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ABSTRACT

Milk and dairy products are an essential food for human beings and it also acts as a good

medium for microorganism’s growth. Milk and its products with high biological potential,

enriched nutritional values and without health risks and hazards are generally demanded for

nutritional purposes. A total of 8 dairy product samples were processed for microbial and

biochemical analysis, collected from different locations in Benin City. Microbial count were

performed for the detection of the number of bacteria and fungi present in the various samples.

The identification of fungi was carried out by the use of mycological Atlas. Analysis was done
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on media, while for confirmation of bacteria, various biochemical tests were performed. Both

nonpathogenic and pathogenic bacteria and fungi were identified. The highest percentage

prevalence of fungi contaminant was seen in CM with a percentage of 83.3% with the least

bacteria prevalence of 16.67%. The highest prevalence contaminant of bacterial was observed in

PY with 60% prevalence. Milk and its product should not be exposed to atmosphere as it can

also get contaminated by photogenic microorganisms. More standard research should be made

on pure fermentation of milk and dairy products without any pathogenic contaminant.

INTRODUCTION

1.0 BACKGROUND STUDY

Since ancient times, milk and milk products form a major part of human food and play a

prominent role in the diet (Pal, 2014). Milk and dairy products contain many nutrients, such as

protein, vitamins, calcium, phosphorus, magnesium, zinc, etc. , which are necessary for healthful

living of humans of all age groups and both sex. A product prepared from milk is called as ‘dairy

product’, which preserves the nutritive values of milk, and makes it easily acceptable to

consumers (Bernardeauet al., 2006). Milk and milk products constitute a vital component of

human diet in many regions of the world. A variety of dairy products are manufactured primarily

from cow’s milk. However, the milk from other animal species is also used to prepare dairy

products in some regions of the world. Several dairy products such as butter, cheese, dried milk
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powder, ice cream, and yoghurt are available worldwide (Berger et al., 2007). Food-borne

infections have been identified as an important public health and economic problem in developed

as well as developing nations. Hence, microbial food safety has emerged as a significant global

issue for the consumer, industry, researcher, and regulatory bodies. The microbial contamination

is one of the leading causes of food spoilage worldwide (Pal, 2014). The contamination of food

with microbes can occur at any stage of the food chain. Spoilage of food involves any change,

which renders food unacceptable for human consumption Microbiological safety of food during

storage is related to many factors. Ready-toeat food products are consumed without any

treatment between final production step and consumption (Vrdoljaket al., 2016). The highly

nutritious nature of dairy products makes them especially good media for the growth of

microorganisms (Ledenbach and Marshall, 2009). Spoilage occurs when microorganisms

degrade the carbohydrates, proteins, fats of milk, and produce deleterious end products (Das et

al., 2015). Dairy products can harbor a variety of organisms, including many zoonotic bacteria

such as Brucella abortus, B. melitensis, Campylobacter jejuni, Escherchia coli, Listeria

monocytogense, Mycobacterium bovis, M .tuberculosis, Salmonella, Staphylococcus aureus, and

Yersinia enterocolitica ,which can cause serious disease, especially in children, pregnant women,

elderly, and compromised individuals ( Pal, 2014). During the production of various dairy

products, it is impossible to avoid contamination of milk with microbes; therefore, the microbial

content of milk is a major feature in determining its quality from safety point of view (Singh et

al., 2011). It is important to mention that pasteurized milk can also harbor the pathogenic

bacteria such as E. coli, L. monocytogenes, Salmonella spp., S. aureus, and Yersinia

enterocolitica (Pal, 2014). Hence, it is suggested that microbiological, immunological, and

molecular techniques should be employed to detect the pathogens in milk and dairy products in

order to maintain the safety of the products for human consumption. A major cause of failure of
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processing and packaging systems is the development of biofilms on equipment surfaces. These

communities of microorganisms develop when nutrients and water remain on surfaces between

times of cleaning and reuse. Bacteria in biofilms are more resistant to chemical sanitizers than

are the same bacteria in suspension (Ledenbach and Marshall, 2009). The Gram-positive

organisms can be present in raw milk, but they also may enter milk products at various points

during production and processing (Singh et al., 2011). Reviewed literature indicated poor

microbiological quality of raw milk due to bacterial contamination, inadequate packaging system,

and improper temperature control, which favour microbial growth and metabolism and brings in

undesirable changes (Sarkar, 2015). The sanitation is an essential prerequisite for the successful

implementation of a hazard analysis and critical control point (HACCP) system in the food

industry. A good sanitation programme has been found to minimize many of the potential

hazards in a food operation. The comprehensive information on the importance of sanitation can

be gathered from the book on “Sanitation in Food Establishments” authored by Pal and

Mahendra in 2015. The present communication is attempted to delineate an overview on the

contamination of various dairy products due to bacteria.

Yogurt is most common among the dairy products consumed around the world, and its sensory

attributes, have a large effect on consumer acceptability (Al-Hamidi, 2004). Yogurt is perhaps

the oldest fermented milk product known and consumed by large segments of our population

either as a part of diet or as a refreshing beverage (Bohm and Kruis, 2006). It is nutritiously

balanced food containing almost all the nutrients present in milk but in a more assailable form

(Chamber and Irlinger, 2009). It is believed that yogurt has valuable therapeutic properties and

helps curing gastrointestinal disorders (Chamber and Irlinger, 2009). Whole or skim milk is used

for making Yoghurt or dahi which is very popular and nutritious dish in Bangladesh (Chamber
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and Irlinger, 2009).Yogurt, is produced when milk or milk products coagulates, causing the

lactic acid contained in it to coagulate, via the action of bacterial enzymes lactase provided by

the bacteria Streptococcus thermophilus, Lactobacillus bulgaricus breaks down the sugar

compound glucose and galactose that the lactose is composed of, under anaerobic conditions

(Farnworth et al., 2007). But at the same time yoghurt is highly vulnerable to bacterial

contamination and hence it is easily perishable (Gattiet al., 2004). Therefore, to create public

health concern, microbiological assessments are necessary for yoghurt. Microbiological methods

can reduce economic losses by the early detection of inadequate processing, packaging or

refrigeration (Gattiet al., 2004). This can achieve by monitoring the microbiological quality of

raw milk supplies, bulk milk and finish milk products immediately after production and during

storage. Microbiological parameters are generally used to verify these conditions, especially by

yeasts & mold, coliforms and total viable bacteria enumeration. Coliforms are responsible for the

development of objectionable taints in milk and milk products rendering them of inferior quality

or even unmarketable (Gattiet al., 2004). Yeasts & molds are a major cause of spoilage of

yoghurts in which the low pH provides a selective environment for their growth (Fleet and Mian,

1987). Research in the field of quality evaluation of yogurt is the basic need to create awareness

among common people the existing situation and protect the consumer’s health and rights.

Therefore, the objective of this study was aimed to evaluate the microbiological quality of

yoghurts from different selected areas of Bangladesh, considering the levels of contamination by

coliforms, yeast, molds and total viable bacterial counts.

1.1 STATEMENT OF PROBLEMS

Diary product or milk products is the lacteal secretion obtained by the complete milking of

mammalian animals and the products obtained from it via processing. Due to their high
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nutritional value for human beings, there are significant foods of nutrition of immense population

on earth. When temperature is suitable for growth of microorganisms, the milk appears as an

excellent medium for their growth. The milk is contaminated very easily if it is handled

carelessly and produced un-hygienically results in its early spoilage (Hayes et al., 2002). Milk

serves for the growth of bacterial population. Mostly food-borne diseases are among main public

health disquiet throughout the world. Raw and pasteurized milk are daily consumed by millions

of people. As a result, infected milk either during milk processing or from infected cow results in

different zoonotic diseases to many of them. These diseases include brucellosis, typhoid fever

and salmonella food poisoning, tuberculosis, gastroenteritis, Q-fever, dysentery, diphtheria and

staphylococcal intoxications (Hayes et al., 2002).

1.2 RESEARCH QUESTIONS

 Is there a high beneficiary microorganisms present in dairy products?

 Which diary products have the highest population of beneficial microbes?

 Which dairy products have the highest pathogenic microbes?

1.3 JUSTIFICATION OF STUDY

Food borne infections have been identified as an important public health and economic problem

in developed as well as developing nations. Hence, microbial food safety has emerged as a

significant global issue for the consumer, industry, researcher, and regulatory bodies. The

microbial contamination is one of the leading causes of food spoilage worldwide (Pal, 2014).

The contamination of food with microbes can occur at any stage of the food chain. Spoilage of

food involves any change, which renders food unacceptable for human consumption
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Microbiological safety of food during storage is related to many factors. Ready-toeat food

products are consumed without any treatment between final production step and consumption

(Vrdoljak et al., 2016). The highly nutritious nature of dairy products makes them especially

good media for the growth of microorganisms (Ledenbach and Marshall, 2009). Spoilage occurs

when microorganisms degrade the carbohydrates, proteins, fats of milk, and produce deleterious

end products (Hayes et al., 2002). Dairy products can harbor a variety of organisms, including

many zoonotic bacteria such as Brucella abortus, B. melitensis, Campylobacter jejuni,

Escherchia coli, Listeria monocytogense, Mycobacterium bovis, M .tuberculosis, Salmonella,

Staphylococcus aureus, and Yersinia enterocolitica ,which can cause serious disease, especially

in children, pregnant women, elderly, and compromised individuals ( Pal, 2014). During the

production of various dairy products, it is impossible to avoid contamination of milk with

microbes; therefore, the microbial content of milk is a major feature in determining its quality

from safety point of view (Singh et al., 2011). Hence the need for this study to evaluate the

microbial population present in some diary product.

1.4 Aim and Objective of study

This study aims at analyzing the microbia population in some diary products

Specific objectives

To determine the benefitial microbes present in diaries product

To determine the pathogenic microbes persend in diaries product
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 DAIRY PRODUCT

Dairy product, milk and any of the foods made from milk, including butter, cheese, ice

cream, yogurt, and condensed and dried milk.

Milk has been used by humans since the beginning of recorded time to provide both fresh and

storable nutritious foods. In some countries almost half the milk produced is consumed as fresh

pasteurized whole, low-fat, or skim milk. However, most milk is manufactured into more stable

dairy products of worldwide commerce, such as butter, cheese, dried milks, ice cream, and

condensed milk. Cow’s milk (bovine species) is by far the principal type used throughout the

https://www.britannica.com/topic/milk
https://www.britannica.com/topic/butter
https://www.britannica.com/topic/cheese
https://www.britannica.com/topic/ice-cream
https://www.britannica.com/topic/ice-cream
https://www.britannica.com/topic/yogurt
https://www.britannica.com/animal/cow
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world. Other animals utilized for their milk production include buffalo (in India, China, Egypt,

and the Philippines), goats (in the Mediterranean countries), reindeer (in northern Europe), and

sheep (in southern Europe). This section focuses on the processing of cow’s milk and milk

products unless otherwise noted. In general, the processing technology described for cow’s milk

can be successfully applied to milk obtained from other species (Pal, 2014).

In the early 1800s the average dairy cow produced less than 1,500 litres of milk annually. With

advances in animal nutrition and selective breeding, one cow now produces an average of 6,500

litres of milk a year, with some cows producing up to 10,000 litres. The Holstein-Friesian cow

produces the greatest volume, but other breeds such as Ayrshire, Brown Swiss, Guernsey, and

Jersey, while producing less milk, are known for supplying milk that contains higher fat, protein,

and total solids.

2.2 PROPERTIES OF MILK

2.2.1 Nutrient composition

Although milk is a liquid and most often considered a drink, it contains between 12 and 13

percent total solids and perhaps should be regarded as a food. In contrast, many “solid” foods,

such as tomatoes, carrots, and lettuce, contain as little as 6 percent solids. Many factors influence

the composition of milk, including breed, genetic constitution of the individual cow, age of the

cow, stage of lactation, interval between milkings, and certain disease conditions. Since the last

milk drawn at each milking is richest in fat, the completeness of milking also influences a sample.

In general, the type of feed only slightly affects the composition of milk, but feed of poor quality

or insufficient quantity causes both a low yield and a low percentage of total solids. Current

https://www.britannica.com/animal/buffalo-mammal
https://www.britannica.com/animal/reindeer
https://www.britannica.com/animal/Brown-Swiss
https://www.britannica.com/topic/fat
https://www.britannica.com/topic/food
https://www.merriam-webster.com/dictionary/composition
https://www.britannica.com/science/lactation
https://www.britannica.com/topic/feed-agriculture
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feeding programs utilize computer technology to achieve the greatest efficiency from each

animal (Pal, 2014).

The composition of milk varies among mammals, primarily to meet growth rates of the

individual species. The proteins contained within the mother’s milk are the major components

contributing to the growth rate of the young animals. Human milk is relatively low in both

proteins and minerals compared with that of cows and goats. Goat milk has about the

same nutrient composition as cow’s milk, but it differs in several characteristics. Goat milk is

completely white in colour because all the beta-carotene (ingested from feed) is converted to

vitamin A. The fat globules are smaller and therefore remain suspended, so the cream does not

rise and mechanical homogenization is unnecessary. Goat milk curd forms into small, light

flakes and is more easily digested, much like the curd formed from human milk. It is often

prescribed for persons who are allergic to the proteins in cow’s milk and for some patients

afflicted with stomach ulcers (Pal, 2014).

Sheep milk is rich in nutrients, having 18 percent total solids (5.8 percent protein and 6.5 percent

fat). Reindeer milk has the highest level of nutrients, with 36.7 percent total solids (10.3 percent

protein and 22 percent fat). These high-fat, high-protein milks are excellent ingredients for

cheese and other manufactured dairy products.

The major components of milk are water, fat, protein, carbohydrate (lactose), and minerals (ash).

However, there are numerous other highly important micronutrients such as vitamins, essential

amino acids, and trace minerals. Indeed, more than 250 chemical compounds have been

identified in milk. The table shows the composition of fresh fluid milk and other dairy products

(Singh et al., 2011).

https://www.merriam-webster.com/dictionary/efficiency
https://www.britannica.com/animal/mammal
https://www.britannica.com/animal/goat
https://www.britannica.com/science/nutrient
https://www.britannica.com/topic/cream-dairy-product
https://www.britannica.com/science/homogenization
https://www.britannica.com/topic/curd
https://www.britannica.com/animal/domesticated-sheep
https://www.merriam-webster.com/dictionary/compounds
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2.2.2 Fat

The fat in milk is secreted by specialized cells in the mammary glands of mammals. It is released

as tiny fat globules or droplets, which are stabilized by a phospholipid and protein coat derived

from the plasma membrane of the secreting cell. Milk fat is composed mainly of triglycerides—

three fatty acid chains attached to a single molecule of glycerol. It contains 65 percent saturated,

32 percent monounsaturated, and 3 percent polyunsaturated fatty acids. The fat droplets carry

most of the cholesterol and vitamin A. Therefore, skim milk, which has more than 99.5 percent

of the milk fat removed, is significantly lower in cholesterol than whole milk (2 milligrams per

100 grams of milk, compared with 14 milligrams for whole milk) and must be fortified

with vitamin A (Hayes et al., 2002).

2.2.3 Protein

Milk contains a number of different types of proteins, depending on what is required for

sustaining the young of the particular species. These proteins increase the nutritional value of

milk and other dairy products and provide certain characteristics utilized for many of the

processing methods. A major milk protein is casein, which actually exists as a multisubunit

protein complex dispersed throughout the fluid phase of milk. Under certain conditions the

casein complexes are disrupted, causing curdling of the milk. Curdling results in the separation

of milk proteins into two distinct phases, a solid phase (the curds) and a liquid phase (the whey)

(Kagkliet al., 2007).

2.2.4 Lactose

https://www.britannica.com/topic/butterfat
https://www.britannica.com/science/mammary-gland
https://www.britannica.com/science/cell-membrane
https://www.britannica.com/science/triglyceride
https://www.britannica.com/science/fatty-acid
https://www.britannica.com/science/cholesterol
https://www.britannica.com/topic/skim-milk
https://www.britannica.com/topic/butterfat
https://www.britannica.com/science/vitamin-A
https://www.britannica.com/science/protein
https://www.britannica.com/science/casein
https://www.britannica.com/topic/curdling
https://www.britannica.com/science/lactose
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Lactose is the principal carbohydrate found in milk. It is a disaccharide composed of one

molecule each of the monosaccharides (simple sugars) glucose and galactose. Lactose is an

important food source for several types of fermenting bacteria. The bacteria convert the lactose

into lactic acid, and this process is the basis for several types of dairy products (Pal, 2014).

In the diet lactose is broken down into its component glucose and galactose subunits by the

enzyme lactase. The glucose and galactose can then be absorbed from the digestive tract for use

by the body. Individuals deficient in lactase cannot metabolize lactose, a condition called lactose

intolerance. The unmetabolized lactose cannot be absorbed from the digestive tract and therefore

builds up, leading to intestinal distress(Ledenbach and Marshall, 2009).

2.2.5 Vitamins and minerals

Milk is a good source of many vitamins. However, its vitamin C (ascorbic acid) content is easily

destroyed by heating during pasteurization. Vitamin D is formed naturally in milk fat by

ultraviolet irradiation but not in sufficient quantities to meet human nutritional needs. Beverage

milk is commonly fortified with the fat-soluble vitamins A and D. In the United States the

fortification of skim milk and low-fat milk with vitamin A (in water-soluble emulsified

preparations) is required by law (Larvolet al., 2010).

Milk also provides many of the B vitamins. It is an excellent source of riboflavin (B2) and

provides lesser amounts of thiamine (B1) and niacin. Other B vitamins found in trace amounts

are pantothenic acid, folic acid, biotin, pyridoxine (B6), and vitamin B12. (Larvolet al., 2010)

https://www.britannica.com/topic/food
https://www.britannica.com/science/bacteria
https://www.britannica.com/science/lactic-acid
https://www.britannica.com/science/glucose
https://www.britannica.com/science/galactose
https://www.britannica.com/science/lactase
https://www.britannica.com/science/gastrointestinal-tract
https://www.britannica.com/science/lactose-intolerance
https://www.britannica.com/science/lactose-intolerance
https://www.britannica.com/science/vitamin
https://www.britannica.com/science/vitamin-C
https://www.britannica.com/technology/pasteurization
https://www.britannica.com/science/vitamin-D
https://www.britannica.com/science/vitamin-A
https://www.britannica.com/science/vitamin-B-complex
https://www.britannica.com/science/pantothenic-acid
https://www.britannica.com/science/folic-acid
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Milk is also rich in minerals and is an excellent source of calcium and phosphorus. It also

contains trace amounts of potassium, chloride, sodium, magnesium, sulfur, copper, iodine, and

iron. A lack of adequate iron is said to keep milk from being a complete food.

2.2.6 Physical and biochemical properties

Milk contains many natural enzymes, and other enzymes are produced in milk as a result of

bacterial growth. Enzymes are biological catalysts capable of producing chemical changes in

organic substances. Enzyme action in milk systems is extremely important for its effect on the

flavour and body of different milk products. Lipases (fat-splitting

enzymes), oxidases, proteases (protein-splitting enzymes), and amylases (starch-splitting

enzymes) are among the more important enzymes that occur naturally in milk. These classes of

enzymes are also produced in milk by microbiological action. In addition, the proteolytic

enzyme (i.e., protease) rennin, produced in calves’ stomachs to coagulate milk protein and aid

in nutrient absorption, is used to coagulate milk for manufacturing cheese(Singh et al., 2011).

The coagulation of milk is an irreversible change of its protein from a soluble or dispersed state

to an agglomerated or precipitated condition. Its appearance may be associated with spoilage, but

coagulation is a necessary step in many processing procedures. Milk may be coagulated by

rennin or other enzymes, usually in conjunction with heat. Left unrefrigerated, milk may

naturally sour or coagulate by the action of lactic acid, which is produced by lactose-

fermenting bacteria. This principle is utilized in the manufacture of cottage cheese. When milk is

pasteurized and continuously refrigerated for two or three weeks, it may eventually coagulate or

spoil owing to the action of psychrophilic or proteolytic organisms that are normally present or

result from postpasteurization contamination (Larvolet al., 2010).

https://www.britannica.com/science/mineral-chemical-compound
https://www.britannica.com/science/enzyme
https://www.merriam-webster.com/dictionary/catalysts
https://www.britannica.com/science/lipase
https://www.britannica.com/science/oxidase
https://www.britannica.com/science/proteolytic-enzyme
https://www.britannica.com/science/amylase
https://www.britannica.com/science/proteolytic-enzyme
https://www.britannica.com/science/proteolytic-enzyme
https://www.britannica.com/science/rennin
https://www.britannica.com/science/nutrient
https://www.britannica.com/topic/cheese
https://www.britannica.com/science/lactic-acid
https://www.britannica.com/science/bacteria
https://www.britannica.com/topic/cottage-cheese


13

Milk fat is present in milk as an emulsion in a water phase. Finely dispersed fat globules in this

emulsion are stabilized by a milk protein membrane, which permits the fat to clump and rise. The

rising action is called creaming and is expected in all unhomogenized milk. In the United States,

when paper cartons supplanted glass bottles, consumers stopped the practice of

skimming cream from the top. Processors then introduced homogenization, a method of

preventing gravity separation by forcing milk through very small openings under pressure, thus

reducing fat globules to one-tenth their original size. Homogenization is practiced in many dairy

processes in order to improve the physical properties of products (see below Processing)

(Szajewskaet al., 2006).

Milk and other dairy products are very susceptible to developing off-flavours. Some flavours,

given such names as “feed,” “barny,” or “unclean,” are absorbed from the food ingested by the

cow and from the odours in its surroundings. Others develop through microbial action due to

growth of bacteria in large numbers. (Szajewskaet al., 2006). Chemical changes can also take

place through enzyme action, contact with metals (such as copper), or exposure to sunlight or

strong fluorescent light. Quality-control directors are constantly striving to avoid off-flavours in

milk and other dairy foods. (Nakano, 2010).

2.3 FRESH FLUID MILK

Fresh fluid milk requires the highest-quality raw milk and is generally designated as Grade “A.”

This grade requires a higher level of sanitation and inspection on the farm than is necessary for

“manufacturing grade” milk. (Nakano, 2010).

2.3.1 Quality concerns
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Raw milk is a potentially dangerous food that must be processed and protected to assure its

safety for humans. While most bovine diseases, such as brucellosis and tuberculosis, have been

eliminated, many potential human pathogens inhabit the dairy farm environment. Therefore, it is

essential that all milk be either pasteurized or (in the case of cheese) held for at least 60 days if

made from raw milk. While milk from healthy cows is often totally bacteria-free, that condition

quickly changes when milk is exposed to the farm environment (Singh et al., 2011).

Milk received at the processing plant is tested before being unloaded from either farm-based tank

trucks or over-the-road tankers. The milk is checked for odour, appearance, proper temperature,

acidity, bacteria, and the presence of drug residues. These tests take no longer than 10 to 15

minutes. If the tank load passes these tests, the milk is pumped into the plant’s refrigerated

storage tanks. The milk is then stored for the shortest possible time (Ledenbach and Marshall,

2009).

2.3.2 Processing

Essential steps in the processing of fluid milk into various dairy products are shown in the figure.

2.3.3 Pasteurization

Pasteurization is most important in all dairy processing. It is the biological safeguard which

ensures that all potential pathogens are destroyed. Extensive studies have determined that heating

milk to 63 °C (145 °F) for 30 minutes or 72 °C (161 °F) for 15 seconds kills the most resistant

harmful bacteria. In actual practice these temperatures and times are exceeded, thereby not only

ensuring safety but also extending shelf life (Vancannertet al., 2006).

https://www.merriam-webster.com/dictionary/environment
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Most milk today is pasteurized by the continuous high-temperature short-time (HTST) method

(72 °C or 161 °F for 15 seconds or above). The HTST method is conducted in a series

of stainless steel plates and tubes, with the hot pasteurized milk on one side of the plate being

cooled by the incoming raw milk on the other side. (Vancannertet al., 2006). This “regeneration”

can be more than 90 percent efficient and greatly reduces the cost of heating and cooling. There

are many fail-safe controls on an approved pasteurizer system to ensure that all milk is

completely heated for the full time and temperature requirement. If the monitoring instruments

detect that something is wrong, an automatic flow diversion valve will prevent the milk from

moving on to the next processing stage. Higher temperatures and sometimes longer holding

times are required for the pasteurization of milk or cream with a high fat or sugar content.

Pasteurized milk is not sterile and is expected to contain small numbers of harmless bacteria.

(Berger et al., 2007). Therefore, the milk must be immediately cooled to below 4.4 °C (40 °F)

and protected from any outside contamination. The shelf life for high-quality pasteurized milk is

about 14 days when properly refrigerated (Vancannertet al., 2006).

Extended shelf life can be achieved through ultra-pasteurization. In this case, milk is heated to

138 °C (280 °F) for two seconds and aseptically placed in sterile conventional milk containers.

Ultrapasteurized milk and cream must be refrigerated and will last at least 45 days. This process

does minimal damage to the flavour and extends the shelf life of slow-selling products such as

cream, eggnog, and lactose-reduced milks. (Vancannertet al., 2006)

Ultrahigh-temperature (UHT) pasteurization is the same heating process as ultrapasteurization

(138 °C or 280 °F for two seconds), but the milk then goes into a more substantial container—

either a sterile five-layer laminated “box” or a metal can. This milk can be stored without

https://www.britannica.com/technology/high-temperature-short-time-method
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refrigeration and has a shelf life of six months to a year. Products handled in this manner do not

taste as fresh, but they are useful as an emergency supply or when refrigeration is not available.

2.3.4 Separation

Most modern plants use a separator to control the fat content of various products. A separator is a

high-speed centrifuge that acts on the principle that cream or butterfat is lighter than other

components in milk. (The specific gravity of skim milk is 1.0358, specific gravity of heavy

cream 1.0083.) The heart of the separator is an airtight bowl with funnellike stainless steel disks.

The bowl is spun at a high speed (about 6,000 revolutions per minute), producing centrifugal

forces of 4,000 to 5,000 times the force of gravity. Centrifugation causes the skim, which is

denser than cream, to collect at the outer wall of the bowl. The lighter part (cream) is forced to

the centre and piped off for appropriate use (Kagkliet al, 2007).

An additional benefit of the separator is that it also acts as a clarifier. Particles even heavier than

the skim, such as sediment, somatic cells, and some bacteria, are thrown to the outside and

collected in pockets on the side of the separator. This material, known as “separator sludge,” is

discharged periodically and sometimes automatically when buildup is sensed (Ledenbach and

Marshall, 2009).

Most separators are controlled by computers and can produce milk of almost any fat content.

Current standards generally set whole milk at 3.25 percent fat, low-fat at 1 or 2 percent, and skim

at less than 0.5 percent. (Most skim milk is actually less than 0.01 percent fat.

2.3.5 Homogenization
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Milk is homogenized to prevent fat globules from floating to the top and forming a cream layer

or cream plug. Homogenizers are simply heavy-duty, high-pressure pumps equipped with a

special valve at the discharge end. They are designed to break up fat globules from their normal

size of up to 18 micrometres to less than 2 micrometres in diameter (a micrometre is one-

millionth of a metre). Hot milk (with the fat in liquid state) is pumped through the valve under

high pressure, resulting in a uniform and stable distribution of fat throughout the milk (Kagkliet

al, 2007).

Two-stage homogenization is sometimes practiced, during which the milk is forced through a

second homogenizer valve or a breaker ring. The purpose is to break up fat clusters or clumps

and thus produce a more uniform product with a slightly reduced viscosity. (Gattiet al., 2004).

Homogenization is considered successful when there is no visible separation of cream and the fat

content in the top 100 millilitres of milk in a one-litre bottle does not differ by more than 10

percent from the bottom portion after standing 48 hours (Vrdoljaket al., 2016).

In addition to avoiding a cream layer, other benefits of homogenized milk include a whiter

appearance, richer flavour, more uniform viscosity, better “whitening” in coffee, and softer curd

tension (making the milk more digestible for humans). Homogenization is also essential for

providing improved body and texture in ice cream, as well as numerous other products such as

half-and-half, cream cheese, and evaporated milk. (Kagkliet al, 2007).

2.3.6 Packaging

https://www.britannica.com/topic/ice-cream
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Until the mid 1880s milk was dipped from large cans into the consumer’s own containers. The

glass milk bottle was invented in 1884 and became the main container of retail distribution

until World War II, when wax-coated paper containers were introduced. Plastic-coated paper

followed and became the predominate container. Today more than 75 percent of retail sales are

in translucent plastic jugs. Glass bottles make up less than 0.5 percent of the business and are

used mostly at dairy stores and for home delivery. (Hayes et al.,2002).

Modern packaging machines are self-cleaning and provide an aseptic environment for milk

packaging. Their improved design has allowed milk to remain fresh for at least 14 days and has

made it possible for use with ultrapasteurizing equipment for extended shelf-life applications.

(Kagkliet al, 2007).

2.3.7 Specialty milks

Many specialty milks are now available (even in remote areas) as a result of the 45-day

refrigerated shelf life of ultrapasteurized milk. One of the most useful products, lactose-reduced

milk, is available in both nonfat and low-fat composition as well as in many flavoured versions.

The lactose (milk sugar) is reduced by 70 to 100 percent, making it possible for lactose-intolerant

individuals to enjoy the benefits of milk in their diets. Lactose reduction is accomplished by

subjecting the appropriate milk to the action of the enzyme lactase in a refrigerated tank for

approximately 24 hours. (Kagkliet al, 2007). The enzyme breaks down the lactose to more

readily digestible glucose and galactose. The reaction is halted when the lactose is consumed or

when the milk is heat-treated. The resulting beverage is sweeter than regular milk but acceptable

for most uses (Pal, 2007).

https://www.britannica.com/topic/milk
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Other specialty milks include calcium-fortified, special and seasonal flavours (e.g., eggnog), and

high-volume flavoured milk shakes (frequently served in schools).

2.4 CONDENSED AND DRIED MILK

2.4.1 Condensed and evaporated milk

Whole, low-fat, and skim milks, as well as whey and other dairy liquids, can be efficiently

concentrated by the removal of water, using heat under vacuum. Since reducing atmospheric

pressure lowers the temperature at which liquids boil, the water in milk is evaporated without

imparting a cooked flavour. Water can also be removed by ultrafiltration and reverse osmosis,

but this membrane technology is more expensive. (Kagkliet al, 2007). Usually about 60 percent

of the water is removed, which reduces storage space and shipping costs. Whole milk, when

concentrated, usually contains 7.5 percent milk fat and 25.5 percent total milk solids. Skim milk

can be condensed to approximately 20 to 40 percent solids, depending on the buyer’s needs (Pal,

2014).

Condensed milk is often sold in refrigerated tank-truck loads to manufacturers of candy, bakery

goods, ice cream, cheese, and other foods. When preserved by heat in individual cans, it is

usually called “evaporated milk.” In this process the concentrated milk is homogenized, fortified

with vitamin D (A and D in evaporated skim milk), and sealed in a can sized for the consumer. A

stabilizer, such as disodium phosphate or carrageenan, is also added to keep the product from

separating during processing and storage. The sealed can is then sterilized at 118 °C (244 °F) for

15 minutes, cooled, and labeled. Evaporated milk keeps indefinitely, although staling and

browning may occur after a year. (Nornberget al., 2010).
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New ultrahigh-temperature (UHT) processing and aseptic filling of foil-lined cardboard or metal

cans is also practiced. Although this process is more costly, the scorched flavour is not as

pronounced as with conventionally processed evaporated milk. (Ong et al., 2006).

Sweetened condensed milk is also made by partially removing the water (as in evaporated milk)

and adding sugar. The final product contains about 8.5 percent milk fat and at least 28 percent

total milk solids. Sugar is added in sufficient amount to prevent bacterial action and subsequent

spoilage. Usually, at least 60 percent sugar in the water phase is required to provide sufficient

osmotic pressure for prevention of bacterial growth. Because sweetened condensed milk (or skim

milk) is preserved by sugar, the milk merely needs to be pasteurized before being placed in a

sanitary container (usually a metal can) (Ledenbach and Marshall, 2009). Dry milk products

Milk and by-products of milk production are often dried to reduce weight, to aid in shipping, to

extend shelf life, and to provide a more useful form as an ingredient for other foods. In addition

to skim and whole milk, a variety of useful dairy products are dried, including buttermilk, malted

milk, instant breakfast, sweet cream, sour cream, butter powder, ice cream mix, cheese whey,

coffee creamer, dehydrated cheese products, lactose, and caseinates. Many drying plants are built

in conjunction with a butter-churning plant. These plants utilize the skim milk generated from

the separated cream and the buttermilk produced from churning the butter. Most products are

dried to less than 4 percent moisture to prevent bacterial growth and spoilage. However, products

containing fat lose their freshness rather quickly owing to the oxidation of fatty acids, leading to

rancidity (Ong et al., 2006).).

Two types of dryers are used in the production of dried milk products—drum dryers and spray

dryers. Each dryer has certain advantages.
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2.4.2 Drum dryers

The simplest and least expensive is the drum, or roller, dryer. It consists of two large steel

cylinders that turn toward each other and are heated from the inside by steam. The concentrated

product is applied to the hot drum in a thin sheet that dries during less than one revolution and is

scraped from the drum by a steel blade. The flakelike powder dissolves poorly in water but is

often preferred in certain bakery products. Drum dryers are also used to manufacture animal

feed where texture, flavour, and solubility are not a major consideration. (Ong et al., 2006).

2.4.3 Spray dryers

Spray dryers are more commonly used since they do less heat damage and produce more soluble

products. Concentrated liquid dairy product is sprayed in a finely atomized form into a stream of

hot air. The air may be heated by steam-heated “radiators” or directly by sulfur-free natural gas.

(Ong et al., 2006). The drying chamber may be rectangular (the size of a living room), conical,

or silo-shaped (up to five stories high). The powder passes from the drying chamber through a

series of cyclone collectors and is usually placed in plastic-lined, heavy-duty paper bags.

(Otigoset al., 2005). Spray-dried milk is also difficult to reconstitute or mix with water.

Therefore, a process called agglomeration was developed to “instantize” the powder, or make it

more soluble. This process involves rewetting the fine, spray-dried powder with water to

approximately 8 to 15 percent moisture and following up with a second drying cycle. The

powder is now granular and dissolves very well in water. Virtually all retail packages of nonfat

dry milk powder are instantized in this manner. (Mohammed and Abdullahi, 2015).

2.5 BUTTER
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2.5.1 Composition

Butter is one of the most highly concentrated forms of fluid milk. Twenty litres of whole milk

are needed to produce one kilogram of butter. This process leaves approximately 18 litres of

skim milk and buttermilk, which at one time were disposed of as animal feed or waste. Today the

skim portion has greatly increased in value and is fully utilized in other products. (Moysiadi,

2004).

Commercial butter is 80–82 percent milk fat, 16–17 percent water, and 1–2 percent milk solids

other than fat (sometimes referred to as curd). It may contain salt, added directly to the butter in

concentrations of 1 to 2 percent. Unsalted butter is often referred to as “sweet” butter. This

should not be confused with “sweet cream” butter, which may or may not be salted. Reduced-fat,

or “light,” butter usually contains about 40 percent milk fat(Ledenbach and Marshall, 2009).

Before World War II much of the butter produced in the United States was made from

gathered cream. Farmers separated milk on the farm and shipped cans of cream to a butter

factory, sometimes once or twice a week. The cream was often sour and needed to be neutralized

(with sodium hydroxide) before churning. When transportation and the value of the skim portion

improved, whole milk was shipped to the creamery, providing a supply of “sweet cream” (i.e.,

cream that had not soured) for butter making. With these improvements came the advent of

higher-quality butter and the demise of naturally soured buttermilk. Virtually all butter in the

United States today is sweet cream butter. A notable exception is butter made from whey cream

salvaged in the cheese-making process. The quality of fresh whey cream butter is

indistinguishable from sweet cream butter.
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2.5.2 Production

Butter is produced when the cream emulsion in unhomogenized milk is destabilized by agitation,

or churning. Breaking the emulsion produces butterfat granules the size of rice grains. The

granules mat together and separate from the water phase or serum, which is known as buttermilk.

(This milky liquid is drained away and is either concentrated or dried, later to become an

ingredient in ice cream, candy, or other foods.) The butterfat is then washed with clean water and

“worked” (kneaded) until more buttermilk separates and is removed. Ultimately, only about 16

percent of the water and milk solids present in the original milk remains trapped in the butter.

(Ong et al., 2006).

The churning process can take 40 to 60 minutes to complete in a traditional churn, but butter is

more commonly made by high-speed continuous “churns” in factories. Although the basic

principle is the same, in the continuous churn cream is pumped into a cylinder and mixed by

high-speed blades, forming butter granules in seconds. The butter granules are forced through

perforated plates while the buttermilk is drained from the system. A salt solution may be added if

salted butter is desired. The butter is then worked in a twin screw extruder and emerges ready to

be packaged. (Ong et al., 2006).

2.5.3 Quality concerns

The quality of butter is based on its body, texture, flavour, and appearance. In the United States

the Department of Agriculture (USDA) assigns quality grades to butter based on its score on a

standard quality point scale. Grade AA is the highest possible grade; Grade AA butter must

achieve a numerical score of 93 out of 100 points based on its aroma, flavour, and texture. Salt
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(if present) must be completely dissolved and thoroughly distributed. Grade A butter is almost as

good, with a score of 92 out of 100 points. Grade B butter is based on a score of 90 points, and it

usually is used only for cooking or manufacturing. The flavour of Grade B is not as fresh and

sweet, and its body may be crumbly, watery, or sticky. (Ong et al., 2006).

2.5.4 Additions and treatment

The addition of salt to butter contributes to its flavour and also acts as a preservative. Added in

concentrations of approximately 2 percent, all the salt goes into solution in the water phase.

Since the water content of butter is less than 16 percent of the total volume, each water droplet

can contain more than 10 percent salt. Such a concentration in the water phase limits bacterial

growth overall, since the fat portion of butter is generally safe from microbial degradation.

Butter may contain added colouring. Butter from cows that are eating dry, stored feed during the

winter may not contain enough beta-carotene for proper colouring, as it does when cows are

pasture-fed. In such cases small amounts of a yellow vegetable colouring from the seed of the

annatto tree may be added to enhance the colour. (Moysiadi, 2004).

Because butter is so firm when first removed from the refrigerator, it is sometimes whipped to

improve spreadability. Generally, volume is increased by 50 percent by whipping in air—or,

better still, nitrogen or an inert gas in order to prevent oxidation of the fat. Whipped butter, both

salted and sweet, is sold in small plastic-coated tubs. (Moysiadi, 2004).

Ice cream evolved from flavoured ices that were popular with the Roman nobility in the 4th

century BCE. The emperor Nero is known to have imported snow from the mountains and
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topped it with fruit juices and honey. In the 13th century Marco Polo was reported to have

returned from China with recipes for making water and milk ices (Ledenbach and Marshall,

2009).

The discovery that salt would lower the freezing point of cracked ice led to the first practical

method of making ice cream. Making ice cream in the home was greatly simplified by the

invention of the wooden bucket freezer with rotary paddles. In 1851 the first wholesale ice cream

was manufactured in Baltimore. (Moysiadi, 2004). With the development of mechanical

refrigeration, widespread distribution of ice cream became possible. Ice cream parlours and

drugstore soda counters flourished. With refrigerator-freezers now a standard domestic appliance,

more than half of all frozen desserts are consumed at home. (Pal et al., 2012).

2.6 ICE CREAM AND OTHER FROZEN DESSERTS

Ice cream evolved from flavoured ices that were popular with the Roman nobility in the 4th

century BCE. The emperor Nero is known to have imported snow from the mountains and

topped it with fruit juices and honey. In the 13th century Marco Polo was reported to have

returned from China with recipes for making water and milk ices (Moysiadi, 2004).

The discovery that salt would lower the freezing point of cracked ice led to the first practical

method of making ice cream. Making ice cream in the home was greatly simplified by the

invention of the wooden bucket freezer with rotary paddles. In 1851 the first wholesale ice cream

was manufactured in Baltimore. With the development of mechanical refrigeration, widespread

distribution of ice cream became possible. Ice cream parlours and drugstore soda counters
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flourished. With refrigerator-freezers now a standard domestic appliance, more than half of all

frozen desserts are consumed at home. (Pal, 2007).

2.6.1 Composition of frozen desserts

Standards for ice cream and most frozen desserts are closely regulated. In the United States, for

example, ice cream must contain at least 10 percent fat and 20 percent total milk solids. In

freezing, the volume may be doubled by the inclusion of air (known as overrun), but the increase

in volume is limited to 100 percent by the requirement that the finished product weigh at least

4.5 pounds per gallon. Total food solids must weigh 1.6 pounds per gallon, thus limiting the

water content. Regulations also require all ingredients to be listed, with some additives (such as

stabilizers) limited to very small amounts. (Moysiadi, 2004).

The principal frozen desserts are ice cream, frozen custard, ice milk, frozen yogurt, sherbet, and

water ices. Ice cream has the highest fat content, ranging from 10 to 20 percent. Frozen custard,

or French ice cream, is basically the same formula as ice cream but contains added eggs

or egg solids (usually 1.4 percent by weight) (Ledenbach and Marshall, 2009). Ice milk may be

more commonly called “light” or “reduced-fat” ice cream. It contains between 2 and 7 percent

fat and at least 11 percent total milk solids. Frozen yogurt is a cultured frozen product containing

the same ingredients as ice cream. It must contain at least 3.25 percent milk fat and 8.25 percent

milk solids other than fat and must weigh at least five pounds per gallon. Low-fat frozen yogurt
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contains between 0.5 and 2 percent milk fat. Nonfat frozen yogurt is limited to less than 0.5

percent milk fat. Frozen yogurts should always contain live cultures of bacteria (see

under Yogurt). The target overrun for ice cream, ice milk, and frozen yogurt is 65 to 100 percent.

Premium ice creams may be as low as 20 percent overrun, while soft ice creams are in the 30 to

50 percent range (Pal, 2007).

Sherbets contain relatively small quantities of milk products. Most standards require between 1

and 2 percent milk fat and between 2 and 5 percent total milk solids. Sherbet contains

considerably more sugar and less air than ice cream (the target overrun is 30 to 40 percent), and

therefore it is heavier and often contains more calories per serving. Water ices are similar to

sherbet, but they contain no milk solids and have a target overrun of 20 to 30 percent. (Verres et

al., 2015).

Imitation ice cream, known as mellorine, is made in some parts of the United States and other

countries. It is made with less expensive vegetable oils instead of butterfat but utilizes dairy

ingredients for the milk protein part. Mellorines are intended to compete with ice cream in places

where butterfat prices are high. (Moysiadi, 2004).

2.6.2 Ice cream manufacture

The essential ingredients in ice cream are milk, cream, sugar, flavouring, and stabilizer. Cheaper

ingredients such as dry whey, corn syrup, and artificial flavourings may be substituted to create a

lower-cost product. (Vrdoljaket al., 2016).

The first step in ice cream making is formulating a suitable mix. The mix is composed of a

combination of dairy ingredients, such as fresh milk and cream, frozen cream, condensed or
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dried skim, buttermilk, dairy whey, or whey protein concentrate. Sugars may include sucrose,

corn syrup, honey, and other syrups. Stabilizers and emulsifiers are added in small amounts to

help prevent formation of ice crystals, particularly during temperature fluctuations in storage

(Ledenbach and Marshall, 2009).

The ice cream mix is pasteurized at no less than 79 °C (175 °F) for 25 seconds. The heated mix

is typically homogenized in order to assure a smoother body and texture. Homogenizing also

prevents churning (i.e., separating out of fat granules) of the mix in the freezer and increases the

viscosity. (Since smaller fat globules have more surface area, the associated milk protein can

hydrate more water and produce a more viscous fluid.) (Verraeset al., 2015).

After homogenization, the hot mix is quickly cooled to 4.4 °C (40 °F). The mix must age at this

temperature for at least four hours to allow the fat to solidify and fat globules to clump. This

aging process results in quicker freezing and a smoother product. (Verraeset al., 2015).

The next step, freezing the mix, is accomplished by one of two methods: continuous freezing,

which uses a steady flow of mix, or batch freezing, which makes a single quantity at a time. For

both methods, the objective is to freeze the product partially and, at the same time, incorporate

air. The freezing process is carried out in a cylindrical barrel that is cooled by a refrigerant, either

ammonia or Freon (trademark) (Ledenbach and Marshall, 2009). The barrel is equipped

with stainless steel blades, called dasher blades, which scrape the frozen mixture from the sides

of the freezing cylinder and incorporate or whip air into the product. The amount of air

incorporated during freezing is controlled by a pump or the dasher speed. Depending on

individual conditions, freezing can be instantaneous in the continuous freezer or require

approximately 10 minutes in the batch freezer (Verraeset al., 2015).

https://www.britannica.com/topic/buttermilk
https://www.britannica.com/topic/protein-concentrate
https://www.britannica.com/technology/pasteurization
https://www.britannica.com/science/homogenization
https://www.britannica.com/science/homogenization
https://www.britannica.com/topic/freezing-food-preservation
https://www.britannica.com/technology/stainless-steel
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Semifrozen ice cream leaves the freezer at a temperature between −9 and −5 °C (16 and 23 °F).

It is placed in a suitable container and conveyed to a blast freezer, where temperatures are in the

range of −29 to −34 °C (−20 to −30 °F). While in this room, the ice cream continues to freeze

without agitation. Rapid freezing at this stage prevents the formation of large ice crystals and

favours a smooth body and texture. The length of time in the hardening room depends on the size

of the package, but usually 6 to 12 hours are required to bring the internal ice cream temperature

to −18 °C (0 °F) or below. In larger manufacturing plants, final freezing takes place in a

hardening tunnel, where packages are automatically conveyed on a continuous belt to the final

storage area. (Verraeset al., 2015).

Much of the appeal of ice cream comes from the variety of standard and

holiday flavours available throughout the year. Most ice cream manufacturers make a standard

mix consisting of milk, cream, sugars, and stabilizers, to which flavours may be added just prior

to freezing. High-volume flavours such as vanilla, chocolate, and strawberry may be blended in

their own large batch tanks. For flavours with large particles, such as fruit, nuts, cookies,

or candy parts, a “feeder” on the outlet of the freezer is used to inject the material. Ingredients

such as fruits and nuts are carefully selected and specially treated to avoid introducing unwanted

bacteria into the already pasteurized mix (Ledenbach and Marshall, 2009).

Ice cream and other frozen desserts require no preservatives and have long shelf lives if they are

kept below −23 °C (−10 °F) and are protected from temperature fluctuations. Airtight packaging

materials have made it possible to consider frozen storage of six months or longer without loss of

flavour or body and texture. When ice cream is finally dipped, composition and overrun will

determine ideal scooping temperature. This can vary from −16 to −9 °C (3 to 15 °F), with lower

temperatures resulting in less dipping loss but more effort on the part of the server.

https://www.britannica.com/topic/flavoring
https://www.britannica.com/topic/chocolate
https://www.britannica.com/topic/candy-food
https://www.merriam-webster.com/dictionary/composition
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Ice cream can also be freeze-dried by the removal of 99 percent of the water. Freeze-

drying eliminates the need for refrigeration and provides a high-energy food for hikers and

campers and a “filling” centre for candy and other confections.

2.6.3 Cultured dairy foods

With the development of microbiological and nutritional sciences in the late 19th century came

the technology necessary to produce cultured dairy products on an industrial or commercial

basis. Fermented milks had been made since early times, when warm raw milk from cows, sheep,

goats, camels, or horses was naturally preserved by common strains

of Streptococcus and Lactobacillus bacteria. (The “cultures” were obtained by including a small

portion from the previous batch.) These harmless lactic acid producers were effective in

suppressing spoilage and pathogenic organisms, making it possible to preserve fresh milk for

several days or weeks without refrigeration. Cultured products eventually became ethnic

favourites and were introduced around the world as people migrated (Ledenbach and Marshall,

2009).

Central to the production of cultured milk is the initial fermentation process, which involves the

partial conversion of lactose (milk sugar) to lactic acid. Lactose conversion is accomplished by

lactic-acid–producing Streptococcus and Lactobacillus bacteria. At temperatures of

approximately 32 °C (90 °F), these bacteria reproduce very rapidly, perhaps doubling their

population every 20 minutes. Many minute by-products that result from their metabolic

processes assist in further ripening and flavouring of the cultured product. Subsequent or

secondary fermentations can result in the production of other compounds, such as diacetyl (a

https://www.britannica.com/technology/freeze-drying
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flavour compound found in buttermilk) and alcohol (from yeasts in kefir), as well as butyric

acid (which causes bitter or rancid flavours).

Cultured buttermilk, sour cream, and yogurt are among the most common fermented dairy

products in the Western world. Other, lesser-known products include kefir, koumiss, acidophilus

milk, and new yogurts containing Bifidobacteria. Cultured dairy foods provide numerous

potential health benefits to the human diet. These foods are excellent sources of calcium and

protein. In addition, they may help to establish and maintain beneficial intestinal bacterial flora

and reduce lactose intolerance. (Verraeset al., 2015).

2.7 BUTTERMILK

Because of its name, most people assume buttermilk is high in fat. Actually, the name refers to

the fact that buttermilk was once the watery end-product of butter making. Modern buttermilk is

made from low-fat or skim milk and has less than 2 percent fat and sometimes none. Its correct

name in many jurisdictions is “cultured low-fat milk” or “cultured nonfat milk.” (Verraeset al.,

2015).

The starting ingredient for buttermilk is skim or low-fat milk. The milk is pasteurized at 82 to

88 °C (180 to 190 °F) for 30 minutes, or at 90 °C (195 °F) for two to three minutes. This heating

process is done to destroy all naturally occurring bacteria and to denature the protein in order to

minimize wheying off (separation of liquid from solids). (Pal, 2014).

The milk is then cooled to 22 °C (72 °F), and starter cultures of desirable bacteria, such

as Streptococcus lactis, S. cremoris, Leuconostoc citrovorum, and L. dextranicum, are added to

https://www.merriam-webster.com/dictionary/compound
https://www.britannica.com/science/butyric-acid
https://www.britannica.com/science/butyric-acid
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develop buttermilk’s acidity and unique flavour. These organisms may be used singly or in

combination to obtain the desired flavour (Gattiet al., 2004).

The ripening process takes about 12 to 14 hours (overnight). At the correct stage of acid and

flavour, the product is gently stirred to break the curd, and it is cooled to 7.2 °C (45 °F) in order

to halt fermentation. It is then packaged and refrigerated. (Fernandes, 2008)

2.8 SOUR CREAM

Sour cream is made according to the same temperature and culture methods as used for

buttermilk. The main difference is the starting material—sour cream starts with light 18 percent

cream (Ledenbach and Marshall, 2009).

2.8.1 Yogurt

Yogurt is made in a similar fashion to buttermilk and sour cream, but it requires different

bacteria and temperatures. Whole, low-fat, or skim milk is fortified with nonfat dry milk or fresh

condensed skim milk, in order to raise the total solids to 14 to 16 percent. The mixture is heat-

treated as for buttermilk and then cooled to 45.6 to 46.7 °C (114 to 116 °F). At this point a

culture of equal parts Lactobacillus bulgaricus and Streptococcus thermophilus is added to the

warm milk, followed by one of two processing methods. For set, or sundae-style, yogurt (fruit on

the bottom), the cultured mixture is poured into cups containing the fruit, held in a warm room

until the milk coagulates (usually about four hours), and then moved to a refrigerated room.

For blended (Swiss- or French-style) yogurt, the milk is allowed to incubate in large heated tanks.

https://www.britannica.com/topic/sour-cream
https://www.merriam-webster.com/dictionary/culture
https://www.britannica.com/topic/yogurt
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After coagulation occurs, the mixture is cooled, fruit or other flavours are added, and the product

is placed in containers and immediately made ready for sale. (Fernandes, 2008).

Many yogurt manufacturers have added Lactobacillus acidophilus to their bacterial cultures. L.

acidophilus has possible health benefits in easing yeast infections and restoring normal bacterial

balance to the intestinal tract of humans after antibiotic treatment. (Fernandes, 2008).

2.8.2 Cheese

Primitive forms of cheese have been made since humans started domesticating animals. No one

knows exactly who made the first cheese, but, according to one ancient legend, it was made

accidentally by an Arabian merchant crossing the desert. The merchant put his drinking milk in a

bag made from a sheep’s stomach. The natural rennin in the lining of the pouch, along with the

heat from the sun, caused the milk to coagulate and then separate into curds and whey. At

nightfall, the whey satisfied the man’s thirst, and the curd (cheese) had a delightful flavour and

satisfied his hunger. (Sarkar, 2015).

From its birthplace in the Middle East, cheese making spread as far as England with the

expansion of the Roman Empire. During the Middle Ages, monks and merchants of Europe

made cheese an established food of that area. In 1620, cheese and cows were part of the ship’s

stores carried to North America by the Pilgrims on the Mayflower. Until the middle of the 19th

century, cheese was a local farm product. Few, if any, distinct varieties of cheese were developed

deliberately. Rather, cheese makers in each locality made a cheese that, when ripened under

https://www.britannica.com/science/Lactobacillus-acidophilus
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specific conditions of air temperature and humidity, mold, and milk source, acquired certain

characteristics of its own. Different varieties appeared largely as a result of accidental changes or

modifications in one or more steps of the cheese-making process. Because there was little

understanding of the bacteriology and chemistry involved, these changes were little understood

and difficult to duplicate. Cheese making was an art, and the process was a closely guarded

secret that was passed down from one generation to the next (Fernandes, 2008).

With increasing scientific knowledge came a greater understanding of the bacteriological and

chemical changes that are necessary to produce many types of cheese. Thus, it has become

possible to control more precisely each step in the cheese-making process and to manufacture a

more uniform product. Cheese making is now a science as well as an art. (Al-Hamidi, 2004)

2.9 SPOILAGE OF FLUID DAIRY PRODUCTS

The experience has shown that fluid dairy products get easily contaminated with microbes than

the dried dry milk products. such as Pseudomonas spp., Staphylococcus spp., Streptococcus spp.,

micrococci, and lactic acid bacteria (LAB) are most frequently found in milk drawn aseptically

from the udder of dairy cows (Fernandes, 2008). Raw milk held at refrigerator temperatures for

several days invariably shows the presence of several bacteria of the genera such as Bacillus,

Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Microbacterium, Micrococcus

Propionibacterium, Proteus, Pseudomonas, Streptococcus, coliforms, and others (Ledenbach and

Marshall, 2009).

2.10 CONTAMINANTS IN VARIOUS DAIRY PRODUCTS

1. Contaminants in Butter

https://www.britannica.com/science/mold-fungus
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Butter is a dairy product prepared by churning fresh or fermented cream and milk and contains

fat, protein, and water (Pal et al., 2014a). Modern hygienic manufacturing methods have

minimized the bacterial spoilage of butter. However, defects caused by microbes do

occasionally occur. Surface taints may develop as a result of growth of Flavobacterium spp.,

Pseudomonas putrefaciens, and Shewanellaputrefaciens. The fruity odors, rancidity, and

proteolytic activity may be caused by the growth of Pseudomonas fragiand occasionally,

Pseudomonas fluorescens. Black discoloration of butter is reported to be caused by

Pseudomonas mephitica and P. nigrificans are responsible for a skunk-like odor and black

discoloration, respectively (Fernandes, 2008). The main microbiological hazards of butter

prepared from raw milk are L. monocytogenes, verocytotoxin-producing Escherichia coli

(VTEC), and S. aureus because these pathogens have been detected in butter. All the three

pathogens are known to cause food-borne illness in human beings (Pal, 2007). However, the risk

of infection after consumption of raw milk butter is estimated to be relatively lower in

comparison with other milk products (Verraeset al., 2015).

2. Contaminants in cheese

Cheese is a stabilized curd of milk solids produced by casein coagulation and entrapment of

milk fat in the coagulum (Fernandes, 2008). It is a ready- to- eat dairy product, which is a rich

source of protein, vitamins, calcium, and phosphorus. Microbial contamination of cheese can

occur from various sources including handler, packaging material and environment (Pal et al.,

2014b). Cheeses as ready-toeat food should be considered as a potential source of foodborne

pathogens, primarily L. monocytogenes. It is the most important food-borne pathogen in cheese

mainly in the postprocessing phase (Vrdoljak et al., 2016). Cracks in cheeses can occur when

excess gas is produced by certain strains of Lactobacillus helveticus, and Streptococcus
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thermophilus, and that form carbon dioxide and 4-aminobutyric acid by decarboxylation of

glutamic acid. Lactococcus lactis subspecies lactis can produce small amounts of gas in cheeses.

The washed curd types of cheeses are especially susceptible to growth of coliforms (Ledenbach

and Marshall, 2009). During the production of hard cheeses, some bacteria such as L.

monocytogenes, S. aureus, and Salmonella can survive without subsequent growth. The number

of E. coli can increase during the cheese production, which is due to a combination of a

concentration effect during the formation of the curd as well as due to real growth of the

pathogen. In hard cheeses, several pathogens can be inactivated during storage. Escherichia coli,

L. monocytogenes, and Salmonella may decrease in numbers, but can still be detected after long

ripening periods. During the production of semi-hard cheeses, some bacteria such as E. coli,

Salmonella and S. aureus can grow. During the ripening and storage of semi-hard cheeses, most

bacteria will decrease in numbers, but Salmonella, E. coli and S. aureus can still be detected.

Brucella spp., E. coli, and L. monocytogenes can survive the ripening and storage of cheese.

During the production of soft cheeses, Brucella spp., E. coli, and L. monocytogenes can grow

(Verraes et al., 2015). In this context, Pal and others (2014b) mentioned many bacteria of public

health significance in the cheese. These organisms are Campylobacter jejuni, E. coli, L.

monocytogenes, Salmonella spp., S.aureus, andY.enterocolitica. Hence, the microbiological

safety plays a very significant role in the quality of cheese and other dairy products.

3. Contaminants in Cream

The spoilage of cream is generally similar to that of liquid milk products. Aerobic spore-forming

bacteria survive pasteurization, and psychrotrophic strains of Bacillus cereus may cause sweet

curdling and bitty cream. Other more heatresistant species, such as Bacillus coagulans, Bacillus

licheniformis, andBacillus subtilis, may survive sterilization and even ultra high temperature



37

processes, and may cause bitterness, and thinning in sterilized creams. Bacillus pumilus and B.

sporothermophilusare now recognized as potential contaminants in cream primarily carried over

from raw milk. Post-pasteurization contamination of cream could be a potentially serious

problem. The post-process hygiene precautions should be applied for cream to check the

bacterial contamination (Fernandes, 2008).

4. Contaminants in Ice Cream

Ice cream is a frozen dairy product with delicious taste, and has contains a variety of ingredients

(Pal et al.,2012b).The main microbiological hazards observed in ice cream made from raw milk,

are estimated to be L. monocytogenes, S. aureus and VerotoxicE.coli(Verraes et al., 2015).

Salmonellae are not able to survive the typical minimum pasteurization processes. Therefore,

their presence indicates that the process has not been carried out effectively or that post-process

contamination has occurred. They are able to survive for very long periods in ice cream

although, they will not survive adequate pasteurization, post process contamination or the use of

raw eggs and failure to pasteurize the ice cream mix is a serious risk (Fernandes, 2008).

Similarly, the presence of coliforms in ice cream is an indication of post-pasteurization

contamination (Pal et al., 2012b). Therefore, sanitation is critical for ensuring that dairy products

do not get re-contaminated (Pal et al., 2012b). 5. Contaminants in Yogurt Yogurt is a fermented

dairy product, which is a good source of calcium, phosphorus, magnesium, potassium, riboflavin,

vitamina A, and protein (Pal et al., 2015). The bacteria used to make yogurt are known as

“Yogurt Cultures”. The fermentation of lactose by these bacteria produce lactic acid, which act
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on milk protein to give yogurt its texture and its characteristic taste. It is an excellent growth

medium for many kinds of microorganisms, as it provides rich nutrients for microbes. The

exposure of yogurt to the potential for microbial contamination during processing, storage and

transportation without basic sanitary practices in place and control temperature handling will

quickly spoil the product and hence, become unacceptable for human consumption (Mohammed

and Abdullahi, 2015).

2.11 TYPES OF SPOILAGE MICROBES

The microbes are living ubiquitous organisms, which are present everywhere, including air,

water, and soil. Microbes can reach the milk and dairy products from various sources, and can

cause spoilage (P Therefore, the contamination of milk and milk products is a challenge to the

producer. It is largely due to human factor and unhygienic conditions (Singh et al., 2011). Post-

pasteurization contaminations of milk products are mainly due to the filling machines and

gaskets with biofilms (Dogan and Boor, 2003). Biofilm formation on milk post-pasteurization

contact surfaces and isolation of Bacillus cereus from the post-pasteurization equipment surfaces

of a dairy processing unit indicated that the equipment surfaces can act as reservoirs for milk

recontamination, thereby reducing the efficiency of pasteurization and sanitation treatments

(Malek et al., 2012; Pal et al.,2013). Biofilms are matrix-enclosed bacterial population adherent

to each other and/or to surfaces or interfaces and may have a bacterial count up to 108 CFU

cmG2. They are difficult to eradicate employing conventional cleaning and disinfection

regimens due to their resistant phenotype and disinfectants do not penetrate the biofilm matrix.
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Amongst different sanitizers, chlorine and ozone were effective for inactivating biofilm

microflora (Sarkar, 2015).

1. Psychrotrophs

Psychrotrophic microbes are cold loving organisms as they prefer to grow at low temperature,

and represent a substantial percentage of the bacteria in raw milk. Important characteristics of

pseudomonads are their abilities to grow at low temperatures 3-7oC and to hydrolyze and use

large molecules of proteins and lipids for growth. For cottage cheese, the typical pH is

marginally favorable for the growth of Gram-negative psychrotrophic bacteria with the pH of

cottage cheese curd ranging from 4.5 - 4.7. The usual salt content of cottage cheese is

insufficient to limit the growth of contaminating bacteria; therefore, psychrotrophs are the

bacteria that normally limit the shelf life of cottage cheese (Ledenbach and Marshall, 2009). The

psychrotrophic bacteria such as Achromobacter spp., Alcaligenes spp., Flavobacterium spp. and

Pseudomonas spp. are of concern in cheese (Fernandes, 2008).

2. Listeria Monocytogenes

Listeria monocytogenes is an emerging foodborne zoonotic pathogen of public health

significance.Very recently, Pal and Awel (2014) has published a review on the public health

significance of L.monocytogenes in milk and milk products. It is mentioned in European report

that noncompliance of L. monocytogenes primarily occurred in soft and semi-soft cheeses made

from raw or low heat-treated cow’s milk (Verraes et al., 2015). There has been some discussion

regarding the potential for L. monocytogenes in milk to survive pasteurization. The organism has

been shown to be capable of significantly more rapid growth in pasteurized milk than in raw

milk at 7°C and is also capable of growth at 4°C in pasteurized milk. It has been shown to grow
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slowly in butter made from contaminated cream at 4 or 13°C, and to survive for several months

in frozen butter without any appreciable decrease in numbers (Fernandes, 2008).

3. Coliforms

Coliforms are Gram negative, facultative anaerobic, rod shaped bacteria, which belong to the

family Enterobacteriacea. This include E.coli, Enterobacter aerogenes, besides Citrobacter and

Klebsiella (Pal and Mahendra,2015).In cheese production, slow lactic acid production by starter

cultures favors the growth and production of gas by coliform bacteria, with coliforms having

short generation times under such conditions. In soft, moldripened cheeses, the pH increases

during ripening, which increase the growth potential of coliform bacteria (Ledenbach and

Marshall, 2009).

4. Spore-Forming Bacteria

Raw milk is the usual source of spore-forming bacteria in finished dairy products. Their

numbers before pasteurization seldom exceed 5,000/ml. They can also contaminate milk after

processing. The most common spore-forming bacteria found in dairy products are Bacillus

cereus, B.licheniformis, B. megaterium, B. mycoides and B. subtilis (Ledenbach and Marshall,

2009). Bacterial spores resistant to heat treatment that was present in the raw milk. The

improper packaging of milk after heat treatment allowing the entrance of microbes

recontamination after heat treatment whereas the spores of B. cereus can form biofilm (Vidal et

al., 2016).

2.12 PREVENTION
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Milk and dairy products play a key role in healthy human nutrition and development throughout

life (FAO, 2013). Dairy products such as pasteurized milk, butter, cheese, cream, ice cream, and

yoghurt are all susceptible to microbial spoilage because of their chemical composition (Singh et

al., 2011). Ready-to-eat food products including cheeses are intended for consumption without

any treatment between final production and consumption (Vrdoljak et al., 2016). Rapid cooling

and quick use of raw milk are accepted as best practices, and can affect the spoilage ability of

Pseudomonas spp. present in milk. As the quality of raw milk improved, pasteurized milk the

pathogenic bacteria likely to be of significance in milk as well as most of the spoilage bacteria

will be killed. The addition of carbon dioxide to milk and milk products reduces the rates of

growth of many bacteria (Ledenbach and Marshall, 2009). Maintenance of the proper hygienic

conditions during the processing of milk can reduce the prevalence of bacteria, which spoil the

milk product (Singh et al., 2011). Good hygiene practices (GHP) during milking and subsequent

handling of milk are essential to reduce the risk of contamination on the farm and in the milk

processing plant (Sarkar, 2015). Worldwide standardized pasteurization practices would be an

effective first step in eliminating or reducing the levels of many spoilage microorganisms

(Ledenbach and Marshall, 2009). In order to minimize the health risks of milk and dairy

products at the point of consumption, all food-chain operators, including the dairy farmer,

processor, distributor, retailer and consumer, need to take necessary actions to maintain food

safety (FAO, 2013). The education on the principles of food hygiene should be imparted to all

who form a part of food chain programme (Pal, 2014). Furthermore, the application of hazard

analysis and critical control point system (HACCP) seems imperative in all food processing

industries from safety point of view (Berger et al, 2007). It is recommended that

microbiological monitoring of the milk and dairy products should be conducted to keep the

products safe to the consumers.
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CHAPTER THREE

3.0 Material and method

3.1 Source of diary samples

The dairy products which includes Hollandia yoghurt, peak milk, 3 crown and peak yoghurt.

Used in this study was purchase from stores around university of Benin ugbowo. All samples

were transported and stored in the refrigerator at 40C ready for use. Prior to serial dilution and

ciulturing, all the dairy products samples were exposed to air at room temperature for 48hours.

3.2 Materials

3.2.1 Glassware/Equipment

All glassware used in this study were thoroughly washed with detergent (omo), dried and

sterilized in the oven at 1210C for 15mintes. They were allowed to cool before use. Inoculating

loops, needles and forceps were sterilized by flaming until red hot. Equipment used include,
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autoclave, incubator, microscope, weighing balance, Disinfectant/ cotton wool, Bunsen burner

and water bathe.

3.2.2 Media/ reagent

The reagent and media include,

¼ strength ringer solution, Nutrient broth, neutrent agar, sterile distilled water, pepetone water,

crystal violet, Acetone, safranine, iodine, hydrogen peroxide, immersion oil.

Methods

3.2.2.0 Media preparation

The media used for this practical work were oxoid production

3.2.2.1 ¼ RINGER SOLUTION

1 tablet was dissolved in 500ml of distilled water and was kept for some minute for the tablet to

properly dissolve. Using a pipette, 9ml was dispensed into a universal bottle with cover and was

sterilized at 1210C for 15minutes.

3.2.2.2 Nutrient Broth

Nutrient broth (10g) was weighted out into a conical flask. Distilled water (769ml) was added.

The conical flask was corked with cotton wool, covered with aluminum foil and dissolved by
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bringing to boil in an autoclave. It was then sterilized in the autoclave at 1210C for 15 minutes.

The broth was cooled to about 400C and then dispensed into sterile Maccartney bottles.

3.2.2.3 Nutrient Agar

Powdered Nutrient agar (28g) was mixed in 1L of distilled water in a conical flask. The conical

flasks were corked with cotton wool covered with aluminium foil and bring to boil in an

autoclave in order to dissolve. Using a pipette, 20ml was delivered into a clean universal bottle

and then sterilized by autoclaving at 1210c for 15 minutes at pressure of 1.02kg/cm2.

The autoclaving mixture was cooled at 400c and poured into a clean dispensable petridishes at

the rate of about 20ml per plate. The plates were allowed to solidify.

3.2.3.4 Potato Dextrose Agar

Powdered Potato dextrose agar (39g) were weighed and 1itre of deionized water was used to

dissolved it. Then, Soaked for 10 swirl to Mix and later sterilized by autoclaving at 1150c for

10minutes. It was then cooled to 550c and mixed before processing begins.

3.2.3.5 Man Rogosa Sharpe Medium

A suspension of 64.3g of powdered MRS was dissolved on 1litre of distilled water. Heat with

frequent agitation and boiled to completely dissolve the powder before being distributed into

flasks and sterilize by autoclaving at 1210c for 15minutes.

3.2.3 Serial Dilution
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Directly from the stock sample, a series of dilutions were made as follow, 1ml of exposed diary

product sample to 9ml of ¼ strength ringer solution (1:10)-----i

1ml of solution i to 9ml of ¼ strength ringer solution (1:100) ---ii

1ml of solution ii to 9ml of ¼ strength ringer solution (1:1000)---iii

1ml of solution iii to 9ml of ¼ strength ringer solution (1:10000)---iv

1ml of solution iv to 9ml of ¼ strength ringer solution (1:100000)---v

Using the drop plate pipette method, an automatic pipette with a sterile teeth was used to deliver

0.02ml each from the serial diluent, 104, 103, 102 and 10 onto each of the labelled petridishes

containing solidified nutrient agar, divided into four parts. The 5plates were left on the bench for

the drops to completely absorb into the nutrient agar and then the plates were incubated in an

inverted position at 370c for 24 hours. After 24 hours, plate count where carried out. The PDA

plates were incubated for 48 hours at 250c.

3.2.4 Total Plate Count Technique

The total plate count technique was used to estimate the number of viable colonies of bacterial

present in the samples.

3.2.4.1 Isolation of pure culture

After 24hours incubation, disimilar colonies were observed from the medium. With the aid of a

sterilized wire loop the suspect were subculture. The organism were streaked on the agar plates

several times and incubated in an inverted position for 24 hours. Same were done with the PDA

plates.
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3.2.4.2 Identification of Isolate

Bacteria isolate were identified based on the following: cultural characteristics such as size,

surface appearance, and colour on agar plate, colonial morphorlogy of the isolate, staining

reaction of each isolayes and the biochemical test such as catalase, oxidase, citrate and indole

according to international commission on microbiological specification for foods (ICMSF 1996),

and Bergey’s Manual of systematic bacteriology (Smeath et al., 1986).

Cultural characteristics

Pure culture of isolate on nutrient agar were studied to determine the surface of colonies,

elevation, optical characteristics and colour.

3.2.5 MORPHOLOGICAL TECHNIQUE

Morphology of bacterial isolates was determined by carrying out the following techniques.

3.2.5.1 Staining Techniques

This is a differential staining procedure used to divide bacterial into two distinct categories.

Those showing a positive result and those showing a negative result.

PROCEDURE

A thin smear of the isolates were made on a clean glass slide and heat fixed.
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Crystal violet stain was applied for 30 seconds (which serves as the primary stain, its purpose is

to impact colour to all organisms being studied). After which the dye is poured off and the slide

rinsed with water.

The slide were covered with lugol’s iodine for 60 seconds before the solution was rinsed off with

water. The iodine acts as a mordant (a substance which strengthens the affinity of a dye for its

substrate).

The slides were flooded with acetone for 1-10 seconds and was rinsed off immediately with

water. The acetone acts as a decolorizer removing the primary stain from the type of cells.

The slide were counter-stained with safraninine for 1minute. And then was rinsed with water,

allow to dry and viewed under the light microscope using x 100 objective lens with oil

immersion. The gram positive cells appeared purple and the gram negative cells appeared red

under the microscope.

3.2.6 BIOCHEMICAL TEST

3.2.6.1 Catalase test

This was performed to test the ability of the isolates to produce an enzyme catalase. This

enzymes, catalase, catalyzes the breakdown of hydrogen peroxide (H2O2) to release free oxygen

gas. This test is used to differentiate streptococcus (catalase negative) from staphylococcus,

which is positive. This test was carried out by using a sterilized wire loop to pick a colony and

place it in a drop of hydrogen peroxide on a slide. The production of gas bubbles indicates it’s a
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catalase producer which confirm the test to be positive. In the absence of gas bubbles, it means

the organism is negative.

3.2.6.2 Oxidase test

The oxidase test is used to assist in the identification of pseudomonas, Neisseria, and Vibrios, etc,

all of which produce oxidase enzymes.

A piece of filter paper was soaked with a few drops of oxidase reagent. A colony of the test

organism was then smeared on the filter paper. Oxidase positive organism turn the paper deep

purple colour and oxidase negative organism are non-reactive.

3.2.6.3 Citrate Utilization Test

This test is used to assist in the identification of enterobacteria. The test is based on the ability of

an organism to use citrate as its only source of carbon and ammonia as its only source of nitrogen.

The test organism was inoculated in a medium which contains Koser’s citrate, using a sterile

straight wire loop, the organism was inoculated into the broth and was incubated at 35-770C for

24-48hrs. The medium initially green, turns blue in colour showing positive results and a

negative results, there was no colour change.

3.2.6.4 Indole Production

This was performed to test the ability of the isolates to enzymatically degrade tryptophan into

indole which is not degradable by most organism. Tryptone broth medium was used. 2.5g of

tryptone broth powder was dissolved in 250ml of distilled water in water bathe. It was then

dispensed into tube and sterilized in the autoclave at 1.02Kg/cm2 pressure for 15 minutes. This

isolates were inoculated into the tube. Tubes were incubated at 370C for 24hours. After
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incubation, few drops of kovac’s reagent was added to each tube. Tryptophan breakdown and

production of indole was indicated by a red ring colour. For negative results there was no red

ring coloration.

CHAPTER FOUR

4.0 RESULT

It has been demonstrated that when normal plating protocols are used to estimate the variety of

microorganisms present in a diary product, only a percentage of the true microbial population is

enumerated due to partial microbe recovery (Witthuhn et al., 2005). Three different media were

utilized, each promoting the development of a specific group of microorganisms, to guarantee

that a broad spectrum of bacteria was enumerated after plating.
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Table 4.1 showing the microbial enumeration of unexposed dairy products

Dairy products Fungi (PDA) cfu.ml-1 Lactobacillus (MRS)

cfu.ml-1

Bacteria (NA)

cfu.ml-1

Hollandia yoghurt 1x102 - -

Peak milk - - -

Three crown - - 4x104

Peak yoghurt - - -

The following abbreviations were used: PDA = potatoes dextrose agar; MRS = deMan, Rogosa

and Sharpe-medium; NA = Nutrient agar.

Table 4.1 shows that no microorganisms were found or counted in the unexposed peak milk and

peak yoghurt, whereas 1x102 cfu.ml-1 fungi were found in potatoes dextrose agar (PDA)

cultured Hollandia yoghurt and 4x104 cfu.ml-1 bacteria were found in Nutrient agar (NA)

cultured plates, these are three crowns.

Table 4.2: Showing the bacteria count of all the exposed dairy products

Dairy products Exposed samples P value

(p<0.05)

Unexposed

samples

Sample 1 cfu.ml-1 Sample 2 cfu.ml-1 Control cfu.ml-1

Hollandia

yoghurt

2.9 x 107 3.75 x 107 0.0874 1 x 102
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Peak milk 5.5 x 107 3.5 x 107 0.1056 NC

Three crown 4.25 x 107 2.8 x 107 0.0258* 4 x 104

Peak yoghurt 3.0 x 107 3.05 x 107 0.8310 NC

*Significant at p<0.005 NC = No microbial count

Average enumeration value obtained from duplicate media plates of different dairy products.

P1 value < 0.05 indicates that at least one of the mean values differs significantly from another
(using one t test).

From table 4.2 a significant difference (p<0.05) was observed between all the exposed dairy

product when compared to the unexposed dairy product (control) the highest significant

difference was found between exposed peak milk and unexposed peak milk at p<0.05, while the

least significant difference was seen between exposed three crown and unexposed three crown at

p<0.05.
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Fig 4.1: showing the microbial count variation of the various dairy products sample

From figure 4.1 a variation of microbial count was observed with peak milk showing the highest

microbial count followed by Three crown and Hollandia yoghurt with the least count on peak

yoghurt. Also a significant variation was also observed within the various samples of different

dairy product.

Table 4.3: Enumeration of lactic acid bacterial for the exposed samples

Dairy products Sample 1 cfu.ml-1 Sample 2 cfu.ml-1

Hollandia yoghurt 2 x104 ± 3.000 4 x104± 3.000

Peak milk NC NC

Three crown NC NC

Peak yoghurt 7 x104 ± 0.000 5 x104 ±0.000

*NC= No microbial count

From table 4.3, It was observed that peak yoghurt possesses the highest lactic acid bacterial

count with and average value of (6 x 104 cfu.ml-1) followed by Hollandia yoghurt with an

average value of (3 x 104 cfu.ml-1). There was no lactic acid bacterial observed in Three crown

and peak milk.

Table 4.4: Enumeration of fungi in the exposed dairy product sample

Dairy products Sample 1 cfu.ml-1 Sample 2 cfu.ml-1

Hollandia yoghurt 2.5 x 104 ± 3.000 3 x 104± 4.000

Peak milk 4 x 103 ± 2.000 6 x 103 ± 0.000
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Three crown 5 x 103 ± 1.000 5 x 103 ± 2.000

Peak yoghurt 1.5 x 104 ± 3.000 2.4 x 104 2.000

* ± SEM

From table 4.4 showing the number of fungi count in the various exposed dairy product it was

observed that Hollandia yoghurt possess the highest number of fungi with an average value of

(2.75 x 104 ± 4.000) followed by Peak yoghurt (1.95 x 104 ± 2.000). Three crown and peak milk

showed the lowest fungi count of (5 x 103 ± 2.000).

Table 4.5: Identification of fungi isolates using introducing mycology by examples atlas

pictures

Dairy products Sample 1 cfu.ml-1 Sample 2 cfu.ml-1

Hollandia yoghurt Aspergillus Niger and Penicillium spp. Aspergillus Niger

Peak milk Mucor spp., Penicillium Notatum Aspergillus Niger

Three crown Aspergillus Niger, Penicillium spp., Yeast Aspergillus Niger, Mucor spp.
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Peak yoghurt Aspergillus Niger Aspergillus Niger and Penicillium

spp.

*spp = species

From table 4.5 showing the various species of fungi present in the various exposed dairy

products. It was observed that more specie of fungi tends to contaminate Three crown namely

Aspergillus Nigar, Penicillium spp., Yeast and Mucor spp. followed by peak milk. Namely

Aspergillus Nigar, Penicillium spp., and Mucor spp. With the least being Hollandia yoghurt and

peak yoghurt.

Figure 4.2: Showing the percentage prevalence of fungi contaminant in dairy product
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Figure 4.1 Shows the percentage prevalence of fungi contaminant in dairy products. It was

observed that Aspergillus Nigar has the highest prevalence of fungi contaminant (50%), followed

by Penicillium spp (28.6%). With yeast showing the least prevalence contamination in the

various dairy products (7.1%).

Table 4.7: Biochemical test showing results of various bacterial isolated
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Samples Gram

stain

Catalase Oxidase Citrate Indole Urease Coagulase Identified bacterial

PY 1 +ve -ve +ve -ve ND ND ND Streptococcus spp.,

Bacillus cereus

PY 2 +ve +ve -ve +ve ND ND ND Lactobacillus spp.,

Bacillus cereus

CM 1 +ve +ve +ve +ve ND ND ND Bacillus subtilis

CM 2 +ve +ve +ve +ve ND ND ND Bacillus subtilis

PCM 1 +ve +ve -ve +ve ND ND ND Bacillus cereus

PCM 2 +ve

- ve

+ve

+ve

-ve

+ve

+ve

+ve

ND

ND

ND

ND

ND

ND

Bacillus cereus,

Pseudomonas

aeruginosa

HY 1 +ve -ve -ve -ve ND ND ND Lactobacillus spp.

HY 2 +ve -ve -ve -ve ND ND ND Lactobacillus spp.,

Streptococcus spp.

Figure 4.2: Showing the percentage prevalence of bacteria contaminant in dairy product
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Figure 4.2: reveals that the percentage prevalence of bacteria contaminant in diary product. This

figure shows that Bacillus spp. Shows the highest level of percentage prevalence of 50%

followed by Lactobacillus spp. The least percentage prevalence of bacteria contaminant was seen

in Pseudomonas aerugunosa (8.3%).

Table 4.6: showing the percentage distribution of microbial contaminant on various dairy

products
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Dairy products % Bacterial contamination % Fungi contamination

Hollandia yoghurt 40% 60%

Peak milk 40% 60%

Three crown 16.67% 83.33%

Peak yoghurt 60% 40%

Table 4.6 shows the percentage distribution of microbial contaminant on the various dairy

products. Three crown was seen to have the highest percentage of fungi contaminant (83.33%)

and the least percentage of bacterial contaminant followed by Hollandia yoghurt and Peak milk.

Similarly, peak yoghurt shows the highest percentage bacterial contaminant and the least

percentage fungi contaminant followed by Hollandia yoghurt and peak milk.

CHAPTER FIVE

5.0 DISCUSSION
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When typical plating protocols are used to determine the diversity of microorganisms present in

a dairy product, only a part of the true microbial population is enumerated due to incomplete

microbe recovery (Witthuhn et al., 2005). Three distinct media, as indicated in table 4.1, were

utilized to ensure that a diverse range of microbes were counted after plating, each favouring the

growth of a certain bacterium. This is comparable to Kebede and colleagues' work (2007).

The microbiological count in the unexposed peak milk and peak yoghurt was zero, indicating

that the dairy products were manufactured aseptically using a tight quality control technique, as

shown in table 4. 1. A fungal count of 1x10² cfu.ml-1 was found in potatoes dextrose agar (PDA)

cultured unexposed Hollandia yoghurt, whereas a bacteria count of 4x104 cfu.ml-1 was found in

Nutrient agar (NA) cultured unexposed Three crown. The presence of microorganism in these

unexposed dairy products could be the result of contamination during the diary product's

production as a result of a poor quality control procedure or inappropriate sample handling

during the testing approach. This is in line with the findings of Kim and Chun's research (2005).

Table 4.2 shows the enumeration values (cfu.ml-1) obtained from the four (4) dairy product

samples on the total of the three (3) selective media. The highest microbial counts for Hollandia

yoghurt were obtained from sample 2 (3.75 x 107 cfu.ml-1), the highest enumeration values for

Peak milk were obtained from sample 1 (5.5 x 107 cfu.ml-1), the highest enumeration values for

Three crown were obtained from sample 1 (4.25 x 107 cfu.ml-1), and Peak yoghurt showed close

values of (3.0x107 Peak milk had the highest enumeration values among all three exposed dairy

product samples, with a mean microbiological count of 4.5 x 107 cfu.ml-1. Peak yoghurt had the

lowest enumeration values, with a mean microbiological count of 3.025 x 107 cfu.ml-1. Similar

differences were seen in Nah and Chau's (2010) research of microbial accumulation on several

exposed milk products.
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Figure 4.1 shows a microbial count range, with peak milk having the highest count (4.5 x 107

cfu.ml-1), Three Crown and Hollandia yoghurt having the second and third highest counts (3.525

x 107 cfu.ml-1 and 3.325 x 107 cfu.ml-1, respectively), and peak yoghurt having the lowest

count (3.325 x 107 cfu.ml-1) (3.025 x 107 cfu.ml-1). There was a lot of variety among the two (2)

samples of various dairy items. Peak yoghurt's high microbial count could be related to the dairy

product's pH value and nutritional content, which allow for more microbe development and

survival than peak yoghurt, which has the lowest microbial count. This is consistent with

Okonkwo's (2011) study on the influence of pH on the microbial count of different dairy

products. Delorme's (2008) work on the diversity of microbial counts on identical dairy products

from different batches and farmers is also worth mentioning.

Milk and its products are important human foods, but they also serve as a good source of growth

for a variety of microorganisms. Microorganisms that can grow easily in milk include

Lactobacillus, Streptococcus, Bacillus spp. and Pseudomona spp. Many microorganisms present

in milk, may endanger the consumer’s health (Fonseca and Santos, 2000). Various bacterial

species like Salmonella are the major and important pathogenic bacteria found in milk (Brito and

Dias, 1997).

There was no microbiological count in the unexposed peak milk and peak yoghurt, indicating

that the dairy products were manufactured aseptically with a rigorous quality control technique,

as shown in table 4.1. In potatoes dextrose agar (PDA) cultured unexposed Hollandia yoghurt,

1x102 cfu.ml-1 fungal count was seen, while 4x104 cfu.ml-1 bacteria count was observed in

Nutrient agar (NA) cultured unexposed Three crown. The presence of microorganism in these

unexposed diary products, might be due to contamination during production of the diary product

as a result of poor quality control procedure or as a result of wrong handling of the sample
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products during the experimental procedure. This is in accordance with the study carried out by

Kim and Chun, (2005)

The enumeration values (cfu.ml-1) obtained from the four (4) samples of dairy products on the

sum of the three (3) media are presented in Table 4.2. For Hollandia yoghurt, the highest

microbial counts was obtained from sample 2 (3.75 x 107 cfu.ml-1), the highest enumeration

values for Peak milk was observed from sample 1 (5.5 x 107 cfu.ml-1), the highest enumeration

values for Three crown was observed on sample 1 (4.25 x 107 cfu.ml-1) while Peak yoghurt show

close values of (3.0x107 and 3.05x107) for sample 1 and 2 respectively. In all three exposed

samples of dairy products, the highest enumeration values were observed on peak milk with a

mean microbial count of 4.5 x 107 cfu.ml-1. While the least enumeration values were observed on

peak yoghurt with a mean microbial count of 3.025 x 107 cfu.ml-1. Similar variation was seen in

the study carried out by Nah and Chau, (2010) on the microbial accumulation on some exposed

milk products.

Figure 4.1 shows a range in microbial count, with peak milk having the greatest count (4.5 x 107

cfu.ml-1), followed by Three Crown and Hollandia yoghurt (3.525 x 107 cfu.ml-1 and 3.325 x

107 cfu.ml-1, respectively), and peak yoghurt having the lowest count (3.325 x 107 cfu.ml-1)

(3.025 x 107 cfu.ml-1). Within the two (2) samples of the various dairy products, there was also

a large diversity. The high microbial count reported in peak yoghurt could be due to the dairy

product's pH value and nutritional content, which enable the growth and survival of many

microorganisms greater than peak yoghurt, which has the lowest microbial count. This is in line

with the report of Okonkwo, (2011) on the effect of pH on the microbial count of some dairy

products. And also the work of Delorme, (2008) on the diversity of microbial count on similar

diary product from different batch and producers.
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From table 4.3, It was observed that peak yoghurt possesses the highest lactic acid bacterial

count with and average value of (6 x 104 cfu.ml-1) followed by Hollandia yoghurt with an

average value of (3 x 104 cfu.ml-1). There was no lactic acid bacterial observed in Three crown

and peak milk. This was also similar to the findings of Pal, (2014), which says the amount of

lactic bacterial present in a dairy product depends largely on the type of dairy product and the

production process.

Fungi test were positive for all the contaminated samples. The detection of fungi and pathogenic

bacteria from the milk and the other dairy product showed that milk contains useful nutrient on

which these microorganism can grow (Bonfoh et al., 2003). Aspergillus Nigar were present in all

the dairy samples. It is a nonpathogenic fungi microbe of great industrial importance.this mold is

used extensively in the production of citric acid and in the production of several enzymes such as

amylases, pectinases and proteases (Das et al., 2015).

Penicillium sp was detected in 4 (28.6%) samples. These results are in agreement with those of

Fook et al, (2004) who reported that 33.5% samples (312 samples out of 930) were contaminated

with Penicillium sp Penicillium sp are one of the main leading and important fungi

contaminating dairy product. (Hassan et al., 2009). Milk and milk products can be very easily

contaminated with Penicillium sp and mucor spp. fungi and their presence in the milk is a sign of

contamination of milk and milk products. Contrary to the presence of Aspergillus Nigar and

yeast which were detected in 7 samples (87.5%) and 1 (7.1) samples respectively of the total

fungi isolated but it is not pathogenic in nature (Wells et al., 1999).

Bacillus spp. was detected in 6 (75%) samples. The presence of Bacillus spp. and some other

types of nonpathogenic fermenting bacteria such as Lactobacillus in milk and its product has
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been essential for the production of many harmless products especially for those persons who

consume a lot of milk and its products (Ryser, 1998).

Pseudomonas aeruginosa a pathogenic bacterial was found in the exposed peak and also

streptococcous spp shows that the exposure of milk and its product can attract pathogenic

bacterial to grow which in turn is harmful to humans on consumption. This is in line with the

findings of Vrdoljak et al. (2016). On the contaminant of milk on normal exposure.

Figure 4.2: reveals that the percentage prevalence of bacteria contaminant in diary product. This

figure shows that Bacillus spp. have the highest level of percentage prevalence of 50% followed

by Lactobacillus spp. The least percentage prevalence of bacteria contaminant was seen in

Pseudomonas aerugunosa (8.3%). From the result it is inferred that on exposure normal

atmospheric air, nonpathogenic fermenting bacteria predominately contaminant dairy products

due to the presence of lactose. As seen in our study 75% of the contaminant were nonpathogenic

fermenting bacteria. Although as seen in our study some pathogenic bacteria harmful to humans

are were observed making up the 25% contaminant. Our study was in line with the report of

Fernandes, (2008). The exposure of milk to atmospheric air should be avoided due to pathogenic

contaminant and also due to spoilage by fermenting microorganism (Verraes et al., 2015).

Table 4.6 shows the percentage distribution of microbial contaminant on the various dairy

products. Three crown was seen to have the highest percentage of fungi contaminant (83.33%)

and the least percentage of bacterial contaminant followed by Hollandia yoghurt and Peak milk.

Alternatively, peak yoghurt shows the highest percentage bacterial contaminant and the least

percentage fungi contaminant followed by Hollandia yoghurt and peak milk. This implies that

three crown has nutrient which support the growth of fungi more than bacteria leading to high

level of fungi contamination. While peak yoghurt possesses nutrient which enriches the growth
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of bacterial more than fumgi. This is similar with the work done by Pal et al. (2012). On the

identification of possible diary contaminant.

5.1 CONCLUSION
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In the present study eight samples of dairy products were randomly collected from different

locations in Benin city. The present study revealed that exposing milk and other dairy product to

atmospheric contamination is unhygienic due to microbial and fungi contamination, which might

cause health risk or spoilage. An important source of microbial contamination of the milk and

other dairy products is the atmospheric microbial pollution probably. Programs like ‘good

hygiene practices’ and ‘good production practices’ should be adopted at every step in milk and

dairy products handling and processing. Moreover, milk and its product should not be exposed to

atmosphere as it can get contaminated by photogenic. More standard research should be made on

pure fermentation of milk and dairy products without any pathogenic contaminant.
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