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-
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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).
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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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