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Introductory Dairy Microbiology

Module 1. Hygienic milk
Lesson 1

INTRODUCTION AND SIGNIFICANCE OF DAIRY MICROBIOLOGY

1.1 Introduction

As per the definition, a branch of biology that deals with the study of microorganisms and their different activity
is termed as microbiology. Since ages, these microorganisms are playing a potential role in human welfare both
as useful and harmful biological agents. This leads to an extensive study of these micro-organisms with the aim
of understanding their growth and nutritional requirements for their production or destruction both.

The different branches of microbiology are:

e Agricultural and soil microbiology

e Agquatic and marine microbiology

e Dairy and food microbiology

e Environmental microbiology

e Industrial microbiology

e Medical and pharmaceutical microbiology
e  Rumen microbiology

e  Space microbiology

1.2 Definitions

Milk and milk products occupy a more significant role in the human food profiles. The study of microorganisms
that are associated with milk and milk products in all aspects is defined as “Dairy Microbiology”.

1.2.1 Milk

Milk is described as a whole, fresh, clean, lacteal secretion obtained from the complete milking of healthy milch
animal (excluding this milk is obtained within 15 days before or five days after calving to render the milk
practically colostrum-free) containing the minimum prescribed levels of fat and solids non-fat.

1.2.2 Milk hygiene

Milk hygiene is concerned with the production of clean, wholesome milk that is free from bacteria or other disease
causing micro-organisms and maintenance of this condition from farm to the consumers.

In general milk is considered as the most nutritious and complete food for neonates and adult human beings both.
An approximate composition of major constituents in milk of different animal origins is given in Table 1.1.
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Table 1.1.Percent composition of milk of different animal origins

Source Percent composition

(Animal) | Total | Casein | Whey [ Fat | Carbohydrate
Protein protein

Buffalo 4.0 3.5 0.5 7.5 4.8

Cow 3.5 2.8 0.7 3.7 4.8

Goat 3.6 2.7 0.9 4.1 4.7

Sheep 5.8 4.9 0.9 7.9 4.5

Dairy industry provides an excellent example where bacteria, yeasts, moulds and viruses are very important in

determining the quality of final product. The control and destruction of undesirable microorganisms, as well as
their intentional introduction and utilization are problems that need special attention. The nutritional qualities of
milk make it a desirable food for humans and other young animals. However, these nutritional values also permit
growth of many microorganisms, some of which cause undesirable changes in milk and its products. Milk’s
sanitary qualities are influenced by many factors in the course of production, processing, and delivery to the
consumers.

An example of dairy industry which is dependent to a larger extent on the desirable enzymatic changes caused by
microorganisms is cheese making. The flavours and the texture of cheese are largely ascribed to the conversion
of milk constituents by various species. Few bacterial and mould species are added intentionally to cheese during
manufacturing and much of the microbial activity in that takes place during ripening are due to microbial species
that enter the milk by chance at different stages. The taste and aroma are competitive assets of butter. Starter
cultures, that are mixed bacterial cultures selected for acid- and flavor-producing ability, are important in the
manufacture of flavored butter. The conditions in which optimum flavor develops and the relationships with
microbes are well known, and certainly the changes brought about by the starters are desirable.

Yogurt, sour cream, and buttermilk are some of the examples of fermented milks made by different intervention
of microorganisms to milk, cream, and skim milk, respectively. Each of those products has a characteristic
microflora that is partly responsible, for its characteristic flavor and texture. It is also possible to ferment milks
having desired properties (i.e. flavor and acid-producing) by using starter cultures.

Microbial conversion of certain constituents of milk into economically valuable products like vitamins, solvents,
and food adjuncts can be done commercially these days. On the other hand, milk constituents that have no
economic significance, or that are usually wasted, must be converted to stably oxidized and non-obnoxious
substances prior to their discharge into the environment. Here also microbial activity is responsible for the desired
changes in the organic constituents of dairy wastes dung of sewage treatment.

Microbes are undesirable in milk or its products, if these deteriorate flavor or texture, and produce diseases. It is
important that dairy microbiologists understand the facts that, influence the deterioration of milk and the methods
through which this type of deterioration can be prevented. Souring of milk or cream is undesirable under majority
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of situations, but souring (i.e. production of lactic acid) is essential also for the manufacture of cheese or cultured
milk products. Discolorations, sliminess, ropiness, putrefaction, rancidity, gassiness, and many other defects are
caused by different microbes that grow in dairy products. Milk occasionally has been the carrier of microbes that
can cause disease. However, these agents of disease can be effectively controlled. As the new processes and
products are developed by the dairy scientists, these must be checked to ensure that these are safe for consumers.

Many ordinances and other regulations under which milk is produced and handled specify quantitative,
qualitative, and microbial standards. These standards have shown that under desirable conditions, the numbers of
microbes gaining entrance to the product will not exceed certain levels and, also, that proper handling of these
products will not permit growth beyond certain levels. To a certain degree, the numbers of microbes permitted on
these standards usually are far much below the numbers necessary to cause spoilage. Practically this results into
a gradual up-gradation of microbial standards for different dairy products. Because of this type of control, the
packaged milk produced by dairy industries is of high microbiological quality and hence, safe to the consumers.

1.3 Significance of Microbes in Milk

e Information on microbial load can be used to assess its sanitary quality and the conditions of production
Bacteria, if permitted to multiply, cause spoilage of milk

Milk is potentially susceptible to contamination with pathogens, however precautions must be taken to
destroy them

Certain microbes produce chemical changes that are desirable in the production of cheese, yogurt and
fermented milk products.

There is a need for knowledge of the microbiology of different dairy products as shown by the three distinct
considerations placed below:

1.3.1 Spreading of diseases via milk

Different studies have proved that diseases in both man and animals are sometimes caused by the pathogens
spread by milk. Although, the presence of such microorganisms is not specific only to foods from dairy but from
a variety of other sources also. However, it is especially serious with dairy products because these are mostly
consumed without being heated and thus without destruction of harmful micro-organisms. Accordingly, the
sources of pathogens in dairy products, conditions under which they grow, and methods of prevention or
destroying them is essential. Such a knowledge is important to the manufacturer of dairy products, because of the
responsibility of producing only safe foods, and it is of extreme importance for the supervisor of dairy plants, as
the inspection is the final protection efforts to the consumer. Although, the manufacturer and supervisor should
ensure consumer's safety, but it is also desirable that the consumers are well aware to decide whether a particular
dairy product is satisfactory or not? Similarly, the farmer using milk or milk products for animals feeding should
know the probability of introducing diseases into his herds through such products.

The hygienic milk production practices, proper handling and storage of milk and pasteurization have decreased
the threat of milk-borne diseases, such as tuberculosis, brucellosis, and typhoid fever. However, there have been
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a number of milk-borne illnesses resulting from the ingestion of raw milk, or dairy products made with milk that
was not properly pasteurized or was poorly handled leading to post-processing contamination. The following
bacterial pathogens are of major concern to in raw milk and other dairy products:

e Bacillus cereus

e Campylobacter jejuni

e Escherichia coli

e Listeria monocytogenes
e Salmonella spp.

e Yersinia enterocolitica

It should be noted that moulds, mainly the species of Aspergillus, Fusarium, and Penicillium can also grow in
milk and dairy products. If conditions permit, these moulds may produce mycotoxins that can be a health hazard
to the consumers.

1.3.2 Spoilage of milk

Micro-organisms, as a result of their growth or biochemical activities, cause undesirable changes in milk and, are
responsible for spoilage. The producer of milk should be aware of the sources of micro-organisms causing rapid
changes, conditions favoring their growth, and methods of preventing their activity. The manufacturer of milk
products must contend with problems similar to those of producer of milk and additional ones also, as butter,
cheeses, etc. are frequently stored for longer periods, during which may further decrease quality. The problem of
spoilage is especially important with the cheeses they require ripening, since conditions must be favorable for
growth of certain desirable microorganisms and may also allow the growth development of undesirable ones.

The initial microbial quality of raw milk is quite crucial for the production of good quality dairy foods. Spoilage
is a term used to describe the deterioration of a food’s texture, color, odor or flavor to the point, where it becomes
unsuitable for human consumption. Microbial spoilage of food often involves the degradation of protein,
carbohydrates, and fats by the microorganisms or their enzymes. In milk, the microorganisms that are mainly
involved in spoilage are psychrotrophs. Most psychrotrophs are destroyed by pasteurization, however, some
like Pseudomonas fluorescens; Pseudomonas fragi can produce proteolytic and lipolytic extracellular enzymes
that are heat stable and capable of causing spoilage. Some species and strains of Bacillus, Clostridium,
Corynebacterium, Arthrobacter, Lactobacillus, Microbacterium, Micrococcus, and Streptococcus can survive
pasteurization and grow at refrigeration temperatures that can cause spoilage problems in milk and milk products.

1.3.3 Developing desirable microorganisms in some milk products

The pleasing flavor of dairy products as butter, cheeses, and fermented milks, and the desired texture of many
dairy products are largely due to the development of certain microorganisms during manufacture and ripening.
An understanding of the action of these organisms, conditions favoring their growth, etc., is important and
necessary if products having a uniformly high quality are to be produced and marketed. The manufacturing
methods used for certain dairy products were developed empirically even before the role of microorganisms was
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understood, but various valuable improvements have resulted from knowledge of the action of the important
micro-organisms.

*k %k %k %k %k *k %k %k %k 3k
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Lesson 2

SOURCES OF CONTAMINATION IN MILK

2.1 Introduction

Milk when secreted into an uninfected animal’s udder is sterile and invariably, it becomes contaminated during
milking, cooling and/or storage. It is an excellent medium for the growth of bacteria, yeasts and moulds that are
the common contaminants of any food material. Their rapid growth, particularly at high ambient temperatures
can spoil the milk for liquid consumption and for manufacturing dairy products. This can be avoided to a greater
extent by adopting the basic rules of clean milk production.

2.2 Sources of Microbial Contamination of Milk

Microbial contamination of milk can be from the internal and/ or external sources (Fig 2.1) that are described in
the following section.

Udder Infection Milking Staff Animal Shed & Surroundings

-

8

e

Milking Equipments Storage & transport Water Supplies

Various Sources of Contamination during Milk Production

Fig. 2.1 Various sources of contamination during milk production

10 www.AgriMoon.Com


http://localhost:8101/moodle/file.php/15/Animations%20final/2.1%20Various%20Sources%20of%20Contamination%20during%20Milk%20Production.swf
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2.2.1 Interior of udder

Varying numbers of bacteria are found in aseptically drawn milk with the reported counts of <100-10,000 CFU/ml
from normal udder, but an anticipated average is 500-1000 CFU/ml in advanced countries. Microorganisms enter
the udder through the duct at the teat tip that varies in length (from 5-14 mm) and its surface is heavily keratinized.
This keratin layer retains the milk residues and exhibit antimicrobial activity.

Secretory cell Alveolus Udder Quarter
Gold Apparutus

Teat canal

Secretion of milk in udder

Fig. 2.2 Secretion of milk in udder

During progress of a milking, bacteria are present in the largest numbers at the beginning and then gradually
decrease. This is mainly due to the mechanical dislodging of bacteria, particularly in teat canal, where the
numbers are probably highest. Because of this discarding of first few streams of milk helps in lowering the counts
of microbes in milk. Milk from different quarters also vary in numbers.Different species of bacteria that are found
in milk, as it comes from udder are very limited as given in Table 2.1.

Table 2.1 Presence of different microbial groups in raw milk

Group of microbes Percent range
Micrococci 30-99
Streptococci 0-50
Asporogenous Gram positive rods <10

Gram negative rods <10

Bacillus spores <10

Other groups of microbes <10
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Though micrococci are slow growing, but if allowed to grow, they cause acid formation and proteolysis. These
are mostly non-pathogenic. Streptococci are less frequent than micrococci. Streptococcus agalactiae may be
present even in non-clinical mastitis and thus it appears to be a natural inhabitant of udder. Among Gram positive
rods, Corynebacterium bovis has been found in large numbers. It is non-pathogenic, but if grown causes rancidity.
If an animal is infected from mastitis, microbial contamination from within the udder of animal contributes
notably to the total numbers of microbes in the bulk milk, when compared with the milk originated from a healthy
animal. The influence of mastitis on the total bacterial count of milk depends on the type of the infecting microbe.
Most common microbial agents of mastitis in milch animals are given in (Fig 2.3) are Staphylococcus aureus,
Streptococcus agalactiae, Streptococcus dysgalactiae, Streptococcus uberis, Escherichia
coli and Corynebacterium pyogenes.

Streptocoocol

Manstitis

. i .
Staphyloococol B

Fig. 2.3 Most common microbial agents of mastitis

2.2.2 Exterior of udder

In addition, to the udder infections, unclean udder and teats of animal also contribute significantly to the total
bacterial counts of milk. The microbes that are naturally associated with the skin of the animals as well as those
derived from the environment, where the cow is housed and milked are predominant in the milk. The
environmental conditions such as soil, manure, mud, feed or bedding; determines what kind of microbes will
dominate in milk.

Udder and teat become soiled with dung, mud, bedding material such as saw dust, straw etc. With heavily soiled
udder teats the counts may be 1,00,000 cfu/ml. The bedding material in winter has high number of bacteria, mainly
psychrotrophs, coliforms and Bacillus spp. Udder microflora is not affected much by simple washing. Economy
washing with sodium hypochlorite accompanied by drying, helps in reducing the number of microbes. Different
category of microbes that occurs in the exterior of udder are

e Predominantly micrococci and coagulase negative staphylococci exist.
e Next, on the teat surface are faecal streptococci, but Gram negative bacteria including coliforms are
less. Coliforms do not survive well on teat surface.
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e Aerobic thermoduric organisms are entirely Bacillus spp. The more frequent are B. licheniformis, B. subtilis,
B. pumilis and less frequent ones are B. cereus, B. circulans and B. firmus.
e Teat surface may also contain clostridial spores that are usually found in cows fodder, bedding and faeces.

Coliforms Alcaligenes

P. fluorescens Favobacterium

Fig. 2.4 Common psychrotrophic bacteria found on the teat surfaces

Psychrotrophic and thermoduric bacteria predominate on the teat surfaces. The psychrotrophs that can grow at
7°C and below are mostly Gram negative rods, and the major ones are Pseudomonas fluorescens, followed
by Alcaligenes, Flavobacterium and coliforms (Fig 2.4). On the other hand, thermodurics on teat surfaces are
often bacterial spores (a dormant and non-reproductive structure; highly resistant to radiations, desiccation,
lysozymes, high temperature, starvation and disinfectants) that are typically found in the soil (Fig 2.5). When
these spores enter the bulk milk, they may survive during pasteurization and cause a number of post-pasteurization
problems.
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Coat
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éerm Cell Wall
|

Inner Membrane

Bacillus spores

Fig. 2.5 The structure of bacillus and clostridial spores in milk

2.2.3 Coat of cow

The coat serves as a vehicle to contribute bacteria directly to milk. The hairs around udder, flanks and tail
contribute to the higher bacterial count in milk. The coat may indirectly contribute microbes into air,
especiallyBacillus spp. The coat may carry bacteria from the stagnant water pools, especially ropiness causing
milk microbes.

2.2.4 Animal shed and surroundings

Milk produced on farms with poor hygiene practices may undergo significant spoilage and have a shorter shelf-
life, when compared to milk produced under hygienic conditions. Microbes associated with the bedding materials
include:

e Coliforms

e Spore-formers

e  Staphylococci

e Streptococci

e  Other Gram negative bacteria

2.2.5 Milking staff

The staffs involved at different stages of milk production plays a pivotal role in maintaining hygiene and
preventing milk contamination. The hand contacts or dislodging of dust and dirt particles by milker may add
varieties of microbes to milk. Risks of contamination from milker are definitely higher, when cows are hand-
milked in comparison to when they are machine-milked. Soiled clothes and hands increase the risk of
contamination of milk and milking equipments many folds. Milker with infected wounds on hands contributes
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pathogenic Streptococcus spp. and micrococci. If wet hand milking is practiced, the microorganisms present in
lubricants like fore-milk, water or saliva of the milker and bacteria from hands and teats will enter the milk.

The common microbial pathogens from humans causing diseases such as typhoid, paratyphoid and dysentery may
contaminate the milk. Microbial pathogens causing scarlet fever, septic sore throat, diptheria, cholera etc.
contaminate the milk.

2.2.6 Milking equipment (storage containers and transportation systems)

Improperly cleaned milking and cooling equipments are one of the main sources of milk contamination. Milk
residues left on the equipment contact surfaces supports the growth of a variety of microbes. Although natural
inhabitants of the teat canal, apex and skin; microorganisms associated with contagious mastitis do not grow well
on these equipments, it is possible that certain strains associated with environmental mastitis may grow to a
significant level. Since, it is very difficult to remove all milk residues and deposits from the milk contact surfaces
of milking equipments; hence equipment with smooth surfaces and minimal joints should be used. The tanker and
collecting pipes are also the potential sources of contamination, if not adequately cleaned. In addition, biofilms
can easily build up on the enclosed, hard to clean surfaces (Fig. 2.6).
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Biofilm formation

Fig. 2.6 Biofilm formation (Click for animation)

Unclean or improperly cleaned milk cans and lids if they are still moist, results in multiplication of thermophilic
bacteria  like Bacillus  cereus. Improperly  sterilized  milking  machines  contain  thermoduric
micrococci, Bacillusspp. and Microbacterium spp. predominantly compared to coliforms and streptococci.
Rubber hoses predominantly contribute to pseudomonads rather than thermodurics.

2.2.7 Water supplies
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At dairy-farms, the water can be a predominant source of microbial contamination. Water used in production
should be of good bacteriological quality. Inadequately or uncleaned, storage tanks, untreated water supplies from
natural sources like bore wells, tanks and rivers, may also be contaminated with the faecal microbes (e.g.
Coliforms, Streptococci and Clostridia). In addition, a wide variety of saprophytic bacteria (i.e.Pseudomonas,
Coliforms, other Gram negative rods, Bacillus spores, Coryneform bacteria and lactic acid bacteria) may also be
present in water and may contaminate the milk potentially. The warm water used for udder washing is potent
source of Pseudomonas and Coliforms which may even cause mastitis.

2.2.8 Airborne contamination

Aerial contamination of milk by bacteria is insignificant, in comparison to microbes with those that are derived
from the teat surfaces. The microbial counts of air in sheds rarely exceed 200 cfu/l. Micrococci account for >50%
of the aerial microflora. Air contains dust, moisture and bacteria; hence its entry should be minimized in milk.
Micrococci, Coryneforms, Bacillus spores, streptococci, and Gram negative rods are the major genera present in
air. In general, more air incorporated into milk leads to the faster growth of bacteria. Following are some of
the practices that increase aerial counts in milk:

e  Sweeping of floors just before milking process

e Handling hay and feed shortly before milking process

e  Brushing of animals prior to milking process

e Having the dusty bedding materials for animals

e Allowing dust and dirt to accumulate on the walls or ceiling of sheds
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Lesson 3

HYGIENIC MILK PRODUCTION

3.1 Introduction

In order to get high quality milk, certain hygienic practices such as appropriate sanitation and disinfections of the
teats, dairy utensils and equipment, properly good quality water and mastitis control measures; are essentially
required at dairy farm. The ultimate quality of dairy products offered to the consumer, is determined by the
complete process (from animals production till consumers utilization). The practices for milking ensure that milk
is produced and stored under hygienic conditions and utensils/ equipment used in the whole processes of milk
production are well maintained as per the recommendation.

3.2 Principles of Clean Milk Production

Clean milk means that it comes from the udder of healthy animals, has good flavour, free from dirt, contains
relatively fewer bacteria and none of those are harmful to human health. High quality milk should have:

e Longer keeping quality

e  Proper nutritive value

e Normal taste, colour, odour and

e  Free from extraneous matter

3.2.1 Animal management
3.2.1.1 Clean and healthy cows

The animals apparently with good health should only be purchased and quarantined, aside from testing for
contagious diseases, if any annual testing for tuberculosis and brucellosis invariably should be done. Also examine
periodically for udder and other infections. Infected animals should be treated by a qualified veterinarian and
should be isolated from the normal herd so as to avoid the further spread of infection.

Clip long hair around flanks, udder and teats regularly. Animal should also be washed and groomed daily
probablybefore milking so that the dirt particles in the air do not fall into milk. Time to time, hair from hind legs,
udder and tail of the animal should be shaved-off. This is important in the case of buffaloes, as they usually
wallow in dirty ponds and carry mud and filth on their body.

The udder and teats should be definitely washed gently with antiseptic solutions prior to milking in such a manner
that no damage is done to the orifices and clefts between the quarters of the udder.

Keep two separate soft cloths for wiping after washing with plain water and disinfecting solution. A third washing
with a mild detergent solution and a separate cloth is recommended for wiping the teats after milking. Addition
of hypochlorite (500 ppm) helps in disinfecting the udder. Quaternary ammonium compounds (200 to 400 ppm)
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are better substitutes due to their less harmful effect on tissues. Under Indian subcontinent conditions, the easily
available Dettol or Savlon may be diluted suitably and used to disinfect the udder and teats. Disposable paper
towels may be used instead of cloth, if affordable. However, under the Indian conditions, these may be
impractical. Milk of the infected animal should never be pooled with bulk milk, until the animal recovers from
the illness fully.

3.2.2 Animal housing management

A neat and clean housing is quite important to have healthy animal that will produce hygienic milk at farm. At
many instances, the animal sheds are the breeding places for flies and mosquitoes that attack the animal, causing
various kinds of physical discomforts and infectious diseases. If the design of animal shed is not appropriate, the
metabolic gases like methane, moisture and carbon dioxide produced by the animals and ammonia gas produced
by the microbes acting on the dung will not find an easy exit that will not only adversely affect the health of the
animals residing there but also the human workers (Fig. 3.1).

Management during collection and transport of milk

Management of personal hygiene

Fundaments of
Clean Milk
Production

. Animal health management

Fundamentals of Clean Milk Production

Fig. 3.1 Fundamentals of clean milk production

In many cases, animals are kept inside where the people live, which may be dangerous to both the animal as well
as humans. Similarly, the flies and the mosquitoes also will find their way to the milk, directly from the
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environment or when the animal flips during milking. Hence, the sheds needed to be designed along the following
recommendations:

e Animal stables have to be located on high ground with a natural sloppy drainage

e Have pucca (concrete) floor, water proof, hard and easy for cleaning

e Drains constructed have a decent width and depth, and slope

e Ensure proper drainage of dung and urine directly to the sewer or frequent removal
e Mangers should be smooth without sharp angles.

e Ensure proper aeration in shed

e Ensure maximum comfort to the animal by providing air space of 500 cft per animal
e Have provision for regular supply of clean and fresh water

e Periodical lime washing has to done.

The existing sheds should be maintained properly by:

e Keeping the shed clean, wash regularly and dry as far as possible

e  Milk houses should be free from dust and stable odours

e Removing the dung, urine frequently, away from the shed

e Spraying a recommended chemical in dung pit to stop the breeding of mosquitoes
e Use fly repellents ( i.e. phenyl) inside the shed and/ or at the farm premises

3.2.3 Feeding management

e Always feed the animal with a high nutritional valued diet, as a healthy animal will yield the cleaner milk
e Feeding the animals with healthier diets will reduce the chances of occurrence of diseases

e Clean the water tubs and the feeding manger regularly to avoid microbial growth

e Never feed dusty feed concentrates. Feed either pellets or slightly moistened feed

e Avoid feeding silage and hay during milking

e Never feed the animal with leftover feed that may be spoiled with moulds or other microbes

e Never allow the animal to drink dirty water as it may lead to waterborne infections

3.2.4 Personal hygiene
3.2.4.1 Disease control

It is really important that the milker should never have the symptoms of any communicable disease. They should
not also have open cuts including sores, boils or infected wounds that will definitely be the source of microbial
contamination to milk. In case of stomach upset, the milker should never be allowed for milking the animal. This
will prevent the communication of udder disease and also contamination of milk. Periodic medical check up for
milkers should be carried. Milker should be healthy, free from infectious diseases like Cholera, Typhoid, Scarlet
Fever, Tuberculosis etc.
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3.2.4.2 Cleanliness

Milker should always wear neat and clean clothing and caps.

Milker should also maintain adequate personal cleanliness (i.e. haircut, trimming of beard and cutting the
nail regularly) to avoid any microbial contaminations

Cuts, blisters or boils, if any must be covered with clean dressing

Washing of hands with detergents and drying with clean towel is must prior to hand milking

Never smoke, eat drink or spit while milking

Avoid coughing and sneezing while milking

3.2.5 Milking management

20

Better, if the animal let out milk without the calf

Clean the shed before milking and dispose the dung away from the shed

Clean the animals and wash the udder with clean water

Properly wipe and dry the udder after washing using clean dry napkin

Washing of hands with detergent and drying of hands with towel is must

Use utensils preferably made up of stainless steel without any crevices that are easy to clean

Correct milking practices should be adopted to prevent any damage/ injury to teats

Carry gentle, fast and complete milking

Use milkman’s rope for restraining the animal

Practice dry, full hand milking

Discard fore-milk

Use strip cup for detecting mastitis

Separate utensils are recommended for washing of udder and for milking

Never pour the milk of animals having contagious diseases

Milking should be as fast as possible because the excitation by the animal lasts approximately only for 7
minutes

Always ensure complete milking as the microbes will grow on the left over milk in udder resulting in mastitis
Always keep the milk covered to avoid airborne contamination

Disinfect the teats by teat dip (i.e. disinfectants, iodophor, etc) after milking, to restrict entry of microbes to
the teat canal

Never allow milk to flow from animals affected by any disease

Always discard the milk from the animal treated with antibiotics for the prescribed days, as the milk may
have antibiotic residues that may affect the quality of the milk, starter failure or health of a consumer

Never use paper, cloth etc to air tight the lid of the milk can

If the calf is used for excitation, wash the udder after suckling also
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3.2.6 Management during collection

e The place of milk collection should be maintained absolutely clean to prevent any microbial contamination.

Adequate provisions should be made for cleaning and sanitizing the utensils/ vessels used for milk collection

and transport.

e Sanitizers should be kept away from the milk collection place.

e Lids of cans should not be kept on the ground and should be tightly fitted on cans to prevent spillage.

e Do not use hay, grass etc. to give a proper fitting to the lid. Milk should always be kept covered.

e Ensure that milk cans are kept in shade before loading in the truck. Trucks without covers or hood should
not be used, as they will expose the milk to sunlight and hence, accelerate the growth of microbes.

e Transportation of other materials along with the milk cans should be avoided, as this may lead to
contamination.

e Careless handling of cans lead to dents, which also act as points for the growth of microbes, and it also
becomes very difficult to clean such cans. Most of the microbial growth takes place during the time lag
between milk collection and its receipt at the dock. This time has to be reduced to the possible extent to
minimize the microbial growth.

e One that produces and handles milk should attempt to prevent microbial contamination at each stage.

3.2.7 Hygiene of milking utensils

The milking utensils should be of uniform size. Having small mouths to avoid external contamination. These
should be preferably made up of non-rusting and non-absorbent materials (i.e. aluminium or galvanized iron).
Stainless steel is ideal, but costly. All the utensils should be free from dents, cracks and crevices. The utensils
should be scrubbed and cleaned before and after each milking. The detergents and chemicals used should be non-
injurious, and non-abrasive in nature. At farm, use of washing soda coupled with exposure to sunlight or use of
detergents-cum-disinfectants (iodophors) is recommended. Properly cleaned vessels should be placed in inverted
positions for the complete drainage of water after milking, so as to avoid contamination from air, insects, rodents,
reptiles etc. In villages, where milk collection is done by co-operative societies, the use of community milking
parlours with facility to clean and disinfect udders teats as well as milking equipments is needed.

3.2.7.1 Cleaning and sterilisation of milking equipments

While producing clean milk, the cleanliness and sterility of equipments are of prime importance. Cleaning and
sterilization are complementary to each other as none alone will achieve the desired results. These can either be
separate or combined processes as in the case of chemical sterilisation. The term ‘cleansing’ is frequently used to
indicate cleaning combined with sterilization and satisfies the condition that all equipment surfaces are free of
milk residues and microbes. The cleaning procedure be comprised of:

e Pre-rinse with water to remove all extraneous soil and to wet the surface

e Removal of soil from the surface by solution, saponification or a combination thereof

e  Dispersion of un-dissolved soiling matter
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e Removal of detergent solution along with suspended and dissolved soil, and
e Final rinse to remove trace of detergent.

3.2.7.2 Detergent cleaning

The detergents help to free the surface of the milking equipments from fat and other milk residues. The type and
strength of detergents used depend on the method of washing. Detergents in general are not disinfectants,
however, strong alkaline detergents, if used in hot are bactericidal in nature. When alkaline detergents are used
for hand washing, the concentration should not be more than the equivalent of 0.25% sodium carbonate. This is
not applicable in cleaning in place.

3.2.7.3 Cold water rinse

The outside dirt and residual milk from the surfaces should be removed by a lukewarm water rinse. This should
be done immediately after the vessels are emptied because, if the milk solids are allowed to dry on the surface, it
will be extremely difficult to remove these by rinsing.

3.2.7.4 Hot detergent wash

Hot detergent wash is best done in a wash trough; however the temperature of the solution should not exceed
46°C, so as to be comfortable. The amount of detergent used should be nearly equal to 115 g of soda ash or 230
g of washing soda per 45 | of water. If the concentration of alkali is stronger than this, it may lead to the gradual
defatting of the skin. The milking equipments should be brushed in hot detergent with suitable brushes to remove
the surface residues effectively.

3.2.7.5 Final clean rinse

The final traces of detergent should be removed by a rinse of clean water. In case the water is hard, hot water
should be used, as a cold rinse will leave a deposit on the utensils.

3.2.7.6 Steam sterilisation

The efficiency of steam in destroying micro-organisms is greater than that of scalding hot water. However, under
Indian conditions, the latter is more practical. In large organized farms, where milking machines are used, the use
of steam is more convenient. Moist heat a few degrees below boiling point (~96°C) for about 10 min are sufficient
to kill all microorganisms other than the resistant spores.

3.2.7.7 Hot water sterilisation

The boiling or scalding water may be used in small farms, where the number of equipments to be sterilized is too
small to warrant the installation of a boiler. As with steam, scalding water is used after the cleaning process.
Temperature should be as near the boiling point as possible and never below 85°C. The utensils should be
immersed for 1 min, but where it is not possible, boiling water should be poured over the milk-contact surfaces
till they are too hot to touch.
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3.2.7.8 Sterilisation by chemicals

Sterilisation of farm equipments with the use of chemicals is preferred overuse of steam, as it does not involve
high capital expenditure. Whereas, steam sterilisation is controlled by time and temperature, chemical sterilisation
is dependent on several factors:

e  Strength of the disinfectant

e Effective contact time

e Temperature

e Speed of action of the disinfectant and its specificity against different microbes

e Ability of the disinfectant to wet and also to penetrate any deposit on the surface, and

e Type of surface.
The common groups of chemical sanitizers used are hypochlorites (calcium and sodium), organic chlorine-
containing chemicals (chloramines, dichlorodimethylhydrantoin, and trichloroisocyanuric acid), quaternary
ammonium compounds and iodine compounds (iodophor).

3.2.8 Hygiene of milking environment

The places, where housing, feeding and milking are done, need special attention to minimize the contamination
of milk. The animals are housed and milked in the same building and this system has been practiced for years,
with variation in different countries according to climatic conditions. The animal house should be carefully
designed and constructed so as to provide comfortable and healthy housing for the animal and enable them to be
milked in clean conditions. The major points such as siting, planning and layout, walls and floors of the housing
and ease to clean them, stall divisions, adequate water supply, lighting and proper ventilation, drainage facilities,
dung disposal and isolation chambers for sick animals should be taken into consideration for clean milk
production.

3.3 Straining of Milk

A clean muslin cloth should be tied on the mouth of milk-collecting vessel to strain off all the extraneous matter.
Although, the straining would not remove but reduce the number of microorganisms, by expelling all the
particulate matter thus, improving the aesthetic appeal of milk for consumer.

3.4 Cooling of Milk

The strained milk should preferably be chilled immediately to 4°C to prevent the proliferation of micro-
organisms. In places, where milk is stored in cans before transportation, bulk can coolers are the best options.
Some of the other cooling options practiced may be air-cooling, water-cooling, and ice and mechanical cooling.
The cooling aids usually used are household refrigeration, direct expansion surface cooler, expansion bulk tank,
ice bank and chilled water. An effective cooling will prevent growth of mesophilic and thermophilic microbes.
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3.5 Transportation of Milk

The basic system of milk transportation in India comprises the transport from farm to the collection centre (either
in small vessels or cans), from collection centre to the chilling centre (in small tankers) and from chilling centre
to the processing plant (in insulated road tankers). The quality of milk will deteriorate during transit, if the surfaces
that are in contact with milk are not sufficiently clean and milk is at high temperature supporting the growth of
microbes.

All the measures recommended for clean milk production at the farm should be strictly adhered to, so that the
initial quality of milk is good. Milk should be held for minimum time at farm at ambient temperatures. In general,
transport of uncooled milk can be justified only if great care has been taken in its production (micro-organisms
<100,000/ml) and if the milk is processed or chilled to a low temperature not more than 3 h after its production.
The collection centre should be equipped with a basic cooling system. For larger quantities of milk, a surface
cooler or plate chiller with a tank storage system is recommended, especially if the holding period between
reception and transport to the dairy is long. The milk should be chilled to 4°C at the chilling centre. At dairy, the
temperature of the milk should not exceed 4°C, when it is received in road tankers. Cleaning and sterilization of
all equipment used, whether small containers, cans or road tankers, should be carried out immediately after
emptying. The tankers are usually cleaned in processing dairies using manual method or cleaning in place.
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Module 2. Classification of dairy associated microorganisms

Lesson 4

MORPHOLOGY AND CLASSIFICATION OF DAIRY BACTERIA

4.1 Introduction

Micro-organisms found in milk can be studied as groups possessing one or more major characteristics in common.
These may be divided on the basis of their action on milk constituents, for example acid-former, proteolytic,
saccharolytic etc. Another approach of classification is based on the morphology of these micro-organisms. These
types of classification of dairy industrial microbes have been discussed in the following sections in this lesson.

4.2 Classification Based on Shape, Size and Arrangement of Cells

The bacteria have been classified as cocci, bacilli, spirilla based on the shape of the cells. However, some bacterial
cells appear in different shapes or may be lacking uniform shape and are known as pleomorphic (e.g.Arthrobacter,
Bifidobacterium) (Fig. 4.1). Further based on the arrangement of cells bacteria are also classified into different
groups. The arrangement of cells linked side by side similar to that like matchsticks is known as palisade
arrangement.

4.2.1 Cocci

Bacterial cells with spherical or ellipsoidal shape are called as cocci and may have the following type of
arrangement of cells:

a) Diplococci: cells divide in one plane and remain attached in pairs (e.g. Neisseria)

b) Streptococci: cells divide in one plane and remain attached after some divisions, in form of chains
(e.g. Streptococcus)

c) Tetrads: cells divide in two planes and form 4 cells (e.g. Pediococci)

d) Sarcinae: cells divide in 3 planes and form a cuboidal arrangement

e) Staphylococci: cells divide in 3 planes in an irregular pattern producing bunches of cocci.

4.2.2 Bacilli

Bacteria with cylindrical or rod like cells are called as bacilli and these may have the following type of
arrangement of cells.

a) Diplobacilli: cells divide in one plane and remain attached in pairs.

b) Streptobacilli: cells divide in one plane and remain attached after some divisions, in form of chains.

Ends may be rounded as in Lactobacillus bulgaricus or squamosed as in Bacillus anthracis.

25 www.AgriMoon.Com



Introductory Dairy Microbiology

4.2.4 Spirilla

Bacteria with spiral or helical shaped cells are called as spirilla and may have the following characteristic shape.
Vibrio: rod shaped cells having single curves

Spirochetes: rod shaped cells having many curves

Few curves: true spirilla

Lactococcus Pediococcus

Leuconostoc Lactobacillus

Morphological Classification

Fig. 4.1 Some of the Morphological features

4.3 Classification Based on Temperature
4.3.1 Mesophillic

Microorganisms capable of growing between 20 and 40°C with the optimum growth temperature of 37°C are
termed as ‘Mesophiles’. All pathogenic organisms are mesophillic in nature (e.g. S. aureus, E. coli).
4.3.2 Psychrotrophic

Microorganisms that are capable of growing at or below 7°C (refrigerated) but the optimum growth temperature
are between 15 and 20°C are termed as psychrotrophs. These are the significant spoilage organisms of
refrigerated milk and milk products (e.g. Pseudomonas spp., Alkaligenes spp.).
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4.3.3 Thermophilic

Organisms capable of growing over 50°C with optimum growth temperature of 55°C are termed as thermophiles.
They are the important organisms causing outbreaks in heat processed milk and milk products. Some are capable
of growing between 40-85°C. Organisms produce enzymes at rapid rate, so that enzymes are replaced quickly
(e.g. Bacillus stearothermophilus, Streptococcus thermophilus).

4.3.4 Thermodurics

Organisms capable of withstanding pasteurizing temperatures of 63°C/30 min. with optimum growth temperature
of 35-37°C are termed as thermodurics. They form important flora of pasteurized or heat processed foods
(e.g. Micrococcus varians).

4.4 Classification based on Oxygen Requirement
4.4.1 Aerobic

Organisms capable of growing in the presence of oxygen are termed as aerobic organisms. They can grow in a
standard air atmosphere of 21% oxygen. They are more efficient in utilization of available nutrients
(e.g.Bacillus spp.).

4.4.2 Anaerobic

Organisms which cannot grow in the presence of oxygen but can grow in the presence of CO;are termed as
anaerobic organisms. They do not use Oz for energy yielding reactions. They are however poisoned by O,. Some
tolerate low concentrations of O». They produce catalase and peroxidase enzymes.

High tolerance — Clostridium perfrigens

Moderate tolerance — Clostridium tetani

4.4.3 Facultative

Organisms which can grow either in the presence or absence of oxygen are termed as facultative organisms
(e.g. E. coli, Lactococcus lactis ssp. lactis).

4.4.4 Microaerophillic

Organisms which grow best at 1-15% of O levels are known as microaerophilic. They can use O for energy
yielding reactions but cannot withstand more than 21% of O (e.g. Campylobacter jejuni).

4.5 Physiological Grouping
4.5.1 Acid producers

The organisms capable of fermenting lactose to form lactic acid are known as acid producers. Lactic acid
coagulates milk by producing precipitation of Casein at 4.6 pH.

Homofermenters: Lactococcus, few Lactobacilli
Heterofermenters: Few Lactobacilli, Lueconostoc spp.,
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LAB are classified as heterotrophic chemoorganotrophs i.e. these require the preformed carbon and energy
sources (Fig 4.2). LAB lack cytochrome and cannot use respiratory pathway for energy generation. LAB generally
lack metabolic diversity and mainly relies on two types of fermentation for the metabolism of sugars that form
the basis of their taxonomic characterization. Based on Embden Meyerhoff Pathway and ‘Phosphoketolase’
pathways LAB are classified as follows:

e  Homofermentative ‘LAB’. These Homofermentative ‘LAB’ group use ‘Embden Meyerhoff Pathway’ for
hexose sugars utilization and produce 2 pyruvate and 2 ATP molecules. Pyruvate is further converted to
lactic acid by the enzyme ‘lactate dehydrogenase’ and is the only end product. However, under certain
conditions the homofermenters can also undergo heterolactic fermentation. For example: during pentose
sugar fermentation by ‘LAB’.

e  Heterofermentative ‘LAB’: This group of bacteria catabolise hexose sugars by ‘Phosphoketolase Pathway’
and produce an equal amount of lactic Acid, carbon dioxide, acetate and ethanol as the major end products
(Fig 4.3). During this process only one ATP molecule is produced.

CH20H Homofermentative pathway
(o}

o Glucose
HO OH OH
H 1 OH

1

! 2 NAD 2 ADP + 2(P)
2 NAD —_| 2 ADP+ 2 Pi Q’

‘x’ 2 NADH 2 ATP
2 NADH : 2 ATP
|
A\ 4
COOH

| 2 Pyruvate
(IZ =0
CH3
2 NAD
2 NADH )
2 NADH
2 NAD

COOH
| 2 lactate

CHIOH

CH3

Mode of Glucose Fermentation

Fig. 4.2 Homofermentative pathway by LAB
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Fig. 4.3 Heterofermentative pathway by LAB

4.5.2 Gas producers

Gas producers are the organisms capable of producing CO-or \ and Hz from lactose fermentations (e.g. E.
coli, yeasts, and Clostridium spp.).

4.5.3 Proteolytic

Proteolytic organisms degrade milk proteins into soluble components by enzymes known as proteinases or
proteases (e.g. Bacillus spp, Pseudomonas spp.).

4.5.4 Lipolytic

Lipolytic organisms are capable of attacking milk fat by enzymes such as lipases liberating glycerides and fatty
acids  (e.g. Pseudomonas spp, Achromobacter lipolyticum; Moulds: Geotrichum candidum, Penicillium
roqueforti).

4.5.5 Sweet curdling

Organisms capable of causing curdling of milk by rennin like enzyme before the development of sufficient acidity
are known as sweet curdling organisms (e.g. B. subtilis, B. Cereus and Enterococcus liquefaciens).
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4.5.6 Ropiness
Ropiness organism produce change in the viscosity of milk or forming threads when the milk is poured from one
container to other, due to production of gums, mucins etc. (e.g. Alcaligenes viscosus).

4.5.7 Flavour producing

Many organisms are capable of producing different flavours in milk during their growth. Some of the flavours
and associated organisms are listed below:

Fruity — Pseudomonas fragi

Malty — Lactococcus lactis subsp. lactis biovar maltigenes

Fishy — Proteus icthyosmius

Unclean — E. coli

4.5.8 Colour fermentations

Many organisms are capable of producing different colours in milk during their growth by producing chromogenic
compounds. Some of the colours and associated organisms are listed below:

Yellow: Pseudomonas synxantha
Blue: Pseudomonas cyanogenes
Green: Penicillium roqueforti
Black: Pseudomonas nigrifaciens
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Lesson 5

CHARACTERISTICS OF IMPORTANT MICROORGANISMS - |

5.1 Introduction

Microorganisms play a significant role in manufacturing fermented milk and milk products. These groups of
useful microbes are called as lactic acid bacteria. The pleasant flavour of some of the dairy products like butter
and fermented milks, and the desired texture of many cheeses are mainly due to the activities of certain microbes
during production and ripening. In this lesson, we shall be discussing the characteristics of some of the dairy
microbes.

5.2 Streptococcus

Streptococcus is spherical, Gram-positive belonging to phylum Firmicutes and the lactic acid bacterial group.
Cellular division occurs along a single axis in streptococcus and hence, these grow either in chains or pairs. The
name from Greek streptos, means easily bent or twisted, like a chain (twisted chain) is given to these microbes.
In contrast to this, staphylococci, divide along multiple axes and generate grape-like clusters of cells. Most
streptococci are oxidase and catalase negative, and many are facultative anaerobes. In 1984, many micro-
organisms formerly considered Streptococcus were separated out into two different
genera Enterococcus andLactococcus. Sherman divided streptococci into four groups based on the presence of
different cell wall antigens, physiological properties and growth temperature requirements (Table 5.1). This genus
comprised 27 species and the four groups are:

e Pyogenic streptococci (ABCEFGH antigen)

e Viridans streptococci (no group specific antigen)
e Faecal streptococci or Enterococci (D antigen)
e Lactic streptococci (N antigen)

Table 5.1 Sherman’s classification of group of streptococcus

Characteristics Pyogenic Viridans | Enterococcus Lactococcus
Group antigen | A,B,C,D, E, Non specific | D N
F, G, H
Growth at - - + +
10°C
Growth at - + + -
45°C
NaCl (6.5%) - - + -
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pH 9.6 - - + -
Methylene - - + +
blue (0.1%)
NHs from + - + +/-
Arginine

Litmus - - - +
reduction
before clotting

Resistance to - +/- + -
60°C/ 30 min
Haemolysis B a, Y a, B,y Y
Representative | S. pyogenes (A) | S. bovis (D) | S. durans, L. lactis ssp lactis
species S. S. uberis E. faecalis L.
agalactiae (B) |S. lactis sspcremoris
S. thermophilus

disgalactiae (C)

5.2.1 Pyogenic group

Streptococcus pyogenes also known as Group A Streptococcus is the causative agent in Group A streptococcal
infections, including streptococcal pharyngitis, acute rheumatic fever and scarlet fever. Streptococcuspyogenes is
one of the other major causes of streptococcal infection in humans, after pneumococcus. However, rather than
being directly invasive and inflammatory, it seems to cause local infection, but then its other actions are via toxins:
whether affecting kidneys, heart valves in rheumatic fever or scarlet skin of scarlet fever. Group
A Streptococcus infection is generally diagnosed with a Rapid Strep Test or by culture. Rheumatic fever, a disease
that affects the joints, kidneys and heart valves, is a consequence of untreated Streptococcus A infection caused
not by the bacterium itself. Rheumatic fever is caused by the antibodies created by the immune system to fight
off the infection cross-reacting with other proteins in the body. S. pyogenes causes acute mastitis in ruminants.

Streptococcus agalactiae or Group B Streptococcus causes pneumonia and meningitis in neonates and elderly,
with occasional systemic bacteraemia. These can also colonize the intestines and the female reproductive tract,
increasing the risk for premature rupture of membranes and transmission to the infant. Women who test positive
should be given prophylactic antibiotics during labour that will usually prevent its transmission to the infant. Is
similar toS. pyogenesand causes mastitis in animals and is a natural inhabitant of udder of
ruminants. Streptococcus dysgalactiae is also a member of Group C, B-haemolytic streptococci that can cause
pharyngitis and other pyogenic infections. Similar to Group A streptococci, it also causes bovine mastitis.
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5.2.2 Viridans group
5.2.2.1 Viridans

Streptococcus is a pseudo-taxonomic non-Linnaean term for a large group of commensals that are ecither a-
haemolytic, producing a green colouration on blood agar plates (‘viridans’, from Latin, means green), or
nonhemolytic. They possess no Lancefield antigens and in general, pathogenicity is low.

5.2.2.2 Streptococcus uberis

At dairy farms, mastitis due to environmental Streptococcus, especially S. uberis, is a major cause of concern. It
is known that many of these infections develop into clinical cases that may persist up to months. There is also a
tendency for these infections to develop during the dry period and the early part of lactation. Typically, it is
classed as an environmental pathogen and focus has to be on preventing environment to cow transfer.

There are instances, however where S. uberis infections appear to behave somewhat as a contagious pathogen and
may transfer from animal to animal. In typing strains of the micro-organisms it can be found that several animals
may be infected with the same strain. This raises a question, as to whether the same strain went from the
environment into several animals or did it transfer from animal to animal.

There is no doubt that the micro-organism are found in bedding, manure and general environment of the animal
and so environment to animal transfer is a major factor in disease transmission. Under certain conditions, it
appears that animal to animal transfer may also be responsible for within herd spread.

Streptococcus thermophilus is a Gram-positive bacteria and homofermentative facultative anaerobe of
the viridans group. It tests negative for cytochrome, oxidase and catalase, and positive for alpha-haemolytic
activity. It is non-motile and does not form endospores.

It is also classified as lactic acid bacteria (LAB). S. thermophilus is found in fermented milk products. It is not a
probiotic (it does not survive the stomach in healthy humans) and is generally used in the production of yogurt,
alongside Lactobacillus bulgaricus. The two species are synergistic, and S. thermophilus probably provides L.
bulgaricus with folic acid and formic acid which it uses for purine synthesis.

5.3 Lactococcus

Lactococcus is a genus of lactic acid bacteria that were formerly included in the genus Streptococcus Group
N1. These are known as homofermenters meaning that they produce a single product, lactic acid in this case, as
the major or only product of glucose fermentation. Their homofermentative character can be altered by adjusting
cultural conditions like pH, glucose concentration, and nutrient limitation. They are gram-positive, catalase-
negative, non-motile cocci that are found singly, in pairs, or in chains.

Five species of Lactococcus are currently recognized along with three subspecies. They are:
e L. lactis (L. lactis subsp. Lactis, L. lactis subsp cremoris and L. lactis subsp. lactis biovar diacetylactis)
e L.garvieae
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e L.plantarum
« L. raffinolactis
e L. piscium

These micro-organisms are commonly used in dairy industry in producing fermented dairy products. These can
be used in single-strain, or in mixed-strain starter cultures with other lactic cultures
i.e. Lactobacillus andStreptococcus. Special interest is taken in studying L. lactis subsp. lactis and L.
lactis subsp. cremoris, as these are the strains used as starters in industrial fermentations. Their main purpose is
rapid acidification of milk; this causes a drop in the pH of the fermented product that prevents the growth of
spoilage causing microbes. The bacteria also play a role in flavour production in final product. Lactococci are
currently being used in the biotech based industries, as these are easily grown on cheaper whey-based media. As
food-grade bacteria, these are used in the production of foreign proteins applied in the food industry.

Lactococcus lactis ssp lactis is classified informally as lactic acid bacteria, because it ferments lactose to lactic
acid. These are typically spherical or ovoid cells, about 1.2um by 1.5um, occurring in pairs and short chains.
These are Gram-positive, non motile, and do not form spores. Lactococci are found associated with plant material,
mainly grasses, from which these are easily inoculated into milk. Hence, these are found normally in milk and
may cause natural souring. L. lactis has two subspecies such as, lactis and cremoris, both of which are essential
in producing varieties of cheese and other fermented milks.

L. lactis ssp lactis is related to other lactic acid bacteria such as Lactobacillus acidophilus in our intestinal tract
and Streptococcus salivarius in mouth. However, Lactococcus normally does not colonize human tissues and
differs from many other lactic acid bacteria in its pH, salt, and temperature tolerances limits for growth, that are
important characteristics relevant to its use as a starter culture.

Lactococcus lactis ssp lactis is vital for manufacturing cheeses, as well as other dairy products like cultured
butter, buttermilk, sour cream and Kefir. It may also be used for vegetable fermentations (i.e. cucumber pickles
and sauerkraut). This can be used in single strain, or in mixed strain cultures with other lactic acid bacteria such
as Lactobacillus and Streptococcus species.

When L. lactis ssp lactis is added to milk, it uses enzymes to produce energy molecules, called ATP, from lactose.
The by product of ATP production is lactic acid. The lactic acid curdles the milk that then separates to form curds
that are used to produce cheese and whey. But curdling the milk is not its only role in cheese production. The
lactic acid produced by it lowers the pH of the product and preserves it, by preventing the growth of unwanted
microflora while other metabolic products and enzymes produced by L. lactis ssp lactis contribute to the more
subtle aromas and flavours that distinguish different cheeses.

Lactococcus lactis ssp lactis biovar diacetylactis is quite similar to L. lactis ssp lactis. It utilizes citrate and
produces carbon dioxide, diacetyl, volatile fatty acids and acetoin. The citrate utilization is a plasmid linked trait
and is quite unstable. The acetic acid produced is inhibitory to a number of microbes - Pseudomonas, coliforms
and Salmonella.
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Lactococcus lactis ssp cremoris

The importance of lactococci, specifically L. lactis subsp. cremoris, is demonstrated by its continual use in food
fermentations. L. lactis subsp. cremoris strains are preferred over L. lactis subsp. lactis strains because of their
superior contribution to product flavor via unique metabolic mechanisms.

5.4 Bifidobacterium

Bifidobacterium is a genus of Gram-positive, non-motile and often branched anaerobe. These are ubiquitous,
endosymbiotic inhabitants of the gastrointestinal tract, vagina and mouth (B. dentium). Bifidobacteria are one of
the major genera that make up the colon flora.

Prior to the 1960s, Bifidobacterium species were collectively referred as ‘Lactobacillus bifidus’.
Some Bifidobacterial strains are considered as probiotics, as these may exert a range of beneficial health effects,
including regulation of intestinal microbial balance, inhibition of pathogens and harmful bacteria, modulation of
immune responses, repression of procarcinogenic enzymatic activities, production of vitamins, and bioconversion
of dietary compounds into bioactive molecules. Bifidobacterium spp are known to discourage the growth of
Gram-negative pathogens in infants. Bifidobacterium possesses a unique fructose-6-phosphate phosphoketolase
pathway employed to ferment carbohydrates.

Species: B. adolescentis, B. animalis, B. bifidum, B. breve, B. infantis, B. longum, B. ruminantium
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Lesson 6

CHARACACTERISTICS OF IMPORTANT MICROORGANISMS - 11

6.1 Introduction

As already said in lesson 5, microorganisms play a significant role in manufacturing fermented milk and milk
products. These groups of useful microbes are called as lactic acid bacteria. The pleasant flavor of some of the
dairy products like butter and fermented milks, and the desired texture of many cheeses are mainly due to the
activities of certain microbes during production and ripening. Here also we present different groups of microbe
associated with dairy.

6.2 Lactobacillus

Lactobacillus is Gram-positive facultative anaerobic or microaerophilic, rod-shaped bacteria. These are a major
part of lactic acid bacteria, because most of its members convert lactose to lactic acid. In humans these are present
in vagina and gastrointestinal tract asymbionts. These are usually benign, except in mouth, where these have been
associated with dental caries. Many species are prominent in decaying plant material. The production of lactic
acid makes its environment acidic that inhibits the growth of harmful bacteria. Overall it is a quite heterogeneous
group of Gram-positive, asporogenous rods, homo/ heterofermentative, aerobic/ facultative anaerobe; nonmotile,
microaerophilic, aciduric, catalase negative and requires a complex medium (i.e. MRS medium/ Rogosa acetate
agar) for growth.

Orla-Jensen divided the genus of lactobacilli into three
(i.e. Thermobacterium, Streptobacterium and Betabacterium) groups based on their optimum growth
temperature and fermentation patterns (Fig 6.1 and Table 6.2). There are 64 species reported in this genus.
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| | |

Obligate Facultative Obligate
Homofermenters Homofermenters Homofermenters

L. acidophilus L. plantarum L. fermentum
o - L. brevis

L. delbrueckii ssp L. casei

bulgaricus L. curvatus

L. delbrueckii ssp lactis
L. helveticus

Fig. 6.1 Species of Lactobacillus

Table 6.2 Orla-Jensen division of genus Lactobacillus

Characteristics | Thermobacterium Streptobacterium Betabacterium
Growth at - + -
15°C
Growth at + - +/-
45°C
Voges- + + -
Proskauer
Fermentation | Homofermentation Homao/ heterofermentation Heterofermentation
types
Representative | L. bulgaricus L. casei L. brevis
species L. acidophilus L. plantarum L. fermentum
L. helveticus
Hexoses fermented to | Hexoses fermented to lactic acid by Hexoses fermented to
lactic acid by EMP, EMP. lactic acid and acetic
but pentoses not Some species also produce acetic, formic | acid involving
fermented and ethanol under glucose limitation. phosphoketolase pathway
Pentoses fermented to lactic acid and
Acetic acid involving phosphoketolase
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Lactobacillus bulgaricus is one of the cultures used for production of yogurt and that also found in other
naturally fermented products. It utilizes lactose to produce lactic acid, which is used to preserve milk. It is
Gram-positive rod, non-motile, and does not form spores. This bacterium is regarded as aciduric or
acidophilic, since it requires a low pH (around 5.4-4.6) to grow effectively. The bacterium has complex
nutritional requirements, including the inability to ferment any sugar except lactose. It is a thermophilic

microbe whose optimum temperature is 40°C.

Lactobacillus bulgaricus is commonly used with Streptococcus salivarius subsp thermophilus as a starter in
making yogurt. The two species work in synergy, with Lactobacillus bulgaricus producing amino acids from
milk proteins that are used by S. thermophilus. Both species produce lactic acid that gives yogurt its tart
flavour and acts as a preservative. The resulting decrease in pH also partially coagulates the milk proteins,
such as casein, resulting in thickness of yogurt. While fermenting milk, L. bulgaricus produces acetaldehyde,
one of the main yogurt aroma components. Some strains of L. bulgaricus also produce bacteriocins named
‘bulgaricin’ (stable at 100°C/hr), that kill undesired bacteria.

Lactobacillus acidophilus (Latin: acid-loving milk-bacterium) is a homofermentative species, fermenting
sugars into lactic acid, and grows readily at rather low pH values (below pH 5.0) having an optimum growth
temperature of around 37°C. L. acidophilus occurs naturally in human and animal gastrointestinal tract,
mouth, and vagina. Some strains of L. acidophilus have probiotic characteristics and are used in many dairy
products, sometimes are associated with S. salivarius ssp. thermophilus and Lactobacillus bulgaricus for the
production of yogurt.

Some strains of L. Acidophilus are extensively studied for health effects able to survive gastrointestinal
transit, resistant to bile, low pH, and digestive enzymes. These may then be able to adhere to human epithelial
cell lines and human intestinal mucus.

Lactobacillus casei is found in the human intestine and mouth. This is documented to have a wider pH and
temperature ranges, and supports the growth of L. acidophilus, the producer of amylase. L. casei is typically,
a dominant species of nonstarter lactic cultures present during ripening of Cheddar cheese. L. casei is also
the dominant species in naturally fermented Sicilian green olives. It is mesophilic in nature.

Lactobacillus plantarum is commonly found in number of fermented food products and is also present in
saliva from where it was first isolated. It has the ability to liquefy gelatine and has one of the largest genomes
known among the lactic acid bacteria. It is a very flexible and versatile species.

L. plantarum is Gram-positive, aerotolerant that grows at 15°C but not at 45°C, and produces both D/L
isomers of lactic acid. This species and related lactobacilli are unusual in that these can respire oxygen but
have no respiratory chain or cytochromes, the consumed oxygen ultimately produce H>O- that excludes
components from the food. In place of protective enzyme superoxide dismutase, present in almost all other
oxygen-tolerant cells, L. plantarum accumulates millimolar quantities of manganese polyphosphate that is
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also used by L. plantarum in a pseudo-catalase to lower reactive oxygen levels. Lactobacillus plantarum,
like many lactobacillus species, can be cultured using MRS media.

e Lactobacillus brevis is found in many different types of environment and fermented foods such as sauerkraut
and pickles. It is also one of the most common causes of beer spoilage. Its ingestion by consumers improves
immune function. L. brevis is one of the major Lactobacillus species found in kefir grains, and has been
responsible for the production of the polysaccharide (dextran) that forms the grains. Major metabolites of L.
brevis include lactic acid and ethanol. Strains of L. brevis and L. hilgardii have been found to produce the
biogenic amines tyramine and phenylethylamine.

6.3 Leuconostoc

‘Leucos’ means colorless and ‘Nostoc’ means encapsulated blue green algae. The leuconostoc species are Gram-
positive cocci in pairs or short chains, microaerophilic/ aerobic/ facultative anaerobic. There are seven recognized
species of Leuconostoc: L. citrovorum, L. dextranicum, and L. mesenteroides.

Leuconostoc is placed within family Leuconostocaceae. These are generally ovoid cocci often forming
chains. Leuconostoc spp are intrinsically resistant to vancomycin and are catalase-negative that which
distinguishes these from staphylococci. All species of Leuconostoc are heterofermentative and are able to produce
dextran from sucrose. These are generally slime-forming and flavour producing in the presence of lactic acid.

Blamed for causing 'stink’ when creating a sourdough starter, some species are also capable of causing human
infections.

Leuconostoc is, along with other lactic acid bacteria such as Pediococcus and Lactobacillus, responsible for the
fermentation of cabbage, making it sauerkraut. In this process the sugars in fresh cabbage are transformed to lactic
acids that give it a characteristic sour flavour and improved shelf life.

6.4 Enterococcus

Enterococcus is a genus of lactic acid bacteria of phylum firmicutes. These are Gram-positive diplococci or short
chains, and are difficult to distinguish from streptococci on physical characteristics alone. Two species E.
faecalis (90-95%) and E. faecium (5-10%) are common commensal in the intestine of humans. Rare clusters of
infections occur with other species, including E. casseliflavus, E. gallinarum, and E. raffinosus. There is a
question whether enterococci should be regarded as starter culture for dairy because these are mainly of faecal
origin and do not have GRAS status, as some of them are pathogenic in nature. These are included in lactic acid
bacteria group because these are mainly found in artisanal cultures and have a positive effect on the development
of flavour and texture.

Enterococcus differ from other lactic acid bacteria in a sense that these are more resistant to processing conditions
and these may grow at temperatures i.e. 10 and 45°C; tolerate pH 9.6 and NaCl at a level of 6.5%. The species
are distinguished based on the arginine/ hippurate hydrolysis and lysis against micrococi as a typical characteristic
of each species.
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Enterococcus faecalis, earlier classified as a part of Group D Streptococcus, is Gram-positive, commensal
inhabiting the gastrointestinal tracts of humans. It is among the main constituents of some probiotic food
supplements. Like other species Enterococcus, E. faecalis can cause life-threatening infections, especially in
nosocomial environment, where naturally high levels of antibiotic resistance contribute to its pathogenicity. E.
faecalis has been frequently found in root canal-treated teeth in prevalence ranging from 30 to 90% of cases.

6.5 Pediococcus

Pediococcus is Gram-positive lactic acid bacteria, placed within the family of Lactobacillaceae. These usually
occur in pairs or tetrads, and divide along two planes of symmetry, as do other lactococci. These are purely
homofermentative. Pediococcus dextrinicus has been reassigned to the genus Lactobacillus. Pediococcus, along
with other lactic acid bacteria (i.e. Leuconostoc and Lactobacillus), is responsible for the fermentation of cabbage,
making it sauerkraut. During this process, sugars in fresh cabbage are fermented to lactic acid that gives sauerkraut
a characteristic sour flavour and good shelf life. Pediococcus are usually considered the contaminants of beer and
wine, although their presence is sometimes desired, like inlambic beer. Certain Pediococcus produce diacetyl that
gives a buttery or butterscotch aroma to some wines (i.e. Chardonnay) and a few types of beer. Pediococcus are
often used as silage inoculants, probiotics, and usually added as beneficial microbes in making of some cheeses
and yogurts.

Pediococcus are the only lactic acid bacteria that form tetrad by dividing typically in two different planes.
Typically, these microbes are homofermentative and produce L, D, and DL lactic acid as the major end product.
These comprise of six different species but only two (i.e. P. pentosaceus and P. acidilactici) are mainly used in
dairy. These are significant to food industry in negative and positive sense. As P. pentosaceus leads to spoilage,
while also used as starter cultures for dairy as well as silage. The main characters to distinguish between species
are type of lactic acid produced, arginine hydrolysis, and growth at different pH and in sugar fermentation pattern
(Table 6.3).

Table 6.3 Biochemical and physiological characteristics of Pediococcus spp.

Characteristic(s) P. pentosaceus | P. acidilactici
Growth at 10% NaCl +/- -
Arginine hydrolysis + +/-
Acid from:

a) Maltose + -

b) Trehalose + \

¢) Arabinose + V

40 www.AgriMoon.Com



Introductory Dairy Microbiology

Lesson 7

CHARACTERISTICS OF SPOILAGE AND PATHOGENIC MICROORGANISMS - 1|

In this lesson we shall be discussing the characteristics of spoilage and pathogenic microorganisms associated
with dairy.

7.1 Pseudomonas
Pseudomonas is a genus belonging to the family Pseudomonadaceae containing 191 species.

The word was used early in the history of microbiology to refer to germs. The name ‘fluorescens' refers to the
microbe's secretion of a soluble fluorescent pigment called pyoverdin (also called fluorescein), which is a type of
siderophore (iron binding protein).

Pseudomonas fluorescens has multiple flagella. It has an extremely versatile metabolism, and can be found in
the soil and in water. It is an obligate aerobe, but certain strains are capable of using nitrate instead of oxygen as
a final electron acceptor during cellular respiration.

P. fluorescens produces water soluble fluorescent greenish-brown pigment known as ‘Pyoverdin’. The optimum
growth temperature ranges between 25-30 °C but grows at 5°C. It causes bitterness and lipolysis in refrigerated
foods by elaborating proteinases and lipases and gelation in UHT products. It also produces phospholipases and
glycosidase but causes no coagulation of litmus milk.

‘Pseudo’ means false; ‘monas’ means unit i.e. false species of ‘monas’. Many species of Pseudomonas produces
fluorescent, diffusible pigments of greenish, yellow or yellow green colors and black or blue colors. The optimum
growth temperature of it varies between 25-30°C. These are nutritionally versatile and grow well on solid media.
Presence of these organisms in milk and milk products is highly undesirable as these:

e May produces heat stable proteases and lipases even at low temperature

e Are versatile spoilage causing microbial agents attacking fats and proteins

e Include pathogens that cause milk borne illness.

e Have very little fermentative activity on carbohydrates

e May produce phosphatases and if grown in pasteurized milk they can cause false positive tests.

Optimal temperatures for growth of Pseudomonas fluorescens are 25-30°C. It tests positive for the oxidase
test. Pseudomonas fluorescens is also a nonsaccharolytic bacterium. Heat-stable lipases and proteases are
produced by Pseudomonas fluorescens and other similar pseudomonads. These enzymes cause milk to spoil, by
causing bitterness, casein breakdown, and ropiness due to production of slime and coagulation of proteins.
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Pseudomonas fragi is a psychrophile, Gram-negative bacteria that is responsible for dairy spoilage. Unlike many
other members of the Pseudomonas, P. fragi does not produce siderophores. Pseudomonas fragi rarely produces
pigments but sometimes a diffusible brown pigment is seen. It grows at 5°C; however, the optimum growth
temperature is between 20 to 25°C. These are mostly lipolytic in nature and rarely proteolytic. It also produces
fruit like odor resembling to that of apple or strawberries compounds are ‘ethyl butyrate and ethyl hexanoate’.

Pseudomonas aeruginosa is increasingly recognized as an emerging opportunistic pathogen of clinical relevance.
Several different epidemiological studies indicate antibiotic resistance is increasing in clinical isolates. P.
aeruginosa is acommon bacterium that can cause disease in animals, including humans. It is found in soil, water,
skin flora, and most man-made environments. It thrives not only in normal atmospheres, but also in hypoxic
atmospheres, and has, thus, colonized natural and artificial environments. It uses a wide range of organic material
for food; in animals, the versatility enables the micro-organism to infect damaged tissues or those with reduced
immunity.

This organism produces a greenish blue pigment called ‘pyocyanin’ and ‘pyoverdin’ and non-caratenoid
pigments. P. aeruginosa does not grow at 5°C but grows well at 41-42°C. The optimum growth temperature of it
is 37°C. It is an opportunistic pathogen and causes mastitis in dairy animals and human infection.

7.2 Alcaligenes

Alcaligenes is Gram-negative, pathogenic, opportunistic bacteria found in soil or water. Alcaligenes faecalis is
significant because it converts the most toxic form of arsenic, arsenite (AsO2", oxidation state +3) to its less
dangerous form, arsenate (AsO4, oxidation state +5). These are rods or cocci, motile, obligate aerobe,
psychrotrophs and some of the species are thermoduric. It causes ropiness in milk and milk products (Alcaligenes
viscosus, Alcaligenes tolerans)

7.3 Brucella

Brucella is Gram-negative bacteria. These are small (0.5 to 0.7 by 0.6 to 1.5 um), non-motile, non-encapsulated
coccobacilli, that function as facultative intracellular parasites. It causes brucellosis that is a zoonosis. It is
transmitted by ingesting infected food, direct contact with an infected animal, or inhalation of aerosols.
Transmission from human to human, example from mother to child, is rare, but possible. Minimum infectious
exposure of it is between 10 - 100 micro-organisms. Brucellosis primarily occurs through occupational exposure
(e.g. exposure to cattle, sheep, pigs), but also by consumption of unpasteurized milk products. There are a few
different species of Brucella, each with slightly different host specificity. B. melitensis infects goats and sheep, B.
abortus infects cattle, B. suis infects pigs and B. ovis infects sheep.

7.4 Coliforms

Coliforms are used as indicator of sanitary quality of food and water, which belong to the family
of Enterobacteriaceae. These are rod-shaped, Gram-negative, non-spore former that can ferment lactose with the
production of acid and gas, when incubated at 35-37°C. Coliforms are found in aquatic environment, in soil and
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on vegetation; these are universally present in large numbers in the faeces of warm-blooded animals. Coliforms
normally are not the cause of serious illness, these are easy to culture and their presence to indicate that other
pathogens of faecal origin may be present.

The typical genera of coliforms include: Citrobacter, Enterobacter, Hafnia, Klebsiella, Serratia, Faecal
coliforms: Escherichia

7.4.1 Escherichia

Escherichia coli are a Gram-negative, rod-shaped bacterium commonly found in the lower intestine of warm-
blooded animals. Most E. coli strains are harmless, but some serotypes can cause food poisoning in humans. The
harmless strains are part of the normal flora of gut, and can benefit their hosts by producing vitamin K, and by
preventing the establishment of pathogens within the intestine. It is a natural inhabitant of intestine.

E. coli and related bacteria constitute about 0.1% of gut flora, and faecal-oral transmission is the major route via
which pathogens cause disease. These are able to survive outside the body for a limited period of time that makes
these ideal indicator micro-organisms to test environmental samples for faecal contamination. E. coli is most
widely studied prokaryotic model micro-organism and an important species that is served as host for majority of
recombinant DNA work.

E. coli ferment glucose and carbohydrates and produces lactic, acetic and formic acids. Due to rapid production
of acid and gas the litmus milk gets coagulated faster and easily. Citric acid and its salts are not utilized as the
sole source of carbon. About 35 percent of the acid produced by E. coli is lactic acid and hence, these are also
called ‘pseudolactic acid bacteria’. Type of acid produced by E. coli depends on the type of sugar fermented and
the nature of N2 source used.

7.4.2 Significance

e Presence in foods is an indicative of fecal contamination

e Potent food spoilage microorganisms

e Produce gas and unclean flavor in the dairy products

e Some strains also produce ropiness in the dairy products

e Presence in pasteurized foods indicates unhygienic practices during manufacturing
e Some strains produce enterotoxins, while some are enteropathogenic

7.4.3 Enterobacter aerogenes
Based on the following tests Enterobacter aerogenes is differentiated with E. coli (Table 7.1).
7.4.3.1 Indole test

The test is based on the ability of a microorganism to degrade amino acid tryptophan into indole. The presence
of indole is detected by Kovac’s reagent. The positive test shows development of cherry red colour using reagent.
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7.4.3.2 Methyl red test

The test determines the ability of a microorganism to ferment the glucose with the production and stabilization of
acid end products. Methyl red is used as pH indicator to detect the concentration of acid as end product. Indicator
turns red in the pH range of 4.0 and yellow in the pH range of 6.0.

7.4.3.3 Voges-Proskaur test

The test is based on the ability of a microorganism to produce acetyl methyl carbinol from glucose on
fermentation. Acetylmethylcarbinol, the neutral or non acidic end product from glucose metabolism, releases
diacetyl that is detected in presence of Barritt's reagent, producing a deep rose colour. Detection of
acetylmethylcarbinol requires that this end product be oxidized to a diacetyl compound which occurs in the
presence of a-napthol and a guanidine group of peptone present in the medium. As a result pink colour complex
is formed.

7.4.3.4 Citrate test

The test determines the ability of a microorganism to use citrate as a carbon source. Citrate inside the bacterial
cell undergoes enzymatic degradation and finally produces pyruvic acid and carbon dioxide. This carbon dioxide
combines with sodium to form sodium carbonate and converting medium of reaction into alkaline. Bromothymol
blue indicator previously incorporated into the medium turns the medium from green into deep Prussian blue.
During its conversion to pyruvic acid, the medium becomes alkaline and CO2 generated combines with sodium
and water to form Na,COz whose presence is detected by bromothymol blue indicator which changes green color
into deep blue.

Table 7.1. Bio-chemical differentiation between E. coli and E. aerogenes

Characteristic(s) E. coli E. aerogenes
Motility Motile Non-motile
COz2:-H2 1:1 2:1
Origin/ Source Fecal Non fecal
MacConkey’s broth Acid and gas production Acid and gas production
BGLB broth (2%0) Gas production Gas production
EMB agar Dark colonies with green metallic | Pink fzolonies without any

sheen metallic sheen

Methyl red Positive Negative
\oges-proskauer Negative Positive
Citrate utilization Negative Positive
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Lesson 8
CHARACTERISTICS OF SPOILAGE AND PATHOGENIC MICROORGANISMS - 11

8.1 Introduction

Different microorganisms possess different characteristics such as pigments, uptake and utilization of different
sugars, selective medium for their growth and different colony pattern on media. All microorganisms have
different biochemical and molecular characteristics which distinguish them from each other. In this lesson a
number of characteristics of spoilage and pathogenic microorganisms are discussed.

8.2 Salmonella

Salmonella is of rod-shaped, Gram-negative, non-spore-forming, predominantly motile enterobacteria with
diameters around 0.7 to 1.5 pm, lengths from 2 to 5um, and flagella (i.e. peritrichous). These are
chemoorganotrophs, obtain their energy from oxidation and reduction reactions using organic sources, and are
facultative anaerobes. Most species produce hydrogen sulfide that can readily be detected by growing these on
media containing ferrous sulphate, such as triple sugar iron. Most isolates exist in a motile and nonmotile phases.
Strains that are nonmotile upon primary culturing may be switched to the motile phase.

Salmonella is closely related to Escherichia and are found in cold- and warm-blooded animals and environment.
These cause illnesses like typhoid fever, paratyphoid fever, and food-borne illness.

e Sources of salmonella include direct or indirect fecal contamination and the animals suffering from
salmonellosis

e These are designated into serotypes such as ‘O’(somatic), ‘H’ (flagellar) and Vi’ (virulence antigens)

e Important group of microorganisms, because of its ability to produce a variety of foodborne infections and
diseases

e Produces ‘endotoxins’ after ingestion of food contaminated with these microorganisms, however 12 to 30 h
may elapse before the onset of symptoms.

The following illnesses are caused by the different species of salmonella:

e Typhoid: Salmonella typhi
e Paratyphoid: Salmonella paratyphi A, Salmonella paratyphi B, Salmonella paratyphi C

8.3 Yersinia

Yersiniais a genus of family Enterobacteriaceae. These are Gram-negative, rod shaped bacteria, a few
micrometers long and fractions of a micrometer in diameter, and are facultative anaerobes. Some members
of Yersinia are pathogenic to humans; for example, Y. pestis is the causative agent of plague. Rodents are the
natural reservoirs of Yersinia; less frequently other mammals serve as the host. Infection may occur either through
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blood as of Y. pestis) or via consumption of food (especially, vegetables, milk-derived products and meat)
contaminated with infected urine or feces of mouse.

The significant microbes of this genus are Y. enterocolitica, Y. pestis, and Y. psuedotuberculosis. TheY.
enterocolitica enters milk via contamination through feces, urine, and insects. These grow between 2 to 45°C
with an optimum growth temperature of 30°C. Microorganisms of this genus are pathogenic in nature to humans
or animals both.

8.4 Serratia

Serratia is Gram-negative, facultative anaerobic, rod-shaped bacteria of family Enterobacteriaceae. The most
common species, S. marcescens, is normally the only pathogen then causes nosocomial infections. However, rare
strains of S. plymuthica, S. liquefaciens, S. rubidaea, and S. odoriferae have caused diseases through infection.
Members of this genus produce characteristic red pigment, prodigiosin, and can be distinguished from other
members of Enterobacteriaceae by their unique production of: DNase, lipase, and gelatinase. Serratia
marcescens produces a red pigment that is known as ‘prodigiosin’

8.5 Vibrio

Vibrio is a genus of Gram-negative bacteria possessing a shape of curved rod, several species of which can cause
foodborne infection, usually associated with eating undercooked sea foods. These are typically found in saltwater,
are facultative anaerobes that test positive for oxidase and do not form spores. All are motile and have polar
flagella with sheaths. The name Vibrio derives from ‘Filippo Pacini’, who isolated these and called ‘vibrions’
from cholera patients in 1854, because of their motility. Vibrio cholerae causes ‘cholera’ in humans.

8.6 Coxiella

These are Gram-negative, short rods, ‘pleomorphic’ occurring as diplococci. For example, C. burnetiicauses ‘Q
(query) fever’. Milk is contaminated directly from infected animals and humans gets infection mostly via aerosol
infection and less commonly by consuming contaminated milk. It shows a high resistance to chemical and
physical agents, and to desiccation. It is also resistant to 0.5% formalin, 1.0% phenol and can withstand the heat
treatment of 60°C for 1 hr or 61.7°C for 30 min.

8.7 Micrococcus (Micro = small; and Kokkos = means seed or grain)

Micrococcus belongs to family Micrococcaceae. These occur in a wide range of environments, including water,
dust, and soil. Micrococci are Gram-positive, spherical cells ranging from about 0.5 to 3 um in diameter and
typically appear in tetrads. Micrococcus has a substantial cell wall that may comprise of nearly 50% of the cell
mass. The genome of Micrococcus is rich in guanine and cytosine content (65 to 75%; GC-content). Micrococci
often carry plasmids (ranging from 1 to 100 MDa) that provide the micro-organism the useful traits.

e These are aerobic, coagulase negative, mesophilic, forms tetrads
e Some of produce yellow, orange, red pigment
e Do not ferment lactose
e  Optimum growth temperature is 25°C, but many species are heat resistant and can survive at 63°C/ 30 min
but the true micrococci are not resistant to pasteurization. These are found in lactiferous ducts of mammary
glands and in milk obtained from the udder under sterile conditions and hence, are considered as the normal
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microflora of milk. The contaminated equipments are the main source of micrococci in milk. These are
responsible for thickening of sweetened condensed milk and causes thermoduric outbreaks in pasteurizing
plants

e The example includes M. varians and M. luteus.

8.8 Staphylococcus
Staphylococcus is Gram-positive bacteria that appear round (cocci), and forms grape-like clusters.

Staphylococcus includes nearly 40 species, of these, nine have two subspecies and one has three subspecies. Most
are harmless and reside normally on the skin and mucous membranes of humans and are a small component of
soil microbial flora.

These are cocci and smaller than micrococci. These are non motile and may produce orange or yellow pigment.
Mesophilic in nature and the optimum growth temperature is 37°C. These can ferment a variety of carbohydrates
and resist up to 10% of salt in medium. These can also produce toxins (i.e. haemolysin, fibrinolysin, leucocidin,
enterotoxins, thermostable nuclease etc). Haemolysins can that liberate haemoglobin from red blood cell. The -
haemolysis produces clear, colorless zone around staphylococcus colonies. The haemoglobin destroyed to
produce colorless compound. The a-haemolysis converts haemoglobin to methamoglobin that produces a
greenish zone.

Staphylococcus aureus, named from Greek, meaning ‘golden grape-cluster berry’, is also known as ‘golden
staph’ and ‘Oro staphira’. It is facultative anaerobic Gram-positive cocci. It is part of the normal skin flora and
nasal passages. As per estimates nearly 20% of the human population is long-term carriers ofS. aureus. S.
aureus is the most common species of staphylococcus that causes infections. This pigment produced by S. aureus
called staphyloxanthin acts as a virulence factor, primarily by being a bacterial antioxidant which helps the
microbe evade the reactive oxygen species, which the host immune system uses to kill pathogens.

S. aureus can cause a range of illnesses, from minor skin infections (i.e. pimples, impetigo, boils (furuncles),
cellulitis folliculitis, carbuncles, scalded skin syndrome, and abscesses) to life-threatening diseases (i.e.
pneumonia, meningitis, osteomyelitis, endocarditis, toxic shock syndrome, bacteremia, and sepsis). Its incidence
ranges from skin, soft tissue, respiratory, bone, joint, endovascular to wound infections. It is one of the five most
common causes of nosocomial infections and often causes postsurgical infections.

Staphylococcus aureus is a facultative anaerobe, grow at 15 and 45°C and is mesophilic in nature. The colonies
have yellowish tint (lemon) or orange-yellow color. It also produces a, B, Y and heamolysins. It is sensitive to
antibiotic novobiocin. Most of the S. aureus strains produce enterotoxins (especially exotoxins) that are
responsible for food intoxications in consumers. Five different enterotoxins (i.e. A, B, C, D, and E) are reported
but ‘enterotoxins A’ are more commonly produced. These are heat stable and produce symptoms within 2 to 6
hours after ingestion of contaminated milk or its product. On Baird parker’s medium these produce black, shiny,
convex colonies surrounded by a clear zone. In this clear zone a fine black precipitate (i.e. zone of opalescence)
may appear. The pathogenic nature of S. aureus is confirmed with a positive coagulase and thermonuclease
test. Italso produces bacteriocins viz., staphylococcin/ micrococcin that are bacteriostatic/ cidal to many bacteria
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and to other staphylococci. The other species of staphylococcus found in milk are S. epidermis, S. caprae and S.
hyicus.

8.9 Listeria

Listeria named after the English pioneer of sterile surgery Joseph Lister in 1940, is a bacterial genus that contains
seven species. Listeria species are Gram-positive bacilli. The major human pathogen is L. monocytogenes, the
causative agent of the relatively rare bacterial disease, listeriosis, a serious infection caused by eating
contaminated food.

Listeriosis is a serious disease for humans that have a mortality rate of about 20%. The two main clinical
manifestations are sepsis and meningitis. Meningitis is often complicated by encephalitis, a pathology that is
unusual for bacterial infections. Listeria ivanovii is a pathogen of mammals, specifically ruminants, and rarely
causes listeriosis in humans

e Gram-positive, short rods with rounded ends; may be curved; single, short chains or V forms. Catalase
positive, aerobic/ facultative anaerobic

e Colonies are bluish grey, when seen under normal illumination and bluish green sheen under obligatory
transmitted light.

e The different sources of L. monocytogenes include water, mud, sewage, feces of animals and human beings.

Listeria monocytogenes, a facultative anaerobe, is the causative agent of listeriosis. It is one of the most virulent
food-borne pathogens, with 20 to 30 percent of clinical infections resulting in death. Listeriosis is the leading
cause of death among foodborne bacterial pathogens, with fatality rates exceeding
evenSalmonella and Clostridium botulinum.

L. monocytogenes is a Gram-positive bacterium, in the division Firmicutes, motile at 30°C and below, but usually
not at 37°C.

L. monocytogenes also causes meningitis in newborns.
8.10 Mycobacterium

Mycobacterium is a genus of family Mycobacteriaceae that includes pathogens known to cause serious diseases
in mammals for example tuberculosis (Mycobacterium tuberculosis) and leprosy (Mycobacterium leprae). The
Greek prefix ‘myco— " means fungus, alluding to the way mycobacteria have been observed to grow like mould
on the surface of liquids, when cultured. It is Gram-positive, but difficult to stain due to high wax content, acid-
fast, non- motile, non-spore forming and non-branching rods.

Mycobacterium tuberculosis is a pathogenic species of the genus Mycobacterium and causative agent of most
cases of tuberculosis. It was discovered in 1882 by Robert Koch. M. tuberculosis has an unusual, waxy coating
on its cell surface (i.e. mycolic acid), that makes the cells impervious to Gram stain, however acid-fast technique
is used. The physiology of M. tuberculosis is highly aerobic and requires high levels of oxygen. The most
frequently used diagnostic methods for Tuberculosis are the tuberculin skin test and acid-fast stain.
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It grows quite slowly therefore requires two weeks or more to show visible growth on a special media, for

example, Loeffler’s serum medium
8.11 Corynebacterium

Corynebacterium is a genus of family Corynebacteriaceae Gram-positive, rod-shaped and is widely distributed
in nature and is mostly innocuous. Some strains are useful in industry like C. glutamicum. Others can cause
diseases. C. diphtheriae, for example, is responsible for diphtheria. The cell shape are straight to slightly curved
rods with tapered ends, club shaped forms may also appear. These are non motile, asporogenous, aerobic or
facultative anaerobic in nature. These are recognized by their clubbed shaped appearance. Meta-chromatic
granules are formed. They are chemo-organotrophs and optimum growth temperature is 37°C. Corynebacterium
boris is not pathogenic and causes rancidity in cream while C. pyogenes causes supportive mastitis in dairy
animals.

8.12 Brevibacterium
Brevibacterium is a genus of order Actinomycetales and family Brevibacteriaceae.

Brevibacterium linens are ubiquitously present on the human skin, where it causes foot odour. The same
bacterium is also employed to ferment several cheeses like Limburger. Its smell also attracts mosquitoes.

B. linens is Gram positive, non-motile, obligate aerobic, chemo-organotroph with respiratory metabolism.
Optimum growth temperature ranges between 20-30°C, non-thermoduric. B. linens produce yellow to deep
orange red carotenoid pigments. Usually present on the exterior of surface ripened Limburger type chesses.
Contributes to the surface color of such cheeses and aids in ripening by proteolysis while improving the flavor or
aroma by the production of methanethiol.

8.13 Propionibacterium

Propionibacterium is a genus of bacteria named for their unique metabolism; as these are able to synthesize
propionic acid by using unusual transcarboxylase enzymes. Its members are mostly facultative parasites and
commensals of humans and other animals, living in and around the sweat glands, sebaceous glands, and other
areas of the skin. They are ubiquitous and do not cause problems for most people, but propionobacteria have been
implicated in acne and other skin conditions. The strain Propionibacterium freudenreichii subsp. shermanii is
used in cheese making to create Carbon dioxide bubbles that become ‘eyes’, round holes in the
cheese. Propionibacterium is:

e Gram positive, non-motile, asporogenous and anaerobic/ aerotolerant in nature.
e Pleomorphic rods, club shaped with one end rounded and the other tapered or pointed.

e Cells may be coccoid, bifid, or branched, occur singly in pairs, or short chains (in V or Y shape of
configuration), carbon dioxide (5%) atmosphere is good for growth. Optimum growth temperature ranges in
between 30-32°C.

e Lactic acid and carbohydrates are converted into propionic/ acetic acids and carbon dioxide.
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Lesson 9
CHARACTERISTICS OF SPOILAGE AND PATHOGENIC MICROORGANISMS - 111

9.1 Introduction

As discussed in earlier lesson different microorganisms possess different characteristics such as pigments, uptake
and utilization of different sugars, selective medium for their growth and different colony pattern on media. All
microorganisms have different biochemical and molecular characteristics which distinguish them from each other.
Here a number of characteristics of spoilage and pathogenic microorganisms are discussed and presented.

9.2 Bacillus

Bacillus is a genus of Gram-positive and rod-shaped bacteria of the division Firmicutes. These can be obligate
aerobes or facultative anaerobes, and test positive for catalase. These are ubiquitous in nature,Bacillus includes
both free-living and pathogens. Under stressful conditions, the cells produce oval endospores that can stay
dormant longer.

The ‘Bacillus’ means a little stick. These are Gram-positive large rods (ranging from 3 to 9 um in length), aerobic,
saprophytic soil bacteria, and these may occur either singly or in pairs or chains. These are aerobic spore formers.
The main sources of Bacillus are air, water, soil, feed, fodder etc. These can be isolated by heating raw milk to
80°C/ 10 minutes prior to plating. On incubation the large and rough colonies are formed. These are acid sensitive,
potent spoilage microorganisms. These may be psychrotrophic, mesophilic, and thermophilic and are catalase
positive. The Bacillus spores are ellipsoidal to cylindrical in shape.

Bacillus cereus is a Gram-positive, rod-shaped and -hemolytic bacterium. Some strains are harmful and cause
foodborne illness, while others can be beneficial. It causes ‘Fried Rice Syndrome’. B. cereus is an aerobe, and
like other members, it can produce protective endospores. Its virulence factors include cereolysin and
phospholipase C. It cannot grow at 5°C but grows well in the range of 20-35°C. It causes food poisoning by
producing enterotoxins (if number exceeds 1x108/g). This produces ‘bitty cream’ defect that means broken cream
by the action of lecithinase that is an extra-cellular phospholipase. It produces ‘sweet curdling’ by coagulating
milk at lower acidity by producing rennet like enzyme.

Bacillus subtilis, known also as hay or grass bacillus, is a Gram-positive, catalase-positive bacterium commonly
found in soil. It is a member of the genus Bacillus, B. subtilis is rod-shaped, and has the ability to form a tough,
protective endospore, allowing the micro-organism to tolerate extreme environments. Unlike several other well-
known species, B. subtilis has been classified as an aerobe. It grows well in the range of 20-45°C. It causes
ropiness or sliminess in raw or pasteurized milk. It causes spoilage of UHT milk and concentrated or canned milk
products. It causes ‘sweet curdling’ by coagulating milk at lower acidity. It produces levan extracellular from
sucrose. It degrades pectin, casein, polysaccharides of plant tissue and also produces polypeptide antibiotic
‘subtilin’.
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Bacillus licheniformis is commonly found in soil and bird feathers. It is a Gram-positive, thermophilic bacterium.
Its optimal growth temperature is around 30°C, though it can survive at much higher temperatures. The optimal
temperature for enzyme secretion is 37°C. It can exist in spore form to resist harsh environment, or in a vegetative
state when conditions are good. This is an important micro-organism because it:

e Causes spoilage of UHT milk and concentrated or canned milk products similar to B. subtilis
e  Produces levan extracellular from sucrose similar to B. subtilis
e  Causes ropiness or sliminess in raw, pasteurized milk

Bacillus coagulans is a lactic acid-forming species within the genus it was first isolated and described in 1932
and initially considered to be a spore-forming Lactobacillus. Since, Bacillus coagulans exhibits characteristics of
both genera Lactobacillus and Bacillus, its taxonomic position between the
familiesLactobacillaceae and Bacillaceae is often debated, where it was finally placed in the genus Bacillus.
DNA-based technology was used in distinguishing between the two genera that are morphologically similar and
possess similar physiological and biochemical characteristics. B. coagulans is a Gram-positive rod (0.9um by
3.0um to 5.0um in size); catalase positive, spore-forming, motile, a facultative anaerobe. B. coagulans may
appear Gram-negative when entering the stationary phase of growth. The optimum temperature for growth is
50°C (the range of temperature tolerated is 30°C - 55°C). It mainly causes spoilage of UHT milk and concentrated
or canned milk products.

Bacillus stearothermophilus is a rod-shaped, Gram-positive bacterium. These are thermophillic and are widely
distributed in soil, hot springs, and are a cause of spoilage in food products. It can grow within a temperature
range of 30-75°C. It is commonly used as a challenge micro-organism for sterilization validation. The biological
indicator contains spores of the micro-organism on filter paper inside a vial. After sterilizing, the cap is closed,
an ampoule of growth medium inside of the vial is crushed and the whole vial is incubated. A colour and/or
turbidity change indicates the results of the sterilization process; no change indicates that the sterilization
conditions have been achieved; otherwise the growth of the spores indicates that the sterilization process has not
been met.

It was first described in 1920 as Bacillus stearothermophilus, but following a reclassification it is officially a
member of the genus Geobacillus. It is an obligate thermopbhilic, cause flat sour spoilage of canned and UHT milk
products and used in the detection of antibiotics in milk.

9.3 Clostridium

Clostridium is a genus of Gram-positive bacteria. These are obligate anaerobes capable of producing endospores.
Individual cells are rod-shaped, that gives them their name, from the Greek kloster or spindle. These
characteristics traditionally defined the genus; however, many species originally classified asClostridium have
been reclassified in other genera. Clostridium consists of around 100 species that include common free-living
bacteria as well as important pathogens.

C. botulinum, an organism that produces botulinum toxin in food/wound and can cause botulism. Honey
sometimes contains spores of Clostridium botulinum, which may cause infant botulism in humans one year old
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and younger. The toxin eventually paralyzes the infant's breathing muscles. Adults and older children can eat
honey safely, because Clostridium does not compete well with the other rapidly growing bacteria present in the
gastrointestinal tract. This same toxin is known as ‘Botox’ and is used cosmetically to paralyze facial muscles to
reduce the signs of aging; it also has numerous therapeutic uses.

C. difficile, which can flourish when other bacteria in the gut are killed during antibiotic therapy, leading to
pseudomembranous colitis (a cause of antibiotic-associated diarrhea).

C. perfringens, formerly called C. welchii, causes a wide range of symptoms, from food poisoning to gas
gangrene. It is also responsible for enterotoxemia (also called ‘overeating’ or ‘pulpy kidney’ disease) in sheep
and goats. C. perfringens also takes the place of yeast in the making of salt rising bread. The name perfringens
means 'breaking through' or 'breaking in pieces'.

C. tetani is the causative organism of tetanus. The name derives from ‘of a tension’, referring to the tension
(caused by tetanus) in the muscles.
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Lesson 10

CHARACTERISTICS OF DAIRY ASSOCIATED FUNGI AND BACTERIOPHAGES

10.1 Introduction

Yeast and moulds play an important role in dairy, especially as spoilage micro-organisms. Some of the yeast and
moulds are also used as starter cultures in the preparation of different fermented dairy products. Yeasts are
unicellular in nature and grow by budding. Moulds are the only multicellular microorganism,in nature.

The fungi and bacteriohages that are signicant from dairy point of view are discussed here in this lesson. Fungi
are classified as:

e Division - Mycota

e Sub Division - Mycotina
e Class - Mycetes
e Sub class - Mycetidae
e Order - ales

e Family - aceae
10.2 Moulds

Moulds (or molds) are fungi that grow in form of multicellular filaments called hyphae. A connected network of
these tubular branching hyphae has multiple, genetically identical nuclei and is considered a single micro-
organism, referred to as colony. In contrast, fungi that grow as single cells are called yeasts. Moulds do not form
a specific taxonomic or phylogenetic grouping, but can be found in the divisions Zygomycota, Deuteromycota
and Ascomycota. Some moulds cause disease or food spoilage; others play an important role in biodegradation
or in the production of various foods, beverages, antibiotics and enzymes.

There are hundreds of known species of moulds that include opportunistic pathogens, saprophytes and
thermopbhiles. Like all other fungi, moulds derive energy from the organic matter on which they grow. Typically,
moulds secrete hydrolytic enzymes, mainly from the hyphal tips. These enzymes degrade complex biopolymers
(i.e. starch, cellulose and lignin) into simpler substances that can be absorbed by the hyphae. In this way moulds
play a major role in causing decomposition of organic material, enabling the recycling of nutrients throughout
ecosystems. Many moulds also secrete mycotoxins that, together with hydrolytic enzymes, inhibit the growth of
competing microbes.

Moulds reproduce through small spores that may contain a single nucleus or be multinucleate. Mould spores can
be asexual or sexual; many species can produce both types. Mould spores may remain airborne indefinitely, may
attach to clothing or fur and survive extreme of temperature and pressure. Although moulds grow on dead organic
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matter everywhere in nature, their presence is visible to the unaided eye only when mould colonies grow. A mould
colony does not consist of discrete microbes but of an interconnected network of hyphae called a mycelium.
Nutrients may be transported throughout the mycelium.

Few moulds can grow at 4°C, the temperature within a typical household refrigerator, or less. When conditions
do not enable growth, moulds may remain alive in a dormant state, within a large range of temperatures. The
different mould species vary enormously in their tolerance to temperature and humidity. Certain moulds can
survive harsh conditions for example refrigeration, highly acidic solvents, anti-bacterial soap and even petroleum
products. Xerophilic moulds use the humidity in the air as their only water source; other moulds need more
moisture.

10.3 Penicillium

Penicillium is an ascomycetous fungus and is of major importance in natural environment as well as food and
drug production. Members of this genus produce penicillin, an antibiotic that kills or stops the growth of certain
bacteria. According to the Dictionary of the Fungi, it is the widespread genus that contains over 300
species. Penicillium has aseptate vegetative mycelia that penetrate the substrate and then produce aerial hyphae
on which conidiophores develop. These condiophores may be branched and have brush like heads bearing spores
clusters and each is form a chain of conidia. With the production of conidia, colonies become green, grey green,
blue green and yellow green.

Penicillium is classified as a genus of anamorphic fungi in the division Ascomycota (order Eurotiales, class
Eurotiomycetes, family Trichocomaceae). The name is derived from the Latin root Penicillium, meaning

“painter's brush’, and refers to the chains of conidia that resemble a broom.

The thallus (mycelium) typically consists of a highly branched network of multinucleate, septate, usually
colourless hyphae. Many-branched conidiophores sprout on the myecelia, bearing individually constricted
conidiospores. The conidiospores are the main dispersal route of fungi, and often are green in colour. Sexual
reproduction involves the production of ascospores, commencing with the fusion of an archegonium and an
antheridium, with sharing of nuclei. The irregularly distributed asci contain eight unicellular ascospores each.

A
10 um ! ~-\|
conidiospores \
- é\
sterigmata —-.m “ ‘
’ 1
conidiophore ——

Fig. 10.1 Pencillium spp
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Penicillium roqueforti is a common saprotrophic fungus of family Trichocomaceae. It is widespread in nature
and can be isolated from soil and decaying organic matter. The major industrial use of this fungus is the production
of blue cheeses, flavoring agents, antifungals, polysaccharides, proteases and other enzymes. The fungus has been
a constituent of Roquefort and other blue veined cheeses.

Asymmetric group i.e. more than one branch in a conidiophore and the branching is asymmetrical. Produces blue-
green spreading colonies on malt agar gradually change to a darker green color. Colonies are smooth velvety
appearance with irregular margins of radiating lines of conidiophores. Conidiophores are rough, globose and
smooth. The toxins produced are Roquefortin, mycophenolic acid, PR toxin,

Penicillium camemberti is a species of fungus used in the production of Camembert and Brie cheeses, on which
colonies of P. camemberti form a hard, white crust. It is responsible for giving these cheeses their distinctive
taste.

10.4 Geotrichum

Geotrichum candidum is a fungus or mould that can act as a plant pathogen causing sour rot on peach, nectarine,
tomato and carrot. It is also widely used in the production of many dairy products including many natural rind
cheeses such as Camembert and other bloomy rind cheese. It is also found in the Nordic dairy product villi and is
responsible for the velvety surface of the product. It forms white colonies, yeast like form true mycelium, breaks
to form arthrospore that are cylindrical with rounded ends.

10.5 Aspergillus

All Aspergillus species are highly aerobic and are found in oxygen-rich environments, where these commonly
grow as moulds on the surface of a substrate, as a result of high oxygen tension. Commonly, fungi grow on
carbon-rich substrates like monosaccaharides (i.e. glucose) and polysaccaharides (i.e. amylose). Aspergillus is
common contaminants of starchy foods.

In addition to growth on carbon sources, many species of Aspergillus demonstrate oligotrophy, where these grow
in nutrient-depleted environments, or environments where there is a complete lack of key nutrients. A. niger is a
prime example of this; it can be found growing on damp walls, as a major component of mildew.

Aspergillus niger is one of the most common species of Aspergillus. It causes a disease called black mould on
certain fruits and vegetables such as grapes, onions, and peanuts, and is a common contaminant of food. It is
ubiquitous in soil and is commonly reported from indoor environments, where its black colonies can be confused
with those of Stachybotrys (black mould).

Aspergillus flavus is a common mould in the environment that causes problems in stored grains. It can also be a
human pathogen, associated with aspergillosis of the lungs and sometimes causing corneal, otomycotic, and
nasoorbital infections. Many strains produce significant quantities of aflatoxin, a carcinogenic and acutely toxic
compound. A. flavus spores are allergenic.

55 www.AgriMoon.Com



Introductory Dairy Microbiology

A. flavus grows as a yellow-green mould in culture. Like other Aspergillus species, it produces a distinctive
conidiophores composed of a long stalk supporting an inflated vesicle. Conidiogenous cells on the vesicle produce
the conidia. Many strains of A. flavus exhibit a greenish fluorescence under UV light that is correlated with levels
of aflatoxin production.

10.6 Yeasts

Yeasts are eukaryotes classified in the kingdom Fungi, with 1,500 species estimated to be 1% of total fungal
species. Most reproduce asexually, and many do so by an asymmetric division called budding. Yeasts are
unicellular, although some species with yeast forms may become multicellular through the formation of a string
of connected budding cells known as pseudohyphae, or false hyphae. Yeasts can vary greatly in size depending
on the species, typically measuring 3—4 pm in diameter, although some yeast can reach over 40 pm.

Saccharomyces cerevisiae converts carbohydrates to carbon dioxide and alcohols — for years carbon dioxide has
been used in baking and alcohol in beverages. Other species of yeast, like Candida albicans, are opportunistic
pathogens and can cause infections in humans. Yeasts have been used to generate electricity in microbial fuel
cells, and produce ethanol for the biofuel industry these days.

Yeasts do not form a single taxonomic or phylogenetic grouping. The term ‘yeast’ is often taken as a synonym
for Saccharomyces cerevisiae, but the phylogenetic diversity of yeasts is shown by their placement in two separate
phyla: the Ascomycota and the Basidiomycota. The budding yeasts (‘true yeasts’) are classified in the
order Saccharomycetales.

Yeasts are unicellular-spherical/ ovoid, pseudomycelium, vegetative reproduction by budding, ascospores—1 to 4
per ascus.

Fig. 10.2 Budding yeasts

Yeasts multiply asexually by budding, where a bud has formed on a cell. As many as to bud scars are found on
a single cell. During budding nucleus divides by construction and a portion of it enters the bud along with other
organelles. The cytoplasmic connection is formed by laying down of cell wall material.

Under appropriate conditions—the yeasts forms asci. The cytoplasm of the cell differentiates into four thickened
wall spherical spores, although the number of spores can be less. The cells from which asci develop are diploid
and nuclear divisions that precede spore formation are meiotic.
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10.7 Saccharomyces

Saccharomyces cerevisiae is the most useful yeast, having been used in baking and brewing. It was originally
isolated from and is one of the most studied eukaryotic micro-organisms like Escherichia colias a
prokaryote. S. cerevisiae cells are round to ovoid, 5-10 um in diameter and reproduces by budding.

It is known as Baker’s yeast, isolated from kefir. Cells - globose, subglobose, ellipsoidal/ cylindrical singles,

pairs, short chains/ clusters. Ascospores - globose to short ellipsoidal, 1-4 per ascus, do not liberate, do not ferment
lactose and nitrate is not assimilated.

10.8 Kluyveromyces
10.8.1 Kluyveromyces fragilis

e Used in Kefir and Koumiss fermentation.

e Cells—subglobose, ellipsoidal to cylindrical single or pairs, ascospores—1 to 4 per ascus cresentiform or
reniform.

e Lactose may be fermented by some of the strains while nitrate is not assimilated.

10.8.2 Kluyveromyces lactis

e Associated with yoghurt, isolated from milk, gassy cheese, Italian cheese, and cream and butter milk.
e Cells—spherical, ellipsoidal or occasionally cylindrical clusters, singles, pairs and occasionally clusters
e Ascospores—1 to 4, spherical to ellipsoidal, readily released, lactose fermented but nitrate is not assimilated

10.9 Candida
10.9.1 Candida kefir

It is associated with kefir, buttermilk and cheese.

e Morphologically variable, budding unicellular to pseudomycelium or true mycelium

e Cells—Ovoid short/ long, Reproduction — budding or fission, Colonies—off white to cream, lactose may be
fermented but nitrate is not assimilated.

10.9.2 Candida lacticondensi — (Torulopsis lactiscondensi)

Cells are ovoid, budding, the typical colonies on selective media are—off-white, cream and yellowish or brownish,
mycelium not formed or rudimentary mycelium is rarely found. Lactose is not utilized as carbon source nor do
they assimilate nitrate.

10.10 Bacteriophage

These are the viruses that infect bacteria. These are the quintessential parasites of the living kingdoms. ‘Phage’
literally means eating just like phagocyte (to swallow). These are widely distributed in nature and most abundant
in intestinal contents of animals and were first invented by Twort in 1915. Typical bacteriophage has a structure
consisted of:

e Head-enclosing nucleic acids in protein sheath.
e Tail-a hollow tube of proteins bearing tail plate and fibers.
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All viruses contain nucleic acid, either DNA or RNA (but not both together), and a protein coat, that encases the
nucleic acid. Some viruses are also enclosed by an envelope of fat and protein molecules. Without a host cell,
viruses cannot carry out the life-sustaining functions or reproduce (Fig. 10.3).

Protein coat

Sheath

Cell wall

Bacteriophage

Fig.10.3 Bacteriophage

These cannot synthesize proteins, because these lack ribosomes and must use the ribosomes of host cells to
translate viral messenger RNA into viral proteins. Viruses cannot generate or store energy in the form of adenosine
triphosphate, but have to derive it and all other metabolic functions, from the host cell. These also parasitize the
cell for basic building materials, (i.e. amino acids, nucleotides, and lipids). These are significant from dairy or
food processing point of view as; phages can attack lactic acid bacteria and lyses them by multiplying inside the
host leading to the release of many phages that can re-infect the new cells in culture. This results in the failure of
starters to act and bring about changes during preparation of fermented products.

e Bacteriophages are highly host specific and the rotation of starter cultures may help to control the problem
to some extent.

e Ca™ ion deficient medium for maintaining starter cultures prevent phage attack as the ion helps in phage
adsorption to host cell.

e Genetic manipulations to construct phage resistant strains.

Typical Lactococcus lactis ssp lactis phage might have 40-90nm head and 100-120nm tail. Bacteriophages can
persist for a long time in dried up whey and on utensils.

Phages attach themselves to living cells and as these divide phages also multiply. The infective material is injected
(nucleic acid) through hollow tail of the phage particle into bacterial cell. The rate of phage proliferation is greater
than that of bacterium. Therefore, a point is reached at which lysis of host cell begins. Lysis is preceded by
swelling of the bacteria to 6-16 times than their normal size. Phage action may cause a number of variations in
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the properties of bacteria. Irreversible adsorption of phage to the cell triggers a number of steps that lead to the
transport of viral nucleic acids into cytoplasm and nucleic acid gets metabolically active transforming cellular
function to one of synthesizing viral components. As the phage assembly completed the lysis of host cell occur.
All this occur nearly in one generation time of the host.
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Module 3. Microorganisms associated with milk

Lesson 11
MICROORGANISMS ASSOCIATED WITH RAW MILK AND THEIR SIGNIFICANCE - |

11.1 Introduction

Milk, like many other foods and environment around us, contains bacteria that can be classified into three

categories:
e Beneficial
e Spoilage

e Harmful or pathogenic
Beneficial bacteria help in making food products, for example, cheese, yogurt, and buttermilk.

Spoilage causing bacteria leads to bad smell/ taste and poor look of the product. Most bacteria in fresh milk
from healthy animals are usually harmless. However, rapid changes in the health of a milk animal or of the
handler, or contaminants from polluted water, dirt, manure, air, cuts and wounds can make raw milk potentially
dangerous, if these factors introduce harmful bacteria to milk, as it provides an excellent medium for the growth
of bacteria. Milk is sterile, when it is secreted in udder but gets contaminated before it leaves udder. However,
contaminating bacteria are usually harmless except in case of mastitis, but can lead to different spoilage
problems. Microorganisms causing spoilage may be categorized as psychrotrophs, mesophiles or
thermophiles. These microbes are of great significance in milk as:

« Information on microbial counts of milk can be a diagnostic criteria for the judgement of its overall quality

« If multiply, bacteria can cause spoilage of milk much faster

« Milk is highly susceptible to contamination with pathogens and precautions must be taken to minimize it
and to destroy pathogens, if these gain entry

o Certain types of microbes produce chemical changes that are desirable in the production of different dairy
products, for example cheese, yogurt etc.

11.1.1 Harmful or pathogenic bacteria

The consumption of raw milk was prevalent in the society even prior to the industrial revolution and discovery
of pasteurization. Before that nobody knew about the infectious microbes and their association with water, milk
and milk based products and the various diseases they cause. Initially, no testing procedure was available to
determine the quality of raw milk and also to discriminate between healthy and infectious milk. With the advent
of modern scientific techniques, now it is possible that the milk is free from harmful microbes but many problems
may still persist like eradication of their toxic metabolites. Significant work has been done to combat all these

issues like enforcement of sanitation and testing procedures at farm level and implantation of various practices at
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commercial level. However, pasteurization continues to be an effective method in control of these unseen
problems. These days with innovative techniques one can identify microorganisms at genomic level to establish
preventive measures effectively.

11.2 Microflora of Raw Milk

Milk provides a wealth of nutritional benefits, but raw milk can harbour dangerous microorganisms that can pose
serious health risks to the consumers.

Milk from cows, sheep, or goats that has not been pasteurized to kill harmful bacteria is raw milk. This raw,
unpasteurized milk can carry dangerous bacteria such as Salmonella, E. coli, and Listeria that are responsible for
causing numerous food-borne illnesses.

Milk has been considered as the most significant part of our food, as it contains all essential nutrients, suitable
pH, and water activity for the growth of microbes. Hence, there is a high risk for these products to get
contaminated with spoilage causing microbes. Hence, it is worth to know more about its chemistry, spoilage and
different preservation methods, so that microbes responsible for negative effects could be identified. Milk is a
good source for the growth of microorganisms therefore, it is essential to understand more about the types of
microbes associated with milk, their control measures and beneficial uses.

Milk when secreted into the udder of an animal is considered to be as sterile; and it gets contaminated later from
the microflora residing in the udder tissues and most of the times the contaminants are non-infectious except in
case of mastitis. Milk becomes more contaminated, when it comes in contact with an external environment during
milking, transportation and storage. Other factors such as utensils, machines, handlers, water, air and soil, also
contributes greatly to the micro flora of milk. This way bacteria, yeast and moulds get entry into milk constituting
the normal microflora. The number of contaminants added from various sources depends on the level of
precaution taken to avoid contamination.

The presence of these non-pathogenic microbes in milk is not very serious, but if these multiply quickly, these
may cause souring of milk, putrefaction and development of different taints, undesirable flavours and colours of
milk and milk products (Table 11.1). Thereby, it is essential to develop the suitable preventative measures to
check spoilage of such highly nutritious food commaodities that are perishable in nature.
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Table 11.1. Bacterial types commonly associated with milk

Name of micro-organism

Activity associated

Pseudomonas

Spoilage

Brucella

Pathogenic

Enterobacteriaceae

Pathogenic and spoilage both

Staphylococci
Staphylococcus aureus Pathogenic
Streptococcus
S. agalactiae Pathogenic

S. thermophilus; L. lactis ssp. lactis

Acid fermentation

L. lactis ssp. lactisbiovar diacetylactis

Flavour production

L. lactis ssp. cremoris; Leuconostoc lactis

Acid production

Bacillus cereus

Spoilage

Lactobacillus

L. lactis; L. bulgaricus; L. acidophilus

Acid production

Propionibacterium

Acid production

Mycobacterium tuberculosis

Pathogenic

11.3 Microbial Contaminants from the Surroundings

A. Animal and its udder: The animal and its teats contribute greatly to the microflora of milk that includes
those that are resided on skin and also that are present in the niche of animal, where it is reared and/ or
milked.

B. Utensils and sanitary practices: The hygienic conditions inside milking system influence total microbial
load of raw milk. Milk residues left behind on equipments may support the growth of different microbes
that on subsequent milking may lead to spoilage milk. These may account for 100,000 to a billion microbes
per millilitre in the cracks, scratches of utensils etc.

The microbial load of raw milk finally will be concluded on the basis of different contaminants in the
surroundings. Milk microflora contains a mixed population of lactic acid bacteria, mesophiles and thermophiles,
thermoduric, psychotropic and pathogenic microbes. The milk microflora will be influenced by a number of
environmental parameters that affects the growth microbes.
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11.4 Psychrotrophs

Psychrotrophs are the microorganisms that have the ability to grow near freezing temperature in the range of 0 to
7°C. The typical representatives of this class are both Gram negative and positive microorganisms.

Gram negative includes: Pseudomonas, Achromobacter, Aeromonas, Serraita, Alcaligenes,
Chromobacterium and Flavobacterium spp.

Gram positive includes: Bacillus, Clostridium, Corynebacterium, Streptococcus,
Lactobacillus andMicrocobacterium spp.

The quality of raw milk has been considerably maintained by refrigeration on farms, and in processing plants.
However, the current practices in India for the collection and storage of the raw milk favor the growth of
psychrotrophs that are, able to grow below 7°C, regardless of their optimal growth temperature. Besides, their
rapid growth ability in refrigerated milk, psychrotrophs produces heat stable extracellular proteases, lipases,
phospholipases etc. Psychrotrophs are those bacteria that can grow at 7°C, although their optimal growth
temperature is higher. During cold storage after milk collection these dominate the micro-flora, and their
extracellular enzymes, mainly proteases and lipases, contribute to the spoilage of dairy products. The extracellular
enzymes can resist pasteurization (72°C for 15 s) and even ultra-high temperature (138°C for 2 s) processing. The
lipases, by hydrolyzing triglycerides, cause flavour defects associated with fat breakdown in cream, butter and
cheese. Proteases are associated with bitterness in milk, gelation of sterilized milk, and reduced yields of soft
cheese. Most proteases can degrade caseins and are highly heat stable. Overall, psychrotrophs play a greater role
in spoilage of refrigerated milk. The numbers of psychrotrophs that develop after milk collection depend on the
storage temperature and time. Under sanitary conditions, <10% of the total microflora are psychrotrophs in
contrast to >75% under unsanitary conditions. Pseudomonas is the most prevalent psychrotroph in raw milk.

11.4.1 Significance of psychrotrophs in milk

Psychrotrophs are not only important from the spoilage point of view but also emerged as psychrotrophic
pathogens like Listeria monocytogenes, Yersinia enterocolitica etc. that made the situation more severe. Over the
last few decades, listeriosis has become a major food-borne disease, as L. monocytogenes can cause meningitis,
septicemia, and abortion. Nearly, 20 to 30 % of people, who get listeriosis die from it and there is a longtime
between food consumed and symptoms developed. Therefore, the control of psychrotrophs is important to stop
spoilage, as well as health hazards to the consumers.

The cold storage of milk favours the growth of psychrotrophs. Following pasteurization or other heat treatment
of raw milk to destroy or remove the microbes, spore germination or recontamination can still cause quality
deterioration; furthermore, heat-resistant extracellular proteinases and lipases produced by psychrotrophs before
processing are a major spoilage factors during storage of milk. The detection and control of psychrotrophs and
their heat resistant enzymes are major concerns of quality control in dairy industry.

Thermo-resistant psychrotrophs: These are the psychrotrophs that survive pasteurization. For example -
Arthrobacter, Microbacterium, Streptococcus, Corynebacterium, Clostridium; are spore formers and anaerobic.
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Among these thermo-resistant psychrotrophs; Bacillus spp. (sporeformer) dominates and secretes extracellular
heat resistant proteinases, lipases and phospholipases (lecithinases). Control of psychrotrophs and their enzymes
in milk can be achieved by:

e Following hygienic practices in different aspects of milk handling

e Minimizing storage time of milk

e Following effective HACCP system

e  Strict maintenance of refrigeration at 4°C

e Use of non thermal techniques like use of high pressure for preservation
e Combination of heat treatment with aseptic filling or packaging

e Use of natural preservation by bacteriocins

e Treatment of milk with carbon dioxide or nitrogen

e Thermization of milk before chilling and storage

The suggested standards for psychrotrophs in raw milk are:

e Less than 10* cfu per ml - Satisfactory
e Above 10*cfu per ml — Unsatisfactory
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Lesson 12
MICROORGANISMS ASSOCIATED WITH RAW MILK AND THEIR SIGNIFICANCE - 11

12.1 Mesophiles

Mesophiles are microorganism that grows best in moderate temperature, optimally between 25 and 40°C.
These microorganisms have important applications in food preparation, especially in cheese and yogurt making. The

important mesophilic microorganisms are shown in Table 12.1 and standards in Table 12.2, 12.3, 12.4.

Table 12.1 Microbial load of raw milk

Group Genera
Micrococci M. varians, M. luteus, M. roseus
Streptococci S. agalactiae, S. dysgalactiae, S. uberis, S. faecalis, S.

zZymogenes, etc.

Lactococci L. lactis ssp. lactis, L. lactis ssp cremoris

Gram positive rods L. casei, L. plantarum, Corynebacterium spp., Microbacteriumspp.,
Arthrobacter spp., Bacillus spp.

Gram negative rods | Pseudomonas spp., Alcaligenes spp., Coliforms, Flavobacterium etc.

Table 12.3 Microbiological standards for raw milk (BIS Standards)

Direct Microscopic Clump Counts/ml Grading of milk
<5,00,000 Good
5,00,001 - 4,000,000 Fair
4,000,001 - 20,000,000 Poor

12.2 Thermoduric Microbes

Microorganisms that can survive pasteurization but cannot grow at high temperatures are called thermoduric. Hence,
these are carried into the pasteurized product, where these may cause defect and promote health hazard risks when

standard growth conditions are prevalent.

Source: Thermoduric microbes are widely distributed in animal feeds, bedding, soil and feces. These contaminate animal’s
teats and milking equipments. Therefore, it is difficult to completely eradicate these microbes from the milk processing
system. The only effective measure control these, is to control their number in milk. For example, Micrococcus,
Microbacterium, Bacillus and Coryneform group comes under thermodurics.
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Control measures:

1. Implementation of hygienic milking practices
2. Use of clean and hygienic milk equipments
3. Proper fecal disposal system

4. Maintenance of clean environment

Table 12.4 Thermoduric counts (BIS standards)

Counts cfu/ ml Remarks
Below 10,000 Good
10,000 to 30,000 Fair
Above 30,000 Poor

12.3 Coliforms

These are ‘Gram negative, rod shaped, non-spore former that ferment lactose to produce acid and gas at 35-37°C/ 24-48
h. Their presence in food indicates the sanitary quality of production. Therefore, sometimes these are also called as an
‘index of direct fecal contamination’ in product. These microbes produce different toxins in foods that create major health
hazard issues for consumers. A toxin producing strain has been identified as E. coli 0157: H7 that presents serious health
issues, especially in children.

Sources: Feces of healthy livestock including dairy cattle, contaminated water, and unhygienic milk production practices,
animal suffering with coliforms mastitis, handlers and contaminated utensils are major sources of coliforms. The example

includes: E. coli, Salmonella, Enterobacter aerogenes. Coliforms count for raw milk should not be more than 10/ml.
12.4 Significance of Coliforms in Raw Milk

Presence of coliforms in milk indicates a possible fecal contamination, especially when these are handled under unsanitary
conditions. The presence of these micro-organisms is considered undesirable because they produce acid, gas and
objectionable taints in milk products. Generally, coliforms are destroyed during pasteurization and hence, their presence
in pasteurized milk indicates a post pasteurization contamination. Absence of coliforms in 1:100 dilution (<100 per ml) in
raw milk and in 1:10 dilution (<10 per ml) of pasteurized milk is accepted as a criterion of satisfactory quality. The

presence of fecal E. coli is a proof that contamination from excreta has taken place.

12.5 Significance of Thermophilic Bacteria in Milk
12.5.1 Thermophiles

As such there are no natural limits for the growth temperature of these groups of microbes. The obligate thermophiles
have a temperature range as high as 85°C, while some facultative thermophiles grow as low as 20°C and as high as 60°C.
The thermo-resistant bacteria, although do not form spores, survive pasteurization and should not be confused with
thermophiles. Thermophiles are a heterogeneous group of microbes including representatives of many unrelated species.
These should be regarded as variants that may occur in any species and usually differ from the normal strains, in their
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ability to grow at high temperatures. Among the thermophiles, there are representatives of lactobacilli, coliforms,
anaerobic, and especially aerobic spore-forming rods. The latter group of aerobic spore formers is most commonly found
in pasteurized milk.

12.5.2 Sources of thermophiles in milk

Thermophiles occur naturally under conditions that make these easy to account for their presence in milk, aside from,
fermenting manure and other vegetable materials. That is why; it is possible to isolate thermophiles from almost any
sample of ruminants manure. From these sources, these become widely distributed in nature and found in soil, dust, on
the leaves of plants etc. Under certain conditions, the surface of soil may reach a temperature high enough to favor the
growth of thermophiles, and it is possible that under such circumstances these may grow in the soil relatively at lower
temperature.

It is unlikely that thermophiles ever live in the udder of an animal. Milk drawn directly from the udder into a test tube and
held at 50 or 55°C sometimes reduces the litmus, but it does not necessarily mean that this milk is inoculated with
thermophiles from the ducts of udders. For this, very rigid precautions are necessary to positively exclude the outside
contamination of thermophiles. There are number of conditions that either singly or jointly led to high thermophilic count

in milk; first is an exceptionally high initial contamination prior to pasteurization.

The milk may be inoculated from substandard equipments, such as leaks that may permit milk to contaminate with
thermophiles, and to seep out into pasteurizer. Milk may also become infected from the foam and residue left from the
previous batch of milk. Thermophiles may also multiply in pasteurizer, when milk is not maintained at the proper
temperature. The reduction of the pasteurization temperature even a few degrees bring the milk within the growth range
of many microbes that cannot grow at 62.8°C. This may usually happen in the dead ends of pipes, possibly in the corners
of vats not reached by the agitators, especially in foam. The foam is much lower in temperature than milk under it and
not only the more resistant bacteria carried by the foam survive, but it acts as an incubator for many types of thermophiles.
The most common cause of higher thermophilic counts is the building up in numbers, when successive batches are
pasteurized in the same vat without proper and sufficient cleaning between the two different runs. The foam and milk left
in the bottom of the vat serve as inoculums for the following run, so that if 5 to 6 batches are pasteurized in a single vat,
the later ones are likely to have higher counts.

The question arises that what does the thermophilic count indicate? The answer is that it indicates one or more of the
conditions that exists in pasteurizing plant. The plant may be receiving an unusual contamination; it may be re-pasteurizing
the milk brought back from the wagons; the walls of the pasteurizer may have a thin layer of cooked milk where
thermophiles may grow; the construction of the pasteurizer may be defective so that some of the milk fails to reach the
required temperature; there may be an excessive amount of foam that is not heated properly; or the vats may not be
cleaned between the successive runs. There are no reasons that the thermophiles are more harmful in milk than microbes

growing at lower temperatures. In fact, most of these grow slowly or not at all.
12.6 Pathogenic Microbes Present in Raw Milk

Microbial pathogens may get entry into raw milk either from the surroundings (i.e. contaminated utensils, feces, water,
handlers) or from the infected udders/ tissues of the producing animals. The most important pathogens present in raw
milk are given in Table 12.5.
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Table 12.5 Different pathogenic microbes and disease associated

Pathogenic microbial agent Disease associated with microbe
Campylobacter jejuni Campylobacterosis
Corynebacterium diphtheria Diphtheria
Coxiella burnetii ‘Q fever
Escherichia coliO157: H7 EHEC - EnterohaemorrhagicE. coli
Hepatitis A Jaundice
Listeria monocytogenes Listeriosis
Mycobacterium tuberculosis Tuberculosis
Salmonella typhi Typhoid fever
Salmonella spp. Salmonellosis
Shigella dysenteriae Shigellosis
Yesinia enterocolitica Yersinosis
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Lesson 13

ROLE OF PSYCHROTROPHS IN MILK

13.1 Introduction

As per the estimates world’s one-fourth of the food produced is spoiled by the microbial activities alone. In the developed
nations, spoilage is mainly caused by the psychotrophic, moulds and yeasts, while in developing world it is mostly due to
the power failure and severe lacking of proper storage facilities, especially for perishable food commodities. Psychrotrophs
can grow in the range of 0 to 7°C or below, irrespective of their optimal growth temperature. Psychotropic spoilage of
milk and milk products is a quite complex event of both microbial and biochemical activities. However, most of the spoilage

in dairy products is caused by nonpathogenic psychrotrophic strains such as Pseudomonas.

13.1.1 Major psychrotrophs involved in the spoilage of milk and milk products

A) Gram-Negative: Major psychrotrophs of raw milk are Gram negative rods, among these,Pseudomonas spp.,
individually contributes to the extent of 50 % of total genera involved. The other genera involved in spoilage
include Achromobacter, Aeromonas, Alcaligenes, Chromobacterium, and Flavobacterium. Many of these
produce heat resistant proteases and lipases that have deleterious effect on the quality of the final product.
Coliforms contribute to the extent of 5 to 33 % of total psychotrophic microflora of the raw milk.

B) Gram-Positive: These are much less in numbers than the Gram-negative species of bacteria in raw milk. The
most common genera in this category included are Arthrobacter, Bacillus, Clostridium, Corynebacterium,
Lactobacillus, Listeria, Microbacterium, Micrococcus, Sarcina, Staphylococcus and Streptococcus.

Members of the genus Bacillus and Clostridium are spore formers and can survive even after pasteurization
treatment. The leading spoilage contributors of hygienic milk and milk products stored at longer period is
expected to be Gram positive spore formers, for example Bacillus cereus.

C) Pathogenic psychrotrophs: Listeria monocytogenes, Yesinia enterocolitica and Bacillus cereusare the most
potential psychrotrophs of importance to the dairy industry.

13.2 Influences on Milk and Dairy Products

There are four different conditions of psychrotrophs that are mainly responsible for the spoilage of milk and milk products:
e  Growth of psychrotrophs prior to pasteurization process
e  Activity of thermo-resistant enzymes
e  Growth of thermo-resistant psychrotrophs

e  Post pasteurization contamination that must be the important factor out of above three
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Due to lack of suitable transport systems and gaps in communication the milk received at dairy processing plants from
farms is 5 to 7 days old. Such a delay adds psychrotrophs to the milk and subsequent processing of the milk to removes
microbes from the unprocessed milk also aggravates the growth of psychrotrophs in the product. Most of the
psychrotrophs are sensitive to pasteurization, for this reason, the situation is not so serious but on the other hand, their

extracellular enzymes are heat resistant and are not inactivated by pasteurization.
13.3 Influence of Psychrotrophs on Milk and Milk Products
13.3.1 Raw milk

Psychrotrophs may produce different off-flavours in the milk products such as:

e Rancid flavor: Due to the production of lipase, formation of free fatty acids; rancid flavor (Cs-Cschain length) may be

increased by the action of phospholipase enzyme.

e Unclean soapy flavor: Due to the production of lipases, formation of free fatty acids; rancid flavor (Ci0-Ci2 chain

length)

e Metallic flavors: Due to the production of lipases; released unsaturated fatty acids are oxidized to aldehydes and

ketones

13.3.2 UHT milk

e Rancidity (1 to 7 month storage): due to the production of heat resistant lipases
e Gelation: due to the production of heat resistant proteases

13.3.3 Pasteurized milk

e Formation of precipitate, when milk is added to hot beverages (bitty cream): due to the production of phospholipase

and proteases from bacillus, fat destabilization
e Gelation: thermo-resistant proteases; requires 8.7x108 CFU/ml
e  Fruity smell: due to the synthesis is of esters
e Short shelf-life: stimulated by the presence of ethanol
e Sweet curdling: by protein hydrolysis
e Fouling in heat exchangers: the proteases decrease heat stability of the proteins

13.3.4 Pasteurized cream

e Rancidity during storage: The creams with high lipase comprise a group of Gram-positive, low-GC, acid-tolerant,
generally non-sporulating, rod or cocci that are associated by their common metabolic and physiological characteristics.
These bacteria are usually associated with milk and milk products, and produce lactic acid as a major metabolic end-
product of sugar fermentation. Many of the strains produce proteinaceous bacteriocins; highly effective against
pathogenic microorganisms. These are generally used for the industrial applications due to their GRAS (generally
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regarded as safe) status prior to pasteurization or from post pasteurization contamination byPseudomonas (mostly
fluorescent in nature).

13.3.5 Ice cream

Off-flavors: The cream of inferior quality (due to the enzymatic action)

13.3.6 Butter

Rancidity: The production of lipases in milk and cream by Pseudomonas, or by yeast in butter; C,-Cs fatty acids

Soapy, bitter: Similar to that as for rancidity, but C10-Ci, free fatty acids are responsible for the soapy flavor in butter

13.3.7 Powders

Rancidity: The confectionary, fat containing food of long storage in which milk or whey powders are added as the

ingredients; some lipolysis takes place in whole milk powder upon extended storage (i.e. >1 year)

13.3.8 Cheese

Taints, off-flavors in Cottage cheese: Due to the post pasteurization contamination by bacteria

e Rancidity in cheeses during 1 to 12 months of maturation: The production of thermo-resistant lipases that remain in

curd and continue their activity during the storage
e Loweryields: due to proteolysis
e Shorter making times, Cheddar: the starters are stimulated by proteolysis
e Longer making times: the starter are inhibited by the free fatty acids released following lipolysis

13.3.9 Control of psychrotrophs

This group of microbes may be controlled via different methods as given in Table 13.1, while applying alone or in

combination.

Table 13.1.Different factors that affect the growth of microorganisms

Method used Mode of action of different factors
Low temperature Slowing down the growth of psychrotophs
High temperature Denatures vital cell-components; hence, temperatures lower than

pasteurization can be applied

H20, Activation of lactoperoxidase system8 to 12 ppm of H,0,is sufficient

Glucose oxidase Enzyme generate H,0; that activates lactoperoxidase
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Lactic acid bacteria Generate H,0, that activates lactoperoxidase

Mixed culture of lactic and propionic | A combined action of propionic and acetic acid

acid bacteria

Chlorine It is added to acid-wash water used in cottage cheese manufacturing; which

can kill contaminant psychrotrophs

CO; injection in milk Influences the membrane permeability and decarboxylating enzymes

Sorbate Inhibits enzymes; that are active against catalase positive bacteria

Lactoferrin Combines iron in milk, consequently depriving bacteria that requires it for
growth

Lysozyme It attacks cell-wall components, induces cell-lysis

Spore germination activators Hippuric acid
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Lesson 14

EFFECT OF PROCESSING ON MICROORGANISMS IN MILK

14.1 Introduction

In Indian subcontinent milk production is regularly increasing during the last few decades and acquires the
position of nutritious food. Different plans have been introduced in past to improve the production and quality of
milk from farm to consumers. However, in India dairy sector is still dominated by the rural people, especially
farmers and at farm the advanced facilities to protect the milk from spoilage are scanty but upcoming. Because
of this, a major portion of total milk produced is spoiled by different factors during milking, transportation,
handling and storage of milk. The final quality of milk or its products is directly related to the hygienic quality of
raw milk produced. Therefore, milking production practices plays a major role in determining the hygienic quality
of raw milk or milk products as discussed earlier.

Table 14.1 Hygienic parameters [pH and microbial counts (cfu/ml)] of freshly drawn milk

Parameter(s) Minimum | Maximum

pH 6.33 7.0
Aerobic plate 1.3x10* | 1.5x10°
count

Total coliforms | <30 20.8x10°
Fecal coliforms | <30 2035
Staphylococci <30 10820

14.2 Effect of Cooling on Milk

Cooling of milk is a process of bringing the temperature of the milk below ambient temperature using a cooling
medium. The purpose of the cooling is to reduce the spoilage of milk by preventing or retarding the growth of
different group of microorganisms. Milk contains various microbes derived from different sources. The most
important spoilage and pathogenic micro-organisms in milk are mesophiles with a growth temperature ranging
between 20°C to 40°C. Cooling reduces the metabolic activity of micro-organisms by reducing the activity of the
enzymes necessary for metabolism, thereby reducing the growth and reproduction of the bacteria, especially
mesophiles.
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Table 14.2 The effect of storage temperature of milk on the growth of microbes

Temperature of Growth rate (p) after
storage (°C) 18 hr of storage
0 1.00
5 1.05
10 1.80
15 10.00
20 200.00

From the above data it is evident that the critical temperature is 10°C as beyond this the growth increased further.
Hence in practice, milk is cooled to below 5°C to increase the shelf life of raw milk.

14.3 Bactofugation

Centrifugal force provides an efficient means of improving the bacteriological quality of milk. The principle is
bacterial super centrifugation but when it is carried out under pasteurization, it is called ‘bactofugation’. However,
there is a tendency to use the term irrespective of processing temperature. Bactofugation removes bacteria, both
living and dead, from treated substances, whereas traditional heat treatment kills bacteria and leaves them in food.
Bactofugation is important in food-stuffs infected with bacteria, especially those containing thermo-stable
endotoxins.

The purposes of bactofugation are:

e To improve the hygienic quality
e To avoid heat resistant bacteria without resorting to excessive heating
e Where exceptionally high degree of bacteriological purity is sought

The process of bactofugation is based on Stoke’s laws
V = [r (d1-d2) g]/9n,
Where:

V = Velocity or solid or semi solid particle; di = density of particle to be separated; d2 = density of fluid; r =
radius of the particle; g = centrifugal force; n = viscosity of fluid

Since, bacterial dimension is nearly 1.2um and density is 1.070 - 1.120, it requires high centrifugal force. Based
on size and density certain species are removed more easily than others. Therefore, 90-95% of bacteria can be
removed by the application of 8000-12000 g of gravitational field for 8 sec at 50°C.

With two bactofuges in a series, 99% of bacteria can be removed at 72°C. This treatment has two fold effects. In
this condition a cell count reduction of 99% and colony count reduction of 99.9% is obtained. Bactofugation is
not a substitute for pasteurization or sterilization but used in conjunction with them to improve their efficiency.
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14.3.1 Advantages of bactofugation

In cheese:
= Prevents swelling in certain cheeses by butyric acid bacteria which are heat resistant
= Removal of bacteria without pasteurization which enables raw milk cheese production with more
typical cheese flavor.
In milk Powder: To reduce the count of microbes and significant removal of heat resistant bacteria.
Sterilized milk: The severity of heat treatment can be reduced.
e Cream: Bittiness caused by heat resistant Bacillus cereus is avoided.

14.4 Thermization

Thermization is the least heat treatment followed in dairy industry. Heat treatment used is in the range of 63-
65°C/15-20 s and cooling to below 6°C, optimum being 66-70°C/15 s.
Purpose of Thermization is:

e To destroy enzyme ‘lipase’ because milk produced on farm may not be taken daily to dairy

e To extend storage of raw milk during refrigeration

e To maintain daily production of products, when supply is reduced

It is designed to lower the number of psychrotrophs of raw milk to take care of lipolysis and proteolysis.
14.4.1 Factors affecting thermization process

e Raw milk - Initial load should be less than 5,00,000 cfu/ml. As load increases, the corresponding count after
thermization in 3 days storage at 6°C also increases because of elimination of only of psychrotrophs

e Heat treatment above 65°C is effective, but increasing the temperature at constant holding time promoted
of shelf life than increasing holding time at constant temperature. As temperature increases more number of
flora of enterobacteriaceae are destroyed

e Some bacteria may increase in number e.g. S. thermophilus (at 68°C/10 s)

14.5 Destruction of Microbes by Heat

Microbes are destroyed by heat, when microbial proteins are coagulated and enzymes required for their
metabolism are inactivated. The death of microbes is also due the thermal denaturation of the secondary and
tertiary structure of macromolecular cellular organizations i.e. DNA, proteins and membranes.

Decline of viable count in a given interval is proportional to the initial concentration of living cells. The effect of
heat depends on the intensity of temperature and duration of exposure. The effect varies with the type of micro-
organism, state of organism and environment during heating. Following term involving are used to denote heat
destruction:

e Decimal reduction time (D value)
e Z-value
e Qo value
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e Fovalue

D-Value is defined as the time in minutes taken to destroy 90% of the viable micro-organisms at specific
temperature. D-value is the index of the time-temperature needed to reduce microbial numbers in a system by one
log cycle e.g. one million microorganisms — reduced to 100 by heating the milk for the time equivalent to four D
values.

Z-Value designates the slope of a thermal death curve. It is the number of degree of temperature required for a
specific death curve to reduce the counts by 1 log cycle. In other words, it is the temperature difference that results
in ten folds change in D value. Z value for spore formers is 18 and for non-spore formers is 10-14.

Q1o Value

It is defined as a factor by which reaction rate is increased by increasing the temperature by 10°C.

Q10 Value = Rate of reaction (T + 10°C) divided by rate of reaction at T°C

Q10 value for chemical reactions is 2 to 4; for microbial inactivation it is 10 to 30 and for spore destruction it is 8
to 12.

10 Z=log Q1o

Fo-Value is a total integrated lethal effect and it is used to measure microbial severity of a thermal process. It is
expressed as minutes at a specified reference temperature of 121°C when Z equaled 18. Fg value indicates F value
when Z equaled 18 e.g. Fo value is 10 minutes at 121°C which is equivalent to 1 minute at 131°C.

Clostridium botulinum cook

The minimum heat treatment recommended for low acid products (>4.5 pH) is 121°C for 3 min or equivalent.
This results in 12 D reductions for Clostridium botulinum. It is selected because, it is most heat resistant pathogen
and hence the minimum heat treatment recommended to achieve 12 D reductions is known as
minimum Clostridium botulinum cook.

14.6 Pasteurization of Milk

Louis Pasteur (1860-64), a French scientist, heated wine to 50-55°C to increase the keeping quality and this
method known as pasteurization has been frequently used in industry with some modification. As per the
definition, pasteurization is: LTLT=63°C/30 min or HTST= 72°C/15 s and cooled to 5°C or below.

14.6.1 Objectives of pasteurization

« Destroy all the pathogenic organisms present in milk.
* Reduce the load of non-pathogenic organisms and increase shelf life.

The most important heat resistant pathogen is Mycobacterium tuberculosis. Thus, the minimum heat treatment
was established to guarantee the inactivation of M. tuberculosis. The pasteurization deals effectively with almost
all pathogens satisfactorily except for Bacillus cereus.
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Milk contains alkaline phosphatase enzyme that is inactivated at a temperature-time combination similar to that
of pasteurization. Alkaline phosphatase can be measured by a simple chemical test known as phosphatase test.
Some of the conditions of pasteurization are placed below:

Table 14.3 Time-temperature combinations

Microbes Duration of exposure
30 min (°C) 155 (°C)
M. tuberculosis 58.9 70
Phosphatase 61.1 71.1
Pasteurization 61.7 71.7
Cream line reduced 62.2 72.2

14.6.2 Effect of pasteurization on Raw Milk Microflora

Raw milk contains a mixed microflora arising from several sources. Holding temperature prior to pasteurization
is quite important. Above 10°C, all the micro-organisms in raw milk multiply actively. This includes heat resistant
non-spore formers and spore formers. If this number of heat resistant micro-organisms increases the total count
of milk after Pasteurization will also increase.

<10°C — Growth of contaminating strains rapidly falls.

<5°C — Gram negative rods grow significantly like Pseudomonas that are capable of producing heat resistant
enzymes. B. cereus may grow and produce toxins.

Theoretically it is not possible to destroy all the microbes in milk by heat treatment but the purpose of
Pasteurization is to reduce probability of pathogens surviving the process to such a level that the public health
risk from drinking such milk is negligible.

Table 14.4 Thermal resistance of some microorganisms

Percent survivors Heat treatment
63°C/30 min 80°C/10 min

Bacillus 54 61

Coryneforms 46 37

Gram- 0 2

positive

Gram-negative 0 0

14.6.3 Effect of pasteurization on thermodurics in milk
A. Source of thermodurics from milk:
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e Gram-positive organisms: Only Alcaligenes tolerans survives pasteurization
e Gram-positive cocci

a) Micrococci — large number in raw milk but outgrown by others at 7°C. These are unable to grow due to
lactenin, a natural inhibitor in milk. These also occur on dairy equipments.

b) S. thermophilus, E. faecalis and S. uberis: A number of strains of these are thermoduric but grow slowly
at refrigeration temperature between pasteurization and consumption. Milk containing high thermodurics
also contains appreciable number of haemolytic streptococci.

c) Anaerobic spore formers — unable to grow because of high redox potential of milk but sometimes isolated
from milk.

d) Aerobic spore formers — survive pasteurization
Mesophilic — B. licheniformis most important followed by B. pumilus, B. subtilis
Thermophilic — B. stearothermophilus
Psychrotrophic — B. coagulans, B. circulans, B. mycoides

e) Coryneform groups — Survive and form substantial portion of microflora of pasteurized milk but do not
grow at low temperature.

B. Inadequately cleaned utensils.

C. Accumulated in pasteurization plant due to improper cleaning methods.

D. Re-pasteurization of returned milk: because of growth of thermodurics on storage after first pasteurization.
E. Use of pasteurized skim milk or cream for standardization.

F. Summer months due to poor cooling.

14.6.4 Effect of pasteurization on psychrotrophs in milk

« Pseudomonas, Flavobacterium, Acaligenes, Achromobacter are destroyed by pasteurization.

« Part of normal flora of milk and grow fast as temperature increases up to 25°C.

« Pasteurization destroys all psychrotrophs to the extent that survivors do not deteriorate flavor deterioration
even over extended storage. But post pasteurization contamination is a major problem.

« Psychrotrophs can cause the problems in pasteurized milk like unclean flavor, putrid, fruity, rancid, sour,
ropy, greenish yellow discolorations.

14.6.5 Effect of pasteurization on thermophilic organisms in market milk

These are non-pathogenic and usually associated with high acidity and off-flavors. Facultative thermophiles grow
at 37°C and at 55°C however obligate thermophiles do not grow at 37°C but grow at 55°C and even up to 70°C.
There are some factors that affect the thermophile count:

i) Raw milk — contains few thermophiles but these may increase on storage at higher temperature and gain
access via soil beddings, feeds etc.

i) Pasteurizer — inside surface and holder tubes, pre heaters, filter cloths etc. HTST — no problem of
thermophiles because of too short residence time of milk (total 70-80 s), but filter cloths used are problematic.
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iii) Re-pasteurization and returned milk:
a) addition of returned milk
b) dripping from bottle fillers to raw milk contain very high thermophiles
c) skim milk or cream from returned milk for standardization.

iv) milk foam left in equipment is an excellent source

v) dead ends where hot milk is allowed to stand for any appreciable time.

14.6.6 Effect of pasteurization on coliforms

Coliforms are undesirable in pasteurized milk. Placed below there are some factors that effects the counts:

a) Raw milk — improper sanitation of production i.e. fecal contamination through water, exterior of animal and
improperly cleaned utensils.

b) Pasteurizing plants:

i. Improperly cleaned pipelines, pumps, fillers, bottles etc.

ii. Condensate drippings at various places

iii. Personnel unsanitary practices

iv. Defective or worn-out equipment having pits and pockets that favor accumulation of milk solids.

v. Defects - gassiness, ropiness, unclean flavor, medicinal, bitter flavor

14.6.7 Effect of pasteurization on pathogens

Pathogen presence is due to improper pasteurization and, post processing contamination both. No recorded
cases of pathogens, if pasteurization is done as per IDF standards. Incidents

of Staphylococcus,Salmonella, Campylobacter, and Yersinia are reported but B. cereus was not reported though
it can survive pasteurization.

The possible sources of post-processing contamination:

(a) Human carriers

(b) Thermophiles in final regeneration are shed into pasteurized milk

(c) Holes in plate heat exchanger of regeneration section allow raw milk mixes with pasteurized milk that can be
avoided using high pressure on processed milk

14.6.8 Effect of pasteurization on keeping quality

Keeping quality of pasteurized milk is 5-7 days at refrigeration temperature. Spoilage depends on type and number
of micro-organisms and also on temperature of storage. Unclean and bitter flavors are due to Gram-negative rods
and bitter off-flavors are due to B. cereus at 10° cfu/ml. Acid production, coagulation, protein destabilization are
brought by acid producers like Lactococcus lactis ssp lactis.

During Pasteurization, Psychrotrophs are destroyed but enzymes produced by these are ‘thermostable’. Proteases,
lipases and phospholipase have less time to react at low temperature storage because of keeping quality of 5-7
days.

14.7 UHT Processing of Milk
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The purpose of UHT treatment of milk is to produce sterilized milk that is meant to:
e Keep without deterioration i.e. remain stable and of good commercial value for a sufficient period
e Be free of microorganisms and toxins harmful to the health of consumers
e Be free of microorganisms liable to proliferate during storage

IDF recommended a temperature 135-150°C/1-4s for UHT treatment of milk.

14.7.1 Microbes in milk and their response to UHT

Class I: Microbes killed by conventional pasteurization temperature of 71-72°C for 15-30 s. This eliminates most
vegetative cells of bacteria like S. aureus, haemotylic streptococci, Gram-negative enterococci (E.
coli, Salmonella sp.), Pseudomonas, B. abortus, M. tuberculosis, all yeasts and moulds.

Class Il: Resistant to HTST, but sensitive to UHT i.e. 135-150°C/1-4s HTST is tolerated by some thermoduric
vegetative cocci like enterococci, some micrococci, microbacteria, thermophilic bacilli (L. bulgaricus,
Lactobacillus lactis), S. thermophilus, thermoduric aerobic and anaerobic spores.

Class I11: Obligate thermophilic soil bacterium B. stearothermophilus are known to withstand UHT treatment of
milk. Some spores of mesophilic bacilli and clostridia may survive, if milk is heavily contaminated.

Table 14.5 Heat resistance of spore formers (in sterilized milks)

Microorganisms Decimal reduction
time (s) at 121°C

Clostridiumbotulinum 3

B. cereus 2-4

B. coagulase 18

B. subtilis 3-20

B. stearothermophilus 200-500

B. stearothermophilus is most resistant and constitute greatest hazard in spoilage of sterilized milk product.
14.7.2 Spoilage of UHT milk

It is caused due to
(a) Enzymes those are heat resistant
(b) Post processing contamination either from packaging operation or improper cleaning of system.

Spoilage is characterized by bitter off flavor, gelation and coagulation of milk proteins. Psychrotrophs and aerobic
spore formers do produce proteases and lipases at a storage temperature of as low as 4°C. Some of these enzymes
are most heat resistant. Enough enzymes are produced at 5°C by as few as 103-10*pseudomonas/ml to cause
significant loss of native milk proteins and bitter flavor. Most of UHT spoilage can be traced to packaging failures.
Aseptic filling of UHT milk is of utmost importance. Since contamination with one viable bacterium is able to
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reproduce in milk will inevitably spoil the product during storage within few days. Contamination risk with
sterility of packaging material and contamination is mainly by class I and Il micro-organisms, is mainly due to

e During change of paper rolls

Worn out gaskets in sterile portions of equipment that harbor microbes
e Condensed water at the filling pipes
e Faulty sealing of packages.

If contamination by insufficient sterility of packaging material is due to faulty sealing or corroded plates of plate
heat exchanger, then the contamination micro-flora is most variable and varies between package to package. If
contamination is due to gaskets or condensed water, then all contaminated packages contain uniform microflora.

Microbes that will enter the product more probably are those found in water stagnant on dairy floors —
Pseudomonas, Micrococcus, Enterococcus Bacillus and some yeasts. But these do modify milk visibly (i.e.
coagulation, proteolysis, staining and flocculation) or produce off flavors or a measurable property (i.e. pH,
acidity, redox potential) but UHT milk cannot attain cell concentration of >10°/ml so these must be detected by
direct counts on culture medium.

14.7.3 Quality control of UHT milk

Satisfactory process shows spoilage level not higher than one per 1000 containers.
Packs test, 50 to 100 units’ daily/ line, if the line gives 4000 units/ hour. This amounts to 0.1 — 0.2% of the whole
production.

e Pre incubation of packs for sufficient period is done. The temperature should be between 25-30°C/7-9 days
and incubated at 55°C for thermophilic spores. The appearance, pH, taste and blowing of packages are
recorded.

e The defective packages are tested by streaking on agar plate and incubated at 30°C/2 days or 55°C/4days.
Streaking is done to know the nature of micro-organism by going morphological, oxidase and catalase tests.

e Interpretation should be:

Thermophilic spores — insufficient heating of the product
Mesophilic spores - survived heat treatment or recontamination.

14.7.4 Methods to improve the quality of UHT milk

e  Use raw milk of low SPC and psychrotrophs
e Milk collected from hygienic milk shed areas
e Immediately after collection, milk is subjected to pasteurization (or) thermization
e Test sample of milk in sealed ampoule in oil bath at 130 — 140°C
e Better use recombined or reconstituted milk with very low spore count
e LP system preservation of farm milk
e Bactofugation with 1000 I/h flow rate
e Nisin — active against spore formers (aerobic/anaerobic) but that is not approved by PFA.
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14.8 Sterilization of Milk

Sterilization means exposing the milk to 118 - 120°C for 15 to 20 min. Sterilized milk should contain neither
bacteria nor bacterial spores.

14.8.1 Bacterial spores of raw milk

Raw milk contains a considerable number of bacterial spores although this number may be low in comparison
with total bacterial count.

Bacterial spores gain entry into milk mainly by contaminate with:

- Dust particles
- Soil and
- Manures

Thus, the density of spores in the milk is higher, when the animal is milked in stable than in open air.

More than half of spores in raw milk belong to the species of Bacillus licheniformis. Other spores of considerable
importance are B. pumillus, B. subtilis. But lesser number of spores of B. cereus, B. circulance, B. megatherium,
B. stearothermophiulus (thermophilic) and Clostridium spp. are also encountered. Among the mesophilic spores
present in raw milk those of B. subtilis are most thermoresistant.

14.8.2 Survival of bacteria in sterilized milks

Because of deleterious effect of sterilization upon certain physic-chemical properties of milk, there is often
tendency to use the minimum amount of heat treatment, with the result occasionally bacteria are developed in
sterilized product. When B. subtilis is present, it gives extremely ‘bitter taste’ and ‘proteolysis’ occurs.B.
circulans presence in sterilized milk produces ‘carbolic taint’. When sterilized milk is incubated at higher
temperature, it is possible that more species may be found. The presence of B. coagulans and of facultative
thermophilic bacilli can be demonstrated by tests at 37°C. Test at 55°C can demonstrate the ‘presence of bacteria
of B. coagulans and groups of obligate and facultative thermophilic bacilli. Presence of B. cereus and B.
subtilis indicates the lower intensity of heat treatment. The spores of B. cereus are less thermo-resistant than those
of B. subtitis. Hence the presence of B. cereus in greater in number than B. subtitis indicates insufficient degree
of heat treatment.

The presence of B. circulans that produces carbolic taint is often associated with improperly washed bottles.
These bacteria grow even at rather low temperature quickly and abundantly form spores in milk from returned
bottles contaminate the bottle washing machine. When the temperature and alkalinity of detergent solutions are
not sufficiently efficient, large number of B. circulans spores may survive the treatment and infect clean bottles.
The in-bottle-treatment fails to Kill the spores; hence, more infected bottles are returned and contaminate the bottle
washing machine. Thus, a vicious circle is set up which is fatal to the product unless measures are taken to improve
the standards for bottle sterilization.
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The presence of B. coagulans and thermophilic bacilli is usually associated with the filler. For reasons of economy
and quality milk is mostly bottled at higher temperature. These bacteria develop in filler, forms spores and
contaminate milk during bottling, often surviving later in bottle treatment. Development of B. coagulans group
can be easily controlled by using filling temperature and their growth is retarded at 60°C and prevented at 65°C.
The development of thermophilic bacilli can be controlled only thorough frequent cleaning and disinfection of
filler. At a maximum bottling temperature of 80°C, thermophiles develop much lesser than at frequently used
bottling temperature of 65-70°C.

Anaerobic spore formers are practically never present unless milk has been strongly under sterilized, as anaerobic
spore forms are less resistant then aerobic spores.
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Module 4. Microbiological methods of milk testing

Lesson 15

QUALITATIVE AND QUANTITATIVE METHODS OF MILK TESTING

15.1 Introduction

Microbiological quality control test of milk can be divided into two groups: for example ‘direct tests’
(Quantitative) and ‘indirect tests’ (Qualitative).

15.2 Quantitative Tests

The direct tests are helpful for assessment of the actual number of bacteria present in milk by microscopic
examination, direct microscopic count (DMC) or by enumeration of the colonies formed by viable cells of
bacteria, Standard plate count (SPC).

The microscopic examination of raw milk sample provides a rapid indication of the quality of liquid milk. It must,
however, be noted that, because of the small sample volume which is being examined, any direct microscopic
count is insensitive if the bacterial load is less than 500000 per ml.

By the microscopic method, clump counts can be determined. When determining the individual count, all
bacterial cells within clumps or in isolation are counted. Dead bacteria can also be stained in this method.
However, bacteria killed by heat usually disintegrate soon after, or lose their staining ability. In addition, there
are stain solutions that permit the recognition of dead cells, e.g. acridine orange only stains viable cells, and then
the microscopic count can be applied to heated milk, or reconstituted samples of powdered milk, to furnish the
information concerning the history of product.

The microscopic method can also be used for counting the somatic cells. For milk from individual quarters of
cows in normal lactation, a somatic cell count of 125 x 10°— 250 x 10° per ml, and for bulk milk a somatic cell
count of 500 x 10% per ml, has been recommended by IDF, although many countries accept counts of 500 x 10° to
100 x 10* per ml.

15.3 Pour Plate Methods

The plate count or pour plate method is often used for estimating the number of viable number of micro-organisms
in liquid, reconstituted or suspended dairy products. Due to a wide range of bacterial counts occurring in dairy
products, bacteria can often only be counted after diluting the liquid. A number of 10-fold serial dilutions of the
sample are prepared.

One ml of the dilution is mixed with the liquefied sterile agar medium in a sterile Petri dish. After solidification
of the agar, the Petri dishes are incubated at a specific temperature and for a suitable period of time. The bacterial
cells grow to recognizable colonies that can be counted. Plates with 30-300 colonies are selected for counting.
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The loop method (plate loop count) is less time-consuming than the traditional pipetting, is adversely influenced
by the following factors:

Depth and angle of loop penetration

Spread of loop removal

Temperature of milk and

Wetting ability of the loop and bacterial morphology

The manual plate loop count was suitable for routine lab that analyzes 4000 samples per month. Various
automated and semi-automated apparatuses have been developed in an attempt to fully standardize the plate loop
method with respect to the angle at which the loop is removed from the sample, the depth of immersion, and the
speed of movement of the loop. When these precautions are taken, the very small amount (0.1 pl) of the sample
may not be representative of the product tested, except perhaps for the 0-1 ul, hook.

15.4 Colony Counters

These are designed to count colonies on agar plates. Most of these colony counters consist of a television camera
to detect the colonies on the illuminated Petri dish, and a small electronic computer for detection, counting and
control. Up to 150 plates per hour may be counted using these counters. The counting of impurities, lumps, un-
dissolved parts in the media or air bubbles can be avoided, as these only occur due to the carelessness of the
personnel. More serious problem is of counting pinpoint colonies, which are sometimes formed by thermodurics.
Colonies smaller than 0-20 mm are usually not counted, while the human eye can see and count colonies
exceeding 0-10 mm. Another disadvantage is that, automatic counters cannot distinguish colors or colored
colonies. Colonies on media that absorb light, e.g. blood agar, are difficult to count, while diffuse media, e.g. agar
containing milk, may cause difficulties because the contrast between colonies and background is too limited.
When Petri dishes known to be difficult to count by an automatic colony counter are eliminated, the counts
obtained are as accurate as those obtained manually, although the counts are usually 10-15% lower, owing to the
exclusion of peripheral colonies.

15.5 Electronic Colony Counters

Another approach to count colonies is electronic micro-colony counting using particle counters (coulter principle)
the micro-colonies grow in a solid nutrient medium containing gelatin that is melted before counting. This method
can also be applied to bacteria grown on selective media.

15.6 Surface Count

Surface colonies grow faster and can be counted after 24 h. Where it is desired to produce surface colonies, the
spread method or the drop method can be applied. In the spread method, 0-1 ml of the 10-fold dilutions are
transferred to, and spread over, the dry surface of a solid agar medium. After incubation, plates on which the
overall growth has been retarded due to overcrowding of the colonies must be discarded and the rest are counted.
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15.7 Membrane Filtration

When the bacterial count of a sample is low, and the sample or its dilution can be efficiently filtered, the membrane
filtration method is most suitable. After the sample is passed through the membrane, the latter is placed on a solid
agar medium, or on a filter pad that has been saturated with liquid medium. After incubation, the bacteria grow
into colonies on the membrane. The test is only effective, if the number of colonies per membrane is in the range
of 10-200 (optimum: 50). When the medium does not contain an indicator, it is advisable to stain the membrane,
e.g. by gently flooding the surface with a 0-01 % aqueous solution of malachite green-oxalate, to confirm the
count.

15.8 Most Probable Number (MPN)

MPN test makes use of a statistical technique to determine low counts of bacteria in dairy products. Three sets of
three or five tubes, each containing sterile medium, are prepared and inoculated from each of three consecutive,
10-fold dilutions. Tubes showing bacterial growth after incubation are positive. From the number of positive tubes
in each set of three or five tubes, the MPN of bacteria are counted per unit of sample, as per MPN table. When
more than three dilutions are made, only the results from three consecutive dilutions are significant. The highest
dilution which gives positive results in all of the tubes, and the next two succeeding higher dilutions, should be
chosen. When the weight or volume of sample in the first dilution is 10 or 100 times less than the weight or
volume listed in MPN tables, then the count tabled will be multiplied by 10 and 100, respectively.

15.9 Counting Single Bacteria

Apparatuses have been developed that are able to, rapidly, count the number of viable single bacteria in milk. The
bacteria, stained with a fluorescent dye (acridine orange), are detected by an image analyzer microscope or
alternatively, a small quantity of the diluted 'milk’ is applied to a rotating disc that spins in front of a narrow slit
in the detector. The fluorescent light emission of the bacteria is transformed into pulses of electricity that in order
to avoid interference due to other particles, like fat globules, protein micelles and somatic cells, these materials
may be initially separated by centrifugation; the bacteria in the 'milk" are then clearly visible. The separation,
dilution, chemical treatment and staining are performed automatically. The same principle is also applied for the
counting of somatic cells in milk.

15.10 Qualitative Methods

Dye reduction tests are indirect methods of assessing the microbiological quality of milk. These are based on the
metabolic activity of the microorganisms. A correlation is made between the time required for the reduction of
dye and probable number of bacteria in milk.

The principle of these tests is to add dyes, like methylene blue, resazurin or trimethyltetrazolium chloride, to milk or liquid
dairy products, and to measure the color change after incubation. The color change is based on the dehydrogenase activity

of the bacteria present in sample.
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Dehydrogenases are mainly flavin enzymes that transfer hydrogen ion from a substrate to biological acceptor or redox
dye which then undergo a color change. When bacterial cells multiply in milk these consume dissolved oxygen that acts
as an electron acceptor. As more and more oxygen is used, it gets depleted, and the dye starts acting as electron acceptor
instead of oxygen. Consequent to the lowering of oxygen, the redox potential shows a decline and this decrease in redox
potential changes the color of the dye. Such dyes, methylene blue and resazurin are known as leucoform dyes. The rate
of reduction of dyes that depends on the enzyme activity has been used as an index of number of microbes present in

milk. The time needed to change or to decolorize the dye is an index of the bacterial load of the product tested.

Dye reduction tests however, are of little value as an index of the bacterial count of refrigerated milk, because
this relationship is poorly correlated. The reason is that most of the bacteria of refrigerated milk are in a dormant
state. Furthermore, a relatively large proportion of bacteria present are psychrotrophs. These micro-organisms,
compared with lactic acid bacteria, have a low dehydrogenase activity, a characteristic that contributes to the low
correlation between bacterial count and methylene blue reduction time or resazurin disc reading. In order to
achieve the same reliability of, methylene blue test for non-refrigerated milk, approximately twice as many
samples of refrigerated milk 'have to be tested. Pre-incubation (13-18°C for 16-24h) has been shown to be
unsuccessful in improving the relationship between bacterial count before incubation, and the results of a
metabolic activity test after pre-incubation. Similar results were obtained with the nitrate reductase test, which is
only suitable as a method of detecting samples with a content of coliforms, psychrotrophs and other contaminating
bacteria in excess of acceptable standards.

Because of these problems, the suitability of other metabolic activity tests is also investigated. The break-down
process that takes place in milk can be classified as glycolysis, proteolysis and lipolysis and often the heat-resistant
enzymes, that can survive processing, are produced by bacteria. A measurement of catabolic activity of the
bacteria present would thus give a better index of the total bacterial load than either dye reduction tests or the
colony count.

The key substance of most microbial metabolic processes is pyruvate. Thus, pyruvate content of milk products is
a function of types, numbers and activity of the micro-organisms that are present. The natural pyruvate content
of raw milk is approximately 0-5 mg per kg, that would correspond to a plate count of 50000-100000.

Adenosine triphosphate is present in all living cells and serves as the universal energy carrier during catabolic
reactions. Milk contains free ATP originating from somatic and bacterial cells. The ATP content of bacterial cells
is fairly constant and has been used as an index of the bacterial load of milk. The ATP determination is used as
an indirect assay of the bacterial quality of milk sample. The ATP test does, however, have certain limitations
that prevent it from being recommended as a rapid bacteriological test. These limitations include lack of
sensitivity regarding bacterial loads of less than 100000 ml-, over estimation caused by residual somatic ATP,
and difficulties regarding standardization because of residual somatic ATPase.

During active growth, microorganisms alter certain non-ionic substances (e.g. lactose and glucose) to ionic
compounds, like pyruvic or lactic acid. An accumulation of these ionic compounds leads to increased resistance
to the flow of an alternating electrical current (impedance). The electrical impedance in a culture medium remains
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fairly constant until a threshold of 10%-107 cells per ml is reached, when major changes in impedance start to
occur. The time taken to reach the threshold value is indicative of the initial bacterial load in raw milk. A limitation
of this method is that while a very good correlation exists between the impedance detection time and the standard
plate count, if the predominating micro-organisms are mesophilic, a very poor relationship exists, if psychrotrophs
are dominant.

Another interesting metabolic activity test is the oxygen test carried out by means of an O; electrode. The
magnitude of decrease in oxygen increases in relation to the initial bacterial count. However, due to the different
procedures of handling milk and liquid dairy products, such as different time lapses until testing, and/or the time
and speed of stirring, a direct measure of Oz content does not give a clear indication of bacterial count. The
samples have to be saturated with air (e.g. by shaking) followed by a specified period of incubation to obtain a
close relationship between O, and bacterial counts. The multiple regression relationship between O> and bacterial
counts was consistent enough (r = 0-70) to recommend the 6 h Ootest as an index of total mesophilic and
psychrotrophic count.

In conclusion, it may be stated that metabolic activity tests give an indication of the relative metabolic rates of
the various microorganisms, while the bacterial count gives information about the effectiveness of production
hygiene. Metabolic reactions caused by bacteria can be measured when the bacterial count exceeds 50000-100000
per ml, but they are difficult to measure in high quality products.

Pre-incubation of samples will increase the activity of the bacteria present, but this increase is, however, not
consistently related to the initial bacterial count. When the bacteriological quality of product has reached a high
level, the counting of bacteria or the determination of specific groups of bacteria (psychrotrophs, coliforms,
thermoduric bacteria, etc.) is recommended in preference to metabolic activity tests.
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Lesson 16

DYE REDUCTION TESTS

16.1 Introduction

As already said in lesson 15, the microbiological quality control testing of milk can be divided into two different
groups: for example ‘direct tests’ (quantitative) and ‘indirect tests’ (qualitative). Here we shall be discussing the
qualitative tests of milk in detail.

16.2 Methylene Blue Reduction Test (MBRT)

The methylene blue reduction test is based on the fact that the color imparted to milk by the addition of a dye like
methylene blue will disappear more or less quickly. The removal of the oxygen from milk and the formation of reducing
substances during bacterial metabolism cause the color to disappear. The agents responsible for the oxygen consumption
are the bacteria. Though, certain species of bacteria have considerably more influence than others, it is generally assumed
that the greater the number of bacteria in milk, the quicker will the oxygen be consumed, and in turn the color will
disappear. Thus, the time of reduction is taken as a measure of the number of microorganisms in milk. Although, it is likely
that it is more truly a measure of the total metabolic reactions proceeding at the cell surface of the bacteria. The test is
useful in assessing the bacteriological quality of milk by determination of the time taken for the reduction of methylene

blue in milk indicated by its colour change.

16.2.1 Principle

Oxidation reduction potential of a substrate may be defined generally as the chemical process in which the
substrate either loses or gains electrons. When an element or compound loses electrons the substrate is said to be
oxidized, while a substrate that gains electrons becomes reduced.

Milk, as it exists in the udder has a sufficiently low redox potential to reduce the methylene blue immediately.
The processes like milking, cooling, dumping etc. raise the oxidation reduction potential of milk to +0.3V,
because of the incorporation of atmospheric oxygen. At this particular O-R potential, methylene blue is in
oxidized state. When bacterial cells multiply in milk these, consume dissolved oxygen and as more and more
oxygen is used and gets depleted, the dye starts acting as electron acceptor instead of oxygen. As the oxidation
reduction potential decreases from + 0.06 to — 0.01 V, methylene blue gets reduced. One atom of hydrogen is
taken up by the double bonded nitrogen of the dye that converts it intocolourless state. The greater is the number
of microorganisms in milk, the greater is the metabolic activity and the faster is the reduction of methylene blue.
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N(CH3)?
Methylene blue
(blue)
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(Colorless)

Fig.16.1 Conversion of methylene blue to leucomethylene blue

MBRT is a rapid, sensitive and low cost, yet a simple quantification method to evaluate viable count during a growth
experiment. It is widely used in dairy industry to determine the microbial load in the milk. This test involves the addition
of methylene blue into a milk sample and measuring the time required for decoloration. The disappearance of color in a
short time indicates a high microbial load. The disappearance of color is due to the removal of oxygen from milk and

formation of reducing substances during bacterial metabolism.

Methylene blue in a sample containing microorganisms gets reduced to dleukoT or colorless form of the dye at the cell
surface via reductase enzymes present in the cell membrane. This colorless form of methylene blue is uncharged,
lipophilic, and enters cells by diffusion across the plasma membrane, where it is re-oxidized and thus sequestered within
the cells. If oxygen is available, reduced methylene blue can be oxidized by the mitochondrial electron transport system

that will result in the reappearance of the blue color.

Although the exact mechanism of dye reduction is not clearly known, some reports available suggest that MB is reduced
by transmembrane reductases. This mechanism is applied to evaluate the microbial load in a liquid medium. The shorter
time required for the disappearance of the blue color is indicative of a higher microbial load. It is assumed that greater
the number of microorganisms, more the oxygen demand and lesser the oxygen concentration in medium resulting in the
faster disappearance of the color. This fact has been used as a broad indicative test of a microbial load representing

microbial quality of milk.
16.2.2 Standard solution of methylene blue

One tablet of methylene blue thiocyante or chloride is dissolved in 200 ml of cold sterile glass distilled water by gentle

heating to facilitate dissolving and then add another 600 ml distilled water.
16.2.3 Procedure

The samples of milk are mixed thoroughly. If the milk is in a bottle/ sachet, it shall be inverted at least 25 times to mix the
fat uniformly with the milk. Take 10 ml of milk into a test tube and add 1 ml of standard methylene blue solution. Invert

the test tube to mix the milk and methylene blue solution. Place the test tube in a thermostatically maintained water bath
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at 3740.5°C and note down the time of incubation. Observe the test tubes after 30 min for decolourization reduction of
dye. If there is no decolourization the tubes are inverted once and transferred to the water bath for further incubation.

After 30 min, continue to observe for the reduction of dye at an interval of every one-hour. The milk shall be regarded as

decolorized, when the entire column of milk is completely decolorized or is decolorized up to 5 mm of the surface.

16.2.4 Grading of milk

The quality of raw milk is adjusted by making the following observations

Table 16.1 Grading of milk based on MBRT as per BIS standard

MBR Time (hr) Quality of raw milk
5 and above Very good
3and4 Good
land?2 Fair

1/2 and below Poor

Table 16.2 Grading of milk in MBR test

Quality of milk | Reduction time Approx. keeping quality/ml | Approx. bacterial count per
mi
Good 5 % hour or more 40 hrs Below 5,00,000
Fair 2to 5% hours 30 hrs 5,00,000 to 40,00,000
Bad 20 minutes to 2 hrs 10 hrs 40,00,000 to 2,00,00,000
Very bad 20 minutes or less Less than 10 hrs Above 2,00,00,000

16.2.4 Factors affecting the MBRT

These are factors that affect the MBRT and therefore, the steps of operation should be uniform.

1. Since, the oxygen content must be used up before the colour disappears; any manipulation that increases the oxygen

content affects the test.

a. Cold milk holds more oxygen than warm milk

b. Pouring milk back and forth from one container to another increases the oxygen, and

c. During milking time much oxygen may be absorbed.
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2. The rate of reduction of dye depends on the type of microorganism
a. Coliforms appear to be the most rapidly reducing microorganisms,
b. Closely followed by Lactococcus lactis spp. lactis, some of the faecal Streptococci, and certain micrococci.
c. Psychrotrophs reduce methylene blue very slowly.

3. Presence of a large number of leucocytes as in mastitic milk will affect the reduction time materially.

4. Light hastens reduction process and therefore, the tests should be carried out in relatively low light.

5. Concentration of dye should be uniform as an increased concentration lengthens the time of reduction.

6. Increasing the incubation temperature augments the activity of the bacteria and therefore shortens the reduction

time.

7. Creaming of milk causes a number of micro-organisms to be removed from of milk and brought to the surface with

the rising fat. This factor causes variations in the reduction time, since the bacteria are not evenly distributed.

8. The accuracy of test is increased, reduction time shortened and decolourization more uniform, if the samples are

periodically inverted during incubation.

16.3 Resazurin Reduction Test (RRT)

Resazurin reduction t is another method of dye reduction test and the principle of this test is nearly similar to methylene
blue reduction test. In MBRT the time for reduction of the dye is measured, while in RRT, at a fixed period time, specific
shade of colour and its intensity is measured. There are two variations in RRT of testing milk. One is 10 min RRT test that
can be used as a rapid platform test for quick assessment of milk at the raw milk reception dock. The other one is a one

hour RRT performed in the lab.

16.3.2 Principle

Unlike methylene blue the resazurin undergoes reduction through a series of colour shades viz., blue, purple, and
lavender, pink before completely getting reduced to colourless. Resazurin dye which is blue in colour at the oxidation-
reduction potential of + 0.3 volts undergoes an irreversible change to pink colour compound (resorufin) when the redox
potential reduces to +0.2 volts. When the redox potential is reduced further to + 0.1 volts or less, the colour of dye changes
to colourless (dihydroresorufin), which is a reversible reaction. Usually, the degree of reduction of the dye is measured
after a fixed time of incubation of milk sample in the presence of dye. The reduction of dye to a particular shade of colour
is dependent upon the extent of depletion of oxygen by metabolic activity of microbes. The colour change is measured

with the help of a Lovibond colour comparator and a standard resazurin disc.

16.3.3 Standard solution of Resazurin

One tablet of Resazurin is dissolved in 50 ml of cold sterile glass distilled water by gentle heating to facilitate the
dissolving. This is the bench solution for direct use and should always be used as fresh.
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Alternatively dissolve 0.05 g of resazurin powder in 100 ml of distilled water and boil the contents for 30 min. This will
make a standard solution of 0.05%, which should always be kept in a cool and dark place, stored in an amber coloured
bottle. The bench solution (0.005%) for regular use should be prepared freshly by diluting the standard solution with

distilled water i.e. 1 ml of standard solution with 10 ml of distilled water.

16.3.4 Procedure

Take 10 ml of milk into a test tube and add 1 ml of working solution of Resazurin solution.
e  Put air tight closure to prevent oxygen entry
e |nvert the test tubes to mix the milk and Resazurin solution.

e Place the test tubes in a thermostatically maintained water bath at 37 £ 0.5 °C and note down the time of incubation
(10 min or 1 h).

e At the end of incubation match the colour of the milk with one of the colour standards of Resazurin disc.

16.3.5 Resazurin chemical structures

©
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N
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Fig.16.2 Resazurin

Resazurin (7-Hydroxy-3H-phenoxazin-3-one 10-oxide)

NaO o) 0

Fig.16.3 Resorufin

Resorufin (7-hydroxy-3H-Phenoxazin-3-one, sodium salt)

16.3.6 Grading of milk

The quality of raw milk is adjusted by using the following parameters.
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Table 16.3 Grading of milk based on RRT as per BIS standard

Resazurin disc No | Quality of milk

4 or higher Good
3%tol Fair
% and below Poor

Table 16.4 Grading of Milk by Resazurin test

Disc no. Colour Bacterial quality of milk
6. Blue Excellent
5. Lilac Very good
4, Mauve Good
3. Pink mauve Fair
2. Mauve pink Poor
1. Pink Bad
0. White Very bad

16.3.7 Advantages of dye reduction test

Used for estimating the suitability of milk for liquid consumption.

These tests are cheaper and less time is required.

In case of SPC, clumps of microbes are recorded as one colony, whereas the rate of decolorizing of dye is
due to the combined metabolic effect of each bacterium in the clump.

With the help of these tests the activity is measured rather than the number of bacteria.

Unlike the artificial media used in SPC, in milk the natural environment for microbes is present.

In case of RRT, the results can be measured in a shorter time.

Some of the bacteria capable of reducing the dye may not develop colonies on the medium used in SPC.

16.3.8 Disadvantages

e Rate of reduction of dye varies considerably and is related to species and the rate at which different micro-
organisms grow at a particular temperature.
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Inhibitory substances like penicillin and other antibiotics prevent the growth of bacteria and thus increase
the reduction time.

Not suitable for classifying milk with low bacterial counts of less than 10°/ml.

Reduction capability may vary because of variation in proportion of bacteria carried into cream layer by the
rising fat globule.

These tests do not give indication for the type of micro-organisms present.

Temperature of incubation used during these tests is not the optimum for majority of the micro-organisms
present in milk.

Not suitable for testing quality of pasteurized milk intended for processing because of the low number of
micro-organisms.

Require continuous attention until reduction takes place.
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Lesson 17

DIRECT MICROSCOPIC COUNT

17.1 Introduction

Direct Microscopic Count (DMC) is a quantitative test and is helpful in assessing the actual number of bacteria
present in milk. DMC is used as a platform test to assess the microbiological quality of milk received at the Raw
Milk Receiving Dock. The method is useful for rapid estimation of the total bacterial population of a sample of
milk and also in giving useful information for tracing the sources of contamination of milk.

17.2 Method of DMC
17.2.1 Principle

It is based on the examination of stained thin film of a measured volume of milk spread over a specified area on a glass
slide. The method is useful for rapid estimation of the total bacterial population (including live and dead cells) of a sample

of milk.

In this test, milk smear is prepared on one square centimetre area. The smear is stained with a special stain called
Newman's stain and examined under microscope. Each microscopic field examined represents a quantitative aliquot of
the milk sample. The number of microscopic fields occurring in one square centimetre area of the milk smear will vary as
the diameter of the microscopic field varies with different microscope. This necessitates the calculation of microscopic

factor for each microscope separately.
17.2.2 Microscopic factor

Microscopic field is an area of the field observed through the microscope. It is measured by rir2 where ‘r’ is the radius of
the field. The diameter of the microscopic field is measured with the help of a stage micrometer. Each division on the
stage micrometer is equivalent to 0.01 mm. The diameter of the microscopic field varies with the length of draw tube,
objective lens and ocular tube. As the diameter of the field varies, the number of microscopic fields occurring in one square
centimetre area (100 sg mm) will also vary and hence there is a need to calculate the microscopic factor. The microscopic

factor is calculated as follows:

17.2.3 Preparation of slide

Take 0.01 ml milk with the help of a sterile Breed’s pipette and spread it evenly on a grease free slide of 1 cm? marked
area on a Breed’s slide. Dry the smear on a warm surface at 40 - 45°C. Do not heat-fix the slide on direct flame. Rapid
drying results in cracked surfaces on the film or peels off during further processing. Immerse the slide in Newman's stain
for % to 1 minute. Newman's stain removes the milk fat, fixes the smear and stains the bacteria in a single operation. The
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tetrachloroethane of the stain helps to dissolve the milk fat globules, ethyl alcohol fixes the smear and methylene blue

stains the smear.

17.2.4 Microscopic examination

Examine under the oil immersion objective and count the number of micro-organisms (individual or clumps of cells) in a
number of fields of the film. The fields for counting the bacterial cells are selected at random. The number of microscopic
fields occurring in one square centimetre area of the smear is very high. Thus, a representative number of fields depending

on the concentration of bacterial cells in a microscopic field are chosen for counting the bacterial cells as follows

Table 17.1 Number of microscopic fields to be counted in DMC

Clumps in a field Fields to be counted
=0.5 50
05t010 25
10to 10 10
10 to 30 5
=30 dilute the sample and repeat the test

Calculate the average number of clumps per field and multiply by the microscopic factor to get the DMC per millilitre of

milk. Interpret the results by comparing with the standards and assess the quality of milk samples as per Table 17.2.
17.2.5 Grading of milk
The quality of raw milk is adjusted using the following details

Table 17.2 Grading of milk based on DMC (BIS standards)

Clump counts per ml Bacteriological quality of milk
<5.00.000 Good
5.00.000 to 40,00.000 Fair
40.00,000 to 2.00,00.000 Poor
=2.00.00.000 Very Poor

17.2.6 Sources of contamination of milk

This test is very helpful in obtaining useful information about the sources of contamination of milk during production.
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Table: 17.3 Detection of source of contamination of milk using DMC

Type of microorganisms Probable source of
contamination

Cocciin clumps accompanied by rods Improperly cleaned utensils

Rod shaped bacteria, especially spores Exposure to dust and dirt

Cocci in pairs and short chains Improper cooling

Leucocytes cells (>500,000/m!) together with long Mastitis infection

chains of cocci

17.2.7 Advantages of DMC

e DMC is widely used to screen incoming raw milk supplies as a platform test to determine whether the milk has an

acceptable or legal bacterial load, as per BIS standards.
e Easy to perform.
e Less time is required to perform the test.
e Large number of samples can be screened in a given period of time
e Useful in providing the estimated counts, types of bacteria and somatic cells in milk.
e DMC can be used as a guide in identifying the types of bacteria present in a milk sample.
e Possible to find out the source of contamination of milk.
e Arecord of test, in the form of a slide for legal verification can be maintained.

e Equipment and manpower needed to assess the microbiological quality are less.

Possible to find out the mastitis infection due to presence of somatic cells.

17.2.8 Disadvantages of DMC

e Not considered as a fool-proof/ legal method.
e Strain on the eyes of the operator is too much.
e Test is not reliable as both viable and non-viable cells are counted.

e Method is not suitable for pasteurized milk.
e Experienced person can carry out the test.

e Results are not reproducible because microbes are unevenly distributed in the smear.
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18.1 Introduction

The standard plate count (SPC) is suitable for estimating bacterial populations in most types of dairy products,
and it is a reference method specified in the Grade A Pasteurized Milk Ordinance to be used to examine raw and
pasteurized milk. This procedure is also recommended for application in detecting sources of contamination by
testing line-samples taken at successive stages in the processing.

18.2 Principle

The test employs aserial dilution technique for easy quantification of the micro-organisms. The appropriate dilutions of
the milk sample are mixed with a sterile nutrient medium that can support the growth of the micro-organisms, when
incubated at a suitable temperature. Each bacterial colony that develops on the plate is presumed to have grown from

one bacterium or clump of bacteria in the inoculums. The total number of colonies counted on the plates multiplied by

Lesson 18

STANDARD PLATE COUNT

the dilution factor to represent the number of viable micro-organisms present in the sample tested.

18.3 Procedure

18.3.1 Sampling

The sample is drawn aseptically using standard procedures.

18.3.2 Equipment and supplies
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Autoclave

Balance

Colony counter
Dilution bottle
Incubator
Microwave oven
Petri dish container
Petri dishes
Pipettes or Pipette aids
Refrigerator
Sterilizing oven
Thermometer
Water bath etc.
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18.3.3 Materials

e Nutrient agar/ Tryptone dextrose agar

e Dilution water: Use only phosphate water for dilution

e Dilution water blanks: Fill dilution bottles with phosphate water so that each bottle will contain 99 or 9 ml
(test tube) andautoclave at 121°C for 15 to 30 min.

18.3.4 Samples

Process the samples as soon as possible, but if necessary store the samples at 0° to 4.4°C until tested. Samples
must be tested within 36 hours after the initial collection, and the time of plating must be recorded. Fluid milk
samples that have been frozen should not be tested microbiologically, because freezing causes a significant
change in the viable bacterial count in milk and hence, may give enormous results.

18.3.5 Sample preparation

e Mark each plate with sample number, dilution, and other desired information before making dilutions.

e Before opening a sample container, remove from the closure all obvious materials that may contaminate the
sample. If desired, wipe the tops of unopened sample containers with a sterile cloth or paper towel saturated
with 70% ethyl alcohol. Invert filled retail containers that contain air space 25 times, or until the contents are
homogeneous. To ensure a homogeneous sample, where no air space is present, aseptically open the container
and pour the product from the filled carton into a sterile container. The interval between mixing and removing
the test aliquot must not exceed 3 min. Immediately before transferring the test portions of milk and of
dilutions thereof, shake the container, making around 20 complete up-and-down (or back-and-forth)
movements of about 30 cm in 7 s. Mechanical shaker may be used, if desired, to shake the dilution blanks
uniformly for 15 s.

18.3.6 Dilution of samples

e For SPCs, select dilution(s) so that the total number of colonies on a plate is between 30 and 300. For
example, where an SPC is expected to reach a number 5000, prepare plates containing 10 2dilutions.

e Use a sterile pipette for initial and subsequent transfers from the same container, if the pipette is not
contaminated. If the pipette becomes contaminated before transfers are completed, replace it with another
sterile pipette. Do not flame to decontaminate. Use a separate sterile pipette for transfers from each different
dilution.

18.3.7 Precautions to be taken

e Do not prepare or dispense dilutions or pour plates in direct sunlight. When removing a sterile pipette from
the pipette container, do not drag the pipette tip over the exposed exteriors of the pipettes remaining in case
because the exposed ends of such pipettes are subject to contamination. Do not wipe or drag the pipetteacross
the lips and necks of vials or dilution bottles. Do not insert the pipette more than 2.5 cm below the surface
of the sample or dilution. Draw test portions above the pipette graduation; then raise the pipette tip above the
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liquid level and adjust to the desired mark by allowing the lower side of the pipette tip to touch the inside of
the container so that drainage is complete and excess liquid does not adhere when the pipette is removed
from the sample or dilution bottle. Do not flame sterile pipettes.

When delivering a diluted sample of a dairy product, hold the pipette at an angle of about 45° while the tip
is touching the inside bottom of a Petri dish or the inside neck of a dilution bottle. Lift the cover of the Petri
dish just high enough to insert the pipette. Deposit the sample away from the center of the dish to aid in
mixing the sample with medium. Allow 2 to 4 s for the diluted milk or cream to drain from the graduation
mark to the rest point in the pipette tip; then, holding the pipette in a vertical position, touch its tip once
against a dry spot on Petri dish or on inside of the dilution bottle neck. Do not blowout. When 0.1 ml
quantities are measured, hold the pipette as directed and let the diluted sample drain to the proper graduation
point but do not retouch the pipette to the plate. After depositing the test portions in each series of plates,
pour the medium.

18.3.8 Plating

Melt the required amount of medium quickly in boiling water, in a microwave oven, or by exposing it to
flowing steam in a partially closed container, but avoid prolonged exposure to unnecessarily high
temperatures during and after melting. Discard melted nutrient agar or tryptone dextrose agar that develops
a precipitate. Do not melt more medium than will be used in 3 hours. Do not re-sterilize the medium.Cool
the melted medium promptly to approximately 45°C and hold it in a water bath between 44 and 46°C. Place
the bulb of a thermometer in the medium or an aqueous solution of 1.5% agar in a separate container identical
to that used for the medium; this temperature controlled solution must have been exposed to the same heating
and cooling as the medium. Do not depend on the sense of touch to indicate the proper temperature of the
medium when pouring agar.

Select the number of samples to be plated in anyone series so that not more than 20 minelapse between
diluting the first sample and pouring the last plate in the Petri dish.

Wipe water from the outside of the medium bottles before pouring. Introduce 12 to 15 ml of liquefied medium at
44 to 46°C into each plate by gently lifting the cover of the Petri dish high enough to pour the medium. Carefully

avoid spilling the medium on the outside of the container or on the inside of the plate lid when pouring. As each
plate is poured, thoroughly mix the medium with the test portions in the Petri dish by rotating the dish first in one
direction and then in the opposite direction, rotating and tilting the dish by hand or using mechanical rotators.

Take care not to splash the mixture over the edge. Having thus spread the mixture evenly over the bottom of the

plate, allow it to solidify on a plain surface. After solidification, invert the plates to prevent spreading colonies

from developing because of accumulated moisture, and place the plates in the incubator.

18.3.9 Sterility controls of medium, dilutions, and lab wares
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Check sterility of dilution water, medium, pipette, and Petri dishes by pouring control plates for each sterilization
lot.

www.AgriMoon.Com



Introductory Dairy Microbiology

18.3.10 Incubating

Incubate plates at 32+1°C or 37°C for 4843 h for SPC. Plates must reach the temperature of incubation within 2
h. Avoid excessive humidity in incubator to reduce the tendency toward spreader formation, but prevent excessive
drying of the medium by controlling ventilation and air circulation. Agar in plates should not lose more than 15%
of its weight during 48 h of incubation.

18.3.11 Counting of colonies on agar plates

Count the plates after the desired incubation period. Record the dilutions used and number of colonies counted
on each plate. If it is impossible to count at once, after the required incubation store the plates at 0 to 4.4°C for
not more than 24 h. For each lot of samples, record the results of sterility tests on materials used when pouring
plates and the incubation temperature used.

Count colonies with the aid of magnification under uniform and properly controlled artificial illumination. Plates
should be examined in subdued light. Routinely use a colony counter equipped with a guide plate ruled in square
centimeters. Avoid mistaking particles of un-dissolved medium or sample, or precipitated matter in plates, for
pinpoint colonies. Examine doubtful objects carefully, using higher magnification where required, to distinguish
colonies from foreign matter.

a. Count all colonies, including those of pinpoint size, on selected plate. Record the dilution used and the total
number of colonies counted.

b. Do not record counts on crowded plates from the highest dilution as too numerous to count. If the number
of colonies per plate exceeds 300, count colonies in those portions of the plate that are representative of
colony distribution, and calculate an estimated SPC from these counts. If there are fewer than 10 colonies
per square centimeter, count colonies in 12 squares; select, if representative, 6 consecutive squares
horizontally across the plate and 6 consecutive squares at right angles, being careful not to count a square
more than once. When there are more than 10 colonies per square centimeter, count colonies in four such
representative portions. In both instances, multiply the average number of colonies found per square
centimeter by the area of the plate used to determine the estimated number of colonies per plate. Each
laboratory must determine the area in square centimeters of the plates in use.

c. Spreading colonies are usually of three distinct types. The first type is a chain of colonies, not too distinctly
separated, that appears to be caused by the disintegration of a bacterial clump. The second type develops in
film of water between the agar and bottom of the dish. The third type forms in the film of water at the edge
or on the surface of agar.

Automated colony counters, when determined in individual laboratories to yield counts that 90% of the time are
within 10% of those obtained manually may be used for counting plates. When using colony-counters take the
following precautions:

a. Align the Petri dish carefully on colony-counter stage.
b. Avoid ‘counting’ the stacking ribs or legs of plastic Petri dishes.
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c. Do not count plates having unsmooth agar surfaces.

d. Avoid plates having food particles or air bubbles in the agar.
e. Do not count plates having spreaders.

f.  Avoid scratched plates.

g. Wipe fingerprints and films off the Petri dish bottom before counting.

18.3.12 Calculating and recording of microbial counts

When calculating the SPC, report only the first two significant digits to avoid creating a fictitious impression of
precision and accuracy. When making the conversion to the SPC, round-off to two significant figures by raising
the second digit to the next highest number. Use zeroes for each successive digit toward the right from the second

digit.

e Plates with 30 to 300 colonies:

a. Calculate the SPC as follows: N =Y C/[(1 x n1) + (0.1 x n2)]d.
Where,N = number of colonies per milliliter or gram of product,

> C = sum of all colonies on all plates counted,
n1= number of plates in lower dilution counted,

n2 = number of plates in next higher dilution counted,

d = dilution from which the first counts were obtained.

b. When counts of duplicate plates fall both within and outside the 30 to 300 colony range, use only those

counts that fall within this range.

e When plates from both dilutions yield fewer than 30 colonies each, record the count as less than 30 times

d/I, where d/lis the reciprocal of the dilution factor.

e When plates from both dilutions yield more than 300 colonies each, estimate counts from the plates nearest

300 and multiply by the reciprocal of the dilution

18.3.13 Interpretingmicrobial counts

The quality of milk is adjusted by using the following details as shown in Table 18.1

Table: 18.1 Grading of milk based on standard plate count test (BIS Standards)

Standard plate count/ml Grading of milk
<2,00,000 Very good
2,000,00-10,00,000 Good
10,00,000-50,00,000 Fair
>50,00,000 Poor
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18.3.14 Pasteurized milk

A standard plate count of lower than 30,000 cfu per ml. of pasteurized milk is indicative of satisfactory quality.

18.4 Advantages of SPC

Enumeration of only viable microbes.

Cultural and morphological differentiation based on colony characteristics.

Suitable for determination of quality of milk samples like pasteurized milk and high grade raw milk with
low bacterial number.

Useful for pasteurized and for line testing at various stages of processing.

18.5 Disadvantages of SPC
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Gives only a rough estimate of microbial counts hence, not very accurate.

Time consuming, laborious and cumbersome.

Requires huge quantities of reagents, chemicals and glassware.

Not a rapid method; at least 24 hours are required to get result.

Not suitable for growth of all the species of bacteria present in milk.

Temperature of incubation may not be optimum for the growth of all types of bacteria.

Amount of sample taken may not be representative.

Pathogens are not detected, because certain microbes like Mycobacterium tuberculosis cannot grow easily.
Specific information regarding the type of micro flora is not obtained.
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Lesson 19

COLIFORM COUNTS IN MILK

19.1 Introduction

Coliforms, that are often used to monitor the quality of milk, are not a single species of microorganism. These are
a group of Gram negative rod-shaped bacteria that have similar biochemical characteristics — being able to ferment
lactose with the production of acid and gas within 48 hr at 35°C and grow with or without oxygen. These are
usually present in small number in raw milk. Coliforms count is simple and easy to conduct; hence, it can be used
as a hygienic indicator to reflect the general microbiological quality in routine test. As coliforms can be easily
killed by heat, these bacteria can also be used as an indicator of heat treatment failure as well as post heat treatment
contamination.

Coliforms have been used as an indicator for pathogens, but these are no longer recommended for this purpose
due to the fact that coliforms are present as normal inhabitants of soil and water, not just specifically from feces.
Hence, there is a co-relationship between, the presence of pathogens from fecal source,
especially Salmonella and Shigella species, and the presence of coliforms.

Absence of coliforms in 1:100 dilutions in raw milk and in 1:10 dilution of pasteurized milk is accepted as a satisfactory

quality. The presence of E. coli is a proof that contamination from excreta has occurred.
19.2 Enumeration of Coliforms and E. coli

The coliforms is not a valid taxonomic distinction, but is defined functionally i.e., by the fermentation of lactose. Coliforms
are Gram-negative, oxidase-negative, aerobic or facultative anaerobic non-spore-forming rods, able to grow in the
presence of bile salts that ferment lactose to produce acid and gas within 48 h at 37°C. Different genera of coliforms

are Citrobacter, Enterobacter, Escherichia and Klebsiella.

19.2.1 Principle

The test is mainly based on the principle that the members of this group are capable of producing acid and gas from lactose
in the presence of bile salts and basic dyes. Presence of typical coliforms colonies in Petri plates is indicator of coliforms

contamination.
Following protocol is used for determining the presence of coliforms:

e Presumptive test

e Confirmatory test

e Completed test

e Test for fecal coliforms
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e Most probable number (MPN) for enumeration of low counts
e Differentiation of Escherichia coli and Enterobacter aerogenes

19.2.2 Presumptive test

Commonly used for the detection of coliforms in milk and helps in evaluation of its hygienic quality. When a
sample of milk is inoculated into MacConkeys broth or Bile salt lactose peptone broth, and incubated at 37°C,
the production of acid and gas in Durham’s tube within 24-48 h. is regarded as presumptive evidence of coliforms.

The test is called as presumptive coliform test because, in addition to the presence of fecal coliforms, the fecal
streptococci and Clostridium perfringens are likely to exist in the gut of warm-blooded animals, and their
presence in milk will also indicate the source of fecal contamination. Hence, the test used to find out all the
microorganisms of fecal origin is called presumptive test.

19.2.3 Confirmatory test

The positive presumptive coliform tubes showing acid and gas production is selected for to the confirmatory test.

a. A loop full of inoculums from the positive presumptive tubes is streaked on the surface of Eosin Methylene
Blue or Endo agar plates. The plates are incubated at 37 °C for 24-48 h. The typical colonies of coliforms
developed on these selected media will appear pink with or without dark center and green metallic sheen on
Eosin Methylene Blue and deep red on Endo agar.

b. A loop full of inoculums from positive presumptive tubes should be transferred to Brilliant Green Lactose
Bile broth tubes that are incubated at 37 °C for 48 h. The formation of gas in the tubes within the incubation
period is considered as confirmatory test for coliforms.

19.2.4 Completed test

Broth tubes showing gas production in confirmatory test or typical or atypical colonies from the Eosin Methylene
Blue or Endo agar plates should be subjected to completed test. A loop full from positive Brilliant Green Lactose
Bile broth tubes should be streaked on Eosin Methylene Blue or Endo agar plates and incubated at 37 °C for 24
h. The plates should be once again looked for typical or atypical coliform colonies. The typical colonies should
be once again transferred to MacConkeys broth tubes as well as on nutrient agar slants. Acid and gas production
in MacConkeys broth after 24 — 48 h. at 37 °C indicates the termination of completed test. Similarly, Gram’s stain
preparation from the nutrient agar slants showing Gram negative, non spore forming cocco-bacillary rods,
demonstrates the definite presence of coliforms.

19.2.5 Test for fecal coliforms (Eijkman’s test)

Incubation at elevated temperature can lead to differentiation of fecal coliforms from non-fecal counter parts. In
this test, inoculums from positive presumptive tubes are transferred to Brilliant Green Lactose Bile broth or
MacConkeys broth tubes. The tubes should be incubated at 44.5 °C for 24 h. Gas production in the inoculated
tubes within 24 h. is considered a positive reaction indicating fecal origin of coliforms. A negative reaction
suggests non-fecal origin of the coliforms.

106 www.AgriMoon.Com



Introductory Dairy Microbiology

19.2.6 Most probable number (MPN)

The presumptive test also enables to obtain an idea of number of microorganisms present in milk by MPN. The tubes of
lactose broth or MacConkeys broth inoculated with samples of milk are being tested and a count of the number of tubes,

showing acid and gas production, are counted and that figure is compared with MPN table.

Inoculate 0.1, 1.0 and 10ml of water samples respectively into three sets of five MacConkeys broth tubes (single
strength for 0.1 and 1.0 ml and double strength for 10 ml samples) each. Incubate at 37°C for 24 — 48 h. Note
down the number of positive tubes showing acid and gas production in each set and calculate MPN of coliforms
in the standard MacConkeys MPN table and interpret the results.

19.2.7 Differentiation of Escherichia coli and Enterococcus aerogenes (IMViC tests)

Escherichia coli, Enterococcus aerogenes, the two types of coliforms in milk can be differentiated on the basis
of biochemical tests, collectively known as IMVIC test.

19.2.7.1 Indole test

It is based on the ability of microbes to degrade the amino acid tryptophan into indole. Test is used to determine the
tryptophan oxidizing ability of number of coliform group to indole. Trytophan is an essential amino acid that can undergo
oxidation by some bacteria that possess trytpphanase to indole. The presence of indole is detected by Kovac’s reagent
composed of p-dimethyl amino-benzaldehyde, butanol and hydrochloric acid. Indole is extracted from the medium into
the reagent layer by the acidified butanol and forms a complex with p-dimethyl amino benzaldehyde to give cherry red

colour. Therefore, positive test shows development of cherry red colour using Kovac's reagent.
19.2.7.2 Methyl red test

It determines the ability of microbes to ferment glucose with the production and stabilization of acid end products.
Glucose is oxidized by all intestinal organisms for energy production. The end products vary depending on the specific
enzymatic pathways present in the bacteria. Escherichia coli and Enterobacter aerogenes both produce organic acids
during early incubation period. The low acid pH (4.0) is stabilized and maintained by Escherichia coli during later incubation
period but Enterococcus aerogenes coverts acids to non acid end products such as ethanol and acetoin resulting in
elevated pH (6.0). The pH indicator, methyl red detects the acids and presents by the formation of red colour. In this test
methyl red is used as pH indicator to detect a large concentration of acid as end product. This indicator turns to red in the

pH range of 4.0 and yellow in the pH range of 6.0.

19.2.7.3 Voges-Proskaur test

The test is based on the ability of microorganism to produce acetyl methyl carbinol from glucose on fermentation,
acetylmethylcarbinol, the neutral or non acidic end product from glucose metabolism, releases a compound known as

diacetyl and this is detected in the presence of Barritt's reagent producing a deep rose colour.

Few microorganisms are capable of producing more acidic or neutral end products such as acetyl methyl carbinol or 2-3

butylene glycol from the organic acids which results from glucose metabolism. These compounds are detected by Barritt’s
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reagent which consists of a-napthol and 40 per cent KOH. Detection of AMC requires that this end product be oxidized to
a diacetyl compound which occurs in the presence of a-napthol and a guanidine group of peptone present in the medium.

As a result pink colour complex is formed
19.2.7.4 Citrate test

The test determines the ability of microorganism to use citrate as a carbon source. Citrate inside the bacterial cell
undergoes enzymatic degradation and finally produces pyruvic acid and carbon dioxide. This carbon dioxide
combines with sodium to form sodium carbonate and converting medium of reaction into alkaline. Bromothymol
blue indicator previously incorporated into the medium turns the medium from green into deep Prussian blue.

Some microorganisms are capable of utilizing citrate as a carbon source in the absence of glucose or lactose. This
depends on the presence of citrate permease that facilitates its transport into the cell. Citrate is the first major
intermediate in the Kreb’s cycle and is produced by the condensation of active acetyl Co A with oxaloacetic acid.
During its conversion to pyruvic acid, the medium becomes alkaline and COzgenerated combines with sodium
and water to form Na, COz whose presence is detected by bromothymol blue indicator which changes green
color into deep blue.

19.1 Differential characteristics of Escherichia coli and Enterococcus aerogenes

Test Escherichia coli Enterococcus aerogenes

MacConkeys broth || Acid and gas production Acid and gas production

2% BGLB broth Gas production Gas production

EMB agar Dark colonies with green Pink colonies without any
metallic sheen metallic sheen

Indole production | + -

Methylenered test

-+

Voges-Proskauer

test

Citrate utilization

test

*k %k %k %k %k
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Lesson 20

METHODS OF ENUMERATION OF OTHER GROUPS OF BACTERIA

20.1 Introduction

Milk is a very good growth medium for different groups of microorganisms because of its high water content,
near neutral pH, and variety of available nutrients. The spoilage of milk and milk products is due to the presence
of proteolylic and lipolytic bacteria in milk. These microorganisms mostly produce extracellular enzymes that
attack fat and proteins and thus, producing abnormal flavours/ odours, as well as bitter taste in dairy products.
However, in case of heat treated milks, the major spoilage microorganisms are spore formers.

20.2 Proteolytic Counts

Most proteolytic bacteria belong to psychrotrophs that may grow at 7°C although their optimum temperature is
bit higher. Rapid cooling and cold storage of raw milk favour the growth of psychrotrophs in milk. These become
dominant microflora during cold storage of milk and their extracellular enzymes, particularly proteases contribute
to the spoilage of milk. The rate of cooling to a required temperature and the length of storage are other important
factors. Pseudomonas fluorescens and other psychrotrophs that may be present in raw milk generally produce
protease during growth. Spoilage of pasteurized or raw milk by proteolytic bacteria can occur on prolonged
storage at below 7°C. Different methods have been introduced for isolation and identification of proteolytic
microorganisms in milk.

e Proteolytic count can be made oncasein agar plates on incubation for 6 days and the number of colonies
counted after flooding the plates with dilute acid. However, the drawback of the method is that
microorganisms cannot be picked up as pure culture.

e Milk agar plates are prepared by adding about 10 percent of sterile milk to nutrient agar. Microorganisms
are usually considered proteolytic, if there is a clear zone around colony. The clear zone around colony may
be produced by solvent action of dilute lactic or other acid. Method is unreliable in case of acid-forming
bacteria. If sufficient acid is produced, there will be a zone of precipitation immediately around the colony,
surrounded by a clear zone; but if little, or weak acid is formed, there may be a clear zone without any
precipitate. It is therefore difficult to determine whether or not an acid-forming microorganism is weakly
proteolytic.

e An improved medium for the detection of proteolytic microorganisms have been developed by adding
caseinate (1% wi/v), citrate (0-015 m) and Ca®* (0-02 m) to agar. Its greater sensitivity compared with existing
milk agar media is related to its ability to detect the first stage of casein breakdown as shown by the formation
of a white zone of precipitation. The extent of proteolysis exhibited by amicroorganism is reflected both by
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the size and type of precipitation zone forming round colony. This medium can thus be used for simultaneous
determination of proteolytic and total bacterial counts.

20.3 Lipolytic Counts

Lipolytic activities, supported by psychrotrophs are not significant, if count does not exceed 10° CFU/m.
However, 2.7 x 10* CFU/ml is a sufficient count of psychrotrophs microorganisms for the initiation of lipolysis.
Unlike milk lipases, microbial lipases are thermo-resistant; remain active even after warming up. Extracellular
enzymes of psychrotrophic microorganisms may resist pasteurization (72°C for 15 s) and Ultra high temperature
(UHT) treatment of milk (138°C for 2 s or 149°C for 10 s).

Lipolysis results in the development of a high level offree fatty acids that cause a bitter taste of dairy products,
making them hardly acceptable. Enzymes present in cooled raw milk are either endogenous or they come from
growing psychrotrophs. Changes in the level of free fatty acids in milk can serve as an indirect indicator of
lipolytic activity. The normal content of free fatty acids in milk fat is between 0.5 and 1.2 mmol/100 g. The
permissible maximum content of free fatty acids is 13.0 mmol per kg for a churning method or 32.0 mmol/kg for
an extraction-titration method. The free fatty acids content of 49 mmol/kg determined by the extraction-titration
method as the limit value of a hazard of lipolytic changes in the taste characteristics of milk.

e Tributyrin agar can be used for the estimation of psychrotrophic lipolytic count by incubating at 6.5 °C +
0.5 ° C for 10 days.

e Colonies appears with clear lytic zone.

e Lipolytic activity can also be tested in tributyrin agar by incubating at 37 °C for 3 days and screening the
plates forclear zone of hydrolysis.

20.4 Spore Count

Spore formers constitute a group of undesirable bacteria that are heat resistant and are capable of withstanding
pasteurization of milk i.e. 63°C for 30 min or 72 °C for 15 s. Some microbes can also withstand UHT heat
treatment and cause problems in UHT milk. These microbes belong to Bacillus spp and Clostridium spp. Spoilage
by spore-formers can occur in low-acid fluid milk products that are preserved by sub-sterilization heat treatments
and packaged with little chance for re-contamination with vegetative cells. Products in this category include
aseptically packaged milk, cream and sweetened and unsweetened concentrated canned milks. Under favourable
conditions these microorganisms multiply rapidly and bring about different types of spoilages such as
peptonisation and production of off flavours in milk. Spore-forming bacteria that spoil milk products usually
originate in the raw milk. Spore-forming bacteria from raw milk are predominantly Bacillus spp., with Bacillus
licheniformis, Bacillus cereus Bacillus subtilis, and Bacillus megaterium most commonly isolated.

e Samples are transferred to water bath maintained at 80°C and milk is allowed to attain 80°C.

e After 0 min at 80°C, remove samples and allow cooling to room temperature slowly. During slow cooling,
the spores will germinate and converts to a vegetative form.

e Prepare dilutions and transfer appropriate dilution to sterile Petri dish.
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e Pour melted Standard plate count agar, mix contents and allow it to solidify.

e Incubate the plates for enumeration of mesophilic spore forming bacteria at 37°C for 48 h. and for
thermophilic spore forming bacteria at 55°C for 48 h.

e Count the colonies after incubation period.

20.5 Thermophilic Count

The thermophilic microorganisms are capable of growing at 45°C and above. Majority of these microorganisms
are spore formers such as Bacillus spp and Clostridium spp. These cause problems particularly in processing
plants of milk. The standard plate count agar is used. The plates are incubated at 45°C or 55°C for 48 h and
colonies are counted. Excessive number of thermophiles is problematic, if the milk is meant for heat processing.

20.6 Thermoduric Count

Thermodurics constitute a major group of undesirable bacteria that are heat resistant and they withstand the
pasteurization temperature but not grow at 63°C for 30 min or 72°C for 15 s with an optimum growth temperature
of 37°C. They are basically mesophilic microorganisms possessing a greater ability of withstanding the higher
temperature. These belong to the genera Micrococcus, Microbacterium, Bacillusand Coryneform. These bacteria
under favourable conditions multiply rapidly and bring about different types of spoilage like acid or rennet
coagulation, peptonisation and production of off-flavours in milk.

20.6.1 Procedure

Place the milk samples in a water bath maintained at 63°C. As soon as the temperature of the milk reaches 63°C,
note down the time and keep the samples at this temperature for a period of 30 min. Remove the samples and
chill the milk by immersing in ice cold water to bring the temperature down to 5°C. Prepare dilutions and transfer
1 ml of appropriate dilution to sterile Petri dish. Pour melted standard plate count agar and allow it to solidify.
Incubate the plates for enumeration of thermodurics at 37°C for 48 h. Count the colonies after incubation.

Table 20.1 Grading of milk based on thermoduriccounts

Thermodurics (cfu/ml) Grade of milk
<10,000 Good
10,000 to 30,000 Fair
=30.000 Poor

20.7 Psychrotrophic Count

Psychrotrophs are capable of growing at refrigeration temperature (7-10°C). There is often sufficient time
between milk collection and consumption for psychrotrophs to grow. Pasteurized milk is expected to have a shelf
life of 14 to 20 days at refrigerated temperature. The contamination of a container with even one rapidly growing
psychrotrophs can lead to spoilage. Psychrotrophs in milk that spoil raw and pasteurized milk are primarily
aerobic Gram-negative rods of family Pseudomonadaceae, with occasional representatives from Neisseriaceae
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and Flavobacterium spp. and Alcaligenes spp. Generally 65 to 70 per cent of psychrotrophs from raw milk
are Pseudomonas. Their presence in milk will result in undesirable flavours during storage under refrigerated
conditions due to the production of proteolysis and lipolysis.

The standard plate count agar is used after supplementation with 1 to 2.5 IU of penicillin to inhibit the growth of
Gram positive bacteria, because the predominating psychrotrophs belong to Gram-negative. The plates for
psychrotrophic count are incubated in a refrigerator (7-10°C) for 7-10 days or kept in an incubator at 15°C for 3
days and colonies are counted.

Suggested standards for psychrotrophs in raw milk
Less than 10* cfu per ml - Satisfactory
Above 10*cfuper ml — Unsatisfactory
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Lesson 21

ENUMERATION OF YEAST AND MOULDS IN MILK

21.1 Introduction

Aerial contamination is one of the major sources of moulds that are usually colonized on walls and roofs of the
dairy farms. When the milk is exposed to open area, moulds will enter in milk chain. Growth of yeasts and moulds
is a common cause of the spoilage of dairy products, especially fermented milks, because these microbes are able
to grow at low pH. Yeast spoilage is manifested as fruity or yeasty odour and/or gas formation. For proper quality
control, it is important for the producer to evaluate yeast and mould counts in the milk used for making milk
products.

21.2 Estimation of Yeast and Mould

The most common yeasts present in dairy products arc Kluyvermnyce marxianus and Debaromyces hansenii and
their asporogenous counterparts, Candida famata, Candid. Kefyr and other Candida spp. The other prevalent
ones are Rhodotorula spp, and Torulospora spp. The most common moulds belong
to Penicillium spp., Cladosporium spp., Fusarium spp., Asperigillus spp., Rhizopus spp., Trichoderma spp., Geo
trichum spp. and Mucor spp. Many of these cause defects in dairy products. These also produce potent toxins like
aflatoxins, acrotoxins etc. Yeasts and moulds that spoil dairy products can usually be isolated from air, equipments
and general environment (i.e. floors, walls, ventilation ducts, etc.).

21.2.1 Materials

Sterile sample bottle, pipettes, test tubes, water bath, hot air oven, incubator.
21.2.2 Media

Potato dextrose agar or Malt extract agar, Tartaric acid (10%)

21.2.3 Procedure

o Potato Dextrose Agar is prepared following standard procedure of media preparation.

o After sterilization, cool the media to 45°C and acidify with 2 ml of sterile 10% tartaric acid per 100 ml of the
media immediately before pouring the plates (pH 3.5-3.7). Acidify potato dextrose broth similarly with 1 ml
of the sterile tartaric acid.

o Prepare dilutions and transfer one ml of appropriate dilution to sterile Petri dish.

e Pour acidified melted potato dextrose agar and allow it to solidify.

e Do not invert the plates and incubate at 30-32°C. Count the plates after 72 h (3 days), but if the colonies are
too small, extend the incubation time to 96-120 h. (4-5 days).
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e Take the average of counts of duplicate plates, multiply by the dilution factor and record as the number of
yeast or moulds per gram.

When counting mould or yeasts, use the following criteria:

A. Use plates that have maximum number of colonies and whose surfaces are not completely covered with
mould and/or where each individual surface and sub-surface mould colony is discernible.

B. Counton any plate containing not more than 200 colonies and preferably not less than 20 colonies. The yeast
counts may be subject to interference from moulds, etc., if so, count the plates, where the yeast colonies are
most discernible

Yeast colonies will show blue-green or off-white tinge in colour and will form small, slimy colonies. Mould
colonies tend to be larger and more diffused and are usually blue in colour. The results are recorded as number of
yeast and mould count per ml or gram.

21.3 Mould Tests

1. Microscopic method -- Mould mycelia count
2. Macroscopic method -- Methylene blue borax test
3. Visual mould test -- Modified Methylene blue borax test

21.3.1 Microscopic method -- Mould mycelia count

Mould mycelia count is made just like direct microscopic count method as described in earlier lessons. This

method developed by ‘B.J. Howard’ requires the use of special slide to enumerate the mould mycelia.
21.3.2 Macroscopic method -- Methylene blue borax test

Five ml of warm milk is rinsed into a test-tube with 15ml of hot methylene blue and borax solution (30 gm of
sodium borate and 10 methylene blue tablets, in 1 litre of water). The mixture is shaken well and poured into a
shallow tin. The pan is rocked until all the mould present has agglutinated into blue-stained masses. These are
gathered, by means of a scalpel, into a circular disc, diameter of which is measured and its area in square mm is
calculated.

21.3.3 Visual mould test, modified methylene blue borax test

A small amount of milk is taken and is mixed with a mixture containing methylene blue and alkaline salts. The
mixture is stirred while being heated. This causes fragments of mould mycelium that may be present to gather
into a mass. The mixture is filtered and the mould mycelium retained is measured visually. For evaluating the
quality of milk, it is assumed that when conditions are favorable for growth of the moulds, it is likely that bacteria
and yeasts would grown extensively causing undesirable changes.
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Module 5. Microbes in Spoilage of Milk

Lesson 22
ROLE OF MICROBES IN SPOILAGE OF MILK - MICROBIAL INTERACTIONS

22.1 Introduction

Food spoilage is mainly caused by the growth of bacteria and yeast and moulds. The major requirements of
microbial growth are the availability of nutrients as well as favourable growth conditions like temperature, water
activity, presence or absence of oxygen, redox potential, pH value etc. While growing in an environment that has
diversified population of microbes encounter different conditions that may be favourable or detrimental for the
growth or proliferation.

22.2 Microbial Interactions

Micro-organisms do not exist alone in nature, but in a matrix of other micro-organisms of many species. Thus,
interaction is a rule of nature. When one or more types of micro-organisms reciprocate each other’s effect, it is
called interaction. The evidence for such an interaction is very well established. Population of one species is
different in absence and presence of a second species. Interaction between two different biological population can
be classified according to whether both populations are unaffected by the interaction, one/ both populations
benefit or one/ both population are adversely affected.

Microbial association in same environment can be naturalistic, antagonistic (negative) and symbiotic (positive).
22.2.1 Neutralism

Neutralism describes the relationship between two species that interact but do not affect each other. It describes
interactions, where fitness of one species has absolutely no effect, whatsoever on that of other. True neutralism
is unlikely and impossible to prove. When dealing with complex networks of interactions presented by
ecosystems, one cannot assert positively that there is absolutely no competition between or benefit to either
species. Since, true neutralism is rare or nonexistent; its usage is often extended to situations, where interactions
are merely insignificant or negligible.

This type of association is most unlikely, as the two micro-organisms living in a close proximity are not affected
by each other. This may exist between two micro-organisms, whose growth requirements are different and hence,
affect neither kind as there will be no competition between these two for the nutrients.

22.2.2 Antagonistic association

When micro-organism adversely affects the environment of another micro-organism it is said to be antagonistic.
Antibiosis is antagonistic association between two micro-organisms in which one is adversely affected e.g.

production of antibiotic or inhibitory substances by one micro-organism that affect the growth or survival of
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another micro-organism. Lactic acid bacteria produce lactic acid that is inhibitory to spoilage organisms. In
antagonistic interactions, one species benefits at the expense of another.

22.2.3 Symbiosis

The term symbiosis is used to describe degrees of close relationship between micro-organisms of different species.
Sometimes, it is used only for cases, where both micro-organisms benefit, and sometimes it is used more generally
to describe all varieties of relatively tight relationships, i.e. even parasitism, but not predation, for example a large
number of bacteria are present in the intestinal tract. The bacteria act to break down foodstuffs, and then directly
participate in the digestive process. As well, some of the intestinal bacteria produce products that are crucial to
the health of the host. For example, some of the gut bacteria make vitamin k, vitamin B2, biotin and riboflavin.
These vitamins are important to host, but are not made by the host. The bacteria benefit by inhabiting an extremely
hospitable environment. The natural activities and number of bacteria, also serve to protect the host from
colonization by disease causing microorganisms. The importance of this type of symbiosis is exemplified by the
adverse health effects to the host that can occur when the symbiotic balance is disturbed by antibiotic treatment
given to the host.

22.2.3.1 Mutualism

Mutualism is an interaction between two or more species, where species derive a mutual benefit. Mutualism may
be classified in terms of the closeness of association, the closest being symbiosis, which is often confused with
mutualism. One or both species involved in the interaction may be obligate, meaning these cannot survive in the
short or long term without other species.

However, in almost all cases, each micro-organism benefits from the association but the manner in which benefit
is derived varies in the exchange of nutrients between two species. Association results in metabolic end products
that are different from association as compared with sum of the products of separate species e.g. Proteus
vulgaris ferment lactose and produce acid, Staphylococcus aureus ferment lactose and produce acid but together
these produce gas and acid both.

22.2.3.2 Commensalism

It refers to a relationship between microorganisms in which one micro-organism benefits from the association but
the other micro-organism is not affected. Host by its growth, affects the physiological environment in such a
manner that commensal species is favoured or it occurs when one micro-organism takes benefits by interacting
with another micro-organism by which the host is not affected e.g. facultative micro-organism grows and
produces anaerobic conditions that favour growth of anaerobes. Growth of yeasts in sugar solutions reduces the
concentration of sugar, thus permitting the growth of bacteria.

22.2.3.3 Synergism

Synergism, like mutualism, represents an association between two microbial populations in which both

population benefit from each other, but it differs from the mutualism in that the association is not ‘obligatory’.
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Both synergistic populations of microbes are able to survive in their natural environment on their own. Synergism
allows microbial population to perform metabolic activities like synthesis of a product that neither population
could produce alone e.g., bacterial synergism exists between a number of normal flora and a potential pathogens.
This means one micro-organism is helping another to grow or survive. There are examples of a member of the
normal flora supplying a vitamin or a growth factor that a pathogen needs to grow. This is called cross-feeding
between microorganisms and is categorized under synergism.
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Lesson 23

MILK FERMENTATIONS

23.1 Introduction

Fermentation is a process in which a change is brought in milk as a result of the activity of one or more species of microbes.
As, milk leaves the udder, it is normally good medium for the growth of microbes and, accordingly, undergoes a series of
biochemical changes; the complete processes producing different changes constitute milk fermentation. Many of

fermentation that occurs in milk also occur in various milk products.

Spoilage of milk and its products resulting from the growth of acid-producing fermentative bacteria occurs, when storage
temperature is sufficiently high to outgrow psychrotrophs, or when product composition is inhibitory to Gram-negative
aerobic micro-organisms. Fermented dairy foods though made using lactic acid bacteria can be spoiled by the growth of
‘wild’microbial strains that produce unwanted gas, off-flavours, or appearance defects. The other non-spore-forming
bacteria responsible for fermentative spoilage of dairy products are mostly fromeither the lactic acid-producer or

coliforms.

23.2 Fermentation of Milk

As said earlier also fermentation in generalis a chemical process where biochemical changes are brought about on an
organic substrate like carbohydrate, fat or protein by the action of enzymes produced by natural or added microbes in

milk
23.2.1 Normal fermentation cycles

The common changes thatoccurs in milk is development of lactic acid with resulting coagulation of casein and
the process is designated lactic as souring of milk. Because of regularity with which it occurs under the usual
conditions, it is called normal fermentation of milk.

If raw milk is kept under ambient environment, the immediate effect is souring followed by curdling. This is
mainly due to the production of acid (usually lactic acid) by certain group of bacteria present in raw milk. Souring
of milk is most commonly encountered spoilage under tropical climate. Holding of raw milk under ambient
environment without refrigeration is therefore leads to spoilage. The increased acidity in raw milk, makes it unfit
for subsequent processing into fluid market milk and other milk products. Sometimes to mask the developed
acidity,milk producers neutralize the milk with caustic soda but this a malpractice and should be strictly avoided.

23.2.1.1 Mixed fermentations
Often two or more fermentations occur in milk simultaneously; for example production of acid may be

accompanied by gas formation or a color change, development of ropiness may occur along with a change in
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flavor,etc. These mixed fermentations are due to the activity of more than one species; but some microbes even
in pure culture, produce two or more biochemical changes in milk at a time. TheEscherichia-Enterobacter group
produces gas, off-flavors, and acid and ropiness; so that it should be considered under at least four fermentations.
This group is an example where, there are many species that produce more than one type of change in milk.

The stages of milk fermentation resulting as a sequence of microbial growth are depicted as placed below:

Molds & Yeasts

251
< Proteolytic
= Lactobacillus \ sPore forming
.E 0.9 4 group bacteria
3 Streptococcus
< 0.2 group
-t A B

Germicidal action

1 | | ! 1 l
1 1 T T | T

Time intervals

Fig. 23.1 Fermentation cycles-stages

Phase from ‘A to B’ is lag phase during which the microbes will adjust to the new environment and will not multiply.
Lactocccus spp. naturally present in raw milk, grows first and produce acid up to approximately 0.9% lactic acid (i.e. phase
B to C ). Eventually, acid restricts the growth of Lactocccus spp. and thenLactobacillus spp. also normally present in milk
becomes predominant (i.e. phase C to D). TheseLactobacillus spp. are more acid tolerant than Lactocccus spp. and
hence,are able to survive acidity already produced and grow slowly producing more acidity, up to 2.0 % lactic acid.
The Lactobacillusspp. like Streptococcus spp. cannot survive under high acidic milk. At this step, the typical acid tolerant
yeasts and moulds start growing (i.e. phase D to E) using acid and producing several of basic compounds that tend to
neutralize the acidity. Geotricum candidum may grow on the surface of coagulated milk and oxidize lactic acid to H,O and
CO.. A change from a very high acid product to one that is basic then takes place. During phase E to F, proteolytic microbes
predominate. When lactose is exhausted the proteolytic and spore formers (Bacillus spp.) develop and decompose the
casein. Finally, water and little fat remain. Proteolytic bacteria like moulds produce basic products; as a result the milk
becomes extremely alkaline with a pH ranging from 8 to 10. The organic matter of milk is reduced to simple inorganic

substances like carbon dioxide,ammonia and hydrogen sulphide.
23.2.2 Desirable Fermentations

It is the type of fermentation that is brought about by the addition of desirable microorganisms or starter cultures (i.e.

lactic acid bacteria) with the intention of making fermented milk product.

23.2.2.1 Homo-fermentation

The growth of desirable starter cultures in milk resulting in the conversion of lactose into exclusive end product of lactic

acid is called homo fermentation. In homo-fermentative lactic acid bacteria the lactose transport across the cell membrane
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involves the Phospho-enol-pyruvate dependent phospho-transferase system wherein the lactose is phosphorylated to

lactose-P (glycosyl B galactoside-6-Phosphate) during its translocation.

In this system the lactose-P is hydrolyzed by B-phospho-galactosidase (B-D phosphogalactoside-galactohydrolyse) to D-
glucose and galactose-6 phosphate. Glucose is metabolized to pyruvate via Embden Meyerhof (EM) Pathway. In the

metabolism of galactose it is first converted to glyceraldehydes -3 phosphate via D-tagatose-6 phosphate pathway.
So two pathways are involved

e EMP for the metabolism of glucose
e Tagatose 6-phophate pathway for metabolism of galactose

Lactose in Streptococcus salivarius ssp. Thermophilus and Lactobacillus delbruckeii ssp. Bulgaricusis transported into the
cell by the enzyme permease and or PEP: PTS system. These microorganisms posses, B-D galactosidase (B-gal) enzyme,

which hydrolyses lactose into B-D galactose and D-glucose. Glucose is converted into lactic acid via EM pathway.
Transformation of lactose to lactic acid as follows:

The first step is the hydrolysis of lactose to glucose and galactose.
Phosphorylation of the sugar molecule probably plays a role in the dissimilation.

The transformation of lactose to lactic acid is not quantitative and the fermentation yields other products, the so-
called secondary products, which may include various acids, aldehydes, and alcohols. The nature and quantity of
the secondary products vary greatly with the different organisms; the products are very important since they
greatly influence the flavor of the fermented milk.

23.2.2.2 Heterofermentation

Lactic acid bacteria producing large quantities of ethanol, CO; as well as lactic acid when grown on lactose or glucose are

considered as heterofermentative microorganisms.

o (CO,is produced by the oxidative decarboxylation of 6-phosphogluconate
e Ethanol is produced by reduction of acetaldehyde

e Lactic acid is produced by EM pathway
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Lesson 24

ABNORMAL MILK FERMENTATIONS

24.1 Introduction

Milk and milk products though prepared using lactic acid bacteria can be spoiled by the growth of ‘wild’ strains that
produce unwanted gas, off-flavours, or appearance defects. Non-spore-forming bacteria responsible for fermentative
spoilage of dairy products are mostly in either the lactic acid-producing or coliforms. Genera of lactic acid bacteria involved
in spoilage of milk and fermented products includelactococcus, Lactobacillus, Leuconostoc, Enterococcus,
Pediococcus, and Streptococcus. In addition to these micro-organisms, there are a number of non lacticgroups of micro-
organisms that can produce enzymes, which can attack major milk constituents like fat, protein and carbohydrates causing

abnormal textural defects or odour or colour defects.

24.2 Abnormal Fermentations
24.2.1 Gas production

The production of CO: by certain micro-organisms in dairy products is responsible for ‘gassiness’. Gassiness is
associated with acid production causing‘frothiness’ due to the associative action of acid producing bacteria with
yeasts. The production of gas in canned dairy products causes bulging of cans is called ‘blowing’ is highly
undesirable. Gassy cream is rejected for butter making. However, in Swiss cheese a controlled production of gas
gives the desirable texture by eye formation. In cheddar cheese, gas production due to coliforms is undesirable,
as it is accompanied with off-flavors that may be carried to the final product. In canned dairy products, the
production of gas may lead to early gas production or late blowing of cans. The early blowing condition is due to
coliforms, whereas late blowing is due toClostridium spp.

24.2.1.1 Causative organisms

e Coliforms: E. coli, E.aerogenes ferment lactose of milk or cream into gas and acid. These are called‘early gas

producer’that lead to blowing condition.

e Anaerobic spore forming bacteria e.g. Clostridium butyricum, Clostridium sporogenes produce only gas under
anaerobic conditions, mostly prevailing in canned dairy products like processed cheese, concentrated milk. These are

called‘late gas producers’ and produce late blowing condition.

e Llactose fermenting yeast produce CO, and small amounts of ethyl alcohol in milk, cream and whey at or below 37

°C(for example Candida pseudotropicalis).

24.2.1.2 Precaution and control

e  Avoid contamination of causative micro-organisms
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e  Holding of milk and cream at ambient temperature should be avoided
e  Adequate heat treatment of milk should be done

24.2.2 Ropiness/ Sliminess

Ropy fermentation is brought about by the growth of bacteria leading to change in consistency of the product that forms
threads of viscous masses, when poured. Ropiness develops only on storage and milk is drawn out as fine threads and

may appear gel like consistency. Sometimes the change is so prominent that the milk can be drawn into a long thread.

Ropiness has particularly been observed in milk held at low temperature as many causative microbes show active growth
in milk at low temperature. At higher temperatures these ropy bacteria are over-grown by lactic acid bacteria. However,
ropiness causing bacteria are not harmful to the consumers. Ropiness is developed before detectable acid development

and it decreases as the acidity increases.
24.2.2.1 Causative organisms

I. Gram-negative rods: Alcaligenes viscosus
Il. Coli-aerogenes group. Consists of ropy strains belonging to enterobacter, citrobacter and related genera:

a. Enterobacter aerogenes
b. Enterobacter cloacae
c. Citrobacter freundii
d. Serratia marcescens
I11. Aerobic spore formers have also been infrequently involved in ropiness.
a. Bacillus cereus
b. Bacillus subtilis
c. Bacillus circulans
IV. Lactic acid bacteria:
a. Lactococcus lactis ssp. lactis biovar hollandicus
b. Lactobacillus casei
c. Lactobacillus bulgaricus

24.2.2.2 Source

Bacteria causing ropiness are generally not present in the aseptically drawn milk, but come from water, dairy equipment,

dust laden air, coat of cows, cow feed etc and enter the milk drawn.
24.2.2.3 Mechanism of ropiness
Materials that are capable of producing ropiness are:

e True gums or gum like substances: polysaccharides. Gums are derived from lactose that is fermented by
Coliforms, Lactococcuslactis ssp. Lactis biovar hollandicus, Streptococci, Leuconostoc,Lactobacilli.
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e Mains: Nitrogenous mucus like substances. Mucins are combination of proteins with a carbohydrate radical
may be produced by peptonizing bacteria (Micrococci, Gram-negative bacteria and aerobic spore formers)
e Exopolysaccharides: produced as capsules associated with cell or as slimeunattached to the cell. Alcaligenes

viscosus produces capsular material.

24.2.2.4 Significance of ropiness

Ropiness causing bacteria are not harmful to consumers. However, this defect affects the acceptability of products that
occurs less frequently in pasteurized milk. Ropiness has particularly been observed in milk held at low temperature. At
higher temperature,lactic acid bacteria dominate ropy bacteria. Ropiness is observed higher in summer, more prevalent

in spring and autumn.

24.2.2.5 Prevention and control

a. Clean milk production and effective heat treatment
b. Post-pasteurization contamination should be avoided.

24.2.3 Sweet curdling

Curdling without pronounced acid production is sweet curdling. This defect is due to the production of an extracellular
enzyme similar to rennin by bacteria that precipitate casein before the development of sufficient acidity. This defect is
commonly observed in milk and cream particularly that are moderately heat treated particularly when held at higher

temperatures during summer months. Rennin like is produced generally by aerobic spore formers.

The activity of this enzymeis known to increase at higher temperature. Little or no acid production is observed during
sweet curdling. Under Indian conditions, it is observed that boiled milk, if allowed to cool and stand in same container for
long time the product will undergo sweet curdling. This defect sometimes, becomes apparent on re-heating the product.
This defect may also occur in pasteurized milk, if stored for longer times under refrigerated conditions. Under farm
conditions milk contains microbes but the defect does not appear, as the commonly encountered lactic acid bacteria

curdle the product by acid production.

24.2.3.1 Causative microorganisms

Cocci - Streptococcus liquefaciens

Aerobic sporeformers — Bacillus cereus, Bacillus subtilis

Psychrophilic spore formers- Bacillus cereus, Bacillus licheniformis and certain Microbacteriumspp.

Non-spore forming rods: Proteus spp. and E. coli.

24.2.3.2 Significance

Sweet curdling is prevalent in heat treated products, particularly in summer. However, it is also observed inrefrigerated

and boiled milk stored for longer durations.
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24.2.3.3 Factors affecting sweet curdling

e High temperature : More prevalent in summer

o Age of milk: Milk held at ambient temperature for more than 24 h due toproduction of more rennin byBacillus

mycoides. ltdoes not growrapidly, as it may be inhibited by lactic acid bacteria.

e Pasteurization:It kills most of the bacteria, especially lactic acid bacteria, hence, no competition. The spore formers

geminate and grow in these circumstances and cause sweet curdling.

24.2.3.4 Precaution and Control

e Avoid contamination
e Control storage temperature
e Pasteurization at a temperature higher than normal

24.2.4 Proteolysis

It is a process in which casein or some insoluble casein derivatives are broken down to water soluble compounds through
the action of micro-organisms or their enzymes. Milk contains different proteolytic enzymes that may bring about
alterations of milk constituents. Some of these are naturally present in milk, while others are elaborated by micro
organisms.Since, milk contains only small amounts of non-protein nitrogenous substances to sustain prolonged growth or
survival, micro-organisms depend on enzymes that hydrolyze milk proteins. Changes in milk proteins, as a result of
psychrotrophs growth or enzymatic action, are important in keeping quality of milk and milk products. Release of various
nitrogenous compounds or degradation of individual protein fractions is observed while studying proteolysis caused by
psychrotrophic enzymes. Raw milk supplies contain heat stable proteases or microbes that are able to produce these

proteases can attack caseins and whey proteins leading to coagulation of milk and development of bitter taste.

Proteolytic flavours are attributed to the breakdown of proteins and amino acids and thus proteolysis is often
accompanied by development of bitternessdue to the presence of peptides that are bitter in taste. Psychrotrophic
proteinases primarily act during refrigerated storage of raw milk before heat treatment. Ultra high treated sterilized milk

coagulated in the presence heat resistance pseudomonas proteases.
24.2.4.1 Causative microorganisms

Psychrotrophs are active proteolytic and grow at 7°C or less, especially Pseudomonas fluorescens, Pseudomonas
fragi and Alteromonas putrefaciens. Thermodurics are especially Micrococcus caseolyticus, Bacillus stearothermophilus

Bacillus cereus and Bacillus subtilis.
24.2.5 Lipolysis
It is hydrolysis of milk fat and subsequent production of off-flavours in dairy products. Lipolysis is carried out by lipase

resulting into the accumulation of free fatty acids. The lower chain fatty acids particularly butyric and caproic are
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responsible for lipolytic off-flavours. The onset of lipolysis in milk at any stage from milking, storing and processing should

be avoided, since rancid milk or cream will not yield products of high flavour quality.

The intrinsic milk lipase is present in sufficient quantities to cause hydrolysis of milk fat. However, fat globule
membrane protects the milk triglycerides from attack by lipolytic enzymes, whose activity is further impaired by
their association with casein and possibly by the presence of lipolytic inhibitors. The intrinsic milk lipase is well
partitioned from the triglyceride substrate; hence little or no lipolysis occurs in milk.

Lipolytic microorganisms and their enzymes produced in bulk cooled milk/ cream by psychrotrophs that survives
HTST pasteurization and UHT sterilization, causes lipolysis during subsequent storage of heat processed milk
even at low temperature. However, in some instances lipolysis appears to have a favorable influence on the flavor
of cheese. The hydrolysis of cheese constituents is essential for the development of mold ripened cheese. Not
only the lipolytic activity of molds but also further metabolism of fatty acids especially their oxidation to methyl
ketones. The addition of lipase of Candida lipolytica improve the quality of blue veined cheese made from raw
or pasteurized milk and yeasts of Torulopsis had a desirable influence on the formation of methyl ketones.

24.2.5.1 Causes of lipolysis

1. Intrinsic milk lipase: Present in sufficient quantities to cause hydrolysis of milk fat. However, this fat globule
membrane protects the milk triglycerides from attack by lipase and hence, little or no lipolysis occurs.
2. Lipolytic microbes or enzymes:
a) Psychrotrophs: Pseudomonas spp. mainly Pseudomonas fragi, Pseudomonas
fluorescensand Achromobacter lipolyticum
b) Other types: Micrococcus freudenreichii, Bacillus subtilis and Bacillus coagulans
c) Yeast and moulds: Candida lipolytica, Geotricum candidum, Penicillium spp. andAspergillus spp.

24.2.5.2 Precaution and control
e  (Clean milk production practices
o  Cooling of milk as per recommendation
e  Processing of milk prior to microbial growth reaching log phase.

24.2.6 Bitty cream defect

Bitty cream or broken cream is a well known example of the effect of spore formers on milk. This defect, which occurs in
pasteurized and raw cream, is characterized by the appearance of flakes in the cream layer that do not mix even when

milk is shaken. If such milk is used in tea, the flakes float on the surface making it unacceptable to consumers.

The flakes are of two types, one is of mechanical/ physical origin and there flakes occur when fat globule membrane is
partly disrupted andglobule stick together, and when this condition is pronounced, it occurs as cream plug. The second

type is of bacterial origin and is produced partly by lecithinase enzyme of Bacillus cereus, Bacillus cereus var mycoides that
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attacks phospholipid part of fat globule membrane and partly from the coagulation of casein associated with membrane.

The bacterial flakes do not change materially, when heated to 100°C, whereas mechanical flakes change at 40-45°C

Bitty cream is amajor spoilage problem of pasteurized milk.The main reasons for this are failure of refrigeration, seasonal

variation, prolonged storage etc.

24.2.6.1 Precautions and control

Clean milk production to avoid spore contamination is the best way.

24.2.7 Fermentation based discolouration

A number of different abnormal colours are developed depending on the growth of micro-organism as detailed below:

e Yellow: Pseudomonas synxantha

Blue: Pseudomonas cyanogens

Black: Pseudomonas nigrifaciens

Red: Serratia marcescens

Green: Pseudomonas fluorescens

24.2.8 Abnormal flavours

Most of the off-flavours are microbiologically originated. Microbial off-flavours are invariably encountered in raw milk
through occasional neglect or failure in refrigeration. Improvement in processing operations has resulted in lower bacterial
count and hence, most microbial spoilage and associated off-flavours can be traced to post-pasteurization contamination

with psychrotrophs.

e  Fruity Flavour: It is due to ethyl ester formation usually catalyzed by esterases produced by psychrotrophs or lactic
acid bacteria. Ester formation by Pseudomonas fragi involves liberation of butyric and caproic acids from one and
three positions of milk triglycerides and are esterified with ethanol. Predominating esters are Ethyl butyrate, Ethyl

hexanoate.
e  Malty flavour: caused by malty strains of Lactococcus lactis ssp. lactis var maltigenes
e  Bitty flavour: caused by proteolytic microorganisms especially Bacillus spp. and Pseudomonasspp.
e  Fishy flavour: caused by Pseudomonas icthyosmius, due to conversion of lecithin to trimethylamine.
e Potato flavour: caused by Pseudomonas mucidolens and Pseudomonas graveolens
e Phenolic flavour: caused by Bacillus circulans
e  Musty flavour: caused by Actinomyces and certain yeast

e  Burnt of caramel flavour: caused by Malty strains of Lactococcus lactis ssp. lactis

126 www.AgriMoon.Com



Introductory Dairy Microbiology

e Unclean flavour: E. coli

*k %k >k %k %k *k %k >k %k %k
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Module 6. Mastitic milk
Lesson 25

MASTITIC MILK — SUITABILITY FOR PROCESSING AND PUBLIC HEALTH SIGNIFICANCE

25.1 Introduction

Milk obtained from animals suffering from the infected udder is termed as ‘mastitis’. IDF defines mastitis as ‘an
inflammation of udder, almost always of microbial origin. The mastitic milk has higher microbial count and somatic cell

count and has altered composition accompanied by reduced yield.

Mastitis is a parenchymal inflammation of the mammary gland that is caused by microbes that invade the udder, multiply
and produce toxins, which are harmful to the mammary gland. It is characterized by physical, chemical and
usually bacteriological changes in milk and pathological changes in glandular tissues of the host animal. Mastitis is one
of the most important deadly diseases of milch animals, responsible for heavy economic losses due to reduced milk yield,
milk discard after treatment (9%) cost of veterinary services (7%) and premature culling. Mastitis is a global problem that
adversely affects animal health, quantity and economics of milk production and huge financial losses. Unlike clinical
mastitis, in sub clinical mastitis there are neither visual abnormalities in milk like blood clots, flecks etc. nor in mammary

gland like swelling, hotness etc.
25.2 Different Forms of Mastitis
Mastitis can be classified based either on symptoms or on causative micro-organisms.
25.2.1 Classification based on symptoms
Swollen, hot, red and painful udders.
e Acute or clinical: Macroscopic changes to udder or milk, readily detectable by milker.
e  Chronic: Little compositional changes with almost complete absence of pain in udder.

e  Sub-acute/ sub-clinical: Most common form, udder and milk appear normal. Diagnosed by detecting pathogens and

somatic cells and change in milk composition

25.3 Causative Microorganisms

Mastitis is caused as a result of udder infection with one or more of the causative micro-organisms. These
microbes enter through the teat tip into the teat duct, where these get colonized due to the presence of left over
milk and subsequently, spread throughout the udder causing infection.

25.3.1 Microorganisms associated with mastitis

e Most common causatives are Staphylococcus aureus and Streptococcus agalactiae.
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e Coliforms : Escherichia coli , Enterobacter, Klebsiella, Citrobacter.

Other Streptococci: Streptococcus uberis, Streptococcus dysgalactiae, Streptococcus
faecalisand Streptococcus pyogenes.

e  Other Staphylococci : Staphylococcus epidermidis and Staphylococcus albus.

e Corynebacteria : Corynebacterium bovis, Corynebacterium pyogenes.

e Ricketsia: Coxiella burnetii.

e Yeast: Cryptococcus neoformans, Candida pseudotropicalis.

e Molds: Asperigillus spp.

25.3.2 Classification based on causative microorganism

e Contagious mastitis: Streptococcus agalactiae (as natural inhabitant of udder)

e Common mastitis: Species of Streptococcus, Staphylococcus and Escherichia coli
e  Summer mastitis: Corynebacterium pyogenes

e Environmental mastitis: Streptococcus uberis

25.4 Compositional Changes in Mastitic Milk

The colonization of mammary glands by mastitis causing microorganisms trigger a series of events that in turn
causes major compositional alterations.

e Initial increased level of pathogenic bacteria occurs, which is closely followed by considerable increase in
somatic cell count.

e Subsequently, there is a wide range of related effects like impaired synthetic ability of the secretary tissue
causing lower milk yield and altered levels of major and minor milk constituents and increased infiltration
of blood constituents i.e. serum proteins into milk.

Overall milk from the infected quarters in different cases of mastitis may have the following altered constituents:

25.4.1 Increased constituents

Total whey proteins (i.e. bovine serum albumin, immunoglobulins), sodium, chloride and other ions like Cu, Fe,
Zn, various enzymes and certain glycoproteins increased significantly in mastitic milk. The pH of milk also
increases.

25.4.2 Decreased constituents

Lactose, fat, total casein (i.e. alpha and beta fractions) decrease but gamma fraction increase, some whey proteins
(i.e. alpha-lactalbumin and beta globulin), potassium and other minerals like calcium, magnesium and phosphorus
decreased. On the whole mastitic milk in general has a lower SNF, fat, casein and lactose and higher serum
proteins, chloride ions and pH.
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Table 25.1 Comparison of composition of normal and mastitic milk

Constituent(s) Normal Mastitic
Fat (%) 3.45 3.2
Protein (%) 3.61 3.56
Lactose (%) 45105.3 3.3-4.9
Bovine serum albumin (mg/ml) 0.82 t01.29 4.3-21.5
Lactoferrin (mg/ml) 0.1t00.2 6.2
Sodium (mg/100ml) 57.0 104.6
Potassium (mg/100ml) 172.5 157.3
Chloride (mg/100ml) 80 to 103 7250
pH 6.65 6.9-7.0
Somatic cell (x 10/ml) 20 to 1000 100-5000
Catalase (UM O2/min/ml) 0.08 1.84
Lactic dehydrogenase (milliunits/ml) 300 to 500 Up to 5525
Alkaline phosphatase (units/ml) 191 712
Acid phosphatase (UM/ml) 0.063 0.081
Lysozyme (ug/ml) 0.0 5.6

25.5 Significance of Mastitic Milk

Mastitis in lactating animals affects the yield, quality and public health aspects of milk. With severe
clinicalmastitis, abnormalities of milk are easily observed and milk is discarded. Such milk normally would not
enter the milk chain. But when milk of cows with sub-clinical mastitis, i.e. with no visible changes, is accidentally
mixed into bulk milk, it enters food chain and can be dangerous to consumer. Although, pasteurization destroys
all human pathogens, there is concern, when raw milk is consumed or when pasteurization is incomplete or faulty.
Milk and other dairy products are frequently infected with S. aureus.Milk of infected animals is the main source
of enterotoxigenic S. aureus of animal origin. For example, certain S. aureus strains produce heat-resistant
enterotoxins that cause nausea, vomiting and abdominal cramps, when ingested by humans and are responsible
for staphylococcal food poisoning. Toxins are produced due to improper cooling of milk, during cheese making
from raw milk and also due to post-processing contamination. These toxins cannot be destroyed by heating. The
bovine mammary gland can be a significant reservoir of enterotoxigenic strains of S. aureus.

S. agalactiae is an important bovine pathogen, especially as a cause of both clinical and sub-clinicalmastitis in dairy
animals. Mastitis constitutes a source of economic loss for the dairy industry due to its effects on milk quality. It not only
lowers the quality of cheese and other milk products and decreases milk yield. It also reduces nutritive value of milk due

to the changes in its composition, increases processing problems and off-flavours. It also decreases the shelf life of fluid
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milk products, due to the growth of spoilage causing bacteria. Moreover, the impact of mastitis involves the additional
cost of therapeutic strategies and veterinary services. S. agalactiae is considered a major cause of increased somatic cell
counts as related to standards in bulk tank milk. SCC increases in milk because of mastitis, hence, milk quality, and lactose
and casein contents decreases. Milk yield of a cow with an infected quarter may to the extent of 40%, while animal does
not show any apparent clinical signs of mastitis. A reduction in milk quality ultimately leads to loss of income to the dairy

farmers.

Another public health concern regarding mastitis is antibiotic residues in milk due to extensive use of antibiotics in the
treatment and control of disease. Antibiotic residues in foods can lead to severe reactions in people allergic to antibiotics
at low levels, cause sensitization of normal individuals and development of antibiotic-resistant strains of bacteria.
Compliance with recommended withholding time helps minimizing the risk of antibiotic residues to occur in milk and meat

which is the producers’ responsibility.

25.5.1 Milk yield

The milk yield and also the productive life of milch animal are adversely affected due to mastitis.
25.5.2 Milk quality

The quality of milk as said above is lowered due to a number of compositional changes.

25.5.3 Suitability for fermented dairy products

Mastitic milk is not suitable for making fermented milk products. In cheese making the following effects are
noticed in product on while using mastitic milk.

25.5.3.1 Lower product yield
This might be due to increased fat losses in whey and reduced starter activity.
25.5.3.2 Poorer product quality

Rennet clotting time is increased causing decreased curd firmness and a loose final texture of cheese. Also results
in lack of adequate flavor development due to retarded starter activity.

25.5.4 Other fermented products

Mastitic milk is not suitable for preparing fermented milks like dahi, yoghurt, cultured butter milk, kefir etc.
where product quality is directly dependent on starter cultures. The starters are affected in terms of their growth
and activity (acid and flavor production) in sub clinical mastitic milk. For example, both lactobacilli and lactic
streptococci are inhibited in milk from Streptococcal and Staphylococcal cases of clinical mastitis. Both the rate
of acid production and final acidity attained in mastitic milk are lower than that in normal milk. Even at less than
5% level of mastitic milk in the pooled milk, the aroma, taste and consistency of end product are adversely
affected. Diacetyl production by Lactococcus lactis ssp. lactis biovardiacetylactis is lower in mastitic milk.
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25.5.5 Public health significance

Some of the mastitis causing microbes which are excreted in milk is also pathogenic to humans. For example,
certain strains of Staphylococci associated with mastitic milk cause food poisoning due to enterotoxin production.
The storage of mastitic milk under favorable temperatures leads to elaboration of enterotoxins that are not
inactivated even during pasteurization and spray drying of milk. Other pathogens and food poisoning causing
bacteria like Salmonella spp and enteropathogenic strains of certain coliforms(E. coli and Klebsiella spp) might
also be associated with public health hazards through mastitic milk.
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Lesson 26

DETECTION OF MASTITIC MILK

26.1 Introduction

Tests are based either on the detection of compositional change in milk such as increase in pH, increased
chloride, increased catalase content or on the detection of causative micro-organism or somatic cells by direct
microscopic count, Hotis test and blood agar plating etc. Sampling is done aseptically. Discard first milk into strip
cup. Take sample directly into sterile sample container. For herd test, mixed quarter samples and for detail test, individual

guarter samples are taken for testing of mastitis.

26.2 Tests Based on Compositional Changes
26.2.1 Examination of milk

Before carrying out any test for detection of mastitis, the freshly drawn milk should be examined for the visible
abnormalities in milk. In dry period milk turns too watery. Appearance of udder secretion in advanced cases of chronic
mastitis is usually abnormal in appearance at irregular intervals. In case of acute mastitis, the secretion becomes grossly
altered. The visible abnormalities may be the presence of flecks or clots in milk or milk may be thin or watery and

sometimes yellow in color.
For convenience these mastitis milk tests are divided into two groups:

(A) Indirect Tests that depend upon the development of palpable lesions in udder or changes in the composition of milk
(B) Direct or cultural tests to determine the presence and identity of mastitis micro-organisms in milk.

26.2.1.1 Indirect tests

These are useful in determining the quality of milk. In the absence of lab facilities these are suitable under field conditions
may be helpful in detecting and isolating the animals that are affected with chronic mastitis. Certain indirect tests,

especially the leukocyte count are needed to supplement cultural finding in the diagnosis of mastitis

26.2.1.2 Appearance of milk

Gross changes in milk may be observed at the time of milking such as the presence of flecks, or clots in milk. This is the
most common means of detection of clinical mastitis. Stripping the first few squirts of milk from each quarter into a strip

cup at the beginning of milking is a preferred method of detecting flecks or clots in the milk.
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26.2.1.3 Strip cup test

This test is useful under field conditions for physical examination of milk. This is a simple test used for finding out
the presence of fibrin, mucous and clots of milk in foremilk that is an indication of mastitis. Most cases of acute mastitis and
10% of chronic infections are detected by this test. In this test, enamel plate divided in four strip cups is used. The bottom
of the plate is black colored, so that it gives a good contrast to easily observe the milk flecks. The milk flecks can
be seen by tilting the cups at an angle. This test is quite useful in primary screening of animals for mastitis

detection.

26.2.1.4 Blackboard strip test

This test is another type of strip cup test that usually consists of some flat material with a smooth black surface, cut to fit
at an angle lengthwise in a shallow basin, such as a small rectangular baking pan. As the streams of milk from each teat
are milked on the sloping black surface, any pinpoint flecks, clots, or thick milk are revealed, just as with the strip cup test.

Marked wateriness, much of which is not detectable by any other stable test, can easily be shown by the blackboard test.

26.2.1.5 pH

The pH of normal milk varies between 6.6 - 6.8. The milk from infected udders is usually alkaline in reaction (pH 7.0 to 7.4) and
this can be detected by observing the color change shown by a suitable pH indicator, bromothymol blue, added to
milk. Mastitic milk has >6.8 pH.5 ml milk is mixed with 1ml of 0.04% bromothymol blue and color change is observed. Blue
green to green color is indicative of mastitis, whereas normal milk shows yellow color. Milk in advanced lactation also has
an alkaline reaction and therefore gives a positive test and thus a negative test cannot be taken as evidence of absence of

infection. The test can detects about 70% of infected cases and hence, may be supported by other tests.

26.2.1.6 Chloride test

The chloride content increases in milk of animals suffering from mastitis. Animals in early or in late lactation may give false
positive reaction to chloride test. Normal milk has a chloride content of 0.08 to 0.14%. Abnormal milk has more than
0.14%chloride content. For test measure 5 ml of 0.134 % silver nitrate solution and transfer into a test tube. Add two drops
of 10 % potassium chromate indicator and this gives red color. Add exactly 1 ml of milk to the contents of tube and
mix. Observe the color of mixture. If the sample contains an abnormally high percentage of chloride, the red color will change

to yellow to indicate a positive test. A brownish-red color indicates a negative test.

26.2.1.7 Catalase test

Living cells including leucocytes contain the enzyme catalase. The number of leucocytes in the milk increases during infection
of udder and hence catalase test is used to measure the increase in catalase depending on the ability of it to break down
hydrogen peroxide. The presence of catalase is examined by evolution of oxygen on adding hydrogen peroxide. To 15 ml
of milk in a test tube, add 5ml of 1% H,0,solution. Invert tube and incubate at 37°C for 3h. Oxygen collects at upper
portion. In normal milk the amount of oxygen liberated will be about 2 ml. More than 2.5 ml of gas collected in the top of the
tube is presumed to be due to an abnormal infected udder. Milk from chronic cases may produce as much as 10 ml of gas. Milk

of animals in early or late lactation may give false positive tests to catalase.
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26.2.1.8 Somatic cell count

An increase in the number of somatic cells in milk indicates that mastitic milk is present. This can be estimated by any of

the following procedures:

Detection of Somatic Cells: Several methods for detection of mastitis are available for detecting somatic cells in milk,
including the California Mastitis Test (CMT), the Wisconsin Mastitis Test (WMT; on-farm test), Microscopic Somatic Cell

Count, and Electronic Somatic Cell Counting.

CMT is a simple, inexpensive and rapid screening test for mastitis. The test is based on the increase in number of leucocytes
and alkalinity of mastitic milk. These changes are due to inflammatory exudation and increased contents of basic salts
during inflammation. B.V Biologicals, India launched a CMT reagent along with plastic paddle by the name of CMT kit. The
accuracy of this method is found to be 88.66%. Fresh, unrefrigerated milk is tested using the CMT for up to 12 h; reliable

readings can be obtained from refrigerated milk for up to 36 h.
26.2.1.8.1 Procedure

A plastic paddle with four chambers or shallow cups is used to perform the test. About 3 ml of milk directly stripped into
the labeled cups from the respective four quarters. To ensure equal quality of milk in each cup, the paddle should be titled
slightly to allow overflow of excess of the milk samples, if any in any cup. Then approximately equal quantity of the test
reagent (CMT reagent) is added to each cup. The mixture of milk and reagent is shaken gently in a rotating manner of

paddle in the horizontal plane.

The CMT and WMT detect formation of a gel, when DNA in somatic cells reacts with a detergent. The reaction occurs on
a paddle (CMT) and is graded (i.e. negative, trace, 1, 2, 3), or in a tube (WMT) and is measured in millimeters. CMT or

WMT results can be used as rough estimates of the number of somatic cells in milk.
The different steps of CMT protocols are:

Step 1: Clean teats, strip a few squirts onto the ground, then collect several milliliters from each quarter into the respective

wells.

Step 2: Tilt the plate in order to better estimate the volume of milk. Add a volume of CMT solution to each well that is

approximately equal to the volume of milk in that well.
Step 3: Mix the CMT solution and milk by swirling the paddle.

Step 4: Positive reactions will be indicated by a gelatinous mass that collects near the center of the well as it is being

swirled. Note the purple color of the gelatinous mass in this well.

Immediately after mixing reaction must be scored within 15 s of because weak reaction will disappear after
that time. Any reaction of trace (T) or higher indicates that the quarter has sub-clinical mastitis. The reaction is graded

by intensity of gel formation as below:
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Table 26.1

CMT Score

Description

Interpretation

N (Negative)

No change

Healthy quarter

T(Trace) Slime formed that disappeared with continuous Sub-clinical mastitis
movement of paddle

1(Weak) Distinct slime, but no gel formation Sub-clinical mastitis

2(Distinct Viscous with gel formation that adhered to Severe mastitis

positive) margin infection

3(Strong positive)

Gel formation with convex projection, the gel did

not dislodge after swirling movement of the

paddle

Severe mastitis

infection

26.2.1.9 Sodium lauryl sulphate test

It is presumptive determination of somatic cells and the severity of mastitis is based on the increase in viscosity
of milk on adding sodium lauryl sulphate solution (4% in a 15% teepol solution, adjust pH to 12.0). Two ml of
milk is mixed with 2 ml of test solution by shaking gently for 20 s in a tube and observed for coagulation of

leucocytes.

Table 26.2 Sodium lauryl sulphate test and inference thereof

Observation(s) Leucocyte count/ml | Condition
No viscous layer <100,000 No mastitis
Slight viscous layer 100,000-500,000 Sub-acute
Central viscous cone disappears after | 500,000-5,000,000 | Acute
stopping rotation

Central cone persists >5,000,000 Acute

a) Direct leucocyte count: The presence of >5,00,000 somatic cells per ml of milk is an indicative of mastitis.

It is performed in a similar way as DMC by staining with Newman’s stain.
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26.2.2 Tests based on the detection of causative microorganisms
26.2.2.1 Microscopic examination

This is helpful in detecting the admixture of mastitic milk with herd milk. Presence of long chains of streptococci is
indicative of mastitis due to Streptococcus agalactiae, whereas occurrence of cells in grape like bunches in milk

suggests Staphylococcal mastitis.
26.2.2.2 Hotis test

It gives the most accurate information about mastitis infection. It is based on the fact that Streptococcus agalactiae, when
growing in milk, produces a characteristic colony like mass of cells adhering to the sides of test tube. By the introduction of
an acid indicator (bromocresol purple), the identification of these colonies or 'buttons' is facilitated by their characteristic
yellow color. The appearance of yellow colonies of micro-organisms along the sides of tube or in bottom indicates infection
with Streptococcus agalactiae. For this, 9.5ml of milk is mixed with 0.5ml of 0.5% aqueous bromocresol purple and
incubated at 37°C for 24-48 hrs a test tube.

Table 26.3 Interpretation of Hotis test

Yellow colonies Presence of streptococcus

Flocculent on side of test tube | Presence of especiallyStreptococcus agalactiae.

Rusty brown color | Presence ofStaphylococcus aureus.

colonies

26.2.2.3 Blood agar test

Pre incubated (37°C over night) mastitic milk sample are streaked on blood agar and incubated at 37°C for 24hand
examined for colony formation and haemolysis.

Table 26.4 Detection of specific causative organism using blood agar test

Observation Micro-organism

Small colonies, a or B-haemolysis will occur or | Streptococcus agalactiae
no haemolysis will occur in some cases

a-haemolysis(small zone around colonies and | Streptococcus dysagalactiae
green discoloration)

No reaction Streptococcus uberis

Large colonies than streptococci, f-haemolysis(a | Staphylococcus aureus
wide zone of clearance around colonies)
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26.2.3.4 CAMP (Christie, Atkin, Munch and Peterson) test

The CAMP test is quite specific for the detection of mastitis caused by Streptococcus agalactiae. A standard culture
of Staphylococcus aureus is streaked vertically down across the center of a blood agar plate. The suspected streptococci
plates are cross streaked horizontally at an angle taking care that this streaks do not come into contact with Staphylococcus
aureus streak. After incubation at 37°C overnightand observe for zones. Clear zone between the streaks of Staphylococcus

aureus and milk sample indicates that is positive for mastitis of Streptococcus agalactiae.

26.3 Electrical Conductivity

Electrical conductivity of milk increases during mastitis due to increases in Na* and Cl and decreases in K* and lactose.
Changes in conductivity can be detected by hand-held or in-milk line instrumentation. The latter is the basis for the
computerized milking systems that track electrical conductivity measurements on milk of cows at each milking. This data

can be analyzed by computer programs to that have milk electrical conductivity that is altered from normal.
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Module 7. Milk borne diseases

Lesson 27

FOOD INFECTION, INTOXICATION AND TOXI INFECTION

27.1 Introduction

A variety of pathogens may gain access in to milk from different sources and cause different types of milk borne
illness. Milk and its products may carry microbes or their ‘toxins’ to the consumers. Based on the type of illness
produced these are categorized as food infection, food intoxication and food toxi-infection.

27.2 Types of Food Borne lliness

27.2.1 Food intoxication

Ingestion of pre-formed toxins,
already synthesized by microbes in food brings about poisoning syndrome in the consumers and hence, is called
food intoxication. Toxins affecting gastro intestinal tract are called as enterotoxins

Examples includes: Staphylococcal food poisoning, botulism, diarrohea caused by Escherichia coli, Cholera mycotoxicosis

etc.

27.2.2 Food infection

Ingestion of viable pathogens along with food leads to their establishment in consumers and hence is termed as

food infection.

Examples includes: Typhoid, shigellosis, septic sore throat, scarlet fever etc.

27.2.3 Food toxi-infection

Some micro-organisms can produce toxins ‘in situ’ after getting ingested with food and infect intestine. Such type of

illness is referred as food toxi-infection.

Examples includes: Bacillus cereus food poisoning and Clostridium perfringens gangrene
27.3 Milk Borne Infections

27.3.1 Salmonella poisoning

Salmonellosis is a disease resulting from the ingestion of salmonella along with contaminated food. This is mainly
a food-borne illness and milk and milk products appear to be commonly involved. There are about 2000 closely
related biotypes of salmonella that can cause food poisoning in humans. It is during the mishandling of milk that
the causative microorganism may enter these foods and their subsequent growth during holding may lead to
salmonellosis.
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27.3.1.1 Causative microorganism

e Salmonella typhi— Typhoid
e Salmonella paratyphi A, B, C — Paratyphoid
e Salmonella enteritidis — Food poisoning

27.3.1.2 Sources

e Water is one of the most important sources of salmonella, as it frequently gets contaminated through faecal
matter. If polluted water is used for washing of utensils and equipment it can also lead to contamination of
milk. Silage is another source of salmonella.

e Handlers are the carriers in active cases.

e External agents like flies also acts as a source of contamination.

e Animals suffering from salmonellosis, under certain conditions, excrete viable micro-organisms in their
milk.

27.3.1.3 Symptoms

a) Typhoid fever: Characterized by continuous fever, inflammation of intestines, formation of intestinal
ulcers, enlargement of spleen, characteristic raised spot eruptions on the abdomen and toxemia.

b) Paratyphoid fever: Resembling typhoid fever but it is milder than typhoid. Approximately 10° — 10’micro-
organisms per ml are required to cause infection.

c) Salmonellosis: Nausea, vomiting, abdominal pain, diarrhoea, chills, headache, prostration, muscular
weakness, drowsiness, moderate fever, restlessness etc.

27.3.1.4 Incubation period
7 — 14 days for typhoid and 1 — 7 days for paratyphoid
27.3.1.5 Diagnosis

Microorganism may be present in feces; urine and blood are identified by microscopic, cultural, fermentative and
serological tests. Widal test is used for typhoid.

27.3.1.6 Prevention and control

e Adequate treatment of water

e Infected individuals, who had infection should not handle milk

e Follow hygienic conditions during production, processing and storage

e Educating the people about food and personal hygiene

e Periodic examination of individuals who handle foods for public consumption
e Pasteurization and other adequate heat treatment of milk and milk products

e Control of flies

e Treatment of affected individuals
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27.3.2 Bacillary dysentery (Shigellosis)

This is one of the common food-borne infection and outbreaks are associated with consumption of unpasteurized
milk.

27.3.2.1 Causative micro-organism

e Shigella dysenteriae
e Shigella sonnei
e Shigella flexneri

27.3.2.2 Source

e Milk contaminated with water, flies and utensils
e Milk handlers

27.3.2.3 Symptoms

Shigellosis is an acute intestinal disease characterized by diarrhoea with blood, pus or mucous, fever, vomiting,
abdominal cramps and tenesmus.

27.3.2.4 Diagnosis

Isolation of microorganism by taking rectal swabs and plating on desoxycholate citrate agar, incubation period is
1 -4 days.
27.3.2.5 Prevention and control
e Strict sanitary condition should be enforced in dairy workers particularly in pasteurization plants and retail
outlets dispensing milk in bulk

e Attendants looking after the patients should be prohibited from contact with milk or utensils
e Take precautions to exclude flies

27.3.3 Streptococcal infection

Streptococcal infections like septic sore throat, scarlet fever and food poisoning are treated to the consumption of
milk and its products. Humans and animals both can contaminate milk with streptococci. Although streptococcal
food poisoning through milk and milk products is not well established, yet a few strains of Group D Streptococci
or enterococci have produced toxic metabolites in milk and their toxigenic potentials is ascertained in animal
models.

27.3.3.1 Causative microorganism

Streptococcus pyogenes — Scarlet fever, septic sore throat, tonsillitis and septicaemia
Streptococcus agalactiae — Mastitis in animals
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27.3.3.2 Sources

Animals infected with Streptococcus agalactiae may harbor microorganisms in udder and acts as a source
of pathogens

Personnel directly connected with the care and milking of animals in a dairy herd may act as vectors of
mastitis and cause mastitis in other animals as these carry the pathogens on skin of hands etc

Enterococci are chiefly of fecal origin and fecal contamination of milk and milk products may introduce lot
of enterococci in these products

Milking machines may help in the transfer of pathogens to milk and also to other animals with the help of
infected teat cups

Human carriers of Streptococcus pyogenes contaminate milk during handling and processing

Human carriers disseminating pathogenic Streptococcus pyogenes may also infect animals that develop
clinical or sub-clinical udder infections, and in turn pass out these microorganism in to milk

Milk products may get contaminated from raw milk infected with streptococci

27.3.3.3 Symptoms

a)

b)

d)

Septic sore throat: Characterized by high and irregular fever, sudden onset of fever, inflammation and
swelling of lymph glands of throat and sometimes involving the formation of abscess around tonsils and in
cervical lymph glands.

Scarlet fever: It is an acute febrile disease of throat, accompanied by a scarlet rash. Invasion of other parts
of body may occur by microorganisms resulting in infection of middle ear, kidney. Scarlet rash is due to
elaboration of a toxin.

Food poisoning: The symptoms resembles staphylococcal food poisoning, however, these are of mild type.
Incubation period is 1 — 3 days.

Diagnosis: For septic sore throat, throat swabs should be taken and observed for the presence of hemolytic
streptococci of lancefield group A. Dick test is used to detect scarlet fever. Food poisoning can be diagnosed
by the isolation of causative microorganisms their enterotoxin typing and toxigenicity.

27.3.3.4 Prevention and control
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Adequate heat treatment of milk

Holding milk at lower temperature

Rejection of milk from the suspected quarters

Milk showing abnormal changes should not be pooled
Regular checking of the health of dairy workers
Faucal contamination of milk should be avoided
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27.4 Milk Borne Intoxications
27.4.1 Staphylococcal poisoning

Infection of milk by some strains of Staphylococcus aureus leads to the elaboration of enterotoxins by these that
cause gastro-enteritis in humans.

27.4.1.1 Toxins

Staphylococci produce different metabolic end products such as:

e Haemolysin / Staphylolysin (a, B, y and d)

e Leukocidin

e Necrotizing factor

e Lethal factor

e Enterotoxin

e Coagulase
Among different toxins, enterotoxin is responsible for major food poisoning out breaks. Staphylococcus aureus is
capable of growing and producing enterotoxins in raw milk at a concentration of 108microorganisms per ml.
However, not all the strains of microorganisms are capable of producing enterotoxins. The toxin production is
faster in milk with low count. In poor quality milk, competition with other microorganisms and changes brought
about by these e.qg. acidity, depletion of nutrients inhibit toxin production

27.4.1.2 Sources

Human handlers are the main source as the microorganisms and present in nose, skin, wounds, pimples and boils.
Animals affected with mastitis are the other sources.

27.4.1.3 Symptoms

Nausea, vomiting, abdominal cramps, diarrhoea, sweating, headache, prostration etc. Mortality is low, incubation
period is 1 — 16 h., and symptoms last for 24 — 48 h.

27.4.1.4 Diagnosis
Biological methods, serological methods, coagulase test and thermo nuclease test.
27.4.1.5 Prevention and control

e Adequate heating destroys staphylococci but not the enterotoxin. So, heating within few hours of production
would inhibit the multiplication of staphylococci and hence, no toxin production

Adequate cooling immediately after producing milk also inhibits multiplication of staphylococci.

Post pasteurization contamination should be avoided

Infected handlers should not be allowed to handle milk

Animals having mastitis should be isolated
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27.4.2 Botulism

Botulism poisoning is the severest of all the food poisonings, as it affects the nervous system and is often
extremely fatal. However, milk is rarely involved in the causation of botulism as fluid milk is not a suitable
medium for the growth of causative agent being an anaerobe. In sour milk Clostridium botulinum cannot survive
due to low pH. But it is quite prevalent in canned products like condensed milk and processed cheese in view of
the existing anaerobic conditions favorable for its growth.

27.4.2.1 Toxins

Although, the microorganism is heat resistant, it produces a variety of heat labile toxins that can be destroyed at
100°C within few minutes. Different types of toxins A to G are produced by the microorganism and out of these
at least four A, B, E and F are known to affect human. These toxins are lethal in small doses. It is estimated that
0.1 pg of toxin may cause death of person and 1 mg of purified toxin is sufficient to kill a population of million
people.

27.4.2.2 Sources
Soil and water
27.4.2.3 Symptoms

Nausea, vomiting, fatigue, dizziness, headache, and dryness of skin, mouth, and throat. As it acts on Central
Nervous System, it leads to paralysis of muscles, double vision and respiratory failure, resulting in to death.
Incubation period is 12 — 96 h.

27.4.2.4 Diagnosis
Microscopic examination, animal inoculation and cultural identification.
27.4.2.5 Prevention and control

e Adequate heating of product destroys toxin (1000C per 10 — 20 min.)
e Hygienic conditions is adopted during production of milk

e Chilling after production should be essential

e Acidity inhibits the causative microorganism

¢ Reject bulged cans and spoiled foods

27.4.3 E. coli poisoning

E. coli is known to be associated with enteritis in infants and adults as well as with traveler’s diarrhoea and food
poisoning. Milk and milk products like ice cream, kulfi, dried milks, cheese etc can be contaminated with
toxigenic E. coli that can produce the enterotoxins under favorable conditions. A minimum of 10° to 107 cells per
gram are required to produce enterotoxins sufficient to cause food poisoning.
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27.4.3.1 Toxins

E. coli can produce two types of enterotoxins named as heat labile and heat stable toxins. The labile toxin can be
inactivated at 65°C per30min.

27.4.3.2 Sources

e Water supplies contaminated with fecal matter
e Unhygienic practices by handlers may introduce the microorganism in to milk chain
e Infected animal may also excrete the microorganisms.

27.4.3.3 Symptoms

Children are more susceptible. Symptoms due to heat labile toxins are almost similar to symptoms of cholera.
Massive watery diarrhoea occurs due to accumulation of fluid in the intestines. In case of heat stable toxin, the
symptoms include diarrhoea with or without vomit that is not bloody and without inflammatory exudates in stool.
Fever may be present in children but not in adults. Incubation period is 8 — 24 h.

27.4.3.4 Prevention and control

e Fecal contamination of water supply should be avoided
e Handlers should follow strict hygiene practices
e Cross contamination from infected animals should be avoided.

27.4.4 Cholera

Cholera is one of the acute diarrheal diseases caused by Vibreo cholerae. It frequently occurs in the form of
massive epidemics. Unhygienic practices are mainly responsible for outbreak. Although, cholera is mainly water
borne disease, the involvement of milk may also transmit the disease. The causative microorganism adheres to
the epithelial lining of mucosa in the small intestines, where it produces enterotoxin that causes loss of fluid and
electrolytes from the body followed by dehydration.

27.4.4.1 Source

e Milk infected by soiled hands of a patient
e Use of infected water for dairy purpose
e Adulteration of milk with contaminated water.

27.4.4.2 Symptoms

In mild cases of cholera, diarrhoea appears to be the only symptom. In severe cases, diarrhoea, vomiting, rice
water stools, abdominal pain, thirst, dehydration are major symptoms. The disease runs a short course terminating
in death, sometimes within 12 h after the appearance of first symptoms. Incubation period is few hours to 5 days,
usually 3 days.
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27.4.4.3 Diagnosis
Intra-peritoneal inoculation of Guinea pigs with pure culture results in the death of the animal within 24 h.
27.4.4.4 Prevention and control

e Proper pasteurization of milk and its products.

e Sanitary disposal of human excreta

e Protection of water by boiling

e Sanitary preparation and handling of products

e Control or destruction of house flies

e Public health education

e Isolation of patients and carriers

¢ Disinfection of stools and vomit and articles soiled by the patients
e Food left by the patients should be burnt

e Room of patient should be thoroughly cleaned and disinfected
e Use of cholera vaccine in exposed population group

27.4.5 Fungal intoxications

The common types of fungal intoxications that result through milk are those caused by Asperigillus and other
molds like Pencillium, Fusarium etc.

27.4.5.1 Aflatoxicosis

Aflatoxicosis is a common type of fungal intoxication caused by the common molds, Aspergillus
flavusand Aspergillus parasiticus by virtue of their ability to produce aflatoxin. Aflatoxin can be present in milk
as preformed toxin or it can be secreted in milk by the milch animal that has been fed with aflatoxin containing
feed. Therefore, even with satisfactory sanitation and hygiene during production and processing of milk, the
mycotoxins can be transferred to consumer. Upon ingestion, the aspergillus toxins are metabolized by milch
animals and are secreted into milk in form of M1 and M2 that are also toxic to the consumers.

a) Types of aflatoxins: Aspergillus flavus produces B1, B2, B2a. B1 is the most abundant and most toxic of
the aflatoxin. G1, G2 and G2a toxins (produced by Aspergillus flavus only) are extremely heat stable, potent
and exhibit very strong toxicity apart from being highly carcinogenic. The recommended upper permissible
limit of aflatoxin in foods is 0.5ug/kg.

b) Source: Aerial contamination and soil contaminated foods introduce mold spores in milk and milk products.

c) Symptoms: Liver hyperplasia, tissue hemorrhage, anorexia, hepatitis and finally death in animals. The vital
organs like spleen, pancreas and kidney may also be involved in aflatoxicosis.
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d) Prevention and control:
e  Prevent contamination of milk and milk products
e Prevent fungal growth by storing the product under proper conditions and by use of fungi-static
agents
e Detoxification of aflatoxins by physical, chemical or biological agents. However, this is relatively
impractical in dairy products.

27.5 Milk borne Toxi — Infections
27.5.1 Bacillus cereus poisoning

It occurs due to ingestion of contaminated food with Bacillus cereus or its spores and produces 3 types of toxins:
a) Haemolysin
b) Lecithinase
c) Enterotoxin

27.5.1.1 Sources

e  From mastitis udder
e Spores from animal’s teat and skin equipments
e Soil —directly or indirectly

27.5.1.2 Symptoms

Two types

e Diarrohea: Abdominal pain and cramps, profuse watery diarrhea, rectal tenesmus. Moderate nausea with rare

vomiting. Lecithinase releases phosphoryl choline, a toxic substance from lecithin
e Vomiting: Acute attack of nausea and vomiting diarrhea is not common

27.5.1.3 Prevention and control

e  Proper cooling of milk
e Maintenance of environmental hygiene and air quality
e Hygiene during production, processing etc.

27.5.2 Clostridium perfringens poisoning

Clostridium perfringens- It causes gas gangrene. The anaerobic conditions inside canned foods are favourable for growth

of C. perfringens. Five different enterotoxins - A, B, C, D and E are produced, where A and C causes food poisoning.
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27.5.2.1 Sources

e From soil and faeces — dust, fodder, milk
e Faecal contamination of water

27.5.2.2 Symptoms

Diarrhoea, vomiting, abdominal pain; incubation period is 8-22 h. Sometimes it is fatal.

27.5.2.3 Prevention and control

e  Proper cooling of milk
e Maintenance of environmental hygiene and air quality

e Hygiene during production, processing etc.

*k %k %k %k %k *k %k %k %k %k
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Lesson 28

MILK BORNE DISEASES

28.1 Introduction

The spoilage and pathogenic micro-organisms causing illnesses could come from the animal, handler, environment, water,
equipment, air, and raw materials and due to poor sanitation practices. The knowledge about sources of contamination

will be helpful in preventing or reducing such spoilage causing and pathogenic microbes in milk.

Milk is, an efficient carrier for a variety of disease producing microbial agents. With mass collection and distribution of
milk in industrial countries, the potential of milk for disease transmission became a widespread problem. The disease
control, however, can be maintained only by constant supervision of the health of dairy animal and by adequate controls
at all points from the time the milk leaves the udder until it reaches the consumer. While the problems of ensuring a safe
milk supply are of different orders of magnitude in economically advanced and in developing countries, yet there are
essential similarities. In both cases, where a highly mechanized system with extensive distribution services from a
centralized milk plant is employed, the slightest relaxation of attention at any crucial links in the milk chain from the farm

to consumer invites problems.
A second factor that is common to advanced and developing countries, is the disease causing microbes.
Such microbial agents can be conveniently classified as :

a) Communicable disease causing microbes - viruses, rickettsiae, bacteria, protozoa, and other parasites-and/
or their toxins;

b) Specific and non - specific sensitizing agents; and

c) Toxic chemicals - pesticides, preservatives, drugs, radionuclides, and other substances.

28.2 Milk as Vehicle of Microbes

Milk, by virtue of possessing all sorts of nutritional factors, can serve as an excellent media for microbes, especially
including pathogens. Bacteria have the ability to utilize various milk constituents to grow and multiply. While growing at
the expenses of milk constituents these microbes release certain metabolites like lactic and other organic acids, gases,
enzymes, flavouring compounds, pigments, toxins etc in the system which may be useful and/or harmful, and thus, effects
the quality of milk. Generally, these metabolites lead to different spoilage conditions in milk products and make these
unfit for consumption. For this reason, raw milk is inherently dangerous and should not be consumed by anyone, at any
time, for any reason. However, this has been a practice in past in northern parts of India, might be due to the unawareness

of consumers.

Food safety experts say that pasteurization saves lives. Pasteurization has reduced food-borne illnesses from milk
to one-fourth in comparison to before the technique was widely adopted in early 1900s to about 1 percent now.
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Although all are vulnerable to illness from E. coli or Salmonella poisoning, children and people with weak
immune systems are at higher risk from drinking raw milk. The number of infections is growing, as raw milk is
gaining popularity and people are taking a risk.

Milk serves as a potential vehicle for transmission of diseases under certain circumstances. Pathogens grow and multiply
to produce certain toxic metabolites and make itself an extremely vulnerable commodity from public health point of view.
The microbiological health hazards arising from the consumption of contaminated milk has grown in recent past and has
resulted in intensification of food hygiene programme world over. Although, the occurrence of incidences of food borne
illness has been considerably reduced in developed countries, mainly due to adoption of strict microbiological quality
control and sanitary practices during production, processing and distribution of milk yet, the situation is continues to be

grim in developing countries like Indian subcontinent where, such practices are impracticable even at present.

Milk spoilage is manifested by a reduction in aroma, flavor, texture and nutritional value of foods. In extreme
cases the dairy products become totally unpalatable. In addition, some microbes are known to release toxins that
may cause damage to health of consumers.

28.3 Different Sources of Pathogens

A variety of pathogens may gain access to milk from a number of sources and cause different types of food borne
illness. Milk and its products may carry microbes as such or their toxic metabolites called toxins to the consumers.

28.3.1 Animals

The health of dairy animals is a very important parameter because a number of diseases including brucellosis, Q-
fever, salmonellosis, staphylococcal and streptococcal infections and foot and mouth disease virus may be
transmitted to man through milk. The microbes causing these diseases may be transmitted to milk either directly
from the udder or indirectly through the infected body discharges that may drop, splash or be blown in to milk.

28.3.2 Handlers

The diseased persons may transmit diseases like typhoid fever, scarlet fever, diphtheria, septic sore throat,
infantile diarrhea by contaminated hands or by coughing, sneezing and talking during milking or subsequent
handling of milk at farm level.

28.3.3 Environment

Dairy farm environment may also introduce pathogens in to milk products at different stages of production and
processing. Some common air borne pathogens are like Group A Streptococci, Corynebacterium
diptheriae, Mycobacterium tuberculosis, Coxiella burnetii and some viruses of respiratory origin. Contaminated
water, fodder and unclean vessels and containers used for handling milk and other unhygienic conditions at farm
and plant may significantly contribute to pathogens and spoilage causing micro-organisms in milk.

28.4 Different Terms Used in Milk Borne Infections
28.4.1 Outbreak
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According to Communicable Disease Centre, an outbreak of food-borne disease is defined as an incident in which
two or more persons experience a similar illness usually gastro-intestinal after ingestion of a common food.

28.4.2 Etiology

Etiology of a food-borne disease is the confirmation or identification of the causative agent of the disease through
laboratory diagnosis.

28.4.3 Epidemiology

Epidemiology of a food-borne disease is a systematic approach to locate the cause and mode of transmission of
the disease, so that corrective measures can be applied.

28.5 Investigation of Milk Borne Diseases

There exists a systematic monitoring and surveillance system to investigate the causes of food-borne illness in
developed countries but, there is lack of adequate investigating system in developing countries and as a result, no
follow-up action is taken to avoid reoccurrence. Generally gastro intestinal disorders are perhaps the greatest
single cause of morbidity in developing countries.

For investigation of an outbreak the following steps are to be followed:

e A detailed description of gastro-intestinal cases should be made.

A record of food eaten and a common source of infection should be identified, if large number of individuals
is involved.

History of previous illness of personnel handling milk should be traced.

Evidence of enteric disorders, scratches, wounds, sores, pyogenic infections or other evidence of sepsis
should be looked for and swabs should be taken.

Sanitary facilities and practices used in plant should be recorded.

A detailed veterinary record of animals should be obtained with particular attention to recent cases of mastitis.
Pooled milk samples from one or several animals should be taken aseptically, immediately cooled and held
cool until delivered for examination.

After identification of the suspected animals carrying the causative microorganism, the individual samples should be

obtained.

28.6 Diseases From Animal to Man And Milk to Man
28.6.1 Tuberculosis

The causative microorganism is Mycobacterium tuberculosis. German physician Robert Koch (1843-1910)
revealed the micro-organism, Mycobacterium tuberculosis from contaminated raw milk, and its role in infant
mortality.

Koch also reported that another strain, M. bovis, was responsible for tuberculosis in cows, and that it was species
specific and believed that cow strain would not infect humans. Milk borne tuberculosis is directly or indirectly
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related to consumption of raw milk from infected dairy herds. The tuberculosis traceable to raw milk was the
result of external contamination or lesions in the udders of cows racked with bovine tuberculosis. The milk
buckets, too, were easily contaminated by workers.

There are two types of tuberculosis, pulmonary and non pulmonary type. Pulmonary is caused by human type of
microorganisms that affects mainly respiratory tract. Bovine type bacillus cause non pulmonary tuberculosis.
Tuberculosis of cattle is produced by Mycobacterium bovis. Avian type of the microorganism may cause both
types of tuberculosis.

e  Mycobacterium tuberculosis — Human
e  Mycobacterium bovis — Cattle and human
e  Mycobacterium avium — Birds, swine but rarely human

Human type tuberculosis bacilli may gain access to milk from milkers and other handlers. It causes human type
tuberculosis in cattle. This cannot be immediately noticed and may give tuberculin negative test but after 2 — 3
months, this test will be positive. Such suspected animals are usually held under observation and rested
periodically. If the reaction disappears, these are restored to their normal status in herd. Such cattle may excrete
bacilli in their milk from apparently normal udders.

Milch animals other than cattle are also affected with tuberculosis mainly by bovine type. Buffaloes and goats are
less frequently affected by tuberculosis. Bovine type infection in man appears to be practically nonexistent, in
spite of a considerable proportion of cows being infected. It may mainly be attributed to the habit of boiling milk
before consumption. Sour milk may Kill human and bovine tuberculosis bacilli within 18 — 24 h

Avian type tuberculosis bacilli also cause natural infections in cattle. Human infection with avian type bacilli is
quite rare.

28.6.1.1 Symptoms

Tuberculosis is characterized by the onset of paranchymal pulmonary infiltration recognizable by X-ray
examination, pleurisy, followed by advanced stage that is accompanied by cough, fever, and fatigue and weight
loss. Incubation period is 4 — 6 weeks from infection to demonstrable primary lesion.

28.6.1.2 Prevention and control

e Animals should be subjected to tuberculin test.

e Animal suffering with tuberculosis should be isolated.

Proper heat treatment of milk. The traditional habit of boiling every lot of milk before consumption in India
is good, in combating the incidence of tuberculosis.

Overcrowding of animals must be avoided and living conditions must be improved

Tuberculosis patients should be prohibited from handling cattle as well as milk.

Proper disinfection should be followed.

152 www.AgriMoon.Com



Introductory Dairy Microbiology

28.6.2 Brucellosis

It is one of the most common milk-borne diseases. Brucellosis, also called Bang's disease, Crimean
fever, Gibraltar fever, Malta fever, Maltese fever, Mediterranean fever, rock fever, or undulant fever, is a
highly contagious zoonosis caused by the ingestion of unsterilized milk or meat from infected animals or close
contact with their secretions. Brucella spp. are small, Gram-negative, non-motile, non-spore-forming, rod shaped
(coccobacilli) bacteria. This function as facultative intracellular parasites causing chronic disease that usually
persists for life. Symptoms include profuse sweating and joint and muscle pain.Malta fever, the disease now
called brucellosis first came to the attention in 1850s in Malta during the Crimean War. In cattle, this disease is
also known as contagious abortion and infectious abortion.

The popular name undulant fever originates from the characteristic undulance (or ‘wave-like’ nature) of fever,
that rises and falls over weeks in untreated patients. In 20th century, this name, along withbrucellosis, gradually
replaced the 19th century names Mediterranean fever and Malta fever.Brucellosis in humans is usually
associated with the consumption of unpasteurized milk and soft cheeses made from milk of infected animals,
primarily with Brucella melitensis and with occupational exposure of workers, veterinarians and slaughterhouse
workers. Some vaccines used in livestock, B. abortus, also cause disease in humans, if accidentally injected.
Brucellosis induces fevers, sweating, weakness, anaemia, headaches, depression and muscular and body pain.

The main symptoms are like muscular pain and sweating and the duration of disease can vary from a few weeks
to months or years. In the first stage of disease, septicaemia occurs and leads to undulant fevers, sweating and
migratory arthralgia. Blood tests characteristically reveal leukopenia and anemia, and demonstrate positive
Bengal Rose and Huddleston reactions. During episodes of Malta fever, melitococcemia (presence of brucellae
in blood) can usually be demonstrated by means of blood culture in tryptose medium. If untreated, the disease
can become chronic. The focalizations of brucellosis occur usually in bones and joints and spondylodiscitis of
lumbar spine accompanied by sacroiliitis is very characteristic of this disease.

28.6.2.1 Diagnosis of brucellosis

e Blood cultures in tryptose broth, bone marrow cultures. The growth of brucellae is extremely slow and the culture

poses a risk to lab personnel due to high infectivity of brucellae.

e Demonstration of antibodies against the agent either with, ELISA or 2-mercaptoethanol assay for IgM antibodies

associated with chronic disease
e Histologic evidence of granulomatous hepatitis

e The preferential erosion of antero-superior corner of lumbar vertebrae and marked osteophytosis are suspicious of

brucellic spondylitis.

153 www.AgriMoon.Com



Introductory Dairy Microbiology

28.6.2.2 Prevention and control

e Segregation of infected herd to avoid cross infection and if possible the infected animals should be
slaughtered.

e Herds should be properly vaccinated.

e Adequate heat treatment should be given to milk for the destruction of causative microbial agents.

28.6.3 Diphtheria

Diphtheria is caused by only toxigenic strains of Corynebacterium diphtheriae. Rarely, a diphtheria-like illness is caused by
a toxigenic strain of C. ulcerans or C. pseudotuberculosis. C. diphtheriae has three biotypes: gravis, intermedius, and mitis.
The gravis biotype is associated with the most severe disease, but any strain may be toxigenic. All clinical isolates of C.
diphtheriae should be tested for toxigenicity. Nontoxigenic strains can cause sore throat and other invasive infections, and

are associated with endocarditis.

28.6.3.1 llIness

Classic diphtheria is an upper-respiratory tract infections characterized by sore throat, low-grade fever, and an adherent
pseudomembrane of the tonsil(s), pharynx, and/or nose. The disease can involve almost any mucous membrane. For

clinical purposes, diphtheria can be classified according to the site of the infection:

28.6.3.2 Anterior nasal diphtheria

Anterior nasal diphtheria usually presents with mucopurulent discharge from nose that may be bloody and a white

pseudomembrane on nasal septum.

28.6.3.3 Pharyngeal and tonsillar diphtheria

Pharyngeal and tonsillar diphtheria, the most common type of infection, initially presents with malaise, sore throat,
anorexia, and low-grade fever. Within a few days, a bluish-white pseudomembrane forms on one or both tonsils that can
extend to the tonsillar pillars, uvula, soft palate, pharynx and nasopharynx. Over time, the pseudomembrane evolves,
assuming a dirty gray color with areas of green or black necrosis surrounded by a minimal amount of erythema. Attempts
to remove the pseudomembrane cause bleeding. With severe disease patients can develop edema of the anterior neck.
If a significant amount of toxin is absorbed into the blood stream, patients may develop pallor, rapid pulse, coma and
death. The differential diagnosis of diphtheria includes streptococcal pharyngitis, viral pharyngitis, Vincent's angina,

infectious mononucleosis, oral syphilis and candidiasis.

28.6.3.4 Laryngeal diphtheria

If the infection involves larynx, it may occur either as an extension of pharyngeal form, or as laryngeal involvement alone.
Patients can present with fever, hoarseness and a barking cough. The pseudomembrane can cause potentially fatal airway

obstruction.

154 www.AgriMoon.Com



Introductory Dairy Microbiology

28.6.3.5 Cutaneous diphtheria

Cutaneous diphtheria, caused by either toxigenic or nontoxigenic strains of C. diphtheriae, is usually mild, typically
consisting of non-distinctive sores or shallow ulcers, and rarely causes toxic complications. The disease may present as a
scaling rash or as clearly demarcated ulcers. A chronic skin lesion may harbor C. diphtheria along with other micro-
organismes. Skin infections with C. diphtheria are common in tropical climates, and this is likely the reason for high levels

of natural immunity among local populations in these regions.
28.6.3.6 Reservoir

Infected humans are the reservoir.

28.6.3.7 Modes of transmission

Diphtheria is transmitted from person to person through respiratory droplets or less commonly, through contact with

discharge from skin lesions. Historically, raw milk and fomites were known to have served as vehicles.

28.6.3.8 Incubation period

The incubation period is usually 2—5 days (range 1-10 days).

28.6.3.9 Communicability

Persons are communicable for up to 4 days after treatment with effective antibiotics has been initiated. Untreated persons
generally shed bacteria from the respiratory tract or from skin lesions for 2—4 weeks after infection. A chronic carrier state

is rare, but known to exist, and such a carrier may shed micro-organisms for 6 months or more.

28.6.3.10 Prevention and control

e Adequate heat treatment of milk.

e Infected person should not be allowed to handle milk and milk products.

e Unhygienic practices like sneezing and coughing by the dairy persons should be avoided.
e Proper vaccination of individuals against disease is an efficient prophylactic measure.

28.6.4 Q - Fever

Q-fever is caused by Coxiella burnetti. Raw milk is commonly implicated as a vehicle for transmission of
disease. Coxiella burnetti is more heat resistant than Mycobacterium tuberculosis. It can survive pasteurization,
if the specified temperature is not maintained and also freezing temperatures. In view of the considerable heat
resistance of this microbe the time-temperature combination used in pasteurization is selected on the basis of heat
inactivation of this microorganism. It has been found to be viable for 2 years at —20°C and resist 0.5 per cent
formalin and 1 per cent phenol. It has also been observed to remain viable for 25 days in rennet cheese, 42 days
in cottage cheese, whereas in yoghurt it is killed within 24 hours due to acidity. All these features make Coxilla
burnetti a micro-organism of great public health significance for its pathogenic potentials.
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Individuals, who have frequent direct contact with animals, including veterinarians, meat workers, and sheep and
dairy farmers, are at higher risk. Q fever is rarely fatal. Most patients get Q fever by coming in contact with
animals infected with the Q fever bacteria, their tissues, or fluids. Transmission may occur through breathing
contaminated air or dust from an area with a large concentration of animals. Tissues from animals giving birth
pose a particular risk. People can also become infected indirectly from animals through contaminated materials
like wool, straw, and fertilizer. There is a risk of Q fever from consumption of contaminated raw milk. Sheep,
cattle, goats, cats, dogs, some wild animals like bobcats and rodents, birds, and ticks carry the bacteria. Most
infected animals do not show signs of illness, but Q fever may sometimes cause abortion.

Only about one-half of all people infected with C. burnetii show signs of illness. For patients who become ill, the
first symptoms of Q fever resemble flu and may include fever, chills, sweats, headache, and weakness. Q fever
may rarely progress to affect liver, nervous system, or heart valve. Q fever is diagnosed by identifying the bacteria
in tissues or through a blood test that detects antibody to the micro-organism. Patients with mild transient illness
usually do not require treatment. Placenta, other birth products, and aborted fetuses should be disposed of
immediately. Seek veterinary assistance, if animals have reproductive or other health problems.

28.6.4.1 Sources

Mostly human infection is by inhalation of infected dust of the fecal matter. Infected cattle continue to excrete
the microorganisms in milk for a long time.

28.6.4.2 Symptoms
High fever, headache, weakness, malaise, severe sweating and virus like pneumonia.
28.6.4.3 Prevention and control

e Adequate heating of milk and cream

e Calving sheds should be away from the milking sheds and dairy

e Animals should be properly vaccinated

e Survey for determining the prevalence of infection in an area should be carried out

28.6.5 Viral infections

The rapid growth of the frozen and convenience foods has given rise to increased concern about the possible role of such
foods in the dissemination of viral infections. Although, food is rarely reported a vehicle for viral distribution. A few
breakouts of poliomyelitis have been traced to raw milk. Personal contact and mechanical distribution by flies are believed

to be the usual routes of infection with enteric viruses.

Outbreaks of infectious hepatitis have occurred in which foods appear to be the most probable means of transmission.
Epidemiological evidence suggests that ingestion of raw clams or oysters taken from sewage polluted waters could be a
mean by which infectious hepatitis is spread. A number of factors can influence the importance of any food as a vehicle
for the spread of a virus. Among these are the opportunities for contamination with infectious virus, the ability of a virus
to survive and remain infectious under conditions of handling and storage, the extent of adsorption to food, the effect of
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ingredients like flavourings and preservatives, and competition from other contaminants. However, unlike bacteria,
viruses will not multiply in the foods. They will either survive at a constant level or die out. Since some frozen foods are
subject to a great deal of handling in manufacture, are kept frozen, and require little or no cooking in the home, they

would appear to be likely sources of viral distribution, should they become contaminated during preparation.
28.6.6 Enteroviruses

These are a group of viruses that can cause severe epidemics of diarrhea in infants and children on ingestion of
contaminated milk. Among these most common human pathogens are polio and coxsackie viruses. Milk and its
products are commonly contaminated with enteroviruses mainly through fecal contamination. Unheated milk
contaminated after pasteurization play a significant role in the transmission of disease, especially in developing
countries. However, polio virus can be inactivated in milk by pasteurization. Compared to polio virus, coxsackie
viruses are more resistant to heat treatment

28.6.7 Poliomyelitis
Like many other diarrheal diseases, poliomyelitis occurs commonly.
28.6.8 Sources

e Person to person contact is the main mode of spread of viruses
e Flies may also serve as a vector for the spread of the disease
e Fecal contamination of water and milk

28.6.8.1 Symptoms

First, there is a minor disease associated with viremia characterized by gastro intestinal disturbance. Then
headache, fever, muscle stiffness and paralysis associated with cell destruction in central nervous system.

28.6.8.2 Prevention and control

e Proper pasteurization of milk

e Hygienic measures should be strictly followed to avoid fecal contamination
e Infected persons should not be allowed to handle milk.

e Immunization is also effective in preventing disease.

e Proper vaccination of the children confers protection against disease.

28.6.9 Infectious hepatitis

Among various viral diseases, infectious hepatitis is considered as one of the most serious viral disease for which
milk may be important vehicle for transmission. The illness is also known as hepatitis A and is caused by Hepatitis
A virus, whereas hepatitis B is not transmitted through milk.

28.6.9.1 Sources

e Since the disease spreads through person to person contact, hence handlers can be an important source
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e Defective water supply in a milk plant may also introduce the virus to milk
e Polluted environment in milk plant may also contaminate milk

28.6.9.2 Symptoms

Nausea, vomiting, lethargy, abdominal pain, diarrhea, fever, chills, anorexia, lassitude, sore throat, bile in urine
and jaundice.

28.6.9.3 Prevention and control

e  Proper sanitary conditions should be maintained during production and processing of milk
e Infected persons should not be allowed to handle milk

e Fecal contamination of water should be avoided

e Adequate heat treatment of milk is likely to inactivate the virus
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Module 8. Antimicrobial substances in milk

Lesson 29

ANTIMICROBIAL SUBSTANCES IN MILK

29.1 Introduction

The germicidal properties of milk have been known for years but only recently the progress is made in
characterizing some of the antimicrobial substances in milks of different species (i.e. cow and buffalo.Normal
raw milk contains different levels of inhibitory substances that restrict the normal development of certain bacteria
and sometimes may even Kill these. The degree of inhibitory activity varies considerably in milks of different
species viz., cow, buffalo, human (as the maximum activity present in human milk), in milks of same animal at
different milking. The activity may even vary between milk samples collected from different quarters of udder of
same animal.There are two groups of antimicrobial substances in milk.

1. Inherent or naturally occurring substances in milk
2. Non inherent compounds secreted in to milk from other sources

29.2 Naturally Occurring Anti Microbial Substances

These compounds may be specific and non-specific in conferring protection to the new born. In other words the
specific factors are produced in response to specific antigen, whereas non specific may have less specific anti-
microbial activity.

29.2.1 Specific factors

A. Immunoglobulins
B. Complement
C. Macrophages
D. Bifidus factor

29.2.2 Non specific factors

A) Iron binding protein like lactoferrin
B) Lysozyme

C) Lactanins

D) Lactoperoxidase
E) Vitamin binding proteins and fatty acid
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29.3 Specific factors
29.3.1 Immunoglobulin (1g)

These factors are responsible for immunological protection of newborns. Although in man, prenatal immunity is
conferred primarily through the transmission of immunoglobulins from mother across the placenta to the foetal
circulation. Buffalo and cow rely on the transfer of immunoglobulins from colostrums into new borne’s
circulation post-natally, when gastro-intestinal tract is permeable to intact protein molecules.

IgA is the chief immunoglobulin of milk and confers passive immunity. In human milk, the main Ig is called
secretory IgA. It is present in colostrums in concentrations up to 50mg per ml which drops to a level of 1milligram
per milliliter in mature milk. The sites of action of IgA are restricted, since this g cannot be absorbed from infant
gut in significant quantities.

29.3.1.1 Functions of S IgA

e Neutralizes toxins and viruses

e Inhibits bacterial adhesions

e Prevents absorption of food antigens

e Suppresses bacterial growth

e Aids in phagocytosis by bringing about attachment of bacteria to macrophages.

In human milk anti Escherichia coli IgA has been identified that is active against infantile diarrhea.

29.3.2 Complement

Small amounts of nine components of complement have been detected in human milk and these are also associated
with the bactericidal properties of milk. These also add to the defense mechanism due to lysis of a variety of
potentially pathogens.

29.3.3 Macrophages

Viable leucocytes are present at a concentration of 2 x 108 cells per ml in human colostrums, falling to 2percent of
this value in normal milk. About 80 percent of the cells in colostrums are macrophages that are associated with
phagocytosis i.e. engulfing and subsequent Killing of bacteria many of which are pathogenic in nature.

29.3.4 Bifid us factor

A bifidus factor is a compound that specifically enhances the growth of bifidobacteria in either a product or in
the intestines of humans. Several products have been marketed as bifidogenic factors, such as several prebiotics
and methyl-N-acetyl D-glucosamine in human milk.Bifidus factor supports the growth of lactobacillus,beneficial
bacteria that protect the baby against harmful bacteria by creating an acidic environment, where it cannot survive.

29.3.4.1 Beneficial effects

In breast-fed infant mother’s milk having bifidus factor leads to growth of bifidobacterium. This in turn has these
beneficial effects
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e Inhibition of enteropathogenic Eschericia coli, Shigella spp. and other pathogens due to production of lactic
and acetic acids.

e Supports the growth of Bifidobactriumspp. lactobacillus spp and other probiotic is a beneficial bacteria that
protects baby against harmful bacteria by creating an acidic environment.

e Acidic pH in stools that is necessary for absorption of calcium, Fe and phosphorus.

e Synthesis of Vitamin B-complex that helps in infant growth.

In infants receiving baby foods, the following adverse effects can be resulted

e  Over growth of Eschericia coli in intestines.

e Increase in alkaline pH of stools due to over growth of Eschericia coli.

e Decrease in synthesis of Vitamin B12.

In such cases, the bacteroids conjugate with bile-salts in intestines and reduce their function in fat absorption.
29.4 Non Specific Factors

29.4.1 Lactanins

The concentration of lactanin fractions viz lactanin 1 (L1) and lactanin 2 (L2) in milk varies. The bovine colostrums
are rich in L1 and normal milk contains higher quantities of L, fraction. A third fraction Lz has also been detected
in raw milk. This differs from L1 and L2 on the basis of its source and inhibitory action.

There is a partial inactivation of Ly at 60 “C per 30 minutes. On heating raw milk to 70 °C per 20 minutes at pH
7.0, L1 is completely destroyed leaving behind L fraction in relatively higher concentration. It is proved that
these two compounds Liand L, when interact are more bactericidal than either one alone.

Lactanin is mostly active against Streptococcus pyogenes. The ability of these microbesto grow in udder is due
to the fact that lactanin has little activity under anaerobic conditions prevailing there. Addition of glutathione,
cystein and other reducing substances in milk reduces the anti microbial action of lactanins in milk. However,
other factors in milk are stimulatory for the growth of Streptococcus pyogenes in udder that causes mastitis.

29.4.2 Lysozyme

It is present in different amounts in milks of different species. The average lysozyme content of human milk
(30mg per 100 ml) is 3000 times more than that of bovine milk. Such significant difference in the lysozyme
content may have physiological or nutritional implications on infant feeding. Breast fed infants have greater
resistance to enteric infections than those fed on artificial foods, and lysozyme is possibly associated with the
mechanism of natural immunity and local resistance.

Most of the Gram positive bacteria are very sensitive to the lytic action of lysozyme due to the hydrolysis of B 1-
4 glycosidic linkage of the peptidoglycon component of their cell wall. However Gram negative bacteria are
normally lysozyme resistant.
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29.4.3 Lactoferrin (Iron binding protein)

Lactoferrin (previously known as lactotransferrin or lactosiderophilin) is one of the important anti microbial
substance in milk. It is a red glycoprotein that resembles blood serum transferring and is found in varying
concentrations in milks of different species. Human milk has a higher amount of this protein than cow or buffalo
milk. The concentration of lactoferrin in human and buffalo colostrums is very high (1.2 g per 100 ml and 100mg
per ml, respectively) and falls during lactation to 160mg per 100 mland 50 ml per ml, respectively in mature
milk.1 to 4percent of lactoferrin in human milk is saturated with iron. It is mainly a whey protein (70percent found
in whey 30percent bound to casein and fat).

The inhibitory effect of lactoferrin is based on its ability to squeeze iron out from the medium, thereby making it
unavailable to the microbes that compete with the lactoferrin for limited amount of iron as an essential growth
factor. Its bactericidal action is potentiated by adding iron invitro or due to the high citrate and low bicarbonate
concentrations, as in bovine milk.

It has antibacterial property against microorganisms likeStaphylococcus aureus, Staphylococcus albus,
Pseudomonas aeruginosa, Vibrio cholerae, Clostridium tyrobutyricum, Bacillus stearothermophilus,and Bacillus
subtlis.

Apolactoferrin (iron free lactoferrin) at 0.02mg per ml concentration in milk inhibits the growth ofEnterobacter
aerogenes and Eschericia coliboth.

29.4.4 Lactoperoxidase

Lactoperoxidase is present in cow milk in considerable amount (30mg/ml) but is absent in human milk. This
enzyme has been found to be identical with L fraction of lactanin. In bovine raw milk the inhibitory action of
this enzyme is due to formation of an antimicrobial system or LP system under normal conditions.

The secretion of thiocyanate component in milk is governed by nutrition of the animal. Hydrogen peroxide can
be contributed either by polymorpho-nuclear-leucocytes or by hydrogen peroxide producing udder micro flora,
e.g. Streptococci

The lactoperoxidase system is bacteriostatic to microorganism like Group B and Group N Streptococci, whereas
it is bactericidal for Group A Streptococci, E.coli, Salmonella typhimurium etc. It protects calf against enteric
problems and may have some role in providing defense mechanism to mammary gland against infections.

Lately attempts have been made to exploit the LP system as a method of preservation (i.e. cold sterilization) for raw milk.
Unlike in conventional method of preservation by heat treatment, there is no inactivation of antimicrobial substances and
other heat labile constituents of raw milk (like certain vitamins). In these efforts, the two components of LP system viz.

thiocyanate and hydrogen peroxide are added from outside to attain their balanced proportions.
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29.4.5 Vitamin binding proteins

There are certain proteins present in milk of some species that bind with some essential vitamins firmly, thereby
making bacteria starved (that are fastidious for such vitamins). These proteins particularly bind with Vitamin
B1> and Folate in milk. In milk of both cow and human the binding capacity of folate binding protein is far in
excess of natural folate content. The same is true for Vitamin B12in human milk but in cow milk there is little or
no excess of unsaturated binding protein. Hence, in presence of unsaturated binding proteins, the growth of
microbes requiring vitamin Bi.and folate is inhibited. The vitamin binding proteins have following functions:

e Regulate bacterial growth in gastro intestinal tract of suckling animals by denying the vitamins to specific
bacteria

e Aid in the absorption of vitamins in the gut

e Conserve vitamin Bioby aiding the re-absorption of vitamin Biolost in bile

e Play arole in the mammary gland prior to milk secretion

29.4.6 Fatty acids

Milks of different species also contain free fatty acids in appreciable concentrations. Generally, medium chain
fatty acids, especially octonoic and deconoic acids and some polyunsaturated chains fatty acids are more active
against Gram positive microorganisms. Lower fatty acids after being freed from the glycerides of milk fat are
inhibitory to many bacteria including lactobacilli and lactic streptococci. Free fatty acids in milk result either from
the action of lipase naturally present in milk or from the lipolytic activity of certain microbes. Although, many
microorganisms require fatty acids, as nutrients for growth, but when their concentration exceed certain limits in
medium growth is strongly inhibited.

29.5 Non Inherent Anti Microbial Substances

Antibiotics, sanitizers and other chemical substances used at some stage in dairy industry may gain access in to
milk and exert antimicrobial effect there.

29.6 Significanceof Anti Microbial Substances in Milk

e Health benefits: The primary significance of the antimicrobial substances detected in milk can be related
to their possible role in conferring protection to mammary gland and neonates in mammals. The new borne
therefore should essentially be given the colostrums, which is very rich in most of these antimicrobial factors.
‘Breast feeding is the best for infants’ derives its substance from the abundance of antimicrobial factors in
mother’s milk, as against animal milk based infant formulae.

e Preservation of milk: Although, the presence of antimicrobial factors cannot solely be dependent upon to
prevent or even to retard significantly the development of mixed population of microbes in raw milk, some
microbes get markedly affected. However, an artificial exploitation of milks natural antimicrobial system
called lactopeoxidase system, for developing a cold sterilization like process, can prove effective in
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preservation of raw milk. Such a process holds great promise under tropical farm conditions in countries like

India.

e Processing problems: Where raw milk is used for product making, e.g. in cheese making, the acid
development in cheese vat may be retarded by inhibition of starter activity due to the presence of
antimicrobial substances. In starter culture propagation, the heating of milk (80°C) is essential as it inactivates
factors that may interfere with the normal starter growth.
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