish
has been incriminated with Clonorchis out-
breaks in nonendemic areas.

Echinostomosis

Trematodes of the family Echinostomatidae
are intestinal parasites of birds and mammals
with approximately 16 species reported from
humans. Infections occur mainly in southeast



Table 9-3 Food-Borne Helminths (Trematodes)

Parasite Class Parasite

Distribution

Main Hosts (Final)

Source of Infection to Man

Clonorchis (Opisthorcis)
sinensis
Echinostoma spp.*

Trematoda
(flukes)

Fasciola hepatica

Fasciola gigantica
Fasciolopsis buski

Heterophyes
heterophyes

Nanophyetes salmincola
Opisthorcis viverrini
Opisthorcis felineus

Paragonimus
westermani

Paragonimus africanus

China, Korea, Japan, Taiwan, Vietnam

Far East (Phillipines, Thailand, Indonesia,
Taiwan, Korea), Africa
Worldwide

Africa, parts of Asia, Hawaii

Asia (China, Taiwan, Thailand, Vietnam,
Laos), India, Indonesia

Middle East (Egypt, Turkey), Balkans,
southern Europe (Spain), and parts of
Asia (China, Japan, Korea)

North Amercia, Siberia

Southeast Asia (Thailand, Laos) Russia,
Siberia, Kazakstan, parts of Europe
(Poland, Germany) Southeast Asia
(Korea, Japan, Phillipines)

Asia (China, Korea, Japan, Taiwan,
Phillipines, Vietnam, India)

Central Africa

Paragonimus mexicanus Central and South America (Peru,

*Approximately 16 species reported in man.
Source: © Crown Copyright.

Ecuador, Colombia, Honduras, El
Salvador, Mexico)

Man, dogs, cats, pigs, rats,

mink

Wide variety of birds and

mammals, man

Cattle, sheep, goats, pigs,

horses, camelids, rabbits,
wild herbivores, man

Cattle, sheep, goats,

zebras, man
Man, pigs

Dogs, cats, fish-eating birds

and mammals, man

Dogs, fish-eating mammals
(foxes, racoons, mink)

Dogs, cats, fish-eating
mammals, man

Cats and fish-eating
mammals

Man, dogs, cats, fish-eating
mammals (otters,
mongooses, tigers,
leopards, wolves,
mustelids), rats, pigs,
monkeys

Fish

Molluscs (snails, clams),
fish

Salads (lettuce,
watercress), alfalfa juice

Aquatic plants (water
caltrop, water chestnut)

Fish

Fish

Fish

Fish

Crustaceans, crabs,
crayfish

v6l
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Asia and involve species of the genera
Echinostoma and Hypoderaeum.

Public Health Significance

Infections with echinostomids are usually of
short duration and cause few problems unless
large numbers of fluke are present. Inflamma-
tory lesions with shallow ulcers in the mucosa
may develop at the site of the fluke attachment.
Heavy infections may cause clinical symptoms
of abdominal pain, flatulence, diarrhea, anor-
exia, and edema. Diagnosis is based on finding
the eggs in the feces that must be differentiated
from those produced by Fasciola hepatica or
Fasciolopsis buski (see Table 9—4).

Life Cycle

These small flukes are found in the small in-
testine of birds and mammals. The life cycle in-
volves both snails and a range of second inter-
mediate hosts, including other species of
molluscs, fish, or tadpoles. Man acquires infec-
tions after eating the second intermediate host
raw or partially cooked.

Distribution

The distribution of human echinostomid in-
fections is provided in Table 9-3. The highest
prevalence rates occur in the Philippines, Thai-
land, Indonesia, Taiwan, Korea, and Africa.?’

Epidemiology and Transmission

Infections are acquired by eating raw snails,
clams, raw or undercooked frogs and tadpoles,
or raw or insufficiently cooked fish. Many
people in endemic areas are subclinically in-
fected. Tourists may become infected when vis-
iting endemic areas and sampling local cuisine.
An outbreak of gastroenteritis caused by
echinostome infection was reported in a group of
Americans returning from a tour in Africa.'?

Prevention and Control

Ensuring that snails, clams, tadpoles, frogs,
and fish are well cooked before eating can pre-
vent echinostomid infections. As with other
food-borne trematode infections, there is a pau-
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city of information concerning conditions af-
fecting survivability of infective stages in food.

Fasciolosis

F. hepatica and F. gigantica (liver flukes) are
trematodes that live in the bile ducts of domestic
and wild herbivores and occasionally infect
man. In animals, fascioliosis occurs predomi-
nantly in herbivores, most commonly affecting
sheep, followed by cattle.

Public Health Significance

Human infection with F. hepatica and F.
gigantica is often mild or subclinical, with the
severity of the infection dependent on parasite
numbers and the duration of infection. Serious
infections, with a large number of parasites, may
produce biliary stasis, liver cirrhosis, and chole-
cystitis and gallstones, occasionally leading to
jaundice.

Diagnosis in humans is based mainly on his-
tory and clinical signs and must be differentiated
from other hepatic infections. Fecal examination
is not appropriate because the flukes rarely de-
velop to maturity.

Life Cycle

Adult flukes are found in the bile ducts of the
liver. The life cycles of F. hepatica and F.
gigantica are similar but involve different snail
intermediate hosts of the genus Lymnaea. The
prepatent period is approximately 12 weeks, and
adult fluke can live in the bile ducts for several
years.

Distribution

F. hepatica is distributed throughout the
world; F. gigantica occurs in Africa, several
Asian countries, and Hawaii. Human F. hepatica
infections occur sporadically, or in outbreaks,
and have been recorded in numerous countries in
the Americas, Europe, Africa, and Asia. The
most extensive epidemics have occurred in
France, with infection due to eating watercress
that was contaminated by metacercariae.”® The
distributions of both parasites are summarized in
Table 9-3. Fascioliosis is a common disease of



Table 9-4 Worm Eggs in Human Feces

Description Size um) Parasite Differentiate from
Small to medium-sized eggs (< 75 pm)
With weakly protuding polar plugs 35-45 x 21 Capillaria Trichuris (protuding polar plugs)
Embryonated
—spherical with hexacanth embryo 35-40 x 30-35 Taenia solium Hymenolepis
Taenia saginata
~with conspicuous operculum 25-35 x 1020 Opisthorcis Clonorchis/Heterophytes/Metagonimus
Clonorchis Opisthorcis/Clonorchis
Heterophytes/Metagonimus
Clonorchis/Opisthorcis
~with inconspicuous operculum 25-30 x 15-17 Heterophytes
Metagonimus
Large eggs (> 75 um)
Unembryonated
-with operculum 80-120 x 48-60 Paragonimus
80-120 x 60-90 Echinostoma
130-145 x 70-90 Fasciola hepatica Fasciolopsis
Fasciolopsis buski Fasciola

Source: © Crown Copyright.
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sheep, goats, and cattle in many parts of the
world. Economic losses due to Fasciola infec-
tions are the result of liver condemnation,
stunted growth, and reduced milk, meat, and
wool production.

Epidemiology and Transmission

Man is infected with fascioliosis mainly
through consuming salads of watercress (Nastur-
tium officinale) containing metacercariae. In
France, where watercress salad is popular, human
infection is more frequent than in other European
countries. Contaminated lettuce or other plants
that are eaten raw can sometimes serve as a source
of infection, as can water from irrigation canals or
other receptacles. Alfalfa juice has also been im-
plicated in places where it is a customary drink.

Prevention and Control

Human infection can be reduced by avoiding
eating watercress of wild or unknown origin and
by ensuring that watercress is cultivated under
controlled conditions that exclude animals or the
possibility of snail infestation. Treating live-
stock limits levels of contamination, and control
of the intermediate snail host can be attempted
through the use of molluscides or effective land
drainage to reduce available snail habitats.

Fasciolopsiosis

Fasciolopsiosis is a disease that is caused by
the largest intestinal fluke, F. buski. This para-
site infects man through the ingestion of raw,
contaminated water plants.

Public Health Significance

Most infections are asymptomatic, but heavy
infections may produce diarrhea, abdominal
pain, and occasionally intestinal obstruction
leading to malnutrition and death.'>1% Diagnosis
is confirmed by identifying the eggs in feces that
have to be differentiated from eggs of Fasciola
spp. (Table 9—4).

Life Cycle

Adult F. buski flukes are found in the duode-
num. The life cycle is similar to that of Fasciola,
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but intermediate hosts are freshwater snails of
the genera Planorbis and Segmentina. Man (and
pigs) becomes infected by eating contaminated
aquatic plants.

Distribution

It was estimated that approximately 10 mil-
lion people were infested with fasciolopsiosis
worldwide in the late 1940s.12 Current estimates
on prevalence are not available, but evidence
suggests that the endemic range is expand-
ing,%7! although it is still confined to southeast
Asia. The distribution of F. buski is summarized
in Table 9-3.

Epidemiology and Transmission

Infection with fasciolopsiosis is transmitted
by the ingestion of raw contaminated aquatic
plants such as water caltrop, water chestnut, wa-
ter hyacinth, and water bamboo. Pigs are the res-
ervoir host, but in Muslim countries, humans
may be the main reservoir of infection.

Prevention and Control

The disease is easily preventable by avoiding
raw or uncooked aquatic plants in endemic ar-
eas. The introduction of good sanitation facili-
ties limits contamination of local water courses
and ponds.

Heterophyosis

More than 10 species of intestinal flukes of
the family Heterophyidae have been reported in
man and fish-eating mammals, the most impor-
tant of which are Heterophyes heterophyes and
Metagonimus yokogawai. These flukes are ac-
quired by eating raw or poorly cooked or pre-
served freshwater fish.

Public Health Significance

Light infections of intestinal flukes are usu-
ally asymptomatic, but heavier infections cause
chronic, intermittent, often bloody, diarrhea; up-
per abdominal pain; anorexia; nausea; vomiting;
and weight loss. Eggs or worms entering the
CNS may cause clinical symptoms that are simi-
lar to those for cerebral hemorrhage or epilepsy.
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In the heart, there may be signs of myocarditis or
chronic congestive heart failure leading to death.

Diagnosis is based on finding and identifying
characteristic eggs in the feces. The eggs of
these flukes are very similar, and specific identi-
fication is difficult. They also have to be differ-
entiated from those of C. sinensis and
Opisthorcis (Table 9—4). Serological tests are
not available.

Life Cycle

These small flukes live in the small intestines of
the final hosts. The life cycles are similar to other
flukes involving both snail and fish intermediate
hosts (e.g., mullet, tilapia, trout, and salmon).

Distribution

The distributions of H. heterophyes and M.
yokogawai are summarized in Table 9-3.

Epidemiology and Transmission

Intestinal fluke infections are acquired by eat-
ing raw, undercooked, or poorly preserved
freshwater or marine fish and shrimps in en-
demic areas. Endemnicity is maintained by con-
tamination of water by human or animal feces.

Prevention and Control

The prevention of human infection relies on
avoiding eating raw or improperly cooked, salted,
or pickled infected freshwater fish in endemic ar-
eas. Again, there is little or no information con-
cerning conditions affecting survivability of infec-
tive stages in fish or crustaceans. Education and
good sanitation would be helpful for control. Raw
fish should not be fed to dogs or cats.

Nanophyetiosis

The intestinal trematode, Nanophyetes
salmincola (Troglotrema salmincola), is found
in dogs and fish-eating mammals of eastern Si-
beria and North America. It transmits a rickett-
sia, Neorickettsia helminthoeca, the cause of
“salmon poisoning” in these animals. Infection
with this parasite has been reported in humans in
North America.’!

Public Health Significance

Mild fluke infections in man are asymptom-
atic. Heavy infections (> 500 fluke) cause fre-
quent bowel movements or diarrhea, abdominal
discomfort, nausea, vomiting, weight loss, and
fatigue. Human cases of salmon poisoning due
to the rickettsia, N. helminthoeca, have not been
reported. Diagnosis is based on the identification
of eggs in the feces or recovery of the adult
worms following treatment.

Life Cycle

The small adult flukes live in the intestinal wall
of the host. The life cycle involves both snail and
fish intermediate hosts. Infection in man is ac-
quired by eating uncooked infected fish (salmon
and trout) containing encysted metacercariae.

Distribution

The parasite has been reported from the Pa-
cific coast of North America and eastern Siberia.
Its prevalence is unknown.

Epidemiology and Transmission

Animals and man acquire the infection by eat-
ing raw or uncooked fish, although there is one
report of the infection being acquired by han-
dling salmon.”™

Prevention and Control

In endemic areas, the main preventative mea-
sure is education in an effort to change the habit
of eating raw or undercooked fish. There is no
information on survivability of metacercariae in
fish-based fermented foods. Dogs and cats
should not be fed raw fish and should be kept
away from salmon rivers and streams.

Opisthorchiosis

Two species of Opisthorchis infect humans
and cause a disease similar to clonorchiosis: O.
viverrini is found in southeast Asia, and O.
Selineus (the cat liver fluke) is found in parts of
Europe.



Public Health Significance

Infection with Opisthorchis flukes has a sig-
nificant public health importance because their
presence often causes serious disease and is
linked with cholangiocarcinoma and hepatic
carcinoma. Most infections are asymptomatic,
depending on the level and duration of infection.
Adult fluke in the bile ducts, gallbladder, and
occasionally the pancreatic duct cause thicken-
ing of the ducts, predisposing to cholangio-
carcinoma and hepatocellular carcinoma.” Di-
agnosis is made by identifying eggs in the feces,
although eggs cannot be differentiated from
those of C. sinensis and other fluke species
present in the intestines. An antibody ELISA%
and a molecular DNA method!#¢ have been re-
ported for diagnosis.

Life Cycle

Opisthorchis species are similar morphologi-
cally and in life cycle to Clonorchis sinensis.
Adult fluke can live as long as 20 years.

Distribution

The distributions of O. viverrini and O. feline-
us are shown in Table 9--3. It is estimated that
more than 7 million people are infected with O.
viverrini and 4 million with O. felineus. Preva-
lence rates in highly endemic areas are greater
than 90% for O. viverrini and 85% for O. fe-
lineus. In some parts of Europe, more than 85%
of cats are infected with O. felineus.

Epidemiology and Transmission

Man and other definitive hosts become in-
fected with Opisthorchis flukes by eating raw or
undercooked fish. In Europe, metacercariae are
common in freshwater fish such as orfe, bream,
tench, and barbel. In parts of Asia, fish are eaten
raw, especially in the rainy season when the fish
are most abundant. In Thailand, fish are raised in
ponds and the ponds are fertilized with human
and animal feces. In areas endemic for O.
felineus, the freshwater fish is eaten raw, dried,
salted, or fermented. Cats and dogs in southeast
Asia are important reservoirs of O. viverrini.
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Prevention and Control

The main preventative measure is through
education of the population to avoid eating raw
or poorly preserved fish. Food habits are tradi-
tional and are often difficult to break. Salting
fish in 5-15% saline for three to ten days de-
stroys metacercariae, as does freezing at —10 °C
for five days. It is not known if fermentation
conditions kill metacercariae. Changes in sanita-
tion may limit contamination of fish ponds.
Snail control and eradication of reservoir hosts
are not feasible. Mass anthelmintic treatment
with praziquantel targeted at heavily infected in-
dividuals as part of community-based control
programs may be of benefit, although re-infec-
tion after treatment is common. !¢

Paragonimosis

Approximately 40 species of Paragonimus
have been described from around the world, of
which only 8 species are considered to be impor-
tant. P. westermani is widespread in the Far East
and is responsible for most cases of pulmonary
paragonimosis. Other species that infect man in-
clude P. heterotremas, P. pulmonalis, P. skry-
Jabini, P. miyazakii in Asia, P. uterobilateralis
and P. africanus in Africa, and P. mexicanus in
Latin America. P. kellicotti is a North American
species reported from animals and only rarely in
humans.

Public Health Significance

Pulmonary infections with Paragonimus are
usually asymptomatic except for occasional he-
moptysis. The pathology associated with infec-
tions of Paragonimus varies depending on the
location and numbers of flukes present. Adult
flukes in the lung parenchyma may cause gen-
eral malaise, coughing, and dyspnoea due to in-
flammation and cyst formation around the fluke.
Extrapulmonary infections may produce a cuta-
neous larval migrans and abscess formation in
the skin and viscera. Brain and spinal cord in-
volvement may lead to headaches, seizures,
paraplegia, and occasional deaths. Examination
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of sputum or feces will usually reveal the pres-
ence of the typical brown, thick-shelled, opercu-
late eggs (Table 9-4).

Life Cycle

Adult flukes are usually located in pairs in
granulomatous capsules in the lungs. The life
cycle, which involves snail and crustacean inter-
mediate hosts, is shown in Figure 9-8. Some in-
fections are reported to persist for 10 or even 20
years.

Distribution

The distributions of P. westermani,
P. africanus, and P. mexicanus are summarized
in Table 9-3. Data on prevalence rates are lim-
ited, but it has been estimated that 1-1.5 million
people are infected with P. westermani in Ko-
rea.'% A study in Cameroon showed a preva-
lence of 5.6% for P. africanus.*®

Epidemiology and Transmission

The source of infection for man and other de-
finitive hosts is infected freshwater crustaceans.
In man, this usually occurs following the inges-
tion of infected raw or poorly cooked, pickled,
or salted crabs or crayfish. In some areas of
China, crabs are soaked in rice wine for a period
of time before eating (i.e., drunken crabs). In
other parts of China, crayfish curd, raw crab
sauce, or jam are eaten. In Thailand, raw fresh-
water shrimp salad and crab sauce are eaten.
Koreans eat uncooked crabs immersed in soy
sauce. Crabs are eaten roasted or raw in the Phil-
ippines, and crab juice is used in preparing some
meat dishes. Infections are also possible by eat-
ing animal meat containing immature flukes.
Human infection has been reported in Japan fol-
lowing the ingestion of uncooked slices of wild
boar meat.!% Contaminated water and cooking
utensils are also a source of infection.

Domestic and wild animals act as a reservoir
of infection for Paragonimus spp. In endemic
areas, human infection rates are sufficient to
maintain the cycle of infection through contami-
nation of water courses.

Prevention and Control

As with other food-borne infections,
paragonimosis can be prevented through educa-
tion to prevent the consumption of raw or
undercooked crabs and crayfish. The cooking of
crustaceans at 55 °C for five minutes will kill
metacercariae. Fermentation processes may be
insufficient to kill metacercariae, although direct
evidence is lacking. Improved sanitation helps
reduce the infection of intermediate hosts.

PROTOZOA

Protozoa are a diverse group of microorgan-
isms with simple or complex structures con-
tained within a single cell and equally simple or
intricate life cycles that vary considerably de-
pending on the species. General characteristics
of the protozoa described in the text are provided
in Table 9-5.

Cryptosporidiosis

Protozoa of the coccidial genus, Crypto-
sporidium, are small, intracellular parasites that
occur throughout the animal kingdom and have
been reported in many species of mammals,
birds, reptiles, and fish.57.!5 There are at least
nine recognized species of Cryptosporidium, of
which the most important is C. parvum, which
infects a wide range of mammals including
man.*® C. parvum has been reported in 79 spe-
cies of mammals and is highly prevalent in rumi-
nants, particularly in young calves, and appears
to be age related.’”!% It is common in young
livestock, especially cattle and sheep, although
pigs, goats, horses, and deer can be infected.
Dogs, cats, and other pets are occasionally in-
fected, but they do not appear to be an important
source of infection to other hosts.

Public Health Significance

Infections with C. parvum are a significant
cause of diarrhea, abdominal pain, nausea, vom-
iting, and fever in humans.!® Diarrhea is more
profuse in the immunocompromised, such as
those with AIDS; in these patients, infections are



Parasites 201

Adult worm
in lung

Egg in sputum
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Paragonimus westermani

Metacercariae in second
(crustacean) intermediate hosts

Hatched miracidium
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Free-swimming
cercariae

Development in first (snail)
intermediate host

Figure 9-8 Life cycle of Paragonimus westermani. Source: © Crown Copyright.
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Table 9-5 Food-Borne Protozoa—Classification

Phylum Genera™ General Characteristics
Apicomplexa Cryptosporidium Apical complex (visible with electron micro-
Cyclospora scope) generally consisting of polar ring,
Sarcocystis rhoptries, microneme, conoid; all species
Toxoplasma parasitic
Sarcomastigophora
Subphylum Mastigophora Giardia One or more flagella usually present in
trophozoites; asexual reproduction longitudinal
Subphylum Sarcodina Entamoeba Pseudopoda or locomotive protoplasmic flow
without discrete pseudopodia; asexual
reproduction by fission
Subphylum Blastocystat Blastocystis Pleomorphic, brightly refractile cysts with a
central vacuole; amoeboid form may occur
Ciliophora Balantidium Cilated organisms with micronucleus and

*Genera of parasitic protozoa referred to in text only

macronucleus

tJiang and He (1993) suggest that Blastocystis should be classified in its own subphylum within the phylum sarcomastigophora®

Source: © Crown Copyright.

of long duration, often followed by death. In the
immunocompetent, infections are self limiting
and last 7-10 days.

Life Cycle

The life cycle of infection with C. parvum is
typically coccidian, with all development stages
occurring within the same host. The infective
stage is the oocyst, which is passed into the envi-
ronment by infective hosts in the feces. For more
detailed descriptions of the life cycle, see Tay-
lor.154

Distribution

Human infection with C. parvum has world-
wide distribution and has become a common
cause of gastrointestinal infection (Table 9-6).
In more countries of Europe and North America,
the incidence of clinical infection is generally
between 1-3%; elsewhere, rates of between
4.9% in Asia to 10.4% in Africa have been sug-
gested.!® The higher prevalence in less devel-

oped countries may relate to lack of clean water,
sanitation, or general crowding. Seroprevalence
studies suggest a higher rate of exposure to
cryptosporidiosis, with levels between 25% and
35% in Europe and North America, suggesting
that many infections are asymptomatic.'*

Epidemiology and Transmission

Transmission from host to host is via the oo-
cyst stage, usually through fecal contamination
of water, food, or animal-to-person or person-to-
person contact. Many mammals have been
found to be naturally infected with C. parvum
and have the potential, therefore, to act as reser-
voir hosts. Person-to-person transmission is con-
sidered to be the main route of transmission, !4’
although zoonotic transmission has been re-
ported from calves and lambs, particularly fol-
lowing educational visits to farms.'48 Recent re-
search suggests that two distinct strains of C.
parvum (type 1, human, and type 2, animal) ex-
ist, with differing epidemiological cycles.”10?



Table 9-6 Food—Borne Protozoa

Source of Infection to Man

Parasite Class Parasite Distribution Main Hosts (Final)
Apicomplexa  Cryptosporidium parvum Worldwide Man and mammals (cattle,  Animal products (meat, milk, offal)
(Coccidia) sheep, pigs, goats, unpasteurized cider, direct fecal

horses, dogs, cats)

Cyclospora cayetanensis Worldwide? Americas, Europe, Man, primates (?insecti-
India, parts of Africa and vorous mammals, snakes)
Southeast Asia

Sarcocystis bovihominis Worldwide but low prevalence Man
(Europe—France, Germany,
Poland, Czech Republic,

Slovakia)

Sarcocystis suihominis ~ Eastern Euro, Man

Toxoplasma gondii Worldwide Cat, wild felids
Mastigophora  Giardia intestinalis Worldwide Man, cattle, sheep, goats,
(Flagellates) horses, dogs, cats
Sarcodina Entamoeba histolytica Worldwide Pigs, cattle, dogs, cats, man
(Amoebae)
Blastocysta Blastocystis hominis Worldwide? Man, pigs, monkeys
Ciliophora Balantidium coli Worldwide Pigs, dog, rat, man
(Ciliates)

Source: © Crown Copyright.

contamination, water

Fruit (raspberries), water, salad

Meat (beef)

Meat (pork)

Meat (lamb, mutton, pork), water,
direct fecal transmission (cat feces)

Contaminated salad, fruit, processed
food, water, direct fecal
contamination

Contaminated food and water, direct
fecal contamination

Contaminated food and water, direct
fecal contamination

Contaminated food and water, direct
fecal contamination

sopsvav g

£0¢



204  FERMENTATION AND FooD SAFETY

Food-borne transmission of cryptosporidiosis
has been reported following the consumption of
certain foods, notably raw sausage, offal, chicken
Salad, and milk_15,26—28,65,67,83,l12,157,175 An outbreak
of cryptosporidiosis has been reported among
people drinking freshly pressed, unpasteurized ci-
der, possibly resulting from fecal contamination of
fallen apples by animals.!9%12! Qutbreaks of
cryptosporidiosis associated with contaminated
drinking water have been reported from a number
of countries, including large outbreaks in the
United States and the United Kingdom."”

Prevention and Control

Contaminated water is a major source of in-
fection and appears relatively common. It can
result in large-scale outbreaks of disease. Im-
provement in water catchment may reduce the
potential health risks associated with the pres-
ence of oocysts in water supplies, but would
probably not eliminate the problem. The safety
of bottled water varies from supplier to supplier.
Heating water to temperatures greater than 72.4
°C for one minute, or greater than 64.2 °C for two
minutes of a five-minute heating cycle inactivates
C. parvum oocysts.’* Where ooysts of
Cryptosporidium are detected in domestic water
supplies, boil notices may be issued with the rec-
ommendation to boil water before drinking.!’
Concentration of oocysts from water is possible by
filtering large volumes of water using cartridge or
membrane filtration, or smaller volumes using a
calcium carbonate flocculation technique.®

The potential risks from food-borne crypto-
sporidiosis come from the ingestion of fresh,
raw, or uncooked foods. Effective means of con-
trol include the avoidance of contamination of
vegetables and fruits in the field, strict hygiene
measures involving handling of food, and the
susceptibility of the organism to freezing and
cooking. Evidence suggests that untreated milk,
undercooked sausage meat, and offal have been
implicated in outbreaks, but heat treatments such
as those used for the pasteurization of foods are
likely to destroy oocysts.” Oocyst infectivity is
also destroyed by freezing or by freeze drying.
Dried or frozen foods are therefore unlikely to
be sources of food-borne cryptosporidiosis. The

main risks would appear to be from fresh or re-
frigerated food. The effects of fermentation pro-
cesses and other nonheat processes on oocyst
survivability are not known.*? Concentration
techniques have been described for the detection
of oocysts in food.’!

Cyclosporiosis

Cyclospora are coccidian parasites reported
from a number of animals that have assumed im-
portance more recently in man, with worldwide
reports of the presence of “cyanobacterium-like
bodies” in the feces of immunocompetent and
immunocompromised patients with diarrhea.!!’
These organisms are now recognized as Cyclo-
spora cayetanensis and are a cause of protracted
diarrhea in humans.! It is thought that initial
cases of infection in man were either reported as
unidentified coccidian parasites® probably mis-
identified as Isospora'® or Cryptosporidium'*° or
described as cyanobacterium-like organisms.*
Parasites of this genus have been described in in-
sectivorous mammals,>*61$2 nonhuman primates,
and snakes.!?

Public Health Significance

Infections with C. cayetanensis in man can
cause protracted diarrhea with nausea, vomiting,
anorexia, bloating, abdominal cramps, fatigue,
and malaise.®'* Among immunocompromised
hosts, Cyclospora infection has occurred pre-
dominantly in HIV-infected individuals. Clini-
cal illness in these patients is prolonged and se-
vere,”” and is associated with a high rate of
recurrence. 23145

Life Cycle

The life cycle of C. cayetanensis in animals is
typically coccidian and is likely to be similar in
humans.!'>* Oocysts may require from two weeks
to four to six months to become infective, de-
pending on temperature. %

Distribution

Although Cyclospora appears to be widely
distributed throughout the world, the prevalence
of infection in man and animals worldwide is



unknown. Distribution is summarized in Table
9-6. In Canada and the United States, approxi-
mately 1 in 1,000 human fecal samples from di-
arrheic patients were positive,!3!16 although the
prevalence in the general population was consid-
ered to be generally lower. Prevalence rates of
11% have been reported among allochthonous
adults and children in Nepal during the rainy
season.”” Similar levels of infection have been
reported in HIV-positive adults in Haiti.!?*

Epidemiology and Transmission

Waterborne outbreaks of cyclosporiosis have
been suspected,'*® and drinking untreated water
during foreign travel has been incriminated as a
factor in the epidemiology of the disease.”” More
recently, there have been several reports of food-
borne transmission associated with eating fruit
in North America. A large outbreak of
cyclosporiosis in the United States was associ-
ated with the consumption of imported raspber-
ries.” Meselun (a mixture of various types of
baby leaves of lettuce) was suspected of being
the vehicle for one or possibly two outbreaks in
the United States in 1997.1¢! The consumption of
the herb, basil, was suspected as as a source of
infection at a luncheon in Virginia.!?* Commer-
cial freezing may kill the oocysts but has yet to
be proven.” Although there have been no re-
ports of cyclosporidiosis transmission in fer-
mented foods, the distinct possibility exists, and
little if any studies have been conducted on
the survivability of oocysts under fermentation
conditions.

Prevention and Control

Precautions similar to those recommended for
cryptosporidiosis should be taken wherever pos-
sible. In Third World countries with poor sanita-
tion, either water should be boiled or only
bottled water should be consumed. As most re-
ports of cyclosporiosis occur following the con-
sumption of fresh fruit and salads, these should
be washed thoroughly and food handlers should
ensure good personal hygiene. The detection of
Cyclospora on food, particularly fruit, is diffi-
cult, even though methods for detecting proto-
zoan contamination exist.
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Sarcocystosis

Sarcocystis is one of the most prevalent para-
sites of livestock infecting mammals, including
man, birds, and lower vertebrates.*® Approxi-
mately 130 different species have been reported.
The parasites derive their name from the intra-
muscular cyst stage (sarcocyst) of the life cycle,
which are found in virtually all skeletal muscles
of the body, including the tongue, esophagus,
diaphragm, cardiac muscle, and brain of the in-
termediate host. Sarcocystis is found widely
throughout the animal kingdom. In domestic
animals, for example, there are three species of
Sarcocystis in cattle (one species of which, S.
hominis [S. bovihominis], is infective for man);
four species in sheep (S. tenella and S.
arieticanis [S. ovicanis] infect dogs and
S. gigantea and S. medusiformis [S. ovifelis] in-
fect cats); and three species in pigs, one of
which, S. suihominis, is infective for man.!5
Food-borne transmission occurs through the in-
gestion of raw or undercooked meat containing
mature sarcocysts.

Public Health Significance

The ingestion of raw beef containing S.
hominis can produce clinical signs of nausea,
stomachache, and diarrhea within three to six
hours.>137 The ingestion of infected pork con-
taining S. suihominis is much more dramatic,
producing clinical signs of bloat, nausea, loss of
appetite, stomachache, vomiting, diarrhea, diffi-
culty breathing, and rapid pulse within 642
hours. Sarcocystis may be responsible for sev-
eral idiopathic diseases in man, including car-
diac diseases such as cardiomyopathy®® and
rheumatic diseases.” It has also been suggested
that Sarcocystis may be associated with muscle
aches and fatigue as part of the chronic fatigue
syndrome (CFS).!%¢

Life Cycle

The life cycle of Sarcocystis involves an inter-
mediate herbivorous host and a final carnivorous
host.!** The final host becomes infected by in-
gesting cysts contained in the muscle or nervous
tissue of an intermediate host.



206  FERMENTATION AND FOOD SAFETY

Distribution

There are two known species of Sarcocystis that
infect man— S. hominis (S. bovihominis) and
S. suthominis (Table 9—6). There is evidence to
suggest that oocysts of these species were previ-
ously referred to as “Isospora hominis.”' Humans
also serve as the accidental intermediate host for
several unidentified species of Sarcocystis.!14
Levels of infection in man may reflect cooking
habits and preferences for undercooked meat.

Examination of various tissues suggests that
most cattle worldwide are infected with Sarco-
cystis,*® with S. cruzi (S. bovicanis), which is in-
fective to dogs, being the most prevalent. Infec-
tion of cattle with S. (bovi)hominis appears to be
fairly low in many countries, with the possible
exception of Germany, where up to 63% of
cattle have been shown to be infected.!> Almost
all adult sheep can be infected with Sarcocystis,
but none are infective for man.*® The overall
prevalence of Sarcocystis in pigs is low, be-
tween 3-36% worldwide.*® S. suihominis has
been reported in European countries, with the
highest prevalence in Germany.'¢

Epidemiology and Transmission

In most cases, humans acquire gastrointestinal
sarcocystosis by ingesting raw or undercooked
meat from cattle or pigs harboring mature S.
(bovi)hominis or S. suihominis cysts. Macroscopic
cysts of Sarcocystis spp. are often removed at
meat inspection, although these cysts are usually
of no significance to man. Some meat animals
such as camels, llamas, water buffalo, and yaks
harbor Sarcocystis in which the final host is un-
known.* In animals, chronic sarcocystosis can
cause economic losses due to reduced quality
and quantity of meat. Additional economic
losses occur with those species that form macro-
scopic cysts resulting in condemnation of whole
carcasses or affected parts after slaughter.

Prevention and Control

Although a widespread and common infection
in domestic animals, transmission to man through
the ingestion of infected meat is a relatively rare

occurrence. Species of Sarcocystis are highly
host-specific, and only two species are known to
infect man. The greatest potential risk therefore
comes from ingesting raw or uncooked beef or
pork. Ensuring that meat is cooked thoroughly or
frozen can prevent infection. It is not known if
meat fermentation processes will kill the
sarcocysts that are present in meat.

To interrupt the life cycle and prevent infec-
tion of livestock, carcasses, meat scraps, offal, or
other raw or undercooked tissues should not be
available to domestic or wild carnivores in areas
where livestock are raised. The identification of
Sarcocystis in meat can be made by direct obser-
vation or by a meat digestion method and exami-
nation for the presence of bradyzoites.*

Toxoplasmosis

Toxoplasma gondii is an obligate intracellular
coccidian parasite with a two-host life cycle in
which oocyst production occurs in domestic and
wild cats.>® The parasite differs from other coc-
cidia, however, in that it shows a complete lack
of specificity for hosts and tissues during its
asexual phase and can infect a wide range of ani-
mals, including man. The parasite has world-
wide distribution and is of both medical and vet-
erinary importance.

Public Health Significance

Infections with 7. gondii are usually asymp-
tomatic, but can cause mild symptoms of lym-
phadenopathy through to signs of anemia, en-
teritis, fever, hepatitis, lymphadenitis,
myocarditis, and pneumonitis. Symptoms are
worse in immunocompromised individuals, in
whom infections can be severe, with cerebral in-
volvement (encephalitis). The parasite is a sig-
nificant cause of congenital infection and abor-
tion in women.

Life Cycle

The life cycle of T. gondii is similar to Sarco-
cystis in that it involves a carnivore (cat) final
host but differs in lack of specificity for interme-
diate hosts that includes virtually every species
of warm-blooded animals and birds.



Distribution

Toxoplasma is widespread among man and
animals (Table 9-6) and is possibly the most
widespread and prevalent protozoan parasite on
earth.> It has been estimated that more than 500
million people are infected with Toxoplasma.*
In the United States and the United Kingdom,
estimated infection rates in man are between
20% and 40%, but are much higher in European
countries, with rates ranging from 50% to 80%.4
Infection appears to be more common in warm
climates and low-lying areas, probably relating
to climatic conditions favoring oocyst sporula-
tion and survival.®>!”7 Encephalitis caused by
Toxoplasma is a major opportunistic infection in
immunocompromised individuals. It is esti-
mated that 30% of AIDS patients seropositive to
T. gondii will develop encephalitis.* In Europe,
congenital toxoplasmosis has been reported in
1-6% of newborn children and is probably the
most serious form of Toxoplasma infection.

Epidemiology and Transmission

Toxoplasmosis is acquired by ingesting
sporulated oocysts or viable tissue cysts in meat
from infected animals. The extent of human in-
fection resulting from the ingestion of oocysts is
not known. The ingestion of oocysts has been
incriminated as the cause for the relatively high
prevalence of Toxoplasma antibody in vegetar-
ians in India.!** There are few reports of water-
borne transmission of Toxoplasma.? In contrast,
food-borne transmission by the ingestion of tis-
sue cysts in raw or undercooked meat from a va-
riety of livestock and game animals has been
well documented as a major source of human in-
fection.*>>? Pigs, sheep, and goats commonly
harbor tissue cysts, whereas cattle appear to be
relatively resistant to infection.”> The ingestion
of rare or undercooked meat is a common cause
of infection in many countries,* with cultural
habits an important factor in the epidemiology.
In France, for example, where raw or
undercooked meat is regularly eaten, 84% of
French women have antibodies to T. gondii. Un-
pasteurized milk from infected goats has also
been implicated as a source of infection.!3%138
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Occupational risks of infection may include cer-
tain farming practices, and pregnant women and
other people in special risk groups should avoid
contact with sheep at lambing time.?

Prevention and Control

Food-borne transmission of toxoplasmosis
through the ingestion of raw or undercooked
meat or other animal produce such as milk is
well documented. Adequate cooking kills the or-
ganism, as does pasteurization. Therefore, to
avoid infection, all meat should be cooked thor-
oughly before eating. Cooking at 60 °C or higher
for 32 minutes or longer renders Toxoplasma
cysts noninfectious.#”>* This temperature is nec-
essary at the core of the meat, not just the sur-
face. Microwave ovens should not be used for
initial cooking because of the uneven distribu-
tion of heat resulting in hot and cold spots.>*
Freezing to —20 °C also kills some strains of
Toxoplasma, but is less dependable than cook-
ing. Salting, curing, and pickling also kills cysts
present in meat,!”! but it is not known if meat fer-
mentation processes render cysts nonviable. The
irradiation of meat at 50 kilorads or greater ren-
ders Toxoplasma cysts noninfectious.*¢ The re-
duction or elimination of oocyst contamination
from cat feces also helps prevent toxoplasmosis.
Domestic cats should be prevented from hunting
birds and rodents and should be fed preferably
dry or canned food. Litter trays should be used in
the home and emptied daily. Gardeners handling
soil should wear gloves and wash their hands
thoroughly before eating or handling food. Cats
on farms should be prevented from entering
feed-storage facilities and animal quarters. Fi-
nally, water from lakes, ponds, streams, or other
untreated sources should be boiled before drink-
ing or being used to wash food.

Giardiosis

Although many species of Giardia (Table 9-
5) have been reported in the literature, it is gen-
erally considered that there are just three struc-
tural types or species. Giardia infections occur
widely in mammals, birds, reptiles, amphibians,
and fish. The species affecting man and the ma-
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jority of domestic animals is Giardia duodenalis
(synonymous, G. intestinalis, G. lamblia, and
Lamblia intestinalis). Other morphologically
different species are G. muris, which is identi-
fied in rodents, birds, and reptiles, and G. agilis,
from amphibians.

Public Health Significance

Giardia infections can cause nausea, inappe-
tence, abdominal discomfort, fatigue, foul-
smelling watery diarrhea, flatulence, and ab-
dominal distention, lasting from only a few
days to several months. Chronic infections lead
to malabsorption, weight loss, and debilitation.
Mortality has seldom been reported.

Life Cycle

Giardia are flagellate protozoans that are nor-
mally found adherent to epithelial surfaces of the
small intestine, especially the middle to lower
areas of the villi. The life cycle of Giardia is
simple and direct, the trophozoite stage (motile
forms) dividing by binary fission to produce fur-
ther trophozoites. Intermittently, trophozoites
form resistant cyst stages that pass out in the fe-
ces of the host.2

Distribution

Infection with G. intestinalis has been in-
creasingly recognized and has been reported as
the most common gastrointestinal protozoan
parasite in the world in man'¢® (Table 9-6). Very
high prevalence rates of between 20% and 60%
are common, particularly in children in develop-
ing Countries.21’49’52’6&78"0"»103"04

The existence of Giardia in domestic animals
has been known for many years, but during that
time, little information has become available on
prevalence, pathogenicity, and the disease
caused by these parasites in their hosts. Giardia
has been reported in cattle, sheep, goats, horses,
dogs, cats, rodents, and psittacines, with varying
prevalence rates in these hosts.?286.87.105,151,155

Epidemiology and Transmission

Transmission of the resistant cyst stage is via
the fecal-oral route through contaminated water,
contaminated food, or person-to-person, animal-

to-animal contact. Cysts can remain infectious for
several months under moist and cool conditions,
but lose infectivity under dry and hot conditions.

Infection with G. intestinalis is generally as-
sociated with conditions of poor hygiene and
sanitation, including poor control of water qual-
ity.133168 Infection is common among children
who attend daycare centers, but is also associ-
ated with travel.!9.82.168

Reports of food-borne transmission of Giar-
dia have been made only occasionally. Cysts
have been detected in salad, fruit, and other food
items.!? Outbreaks of giardiosis have occurred
following the consumption of salmon and cream
cheese dip,'!® noodle salad,'?” sandwiches, '’ and
fruit salad.!%¢

Waterborne outbreaks of giardiosis have been
reported in the United States and the United
Kingdom.® In the United States, Giardia has
been identified more often than any other patho-
gen in waterborne outbreaks that result in ill-
ness. Because Giardia is so widespread among
domestic and wild animal hosts, it has the poten-
tial for zoonotic transmission.

Prevention and Control

The control of giardiosis is generally based on
good personal hygiene, proper sanitation, and
the treatment of drinking water by a combination
of filtration and disinfection. Reports of food-
borne infections with Giardia are relatively un-
common. To prevent giardiosis, food handlers
should ensure good personal hygiene, and fresh
fruit and salads should be washed thoroughly.
Fermented cheeses may be a source of giardiosis
and, wherever possible, milk ingredients should
be pasteurized.

Amoebiosis

Entamoeba histolytica is one of six parasitic
amoebae of the genus Entamoeba known to in-
fect humans?® (Table 9-5). In man, the primary
route of transmission is from human to human
by the fecal-oral route, usually associated with
poor hygiene or poor water quality. Infections
with E. histolytica occur worldwide but are more
prevalent in the tropics. There are two morpho-



logically identical forms of E. histolytica—one
nonpathogenic and the other pathogenic.? E.
histolytica has also been recorded in cattle, pigs,
dogs, cats, and monkeys.**

Public Health Significance

Most human infections with Entamoeba are
asymptomatic, but approximately 10% of in-
fected individuals develop clinical symptoms of
dysentery with bloody or mucoid diarrhea last-
ing from a few days to several months. Ulcer-
ation of the colon may occur, which may
progress to ulcerative lesions in the liver, skin,
or brain.

Life Cycle

Trophozoites present in the intestine divide by
binary fission. Transmission occurs when the tro-
phozoites round up, become smaller, and form a
cyst. Nonpathogenic forms of the organism nor-
mally live in the lumen of the large intestine.
Pathogenic forms invade the mucosa, causing ul-
ceration and dysentery. From there, they may be
carried via the portal system to the liver and other
organs, where large abscesses may form.

Distribution

It has been estimated that approximately 480
million people, or 12% of the world’s popula-
tion, are infected with E. histolytica, with an an-
nual mortality of 40,000 to 110,000 people®
(Table 9-6). Approximately 10% of those
people who are infected every year have clinical
symptoms.'®* Five percent of the U.S. popula-
tion were estimated to be infected, but the preva-
lence of E. histolytica appeared to be declining.”

The incidence of E. histolytica in animals is
unknown. It has been found in naturally infected
monkeys of many species throughout the world.
Infection in dogs has only been reported sporadi-
cally and often through human contacts. Natural
infections are apparently rare in pigs and have to
be differentiated from other species that occur in
the pig.

Epidemiology and Transmission

The ingestion of food and drink contaminated
with E. histolytica cysts from human feces and
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direct fecal-oral contact are the most common
means of infection. Transmission from human to
human by the fecal-oral route is usually associ-
ated with poor hygiene or poor water quality.
Cysts can be introduced into the mouth by soiled
hands of food handlers, family members, hospi-
tal personnel, and other close personal contacts;
by food contamination via flies; and by water
contaminated with sewage. The transmission of
E. histolytica by water is common in Third
World countries where much of the drinking
water is untreated. The use of human feces for
fertilizer is also an important source of infec-
tion.?! Recognized high-risk groups for infection
include travelers, immigrants, migrant workers,
immunocompromised individuals, and male ho-
mosexuals. Zoonotic infection from animals has
not been recorded.

Prevention and Control

The main risk of infection with E. histolytica
appears to be through drinking untreated or con-
taminated water or food. Good personal hy-
giene, especially thorough washing of hands by
food handlers, good sanitation, and high-quality
water treatment are essential for preventing
transmission.

Blastocystosis

Blastocystis was for many years described as
a yeast but is now considered to be a protozoan
in the subphylum, Blastocysta®! (Table 9-5).
The organism is found in the intestinal tract of
man and in many animals, including monkeys,
pigs, birds, rodents, snakes, and invertebrates.

Public Health Significance

Infection with Blastocystis hominis is gener-
ally asymptomatic, but it is becoming increas-
ingly associated with gastrointestinal disease in
man.'” Symptoms include diarrhea, abdominal
discomfort, anorexia, flatulence, and other non-
specific gastrointestinal effects.

Life Cycle

Various life cycles have been proposed for
Blastocystis. Transmission is thought to occur
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either through the ingestions of a vacuolar or in
cyst form (e.g., seen in feces).!>*
Distribution

The prevalence of B. hominis in man is very
variable (Table 9—6). Studies in man show vary-
ing levels of infection in both healthy patients
and patients with diarrhea.!o.113 [nfection ap-
pears to be more common in adults than in chil-
dren.43,84,132

Blastocystis spp. have been reported in a num-
ber of animals, but no prevalence figures are
available. In pigs, cross-transmission studies
have indicated a low host specificity and uncer-
tain pathogenicity.!??

Epidemiology and Transmission

It is generally presumed that B. hominis is
transmitted by the fecal-oral route in a similar
manner to other enteric protozoa.® Waterborne
and food-borne transmission are possible routes
of infection® but have not been investigated. In-
fections in man have been linked with foreign
travel, although one study suggested an associa-
tion with exposure to pets or farm animals.*

Prevention and Control

B. hominis is increasingly reported as an in-
testinal infection of man, but it is not clear
whether it acts as a pathogen. Transmission is by
the fecal-oral route, and waterborne and food-
borne transmission are potential routes of infec-
tion, but have not as yet been investigated to any
great extent. Prevention is as with other intesti-
nal protozoa through good hygiene, especially
thorough washing of hands by food handlers and
the instigation of good food handling practices.

Balantidiosis

Balantidium coli occurs in man, other pri-
mates, pigs, and occasionally in dogs, rats, and
ruminants® (Table 9-5).

The primary host appears to be the pig, in
which it is generally regarded as a commensal of
the large intestine, where it lives on starch, in-
gesta, and bacteria.® The parasite has occasion-

ally been reported as a food-borne or waterborne
zoonotic infection of man.

Public Health Significance

Infection with B. coli is usually asymptomatic
but may, on occasion, produce superficial to
deep ulcers that result in intermittent diarrhea or
dysentery. Rare complications include perfora-
tion of the bowel wall and extra-intestinal infec-
tion of the liver, vagina, ureter, and bladder.

Life Cycle

Trophozoites in the lumen or tissues multiply
by binary fission and, under certain conditions,
transform into cysts that pass from the body in
the feces.

Distribution

The Balantidium organism is found world-
wide (Table 9—6) in humans, but the prevalence
of disease based primarily on case reports ap-
pears low. Surveys of fecal samples collected
throughout New Guinea revealed prevalence
rates of infection with Balantidium as high as
29% in some areas in which people lived in inti-
mate contact with pigs.

Epidemiology and Transmission

Transmission via the fecal-oral route is from
human to human and possibly from pigs or rats
to humans. Transmission is facilitated in con-
fined environments in which hygiene is poor.
The cyst form is the source of infection, and
cysts can remain viable for days or weeks in
moist pig feces. Flies are possible mechanical
vectors. Although pigs have been implicated as a
major source of human infection, their role is
still a source of controversy. In a review of the
literature, more than 50% of the people with bal-
antidiosis reported contact with pigs.'¢ In one
case, a family claimed that infection followed
ingestion of raw pork sausage. A waterborne
outbreak implicating pigs as the source of infec-
tion has been reported. ¢

Balantidiosis in monkeys and primates is nor-
mally an endemic infection maintained by the
animals themselves.



Prevention and Control

Infection in man is likely to occur through
contamination of water or uncooked vegetables.
Prevention is the same as for other protozoa.
Under severe environmental conditions, poten-
tially contaminated water should be boiled be-
fore use. Vegetables should be washed thor-
oughly before use.

CONCLUSION

Food-borne parasitic diseases are common in
many cultures, and human infections can arise
following the ingestion of a wide variety of food
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sources including meats, fish, molluscs, veg-
etables, or fruit, or products derived from these
foods. Transmission is more likely to occur
when food is eaten raw or when it has been in-
completely cooked, partially pickled or smoked,
or poorly preserved. Fermented foods have the
potential to be sources of infection with certain
parasites, although reports of human infection
following the ingestion of fermented food are
sparse. Fermentation alone may therefore be in-
sufficient to prevent the transmission of many
food-borne parasites, and potentially infected
foods should be avoided wherever possible, or
alternatively subjected to either freezing or some
form of heat treatment prior to processing.
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CHAPTER 10

Biotechnology and Food Safety:
Benefits of Genetic Modifications

T. Verrips

INTRODUCTION

A number of consumer research studies have
shown that fermented food products are re-
garded by consumers as healthy and natural.’
Factually and from a historic point of view, this
is correct. During the approximately 7,000 years
that fermented foods have been produced, an
enormous selection process has taken place, and
the tasty products that are presently on the mar-
ket are the result of this selection process. It is
well known that fermentation of foods and
drinks prolongs the shelf life of these products.
The historic claims that fermented foods, par-
ticularly those derived from milk, prevent dis-
eases are supported by many studies. Those
claims related to mucosal health are excellently
summarized by Salminen et al.?® Nevertheless,
the title of this chapter suggests that at present,
there is concern about the safety of fermented
food products. This is due to the rapidly growing
application of genetically modified food prod-
ucts, including fermented food products. In par-
ticular, the penetration on the market of geneti-
cally modified plants is remarkable (Figure 10—1
and Table 10-1). In addition, more than 20 food
enzymes that are on the market at present are
produced using recombinant DNA technology
(Table 10-2).

The perception of genetic modification of
food products by European consumers is not
very positive and varies from country to country.
Generally, the attitude of Western consumers is
neutral to positive (Figure 10— 2), whereas in

219

most of the developing countries, this technol-
ogy is seen as an opportunity.?’ However, in
spite of the present problems in a number of
West European countries, and excluding small
groups of dogmatic opponents of genetic engi-
neering, the perception of the consumer will ulti-
mately be determined by the benefits versus
risks ratio.

In spite of many efforts, neither scientists nor
opinion makers have been able to properly ex-
plain the potential risks of genetically modified
food products. Therefore, many consumers per-
ceive recombinant DNA technology as an intrin-
sically dangerous technology, although in the 25
years that this technology has been applied, no
unintended dangerous materials have been pro-
duced. The main reason for the present percep-
tion of this technology by West European con-
sumers is that in many discussions, no clear
definitions of the nature of the genetically modi-
fied food are used. In an attempt to rationalize
the discussions and to avoid inappropriate ethi-
cal discussions, let us examine simple decision
schemes based on rules of the U.S. Food and
Drug Administration (FDA), the United King-
dom, and the Netherlands,?® and a model for
various genetically modified products (Figure
10-3).30 It should be emphasized that this figure
reflects the author’s personal view concerning
the safety of genetically modified foods that do
not contain (antibiotic) resistance markers
(“clean”). Genetically modified plants or micro-
organisms containing antibiotic resistance mark-
ers present a very difficult to quantify but realis-
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Figure 10-1 Penetration of rDNA technology in agriculture, pharmaceuticals, and consumer products.

tic risk of spreading genes encoding antibiotic
resistance in the environment.%! The chance
that these distributed antibiotic-resistant genes
are taken up is very low, but not zero, and there-

Table 10-1 Rapid Increase of Transgenic
Plants

Crop 1996 1997
Maize 525,000 4,400,000
Soybean 400,000 5,250,000*
Potato/tomato 40,000 500,000t
Oilseed 200,000 1,600,000
Cotton 810,000 1,200,000

*Includes the South Amerian 1996/1997 harvest.

tincludes estimates for China.

Note: In 1994, no transgenic crops were cultivated for
usage in the agrofoods industry.

fore undermines the argument that genetically
modified plants or microorganisms containing a
gene that encodes an intrinsically safe protein
are safe.

In addition to the lack of proper explanation
of the potential risk of genetically modified
foods, the benefits for the consumer are either
nonexistent or not communicated properly to
consumers. This is a major weakness, and only
when the benefits to consumers become clear
will genetically modified foods be accepted by
the majority of consumers. It is obvious that ben-
efits are not absolute values but relative values,
strongly influenced by demographic, geo-
graphic, and socioeconomic factors.

In this chapter, the supply chains of fermented
foods are taken as guides to point out the poten-
tial benefits and risks of every step of these
chains. The emphasis will be on fermented foods
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Table 10-2 Commercial Food Enzymes Made by rDNA Technology (as on the Market at 1.5.1998)

Enzyme Commercial Name Producer Application
o-Galactosidase o-galactosidase NOVO N. Animal feed
Xylanase Bio-feed wheat id id
Lipase Lipozym id Interesterification
ALDC Maturex id Beer
Amylase Novamyl id Bread
1,3 Lipase Novozym 677 id Bread
Xylanase Peptopan id Bread
Amylase Maltogene id Starch
Chymosin Novoren id Cheese
Lipase Novozym 398 id Interesterification
Lipase Novozym 435 id id
Fytase Pytan id Animal feed
Amylase Termamyl id Starch
Transferase Toryzym id Starch
Chymosine Maxiran DSM/Gb Cheese
Phytase Natuphos id Animal Feed
Chymosin Chymogen C. Hansen Cheese
Chymosin Chymax Pfizer Cheese
Xylanase Biobake 710 Quest Bread
Invertase id Chocolate
Glucanase id Beer
o-Galactosidase id Guar modification

starting from traditionally bred or genetically
modified plants and milk from traditionally bred
cattle. The approach of analyzing the safety of fer-
mented products as a function of the supply chain
has been adopted, because only with such an ap-
proach will all potential risks be included, which is
essential to gain the confidence of consumers.

By analogy with microbial risk assessments,®
risk is defined as the probability of a hazard oc-
curring and hazard as a harmful event. This
means that when the newly introduced gene en-
codes a protein that is intrinsically safe and does
not provide a selection benefit for any receiving
organism, the hazard is considered as zero. Con-
sequently, the risk is zero and the safety of the
food product is 100%. If, on the other hand, the
newly introduced gene encodes for a protein that
is intrinsically safe but provides the receiving
organisms with a selection benefit in the open
environment, then the health hazard is zero, but
the environmental hazard is not zero. Conse-

quently, the probability of transfer of the gene to
the receiver has to be estimated. Genes encoding
intrinsically unsafe proteins (i.e., health hazard
> () are not considered because authorities will
not give permission for cloning of such genes in
plants and/or microorganisms that enter the food
chain; neither will the food industry ever use
such organisms.

SUPPLY CHAIN OF FERMENTED
FOODS AND ITS IMPORTANCE TO
ENSURE SAFE PRODUCTS

Table 10-3 provides a selection of fermented
foods based on the raw material(s) that is (or
may become in the near future) derived from ge-
netically modified plants.

The steps in the supply chains (including po-
tential beneficial and risk aspects) of fermented
foods using traditionally bred plant materials or
milk from traditionally bred cows with fermen-
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Figure 10-2 Acceptance of rDNA technology for consumer products derived from plants and microorganisms
in various countries. Acceptance varies from approximately 90% in Canada, United States, and Portugal to 30

and 45% in Austria and Germany, respectively.

tation processes using genetically modified mi-
croorganisms are provided in Figure 10—4. How-
ever, Tables 101 and 10-3 illustrate that geneti-
cally modified plants will become a major
source of plant raw material for fermented foods
in the near future, and therefore a separate sup-
ply chain risk/benefits analysis for fermented
products derived from genetically modified
plants is provided in Figure 10-5.

It is impossible to deal in this chapter with all of
the products in Table 10-3 for both traditional and
genetically modified raw materials and/or for tra-
ditional and genetically modified microorganisms
used in the fermentations. Therefore, only two ex-
amples are worked out in more detail.

1. soy sauce—a fermented product using ge-
netically modified wheat and/or soybeans,
traditional or genetically modified micro-

organisms, and traditional or recombinant
DNA enzymes

2. cheese—a fermented product using nor-
mal cow’s milk, genetically modified
functional microorganisms, and/or en-
zymes made by genetically modified mi-
croorganisms

These two examples cover quite well the
whole spectrum of fermented food products in
which recombinant technology is used at some
step in the overall process.

As stated in the introduction to this chapter, fer-
mented foods derived from genetically modified
plant material or produced by genetically modi-
fied microorganisms will only be accepted if there
are clear direct (e.g., significantly better quality or
shelf life, more healthy or more convenient) or in-
direct (e.g., availability, environment) benefits for
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A‘ll.
Microorganism IIII }
1l
Plant
Animal
Known Unknown Known
nonintegrated integrated integrated

Note: X-axis-physical state of foreign gene(s): “known” means that the location of foreign gene(s) is/are
known exactly, “integrated” means stable integration of foreign gene(s) on the chromosome of the host;
Y-axis-host organism; Z-axis-whether the consumer product is free of DNA (e.g., cheese made with
chymosin) or product contains inactivated cells that produced the rDNA product (i.e., tomato paste) or
the rDNA producing cells are “alive” present in the product (i.e., fresh tomatoes). Vertical spheres-no
risk; white spheres-risk assessment inconclusive; dotted spheres-either risk assessment inconclusive
or ethical objections against such consumer products.

Note: This scheme is based on the assumption that the used constructs do not contain an antibiotic
resistance marker. Otherwise, the risk to the environment will increase for all cases except contained

fermentation of microorganisms.2°

Figure 10~-3 Summary of risk assessment of rDNA products on basis of three parameters.

the consumer. Some potential benefits will be dis-
cussed in the following sections.

Some Consumer Benefits of Genetically
Modified Plants

Benefits are relative, and for each group of
consumers, benefits will be perceived differ-
ently. Consumer studies in Western Europe
show that the order of consumer criteria to buy
products is quality, health aspects, convenience,
environment, and price. It is likely that price to-
gether with availability will be on top of such a
list in developing countries. In the Western
world, there is a surplus of food raw materials

and improvement of crop yield is not perceived as
a benefit by the consumer; neither is the loss of
material during transport seen as a problem. How-
ever, the maintenance of quality during transport
and at home is considered as a benefit by consum-
ers, as was demonstrated by the initial successful
introduction of the Flav Sav tomato (with an
antisense polygalacturonase gene that ensured de-
lay of softening of the tomato) by Calgene on the
United States market in the mid-1990s.

In many developing countries, however, there
is at present a shortage of food raw materials.
Therefore, an increase in the yield of crops by
genetic modification is seen as a major advan-
tage. There is evidence that shows that in the
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Table 10-3 Overview of Most Important Fermented Food Products Derived from Plants of which Ge-
netically Modified Varieties Are on the Market and the Main Functional Microorganisms

Raw Materials Functional Microorganisms Product
Cassava Bacteria Chickwangne (Congo)
Corynebacterium,
Geotrichum Gari (Nigeria)
/ sorghum Lactic acid bacteria,
Saccharomyces, Candida Burukutu (Nigeria)
Maize Aspergillus, lactic acid

bacteria, yeast
Yeasts, bacteria
Lactic acid bacteria,

Chicha (Peru)
Jamin-bang (Brazil)

yeasts, molds Ogi (Nigeria)
/ cassava Lactic acid bacteria, yeasts Banku (Ghana)
Rice Monascus Ang-kak (China)
Rhizopus Lao-chao (China)
Lactic acid bacteria
Saccharomyces Puto (Philippines)

Aspergillus, Bacillus
Hansenula, Candida,

Sierra rice (Ecuador)

Geotrichum Torani (India)
/ Black gram Lactic acid bacteria
Torulopsis Idli (India)
/ Carrots Hansenula Kanji (India)
/ Soybeans Aspergillus, Lactic acid
bacteria, yeasts Miso (China, Japan)
or cassava Yeasts, molds Tapé (Indonesia)
Soybean Mucor, Aspergillus Chee-fan (China)
Aspergillus, Rhizopus Meju (Korea)
Actinomucor Meitauza (China)
Bacillus natto Natto (Japan)
Actinomucor, Mucor Sufu (China)
Rhizopus Tempeh (Indonesia)
/ rice Aspergillus, yeasts
Lactic acid bacteria Miso (China, Japan)
/ wheat Aspergillus, Lactic acid
bacteria Hamanatto (Japan)
/ wheat Aspergillus, yeasts
Lactic acid bacteria Soy sauce (southeast Asia)
/ wheat Aspergillus Tao-si (Philippines)
Wheat Saccharomyces Jalebies (India, Pakistan)
Molds Minhin (China)
/milk Lactic acid bacteria Kishk (Egypt)

next 10 years, the increase in the supply of agri-
cultural products will be less than the expected
increase in world population and food shortage,
especially in developing countries, will in-
crease!® (Figure 10-6). It has also been sug-

gested that only when modern biotechnology re-
sults in a second green revolution may this glo-
bal problem be prevented.!”

Also, the prevention of the substantial losses
during transportation of plant raw materials (up



Biotechnology and Food Safety 225

Benefits Risks
Raw materials — See 2.2a-dand
3.1,step 1a, 1b
Faster process, Processing, including ZERO
less salt fermentation —>| See 3.1, step
2a—
4
JV /;/
/ ///
Distribution , K
// /
/ /
i g
4 /
4 /
/ ! I/
Price reduction, . ¥ ,
better quality, healthier Consumption K
/
/
| ,
/
/
4
Environment

Figure 10—4 Schematic benefit versus risk ratio of rDNA products made by microorganism.

to 30% of harvested plant materials is destroyed
due to microorganisms, insects, or uncontrolled
endogenous processes) is seen as a major benefit
for consumers in that part of the world.

There is evidence that modern biotechnology
can significantly contribute to increasing yields
or reducing losses of plants and plant products in
the first phases of the supply chain. Monsanto’s
Roundup herbicide-resistant crops need less her-
bicides (approximately 10% less) and show in-
creased yields (5-15%) (Farmers Organization
Argentina, personal communication, November
1997).

Plants producing Bacillus thuringiensis BT-
protein (preferably more than one variety of this

protein so as to minimize the probability of ad-
aptation) are quite well protected against insects,
thereby increasing the yield. Modem biotech-
nology can also contribute to the reduction of
losses due to microbial spoilage during distribu-
tion. Plants have a rich arsenal to defend them-
selves against invading microorganisms.’ They
can change the structure of plant tissue by exten-
sive cross linking catalyzed by redox enzymes,
produce low molecular mass antimicrobial
agents, and degrade cell walls of invading mi-
croorganisms using hydrolases they produce. In
particular, plant pathogenic fungi can be effec-
tively destroyed by these enzymes. Some com-
panies like Novartis and Zeneca are very active
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Benefits Risks
Raw materials
Processing, including See 3.2,
fermentation step 2a—2b
Distribution —| See3.2,step3
See Table 10-2 | <«—— Consumption —>| See 3.2, step4
Environment ——>| See3.2,step5

Figure 10-5 Schematic benefit versus risk ratio of rDNA product made by plants.

in this field, as shown by the five and seven pat-
ents they filed respectively on this technology
between 1980 and 1997. This approach is lim-
ited to improving existing plant protection sys-
tems. However, recombinant DNA technology
can do more. Plant Genetic Systems had a
project in the mid-1980s to express potent anti-
microbial peptides (e.g., apidaecin)® in plants,
although with the intention to isolate these anti-
microbials from the plant and use them in all
type of products. At present, a large number of
antimicrobial peptides are known, some of
amazing effectivity.!

A consumer benefit of currently available ge-
netically modified plants can be a lower price due
to higher yield, reduced cost for chemicals, and
reduced losses during harvesting and transport.

However, an important benefit can be delivered by
plants with the right balance of micronutrients that
contribute to consumer health. Plants are a well-
known and extremely rich source of all kinds of
components that may contribute to consumer
health, such as antioxidants, organic metal com-
plexes, phytoestrogens, phytosterols, and vita-
mins. At present, the diet of approximately 2.5 bil-
lion people contains insufficient amounts of
minerals and vitamins. The consequences of these
shortages are dramatic. For example, each year, 2
million young children die and approximately
300,000 children go blind due to a shortage of vi-
tamin A. With the rapid increase in our knowledge
of cell and molecular biology, and much better and
faster analytical techniques, the number and kind
of plant and microbial components with sustain-
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Figure 10-6 World grain harvest during the last 35 years. A steady increase in total production from 1.2 to 2.2
billion of metric tons; a rapid increase in amount per capita from 1966 to 1987, followed by a decrease from 1988
to present.'® Source: Reprinted with permission from FAOSTAT, C.C. Mann, Crop Scientists Seek a New Revo-
lution, Science, Vol. 283, pp. 310-314. Copyright 1999 American Association for the Advancement of Science.

able health claims will increase significantly in the
near future.

What happens to these components with po-
tential healthy properties during fermentation is
not very well known, but it is likely that chemi-
cal nature and bioavailability of these compo-
nents will be influenced (for better or worse) by
the various steps in a fermentation process.
Some literature is available on the conversion of
estrogens and phytoestrogens by the microflora
of the gastrointestinal system and show that
phytoestrogens can be (extensively) converted
into more effective compounds, such as estrone
into oestradiol.?! However, knowledge in this
area is too fragmented and limited, and this im-
portant aspect has to be researched.

Some Potential Hazards and Risks of
Genetically Modified Plants

It is outside the scope of this chapter to go into
detail on the potential hazards of genetically

modified plants. However, the integral supply
chain approach followed requires that some as-
pects of the potential risk are discussed. At
present, there are at least four issues in relation
to genetically modified plants.

1. Most of the genetically modified plants
contain an antibiotic resistance gene as
marker and, although the marker gene as
such is not expressed, the potential transfer
of this marker gene to other crops in the
surrounding area has been studied.!! Al-
though the frequency of such an event is
low, it is measurable; therefore, this ap-
proach may contribute to a further spread of
antibiotic resistance genes in the environ-
ment, thereby contributing to an extremely
undesirable further increase of antibiotic
resistance of human and animal pathogens.

2. The gene providing the plant with a new de-

sired property, such as herbicide resistance,
can also be spread in the environment. This
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means that there is a small probability that
weeds will pick up this property and be-
come resistant to herbicides. This spread of
genes providing herbicide resistance is an
issue that has to be addressed.

The spread of genes providing plants
with new desired properties related to
health benefits of consumers will also oc-
cur, but in this case, the gene will most
probably not provide the recipient with an
ecological benefit; therefore, this risk is so
low that it can be neglected.

3. It is still not possible to integrate the new
genetic information in a predetermined
place in the genome of the plant. The ran-
dom integration may result in the destruc-
tion or enhancement of the expression of
genes at the locus of integration and there-
fore may change the metabolism of the
plant. To exclude the introduction of a haz-
ard, one should precisely determine the po-
sition of integration and use techniques such
as DNA microarrays,* proteomics,'? and gas
chromatography coupled to mass spectrom-
etry (GC/MS) analysis of metabolites to de-
termine the effects of this random integra-
tion on the metabolism of the plant.

4. It is possible that pieces of plant DNA are
taken up by the epithelial cells of the gas-
trointestinal tract (GIT) of consumers.
Hard data on this transfer are scarce, but
this is a general phenomenon of digestion
and uptake of foods and not just an issue
related to genetically modified plant mate-
rial. However, particularly when antibi-
otic-resistant markers are used in geneti-
cally modified organisms (GMOs), it is
necessary to determine the probability of
this transfer in order to make a good risk
assessment. Of course, it would be much
better if antibiotic resistance markers were
not present at all.

Some Consumer Benefits of Genetically
Modified Microorganisms

As stated in the introduction to this chapter,
the popularity of fermented food is based on sev-

eral aspects, of which the enormous variation in
appearance, flavor, and texture is the most im-
portant for Western consumers. This enables the
consumer to select a product out of this enor-
mous range that is close to personal preference
and not an “average” product. When fermented
foods are made from plant materials that do not
have an optimum composition from a nutritional
point of view, such as cassava, fermentation
contributes to (partial) supplementation of these
components (e.g., amino acids such as methion-
ine, lysine, and tryptophan; vitamins, in particu-
lar A and B vitamins; minerals). Fermentation
and the accompanying physical processes also
contribute to the elimination of undesirable
components that are present in plants? (see
Chapter 4). In general, fermented products also
have a better microbiological stability, which is
a considerable consumer benefit, especially in
developing countries with less well-organized
(chilled) distribution chains and often no refrig-
erator in the homes (see Chapter 2).

On top of the general benefits for the consumer
described above, certain microorganisms used in
fermentation processes, particularly lactic acid
bacteria (LAB), may provide additional health
benefits (Exhibit 10-1). Recombinant DNA tech-
nology may be able to improve these positive as-
pects of fermented food products. It is even pos-
sible to extend this range of potential health
benefits to consumers, for example, by oral immu-
nization against pathogens and/or toxins.?!

Some Potential Hazards and Risks of
Genetically Modified Microorganisms or
Their Enzymes Used in the
Manufacturing of Fermented Foods

There are several aspects related to the safety
of fermented foods. Assuming that extensive re-
search and risk assessment have proved that the
newly introduced gene produces an intrinsically
safe protein and that this protein does not con-
tribute to the biogenesis of any harmful compo-
nent, either during fermentation or during diges-
tion of the fermented product, the remaining
safety aspects are:



Exhibit 10-1 Potential Consumer Benefits of
Fermented Foods

Improved appearance, flavor, and texture

« Conversion of antinutritional and toxic com-
pounds (e.g., removal of cyanogenic glyco-
sides in cassave)

Increased microbiological keepability

« Enrichment with amino acids, minerals, and
vitamins

Agonistic action against enteric pathogens*
Improved lactose utilization (important for
developing countries)*

Conversion of potential precarcinogens into
less harmful compounds*

Stimulation of the mucosal immune system*

*Mainly related to foods fermented with lactic
acid bacteria.

*Only a small number of lactic acid bacteria may
have this property.

* Can the transfer of newly introduced
gene(s) to recipient microorganisms occur
in the fermentation process or after con-
sumption of the product in the GIT of con-
sumers?

» Can the transfer of newly introduced
gene(s) to recipient cells of the GIT of con-
sumers occur?

» Can the transfer of newly introduced
gene(s) to recipient microorganisms in the
environment occur?

The risk assessment of the aspects mentioned
under the first and third bullet have been de-
scribed in some detail earlier.’® As the potential
for transfer of genetic information from donor
microorganisms to recipient microorganisms is
a matter of concern, and new data are available,
this will be discussed in some detail using the
decision tree provided in Figure 10-7.

Provided that the microorganism used in a fer-
mentation process is intrinsically safe and the
recombinant version of this microorganism is
substantially equivalent and free of any DNA of
the marker free (clean) host organisms, the risk
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related to the use of these recombinant DNA mi-
croorganisms during fermentation processes is
zero for both consumer and environment.*°
When, during the fermentation process, a
chemical or physical treatment is applied that ly-
ses the genetically modified microorganism and
destroys the functionalities of the genome, it is
not necessary to take into account the aspect of
potential transfer of genetic material from these
microorganisms to recipient cells in the GIT of
consumers or safety aspect (third bullet above).

TWO SETS OF EXAMPLES OF SAFETY
EVALUATION OF FERMENTED
FOODS FOR WHICH RECOMBINANT
DNA IS USED

Supply Chain for Soy Sauce Produced from
Genetically Modified Soybeans and/or
Wheat and/or Using Genetically Modified
Microorganisms and/or Enzymes
Produced by Genetically Modified
Microorganisms

There are a large number of fermented prod-
ucts that are derived from wheat and/or soybean
(see Chapter 1). For the supply chain risk/ben-
efits analysis, the well-known soy sauce was
used as an example. A general outline of the
benefits and risks of genetically modified soy-
beans was provided on pages 223 and 227, and
for microorganisms and enzymes used in the fer-
mentation process, on pages 228. This outline
will now be worked out in detail for soy sauce. A
simplified scheme of the soy sauce process is
depicted in Figure 10-8.

The safety of soy sauce that is derived from ge-
netically modified soybean will be analyzed as a
function of the supply chain. As pointed out on
page 227, a genetically modified soybean should
not have an antibiotic resistance marker because
this will increase the risk and is of no benefit to the
consumer. For this example, it is assumed that the
genetic modification of the soybean results in a
faster fermentation process due to the incorpora-
tion of enzymes in the soybean and/or wheat that
contribute in the first steps of the process. The
faster process is assumed to also contribute to the
sensory quality of the soy sauce. Therefore, the
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CaRoR

1(E). Generally recognized as safe ge-
netically modified microorganism
used in fermentation and still living
in the final product

2(Q). Encode the newly introduced gene
for an intrinsically safe product?

3(Q). Is the new gene stable integrated in
the genome of the host cell?

4(Q). Is an antibiotic resistance marker
used during construction of the

GMO?
Y @ N STOP 5(Q). Does the newly introduced gene en-
code for a protein that may result
Y under certain conditions in an eco-
N logical advantage for the host cell?

ﬁ%@

No safety or
ecological hazard

6(A). Carry out full risk assessment.

7(Q). Does the newly introduced gene en-
code for a protein that after transfer
may result under certain conditions
in an ecological advantage to recipi-
ent mammalian cells?

8(Q). Does the newly introduced gene en-
code for a protein that after transfer

may result under certain conditions
in an ecological advantage to recipi-
ent microbial cells?

9(A). Integrate new gene, preferably on
predetermined locus on the chromo-
some of the host.

10(Q). Is the antibiotic resistant marker
gene eliminated?

(E).  Entry or end; Diamonds
(Q = questions); Y = yes, N= No

Figure 10-7 General scheme to determine safety to consumers and some environmental consequences of geneti-
cally modified microorganisms used in fermentation processes. Note: This is a modification of the schemes

published in Verrips and Vandenberg.*

benefits for the consumer will be better quality and
a price reduction,

+ Step 1la (Figure 10-4). The risk related to
the first step of the supply chain (cultivation
of the soybeans): Because the newly intro-
duced gene encodes an intrinsically safe pro-
tein that does not provide any receiving or-
ganism with an ecological advantage, both
the environmental and consumer health risks
are zero. It should be noted, however, that the
environmental hazard is not zero. After
studying the frequencies of spontaneous hy-
bridization between oilseed rape (Brassica
napus) and weedy rape (B. campestris)
Jorgensen & Anderson! concluded that
transgenes from oilseed rape may be pre-

served for many years, and that weedy B.
campestris with transgenes may present eco-
nomic (ecological) risks to farmers and
plant-breeding companies or biochemical in-
dustries. Although their findings of sponta-
neous hybridization have been confirmed in
other studies, unfortunately, they mixed up
risk and hazard. Only when the transgene re-
sults in a clear ecological advantage for the
recipient is there a hazard, and, based on their
studies, a realistic probability (> 10-) that the
hazard occurs (=risk). Moreover, the transfer
of genetic material has happened for millions
of years and has not resulted in ecological
problems because the transgene did not give
the recipient an advantage under a large num-
ber of ecological conditions.
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Figure 10-8 Schematic outline of soy sauce process.

It is also important to consider the stabil-
ity of plant DNA in soil because that DNA
can be picked up by microorganisms that
are present in the soil. A study showed that
“survival” of a neomycin/kanamycin resis- .
tance gene from transgenic tobacco was
0.14% after 120 days in soil. Most prob-
ably, the persistence is so high because of
stabilization of the DNA by soil.?¢ Because
the stability of DNA in soil is higher than
was assumed in the past, the probability
that DNA is taken up by soil organisms is .
also higher. Indeed, various studies have
shown that horizontal transfer of plant
DNA to microorganisms can occur, but at
low frequencies. For instance, based on a
number of well-controlled experiments, the
transfer of DNA from transgenic potato to
the plant pathogenic bacterium Erwinia
chrysanthemi under natural conditions is .
calculated to be 1017, which is much lower
than the detection limit of approximately
10-12.24 Earlier experiments showed that the
transfer of hygromycin resistance from
various transgenic plants (B. napus, B. ni-

gra, Datura innoxia, and Vicia narbonen-
sis) to the fungus Aspergillus niger after
cocultivation occurred with an unexpect-
edly high frequency.'®

Step 1b (Figure 10—4). In cases where the
newly introduced gene encodes a protein
that can provide an ecological advantage
for any recipient organism, the risk is not
zero and the risk assessment (Figure 10--7)
should be performed before proceeding to
step 2.

Step 2a (Figure 10—4). The risk related to
the second step of the supply chain (fer-
mentation process): During this process,
the soybean is physically denatured; more-
over, the chemical composition in certain
parts of the process is very hostile for or-
ganisms, with the exception of some func-
tional organisms.

Step 2b (Figure 10—4). In the cases that the
SOy sauce process contains genetically
modified microorganisms, it is very likely
that the DNA of these microorganisms will
also be destroyed during the final steps of
the process when the conditions are quite
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harsh (but hard evidence is missing). It is
again highly recommended to avoid the
presence of any nonfunctional foreign
genes or genes encoding antibiotic resis-
tance properties in these microorganisms.
The hazard of the newly introduced gene
product should be analyzed in the same
way as described in step la for new genes
introduced in soybeans and/or wheat.

* Step 2¢ (Figure 10—4). In the case that en-
zymes produced by genetically modified
microorganisms are used in the soy sauce
process, the regulations require that the en-
zyme should be intrinsically safe and free
of DNA of the microorganism involved.?
Practice proves that this requirement can be
fulfilled without much difficulty in indus-
try. Even though there is evidence that en-
zymes can be made free of any DNA, as ad-
vocated earlier, it is highly recommended
to produce enzymes only with food grade
microorganisms that are free from non-
functional foreign genes, in particular, free
from genes encoding antibiotic resistance
properties. The enzyme as such should be
“substantially equivalent” to the wild type
enzyme, another requirement that can be
met by industry. Consequently, using re-
combinant DNA enzymes in the soy sauce
process does not pose any hazard and there-
fore no risk to consumer and environment.

» Steps 3-5 (Figure 10-5). In all of the sub-
sequent steps of the supply chain, including
the step in which consumers introduced the
(digested) soy sauce in the environment,
the risk related to the use of genetically
modified soybean and/or wheat or the use
of genetically modified microorganisms or
enzymes produced by recombinant DNA
technology remains zero.

Supply Chain for Cheeses Produced with
Genetically Modified LAB and/or
Enzymes Produced by Genetically
Modified Microorganisms

As stated in the introduction, fermented prod-
ucts, particularly fermented milk products, have

a healthy image. Although a number of studies
still have to be carried out to substantiate the po-
tential health benefits of LAB, in particular, the
effects of LAB and their products on mucosal
health, there are already a large number of publi-
cations that support these benefits for consum-
ers.? The most important potential health and
other benefits are summarized in Exhibit 10-1.

Some of the main aspects of cheese processes
are provided in Figure 109, and the risk assess-
ment of that process and the other steps in the
supply chain will be performed similarly to the
assessment for soy sauce.

+» Step 1 (Fig 10—4). Traditional milk will be
used for cheese production; therefore, a risk
assessment of GMO-related issues in this
step is not necessary.

+ Step 2a (Fig 10-4). In this step, genetically
modified LAB are introduced in the cheese
process. As the safety of the end product
(cheese) for consumers will be discussed in
step 4, only the environmental safety aspects
are discussed in this step. It is unrealistic to
consider the cheese fermentation process as a
completely closed process; therefore, there is
a probability that genetically modified LAB
will enter the environment. Assuming these
LAB do not contain any foreign, nonfunc-
tional genes, and that the newly introduced
gene encodes an intrinsically safe protein, the
hazard will be zero and consequently the risk
will also be zero.

If, however, the LAB contain a gene-en-
coding antibiotic resistance or a property
providing an ecological advantage to the
recipient, the environmental hazard is not
zero and a formal risk assessment as dis-
cussed in detail in an earlier publication®
should be performed. More recent data'>!3
support the view that horizontal transfer of
genetic material from one microorganism
to another, either directly by conjugation or
transformation or indirectly via transduc-
tion, occurs at a much higher frequency
than was assumed in the mid-1980s.

» Step 2b (Figure 10—4). In this step, en-
zymes made by recombinant DNA technol-
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Brie Stilton

Camembert Roquefort

Coulommier Blue
Gorgonzola

Figure 10-9 Schematic outline of milk fermentation processes and their cheese products.

ogy are introduced.?’” As described in the Two aspects should be analyzed: the gen-
soy sauce example, an intrinsically safe en- eral safety of the fermented food product
zyme produced under proper conditions made with genetically modified LAB and
does not pose a risk to consumer or envi- the probability of transfer of genetic infor-
ronment. mation from the LAB to other bacteria in
+ Step 3 (Figure 10-5). During distribution, the GIT of consumers (Figure 10-10). In
the probability of the escape of LAB into this figure, the following aspects related to
the environment is extremely low, and as a quantitative risk assessment are consid-
horizontal transfer also occurs with low fre- ered: (1) probability of transfer of genetic
quencies, this probability is considered to material from the GMO to other microor-
be effectively zero. ganisms in the GIT as a function of the resi-
+ Step 4 (Figure 10-5). In this step, the con- dence time of the GMO in the GIT, (2)
sumer will be in direct contact with the ge- whether the GMO remains alive, (3) whether
netically modified LAB and/or the enzyme. DNA from lysed GMOs are taken up by nor-
For the enzyme, a relatively straightfor- mal inhabitants of the GIT, (4) the probabil-
ward procedure has to be followed to prove ity that transfer of genetic information of the
that the enzyme is intrinsically safe, origi- GMO to normal inhabitants results in an eco-
nates from a well-known source, and is logical advantage of the transformed inhabit-
substantially equivalent to the wild type en- ants and, if so, (5) whether that may pose a
zyme.? If that is the case, the enzyme will health risk to the consumer, or environmental
not pose a hazard and consequently no risk. risks. Unfortunately, insufficient data are
For the genetically modified LAB, a formal available to carry out such risk assessment in

decision scheme has been developed.*® the proper way.
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Genetically modified lactic acid bacterium (GMO)

Determine the distribution of the residence time of GMO in the gastrointestinal tract (GIT) of consumers. Take the time
corresponding with 95% of this distribution curve as t(r).

Will the GMO lyse with P(b)> b in the GIT within (r)?

Determine the probability P(c) that intact cells of the GMO transfer genetic information to normal inhabitants of the GIT.
In these studies, use #(r) as contact time and the conditions of the GIT.

Is P(c)>c?

Determine the probability P(f) that DNA originating from lysed GMO transform normal inhabitants of the GIT (resulting
in transformed inhabitants).

Is P(f)>f?

Determine whether the transformed inhabitants obtain an advantage over untransformed inhabitants in the GIT: A(j).
Define A(j) in either faster growth rates t'(g), better adhesion to epithelial cells #’, or higher production of certain metabo-
lites {p(x)’, x=1,...}.

Determine the probability P(e) that any of the events described under action 8 will result in the formation of a hazardous
(=transformed inhabitant produce toxin or that will replace beneficial microorganisms in the GIT) microorganism.

Is {P(c) + P()}*P(e) > e?

Determine also the probability P(d) that the GMO will be transformed by genetic material originating from the common
GIT microorganisms (=modified GMO).

Determine whether the modified GMO gains an advantage over untransformed GMO: B(i). Define B(i) in either faster
growth rates #"(g), better adhesion to epithelial cells h”, or higher production of certain metabolites {p(x)”, x=1,....}.

Is P(d)> d?

Determine the probability P(g) that any of the events described under action 12 will result in the formation of a hazard-
ous GMO.

Is P(d) " P(g) > g?

This risk is unacceptable and the GMO should not be released.

This risk is acceptable and the GMO can be released.

A = action; E = entry or end; Q = question

Figure 10-10 A proposal for a structured assessment of the risk related to the introduction of genetically modi-
fied lactic acid bacteria in (or as) food products.”



In fact, only fermented products of
which the safety has been demonstrated,
ecological hazards have been proven to be
zero, and consequently, the risk is zero,
should be approved. However, assuming
that the ecological hazard is not zero, which
means that the newly introduced gene con-
fers an ecological benefit on recipient cells,
both risk assessments should result in an
acceptably low risk. This can only be
achieved if the probability of transfer of ge-
netic information from the donor to recipi-
ent cells is very low. For horizontal transfer
of genetic material between microorgan-
isms, conjugation, transformation, and
transduction show a higher probability for
plasmid DNA than for chromosomal DNA.
Therefore, it is recommended that the for-
eign DNA be integrated (preferably on a
preknown locus) into the chromosome of
the microorganism. Integration at
preknown loci therefore forms an impor-
tant component of the risk cube presented
in Figure 10-3.

A parameter that is essential for proper
risk assessment of events in the human GIT
is the residence time of genetically modi-
fied microorganisms in the GIT, whether
they lyse, whether they conjugate, or
whether the DNA liberated during lysis can
transform other cells, including human
cells. Although the number of reliable data
sets have increased during the last decade,
they are still not sufficient to solve all of the
questions of the decision scheme given in
Figure 10-10. Nevertheless, the data avail-
able indicate that LAB can survive passage
through the GIT.!? The functional microor-
ganism in many cheese fermentations,
Lactococcus lactis, survives up to three
days, although the survival rate is only 1-
2%. Another noteworthy observation in
this study was that the PCR method could
detect special DNA stretches of this bacte-
rium for up to four days after ingestion,'2
indicating that either the feces contained
nonviable L. lactis or that these stretches of
DNA were liberated during lysis of the bac-
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terium. Experiments with phage M13 DNA
ingested by mice showed that a small but
measurable percentage of this DNA
reached peripheral leukocytes, spleen, and
liver via the intestinal wall mucosa and
could be covalently linked to mouse
DNA. % Even taking into account that these
experiments are rather artificial, for a
proper risk assessment, they have to be
included.

From these studies, it can be concluded
that there is a probability that genetically
modified microorganisms, including LAB,
can transfer genetic information to other mi-
croorganisms in the GIT. This information is
another strong argument to ban genetically
modified microorganisms that contain an an-
tibiotic resistance gene. In cases where a
nongenetically modified microorganism has
such a gene, it should be deleted because fur-
ther unnecessary spread of antibiotic-resis-
tant genes creates very serious health and en-
vironmental problems.

+ Step 5 (Figure 10-5). The release of feces
of consumers into the environment is the fi-
nal step to be assessed. If the newly intro-
duced gene does not encode for a protein
that provides an ecological advantage for
the recipient cells, then a risk assessment of
this step is not necessary. If this is not the
case, then the decision scheme outlined in
an earlier publication® can be applied for
this step. However, this step may become
more complex because it should take into
account whether the transfer of genetic in-
formation from the LAB to recipient mi-
croorganisms has occurred in the GIT of
consumers and, if so, these modified recipi-
ents should be evaluated as well.

In this example, LAB are the functional mi-
croorganisms in the fermented product, but for
other organisms that are generally recognized as
safe (GRAS), such as Saccharomyces cerevi-
siae, Kluyveromyces lactis, Penicillium roque-
forti, P. camenberti, and A. niger, or A.
awamori, the same hazard and risk assessment
can be applied with similar results.
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CONCLUSION

Fermented foods are considered by consumers
as natural and healthy.”%422 The introduction of
genetically modified plants, microorganisms, or
enzymes into these products needs careful discus-
sion with authorities and consumer organizations.
Many fermented foods contain living microorgan-
isms, and if these organisms are genetically modi-
fied, one should consider them as a potential
source of DNA for horizontal gene transfer be-
cause a number of studies provide circumstantial
evidence that, in rare cases, genes have been later-
ally transmitted among Eubacteria, Archaea, and
Eukarya. However, extensive studies by
Puhler’s® group showed that this transfer occurs
at extremely low frequency.

In these discussions, the proven benefits to the
consumer should be explained in clear terms.
The risk assessment should show that the safety
hazard related to the newly introduced gene(s) is
zero, and consequently, the risk for consumer is
zero. Whenever possible, without losing the
consumer benefit, the environmental hazard
should also be zero. If that is not possible, the
risk assessment should show that the risk is ex-
tremely low, preferably less than 10-% per prod-
uct unit produced. Consumer studies show that
provided there is a clear benefit and risk is ab-
sent, most consumers will accept these products.
To gain the confidence of the consumer for fer-
mented foods in which recombinant DNA tech-
nology plays a role, clear and transparent label-
ing and public relations will be required.
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CHAPTER 11

Safety Assessment of
Probiotics and Starters

Seppo J. Salminen, Atte J. von Wright, Arthur C. Ouwehand,
and Wilhelm H. Hozapfel

SAFETY ASPECTS FOR PROBIOTICS
AND BIOTECHNOLOGY

Today, milk can be fermented into a wide
range of different products with different fla-
vors, consistencies, and structures. Non-dairy
fermented products such as fermented veg-
etables and cereals are increasingly popular in
different parts of the world, and they put new
demands on starter cultures. Additionally, the
focus on probiotics has increased the demand on
starter culture properties. This poses great de-
mands on the starter cultures and their character-
ization, including their activity, stability, and re-
sistance to bacteriophages. Specific species and
strains of starter cultures are used and selected
for novel applications. Thus, it is also important
to consider the safety aspects of new and espe-
cially novel starter cultures. Thus far, the selec-
tion of general starter cultures has focused on
improved technological properties and more ef-
fective natural strains, which are easily applied
for production technology, industrial processes,
and starter culture storage.

The selection of current and more effective
probiotic strains has focused on natural strains
with specific target properties such as adhesion
to different target mucosal models, immuno-
genic properties, and the production of antimi-
crobial substances or competitive exclusion of
pathogens. Fighting pathogens with other mi-
crobes has been recommended earlier.* It is
likely that in the future, more advanced biotech-
nological selection and modification systems
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will be applied. Thus, it is important to define
the safety assessment standards and assess the
differences between natural and genetically
modified strains of starters. Genetically modi-
fied strains of lactobacilli or bifidobacteria have
not been introduced into the field of probiotics
or starters yet. However, it is likely that they will
appear in the future as a result of work presently
being conducted. In this respect, the European
Union has a suggested procedure and decision
tree for the safety assessment, as indicated by
Jonas and coworkers.*? This procedure should be
followed (see Chapter 10).

Probiotic products provide a variety of docu-
mented health benefits to all consumers.* There
are no apparent safety concerns for immuno-
competent subjects. However, today, one has to
consider the growing number of immunodefi-
cient subjects. Specific probiotics used in foods
have been shown to block the adhesion of patho-
genic bacteria to human intestinal mucosa and to
prevent enteroinvasive pathogens from invading
the mucosal cells by competitive exclusion, anti-
microbial production, or cell aggregation.*!!
Other studies have provided good evidence of
stabilizing and normalizing the gut mucosal bar-
rier, thus promoting the health of the host from
infants to the elderly.*

In the case of probiotic foods, the application
of probiotics is similar to any fermented product
containing organisms that are already present in
the human gastrointestinal tract (GIT). Thus, no
specific concerns appear in relation to the con-
sumption of any fermented foods or foods con-
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taining viable bacterial cultures, such as
probiotics. However, as disease-specific appli-
cations increase, it may be necessary to further
evaluate the safety aspects of novel probiotics.
In addition, high concentrations of microorgan-
isms that are well adapted to the human GIT
have probably not been deliberately used in fer-
mented foods before.

The use of starter cultures in milk products is
based on the development of lactic acid and
other acids to decrease the pH resulting in mi-
crobiologically stable and safe fermented prod-
ucts. These principles have also been applied to
meat, vegetable, and cereal products. In broad
terms, starter cultures enhance the safety of
these products, but in the future, selection of
novel strains will need safety assessment mecha-
nisms when new species and even new genera
may be used.

Safety Assessment of Probiotics and Starters

Four major approaches may be used to assess
the safety of probiotic and starter strains (Exhibit
11-1). Several groups such as the European
Union Probiotic Demonstration Working Group
have suggested safety assessment proce-
dures.22667.68 In general, the safety assessment of
microbial food supplements is not well devel-
oped, and often a case-by-case approach has to

Exhibit 11-1 Approaches for Assessing the Safety
of Probiotic and Starter Strains

1. Characterization of the genus, species, and
strain and its origin will provide an initial
indication of the presumed safety in relation
to known probiotic and starter strains

2. Studies on the intrinsic properties of each
specific strain and its potential virulence fac-
tors

3. Studies on adherence, invasion potential,
and the pharmacokinetics of the strain

4. Studies into interactions between the strain,
intestinal and mucosal microflora, and the
host

be taken. A review on past safety studies has
been presented by Donohue ef al."®

Suggested Virulence Factors and Other
Harmful Properties

Several potential virulence factors have been
proposed for lactic acid bacteria (LAB) (Figure
11-1). Many of these are known virulence fac-
tors for “real” pathogens; their importance for
generally non-pathogenic organisms such as lac-
tobacilli is uncertain. No significant risk factors
or virulence factors have so far been identified
for LAB or bifidobacteria used as starters or
probiotics.

Strong adhesion has been suggested as a viru-
lence factor because it may facilitate transloca-
tion and platelet aggregation, and thus may be
connected with endocarditis.?63155 In a study
comparing clinical Lactobacillus isolates from
bacteremia patients with current probiotic and
dairy strains, no indication that clinical bacter-
emia strains would have stronger adhesion than
common probiotics was found.* Clinical bacter-
emia isolates also showed no general ability to
aggregate platelets; in fact, most of them were
nonaggregating strains. Also, the platelet-aggre-
gating strains showed relatively low adhesion abil-
ity in intestinal mucosal models. Thus, the relation
of platelet aggregation and adhesion may be in-
volved in some cases, but it does not appear to be a
strict virulence factor for LAB. However, when
more potent specific probiotic microbes are se-
lected or modified from current probiotics, it may
be important to assess both platelet aggregation
properties and adhesion properties in more than
one model. The adhesion models may include the
Caco-2 cell model simulating the intestinal epithe-
lium and the fecal or intestinal mucus model to
simulate the mucosal barrier.#-6%7677

The ability to adhere to extracellular matrix
(ECM) components such as fibronectin, col-
lagen, laminin, and so forth, has been suggested
to be of importance for pathogenic microorgan-
isms. ECM components form the major constitu-
ents of wounded tissues and can thus serve as
receptors for invading microorganisms. Interac-
tion with these components is therefore consid-
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Enzymes:
hyaluronidase
gelatinase
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Platelet aggregation

Figure 11-1 Potential virulence factors suggested for lactic acid bacteria

ered to play a role in the earliest steps of bacte-
rial pathogenesis.’? Such interaction has also
been suggested to promote passage to the circu-
lation.?! For probiotics, it has also been sug-
gested to be a beneficial property because the
probiotics may colonize the damaged tissue and
prevent subsequent colonization by invasive
pathogens.” In fact, the healing of damaged gas-
tric mucosa has been observed to be enhanced
after colonization by lactobacilli.2? Hemolysis
and hemagglutination have been suggested as
potential virulence factors; hemolysis may lead
to anemia and edema. The ability to cause
hemolysis, through the production of o-hemol-
ysin, has been found to be general among Lacto-
bacillus isolates from food, clinical, and fecal
origin,>?¢ and may therefore not be a relevant
property for potential virulence. Hemagglutina-
tion, on the other hand, was found to be rare.’

The ability to form capsules has been sug-
gested to play a role in pathogenesis because it
may protect from phagocytosis.’”? This property
was found to be rare among L. rhamnosus strains
from clinical, food, and fecal origin.’

Translocation, the passage of viable bacteria
from the intestine to other sites in the body, is
likely to be a normal event because viable intesti-
nal organisms can be recovered from the mesen-
teric lymph nodes of a small percentage of healthy
animals. LAB may also enter the circulation
through other routes such as dental manipulation,
complications from delivery in postpartum
women, and patients with gastrointestinal com-
plications.’¢ In the blood, bacteria will come in
contact with the complement system that has
bacteriolytic activity. Resistance to comple-
ment-mediated killing may enhance the survival
in the blood and thus increase virulence.* Like-
wise, resistance to phagocytosis may contribute
to increased virulence.

Regarding the enterococci, several unre-
solved issues deserve special attention. Pres-
ently, it may be concluded that their virulence is
still not well understood, but adhesins, hemol-
ysin, hyaluronidase, aggregation substance,
gelatinase, and their ability to transfer antibiotic
resistance may be considered as putative viru-
lence factors.?
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SAFETY OF CURRENT PROBIOTICS
The Role of the Host

Current probiotics have mostly been derived
from studies on the genera and species in the
healthy human GIT. Taxonomy forms the first
basis for safety assessment. Lactobacilli and
bifidobacteria have a natural association with
the infant and human mucosal surfaces of the
mouth, GIT, and genitourinary tract. This has
been considered as an indicator that they are
safe, common commensals of the healthy nor-
mal human microflora. Data available on current
probiotics and starters attest to their safety in
food use.

Lactobacillus species are rarely isolated from
bacteremia cases. The incidence of Lactobacil-
lus-caused bacteremia has been estimated to be
0.1-0.3%.2670 Surveillance studies have not re-
ported any current probiotic or starter strains to
be involved in septicemia.” However, two case
studies have been reported where probiotic or-
ganisms may have been involved in the etiology
of disease—a liver abscess caused by L.
rhamnosus indistinguishable from Lactobacillus
GG* and a case of Lactobacillus endocarditis
possibly caused by probiotic L. rhamnosus.>
The most likely source of the infection is often
considered to be the intestine. Subjects with
Lactobacillus bacteremia usually have severe
underlying diseases, predisposing them to infec-
tions. Factors considered to be predisposing to
infections of intestinal origin are diabetic state,
poor nutritional status, compromised immune
system (e.g., due to AIDS or transplantation),
traumatic injury, and peritoneal inflammation.
Dental manipulation has also been suggested to
be a potential risk factor.3646.52

In immunocompromised hosts, current
probiotics offer protective mechanisms includ-
ing immune stimulation and colonization resis-
tance to pathogens, which may give incentives
for their use to protect immunodeficient patients
from pathogenic microbes. Studies with con-
genitally immunodeficient mice, however,
showed an increased mortality in newborn pups
to mothers that had been mono-associated with
Lactobacillus GG and L. reuteri.® This indicates

that immunocompromised neonates may be a
subpopulation deserving special attention, not
only for possible infection by LAB, but also by
other microorganisms.

The presence of predisposing factors suggests
that not only are bacterial properties important for
the development of Lactobacillus infection, but
also that the host properties play a significant role.

It is important to first verify potential viru-
lence factors for probiotics in the immunodefi-
cient host. Biotechnology may offer advantages
here for the development of disease-specific
health microbes for the treatment of specific tar-
get populations.®!

Antibiotic resistance may be a property of
some LAB, but it is generally not transferable, as
indicated in studies with one probiotic.”® How-
ever, the risk of transfer of antibiotic resistance
may be a significant problem for enterococci,
other novel probiotics, and starter strains if the
transfer potential is not included in the selection
of novel strains (see Chapter 10).

Safety Assessment Procedures

In a European Demonstration project on
probiotic properties, the safety assessment of
probiotic microbes has been a special target. Rec-
ommendations for safety assessment procedures
have been made by the group, outlining the targets
and steps for safety assessment of both natural and
novel probiotics!?56%8 (Exhibit 11-2).

RELEVANCE OF A SOUND
TAXONOMIC BASIS

Strong competition in the probiotic market,
on the one hand, and unresolved questions
around the regulatory situation on the other, in-
dicate the complexity of the present situation
with regard to newly selected functional strains
of organisms. Species level identification alone
does not provide sufficient transparency re-
quired by industry, responsible scientists, regu-
latory bodies, and also the modern consumer. It
is a well-established fact that the species and
even genus designation may provide a strong in-
dication of typical habitats and possible origin of



Exhibit 11-2 Suggested Steps for the Assessment of
the Safety of Probiotic and Starter Strains®”68

1. Strains with a long history of safe use will
be safe as starters or probiotic strains.

2. Strains that belong to species for which no
pathogenic strains are known but which do
not have a history of safe use may be safe as
probiotic or starter strains, but should be
treated as novel foods.

3. Strains that belong to species for which
pathogenic strains are known should be
treated as novel foods.

4. Characterization of the intrinsic properties
of new strains. Strains carrying transferable
antibiotic resistance genes should not be
marketed.

5. Strains that are not properly taxonomically
described (DNA-DNA hybridization,
rRNA sequence determination) should not
be marketed.

6. Assessment of the acute and subacute toxic-
ity of ingestion of extremely large amounts
of the probiotic and starter strains should be
carried out.

7. Estimation of the infective properties in
vitro, using human cell lines and intestinal
mucus, and in animal models, using suble-
thally irradiated or immunocompromised
animals.

8. Assessment of the effects of the strains on
the composition and activity of the human
intestinal microflora

9. Epidemiological and postmarketing sur-
veillance

an organism (Table 11-1). In addition, the gen-
erally accepted safety and technical applicability
of a species and especially of “new” strains may
strongly be indicated by the species or even ge-
nus to which it belongs (Table 11-2). Particu-
larly, strains selected for their specific functional
properties have to be clearly characterized be-
low the species level. This is in the interest of the
manufacturer, after considerable investment in
screening and selection procedures and in clini-
cal studies, and also for postmarketing surveil-
lance. Molecular fingerprinting methods may be
applied as reliable and highly discriminatory
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tools in order to meet these challenges. In this
way, requirements of legislative bodies and gov-
ernmental control organs for exact information
on physiological features and nomenclature of
“new” strains may be satisfied.

The long tradition of “safe and acceptable”
application of traditional starter cultures (e.g.,
for fermented milk products) does not exist for
most probiotic strains on the present-day market.
The longest history of proven health benefits and
“safe use” is probably exemplified by the L.
paracasei strain “‘Shirota” and some strains of the
so-called L. acidophilus “group.” Presently,
strains of these species, that is, the L. acidophilus
group (thereby including the “related” species
such as L. crispatus and L. johnsonii) (see Table
11-1), the L. casei/paracasei “group,” and also
some Bifidobacterium spp., predominate in
probiotic yogurts.34471 Most of these strains origi-
nate from the human GIT and have confirmed
much of the pioneering work of Reuter and co-
workers in the 1960s%61-63 on lactobacilli au-
tochthonous to the human GIT. The “biotypes™
suggested by Lerche & Reuter*® for differentiat-
ing within the L. acidophilus group have largely
been supported by the DNA homology groups
reported by other workers in 1980.4147 This fi-
nally resulted in six phylogenetically related
species presently considered to belong to this
“group.” Although independent species, they
cannot be readily distinguished by phenotypic
features.>**1.7' Also in confirmation of earlier
work by Reuter et al., representatives of two fur-
ther homofermentative groups, L. salivarius and
the L. casei group, involving strains of
L. paracasei and L. rhamnosus, are presently
used in probiotic products. Among the heterofer-
mentative lactobacilli also shown by Reuter’s
group to be part of the normal microbial popula-
tion of the human GIT, especially strains pres-
ently classified as L. reuteri, show potential as
both human and animal probiotics.®*

As with the L. acidophilus group, confusion
also exists concerning the correct nomenclature
of the L. casei group. Following the suggestion
of Collins ef al.,’® most L. casei strains were
transferred to the new species L. paracasei,
while the former L. casei ssp. rhamnosus was
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Table 11-1 Typical Properties of Species of the So-called “Acidophilus Group” (modified acc. to ref.
35, 51 and Reuter (1997): personal communication).

mol % G+ Cin “Biotypes” DNA Homology
Species Habitat* in the DNA acc. to groups acc. tfo
Reference (48) (47) (41)
L. acidophilus Most ? 32-37 LM la A-1
L. amylovorus P/C 40 v (It b A-3
L. crispatus H/G 35-38 i le A-2
L. gallinarum G 33-36 — Id A-4
L. gasseri H/C 33-35 | Ila B-1
L. johnsonii H/P/G 32-38 L Itb B-2

*H = humans; P = pigs; C = cattle; G = pouitry.

elevated to species status. Dicks et al.,'® how-
ever, suggested the reclassification of L. casei
ATCC 393 (one of the few remaining strains in
this species) and L. rhamnosus ATCC 15820 as
L. zeae, and the designation of strain ATCC 334
as the neotype strain of L. casei, simultaneously
with the rejection of the name L. paracasei. Sub-
sequently, this suggestion was strongly sup-
ported by phylogenetic data from Mori et al.?
and phenotypic data from Klein et al.** Yet, be-

cause of nomenclature rules, the full suggestion
of Dicks et al.'® has not yet been accepted by the
judicial commission. Therefore, practically all
strains presently designated as L. casei are offi-
cially in fact representatives of L. paracasei.
This has been shown by a recent investigation on
strains from novel-type yogurts on the market.”!

Functional properties and safety of particular
strains of L. casei, L. rhamnosus, L. acidophilus,
L. crispatus, L. gasseri, and L. johnsonii are in-

Table 11-2 General Classification of Starter Cultures in Potential Risk Groups

n’s a fe ”

Doubtful

Risk Group

Bifidobacterium Bif. dentium
Carnobacterium (most spp.)
Enterococcus casseliflavus
Ent. malodoratus

Ent. mundtii

Ent. saccharolyticus
Lactobacillus (most spp.)
Lactococcus

Leuconostoc

Qenococcus

Pediococcus

Streptococcus thermophilus
Weissella

Lc. garvieae
Vagococcus

*Some strains are pathogenic to fish.

Carnobacterium piscicola (?)*
Enterococus spp. (most)t

Lb. catenaforme

Lb. rhamnosus*

Peptostreptococcus spp.
Streptococcus spp. (most)

tSome strains of Ent. faecium and Ent. faecalis with a history of safe use are known.

*Several strains of Lb. rhamnosus with a “safe history” are known.



creasingly being studied. Species such as
L. rhamnosus, Enterococcus faecium, and
E. faecalis are presently classified as “risk group
2” organisms (i.e., potential pathogens) in Ger-
many.” Some strains, however, find application in
probiotic products, and are considered not to con-
stitute any health risk because of their history of
safe use (Table 11-2). Differentiation of these
strains from those of, for example, clinical, envi-
ronmental, or animal origin, poses a special chal-
lenge that may be solved by modern molecular
typing techniques. These genotyping techniques
are valuable tools for the identification of LAB,
either on species level or for differentiation of
strains to the clonal level’> Advantages include
their universal applicability, whereas the high dis-
criminatory power of particular techniques such as
pulsed-field gel electrophoresis (PFGE) may en-
able differentiation among closely related strains
of a similar phenotype. Depending on the particu-
lar sttuation, molecular methods such as restric-
tion enzyme analysis (REA), PFGE, randomly
amplified polymorphic DNA (RAPD-PCR), and
ribotyping may be applied on chromosomal DNA
for the typing of probiotic strains. Plasmid profil-
ing, by contrast, is not considered suitable for the
typing of individual strains due to the instability of
extrachromosomal DNA.

REA may be applied for differentiation
among strains of L. acidophilus,** L. casei/L.
rhamnosus,® and L. reuteri.> As for other meth-
ods relying on the separation of DNA fragments
by electrophoresis, the complexity of the band-
ing patterns necessitates the use of computer-
aided multivariate analysis.’ In addition, the se-
lection of the appropriate restriction enzyme(s)
is essential in order to obtain revealing discrimi-
natory patterns. PFGE has been used success-
fully to differentiate strains of important
probiotic bacteria such as bifidobacteria,*
L. casei,® and L. acidophilus.** Enabling differ-
entiation among different clones of a particular
species, PFGE was shown, for example, to dis-
tinguish among individual strains of E. faecalis
on the basis of 25 patterns obtained, as compared
to only 7 patterns obtained with ribotyping.?8
PFGE may therefore enable intraspecies differ-
entiation between probiotic and clinical strains
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of enterococci.’”*® Ribotyping, on the other
hand, is mainly applicable on species level, and
reveals fingerprinting patterns that are more
stable and more easily interpretable than those
obtained by REA.® In addition, this technique is
highly reproducible and allows the possible use
of a universal probe for all species because of the
similarity of conserved regions of ribosomal
genes.?*® Whereas it has been found appropriate
for studying the diversity of strains of L. reuteri
and L. fermentum from the mouse ileum,*
ribotyping may also be applied to characterize
strains of different Lactobacillus species, 5
particularly of the L. acidophilus group.** In a
similar fashion, soluble cell protein finger-
printings revealed by polyacrylamide gel-elec-
trophoresis also enable species-level distinction
within the L. acidophilus group.+>

The RAPD-PCR technique often reveals
poorly reproducible patterns and, similar to
PFGE, it needs to be performed under carefully
controlled conditions. This technique has, how-
ever, been used for species-level distinction
among strains of Bifidobacterium® and of the L.
acidophilus group.?' Using three different arbi-
trary primers, RAPD-PCR produced revealing in-
formation concerning the genetic diversity among
dairy lactococcal strains.'> Applying a combina-
tion of two decamer primess in a single PCR reac-
tion, a multiplex RAPD-PCR technique enabled
differentiation of Lactobacillus strains from the
GIT of mice."> Oligonucleotide probes comple-
mentary to tIRNA gene targets may be used for in
situ detection of strains in mixed populations of
potentially probiotic lactobacilli,®3¢335% entero-
cocci,® and bifidobacteria.?*

Amplified fragment length polymorphism
(AFLP), another more recent fingerprinting
technique, uses the selective amplification of re-
striction fragments from a digest of total ge-
nomic DNA. It is a powerful discriminatory fin-
gerprinting technique, and, with the exception of
Listeria monocytogenes,' it has thus far been ap-
plied mainly for species-level differentiation of
Gram-negative species such as Xanthomonas
spp.,> Aeromonas spp.,’%*° Acinetobacter spp.,*°
Pseudomonas spp.,>” and Campylobacter
strains® from poultry. It also provided a sound
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basis for classification of Alcaligenes faecalis-
like isolates as a new species, Ralstonia
gilardii."?

TRANSFER OF ANTIBIOTIC
RESISTANCE

The roles of different physiological gene trans-
fer mechanisms—transduction, conjugation, and
transformation—in Lactobacillus, Lactococcus,
Pediococcus, and Streptococcus thermophilus
have been reviewed recently.” In transduction,
DNA is conveyed from one host to another by the
mediation of an infecting bacteriophage; in conju-
gation, the DNA transfer occurs by direct cell-to-
cell contact; and in transformation, the DNA is
conveyed through direct uptake of free soluble
DNA by the organism. In principle, transduction is
limited by the phage host range and is thus con-
fined within bacterial strains that are very closely
related to each other. In conjugation and transfor-
mation, the DNA exchange can occur across spe-
cies and even genera. Although both transduction
and conjugation seem to be relatively common
phenomena among LAB, there has been little evi-
dence of physiological transformation in these
genera and species. Conjugation, often accompa-
nied by the production of pheromone type of pro-
teins, is also common among enterococci. !

With the notable exception of the enterococci,
antibiotic resistance plasmids and transposable
genetic elements are relatively rare among
LAB,” and apparently no antibiotic transferable
resistance determinants have, so far, been de-
tected among the bifidobacteria.** Among the
lactobacilli, certain strains of L. fermentum,
L.acidophilus, L. reuteri, and L. plantarum have
been shown to harbor resistance plasmids
against erythromycin (and related macrolides),
tetracycline, and chloramphenicol.®® Thus, the
possibility of antibiotic resistance spreading
from the LAB common in fermented foods
seems to be remote. However, the prevalence of
antibiotic resistance in enterococcal strains used
or prevalent in many indigenous fermented
foods needs to be evaluated.

From a safety point of view, the crucial ques-
tion is whether antibiotic resistance determi-

nants conveying resistance to clinically impor-
tant drugs could be transferred in the intestine
from harmless commensals to actual or opportu-
nistic pathogens. Although experimental evi-
dence from real-life situations either in humans
or in conventionally reared animals is difficult to
produce, some data obtained by using gnotobi-
otic animals indicate the presumable conjuga-
tional in vivo transfer of antibiotic resistance
markers. For example, the transfer of an entero-
coccal wide host-range plasmid pAMBI1 has
been observed between different genera of LAB
in the gut of germ-free mice.!4*? Thus, the spread
of antibiotic resistance among the intestinal mi-
croflora remains a possibility, and care should
be taken in choosing strains, either for conven-
tional fermented foods or for probiotic purposes,
to avoid strains carrying transferable drug resis-
tance determinants and strains that have the abil-
ity to facilitate plasmid transfer.

When evaluating the antibiotic resistance pro-
files among different species and strains, it is
crucial to differentiate between intrinsic resis-
tance and resistance that is mediated by special
genetic elements. Vancomycin resistance is a
particularly illustrative example. Vancomycin is
one of the last resort antibiotics against multire-
sistant staphylococci. Therefore, transferable
vancomycin resistance among the enterococcal
strains is a serious clinical problem, both be-
cause of the increasing incidence of enterococ-
cal nosocomial infections and also in view of the
possible transfer of the resistance to staphylo-
coccal strains.* By contrast, the intrinsic resis-
tance in several genera and species of LAB (i.e.,
L. rhamnosus) due to the special structure of the
cell wall does not pose any risk.53078 These bac-
teria are not pathogens, they do not transfer the
resistance to other species or strains, and in the
rare occasions where they might be involved in
opportunistic infections, there are plenty of ef-
fective alternative antibiotics to use.

GENETICALLY MODIFIED
ORGANISMS

Questions concerning the safety of geneti-
cally modified organisms (GMOs) have increas-
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ing relevance for LAB because recombinant
DNA techniques now find general application to
many of these species and strains.” Although no
genetically modified probiotics or starters are
yet on the market, extensive research is concen-
trated on the development of LAB-based oral
vaccines.’%3 This application is very close to the
probiotic concept and should it become legally
acceptable and gain the confidence of the public,
it is conceivable that recombinant-DNA tech-
niques could also be used to improve the health-
promoting or technological properties of
human or animal probiotic strains. Genetic
modification may also improve the properties of
starter strains (e.g., by shortening the ripening
process or through increased production of
aroma compounds).

When food-associated microorganisms are to
be genetically modified, the safety of the result-
ing GMO should be exceptionally well guaran-
teed. The current EU-legislation classifies foods
containing GMOs automatically as novel foods
and requires a rigorous safety evaluation accord-
ing to the multistep procedure defined in the EU
Novel Food Regulation.’” In the United States,
the Food and Drug Administration does not
make a rigorous distinction between traditional
and genetically modified foods, expecting simi-
lar safety standards of both and requiring a spe-
cific approval of the latter only in cases where
they differ significantly from their conventional
counterparts.'s

It is generally considered unacceptable that
food-associated GMOs contain antibiotic resis-
tance markers in the final genetic constructs.
Different food-grade selection systems have
been developed for the genetic modification of
LAB, mainly lactococci. These can be based on
sugar fermentation genes, components of the
lactic acid bacterial proteolytic systems, and
bacteriocin resistance.!””? Although these mark-
ers are often more difficult to apply than the tra-
ditional antibiotic resistance used in the genetic
studies, they are being constantly developed. It
is therefore to be expected that similar constructs
will also be available for the lactobacilli.

In cases where the genetic modification of
starter or probiotic strains is limited to the trans-

fer of well-known traits from strains of the same
or closely related species, the procedure can be
regarded as self-cloning and hardly entails any
risks greater than those already connected with
the use of unmodified parental strains. If, how-
ever, genetic constructs containing genes from
completely different organisms are used, and the
resulting GMOs have properties that are not
naturally occurring among strains of the species,
the safety of the strain has to be carefully consid-
ered, also taking into account the environmental
consequences, in addition to the well-being of
the host. The latter might become important if
the genetic modification intentionally or adven-
titiously could alter or expand the ecological
niche of the organism. From the point of view of
the host, the harmlessness of new gene products
has to be established in terms of the amounts
likely to be present in foods or feeds or in the
intestine. The safety depends naturally on the
physiological activity and fate of the substances
in question.

At present, the above considerations are hypo-
thetical because no such novel starter or
probiotic GMOs have been introduced to mar-
kets yet. Knowing the rapid developments in this
field, however, the situation may change at any
moment. The enterprises that are first to market
genetically modified starters or probiotics will,
undoubtedly, create the administrative prece-
dent cases that will be critical for future evalua-
tion and approval procedures.

CONCLUSION

Foods containing LAB have an important nu-
tritional value and foods containing probiotic
LAB may also have direct health effects. In most
cases, these microorganisms will be ingested
alive, and the assurance of safety of the con-
sumer is therefore of major importance.

Starter strains often have a long history of safe
use. For probiotics, this is often not the case. In
general, lactobacilli are rarely associated with
disease; thus far, only two cases are known
where probiotic lactobacilli may have been in-
volved in disease. However, potential risk
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groups can be identified, mainly immunocom-
promised subjects. No common virulence fac-
tors have so far been identified among lactoba-
cilli; the main potential risk factor so far is
antibiotic resistance and the ability to transfer
this trait. This is also one of the main reasons

why care should be taken when enterococci are
to be used as probiotics or starter cultures.

In conclusion, there is no indication that the
general public is at risk from the consumption of
lactobacilli or bifidobacteria used as probiotics
or starters.
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CHAPTER 12

Practical Applications:
Prospects and Pitfalls

Yasmine Motarjemi, A. Asante, Martin R. Adams, and M. J. Robert Nout

INTRODUCTION

Fermentation is one of the oldest technologies
used for food preservation. Over the centuries, it
has evolved, been refined, and diversified until
today, when a large variety of foods are derived
from this technology, both in the industrialized
and the developing countries, in households,
small-scale food industries, and large commer-
cial enterprises. Fermented foods form a major
part of the human diet all over the world. In
some regions, mainly in African countries, fer-
mentation plays an important role in the nutri-
tion of infants and young children because it is
used for the preparation of complementary
foods."

Advances in food science and technology
have given rise to a wide range of new food tech-
nologies. Nevertheless, fermentation has re-

Note: This chapter is partly based on the report of a
Joint Food and Agriculture Organization(FAO)/World
Health Organization (WHO) Workshop on fermenta-
tion as a household technology to improve food safety
held in Pretoria, South Africa, 11-15 December 1995.18

*The term complementary foods refers to any nutri-
ent-containing foods, be they solids or liquids, other
than breast milk, that are given to infants and young
children during the period of complementary feeding.
This period of complementary feeding corresponds to
the period during which other foods are provided
along with breast milk.

Source: Portions of this chapter are adapted from
Fermentation: Assessment and Research. Report of a
Joint FAO/WHO Workshop on Fermentation as a
Household Technology to Improve Food Safety,
Pretoria, South Africa, December 11-15, 1995, ©
1996, World Health Organization.
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mained one of the most important food process-
ing techniques throughout human history. Many
benefits are attributed to fermentation. It can
preserve food (i.e., increase shelf life), improve
digestibility, enrich food, and enhance taste and
flavor. It is also an affordable technology, and
thus is accessible to all populations. Further-
more, fermentation has the potential to enhance
food safety by controlling a great number of
pathogens in foods. Thus, it makes an important
contribution to human nutrition, particularly in
developing countries, where economic problems
are a major barrier to ensuring food safety.

In general, fermented foods, particularly those
produced under controlled conditions, have a
good record of safety and are implicated in out-
breaks of diseases relatively infrequently. There
are, however, more concemns with traditional and
artisanal productions, where the application of fer-
mentation is based largely on experience and
knowledge gained through trial and error by gen-
erations of food producers and households. Such
an empirical approach presents a major pitfall.
Depending on the process, ingredients, raw mate-
rial, and environmental conditions, the process
may lead to unsafe products.

This chapter reviews the importance of fer-
mentation from a public health and food safety
point of view. Specific emphasis is put on prob-
lems in developing countries where risks of food
contamination and disease are greater, and the
potential contribution of fermentation for pro-
cessing and storage of foods more important.
The chapter examines the risks and benefits of
fermentation for human nutrition, with a particu-
lar focus on the fermentation of complementary
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foods, and looks into the prospects for promot-
ing the technology and improving the safety and
nutritional quality of the derived products. It
also presents two applications of the Hazard
Analysis and Critical Control Point (HACCP)
concept to fermented foods as examples.

BENEFITS OF LACTIC ACID
FERMENTATION

Depending on the organism used (i.e., molds,
yeasts, bacteria), there are different types of fer-
mentation processes. Fermentation mediated by
lactic acid bacteria (LAB) is the process that is
presently of greatest interest to food safety and
public health. Other types of fermentation are
also important to public health because they may
contribute to food security and overcoming mal-
nutrition. The focus of this chapter is on lactic
fermentation.

There is considerable evidence to show that lac-
tic acid fermentation inhibits the growth, survival,
and toxin production of a number of pathogenic
bacteria! (see also Chapter 2). The inhibitory ef-

fect of lactic acid fermentation on pathogenic bac-
teria as well as the spoilage organisms is due to the
rapid growth and acid production by LAB, the
consequent decrease in pH, and the formation of
other antimicrobial factors associated with LAB,
such as bacteriocins, hydrogen peroxide, ethanol,
and diacetyl.'® The extent to which pathogens are
inhibited depends on the organism concerned, the
temperature, the amount of acid produced, and
the properties of the food (e.g., the buffering ca-
pacity). For instance, in cereals and vegetable
products that are weakly buffered, an efficient
lactic acid fermentation will produce a pH of 4
or less, at which the growth of bacterial patho-
gens is inhibited and many bacteria die. This as-
pect of fermentation, as seen in the following
paragraphs, is of great importance to public
health, particularly in developing countries
where safe food storage by cold or hot holding is
difficult because of socioeconomic constraints.

Lactic acid fermentation has also been associ-
ated with the reduction of certain naturally oc-
curring toxins in plant foods, notably a reduction
of cyanogenic glycosides that are present in cas-

sava. Cassava is a major staple in Africa and,
due to the presence of these compounds, it has
been associated with several health problems.”!
Although the degradation of the cyanogenic gly-
cosides is mediated by endogenous plant en-
Zymes, microbial activities carried out during fer-
mentation contribute to the detoxification process
by softening the plant tissues (see Chapter 4).

Nutritional benefits have also been attributed
to fermentation. Some fermentation processes
lead to enhanced digestibility of carbohydrates
as a result of degradation of oligosaccharides
and dietary fiber, particularly prevalent in foods
of plant origin. The use of amylase-rich flour
(ARF) combined with a small amount of a lactic
acid starter culture can increase the nutrient den-
sity of starchy foods while keeping a semi-liquid
consistency. This makes the fermented food par-
ticularly interesting as complementary food for
infants and young children. Fermentation also
provides an optimum pH for the activity of
phytase and the degradation of phytate. The deg-
radation of phytate increases the amount of
soluble iron several fold, thereby increasing its
bioavailability. Lactic fermentation also de-
creases the tannin content of cereals and, in this
way, has a positive impact on mineral absorption
and the protein digestibility of cereals.

Over and above the influence on pathogenic
bacteria and toxic compounds leading to im-
proved food safety and quality, specific benefi-
cial health effects such as prophylaxis against
Escherichia coli and other pathogens and
hypocholesterolemic and anticarcinogenic ef-
fects have also been attributed to some selected
strains of LAB. A number of such organisms
with claimed health-related properties are al-
ready used in food production and are available
in many countries. The use of probiotics raises
two fundamental questions: (1) Are the organ-
isms used safe? and (2) Are the health claims
valid? The former has been discussed in Chapter
11 of this book. The latter is the subject of exten-
sive research. A number of studies have shown
some specific health benefits with regard to lac-
tose intolerance and gastrointestinal disorders.
So far, there is no conclusive explanation for the
underlying molecular mechanisms. Also, there



are a number of claims that have not been sub-
stantiated and need further investigation.!32?

Advances in genetic modification open new
doors to fermentation technology.’* Genetic
modification may be carried out on the substrate
(e.g., plants) or on the microorganisms used for
fermentation. Fermentation may also be used for
the production of enzymes with enhanced prop-
erties and improved quality (see Chapter 10).
These can have significant benefits in terms of
improving the fermentation process and the
quality and safety of the final product.

Genetic modification can be used in different
ways to improve the fermentation process and to
enhance the quality and safety of the final prod-
uct. For instance, starter cultures may be im-
proved with regard to their rate of growth, poten-
tial for lactic acid production, salt tolerance,
inability to metabolize organic acids, resistance
to bacteriophage, production of flavor com-
pounds, and so on.%® Genetic modification may
also be used to remove or reduce hazards in the
raw material, as in the production of a variety of
cassava containing less cyanogenic glycosides.

As discussed in Chapter 10, the prospect of
using genetic modifications for better control of
fermentation processes and to enhance the safety
and quality of derived products has two precon-
ditions: (1) an adequate method for assessing the
safety and nutritional implications of these prod-
ucts and (2) consumer acceptance. FAQ, WHO,
and other organizations have developed strate-
gies to assess the safety of such foods,!”*° and
further work in this area is planned. To gain con-
sumer acceptance, genetic modification needs to
be considered in the broader perspectives of risks
and benefits for the consumer, environment, so-
cioeconomic implications (in both developing and
industrialized countries), and, in general, the need
for such technology. The prospect of using genetic
modification technology for improving fermenta-
tion processes relies on an appropriate risk com-
munication with consumers.

It should be mentioned that genetic modifica-
tion can also occur spontaneously in nature and
lead to new starter strains. Conventional meth-
ods of screening and selection of new starter
strains with desirable properties have been used
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for the production of products with enhanced
quality .34

PITFALLS OF FERMENTATION

As simple as it may seem, fermentation is also
a sensitive and complex technology. The safety
and quality of the final product depend on a
number of factors, which need to be carefully
controlled. These factors are

+ quality and safety of raw materials, includ-
ing the initial level of contamination

+ levels of environmental hygiene and sanita-
tion

* quality and safety of starter culture

+ safety of metabolites

* processing conditions and degree of acidity
achieved

In certain applications, particularly in the con-
text of cottage industry or household application
of fermentation, it may be difficult to control
these factors adequately. Not infrequently, fer-
mented products have been incriminated in in-
fections or intoxications. In certain settings, in-
adequate fermentation has been a major cause of
food-borne intoxications. For instance, in China,
2,861 cases of botulism (745 outbreaks) were
reported in the year 1989, causing some 421
deaths. The major implicated foods were home-
made fermented bean products. Fermented fish
and salmon eggs are a significant cause of botu-
lism occurring among the native Alaskan
Inuit population in the North American conti-
nent. Fermented Inuit products such as white
whale meat, seal flippers, or salmon eggs lack
fermentable carbohydrates and therefore do not
undergo a sufficient pH reduction to prevent
toxigenesis.?’ Cheeses of different categories
have also been implicated in outbreaks of vari-
ous types of food-borne diseases.?* Examples of
other documented outbreaks of illness are listed
in Table 12—-1. It is likely that outbreaks of food-
borne disease caused by fermented foods pro-
duced under unhygienic conditions or with
faulty handling of the products occur more fre-
quently than are officially reported. However,
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Table 12-1 Examples of Food-Borne Disease Outbreaks Associated with Fermented Foods

Number
Implicated Food Causative Agent of Cases References
Vegetables
Paste of soybeans

and wax gourds Clostridium butyricum 6 32

Sauerkraut Histamine 30
Milk products

Curd (yogurt) Campylobacter jejuni 160 7

Yogurt Clostridium perfringens 167 33

Hazelnut yogurt (hazeinut

puree was contaminated) Clostridium botulinum 27 36
Sour milk Clostridium botulinum 11 41
Yogurt Escherichia coli 0157 16 35

Meat products
Semi-dry sausages Escherichia coli O111:NM 23 10
Pork (salami) Salmonella anatum 52 4
Pork (labh, raw and nahm,

fermented) Trichinella 27 26

Salami stick Salmonella typhimurium 85 (including

13 secondary cases) 12
Salami Escherichia coli 0157 23 11
Sausages (Lebanon bologna) Salmonella typhimurium 26 38

Fish
Fish (seal flipper) Clostridium botulinum 1 -~ 39
Fish (beaver taiis) Clostridium botulinum 7 40
Fish (salmon fish heads) Clostridium botulinum 8 39
Salmon eggs Clostridium botulinum 15* 20
Cheeses

Soft cheese (Mexican-style) Listeria monocytogens 142 24,27
Soft cheese Salmonella berta 82 (including

3 secondary cases 15
Cheese Salmonella enteritidis =700 9
Soft cheese Salmonella dublin 42 28
Goat milk cheese Salmonella paratyphi 273 14
Cheddar cheese Salmonella heidelberg 339t

(28000-36000 est.) 19
Mozzarella cheese Salmonella typhimurium 321 3
Cheese Escherichia coli 0157 22 44
Cheese (Brie, Camembert,

Coulommiers) Escherichia coli 0124:B17 387 est. 29
Cheese (Brie, Camembert) Escherichia coli 027:H20 170 3
Cheese (Brie, Camembert) Clostridium botulinum 27 37
White processed cheese Streptococcal pharyngitis 197 5
Mexican-style soft cheese Streptococcus zooepidemicus 16 16
Mexican-style soft cheese Brucella melitensis 31 3
Hand-pressed direct set cheese  Staphylococcus aureus 16 3
Cheese Staphylococcus aureus and

Shigella sonnei 250" 40
Swiss cheese Histamine 6 43

*15 cases involved in 7 outbreaks between 1971-1984.
1339 cases where reported in Colorado. From the attack rates noted (28—-36%) and the amount of cheese presumably
consumed (2830 kg), it is estimated that between 28,000 and 36,000 persons were affected in total.
**Bacilllary dysentery, which affected numerous persons who had eaten various French cheeses purchased at a Paris airport in
1982, was reported by several Scandinavian countries.



weaknesses in the food-borne disease surveil-
lance system, particularly in regard to household
food preparation, do not provide for identifica-
tion and reporting of these outbreaks.

Although LAB can inhibit the growth of cer-
tain food-borne pathogens, care should be taken
to ensure that the raw material is of high hy-
gienic quality and the risk of contamination from
the environment is minimized. A number of
food-borne hazards are not controlled by lactic
acid fermentation and so present a serious threat
to health if they persist in food. For instance,
enterohemorrhagic E. coli has shown patterns of
acid resistance and may survive certain fermen-
tation processes. Yogurt and fermented meat
have been recognized as potential vehicles of
enterohemorrhagic E. coli infection. Food and
waterborne viruses, a relatively frequent cause
of gastroenteritis, may survive high levels of
acidity. For instance, Simian rotavirus has been
shown to survive a high level of acidity during
24 hours of storage in model fermented foods®
(see Chapter 8). There is little information on the
effect of fermentation on parasites, such as
Cryptosporidium, Giardia lamblia, and food-
borne trematodes. The cysts or metacercariae of
these organisms often show resistance to ad-
verse conditions (see Chapter 9). Thus, the pos-
sibility that they may survive fermentation
should not be excluded. Most toxins produced
by algae, bacteria, and molds are also unaffected
by fermentation (see Chapter 5).

In view of this, it is important not to rely only
on the fermentation step per se to eliminate or
reduce hazards to safe levels. To ensure safety, it
is important to design the process in such a way
as to (1) prevent contamination, (2) eliminate or
reduce the hazards as much as possible, and (3)
control the growth of pathogens. For this reason,
fermentation steps frequently need to be com-
bined with other process operations such as
soaking, cooking, and so forth. Lactic acid fer-
mentation also has a limited effect on
antinutritional factors, such as protease inhibi-
tors and lectins, and other process operations
such as heat treatment should be used to destroy
these antinutritional factors.

There are also some concerns with the organic
acids that are produced during lactic acid fer-

Practical Applications 257

mentation. Microbially produced lactic acid is
usually a mixture of the optical isomers L{+) and
D(-) lactic acid. D(-) lactic acid cannot be me-
tabolized by humans. Excessive production and
intake of D(-) lactic acid may result in acidosis, a
disturbance of the acid-alkali balance in the blood.
However, very little is known about the “toxicity”
of D(-) lactic acid for malnourished or sick chil-
dren, and little data are available on the D(-) lactic
acid content of fermented foods prepared at the
household level. Further studies in this area are
needed to elucidate the role of D(-) lactic acid and
methods to control its production,!.24554

Histamine poisoning is also a potential prob-
lem with fermented foods. Although histamine
poisoning has been commonly associated with
the consumption of scrombroid-type fish such as
tuna and mackerel, certain fermented foods such
as wine, soy sauce, and, in particular, cheese,
may also present a risk. Poisoning due to hista-
mine or other biogenic amines is caused by an
accumulation of histamine or other type of bio-
genic amines (e.g., tyramine, phenylethylamine)
following metabolic activity of decarboxylase-
positive LAB such as Lactobacillus biichneri.
However, the problem can be controlled to a
large extent by observing good manufacturing
practice during production. For instance, during
the manufacture of cheese, the control of factors
such as hygienic quality of milk and temperature
of storage minimize the risk of histamine forma-
tion*? (see Chapter 6).

IMPORTANCE OF FOOD
FERMENTATION IN PUBLIC HEALTH

Food-borne diseases are a major public health
problem all over the world, in both industrial-
ized and developing countries. The industrial-
ized countries, benefiting from a higher standard
of living, good water supply and sanitation, and
technologies for processing and preserving
foods, have succeeded in combating many food-
bore infections. This has resulted in a reduction
of a great number of food-borne infections such
as typhoid fever, cholera, and shigellosis. Never-
theless, food-borne diseases remain a wide-
spread public health problem, and statistics in
these countries indicate that possibly up to 30%
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of the population may suffer from a food-borne
illness annually.”!

It is the developing world that bears the brunt of
the problem. Although statistics on the incidence
of food-borne diseases are not available, the high
prevalence of diarrheal diseases in these parts of
the world, particularly in infants and young chil-
dren, is an indication of an underlying food safety
problem. In 1997, 4,000 million cases of diarrhea
were estimated to occur in the world.> Approxi-
mately 1,500 million episodes of diarrhea occur
annually in children under the age of five, and
more than 1.8 million children die as a result. Indi-
rectly, diarrheal diseases kill many more children
because they are one of the major underlying fac-
tors of malnutrition. It is estimated that annually,
some 13 million children under the age of five die
from the associated effect of malnutrition.

The etiological agents responsible for food-
borne diseases are broad and include bacteria,
viruses, and parasites, all of which have been
discussed here individually in their respective
chapters.

The sources of contamination of food are di-
verse and include polluted water, night soil,
dust, flies, domestic animals, dirty utensils, and
food handlers. Raw foods themselves may also
be a source of contaminants because many foods
harbor pathogens or come from infected ani-
mals. Moreover, during the preparation process,
there is an added risk of cross-contamination.
However, one of the major factors leading to
food contamination is time-temperature abuse
during food preparation and storage with the re-
sult that pathogens survive, grow, and produce
toxins (Figure 12-1).

Food handler (e.g.,
contaminated hands)

Human and animal excreta

Infected food animal
N\

Irrigation and_7

Wastewater

Source of food contamination

Domestic animals

Survival and
Growth

(Raw/Cooked)

Flies and pests

Contaminated
/ household water

Polluted environment
(soil, dust)

. Dirty pots and
cooking utensils

Cross-contamination

Contaminated Food

Figure 12-1 Sources of food contamination



In addition to agents of diarrheal diseases,
food may also be a vehicle for chemical hazards,
whether naturally present or contaminating the
food as a result of poor agricultural practices or
environmental pollution as dealt with in Chap-
ters 4, 5, and 6. Depending on the dose, chemical
hazards may lead to acute intoxication or long-
term health problems such as cancers and other
chronic diseases. Food may also contain
antinutritional factors such as enzyme inhibitors,
phytates, lectins, and polyphenols, which inter-
fere with the digestion, absorption, or other as-
pects of metabolism of nutrients in foods.

Food processing technologies are applied for
a variety of reasons. They may be applied to ren-
der food more digestible or edible, to retain or
enhance sensory quality, to increase shelf life, to
improve nutritional quality, and/or to render
food safe. Food fermentation has proved to pos-
sess many of these features; in this way, it is an
important food technology. However, its role in
improving the nutritional quality of foods, par-
ticularly complementary foods, and preserving
foods and preventing growth of most pathogenic
organisms make this technology particularly im-
portant from a public health point of view.

Fermentation is particularly important for
food safety and for the prevention of diarrheal
diseases in the developing regions. Although the
application of basic rules of food hygiene can
prevent a great proportion of diarrheal diseases,
in the developing countries, the application of
these rules is sometimes hampered by socioeco-
nomic constraints such as inadequate supply of
safe water, lack of knowledge or facilities for
safe preparation and storage of food
(e.g., refrigeration, fuel for hot holding or thor-
ough reheating), and lack of time to prepare food
properly before each meal. As a result, some
households, particularly low-income ones, are
simply not able to apply essential food safety
principles, such as feeding infants with freshly
prepared foods, chill storage, hot storage, reheat-
ing of stored foods, and so forth.

Thus, fermentation provides an economic
means of preserving food and inhibiting the
growth of pathogenic bacteria even under condi-
tions where refrigeration or other means of safe
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storage are not available. At the same time, it can
enhance the nutritional quality of some foods. In
several African countries, the technology is used
in particular in the preparation of foods for in-
fants and young children.? For instance, in Kenya,
Nigeria, the United Republic of Tanzania and
Uganda, it is customary to give infants fermented
cereals, or root-crop products. Fermentation is
also used to produce beverages. Again, in areas
where the safety of the water cannot be ensured,
fermentation processes contribute to reducing the
risk of waterborne diseases.

PRACTICAL INTERVENTION TO
ENHANCE SAFETY OF FERMENTED
FOODS

To take advantage of the benefits that fermen-
tation offers and, at the same time, to minimize
its risks, it is important to examine the fermenta-
tion process carefully and to develop a plan
where hazards associated with the different pro-
duction steps are considered and controlled. In
Chapter 3, the concept of Hazard Analysis and
Critical Control Point (HACCP) as a method of
food safety assurance was explained, and a plan
for a fermented indigenous food that is common
in Africa and prepared at household level was
presented. Other examples of the application of
the HACCP concept to fermented African foods
have also been published elsewhere.*¢*¢ In this
section, a second example of an indigenous Afti-
can food, togwa, is presented to illustrate how
the concept of HACCP can be used to evaluate a
food production or preparation process in order
to identify possible safety problems and how
they may be controlled.

This study illustrates that the process of togwa
preparation, as described here, leads to a high-
risk product. The risk lies in the fact that “power
flour” (an ARF obtained from germinated
seeds), which may be contaminated, is added af-
ter cooking. If fermentation fails, proliferation
of contaminant bacteria may occur and acid-re-
sistant pathogens may survive. Possible options
to reduce risks include accelerated fermentation
by back-slopping or use of starter culture.?! Ex-
treme care should be taken to prevent
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postcooking contamination. The HACCP study
of this product identifies numerous critical con-
trol points (CCPs) reflecting the high degree of
concern. The reasons for concern are that (1) the
food is intended primarily for infants and young
children, who, due to their susceptibility to in-
fections, require great care in the preparation of
their food; (2) a wide range of hazards have been
considered in this study; and (3) the preparation is
envisaged in a household setting with rudimentary
environmental conditions. Because the risk of
contamination in this setting is higher, several
steps in the preparation likely to prevent or control
contamination need to be carefully controlied.

A second example shows an HACCP study for
the production of a traditional cheddar cheese.
Cheddar cheese has been implicated in outbreaks
of salmonellosis and Staphylococcus aureus in-
toxication.'**# In one outbreak, the problem was
due to improper application of the HACCP system
(i.e., inadequate pasteurization and a lack of cor-
rective action when the monitoring results indi-
cated failure in reaching critical limits).*

Both examples also underline the importance
of good hygienic practice (GHP) as a prerequi-
site for the production of fermented foods, par-
ticularly with regard to the prevention of con-
tamination. In the case of cheddar cheese, it can
be seen that after the pasteurization step, there is
no other step that can eliminate pathogens.
Therefore, GHP is extremely important to pre-
vent recontamination.

HACCP Study of Togwa**

1. Product description—Togwa is prepared
by many tribes in Tanzania, and there are
variations in its production. The prepara-
tion involves mixing cooked cereals (e.g.,

*Application of the HACCP system has been simpli-
fied and adapted to household conditions. Although the
same approach can be used for production on a cottage
and industrial scale, the requirements in terms of critical
control points, critical limits, and monitoring proce-
dures may be different and more severe.

*Model HACCP plans are not appropriate for use
until validated for a specific food and food process.

maize, sorghum) with germinated cereals
(e.g., finger or bulrush millet or sorghum).
Fermentation takes approximately 9-12
hours, depending on whether or not an old
batch is used as a starter culture. If an old
batch or power flour is used, the fermenta-
tion is completed in approximately 6-9
hours.

. Intended use—Most fermented gruels in

Tanzania remain edible for one to two
days. Beyond this period, the product is
too sour, or gives off an unpleasant odor.
Fermented gruels are traditionally given to
children less than five years of age.

. Flow diagram—Figure 12-2 shows the

flow diagram of togwa.

. Hazards of concern—Hazards consid-

ered in this context include biological
(e.g., bacteria, viruses, parasites), chemi-
cal (e.g., contaminants, mycotoxins), and
physical agents.

. Identification of hazards, control mea-

sures, and CCPs—Table 12-2 shows haz-

ards associated with each step in the prepa-

ration of togwa and of power flour, which is
an essential ingredient in this gruel.

a. Raw material: Major hazards in maize,
millet, and sorghum are toxins (e.g.,
aflatoxin produced by molds, and agro-
chemicals). For prevention of the activ-
ity of toxigenic molds during storage,
the raw material should, as far as pos-
sible, be stored under appropriate con-
ditions. When the ambient temperature
and humidity are high, storage time
should be limited. Insofar as agro-
chemicals are concerned, households
cannot do much except to get assurance
from suppliers concerning the safety of
the products. The possibility of acci-
dental contamination of grains during
storage with agrochemicals should be
prevented.

The grains may also contain foreign
matter such as stones and insect frag-
ments. These will not be eliminated at a
later step, so it is important that house-
holds thoroughly clean the raw material.



1. Sorghum, millet
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1. Maize, sorghum,
millet
l —(ccP
7. Grinding

l Boiling and
%

P -«
cooling

Note: Numbers correspond with those in Table 12-2.

1. Water ——»l

2. Soaking
l cep 8. Preparation of slurry
(10-15% solids)
3. Germination ¢
CcCP
l 9. Boiling
¢ CCP
4. Sun drying
ccp 10. Cooling (to
l ambient temperature)
5. Storage of sun-dried ceP
germinated grains @
- Power flour | 11. Addition of power
6. Grinding (Storage) flour and togwa €
l CCP
12. Fermentation
l CCP
13. Serving togwa
CCP

*Although this step was not part of the original togwa preparation, it was added after the HACCP study because
boiling water was identified as being essential and needed to ensure the hygienic quality of power flour.

Figure 12-2 Flow diagram of togwa. The high number of CCPs identified in this study is due to the fact that the

study is considered in poor hygienic conditions.

Water used in the preparation of
slurry may be contaminated. Boiling
the slurry (see step 9) will eliminate
eventual pathogens. Therefore, water
used for the preparation of slurry is not
a CCP, although as part of a good hy-

gienic practice, safe water should be
used as far as possible in the prepara-
tion of togwa and for washing hands
and utensils. On the other hand, the use
of safe water in the preparation of
power flour is essential because this



Table 12—2 HACCP Study of the Preparation of Togwa in Households

Step Hazards Control Measures CCPs Critical Limijt* Monitoring Procedure Corrective Actions
1. Raw material a. Mycotoxins a. i) Obtain assurance a. Yes a. i) No moldiness, a. Observation, a. Discard the raw
i) Maize from supplier of good smell material and change
Sorghum adequate preharvest supplier
Millet and postharvest

b. Agrochemicals

c. Pathogens:
Bacillus cereus,
Salmonella,
Escherichia coli

d. Physical: insects
and stones

1. Raw material a. Chemical contami-
ii) Water nants, depending
on the source

b. Pathogens (e.g.,
Escherichia coli,
Campylobacter,
V. cholerae,
Salmonella,
Cryptosporidium,
Giardia lamblia,
Entamoeba
histolytica)
Rotavirus

*In this study, the preparation of togwa is considered in a household environment; therefore, the critical limits are expressed in qualitative values.

handling of grains

ii) Store grains in dry
(and if possible cool)
area, limit storage time

b. Obtain assurance from
supplier of adequate
preharvest and
postharvest handling of
grains

¢. Heat treatment,
fermentation

d. Manual cleaning

a. Obtain assurance
about the source of
water; use only safe
water

b. If safe water (i.e.,
filtered and disinfected)
is not available, boil
the water

ii) Short storage time,
adequate tempera-
ture humidity of
storage area

b. No

c.No

d. Yes d. No visible stones
a. Yes a. Clear, free of odor

and off taste

b. Yes for  b. Bubbles
step 2;
No for
step 8

{measurement of
temperature or
humidity if possible)

d. Observation

a. Observation,
smelling, and tasting

b. Observation

Utilize the raw
material as quickly as
possible.

d. Reclean.

a. Use another source

of water.

b. Reboil.

continues
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Table 122 continued

Step Hazards Control Measures CCPs Critical Limit* Monitoring Procedure Corrective Actions
2. Soaking Growth of microor- As far as possible at low  Yes Water should remain Observation, smelling  Refresh water.
ganisms temperatures free from odor or
foam
3. Germination Growth of microor- As far as possible atlow  Yes Grains should remain  Observation Remove moldy grains.
ganisms (e.g., temperature free of moldiness
toxigenic molds)
4. Sundrying a. Contamination and a. Protect the sprouts Yes a. No foreign matter a. Observation a. Clean if possible. If
introduction of not, discard
foreign matter
b. Inadequate drying  b. Ensure thorough and b. Sufficient time, b. Time keeping, b. As long as there is no
may lead to growth fast drying adequate exposure observation mold growth, redry
of microorganisms to sun, dry ambient under proper
during storage conditions, adequate conditions; otherwise,
air circulation, no discard.
mold
5. Storage of a. Contamination/ a. Protect the grains Yes a. No foreign matter Observation a. Clean if possible. If
sun-dried introduction of not, discard
germinated foreign matter
grains b. Growth of toxigenic b. Keep dry b. Dry conditions of b. Discard
molds, if the storage, no mold
moisture content is
high
6. Grindingto  Introduction of filth, Use clean and properly No

power flour

7. Grinding

dirt and foreign
matter

same as step 6

maintained equipment

continues
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Table 12-2 continued

¥9T

Step Hazards Control Measures CCPs Critical Limit* Monitoring Procedure Corrective Actions
8. Slurry Contamination with Use clean utensils and No
preparation pathogens through safe water
utensils and/or
water
9. Boiling Survival of pathogens Thorough boiling Yes Bubbles Observation Reboil.
10. Cooling a. Growth of bacterial a. Ensure rapid cooling Yes a. Short time, room a. Time keeping a. Reboil.
spores temperature within
four hours
b. Contamination b. Protect the porridge b. No foreign matter b. Observation b. Depending on the
during the cooling nature of contamina-
process tion, either clean,

reboil or discard

11. Addition of:

a. power a. Contamination with a. Ensure hygienic quality Yes a. Power flour of high a. & b. Observation a. & b. Use another
flour pathogens by of power flour hygienic quality power flour or togwa.
power flour
b. Togwa b. Contamination with b. Ensure the safety of b. Absence of disease
acid-resistant previously prepared upon consumption of
pathogens by togwa previously prepared
togwa togwa
12. Fermentation a. Growth and a. Rapid fermentation a. Yes a. Acid taste and a. Observation a. Discard the material.
formation of toxin characteristic odor
by Staphylococcus within 24 hours
aureus
b. Survival of acid- b. Minimize contamina-  b. No

tolerant pathogens tion with acid-tolerant
pathogens (see

step 11)*
13. Serving Recontamination with Wash hands and use Yes Hands properly washed Observation Reheat the food
pathogens by clean utensils with soap and clean thoroughly.
hands, utensils, water

and environment

*As there is no critical control point in the subsequent steps that would ensure the killing of acid-tolerant pathogens surviving the fermentation step, the present process of togwa
preparation may lead to a high-risk product.
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process does not include a step that
would ensure the elimination of patho-
gens introduced through the raw mate-
rials (i.e., water, sorghum, or millet). In
addition, pathogens introduced through
the raw material may proliferate during
the soaking and germination periods
and may also survive the sun-drying
stage. Therefore, the safety of water
used in power flour preparation is criti-
cal for minimizing contamination. The
hygienic quality of the power flour is
particularly important for the safety of
the final product because there is no
step that would ensure the killing of
acid-resistant pathogens after the
power flour has been added. Therefore,
after the HACCP study, it was sug-
gested to add a boiling step in the
preparation of power flour to ensure
safety of water and minimize the con-
tamination of power flour.

. Soaking: During the soaking period,
bacterial growth will occur. The use of
safe water may minimize the final bac-
terial load. If at all possible, soaking
should take place at low temperatures
in order to minimize the growth of mi-
Croorganisms.

. Germination: This usually takes place
in layers a few centimeters thick,
spread on mats or leaves, and covered
with leaves, mats, or gunny sacks to
avoid excessive dehydration. From
time to time, the material must be aired
and mixed while checking and adjust-
ing the degree of grain humidity. Fur-
ther contamination by mats and micro-
bial growth can occur at this stage.
Microbial growth, particularly with re-
spect to toxigenic molds, can also oc-
cur. As far as possible, germination
should be carried out in cool condi-
tions in order to minimize microbial
growth.,

. Sun drying: During this step, the cover
is removed and the sprouted grains are
spread on mats or bamboo trays to dry
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in the sun. This may take a few days.
All kind of contaminants and foreign
matter can fall into the sprouted grains
if they are not well protected. In addi-
tion, insufficient drying may lead to a
microbially unstable product during
subsequent storage. Thorough drying is
critical for the stability of the product.

. Storage of sun-dried germinated

grains: Hazards associated with this
step are contamination (e.g., by rodents
and other animals during storage) and
microbial growth, particularly toxi-
genic molds, if the germinated grains
are not properly dried or are kept in hu-
mid conditions.

. Grinding to power flour: This step may

introduce dirt and foreign matter into
the product. As part of a good hygienic
practice, this should be avoided as far
as possible by using clean and properly
maintained equipment. However, it is
unlikely that this step will introduce
any major health hazard.

. Grinding: Same as step f.
. Preparation of slurry: Except for the

safety of water and cleanliness of uten-
sils, no other major hazard is associated
with this step. Because the subsequent
boiling step will kill the pathogens that
may have been introduced at this step,
it is not considered a CCP. Neverthe-
less, as part of a GHP, households
should use clean utensils and safe water
as much as possible.

i. Boiling: Boiling should be thorough in

order to gelatinize all the starch. This
step is also essential to kill nearly all
pathogens (bacterial spores may sur-
vive).

j. Cooling: The pot should be covered to

protect against dirt or other foreign
matter falling in. It is important that
cooling is carried out as fast as pos-
sible. Prolonged cooling may present
an opportunity for bacterial spores to
grow. When large quantities of togwa
are prepared, the cooling time can be
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reduced by dividing the togwa into
small portions.

k. Addition of power flour and togwa:
Two ingredients may be added here to
initiate the fermentation, that is, power
flour and previously fermented togwa.
The contamination brought about by
power flour is diverse and difficult to
control. Viruses and other acid-tolerant
agents are of particular concern here.
The togwa starter culture is quite
acidic, and thus will contain only those
contaminants that are acid tolerant.

During the fermentation that fol-
lows, acid-sensitive pathogens may be
killed. However, acid-tolerant patho-
gens may survive. A power flour pre-
pared under hygienic conditions may
minimize the contamination of togwa.
However, in the absence of a final kill-
ing step such as thorough reheating,
the presence of acid-tolerant pathogens
in the final product may not be ex-
cluded.

1. Fermentation: During fermentation, a
rapid dominance of LAB may be ex-
pected. This is supported by the short
fermentation time to reach the required
acidity. A rapid fermentation is critical
for killing acid-sensitive pathogens and
for preventing bacterial growth and the
production of toxin. The addition of
togwa enhances fermentation and may
be beneficial provided it does not intro-
duce acid-resistant pathogens.

m. Serving: It is important to ensure that

pathogens are not re-introduced into
togwa by dirty hands and utensils.
Therefore, these have to be washed
carefully with safe water. Depending
on the hygienic measures taken to pre-
pare togwa, the final product could be
more or less contaminated because
there is no final CCP that would ensure
the killing of acid-resistant pathogens.
Thorough reheating would greatly
contribute to the safety of the final

product. However, implications in
terms of textural and other changes
should be considered because the final
product may become unacceptable to
the consumer.

HACCEP Study of Traditional Cheddar
Cheese*?

1. Product description—Cheddar cheese is

a hard-pressed cheese that is originally
from the United Kingdom. It has a firm
body and closed texture. It is composed of
approximately 37% water, 33% fat, 25%
protein,1% lactose, and 4% ash. The curd
is textured after cutting and scalding. It is
then milled and salted and is pressed in a
mold. The cheese is wrapped in firm
blocks and stored at approximately
4-6 °C. The cheese is stored from a few
weeks to several months, during which
time it ripens and develops its flavor (mild
cheese up to 3 months; medium cheese 6
months, and mature cheese 8—12 months).
Starter culture used for the production of
cheddar cheese consists of Lactococcus
lactis subsp. lactis and Lc. lactis subsp.
cremoris. Other organisms that also play a
role during ripening are Lactobacillus
casei, Lb. plantarum, and Lb. brevis.

. Intended use—General population, in-

cluding vulnerable groups.

. Flow diagram—Figure 12-3 shows the

flow diagram of traditional cheddar
cheese manufacture.

. Hazards of concern—Major hazards are

of bacterial origin. Several pathogens such
as Mycobacterium tuberculosis, Brucella
abortus, Salmonella, Campylobacter, and
Listeria monocytogenes may survive in
cheddar cheese. Other hazards of concern
are antibiotic residues and histamine.

. Identification of hazards, control mea-

sures, and CCPs—Table 12-3 shows

*Model HACCP plans are not appropriate for use
until validated for a specific food and food process.



l

7. Heating
l CCP

ca

8. Draining and milling

l

9. Salting
l CCP

10. Pressing

Y

11. Packaging and aging
l CCP

12. Storing and distribution

Note: Numbers correspond with those in Table 12-3.

Figure 12-3 Flow diagram of traditional cheddar cheese
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3. Starter culture

1. Raw milk
l CCP
2. Pasteurizing
l CCP
4. Ripening <
l CCP

6. Setting the vat/cutting the curd | <——]

5. Rennet or rennet-like enzymes

hazards associated with each step of the

production of cheddar cheese.

* Raw material: Raw milk when re-
ceived by a dairy may be contaminated
with a wide range of pathogens, as

mentioned above, as well as spoilage
organisms. In addition, milk may con-
tain antibiotic residues. Hygienic han-
dling of milk at the farm and during
transport is essential to prevent con-



Table 12-3 HACCP Study of the Preparation of Traditional Cheddar Cheese in Industrial Setting

Step Hazards Control Measures CCPs Critical Limit Monitoring Procedure Corrective Actions
1. Raw a. Pathogenic Hygienic collection atthe a. No
material: bacteria: Mycobac- farm and transport
milk terium spp., Refrigeration (maxi-
Brucella spp, mum temperature 7 °C)
Campylobacter,
Listeria, Salmonella
b. Antibiotic residues b. Control of incoming b. Yes b. According to Codex b. Chemical or b. Reject the milk.
milk Alimentarius microbiological tests
Commission
2. Pasteuriza-  Survival of pathogens Heating Yes 72 °C for 15 seconds or Temperature, time Repasteurize.

tion

3. Starter
culture

4, Ripening
(addition of
the starter
culture)

5. Rennet or
rennet like-
enzymes

Presence of hazards
in the starter
culture

a. Contamination with
pathogens

b. Insufficient
fermentation

Presence of
pathogens

equivalent

Assurance by the supplier No
of the starter culture on

the quality
a. Cleaning and a. No
disinfection of vat and
other equipment
b. Follow instructions of  b. Yes b. 30-31 °C, develop-  b. Temperature b. Correct the tempera-

ture and the amount
of starter culture.

ment of acidity of
0.14% before step 8.
Proportion of starter
culture and milk
according to the
instructions of the
manufacturer

manufacturer of starter titratable acidity
culture; use appropri-
ate proportion of
starter culture and

milk; keep milk warm

Assurance of quality by  No
the supplier

continues
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Table 12-3 continued

Step Hazards Control Measures CCPs Critical Limit Monitoring Procedure Corrective Actions
6. Setting the Contamination with Cleaning and disinfecting No
vat and pathogens, of of cutting knives and
cutting the utensils used for hygienic practice
curd adding the rennet
7. Heating Arresting the Control temperature of Yes 37°C Temperature Readjust the
fermentation heating temperature.
8. Cheddaring Contamination of Hygienic practice No
(drainingand  utensils and
milling) environment with
hazards
9. Salting Growth of S.aureus at  Adjusting the salt level Yes 1.7 % Amount of salt added  Readjust the proportion
subsequent steps and its distribution of salt and curd.
10. Pressing Contamination of the  Strict hygiene of the No
press with equipment and
pathogens personnel
11. Aging Growth of Staphylo-  Adequate storage (see Yes 5°C Temperature Correct the temperature
coceus aureus; also step 8) of storage. Consider
growth of decar- removal of the
boxylase positive product if the loss of
lactic acid bacteria temperature control
and formation of has exceeded several
histamine hours.
12. Storingand  Mold growth Adequate packaging, No
distributing refrigeration, and rapid

distribution

Note: This table was adapted from ICMSF.22
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tamination and keep the level of patho-
gens possibly present to a minimum.
To ensure that raw material is of ad-
equate hygienic quality, the milk may
be tested for its bacterial load with me-
thylene blue or by some other rapid
test. The receipt of the raw milk is a
CCP for antibiotic residues because
these will not be eliminated by further
processing of the milk into cheese.
Pasteurization: The pasteurization step
is a CCP because it is essential for the
elimination of pathogens that may be
present in the raw milk. It will also re-
duce the number of decarboxylase-
positive LAB able to produce hista-
mine.

Starter culture: The contamination of
starter culture has in the past caused
food-borne disease outbreaks. There-
fore, the possibility that the starter cul-
ture may be contaminated or be of poor
quality (leading to poor fermentation)
should be considered, and assurance
should be obtained from the supplier of
its quality.

Ripening of the milk: At this stage, the
milk is cooled to 30-31 °C and poured
into the cheese vat, and the starter cul-
ture is added. It is important that the
starter culture is of adequate quality
and is added in sufficient quantity to
ensure rapid fermentation. The tem-
perature of the milk should also be kept
at an optimal level to ensure adequate
starter culture activity. Starter culture
activity may be measured by pH
changes. The cheese vat and other
equipment should be cleaned and disin-
fected before use. To prevent postpas-
teurization contamination, strict hy-
giene should be applied at this stage
and later stages of production.

Rennet or rennet-like enzymes: As for
starter culture, it is important to obtain
assurance from the supplier that the
rennet is of adequate quality.

Setting the vat and cutting the curd:
The rennet or rennet-like enzymes are

added and the milk is left undisturbed
to form a gel. The coagulated milk is
then cut into cubes. To prevent con-
tamination with cutting utensils, hy-
gienic practices are strictly observed.
Heating: The curd is heated to 37-39
°C and the curd and whey are stirred.
The curd shrinks as a result of heating
and the whey is released. It is important
to have control of temperature in order
to maintain the activity of the starter
culture. At the end of this step, the
whey should have a titratable acidity of
0.14-0.16% and the curd pH should be
approximately 6.

Draining and milling: The whey is
drained from the vat. The curd devel-
ops a plastic consistency as a result of
continued acid development. The curd
1s cut into sections and passed through
a mill to form ribbons. No major haz-
ard is associated with this step.
However, hygienic practices should
be strictly observed to prevent recon-
tamination.

Salting: Salt is added to shrink the curd
and further separate the whey. The
amount of salt should be carefully con-
trolled because it will have an impact
on subsequent acid development and
favor growth of Staphylococcus
aureus. The salt content should be ap-
proximately 1.7%.

Pressing: After salting, the curd is
placed in a box and pressed. In this
way, the remaining whey is removed.
To prevent recontamination, this step
should be carried out under strict hy-
gienic conditions.

Aging: The cheese is vacuum packed
and aged at approximately 5 °C for a
few weeks to few months. The control
of temperature at this stage is important
and critical for the prevention of
growth of possibly present Staph.
aureus and/or activity of decarboxy-
lase-positive bacteria.

Storing and distribution: To ensure
safety and quality, storage should be at



refrigeration temperature and the prod-
uct should be distributed rapidly.

RESEARCH NEEDS

Research needs in the area of fermentation are
extensive and relate to several areas.

+ identification of new organisms and tech-
nological developments leading to new
products with enhanced nutritional or orga-
noleptic quality

+ assessment of safety of starter cultures, be
they traditional organisms selected for their
specific features or genetically modified
organisms

+ interaction of LAB with pathogens in the
intestinal tract and risks for transfer of
pathogenicity and virulence

 potential of fermentation technology to
control pathogens

+ identification and selection of organisms
with potential health benefits

« transfer of technology to settings where the
technology can be of specific benefit to
health

* implementation and evaluation of health
education interventions carried out to en-
sure safe application of fermentation.
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Additional guidance on research needs and
priorities in this area are provided elsewhere .51

CONCLUSION

Fermentation is and will continue to remain
an important technology. For foods for infants
and young children, it presents clear nutritional
and safety advantages. In the industrialized
countries, the technology may not be important
as a preservation technique, but advances in ar-
eas such as molecular biology will help in the
development of new products, with diversified
taste and aroma and perhaps health benefits.
The challenge will be to ensure that organisms
used as starter culture are safe and that the pro-
cess is designed and applied in such a way that
potential hazards, in particular acid-resistant
pathogens, are controlled.

The greatest benefits but also risks are currently
in the developing countries and in places where
the technology is used in an artisanal way. In the
developing world, where refrigeration facilities
are lacking, the technology can make a great con-
tribution to public health by preventing the growth
of pathogens. However, substantial health educa-
tion campaigns are necessary to ensure that the
technology is applied in an appropriate manner
and leads to safe and nutritious products.
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culture
diagnosis
features
Fruit wine
flow diagram
process condition
Fumonisin

Fusarium toxin

G
Gari
flow diagram
hazard analysis critical control point
bagging
cooling

fermentation
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Gari (Continued)
flow diagram
grating
hazards of concern
intended use
peeling
product description
raw material
roasting
serving
storing
washing
process condition
Gastrointestinal tract, probiotic strain
GATT Uruguay Round of Multilateral Trade Negotiations, Codex Alimentarius
Commission
Genetic modification
acceptance
antibiotic resistance marker

benefits

cheese
safety evaluation
enzyme
risks
safety evaluation
fermented food product
functional microorganisms
now in market
lactic acid bacteria
safety evaluation
structured assessment risk
microorganism
benefits

consumer safety determination
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Genetic modification (Continued)

environmental consequences determination 230
risks 228
safety evaluation 229 232
schematic benefit vs. risk ratio 225
perception 219
plant, schematic benefit vs. risk ratio 226
probiotic strain 246
risk 219
risk assessment parameters 223
risks 227
SOy sauce 222
safety evaluation 229
soybean, safety evaluation 229
starter strain 246
wheat, safety evaluation 229
Giardiosis 207
distribution 203 208
epidemiology 208
life cycle 208
prevention and control 208
public health significance 208
transmission 208
Glucosinolate 77
characterized 77
risks 82
Glycoalkaloid 75
characterized 75
Glycoside 71
antinutritional 73
bitter-tasting 73
characterized 71
structure 72
toxic 73
toxin concentration variation among varieties and cultivars 83
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Gnathostomosis
distribution
epidemiology
life cycle
prevention and control
public health significance
transmission

Gongylonemosis
distribution
epidemiology
life cycle
prevention and control
public health significance
transmission

Grading
safety

Growth factor

H

Hazard analysis critical control point
application areas
application guidelines
bacteria
benefits
characterized
cheese
Codex Alimentarius Commission
corrective action
critical control point monitoring
critical limit
determining critical control points
documentation
food hygiene
food preparation

consumer susceptibility
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Hazard analysis critical control point (Continued)
handling
intrinsic properties of food
volume of food prepared
gari
bagging
cooling
fermentation
flow diagram
grating
hazards of concern
intended use
peeling
product description
raw material
roasting
serving
storing
washing
hazard analysis
health education
historical development
management commitment
prerequisites
principles
togwa
training
verification
World Health Organization
Hazard identification procedure, fermented sausage
Health education, hazard analysis critical control point
Heating
Helminth
classification

distribution
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Helminth (Continued)

main hosts

source of infection
Hemicellulase
Hepatitis virus
Heterofermenter
Heterophyosis
Histamine

biogenic amine

cheese
Homofermenter
Household processing, cassava root

Hydrogen peroxide, lactic acid bacteria

I

Industrial processing, cassava root
Inositol

Iron

K
Koikuchi-shoyu

flow diagram

process condition

L

Lactic acid, Escherichia coli

Lactic acid bacteria
antimicrobial factors associated with
bacteriocin
benefits of lactic acid fermentation
carbon dioxide
characterized
diacetyl

ethanol
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Lactic acid bacteria (Continued)

genetic modification

safety evaluation 232
structured assessment risk 234
hydrogen peroxide 46
low molecular weight compound 47
low pH 42
nutrient depletion 48
organic acid 42
overcrowding 48
principal genera associated with food 42
reuterin 47
virulence factor 240
Lactobacillus species 242
Lager beer
flow diagram 23
process condition 23
Legume
flow diagram 26
process condition 26
Linseed 80
Linum usitatissimum 80
Lipase 12
Listeria monocytogenes 146
pH 142
temperature 142
water activity 142
Low molecular weight compound, lactic acid bacteria 47
Lup Cheong
flow diagram 34
process condition 34
M
Magnesium 5
Malt alkaloid 133
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Manganese 5
Manihot esculenta 80
Meat 4

biogenic amine 124

flow diagram 33 34

process condition 33 34
Methylazoxymethanol glycoside 75

characterized 75

risks 81
Microbial activity, safety 41
Microbial cell mass 1
Microbial enzyme 1
Microbial toxin 101

Microbiological challenge test, fermented

sausage 153
carrying out 154
Escherichia coli O157:H7 154
planning 153
purpose 153
Microbiological hazard
bacteria 141
parasite 175
virus 159
Microorganism 6
added food ingredients 5
degradation 87
examples
function in fermentation 7

genetic modification
benefits 228
determining environmental consequences 230

general scheme to determine safety to consumers and some environmental

consequences 230
risks 228
safety evaluation 229 232
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Microorganism (Continued)
schematic benefit vs. risk ratio 225
natural fermentation in raw substrate 6

nutrients required by

Milk 4
flow diagram 37
process condition 37

Milk cheese
flow diagram 38
process condition 38

Mineral 5

Mixed starter culture
preheated substrate 6
raw substrate 6

Mixing 16
safety 41

Moisture adjustment 15
safety 40

Mold, function in fermentation 7

N

Nanophyetiosis 198

Nematode 175
distribution 179
main hosts 179
source of infection 179

Nicotinic acid 5

Nisin 45

Nitrogen 5

Nitrosamine 129
beer 133
cured food 131
formation 130
health effects 133
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Nitrosamine (Continued)
produced during processing
tobacco smoke

Nomenclature
probiotic strain
starter strain

Norwalk-like virus

Nuoc-mam
flow diagram

process diagram

Nutrient depletion, lactic acid bacteria

o

Ochratoxin A

Okadaic acid

Oligosaccharide
antinutritional
bitter-tasting
characterized
toxic

Olive
flow diagram
process condition

Opisthorchiosis

Organic acid, lactic acid bacteria

P
Palm wine
flow diagram
process condition
Pantothenic acid
Paragonimosis
distribution
epidemiology

This page has been reformatted by Knovel to provide easier navigation.

Links

119
134

242
242
161

36
36
48

105
115
76
73
73
76
73

30
30
198
42

32
32

199
194
200

163

200



Index terms

Paragonimosis (Continued)
life cycle
prevention and control
public health significance
transmission
Parasite
Pasteurization
Patulin
Pectolytic enzyme
pH, lactic acid bacteria
Phaseolus lunatus
Physical processing, safety
Physical separation
safety
Phytase
Phytic acid
structure
Plaa-raa
flow diagram
process diagram
Plant, genetic modification, schematic benefit vs. risk ratio
Plant cell wall
middle lamella
primary cell wall
secondary cell wall
structure
Plant origin
Potassium
Power flour
Preheated substrate
mixed starter culture
pure culture
Probiotic strain

amplified fragment length polymorphism
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Probiotic strain (Continued)
gastrointestinal tract
genetic modification
host
nomenclature
randomly amplified polymorphic DNA
restriction enzyme analysis
safety assessment

procedures
techniques
taxonomic basis
transfer of antibiotic resistance

Process conditions

Process unit operations
bioprocessing operations
flow diagram
physical operations
thermal processing operations

Protease

Protozoa
classification
distribution
main hosts
source of infection to man

Prunus species

Ptaquiloside
characterized
risks

Pure culture
preheated substrate
sterilized substrate

Pyridoxine

Q

Quantitative risk assessment, bacteria
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R
Randomly amplified polymorphic DNA

probiotic strain 245

starter strain 245
Raw substrate, mixed starter culture 6
Recombinant DNA technology 219

commercial food enzyme 221
Red grape wine

flow diagram 31

process condition 31

Restriction enzyme analysis

probiotic strain 245
starter strain 245
Reuterin, lactic acid bacteria 47
Riboflavin 5
Risk assessment, genetic modification 223
Rotavirus 161 165
S
Safety
antimicrobial factor significance 48
classification of food hazards 39 40
cleaning 40
examples of threats 3
grading 39
microbial activity 41
mixing 41
moisture adjustment 40
physical processing 39
physical separation 40
size reduction 41
sorting 39
transport 39
washing 40
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Salami
flow diagram
process condition
Salmonella
pH
temperature
water activity
Saponin
characterized
risks
Sapporo-like virus
Sarcocystosis
distribution
epidemiology
life cycle

prevention and control

public health significance

transmission
Sauerkraut
flow diagram
process condition
Sausage
raw
flow diagram
process condition
raw fermented
flow diagram
process condition
Saxitoxin

Seafood

Shelf life, fermented fish product

Shigella
pH
temperature

water activity
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Size reduction 15
safety 41
Sodium 5
Sorghum species 81
Sorting 15
safety 39
Sourdough bread
flow diagram 25
process condition 25
Soy sauce
flow diagram 27
genetic modification 222
safety evaluation 229
process condition 27
Soybean, genetic modification, safety evaluation 229
Soybean tempeh
flow diagram 26
process condition 26
Staphylococcus aureus 146
pH 142
temperature 142
water activity 142
Starchy roots and tubers
flow diagram 21 22
process condition 21 22
Starter strain
amplified fragment length polymorphism 245
genetic modification 246
nomenclature 242
randomly amplified polymorphic DNA 245
restriction enzyme analysis 245
safety assessment 239
procedures 242 243
techniques 240
taxonomic basis 242
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Starter strain (Continued)

transfer of antibiotic resistance

Sterilization

Sterilized substrate, pure culture

T
T-2 toxin
Taeniosis
distribution
epidemiology
life cycle
prevention and control
public health significance
transmission
Tannase
Tannin
Tape ketella
flow diagram
process condition
Tapeworm. See Cestode
Tempe kedele
flow diagram
process condition
Tenuazonic acid
Thermal processing operations
Thiamine
Tobacco smoke, nitrosamine
Toddy wine
flow diagram
process condition

Togwa

hazard analysis critical control point

Toxic nitrogen compound, produced during processing
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Toxin 101
removal by processing
degradation products 86
enzymes 87
microorganisms 87
modern industrial processing 84
traditional household 84
unit operations influencing 85
Toxoflavin 112
Toxoplasmosis 206
distribution 203 207
epidemiology 207
life cycle 206
prevention and control 207
public health significance 206
transmission 207
Training, hazard analysis critical control point 55 59
Transport 15
safety 39
Trematode 192
distribution 194
main hosts 194
source of infection 194
Trichinellosis (trichinosis) 185
distribution 179 186
epidemiology 187
life cycle 185
prevention and control 187
public health significance 185
transmission 187
Trichothecene 109
\%
Vegetable
biogenic amine 124
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Vegetable (Continued)
flow diagram
process condition
Vibrio cholerae
pH
temperature
water activity
Vibrio parahemolyticus
pH
temperature
water activity
Vibrio vulnificus
Vicine
characterized
risks
Virulence factor, lactic acid bacteria
Virus
contamination of foods
risk assessment
stability of virus particle
virus survival in fermented foods
water

Vitamin

\W4

Washing
safety

Water
virus

Water activity

Wheat, genetic modification, safety evaluation

Wheat mixed grain sourdough bread

flow diagram

process condition
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Wine, biogenic amine

World Health Organization, hazard analysis critical control point

World Trade Organization Agreement on Sanitary and Phytosanitary Measures, Codex

Alimentarius Commission

Y

Yeast, function in fermentation

Yersinia enterocolitica

pH

temperature

water activity
Yogurt

flow diagram

process condition

Z

Zearalenone

Zoning, bacteria
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