CHAPTER I

INTRODUCTION

Milk is the nature’s single most nearly complete food having all the essential nutrients like fat, protein, lactose, vitamin and minerals which are necessary for the growth and maintenance of human and animal being. Hence it is an ideal food for child and adults. In the early days milk was produced and consumed in the same locality but with the advancement of civilization industrialized dairying has been commenced. Now in Bangladesh, industrialization of dairy is being flourished.

Bangladesh Milk Producers’ Co-operative Union Limited (BUMPCL) is the leading milk industry for processed milk supply in the market. Other private dairy industries like BRAC Dairy & Food Projects, PRAN Dairy Limited, Rangpur Dairy, Bikrampur Dairy, Aftab Milk and Milk Products Limited etc. also supply processed milk like pasteurized, UHT and Pasteurized milk. All of these dairies used to collect raw milk from the milk pocket zones (Sirajganj and Pabna district) of Bangladesh. Good quality milk is essential for a industry for further processing. Very few authentic studies have been done regarding the suitability of raw milk for processing in this rich milk producing areas of Bangladesh.

The study was carried out to fulfill the following objectives:

1. To observe the Physical quality of raw milk for processing

2. To study the Chemical quality of raw milk for processing

3. To assess  the Microbiological quality of raw milk for processing

CHAPTER II

REVIEW OF LITERATURE

Milk is the complete and nutritious food for human and mammals (Elder, 1953). It is the ideal and complete food having all the essential nutrients. So, milk is the first food of newly born human and other mammals. Cows are the principal milk producers in the world and buffaloes are the second largest sources of milk in the world. In India, nearly half of the milk processed by the organized dairies comes from buffaloes (Aneja, 1990). Although, having all the essential nutrients milk may be hazardous for human health if it is not of good quality.

Nutritive value of milk depends on its wholesomeness; any irregularities may cause deterioration in quality of milk. To ensure safety of the public health, the availability of good quality milk and milk products are necessary. Good management practice of dairy cows in both farm and backyard condition may ensure good quality milk. If milk is adulterated its nutritive value will be deteriorated. Islam et al. (1984) performed a comparative study on the quality of milk available in local market of Mymensingh town and Bangladesh Agricultural University (BAU) dairy farm. They showed that milk supplied by the milk vendors to local markets was poor. It indicates that consumers are not getting good quality milk in that area. Milk examination is essential before consumption to ensure the supply of pure milk and milk products for the sake of public health. 

The term market milk means fluid milk that is sold for direct consumption. Examples of other products that are processed and distributed by the market milk producers indirectly are skim milk, remade milk, reconstituted milk, evaporated milk, condensed milk and various fermented milk. In certain areas, milk is being pasteurized when sold, although large quantities of raw milk are still consumed by the general mass including farm families, residents of small towns and some villagers without any treatment. Milk is very popular food for human and mammals, as it possesses optimum level of nutrients comparing with other foods. These natural criteria lead it’s as the first food for newborn human and mammals. The physical and chemical composition of cow’s milk are variable. The chemical composition of milk may vary greatly as a consequence of numerous factors such as species, breed, climate, lactation etc. (Ghosh & Krishnan, 1965). The major constituents of milk are water, fat, protein, lactose and ash. According to Mahadevan (1992) the composition of buffalo milk was as water 82.55%, total solids 17.55%, solids not fat 9.7%, fat 7.8%, lactose 4.9%, protein 4%, ash 0.8% and titrable acidity 0.21%.

Bangladesh is a tropical country with high humidity and heavy rainfall and hence this environment is favorable for the growth and multiplication of bacteria, virus, fungus and parasites. Milk is the lacteal secretion of mammary gland and good media for the growth and multiplication of micro-organism. This very rich biological product is prone to all types of microbiological contamination (Turner & Smith, 1941). And contamination may takes place through various ways such as from the barn, during chilling, during transportation, during processing and during marketing. However, contamination starts from the interior of the udder, then coat of the animals, milker’s hand, soil and air of the barn, milking utensils etc. (Evans, 1916). It was found that fore milk contain higher number of organisms than late milk as microbes enter through the teat canal and lodged in the lining of the inner alveoli and cistern (Faber, 1930). Soon after collection of raw milk, if it is not chilled properly, psychrophillic and mesophillic bacteria starts to multiply rapidly leading to higher counts (Meer et al., 1991).

CHAPTER III
MATERIALS AND METHODS
The present study was divided into two sections. In the first section, it was studied the physico-chemical quality of the industrial raw milk and secondly, observation of microbiological quality of raw milk to determine the suitability of raw milk for industrial processing.

3.1 Materials

3.1.1  Study area

Baghabari, Bera, Selonda, Demra of Pabna district and Vatara area of Jamalpur district were selected for this study. These areas are known as milk pocket zones of Bangladesh except Vatara. Farmers were selected and brought under an agreement that they will supply milk to keep smooth flow of milk to the factory. These areas are covered with Jamuna River, its branches and merged under water up to 4 months in a year. During winter, so many lands of these areas are used as pasture land in this period where the cattle and buffaloes are brought under free range system. The farmers were selected and contracted considering the commercial point of view, i.e suitable and beneficial for the company.

3.1.2 Collection of raw milk 

Milk Vita and other private dairies like PRAN, Arang, Amo, Igloo, Bikrampur Dairy and Aftab Milk & Milk Products Ltd. have collected raw milk from the selected areas. The farmers of these areas are expert in dairy cattle   management than the farmers of other areas of the country. This is due to the provision of better animal health care & technical support by the Milk Vita and other private dairy industries of these areas. However, they failed to maintain standard milking system due to illiteracy of the farmers, lack of awareness about the prevention of microbial contamination of milk & lack of training about the health & hygiene. Milk Vita used to collect milk from its members as the organization run by cooperative system. But the private dairies used to have milk from the contract farmers who are or are not the members of the Milk Vita. Farmers used to perform milking following the traditional method. Then milk is brought to the neighboring chilling centers by loading the milk can through travelling around 10 miles away by rickshaw or van and sometimes by motor vehicles with or without any preservatives. Thus, they accumulate milk in a large vat from different cows of different farmers’ house. It is very surprising and interesting that the quality controller receive milk based on organoleptic tests and sometimes on the basis of physico-chemical parameters. The price is given based on fat content of raw milk. Then all the collected milk is being allowed to chill at 4o C in the collection centre. From the chilling center all of the collected milk brought to the factory by insulated road milk tanker to the factory. The test samples were collected from the road milk tanker by beaker and sterilized dilution bottle both for physico-chemical and microbiological tests and brought under different physico-chemical and microbiological tests immediately.

3.1.3 Samples 

A total of 365 samples were collected from the road milk tanker by sterilized beaker and dilution bottle and brought under different tests immediately.

3.1.4 Ringers solution

The composition of Ringers solution is given in the appendix.

3.1.5  Plate Count Agar Media

The composition of Plate Count Agar Media is given in the appendix.

3.1.6  Violet Red Bile Agar

The composition of Violet Red Bile Agar Media is given in the appendix.
3.1.7 Instrument and appliances

The following instruments and appliances were used for the study period-

Dilution bottle, pipette, conical flask, beaker, petridishes, colony counter, sulfuric acid, alcohol, amyl alcohol, butyrometer, autoburette, centrifuge machine, water bath, hot air oven, Incubator, buffer solution, test tube, test tube rack, cotton, refrigerator, cork.

3.2 Methods

The whole study was designed into two parts. First one is the physico-chemical study and second one is the microbiological study of raw milk to determine the suitability of raw milk for industrial processing. 

3.2.1  Physico-chemical study

3.2.1.1 Physical study

Organoleptic tests were carried out with different sensory organs of man which are eyes, tongue, nose. Of which Color, flavor and taste were done with the aid of eyes, nose and tongue.

3.2.1.2 Chemical Tests

The following tests were done to assess the chemical status of raw milk for processing:

a) Alcohol precipitation test (APT)

b) Clot on boiling test

c) Fat test

d) Acidity test

e) CLR test

f) SNF calculation by using fat% and CLR

3.2.1.2.1 Alcohol Precipitation Test (APT)

The procedure of alcohol test is as below:

i. 1 ml milk and 1 ml alcohol were taken in a test tube and mixed well.

ii. No clots or flakes were observed.

iii. The test result was negative i.e the raw milk was accepted.

3.2.1.2.2 Clot on Boiling Test (COB)

The procedure of clot on boiling test is as below:

i. 5 ml of milk sample was taken in a test tube and was boiled promptly.

ii. No presence of any clots or flakes in the test tube.

iii. The test result is negative and the raw milk was accepted for processing.

3.2.1.2.3 Acidity Test

The procedure of acidity test is as below:

i. 9 ml of raw milk was taken in a conical flask and few drops of phenolphthalein were added. 

ii. Titration was done drop by drop with 0.1 (N) NaOH solutions from burette.

iii. Permanent light pink color was appeared and titration was stopped.

iv. Burette reading was taken and was divided by 10 to get the acidity of raw milk.

3.2.1.2.4 Fat Test   

The test procedure is being stated below:

i. The temperature of raw milk was brought up to 30o C.

ii. 10 ml sulfuric acid was taken from autoburette to butyrometer.

iii. 10.94 ml raw milk was poured in to the butyrometer with milk pipette in such a way that the layer milk remained separate from sulfuric acid.

iv. 1 ml. amyl alcohol was taken from autoburette to butyrometer.

v. The cork was fixed into the butyrometer and the butyrometer was shaken cautiously to mix the whole mass properly.

vi. The butyrometer was put into the centrifuge machine in a position opposite to each other. In this two butyrometer was taken. 

vii. Centrifugation was done at least for five minutes.

viii. The butyrometer was taken out from the centrifuge machine .

ix. The reading was taken coinciding the lower miniscus of fat with zero reading of butyrometer.

3.2.1.2.5 Corrected Lactometer Reading Test (CLR test)

The procedure of the CLR is described below:

i. The temperature of the raw milk was brought up to 29oC.

ii. A good amount of milk was poured in the cylinder and was put the Lactometer in the cylinder.

iii. Reading was taken.

3.2.1.2.6 SNF Calculation

The SNF calculation of raw milk with the result of fat% and CLR is stated below:

SNF Calculation = CLR/4+% of Fat/5+0.14.

3.2.1.3 Microbiological study

Milk is the best media for the growth and multiplication of micro-organism. Henceforth, for the sake of public health it is important to observe the total microbial load in the raw milk. In this regard, Standard Plate Count (SPC) and Coliform Count (CC) (Direct Microbiological Examination) and Methylene Blue Reduction Test (MBRT) were carried out. The procedures of SPC, CC and MBRT are stated as below:

3.2.1.3.1 Standard Plate Count (SPC)

i. Fixed amount of plate count agar media was mixed with fixed amount of water (Amount of water and media is mentioned on the label of media bottle).

ii. It was heated to dissolve and sterilized with autoclave machine.

iii. Buffer solution was prepared and dilution bottle was taken as many as number of dilution.

iv. 100 ml buffer solution was taken in each dilution bottle and was sterilized Dilution bottle and petridishes were marked well.

v. Raw milk samples were shaken well and 1 ml raw milk sample was transferred to first dilution bottle and then 1 ml mixed sample (raw milk and buffer solution) was transferred from the first dilution bottle to second dilution bottle. Thus 1 ml mixed sample was transferred from the second dilution bottle to the Third, Fourth. Fifth, Sixth, Seventh, Eighth, Ninth and Tenth to make 10 fold dilution.

vi. Two Petridishes were taken for the 10th dilution bottle (10 fold dilution) and marked each. 

vii. 1 ml sample was taken from the 10th dilution bottle (10 fold dilution) in each Petridish. 

viii. The media was melted in water bath, cooled and kept at 50o C temperature.

ix. About 20 ml media was poured on each Petridishes and mixed by moving Petridish in clock & anti clock wise and also in forward and back ward direction (Tilting).

x. Then the Petridishes were incubated at 37o C for 24 to 48 hours.

xi. After subsequent incubation the colonies were counted.

xii. Total number of bacterial colony/ml of milk = No. of colony/ml X dilution factor.

3.2.1.3.2 Coliform Bacterial Count (CBC)

i. Fixed amount of violet red bile agar media was mixed with fixed amount of water (Amount of   water and media is mentioned on the label of media bottle).

ii. It was heated to dissolve and sterilized with autoclave machine.

iii. Buffer solution was prepared and dilution bottle was taken as many as number of dilution.

iv. 100 ml buffer solution was taken in each dilution bottle and was sterilized.

v. Dilution bottle and petridishes were marked well.

vi. Raw milk samples were shaken well and 1 ml raw milk sample was transferred to first dilution bottle and then 1 ml mixed sample (raw milk and buffer solution) was transferred from the first dilution bottle to second dilution bottle. Thus 1 ml mixed sample was transferred from the second dilution bottle to the Third, Fourth. Fifth, Sixth, Seventh, Eighth, Ninth and Tenth to make 10 fold dilution.

vii. Two Petridishes were taken for the 10th dilution bottle (10 fold dilution) and marked each. 

viii. 1 ml sample was taken from the 10th dilution bottle (10 fold dilution) in each Petridish. 

ix. The media was melted in water bath, cooled and kept at 50o C temperature.

x. About 20 ml media was poured on each Petridishes and mixed by moving Petridish in clock & anti clock wise and also in forward and back ward direction (Tilting).

xi. Then the Petridishes were incubated at 37o C for 24 to 48 hours.

xii. After subsequent incubation the colonies were counted.

xiii. Total number of bacterial colony/ml of milk = No. of colony/ml X dilution factor.

3.2.1.3.3 Methylene Blue Reduction Test (MBRT)

The procedure of Methylene Blue Reduction test is briefly outlined below:

i. A composite sample of raw milk was taken in a sterile dilution bottle.

ii. Around 10 ml of raw milk sample was poured into a sterile test tube from the dilution bottle.

iii. Around 1 ml of methylene blue solution was poured into the test tube .

iv. To indicate when decolourization is commensing and when it is complete, two-control tube was used for comparison with each bath of tubes containing the milk under test. One control tube was prepared by immersing in boiling water for not less than 3 minutes a properly plugged test tube containing 1 ml of tap water and 10 ml of milk having a fat content and colour similar to that of the milk being tested and a second control tube was prepared in the same way of 1 ml methylene blue solution and 10 ml of a mixture of milk having a fat content and a colour similar to the milk being tested.

v. Any tube in which decolourization has begun was remained without immersion in the water bath until decolourization is complete up to within 5 mm of the surface.

vi. All other tubes in the water bath was inverted and replaced.

vii. All of the samples were incubated for 24 hours.

viii. If any sample was decolorized after incubation for 30 minutes, methylene blue reduction time was recorded as MBRT 30 minutes.

ix. Following the initial 30-minute reading, all subsequent reading was made at successive hourly intervals.

x. All such reading was recorded as reduction time in whole hours between between the initial triple inversion of tubes and the readings when the decolourization was noted. For example, if colour disappears between 0.5 and 1.5 hour reading, the result was recorded as MBRT 2 hour and so on.

xi. Immediately after each reading, remove and recorded all decolorized samples and then slowly made one complete inversion of the remaining tubes .

3.2.1.3.4 Classification of Methylene Blue Reduction Time

	Class
	MBRT
	Approximate count/ml

	1
	More than 5.5 hours
	Less than .5 million

	2
	More than 2 hours to 5.5 hours
	.5-4 million

	3
	More than .5 hour to 2 hours
	4-20 million

	4
	.5 hour and less
	More than 20 million


Interpretation of Methylene Blue Reduction Test

Application of the grading principle permits the classification of samples into two or more major groups, according to appreciable differences in bacterial quality. The use of descriptive grading terms indicates whether or not the product is acceptable. Under no circumstances report results in terms of bacterial numbers. Although colostrum, mastitis milk and milk from cows far advanced in lactation may have shorter reduction time than normally would be expected from their bacterial content, the influence of such abnormal milk in mixed milk is practically eliminated by dilution with normal milk. Because reduction times of very poor quality milk may be lengthened materially by incorporation of oxygen, caution should be exercised differentiating between milk reducing in less than 1 hour.
CHAPTER IV

RESULTS
4.1 Physical Parameters
The color of the test samples was found normal (whitish) and the flavor of milk samples was also found normal. The taste of the milk samples was slightly sweet (100%) and the average specific gravity of the milk samples was found 1.026±0.001 (Table 1).

Table 1: Observed physical qualities of raw milk samples (Average)

	Physical Parameters
	Color
	Flavor
	Taste
	Specific Gravity

	Observations
	Whitish

100%
	Normal flavor milky 100%
	Slightly Sweet 100%
	1.030±0.001

	Level of significance
	ND
	ND
	ND
	NS


* ND = No Difference, NS = No Significance. 
4.2 Chemical and Microbiological Parameters
4.2.1 Month wise variation of Fat, SNF, Total solids, Protein & water contents:      The monthly status of chemical observations were shown in the table 2. The average fat% was found 3.98%. The highest fat% was found 4.19% in January and the lowest was 3.78% in April. The average SNF% was found 7.4%. The highest SNF% was found 7.48% in November and the lowest was found 7.31% in April. The average total solids and water contents were found 11.38% and 88.62%. The highest total solids were found 11.62% in December and the lowest total solid was found 11.14% in April. The highest water content was found 88.86% in April and the lowest water content was found 88.38% in December. The average Protein% was found 3.39%. The highest protein was observed 3.49% in December and the lowest protein was found 3.31% in April .

Table 2: Monthly status of Fat%, SNF%, Total Solids%, Protein and Water% of raw milk

	Months
	Fat%
	Mean ± SE 
	SNF%
	Mean ± SE
	Total Solids%
	Mean ± SE
	Protein%   
	Mean ± SE
	Water%
	Mean ± SE

	January
	4.19
	4.19± .10 
	7.38
	7.38 ± .12
	11.57
	11.57±0.11
	3.45
	3.45±0.12
	88.42
	88.42±1.31

	February
	4.03
	4.03± .13
	7.38
	7.38 ±.09
	11.41
	11.41±0.11
	3.41
	3.41±0.11
	88.59
	88.59±0.78

	March
	3.93
	4.01 ± .13
	7.33
	7.38±.09 
	11.26
	11.26±0.11
	3.37
	3.37±0.14
	88.74
	88.74±0.82

	April
	3.78
	3.79 ± .15
	7.31
	7.33 ± .13
	11.14
	11.14±.13
	3.31
	3.31±0.12
	88.86
	88.86±1.12

	May
	3.84
	3.84 ± .16
	7.42
	7.42 ± .06
	11.26
	11.26±.22
	3.32
	3.32±0.11
	88.74
	88.74±0.38

	June
	3.88
	3.88 ± .12
	7.41
	7.41 ± .03
	11.29
	11.29±0.15
	3.34
	3.34±0.12
	88.71
	88.71±0.61

	July
	3.94
	3.94± .12
	7.45
	7.45 ± .09
	11.39
	11.39±.11
	3.37
	3.37±0.16
	88.61
	88.61±0.72

	August
	3.93
	3.93 ± .08
	7.43
	7.42 ± .06
	11.36
	11.36±.07
	3.37
	3.37±0.15
	88.64
	88.64±0.82

	September
	3.98
	3.97 ± .07
	7.43
	7.43 ± .06
	11.41
	11.41±.07
	3.39
	3.39±0.12
	88.59
	88.59±0.52

	October
	3.91
	3.91± .13
	7.32
	7.31 ± .19
	11.22
	11.22±.16
	3.36
	3.34±0.12
	88.78
	88.78±0.48

	November
	4.11
	4.11± .08
	7.48
	7.48± .09
	11.59
	11.59±.08
	3.46
	3.46±0.19
	88.41
	88.41±0.69

	December
	4.17
	4.07± .54
	7.45
	7.45± .09
	11.62
	11.62±.32
	3.49
	3.49±0.11
	88.38
	88.38±0.51

	Average
	3.98
	3.98 ± 0.15
	7.4
	7.4 ± 0.09
	11.38
	11.38±.14
	3.39
	3.39±0.11
	88.62
	88.62±0.730

	P-value
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Level of significance
	NS
	NS
	NS
	NS
	NS
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* NS = No Significance.
Figure 1: Monthly status of Fat%, SNF% & Total Solids% of raw milk.
4.2.2 Season wise variation of Fat, SNF, Total solids, Protein &Water contents: The seasonal variation of chemical constituents of raw milk was shown in the table 3. According to the seasons, the highest fat% was found 4.07% in Autumn and the lowest was found 3.85% in Summer. The highest SNF% was calculated 7.43% in Rainy Season and the lowest was found 7.37% in Winter season. The highest total solid was found 11.48% in Autumn and the lowest was 11.23% in Summer. The highest protein was found 4.06% in Autumn and the lowest was found 3.33% in Summer. The highest Water% was found 88.77% in Summer and the lowest was found 88.53% in Autumn .

Table 3: Fat%, SNF%, Total solids%, Protein% and Water% on the basis of season

	Seasons
	Fat%
	Mean ± SE
	SNF%
	Mean ± SE
	Total Solids%
	Mean ± SE
	Protein%
	Mean ± SE
	Water%
	Mean ± SE

	Winter (Jan.-March)
	4.05
	4.05± .009
	7.37
	7.37±.10
	11.41
	11.41±

.11
	3.43
	3.43±0.12
	88.59
	88.59 ±0.97

	Summer (April-June)
	3.85
	3.85±.14
	7.38
	7.38±.07
	11.23
	11.23±

.17
	3.33
	3.33 ±0.12
	88.77
	88.77 ±0.70

	Rainy (Jul.-Sept.)
	3.95
	3.95±.09
	7.43
	7.43±.07
	11.38
	11.38±

.08
	3.38
	3.38 ±0.15
	88.61
	88.61 ±0.68

	Autumn (Oct.-Dec.)
	4.07
	4.07±.21
	7.41
	7.41±.13
	11.48
	11.48±

.19
	4.06
	4.06±0.14
	88.53
	88.53 ±0.56

	Average
	3.97
	3.98±

.15
	7.4
	7.4±.09
	11.38
	11.38±

.14
	3.39
	3.39±0.13
	88.62
	88.62 ±0.73

	P-value
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Level of significance
	NS
	NS
	NS
	NS
	NS
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* NS = No Significance.

Figure 2: Seasonal variations of Fat%, SNF% & Total solids% of raw milk.
4.2.3 Month wise variation of Acidity, pH &Microbiological load of raw milk: The month wise acidity, pH and microbial load of raw milk were shown in the table 4. The average acidity and pH were found 0.137% (0.137 ± .004) and 6.85 (6.85 ± .004) which are within the acceptable range. On the other hand, the average total viable bacteria and coliform count were found 4.37 × 106 (4.37 × 106 ± 1015744) (Cfu/ml) and 3.88 ×105 (3.88 ×105 ± 209820) (Cfu/ml). However, the highest acidity and lowest pH were found 0.143% (0.143 ± .005) and 6.83 (6.83 ± .019) in May and the lowest acidity and highest pH were found 0.135% (0.135± .012) and 6.85(6.85± .005) in December. While (May) the highest acidity (0.143%) and the lowest pH (6.83) then the total viable count was 3.99 × 106 (3.99 × 106 ± 429885) (Cfu/ml) and the coliform count was found 5.7 ×105 (5.7 ×105 ± 312029) (Cfu/ml) which was the highest among other months. And while (December) the lowest acidity (0.135%) and the highest pH (6.85) then the total viable count was found 4.8 × 106 (4.8 × 106 ± 1529546) (Cfu/ml) then the coliform count was found 2.72 ×105(2.72 ×105 ± 103252) (Cfu/ml) which was second lowest, next to January 1.9 ×105 (1.9 ×105 ± 178478) (Cfu/ml) among other months.

Table 4: Monthly trend of Acidity, pH and Microbiological Load of raw milk

	 Months
	Acidity%
	Mean±

SE
	pH
	Mean±

SE
	Total viable count
	Mean±

SE


	Total coliform count
	Mean±

SE



	January
	0.136
	0.136±.002
	6.85
	6.845±.332
	3.3×106
	3.3×106±790753
	1.9×105
	1.9×105±178478

	February
	0.137
	0.137±0.003
	6.83
	6.83±.009
	3.5×106
	3.5×106±6592
	3.63×105
	3.63×105±233625

	March
	0.136
	0.136±.003
	6.84
	6.84±.009
	3.28×106
	3.28×106±695221
	3.38×105
	3.38×105±202152

	April
	0.137
	.137±0.003
	6.84
	6.84±.009
	4.06×106
	4.06×106±57127
	3.26×105
	3.26×105±230497

	May
	0.143
	0.143±.005
	6.83
	6.83±.019
	3.99×106
	3.99×106±429885
	5.7×105
	5.7×105±312029

	June
	0.136
	.136±.002
	6.83
	6.83±.018
	3.8×106
	3.8×106±75829410
	4.24×105
	4.24×105±267951

	July
	0.137
	0.137±.002
	6.84
	6.84±.007
	4.57×106
	4.57×106±759909
	4.88×105
	4.88×105±481759

	August
	0.136
	.136±.001
	6.84
	6.84±.005
	4.19×106
	4.19×106±743632
	5.4×105
	5.4×105±333573

	September
	0.137
	0.137±.003
	6.84
	6.84±.008
	4.64×106
	4.64×106±183873
	4.76×105
	4.76×105±347242

	October
	0.138
	0.138±.008
	6.85
	6.86±.037
	6.7×106
	6.7×106±1925381
	3.1×105
	3.1×105±189675

	November
	0.136
	0.136±.001
	6.84
	6.84±.004
	5.6×106
	5.6×106±131129
	3.7×105
	3.7×105±144717

	December
	0.135
	0.135±.012
	6.85
	6.85±.005
	4.8×106
	4.8×106±1529546
	2.72×105
	2.72×105±103252

	Average
	0.137
	0.137±.004
	6.85
	6.85±.004
	4.37×106
	4.37×106±1015744
	3.88×105
	3.88×105±209820

	P-value
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Level of significance
	NS
	NS
	NS
	NS


* NS = No Significance.
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Figure 3: Monthly status of Acidity% and pH value of raw milk.

4.2.4 Season wise variation of Acidity, pH &Microbiological load of raw milk: The seasonal variation of acidity, pH & microbial load of raw milk was shown in the table 5. Considering the season, the highest acidity and the lowest pH were found 0.137% and 6.83 in the Summer. And in the Summer the total viable count was found 3.78 × 106 (3.78 × 106 ± 8355483) (Cfu/ml) and the coliform count was found 4.1 ×105 (4.1 ×105 ± 256969) (Cfu/ml).  And the lowest acidity and the highest pH were found 0.136% and 6.84 in Autumn. Accordingly, the total viable count was found 5.64 × 106 (5.64 × 106 ± 2004106) (Cfu/ml) and the coliform count was found (3.88 ×105 ± 209820) (Cfu/ml).

Table 5: Seasonal trend of Acidity%, pH and Microbiological load of raw milk

	Seasons
	Acidity
	Mean ±SE
	pH
	Mean ±SE
	Total viable count
	Mean ±SE
	Total coliform count
	Mean ±SE

	Winter (Jan-March)
	0.136
	0.136±

.003
	6.84
	6.83±.12
	3.88×106
	3.88×106±

1336450
	2.7×105
	2.75×105±

191612

	Summer (April-June)
	0.137
	0.139±

.003
	6.83
	6.833±.02
	3.78×106
	3.78×106±

8355483
	4.1×105
	4.11×105±

256969

	Rainy (Jul-Sept.)
	0.136
	0.136±

.002
	6.84
	6.84±.01
	4.19×106
	4.19×106±

8080981
	4.8×105
	4.84×105±

379579

	Autumn (Oct-Dec)
	0.136
	0.136±

.136
	6.84
	6.843± .02
	5.64×106
	5.64×106±

2004106
	3.8×105
	3.85×105±

38912

	Average
	0.137
	0.137±.004
	6.84
	6.85±.004
	4.37×106
	4.37×106±

1015744
	3.88×105
	3.88×105±

209820

	P-value
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	Level of significance
	NS
	NS
	NS
	NS


* NS = No Significance.
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Figure 4: Seasonal variations of Acidity% and pH value of raw milk

4.2.5 Month wise variation of Reduction time of MBRT, total count of viable bacteria & coliform bacteria : The monthly status of reduction time of MBRT ,total count of viable bacteria & coliform bacteria were shown in the table 6. The average reduction time of MBR test, Total Viable Count and Total Coliform Count were found 56.75 ± 3.518 (Minutes), 4.37 × 106 ± 1015744 (Cfu/ml) and 3.88 ×105 ± 209820 (Cfu/ml), respectively. The highest reduction time of MBR test was found 67.25 ± 6.23 minutes in July in comparison with the total bacterial count was found 4.57×106± 759909(Cfu/ml) along with the coliform count was found 4.88 ×105 ± 481759 (Cfu/ml) and the lowest reduction time was found 49 ± 2.28 minutes in October in comparison with the total viable count of 6.7×106±1925381 (Cfu/ml) and the coliform count was found 3.1×105 ± 189675 (Cfu/ml).

Table 6: Reduction time of MBR test and Total count of viable bacteria, coliform bacteria on the basis of month

	Months
	Indirect Microbiological Examination
	Direct Microbiological Examination

	
	Reduction time of MBRT (Minutes)
	Mean ± SE
	Total viable count
	Mean ± SE
	Total coliform count
	Mean ± SE

	January
	59.11
	59.11±3.2
	3.3×106
	3.3×106±790753
	1.9×105
	1.9×105±178478

	February
	56.53
	56.53±5.10
	3.5×106
	3.5×106±6592
	3.63×105
	3.63×105±233625

	March
	57.30
	57.30±2.23
	3.28×106
	3.28×106±695221
	3.38×105
	3.38×105±202152

	April
	56.42
	56.42±3.36
	4.06×106
	4.06×106±57127
	3.26×105
	3.26×105±230497

	May
	55.47
	55.47±1.93
	3.99×106
	3.99×106±429885
	5.7×105
	5.7×105±312029

	June
	55.42
	55.42±2.83
	3.8×106
	3.8×106±75829410
	4.24×105
	4.24×105±267951

	July
	67.25
	67.25±6.23
	4.57×106
	4.57×106±759909
	4.88×105
	4.88×105±481759

	August
	54.88
	54.88±3.19
	4.19×106
	4.19×106±743632
	5.4×105
	5.4×105±333573

	September
	49.91
	49.91±4.21
	4.64×106
	4.64×106±183873
	4.76×105
	4.76×105±347242

	October
	49.00
	49.00±2.28
	6.7×106
	6.7×106±1925381
	3.1×105
	3.1×105±189675

	November
	57.36
	57.36±3.81
	5.6×106
	5.6×106±131129
	3.7×105
	3.7×105±144717

	December
	62.37
	62.37±3.82
	4.8×106
	4.8×106±1529546
	2.72×105
	2.72×105±103252

	Average
	56.75
	56.75±3.52
	4.37×106
	4.37×106±1015744
	3.88×105
	3.88×105±209820

	P-Value
	<0.0005
	<0.0001
	<0.0001

	Level of significance
	Significant at 95% level of confidence interval
	NS
	NS


* NS = No Significance.
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Figure 5: Monthly status of Reduction time of MBRT.

4.2.6 Season wise variation of Reduction time of MBRT, total count of viable bacteria & coliform bacteria: 

The seasonal status of reduction time of MBRT, total count of viable bacteria & coliform bacteria were shown in the table 7. Considering the season the highest reduction time of MBR test was found 57.64 ± 3.52 minutes, the total bacterial count was found  3.88×106 ± 1336450 (Cfu/ml) and the coliform bacterial count was found  2.75×105±191612 (Cfu/ml) in the Winter season. The lowest reduction time was found 55.77±2.701 minutes, the total bacterial count was found 3.78×106± 8355483 (Cfu/ml) and the coliform bacterial count was found 4.11×105± 256969 (Cfu/ml) in the Summer season (Table 7).

Table 7: Reduction time of MBR test and Total count of viable bacteria, coliform 

               bacteria on the basis of season

	Months
	Indirect Microbiological Examination
	Direct Microbiological Examination

	
	Reduction time of MBRT (Minutes)
	Mean ± SE
	Total viable count
	Mean ± SE
	Total coliform count
	Mean ± SE

	Winter (Jan-March)
	57.64
	57.64±3.52
	3.88×106
	3.88×106±1336450
	2.7×105
	        2.75×105±191612

	Summer (April-June)
	55.77
	55.77±2.70
	3.78×106
	3.78×106±8355483
	4.1×105
	4.11×105± 256969

	Rainy (Jul-Sept.)
	57.35
	57.35±4.54
	4.19×106
	4.19×106±8080981
	4.8×105
	          4.84×105±379579

	Autumn (Oct-Dec)
	56.24
	56.24±3.30
	5.64×106
	5.64×106±2004106
	3.8×105
	3.85×105± 38912

	Average
	56.75
	56.751±3.52
	4.37×106
	4.37×106±1015744
	3.88×10
	3.88×105± 209820

	P-Value
	<0.0005
	<0.0001
	<0.0001

	Level of significance
	Significant at 95% level of confidence interval
	NS
	NS


* NS = No Significance.
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Figure 6: Seasonal variations in Reduction time of MBRT 
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CHAPTER V
DISCUSSION

5.1 Physical Parameters

All of the milk samples collected from the different regions of Bangladesh was normal color (Whitish). The colour of the milk depends on the breed, the amount of fat and solid present and in most cases the nature of feed consumed by cow (Eckles et al., 1995). All of the samples of this experiment were normal flavor. This might be due to proper milking, quick transportation and prompt preservation and rapid examination of milk sample without lingering. In addition the cows might have not been allowed eating some sorts of odd flavored feed prior to milking them.

The result obtained from this study was found quite similar with the findings of Islam et al. (1984). The taste of all collected milk samples was found slightly sweet which is similar to the finding of Islam et al. (1984). The average mean and standard deviation of specific gravity of milk samples were 1.026±0.001. Statistical analysis showed that the difference among specific gravity of milk of the rest samples was not significant. Islam et al. (1984) reported that the mean of specific gravity of milk of Bangladesh Agricultural University (BAU) dairy farm was 1.031 and milk from local market was 1.026. Similarly, Yadav and Sarawat (1982) reported a lower specific gravity in market milk of Varansi town, India. In another experiment, Ito (1966) found that the specific gravity of cow’s milk was 1.030±0.001. Filliptovic (1953) obtained the specific gravity of 1.032 for cows in Yugoslavia. Commercial industries used to accept raw milk with minimum specific gravity of 1.025 (Table 1).

5.2 Chemical Parameters

5.2.1 Month wise variation of Fat, SNF, Total solids, Protein & water contents:      The average fat% was found  3.98% (3.98 ± 0.15) which is non significant at 1% level of probability and much lower than Jebu and Taurine cattle like Red Sindhi (4.9%), Gir (4.73%), Tharparker (4.55%), Sahiwal (4.55%) and Jersy (5.37%). It is also lower than Crossbred cows (4.5%) but higher than the Friesian (3.4%) cows (Hand Book of Animal Husbandry, Indian Council of Agricultural Research, 2002) (Table 2). The highest fat% was found 4.19% (4.19± .10) in January and the lowest was found 3.78% (3.79 ± .15) in April both of which displayed similarity with the aforesaid results (Table 2). The average SNF% was found 7.4% (7.4 ± 0.09), which is non-significant at 1% level of probability and  much lower than the milk of Jebu and Taurine cattle like Red Sindhi (8.76%), Gir (8.67), Tharparker (8.7%), Sahiwal (8.82%), Jersy (9.54%), Friesian (8.86%) and Crossbred (8.63%) cows (Hand Book of Animal Husbandry, Indian Council of Agricultural Research, 2002) (Table 2). The highest SNF% was found 7.48% (7.48 ± .09) in November and the lowest was found 7.32% (7.33 ± .13) in April (Table 2). The average total solids and water contents were found  11.38% (11.38± .14) and 88.62% (88.62 ± 0.73) which is lower and higher than the milk of Jebu and Taurine cattle like Red Sindhi (13.66%), Gir (13.30), Tharparker (13.25%), Sahiwal (13.37%), Jersy (14.91%), Friesian (12.26%), and Crossbred (13.13%) in respect of Total Solids and Red Sindhi (86.34%), Gir (86.7%), Tharparker (86.75%), Sahiwal (86.63%), Jersy (85.09%), Friesian (87.74%) and Crossbred (86.87%) in respect of water% (Hand Book of Animal Husbandry, Indian Council of Agricultural Research, 2002) (Table 2). The average Protein% was found 3.39% (3.39±0.13) in April (Table 2). Like the fat percentage, the protein percentage displays a steady fall from Autumn till spring, but the minimum protein percentage rises rapidly in the early Summer, drops slightly in June and July after that varies in line with the fat percentage (Danish Trunkey Dairies, 1989).

5.2.2 Season wise variation of Fat, SNF, Total solids, Protein &Water contents Considering the seasons, the highest fat% was found 4.07% (4.07± .21) in Autumn and the lowest was found 3.85% (3.85± .14) in Summer. The fat% percentage falls steadily from the Autumn till the early Summer. It then starts increasing steadily, but shows a marked rise in September (Danish Trunkey Dairies, 1989) (Table 2 & 3). The highest SNF% was found 7.43% in Rainy Season and the lowest was found 7.37% in Winter season. Regular seasonal variations can also be observed in the milk’s content of lactose, ash and citric acid (SNF), but these variations are comparatively small compared to those of fat and protein. The average ash and citric acid content in milk varies over the year by at most a couple of hundredths of a percent (Danish Trunkey Dairies, 1989).

The highest SNF% was found 7.43% (7.43± .07) in Rainy season and the lowest was found 7.37% (7.37± .10) in Winter season. The highest total solid was 11.48% (11.48 ± .19) in Autumn and the lowest was found 11.23 (11.23 ± .17) in Winter. The highest protein was found 4.06% in Autumn and the lowest was found 3.33% in Summer (Table 3). Like the fat percentage, the protein percentage displays a steady fall from Autumn till spring, but the minimum protein percentage found at an earlier time than the minimum fat percentage. The protein percentage rises rapidly in the early Summer, drops slightly in June and July and after that varies in line with the fat percentage (Danish Trunkey Dairies, 1989). The highest Water% was found 88.77% (88.77 ±0.70) in Summer and the lowest was found 88.53% (88.53 ± 0.56) in Autumn (Table 3). By and large, these variations generally repeat themselves from year to year, but the variations of fat and protein contents may differ from one year to another dependent on weather and feed (Danish Trunkey dairies, 1989). 

5.2.3 Month wise variation of Acidity, pH & Microbiological load of raw milk: The average acidity and pH was found 0.137% (0.137 ± .004) and 6.85 (6.85± .004) which are within the acceptable range. On the other hand, the average total viable bacteria and coliform count were found 4.37 × 106 (4.37 × 106 ± 1015744) (Cfu/ml) and 3.88 ×105 (3.88 ×105 ± 209820) (Cfu/ml) (Table 4). However, the highest acidity and lowest pH were found 0.143% (0.143± .005) and 6.83 (6.83± .019) in May and the lowest acidity and highest pH were found 0.135% (0.135± .012) and 6.85 (6.85± .005) in December. The development of acidity in milk depends upon the number of lactic acid and other acid producing bacteria like Lactobacillus sp., Pseudomonas sp., E. coli, Streptococcus sp., Staphylococcus sp., Yeasts and Molds. Improper chilling of raw milk may lead to development of higher acidity and lower pH in raw milk. While (May) the highest acidity (0.143%) and the lowest pH (6.83) then the total viable count was 3.99 × 106 (3.99 × 106 ± 429885) (Cfu/ml) and the coliform count was found 5.7 ×105 (5.7 ×105 ± 312029) (Cfu/ml) which was the highest among other months. And while (December) the lowest acidity (0.135%) and the highest pH (6.85) then the total viable count was found 4.8 × 106 (4.8 × 106 ± 1529546)(Cfu/ml)) then the coliform count was found 2.72 ×105 (2.72 ×105 ± 103252) (Cfu/ml) which was second lowest, next to January 1.9 ×105 (1.9 ×105 ± 178478) (Cfu/ml) among other months (Table 4).

5.2.4 Season wise variation of Acidity, pH &Microbiological load of raw milk: Considering the season, the highest acidity and the lowest pH were found 0.137% and 6.83 in the Summer. Because, in the Summer the total viable count was found 3.78 × 106 (3.78 × 106 ± 8355483) (Cfu/ml) and the coliform count was found 4.1 ×105 (4.1 ×105 ± 256969) (Cfu/ml). And the lowest acidity and the highest pH were found 0.136 and 6.84 in Autumn. Accordingly, the total viable count was found 5.64 × 106 (5.64 × 106 ± 2004106) (Cfu/ml) and the coliform count was found (3.88 ×105 ± 209820) (Cfu/ml)  (Table 5). 

5.2.5 Month wise variation of Reduction time of MBRT, total count of viable bacteria & coliform bacteria:

The average reduction time of MBR test, total viable count and total coliform count were found  56.751 ± 3.518 (Minutes), 4.37 × 106 ± 1015744(Cfu/ml)  and 3.88 ×105 ± 209820(Cfu/ml), respectively (Table 6). The highest reduction time of MBR test was found 67.25 ± 6.23 minutes in July in comparison with the total bacterial count was found 4.57×106± 759909(Cfu/ml)  along with the coliform count was found 4.88 ×105 ± 481759(Cfu/ml) and the lowest reduction time was found 49 ± 2.28 minutes in October in comparison with the total viable count of 6.7×106±1925381(Cfu/ml)and the coliform count was found 3.1×105 ± 189675(Cfu/ml) (Table 6). 

5.2.6 Season wise variation of Reduction time of MBRT, total count of viable bacteria & coliform bacteria:

Considering the season the highest reduction time of MBR test was found  57.64± 3.516 minutes, the total bacterial count was found  3.88×106 ± 1336450 (Cfu/ml) and the coliform bacterial count was found  2.75×105±191612 (Cfu/ml) in the Winter season. The lowest reduction time was found 55.77±2.701 minutes, the total bacterial count was found 3.78×106± 8355483 (Cfu/ml) and the coliform bacterial count was found 4.11×105± 256969 (Cfu/ml) in the Summer season (Table 7).

The higher count and lowest reduction time of MBR test might be due to lack of hygiene in milking, milk collection, improper or delayed chilling etc (Foltys and Kirchnerova, 2006).

CHAPTER VI

SUMMARY & CONCLUSION

The study was aimed to evaluate the suitability of raw milk for processing based on physico-chemical, indirect and direct microbiological examination. Raw milk samples (mixed) were collected from different milk collection centers of milk pocket zones of Bangladesh. All milk samples were subjected to perform physico-chemical, indirect and direct microbiological examination like color, flavor, taste, acidity, pH, fat%, SNF%, Total solids%, water%, protein%, Methylene Blue Reduction Time, Total Bacterial Count etc. The color of the test samples was found to be normal (whitish) and the flavor of the milk samples was also found normal. The taste of the milk samples was slightly sweet (100%) and the average specific gravity of the milk samples was found 1.03±0.001. The average fat % was found 3.98%. The highest SNF% was found 7.48% in November and the lowest was 7.32%in April. The average total solids and water contents were found 11.38% and 88.62% .The highest total solids were 11.62% in December and the lowest total solids were found 11.14% in April. The average protein was found 3.31%. Considering the seasons, the highest fat% was 4.07% in Autumn and the lowest was 3.85% in Summer. The average acidity and pH were found 0.137% (0.137±0.0038) and 6.85(6.85±0.0038) which are within the acceptable range. On the other hand, the total viable bacteria and coliform count was found 4.37×106(4.37×106±1015744)(Cfu/ml) and 3.88×105 (3.88×105 ±209820)(Cfu/ml) also which are within the acceptable range. While (May) the highest acidity (0.143%) and lowest pH (6.83) then the total viable count was 3.99×106 (3.99×106±429885)(Cfu/ml) and the coliform count was found 5.7×105 (5.7×105±312029) (Cfu/ml) which were the highest among other months. Considering the seasons, the highest acidity and the lowest pH was 0.137% and 3.83% in Summer. In Summer the total viable count was 3.78×106 (3.78×106±8355483) (Cfu/ml) and the coliform count was 4.1×105 (4.1×105±256968.2) (Cfu/ml). Accordingly, the viable count and the coliform count were found 5.64×106 (5.64×106±2004106) (Cfu/ml) and 3.88×105 (3.88×105 ±209820)(Cfu/ml), respectively.  The average reduction time of MBR test, total viable count and total coliform count was found 56.751±3.518 (Minutes), 4.37×106 ±1015744 (Cfu/ml) and 3.88×105±209820 (Cfu/ml), respectively. The highest reduction time of MBR test was 67.25±6.23 minutes in July in comparison with the total bacterial count was found 4.57×106 ±759909(Cfu/ml)  along with the coliform count was found 4.88×105±481759 (Cfu/ml) and the lowest reduction time was 49±2.28 minutes in October in comparison with the total viable count 6.7×106± 1925381(Cfu/ml) and the coliform count was found 3.1×105± 189675 (Cfu/ml).  
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CHAPTER VIII

APPENDIX
Table 8: The composition of the Ringers solution 

	Sodium chloride                                    
	9.00 g

	Potassium chloride                                
	0.42 g

	Calcium Chloride, anhydrous               
	0.24 g

	Sodium bicarbonate                              
	0.20 g

	Distilled water u p to                              
	1000 ml


Table 9: The composition of the Plate Count Agar Media

	Yeast extract                                            
	2.5 g

	Tryptone  
	5.0 g

	Dextrose  
	1.0 g

	Agar    
	15.0 g

	Separated milk                                         
	100 ml

	Distilled water                                           
	1000 ml


Table 10: The composition of the Violet Red Bile Agar Media

	Yeast extract                                             
	3 g

	Peptone
	7 g

	Bile salts                                                     
	1.5 g

	Lactose    
	10 g

	Sodium Chloride                                         
	5 g

	Neutral red                                                  
	0.03 g

	Crystal Violet                                              
	0.02 g

	Agar  
	15 g

	Distilled water up to     
	1000 ml


Figure 7: Total Viable Count 





Figure 8:  Total Coliform Count 





Figure 9: Gram negative Coliform bacteria (Methylene Blue Stain)








Figure 10: Methylene Blue Reduction Test 
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