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The Microbiology of Raw Milk

Milk is a complex biological fluid secreted in the mammary
glands of mammals. Its function is to meet the nutritional needs of
neonates of the species from which the milk is derived. This section
of the handbook refers mainly to bovine milk, but the milk of other
species, such as sheep and goats, is used for human consumption.
Typicall y, bovine milk is composed of approximately 87% water, 3.7
- 3.9% fat, 3.2- 3.5% protein, 4.8- 4.9% carbohydrate (principally
lactose), and 0.7% ash. However, the exact composition of bovine
milk varies with individual animals, with breed, and with the
season, diet, and phase of lactation. Milk produced in the first few
days post parturition is known as colostrum. Colostrum has a very
high protein content and is rich in immunoglobulin to help protect
the newborn against infections. Colostrum is not generally allowed
to enter the food supply in most countries.

Table 1. Chemical composition (%) of milk of some species

Species Total solids Fat Protein Lactose Ash
Human 12.2 3.8 1.0 7.0 0.2
Cattle 12.7 3.7 34 4.8 0.7
Buffalo 16.3 6.7 4.7 4.8 0.8
Goat 12.3 4.5 29 4.1 0.8
Sheep 19.3 7.4 4.5 4.8 1.0
Reindeer 27.1 11 10.4 3.0 1.5
Bison 14.6 3.5 4.5 5.1 0.8
Camel (dromedary) 12.2 3.8 4.7 4.5 -
Pig 18.8 6.8 4.8 5.5 -
Horse 11.2 1.9 2.5 6.2 0.z
Donkey 11.7 1.4 2.0 7.4 0.5
Dog 22.7 9.5 7.5 3.8 —
Domestic rabbit 32.8 18.3 11.9 2.1 1.8
Indian elephant 31.9 11.6 4.9 4.7 0.7
White rhino 8.8 0.74 1.4 6.6 -
Polar bear 47.6 33.1 10.9 0.3 1.4
Dolphin 414 30.0 10.3 ~0 0.8
Grey seal 67.7 53.1 11.2 0.7 —
Fin whale 46.5 33.2 10.5 2.3 -
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The amount of milk produced and consumed globally in 2009
reached a level ofmore than 703 million tonnes (International Dairy
Federation 2010). By the IDF statistics in the total world milk
production, cow milk represents around 84% and buffalo milk
around 13%. Goat, sheep and camel milk representsa minor portion
of the total world milk production. Milk pro duction is a very
important element of the whole dairy chain. The most important
milk production regions are Europe and south Asia, which provide
more than 50% of the global milk production. European countries
alone provide 25.2% of the global milk production (International
Dairy Federation 2010).

Milk is an ideal medium for microbial growth because of its
high-water content, neutral pH and biochemical composition.
Therefore, raw milk may contain various kinds of microorganisms
with variable characteristics in respect to classification, morphology
and physiology. Very important for the quality of raw milk and
dairy products are bacteria that predominate among all kinds of
milk microorganisms. Bacteria in raw milk can be spoilage or
pathogenic with mesophilic, psychrophilic or thermophilic
behavior. In brief, bacterial growth is divided into four phases: i.e.,
lag, exponential or log, stationary and dying -off phases (Walstra et
al. 2006). Multiplication of bacteria shows a geometric progression
and the bacterial growth during the log phase is described by the
generation time (g) that is the time needed for a full cell division.
Generation time in raw milk depends mainly on species or strains
of bacteria as well as temperature, pH, level of oxygen, inhibitors
and nutrients. Thus, the profile of initial microflora and the
handling of raw milk regarding hygienic and temperature
conditions are the determinative factors for raw milk quality before
processing. Raw milk microflora is of critical importance for
consumerUz wUE T 1T Ua wE OE uifg bf Badppibducts Revw U T 1 Ol
milk microflora could be grouped as indigenous or contaminants
and also as spoilage or pathogenic microorganisms. raw milk
should come from animals in good health and not displaying
symptoms of infectious diseases that could be transmitted to
humans through milk | including diseases of the genital tract,
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diarrhea, fever, or recognizable mastitis. Also the lactating animals
must not have undergone illegal treatment . Regulation of European
Union (EU) states that raw milk should not contain antibiotic
residues above the allowable limits specified in Regulation The
European Economic Community (EEC) No.2377/90.

Microbial standards for raw milk

According to European legislation (European Union 2006),
raw milk must come from animals free of Dbrucellosis and
tuberculosis, which do not show any symptoms of infections,
diseases or they do not suffer from any infection of the genital tract
with enteritis, enteritis with diarrhea and fever or an inflammation
of an udder that can affect human health through milk
EOOUUOXxUDPOOBWIEPWEOPZUWODPOOWEOOOI EUI
within the European Community (EC) must be produced according
to the hygienic requirements described in EC Regulation 1662/2006
(European Union 2006) and mustmeet a set of microbial criteria,

l.e., the two-months rolling geometric average of microbes (with at
least two samples per month) grownon Plate Count Agar at 30°C
should be " 100,000 cfu mit and the two-months geometric mean of
SCC should be 400,000 mil.. However, immediately before
x UOETI UUPOT wbOUOWEEPUaAwWxUOEUEUUOQWUEPU
count of - 300,000 cfu mit. According to the same EC regulation, raw
milk from other species should have a 2month rolling geometric
average with at least two samples per month less than 1,500,000
plate count at 30°C.Moreover, if a dairy product is to be produced
without any heat treatment then the raw milk from other species
should have plate count of * 500,000cfu ml*2,

(OQwUT T w42 OwE Ob zusthd éxoebdiie A wWOD OO
limit of 400,000 mi* and 1,000,000 nftfOw Ul Ux1T EUDPYI Oa w p& |
Canada must have aerobicmesophilic bacteria count of * 50,000 cfu
mlitt and SCC of 1,000,000 ntit (Nation al Dairy Code of Canada
2011). Raw milk for direct human consumption as drinking milk is
not generally encouraged because even the most appropriate
hygienic procedures do not always ensure the absence of
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pathogens. For this reason, when raw milk is sold for human
consumption, UT I wP OUEUws UEPwWwODPOO7z wOUUUWET wl
label of packaging (European Union 2006). In the Standard 1.6.1 of
Australia and New Zealand, microbiological criteria for
unpasteurized milk for retail use are set for Campylobater, E. coli,
L. monocytogenes, Salmonellad standard plate count (SPC). In
particular, Campylobacter, L. monocytogenes and Salmonel&t not
be detected in 25 ml; SPC (30°C for 72 hr) >2.5x30coliforms >1C
and E. coli>9 cfu mlt! in one sample would cause the lot to be
rejected (Food Standards Code 2001).
Regulation 853 also lists the criteria for raw milk with respect
to its total mesophilic microbial content (plate count at 30°C) and
SCC. Raw milk SCC is recognized as a reliableindicator of cow
udder health. In addition, raw milk SCC is inversely related to
cheese yield and quality. Hence, for EOP Uz wODBDOOwWUT T w2" " u
geometric average over a two-month period, with a minimum of
two samples per month, should not exceed 400,000. For
microbiological counts, the rolling geometric average over a three-
month period (with at least one sample per month) should not
exceed 100,000 cfu/mL.The production of milk from lactating
animals other than bovine (e.g., sheep, goatsor buffalos) often
presents practical difficulties. For instance, in southwestern Europe,
a considerable number of sheep and/or goat farms arelocated in
mountainous regions, distant from milk processing facilities. The
 EUOUzZwi Tl UEwUPaA]l wbUwOI Ul ®pradee OOw EOE
sufficient revenues for the producers to invest on mechanization.
As mentioned previously, the microbiological and SCC
(where applicable) upper allowable limits for raw milk are
expressed as geometric,rather than arithmetic means (averages).
When evaluating bulk tank SCCs or microbial counts the use of
geometric averages helps to decrease th@ariation or impact of high
or low counts (often the result of sampling or measurement error)
OOwUiI 1l wOl EO6w Owi REOxOI OV UUEUDO
geometric means is illustrated using the hypothetical data
presented in Table 2.
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Table 2. Arithmetic and geometric average of total mesophilic counts
obtained from the analysis of ovine bulk tank milk samples (n = 5) collected
randomly ove r a three-month period.

Sampling no. Microbial counts Log microbial counts (log

(cfu/mL) cfu/mL)

1 820,000 5.91

2 950,000 5.98

3 3,900,000 6.60

4 1,200,000 6.08

5 720,000 5.85
Arithmetic mean 1,581,000 6.084
Geometric mean 1,212895 1(Qp-084

A N ~ ~

geometric mean would be as follows: (820,000 x 950,000 x 3,900,000
x 1,200,000 x 720,000)0.2. Alternativelypne can rely on the
definition of the geometric mean (i.e., the antilog of the mean of the
log counts). Hence the user can calculate the log (to the basel0)
cfu/mL value for each observation and then calculate the mean of

the log counts (here equal to 6.084). The antilog of this value (105089
iIs equal to the geometric mean. In the hypothetical scenario
provided above, it can be seen that the use of the arithmetic mean
would result in an average microbial count that would exceed the
1,500,000 EU limit for raw ovine milk. The use of the geometric
mean, however, helps to reduce the influence of extreme values
(e.g., of the measurement taken during the 4th sampling point (i.e.,
3,900,000)) resulting in a final average value that is within the EU
limit.

Enumeration of the Raw Milk Microbial Flora

Accurate and efficient methods for quantifying the microbial
load of incoming milk are of great importance to the milk industry
and milk producers. Total viable counts are used as indicators of on
farm hygiene practices, milk quality and udder health (Hutchison
et al. 2005). Themicrobial flora in raw milk can be measured, or at
least closely estimated by the standard plate count (SPC) method.
Despite some limitations (mentioned below), the SPC method is
accepted as a standard method byinternational organizations such

5



Advanced Dairy Microbiology D r. Amer Alzobaay

as the American Public Health Association (APHA), the
International Dairy Federation (IDF) and the International

Standardization Organization (ISO). The sampling, storage,
transport and mixing of the milk sample(s) to be used for SPC
analyses as well asthe conduct of the SPC nethod are very critical
in obtaining meaningful counts and internationally accepted
protocols should be strictly followed (International Standardization
Organization 2003, 2008, 2010).

The SPCmethod has certain advantages. It does not require
sophisticated equipment, costly consumables or highly educated
personnel. However, the personnel should be careful, meticulous
and well -trained. Raw milk is subjected to successive 16fold serial
dilutions with the use of appropriate sterile diluents (e.g., quarter-
sOUUI OT UT w1HOT 1T Uz UwUOOU UHe Qidedis ysédruli wx 1 x C
for the dilution process must provide adequate osmotic strength to
prevent bacterial lysis. The ten-fold serial dilutions of milk are then
pour-plated into standard methods agar (SMA) and in cubated
aerobically at 30°C for 72 hr. SMA is nonselective. Plates containing
10t 300 (IDF) or 25t 250 (APHA) colonies are used to calculate the
SPC, i.e., the totalnumber of colony-forming units of bacteria,
yeasts and molds per mL of milk. The cfu/mL val ue is thus based
on the number of microorganisms that can grow and produce
visible colonies in the agar plate after the fore mentioned time,
temperature and atmospheric conditions of incubation. The SPC
method is also used routinely in dairy - and other food microbiology
teaching laboratories, as it is very practical for conveying the
necessaryscientific principles and rationale to the undergraduate
dairy science/ microbiology student.

On the other hand, the SPC technique is very tediousboth in
terms of conduct as well as with respect to colony counting. This
method is also prone to certain limitations. Bacterial cells in raw
milk (and other foods) often form clumps; each such clump will give
rise to a single colony after incubation of inoculated plates. I n
addition, in cases where two or more bacterial cells lie in close
proximity in the agar upon solidification, they will give rise to a
single colony after incubation. Injured cells may not form (visible)
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colonies during the time frame of incubation whereas, depending
on their spatial distribution in the agar milieu (e.g., towards the
surface as opposed to towardsthe bottom of the petri dish), some of
the strictly anaerobic bacteria present in raw milk will most likely
not grow. Hence, viable but non-culturable microorganisms are not
counted. For all the aforementioned reasons, the SPC method might
underestimate the total number of viable microorganisms present
in raw milk. Most importantly, the method is impractical for the
dairy industry because of the prohibitive length of time necessary
to obtain results. Additional colony count methods that are more
suitable for routine testing (i.e., routine methods) have been
developed and used, such as the plate loop method (Thompson
1960) andthe spiral plate method (Gilchrist et al. 1973).

An alternative approach to determine the bacterial counts of
raw milk is the total microscopic count method. This method relies
on counting stained bacteria on a special glass slide on which a
known volume of milk is applied (typically 0.01 mL), following
sample treatments to fix the sample. Several optical fields are
counted using bright field illumination (Hill 1991). The method is
relatively fast, yet tedious to the operator, particularly when a high
number of samples must be examined. Another limitation is the
inability to discriminate between living and dead bacteria, i.e., the
method estimates total bacterial counts as opposed to total viable
counts.

Today, however, most milk processors rely on direct,
automated, rapid (10 min), and high -throughput (up to 200 milk
samples per hr) enumeration methods for determining total
bacterial counts in incoming raw milk. These automated bacterial
cell counters operate by degradation and separation (via
centrifugation) of milk somatic cells and milk particles and
constituents that are similar in size to bacterial cells, followed by
fluorescent staining and counting of individual bacterial cells using
flow cytometry. The results of automated analyzers are expressed
as IBC/mL (Individual Bacterial Counts per mL), rather than
CFU/mL. IBC estimates can be converted to CFU values via specific
algorithms obtained through correlation analyses between the two
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parameters (Cassoli et al.2007). Several parameters of automated
flow -cytometry based bacterial counters have been evaluated
(Lachowsky et al. 1997, Bolzoni et al. 20002001).
Manufacturers of automated, high -throughput milk analyzers
continuously come up with more advanced and more reliable
models. Thus, the interested user should consult the most updated
relevant technical/ performance sheets. In recent years, automatic
flow -cytometry based milk analyzers have been evaluated for their
reliability to enumerate bacteriain I P1 Uz wp3 004 OEwl UwE O¢
I OEOUZ wODPOOW ®2HI UUE w al.leadE)Ornally, ¥ Y NOw 1 E
should be emphasized that although the determination of the total
viable counts in raw milk provides an estimate of overall milk
quality for regulatory purposes, it does not provide any indication
regarding the presence, types or levels of pathogenic
microorganisms in raw milk.

Contaminant microorganisms

Milkis EOOUPEIT Ul EwOEUUUI zUwxIl Ui T EQwi OOE
benefits to human health have been associated with the
consumption of high -quality milk and dairy products (Kliem and
Givens 2012). Freshly milked raw milk contains active antimicrobial
components which, depending mainly upon raw milk storage
temperature, inhibit the growth of contaminating microorganisms
for a short period of time. However, raw milk has a high aw value
(0.99), is only slightly acidic (pH typically equal to 6.6 $6.7) and is a
medium rich in energy sources (lactose, proteins and lipids) as well
as a source of a plethora of preformed building blocks for microbial
metabolism and biosynthesis. Even under the currently available
most optimal conditions of routine milk collection, some level of
contamination of raw milk is practically inevitable. Hence, unless
raw milk is properly handled and stored, contaminating
microorganisms will eventually proliferate to high populations and
lead to milk spoilage.

In healthy animals the synthesized and secreted milk is sterile. In
lactating animals affected by intra-mammary infections (IMl), i.e.,
mastitis, the causative microorganisms will be present, in the milk
usually in high numbers, depending on the severity of the infection.
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It should be noted, however, that occasionally in mild or less severe
cases of mastitis theenumeration (or rarely even the detection) of
pathogens in milk is not guaranteed. Occasionally, intermittent
secretion can occur for some IMI pathogens. Even in healthy
lactating animals, unless milk is drawn aseptically from the udder
following a proper aseptic collection protocol, freshly milked raw
milk will contain contaminating microorganisms at low to modera te
levels. These initial microbial concentrations can vary considerably
among lactating animals or among animals of different farms, but
they are typically in the range of several hundreds to few thousands
of cfu/mL (Morse et al. 1968).

After secretion, the initial microbial load of raw milk changes
becausemicroorganisms from different sources, i.e., environment,
infected udder, milk equipment, etc., enter the milk. The
contaminant microorganisms, which belong to different genera, are
distribu ted as follows: Lactobacillus  Corynebacterium
Microbacterium PseudomonasEscherichiaAlcaligenes Acinetobacter
Bacillus Clostridium, yeasts and moulds at levels of <10%,
Lactococcugand Streptococcust varying levels from 0 to 50% and
Micrococcusand Staphylococcusit levels varying from 30 to 99%
(Chambers 2002, Frankand Hassan 2002).

In general, both indigenous and contaminant microflora of raw milk
are classified into two categories: (a) the spoilage microorganisms
and (b) the pathogenic microorganisms , which can cause dairy
animal or human diseases.

From technological point of view, spoilage microorganisms
present in milk are grouped as:

1 psychrotrophs which can grow during milk storage at 6°C or less.
1 coliforms and other Gram -negative bacteria which are associated

with poor hygienic production .
fthermoduric bacteria which can survive pasteurization

conditions.

T sporeforming bacteria which produce heat r esistant spores

lactic acid bacteria of which some are beneficial as they are used
as starters in fermented dairy products.

fyeasts and moulds.
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Table 4. presents the spoilage microorganisms associated with raw
milk, their common sources and spoilage potential.
Bacteria

There are hundreds of different bacterial genera known to
date and likely thousands of different species. Different bacterial
genera can differ in their structural or physiological properties. For
instance, most bacterial generacan beclassified into Gram-positive
or Gram-negative based on structural differences in their bacterial
cell envelopes. In addition, differences in their physiological
responses to oxygen, osmotic pressure, acidity or temperature as
well as in their biosynthetic and metabolic activities are further used
to classify bacteria into groups of special interest in food
microbiology. Research in bacteriology over the last three decades
or so has revealed that bacteria are quite versatile and adaptive
organisms towards various forms of environmental stress (cold,
osmotic, acid or heat stress). These adaptatiormechanisms can be
quite elaborate and include both physiological and genetic
responses.

Milking Machine
&
Bulk Tank

Increasing importance of contamination

Figure 1. Sources of contamination of raw milk. The most important  sources
are milking machines and bulk tanks
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Table 3. Predominant spoilage microorganisms associated with raw  milk

Microorganism

Common sources

Spoilage

Sporeforming bacteria
Bacillus cereus©

Bacillus subtilis®
Geobacillus stearothermophilus®
Clostridium tyrobutyricum®

Feed, dung, soil, dust

Feed, dung, soil, dust
Feed, soil
Soil, silage, dung

Sweet curdling, bitty cream in
pasteurized milk and cream
Spoil sterilized cream

Spoil evaporated milk

Late blowing in cheese

Coliforms
Escherichia coli?<

Klebsiella aerogenes

Feces, milking utensils,
contaminated water
Feces, milking utensils,
contaminated water

Spoil milk and cheese

Spoil milk

Lactic acid bacteria
Lactobacillus spp.
Lactococcus spp.
Leuconostoc spp.
Streptococcus thermophilus®
Enterococcus spp.

Milking utensils, parlor
Milking utensils, parlor
Milking utensils, parlor
Milking utensils, parlor
Feces

Sour milk
Sour milk
Sour milk
Sour milk
Spoil milk

Psychrotrophs

Pseudomonas spp., Achromobacter
spp., Aeromonas spp., Alcaligenes
spp.,° Chromobacterium spp.,
Flavobacterium spp.

Milking utensils, cold-
stored milk

Protein and fat hydrolysis in
cold-stored milk

Thermoduring bacteria
Micrococcus spp., Microbacterium

SpPp-

Milking utensils

Growth on pasteurized
products

feed

Yeasts Dust, milking utensils  |Spoil cheese, butter,
sweetened condensed milk
Molds Dust, dirty surfaces, Spoil yogurt, cheese, butter,

sweetened condensed milk

“Pathogen; "Thermoduric; ‘Some strains are psychrotrophic
Data compiled from: Chambers (2002), Frank and Hassan (2002) and Walstra et al. (2006).

Gram-negative bacteria
Gram-negative bacteria of concern in raw milk include
genera, species orserotypes that are pathogenic tohumans, as well
as genera or species thanegatively affect the quality of milk and
dairy products. Some of the genera of Gram-negative bacteria that
have been isolated with various frequencies from raw milk include
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Acinetobacter, Aeromonas, Campylobact€itrobacter, Enterobacter,
Escherichia, Flavobacterium, Klebsiella, Moraxella, Pseudomonas,
Salmonella, Serratia, Yersin@nd XanthobacterJayarao and Wang
1999, Jackson et al. 2012). Granmegative bacteria associated with
milk spoilage can either belonf WUOOwW UT T wl UOUx w Ol w?EC
consist of non-coliform bacteria.

Coliforms are defined as Gram-negative bacteria that can
ferment lactose with the production of gas within 48 h of incubation
at 32 or 35°C (Davidsonet al. 2004). The four principal genera of
coliform bacteria are Escherichia, Enterobacter, Citrobacteand
Klebsiella The non-coliform, Gram -negative group consists of a
large, heterogeneous group of bacterial genera that include
Acinetobacter, = Aeromonas, Flavobacterium, Moraxellaand
PseudomonasAmong these, Pseudomonaspp. have been studied
extensively because theyare notorious spoilage agents of milk and
dairy products. Jayarao and Wang (1999) tested raw bulk tank milk
from 131 dairy producers in the US for the presence and levels of
coliforms and other non-coliform Gram -negative bacteria. The
results of their study suggested that the populations of both
coliforms and non -coliforms vary considerably and include a wide
variety of Gram-negative species, even species that had not been
associated with raw milk at the time. Coliforms were detected in
62% of the sampleswith populations ranging from 0 to 4.7 log10
cfu/mL, with an average of 3.4 1og10 cfu/mL. Pseudomonawas the
most prevalent genus, as it accounted for 50%of the total isolates
and for 74% of the non-coliforms.

Spore-forming bacteria

Spore-forming bacteria are a group of microorganisms that
exhibit variable phenotypic characteristics with respect to oxygen
requirements and temperature growth range and optima. Two main
genera of sporeforming bacteria are of interest to dairy
microbiologists, i.e., the Gram-positive bacteria belonging to the
genera Bacillus (aerobic or facultative anaerobic) and Clostridium
(strictly anaerobic). These bacteria form endospores,thick -walled
structures that are released from vegetative cells upon cell lysis.
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Endospores contain less moisture than the corresponding
vegetative cells and are significantly more resistant to disinfectants,
heat or other environmental stresses compared to their vegetative
counterparts because of their relatively dehydrated state and
distinct structural and physiological properties (Leggett et al. 2012).

Spore-forming bacteria are ubiquitous in the envir onment
(soil, animal feces, silage, and bedding materials) and as such,
contamination of raw foods, including raw milk is not an infrequent
event (Postollec et al. 2012).The aerobic sporeforming bacteria
belonging to Bacillus spp. and related genera have been studied
extensively by dairy microbiologists as they are of great importance
both in terms of quality (spoilage) and safety (De Jongheet al. 2010).
Members of the B. cereugroup (Bartoszewicz et al. 2008) as wellas
those of the B. subtilis group and B. licheniformisare commonly
present in raw milk. Other aerobic sporeformers isolated from raw
milk belong to the generaPaenibacillus, Oceanobacillus, Brevibacillus,
Lysinibacillus, UreibacillusOrnithinibacillus and SporosarcinaSpore
counts in raw milk are generally low (usually up to ca. 10 3/ mL) and
can be influenced by environmental, housing and feeding factors
within dairy farms. The type of bedding material, the degree of
contamination of the teats with soil and the milking equipment or
persistence strategies of sporeforming bacteria, such as the ability
to adhere to stainless steel and form biofilms (Shaheenet al. 2010)
can influence aerobic spore counts in milk.

Most of the endospores of spore-forming bacteria can survive
milk pasteurization, and, upon certain conditions, they can
germinate and grow during product fermentation or storage. In
addition, some species such asB. sporothermodurangroduce highly
heat-resistant endospores, which cansurvive even UHT processing
of milk. Heat -resistant aerobic spore-forming bacteria have been
isolated from various sites within dairy farms (animal feed and
milking equipment) including raw milk

Some aerobic sporeformers are known to cause food spoilage
via the production of extracellular enzymes (proteases, lipases)
and/or food poisoning though the production of toxins (food
intoxications). B. cereusis probably the bestknown example, a
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frequent spoilage bacterium in (dairy) foods and the causative agent
of two food poisonin g syndromes (one of the emetic and one of the
diarrheal type). Bacillusspp. present in raw milk other than B. cereus
have shown to possess spoilage potentialor being capable of toxin
production.

Paenibacilluss a genus of facultative anaerobic, endospore-
forming bacteria, originally included in the genus Bacillusand then
reclassified asa separate genus (Ash et al. 1993)Paenibacilluspp.
are now recognized as significant psychrotolerant spoilage
organisms of pasteurized milk (Huck et al. 2007). In anextended
pasteurized milk survey in the US, many genera of Gram-negative
and Gram-positive bacteria (both Bacillus spp. and Paenibacillus
spp.) were isolated from milk from all geographical regions
sampled. Regarding the Gram-positive spore-formers, however, the
authors recorded a shift in the predominant population of
endospore-forming spoilage bacteria from Bacillus spp. to
Paenibacilludd x x 8 wOY I U w Ushdlfifes Heide BP&enibagillus
spp. were more frequently isolated towards the end of the shelf-life
of high-temperature, short-time (HTST) pasteurized milk (i.e.,
beyond 14 d of storage at 6°C). The authors suggested that the low
rate of isolation of Paenibacillusspp. during the early post-
pasteurization days indicate that these bacteria may be present in
low numbers in raw milk; they are nonetheless capable of growing
at low temperatures to levels that limit the shelf -life of HTST
pasteurized milk . A great diversity of Bacillusspp. and Paenibacillus
spp. exist in the dairy farm environment and can therefore
contaminate raw milk. Aerobic endosporeforming bacteria are also
isolated throughout the fluid milk processing line, i.e., from raw
milk through packaged products.

The presence of thermophilic bacilli in dairy products
undergoing intense heat treatment (such as milk powder) is usually
the result of selection by the conditions (high temperatures)
employed during manufacture. These bacteria can grow in sections
of dairy plants where temperatures reach 4@ 65°C and readily form
biofilms. Obligate thermophiles grow only at elevated temperatures
(ca. 43 68°C) and therefore have limited potential to lead to spoilage
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at the usual (room or refrigeration) storage temperature of dairy
products. Anoxybacillus flavithermus and Geobacillusspp. are
examples of obligate thermophilic bacili . The facultative
thermophilic bacilli, on the other hand, are members of the genus
Bacillus (e.g. B. licheniformis B. coagulansand, depending on the
strain, are capable of growing at both mesophilic and thermophilic

temperatures. These facultative thermophilic bacilli can cause
spoilage of pasteurized milk, cream or UHT milk. A comprehensive

review on thermophilic bacilli and their importance in dairy

processing, including their food spoilage potential, enumeration

and identification methods has been published by Burgess et al.
(2010).

Clostridium spp. are anaerobic sporeformers and, similar to
aerobic spore-forming bacteria, they are widespread in the (dairy)
environment. Clostridia have been isolated from several sources in
dairy farms such as soil, silage, forage, hay and raw milk, with
silage identified as a major source of raw-milk contamination.
Frequent raw milk clostridial isolates include C. disporicum C.
tyrobutyricum and C. sporogene@ulien et al. 2008, Cremoneskt al.
2012). Garde et al. (2011) detected [Hate-fermenting clostridial
sporesin 97% of the raw ovine milk samples examined. The Most
Probable Number (MPN) counts ranged from 0.36 (detection limit
of the MPN method) to 240 spores/mL with most of the milk
samples having a spore countbetween 1 and 10 spores/mL. Spores
of clostridia that germinate and grow fermentatively (converting
lactic acid to butyric acid, carbon dioxide and hydrogen) towards
the later stages of cheese maturation are the causativagents of the
20EUI wEOOPDOT 2 w Butyficl aBidfarebtatiéh) WwithU1 U w o
long ripening times (Cocolin et al. 2004). C. tyrobutyricum is
consideredUT | wx UPOEUVAWEEUUT wOi w? OEUT wEOODP/
species of clostridiasuch asC. sporogenasay play secondary roles
in cheese defects (Klijnet al. 1995, Le Bourhis et al. 2007, Garde et
al. 2011).

Clostridium spp. are also important in dairy microbiology as
they are involved in food poisoning episodes. C. perfringensfood
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poisoning is usually linked with spore germination and
proliferation of vegetative cells after temperature abuse of heat
treated foods. Other pathogenic clostridia include C. botulinum the
causative agent of food-borne botulism, C. baratiiand C. butyricum.
C. butyricumhas been implicated in outbreaks of food-borne, type-
E botulism (Meng et al. 1997, Peck 2009). It has been reported that
clostridial proliferation in freshly produced raw milk is improbable
due to its highly positive Eh value (Goudkov and Sharpe 1965).
Nonetheless, thebotulinum neurotoxin is the most toxic substance
known to date and the (raw) milk supply has been considered as a
likely target for terrorist attacks in terms of deliberate
contamination with botulinum toxin. C. botulinumneurotoxins type
A and B and their corresponding complexes are inactivated by at
least 99.99% and 95%, respectively during raw milk pasteurization
at 72°C for 15 s (Weingart et al. 2010).

Psychrotrophic bacteria

The most effective measure for controlling the microbiological
quality of raw milk is immediate cooling after milking and storage
at low temperatures, i.e., at 2 7°C. Cooling decreases effectively the
growth rate of the main spoilage microorganisms, but it also
changes the microbiological profile of raw milk dramatic ally. Under
these conditions, psychrotrophic bacteria predominate the milk
microflora depending on the duration of the refrigerated storage.
he most common psychrotrophic bacteria in raw milk are listed in
Table .3 As defined by Jay (2000), psychrotrophs are
microorganisms that can grow at temperatures between 0 and 7°C
and produce visible colonies or turbidity within 7 ¢10 days. There
are particular mechanisms of the psychrotrophic cells that are
related to their ability to grow at low temperatures. At low
temperatures, they increase the synthesis of neutral lipids and
phospholipids with an elevated proportion of unsaturated fatty
cids, regulating thus their lipid fluidity. Growth  of psychrotrophs
decreaseanore slowly than that of mesophiles when temperature is
decreased, sincethe former sustain enzymatic activities at low
temperatures. Furthermore, psychrotrophic membranes transport
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solutes effi ciently at low temperatures opposite to mesophiles. This
behavior is due to the greater fluidity of their membrane resulted
from its lipid synthesis in combination to the activity of their
transport proteases under these conditions (Jay 2000).

One of the major characteristics of psychrotrophic bacteria in
milk is their ability to produce extracellular enzymes that can attack
milk constituents. Bacteria of this group are in general inactivated
by heat treatments applied to market milk products; however, their
enzymes may be extremely heatresistant remaining active in the
products, decreasing thus their shelf-life. In fact, an initial count as
little as 102 cfu mlt 1 can spoil raw milk during cold storage within
five days (Frank and Hassan 2002) Development of bitter taste and
off-flavors or gelation in UHT products have been also related to
these enzymes. The heaitstable proteinases from Pseudomonas
strains affect the plasmin system in milk by releasing plasmin and
plasminogen from the casein micelles into the whey fraction or can
stimulate plasminogen activators (Fajardo-Lira and Nielsen 1998,
Frohbieter et al. 2005). Moreover,some thermoduric bacteria that
can survive pasteurization and are able to grow during refrigerated
storage of dairy products belong to this group. Finally, the existence
of pathogens and sporeformers in this group stresses the
significance of psychrotrophs for both raw and processed milks. In
the present section, aspects of psychrotrophic microflora in relation
only to raw milk will be presented.
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Table .4 Most common psychrotrophic bacteria in raw milk.

Groups Pathogens® Gram staining

Pseudomonas _

Flavobacterium -

Alcaligenes -

Enterobacteriaceae Escherichia coli O157:H7, Yersinia enterocolitica

Acinetobacter

Aeromonas Aeromonas hydrophila

Bacillus Strains of B. cereus

Clostridium
Arthrobacter®

Streptococcus”

Corynebacteria®

Lactobacillus

Micrococcus?

o I S T T T e

Others Listeria monocytogenes

 Occurrence of pathogens or sporeformers within these groups

P Thermoduric strains surviving pasteurization are included in these groups.

Data compiled from: Champagne et al. (1994), Serhaug and Stepaniak (1997), Stepaniak
(2003).

Psychrotrophic bacteria found in raw milk belong mainly to
Gram negative genera Pseudomonas, Enterobacter, Flavobacterium,
Klebsiella, Aeromonas, Acinetobacter, Alcaligenes, Achromolauder
Serratia(Table .3). Among them, Pseudomonas fluorescens, P. putida,
P. fragi, P. putrefacienand P. lundensisare the most commonly
iIsolated species, whereas other speciesand genera have been
reported as minor groups . Gram-negative microflora is estimated to
account for >90% of the total psychrotrophic microflora of raw milk .
Pseudomonas spp. and Enterobacteriaceae are the most abundant
microorganisms in cold stored raw milk; the former account for up
to 95% of the isolates, whereas the latter vary from 3 to about 15%.
Finally, apart from Gram negative bacteria, Gram-positive bacteria
such as Bacillus, Clostridium, Corynebacterium, Microbacterium,
Micrococcus, Streptococcasd Lactobacillusre also psychrotrophs of
raw milk. Gram positive bacteria area small part of psychrotrophic
microflora of milk, being ~14% of the isolates obtained from cold
stored raw milks (Champaigne et al. 1994, Stepaniak 2003). The
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sporeforming Bacillus and Clostridium species, and thermoduric
Micrococcusspp., Corynebacteriunspp. and Streptococcusspp. are
the most important members of Gram -positive psychrotrophs in
raw milk.

Both initial level of bacterial counts and storage temperature
affect psychrotrophic counts and, therefore, the storage life of raw
milk under refrigerated conditions. At 6 ¢8°C, the generation times
of psychrotrophs vary substantially among genera, species and
strains, i.e., from 4 to 12 hr. According to the results in farm bulk
tank milk , the time taken for psychrotrophs count to increase from
the initial count of 2.6x1G cfu mlttto 10° cfu mltt was 2.9 days at 6°C
and five days at 2°C. Storage of raw milk at 2°C can resultin a 1.8
fold increase in storage life compared to storage at 6. The relation
between initial microflora and time taken for psychrotrophs count
to reach the critical level of 10° cfu ml*tis linear, but this correlation
weakens with the decrease of storage temperaturefrom 6 to 2°C,
indicating that only a part of these bacteria are able to grow well at
2°C. Also, the lag phase duration depends strongly on storage
temperature. Forty eight hours of cold storage is in general
considered as a critical time interval for the psychrotrophic growth.
However, Lafarge et al. (2004) found that the counts of
psychrotrophs increased markedly at 4°C within 24 hr. Therefore,
the shelf-life of raw milk at >4°C cannot be really controlled and
ET 1 xwEOOODPOT wUOwW! wW" wbUwUUTTIT UUI Ewi OU
shelf-life . Finally, it has to be taken into account that psychrotrophic
bacteria of the bulk milk that enter a dairy silo after a 48 hr stay in
farm storage tanks can be in the exponential growth phase,
therefore silo milk is more susceptible to spoilage.

Ma et al. (2003) reported that low (3.1x18 cells mltt) and high
(1.1x10 cells ml*l) somatic cell counts had no effect on microbial
growth during cold storage of fresh raw milk. Although, milks had
standard plate counts about one log cycle higher than
psychrotrophic bacterial counts, i.e., 10* and 10° cfu milti,
respectively; after seven days of storage at 4°C, the countof both
groups were similar, i.e., close to 16 cfu mlt1. A remarkable increase
of proteolysis was observed at 4°C between 7 and 14 days of storage,
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whereas, lipolysis in terms of meq FFA g+t 1 of milk was significant
after 14 days at4°C.

Ercolini et al. (2009) reported that various strains of
Pseudomonaspp. isolated from raw milk exhibited full growth in
synthetic growth media at 20°C within 112 days and at 30°C within
14 7 days. The growth was substantially suppressed at 7°C, since %
17 days were needed for full growth. Furthermore, the proteolytic
activity was affected by storage temperature and in some cases it
was not apparent at 7°C.

Psychrotrophic Pseudomonaspp., E. colistrains, heat-resistant
streptococci and Bacillusspores have a major role in the formation
of biofilms in raw milk handling equipment (Kulozik 2002). This is
particularly important for P. fluorescensP. fragi and P. lundensis
which are the most common spoilage psychrotrophs of cold stored
raw milk.

As mentioned earlier, the major characteristic of
psychrotrophs is the production of extracellular enzymes which
play active role in degradation of certain milk compounds resulting
in flavor defects. The critical counts in regard to the production of
these enzymes and the appearance of flavor defects in the products
are about 10 cfu ml*t for Pseudomonaspp. and Bacillus spp.
(Stepaniak 2003). These enzymes are usually produced fromP.
fluorescensn the late log/early stationary growth phase when the
cell count is high, i.e.,” 106 cfu ml*t (Dunstall et al. 2005).

Extracellular thermostable proteinases, lipases, phospholipases,
exopeptidases and glycosidases are produced by psychrotrophic
bacteriain milk. They are secreted at the end of the stationary phase
of the growth and they can accumulate in tanks and pipelines not
properly cleaned. In addition, psychrotrophs also produce
intracellular and cell -bound peptidases and esterases. The
extracellular enzymes of psychrotrophs belong to two different
groups:

i1 Proteinases, lipases and phospholipases that survive

pasteurization and UHT treatment but are not active above
the temperatures of 50t 60°C. They have temperature optima
at 30t 45°C, require low activation energy and thus are more
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active at 4t 7°C than enzymes of mesophiles. Of particular
importance is the sensitivity of most of the proteinases and
lipases from Pseudomonaspp. to heat treatment at low
temperatures, i.e., 5@ 60°C, opposite to their notorious heat-
resistance at temperatures >100°C.
1 Thermoenzymes from some thermophilic bacteria that are
stable at 6@ 80°C or higher.
Due to their technological significance, the enzymes of
psychrotrophs have been studied extensively for both their
specificities and heat tolerance.

A. At low temperatures, proteinases, lipases and phospholipases
from Pseudomonaspp. are synthesized at theend of log phase
of growth, Low temperatures may induce the production of
Pseudomonagroteinases, which are a diverse group of
metallo-enzymes containing one zinc atom and have milk
clotting activity. They also hydrolyze all milk caseins but not
whey proteins.

B. In general, Pseudomongsroduces only one type of lipase that
can hydrolyze many natural oils and synthetic triglycerides.
Also, phospholipase (lecithinase) produced by Pseudomonas
can hydrolyze the milk fat globule membrane that leaves the
mil k fat unprotected against lipase action.

C. Extracellular proteolytic activity, which is heat -stable at 140°C
for 5 s has been observed inBacillus, Enterobacter, Serratia,
Alcaligenes, Flavobacteriumand Achromobacter strains or
species. Similarly, lipase sereted by Bacillus, Enterobacter,
Serratia, Citrobacter, Moraxellaand Achromobacter can
withstand high heat treatments. Finally, heat -stable
phospholipase are also produced by Bacillus, Flavobacterium,
Alcaligenesand Aeromonaspecies or strains

D. Proteinases of Grampositive and Gram-negative
psychrotrophs exhibit  different specificities against
individual caseins. At first, their activities result in the
development of off -flavor in dairy products, whereas gelation
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and sweet curdling are observed after the advancement of
proteolysis.

E. Various psychrotrophic Bacillusspp. induces flavor defects in
milk stored at 7°C when their counts exceed 10 cfu ml*t.

F. Lipolytic activity of thermoduric psychrotrophs (e.g.,
CorynebacteriunpiMicrococcuresults often in rancid and fruity
off-flavors in dairy Products.

G. Phospholipases, proteinases and glycosidases from
Pseudomona€itrobacterand Enterobactecan damage milk fat
globule membrane by synergistic action.

H. B. ceeusis a very important psychrotolerant for the dairy
industry in relation to its ability to produce endospores that
survive heat treatments. Vegetative cells of the most strains
produce proteasescausing sweet curdling, when their counts
are >10 cfu mltt. They also produce lipase and phospholipase
acting against phospholipids causing fat accumulation defect
DOWEUI EOOwWE OU O wH&«tO0n EantPaly B5thima WE Ul E C
negative psychrotrophs do usually not cause bitty cream
defect in dairy products. Th e majority of B. cereustrains do
not grow on lactose but can ferment other carbohydrates, e.g.,
glucose, fructose, trehalose, N-acetyl glucosamine and
mannose.

. Some strains of Bacillus spp., e.g., strains of B.
amyloliquefaciens B. claussi, B. subtilisand Paenibacillus
polymyxa formerly B. polymyxa)an aerobic sporeformer) can
reduce nitrate to nitrite, which is very important for
controlling the growth of Clostridiumin cheese

J. Recently, lecithinase(phospholipase) activity has been found
in P. polymyxa which can also produce gas from lactose
fermentation.

Thermoduric bacteria

3TT wUIl UOw?2UT 1T UOOEUUPE? wbUwUUI EwUC
positive or Gram-negative) that are usually isolated from raw milk
after pasteurization. Under pasteurization conditions, i.e., heat
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treatment at 63°C for 30 min or equivalent, non-sporeforming
pathogens, yeasts and moulds, Gramnegative and many Gram-
positive bacteria are destroyed. However, thermodurics and
thermophiles can survive under these conditions and along with
sporeformers can decrease the shelife of dairy products kept
under non-refrigerated conditions. Thermoduric bacteria can
survive at high temperatures but do not necessarily grow at these
temperatures opposite to thermophiles that require high
temperatures for their growth .

Thermoduric bacteria are very important for cheese because
cheesemaking conditions are favorable for their growth. In general,
a laboratory pasteurization count exceeding 500 cfu thermoduric
bacteria per ml indicates major thermoduric problem in the raw
milk production chain. Thermoduric species of raw milk include
Microbacteriumspp. (e.g., M. lacticum), Micrococcusspp., spores of
Bacillus and Clostridium, Streptococcus(e.g., S. thermophilus,
Corynebacteriunspp., Enterococcuspp. (e.g.,E.faeciun), Lactobacillus
spp., Kocuria spp., and Rothia spp., it appears that members of
additional bacterial genera could potentially meet the definition of
?2 U1 1 U O O Edyinsiaice, tnembers of the generaStaphylococcus
spp., Pseudomonaspp., and Moraxellaspp., have been isolated from
raw milk samples after heat treatment at 80°C for 10 min.

The sources of thermodurics in raw milk are infected udder
and outside udder and teats, as well as soil, water and milking
machines. They cangrow fast along with lactic acid bacteria, when
raw milk is kept under nonrefrigerated conditions. A healthy udder
Is also a source of thermoduricsin raw milk since the predomin ant
types of bacteria inside a healthy udder include Micrococcus
(mesophilic, aerobic, Gram-positive cocci), Streptococcus
(mesophilic, facultative anaerobic, Gram-positive cocci) and
Corynebacterium (non-sporeforming, mesophilic, facultative
anaerobic and Gram-positive irregular rods). Enterococcusspp.
come mainly from animal environment. They are mesophilic,
facultative anaerobes and Gram-positive cocci which are used as
indicators of sanitation.
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Sporeforming bacteria

These microorganisms belong mainly to the genera of Bacillus
Clostridium and Geobacillus They are Gram-positive, aerobic or
facultative anaerobic, except for Clostridium spp. that are strictly
anaerobic. The latter grow in cheese rather than in milk. C.
tyrobutyricum causes late blowing in hard-type cheeses with high
pH and low salt, fermenting lactic acid to produce butyric acid, CO2
and H2. C. sporogenesand C. butyricumare also involved in cheese
defects such as putrid spots in the Swiss cheese. the spores of
bacterial cells are inside the cell, i.e., oneendospore per cell,
opposite to yeast and moulds spores. Bacterial spores arespheroid
or oval with terminal, central or off -center position. Their formation
Is triggered by the environme ntal conditions, i.e., reduction of
nutrients (mainly carbon, nitrogen and phosphorus) and changes in
optimum pH and temperature conditions.

Bacterial sporulation takes place only at the end of completion
of DNA replication. The bacterial spores are metabolically inactive
or dormant but they can emerge as one vegetative cell per spore
under favorable conditions. Some spores of Bacillusand Clostridium
may need a fairly long time before germination, and they are called
superdormant spores. The life cycle ofa sporeforming bacterium
has a vegetative cycle(by binary fission) and a spore cycle. The
latter goes through several stages,which are genetically controlled
and affected by environmental parameters and biochemical
processes. Spores can be activated before germinatioby sub-lethal
heat treatments, radiation, high pressure, sonication and extreme
pH. Spore formation within a dairy en vironment may be related to
magnesium, calcium and potassium compounds that are very
important for spore structure as well as for the activation of the
spore formation process. Activation, germination and outgrowth
are the three steps needed for the changefrom a spore to a
vegetative cell. Heat treatment, application of chemicals and
decrease of pH to 2 3 can activatespores. Heat activation is species
specific. Superdormant spores may require higher activation
temperature. Germination may be triggered by nutrients such as L-
alanine or by high pressure as well as salts or lysozyme. The most
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common aerobic sporeforming bacteria occurring in raw milk with
some examples of their heat resistance are presented in Tablé.
Table 5. Aerobic sporeforming bacteria occurring in raw milk

Type Genera Usual counts in raw [Most common species Inactivation of endospores
milk (indicative D-values)*
Psychrotolerant Bacillus 0.003-3.5 spores ml™ |B. cereus, B. circulans, P. polymyxa, Dy~ 03-10minand Dy~ 0.04
Paenibacillus B. mycoides, B. thuringiensis min for
B. cereus
Mesophilic Bacillus 0-965 cfu ml B. licheniformis, B. pumilus, B. subtilis |D, .~ 20~103 min for B. licheniformis;
Dy = 0.03-0.5 min for B. subtilis
Facultative thermophiles or (Bacillus - B. licheniformis, B. coagulans, Dypc= 14-160 minand Dy, = 2-35
thermotolerant® B. pumilus, B. sporothermodurans, — |min for
B. subfilis B. sporothermodurans
Obligate thermophiles  |Geobacillus, <10 cfuml™ Geobacillus stearothermophilus b Dy x 3000 minand D, ~25-4
Anoxybacillus Anoxybacillus flavithermus® min for
G. stearothermophilus

* Consist the group of thermophilic sporeforming bacteria

® Formerly classified in the genus Bacillus

¢ Identified previously as B. stearothermophilus

@ Time needed to reduce the number of spores by a factor of 10

Data compiled from: McKinnon and Pettipher (1983), Phillips and Griffiths (1986), Griffiths and Phillips (1990), Sutherland and Murdoch (1994),
Serhaug and Stepaniak (1997), Christiansson (2002), McGuiggan et al. (2002), Stepaniak (2003), Scheldeman et al. (2006), Walstra et al. (2006), Huck
etal. (2008), Burgess et al. (2010).

Endo-sporeforming bacteria like Bacillusspp. and Paenibacillusactis
isolated from raw milk are present in the environment of dairy
farms and dairy factories (Scheldeman et al. 2005, Huck et al. 2008).
B. ceres, B. subtilis, B. licheniformis, B. sporothermodurarend
Geobacillus stearothermophil{ffisrmerly B. stearothermophilugre the
most common Bacillusspecies found in raw milk. They form heat -
and chemical-resistant spores that cause defects in heattreated
dairy products; thus, determining their shelflife. B. cereuscauses
sweet curdling of pasteurized milk and fat aggregation in cream
(bitty cream). B. subtilisand B. licheniformisare more heatresistant
than B. cereusand spoil both sterilized and UHT milks. The
thermophilic G. stearothermophilus the most heatresistant of this
group causing flat sour spoilage and sweet curdling defects in
evaporated milks. The vegetative cells of sporeforming bacteria are
not very resistant to heat similarly to the spores of moulds and
yeasts.

Thermophilic sporeforming bacilli are potent spoilage factors
for the dairy products and are usually enumerated by means of
aerobic plate count incubated at 55°C for several days. This group
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of bacteria is divided into: i. Obligate thermophiles: growing only
at high optimum temperatures (55t60°C) including Anoxybacillus
flavithermusand Geobacilluspp., and ii. Facultative thermophiles or

thermotolerant bacilli: growing at both mesophilic and
thermophilic temperatures (~30155°C), depending on the strain.
Strains of Bacillus licheniformis, B. coagulans, B. pumilus, B.

sporothermoduranand B. subtilisbelong to the latter group (Burgess
et al. 2010).

The counts of thermophilic sporeforming bacteria are usually
very low in raw milk, i.e., less than 10 cfu ml‘! but they are present
at high numbers in filter cloth, green crop and fodder. The
significance of this group for heat-treated products is due to their
ability to produce heat -resistant spores (HRS). HRS occurring in
raw milk may survive during/after UHT treatment or industrial
sterilization having D100°C -values from 14.1 to 32min. Although
heat processed dairy products are kept at low temperatures that do
not favor the growth of thermophilic bacilli, G. stearothermophilys
and most strains of B. lichenifomis, B. subtilisand B. coagulansre
generally associated with particular defects in UHT and canned
milk, and cream due to their ability to produce acid - and heat-stable
proteases and lipases.These defects are not usually apparent in
pasteurized milk because storageat low temperatures for a shorter
period (usually up to seven days) is not favorable for the
germination of the spores. Therefore, the presence of this
sporeforming group in dairy products like heat-treated milks and
especially in dairy -basedpowders is usually not related to raw milk
but to the processing conditions and the biofilm formation on the
processing equipment.

Coliforms

The generaEscherichia, Enterobacter, Klebsiella, Proteus, Serratia,
Hafniaand Citrobacterare grouped as coliforms. They are originated
from the digestive tract of milking animal and their presence in raw
milk is usually associated with the unhygienic conditions of the
production line, although they can rapidly build up in biofilms on
milking equipment (Chambers 2002). Thesemicroorganisms utilize
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proteins and lactose, and are able to produce CQ, causing defects
in cheese like early blowing of hard cheeses and poorstructure of
soft cheeses They are Gram-negative asporogenous rods that can
grow aerobically or facultative anaerobically at 37°C, some of them
are psychrotrophic and all are sensitive to pasteurization. Coliform

counts in bulk tank raw milk vary considerably, i.e., from O to 4.7
log10 cfu ml*t,

Lactic acid bacteria

Lactic acid bacteria (LAB) originate from the gastrointestinal
tract (GIT) of milking animals soon after the birth. They produce
mainly lactic acid from lactose, causing souring of milk. Many of
them are exploited by the dairy industry in making starter cultures
for fermented products including yogurt, cheese and butter. The
spoilage LAB belong mainly to the genera Lactobacillus, Lactococcus,
Propionibacterium, Leuconostand Enterococcusand are usually
heterofermentative causing off-flavors and texture defects in
cheeses.Lactobacillusgenus is a heterogeneous microbial group
containing about 135 species and 27 sulspecies whose
classification is constantly being changed (Bernardeau et 4. 2008).
Lb. brevis and Lb. casgibsp. pseudoplantaruncause open texture in
Cheddar cheese due to the production of gas. Lactobacilli are also
responsible for forming white insoluble crystals of calcium lactate
in ripened hard cheeses, sulphite or phenolic-like flavors and pink
discoloration (Frank and Hassan 2002). Mesophilic and some
thermophilic LAB are killed by low pasteurization, i.e., at 72°C for
15 s(Walstra et al. 2006).

The biodiversity of LAB in milk depends on the kind of milk
and other external parameters during milking. For example, LAB
flora of raw 1 P1 UZ wOPOOwWPEUWEOOPOEUI EwWEAa w I
lactococci (14 20%),leuconostocs (8 18%) and lactobacilli (10t 30%)
(Medina et al. 2001, Samelid UwE O6 wl YYNAOwPT DOl wWUE P
dominated by lactobacilli (Colombo et al. 2010). Owing to its
biodiversity, raw milk is an excellent source of technologically
interesting strains of LAB employed as starters in traditional
ET 11Ul UwUl ECWEUI wOEET wli Uxl EPEOOawi UO
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Most LAB do not grow at refrigeration temperatures and
souring of raw milk is highly unlikely under adequately
refrigerated conditions. Elevated titratable acidity in milk
nowadays is rare and usually an indication of raw-milk temperature
abuse in the farm or during transport. In certain instances, the
presence of adventitious LAB or the use of inappropriately selected
(e.g., overactive) starter LAB, can lead to quality defects in
fermented dairy products (e.g., bitterness, production of gas, or
extreme acidity) . On the other hand, underactive LAB, due to the
presence ofantibiotic residues or bacteriophages in raw milk, can
delay or even halt the fermentation process.

Mastitis -causing organisms

Mastitis (intra -mammary infection, IMI) is one of the costlier
diseases of lactating animals. Mastitis alters milk composition,
reduces milk secretion and has serious animaklwelfare, economic
and possibly public health implications. Depending on its clinical
manifestation (clinical or subclinical), severity (e.g., acute, sub
acute, chronic), the epidemiology of the primary pathogen
(contagious or environmental) and the specific etiology, mastitis
results in variable degrees of animal suffering, losses in milk yield,
increases of milk SCC and animal culling. Mastiti s can be of
infectious or traumatic etiology but the vast majority of cases are of
infectious nature. Mastitis causing pathogens include bacteria,
fungi, viruses or algae. Bacterial pathogens (including mycoplasms)
are responsible for the vast majority of infectious mastitis cases in
lactating ruminants.

Contagious bovine mastitis is typically spread between cows
during milking. The primary reservoir of contagious pathogens is
UT 1 wbOI 1 mdder Guatelsp. Bantagious mastitis is usually
caused by Staphylococcusaureus, Streptococcus agalactiamd
Mycoplasmaspp. Environmental mastitis is usually the result of
infection with coliform bacteria ( Escherichia coliKlebsiellaspp.,
Enterobacterspp.), non-coliform Gram -negative bacteria such as
Serratiaspp., Pseudomonaspp., Proteusspp., Gram-positive bacteria
such as Enterococcugaeciumand E. faecalissome Bacillusspp. and
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o~

streptococci other than Str. agalactiae pP &1 6 Ow ?21 OYDPUO
UOUI x UOE O Bt boerig Plotetheasppl are unicellular algae

rarely reported to infect the mammary gland of dairy cattle

(Marques et al. 2010). Environmental mastitis pathogens originate

from the farm environment (e.g., bedding material). The etiology,
control/prevention and treatment of the various types of bovine

mastitis have been reviewed by several experts in thefield .

Staphylococcusspp. are the most prevalent pathogens
responsible for IMIs in small ruminants. Other pathogens such as
Streptococcusspp., members of the Enterobacteriaceae family,
Psewlomonas aeruginosdannheimia haemolyticaMycoplasmaspp.,
Corynebacteria and fungi can cause IMI in small ruminants, albeit
at a lower incidence .

The role of viruses and viral infections in bovine mastitis has
been reviewed by Wellenberg et al. (2002). At least four bovine
pathogenic viruses have been isolated from the milk of cows with
clinical mastitis (bovine herpesvirus 1, bovine herpesvirus 4, foot-
and-mouth disease virus and parainfluenza 3 virus). The authors
concluded that viral i nfections can play a direct or more likely an
indirect (e.g., via immune suppression, teat skin or mammary tissue
lesions predisposing the animals to bacterial IMIs) role in the
etiology of bovine mastitis and that the role of viruses warrants
further inve stigation.

e

Yeasts and molds

Yeasts and molds are eukaryotic microorganisms and their
differentiation is often difficult due to their structural transitions
during reproduction and/or environmental/growth conditions.
Molds usually grow by forming elongated filaments (hyphae)
resulting in the formation of mycelia. Molds are strictly aerobic
organisms, whereas yeasts can grow both in the presenceand
absence of oxygen. Yeasts and molds are special in the sense that
they can grow in environments characterized by high osmolality,
increased acidity or low temperature . Some of the properties of
yeasts that are important for their growth and predominance in
dairy products. These are the fermentation or assimilation of
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lactose, the production of extracellul ar proteolytic and lipolytic
enzymes, theassimilation of lactic and citric acid, their potential for
growth at low temperatures and their tolerance of elevated osmotic
strength (high salt concentrations). Yeasts may develop in spoiled
raw milk as secondary flora, when bacterial growth has ceased and
the pH of milk has dropped significantly.

Yeasts and molds originate usually from contaminated
environment of the dairy farm or processing plant. They cause
defects in cheese and yogurt. Themost common yeasts found in
milk are Debaryomyces hansenii, Kluyveromyces marxianus var.
marxianus, K. marxianus var. lactis, Saccharomyces cerevisiae, Candida
lacticondensi, C. famata, C. versatilis, C. lusitaniae and Yarrowia
lipolytica (formerly Candidalipolytica).

Compared to the bacterial diversity, very few studies have
looked into the fungal diversity of raw milks. The most frequently
fungal genera isolated being Geotrichum, Cladosporium, Penicillium,
Aureobasidium Eurotium and Aspergillus. The geometric mean of
yeasts in bulk tank milks with microbial counts of >3x10 4 cfu ml#?
was estimated to be 5.2x168(Holm et al. 2004). It has been suggested
that the ability of several yeasts to grow under refrigerated
conditions in combina tion to the ability of some strains to produce
proteinase and phospholipase may affect the quality of raw milk
stored under low temperatures (Roostita and Fleet 1996, Melville et
al. 2011)

Important pathogenic microorganisms present in raw milk

Raw milk can be a source of food-borne human diseases
caused by pathogens. Their prevalence, like other non-pathogenic
microorganisms, is affected by numerous factors such as farm size,
number of animals, hygiene, farm management practices,
geographical location and season (Oliver et al. 2005 figure 1.).
Pathogenic microorganisms can be transferred to raw milk either
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from animals, i.e., zoonotic pathogens or from contaminated
environment, i.e., exogenous pathogens.

Figure 2. Sources of pathogens of Milk and Dairy Products

Most of the pathogenic microorganisms in milk can cause the
three types of microbial food-borne diseases: (a) milkborne
infection, (b) milk -borne intoxication and (c) milk -borne
toxicoinfection (Ray 2004). Tables. gives an overview of pathogenic
microorganisms present in raw milk while the most signifi cant ones
are discussed below.

| Salmonella spp.

Salmonellae, a member of the family of Enterobacteriaceaare
natural inhabitants of the GIT of animals. They are Gram-negative,
non-sporulating, facultative anaerobic rods. Salmonellaspp. are
mesophilic with optimum growth temperature of 35¢37°C, but can
grow at the temperature range of 5t46°C. They are sensitive to
pasteurization, to low pH, e.g., pH <4.5, and do not multiply at a w
<0.94, especially when combined with pH <5.5 (Ray2004) More
recently, about 28% of the dairy operations inspected, where raw
milks were sampled from different parts of the dairy operations,
were found to be contaminated with S. enterica being more
pronounced in milk fi lters (van Kessel et al. 2011).
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i Yersinia enterocolitica

Yersinia enterocolitichelongs to the family of Enterobacteriaceae
This pathogen causes acute gastroenteritis, enterocolitis and
mesenteric lymphadenitis as well as various extra-intestinal
disorders (Jooste and Anelich 2008). It is a psychrotrophic
microorganism and thus is highly susceptible to pasteurization.
Raw milk often contains Y. enterocoliticaalthough dairy cattle are
not considered reservoirs of this pathogen. It is thought to
contaminate raw milk through contacting with animal feces or
polluted water supplies. Prevalence of Y. enterocolitican bulk tank
milk was reported at rates varying from 1.2 to 6.1% (Oliver et al.
2009).

1 Escherichia coli

Escherichia cobelongs to the family of Enterobacteriaceaad has
been recognized as the most important indicator of fecal
contamination of water and raw food products. E. colistrains are
responsible for three main clinical syndromes, namely the enteric
and diarrheal diseases, urinary tract infections and
sepsis/meningitis, and thus they have grouped into:

1. enteroaggregative E. coli(EAggEC).

2. enteroinvasive E. coli(EIEC).

3. enteropathogenic E. coli(EPEC).

4. enterotoxigenic E. coli(ETEC).

Strains of the latter group produce cytotoxins called verotoxins
(VTEC) or shigatoxins (STEC) and colonize in the intestinal track of
healthy animals. E. coliserotype O157:H7 enterohemorrhagic E.
coli(EHEC) is the most studied strain of E. coli followed by 026 and
0111 serotypes belong to STEC group (EHEC)

Most of E. colistrains are not heatresistant and are readily
destroyed by the pasteurization process; however, EHEC is an acid
resistant strain and thus can grow on acidified milk products such
as yogurt and fresh acid cheese (Lekkas et al2006). Cattle feces are
considered as a major reservoir of EHEC and hence surveys on its
isolation from the bulk tank milk are being continuously carried ou t
worldwide.

32



Advanced

Dairy Microbiology D

r. Amer Alzobaay

Table 6.Groups of microbial pathogens possibly occurred in raw milk

Organism

Disease

Main source of
contamination

Enterobacteriaceae

Salmonella
Shigella

Escherichia coli, including 0157:H7

Gastroenteritis, hemolytic
uremic syndrome, thrombotic
thrombocytogenic purpua (TTF)

Gastroenteritis, typhoid fever
Gastroenteritis

Feces, water,
biofilms on
the milking
equipment
Feces, water
Feces, water

Yersinia enterocolitica® Gastroenteritis Feces, water
Other Gram-negative bacteria

Aeromonas hydrophila® Gastroenteritis Cold-stored milk
Brucella spp. Brucellosis (Bang's disease) Sick animal
Campylobacter jejuni Gastroenteritis Feces
Pseudomonas aeruginosa® Gastroenteritis Cold-stored milk

Gram-positive spore-formers
Bacillus cereus®

Bacillus anthracis

Clostriditnm perfringens
Clostridinm botulinm

Intestinal intoxication
Anthrax
SCastroenteritis
Botulism

Soil, biofilms
Soil

Silage feed, air
Silage feed, air

Gram-positive cocci
Staphylococcus aureus
Streptococcus agalactine
Streptococcus pyogenes
Strepfococcus zooepidemicus

Emetic intoxication

Sore throat

Scarlet fever, sore throat
Pharyngitis, nephritic sequelae

Mastitic udder

Miscellaneous Gram-positive
bacteria

Corynebacterium spp.

Listeria monocytogenes?

Mycobacterium bovis
Mycobacterium fuberculosis

Diphtheria
Listeriosis

Tuberculosis
Tuberculosis

Dairy farm
environment
Sick animal
Sick animal

Enterovirus, including
pﬂliﬂ"-—']l‘l.:ISESJ. rotoviruses,

Enteric infection
Foot-and-mouth disease

Mycobacterinum paratuberculosis Johne's disease (only for ruminants) [Feces
Spirochetes

Leptospira interrogans Leptospirosis Sick animal
Rickettsia

Coxiella burnetii ) fever Sick animal
Viruses

Feces, water
Sick animal

Coxsackie viruses Infectious hepatitis Feces
FMD virus

Hepatitis virus

Fungi

Molds Mycotoxicosis Adr, feed
Protozoa

Entamoeba histolytica Amoebiasis Water
Cryptosporidium muris Cryptosporidiosis Water
Cryptosporidium parcum Cryptosporidiosis Sick animal, feces
Giardia lamblia Giardiasis Water
Toxoplasma gondil Toxoplasmosis Water

*Psychrotrophic; "Some strains are psychrotrophic. Data compiled from: ICMSF (1998), Haves
and Boor (2001), Walstra et al. (2006), Jooste and Anelich (2008).
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1 Listeria spp.

Listeria spp., which belongs to the family of Listeriaceageis
commonly found in the dairy farm environment and thus raw milk
can be contaminated through various sources (Fox et al. 2009,
Schoder et al. 2011)Listeria monocytogenesuses human listeriosis,
a serious invasive disease that causesbortion in pregnant women
and meningitis, encephalitis and septicemia in neonates and
iImmu nocompromised adults.

L. monocytogenes frequently isolated from raw farm milk or
bulk tank milk samples throughout the world, since it can grow on
steel and rubber surfaces and at refrigeration temperatures. Recent
studies have shown that this microorga nism takes part in biofilm
formation in the milking parlor equipment, thus milk is
contaminated when it passes through the pipeline system into the
tank (Latorre et al. 2010, van Kessel et al. 2011).

Staphylococcus spp.

Staphylococcus aureumelongs to the family of Micrococcaceae
and is the most significant causative agent of mastitis in dairy cows.
The enterotoxigenic strains produce enterotoxins that are classified
according to serotypes into A-H groups and toxic shock syndrome
toxin (TSST) (Oliver et al. 2005).Staphylococcal enterotoxin is heat
resistant and survives pasteurization. Enterotoxigenic S. aureusthat
Is coagulasepositive, was isolated from bulk tank milk samples
from the USA dairies at levels varying from 27.4 to 37% (Oliver et

al. 2009).
Coagulase-negative Staphylococcuspp. were isolated at levels
of >74% andthe dominant species reported were S.

chromogenes, S. hyicaad S. epidermis Outbreaks by S. aureusvere
reported to be more related to the consumption of raw milk cheeses
than the consumption of raw milk (de Buyser et al. 2001, Rosengren
et al. 2010).

| Campylobacter spp.

Campylobacter jejuni belongs to the family of
Campylobacteriaceand is the most important causative agent of
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abortion in cattle and sheep and an etiological agent of human
gastroenteritis (Jooste and Anelich 2008). Itis widely isolated from
feces of infected cattle as well as from raw milk. C. jejuniis acid- and
heat-sensitive, and thus is killed by pasteurization. Prevalence ofC.
jejuni in bulk tank milk was reported to range from 0.4 to 12.3%.
Outbreaks of campylobacteriosis due to consumption of raw milk
were reported in the USA (Oliver et al. 2009), Netherlands
(Heuvelink et al. 2009) and Hungary (Kalman et al. 2000) during the
last decade.

1 Mycobacterium avium subsp. paratuberculosis

Mycobacterium avium subsp. paratuberculo@d$AP) is a member
of the family of Mycobacteriaceaand is the causative agent of
paratuberculosis whichis Ewa OOOOUPEwWEDUI EUIl WwEOUOwW
disease. MAP has also been linkedUOw " UOT Oz UwEDUI EUI v
chronic human disease of the terminal ileum, although the
relationship between MAP and CD is yet t o be established(Waddell
et al. 2008).

This microorganism can be present in raw milk through feces of
infected animal at numbers varying from 250 cfu ml 1 to more than
10* cfu mlt1 (Skovgaard 2007). In raw milk, MAP was found at ~ 65
cfu ml*! (Boulais et al. 2011). It is a short, thin, Gram-positive, acid-
fast rod which is considered to survive under HTST pasteurization
(Weimer 2001). It was shown that MAP was completely inactivated
by HTST pasteurization or by combination of HTST and
homogenization in about 97% of the milk samples tested (Grant et
al. 2005). Numerous studies concerning the prevalence of MAP in
raw milk and milk products as well as its sensitivity towards heat
treatments have been recently reviewed by Gill et al. (2011).

1 Others bacteria
Mycobacteriun tuberculosis the causative agent of tuberculosis,
one of the most pervasive and destructive human and animal
disease in the past. Itis the most heatresistant non-sporeforming
Gram-positive pathogen that is killed during pasteurization of milk
at 72°C for 15 sBrucella abortusind B. melitensisare the members of
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the family of Brucellaceaand are responsible for the most prevalent
bacterial zoonosis called brucellosis that still exists, especially in
developing countries. They are killed easily by low pasteurization.
Coxiella burnetiiof Coxiellaceadamily is responsible for Q fever.
Although, C. burnetii is relatively heat-resistant, it is killed by
regular pasteurization treatment (Walstra et al. 2006). Despite Q
fever being a neglected zoonosis for many years, C. burnettiis
still present in raw milk worldwide. Recently this microorganism
has been detected in about42% of the commercial raw milk samples
analyzed in the USA (Loftis et al. 2010).

1 Viruses

1- Human pathogenic viruses
There are many pathogenic viruses for humans known to be
transmitted via consumption of contaminated foods. food-borne
viruses belong to at least 11 known viral families. Contamination of
foods with most of these food -borne viruses often results from non -
hygienic food -handling practices by human carriers. In addition,
the actual involvement of foods in viral food -borne outbreaks is
very difficult to approximate, b ecause in many cases, following the
initial food-EOUO1 wbOEDPET OUwp? Ul 1 EDOT wi YI OU~
from one infected individual to another, without involvement of
contaminated food sources. Among food-borne viruses,
noroviruses and the hepatitis A vi rus have been the causative
agents in well-documented causes of food-borne illness.

There are some publications dated back in the seventies about
the incidence/contamination of raw milk with animal viruses
(zoonotic or not) and human viral outbreaks that h ave occurred as
a consequenceof consumption of contaminated milk or raw -milk
cheeses It should be stressed, however, that in most cases the origin
of viral contamination of raw milk in these instances was external,
i.e., from environmental sources such as contaminated water or
human carriers, and most of the implicated viruses (poliomyelitis
YDPUUUwWwOUwW?DOI 1 BowkéledUnephtitisxAF Wédldd U -2 O
human origin. More recently, Wellenberg et al. (2002) reviewed the
role of viruses and viral infections in bovine mastitis.
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Animal viruses that have been isolated from raw bovine milk are
the bovine herpesvirus 1, the bovine herpesvirus 4, the foot-and-
mouth disease (FMD) virus, and the parainfl uenza 3 virus. The
authors concluded that vir al infections can play a direct or indirect
role in the etiology of bovine mastitis. It has been hypothesized that
bovine herpesvirus 4 could represent a danger for human health.

Some animal-origin viruses that are pathogenic to humans can
be found in the raw milk of infected lactating mammals. Milk from
rabid cows can contain the rabies virus (Lyssavirus), one of the
members of the viral family Rhabdoviridae. In the US, two incidents
of potential mass exposures to rabies through drinking
unpasteurized milk have been reported (Centers for Disease
Control and Prevention 1999). Tick-borne encephalitis is azoonotic,
potentially lethal neurological viral infection usually transmitted to
humans by bites of ticks (Ixodes ricinusand Ixodes persulcat)s
(Mansfi eld et al. 2009).

2- Lactic bacteriophage

Strains of Streptococcus thermophilasid species of the genera
LactococcusLactobacillus Leuconostoand Pediococcusare widely
used by the dairy industry as starter cultures for the manufacture of
a variety of fermented EEPUa wx UOEUEUUG w! EEUI UPOx I
I EUDPOIT 2 wY B U U U infdoulzpctedd) thal reguice(bhcteiial
hosts to propagate. Bacteriophageare ubiquitous in nature and are
found in all bacterial ecosystems. Bacteriophage specific for dairy
starter cultures, i.e., phage attacking and inactivating LAB (lactic
bacteriophage) have been recognized as a significantand often
persistent problem for the dairy industry. Lactic bacteriophage are
often present in raw milk. The presence of lactic bacteriophage in
the milk used for milk fermentations (e.g., cheesemaking) leads to
loss of fermentative capacity associated with starter culture lysis,
which can significantly retard or even halt the fermentation process.
Despite the development of a variety of counter-measures, such as
the application of starter culture rotation schemes, improved
sanitation strategies, and the use of bacteriophageresistant starter
strains, phage contamination
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cause offailed or retarded fermentations. The dairy environment
frequently serves as a phage reservoir, especially the incoming milk
and lysogenic starter cultures. The technological importance of
phage in the dairy industry has been reviewed by Lyne (2011).
Sturino and Klaenhammer (2004) have reviewed the life cycles of
bacteriophage as well as the defense strategiesised by the dairy
industry aiming at protecting starter cultures against phage-related
problems.

Indigenous (Natural) Antimicrobial Agents of Raw Milk

Raw milk contains indigenous anti -microbial factors that belong
to the fraction of minor serum proteins such as the enzymes
lactoperoxidase and lysozyme, the iron binding protein lactoferrin
and immunoglobulins (antibodies). Several peptides and other
organic compounds (e.g., free fatty acids) in milk have shown to
possess antimicrobial properties. In addition, a wide variety of
bacteriocins with variable antimicrobial spectra can be produced by
LAB. In recent years, the presence of additional hostdefenserelated
OPOOUwWxUOUI POUWEOEwWx| xUPEI UmIkEUwWET 1 C
(Hettinga et al. 2011, Wheeler et al. 2012All these proteins can act
against a broad spectrum of microorganisms and viruses; thus they
are potential inhibitors of microbial growth in raw milk during
storage.

1 Lactoperoxidase-thiocyanate -hydrogen peroxide (LPO)

system

Lactoperoxidase is one of the most important indigenous milk
enzymes in terms of both concentration and function. LPO is mainly
responsible for the anti-microbial properties of raw milk in the
presence of sufficient quantities of thiocyanate ion (SCN+¢) and
hydrogen peroxide (H20:2). Its concentration in bovine milk is high
(i.e., 13+ Y w4 ) eodn@ared to other indigenous enzymes. LPO is
a 78 kDa glycoprotein containing one heme group and ~10%
carbohydrate with a very ordered monomeric structure stabilized
by eight disulphide bonds and one calcium ion. It catalyzes the
reaction of H202 + 2HA kK 2H20 + 2A, where HA is an oxidizable
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substrate. In this respect, the oxidation of SCNt from animal feed to
OSCNt¢t (hypothiocyanite anion) is catalyzed by LPO. The OSCNt¢
inhibits bacteria, fungi and viruses. The function of LPO-SCNt -
H 202 anti-microbial system in raw milk is controlled by the variable
concentration of its two latter components. In particular, the SCN¢
concentration in milk varies with breed, species, udder health and
feeding type. Normally, H20:2 is not a raw milk constituent but it
comes from aerobic metabolism of lactobacilli and lactococci or
from polymorphonuclear leukocytes during phagocytosis. It may
also be added to milk or may come from added H:02-generating
systems, e.g., glucose oxidase.

The bacteriostatic and/or bactericidal activities of the LPO
system have been reviewed . Gram-negative, catalasepositive
bacteria such asPseudomonaspliforms, Salmonellspp. and Shigella
spp. are inhibited, or killed if H20:2 is added exogenously. Gram-
positive, catalasenegative bacteria including streptococci and
lactobacilli are inhibited but not killed by the LPO system. The
OSCNt is bactericidal for enteric pathogens, i.e., E. colistrains, by
damaging the inner membrane. The LPO system also inhibits EHEC
(Enterohaemorrhagic E. col), shows bactericidal activity against
Canmpylobacterjejuni and inhibits substantially vegetative cells of
various B. cereusstrains. Acid production and oxygen uptake in
strains of S. mutans, S. salivarius, S. sangwasid S. mitis are also
inhibited by this anti -microbial system.

Activation of the LPO system in raw milk through the
addition of SCNt and H20: is a successful mean of preserving raw
milk and inhibiting pathogens during storage and transportation in
the lack of refrigeration and thermization . This practice is known
EUw?£BOEI UUPAEUDOO? 6 w3 hgplicdiidniisithe U0 1T E wx
addition of 14 ml NaSCN and 30 mg H202 L't of milk, within 2 ¢3 hr
from the time of milking. The inhibitory effect of treatment s
inversely affected by the temperature of raw milk, e.g., 748 hr or 24t
26 hr for storage at 30 or 15°C, respectively

39



Advanced Dairy Microbiology D r. Amer Alzobaay

1 Lysozyme

Another indigenous milk enzyme with potential anti-microbial
properties is lysozyme , also called muramidase (peptidoglycan-N
acetylmuranoylhydrolase), that cleaves the peptidoglycan in the
bacterial cell-wall. It is an anti -bacterial agent present in many body
fluids and in the milk of many mammalian species causing lysis of
many types of bacteria. Its concentration in bovine milk is <0.03 mg
ml , increasing with increase in somatic cell count. It acts mostly
against Gram-positive and a few Gram-negative bacteria; however,
PUUwI I 11 EUw O @ifeli totusigrificadtz duaud) its llow
concentration (Farkye 2002, Walstra et al. 2006).

| Lactoferrin

Lactoferrin (LF) is a non-hemic 80 kDa iron binding glycoprotein
of the transferrin family, which is a very small fraction of milk
serum proteins, i.e., 0.1 0.4 mg mltl, LF is a multifunctional protein
that exhibits antimicrobial, anti-viral, anti-protozoan and anti-
oxidant activities along with immunomodulation, modulation of
cell growth and binding or inhibition of bioactive compounds
(Wakabayashi et al. 2006, GarciaMontoya et al. 2012). The
molecular structure of LF, i.e., a single polypeptide chain of about
700 amino acids folded in two symmetrical lobes, is the reason for
its anti-microbial properties that are expressed through various
mechanisms. Iron sequestration, membrane destabilization,
targeting of bacterial virulence mechanisms and host invasion
Hancock 2009, GarciaMontoya et al. 2012). It exhibits strong anti-
bacterial activity against a broad spectrum of Gram-positive and
Gram-negative bacteria, especially against pathogensFor example,
iron sequestering action of LF inhibits the growth of G.
stearothermophiluand S. aureusby depriving them of this nutrient.
Altering bacterial virulence by LF is the major mechanism against
L. monocytogeneand an iron-independent interaction of LF with
bacterial cell acts againstS. typhimurium. Cation chelation, damage
of the bacterial membrane or altering of the outer membrane
permeability by LF show inhibitory effect on E. coli(Jenssen and
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Hancock 2009, GarciaMontoya et al. 2012). However, its role in the
extension of shelf-life of raw bovine milk is negligible due to its low
concentrations (Walstra et al. 2006).

i Immunoglobulins

Immunoglobulins (Igs) are antibodies distinguished in several
classes.They are heatsensitive glycoproteins with heterogeneous
composition and IgG, IgA and IgM classes occur in milk serum. 1gG
predominates Igs in bovine milk (roughly 2/3 of total Igs). While Igs
occupy 70t 80% of thetotal protein in the bovine colostrums, their
proportion in mature milk decreases to 12%. Concentrations of Igs
in milk and colostrum differ from those in blood and are highly
variable affected by species, breed,stage of lactation and health
status of milking animals. They have many functions, i.e., augment
leucocytes activities, activate complement-mediated bacteriolytic
reactions, prevent the adhesion of microbes to surfaces, inhibit
bacterial metabolism, agglutinate bacteria and neutralize toxins and
viruses (Marnilla and Korhonen 2002).

A description of Igs inhibitory action in raw milk is given by
Walstra et al. (2006). In brief, IgG with a molar mass of 150,000 Da
can act againstmany antigens and may inhibit bacterial growth,
whereas the role of IgA (Mw of 385,000 Da) in milk is not clear. IgM
(agglutinin) with a molar mass of 900,000 Da may be an antibody
against polysaccharide groups of bacterial cell wall and can
i OOEEUOEUI w? x EUUDE Olvigesiagylbtiodiichp OT wE E E |
In the IgM class, cryoglobulins are included, which can precipitate
at low temperatures agglutinating other particles. Also, lactenins L1
and L3, which are inhibitors of Gram -positive bacteria, are in the
IgM class.

Refrigeration during collection and storage of raw milk
Apart from milking procedures, the pre -storage conditions
and transportation also affect the raw milk quality. According to
European legislation the raw milk on the farm must be held at
" 8°C immediately after milking or at ~ 6°C if it is not collected every
day (European Union 2006). Raw milk on most dairy farms is
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usually stored i n a bulk tank but in the case of very small enterprises
it is still collected and stored in cans (churns). Depending on the
farm location, refrigerated milk is collected every day or every two
or three days by tankers and is transported to the dairy factory for
processing. Milk tankers are insulated to ensure that raw milk
arrives at its destination at " 5°C; although, in practice this
temperature limit is extended up to 6¢9°C or >10°C in the case of
churns (Walstra et al. 2006).
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Figure 3. Effect of temperature on the growth of bacteria in a sample of raw
milk

Cold storage inhibits the growth of mesophilic
microorganisms and especially those producing heat-resistant
toxins, e.g., S. aureusassociated to raw milk until the time of
processing. The generation time of the most important bacterial
groups of milk at 30°C is around 30 min, whereas it ranges between
4 and >20 hr at 5°C (Chambers 2002, Walstra et al. 200@acillusspp.
spores cannot germinate in refrigerating bulk tank milk and the
kind of the present genera and species will depend on those that are
present in raw milk initially. Consequently, the dominant flora of
refrigerated milk for 2 ¢3 days is psychrotrophs with Pseudomonas
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spp. and especially P. fl uorescenleing the most frequently present.
After 415 days of storage substantial growth of psychrotrophs

occurs and if their total numbers are >5x106 cfu mlttthere is arisk to
have produced their heat-stable enzymes (Walstra et al. 2006).

Thermal treatments during storage of raw milk

In order to reduce the counts of microorganisms and avoid in
particular the growth of psychrotrophs, a mild heat treatment with
minimum heat damage of milk components should be applied to
milk as soon as possibleafter its arrival at the dairy. This treatment
DUwOOOP OwE U w?ThérmiatdmusUally 8IS mibk to be
stored 2¢3 days after milking without deterioration. Typical
temperature-time combinations for thermizatio n are 68°C for 10 s or
65°C for 20 s. This heat treatment reduces the numbers of
microorganisms by a factor of 3 logl0 or 4 log10, while keeping
alkaline phosphatase active (Stepaniak and Rukke 2003, de Jong
2008). However, thefinal level of microor ganisms will depend on
their initial counts as well as on the thermization temperature. It
was reported that thermization at 60°C for 30 s had significantly
inactivated Gram -negative bacteria, i.e.,Listeriaspp., Enterobacteria
and coagulasepositive Staphylococci but moderate effect against
Gram-positive bacteria was reported under the same conditions.
Thermization at 67°C for 30 s is much more effective to all bacterial
groups. In particular, thermization at 60 +63°C causes a 4 log
reduction of Salmonellaspp. and a 2 log reduction of L.
monocytogengStepaniak and Rukke 2003,Samelis et al. 2009).

Also extracellular enzymes of psychrotrophs can be
inactivated by low temperature thermization. For example,
thermization of raw milk at 50060°C and 6@ 70°C leads to
inactivation of proteinases and lipases from Pseudomonaspp.,
respectively. Interestingly, thermization at 65°C for 10 s may
stimulate the germination of Bacillus cereusspores; nevertheless
vegetative cells that may appear after 6 hr at 10°C would be
destroyed by pasteurization (Stepaniak and Rukke 2003).
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Non -thermal treatments

Two centrifugation techniques, the clarification and
bactofugation,are UU T E wi OU ws EOI Eénhbiquésppea® OO08 w! O
to separate bacterial cells and milk components based on the
differences in relative densities. Clarification removes mainly
foreign particles, i.e., dirt, hairs, etc., whereas bactofugation
removes bacterial spores. Bactofugation takesplace at 6@ 65°Cand
can remove up to 99% of the spores (Hayes and Boor 2001, Walstra
et al. 2006).Microfiltration, a membrane processing technique using
0.14huY wpote-size membranes, improves microbial quality of raw
milk by an average decimal reduction (DR) of 3.5, which means that
if initial skim milk contains 20,000 cfu mi?, the microfiltered milk
will contain less than 10 cfu mltt. For bacterial spores, the DR is
higher than 4.5 (Saboya and Maubois 2000).Finally, alternative
novel methods to heat treatment have been widely investigated
during the last two decades. For example, storage of rawmilk under
low carbon dioxide (CO 2) pressures, i.e., 68 to 689 kPa, reduces
bacterial growth rates without causing precipitation of milk
proteins. The combination of low CO 2 pressure and refrigeration
preserves raw milk for longer time. If 1500 ppm CO: is added to
high quality raw milk, it can be stored at 4°C for 14 days with low
proteolysis and lipolysis and with a standard plate count of ~ 3x10
cfu mltt(Ma et al. 2003, Rajagopal et al2005). This treatment is more
effective on Gram-negative bacteria than on Gram-positives and
spores (Singh et al. 2012).

Dairy Starter Cultures

Fermented milk products, such as yogurt and cheese,
appeared in human diet about 8000t 10000 years ago. Up to the 20th
century, milk fermentation remained an unregulated process, and,
the discovery and characterization of lactic acid bacteria (LAB) have
changed the views on milk fermentation. In the early 1960s,
commercial starter culture companies developed the production
technology to freeze-dry liquid cultures and produce concentrated
frozen starter cultures for the direct inoculation of bulk starter tanks
at the dairy. In the beginning of 1980s Chr. Hansen released the first
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Direct-Vat-Set (DVS) culture comprising defi ned single strains.
Today, several commercial starter companies offer an extensive
range of frozen and freeze-dried concentrated cultures for direct
inoculation, eliminating the need for use of bulk starters, and thus,
propagation problems. In fact, these fermentation businesses,
together with probiotic products, represent a total global market
value of over 100 billion Euros (de Vos 2011).

While the traditional m ethod for the manufacture of
fermented dairy x UOEUEUUWPEUwWUT T w?bDOOEUOEUDOC
sample of a previous day product, i.e., back-slopping. This method
had certain drawbacks and is not used anymore, except for some
home-made products. There was asignifi cant microbial variability
both in the milk and the natural starter, hence a great fluctuation in
the quality of the product. Thus, the substitution of the back-
slopping with a selected starter culture was conceived a necessity
very early. Nowaday s, since the production of dairy products is
automated and requires large quantities of milk, and total control of
the process, the useof commercial starter cultures has become an
integral part of a successful production of any fermented dairy
product.
that contain one or several strains of microorganisms at high counts
(in general more than 108 cfu/ml or 108 cfu/g of viable bacteria) being
added to bring about a desirable enzymatic reaction (e.g.,
fermentation of lactose resulting in acid production, degradation of
lactic acid to propionic acid or other metabolic activities directly
Ul OEUI Ew0OwUx1 EPI PE wx UO EQdanizatien Ox 1 UU D
for Standardization/International Dairy Federation 2010).

The main function of the starter is to produce lactic acid, that
is, the acidifi cation of milk. Besides, the acidifying bacteria
contribute to the flavour, texture and nutritional value of the
fermented foods, through production of aroma components,
production or degradation of exopolysaccharides, lipids and
proteins, and the production of nutritional components such as
vitamins. In addition, they contribute to the inhibition of
adventitious organisms and pathogens.
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The process forthe production of starter cultures has been
reviewed by Hgier et al. (2010) and Tamime (2002), and a typical
process may include the following steps:

a) handling of inoculation material,

b) preparation of media,

Cc) propagation of cultures in fermenters und er pH control,
d) concentration,

e) freezing,

f) drying, and

g) packaging and storage.

Classification of Starter Cultures

Starter cultures used by the dairy industry can be divided into
two broad groups: mesophilic and thermophilic. Mesophilic starters
have an optimum temperature for growth at 30°C and are used in
the production of most cheese varieties (soft and semihard), while
thermophilic have an optimum temperature at 37°C and are used in
the production of yogurt and hard and semi-hard cheeses with high
cooking temperatures (Table 7).
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Table 7. Types of starter cultures and species of lactic acid bacteria

Dairy Microbiology D

used in some dairy products.

r. Amer Alzobaay

Type of | Species Product
culture
Mesophiles
Type O | Lactococcus lactis subsp. lactis Cheddar, White-brined
Lactococcus lactis subsp. crenoris cheeses, Cottage, Raclette,
Edam, Compté, St. Paulin.
Type LD | Lactococcus lactis subsp. lactis Gouda, Tilsitter, Blue
Lactococcus lactis subsp. cremoris cheeses, Camembert and
Lactococcus lactis subsp. lactis biovar. diacetylactis | other mould ripened
Leuconostoc mesenteroides subsp. cremoris cheeses, Sour cream, Butter.
Thermophiles
Streptococcus thermoplillus Fermented milks,
Mozzarella, Emmental,
Compté, Asiago, Sarde.
Streptococcus thermoplillus Yogurt, Fermented milks,
Lactobacillus delbreuckii subsp. bulgaricus Mozzarella, Feta, White-
brined cheeses.
Lactobacillus helveticus Emmental, Compté,
Lactobacillus delbreuckii subsp. lactis Beaufort, Asiago, Sarde.
Mixed
Lactococcus lactis subsp. lactis Cheddar, Colby, Chester,
Lactococcus lactis subsp. cremoris Leicester, Gouda,
Streptococcus thermoplillus Manchego.
Lactococcus lactis subsp. lactis White-brined cheeses
Lactococcus lactis subsp. crenioris
Streptococcus thermoplillus
Lactobacillus delbreuckii subsp. bulgaricus
Lactobacillus casei subsp. casei Yakult
Lactobacillus acidophilus Acidophilus milk

The mesophilic cultures are divided into LD cultures and O
cultures. LD cultures contain citrate -fermenting bacteria (L =
Leuconostocspecies and D = Lc. lactis subsp. lactis biovar.
diacetylacti$, which produce aroma and CO: from citrate. The O
cultures contain only acid -producing strains, and produce no gas.
The L cultur es and D cultures also exist, but are onlyused to a minor
degree in the cheese industry. Traditional, mesophilic O cultures are
used in many cheeses, where the main focus is on a rapidand
consistent acidification of the milk. The LD cultures are used in most
continental semi-hard and soft cheeses (Tabley).

Traditionally, fermentation in dairy foods was by natural
wild -type lactic acid bacteria that were found in raw milk. Although
there are 12 genera oflactic acid bacteria, today, primarily four
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genera Lactococcus, Leuconost&treptococcusnd Lactobacillusare
used as dairy starter cultures. More recently, Bifidobacteriungenera
have also been added to the list due tothe perceived health benefits
of these organisms, thus their inclusion in fermented dairy foods.
Inclusion of enterococci in this group has been controversial since
these are fecal organisms, and have been recognized as
opportunistic pathogens (Franz et al. 1999). However, they are
sometimesfound in undefined mixed strain cultures and contribute
to ripening and flavor development in cheese. All lactic acid
bacteria used as starter cultures in the dairy industry are Gram -
positive, catalase negative, non-motile, non-sporeformers, cocci or
rods that have less than 55mol% G+C content in their DNA. In
general they are aerobic to facultative anaerobic microorganisms.
The taxonomy of lactic acid bacteria used in starter cultures has
undergone several revisions over the last 40 years or so.
Traditionally, their taxonomy was based on morphology and
physiology. Today, their taxonomy takes into account molecular
characteristics such asmol% G+C content, sequences of ribosomal
RNA, DNA:RNA hybridization, and othors. Bifidobacteria were
included in the genus Lactobacillusut in 1986 they were transferred
into the genus Bifidobacterium(Scordavi 1986).

Dairy starter cultures are commonly grouped into mesophilic
cultures (optimum temperature of about 30°C) and thermophilic
cultures (optimum temperature of about 42¢ 45°C). Their ability to
grow at 10 and 45°C canbe used to distinguish mesophilic and
thermophilic  cultures.  Microscopic observations, citrate
metabolism, and amount of lactic acid and its isomer that is
produced can further differentiate most species within these two
broad categories. Furthermore, these dairy starter cultures are
categorized as defined- or mixed -strain cultures. Defined cultures
are selected, defined, pure strains of known cultures. They have
been typically isolated from mixed cultures and selected based on
their several important characteristics such as resistance to phage,
acid production, citrate utilization, good aroma and flavor
production.
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Starter cultures are also grouped broadly based on their sugar
metabolism as homofermenterand heterofermenterdn homolactic
fermentation, glycolysis or Embden -Meyerhof-Parnas pathway
(EMP) is utilized for sugar metabolism. Homolactic fermentation
results primarily in the production of lactic acid as the end product
under standard conditions (figure 4.).
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Figure 4. Embden-Meyerhof -Parnas (glycolytic) pathway of
lactose metabolism by lactic acid bacteria. PEP/PTS:
Phosphoenolpyruvate -dependent phosphotransferase system,
LPS: Lactose permease system
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In heterolactic fermentation the 6-phosphogluconate/
phosphoketolase pathway is utilized. Heterolactic fermentation
results in the production of lactic acid, as well as significant amount
of other end products, ethanol, acetate and CG. However, it should
be noted that end product formation may be significantly altered
due to variation in grow th conditions (figure 5.).
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Figure 5. Phosphoketolase pathway of lactose metabolism by
lactic acid bacteria.
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Mesophilic cultures
As mentioned previously, mesophilic cultures have an

optimum temperature of about 30°C. Mesophilic dairy starter
cultures include primarily Lactococcuand Leuconostoc. Pediococcus
are less signifi cant as dairy starter cultures. The main species of
Lactococcuare Lactococcus lactsubsp. cremorisand Lactococusactis
subsp. lactis. These two sub-species can be differentiatedfrom each
other by the ability of L. lactissubsp. lactisto grow at 40°C in 4%
NaCl and 0.1% methylene blue milk, at pH 9.2, and by formation of
NH s from arginine (Stiles and Holzapfel 1997). Furthermore, L.
lactis subsp. lactis contains a glutamate decarboxylase enzyme
whereas L. lactis subsp. cremorisdoes not. Presence of glutamate

decarboxylase provides for the production of y -aminobutyric acid

from glutamate by this organism. Lactooccus lactis biovar.
diacetylactidas the ability to metabolize citrate to produce diacetyl.
Of the genus Leuconostodwo species are important in dairy
fermentation. Leuconostoc mesenteroidesibsp. cremoris and
Leuconostodactis, both heterofermenters. Leuconosic spp. also
metabolize citrate to produce COq, diacetyl and acetate which are
important in eye formation (i.e., Gouda, Edam) and flavor (i.e.,
Cottage cheese). Organisms that havethe ability to metabolize
citrate are considered aroma producers. Mesophilic mixed cultures
are typically 90% acid producers and 10% aroma producers.

Thermophilic cultures

As mentioned previously, thermophilic cultures have an
optimum temperature of about 42¢45°C. Most important cultures
used in production of cultured dairy products which are
thermophilic include  Streptococcus thermophilus Lactobacillus
delbrueckisubsp. bulgaricus, Lactobacillus delbruechiibsp. lactisand
Lactobacillus helveticusThey may be grown together (i.e., yogurt
production) or individually (cheese production). This symbiotic
relationship between S. thermophilusand Lb. delbrueckiisubsp.
bulgaricusis well established. These two organisms are used in the
production of yogurt. As a homofermenter Lb. delbrueckisubsp.
bulgaricuswill produce lactic acid from lactose, as well as amino

51



Advanced Dairy Microbiology D r. Amer Alzobaay

acids resulting in proteolysis of casein to stimulate the growth of S.
thermophilus Metabolism of S. thermophilugproduces small amounts
of CO:z as well as formic acid from lactose which then in return will
aid in the growth of Lb. delbrueckisubsp. bulgaricus. The symbiotic
relationship provides for greater growth rate, and acid production.
Other symbiotic relationships of dairy starter culture s are not as
well established.

Natural or artisanal starter cultures

With an interest in artisanal cheeses there is also a growing
interest in artisanal dairy starter cultures. Traditionally, artisanal
cultures were derived from the previous batch of cheese. Previous
batch of cheese providedthe starter culture thus the inoculum for
the next batch of cheese being manufactured. Such cultures
particularly were used in countries such as Greece, Italy, France and
Switzerland. These cheeses tended to be rawmilk cheeses thus the
starter culture also relied on the presence of lactic acidbacteria in
the raw milk. Composition of these starter cultures were complex,
and were variable depending on the temperature of incubation and
pH that favored the growth of specifi ¢ microorganisms. These
starter cultures were a mixture of thermophilic as well as mesophilic
mixed cultures. They may have been susceptible to phage. As a
result they did not provide a product with consistent results (Fox et
al. 2000).

Today artisanal cheese is a booming industry; in the U.S. the
numbers of artisanal cheesemakers have doubled since 2000.
Artisanal cheese implies that the cheeses are made by hand. The fact
Is that most cheeses have alwaydeen made by hand, but the skilled
cheesemakers did not identify them as artisans in the past. As the
production of artisanal cheeses is growing due to increased interest
and demand, today the artisanal cheesemakers are also coming to
rely on commercial defined mixed strain cultures for consistency.

52



Advanced Dairy Microbiology D r. Amer Alzobaay

Adjunct cultures

Adjunct cultures are typically used in cheeses to provide for
additional flavor development. Adjunct cultures can increase the
intensity and change the balance of cheese flavor. These adjunct
cultures could be thermophilic organisms added to survive the
cooking temperatures of the curd and be involved in flavor
development later. However, these organisms will not grow and
contribute to acid or flavor production at temperatures below 25°C.
Mesophilic cultures such as Lactobacillus caseand Lactobacillus
paracasehave also been traditionally used in flavor improvement
(i.e., Cheddar cheese). Lack of flavor in cheese today has been a
consequence of high quality raw milk (low microbial counts),
pasteurization of cheese milk, and improved hygiene in cheese
plants. Other non-starter lactic acid bacteria (NSLAB) have been
studied as adjunct cultures in cheese flavor development.

More recently, probiotic microorganisms have been added as
adjunct cultures to traditional fermented dairy foods including
yogurt, fermented milk cheeses. Bifidobacterium spp. and
Lactobacillus acidophildsave beenused as adjunct probiotic cultures
due to data accumulating on their health benefits.
Exopolysaccharide producing lactic acid bacteria are alsobeing
studied as potential adjunct cultures in low fat cheeses to provide
for improved texture and better moisture control (Low et al. 1998,
Hassanet al. 2005).

On the other hand, the nonstarter lactic acid bacteria (NSLAB)
persist and can grow from levels of 102 to 104 cfu/g to ~108 cfu/g
after manufacture, where they can have a signifi cant impact on fl
avour, either positively or negatively (Khalid and Marth 1990,
Cogan et al. 2007). The role of the secondary micrefl ora is evident
incertain ET 1 1 Ul wYEUDIT UPI UOwl 6T dOw?1 al 2 wi
of lactate by propionibacteria in Swiss -type cheeses (i.e., Emmental,
Gruyere de Comte) and neutralization of the pH of the surface of a
cheese due to metabolismof lactate by yeads and moulds in mould -
and smear-ripened cheeses (i.e., Camembert and Limburger)
(Dezmazeaud and Cogan 1996).Penicillium camembertcultures are
commercially available for the manufacture of mould -ripened soft
cheeses (i.e., Brie and Camembert), andPenicillium roquefortifor
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blue-veined cheeses (i.e., Danish Blue, Stilton, Gorgonzolaand
Roquefort). In addition, Geotrichum candidumare used in
mouldripened cheeses since its deacidifi cation activty stimulates
the growth of moulds on the cheese surface, and yeasts such as
Debaryomyces hansenii Kluyveromyces lactis Candida utilis
Saccharomyces cerevissarel Rhodosporiunmfi rmominiatumare used
In bacterial smear cheeses to stimulate the growthof smear bacteria,
due to their deacidifi cation potential, and for their debittering
effect, due to their aminopeptidase activity (Chamba and Irlinger
2004). For the manufacture of bacterial smeatripened cheeses,
cultures of Brevibacterium linensand Brevibacterium caseire
available, since they belongto the typical surface bacterial flora of
such cheeses and contribute to theformation of aromatic sulphur
compounds (Bockelmann 1999).

In addition, it has been suggested that addition of the adjunct
cultures may be an indirect solution for controlling the growth of
non-desirable bacteria in cheese (Crow et al. 2001, Di Cagno et al.
2003). Theterm? x UOUT EUDPYI weUOUUUI U> wi EVWEI I
food cultures exhibiting a metabolic activity contributing to
inhibiting or controlling the growth  of undesired microorganisms
in food (European Food and Feed Cultures Association 2011). These
undesired microorganisms could be pathogenic or toxigenic
bacteria and fungi but spoilage causing species may also be
included.

Metabolisms by starter cultures

The main purpose of the starter culture in fermented dairy
foods is to bring about the chemical, sensory, and nutritional
changes typically associated with that food. Probably the most
important feature of lactic acid bacteria is their ability to ferment
carbohydrates, and to produce lactic acid as the primary end
product or as one of the end products. It is important to note that
lactic acid bacteria may change their metabolism in response to
dif ferent conditions, therefore, resulting in different end products
of fermentation. Most of the time the change is due to altered
pyruvate metabolism.
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Lactose metabolism
One of the most important characteristics of dairy starter cultures is

their metabolism of lactose. Lactose is the main carbohydrate found
in milk present at 4350 g # 1. It is a disaccharide made up of one

molecule of glucose and one molecule of galactose thatisn 1 4

linked. Their ability to ferment lactose is the most important
selection criterion for dairy starter cultures. Dairy starter cultures
are categorized into two main categories homofermentativeor
heterofermentativeorganisms based on their ability to ferment
sugars. Homofermentative starter cultures include Lactococcs
Streptococcusind some of the lactobacilli. These microorganisms
metabolize sugars using the glycolytic (or Embden-Meyerhof-
Parnas (EMP)) pathway, where one mole of glucose is fermented
into two moles of lactic acid and two ATPs are produced.

Heterofermentative  starter cultures, which include
Leuconosto@nd remaining of lactobacilli, ferment one mole of
glucose into one mole of lactic acid, one mole of C&, and one mole
of ethanol, or one mole of acetic acid utilizing the phosphoketolase
pathw ay which yields one ATP. Fermentation of sugars by the
phosphoketolase pathway produces only half of the energy that of
glycolytic path (Marth and Steele 2001, Vasiljevic and Shah 2008).
The differences in metabolic end products have significant impact
on the final product.

In the genus Bifidobacteriumthe pathway for metabolism of
sugars are different than that for homo and heterofermentative
lactic acid bacteria discussed above. Their optimum growth
temperature is 36t 43°C. Becausethey also produce lactic acid as
their fermentation end product they were (and are) often grouped
with lactic acid bacteria even though they are phylogenetically
distinct with high G+C content (42167%) (Scordavi 1986).
Bifidobacterium degrade hexoses by the fructose-6-phosphate
pathway (Fig. 6). In this pathway aldolase and glucose-6-phosphate
dehydrogenase are absent, instead fructose 6phosphate
phosphoketolase (F6PPK) ispresent. This enzyme is considered a
taxonomic marker for this organism.

55



Advanced Dairy Microbiology D r. Amer Alzobaay

2-Glucose

Fructose-6-P Fructose-6-P
Erythrose-4-P Acetyl-P 3! 3 Acetate
Glyceraldehyde Sedoheptulose
Ribose-5-P Xylulose-5-P >» Xylulose-5-P
\ / Pyruvate
Ribulose-5-P *

2 Lactate

Figure 6. Sugar metabolism by bifi dobacteria.

Citrate metabolism

Citrate is naturally found in milk . Citrate metabolism by
dairy starter cultures is an unstable trait due to the plasmid
localization of genes encoding for citrate. Not all dairy starter
cultures are capable of metabolizing citrate (Palles et al. 1998).
Citrate is metabolized by certain mesophilic starter cultures such as
Citrate+ Lactococcuand Leuconostospp. (Leu. mesenteroidesibsp.
cremorisand Leu. lactig. Citrate is not metabolized by thermophilic
cultures. Studies on citrate permeases have shown that citrate can
be taken up by the cells by diverse mechanisms or through a proton
motive force generation. Citrate uptake is regulated by pH of the
growth media. However, the mechanism of
activation of citrate uptake at acidic pH is still not well understood.
Citrate metabolism by dairy starter cultures produces acetate, CO2,
diacetyl, acetoin and 2,3 butanediol. Citrate derived pyruvate is the
branching point of the formation of these compounds (Fig. 7).
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Figure 7. Citrate metabolism by dairy starter cultures. 1: Citrate
lyase, 2: Oxaloacetatedecarboxylase, 3: Lactate dehydrogenase, 4:
Pyruvate decarboxylase, 5. Acetolactate synthase, 6: Acetolactate
decarboxylase, 7, 8: Diacetyl acetoin reductase, and 9: Butanediol
dehydrogenase. TPP: Thiamine pyrophosphate.

Although citrate is co -metabolized with lactose, unlike lactose
it is not utilized as an energy source. Thus, citrate does not support
growth of these microorganisms. CO:2 produced during citrate
metabolism provides for the eye formation in certain cheeses such
as Dutch type cheeses, whereas diacetyl and acetate are important
flavor and aroma compounds in fresh unripened cheeses.
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Diacetyl is also an important compound that provides buttery
aroma and flavor in many other dairy foods. In cheese such as
Comte and Manchego enterococci make up a significant part of the
fresh and fully ripened cheese microbiota. It has been reported that
the enterococci may play an important role in the aroma and flavor
of these cheeses due tocitrate catabolism by these organisms
(Quintans et al. 2008).

Proteinase activity

Dairy starter lactic acid bacteria are fastidious nutritionally.
They require growth promoters such as amino acids as well as
vitamins since they have limited abilities to synthesize them
themselves (Mierau et al. 1996).Requirements for amino acids are
strain specifi c. These amino acids include glutamate, methionine,
valine, leucine, isoleucine and histidine which are required for
growth by lactococci. Proteolytic system in lactococci has been
extensively studied (Christensen et al. 1999, Broadbent and Steele
2006).0ther strains may require phenylalanine, tyrosine, lysine and
alanine. Milk is a suitable growth medium for starter cultures;
however, it does not have adequate levels of peptides and free
amino acids to effectively support growth of lactic acid bacteria
(Vasiljevic et al. 2005). Thus, lacticacid bacteria have developed a
complex proteolytic system, which includes proteinases which
break down caseins to peptides, peptidases which degrade
peptides, and transport systems which translocate amino acids,
peptides across the cytoplasmic membrane into the bacterial cell
(Naes and Nissen-Meyer 1992, Kunji et al. 1996). Proteinases and
peptidases produced by starter culture microorganism provide
them the ability to utilize casein as an additional source of amino
acids and nitrogen for growth and acid production (Smid et al.
1991). Caseirs are more susceptible to proteolytic action than whey
proteins due to their open and random structure. There are actually

four different caseins in milk ( Kk sl1-, K s2-, n -, € -casein; ratio of
4:1:3:1).In addition these microorganisms must have intracellular
peptidases to hydrolyze peptides to the constituent amino acids. In
lactococci, these peptidases include exopeptidases such as
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aminopeptidases, tripeptidases and dipeptidases (Broadbent 2001,
Sridhar et al. 2005).

The proteolytic activities by the starter lactic acid bacteria also
have animportant role on the properties of the final dairy product
Peptides and amino acids produced by these organisms due to
degradation of caseins serve as important precursors for the
formation of flavor and aroma compounds.

Many dairy starter lactic acid bacteria produce NH3 from
amino acid arginine through the arginine deiminase pathway which
can also serve assource of energy for some starter bacteria (Fig.8.).
In this pathway arginine is first converted to cit rulline by arginine
deiminase with release of NHa.

Arginine

H.,O

NH;

Citrulline

[§]

Ornithine

Carbamoyl phosphate

ATP

ATP
CO,

NH;
Figure 8. Arginine metabolism by arginine deiminase pathway. 1:

Arginine deiminase, 2: Ornithine carbamoyltransferase, and 3:
Carbamate kinase.
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Citrulline is phosphorylated to carbamoyl phosphate by
carbamoyltransferase. Carbamoyl phosphate is next hydrolyzed to
CO:2 and NH s with release of one mole of ATP by the action of
carbamate kinase.

Production of exopolysaccharides

Some dairy lactic acid bacteria are capable of secreting
extracellular x OOAUEEET EUPEITI Uwp$/ 2A6w OUT OUT I
character, theexact physiological role of these molecules is not clear.
EPS contribute toimprovement of rheology, texture and mouthfeel,
and function as thickening agents in cultured dairy products such
as yogurt thus providing a substitute for commercial stabilizers .
EPS producing cultures have been reportedto improve functional
properties of low -fat and part-skim Mozzarella cheese,viscoelastic
properties of reduced-fat Cheddar cheese (Hassan et al. 2005). EPS
also have been of interest due to their potential as prebiotics.
Heteropolysaccharides containing gluco - and fructo -
oligosaccharides may function as prebiotics and support probiotic
organism in fermented dairy foods, and/or have been suggested to
manipulate the balance of the gut microflora.

EPS are polymers of repeating units of sugars or sugar
derivatives mainly of glucose, galactose and rhamnose of different
ratios. They may be branched. They are secreted by the orgnism
into the surroundings media. Unlike capsular polysaccharides they
are not attached to the microbial cell. The EPSproduced by starter
culture bacteria can be classifi ed into two categories,
homopolysaccharides or heteropolysaccharides.

Homopolysaccharides are repeating units of one type of
monosaccharides such as glucose or fructoseto produce glucans
and fructans. Heteropolysaccharides include gellan and xanthan.
They have repeating units that demonstrate little structural
similarity and show different linkage patterns. The amount and
type of EPS produced is influenced by culture strain, culture
conditions and medium composition. Type of carbon source is
reported to have a great influence, and may impact EPS
composition. Leu. mesenteroidesd S. mutanshave beenshown to
produce homopolysaccharides, whereas heteropolysaccharidesare
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produced by many lactic acid bacteria including S. thermophilusL.
lactis, and dairy Lactobacilluspp. (de Vuyst et al. 2003).

Inhibitors of starter culture grow th, and acid production

There are four main causes of starter culture inhibition and/or
slow acid production in the production of fermented dairy foods.
These are: (1)yresence of antibiotics in the milk, (2) bacteriophage,
(3) bacteriocins and (4) natural inhibitors. Of these four,
bacteriophage is probably the most important and has the greatest
economic consequences in commerciabproduction of foods.

1. Antibiotics
Antibiotic residues result in milk due to use of antibiotics to treat
mastitis in dairy cows. Antibiotics such as penicillin or derivatives
are infused into EOPz7 UWUEET UWwEUUDOT wOUI EVOI OC
concentration of antibiotics in milk will decline with each milking.
However, milk from antibiotic treated animals must be discarded
until th e entire antibiotic has beenexcreted by the animal, which is
usually 72 hr. If this is not done, then the milk is contaminated with
antibiotics. Different starter cultures have different sensitivities to
antibiotics; thermophilic cultures are more sensiti ve
to penicillin and more resistant to streptomycin than mesophilic
cultures. Regardless, typically antibiotics in milk will cause slow
culture growth and activity during manufacturing of fermented
dairy foods. Today a number of tests are available to detect
antibiotic residues in milk. In addition better education at the farm
level and severe penalties to the farmer who supplies contaminated
milk, have nearly eliminated problems associated with antibiotic
residues in milk.

Contrary to most starter bacteria, most bifi dobacteria are
resistant to numerous antibiotics; particularly to nalidixic acid,
gentamicin, kanamycin, metronidazole, neomycin, polymixin B and
streptomycin. Whereas ampicillin, bacitracin, chloramphenicol,
clindamycin, erythromycin, lincomycin, nitrofurantoin,
oleandomycin, penicillin G and vancomycin inhibit most species.
Resistance of bifidobacteria to antibiotics makes it possible to
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selectively isolate them from complex flora using antibiotics as
selective agents inculture media.

2. Bacteriocins

Bacteriocins are proteins ribosomally synthesized antimicrobial
peptides produced by starter bacteria; although some may be
plasmid mediated. Bacteriocins generally have a narrow host range
and inhibit only closely related bacteria. Bacteriocins have different
mechanism of biosynthesis, structures and mode of action (Barefoot
and Nettles 1993, Broadbent 2001).They kill related bacteria by
various mechanisms such as inhibiting synthesis of cell-wall,
making the membrane of the target cell more permeable, or by
inhibiting RNAase or DNAase activity. The bacteriocin producing
bacteria also have different mechanisms of selfimmunity and gene
regulation. The s UIPOIOUOPUaz wOi wUT 1T WEEEUI UPE w
bacteriocin to its own antimicrobial product is what differentiates
bacteriocins from antibiotics .

3. Other natural inhibitors

In addition to bacteriocins, starter cultures can produce other
potential inhibitors such as lactic and acetic acid, and hydrogen
peroxide. Milk also contains natural inhibitors, which inhibit the
growth of some strains of starter bacteria. These natural inhibitors
include immunoglobulins and lactoperoxidase (LP) naturally found
in milk. The immunoglobulins can interact with susceptible starter
bacteriaand cause agglutination of the starter culture. Agglutinated
starter bacteria are not evenly distributed and thus cause uneven
acid production in the vat .
Thiocyanate is naturally present in milk when cows are fed Brassica
plants. Hydrogen peroxide is produced by some starter bacteria or
through xanthine oxidase activity. Hydrogen peroxide will complex
with lactoperoxidase, and this complex will oxidize thiocyanate.
Resulting intermediates and products are inhibitory to the starter
bacteria and some pathogens. Today, inhibition of starter cultures
by these inhibitors is unusual because strains are selected
accordingly. Other inhibitors such as lysozyme and lactoferrin do
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not inhibit starter cultures to the same extent to be significant in
commercial production of fermented dairy foods .

4. Bacteriophage
Bacteriophage (or phage) is ubiquitous in nature, although sources
of phage for the dairy starter cultures still remain unclear. Over the
last 70 years, phage has been the major cause of slow acid
production or starter failure in the dairy plant. Thus, phage
infection can impact manufacturing schedules, and in severe cases
results in dead vats. Lactic acid bacteria phage biology is based
largely on their impact on L. lactisand S. thermophilussince these
two species have been the most signifi cantly impacted in industrial
fermentations. Phage is an obligate parasite; it is a virus in most
cases consisting of proteinand nucleic acid. The majority of phages
are members of Siphoviridae Phagemorphology consists of a head
structure that contains the DNA (genetic information), and a tall
structure that is connected to the head. A collar between the head
and the tail may also be present. Phage multiplication occurs in one
or two ways. Therefore phages are differentiated based ontheir life
cycle as lytic or lysogenic phages and called virulent and temperate,
respectively.

Lactic acid bacteria (LAB)

LAB are Gram-positive, catalase-negative, non-motile, non-
respiring if not provided with heme (some re quire in addition
menaquinone) and non-sporeforming cocci, and rods, which
produce lactic acid as the major end-product of the fermentation of
carbohydrate (Lechardeur et al. 2011).Some members of the LAB
genera, Lactobacillus Leuconostgc Lactococcus Pediococcys
Streptococcys Enterococcus Carnobacterium Weisella Oenococcuys
Aerococcus Tetragenococcusand Vagococcys carry out a
heterofermentation producing carbon dioxide, acetic acid or ethanol
. Table 7. Showed some properies ofLAB.
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Table 7. Some propertis of LAB

Rods Cocel
Lactoc.  Leucon.

Character Camob.  Lactob. ~ Aeroc.  Enmteroc. ~ Vagoc. ~ Oenoc.  Pedioc. ~ Streptoc.  Tetragenoc.  Weissella”
Tetrad formation - - - - - - 1 - + -
C0, from glucose” - t - - - + - - - +
Growth at 10°C + + + + + + + - : 4
Growth at 45°C - + - + - - + + - -
Gowhin6S%NCl  N' £+ o+ o+ - & 4 - t 1
Growth in 18% NaCl - - - - - - - - + -
Growth at pH 44 ND t - 1 + + 1 - - +
Growth at pH 9.6 - - + + - - - - + _
Lactic acid* L oLl L L L D Lot L L D, DL

+, positive; —, negative; +, response varies between species; ND, not determined.

“Weissella strains may also be rod-shaped.

"Test for homo- or heterofermentation of glucose; negative and positive denotes homofermentative and heterofermentative, respectively.
“Small amounts of C0; can be produced, depending on media.

®No growth in 8% NaCl has been reported.

“Configuration of lactic acid produced from glucose.

"Production of D-, L, or DL-lactic acid varies between species.

LAB growth results in a preservative effect due to reduction
of pH, competition for nutrients, and possible production of other
antagonistic compounds such as antibacterial peptides, anti-fungal
peptides, hydroxyfatty acids, hydrogen peroxide, ethanol, CO2,
diacetyl, acetaldehyde, phenolic compounds, antibiotics, small
antibiotic -like  molecules, siderophores, enzymes and
bacteriophages(Table. 8). In biopreservation the preservative effect
cannot usually be contributed to one antimicrobial compound and
its concentration. The antimicrobial compounds produced during
fermentation may all contribute to the preservative effect; however,
the mechanism of antimicrobial action cannot always be
satisfactorily explained due to the complex interactive and/or
synergistic activity of these different compounds .

64



Advanced Dairy Microbiology D r. Amer Alzobaay

Table 8. Antimicrobial substances of lactic acid bacteria.

Substances

Organic acids: lactic acid, acetic acid, citric acid, benzoic acid, mevalonic acid,
phenyllactic acid

Lactone

Methylhydantoin

Hydrogen peroxide

Ethanol

Carbon dioxide

Diacetyl

Acetaldehyde

Phenolic compounds

Hydroxy-fatty acids

Cyclic peptides: Cyclo(Pro-Pro), Cyclo(Leu-Pro), Cyclo(Tyr-Pro), Cyclo(Met-Pro),
Cyclo(His-Pro)

Bacteriocins: nisin, pediocin (>180 known)

Citidine

Deoxycitidine

Reuterin

Reutericyclin

Cell-wall degrading enzymes

Proteases (some inhibit directly and others by releasing antimicrobial peptides)
Siderophores

Bacteriophages

In general, most LAB are considered as safe mainly due to
their long history of safe use in food fermentation, but also as they
mostly do not produce toxins and when isolated from patients
(blood or inflammation tissue) the patients usually are
immunocompromised (Bernardeau et al. 2008). Strains with a
history of food usage have a QPS (Qualified Presumption of Safety,
in EU) and GRAS (Generally Recognized as Safein US) status. LAB
may also be added to foods as probiotics for therapeutic advantages
(Howarth and Wang 2013). Howe ver, it is good to keep in mind that
some LAB are pathogenic, play a role in development of caries or
spoil foods.
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Probiotics
It can only be a matter of time, we shall obtain exact
information on the influence of diets which prevent intestinal
putrefaction, prolong life and maintainthe EOE az Uwi OUET U
Metchnikoff (1907)
Milk is not only an important food for humans, it is the first
food of infants. It is believed humans began domesticating animals
somewhere between 8000 BC and 5000 BC. Ndbng after, it must
have been realised that the milk of other animals was just as able as
human milk to satisfy the nutritional, energy and fluid needs of both
adults and children. Moreover, early humans must have soon
discovered that, whereas milk normally has a short life, under
certain conditions, it forms curds with an extended shelf -life.
Probiotics in the form of fermented milk products have been
in regular and continuous use as a source of nutrition and,
unkOOPBDOT Oaowi OUwIi 1 EOUT wEidkam®»ia.OO01 EI BC
Indeed, early evidence comes from a sculptured relief found at Tel
Ubaid in ancient Babylon that appears to depict the production of
cultured milk products for food some 8000 years ago. Milk is aso
mentioned in the Old Testament several times: when three angels
visited Abraham, he asked Sarah to bake bread and he brought
curds and milk (Genesis 18:7). Sumerians also crossed expanses of
EIT Ul UOwPPUT wOPOOWEEUUDI| SamAcbwiere T UwOEE
bacteria fermented the milk to curd, improving its flavour and
keeping qualities.
Definitions of probiotic foods including dairy products have
been reported by many researchers (FAO/WHO, 2001, 2002;
Gardiner et al., 2002b; Moeller & de Vrese, 2004Mal cata et al., 2005;
Sharma & Ghosh, 2006; Shah, 2007; Vasiljevic & Shah, 200Baker
et al., 2009; Ershidat & Mazahreh, 2009; Soccol et al., 2010; Hati et
al., 2013;Shiby & Mishra, 2013; Hill et al., 2014; Sharma & Deuvi,
| YK Ow2 E OU P E R2025;Turtick & vianuHekkemE2015)0such
1 OT EOCOEl wi 1l EOUT wEawbOxUOYDPOT wlI 1 WEEOE
EOEYOUws OPEUOEPEOWEI OOUwxUI xEUEUDPOOL
cells that have abeneficial | | T T EQwOOwI I EOUT wEOEwWPI |
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I OUUzG6 w2l YI UEOwx UI x Ediréins bfQ#etob@acill@O U U wE O
spp. and/or Bifidobacteriunspp., are well established in the market,
and foods containing probiotic bacteria have been marketed in
Japan since the1930s. Since the publication of the first edition of this
book in 2005, there has been @aremendous increase in the number
of microbial species and strains included in probiotic dairy products
(e.g. pasteurised milk, ice cream, cheeses and infat formula);
fermented dairy products, however, remain the most common
vehicle for probiotic organisms (Tamime et al., 1995; Belem, 1999;
+OUUI OUr ' EOUDPOT T iawveskd20020Sal@nauf002;y vE O
Stanton et al.,, 2002; Shah, 2004; Roy, 2005; Sanchet al., 2009;
Granato et al., 2010; Homayouni et al., 2012b; Khan, 2014; Kumar et
al., 2015; Reid, 2015; Kandylis et al., 2016). Of these, yoghurt is by
far the most common vehicle for probiotic organisms .

More than 100 probiotic fermented milk products ar e
available in markets worldwide. To confer health benefits, it is
advisable that products sold with any health claims contain a
minimum concentration of probiotic bacteria of 10 ¢ colony forming
units (cfu) mLN or g\ at the expiry date. The minimum therapeutic
dose per day is suggested to be 101 cfu mL™ or g'\; or,
alternatively, the health effects relate to dosage where the
concentration is not important, but how many cells are delivered
per portion (e.g. total cfu per container consumed) .

Probiotic micro * organisms

s3UEEDPUDPOOEO7Z WOEEUPEWEEPEWEEEUI UDE
during the manufacture of fermented milks and cheeses belong to
the genera Lactococcus, LeuconostoPediococcys Streptococcus,
Lactobacillusand Propionibacterium the former two genera are
mesophilic, whilst the latter types are thermophilic. In some
applications, blue and white moulds are used in cheesemaking, and
Geotrichum candidurs used in Viili production to produce a velvety
surface on top of the product. In addition, a wide range of yeasts
have been identified in the kefir grains. However, Saccharomyces
cerevisiae var. boulards the only yeast that has been identified as
being probiotic, and limited da ta are available on the use of this
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species in dairy products. The genusBifidobacteriums widely used

inmixeds OUEEDPUDPOOEOz w+ ! wUUEUUTI UwEUOUUU
of probiotic dairy products.

/| UOEDOUDPEWODPEUOI OUT EODPU Gemented &nB ET wi EY
unfermented milk products including cheese, are shown in Table 9,

together with their main metabolic products. This provides some

information on their possible role in flavour production, but it

should be noted that the traditional LAB (i.e. starter cultures) are

mainly responsible for much of the flavour and aroma . The strains

of pediococci, lactobacilli, enterococci and bifidobacteria that are

usedEUwx UOEDPOUPEWOPEUOI OUT EOPUOUWPOWEE
tricarboxylic acid cycle when fermenting the milk, although some

of its enzymes may be present.

Table 9. Some selected characteristics of probiotic micro * organisms
used in dairy foods and their principle metabolic products

Starter organism Metabolic product Lactose fermentation

[. Lactic acid bacteria
Pediococcus acidilactict DL lactate Homofermentative

Lactobacillus acidophilus, gasseri, helveticus DL lactate Homofermentative
and johnsonii

Lactobacillus casei, reuteri, plantarum, DL lactate Heterofermentative
rhamnosus and fermentum

Bifidobacterium adolescentis, animalis subsp. L(+) lactate, acetate Heterofermentative
animalis, bifidum, breve. infantis', animalis
subsp. lactis, and longum’

Enterococcus faecium and faecalis L(+) lactate Homofermentative
[I. Yeasts
Saccharomyces cerevisiae var. boulardii ? Ethanol, CO,

'Presumed to be Bifidobacterium longum subsp. infantis.
*Presumed to be Bifidobacterium longum subsp. longum.
Data adapted from Masco et al. (2004) and Tamime et al. (2006).
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M echanisms of action of probiotics

Studies haveshown that benefits for human health are attributed
to consumption of probiotics, mainly for GIT diseases , though also
for other diseases, including osteoporosis, cancer, obesity and type

2 diabetes, depression and atopic dermatitis . In this context, the

main mechanisms of action described for these microorganisms in

the host include:

(i) colonization and regulation of a dysbiotic intestinal microbiota .

(i) protection of the epithelial barrier by maintaining tight junction

integrity .

(i) induction of mucin production and B-cell-secreting IgA, which
are important defense mechanisms necessary to maintain
epithelial integrity and to protect the intestine from the external
environment.

(iv) increasing adherence to the intestinal mucosa and inhibiting of
concomitant pathogen adherence based on competition for
available nutrients and sites of mucosal adhesion

(v) competitive exclusion of pathogenic microorganisms, such as
Staphylococcus aureasd Salmonellayphimurium .

(vi) production of antimicrobial substances such as acetic and lactic
acids, and bacteriocins, which have strong inhibitory effects
against Gram-negative bacteria and have been considered as the
main antimicrobial compounds produced by probiotics against
pathogens.

(vii) production and secretion of metabolites of SCFAs with anti-
inflammatory properties, such as acetate, propionate, and
butyrate, which exert beneficial effects on intestinal and
immune cells, being important compounds for cell proliferation,
cell differentiation, and gene expression, and they are sgnaling
molecules of immunological pathways; butyrate is the primary
energy source of colonocytes,and it has an epithelial barrier
function; SCFAs can also induce expression of the anti-
inflammatory cytokine IL -10, inhibiting inflammatory
responses.

(viii)  inhibition of the activation of the NF -kB signaling pathway .
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(ixX) interaction with the guttbrain axis via the production of
metabolites such asg-aminobutyric acid (GABA) .
x) OOEUOEUDPOOWO!l wOT T wi OUUzZUwbOOEUI weOE
responses through interaction with epithelial cells, dendritic
cells, monocytes, macrophages, and lymphocytes .In addition,
probiotics can act by inducing host autophagy to attenuate
oxidative stress-induced intestine injury .

Prebiotics

Prebiotics contribute to the nutrition of the host, inhibit the
growth of potential pathogens and promote beneficial microbiota.
The latter causes fermentation of non-digestible fibers, save energy,
synthesize vitamins B and K, produce short chain fatty acids (SCFA)
and polyamines, leads to improvement in Gl motility and function,
reduce the level of cholesterol and stimulate the immune system.
Other benefits of prebiotic consumption includes , reduction in the
prevalence and duration of infectious and antibiotic -associated
diarrhea; reduction in inflammation and symptoms associated with
inflammatory bowel disease, protective effects for prevention of
colon cancer, enhancement of the bioavailablity and uptake of
minerals, including calcium, magnesium, and possibly iron;
lowering in some risk factors for cardiovascular disease; and
promotion of satiety and weight loss and prevention of obesity.
Prebiotics provide their health benefits by two mai n mechanisms,
one is by selective proliferation of beneficial bacteria especially
bifidobacteria and lactobacilli in the gut, which provide resistance
against colonization of pathogens thereby reducing exogenous and
endogenous intestinal infections. These beneficial organisms
modulate the immune system and suppress inflammatory bowel
disease (IBD) inflammation. The other mechanism is by production
of SCFA. Metabolism of prebiotics leads to the production of SCFA.
These SCFA show various beneficial effects mcluding reduction of
cancer risk, increase in mineral absorption, improvement in bowel
habit, control of serum lipid and cholesterol level, and reduce cancer
risk and IBD inflammation.
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Synbiotics

Synbiotics refer to nutritional supplements combining
probiotics and prebiotic food ingredients and in a form of synergism
that improve the survival and implantation of live microbial dietary
supplements in the tract, either by stimulating growth or by
metabolically activating the health promoting bacteria . The effect
of whole symbiotic synergy primarily depends upon efficacy of
probiotic strain used, while the prebiotic surges the strain to
produce its maximum attributes.

Now days, synbiotic supplements not only given as feed
supplements or pharmaceuticals but increasingly in suitable food
specimens such as dairy products, fruit juices and chocolates. The
synbiotic concept has been widely used by European dairy drink
and yoghurt manufacturers such as Aktifit (Emmi, Switzerland),
Proghurt (Ja Naturlich Naturprodukte, Austria), Vifit (Belgium,
UK) and Fysiq (Netherlands . Administration of synbiotics as a food
supplement is safe, simple, and convenient. Therefore,
characterizing a new and novel synbiotic combination would find
multifaceted use in disease prophylaxis and management for
human use. Nowadays, the term integrated synbiotics is more
preferable than synbiotics alone, when we consider specific

synergies between probioti cs and probiotics.
PROBIOTICS PREBIOTICS

Inulin

L. johnsonii

Xylooligosaccharides

L. acidophilus Galactooligosaccharides (GOS)

e

Lactulose

B. animalis

L. brevis

Fructo-oligosaccharides (FOS)
Isomaltooligosaccharides
Lactitol

L fermentum,

8. infantis

Bifidobacteria+ GOS

Bifidobacteria + FOS
LGG +inulin

Lactobacilli+ lactitol
Lactobacilli+ FOS or inulin

SYNBIOTICS
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Changes in motility
and pain perception

Fgure 10. Prabiotic mechanisms of action. Probiotics, after they reach the intestines,
promote beneficial effects to the host by various mechanisms. These include mucin
production, production of bacteriocins, acids, and short-chain fatty acids (SCFA),
which are responsible for the inhibition of pathogens, inhibition of bacterial
translocation, and inhibition of pathogens due to competition for receptors and
nutrients. There is also stimulation of dendritic cells, which in turn induce the
differentiation of T cells into Thl, Th2, and Treg, the latter being responsible for
maturation of plasma cells, and thus immunoglobulin A (IgA) production and
secretion; stimulation of beta -defensin production; inhibition of signaling
pathways, such as nuclear factor kB (NF-kB), MAPK, and STAT, promoting
proliferation and survival of the cells; changes in cytokine production profile,
enhancing the production of anti -inflammatory cytokines and inhibiting
proinflammatory factors; and interaction via the enteric nervous system with the
central nervous system, promoting changes in intestinal mobility and pain
perception.
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Postbiotics

Postbiotics refers to the metabolic by products like enzymes,
peptides, teichoic acid, peptidoglycan derived muropeptides,
exopolysaccharides, cell surface and secreted proteins, bacteriocins
and organic aids generated by a probiotic organism during its
lifespan [90, 91]. Probiotics are living organisms, which eventually
die but they secrete these postbiotic as rutritive patrimony that
continues to improve health. Postbiotics avoids risks linked with the
administration of live probiotic bacteria. Despite of proven benefits
of probiotics, there are many concerns about their side effects like
spreading of antibiotic resistance gene, virulence factor in particular
strain, translocation to tissues or blood, risk of sepsis in premature
infants, hindrance to normal colonization of other microflora
Opposite to that, postbiotics have advantage due to their clear
chemical structure, safety dose parameters and longer shelf life
which can influence physiological function of host . Postbiotic
substances contain various metabolites and signalling molecules
which display broad antibacterial spectrum and
iImmunomodulatory actions . Recently, supplementation of
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postbiotics with inulin leads to decrease in proliferation of
pathogenic bacteria.

These products include cell surface proteins (surface-layer
proteins), cell-free supernatants (CFS), cell lysates,bacteriocins,
enzymes such as glutathione peroxidase (GPx) and superoxide
dismutase (SOD), peptides, teichoic acids,exopolysaccharides, B
group vitamins, secreted polysaccharides, organic acids (lactate),
and SCFAs (acetate, propionate, andbutyrate) .

Postbiotic mechanisms of action have not been fully
elucidated; nonetheless, there is evidence that they promote
antioxidant and antiproliferative effects, stimulating
antipathogenic, immunomodulatory, and anti-inflammatory
proprieties (Wang et al., 2018;Gao etal., 2019).

Paraprobiotics
TIT wUIl UOUw ?xEUEx UOE b O UlatUoeen
defined to refer to inactivated organisms and their metabolites. The

EOQEw ?>

difference between them is that paraprobiotics, EO U O wO O O b-O wE U w?
YDPEEOI wx UOE b OUD Eed eellsnhile bddthidiidd velerOE E U D

to soluble factors, which can be products (or metabolic byproducts)
secreted by viable bacteria or releasedafter their lysis (Cuevas-
Gonzalez et al., 2020). It is alreadypossible to find products on the
market that contain inactivated bacteria (e.g., Lactéol FortR from
PUMC Pharmaceutical Co., Ltd. and Fermenti Lattici TindalizzatiR

from Frau, AF United Spa) .

PROBIOTICS

LIVE MICROORGANISMS
that, when administered in adequa(e amounts confer a health benefit on the host

i) \"I' 7] +

POSTBIOTICS PARAPROB|0T|c§[§p225!Z3T§'L'.‘?fi"f&ii.i,ﬁiﬁ.i&"iﬁg'.Zii’;'e”
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Industrial processing and storage of probiotic products still
represent technological

The use of paraprobiotics allows overcoming several of these
drawbacks and opens up new perspectives in the design of novel
functional foods, significantly simplifying industrial handling and
marketing. In fact, paraprobiotics could be added to several foods
that, due to their chemical or physical properties, do not offer a
suitable environment for the survival of probiotics (such as fruit
juice). Furthermore, paraprobiotics do not directly interact with
food matrices and do not modify their organoleptic features . In
addition, they could be added before thermal processing of food
without completely impairing health-promoting features while
assuring food safety and are not affected by antibiotic treatments .

On the other hand, it should be taken into consideration that
inactivated cells should be unable to produce secreted metabolites
(such as bacteriocins, lactic acid, vitamins, etc.Jand enzymes which
could have a relevant role in the probiotic health effects.
Due to these features, novel foods containing paraprobiotics are less
affected by storage and transport conditions, thus guaranteeing a
prolonged shelf life and assuring economic advantages. These
points could offer an important opportunity to prompt the
functional food market with safer and more stable products.

Inactivation of probiotic cells can be achieved using physical
or chemical treatments capable of modifying microbial cell
components (cell membranes and envelopes, proteins,DNA, etc.)
and physiological functions (enzyme activities and membrane
selectivity) without completely destroying the cell structure.
Conventional and emerging technologies for the production of
paraprobiotics comprehensively reviewed by de Almada et al.
include those already applied for bacterial inactivation for safety
purposes such as thermal processes irradiation , UV rays , high
pressure and ultrasound . Furthermore, a combination of
techniques could result in more effective inactivation protocols
These processesould specifically target different cell components
and/or functions or generally damage the entire cell structure.
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In particular, thermal treatments that are still the most widely
used processes for producing paraprobiotics at laboratory and
industrial | evels damage the cell membranethus provoking leakage
of nutrients and ions and cause ribosome aggregation, protein
denaturation and DNA breakage . As an alternative to conventional
heat processesphmic heating has been very recently proposed for
paraprobiotic production. This technology has been applied and
optimized for the inactivation of probiotic Lactobacillus acidophilus,
Lacticaseibacillus casand Bifidobacterium animalis

On the contrary, other inactivation methods more specifically
target particular cell components. Microbial inactivation by ionizing
radiation (gamma rays or X-rays) is mainly ainly due to the damage
of nucleic acids caused by oxidative radicals originating from the
radiolysis of water .

However, methods and process parameters for paraprobiotic
production should be carefully tailored taking into consideration
the characteristicsof both target microbial species and food matrices
to assure that products retain their efficacy. In fact, inactivation
methods could affect the beneficial effects, and paraprobiotics
obtained with different technologies could exhibit different
functional features.

The ability to modulate the adaptive and innate immune
systems represnts the key feature of the paraprobiotic action .
Intriguingly, probiotic and paraprobiotic cells of the same species
can induce similar immunological responses by triggering the same
pathways or different mechanisms of action. Aggregation and
adhesion are also important properties of probiotics, being involved
In gut colonization and antagonistic effect against pathogens. These
features could be affected by experimental conditions used for cell
inactivation. Both live and heat-inactivated forms of fecal Lb.
acidophilus(treated at 60 °C for 30 min) were able to inhibit the
attachment of pathogenic bacteria (Escherichia coland Salmonella

typhi).
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THERMAL/OHMIC TREATMENTS HIGH PRESSURE TREATMENTS
cell membrane damage membrane rupture
leakage of nutrients and ions alteration of ribosomes
protein denaturation protein denaturation
ribosome aggregation protein coagulation
DNA breakage \ reduction of intracellular pH

inactivation of enzymes
loss of solutes

cell wall shearing
production of free radicals

[ formation of DNA ]

DNA damage photoproducts
membrane breakdown
cell lysis UV IRRADIATION
HIGH INTENSITY
ULTRASOUND damage of nucleic acids
caused by oxidative radicals

IONIZING RADIATIONS

Figure 11. Technological processes for the production of
paraprobiotics and their effects on bacterial cells

The mechanism of action of paraprobiotics is not yet fully
understood, but it is known that they are capable of acting in
immunomodulation . Lb. rhamnosusGG (LGG), inactivated by UV
radiation , or heat killed , has shown interesting results. uv-
inactivated LGG is as effective as living LGG in downregulating the
IL-8 responsein Caco-2 cells; IL-8 is a proinflam matory chemokine
released byintestinal cells . Heat-killed LGG was tested in an infant
rat model with LPS-induced inflammation and both live and
inactivated strains administered enterally (108 CFU/kg); both were
able to decreaseproinflammatory mediators induced by LPS and to
positively regulate anti -inflammatory mediators in the liver,
plasma, and lung . promoting the production of anti -inflammatory
cytokines. Another proposed mechanism is inhibition of signaling
pathways related to LPS stimulation, resulting in a reduction of
proinflammatory mediators, especially IL -8.
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Figure 12. The mechanisms of action of prebiotics, synbiotics, and paraprobiotics. Prebiotics
(A) act as nourishment for beneficial bacteria in the commensal microbiota, inducing the
production of mucins, SCFAs, and bacteriocins, the latter two causing pathogen inhibition.
Another mechanism by which prebiotics can inhibit pathogens is by interaction with an
adhesion receptor, such as the lectin receptor, demonstrating an antiadhesive action. Sub -
units of prebiotics and SCFAs can be used by the host cells for energy production and
promote directly or indirectly, via dendritic cells, immunomodulation of lymphocytes,
stimulating production of IgA an d anti-inflammatory cytokines. Synbiotics (B) have
mechanisms of action of both probiotics (Figure 4) and prebiotics (A). Moreover, synbiotics
have the advantage of generating a synergic effect, which promotes balance in the gut
microbiota, increased immun omodulation, reduced bacterial translocation, and reduction of
infections due to strong competition by probiotics against pathogens. The mechanism of
action of paraprobiotics (C) is still not fully understood, though immunomodulation of T
cells by dendriti ¢ cells has been reported, stimulating their differentiation into Th1 cells,
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Table 10. Health benefits of bioactive inactivated probiotic cells

in food products

References Microorganisms Inactivation Cell Foods/ Health Benefits
Treatment Concentration Nutraceuticals
Nishidaetal, 2017  Lactobacillus gasseri ~ Heat (95°C for 30s) 53 x 107 CFU/g ~ Fermented milk ~ Amelioration of
[63] beverage stress-related
symptoms and
improvement of
sleep quality
Sawadaetal, 2016  Lactobacillus gasseri ~ Heat (69 °C for over 5.3 x 107 CFU/g  Fermented milk Regulation of
[64] 1s+95°Cfor30s) beverage intestinal function
Nobutanietal,  Lactobacillus gasseri 48 x 107 CFU/g  Fermented milk  Alleviation of
2017 irritable bowel
[65] syndrome
Zengetal, 2016 Heat (water bathat 1 x 10-108-10°  Yoghurt Prevention of
[66] 65 °C for 60 min) CFU/mL epithelial
barrier dysfunction
Berni Canani et al,, Heat (85 °C 59 x 101 Spray-dried Modulation of gut
2017 paracasei CBAL74  for 20s) CFU/g fermented milk microbiota
[67]
Livetal, 2015 Heat (75°Cfor4s) 1 x107-108-10°  Yoghurt Improvement of
[68] CFU/mL constipation
symptoms and
intestinal health
Rodriguez- Lactococcus lactis Heat (98 °C for 1% 10%-10° Fermented milk Antihypertensive
Figueroa et al., 10 min) CFU/mL and hypolipidemic
2013 [69] effects
Murata et al,, 2018 Heat-killed in water 1 x 101%-3 x Cell powder Improvement of
[81] paracasei MCC1849 101 CFU/mL resistance to
commeon cold
infections and
maintenance of a
desirable mood
state
Buckley et al., 2018 Lactobacillus reuteri  Spray-dried 5 10° Solid tablets Control of
[83] dead cells cells/tablet, four Helicobacter pylori
Mehling, Busjahn, tablets daily in humans
2013
[84]
Xiao et al., 2003 Heat-killed, 5 x 107 Tablets Clinical efficacy in
[86] lyophilized cells/tablet, two the treatment of
tablets daily chronic diarrhea
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References Microorganisms  Inactivation Cell Foods/ Health Benefits
Treatment Concentration Nutraceuticals
Sawadaetal, 2019 Lactobacillus gasseri Heat-inactivated 1 x 10" Sports drink Faster recovery
[87] CP2305 cells/200 mL from fatigue and
improvement of
physical and
mental
stress-associated
symptoms in
athletes
Sugawaraetal,  Lactobncillus gasseri  Pasteurized at90°C 1 x 10 Beverage Regulatory effect
2016 CP2305 and freeze-dried cells/200 mL on gut
[88] environment and
function
Nishida et al, 2017  Lactobacillus qasseri ~ Pasteurized at 90°C 1 x 101 Beverage Improvement of
[89] CP2305 and freeze-dried cells/200 mL chronic
stress-associated
symptoms in
healthy young
adults
Barrosetal., 2020  Lactobacillus Ohmic heating Whey-grape juice  Control of
[90] casei 01 (8V/cm, 95 °C for drink postprandial
seven min, 60 Hz) glycemia in
healthy adults
Kotanietal., 2010 Lactobacillus Heat-killed 6 % 109 cells/ Water beverage Acceleration of
[91] pentosiis b240 (autoclave 125mL salivary
sterilization immunoglobin A
for 15 min) secretion in the
elderly
Shinkaietal, 2013 Lactobacillus Heat-killed 2x10%or2 x Tablets Reduction of cold
[92] pentosis b240 (autoclave 1010 cells/tablet incidence trough
sterilization mucosal immunity
for 15 min) in the elderly
Hiroseetal,, 2006 Lactobacillus Heat-killed 50mg LP20 (20%  Gelatin capsules  Enhancement of
[93] plantarum (70°C for 10 min) paraprobiotic acquired immunity
L-137 and 80% dextrin), and improvement
one capsule daily of the quality of
life in healthy
subjects
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Microbiology of Processed Liquid Milk

Milk is a good source of nutrients and edible energy for both
mammals and wide range of microorganisms. Depending on
milking practices (cleaning, hand or machine milking) and the
temperature and period of milk storage on the farm, the numbers
and types of microorganisms in raw mil k differ. Milk drawn
aseptically contains fairly low level of microorganisms (i.e., less
than 1@ cfu ml*t), and soon after it leaves the udder, it becomes
contaminated by spoilage and/or pathogenic microorganisms (often
reaching >1C cfu mlt1). This eventually leads to losses in quality of
milk and milk products, as well as threatening public health. A total
colony count of more than 10° cfu ml*! of milk indicates poor
sanitation of milk production .

Heat treatment is the most common way of reducing
microbiological load of raw milk and ensuring safety of liquid milk
for direct consumption. Heat treatment aims to kill all pathogenic
microorganisms in raw milk as well as inactivating the large part
(i.,e., >95%) of contaminating microorganisms . Although h eat
treatment provides food safety in liquid milk, depending on the
intensity of heating, application time and type of processing, it
causes some changes in milk constituents. It is awell -known fact
that caseins are resistant against moderate heat treatmats at which
whey proteins are largely denatured. Heat treatment at 100°C, for

example, causes denaturation of major whey proteins (i.e., n -

lactoglobulin  and K -lactalboumin) . The sensory properties of

processed liquid milk are also affected by the severity of heat
treatment. Pasteurized milk which is processed at relatively lower

temperatures than UHT or ultra-pasteurized milk has a pleasant
flavor. However, the latter product is largely characterized with a
slightly cooked flavor . Overall, the choice of heat treatment applied
to liquid milk depends on three factors:

(1) the degree of microbial inactivation to ensure food safety.

(2) extension of the shelf-life of milk with an acceptable flavor .

(3) the changes inquality of the end product.
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of sporeforming

bacteria, preference of consumers and characteristics of the market
should also be considered when deciding the heat treatment model

for processed liquid milk. The effectiveness of heat treatment is
widely determined by the type and numbers of microorganisms

associated with raw milk. Table 5.1 shows the common heat
treatment applications employed in the dairy industry.
Table 11. Types of heat treatment applied to milk and their effects
on microbial population

Process Process conditions Heat exchanger Targel Typical micrabial quality
Thermization 57-n8"C/15 s PHE Psvehratrophs Hlog reduction in psychratrophs
Pasteurization A3°C/ 30 min Batch (Vat) Vegetative pathogens Total plate counl

<] 00,000 ¢ fu ml!
Pasteurization 7-14°C/15-305 PHE Vegetative pathogens | Total plate count <100,000 cfu -
Heating for vogiirt milk A5-05°C/ 2-30 min FHE/THE All pathogens and msl -

Preheating for producing
milk powder

Uira pasteurization
(ESL)

UHT (indirect)

LHT (directh

[n-container slerlizalion

F0°C /S min or
|35 5

2-13°C/ <15

|35-1407°C /3-55

| A5-140°C /2-Fg

[15=120°C /1020 min

PHE/ THE/ Other

PHE/THE

'HE, THE /SSHE

Steam infusion/injection
syslEm

Batch or elorling

Spres

I“mpvndq o Lrealmen|

Vegelative bacteria and
s Spores

All bacteria and spomes

Al bacteria and SpoEs

Al hacteria and SpoEs

Total plate count <1080 cuml"alter
|5days at 0°C

Talal |'nlnlu corinl <100 cfu ml ~alter
|5days at 30°C

Talal |'nlnlu corinl <100 cfu ml ~alter
| 5days al A°C

After: Kelly el al. (2012)

PHE: Flate heat exchanger; THE: Tubularheat exchanger; SSHE: Scraped surface heat exchanger
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Thermization

Thermization of milk is typically achieved by heat treatment
at relatively low temperatures (i.e., at 63 65°C for 1520 s or at 5%
68°C for 15 s). Themain purpose of thermization is
(a) to kill psychrotrophic bacteria, which may release heatstable
proteases and lipases into milk.

(b) to extent storagetime of raw milk prior to processing .
(c) to enhance keeping quality of the end product.

Thermized milk can be stored at maximum 8°C for up to three
days Low temperature inactivation of microorganisms offers
advantages for processing UHT milk as well as cheesemaking, i.e.,

preventing blowing in cheese containers. Despite its positive

effects on extended storage time of raw milk prior to
processing into milk products, thermization is not a fully
reliable tool for ensuring food safety as it cannot eliminate
milk -borne pathogens completely. Listeria monocytogengfor
example, can withstand thermization and may well grow in

chilled -stored thermized milk .

Similarly, the effect of thermization on the viability of
Mycobacterium bovisand Coxiella burnetii is far limited.
Therefore, thermization should not be considered as an
alternative treatment to pasteurization . In case of applying
thermization prior to pasteurization, the germination of
Bacillus cereusspores is stimulated, simplifying their
inactivation by further pasteurization. This process is termed
20a0EEOODPAEUDOO? G

Pasteurization

Pasteurization is aimed to make milk and milk products safe by
destroying all the vegetative pathogenic microorganisms. The time
and temperature conditions of pasteurization are designed to
destroy Mycobacteium tuberculosisand C. burnetiiwhich are known
as the most heatresistant pathogens in milk. Pasteurization process
is performed in two ways: batch and continuous operations. In
batch operations, milk is heated at lower temperatures (i.e., 63t
65°C) for longer times (i.e., 30 min). This processs also called low-
temperature  long-time  (LTLT) process. In continuous
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pasteurization systems, milk is subjected to heat treatment at higher
temperatures (i.e., 72°C) for shorter time (i.e., 15 s). Ths process is
called high-temperature short-time (HTST) pasteurization. In
continuous system, the milk is passed through a plate heat
exchanger and kept in holding tubes. Pasteurization systems are
designed to provide a 5 log reduction of the microbial load of raw
milk . Although pasteurization aims to destroy the most thermo-
tolerant pathogen, C. burnetii due to the differences in activation
kinetics of different strains in raw milk, the changes in
pasteurization conditions may be considered. For example, a slight
Increase in pasteurization temperature and/or a slight extension of
holding time (i.e., 20t30 s) is recommended to inactivate heat
resistant strains of L. monocytogeneg&. coliand Campylobactespp..
In Australia, for example, dairy factories ap ply pasteurization
norms varying from 72°C for 15 s to 78 80°C for 25 s. In the case of
suspicion of presenceof Mycobacterium aviunsubsp. paratuberculosis
(MAP) a more intensive heating is applied.

Extended shelf-life (ESL) milk
Ultra -pasteurization (i.e., 120t 135°C for 14 s) is one of the
approaches to extend the shelf-life of processed liquid milk . Itis a
continuous heat treatment between HTST pasteurization and UHT
sterilization. The differences between HTST pasteurization, ultra -
high pasteurization and UHT sterilization are given in Table 10.The
extended shelf-life (ESL) mik PUWET | Pw Ol EwEUwss ODOC
Ol T EUDPYI wUI EEUD OO w Uadduniét beuabéldd @R DPEE U L
ssI DT T wUIl Ox1 UEUUUR G2 E WY ULhEmpdic® uOD 00z
that have been treated in a manner to reducethe microbial count
beyond normal pasteurization, packaged under extreme hygienic
conditions, and which have a defi ned prolonged shelf -life under
Ul i UDT 1 UE UPD OQia fpa3@uEimibn © Quphed to milk
before or after packaging. All microorganisms including vegetative
cells and endo-spores are destroyed after this treatment (Public
Health Services, PMO 2009). The aroma andlavor of ESL milk is
slightly less preferable by the consumers comparing to the HTST
pasteurized milk. Commercial ESL milk has a shelf-life varying
from 30 days to 90 days at 4°C.
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Microfiltration is a common membrane technology employed
and improves organoleptic
properties of dairy products. Cross -flow microfi Itration is operated
at lower temperatures and makes efficient control of microbial
growth possible, leading to extending shelf-life of liquid milk. In
microfiltration applications , inorganic membranes (i.e., ceramic
membranes) are commonly used. The major advantagesof ceramic

in removing raw milk microfl ora

Ol OEUEOI Uw PPUT whdKw 450w xOUI wUPA&IT w EL

microbiological quality and the taste of the processed liquid milk.
Reduction degree (RD) of microfilt ration is 4 for total bacterial count
and 2.3t3.7 for spores. On the other hand, microfi Itration itself
cannot guarantee to produce pathogen-free milk and, therefore, it
must be combined with an appropriate heat treatment.
Micro -sieving is a novel technology which has a potential to
use toreduce the number of bacteria in milk at low transmembrane
pressures . Another approach to produce ESL milk is to use
bacteriocins in addition to heat treatment. Addition of nisin at low
concentrations (i.e., 40 IU mi?) followed by heat treatment at 90°C
for 15 swas found to be more effective on microbial reduction than
heat treatment at 72°C for 5 s. Such ESL milk was reported to be
stored for >15 days with fairly low deterioration
Table 12. Sterilization (in -container and UHT)

HTST pasteurization

Ultra-pasteurizati on (ESL milk)

UHT

Reference enzymes

Storage conditions

Fackaging

Sheli-life

Ravir

Lactulose (mg 1)

Furosine (mg g™ prolein)
a-lactalbumin denaturation (% e
frlactoglabulin denaturation ()"

Immuncglobulin denaturation (%)

Phisphatase (-
Lactopercridase (+)
Refrigeraled
Clean
L1014 days
Little cooked Havor
Trace
Trace

=K

-
=1

-
T

Phosphatase (-1
Lactoperoxidase (-
Refrigeraled
Lltra-clean or aseptic
-6 da V5
Mild cocked Havor
20-=40
200

=R

-

=100

Phosphat ase (-1
Lactoperceddase (-
Foom temperatire

Aseplic

=h months

Definite conked Havor
S0-5000
4001 200
<3050
~Al-111
=100

*Assuming concentration in raw milk: 1200 mg 17
"Assuming concentmtion in raw milk: 200mg 17

Adapted from Lewis and Desth Q2008
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High heat treatment applied in the manufacture of long shelf -
life liquid milk DPUw EEOOI Ew ssUUI UPOPAEUDODZ 7
pathogenic and non-pathogenic microorganisms and spores are
destroyed, as well asmost milk enzymes. Therefore, sterilized milk
can be stored for several months at ambienttemperatures.

In-container sterilization of milk, the temperatures vary from
105°C to 120°C for 2340 min (Boor and Murphy 2002). In this
process, milk is filled into cans or bottles, closed with crimped metal
cap and then sterilized in a batch or continuous retort. The aim of
this process, also called conventionalsterilization, is to ensure a 9
log reduction in the spores of thermophilic bacteria or 12 log
reduction of Clostridium botulinum (Boor and Murphy 2002). The
major drawback of in -container sterilization is the development of
cooked flavor triggered by Maillard reaction in milk. The shelf -life
of in-container sterilized milk can be extended up to one year.

More common way of producing sterile and shelf -stable
liquid milk is ultra high temperature (UHT) treatment of milk. UHT
process uses continuous flow of milk and is carried out at
temperatures varying from 130°C to 150°C (in general 140145°C)
with holding t imes of 1 to 8 s (usually 142 s) (Boor and Murphy
2002). UHT sterilization enables about 9log reduction in
endospores of thermophilic bacteria with fairly less chemical and
sensory changes compared to incontainer sterilization process.
UHT process can beapplied directly or indirectly. In direct system,
high pressure steam is injected directly into the milk to reach
desired temperatures. After heating, the milk is rapidly cooled
down by a heat exchanger and filled in carton or glass bottles
aseptically. In order to prevent re-contamination during aseptic fi
lling, extra measures should be taken.
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Microflora of processed liquid milk

Factors determining shelf-life and quality of pasteurized milk

include microbiological and enzymatic profile of raw milk, types of
microorganisms and spores withstanding heat treatment and types
and incidences of microorganisms contaminated to pasteurized
milk after processing. Critical level of microbial counts for

detectable sensory deterioration in pasteurized milk i s 104 107 cfu
mi*t (Muir 1996).

Pasteurized milk may contain two groups of microorganisms:
spoilage or pathogenic. Major source of spoilage microorganisms in
pasteurized milk is the post-pasteurization contamination. Heat-
resistant bacteriasurviving pasteurization are
another source of microorganisms in processed liquid milk. Gram -
negative psychrotrophic bacteria are the most common post-
production contaminants in pasteurized milk. These bacteria
widely contaminate milk during filling. Gram-negative
psychrotrophs show certain degrees of resistance againstsanitation
solutions and may well -colonize on stainless steel surfaces and
rubber gaskets that contact with milk. Shelf-life of contaminated
pasteurized milk varies depending on contaminatio n level, storage
temperature and time, and generation time of contaminant
microorganism.  Serratia, Enterobacter, Citrobacter, Hafnia,
Pseudomonas, Alcaligenesid Flavobacteriumare among the most
common spoilage microorganisms in  pasteurized milk.
Pseudormnasspp. can spoil pasteurized milk stored at 4 or 7°C when
they are present in milk at level of 103 cfu ml*1. Common species of
Pseudomonaisolated from pasteurized milk include P. fluorescens
P. putida P. maltophilia P. aureofacien®. cepaciand P. pseudomallei

Psychrotrophs can grow very rapidly under refrigeration
conditions; thus, very low level of initial contamination of these
bacteria may shorten the sheltlife of pasteurized milk. Cousin
(1982) reported that the number of bacteria doubled at every six
hours and exceeded 10 cfu mlt! after seven days of cold storage.
Common sensory problems caused by Pseudomonasspp. in
pasteurized milk are development of rancidity, bitterness, fruity
and unclean off-flavors, as well as coagulation.
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Some thermophilic bacteria can survive on the surfaces of
heatexchangersduring pasteurization. While the count of bacteria
Is rather low at the beginning of process, a rapid increase in the
number of bacteria towards the end of process is observed. Thus,
the product is contaminated before being removed from
pasteurizer. The load of bacteria can reach10t 100 times of initial
count in raw milk (Rademacher et al. 1996).

Among the thermoduric Gram -positive bacteria withstanding
pasteurization conditions are Microbacteriumspp., Micrococcusspp.,
Enterococcus spp., Streptococcusspp., Lactobacillus spp. and
Corynebacteriunspp. Coryneform, Micrococ@and Streptococctannot
grow in milk stored below 6°C (Muir 1996, Varnam and Sutherland
2001). On contrary, Bacillusspp. are dominant group of bacteria in
pasteurized milk stored at 5°C or below. Especially, heat-resistant
Bacillusspores germinate and grow under cold conditions causing
aroma defects and, in extreme cases, cagulation through
extracellular enzymes such as proteinases, lipases and lecithinases
which they secrete.

Sources of contamination in pasteurized milk
Process equipment

The primary source of contamination of pasteurized milk is fi
lling equipment. The psychrotrophic bacteria usually penetrate to
the fi ller from vacuum or bulk tanks. In the case that the tanks are
used for storing pasteurized milk prior to fi lling, the tanks may well
be a source of contamination as well. Especially Pseudomonaspp.
are prone to adsorb on tank and plate surfaces. Some strains of
Pseudomonaspp. form polysaccharide fibrils and colonize on tank
surfaces. Highly hydrophobic spores of some Bacillusspp. (i.e., B.
thermoleovorans, B. coagulans, B. pumills and Geobacillus
stearothermophiluadhere on the stainless steel surfaces and when
the conditions are suitable, the sporesgerminate and then colonize
quickly .

Air
Bacteria occupy the largest stake of air microflora (i.e., 85% of
total air flora) which are mainly Gram -positive types, followed by
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molds (~10% of total flora) and yeast (~5% of total flora). Air enters
into plants through ventilation system, floor drains, personnel and
other openness. Products are exposed tocontamination by air
mostly during packaging. Besides, residue of product in areas
which are not cleaned properly is also an important source of air
contamination. Although the numbers of psychrotrophic bacteria in
air is fairly low, it may still pose a problem in the processed milk
(Fredsted et al. 1996). The generation time of Gramnegative
psychrotrophic bacteria is 4 to 5 hours and the number of this group
of bacteria can reach at 10 cfu ml*t within 7 +10 days at 7°C. Milk
containing psychrotrophic bacteria at level of <10 cfu ml'1, is spoiled
within 7 ¢ 11 days under refrigerated storage.

Packaging materials

Production conditions of packaging materials have been
improved greatly during the last decades. The number of bacteria
associated with unit carton surfaces is <5000 cfu cmh2. Gram-
positive bacteria are the most frequently present group of bacteria
on ESL milk packages. On the other hand, re-contamination of milk
packages by Gramnegative psychrotrophic bacteria during filling
has also been reported ty Eneroth et al. (1998). Generally, flavored
pasteurized milk is spoiled faster than unflavored pasteurized milk.
It was demonstrated that the chocolate powder used in the
production of chocolate -fl avored pasteurized milk stimulated the
growth of bacteria in milk but it did not introduce additional
microbes into the milk. It was reported that the growth of L.
monocytogenem chocolate milk was more pronounced than skim
and whole milk and whipping cream.

Microbiology of Evaporated, Condensed and Powdered Milk

Evaporated milk

Evaporated milk is the commercial name of sterilized, unsweetened

EOOCEI OUI EWEOPzZUwWwOPOOWI UOOwPT PET WEWE
water has been removed (Nieuwenhuijse 2011a). Thus, evaporated

milk is a product with high solids content and its processing

includes standardization, homogenization, concentration and

sterilization. The FDA Standard of Identity 21 131.130 for
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evaporated milk specifies a minimum of 6.5% milk fat, 16.5% milk
solids-non-fat, 23% total milk solids and ind icates a specifi ed
quantity of added Vitamin D or Vitamin A per fluid ounce. Similar

milk products are evaporated skimmed milk, evaporated low -fat
milk, | YEx QOUEUI Ewi POOI EwODPOOOWEOEWI YE x(
2011a). However, the Codex Alimentarius standard requires
evaporated milk to have at least 7.5% milk fat, 25% total milk solids
and 34% milk protein solids -not-fat.

The Codex also has specifications for similar products including
evaporated skimmed milk, evaporated partly skimmed milk, and
evaporated high fat milk (Codex 2010a).

Evaporated milk products have a long shelf-life and they can be
kept for several months without refrigeration, even at tropical
temperatures. 31T | ws UUl wEaz wEEUT wOi wi YExOUEUI
as 18 monthsafter production, although 6 + 12 months of shelf-life is
more common (Nieuwenhuijse 2011a). Evaporated milk is
produced by removing about 60% of the water from whole milk.
Evaporated milk also contains added salts that are necessary to
stabilize and maintain the optimum viscosity of the product after
sterilization. Salts such as calcium chloride or sodium carbonates,
phosphates, or citrates may be added. A thickening agent such as
carrageenan @n be added at a low concentration, e.g., 0.015%, to
slow down creaming (Walstra et al. 1999). The fat source is normally
milk fat but in some countries producers are allowed to make

Il YExOUEUI Ews | b da® @dmbothed 8olreeg adauubed fo U |
replace milk fat (Fernandes 2009). Palnpil is used most frequently

to replace milk fat for cost reduction purposes or local preferences.
Fat stability to oxidation is of utmost importance when using edible

oils as a milk fat substitute .
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Whble Muk Permitted additives
i - NaH,P0,, Na,HP0O, and
Na;P0,, Na;Citrate and
H;Citrate, NaHCO; and

Add Stabiliser
KHCO0; and CacCl,

:

120-122 °C for several

Preheat )
minutes
l 4 vacuum chambers with
.~ decreasing temperature
Evaporator (80 to 40 °C)
# . Water
Standardise
Filter
e
Homogenise
|
Add Stabiliser ‘
Can and sterilise 120 °C, 10 min

Figuree 13. Production of evaporated milk
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Microbiology of evaporated milk

Processing operations influence the microflora of evaporated
milk. The initial centrifugal clarifi cation stage removes some
bacteria, principally heavy spores (Rowe and Donaghy 2011). Pre
heating temperatures of 120t 122°C for several minutes are applied
to denature whey proteins, but these temperatures also destroy all
of the non-sporeforming bacteria and many of the less resistant
sporulating types. The temperatures employed are normally too
high to allow the growth of even thermophilic bacteria and only a
few bacterial spores are likely to survive such a process.

The sterilization process should kill all vegetative organisms and
spores, although spoilage problems may arise due to the presence
of Bacillus licheniformis, B. coagulans, B. marcerais,subtilis and
especially Geobacillus stearothermophilinat are likely to survive the
process. The spores of these microorganisms do not germinate
unless the cans are stored at highambient temperatures (>43°C).
Aseptically filled evaporated milk must be processed following a
strict hygiene procedure equivalent to those used in filling UHT
milk products to avoid the possibility of re -contamination during
filling .

Treating evaporated milk with a time -temperature
combinationthat POUOE wx UOYPEIT ws EEUOOUUT wUuUl1 U
such processing conditions would produce an unacceptable level of
characteristics. Therefore, evaporated milk is processed at the
lowest temperature-time conditions to achieve s EOOOI UEDE Quw
U0l UPOPUazwUI ECwUI EVET UwUT 1T wETEOT T w
characteristics. If processing and packaging are performed
properly, then spoilage is most likely to be the result of the action of
heat-stable extracellular enzymes derived from psychrotrophic
bacteria growing inthe original raw milk
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Condensed and sweetened condensed milk

Most condensed milk is made by evaporation, and the degree
of concentration is usually within the range (milk:water) of 2.5:1 to
4:1,depending on the usage (Fernandes 2009). Condensed milk may
be madefrom whole, skimmed, or reduced fat milks, depending on
the end use. Dueto its composition and properties, condensed milk
Is an important source of milk solids in confectionary, bakery
products, ice cream, concentratedyogurt and other products. When
it is manufactured for these purposes, it is bulk packaged in large
guantities. The typical composition of the condensed milk is a
minimum of 7.5% fat and a minimum of 25% total milk solids.

The FDA Standard of Identity 21 131.115 and 120 specifies that
the milk fat and total milk solids of the concentrated milk are not
less than 7.5 and25.5%, respectigly. The Council Directive
2001/114/EC (EU 2001) and theCondensed Milk and Dried Milk
Regulation in England (FSA 2003) havespecifi cations for different
condensed products (condensed high-fat milk, condensed milk,
condensed partly skimmed milk and condensed skimmed milk)
and for sweetened condensed milk types (sweetened condensed
milk, sweetened condensed partly skimmed milk and sweetened
condensed skimmed milk).

Since no sterilization process is involved at any stage of
manufacturing, the final product is not sterile. Although the water
activity (aw) is reduced, it is not sufficient to completely inhibit
microbial growth. Thus, these products must be refrigerated as
quickly as possible and refrigeration maintained during transport
to their destination (Rowe and Donaghy 2011). The shelflife varies
from a few days to weeks for condensed milk, depending on the
degree of contamination, the severity of the heat treatment applied,
and the effectiveness of temperature control during cooling and
storage (Fernandes 2009).

Technology of condensed and sweetened condensed milk

In the manufacturing of bulk condensed milk, milk is separated and
standardization of fat content is often carried out after
concentration, if necessary. Unless skimmed milk is used,
homogenization is also usually carried out at this stage. To
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manufacture condensed milk, a pre-heating process is applied using
EWEOOUDPOUOUUWI T EUI U wbeating mik icad Baub 1 00z 6
HTST pasteurized at 71.6°C (161°F) for 15 s or UHT processedt
138°C for >4 s. Both thermal processes decrease the bacteria level
and make the milk more stable. Also, higher temperature s of 82.2
93.3°C for asmuch as 15 min may be applied to obtain a higher
viscosity with desirable characteristics. The preheated and
processed milk is then concentrated in a vacuum-pan or in a
multiple -effect evaporator at a temperature range of 54.457.2°C
(Fernandes 2009). Products processed under these conditions are
not considered to be commercially sterile and they are immediately
cooled and continuously held at temperatures below 7°C .

Whole Milk

l

Primary Standardisation

v t
Heat Treatment Fat
80-85 °C, 10-20 min &
Evaporator
45-70 °C
Addition of sugar syrup | S
(62.5 - 64.5%) for Water
sweetened

condensed milk Secondary

Standardisation

'

Packaging

Fgure 14. Production of condensed milk
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Microbiology of condensed and sweetened condensed milk

Milk used in the manufacturing of condensed milk has many
microbial hazards. Since the product is not sterilized during or after
condensing and the concentration of milk solids is not high enough
to inhibit microbial development, condensed milk may contain a
number of viable microorganisms.

2001 UPOT UwUT T wi gUPbxOl OUWEOEwWUT T wi 1 EN
pi Od murge tanks can serve as incubators for thermophilic
bacteria under the processing conditions for condensed milk.
Furthermore, when such equipment is operated for long periods
without intermediate clean -up, or when the milk supply contains
excessive numbers of thermophilic bacteria, the numbers may build
up to a point where acid and unclean fl avors result. Therefore,
proper sanitation and control in the preceding phases of the
operation are essential (Robinson and Itsarauwat 2002). The
preheating conditions of milk and the evaporator temperatures
between 54.4°C and57.2°C are very suitable for the growth of
thermophilic bacteria. Becausethe product does contain
microorganisms that have survived processing, and usually
contains microorganisms that have contaminated the product
subsequent to heat treatment, the time over which the product can
be held witho ut serious microbial spoilage is frequently very
limited, especially at ambient temperatures.

Psychrotrophic bacteria, yeasts, or molds may cause spoilage
if the product is held for long periods or under improper storage
conditions (Modi 2009). Deteriorati on usually occurs by osmophilic
yeasts, most of which belong to the genusCandidaspp. The yeasts
do not start growth easily, especially if the sugar concentration is
high. Additionally, some micrococci may grow in sweetened
condensed milk, though slowly, especially if water activity and
temperature are high. Similarly, some strains of molds such as
Aspergillus repensand A. glaucuscan grow as long as oxygen is
present. These microorganismsproduce fairly firm colored lumps
and off-fl avor development in the product.
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The natural enzymes of milk are also inactivated during
processing. However, the proteolytic and lipolytic enzymes
resulting from excessive microbial growth may not be affected and
may cause problems in thefi nished product. Heat stable proteolytic
and lipolytic enzymes elaborated by psychrotrophic bacteria in the
raw milk can also cause spoilage.Sugar is normally an unimportant
source of microorganisms, but when it is made under unsanitary
conditions, it might be c ontaminated with mold spores, osmophilic
yeasts, or bacteria that will produce acid and gas. The sugar may be
added to the forewarmed milk prior to entry to the vacuum pan, or
late in the condensing operation as a solution at about 65% (w/v)
concentration. Addition of sugar before forewarming does reduce
the microbiological effectiveness of the heating, but addition to the
forewarmed milk may contribute to age thickening, so the latter
procedure is used primarily for bulk product to be used quickly

Sweetened condensed milk is normally packed in cans that
are first sterilized by flaming. The cans should be filled accurately
to avoid any air in the head space, as this could permit the growth
of osmophilic yeast.

Dried milk

Milk can be preserved by dehydrati ng it to various degrees. The
dehydrated milk has a longer shelf-life than milk preserved by
pasteurization and refrigeration. Milk from which all water has
been withdrawn is called driedmilk or milk powder (Modi 2009).
Dried milk can be found commercially as full fat, reduced fat and
skim-milk powder. Dried milk powders are used in dairy products,
confectionary, infant formulas, and manufactured -food industries.
They are also used in coatings soups, sauces, and readyto-eat
meals (Rowe and Donaghy 2011). The function of milk powder in
these products is related to the components of the powder,
primarily protein, fat and lactose (Deeb et al. 2010).

The FDA Standard of Identity 21 131.127 for nan-fat dry milk
fortified with Vitamins A and D specifies that each quart of the
reconstituted product should contain 2000 and 400 International
Units (IU) of Vitamin A and D, respectively. Additionally, dry
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whole milk contains 26% or more but less than 40% by weight of
milk fat and it contains not more than 5% by weight of moisture
excluding fats on a milk solids -not-fat basis (FDA 2011d,e).
The Codex Standard for Milk Powders and Cream Powder specifies
in detail the internationally agreed defi nitions for the origin,
composition and permitted additives for milk powder (Codex
2010b). The standard specifies that only milk and cream are
permitted as raw materials for milk powders. However, the protein
content of the powder may be adjusted by addition of skimme d or
partially skimmed milk or by addition of the retentate or permeate
obtained from the treatment of milk by ultrafiltration  (UF).
According to this standard, whole milk powder should have
34% milk protein in milk solids -non-fat and milk fat content
between 26t42%. Partly skimmed milk should have the same
protein level as whole milk powder but different fat levels of 1.5¢
26%. Skimmed milk powder requires the same protein levels as the
previous products but a maximum of 1.5% fat level. High fat content
in whole milk powder (WMP) makes it very susceptible to
oxidation, which can result in off -flavors.

Technology of dried milk

The steps in milk powder production are milk clarification, cooling,
standardization, evaporation, homogenization (optional), drying,
and packaging. Milk is heated and then concentrated before
evaporation and drying. Skimmed milk may also be subjected to
low, medium and high heat processes to give varying degrees of
protein denaturation as required. Typically, a low h eat process is
74°C for 30 s,a medium heat process 8@ 100°C for #2 min, and a
high heat process at120t 135°C for 1 to 2 min. The high heat process
may be equivalent to an UHT treatment. Milk is heated at 85¢ 95°C
for several minutes to manufacture dried wh ole milk powders. The
heat-treated milk is then evaporated to about 50% total solids before
drying .

Dry milks have been produced by basically two processes,
roller (drum) and spray dry techniques. During roller processing,
two large rollers, usually heated internally and located adjacent and
parallel to each other, revolve at a desired speed. The rollers revolve
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in opposite directions, contacting a reservoir of either pasteurized fl
uid or condensed milk. During rotation, the fluid milk product dries
on the hot roller surface. After approximately % of a revolution, a
carefully positioned, sharp stationary knife detaches the milk
product, now in the form of a thin dry sheet. Then, milk is conveyed
by an auger to a hammer mill where it undergoes a physical
treatment to convert it into uniformly fi ne particles which are
packaged, usually in 50 or 100 Ibbulk packages (Fernandes 2009).
There are two systems of spray drying that are used to make milk
powder: jet or nozzle dryers and rotary atomizer dryers. Each of
these dryers produces powders with specifi ¢ characteristics.
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Figure 15. Production of skimmed milk powder
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Microbiology of dried milk

The microbial quality of milk powder is determined by the
quality of the raw material, the nature and extent of processing and
the extent of postproduction contamination (Skanderby et al. 2009).
Most of the bacteria and food-borne disease outbreaks associated
with dried milk products have usually been the result of post-
pasteurization contamination by path ogens. However, there have
been cases that microorganisms originate in raw milk and they
spread through the plant during processing (Fernandes 2009).
Therefore, it is important to have low microbiological loads in raw
milk in order to obtain a high quality finished product in milk
powdered plants (Oliveira et al. 2000).

The psychrotrophic bacteria found in cold stored milk
comprise mainly of Pseudomonaspp. and, although not pathogenic
in nature, they commonly produce extracellular lipase and protease
that degrade the milk fat and protein, respectively. Although most
psychrotrophic bacteria are readily destroyed by pasteurization, the
extracellular enzymes they produce are remarkably heat-resistant
and cause problems when they are present in the powder that is
incorporated in finished goods. Counts of psychrotrophic
organisms in milk not exceeding 108 cfu mlt! at the point of heat
treatment to manufacture milk powder can minimize the problem
of high resistant enzymes in the fi nished product.

The microorganism contamination can also occur during
processingand manufacturing of dry milk. The occurrence can take
place when milk is concentrated in an evaporator before spray
drying at a temperature range of 45 55°C. Some heatresistant
bacteria can gow under these conditions and can increase
disproportionally the bacterial count of the concentrate. However,
pasteurization of milk at 72°C for 15 s directly before the
evaporation reduces the bacterial count in the fi nal powder. Thus,
the higher the temperature and the longer the holding time, the
more effi cient is the process to inactivate microorganisms. It has
been found that sporeforming thermophilic bacteria such as Bacillus
and Clostridium speciesin milk powder can increase exponentially
after only 12¢ 16 hr of operation of a plant, other bacteria that can be
present in milk powder are heat -resistant Enterococcus faecalis,
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Lactobacillus brevisStreptococcus thermophilad Micrococcusspp.
These bacteria may grow slowly at refrigeration temperature.
Therefore, their presence at high countsis indicative of defi ciencies
in the cold storage chain.

The principal food -borne pathogens associated with dried milk
powders that have caused signifi cant outbreaks areSalmonellapp.,
S. aureus, Bacilluspp., Cronobacter sakazakind " O O U U B@pE ¢ U O w
Among them, salmonella contamination is regarded as a serious
potential hazard in these products in several countries including the
USA and UK. A nationwide outbreak in the USA was associated
with non -fat milk powder produced in one plant between 1964 and
1965. The problem was caused by a widespreadcontamination in
both finished product and environmental samples. This problem
made necessary significant improvements in the hygiene, sanitation
and process control programs in the plant. Another outbreak with
non-fat dried milk contaminated with Salmonellal'yphimurium and
S. agonaoccurred in Oregon in 1979. There was a major
salmonellosis outbreak associated with dried milk p owder-based
infant formula that was contaminated with S. ealingin the UK in
1986 The problem was linked to raw milk that was contaminated
and then spread through the plant.

Contamination of dried milk powders with staphylococcal
enterotoxins was a significant problem in the 1950s. Several
outbreaks were caused by staphylococci food-poisoning due to
ingestion of dried milk powder. The outbreaks were reported in
England in 1953, Japan in 1955, and Puerto Ricin 1956 (Rowe and
Donaghy 2011). A recentlarge outbreak of staphylococcal food-
poisoning that affected over 13,420 people was reported in Japan in
2000. Consumption of semi-skimmed liquid milk made from
skimmed powder that was contaminated with heat -stable toxin
from S. aureuswvas the cause of the outbreak (Asao et al. 2003).

There are other types of bacteria that can be found in dried
milk products. Cronobacteland Enterobactespp. are not normally
regarded as food-borne pathogens; however, there have been a
number of sporadic outbreaks of neonatal meningitis that were
caused by C. sakazakiin several countries. The outbreaks were
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associated with the consumption of dried milk. The incidence rate
of this microorganism in powdered infant milk formula was
reported to range from 3% up to 25% and the fatality rate was high
(FAO/WHO 2007). The causes of these incidences in most cases are
related to gross temperature abuse, or poor hygiene in the
manufacturing process or during preparation of the formulas
(lversen and Forsythe 2003). The most prevalent sources of
contamination are external roofs above spray driers, air in treatment
areas and where high foot traffic occurs (Craven etal. 2010).

The presence of B. cereus other Bacillus spp., Clostridium
botulinum and Listeria monocytogenesn dried milk p roducts,
especially infant formula is also a concern (Rowe and Donaghy
2011). Various levels ofB. cereusontamination in dried whole milk
and non-fat dry milk have been reported in USA (62.5%), Germany
(13t43%), UK (17%) and Brazil (28%).Twenty -eight milk powders
from 18 different countries were examined for the number and type
of contaminating thermophilic bacilli. The dominant isolate was
Anoxybacillus fl avithermustrain C followed by B. licheniformisstrain
F (Rueckert et al. 2005). Infant botulism that results from the
ingestion of spores of C. botulinumis rare; however, there was a case
in the UK where an infant formulated milk powder was the possible
cause (Brett etal. 2005).

Doyle et al. (1985) studied survival of L. monocytogeneaturing
the manufacture and storage of non-fat dry milk using inoculated
milk that was not pasteurized before drying. Reductions of 1 to 1.5
log10 L. monocytogenag! occurred during the spray drying process
and the organism progressively died during storage. Although the
incidence of listeriosis is very low, less than 10 cases per million
individuals, the mortality rate is very high (20t 40%).

Aflatoxin M1 has occasionally been found in dried milk and,
if present, significant amounts of them are able to withstand the
processing and storage conditions of finished product for long
periods (Fernandes 2009).
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Microbiology of Cream, Butter, Ice Cream and Related
Products
Cream

Cream is defined as the part of milk that is rich in fat which
has beenseparated by skimming or otherwise (Anonymous 1995,
1996). Depending on the heat treatment applied, cream can be
classified as unheated (raw), pasteurized (at 63°C for 30 min or 72°C
for 15 s), sterilized (at 108°C for45 min or equivalent) and ultra high
temperature (UHT) sterilized (at >140°C for 2 s). Based on the fat
content of the end product and production methods, cream may
also be divided into various categories such as single, double or
heavy, half or light, whipping or whipped, ligh t whipping cream
and clotted cream (Anonymous 1993, 1996, 1999). In farmhouse
cream production, classical thermization conditions (i.e., at 63t 65°C
for <1 min) are not effective enough to reduce the initial bacterial
counts of cream to safe limits. Unlessthe thermized cream is cooled
immediately to <4°C and processed within a short period of time,
the quality losses in the end product are inevitable. Development of
sour, rancid, bitter, stale, cheesy, yeastyand putrid taste, flavor and
odor by mainly Pseudomonas$licrococciand yeasts are the common
taints found in farm -produced cream (Wilbey 2002). Additionally,
slime formation caused by coliforms and, less extensively,
lactococci is frequently observed in farm-produced cream. Unless
the cream is kept under improper conditions, the formation of gas
by lactose-fermenting yeasts, and surface taints due to mold rowth
on the surface of the cream are rare cases. One of the major problems
associatedwith farm -prod uced cream is sweet curdling caused by
proteolytic enzymes released from aerobic sporeformers.

The separation of cream from milk is usually achieved at 40t
45°C. This temperature range is ideal for microbial growth.
Therefore, increasingseparation temperature to above 60°C (i.e., 62
63°C) may help keepingbacterial counts of cream as low as possible.
During separation of cream, somatic cells and foreign matters
including dirt or any others in the form of slime as well as some
bacteria associated with slime are removed. Separation of the cream
followed by homogenization is not considered as the critical
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technological treatment as far as cream microbiology is concerned.
However, one should keep in mind that mechanical stress created
during homogenization may split bacterial clumps causing faster
growth of such bacteria in cream. Homogenization also reduces the
oxidative stability of the cream.
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Fig. 16. Alternation sequence of operations to produce cream.

Heat treatment is the most critical step of cream production in
terms of microbiological safety. Within the EU, the minimum heat
treatment of cream is set at 72°C for 15 s. In the USA, a slightly
higher minimum temperature (i.e., 74.4°C for 15 s) is mandated for
cream with fat level of >10%. Much earlier, International Dairy
Federation (IDF) recommended a minimum time-temperature
combinations of pasteurization for cream with fat levels of 18% and
>35% as 75°C for 15 s and 80°C for 15 s, respectively. Undehese
thermal conditions, it is unlikely tha t heat-treated cream contains
vegetative forms of spoilage or pathogenic microorganisms. Heat
stablespores and/or post-pasteurization contamination are the most
likely sources of microorganisms in cream. On the other hand, if the

103



Advanced Dairy Microbiology D r. Amer Alzobaay

cream is separatedfrom milk held at 4°C for more than 24 hr, there
is a risk of growth of heatstable extracellular lipases from

Pseudomonaspp. or other organisms in cream, leading likely to

lipolytic spoilage in the end product.

In fresh cream, the predominating organisms vary depending on

the temperatures of storage. While PseudomonasAlcaligenes
AcinetobacterAeromonasand Achromobacteare dominant in cream

kept at 5°C, CorynebacteriumBacillus MicrococcusLactobacillusand
Staphylococcusonstitute the majority of the cream microfl ora
stored at 30°C (Rothwell and Wilbey 1990). Since milk is emulsifi ed
in cream, and, therefore, the surface area of cream is extremely
large, cream easily absorbs the odors from theenvironment, leading

to quality losses. Whipped or w hipping cream is more likely to be

spoiled by the microorganisms than the liquid cream since the

introduction of air into the cream during whipping creates a

suitable environment for the growth of most microorganisms

(Wilbey 2002). If nitrogen is used as whipping agent, this problem

is largely avoided. Products prepared or fi lled with cream are more
likely to cause outbreaks than the cream consumption.

Butter
Cream which is the starting material for making butter is an oil -in-
water (o/w) emulsion. During butter -making, cream goes through
an emulsion inversion phase and a water-in-oil (w/0) emulsion
occurs. This emulsion phase inversion happens during churning of
cream, and as a result, milk fat concentration in cream (ca. 3@ 35%)
Is increased to about 80% in butter. Butter is typically composed of
80t 81% milk fat, 16t 17% moisture, 1%carbohydrates and protein,
and 1.2 1.5% sodium chloride. Butter with no added salt contains
8283% milk fat. With many developments in dairy industries
including butter manufacturing to widen the choices available to
the consumers, different types of spreadable butters are now
available: dairy spread (40% fat), blended spread (40% fat) and
blended spread with high fat (704 80% fat) (The Dairy Council n.d.).
Two typical types of butter are sweet butter (made from
unfermented sweet cream) and cultured/fermented butter, a flavor
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intense type made from fermented/ripened cream by lactic acid
bacteria (Kornacki et al. 2001).

The fermentation process reduces the pHfrom typical 6.5 in sweet
butter to around 5.0 (Kornacki et al. 2001).

It is not the intention of this chapter to go through details of
butter production. Briefly, the raw milk is separated into skim milk
and cream. The principle behind this step is to in crease the effi
ciency of the production process by increasing the yield of butter
and reducing the yield of buttermilk (Simpson 2012). The cream,
after pasteurization and standardization, could be marketed as
different consumer products such as single/double cream,
whipping cream and/or coffee cream. The cream to be used in the
production of the butter is pasteurized, with the purpose of
eliminating spoilage and pathogenic microorganism, inactivating
enzymes and to make the butter less susceptible to oxidative
degradation. The pasteurized cream (with a fat content of at least
35%) is inoculated with 1¢2% starter culture in the production of
ripened cream butter to ferment the citrate in the cream to yield
acetoin and diacetyl with the latter responsible for the characteristic
flavor of the cream butter (see also Chapter 2 for citrate metabolism
in lactic acid bacteria). The ripened butter starters usually consist of
acid-producers (e.g., Lactococcus lactisubsp. lactis and L. lactis
subsp. cremorig and aromaproducers (e.g.,Leuconostoc mesenteroides
subsp.cremorisand Lactococcukactisbiovar. diacetylactiy (Fernandes
2009). Alternatively, concentrated diacetyl permeate and lactic
starter permeate containing lactic acid and fl avor -enhancing lactic
acid bacteria are added to the butter after churning (NIZO process)
(Kimenai 1986). Diacetyl is primarily responsible for the
development of characteristic butter fl avor and inhibits Gram -
negative bacteria (Jay 2000). In the manufacture of sweet cream
butter, the fat phase of the cream is crystallized while the
pasteurized cream is tempered at alow temperature of around 10°C.

The next stage is the churning the tempered sweetcream or
cream in the ripening stage, which is probably the most critical step
determining the textural quality of the butter (Simpson 2012). The
physical force induced during the churning process breaks the o/w

105



Advanced Dairy Microbiology D r. Amer Alzobaay

emulsion of cream and forms a continuous matrix of fat globule
surrounding the water molecules. The typical temperature at this
stage is set at 1011°C. Figure 10.1 illustrates all major steps
involved in making butter. The sweet cream butter goes through the
same process except for the addition of the starter culture. The
resulting butter grains may then be washed to remove non -fat-
solids and be fi nally worked or kneaded.

Dairy spreads are basically produced by mixing fat and oil
blends plus lipid soluble additives with water and dry protein milk
(4:1 ratio) (Fernandes 2009). Flavorings, colorings, vitamins, salt and
preservatives are added to the mixture prior to emulsifi cation at
45°C. The emulsified mixture is pasteurized at 804 85°C for 2 3 s and
then left for crystallization at 445°C. Afterwards, the product is
worked and packaged for retail or whole sales. The level of salt (1
1.5%) added to dairy spread mix is far too low to guarantee
microbial safety in the end product. Therefore, preservatives such
as sorbic or benzoic acid and ther salts are used to enhance the
microbial stability of dairy spreads.
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Warmed. separated cream
blended/standardized to desired
fat range
Cream
- : 5 °C for 15
Pasteurized Heat to 8 .C.t01 1
seconds minimum
Sweet Cream Butter i Ripened Cream Butter
Addition of lactic 4% inoculum. 19-21 °C,
acid bacteria until pH 5
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. . . immediately before or churn time
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Fig. 17. Production of butter
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Microbiological consideration in butter

As can be seen in Fig. 10.1, butter manufacturing process
involves cream pasteurization, fermentation of cream (in cultured
butter only), churning, working, salting, packaging, storage, and
perhaps retail packaging, if needed. The microfl ora of the fi nal
products is affected by all these activities.

The physicochemical properties of butter, including pH,
water activity (aw) and other intrinsic factors such as salt
concentration define the microbiological stability of the butter.
Although moisture content is, to some extent, reflected in aw value,
the distribution, size and uniformity of water droplets all play a role
in microbiological quality of the butter.

Like any other processed food, the microbial quality of butter
iIs mainly affected by the raw material, the way in which they are
prepared, heattreatments and storage conditions. So for any quality
butter, apart from excellent sanitary processing conditions, the
guality of starting material | cream| is critical as itis considered to
be the main source of microorganismsin butter. The microbiological
quality of the cream, in turn, is affected by the microflora of the raw
milk. In that sense, the microbial quality of the butter starts at much
earlier stages in the processing line and any quality control measure
should begin much earlier down the processing line.

The raw milk may become contaminated with a wide range of
pathogen and spoilage microorganisms during milking, milk
handling equipment and storage (Jay et al. 2005). Although cream
pasteurization inactivates the vegetative pathogens, the
sporeforming bacteria such as psychrotrophic Bacillus and
Clostridium spp. remain a threat.

A typical pasteurization of cream for butter manufacture is at
or above 85°C for 15 s. While it is enough to inactivate all pathogenic
microorganisms in vegetative form, many potential spoilage
organisms and perhaps most of the lipases (which cause hydrolytic
rancidity in butter) and many of the bacterial spores may survive
this heat treatment. Higher pasteurization temperatures (e.g., 93
112°C) are commonly used to inactivate all these microorganisms
(Schweizer 1986).
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Microbial spoilage of butter
The cream quality and the sanitary conditions used in the

butter processing are the major determinants of microbiological
quality of butter. All three major groups of organisms| bacterna
(e.g.,Pseudomonaspp.), yeasts (e.g.Candidaspp.), and molds (e.g.,
Geotrichun| have been implicated in spoilage of butter on the
surface causing fl avor defects such as putridity, rancidity and/or fi
shy fl avor as well as surface discoloration. The flavor defects in
unsalted butter have been attributed to growth of coliforms,
Enterococcuand Pseudomonas water -phase of butter.
Microorganisms of concern in the spoilage of butter are
mainly psychrotrophs, which are predominantly Gram -negative,
rod shaped microorganisms. The main characteristic of
psychrotrophs, which makes them important in the spoilage of
butter, is their ability to survive at low temperatures (i.e., 3 7°C) and
the production of enzymes such as lipase and protease which
catalyze the hydrolysis of lipids and proteins in the butter,
respectively (Ledenbach and Marshall 2009). The rich nutrient
content of the butter also makes it susceptible to spoilage
microorganisms other than Pseudomonassuch as Serratia,
Acinetobacteand Moraxella Two main types of butter spoilage are
color change at the surface(surface taint) and rancidity. The major
culprit for both is believed to be Pseudomonaspp. Shewanella
putrefaciens(formerly Alteromonas putrefaciehsor Flavobacterium
spp. which also play role in development of surface taints in butter.
Some species such as. putrefaciensare able to grow on butter
surface and produce a putrid odor within relatively short period of
time (74 10 days) at refrigeration temperature. The odor is suggested
to be theresult of releasing organic acids such as isovaleric acid (Jay
et al. 2005). Black discoloration and shunk-like odor are also
developed in butter by Pseudomonas nigrificarfgornacki et al. 2001)
and Pseudomonas mephitii@ornacki et al. 2001, Jakson and Morgan
1954), respectively.Pseudomondsagiand, in rare casesPseudomonas
fl uorescensas well as nonrmicrobial lipases degrade milk fat into
free fatty acids leading to hydrolytic rancidity in butter (Jay et al.
2005). Hydrolytic ra ncidity in butter can also be the result of activity
of Micrococcusspp. (Boor and Fromm 2006) and molds such as
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Rhizopus Geotrichum Penicillium and Cladosporium(lrbe 1993).
Formation of 3-methylbutanal by Lactococcus lactigar. maltigeness
the major causeOi ws OEOUaz wi OEYOUWEIT I 1 EVwb OwWE

Table 13. Microorganisms associated with spoilage of cream,
butter and dairy spreads.

Microorganisms |Defects
Cream
Bacillus cereus Bitty cream, sweet curdling
Bacillus licheniformis, B. coagulans, Bitterness, thinning in sterilized
B. subtilis cream
Geobacillus stearothermophilus Spoilage in UHT cream
Pseudomonas fluorescens, P. fragi, Spoilage in double cream, apple-like
P. putrefaciens, P. nigrifaciens ester formation, putrid odor, blackish
discoloration
Candida lipolyticum, Geotrichum candidum, Torula Yeasty or fruity flavors, gas formation
cremoris, Candida pseudotropicalis, Torulopsis sphaerica
Penicillium spp. Surface taints (if the product is stored
at 0-1°C)
Rhodotorula mucilaginosa Bitterness
Proteus in the case of Bitterness and thinning
Coliforms " iief]fctn-’e cans or Gas formation
Lactic acid bacteria/ leaking seams ; -
© Acid curdling
Butter
Shewanella putrefaciens Surface taints
Pseudomonas putrefaciens
Flavobacterium spp.
Pseudomonas nigrificans Black discoloration
Pseudomonas mephitica Shunk-like odor
Lactococcus lactis var. maltigenes Malty flavor
Micrococcus spp. Lipolytic spoilage
Molds (e.g., Penicillium, Aspergillus, Mucor, Surface discoloration and taints
Cladosporidium, Geotrichum, Alternia, Rhizopus spp.)
Yeasts (e.g., Rhodotorula, Cryptococcus, Torulopsis, Lipolytic spoilage
Candida lipolytica)
Dairy spreads
Penicillium spp. Tainting

Trichoderma harzianum
Yarrowia lipolytica
Bacillus polymyxa
Enterococcus faecium
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Ice cream
Although frozen status of ice cream and frozen dairy desserts

gives both manufacturers and consumers apositive image about the
microbial safety of the fi nished product, it does not completely
eliminate the risk of transmission of pathogenic microorganisms or
toxins to humans via frozen products (Marshall and Arbuckle 2000).
Salmonellaspp. was reported to survive for seven years in ice cream.
Therefore, before freezing, the ice cream mix should be subjected to
adequate heat treatment to provide food safety (Georgala and Hurst
1963).Bacillus cereuss unlikely to survive pasteurization; however,
B. careuspores can cause illness if the initial level of spores is too
high and time and temperature control after pasteurization are not
adequate (Fernandes 2009).

Ice cream is a frozen foam of which air cells, fat globules,
caseins,stabilizing gums and ice crystals form the suspended phase
(Marshall 1998). Viscous syrup which constitutes the continuous
phase of ice cream contains microorganisms. Many factors
including physical forces of ice crystals, pH and osmotic pressure
affect the viability of microorganisms in ice cream. During freezing
of ice cream mix, acids, salts and sugars areconcentrated in the
syrup. All these substances show detrimental effect against
microorganisms and spores at varying levels. In general, bacterial
spores and spores of molds and yeasts are more resistant against
these substances than the vegetative cells. Gramnegative bacteria
are generally more sensitive than Gram-positive bacteria and
vegetative cells of molds and yeasts. Growing extracellular ice
crystals is one of the major factors damaging the microbial cells.
Therefore, any factor restricting growth of ice crystals such as fat
globules and air cells may reduce the damage doneto microbial
cells by ice crystals (Marshall 1998).

In the manufacture of ice cream, a number of ingredients
including milk, cream sweeteners, flavorings, nuts, confectionary
products, eggs and egg products and coloring materials are used.
The ingredients added to ice cream mix after pasteurization carry
potential risk of transmitting contaminant microorganisms to ice
cream.
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Blending 40 °C for 30 min

:

Homogenisation

:

Heat treatment

.

Pasteurisation
79.4 °C for 30 scc

Cooling <7.2 “C within 1.5 hr
Liguid flavours —» [ransfer to storage tank
Ageing Up to 24 hr at <5 °C

First stage freezing <-2.2 °C
Mould, enrobing,
packaging, etc.
Hardening =25 to =30 °C

Fig. 18. Production of ice cream

Majority of the outbreaks associated with ice cream have
involved ice cream made from raw materials (i.e., raw milk, cream
or eggs). Improper heating and/or post-production contamination
are among the other sources of outbreaks. As long as a propetheat
treatment is applied, milk is not considered a source of microbial
contamination. However, sometimes raw milk is used in the
manufacture of home-made ice creams. In addition, if the milk with
poor hygienic quality or with high spore counts is used in ice cream
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production, spores may withstand pasteurization and spoil the
finished product. Sweeteners used in ice cream production are
available in two different forms: crystalline and syrup forms. It is
unlikely that bacteria grow in crystalline sugars (e.g., dextrose,
fructose, sucrose or maltose), but yeastsmay be present in such
sugars. On the other hand, aerobic osmophilic fungi can grow in
syrup. This group of microorganisms is usu ally present on the
surface of ice cream. Therefore, surface treatments (e.g., exposure to
UV light) or sealing of the containers may well inhibit the growth of
yeasts, if present. However, in bulk productions, air is inevitably
incorporated into the tank; thus the initial level of osmophilic
aerobic yeasts must be as lowas possible.

The microbiological stability of syrup with high sugar
concentration (aw 0.70) is higher than those with high awv (i.e., 0.80).
Corn syrup is widely used in ice cream productions. Comparing to
the sugars containing glucose polymers, higher concentration of
corn syrup is needed to inhibit microbial growth. It should be kept
in mind that osmophilic yeasts (especially t hosebelong to the genus
Zygosaccharomycesan grow in syrup with an aw as low as 0.65.
Candida Pichia Schizosaccharomycasd Torula spp. are among the
other yeast flora likely present in corn syrup. The preparation of
corn syrup is of critical importa nce for microbial growth since
steeping step includessoaking of corn in water at 45¢ 50°C for about
48 hr at pH 4.0. These conditions stimulate the growth of
microorganisms.

Addition of sulfur dioxide at a level of 0.1 10.2% may well
inhibit the growth of m icroorganisms in corn syrup (Marshall 1998).
Other sources of contaminants in ice cream manufacture are given
in Table 14.
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Table 14. Potential sources of contamination of various microbial
groups to ice cream.

Source Microbial groups Remarks

Honey Yeasts (e.g., Zygosaccharomyces  |Yeasts are natural habitats of flowers.

spp.)

Flavorings [Vegetative microbial cells Extracts contain alcohol that sufficiently
dehydrate and destroy vegetative cells.

Bacterial spores (<100 per g) Cocoa and chocolate liquor consist bacterial
spores when contaminated during or after
pressing and grinding,.

Fruits Yeasts (e.g., Saccharomyces and Relatively low pH of fruits favors the

Cryptococcus) growth of yeasts and molds. Freezing

Molds (e.g., Alternia, Aspergillus, |destroys some microorganisms but does

Botrytis, Fusarium, Geotrichum, not guarantee complete inhibition. Adding

Mucor, Penicillium, Rhizopus) hypochlorite to wash water is an effective

Bacteria (e.g., Bacillus, way of reducing microbial counts of fruits

Pseudomonas, Achromobacter) before freezing. Candied or glaciéd fruits
have a_low enough to prevent microbial
growth.

Nuts Various microorganisms Nuts consist of microorganisms originating
from mainly soil. Treatments applied to
separate nut meats and shell may reduce
the microbial count. a_ of most nuts (i.e.,
0.70) prevent microbial growth. Nuts (both
tree nuts and ground nuts) are considered
to be free of pathogens. However,
mycotoxins carry a potential risk.

Egg yolks [Salmonella spp. and Micrococci in  |Egg is usually contaminated during laying.

fresh eggs
Gram-negative rods (e.g.,
Pseudomonas, Proteus)

Iron is essential for the growth of most
bacteria. Glycoproteins present in shell
membrane bind iron. Also, ovotransferrin
chelates iron, making them unavailable for
bacteria. Binding biotin and riboflavin by
avidin and ovoflavoprotein, respectively,
inhibits bacteria that need these two
vitamins for their growth. Transovarian
infection of Salmonella is a major concern.
Pasteurization and freezing reduce

the counts of bacteria to a great extent.
Bacillus, Micrococcus and Enterococcus may
withstand pasteurization and freezing,
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Frozen yogurt is another product of frozen dairy products
segment. Frozen yogurt contains two yogurt bacteria ( Streptococcus
thermophilus and Lactobacillus delbrueckisubsp. bulgaricug. The
results of scientifi ¢ works on the resistance of yogurt bacteria to
freezing are somehow contradictory. For example, Lopez et al.
(1998) demonstrated that both yogurt bacteria were not affected by
freezing to a great extent and the numbers of these bacteria
remained almost stable in frozen yogurt stored at +45%C for 3t4
months. Similarly, lactase activity was also maintained in frozen
yogurt during storage (Mashayekh and Brown 1992). On the
contrary, Sheu and Marshall (1993) observed that the counts of two
strains of Lb. delbrueckisubsp.bulgaricusdecreased ty 45% and 90%
during freezing. A more moderate decrease (ca5%) in viable cell
counts of yogurt bacteria during storage at 4+ 20°C for two weeks was
also observed

Ice cream and frozen yogurt may be considered as vehicles for
probiotic uptake (Hekmat and Mc Mahon 1992). Hagen and
Narvhus (1999) evaluated the viability of Lactobacillus reuteyilLb.
acidophilus Lb. rhamnosusGG and Bifidobacterium bifidumin ice
cream stored att 20°C for 52 weeks. The productwas demonstrated
to contain probiotic bacteria at | evels above therapeutic minimum
(i.e., 106 cfu ¢ 1) throughout storage. Similar results were reported
by Marshall (1998) who suggested that B. bifidumand Lactobacillus
spp. could be added to ice cream and frozen dairy desserts as
dietary adjunct. In order to improve and/or maintain the viability of
probiotic bacteria in ice cream and frozen desserts, addition of
prebiotics (i.e., 1% resistant starch) or microencapsulation of
bacterial cells are the effective options. Homayouni et al. (2008)
showed that both options increased the survival rate of probiotic
bacteria in ice cream stored att 20°C for 180 days. Addition of inulin
as prebiotic also stimulated the viability of Lb. rhamnosusnd Lb.
casein ice cream (Di Criscio et al. 2010). In order to stimulate the
growth and viability of probiotic strains in frozen products,
addition of cystein of casein hydrolysates to frozen yogurt mix prior
to fermentation is recommended (Ravula and Shah 1998, Shah and
Ravula 2000).
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Biofilm in ice cream plants poses a potential risk of
contamination of pathogenic and non-pathogenic microorganisms.
Gunduz and Tuncel (2006) investigated the sites of biofi Im
formation in an ice cream plant. Most of the biofi Im formation was
detected on the conveyor belt of the packaging machine 8 hr after
the beginning of the production. Most of the Gramnegative bacteria
isolated from the biofi Ims belonged to Enterobacteriacedamily
including Proteus EnterobacterCitrobacter Shigella Eschericiaand
Edwardsiellaspp. Aeromonas Plesomonas Moraxella Pseudomonas
and Alcaligenesspp. were also isolated from the biofi Ims. Gram-
positive bacteria isolated from the biofi Ims were Staphylococcys
Bacillus Listeriaspp. and lactic acid bacteria including Streptococcuys
Leuconostoand Pediococcuspp.

Impedance measurement technique is a feasible, rapid and accurate
alternative to classical plating technique in the detection of
microbial count. Detection of Salmonellaspp. and Listeriaspp. in ice
cream by PCR requires pre-enrichment using an appropriate
enrichment medium (Velazquez - Estrada et al. 2010).

FERMENTED MILKS

Fermented milks have been produced by traditional methods
for many centuries, and there are several hundred such products
recorded around the world. They are produced as a result of
microbial 'souring' of milk, usually cows' milk, but also the milk of
other species, including sheep, goat, horse and buffalo. Most are
very similar, both in terms of their characteristics, and in the
technology used to produce them. Many fermented milk products
are distinguished only by their region of origin, and very few have
become commercially important. Interest in these products,
particularly yoghurt, has grown rapidly since the development of
flavoured and fruit yoghurts in E urope in the late 1950s, and more
recently as aresult of the growing demand for, and marketing of,
fermented milks as healthpromoting foods.
Fermented milks can be conveniently classified on the basis of the
type of fermentation they undergo, as lactic, yeastlactic (e.g. Kefir,
Koumiss, acidophilus-yeast milk) and mould -lactic (e.g. Villi).
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Lactic fermentation products can be further classified, depending
on the characteristics of the lactic microflora, as mesophilic (e.g.
Filmjolk, Nordic ropy milk, Mazi wa lala, Ymer), thermophilic (e.g.
Yoghurt, Labneh, Shirkhand, Skyr, Bulgarian buttermilk) and

probiotic or therapeutic (e.g.Q Bioi -fermented milks, acidophilus
milk, AB -yoghurt, Yakult, Danone, Cultura-AB). Examples of
products of each type are given below.

Lactic acid fermentations

The group of products that fall within this category are mainly
classified as:

| Mesophilic lactic acid fermentations (optimal growth at ~30 °C)
with starter cultures belonging to the generalLactococcus, Leuconostoc
and Pedioosccus Some examples include Q generali types of
fermented milks, Nordic sour milk products, fermented buttermilk
(natural or cultured 'Ethe former type is a by” product of cultured
buttermaking) and Dahi (an Indian fermented milk); the latter
product is sometimes made using yoghurt starter cultures.

I Thermophilic lactic acid fermentations (optimal growth at ~42 'E45
°C) where the starter cultures are mainly the yoghurt organisms and
Lactobacillus helvetiau

Traditional or natural buttermilk

Traditional or natural buttermilk is made from the liquid
produced during butter production using a starter culture mixture
of Lactococcuspp. (Lactococcus lactisubsp. lactis, and Lactococcus
lactis subsp. cremoris which are the main producers of lactic acid,
and Lactococcus lactidbiovar diacetylactis the diacetyl flavour -
producing organism) and Leuconostoc mesenteroicegsp. cremoris
(also responsible for flavour production).

Cultured buttermilk

Cultured butt ermilk is also produced mostly using a mixed
culture of L. lactis subsp. lactis, L. lactissubsp. cremorisand the
flavour -producing organisms L. lactis biovar diacetylactisand L.
mesenteroidesibsp. cremorislt is traditionally made from skimmed
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milk. Ymer is similar to cultured buttermilk, but differs in the
sequence of the manufacturing stages.

Nordic sour milks

Nordic sour milks such as Filmjolk and Nordic ropy milk are
made using slimeproducing Bacterium lacticus longia synonym of
Lactococcuspp. (the name Lactococcus lactis biovar longas been
proposed). The slimy or ropy consistency of the products is also
attributed to Butterwort leaves, which are rubbed on the interior of
the pails.

Cultured cream

Cultured cream or sour cream is made using the same starter
cultures as cultured buttermilk, but has a much higher fat content
(10- 40%).

Miscellaneous products

Miscellaneous products include a range of traditional
products that depend on spontaneous fermentation by naturally
present lactic acid bacteria (LAB) in milk. Maziwa Ilala
(commercially called Mala) is made using the same starter culture
mixture as buttermilk, but is then sweetened. Susa, made from
cameli s milk is fermented using hetero-fermentative mesophilic
starter cultures. Lben is similar to buttermilk but its production
involves spontaneous fermentation. The microflora of this product
mainly consists of L. lactisbiovar diacetylactis, Leuconostoc lactis, L.
mesenteroidesubsp. cremorisand Leuconostoenesenteroidesubsp.
dextranicum lactobacilli, yeast, mould and coliforms are also
present.

Thermophilic

This category encompasses those starter cultures whose
growth optimum is between 37 and 45 °C. The genera of
microorganisms that fall into this categoryinclude Streptococcuand
Lactobacillus
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Yoghurt

Yoghurt is a term used to describe a wide range of related
products, which may be classified according to legal standards (full -
, medium - or low -fat), gel type (set or stirred) and whether or not
they are flavoured (natural, fruit, or flavoured) or if they are
subjected to a further process (heating, freezing, drying or
concentrating). The usual starter culture employed to produce
yoghurt is a mixture of Streptococcus thermophil@nd Lactobadius
delbrueckisubsp. bulgaricus.

Acid buttermilk

Acid buttermilk, also known as Bulgarian buttermilk is made
using Lb. delbrueckiisubsp. bulgaricusas the starter culture. Str.
thermophilus or a cream culture may also be included in the starter
cultur e.

Probiotic lactic acid fermentations (optimal growth at ~37 °C)
where the starter cultures are mainly the yoghurt organisms and a
wide range of probiotic bacteria.

Mesophilic probiotic fermented milks

Nordic cultured buttermilk (Piima, Filmjolk, i.e. drinking type) is
made by microbial fermentation of pasteurised whole milk or
skimmed milk. Typical starter cultures in fermented buttermilk are
mesophilic LAB, such as Lactococcus lactis subsp. cremadtis. lactis
subsp. lactis, Lactocoers lactissubsp. lactis biovar. diacetylactiand
Leuconostoc mesenteroidabsp. cremoris The processed milk base is
fermented at 20 °C for ~20 h (final pH: 4.5H.6), followed by stirring,
cooling, flavouring (optional) and packaging . Originally, cultu red
buttermilk was consumed as a drink during meals and did not
contain any flavouring. This is still the case, but there are now
fruit” flavoured varieties also on the market, for example in
Finland and Sweden. These flavoured products are consumed
during breakfast (often with cereals), or as a shack in a manner
similar to yoghurt, whereas unflavoured buttermilks (especially the
Finnish products that are less viscous) are typically consumed as
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drinks, together with foods. In addition to lactic starter cultures,
probiotic ™ cultured buttermilk  may  contain different

microorganisms, such as Lb. rhamnosusGG , Lb. casei and
Lb. acidophiluslone or together with Bifidobacteriunspp..

Thermophilic probiotic fermented milks

Yoghurt and other fermented milks containing probiotic bacteria
have become popular worldwide. In order to find new probiotic
strains, researchers have tried screeningraditional fermented milk
products made in different countries, such as Nigeria and other
African countries , Portugal , Iran, Mongolia , Kazakhstan, Italy and
Sardinia . Other potential sources of probiotic strains have been
screened, such as dairy products, human faeces and human breast
milk . Other aspects of probiotic dairy products that have been
reported in the scientific literature include general reviews on
probiotic bacteria and the safety of lactobacilli , enterococci, phage
infection of probio tic strains , the antibacterial effects of probiotics
, the use of whey and buttermilk to grow and freeze probiotic
lactobacilli and the antibiotic resistance of commercially available
probiotic starter cultures .

Nevertheless, Q Bifidobacterium bifidunBb” 12i (presumed
to be Bif. animalissubsp. lactisBB" 12) grew faster in goafi s milk
compared to cowi s milk fortified with whey protein concentrate
(WPC) powder and inulin, and had viable counts of 2.3 x 18c¢cfu mL
U after 9 d at 5 °>. The AB product had viable counts of lactobacilli
and bifidobacteria of 3.5 x 10 and 3.4 x 10 cfu mLHY, respectively;
whilst the BC product had viable counts of bifidobacteria and
lactobacilli of 7.6 x 10 and 5.6 x 10 cfu mLY, respectively. The
optimum proportion of both probiotic bacteria and Y culture was
2:1:1 (Shu et al., 2015).

Yakult

Yakult is a term for a group of therapeutic products
originating from Japan. The starter culture used is Lactobacillus casei
subsp. caseiL. caseiShirota), an organism naturally present in the
normal intestinal microflora of humans. The organism is a probiotic
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strain that is thought to have a beneficial effect on the host, by
improving the intestinal microbial balance. The positive health
benefits of probiotics are reported to be of particular value in the
treatment of diseases thatresult in a disturbance of the intestinal
microflora.

Acidophilus milk

Acidophilus milk is a traditional therapeutic milk product
popular in eastern Europe, but now attracting more attention
elsewhere for its perceived beneficial properties. It may be made
from skimmed or whole milk, and the starter organism is
Lactobacillus acidophilus.

'‘Bio' yoghurts

'‘Bio' yoghurts are made by very much the same process as
tradit ional yoghurt, and are very similar products, but usually use
a mixed starter culture consisting of probiotic strains.
Bifidobacterium spp. are often used, especially Bifidobacterium
bifidum, and Bifidobacterium longumtogether with lactobacilli, such
asL. caseiand L. acidophilus. These organisms are all found in the
normal intestinal microflora and are considered to have a beneficial
effect on human health.

Yeast- Lactic Fermentations
Mesophilic LAB, thermophilic LAB and yeast are the main
fermentation genera.

Kefir

Kefir is a rather foamy and effervescent fermented milk that
contains about 1%lactic acid and 0.5- 1.0% alcohol, and is popular
in eastern Europe and Mongolia. The starter culture consists of
small, white 'kefir grains’, about 2- 10 mm in diameter. These grains
contain a complex and quite variable microbial community, but
little is known about how they develop. The grains usually contain
LAB such asLactobacilluspp. (Lb. delbreuckisubsp. bulgaricug plus
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Lactococcusspp. (L. lactis subsp. lactig), Leuconostospp., and Str.
thermophilus,acetic acid bacteria @Acetobacter aceand Acetobacter
rasen$, contaminants such as mould (Geotrichium spp.), and a
number of yeast species such asSaccharomyceand Kluyveromyces
but the principal yeast species present is Candida kefirlsynonym:
Candida kefyrtelemorph: Kluyveromyces marxiangs

Koumiss
Koumiss is traditionally made in central Asia from mares'

milk, but is now often made from skimmed, or whole cows' milk
with added sugar. Starter cultures contain LAB such as lactobacilli
(Lb. delbrueckii subsp. bulgaricus anl Bcidophilu$, strains of lactose
fermenting yeasts (K. marxianus Saccharomycepp., Torula koumis}
non-lactosefermenting and non -carbohydrate-fermenting yeasts.
The finished product contains lactic acid, alcohol and carbon
dioxide, producing a slightly effervescent drink.

Miscellaneous Products

Miscellaneous products such as acidophilus-yeast milk fall
under the yeast-lactic group of fermented products, but little is
known about the technology of these beverages.

Mould - Lactic Fermentations
Mesophilic LAB and mould are the genera responsible for
fermentation.

Villi

Villi is a fermented milk product from Finland, which is made from
whole milk, using a starter culture of L. lactis subsp. lactis biovar
diacetylactis, L. mesenteroidesubsp. cremoris and the mould
Geotrichum candidumThe mould grows on the layer of fat that forms
on the top of the product and produces a felt of mycelium.
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Table 15. probiotic dairy products in some selected markets

Trade name

Producer — country of origin

Probiotic micro-organisms present in the
products as stated by the manufacturer?

Non-fermented milk

Gefilus

Valio — Finland (FI)

Yoghurt/viscous products

AB-Jogurtti
Activia
Benecol

Biola

Ekologisk

Fjillyoghurt
Gefilus

Lcl

L. Casei Piimi

Juustoportti — FI
Danone — France (FR)
Benecol — FI

Tine — Norway (NO)

Anglamark — Sweden (SE)

Milko — SE
Valio — FI

Nestle — Switzerland (CH)

Satamaito — FI

Lactobacillus rhamnosus GG

Lactobacillus acidophilus. Bifidobacterium spp.
Lactobacillus casei Immunitas
Bifidobacterium spp.

Lactobacillus rhamnosus GG, Lb. acidophilus.
Bifidobacterium spp.

Lb. acidophilus. Bifidobacterium animalis
subsp. lactis

Lb. acidophilus. Bifidobacterium bifidum
Lb. rhamnosus GG
Lactobacillus johnsonii

Lb. casei

Drinkable or beverage fermented milk/low-viscous products

Actimel

A-Fil

AB-Piimi
Aktifit Plus
Benecol

Bifidus

Bifidus?® or Activia

Biogarde

Cultura Balance

Gefilus
Oresundsfil
Verum
Vifit
Yakult

Yosa®

Danone — FR

Arla — SE
Skanemejerier — SE
Norrmejerier — SE
Milko — SE

Arla—FI
Emmi — CH
Benecol — FI
Emmi — CH
Danone — FR

Strohmann — Germany (DE)
Almhof — The Netherlands (NL)

Albert Heijn — NL
Arla — Denmark (DK)

Valio — F1
Skinemejerier — SE
NorrMejerier — SE
Campina — NL
Yakult — NL
Bioferme — FI

Valio — FI
Bakoma — Poland (PL)

Lb. casei Immunitas

Lb. acidophilus

Lb. acidophilus

Lb. rhamnosus GG

Bifidobacterium spp.

Lb. acidophilus, Bifidobacterium spp.
Lb. acidophilus, Bifidus*

Lb. acidophilus. Bifidobacterium spp.

Lb. casei F19, Lb. acidophilus LA-5, Bif.
animalis subsp. lactis BB-12

Lb. rhamnosus GG

Lb. acidophilus, Bifidobacterium spp.
Lb. rhamnosus LB21

Lb. rhamnosus GG

Lb. casei Shirota

Bif. animalis subsp. lactis BB-12,
Lb. acidophilus LA-5

Lb. rhamnosus GG
Lb. acidophilus. Bifidobacterium lactis®
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Trade name

Producer — country of origin

Probiotic micro-organisms present in the
products as stated by the manufacturer?

Kefir

Total

Greek-style
yoghurt

yoghurt

Greek-style
yoghurt

Greek-style
yoghurt

Greek yoghurt
Okios

Greek yoghurt

Greek-style
yoghurt

Greek yogourt
Skyr

Ymer

Cheese

Fitness Quark

Authentic strained

Bieluch - PL

Concentrated fermented milk products

Fage — Greece (GR)

Morrison — United Kingdom
(UK)

Chobani — UK

Fontera — New Zealand (NZ)

Roaming Cow — Australia (AU)

Jalna - AU

Stoneyfield — United States of
America (USA)

Kroger - USA
Greek Gods — Canada (CA)

Liberté — CA
Siggis — Iceland (IS)

Arla-DK

Onken - DE

Lb. acidophilus LA-5, Bifidiobacterium BB-12°

Lb. acidophilus, Bifidus*, Lb. casei
Bif. lactis’, Lb. acidophillus

Lb. acidophilus, Bifidus®, Lb. casei

Lb. acidophilus, Bifidus*

Lb. acidophilus, Bifidus*, Lb. casei

Lb. acidophilus, Bifidobacterium spp., Lb. casei
Lb. acidophilus, Bifidus*, Lb. casei

Lb. acidophilus, Bif. bifidum
Lb. acidophilus, Bifidobacterium spp., Lb. casei

Lb. acidophilus, Bif. lactis’, Lb. casei
Lb. acidophilus, Bif. lactis’
Lb. acidophilus

Lb. acidophilus, Bifidobacterium spp.

Data compiled from product labels and/or manufacturer websites.
'Data compiled from the websites of the commercial dairy companies.
?Strains and species of lactic acid starter cultures are not listed; in some cases, the strain identification of the
probiotic organism was not stated.
IData compiled from www.scienceforhealth.info.
*Presumed to be Bif. animalis subsp. lactis Bifidus ActiRegularis DN-173 010.
SThis is an oat drink similar to a yoghurt-like product.
*Presumed to be Bif. animalis subsp. lactis BB-12.
"Presumed to be Bif. animalis subsp. lactis.

123




Advanced Dairy Microbiology D r. Amer Alzobaay

Yogurt: microbiology, organoleptic properties and

probiotic potential

Fermentation has been used for thousands of years to
preserve food. Thanksto the acidifying activity of bacteria, the shelf
life of milk is increased because the growth of undesirable
microorganisms is prevented. Traces of fermented milk products
apppear rather quickly after the emergence of agriculture, as early
as 8,000 B.C. in Turkey and EasterrEurope. Based on the presence
of milk lipids recently discovered on pottery shards, the inhibitants
of what is now modern -day Libya were consuming fermented dairy
products around 7,000 B.C. (Dunne et al. 2012). Traces defir have
also been detected on a Bronze Ag mummy in China (Yang et al.
2014). Yogurt seems to make an appearance around 5,000 B.C. and
was discovered by nomadic peoples living in the Middle East. It has
been consumed for thousands of years by different civilizations.
28 O1 UUU AramtetiedurkU T wp OUEwW? a 0T UUOEOO? whkl i
to thicken, coagulate, or curdle.

Table 16. Yogurt and yogurt -like products originated in different
regions of the world

Traditional name Country

Jugurt/eyran/ayran Turkey

Busa Turkestan

Kissel mleka/naja/yaourt Balkans

Urgotnic Balkan mountains

Leban/laban or laban rayeb Lebanon and some Arab
countries

Zabady/zabade Egypt and Sudan

Mast/dough/doogh Iran and Afghanistan

Roba/rob Iraq

Dahi/dadhi/dahee India

Mazun/matzoon, matsun, matsoni, madzoon Armenia

Katyk Transcaucasia

Yiaourti Greece

Cieddu [taly

Mezzoradu Sicily

Gioddu Sardinia

Tarho/taho Hungary

Viili Finland

Filmjolk/fillbunke/filbunk/surmelk/tacttemjolk/tettemelk Scandinavia

logurte Brazil and Portugal

Skvr Iceland
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A traditional food that is consumed on a daily basis in the
Middle East and Europe, yogurt is currently expanding its market
across the globe. Demand has grown dramatically in North and
South America, aswell as in Asia (> 100% between 2000 and 2010
for yogurt and fermented dairy products; Mikkelsen 2013). At
x Ul Ul OUOwOOUI wli E Qaptilagian eadsiyeglit] dndubp OUOE 7
worldwide yogurt consumption has hit around 15 million tons per
year. The global yogurt market was projected to surpass $65 billion
in 2015 (www.strategyr.com). Traditional yogurts | produced at
small scaleg currently coexist with industrially produced yogurts,
andbPl WEUI wUI 1 DOT wuUl OI pI EwbOUI Ul U0wHOu
nutritional value and healthful properties are universally
recognized. The food has apositive market image, attributable to its
specific organoleptic properties (fresh taste, sourness, unigue
aroma), which has improved following the discovery of its probiotic
xUOx1 UUPI Uw EOEw UOGEDPI UazUw reayl O1 OUw
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(OWhNWKOWUT T w%w . ¥v6' . wEI I DOl Ewa ol C
milk product obtained by lactic acid fermentation through the
action of Lactobacillusdelbrueckiissp. bulgaricus(Lb. bulgaricu$ and
Streptococcus thermophilufom milk and milk products. The
microorganisms in the final product must be viableandE EUOEEOUS 2 w
If other bacteria are added, such as probiotics (e.g., Bidobacteria
LactobaciliU x x 8 AOwUT | wx UOEUEUwOOBOWE wkBE o
cannot carry the yogurt label. The Codex Alimentarius entry for
fermented milk (Codex STAN 243-2003) specifes that yogurt
should contain a minimum of 2.7% (m/m) milk proteins, a
maximum of 15% milk fate, a minimum of 0.6% titratable acidity
(expressed as % of lactic acid), and aminimum of 107 CFU/g of
microorganisms (total microorganisms in the starter culture).
Yogurt has highly attractive nutritional properties | it is low in
calories (around 90 kcal per serving) but contains enough macro-
and micronutrients (proteins, fatty acids, calcium, phosphorus, and
vitamins) UOWE OY 1 UwEwxT UUOOz UWwEEDPOa wdi | EUG

How yogurt bacteria grow together in milk

Typically, yogurts are produced at temperatures around 42°C,
which promotes the optimal growth of both S. thermophilusand Lb.
bulgaricus When milk is inoculated with these two bacteria, they
usually grow in succession and S. thermophiluspresents diauxic
growth . S. thermophiludirst grows exponentially (for the first 90 to
120 min) and then experiences a short latency period.Lb. bulgaricus
stays at inoculation levels. S. thermophilussubsequently resumes
growth, albeit at a reduced rate, and Lb. bulgaricusstarts to grow
exponentially. As the milk becomes acidified, reaching a pH of
around 5.2, S. thermophilustops growing. In contrast, the growth of
Lb. bulgaricusontinues until pH levels drop to around 4.4 (Beal and
Corrieu 1991). The acidification curves usually correlate well with
these growth patterns (Fig. 1). The first round of acidification
corresponds to S. thermophilug w x I UDOE w O grow;x OO1 OUE
during the latency period, there is a slowdown in acidification.
Then, acidification accelerates with the tandem growth of both
bacteria. Lb. bulgaricugs better than S. thermophilusat handling the
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acidic environment, possibly partly because it can transform
ornithine into putrescine, which raises the intracellular pH
Despite S. thermophilus w1 Ul EUIl Uw Ul OUbUPYDPUA w
bacterium generally has a numerical advantage over Lb. bulgaricus
by the end of fermentation, even when Lb. bulgaricusstarts off at a
higher inoculum level .This advantage is strain dependent and can
be partly explained by the fact that Lb. bulgaricushas stricter
nutritional requirements. Also, S. thermophiluss probably a better
competitor than Lb. bulgaricusn milk.
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(m} and of Lk bulparicus CINEZ398 in pure cultures (&) or co-cultures (L0; cultures were
grown in microflterad milk {Margueribe®).
(B} Acidification curves of milk inoculated with 5. thermophilus CNRZA85 (), Lb. ulgaricus
CINELZI98 (&), or both bacteria (2.
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Symbiosis between yogurt starter bacteria
S. thermophilusand Lb. delbrueckisubsp. bulgaricusexhibit in the
milk an interaction that is mutually favorable and not obligatorily
characterized by the fact that each bacterium produces one or more
substances that stimulates the growth of the other (de Souza
Oliveira et al. 2012). ThisUT OEUDPOOUT bx wb U w &I
thermophilus for example, doesnot possess substantial extracellular
proteolytic activity and the amino acid and free peptide content of
milk is not high enough to prom ote its full growth (Zourari et al.
1992). Lb. delbrueckisubsp. bulgaricusproduces free amino acids
from casein fractions and these amino acids are used by S.
thermophilusfor its growth (Fira et al. 2001). The type and number
of amino acids stimulating the growth of S. thermophilugs strain-
dependent (Letort and Juillard 2001). Leusine, lysine, aspartic acid,
histidine and valine are the principal amino acids that are
synthesized by Lb. delbrueckiisubsp. bulgaricusto stimulate the
growth of S. therm@hilus. During the winter/ autumn months,
glycine, isoleucine, tyrosine, glutamic acid, methionine, as well as
five amino acids mentioned above, are essential (Tamime and
Robinson 2007). While some strains ofS. thermophilusequire valine,
glycine and histidine for their growth, some strains show weak
growth in the presence of these amino acids.
The growth of Lb. delbrueckiisubsp. bulgaricusis stimulated by
formic acid liberated by S. thermophilugZourari et al. 1992). Formic
acid is also largely produced in milk during heat treatment at
>100°C. It was reportedthat when milk was heated at 100°C for 10
min, the formic acid concentration increased from 1.7 mg kgt 1 to 39
mg kgt 1 (Kikuchi et al. 1984). Kikuchi et al. (1984) also found that
addition of sodium formate into milk at a level of 20 mg kgt 1 led to
2.7 times increase in the acid production by Lb. delbrueckisubsp.
bulgaricusand the number of this bacteria was ten times higher than
that of the control yog urt. There is an adverse relationship between
the oxygen content of the medium and formic acid concentration.
At high oxygen concentrations, the growth of Lb. delbrueckisubsp.
bulgaricusis decreased (Driessen 1981).

The positive effect of the associative growth of yogurt bacteria
on the metabolic activities of both yogurt bacteria is out of question.
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However, a competition between these two organisms also occurs
during fermentation of milk. The balance between competition and
symbiosis determines the fate of metabolic products and of balance
between rods and cocci. Depending upon the variation in the
balance between yogurt bacteria, the textural and sensoric
properties of yogurt may change, without affecting the lactic acid
production.

The balance betweenLb. delbrueckisubsp. bulgaricusand S.
thermophilus is widely infl uenced by the pH, incubation
temperature and total solids level of milk. Overall, low pH and high
incubation temperatures stimulates the growth of Lb. delbrueckii
subsp. bulgaricus(Bealand Corrieu 1991, Lankeset al. 1998). Radke
Mitchel and Sandine (1986) investigated the effect of incubation
temperature on the ratio of rods and cocci. They reported that
incubating milk at 37°C, 42°C or 45°C yielded rods to cocci ratios of
1:2.2, 1.8 and 1:2.4, respectively. Acidity is another factor
determining the ratio between yogurt bacteria. While the growth of
S. thermophiluss optimal at pH 6.5, Lb. delbrueckisubsp. bulgaricus
grows optimally at pH 5.8. Method of total solids elevation also
affects the fermentation kinetics.

Exopolysaccharide (EPS) production

Both S. thermophilusand Lb. delbrueckisubsp. bulgaricushave
exopolysaccharide-producing (EPS+) strains. EPS produced by
yogurt bacteria may have different monosaccharde composition .
The structure of the repeating unit of heteropolysaccharides (HEPS)
produced by S. thermophiluswvas first determined by Doco et al.
(1990). Until now, several repeating unit structures of HEPS
produced by both yogurt starter bacteria have been revealed
through NMR spectroscopy . The quantity of EPS produced by
yogurt bacteria in pure strain cultures can vary considerably
(Bouzar et al. 1997). It was reported that theEPS concentrations in
milk cultures may range from 50 to 3000 mg I*! for S. thermophilus
and from 60 up to 2100 mg I for Lb. delbrueckisubsp. bulgaricus
(Bouzar et al. 1997, Grobben et al. 1996).
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Standardization of milk

|

Homogenization
55-65 °C and 15-20/5 MPa

}

Pasteurization
80-85 °C for 30 min or 90-95 °C for 5 min

Cooling to incubation temperature (43-45 °C)

Inoculation of starter culture (2% V/V)

|
v v

Packing into individualcontainers Fermentation/Incubation (42-45 °C)
¢ (Until desired pH 1s reached)
Fermentation/Incubation (42-45 °C) l
(Until pH reached to 4.6) Cooling
Stirring

Cooling and cold storage (< 4 °C)

|

Cooling, Pumping and Packaging

!

Cold Storage (<4 °C)

' !

Set-yogurt | Stirred-yogurt |

Figure 1: Manufacturing process of set- and stirred-yogurt (Adapted from Lee and Lucey, 2010) [13]

General manufacturing procedure of yogurt

Manufacturing of yogurt is an ancient technique, which dates
back to thousands of years, and the knowledge has transferred
generation to generation. However, during the last few decades, it
became more rational due to improvement of various fields such as
microbiology, biochemistry and food engineering. Today it is a
complex activity combined with art and science[5]. The generalized
process of yogurt making is comprised of modifying the original
composition of milk, pasteurizing the yogurt mix, fermentation at
thermophilic temperatures (40-45 °C), cooling and addition of fruits
and flavors. The production steps in manufacture of stirred - and set
yogurt are illustrated in the Figure 1.
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Yogurt is made with a variety of ingredients including milk,
sweeteners, $abilizers, fruits, flavors, and bacterial cultures. Milk is
the main ingredient used in yogurt manufacturing. The type of milk
to be used depends on the variety or type of the yogurt that will be
prepared. For instance, whole milk is used for full fat/reg ular
yogurt, partially skimmed milk is used for low fat yogurt and
skimmed milk is used for nonfat yogurt. Cream/butter fat is used to
adjust the fat content whereas skim milk powder, whey protein
concentrate are used to elevate the total solid content ofthe yogurt
mix. Stabilizers are usually added to the mix in order to increase the
body and texture leading to an increase in firmness, prevents whey
separation/syneresis, and aids in uniform distribution of
ingredients. In addition, sweeteners are added to increase the flavor
and consumer appeal.

Nutritional profile of yogurt

Yogurt is a highly nutritious and easily digestible dairy
product which is a rich source of more than ten essential nutrients
in particular, certain minerals and vitamins. The nutriti onal
composition of yogurt can be varied according to the strains of
starter culture used in the fermentation, type of milk used (whole ,
semi or skimmed milk), species that milk is obtained (bovine, goat,
sheep), type of milk solids, solid non-fat, sweeteners and fruits
added before fermentation as well as the length of the fermentation
process (Tablel?).

However, the general composition of yogurt is more or less
similar to that of milk. Therefore, yogurt is a rich source of milk
proteins, carbohydrate, minerals such as calcium and phosphorous,
and vitamins such as riboflavin (B2), thiamin (B1), cobalamin (B12),
folate (B9), niacin (B3) and vitamin A. Milk proteins available in
yogurtis in high quality due to its high biological value and provide
almost all essential amino acids necessary to maintain good health
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Table 17. Nutritional composition of different varieties of yogurt

(per 100 gram)

Component Whole  Low Non Greek-  Drinking
milk fat fat style yogurt
yogurt  yogurt yvogurt yogurt

Energy (kcal) 79 56 54 133 62

Protein (g) 5.7 4.8 54 5.7 3.1

Carbohydrate 7.8 7.4 8.2 4.8 13.1

(2)

Fat (g) 3.0 1.0 0.2 10.2 Trace

Thiamin (mg) 0.06 0.12 0.04 0.12 0.03

Riboflavin 0.27 0.22 0.29 0.13 0.16

(mg)

Niacin (mg) 0.2 0.1 0.1 0.1 0.1

Vitamin B6 0.10 0.01 0.07 0.01 0.05

(mg)

Vitamin B12 0.2 0.3 0.2 0.2 0.2

(mg)

Folate (pg) 18 18 8 6 12

Carotene (ng) 21 Trace  Trace  Trace Trace

Vitamin D 0 0.1 Trace 0.1 Trace

Potassium 280 228 247 184 130

(mg)

Calcium (mg) 200 162 160 126 100

Phosphorus 170 143 151 138 81

(mg)

Source: The Dairy Council, 2013[20]

Acetaldehyde production

The control of aroma and flavor of yogurt is important for
and market success of the end product. The
characteristic flavor of the final product (over and beyond that
provided by the sharpness of the lactic acid) is mainly attributed to

quality control

acetaldehyde (Cheng 2010, Martin et al.

2011).

The ideal

concentration of acetaldehyde in regular yogurt is ca . 10t 25 mg kg
1. However, its ratio to other carbonyl compounds such as acetoin,
diacetyl and acetone has not been fi rmly established (Tamime and

Robinson 2007).
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Acetaldehyde production by homofermentative lactic acid
bacteria other than yogurt bacteria has been well documented by de
Vos and Hugenholtz (2004). On contrary, although tremendous
researches have been dedicatedto fully understand the flavor
chemistry of yogurt, a standard fl avor profile for yogurt is still a
matter of conjecture. The production of acetaldehyde by yogurt
bacteria seems to be strain dependent. No consensus has been
reached on which yogurt bacterium is principally responsible for
the acetaldehyde production. While some researchers have claimed
that S. thermophilugroduce more acetaldehyde than Lb. delbrueckii
subsp. bulgaricus others have reported the opposite (Ott et al. 2000).
Yogurt bacteria have diverse shunts for the production of
acetaldehyde, which is involved in the metabolism of
carbohydrates, proteins and nucleic acids (Fig. 8.2).
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Figure 19.Possible metabolic routes for acetaldehyde production
in lactic acid bacteria.
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In all of these cases, the acetaldehydeis a by-product or
intermediate, which upon accumulation is toxic and, therefore,
must be excreted. Despite a number of metabolic pathwayspossible
for acetaldehdye production, it seems that carbohydrate utilization,
and, in particular, the sources and fates of pyruvate, the key
intermediate for several pathways, are considered to be of primary
importance (Hugenholtz 1993). During yogurt fermentation,
acetaldehyde can be directly produced from lactose metabolism as
a result of pyruvate decarboxylation. It can be produced either
directly via pyruvate decarboxylase or pyruvate oxidase, or
indirectly through the formation of the intermediate acetyl CoA by
pyruvate dehydrogenase or pyruvate formate lyase (Chaves et al.
2002). Control of flavor compounds production via these pathways
Is of special relevance during the later stages of the fermentation
and/or cold storage. Additionally, thymidine may be degraded to
acetaldehyde. Another possible way of acetaldehyde production is
based on conversionof amino acids into acetaldehyde via pyruvate.
Threonine aldolase also acts on threnoine yielding acetaldehyde
and glycine.
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Kefir and Koumiss Origin, Health Benefits and Current
Status of Knowledge

Kefir

Kefir is a fermented milk drink which is traditionally
produced by | T UOI OUDPOT wEOPOwWT OEVUWEOE wWUT T 1 x
active microorganisms and when added to fresh milk, they produce
kefir. Kefir grains consist of protein and polysaccharide matrix
containing different species of yeasts,LAB, acetic acid bacteria, and
mycelial fungi (Witthuhn et al. 2005). Kefir produced through the
fermentation of milk by the microorganisms is a white or yellowish
colored, sour, carbonated and a mild alcoholic beverage. It has
yeasty aroma with acidic taste (Irigoyen et al. 2005). Kefir is
sometimescommercially available without carbonation and alcohol
(when yeast is not added to the starter culture), resulting in a
product that is very similar to yogurt. The flavor, ta ste, nutritional
composition of kefir varies with the type of milk and microbial
strains used for kefir production.

Kefir originated from the Caucasian mountains and then it
becamepopular in central and Eastern Europe (Assadi et al. 2000).
It is important food stuff in Russia. Traditionally kefir is produced
in the households of the Caucasian Mountains and Tibetian region
of China. They used the kefir grains which were inherited from their
ancestors for kefir preparation.

Generally, kefir is prepared from cow, sheep and goat milk;
however soya milk is also known to be used for kefir preparation
(Farnworth 2005). In the later part of the nineteenth century, the
benefit of kefir was highlighted when it helped for effective
treatment of tuberculosis, intestinal and chronic diseases in the
Caucasus region. The benefits of kefir were first reported by the
Russian doctors working in this region. Kefir has been reported for
its healing effects on the high blood pressure, anaemia, obesly
control, gall bladder problem, etc. (Bellamy and MacLean 2005).
Due to its abundant health benefits, kefir has gained popularity as
a functional healthy probiotic food throughout the world.
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Kefir grains

Microorganisms present in kefir grains are responsible for the
fermentation of milk. The original kefir grains are slightly yellowish
in colour and they resemble a cauliflower (Nielsen et al. 2014). There
IS no scientific evidence about the origin of kefir grains. Kefir grains
are yellowish -white, cauliflower shaped, semi hard granules
containing different yeast and bacterial stains, which exist in
symbiotic association (Fig. 1). When the grains are added to
sterilized milk and incubated the microorganisms are activated to
ferment milk. Kefir grains are made up of a complex microbial
biomassmatrix composed of polysaccharide, fat and protein of kefir
microorganism origin (Rea et al. 1996). Microorganisms involved in
kefir production secrete exopolysaccharides that accumulate along
with proteins and fat molecules to form kefir grains. Further,
growth of kefir grains occur by the accumulation of microbial
biomass on the pre-existing kefir grains during kefir production.
The major constituent of kefir grain matrix is composed of
polysacci EUPDET w? Ol | PUEO? wop+Ewl1HDYDI Ul wi Ouw
heteropolysaccharide made from glucose and galactose. Lactic acid
bacteria arethe main exopolysaccharide producing microorganisms
in kefir that give the rheological and texture properties to the kefir
formed from the fermented milk (Frengova et al. 2002).

136



Advanced Dairy Microbiology D r. Amer Alzobaay

Kefir resembles yogurt to some extent. Many people believe
that kefir and yogurt are similar, but in reality they have many
significant differences based on biochemical and organoleptic
properties. Both kefir and yogurt are cultured milk products but
they contain different strains of microorganisms. Generally, yogurt
contains bacterial strains that belong to the genera ofLactobacillus
and Streptococcusyhile kefir contains several other bacterialstrains
such as Lactobacillus, Leuconostoc, Acetobact&ireptococcusand
Pseudomonaspp. Apart from the bacterial strains, kefir contains
different yeast strains belonging to Saccharomyces, Candidand
Kluyveromycesgenus, hence kefir is a fermented milk product of
combined action of yeast and bacterial fermentation process.
Appearance of kefir is not as creamy asyogurt. Generally, kefir has
a sourer or tart taste due to lactic acid content. It has a little
effervescence, due to the carbon dioxide and alcohol content
released by alcoholic fermentation. The acidity generated drops the
pH of milk up to 4 to 4.5, and it varies depending on the type of milk
and fermentation conditions.

Raw Milk
||
Sterilization of milk
(Pasteurization)
|
Cooling down to incubation temperature
1
Addition of kefir grains
|
Incubation for 20-24 h at 25 to 30 °C
1

Remowval of kefir grains by sterile sieve filter
Kefir stored in refrigerator Kefir grains
|
Storage of grains in cold storage

for next batch kefir production

Figure 20. Atypical process of kefir production

137



Advanced Dairy Microbiology D r. Amer Alzobaay

Koumiss
Koumiss is a traditional milk beverage produced from
fermentation of OEUI Uz w OPOOwW Eaw POEDPT 1 OOU U w
(Montanari et al. 1996). Koumissis also known by other names like
koumiss, kumiss, kumis, kymis, kymmy#lt is a fermented drink
traditionally made from the milk of horses by people in Central Asia
and China, where it is one of the most important basic foodstuffs.
Koumiss is similar to the kefir; however it is prepared by a liquid
starter culture in contrast to the solid kefir grains used in kefir
production. Koumiss is also widely produced in Russia, Kazakhstan
in Western Asia. In Mongolia, it has been adapted as the national
drink and is known as Airag (Uniacke-Lowe et al. 2010).
In the traditional process, koumiss is prepared by incubating
[ Ul Ul u@EQOwRP UT WEwx EU0wOI wOT T wxUl YDOU
asastarterE0OUUUI dw3T 1T wxUl YDPOUUwWwEEaz UwWEEU]
indigenous natve OPEUOOUT EOPUOUWDUWDOOEUOEUI
milk and kept for about 8 hr of incubation (Cagno et al. 2004). The
milk is fermented by the LAB and yeast to produce lacto-alcoholic
rich beverage. The preparation of koumiss is presented in Fig. 3.

Raw mare’s Milk
[ |

Sterilization of milk

(Pasteurization)
|

‘ Cooling down to incubation temperature ‘

|

‘ Addition of koumiss starter cultures (5-8% v/v) ‘

|

‘ Incubation for 20-24 h at 25 to 30 °C ‘
|

‘ Storage of koumiss for consumption ‘

Figure 21. A typical process of Koumiss production.
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Unlike kefir, which is prepared from the milk of cow, sheep
or goat, the mare and camel milk used for koumiss production gives
the product its distinctive character. The higher lactic acid and
alcoholic content observed in koumiss in comparison to kefir is
attributed to the high er sugar content of OEUIT z Uw OBDOOw UUI E
koumiss preparation (Uniacke -Lowe et al. 2010, Bornazet al. 2010).
311 WEYI UET 1T wEl 1 OPEEOQWEOOxOUMMMB® OOwWOI w
UT OPUw UT EVw UT T wOEUI ZzUw OPOOwW I EVUw Ew
noticeable differences between these milks shows that the mares
milk contain lower fat (12.1 g/kg) and higher lactose (63.7 g/kg)
content compared to bovine milk (Uniacke -Lowe et al. 2010). The
predominant microbial strains used for koumiss are LAB and yeast
strains of Saccharomyas (Wouters et al. 2002). The lactic acid
produced by the lactic acid bacterial strains gives the koumiss an
acidic characteristic and the yeasts generate alcohol in koumiss
through alcoholic fermentation process. Thus the koumiss obtained
bythel T UOT OUEUDPOO WO wOEUI ZzUwODOOWD UWE w
a sharp alconol EOE WEEDPEPEWUEUUI 6 w2DOET wUT 1 w(
lactose content, the final fermented product, i.e., koumiss has
comparatively higher lactic acid and alcoholic content when
compared with kefir. Koumiss contains alcohol up to 2%, and
therefore, it is also called milk wine. Although the koumiss is a
x Ox UOEUwWI 1 UOI OUI EwOPOOWET YI UETT OQwUT T
Is the limiting factor for its larg e scale production. Presently, the
large scalex UOEUEUDOOWOTl woOOUOPUUwWDUwx1 Ul O
supplemented with the additional sugar to make it approximate
PPBDUT wUOT T wE OO x O itk ZhaOandThang?B12). 7 U

Microorganisms Associated With Kefi r and Koumiss
The microbial diversity of kefir and koumiss is very complex.

However, several reports have described the microbial diversity
with these two products. The microorganisms entrapped in the
protein and polysaccharide matrix of the kefir grains | ive
symbiotically (Lopitz -Otsoa et al. 2006). Thamicrobial populations
presented in the grains mostly belong to LAB, acetic acid bacteria
(AAB), yeasts, and mycelia fungi (Marshall 1984, Witthuhn et al.
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2005)..The notable bacterial strains found in kefir are Lactobacillus
acidophilusLb. brevisLb. caseiLb. fermentumLb. helveticusLb. kefit

Lb. parakefiri Lactococcus lactisLeuconostoc mesenteroidelsb.

delbrueckii, Acetobacter sicesge nov, Streptococcugtc. (Witthuhn et

al. 2005, Simova et al. 2002, Li eal. 2014).

Several strains of yeasts have also been reported in kefir such
as Kluyveromyces marxianysTorula kefif Saccharomyces exigyus
Candida lambicaZandida kefir, Saccharomyces cerevisiaadida krusei
and Candida famatdLopitz -Otsoa et al. 2006, Witthuhn et al. 2005).
Yeast cells provide flavor and aroma to kefir (Simova et al. 2002). In
addition, they provide essential nutrients (vitamins and amino
acids) for bacteria growth and thus assist growth of bacterial strains

present in kefir (Farnworth 2005, Irigoyen et al. 2005). Furthermore,
they inhibit growth of pathogenic microorganisms by decreasing
the pH of the medium through the production of ethanol, carbon
dioxide and organic acids.

Table 18. Microorganisms Associated With Kefir and Koumiss
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