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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  
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The amount of milk produced and consumed globally in 2009 

reached a level of more 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 represents a 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 product ion (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 

consumerÚɀɯÚÈÍÌÛàɯÈÕËɯØÜÈÓÐÛàɯÈÕËɯÚÏÌÓÍ-life of dairy products. Raw 

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 in fectious diseases that could be transmitted to 

humans through milk ɭincluding 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 brucellosis 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  

ÊÖÕÚÜÔ×ÛÐÖÕȭɯ1ÈÞɯÊÖÞɀÚɯÔÐÓÒɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯ×ÙÖËÜÊÛÐÖÕɯÏÖÓËÐÕÎÚɯ

within  the European Community (EC) must be produced according 

to the hygienic requirements described in EC Regulation 1662/2006 

(European Union  2006) and must meet a set of microbial criteria, 

i.e., the two-months rolling  geometric average of microbes (with at 

least two samples per month) grown on Plate Count Agar at 30ºC 

should be 1֒00,000 cfu mlɬ1 and the two-months geometric mean of 

SCC should be 4֒00,000 mlɬ1. However, immediately  before 

×ÙÖÊÌÚÚÐÕÎɯÐÕÛÖɯËÈÐÙàɯ×ÙÖËÜÊÛÚȮɯÙÈÞɯÊÖÞɀÚɯÔÐÓÒɯÔÈàɯÏÈÝÌɯÈɯ×ÓÈÛÌ 

count of 3֒00,000 cfu mlɬ1. According to the same EC regulation, raw 

milk  from other species should have a 2-month rolling geometric 

average with at least two samples per month less than   1֒,500,000 

plate count at 30ºC. 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 5֒00,000 cfu mlɬ1. 

(ÕɯÛÏÌɯ42 ȮɯÊÖÞɀÚɯÈÕËɯÎÖÈÛɀÚɯÔÐÓÒÚɯmust not exceed the SCC 

limit of  400,000 mlɬ1 and 1,000,000 mlɬ1ȮɯÙÌÚ×ÌÊÛÐÝÌÓàɯȹ&ÙÈËÌɯȿ ɀɯ

Pasteurized Milk  .ÙËÐÕÈÕÊÌɯƖƔƔƝȺȭɯ1ÈÞɯÊÖÞɀÚɯÔÐÓÒɯ×ÙÖËÜÊÌËɯÐÕɯ

Canada must have aerobic mesophilic bacteria count of 5֒0,000 cfu 

mlɬ1 and SCC of 1֒,000,000 mlɬ1 (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,  ÛÏÌɯÞÖÙËÚɯȿÙÈÞɯÔÐÓÒɀɯÔÜÚÛɯÉÌɯÊÓÌÈÙÓàɯÚÏÖÞÕɯÖÕɯÛÏÌɯ

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  Campylobacter, E. coli,        

L. monocytogenes, Salmonella and standard plate count (SPC). In 

particular, Campylobacter, L. monocytogenes and Salmonella must not 

be detected in 25 ml; SPC (30ºC for 72 hr) >2.5×105, coliforms >103 

and E. coli >9 cfu mlɬ1 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 reliable indicator of cow 

udder health. In addition,  raw milk SCC is inversely related to 

cheese yield and quality. Hence, for ÊÖÞÚɀɯÔÐÓÒɯÛÏÌɯ2""ɯÙÖÓÓÐÕÎɯ

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, goats or buffalos) often 

presents practical difficulties. For instance, in southwestern Europe, 

a considerable number of sheep and/or goat farms are located in 

mountainous regions, distant from milk processing facilities. The  

ÍÈÙÔÚɀɯÏÌÙËɯÚÐáÌɯÐÚɯÖÍÛÌÕɯÚÔÈÓÓɯÈÕËɯÛÏÌÙÌÍÖÙÌɯËÖÌÚɯÕÖt produce 

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 the variation or impact of high 

or low counts (often the result of sampling or  measurement error) 

ÖÕɯÛÏÌɯÔÌÈÕȭɯ ÕɯÌßÈÔ×ÓÌɯÐÓÓÜÚÛÙÈÛÐÕÎɯÛÏÌɯɁÚÔÖÖÛÏÐÕÎɂ effect of 

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 

(cfu/mL)  

Log microbial counts (log 

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 1,212,895 106.084 

 

In the above ÌßÈÔ×ÓÌȮɯ ÛÏÌɯ ɁÔÈÕÜÈÓɂɯ ÊÈÓÊÜÓÈÛÐÖÕɯ ÖÍɯ ÛÏÌɯ

geometric mean would be as follows: (820,000 × 950,000 × 3,900,000 

× 1,200,000 × 720,000)0.2. Alternatively, one 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 base 10) 

cfu/mL value for each observation and then calculate the mean of 

the log counts (here equal to 6.084). The anti-log of this value (106.084) 
is 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). The microbial f lora 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 by international organizations such 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

6 

 

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 as the conduct of the SPC method are very critical 

in obtaining meaningful  counts and internationally accepted 

protocols should be strictly followed  (International Standardization 

Organization 2003, 2008, 2010).  

The SPC method 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 10-fold serial 

dilutions with the use of appropriate sterile  diluents (e.g., quarter-

sÛÙÌÕÎÛÏɯ1ÐÕÎÌÙɀÚɯÚÖÓÜÛÐÖÕȮɯƔȭƕǔɯ×Ì×ÛÖÕÌɯÞÈÛÌÙȺȭ The diluents used 

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 non selective. Plates containing 

10ɬ300 (IDF) or 25ɬ250 (APHA) colonies are used to calculate the 

SPC, i.e., the total number 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 

necessary scientific principles and rationale to the undergraduate 

dairy science/ microbiology student.  

 On the other hand, the SPC technique is very tedious both 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 towards the 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) and the 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. 2000, 2001).  

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 bacteria in  ÌÞÌÚɀɯȹ3ÖÔâįÒÈɯÌÛɯÈÓȭɯƖƔƔƚȺɯÈÕËɯ

ÎÖÈÛÚɀɯÔÐÓÒɯȹ2ÐÌÙÙÈɯÌÛɯÈÓȭɯƖƔƔƝȮɯ1ÈÔÚÈÏÖÐɯÌÛ al. 2011). Finally, it 

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  
Milk is ÊÖÕÚÐËÌÙÌËɯÕÈÛÜÙÌɀÚɯ×ÌÙÍÌÊÛɯÍÖÖËɯÍÖÙɯÔÈÔÔÈÓÚɯÈÕËɯÔÈÕàɯ

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 ɬ6.7) 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 (IMI), 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 the enumeration (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 

because microorganisms 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, Pseudomonas, Escherichia, Alcaligenes, Acinetobacter, 

Bacillus, Clostridium, yeasts and moulds at levels of <10%, 

Lactococcus and Streptococcus at varying levels from 0 to 50% and 

Micrococcus and Staphylococcus at levels varying from 30 to 99% 

(Chambers 2002, Frank and 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: 

¶ psychrotrophs  which can grow during milk storage at 6ºC or less.  

¶  coliforms and other Gram -negative bacteria which are associated 

with poor hygienic production . 

¶ thermoduric bacteria which can survive pasteurization 

conditions . 

¶ 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 . 

¶ yeasts 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 genera can be classified 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 v arious forms of environmental stress (cold, 

osmotic, acid or heat stress). These adaptation mechanisms can be 

quite elaborate and include both physiological and  genetic 

responses. 

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  

 

Gram-negative bacteria  

Gram-negative bacteria of concern in raw milk include 

genera, species or serotypes that are pathogenic to humans, as well 

as genera or species that negatively 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, Campylobacter, Citrobacter, Enterobacter, 

Escherichia, Flavobacterium, Klebsiella, Moraxella, Pseudomonas, 

Salmonella, Serratia, Yersinia and Xanthobacter (Jayarao and Wang 

1999, Jackson et al. 2012). Gram-negative bacteria associated with 

milk spoilage can either belonÎɯÛÖɯÛÏÌɯÎÙÖÜ×ɯÖÍɯɁÊÖÓÐÍÖÙÔÚɂɯÖÙɯ

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 (Davidson et al. 2004). The four principal genera of 

coliform bacteria are Escherichia, Enterobacter, Citrobacter and 

Klebsiella. The non-coliform, Gram -negative group consists of a 

large, heterogeneous group of bacterial genera that include 

Acinetobacter, Aeromonas, Flavobacterium, Moraxella, and 

Pseudomonas. Among these, Pseudomonas spp. have been studied 

extensively because they are 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 samples with populations ranging from 0 to 4.7 log10 

cfu/mL, with an average of 3.4 log10 cfu/mL. Pseudomonas was 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 spore-forming  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 disinfect ants, 

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 spore-forming 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 Jonghe et al. 2010). 

Members of the B. cereus group (Bartoszewicz et al. 2008) as well as 

those of the B. subtilis group and B. licheniformis are commonly 

present in raw milk. Other aerobic sporeformers isolated from raw 

milk belong to the  genera Paenibacillus, Oceanobacillus, Brevibacillus, 

Lysinibacillus, Ureibacillus, Ornithinibacillus and Sporosarcina. Spore 

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 spore-forming bacteria,  such as the ability 

to adhere to stainless steel and form biofilms (Shaheen et 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 as B. sporothermodurans produce highly 

heat-resistant endospores, which can survive 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 spore-formers 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. cereus is probably the best-known  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). Bacillus spp. present in raw milk other  than B. cereus 

have shown to possess spoilage potential or being capable of toxin 

production.  

Paenibacillus is a genus of facultative anaerobic, endospore-

forming  bacteria, originally included in the genus Bacillus and then 

reclassified as a separate genus (Ash et al. 1993). Paenibacillus spp. 

are now recognized as significant psychrotolerant spoilage 

organisms of pasteurized milk  (Huck et al. 2007). In an extended 

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 

Paenibacillus Ú××ȭɯÖÝÌÙɯÛÏÌɯ×ÙÖËÜÊÛÚɀ shelf-life. Hence Paenibacillus 

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 Paenibacillus spp. 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 Bacillus spp. 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 40ɬ65°C and readily form 

biofilms. Obligate thermophiles grow  only at elevated temperatures 

(ca. 40ɬ68°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 Geobacillus spp. are 

examples of obligate thermophilic bacilli . The facultative 

thermophilic bacilli, on the other hand, are members of the genus 

Bacillus (e.g., B. licheniformis, B. coagulans) and, 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 spore-formers 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. sporogenes (Julien et al. 2008, Cremonesi et al. 

2012). Garde et al. (2011) detected lactate-fermenting clostridial 

spores in 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 count between 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 causative agents of the 

ɁÓÈÛÌɯÉÓÖÞÐÕÎɂɯËÌÍÌÊÛɯÐÕɯÊÏÌÌÚÌÚɯȹbutyric acid fermentation)  with 

long ripening times (Cocolin et al. 2004). C. tyrobutyricum is 

considered ÛÏÌɯ×ÙÐÔÈÙàɯÊÈÜÚÌɯÖÍɯɁÓÈÛÌɯÉÓÖÞÐÕÎɂɯÈÓÛÏÖÜÎÏɯÈËËÐÛÐÖÕÈÓɯ

species of clostridia such as C. sporogenes may play secondary roles 

in cheese defects (Klijn et 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. perfringens food 
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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. baratii and C. butyricum. 

C. butyricum has 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, the botulinum 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. botulinum neurotoxins 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 2ɬ7ºC. 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 7ºC 

and produce visible  colonies or turbidity within 7 ɬ10 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 

decreases more slowly than that of mesophiles when temperature is 

decreased, since the 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 heat resistant remaining active in the 

products, decreasing thus their shelf-life. In fact, an initial count as 

little as 102 cfu mlɬ1 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 heat-stable 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 p lasminogen 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.  

 
Psychrotrophic bacteria found in raw milk belong mainly to 

Gram negative genera Pseudomonas, Enterobacter, Flavobacterium, 

Klebsiella, Aeromonas, Acinetobacter, Alcaligenes, Achromobacter and 

Serratia (Table .3). Among them, Pseudomonas fluorescens, P. putida, 

P. fragi, P. putrefaciens and P. lundensis are the most commonly 

isolated species, whereas other species and 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, Streptococcus and Lactobacillus are also psychrotrophs of 

raw milk.  Gram positive  bacteria are a small part of psychrotrophic 

microflora of milk, being  1֒4% 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 

Micrococcus spp., Corynebacterium spp. and Streptococcus spp. 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 6ɬ8ºC, 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 2.6×102 cfu mlɬ1 to 106 cfu mlɬ1 was 2.9 days at 6ºC 

and five days at 2ºC. Storage of raw milk at 2ºC can result in a 1.8-

fold increase in storage life compared to storage at 6ºC. The relation 

between initial microflora and time  taken for psychrotrophs count 

to reach the critical level of 106 cfu mlɬ1 is linear, but this correlation 

weakens with the decrease of storage temperature from 6 to 2ºC, 

indicating that only a part of these bacteria are able to grow well at 

2ºC. Also, the lag phase duration depends strongly on storage 

temperature. Forty eight hours of col d 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 4ºC within 24 hr.  Therefore, 

the shelf-life of raw milk at >4ºC cannot  be really controlled and  

ËÌÌ×ɯÊÖÖÓÐÕÎɯÛÖɯƖŵ"ɯÐÚɯÚÜÎÎÌÚÛÌËɯÍÖÙɯÈɯƘƜɯÏÙɯÐÕÊÙÌÈÚÌɯÖÍɯÙÈÞɯÔÐÓÒɀÚɯ

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 (3.1×104 cells mlɬ1) and high 

(1.1×106 cells mlɬ1) 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., 104 and 103 cfu mlɬ1, 

respectively; after seven days of storage at 4°C, the counts of both 

groups were similar, i.e. , close to 106 cfu mlɬ1. A remarkable increase 

of proteolysis was observed at 4ºC between 7 and 14 days of storage, 
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whereas, lipolysis in terms of meq FFA gɬ1 of milk was significant 

after 14 days at 4ºC. 

Ercolini et al. (2009) reported that various strains of 

Pseudomonas spp. isolated from raw milk exhibited full growth in 

synthetic growth media  at 20ºC within 1ɬ2 days and at 30ºC within 

1ɬ7 days. The growth was substantially suppressed at 7ºC, since 5ɬ

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 7ºC. 

Psychrotrophic Pseudomonas spp., E. coli strains, heat-resistant 

streptococci and Bacillus spores have a major role in the formation 

of biofilms in raw  milk handling equipment (Kulozik 2002). This is 

particularly important  for P. fluorescens, P. 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 106 cfu mlɬ1 for Pseudomonas spp. and Bacillus spp. 

(Stepaniak 2003). These enzymes are usually produced from P. 

fluorescens in the late log/early  stationary growth phase when the 

cell count is high, i.e., ֓ 106 cfu mlɬ1 (Dunstall et al. 2005). 

Extracellular thermostable proteinases, lipases, phospholipases, 

exopeptidases and glycosidases are produced by psychrotrophic 

bacteria in 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 

group s: 

¶ Proteinases, lipases and phospholipases that survive 

pasteurization and UHT treatment but are not active above 

the temperatures of 50ɬ60ºC. They have temperature optima 

at 30ɬ45ºC, require low activation energy and thus are more 
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active at 4ɬ7ºC than enzymes of mesophiles. Of particular 

importance is the sensitivity of most of the proteinases and 

lipases from Pseudomonas spp. to heat treatment at low 

temperatures, i.e., 50ɬ60ºC, opposite to their notorious heat-

resistance at temperatures >100ºC. 

¶  Thermoenzymes from some thermophilic bacteria that are 

stable at 60ɬ80ºC 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  Pseudomonas spp. are synthesized at the end of log phase 

of growth,  Low temperatures may induce the production of 

Pseudomonas proteinases, 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, Pseudomonas produces 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 140ºC 

for 5 s has been observed in Bacillus, Enterobacter, Serratia, 

Alcaligenes, Flavobacterium and Achromobacter strains or 

species. Similarly, lipase secreted by Bacillus, Enterobacter, 

Serratia, Citrobacter, Moraxella and Achromobacter can 

withstand high heat treatments. Finally, heat -stable 

phospholipase are also produced by Bacillus, Flavobacterium, 

Alcaligenes and Aeromonas species or strains. 

D.  Proteinases of Gram-positive 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 Bacillus spp. induces flavor defects in 

milk  stored at 7ºC when their counts exceed 107 cfu mlɬ1. 

F.  Lipolytic activity of thermoduric psychrotrophs (e.g., 

Corynebacterium, Micrococcus) results often in rancid and fruity 

off -flavors in dairy  Products. 

G.  Phospholipases, proteinases and glycosidases from 

Pseudomonas, Citrobacter and Enterobacter can damage milk fat 

globule membrane by synergistic action.  

H.  B. cereus is 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 proteases causing sweet curdling, when their counts 

are >106 cfu mlɬ1. They also produce lipase and phospholipase 

acting against phospholipids  causing fat accumulation defect 

ÐÕɯÊÙÌÈÔȮɯÈÓÚÖɯÊÈÓÓÌËɯɁÉÐÛÛàɯÊÙÌÈÔɂ defect. On contrary, Gram-

negative psychrotrophs do usually not cause bitty cream 

defect in dairy products. Th e majority of B. cereus strains do 

not grow on lactose but can ferment other carbohydrates, e.g., 

glucose, fructose, trehalose, N-acetyl glucosamine and 

mannose. 

I.  Some strains of Bacillus spp., e.g., strains of B. 

amyloliquefaciens, B. claussi, B. subtilis and Paenibacillus 

polymyxa (formerly  B. polymyxa) (an aerobic sporeformer) can 

reduce nitrate to nitrite, which  is very important for 

controlling the growth of Clostridium in cheese. 

J.  Recently, lecithinase (phospholipase) activity has been found 

in P. polymyxa, which can also produce gas from lactose 

fermentation.  

 

 

Thermoduric bacteria  
 3ÏÌɯÛÌÙÔɯɁÛÏÌÙÔÖËÜÙÐÊɂɯÐÚɯÜÚÌËɯÛÖɯËÌÕÖÛÌɯÉÈÊÛÌÙÐÈɯȹ&ÙÈÔ-

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 63ºC for 30 min or equivalent, non -sporeforming 

pathogens, yeasts and moulds, Gramnegative and many Gram-

positive bacteria are destroyed. However, thermodurics and 

thermoph iles can survive under these conditions and along with 

sporeformers can decrease the shelf-life 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 

cheese-making 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 

Microbacterium spp. (e.g., M. lacticum), Micrococcus spp., spores of 

Bacillus and Clostridium, Streptococcus (e.g., S. thermophilus), 

Corynebacterium spp., Enterococcus spp. (e.g., E. faecium), Lactobacillus 

spp., Kocuria spp., and Rothia spp., it appears that members of 

additional  bacterial genera could potentially meet the definition of 

ɁÛÏÌÙÔÖËÜÙÐÊɂȭ For instance, members of the genera Staphylococcus 

spp., Pseudomonas spp., and Moraxella spp., 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 can grow fast along with lactic acid bacteria, when 

raw milk is kept under nonrefrigerated  conditions. A healthy udder 

is also a source of thermodurics in 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). Enterococcus spp. 

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 H 2. C. sporogenes and C. butyricum are also involved in cheese 

defects such as putrid spots in the Swiss cheese. the spores of 

bacterial cells are inside the cell, i.e., one endospore per cell, 

opposite to yeast and moulds spores. Bacterial spores are spheroid 

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 Bacillus and Clostridium 

may need a fairly long time before germination,  and they are called 

superdormant  spores. The life cycle of a 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 germination by 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 change from a spore to a 

vegetative cell. Heat treatment, application of chemicals and 

decrease of pH to 2ɬ3 can activate spores. 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 Table 5. 

Table 5. Aerobic sporeforming bacteria occurring in raw milk  

Endo-sporeforming bacteria like Bacillus spp. and Paenibacillus lactis 

isolated from raw milk are present in the environment of dairy 

farms and dairy factories (Scheldeman et al. 2005, Huck et al. 2008). 

B. cereus, B. subtilis, B. licheniformis, B. sporothermodurans and 

Geobacillus stearothermophilus (formerly  B. stearothermophilus) are the 

most common Bacillus species found in raw milk. They form heat - 

and chemical-resistant spores that cause defects in heat-treated 

dairy products; thus, determining their shelflife.  B. cereus causes 

sweet curdling of pasteurized milk and fat aggregation  in cream 

(bitty cream). B. subtilis and B. licheniformis are more heat-resistant 

than B. cereus and spoil both sterilized and UHT  milks. The 

thermophilic  G. stearothermophilus is the most heat-resistant 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 55ºC for several days. This group 
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of bacteria is divided  into: i. Obligate thermophiles: growing only 

at high optimum temperatures  (55ɬ60ºC) including Anoxybacillus  

flavithermus and Geobacillus spp., and ii. Facultative thermophiles or 

thermotolerant bacilli: growing at both mesophilic  and 

thermophilic temperatures (~30ɬ55ºC), depending on the strain. 

Strains of Bacillus licheniformis, B. coagulans, B. pumilus,                    B. 

sporothermodurans and B. subtilis belong 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 mlɬ1 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 D100ºC -values from 14.1 to 32 min. Although 

heat processed dairy products are kept at low temperatures that do 

not favor the growth of thermophilic bacilli, G. stearothermophilus, 

and most strains of B. licheniformis, B. subtilis and B. coagulans are 

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 storage at 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 -based powders is usually not related to raw milk 

but to the processing conditions and the biofilm formation on the 

processing equipment.  

 

Coliforms  
The genera Escherichia, Enterobacter, Klebsiella, Proteus, Serratia, 

Hafnia and Citrobacter are 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). These microorganisms utilize 
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proteins and lactose, and are able to produce CO2, causing defects 

in cheese like early blowing of hard cheeses and poor structure of 

soft cheeses. They are Gram-negative asporogenous rods that can 

grow aerobically or  facultative anaerobically at 37ºC, some of them 

are psychrotrophic and all  are sensitive to pasteurization. Coliform 

counts in bulk tank raw milk vary  considerably, i.e., from 0 to 4.7 

log10 cfu mlɬ1. 

 

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, Leuconostoc and Enterococcus and are usually 

heterofermentative causing off -flavors and texture defects in 

cheeses. Lactobacillus genus is a heterogeneous microbial group 

containing  about 135 species and 27 sub-species whose 

classification is constantly being changed (Bernardeau et al. 2008). 

Lb. brevis and Lb. casei subsp. pseudoplantarum cause 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 72ºC 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  ÌÞÌÚɀɯÔÐÓÒɯÞÈÚɯËÖÔÐÕÈÛÌËɯÉàɯÌÕÛÌÙÖÊÖÊÊÐɯȹȃƘƔǔȺȮɯ

lactococci (14ɬ20%), leuconostocs (8ɬ18%) and lactobacilli (10ɬ30%) 

(Medina et al. 2001, Samelis ÌÛɯÈÓȭɯƖƔƔƝȺȮɯÞÏÐÓÌɯÙÈÞɯÎÖÈÛɀÚɯÔÐÓÒɯÞÈÚ 

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  

ÊÏÌÌÚÌÚɯÛÏÈÛɯÈÙÌɯÔÈËÌɯÌÚ×ÌÊÐÈÓÓàɯÍÙÖÔɯÌÞÌÚɀɯÖÙɯÎÖÈÛÚɀɯÔÐÓÒȭ 
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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 of antibiotic 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 animal-welfare, 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 

ÛÏÌɯÐÕÍÌÊÛÌËɯÊÖÞÚɀ udder quarter(s). Contagious mastitis is usually 

caused by Staphylococcus aureus, Streptococcus agalactiae and 

Mycoplasma spp. Environmental mastitis  is usually the result of 

infection with coliform bacteria ( Escherichia coli, Klebsiella spp., 

Enterobacter spp.), non-coliform Gram -negative bacteria such as 

Serratia spp., Pseudomonas spp., Proteus spp., Gram-positive bacteria 

such as Enterococcus faecium and E. faecalis, some Bacillus spp. and 
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streptococci other than Str. agalactiae ȹÐȭÌȭȮɯ ɁÌÕÝÐÙÖÕÔÌÕÛÈÓɯ

ÚÛÙÌ×ÛÖÊÖÊÊÐɂɯÚÜÊÏɯÈÚ Str. uberis). Prototheca spp. 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 the field . 

Staphylococcus spp. are the most prevalent pathogens 

responsible for IMIs in small ruminants. Other pathogens such as 

Streptococcus spp., members of the Enterobacteriaceae family, 

Pseudomonas aeruginosa, Mannheimia haemolytica, Mycoplasma spp., 

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. 

 

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 presence and 

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, the assimilation 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. The most 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 Candida lipolytica). 

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 >3×10 4 cfu mlɬ1 

was estimated to be 5.2×103 (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) milk-borne 

infection, (b) milk -borne intoxication and (c) milk -borne 

toxicoinfection (Ray  2004). Table 5. 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 Enterobacteriaceae, are 

natural  inhabitants of the GIT of animals. They are Gram-negative, 

non-sporulating,  facultative anaerobic rods. Salmonella spp. are 

mesophilic with optimum  growth temperature of 35ɬ37ºC, but can 

grow at the temperature range of 5ɬ46ºC. 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 (Ray 2004). 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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¶ Yersinia enterocolitica  

Yersinia enterocolitica belongs 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. enterocolitica, although 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. enterocolitica in bulk tank 

milk was  reported at rates varying from 1.2 to 6.1% (Oliver et al. 

2009). 

 

¶ Escherichia coli  

Escherichia coli belongs to the family of Enterobacteriaceae and has 

been recognized as the most important indicator of fecal 

contamination of  water and raw food products. E. coli strains 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. coli serotype 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. coli strains are not heat-resistant 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 al. 2006). 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.  
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Table 6. Groups of microbial pathogens possibly occurred in raw milk  
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¶ Listeria spp. 

Listeria spp., which belongs to the family of Listeriaceae, is 

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 monocytogenes causes human listeriosis, 

a serious invasive disease that causes abortion in pregnant women 

and meningitis, encephalitis and septicemia in  neonates and 

immu nocompromised adults.  

L. monocytogenes is 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 aureus belongs 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. aureus, that 

is coagulase-positive, 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 Staphylococcus spp. were isolated at levels 

of >74% and the dominant species reported were                   S. 

chromogenes, S. hyicus and S. epidermis . Outbreaks by S. aureus were 

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 

Campylobacteriaceae and 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). It is widely isolated from 

feces of infected cattle as well as from raw milk. C. jejuni is acid- and 

heat-sensitive, and thus is killed by pasteurization.  Prevalence of C. 

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 (Kálmán et al.  2000) during the 

last decade. 

 

¶ Mycobacterium avium subsp. paratuberculosis 

Mycobacterium avium subsp. paratuberculosis (MAP) is a member 

of the family  of Mycobacteriaceae and is the causative agent of 

paratuberculosis which is  ÈɯáÖÖÕÖÛÐÊɯËÐÚÌÈÚÌɯÈÓÚÖɯÒÕÖÞÕɯÈÚɯ)ÖÏÕɀÚɯ

disease. MAP has also been linked ÛÖɯ"ÙÖÏÕɀÚɯËÐÚÌÈÚÌɯȹ"#ȺȮɯÈɯ

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 ɬ1 to more than 

104 cfu mlɬ1 (Skovgaard 2007). In raw milk, MAP was found at 6֒5 

cfu mlɬ1 (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). 

 

¶ Others  bacteria 

Mycobacteriun tuberculosis is the causative agent of tuberculosis, 

one of the most pervasive and destructive human and animal 

disease in the past. It is the most heat-resistant non-sporeforming 

Gram-positive pathogen that  is killed during pasteurization of milk 

at 72ºC for 15 s. Brucella abortus and B. melitensis are the members of 
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the family of Brucellaceae and 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 burnetii of Coxiellaceae family 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. burnetti is 

still present in raw  milk worldwide. Recently this microorganism 

has been detected in about 42% of the commercial raw milk samples 

analyzed in the USA (Loftis et  al. 2010). 

 

¶ 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-ÉÖÙÕÌɯÐÕÊÐËÌÕÛɯȹɁÚÌÌËÐÕÎɯÌÝÌÕÛɂȺȮɯÝÐÙÜÚÌÚɯÌÈÚÐÓàɯÚ×ÙÌÈËɯ

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 consequence of 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 

ÝÐÙÜÚɯÖÙɯɁÐÕÍÌÊÛÐÖÜÚɯÏÌ×ÈÛÐÛÐÚɂȮ now called hepatitis A) were of 

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 a zoonotic, 

potentially lethal neurological viral infection usually transmitted  to 

humans by bites of ticks (Ixodes ricinus and Ixodes persulcatus) 

(Mansfi eld  et al. 2009). 

 

2- Lactic bacteriophage   

Strains of Streptococcus thermophilus and species of the genera 

Lactococcus, Lactobacillus, Leuconostoc and Pediococcus are widely 

used by the dairy industry as starter cultures for the manufacture of 

a variety of fermented  ËÈÐÙàɯ×ÙÖËÜÊÛÚȭɯ!ÈÊÛÌÙÐÖ×ÏÈÎÌɯÈÙÌɯɁÉÈÊÛÌÙÐÈ-

ÌÈÛÐÕÎɂɯÝÐÙÜÚÌÚɯȹÝÐÙÜÚÌÚɯÛÏÈÛ infect bacteria) that require bacterial 

hosts to propagate. Bacteriophage are 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 significant and 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 bacteriophage-resistant starter 

strains, phage contamination 
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ËÜÙÐÕÎɯËÈÐÙàɯ×ÙÖËÜÊÛÚɀɯÔÈÕÜÍÈÊÛÜÙÌɯÊÖÕÛÐÕÜÌÚɯÛÖɯÉÌɯÛÏÌɯleading 

cause of failed 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 strategies used 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 hostdefense related 

ÔÐÕÖÙɯ×ÙÖÛÌÐÕÚɯÈÕËɯ×Ì×ÛÐËÌÚɯÏÈÚɯÉÌÌÕɯËÖÊÜÔÌÕÛÌËɯÐÕɯÊÖÞɀÚ milk 

(Hettinga et al. 2011, Wheeler et al. 2012).All 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. 

 

¶ 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 (SCNɬ) and 

hydrogen peroxide  (H 2O2). Its concentration in bovine milk is high 

(i.e., 10ɬƗƔɯϟÎɯÔÓɬ1) compared 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 H2O2 + 2HA ќ 2H2O + 2A, where HA is an oxidizable 
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substrate. In this respect, the oxidation of SCNɬ from animal feed  to 

OSCNɬ (hypothiocyanite anion) is catalyzed by LPO. The OSCNɬ 

inhibits  bacteria, fungi and viruses. The function of LPO -SCNɬ-

H 2O2 anti-microbial  system in raw milk is controlled by the variable 

concentration of its two  latter components. In particular, the SCNɬ 

concentration in milk varies with  breed, species, udder health and 

feeding type. Normally, H 2O2 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 2O2-generating 

systems, e.g., glucose oxidase. 

The bacteriostatic and/or bactericidal activities of the LPO 

system have been reviewed . Gram-negative, catalase-positive 

bacteria such as Pseudomonas, coliforms , Salmonella spp. and Shigella 

spp. are inhibited, or killed if H 2O2 is added exogenously. Gram-

positive, catalase-negative bacteria including  streptococci and 

lactobacilli are inhibited but not killed by the LPO system.  The 

OSCNɬ is bactericidal for enteric pathogens, i.e., E. coli strains, by 

damaging the inner membrane. The LPO system also inhibits EHEC 

(Enterohaemorrhagic E. coli), shows bactericidal activity against 

Campylobacter jejuni and inhibits substantially vegetative cells of 

various B. cereus strains. Acid  production and oxygen uptake in 

strains of S. mutans, S. salivarius, S. sanguis and S. mitis are also 

inhibited by this anti -microbial system. 

Activation of the LPO system in raw milk through the 

addition of  SCNɬ and H 2O2 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 

ÈÚɯɁÊÖÓË ×ÈÚÛÌÜÙÐáÈÛÐÖÕɂȭɯ3ÏÌɯÚÜÎÎÌÚÛÌËɯ×ÙÈÊÛÐÊÈÓ application is the 

addition of 14 ml NaSCN and 30 mg H 2O2 Lɬ1 of milk,  within 2ɬ3 hr 

from the time of milking. The inhibitory effect of treatment  is 

inversely affected by the temperature of raw milk, e.g., 7ɬ8 hr or 24ɬ

26 hr for storage at 30 or 15ºC, respectively. 
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¶ 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, 

ÐÛÚɯÌÍÍÌÊÛɯÖÕɯÙÈÞɯÔÐÓÒɀÚɯÚÏÌlf -life is not significant  due to its low 

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., 0.1ɬ0.4 mg mlɬ1. 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, García-Montoya 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 

ÚÛÙÈÛÌÎÐÌÚɯÈÙÌɯÛÏÌɯÔÖËÌÚɯÖÍɯ+%ɀÚ anti-microbial action (Jenssen and 

Hancock 2009, García-Montoya et al. 2012). It exhibits strong anti-

bacterial activity against a broad spectrum of  Gram-positive and 

Gram-negative bacteria, especially against pathogens. For example, 

iron sequestering action of LF inhibits the growth of                                  G. 

stearothermophilus and S. aureus, by depriving them of this nutrient.  

Altering bacterial virulence by LF is the major mechanism against  

L. monocytogenes and an iron-independent interaction of LF with 

bacterial cell acts against S. 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, García-Montoya 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). 

 

¶ Immunoglobulins  

Immunoglobulins (Igs) are antibodies distinguished in several 

classes. They are heat-sensitive glycoproteins with heterogeneous 

composition  and IgG, IgA and IgM classes occur in milk serum. IgG 

predominates Igs in bovine milk (roughly 2/3 of total Igs). While Igs 

occupy 70ɬ80% of the total protein in the bovine colostrums, their 

proportion in mature milk  decreases to 1ɬ2%. 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 against many 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 

ÍÓÖÊÊÜÓÈÛÌɯɁ×ÈÙÛÐÊÓÌÚɂɯÐÕÊÓÜËÐÕÎɯÉÈÊÛÌÙÐÈɯÈÕË viruses (agglutination). 

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 

8֒ºC immediately  after milking or at 6֒ºC 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 factor y for 

processing. Milk tankers are insulated to ensure that raw  milk 

arrives at its destination at 5֒ºC; although, in practice this 

temperature limit is extended up to 6ɬ9ºC or >10ºC in the case of 

churns (Walstra et al. 2006).  

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. aureus associated to raw milk until the time of 

processing. The generation time of the most important bacterial 

groups of milk at 30ºC is around 30 min, whereas it ranges between 

4 and >20 hr at 5ºC (Chambers 2002, Walstra et al. 2006). Bacillus spp. 

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 2ɬ3 days is psychrotrophs wi th Pseudomonas 
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spp. and especially P. fl uorescens being the most frequently present. 

After 4ɬ5 days of storage substantial growth of psychrotrophs 

occurs and if their total numbers are >5×105 cfu mlɬ1 there is a risk 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 possible after its arrival at the dairy. This treatment 

ÐÚɯÒÕÖÞÕɯÈÚɯɁÛÏÌÙÔÐáÈÛÐÖÕɂȭ Thermization usually allows milk to be 

stored 2ɬ3 days after milking without  deterioration. Typical 

temperature-time combinations for thermizatio n are 68ºC for 10 s or 

65ºC for 20 s. This heat treatment reduces the numbers of 

microorganisms by a factor of 3 log10 or       4 log10, while keeping 

alkaline phosphatase active (Stepaniak and Rukke 2003, de Jong 

2008). However, the final level of microor ganisms will depend on 

their initial counts as well as  on the thermization temperature. It 

was reported that thermization at 60ºC for 30 s had significantly 

inactivated Gram -negative bacteria, i.e., Listeria spp., Enterobacteria 

and coagulase-positive Staphylococci, but moderate effect against 

Gram-positive bacteria was reported under the same conditions. 

Thermization at 67ºC for 30 s is much more effective to all bacterial 

groups. In particular, thermization at 60 ɬ63ºC causes a 4 log 

reduction of Salmonella spp. and a 2 log reduction of L. 

monocytogenes (Stepaniak 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 50ɬ60ºC and 60ɬ70ºC leads to 

inactivation of proteinases and lipases from Pseudomonas spp., 

respectively. Interestingly, thermization  at 65ºC for 10 s may 

stimulate the germination of Bacillus cereus spores; nevertheless 

vegetative cells that may appear after 6 hr at 10ºC would be 

destroyed by pasteurization (Stepaniak and Rukke 2003). 
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Non -thermal treatments  
Two centrifugation techniques, the clarification and 

bactofugation, are ÜÚÌËɯÍÖÙɯȿÊÓÌÈÕÐÕÎɀɯÔÐÓÒȭɯ!ÖÛÏɯtechniques operate 

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 takes place at 60ɬ65ºC and 

can remove up to 99% of the spores (Hayes and Boor 2001, Walstra 

et al. 2006). Microfiltration, a membrane processing technique using 

0.1ɬƕƔɯϟÔ pore-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 mlɬ1, the microfiltered milk 

will contain less than 10 cfu mlɬ1. 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 raw milk 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 2 is added to 

high quality raw milk, it can  be stored at 4ºC for 14 days with low 

proteolysis and lipolysis and with  a standard plate count of 3֒×105 

cfu mlɬ1 (Ma et al. 2003, Rajagopal et al. 2005). 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 8000ɬ10000 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  ×ÙÖËÜÊÛÚɯÞÈÚɯÛÏÌɯɁÐÕÖÊÜÓÈÛÐÖÕɂɯÖÍɯÛÏÌɯÔÐÓÒɯÞÐÛÏɯÈɯ

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 a signifi 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 use of commercial starter cultures has become an 

integral part of a successful production of any fermented dairy 

product.  

BaÊÛÌÙÐÈÓɯÚÛÈÙÛÌÙɯÊÜÓÛÜÙÌÚɯÈÙÌɯËÌÍÐÕÌËɯÈÚɯɁ×ÙÌ×ÈÙÌËɯÊÜÓÛÜÙÌÚɯ

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 

ÙÌÓÈÛÌËɯÛÖɯÚ×ÌÊÐÍÐÊɯ×ÙÖËÜÊÛɯ×ÙÖ×ÌÙÛÐÌÚɂɯȹ(ÕÛÌÙÕÈÛÐÖÕÈÓ Organization 

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 for the production of starter cultures has been 

reviewed by  Høier et al. (2010) and Tamime (2002), and a typical 

process may include the following steps:  

a) handling of inoculation material,  

b) preparation of media,  

c) 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 semi-hard), 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 

used in some dairy products.  

The mesophilic cultures are divided into LD cultures and O 

cultures. LD cultures contain citrate -fermenting bacteria (L = 

Leuconostoc species and D = Lc. lactis subsp. lactis biovar. 

diacetylactis), which produce aroma  and CO2 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 only used to a minor 

degree in the cheese industry. Traditional, mesophilic O cultures are 

used in many cheeses, where the main focus is on a rapid and 

consistent acidification of the milk. The LD cultures are used in most 

continental semi-hard and soft cheeses (Table 7). 

Traditionally, fermentation in dairy foods was by natural 

wild -type lactic acid bacteria that were found in raw milk. Although 

there are 12 genera of lactic acid bacteria, today, primarily four 
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genera Lactococcus, Leuconostoc, Streptococcus and Lactobacillus are 

used as dairy starter cultures. More recently, Bifidobacterium genera 

have also been added to the list due to the 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 

sometimes found 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 55 mol% 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. 

Tradi tionally, their taxonomy was based on morphology and 

physiology.  Today, their taxonomy takes into account molecular 

characteristics such as mol% G+C content, sequences of ribosomal 

RNA, DNA:RNA hybridization,  and othors. Bifidobacteria  were 

included in the genus Lactobacillus but in 1986 they were transferred 

into the genus Bifidobacterium (Scordavi 1986).  

Dairy starter cultures are commonly grouped into mesophilic 

cultures (optimum temperature of about 30ºC) and thermophilic 

cultures (optimum  temperature of about 42ɬ45ºC). Their ability to 

grow at 10 and 45ºC can be used to distinguish mesophilic and 

thermophilic cultures. Microscopic  observations, citrate 

metabolism, and amount of lactic acid and its isomer  that is 

produced can furthe r 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 homofermenters and heterofermenters. In 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.). 

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 CO2. However, it should 

be noted that end product formation may be significantly altered 

due to variation  in grow th conditions (figure 5.). 

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 30ºC. Mesophilic dairy starter 

cultures include primarily Lactococcus and Leuconostoc. Pediococcus 

are less signifi cant as dairy starter cultures. The main species of 

Lactococcus are Lactococcus lactis subsp. cremoris and Lactococus lactis 

subsp. lactis. These two sub-species can be differentiated from each 

other by the ability of L. lactis subsp. lactis to grow at 40ºC in 4% 

NaCl and 0.1% methylene blue milk, at pH 9.2, and by formation  of 

NH 3 from arginine (Stiles and Holzapfel 1997). Furthermore,    L. 

lactis subsp. lactis contains a glutamate decarboxylase enzyme 

whereas L. lactis subsp. cremoris does not. Presence of glutamate 

decarboxylase provides for the production of ў-aminobutyric acid 

from glutamate by this organism.  Lactococcus lactis biovar. 

diacetylactis has the ability to metabolize citrate to  produce diacetyl. 

Of the genus Leuconostoc two species are important in  dairy 

fermentation . Leuconostoc mesenteroides subsp. cremoris and 

Leuconostoc lactis, both heterofermenters. Leuconostoc spp. also 

metabolize citrate to produce CO2, diacetyl and acetate which are 

important in eye formation  (i.e., Gouda, Edam) and flavor (i.e., 

Cottage cheese). Organisms that have the 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 42ɬ45ºC. Most important cultures 

used in production  of cultured dairy products which are 

thermophilic include Streptococcus thermophilus, Lactobacillus 

delbrueckii subsp. bulgaricus, Lactobacillus delbrueckii subsp. lactis and 

Lactobacillus helveticus. They may be grown together (i.e., yogurt 

production) or individually (cheese production). This symbiotic  

relationship between S. thermophilus and Lb. delbrueckii subsp. 

bulgaricus is well established. These two organisms are used in the 

production of  yogurt. As a homofermenter Lb. delbrueckii subsp. 

bulgaricus will produce  lactic acid from lactose, as well as amino 
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acids resulting in proteolysis  of casein to stimulate the growth of S. 

thermophilus. Metabolism of S. thermophilus produces small amounts 

of CO2 as well as formic acid from lactose which then in return will 

aid in the growth of Lb. delbrueckii subsp. 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 provided the 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 raw milk  cheeses thus the 

starter culture also relied on the presence of lactic acid bacteria 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 s pecifi c 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 cheese-makers have doubled since 2000. 

Artisanal cheese implies that the cheeses are made by hand. The fact 

is that most cheeses have always been made by hand, but the skilled 

cheese-makers 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 cheese-makers are also coming to 

rely on commercial defined mixed strain cultures for  consistency. 
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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  25ºC. 

Mesophilic cultures such as Lactobacillus casei and Lactobacillus 

paracasei have 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 acidophilus have been used as adjunct probiotic cultures 

due to data accumulating on their  health benefits. 

Exopolysaccharide producing lacti c acid bacteria are also being 

studied as potential adjunct cultures in low fat cheeses to provide  

for improved texture and better moisture control (Low et al. 1998, 

Hassan et 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 micro-fl ora is evident 

in certain ÊÏÌÌÚÌɯÝÈÙÐÌÛÐÌÚȮɯÌȭÎȭȮɯɁÌàÌɂɯÍÖÙÔÈÛÐÖÕɯËÜÌɯÛÖɯÍÌÙÔÌÕÛÈÛÐÖÕɯ

of lactate by propionibacteria in Swiss -type cheeses (i.e., Emmental, 

Gruyère de Comte) and neutralization of the pH of the surface of a 

cheese due to metabolism of lactate by yeasts and moulds in mould - 

and smear-ripened cheeses (i.e., Camembert and Limburger) 

(Dezmazeaud and Cogan 1996). Penicillium camemberti cultures are 

commercially available for the manufacture of  mould -ripened soft 

cheeses (i.e., Brie and Camembert), and Penicillium roqueforti for 
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blue-veined cheeses (i.e., Danish Blue, Stilton, Gorgonzola and 

Roquefort). In addition, Geotrichum candidum are used in 

mouldripened  cheeses since its deacidifi cation activity stimulates 

the growth of  moulds on the cheese surface, and yeasts such as 

Debaryomyces hansenii, Kluyveromyces lactis, Candida utilis, 

Saccharomyces cerevisiae and Rhodosporium infi rmominiatum are used 

in bacterial smear cheeses to stimulate the growth of 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 smear-ripened cheeses, 

cultures of Brevibacterium linens and Brevibacterium casei are 

available, since they belong to the typical surface bacterial flora of 

such cheeses and contribute to the formation 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). The term Ɂ×ÙÖÛÌÊÛÐÝÌɯÊÜÓÛÜÙÌÚɂɯÏÈÚɯÉÌÌÕɯÈ××ÓÐÌËɯÛÖɯÔÐÊÙÖÉÐÈÓɯ

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 45ɬ50 g lɬ1. It is a disaccharide made up of one 

molecule of glucose and one molecule of galactose that is  ѝ1̠4 

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 homofermentative or 

heterofermentative organisms based on their ability to  ferment 

sugars. Homofermentative starter cultures include Lactococcus, 

Streptococcus and 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  

Leuconostoc and remaining of lactobacilli, ferment one mole of 

glucose into one mole of lactic acid, one mole of CO2, 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 Bifidobacterium the pathway for metabolism of 

sugars are different than that for homo and heterofermentative 

lactic acid bacteria discussed above. Their optimum growth 

temperature is 36ɬ43ºC. Because they 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 (42ɬ67%) (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 6-phosphate 

phosphoketolase (F6PPK) is present. This enzyme is considered a 

taxonomic marker for this organism.  
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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+ Lactococcus and Leuconostoc spp. (Leu. mesenteroides subsp. 

cremoris and Leu. lactis). 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: Oxaloacetate decarboxylase, 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. CO2 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 to citrate 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). Other strains may require phenylalanine, tyrosine, lysine and 

alanine. Mi lk 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, lactic acid 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). Caseins are more susceptible to proteolytic action than whey 

proteins due to their open and random structure. There are  actually 

four different caseins in milk ( ќs1-, ќs2-, ѝ-, ѥ-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 an important 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 as source of energy for some starter bacteria (Fig. 8.). 

In this  pathway arginine is first converted to cit rulline by arginine 

deiminase with  release of NH3.  

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 

CO2 and NH 3 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  ×ÖÓàÚÈÊÊÏÈÙÐËÌÚɯȹ$/2Ⱥȭɯ ÓÛÏÖÜÎÏɯ$/2ɯ×ÙÖÝÐËÌÚɯÈɯȿÙÖ×àɀɯ

character, the exact physiological role of these molecules is not clear. 

EPS contribute to improvement 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 reported to 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 organism 

into the surroundings media. Unlike  capsular polysaccharides they 

are not attached to the microbial cell. The EPS produced 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 fructose to 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. mesenteroides and S. mutans have been shown to 

produce homopolysaccharides, whereas heteropolysaccharides are 
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produced by many lactic acid bacteria including S. thermophilus, L. 

lactis, and dairy Lactobacillus spp. (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) presence 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 commercial production 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  ÊÖÞɀÚɯÜËËÌÙɯËÜÙÐÕÎɯÛÙÌÈÛÔÌÕÛɯÖÍɯÔÈÚÛÐÛÐÚȭɯ3ÏÌɯ

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 been excreted 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 in culture 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 self-immunity and gene 

regulation. The ȿÚÌÓÍ-ÐÔÔÜÕÐÛàɀɯÖÍɯÛÏÌɯÉÈÊÛÌÙÐÈɯÛÏÈÛɯ×ÙÖËÜÊÌÚɯÛÏÌɯ

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 

bacteria and 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. lactis and S. thermophilus since 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 protein and nucleic acid. The majority of phages 

are members of Siphoviridae. Phage morphology consists of a head 

structure that contains the DNA (genetic  information), and a tail 

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 on their 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, Leuconostoc, Lactococcus, Pediococcus, 

Streptococcus, Enterococcus, Carnobacterium, Weisella, Oenococcus, 

Aerococcus, Tetragenococcus and Vagococcus, carry out a  

heterofermentation  producing carbon dioxide, acetic acid or ethanol 

. Table 7. Showed some properies of LA B. 
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Table  7. Some propertis of LAB  

 

LAB growth results in a preservative effect due to reduction 

of pH,  competition for nutrients, and possible production of other 

antagonistic compounds such as anti-bacterial 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 . 
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Table 8. Antimicrobial substances of lactic acid bacteria.  

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 Safe, in US) status. LAB 

may also be added to foods as probiotics for therapeutic advantages 

(Howarth and Wang 2013). However, 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 maintain the  ÉÖËàɀÚɯÍÖÙÊÌÚ. 

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. Not long 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, 

unkÕÖÞÐÕÎÓàȮɯÍÖÙɯÏÌÈÓÛÏɯÈÕËɯÞÌÓÓɪÉÌÐÕÎȮɯÚÐÕÊÌɯÛÐÔÌ immemorial. 

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 also 

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 

ËÌÚÌÙÛɯÞÐÛÏɯÔÐÓÒɯÊÈÙÙÐÌËɯÐÕɯÉÈÎÚɯÔÈËÌɯÍÙÖÔɯÚÏÌÌ×ɀÚ stomach where 

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, 2004; Malcata et al., 2005; 

Sharma & Ghosh, 2006; Shah, 2007; Vasiljevic & Shah, 2008; Baker 

et al., 2009; Ershidat & Mazahreh, 2009; Soccol et al., 2010; Hati et 

al., 2013; Shiby & Mishra, 2013; Hill et al., 2014; Sharma & Devi, 

ƖƔƕƘȰɯ2ÈÕÛÐÈÎÖɪ+Ö×ÌáɯÌÛɯÈÓȭȮ 2015; Tunick & van Hekken, 2015), such 

ÈÚɯ ȿÍÖÖËÚɯ ÊÖÕÛÈÐÕÐÕÎɯ ÓÐÝÌɯ ÔÐÊÙÖɪÖÙÎÈÕÐÚÔÚ believed to actively 

ÌÕÏÈÕÊÌɯÏÌÈÓÛÏɯÉàɯÐÔ×ÙÖÝÐÕÎɯÛÏÌɯÉÈÓÈÕÊÌɯÖÍɯÔÐÊÙÖÍÓÖÙÈɯÐÕɯÛÏÌɯÎÜÛɀȮ 

ÈÕËɤÖÙɯȿÔÐÊÙÖÉÐÈÓɯÊÌÓÓÚɯ×ÙÌ×ÈÙÈÛÐÖÕÚɯÖÙɯÊÖÔ×ÖÕÌÕÛÚɯÖÍɯÔÐÊÙÖÉÐÈÓɯ

cells that have a beneficial ÌÍÍÌÊÛɯÖÕɯÏÌÈÓÛÏɯÈÕËɯÞÌÓÓɪÉÌÐÕÎɯÖÍɯÛÏÌɯ
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ÏÖÚÛɀȭɯ2ÌÝÌÙÈÓɯ×ÙÌ×ÈÙÈÛÐÖÕÚȮɯÔÖÚÛɯÊÖÕÛÈÐÕÐÕÎ strains of Lactobacillus 

spp. and/or Bifidobacterium spp., are well established in the market, 

and foods containing probiotic bacteria have been marketed in 

Japan since the 1930s. Since the publication of the first edition of this 

book in 2005, there has been a tremendous increase in the number 

of microbial species and strains included in probiotic  dairy products 

(e.g. pasteurised milk, ice cream, cheeses and infant formula); 

fermented dairy products, however, remain the most common 

vehicle for probiotic  organisms (Tamime et al., 1995; Belem, 1999; 

+ÖÜÙÌÕÚɪ'ÈÛÛÐÕÎÏɯȫɯ5ÐÓÑÖÌÕȮɯƖƔƔƕÈȰ Hawrelak, 2002; Salama, 2002; 

Stanton et al., 2002; Shah, 2004; Roy, 2005; Sanchez et 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 6 colony forming 

units (cfu)  mLǸ1 or gǸ1 at the expiry date. The minimum therapeutic 

dose per day is suggested to be 108ɬ109 cfu mLǸ1 or gǸ1; 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 

ȿ3ÙÈËÐÛÐÖÕÈÓɀɯÓÈÊÛÐÊɯÈÊÐËɯÉÈÊÛÌÙÐÈɯȹ+ !ȺɯÛÏÈÛɯÈÙÌɯÕÖÙÔÈÓÓàɯÜÚÌËɯ

during the manufacture  of fermented milks and cheeses belong to 

the genera Lactococcus, Leuconostoc, Pediococcus, Streptococcus, 

Lactobacillus and 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 candidum is 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. boulardii is 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 genus Bifidobacterium is widely used 

in mixed  ȿÛÙÈËÐÛÐÖÕÈÓɀɯ+ !ɯÚÛÈÙÛÌÙɯÊÜÓÛÜÙÌÚɯËÜÙÐÕÎɯÛÏÌɯÔÈÕÜÍÈÊÛÜÙÌɯ

of probiotic dairy products.  

/ÙÖÉÐÖÛÐÊɯÔÐÊÙÖɪÖÙÎÈÕÐÚÔÚȮɯÞÏÐÊÏɯÏÈÝÌɯÉÌÌÕɯÜÚÌËɯÐÕɯfermented and 

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 

used ÈÚɯ×ÙÖÉÐÖÛÐÊɯÔÐÊÙÖɪÖÙÎÈÕÐÚÔÚɯÐÕɯËÈÐÙàɯ×ÙÖËÜÊÛÚɯËÖɯÕÖÛɯÜÚÌɯÛÏÌɯ

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 . 

 

 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

69 

 

M echanisms of action of probiotics  

Studies have shown 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 . 

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

integrity . 

(iii)  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 aureus and Salmonella typhimurium . 

(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 signaling 

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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(ix)   interaction with  the gutɬbrain axis via the production of 

metabolites such as g-aminobutyric acid (GABA) .   

(x) ÔÖËÜÓÈÛÐÖÕɯÖÍɯÛÏÌɯÏÖÚÛɀÚɯÐÕÕÈÛÌɯÈÕËɤÖÙɯÈËÈ×ÛÐÝÌɯÐÔÔÜÕÌɯÚàÚÛÌÔɯ

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 GI 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 bioavailability 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 including 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. 
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Fgure 10. Probiotic 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 Th1, 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 nutritive 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 

immunomodulatory 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, and butyrate) . 

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 et al., 2019). 

 

Paraprobiotics  

TÏÌɯ ÛÌÙÔÚɯ Ɂ×ÈÙÈ×ÙÖÉÐÖÛÐÊÚɂɯ ÈÕËɯ Ɂ×ÖÚÛÉÐÖÛÐÊÚɂ have been 

defined to refer to inactivated organisms and their  metabolites. The 

difference between them is that paraprobiotics, ÈÓÚÖɯÒÕÖÞÕɯÈÚɯɁÕÖÕ-

ÝÐÈÉÓÌɯ×ÙÖÉÐÖÛÐÊÚɂɯÙÌÍÌÙɯÛÖɯÐÕÈÊÛÐÝÈted cells, while postbiotics refer 

to soluble factors, which can be products (or metabolic byproducts) 

secreted by viable bacteria or released after their lysis (Cuevas-

González et al., 2020). It is already possible 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) . 
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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.) and 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 processes could 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 l evels damage the cell membrane thus provoking leakage 

of nutrients and ions and cause ribosome aggregation, protein 

denaturation and DNA breakage . As an alternative to conventional 

heat processes, ohmic heating has been very recently proposed for 

paraprobiotic production.  This technology has been applied and 

optimized for the inactivation of probiotic Lactobacillus acidophilus, 

Lacticaseibacillus casei, and 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 characteristics of 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 represents 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 coli and Salmonella 

typhi).  
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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. rhamnosus GG (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 response in Caco-2 cells; IL-8 is a proinflammatory chemokine 

released by intestinal cells . Heat-killed LGG was tested in an infant 

rat model with LPS -induced inflammation and both  live and 

inactivated strains administered enterally (10 8 CFU/kg); both were 

able to decrease proinflammatory 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 c 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  
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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 103 cfu mlɬ1), and soon after it leaves the udder, it becomes 

contaminated by spoilage and/or pathogenic microorganisms (often 

reaching >106 cfu mlɬ1). 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 105 cfu mlɬ1 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 a well -known fact 

that caseins are resistant against moderate heat treatments at which 

whey proteins are largely denatured. Heat treatment at 100°C, for 

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

lactoglobulin  and ќ-lactalbumin) . 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 in quality of the end product.  
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Post-heat treatment growth potential 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 

wide ly  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  
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Thermization  

Thermization of milk is typically achieved by heat treatment 

at relatively  low temperatures (i.e., at 63ɬ65°C for 15ɬ20 s or at 57ɬ

68°C for 15 s). The main purpose of thermization is  

(a) to kill psychrotrophic bacteria,  which  may release heat-stable 

proteases and lipases into milk. 

(b) to extent storage time 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 cheese-making, 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 monocytogenes, for 

example, can withstand thermiza tion and may well grow in 

chilled -stored thermized milk .  

Similarly, the effect of thermization  on the viability of 

Mycobacterium bovis and 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 cereus spores is stimulated, simplifying their 

inactivation by further pasteurization. This  process is termed 

ɁÛàÕËÈÓÓÐáÈÛÐÖÕɂȭ 

 
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 Mycobacterium tuberculosis and C. burnetii which are known 

as the most heat-resistant 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., 63ɬ

65°C) for longer times (i.e., 30 min). This process is 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). This 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., 20ɬ30 s) is recommended to inactivate heat-

resistant strains of L. monocytogenes, E. coli and Campylobacter spp.. 

In Australia, for example, dairy factories ap ply pasteurization 

norms varying  from 72°C for 15 s to 78ɬ80°C for 25 s. In the case of 

suspicion of presence of Mycobacterium avium subsp. paratuberculosis 

(MAP) a more intensive  heating is applied . 

 
Extended shelf -life (ESL) milk  

Ultra -pasteurization (i.e., 120ɬ135°C for 1ɬ4 s) is one of the 

approaches to extend the shelf-life of processed liquid milk . It is 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) milk  ÐÚɯËÌÍÐɯÕÌËɯÈÚɯȿȿÔÐÓÒɯÚÏÖÞÐÕÎɯÈɯ

ÕÌÎÈÛÐÝÌɯÙÌÈÊÛÐÖÕɯÛÖɯÛÏÌɯ×ÌÙÖßÐËÈÚÌɯÛÌÚÛɀɀ and must be labeled as 

ȿȿÏÐÎÏɯÛÌÔ×ÌÙÈÛÜÙÌɯ×ÈÚÛÌÜÙÐáÌËɯÔÐÓÒɀɀ. Ɂ$2+ɯ×ÙÖËÜÊÛÚ are products 

that have been treated in a manner to reduce the microbial count 

beyond normal pasteurization, packaged under extreme  hygienic 

conditions, and which have a defi ned prolonged shelf -life under  

ÙÌÍÙÐÎÌÙÈÛÐÖÕɯÊÖÕËÐÛÐÖÕÚɂȭ Ultra -pasteurization is  applied 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 and flavor 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 

in removing raw milk microfl ora  and improves organoleptic  

properties of dairy products. Cross -flow microfi ltration 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 advantages of ceramic 

ÔÌÔÉÙÈÕÌÚɯ ÞÐÛÏɯ ƕȭƘɯ ϟÔɯ ×ÖÙÌɯ ÚÐáÌɯ ÈÙÌɯ ÛÏÌɯ ÐÔ×ÙÖÝÌÔÌÕÛɯ ÖÍ 

microbiological quality and the taste of the processed liquid milk. 

Reduction degree (RD) of microfilt ration is 4 for total bacterial count 

and 2.3ɬ3.7 for spores. On the other hand, microfi ltration 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 to reduce 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 mlɬ1) followed by heat treatment at 90°C 

for 15 s was 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)  
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High heat treatment applied in the manufacture of long shelf -

life liquid milk  ÐÚɯ ÊÈÓÓÌËɯ ȿȿÚÛÌÙÐÓÐáÈÛÐÖÕɀɀȭɯ (Õɯ ÛÏÐÚɯ ×ÙÖÊÌÚÚȮɯ ÈÓÓɯ

pathogenic and non-pathogenic microorganisms and spores are 

destroyed, as well as most milk enzymes. Therefore, sterilized milk 

can be stored for several months at ambient temperatures. 

 In-container sterilization of milk, the temperatures vary from 

105°C to 120°C for 20ɬ40 min (Boor and Murphy 2002). In this 

process, milk is filled  int o cans or bottles, closed with crimped metal 

cap and then sterilized in a batch or continuous retort. The aim of 

this process, also called conventional sterilization, 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 140ɬ145°C) 

with holding t imes of 1 to 8 s (usually 1ɬ2 s) (Boor and Murphy 

2002). UHT sterilization enables about 9-log reduction in 

endospores of thermophilic bacteria with fairly less chemical  and 

sensory changes compared to in-container sterilization process. 

UHT  process can be applied 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 106ɬ107 cfu 

mlɬ1 (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 bacteria surviving 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 against sanitation 

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, Alcaligenes and Flavobacterium are among the most 

common spoilage microorganisms in pasteurized milk. 

Pseudomonas spp. can spoil pasteurized milk stored at 4 or 7°C when 

they are present in milk at level of 103 cfu mlɬ1. Common species of 

Pseudomonas isolated from pasteurized milk  include P. fluorescens, 

P. putida, P. maltophilia, P. aureofaciens, P. cepacia and P. pseudomallei 

. Psychrotrophs can grow very rapidly under refrigeration 

conditions; thus, very low level of initial  contamination of these 

bacteria may shorten the shelf-life of pasteurized  milk. Cousin 

(1982) reported that the number of bacteria doubled at every six 

hours and exceeded 106 cfu mlɬ1 after seven days of cold storage. 

Common sensory problems caused by Pseudomonas spp. 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 

heatexchangers during 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 reach 10ɬ100 times of initial 

count in raw milk (Rademacher et al. 1996). 

Among the thermoduric Gram -positive bacteria withstanding  

pasteurization conditions are Microbacterium spp., Micrococcus spp., 

Enterococcus spp., Streptococcus spp., Lactobacillus spp. and 

Corynebacterium spp. Coryneform, Micrococci and Streptococci cannot 

grow in milk stored  below 6°C (Muir 1996, Varnam and Sutherland 

2001). On contrary, Bacillus spp. are dominant group of bacteria in 

pasteurized milk stored at 5°C or  below. Especially, heat-resistant 

Bacillus spores germinate and grow under  cold conditions causing 

aroma defects and, in extreme cases, coagulation  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 Pseudomonas spp. 

are prone to adsorb on tank and plate surfaces. Some strains of 

Pseudomonas spp. form polysaccharide fibrils  and colonize on tank 

surfaces.  Highly hydrophobic spores of some Bacillus spp. (i.e., B. 

thermoleovorans, B. coagulans, B. pumilis) and Geobacillus  

stearothermophilus adhere on the stainless steel surfaces and when 

the conditions are suitable, the spores germinate 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 to contamination 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 Gram-negative 

psychrotrophic bacteria is  4 to 5 hours and the number of this group 

of bacteria can reach at 107 cfu mlɬ1 within 7ɬ10 days at 7ºC. Milk 

containing psychrotrophic bacteria at  level of <10 cfu mlɬ1, is spoiled 

within 7ɬ11 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 cmɬ2. 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 by 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. 

monocytogenes in 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  

ÊÖÕËÌÕÚÌËɯÊÖÞɀÚɯÔÐÓÒɯÍÙÖÔɯÞÏÐÊÏɯÈɯÊÖÕÚÐËÌÙÈÉÓÌɯ×ÖÙÛÐÖÕɯÖÍɯÛÏÌɯ

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,  ÌÝÈ×ÖÙÈÛÌËɯÍÐÓÓÌËɯÔÐÓÒȮɯÈÕËɯÌÝÈ×ÖÙÈÛÌËɯÎÖÈÛɀÚɯÔÐÓÒɯȹ%# ɯ

2011a). However, the Codex Alimentarius standa rd 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. 3ÏÌɯȿÜÚÌɯÉàɀɯËÈÛÌɯÖÍɯÌÝÈ×ÖÙÈÛÌËɯÔÐÓÒɯÔÈàɯÉÌɯÈÚɯÓÖÕÎɯ

as 18 months after production, although 6 ɬ12 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 can 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 

ÌÝÈ×ÖÙÈÛÌËɯȿÍÐɯÓÓÌËɯÔÐÓÒɀȮɯÞÏÌÙÌ fats from other sources are used to 

replace milk fat (Fernandes 2009). Palm oil 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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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 120ɬ122ºC 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. marcerans, B. subtilis and 

especially Geobacillus stearothermophilus that are likely to  survive the 

process. The spores of these microorganisms do not germinate 

unless the cans are stored at high ambient temperatures (>43ºC). 

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 

combination that  ÞÖÜÓËɯ×ÙÖÝÐËÌɯȿÈÉÚÖÓÜÛÌɯÚÛÌÙÐÓÐÛàɀɯÐÚɯ×ÖÚÚÐÉÓÌȮɯÉÜÛɯ

such processing conditions would produce an unacceptable level of 

ȿÊÖÖÒÌËɀɯÍÓÈÝÖÙȮɯÈɯËÈÙÒɯÊÖÓÖÙȮɯÈÕË probably some modified physical 

characteristics. Therefore, evaporated milk is processed at the 

lowest temperature-time conditions to achieve ȿÊÖÔÔÌÙÊÐÈÓɯ

ÚÛÌÙÐÓÐÛàɀɯÛÏÈÛɯÙÌËÜÊÌÚɯÛÏÌɯÊÏÈÕÎÌɯÓÌÝÌÓÚɯÖÍɯÍÓÈÝÖÙɯÈÕËɯ×ÏàÚÐÊÈÓ 

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 made from whole, skimmed, or reduced fat milks, depending on 

the end use. Due to its composition and  properties, condensed milk 

is an important source of milk solids in confectionary, bakery 

products, ice cream, concentrated yogurt and other products. When 

it is manufactured for these purposes, it is bulk packaged in large 

quantities. The typical composi tion 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%, respectively. The Council Directive 

2001/114/EC (EU 2001) and the Condensed Milk and Dried Milk 

Regulation in England (FSA 2003) have specifi 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 

ÈɯÊÖÕÛÐÕÜÖÜÚɯÏÌÈÛÌÙɯÖÙɯÈɯȿÏÖÛɯÞÌÓÓɀȭɯ ÍÛÌÙɯ×ÙÌ-heating, milk can be 

HTST pasteurized at 71.6ºC (161ºF) for 15 s or UHT processed at 

138ºC for >4 s. Both thermal processes decrease the bacteria level 

and make the milk more stable. Also, higher temperature s of 82.2ɬ

93.3ºC for as much 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 54.4ɬ57.2ºC 

(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 7ºC . 

  

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 . 

2ÖÔÌÛÐÔÌÚɯÛÏÌɯÌØÜÐ×ÔÌÕÛɯÈÕËɯÛÏÌɯÏÌÈÛÌÙȮɯÉÜÛɯ×ÙÐÔÈÙÐÓàɯÛÏÌɯȿÏÖÛɯ

ÞÌÓÓɀ or surge 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 54.4ºC and 57.2ºC 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 genus Candida spp. 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 repens and A. glaucus can grow as long as oxygen is 

present. These microorganisms produce 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 the fi 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 ready-to-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 non-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 26ɬ42%. Partly skimmed milk should have the same 

protein level as whole milk powder  but different fat levels of 1.5ɬ

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 

74ºC for 30 s, a medium heat process 80ɬ100ºC for 1ɬ2 min, and a 

high heat process at 120ɬ135ºC for 1 to 2 min. The high heat process 

may be equivalent to an UHT treatment. Milk is heated at 85ɬ95ºC 

for several minutes to manufacturedried 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 ¾ 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 physic al 

treatment to convert  it into uniformly fi ne particles which are 

packaged, usually in 50 or 100 lb bulk 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 c characteristics.  
 

 

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 Pseudomonas spp. 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 106 cfu mlɬ1 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 

processing and manufacturing of dry milk. The occurrence can take 

place when milk  is concentrated in an evaporator before spray 

drying at a temperature  range of 45ɬ55ºC. Some heat-resistant 

bacteria can grow under these conditions and can increase 

disproportionally the bacterial count of the  concentrate. However, 

pasteurization of milk at 72ºC 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 species in milk powder can increase exponentially 

after only 12ɬ16 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 brevis, Streptococcus thermophilus and Micrococcus spp. 

These bacteria may grow slowly at refrigeration temperature. 

Therefore, their presence at high counts is 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 are Salmonella spp., 

S. aureus, Bacillus spp., Cronobacter sakazakii and "ÓÖÚÛÙÐËċÜÔɯspp. 

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 widespread contamination 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 Salmonella Typhimurium and  

S. agona occurred in Oregon in 1979. There was a major 

salmonellosis outbreak associated with dried milk p owder -based 

infant formula that  was contaminated with S. ealing in 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 Rico in 1956 (Rowe and 

Donaghy 2011). A recent large 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. aureus was the cause of the outbreak (Asao et al. 2003). 

There are other types of bacteria that can be found in dried 

milk  products. Cronobacter and Enterobacter spp. 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. sakazakii in 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 

(Iversen 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 et al. 2010). 

The presence of B. cereus, other Bacillus spp., Clostridium 

botulinum and Listeria monocytogenes in dried milk p roducts, 

especially infant  formula is also a concern (Rowe and Donaghy 

2011). Various levels of B. cereus contamination in dried whole milk 

and non-fat dry milk have been  reported in USA (62.5%), Germany 

(13ɬ43%), UK (17%) and Brazil (28%). Twenty -eight mi lk powders 

from 18 different countries were examined for  the number and type 

of contaminating thermophilic bacilli. The dominant  isolate was 

Anoxybacillus fl avithermus strain C followed by B. licheniformis strain 

F (Rueckert et al. 2005). Infant botulism that results from the 

ingestion of spores of C. botulinum is rare; however, there was a case 

in the UK  where an infant formulated milk powder was the possible 

cause (Brett et al. 2005). 

Doyle et al. (1985) studied survival of L. monocytogenes during 

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. monocytogenes gɬ1 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  (20ɬ40%).  

Aflatoxin M1 has occasionally been found in dried milk and, 

if present, significant amounts of t hem 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 been separated by skimming or otherwise (Anonymous 1995, 

1996). Depending on the heat treatment applied, cream can be 

classified as unheated (raw), pasteurized (at 63ºC for 30 min or 72ºC 

for 15 s), sterilized (at 108ºC for 45 min or equivalent) and ultra high 

temperature (UHT) sterilized (at  >140ºC 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 63ɬ65ºC 

for  <1 min) are not effective enough to reduce the initial bacterial 

counts of cream to safe limits. Unless the thermized cream is cooled 

immediately  to <4ºC and processed within a short period of time, 

the quality losses in the end product are inevitable. Development of 

sour, rancid, bitter, stale, cheesy, yeasty and putrid taste, flavor and 

odor by mainly Pseudomonas, Micrococci and 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 

associated with 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 40ɬ

45ºC. This temperature range is ideal for microbial growth. 

Therefore, increasing separation temperature to above 60ºC (i.e., 62ɬ

63ºC) may help keeping bacterial 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 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

103 

 

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. 

 
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 72ºC for 15 s. In the USA, a slightly 

higher minimum temperature  (i.e., 74.4ºC 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 75ºC for 15 s and 80ºC for 15 s, respectively. Under these 

thermal conditions, it is unlikely tha t heat-treated cream contains 

vegetative forms of spoilage or pathogenic microorganisms. Heat 

stable spores and/or post-pasteurization contamination are the most 

likely sources of microorganisms in cream. On the other hand, if the 
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cream is separated from m ilk held at 4ºC for more than 24 hr, there 

is a risk of growth of heatstable extracellular lipases from 

Pseudomonas spp. 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 Pseudomonas, Alcaligenes, 

Acinetobacter, Aeromonas and Achromobacter are dominant in cream 

kept at 5ºC, Corynebacterium, Bacillus, Micrococcus, Lactobacillus and 

Staphylococcus constitute the majority of  the cream microfl ora 

stored at 30ºC (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 the environment, 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/o) emulsion 

occurs. This emulsion phase inversion happens during churning of 

cream, and as a result, milk fat concentration in cream (ca. 30ɬ35%) 

is increased to about 80% in butter. Butter is typically composed of 

80ɬ81% milk fat, 16ɬ17% moisture, 1% carbohydrates and protein, 

and 1.2ɬ1.5% sodium chloride. Butter with no  added salt contains 

82ɬ83% 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 (70ɬ80% 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 pH from 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 1ɬ2% 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 lactis subsp. lactis and L. lactis 

subsp. cremoris) and aromaproducers (e.g., Leuconostoc mesenteroides 

subsp. cremoris and Lactococcus lactis biovar. diacetylactis) (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 a low temperature of around 10ºC.  

The next stage is the churning the tempered sweet cream 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 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

106 

 

emulsion of cream and forms a continuous matrix of fat globule 

surrounding the water molecules. The  typical temperature at this 

stage is set at 10ɬ11ºC. 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 

45ºC. The emulsified mixture is pasteurized at 80ɬ85ºC for 2ɬ3 s and 

then left for crystallization at  4ɬ5ºC. Afterwards, the product is 

worked and packaged for retail or whole  sales. The level of salt (1ɬ

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 their salts are used to enhance the 

microbial  stability of dairy spreads.  

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 

is mainly  affected by the raw material, the way in which they are 

prepared, heat treatments and storage conditions. So for any quality 

butter, apart from  excellent sanitary processing conditions, the 

quality of starting material ɭ creamɭis critical as it is considered to 

be the main source of microorganisms in 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 85ºC 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., 95ɬ

112ºC) 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 organismsɭbacteria 

(e.g., Pseudomonas spp.), yeasts (e.g., Candida spp.), and molds (e.g., 

Geotrichum)ɭhave 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,  

Enterococcus and Pseudomonas in 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., 3ɬ7ºC) 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  Pseudomonas such as Serratia, 

Acinetobacter and 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  Pseudomonas spp. Shewanella 

putrefaciens (formerly Alteromonas putrefaciens) or Flavobacterium 

spp. which also play role in development of surface taints  in butter. 

Some species such as P. putrefaciens are able to grow on butter 

surface and produce a putrid odor within relatively short period of 

time (7ɬ10 days) at refrigeration temperature. The odor is suggested 

to be the result 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 nigrificans (Kornacki et al. 2001) 

and Pseudomonas mephitica (Kornacki et al. 2001, Jakson and Morgan 

1954), respectively. Pseudomonas fragi and, in rare cases, Pseudomonas 

fl uorescens as well as non-microbial  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 Micrococcus spp. (Boor and Fromm 2006) and molds such as 
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Rhizopus, Geotrichum, Penicillium and Cladosporium (Irbe 1993). 

Formation  of 3-methylbutanal by Lactococcus lactis var. maltigenes is 

the major cause ÖÍɯȿÔÈÓÛàɀɯÍÓÈÝÖÙɯËÌÍÌÊÛɯÐÕɯÉÜÛÛÌÙ. 

 

Table 13. Microorganisms associated with spoilage of cream, 

butter and dairy spreads.  
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Ice cream 

Although frozen status of ice cream and frozen dairy desserts 

gives both manufacturers and consumers a positive 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). 

Salmonella spp. 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 cereus is unlikely to survive  pasteurization; however, 

B. careus spores 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 are concentrated 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. Gram-negative 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 done to 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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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 proper heat 

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 yeasts may 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 low as possible. 

 

The microbiological stability of syrup with high sugar 

concentration (aw 0.70) is higher than those with high aw (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 hose belong to the genus 

Zygosaccharomyces) can grow in syrup with an aw as low as 0.65. 

Candida, Pichia, Schizosaccharomyces and 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 includes soaking of corn in water at 45ɬ50ºC 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 ɬ0.2% 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. 
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Frozen yogurt is another product of frozen dairy products 

segment. Frozen yogurt contains two yogurt bacteria ( Streptococcus 

thermophilus and Lactobacillus delbrueckii subsp. bulgaricus). The 

results of scientifi c 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 ɬ45ºC for 3ɬ4 

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. delbrueckii subsp. bulgaricus decreased by 45% and 90% 

during freezing. A more moderate  decrease (ca. 5%) in viable cell 

counts of yogurt bacteria during storage at  ɬ20ºC 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 reuteri, Lb. 

acidophilus, Lb. rhamnosus GG and Bifidobacterium bifidum in ice 

cream stored at ɬ20ºC for 52 weeks. The product was demonstrated 

to contain probiotic bacteria at l evels above therapeutic minimum 

(i.e., 106 cfu gɬ1) throughout storage. Similar results were reported  

by Marshall (1998) who suggested that B. bifidum and 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 at ɬ20ºC for 180 days. Addition of inulin 

as prebiotic also stimulated the viability of Lb. rhamnosus and Lb. 

casei in 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 lm 

formation in an ice cream plant. Most of  the biofi lm 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 lms belonged to Enterobacteriaceae family 

including Proteus, Enterobacter, Citrobacter, Shigella, Eschericia and 

Edwardsiella spp. Aeromonas, Plesiomonas, Moraxella, Pseudomonas 

and Alcaligenes spp. were also isolated from the biofi lms. Gram-

positive bacteria isolated from the biofi lms were Staphylococcus, 

Bacillus, Listeria spp. and lactic acid bacteria including Streptococcus, 

Leuconostoc and Pediococcus spp. 

Impedance measurement technique is a feasible, rapid and accurate 

alternative to classical plating technique in the detection of 

microbial count.  Detection of Salmonella spp. and Listeria spp. 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 a result 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, yeast-lactic (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. ΏBioΐ-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: 

Ι Mesophilic lactic acid fermentations (optimal growth at ~30 °C) 

with starter cultures  belonging to the genera Lactococcus, Leuconostoc 

and Pediococcus. Some examples include Ώgeneralΐ types of 

fermented milks, Nordic sour milk products, fermented  buttermilk 

(natural or cultured Έ the 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.  

Ι Thermophilic lactic acid fermentations (optimal growth at ~42 Έ45 

°C) where the starter cultures are mainly the yoghurt organisms and 

Lactobacillus helveticus. 

 

Traditional or natural buttermilk  

Traditional or natural buttermilk is made from the liquid 

produced during butter production using a starter culture mixture 

of Lactococcus spp. (Lactococcus lactis subsp. lactis, and Lactococcus 

lactis subsp. cremoris, which are the main producers of lactic acid, 

and Lactococcus lactis biovar  diacetylactis, the diacetyl flavour -

producing organism) and Leuconostoc mesenteroides subsp. 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. lactis subsp. cremoris and the 

flavour -producing organisms  L. lactis biovar  diacetylactis and L. 

mesenteroides subsp. cremoris. It 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 longi, a synonym of 

Lactococcus spp. (the name Lactococcus lactis biovar longi has 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 lala 

(commercially called Mala) is made using the same starter culture 

mixture as buttermilk, but is then sweetened. Susa, made from 

camelΐs 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. lactis biovar  diacetylactis, Leuconostoc lactis, L. 

mesenteroides subsp. cremoris and Leuconostoc mesenteroides subsp. 

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 category include Streptococcus and 

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 thermophilus and Lactobacillus 

delbrueckii subsp. bulgaricus. 

 

Acid buttermilk  

Acid buttermilk, also known as Bulgarian buttermilk is made 

using Lb. delbrueckii subsp. bulgaricus as 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. cremoris, Lac. lactis 

subsp. lactis, Lactococcus lactis subsp. lactis biovar. diacetylactis and 

Leuconostoc mesenteroides subsp. cremoris. The processed milk base is 

fermented at 20 °C for ~20 h (final pH: 4.5Έ4.6), 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 snack 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. rhamnosus GG , Lb. casei  and                     

Lb. acidophilus alone or together with Bifidobacterium spp.. 

 

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 screening traditional  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, ΏBifidobacterium bifidum Bb΅12ΐ (presumed 

to be Bif. animalis subsp. lactis BB̈́ 12) grew faster in goatΐs milk 

compared to cowΐs milk fortified with whey protein concentrate 

(WPC) powder and inulin, and had viable  counts of 2.3 × 108 cfu mL 
Ӈ1 after 9 d at 5 °.  The AB product had viable counts of lactobacilli  

and bifidobacteria of 3.5 × 107 and 3.4 × 107 cfu mLӇ1, respectively; 

whilst the BC product had viable counts of bifidobacteria and 

lactobacilli of 7.6 × 107 and 5.6 × 107 cfu mLӇ1, 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. casei (L. casei Shirota), an organism naturally present in the 

normal intestinal microflora of humans. The  organism is a probiotic 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

120 

 

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 that result 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 longum, together with lactobacilli, such 

as L. casei and 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 as Lactobacillus spp. (Lb. delbreuckii subsp. bulgaricus) plus 
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Lactococcus spp. (L. lactis subsp. lactis), Leuconostoc spp., and Str. 

thermophilus, acetic acid bacteria (Acetobacter aceti and Acetobacter 

rasens), contaminants such as mould (Geotrichium spp.), and a 

number of yeast species such as Saccharomyces and Kluyveromyces, 

but the principal yeast species present is Candida kefir (synonym: 

Candida kefyr; telemorph: Kluyveromyces marxianus). 

 

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 and Lb. acidophilus), strains of lactose-

fermenting yeasts (K. marxianus, Saccharomyces spp., Torula koumiss), 

non-lactose-fermenting 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. mesenteroides subsp. cremoris, and the mould 

Geotrichum candidum. The mould grows on the layer of fat that forms 

on the top of the product and produces a felt  of myceliu m. 
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Table 15. probiotic dairy products in some selected markets  
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Yogurt: microbiology, organoleptic properties and  

probiotic potential  
Fermentation has been used for thousands of years to 

preserve food. Thanks to 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 Eastern Europe. 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 of kefir have 

also been detected on a Bronze Age 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. 

Ɂ8ÖÎÜÙÛɂɯÊÖÔÌÚ from the Turki ÚÏɯÞÖÙËɯɁàÖÎÜÙÔÈÒȮɂɯÞÏÐÊÏɯÔÌÈÕÚɯ

to thicken, coagulate, or curdle. 

 

Table 16. Yogurt and yogurt -like products originated in different 

regions of the world  
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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, as well as in Asia (> 100% between 2000 and 2010 

for yogurt and fermented  dairy products; Mikkelsen 2013). At 

×ÙÌÚÌÕÛȮɯÔÖÙÌɯÛÏÈÕɯƗƔǔɯÖÍɯÛÏÌɯÞÖÙÓËɀÚ population eats yogurt, and 

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 ɭproduced at 

small scalesɭcurrently coexist with industrially produced yogurts, 

and ÞÌɯÈÙÌɯÚÌÌÐÕÎɯÙÌÕÌÞÌËɯÐÕÛÌÙÌÚÛɯÐÕɯÏÖÔÌÔÈËÌɯÍÖÖËÚȭɯ8ÖÎÜÙÛɀÚɯ

nutritional  value and healthful properties are universally 

recognized. The food has a positive market image, attributable to its 

specific organoleptic properties  (fresh taste, sourness, unique 

aroma), which has improved following the  discovery of its probiotic 

×ÙÖ×ÌÙÛÐÌÚɯ ÈÕËɯ ÚÖÊÐÌÛàɀÚɯ ÔÖÝÌÔÌÕÛɯ ÛÖÞÈÙËɯ ÎÙÌÈÛÌÙ health 

consciousness. 
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(ÕɯƕƝƜƘȮɯÛÏÌɯ% .ɤ6'.ɯËÌÍÐÕÌËɯàÖÎÜÙÛɯÈÚɯɁÛÏÌɯÊÖÈÎÜÓÈÛÌËɯ

milk product  obtained by lactic acid fermentation through the 

action of Lactobacillus delbrueckii ssp. bulgaricus (Lb. bulgaricus) and 

Streptococcus thermophilus from  milk and milk products. The 

microorganisms in the final product must  be viable and ÈÉÜÕËÈÕÛȭɂɯ

If other bacteria are added, such as probiotics (e.g., Bidobacteria, 

Lactobacilli Ú××ȭȺȮɯÛÏÌɯ×ÙÖËÜÊÛɯÔÜÚÛɯÉÌɯÊÈÓÓÌËɯɁÍÌÙÔÌÕÛÌË ÔÐÓÒɂɯÈÕËɯ

cannot carry the yogurt label. The Codex Alimentarius entry for  

fermented milk (Codex STAN 243-2003) specifies 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 a minimum of 107 CFU/g of 

microorganisms (total microorganisms in the  starter culture ). 

Yogurt has highly attractive nutritional properties ɭit is low  in 

calories (around 90 kcal per serving) but contains enough macro- 

and micronutrients (proteins, fatty acids, calcium, phosphorus, and 

vitamins)  ÛÖɯÊÖÝÌÙɯÈɯ×ÌÙÚÖÕɀÚɯËÈÐÓàɯÕÌÌËÚȭ 
 
 

How yogurt  bacteria grow together in milk  

Typically, yogurts are produced at temperatures around 42°C, 

which  promotes the optimal growth of both S. thermophilus and Lb. 

bulgaricus. When milk is inoculated with these two bacteria, they 

usually grow in  succession and S. thermophilus presents diauxic 

growth . S. thermophilus first grows exponentially (for the  first 90 to 

120 min) and then experiences a short latency period. Lb. bulgaricus 

stays at inoculation levels. S. thermophilus subsequently resumes 

growth,  albeit at a reduced rate, and Lb. bulgaricus starts to grow 

exponentially. As  the milk becomes acidified, reaching a pH of 

around 5.2, S. thermophilus stops growing. In contrast, the growth of 

Lb. bulgaricus continues 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. thermophilusɀɯ ×ÌÙÐÖËɯ ÖÍɯ Ìß×ÖÕÌÕÛÐÈÓ growth; 

during the latency period, there is a slowdown in acidification.  

Then, acidification accelerates with the tandem growth of both 

bacteria. Lb. bulgaricus is better than S. thermophilus at handling the 
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acidic environment, possibly partly because it can transform 

ornithine into  putrescine, which raises the intracellular pH . 

Despite S. thermophilusɀɯÎÙÌÈÛÌÙɯÚÌÕÚÐÛÐÝÐÛàɯÛÖɯÈÊÐËÐÛàȮɯÛÏÐÚɯ

bacterium generally  has a numerical advantage over Lb. bulgaricus 

by the end of fermentation, even when Lb. bulgaricus starts off at a 

higher inoculum level .This advantage is strain dependent and can 

be partly explained by the fact that Lb. bulgaricus has stricter 

nutritional requirements. Also, S. thermophilus is probably a better 

competitor than Lb. bulgaricus in milk.  
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Symbiosis between yogurt starter bacteria  

S. thermophilus and Lb. delbrueckii subsp. bulgaricus exhibit 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). This ÙÌÓÈÛÐÖÕÚÏÐ×ɯÐÚɯÛÌÙÔÌËɯɁÚàÔÉÐÖÚÐÚɂȭɯS. 

thermophilus, for example, does not 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. delbrueckii subsp. bulgaricus produces free amino acids 

from casein fractions and these amino acids are used by S. 

thermophilus for its growth (Fira et al. 2001). The type and number 

of amino acids stimulating  the growth of S. thermophilus is strain-

dependent (Letort and Juillard 2001). Leusine, lysine, aspartic acid, 

histidine and valine  are the principal amino acids that are 

synthesized by Lb. delbrueckii subsp. bulgaricus to stimulate the 

growth of S. thermophilus. 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 of S. thermophilus require valine, 

glycine and histidine for their growth, some strains show weak 

growth in the  presence of these amino acids. 
The growth of Lb. delbrueckii subsp. bulgaricus is stimulated by 

formic acid liberated by S. thermophilus (Zourari et al. 1992). Formic 

acid is also largely produced in milk during heat treatment at 

>100ºC. It was reported that when milk was heated at 100ºC for 10 

min, the formic acid concentration  increased from 1.7 mg kgɬ1 to 39 

mg kgɬ1 (Kikuchi et al. 1984). Kikuchi et al. (1984) also found that 

addition of sodium formate into milk at a level of  20 mg kgɬ1 led to 

2.7 times increase in the acid production by Lb. delbrueckii subsp. 

bulgaricus and 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. delbrueckii subsp. 

bulgaricus is 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 between Lb. delbrueckii subsp. bulgaricus and 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 (Beal and Corrieu 1991, Lankes et 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 37ºC, 42ºC or 45ºC 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. thermophilus is optimal at  pH 6.5, Lb. delbrueckii subsp. bulgaricus 

grows optimally at pH 5.8. Method  of total solids elevation also 

affects the fermentation kinetics. 

 
Exopolysaccharide (EPS) production  

Both S. thermophilus and Lb. delbrueckii subsp. bulgaricus have 

exopolysaccharide-producing (EPS+) strains. EPS produced by 

yogurt  bacteria may have different monosaccharide composition . 

The structure of the repeating unit of heteropolysaccharides (HEPS) 

produced  by S. thermophilus was 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 the EPS concentrations in 

milk cultures may range from 50 to 3000 mg lɬ1 for  S. thermophilus 

and from 60 up to 2100 mg lɬ1 for Lb. delbrueckii subsp. bulgaricus 

(Bouzar et al. 1997, Grobben et al. 1996). 
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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 ºC), cooling and addition of fruits 

and flavors. The production steps in manufacture of stirred - and set 

yogurt are illustrated in the Figure  1. 



Advanced Dairy Microbiology                              D r. Amer Alzobaay  

131 

 

Yogurt is made with a variety of ingredients including milk, 

sweeteners, stabilizers, 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 of the 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 (Table 17). 

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 

yogurt is 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) 

 
Acetaldehyde production  

The control of aroma and flavor of yogurt is important for 

quality control  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 

acetaldehyde (Cheng 2010, Martin et al. 2011). The ideal 

concentration of acetaldehyde in regular yogurt is ca . 10ɬ25 mg kgɬ

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 dedicated to 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. thermophilus produce 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). 

 

Figure 19. Possible metabolic routes for acetaldehyde production 

in lactic acid bacteria.  
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  In all of these cases, the acetaldehyde is a by-product or 

intermediate, which upon accumulation is toxic and,  therefore, 

must be excreted. Despite a number of metabolic pathways possible 

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 conversion of 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  ÍÌÙÔÌÕÛÐÕÎɯÊÖÞȮɯÎÖÈÛɯÈÕËɯÚÏÌÌ×ɯÔÐÓÒɯÉàɯÜÚÐÕÎɯɁÒÌÍÐÙɯ

ÎÙÈÐÕÚɂɯÈÚɯÚÛÈÙÛÌÙ culture (Farnworth 2005). The kefir grains contain 

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 

sometimes commercially 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 

became popular 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, obesity  

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 

biomass matrix composed of polysaccharide, fat and protein of kefir 

microorganism  origin (Rea et al. 1996). Microorganisms involved in 

kefir production  secrete exopolysaccharides that accumulate along 

wi th 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 

polysaccÏÈÙÐËÌɯɁÒÌÍÐÙÈÕɂɯȹ+Èɯ1ÐÝÐÌÙÌɯÌÛɯÈÓȭɯƕƝƚƛȺȭɯ3ÏÌɯÒÌÍÐÙÈÕɯÐÚɯÈɯ

heteropolysaccharide made from glucose and galactose. Lactic acid 

bacteria are the 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). 
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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 

proper ties. 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 of Lactobacillus 

and Streptococcus, while kefir contains several other bacterialstrains 

such as Lactobacillus, Leuconostoc, Acetobacter, Streptococcus and 

Pseudomonas spp. Apart from the bacterial strains, kefir contains 

different  yeast strains belonging to Saccharomyces, Candida and 

Kluyveromyces genus, hence kefir is a fermented milk product of 

combined action of yeast and bacterial fermentation process. 

Appearance of kefir is not as creamy as yogurt. 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.  

Figure 20. Atypical process o f kefir production  
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Koumiss  

Koumiss is a traditional milk beverage produced from 

fermentation of  ÔÈÙÌÚɀɯ ÔÐÓÒɯ Éàɯ ÐÕËÐÎÌÕÖÜÚɯ ÔÐÊÙÖÖÙÎÈÕÐÚÔÚɯ

(Montanari et al. 1996). Koumiss is also known by other names like 

koumiss, kumiss, kumis, kymis, kymmyz. It 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 

ÍÙÌÚÏɯÔÈÙÌɀÚ ÔÐÓÒɯÞÐÛÏɯÈɯ×ÈÙÛɯÖÍɯÛÏÌɯ×ÙÌÝÐÖÜÚɯËÈàɀÚɯÉÈÛÊÏɯÖÍɯÒÖÜÔÐÚÚɯ

as a starter ÊÜÓÛÜÙÌȭɯ3ÏÌɯ×ÙÌÝÐÖÜÚɯËÈàɀÚɯÉÈÛÊÏɯÖÍɯÒÖÜÔÐÚÚɯÊÖÕÛÈÐÕÐÕÎɯ

indigenous native  ÔÐÊÙÖÖÙÎÈÕÐÚÔÚɯÐÚɯÐÕÖÊÜÓÈÛÌËɯÛÖɯÍÙÌÚÏɯÔÈÙÌÚɀɯ

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. 
 

 
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 ÔÈÙÌɀÚɯÔÐÓÒɯÜÚÌËɯÐÕɯ

koumiss preparation (Uniacke -Lowe et al. 2010, Bornaz et al. 2010). 

3ÏÌɯÈÝÌÙÈÎÌɯÊÏÌÔÐÊÈÓɯÊÖÔ×ÖÚÐÛÐÖÕɯÖÍɯÔÈÙÌɀÚɯÔÐÓÒɯÈÕËɯÉÖÝÐÕÌ milk 

ÚÏÖÞÚɯ ÛÏÈÛɯ ÛÏÌɯ ÔÈÙÌɀÚɯ ÔÐÓÒɯ ÏÈÚɯ Èɯ ËÐÚÛÐÕÊÛɯ ÊÖÔ×ÖÚÐÛÐÖÕȭɯ 3ÏÌɯ

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 Saccharomyces (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 

by the ÍÌÙÔÌÕÛÈÛÐÖÕɯÖÍɯÔÈÙÌɀÚɯÔÐÓÒɯÐÚɯÈɯÔÐÓÒàɯÎÙÌàȮɯŗááàɯÓÐØÜÐËɯÞÐÛÏɯ

a sharp alcohol ÈÕËɯÈÊÐËÐÊɯÛÈÚÛÌȭɯ2ÐÕÊÌɯÛÏÌɯÔÈÙÌɀÚɯÔÐÓÒɯÏÈÚɯÏÐÎÏÌÙɯ

lactose content, the final fermented product, i.e., koumiss has 

comparatively higher lactic acid a nd 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 

×Ö×ÜÓÈÙɯÍÌÙÔÌÕÛÌËɯÔÐÓÒɯÉÌÝÌÙÈÎÌȮɯÛÏÌɯÈÝÈÐÓÈÉÐÓÐÛàɯÖÍɯÛÏÌɯÔÈÙÌɀÚɯÔÐÓÒɯ

is the limiting factor for its larg e scale production. Presently, the 

large scale ×ÙÖËÜÊÛÐÖÕɯÖÍɯÒÖÜÔÐÚÚɯÐÚɯ×ÌÙÍÖÙÔÌËɯÍÙÖÔɯÊÖÞɀÚɯÔÐÓÒɯ

supplemented with  the additional sugar to make it approximate 

ÞÐÛÏɯÛÏÌɯÊÖÔ×ÖÚÐÛÐÖÕɯÖÍɯÔÈÙÌɀÚ milk (Zhang and Zhang 2012). 

 

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 l ive 

symbiotically (Lopitz -Otsoa et al. 2006). The microbial 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 

acidophilus, Lb. brevis, Lb. casei, Lb. fermentum, Lb. helveticus, Lb. kefir, 

Lb. parakefiri, Lactococcus lactis, Leuconostoc mesenteroides, Lb. 

delbrueckii, Acetobacter sicerae sp. nov, Streptococcus, etc. (Witthuhn  et 

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

Several strains of yeasts have also been reported in kefir such 

as Kluyveromyces marxianus, Torula kefir, Saccharomyces exiguus, 

Candida lambica, Candida kefir, Saccharomyces cerevisiae, Candida krusei 

and Candida famata (Lopitz -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  


