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ABSTRACT 

Pakistan is among the top milk producing countries of the world. However, the quality 
control standards for milk have not as yet been established. The present study was 
conducted to establish the normal reference values of milk somatic cell counts (SCC), 
different milk enzymes and other important milk constituents in non-infected milk of 
Nili-Ravi buffaloes, Sahiwal and cross-bred cows. The milk samples from 30 animals (in 
the first two months of first to 5th lactation) of each group were collected from Livestock 
Experimental Station, University of Agriculture, Faisalabad and commercial dairy farms 
and tested for mastitis using Surf  Field Mastitis test and microbiological examination 
and negative samples were used to establish the reference values. Milk samples were 
analyzed for different parameters like pH, electrical conductivity (EC), SCC, milk 
enzymes i.e. lacto-peroxidase (LPO), superoxide dismutase (SOD), guaiacol peroxidase 
(GPO), catalase (CAT), protease, amylase, α-esterase, NAGase, total phenolic contents 
(TPC), proteins and malondialdehyde (MDA) content and reference values were 
established. Total protein (81.6±2.0 mg mL-1), casein (71.4±1.2 mg mL-1), TPC 
(2381.6±71.85 µM mL-1), total oxidant status (TOS) (61.25±0.59 µM mL-1), protease 
(81.3±3.35 U/mL), CAT (97.45±4.8 U/mL), LPO (1.75±0.06 U/mL), NAGase 
(56.07±2.33 U/mL) and SCC (178645.83±2324.0 mL-1) were the highest in milk of cross-
bred cows. Whey protein (28.8±1.25 mg mL-1), GPO (110.74±8.64 U/mL), SOD 
(17.15±0.56 U/mL), amylase (89.44±2.51U/mL), EC (5.7±0.04) and MDA (2.27±0.07 
µM mL-1) was the highest in Sahiwal cow’s milk. Total antioxidant capacity (TAC) 
(3.296±0.005 mM L-1) and α-esterase (361.19±13.63 U/mL) activity were the highest in 
milk of Nili-Ravi buffaloes. The SCC negatively correlated with TOS, TAC, Lacto-serum 
protein and α-esterase activity while NAGase with lacto-serum protein and amylase, 
therefore, their higher values can be used as indicators of good milk quality. SCC and 
NAGase positively correlated with TPC, CAT and LPO. As such their lower values seem 
to be associated with better udder health and good milk quality. GPO and SOD 
negatively correlated with TOS, TAC, total protein, casein and α-esterase activity but 
positively correlated with amylase, EC, SCC, MDA and lacto-serum protein therefore, 
their lower values in milk may be desirable. Milk quality of Nili-Ravi was comparatively 
superior based on lower values of SCC, EC, NAGase, CAT, GPO, SOD, TPC, protease 
and higher TAC. Protein profiling through SDS-PAGE clearly resolved the major milk 
peptides. In high molecular weight (M. wt.) zone, proteins of ~208 kDa and ~190 kDa 
were detected in all tested samples. In medium M. wt. zone, three peptides i.e. lactoferrin 
(78.2kDa), serum albumin (66.2kDa) and heavy chain of immunoglobulin (IgG) (54 kDa) 
were detected in all samples while a prominent band of ovalbumin (45kDa) was also 
detected mainly in cow milk samples. In low M. wt. zone, clear bands of milk caseins 
were detected. All four casein (CN) bands i.e. αS2 – CN (29 kDa), αS1 – CN (27 kDa), β - 
CN (24 kDa) and κ- CN (22 kDa) were detected in Sahiwal and cross-bred cows. 
However, in milk of Nili-Ravi buffaloes, three casein protein i.e. αS2 – CN (29 kDa), β - 
CN (25 kDa) and κ- CN (22 kDa) were detected. In milk of Nili-Ravi buffaloes, αS1 – CN 
(27 kDa) was not detected. Moreover, a band of β-lactoglobulin (~18 kDa) was detected 
in milk of cross-bred cows and not in other samples especially those of Nili-Ravi 
buffaloes. As the αS1-casein and β-lactoglobulin are the major allergens, milk of Nili-
Ravi buffaloes that lacks these peptides can be used for development of hypoallergenic or 
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non-allergic dairy products. Deferential peptides may also help to differentiate the milk 
from different tested dairy species/cow types. 
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CHAPTER 1 

1 INTRODUCTION 

Pakistan is at 4th place among largest milk producing countries of the world and it 

produces 49.5 million tons (gross production) of milk annually. Dairy industry of 

Pakistan consists of buffaloes and cows. The share in annual milk production of country 

by cow is 17.37 million tons and by buffalo is 30.46 million tons. Cattle and buffalo 

population in Pakistan is 38.3 million and 33.7 million heads, respectively. The milk used 

for human consumption is 39.9 million tons, with cattle and buffalo correspondingly 

contributing 13.9 and 24.4 million tons (Economic Survey of Pakistan, 2012-13). The 

buffalo is the premier dairy animal that produces nearly 75% of all the milk in the 

country (Sarwar et al., 2002).  

Milk quality in Pakistan is extremely poor. There are no quality control standards 

for the milk in Pakistan. The Pakistan Standard Quality Control Authority 

(PSQCA,www.psqca.com.pk), the regulatory authority of milk and other edibles has not as 

yet established the reference values for milk somatic cells, different enzymes and for 

important biochemical constituents. Milk somatic cell count (SCC) is one of the bedrocks 

of milk quality parameters used worldwide by dairy processing industry. The number of 

SCC affects the milk quality and is used as a tool for the diagnosis of subclinically 

mastitis (Harmon, 1994). The SCC of milk is commonly used to scrutinize udder health 

and the milk quality. Commonly used normal threshold value for milk SCC is 200,000 

cells/mL and with cell counts under this value, it is considered that a mammary gland is 

possibly free of any intramamary infection. However, this threshold value is not an 

absolute figure (Dohoo, 2001). According to a more recent report, a SCC cut point of less 

than 100,000 cells/mL on an individual quarter basis is considered to be more appropriate 

(Pilla et al., 2012). Normal milk SCC in healthy cow’s milk is between 50,000 and 

100,000 cells/mL (Skrzypek et al., 2004; Kasikcl et al., 2012).  

The European Community (EC) standard of SCC is 400,000 (cells/mL) in milk. 

(Directives 85/ 397 and 92/46/ECC). In most European Union countries, the demand of 

market for a premium product is frequently much lower than this standard value and it is 
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mostly around 200,000 cells/mL. The best milk based on the SCC is produced by Austria 

from its small herds, with cell count just slightly higher than 100,000 cells/mL. Likewise, 

in many other European countries e.g. Sweden, Germany, Netherlands and UK, a cell 

count level in the milk is achieved to be less than an average of 200,000 cells/mL 

(Hillerton and Berry, 2004). 

The quality of milk and milk products is adversely affected by the increased 

number of somatic cells in milk. The elevated SCC also reduces the shelf-life and flavor 

of milk. More than 200,000 somatic cells/mL in milk is considered harmful for 

consumers due to potential harmful aspect of the bacteria present. (Skrzypek et al., 2004; 

Kasikcl et al., 2012). That’s why the SCC of milk is used as a tool for monitoring udder 

health and milk quality (Sharma et al., 2011). Elevated SCC primarily consists of 

leucocytes, which include macrophages, lymphocytes and neutrophils.  

Several enzymes are present in milk. The β-N-acetyl-glucosaminidase (NAGase; 

EC 3.2.1.30) is a lysosomal enzyme present in milk, serum and other body fluids. 

(Kitchen et al., 1978; Fox et al., 1985; Leitner et al., 2001). Usually, the NAGase activity 

level has increased to or it is just near to peak value when mastitis is clinically detected 

(Fitz-Gerald et al., 1981; Leitner et al., 2003). The NAGase assay is very quick method 

to examine the severity of mastitis at the beginning of infection (Kitchen et al., 1984; 

Chagunda et al., 2006). Recently, it was reported that NAGase activity and the level of 

acute phase proteins (APP) in the milk of bovines with naturally occurring clinical 

mastitis were associated with the quantity of bacterial DNA in the milk samples tested 

with quantitative PCR test (Kalmus et al., 2013).  

The uninfected sheep milk has NAGase activity of 22.9 ± 1.5 (Leitner et al., 

2003). There is no significant difference in NAGase activity of all four quarters after 

parturition. The activity of NAGase changes significantly with the stage of lactation 

(Kankofer et al., 2010). The SCC and NAGase activity increase immediately after 

calving and then start decreasing after one month of parturition (Chagunda et al., 2006). 

The quality of milk products and the physiological role of udder depend upon the 

variation in the activity of different milk enzymes (Leitner et al., 2006). Now a day, in 

technologically advanced countries, the contact between animals and human beings has 

considerably decreased due to the introduction of automatic milking systems. This 
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automation has also increased the significance of non-visual and online monitoring of 

udder health. For this purpose, many recent techniques are being used these days and at 

the same time, a number of monitoring systems have been commercially introduced. 

Several milk parameters including different enzymes have been tested for monitoring 

udder inflammation. The enzymes lactate dehydrogenase (LDH), NAGase and alkaline 

phosphatase (AP) have been reported to perform equally well with APP and SCC as 

indicators of inflammatory milk with mastitis (Larsen et al., 2010). Different milk related 

enzymes also significantly take part in the control and regulation of milk synthesis 

(Leitner et al., 2006; Silanikove et al., 2006). Therefore, milk enzymology is very 

interesting and worth appreciative area of research due to its high significance with 

respect to quality of milk and for monitoring the health of dairy animals. The 

malondialdehyde (MDA) and SCC are directly related to each other as the number of 

SCC increase there is also increase in MDA level in milk (Suriyasathaporn et al., 2006a). 

Glutathione peroxidase (GPx) present in milk has no enzymatic activity. It only   binds 

the selenium and important trace elements in the diet (Fox and Kelly, 2006). The activity 

of superoxide dismutase (SOD, a Cu containing enzyme) ranges from 0.67 to 3.23 IU/mL 

in normal milk and this enzyme has an imperative role in the oxidative stability of milk 

(Yang et al., 2013a). 

In our country, the reference values of SCC and other milk enzymes have not 

been established yet, therefore, the present study was designed to establish these 

reference values of SCC, some milk enzymes & biochemical constituents in the milk 

from uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

The creation of data as planned in the present study may potentially 

a) Help to establish standards of market milk for processing 

b) Help delineate mastitic versus uninfected mammary glands   

Aims and objectives 

1. To determine the comparative values of SCC in milk of uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

2. To establish the normal values of eight different milk enzymes in milk of Nili-

Ravi buffaloes, Sahiwal and cross-bred cows. 
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3. To find out the normal values of other important milk constituents like proteins, 

total phenolic contents and MDA in milk of Nili-Ravi buffalo, Sahiwal and cross-bred 

cows. 
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CHAPTER 2 

2 REVIEW OF LITERATURE   

Synthesis of milk in the mammary gland epithelial cells starts at the end of 

pregnancy that is actually for nourishment and health of the off-spring (Silanikove et al., 

2006). Milk has a very complex composition because process of lactogenesis involves a 

concerted action of several transport processes. Milk comprises of vital nutrients like 

carbohydrates, proteins, lipids, vitamins and minerals along with some important 

bioactive substances i.e. antimicrobial factors, peptides, immunoglobulins, growth factors 

and hormones (Clare and Swaisgood, 2000). Around 70 indigenous enzymes have been 

reported in the milk of different mammalian species (Fox and Kelly, 2006; Kelly and 

Fox, 2006; Riener et al., 2009). The present review is focused on providing an overview 

of data and information available in the literature on dairy industry & milk quality 

standards in Pakistan, milk SCC, pH, EC, some milk enzymes and biochemical 

constituents.   

2.1 Dairy industry of Pakistan and milk quality standards  

Pakistan is at 4th position among milk producing countries (Syed and Silvia, 2008) with 

an estimated 49.5 million tons of milk produced annually with 11 % contribution of  

livestock sector in GDP (Shahid et al., 2012). There are around 38.3 million cattle and 

33.7 million buffalo heads in Pakistan. The milk used for human consumption is 39.9 

million tons, with cattle and buffalo correspondingly contributing 13.9 and 24.4 million 

tons (Economic Survey of Pakistan, 2012-13). The buffalo is the foremost dairy animal 

producing approximately 75 % of total milk produced in the country (Sarwar et al., 

2002).  

No doubt, the performance of Pakistan’s dairy sector in contest of total milk 

production and livestock population is remarkable. However, performance of dairy sector 

is extremely poor in terms of animal productivity i.e. milk yield per animal in the global 

context. The comparison of average milk yield with other countries shows that 03 dairy 

animals in Pakistan produces milk equal to one dairy animal in New Zealand; while one 

American cow produces milk equal to  seven Pakistani cows (Syed and Silvia, 2008). 
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Similarly, the milk yield of Germany is five times more than Pakistan with only one-third 

of the milking animals. This gap in the milk productivity is because of number of factors 

(genetics, technology, management, etc.) The main factor for very miserable milk 

production of cattle and buffalos of Pakistan is milk yield of less than 4 L to 5 L day-1 

during the entire lactation cycle of about 305 days (Shahid et al., 2012). This low 

production capacity of Pakistani dairy animals is primarily because of known factors or 

issues like absence of an organized breed improvement program of dairy animals at 

national level, inadequate availability of fodder with good quality & nutrients in different 

seasons, poor management practices at dairy farms, non-availability of timely and good 

animal health care and lack of money (Syed and Silvia, 2008; Shahid et al., 2012). 

Luckily, most of the factors associated with low productivity of Pakistani dairy animals 

are known and can be tackled for potential improvement in the local dairy sector.  

Even with low production potential, Pakistan is still among top milk producing 

countries with surplus milk production that can be further increased. The dairy industry 

of Pakistan thus has great potential of enhancing the economic growth of the country 

through an increase in the worldwide export of dairy products (Syed and Silvia, 2008). 

The milk quality standard is one of the major issues with the export of dairy products. 

Unfortunately, milk quality in Pakistan is extremely poor. There are no quality control 

standards for the milk in Pakistan. The Pakistan Standard Quality Control Authority 

(PSQCA,www.psqca.com.pk), the regulatory authority of milk and other edibles has not as 

yet established the reference values for milk somatic cells, different enzymes and for 

important biochemical constituents. Milk somatic cell count (SCC) is one of the bedrocks 

of milk quality parameters used worldwide by dairy processing industry (Harmon, 1994).  

2.2 Milk somatic cell count (SCC) 

Certain number of various somatic cells is always present in milk but their 

proportion in milk depends upon type of infection and the immune status of host 

(Harmon, 1994). Milk somatic cells include various types of cells, which mainly consist 

of epithelial cells of lactating gland, monocytes, lymphocytes, macrophages, plasmocytes 

and polymorphonuclear cells. When the animals are healthy and free from udder 

disorders a small amount of polymorphonuclear cells occur in milk. In the healthy 
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lactating mammary gland majority of somatic cells include macrophages (Harmon, 1994) 

but on the basis of severity and duration of response up to 100% of somatic cells in the 

milk may be neutrophils (Ostensson et al., 1987; Kehrli et al., 1994; Piepers et al., 2009). 

The SCC of milk is commonly used to scrutinize udder health and the milk 

quality. Commonly used normal threshold value for milk SCC is 200,000 cells/mL. 

However, this threshold value is not an absolute figure (Dohoo, 2001). According to a 

more recent report, a SCC cut point of less than 100,000 cells/mL on an individual 

quarter basis is considered to be more appropriate (Pilla et al., 2012). The European 

Community (EC) standard of SCC is 400,000 (cells/mL) in milk. (Directives 85/ 397 and 

92/46/ECC). However, in most European Union countries, the demand of market for a 

premium product results in lower SCC in milk than this standard value and it is mostly 

around 200,000 cells/mL. Likewise, in many other European countries e.g. Sweden, 

Germany, Netherlands and UK, a cell count level in the milk is achieved to be less than 

an average of 200,000 cells/mL (Hillerton and Berry, 2004).The best milk based on the 

SCC is produced by Austria from its small herds, with cell count just slightly higher than 

100,000 cells/mL. 

The effect of SCC during the early lactation period of dairy heifers using test-day 

milk yield during first lactation was determined (De-Vliegher et al., 2005). The 117,496 

four-weekly test-day records of 14,243 animals was scrutinized and found an increase by 

one unit of the natural log-transformed SCC that was associated with a decrease in milk 

yield of 0.13 kg/d. in lactation. It was noticed that negative impact of elevated milk SCC 

was associated with increase in test-day SCC later in lactation (De-Vliegher et al., 2005). 

 The SCC in milk of Murrah buffaloes were determined during various stages of 

parity, lactation and season (Singh and Ludri, 2001). The mean SCC values for morning 

were 1.09 (range 0.39-1.76) x105 and for evening were 0.97 (with a range of 0.57-2.46) 

x105 cells ⁄mL that were statistically the same. The same morning and evening values 

suggest that there was no diurnal variation in the milk SCC. On an average, the SCC 

recorded was 1.0x105 cells ⁄mL irrespective of parity, stage of lactation and time of 

milking (Singh and Ludri, 2001). 

Different methods have been used for measuring SCC. The milk quality and 

health of udder in buffaloes can be best determined by measuring SCC directly with the 
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help of DeLaval cell counter (Hamann et al., 2010). When tested with the help of a 

DeLaval cell counter (DCC), somatic cells in buffalo milk were measured to be ranging 

from 200×103 to 400×103 cells/mL (Hamann et al., 2010). The mean electrical 

conductivity (EC) of bulk tank milk was found to be 3.58 mS/cm. Moreover, EC 

significantly increases while level of total protein, SNF, lactose and density of milk 

decreases beyond a SCC threshold of 400 ×103 cells/mL for udder milk and 200×103 

cells/mL for quarter milk (Hamann et al., 2010).  

The total SCC in normal milk samples from healthy buffaloes has been reported 

to range from a minimum of 50,000 cells/mL to a maximum of 375,000 cells/mL (Silva 

and Silva, 1994). The comparison of neutrophil count in milk revealed that the level was 

considerably higher in buffalo milk compared to that in cattle milk. The buffalo milk has 

higher neutrophil count as compared to cattle milk. The lymphocytes were about 28% of 

the total SCC. The buffalo milk also contained a small percentage of unique type of cells, 

which show nuclear necrosis (Silva and Silva, 1994). Moreover, leukocyte counts were 

carried out in milk samples collected from single half-udders of various ewes to 

investigate cellular composition of milk in relation to various stages of lactation, milk 

composition and pathogens (Souza et al., 2012). The pathogenic infection, different 

stages of lactation and the different milk samples affected the total and different cell 

populations. The samples which were positive for bacteria seemed to affect number of 

polymorph-nuclear leukocytes (PMNL) and number of mononuclear cells including 

macrophages, lymphocytes and epithelial cells (Souza et al., 2012). In a previous study 

(Kelly et al., 2000), individual and bulk tanks cow milk samples were collected to 

determine the impact of various factors on PMNL. The total leukocyte counts and level 

of PMNL were found to be significantly correlated in individual and sample collected 

from bulk tanks. Milk samples collected at calving from different cows in the spring have 

higher  SCC along with higher magnitude of PMNL as compared to milk from autumn 

calving cows (Kelly et al., 2000).  

  Evolution of impact of lactation stage on milk leukocytes counts in non-infected 

goats kept in similar managemental system and fed with the same diet indicated an 

increasing trend in the number of milk leukocytes with increase in stage of lactation 

(Gomes et al., 1998). Relationship between milk production, milk quality and patterns of 
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peak in milk SCC was determined in 4006 Dutch dairy herds having 1962752 lactations 

(Windig et al., 2005). At start of lactation close association between milk productions in 

absence or before SCC peaks and in incidence of peak patterns of somatic cells were 

found. (Windig et al., 2005). in a previous study (Paape et al., 2007), the effect of breed, 

area, lactation stage and parity on milk SCC was investigated in goats, cows and sheep. 

Milk leukocytes count increased in goats and cows with an increase in parity and 

lactation stage but lower in cows than goats up to 4th parity. In goats at fifth parity, cell 

counts were higher (1,150,000  mL-1) than the legal limit. Whereas milk SCC in cattle 

was 300,000 per mL. In sheep, mean somatic cells were higher in first parity than later 

parities. It was proved that breed and area had influence on milk cell count for goats and 

cows (Paape et al., 2007).  

Individual cell population including macrophages, lymphocytes and 

polymorphonuclear neutrophils and total SCC were measured in milk of cows 

(Lindmark-Mansson and Akesson, 2000). The milk leukocytes ranged from 40000 cells 

per mL up to 1815000 cells mL-1 in milk from individual quarters. High variability in cell 

count among each quarter was recorded. The dominant cell population in all milk 

samples except sample with somatic cell of 1815000 cells mL-1 was macrophages, 

followed by lymphocytes and polymorphonuclear cells (Lindmark-Mansson and 

Akesson, 2000). Similarly, relationship between total bulk milk leukocytes counts and 

differential somatic count including neutrophil, lymphocyte and macrophage was 

investigated using cow milk (Gargouri et al., 2008). Bulk milk samples were also 

analyzed for total solids, acidity and fat. In all groups, the lymphocytes were the major 

cells however; their population decreased with decreasing total bulk milk somatic cell 

count (BMSCC). Significant correlation among lymphocyte, polymorphonuclear 

leukocytes and BMSCC was also observed. BMSCC did not affect acidity and total 

solids, but at high level increased fat content occurred. A significant relationship was 

recorded among milk lipolysis, PMNL population and total BMSCC in milk (Gargouri et 

al., 2008). 
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2.2.1 California mastitis test and SCC 

California mastitis test (CMT) was first reported by Schalm and Noorlander  

(1957) for detection of bovine mastitis. The test has been used extensively for detection 

and screening of subclinical mastitis. The associations between SCC, CMT and 

intramammary infection (IMI) have pointed out a useful role of CMT as a screening test 

for detecting fresh cows with IMI in monitoring programs of dairy herd (Sargeant et al., 

2001). The subclinical mastitis in which especially neutrophils has increased can be 

investigated on the basis of CMT in buffaloes (Dhakal, 2006). Actually, 94 % quarters 

which were non-reactive to CMT were having SCC 200 000 mL-1 and positive quarters 

had significantly higher somatic cell counts. Moreover, a CMT score of two 

corresponding to 800,000 milk leukocytes count was proved to be good for recognizing  

S. aureus infection in low milk producing cows (Kivaria et al., 2007).  

2.2.2 Surf Field Mastitis Test and SCC 

An inexpensive new approach for detection of subclinical mastitis through 

analysis of fresh milk of buffaloes and cattle was reported as Surf Field Mastitis Test 

(SFMT) (Muhammad et al., 1995). The SFMT was also evaluated and compared with 

CMT, Whiteside test (WST), bacteriological cultures and SCC for diagnosis of 

subclinical mastitis in milk samples of buffaloes and cows (Muhammad et al., 2010). The 

SFMT showed a comparable diagnostic efficiency as for CMT regarding its specificity 

sensitivity, kappa index and predictive values. Moreover, SFMT was comparatively 

inexpensive (cheap and easily available SFMT reagent) and user-friendly alternative test 

for diagnosis of subclinical mastitis in animals especially in economically 

underdeveloped countries (Muhammad et al., 2010). 

2.3 Milk Electrical conductivity and pH  

Milk pH is an import parameter that is mostly measured with reference to its 

quality. For buffalo milk, the pH values were reported to be in the range of 6.53 to 7.00 

while for cow milk it ranged from 6.59 to 6.67, for goat milk from 6.48 to 6.64 and for 

sheep milk ranged from 6.55 to 6.68 (Mahmood and Usman, 2010). The pH values of 

buffalo milk were significantly higher as compared to that for cow and sheep milk. 

Similarly, the milk pH values for goat were lower as compared to that for buffalo milk 
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(Mahmood and Usman, 2010). In another report, normal milk electrical conductivity 

(EC) from uninfected quarters with a temperature of 25 oC, was in the range of 4.0 and 

5.0 mS (Wong, 1988). Moreover, it was observed that when EC of milk was measured in-

line, it would have some higher values probably because of comparatively higher 

temperature of the milk (38 oC). Milk from cows having mastitis (both clinically and 

subclinically) has higher EC as compared to the EC of milk from normal healthy cows 

(without mastitis) (Nielen et al., 1992). Moreover, the milk EC, milk fat concentration 

and SCC was measured in infected and uninfected milk samples with Staphylococcus 

aureus (Woolford et al., 1998). The milk EC was increased in quarters affected with 

Staphylococcus aureus. In healthy quarters, conductivity was low and the milk fat 

concentration increased with consecutive milk fractions (Woolford et al., 1998).  

 Evidence has been provided using spectroscopy technique, that conductance of 

milk is predominantly due to its salt fraction. lactose had very little effect on conductivity 

but it was significantly reduced with increase in fat content while sodium caseinate 

possessed very low conductance (Mabrook and Petty, 2003).  

Different traits of EC of milk were analyzed for association to udder health. A 

total 322 cows were selected and divided into healthy, clinical or sub-clinically infected 

groups in this experiment. The EC was recorded repeatedly during milking from each 

quarter. Four traits of EC were made; inter-quarter ratio  b/w the highest and lowest 

quarter EC values, maximum EC  level for cow, inter-quarter ratio b/w the highest and 

lowest quarter EC changes, and the maximum EC changes for a cow. All the traits of EC 

were recorded for every milking throughout the whole lactation. Results indicated that 

EC traits increased significantly in sub-clinically or clinically infected cows (Norberg et 

al., 2004). The EC of milk had been found as an indicator of mastitis. In an earlier study, 

the scientific relationship between milk EC, bovine mastitis and the opportunity of using 

EC trait as a breeding program were analyzed. In the most automatic milking systems 

which are carried out with equipped sensors for measuring EC it was found that EC can 

be easily recorded at each milking (Norberg et al., 2004). The milk EC is also influenced 

by the health status of the udder (Ilie et al., 2010). The parameters, which reflect the level 

of EC, describe the health status of the udder in a more precise way than the ones, which 

reflect the EC variation between the milking times. The ratios between the values 
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obtained for each quarter are parameters for a more precise behavior than the absolute 

level of EC, in what concerns the classification of infected cows (either clinically or 

subclinically) (Ilie et al., 2010). However, the ability of EC parameters to separate the 

cases with subclinical infection from the healthy ones was not precise enough. Milk EC 

can represent a possible indicator used for breeding programs, but there are several 

additional investigations needed to estimate the genetic parameters which concern the 

correlations of mastitis presence (Ilie et al., 2010). 

Evidence has been provided that EC was not markedly different between morning 

and evening milking (Zecconi et al., 2004). The dynamic of EC showed different patterns 

in the 3 herds considered. In all herds, the changes in EC were statistically different from 

the values observed between the last milking and the 4th before clinical mastitis (CM) 

cases in morning milking, but not in evening milking. In herd B, a significant increase in 

EC one day before CM outcome was observed in comparison with 6th and 5th day before 

CM in both morning and evening milking. In herd C, EC decreased from 6th  day to 4th  

day before CM outcome, then increased in the following days, but the differences were 

significant only in morning milking, when compared with the last milking before CM 

outcome (Zecconi et al., 2004). The mean EC of bulk tank milk of buffaloes was found to 

be 3.58 mS/cm and it significantly increased while level of total protein, SNF, lactose and 

density increased in the milk (Hamann et al., 2010). It can be concluded that EC of milk 

can be influenced by several factors including intramammary infection.   

2.4 Milk enzymes 

There are around 70 indigenous enzymes in milk and several of these are 

significant in relation to quality of milk (Riener et al., 2009). Indigenous milk enzymes 

originate from four main sources i.e.  secretory cell cytoplasm, blood plasma, somatic 

cells (leucocytes) and milk fat globule membrane (MFGM) (Fox and Kelly, 2006). The 

lacto-peroxidase, catalase, amylase, lipases, esterases, proteinases and xantine 

oxidoreductase are important indigenous enzymes that are present in milk (Fox and 

Kelly, 2006). These enzymes were present at considerably high levels in the milk and 

therefore are of high significance regarding technological viewpoints. Actually, the 

variations in milk enzymes activities are not only important for quality of resulting milk 
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products but also have a vital role in the overall physiological health of the udder. The 

level of indigenous enzyme NAGase is also very important as an indicator of 

inflammation of the udder and mastitis (Fox and Kelly, 2006). Different milk enzymes 

are reviewed here. 

2.4.1 N-acetyl-β-D-glucosaminidase (NAGase) activity 

The N-acetyl-β-D-glucosaminidase NAGase; EC 3.2.1.30) is a lysosomal enzyme 

present in milk, serum and other body fluids. (Kitchen et al., 1978; Fox et al., 1985; 

Leitner et al., 2001). Usually, the NAGase activity level has increased to or it is just near 

to peak value when  mastitis is clinically detected (Fitz-Gerald et al., 1981; Leitner et al., 

2003). It has been reported that the uninfected sheep milk has NAGase activity of 22.9 ± 

1.5 (Leitner et al., 2003). Moreover, mean NAGase activity in bovine milk from healthy 

quarters was 21 units (Kitchen et al., 1984). Previously, it has been reported that there 

was no significant difference in NAGAse activity of all four quarters after parturition 

(Kankofer et al., 2010). Moreover, the NAGase and β-glucuronidase activities in normal 

quarter milk were 9.5nM/min/mL and 0.45 nM/min/mL, respectively. The activities of 

these enzymes were used as thresholds for the classification of milk as the values of both 

these enzymes increase during intramammary infection (Nagahata et al., 1987). 

Recently, the associations between N-acetyl-β-d-glucosaminidase (NAGase) 

activity and concentrations of acute-phase proteins (APPs) in milk and quantitative 

bacterial DNA loads using a real-time PCR test in naturally occurring clinical mastitis 

cases in bovines was investigated. The possible relations among the severity of the 

mastitis signs, amounts of APPs and NAGase activity were tested. The concentrations of 

milk haptoglobin (Hp), amyloid A (MAA) and NAGase activity were tested to find the 

inflammatory response in the udder. Higher quantities of Trueperella pyogenes or 

Streptococcus uberis DNA in the milk were related with higher concentrations of Hp and 

high NAGase activity. Milk NAGase activity, amyloid A and Hp concentrations were 

significantly higher in samples with large quantities of Escherichia coli or Streptococcus 

dysgalactiae DNA as compared to  milk samples without these species. It was concluded 

that the milk NAGase activity and APP concentration were connected with the amount of 

bacterial DNA in the milk samples (Kalmus et al., 2013). Previously, in goats, mean 
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values for log10 SCC was 5.98 ± 0.463, log10 lactoferrin was 1.36 ± 0.464 and log10 

NAGase was 0.46 ± 0.317 (Barth et al., 2010). 

Efforts were made to investigated the systematic factors influencing the activities 

of NAGase, SCC and L-lactate dehydrogenase (LDH). The possible association between 

the activities of these parameters and usability of NAGase and of LDH for classifying 

cows according to udder health and for early detection of mastitis was also studied. In 

healthy cows, NAGase, LDH activities and SCC were at high level immediately after 

calving and then decreased to low levels about 30 to 40 days postpartum. Moreover, 

sensitivities for LDH were more vigorous to changes in the threshold value as compared 

to those for NAGase activity (Chagunda et al., 2006). 

Among different parameters that can differentiate between normal healthy and 

mastitic cows or quarters, milk pH and NAGase activity could be used to decide the 

status of 61 % and 73 % of cows or quarters respectively. Astonishingly, NAGase 

activity, EC, lactose, and SCC in milk from normal healthy quarters of mastitic cows 

(having at least one quarter with mastitic) differed significantly from healthy quarters of 

cows having all four healthy non-mastitic quarters. This indicated a quarter 

interdependence showing an varying effect of quarters with mastitic on neighbouring 

normal healthy quarters (Bansal et al., 2005).  Significant differences in NAGase activity 

have been observed between milk samples collected after 24 h and 6 days after 

parturition (Kankofer et al., 2010). 

  

2.4.2 Amylase activity 

To compensate the immature pancreatic functions in newborn, human milk 

provides digestive enzymes like amylase and lipase (Hamosh, 1998). In general, the level 

of α-amylase in human milk is much greater i.e. 40 times than in bovine milk (Lindberg 

and Skude, 1982; Silanikove et al., 2006). The β-amylase from camel milk was purified 

as a 61 kDa band and skimmed camel milk has an amylase level of 59,900 U/L 

Moreover, the specificity of substrate for β-amylase from camel milk was performed by 

applying different substrates. The β -amylase activities using different substrates were 

matched to that which was obtained using soluble starch as substrate and it was given as 
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arbitrarily 100% activity. For β-amylase from camel milk, the Km value was measured to 

be 13.6 mg starch mL-1 (El-Fakharany et al., 2009).  

2.4.3 Esterase activity  

The first evidence for presence of milk esterase was reported in cow’s milk (Forster et 

al., 1959) The esterase activity in cow milk was later reported and its elevated levels 

were correlated with mastitis (Luedecke et al., 1967). It was proposed that esterase arises 

from the blood stream by diffusion of blood plasma across the  mammary tissue 

(Marquardt et al., 1966). Previously, a mean esterase activity of 60 with a minimum 

value of 20 and maximum of 198 (four days postpartum milk) expressed as A30 values 

has been reported in cow milk (Forster et al., 1961). 

2.4.4 Protease activity 

Freshly collected milk contains indigenous enzymes including proteases. Proteases are 

group of proteolytic enzymes that internally cleave the polypeptide chains, instead of 

removing single amino acids or dipeptides from the ends of polypeptide chains (Chen et 

al., 2003b). Two specific indigenous milk proteinases i.e.  plasmin and cathepsin D have 

been well studied (Kelly and Fox, 2006). The sources of these indigenous proteinases in 

milk are  blood plasma or leucocytes and mammary tissue cells (Fox and Kelly, 2006). 

The proteinases activities that survive the heat treatments can cause changes in flavour 

and functionality of milk and dairy products (Chen et al., 2003b). 

2.4.5 Antioxidant enzymes 

Different function mechanisms can be adopted by antioxidants. Various enzymes 

can control the generation of free radicals, can scavenge the radicals including  hydrogen 

peroxide and other harmful peroxides. Similarly, some other antioxidant enzymes take 

part in the synthesis and regeneration of some non-enzymatic antioxidants. Previously, 

antioxidant enzymes like CAT and SOD have been detected and verified in the milk. The 

glutathione peroxidases (GPx) containing selenium are other group of important  

antioxidant enzymes. These GPx can reduce several peroxides with the help of 

glutathione or some other reducing substrates (Lindmark-Mansson and Akesson, 2000). 



16 

 

2.4.6 Lacto-peroxidase (LPO) 

Lacto-peroxidase (LPO; EC 1.11.1.7) secreted from mammary, salivary and other 

mucosal glands, belongs to the peroxides family of enzymes. The lacto-peroxidase 

system present in milk is a natural antimicrobial system consisting of hydrogen peroxide, 

lacto-peroxidase and thiocyanate (Barrett et al., 1999). Lacto-peroxidase is the most 

abundant enzyme in buffalo and cow milks (El-Salam and El-Shibiny, 2011). The LPO 

catalyzes peroxidation of thiocyanate that ultimately generates products that kill and/or 

inhibit a variety of bacterial species (Kussendrager and Van Hooijdonk, 2000). In bovine 

milk, lacto-peroxidase and lactoferrin are best studied and the most dominant non-

specific antimicrobial components with proven activity against almost all kinds of 

microorganisms (Van-Hooijdonk et al., 2000). Other important biological functions of 

LPO are tumoricidal activity (Stanislawski et al., 1989), antiviral activity (Courtois et al., 

1990) and protection from H2O2 mediated peroxidation (Reiter and Jean-Paul, 1990). The 

lacto-peroxidase activity of buffalo milk varies widely from 0.9 U mL-1 (Harnulv and 

Kandasamy, 1982) to 16.84 U mL-1 (Tayefi-Nasrabadi and Asadpour, 2008), mainly due 

to the assay method used. Previously, in Saanen goat milk the mean LPO activity was 

found to be 0.80 units/mL with a range from 0.49 to 1.07 units/mL. Moreover, a positive 

correlation was observed between milk LPO activity and SCC providing conclusion that 

LPO can be useful in detecting subclinical mastitis in the goats (Seifu et al., 2007). 

2.4.7 Catalase activity 

Catalase (EC 1.11.1.6) is a big enzyme having a haem bound iron in its active 

site. The CAT decomposes the hydrogen peroxide into water and oxygen and can also 

oxidizes reducing agents (Lindmark-Mansson and Akesson, 2000). Catalase has been 

purified through several purification steps from bovine milk (Ito and Akuzawa, 1983).  

Previously, the average catalase activity in raw milk was 1.95 U/mL that was determined 

by a polarographic method (Hirvi and Griffiths, 1998). 

2.4.8 Superoxide dismutase (SOD) activity 

Superoxide dismutase (SOD) was reported first time in milk during early 

seventies and it was  suggested to play an important role in the milk oxidative stability 

(Hicks et al., 1975). Latter, a conclusive evidence for the presence of SOD in human milk 
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and bovine milk using gel filtration, ultrafiltration, and isoelectric focusing was provided  

and it was suggested to originate from plasma (Keen et al., 1980). Among antioxidative 

enzymatic system, SOD causes the dismutation of superoxide anion to hydrogen peroxide 

(Lindmark-Mansson and Akesson, 2000). Variation in SOD activity may have an effect 

on the oxidative stability of individual cow's milk that is highly variable in its resistance 

to oxidation. Variation in SOD activity may have an effect on the oxidative stability of 

individual cow's milk that is highly variable in its resistance to oxidation (Holbrook and 

Hicks, 1978). SOD concentration can be affected by breed but not by stage of lactation, 

age and night/ morning milkings (Holbrook and Hicks, 1978). 

Previously, in milk of dairy cows from normal udders, the average SOD activity 

was reported to be 1.82 ± 0.11 IU/mL with a range of 0.67 to 3.23 IU/mL (Yang et al., 

2013a). Furthermore, with a range of 0.06 to 2.88 units/mL and a variance of 0.23, 

average SOD concentration was 1.1 ± 0.48 units/ml in individual cow milk (Holbrook 

and Hicks, 1978). The milk from Swedish red and white cows had a mean SOD activity 

of 0.83 ± 1.14 U/mL (Granelli et al., 1995). 

2.4.9 Liver enzymes 

The aspartate aminotransferase (AST), lactate dehydrogenase (LDH) and alkaline 

phosphatase (ALP) activities in the milk samples of lactating cows were determined and 

tried to associate it with mastitis. Samples of milk were collected from mastitic cows 

during 2nd-10th week of lactation after calving. All the milk samples were centrifuged at 

10000g to remove fat for measuring the enzyme activities. The mean concentrations of 

ALP and LDH were higher in the mastitic milk than in milk of healthy animals. No 

significant difference in AST was measured in infected and non-infected milk samples. 

Results indicated that values of ALP and LDH were in agreement at thresholds of >40 

IU/L and >180 IU/L. They concluded that for early prediction and detection of 

subclinical mastitis in dairy animals, the only reliable test was the ALP test (Babaei et al., 

2007).  

Furthermore, the mean level of malondialdehyde (MDA) and activities of alkaline 

phosphatase (ALP) and lactate dehydrogenase (LDH) were significantly higher in the 

milk of animals suffering from subclinical mastitis (SCM) than in normal milk, while the 
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mean activity of glutathione peroxidase (GPx) was significantly lower in SCM milk than 

in normal milk. There were no differences in the activities of superoxide dismutase 

(SOD) and aspartate aminotransferase (AST) between normal milk and SCM milk. 

Therefore, the measurement of milk MDA level and GPx, LDH and ALP activities are 

very good indicators to diagnose and identify SCM in dairy cows (Yang et al., 2013a). 

2.5 Bioactive constituents of milk 

Along with vital nutrients like carbohydrates, proteins, lipids, vitamins and 

minerals milk also contains important bioactive substances i.e. antimicrobial factors, 

peptides, immunoglobulins, growth factors, antioxidants and hormones (Clare and 

Swaisgood, 2000). Milk is the most vital source of bioactive peptides (Cozma et al., 

2011). Main bioactive constituents of milk are reviewed below  

2.5.1 Total antioxidant capacity 

In cow milk, several biologically active substances having antioxidant properties 

are present, which can reduce the risk of cancer and arteriosclerosis and protect against 

heart disease, environmental pollutants and slow down the advancement of Alzheimer’s 

disease (Puppel et al., 2013). The possible outputs of antioxidant capacity assay of milk 

as well as milk fractions mainly depend on method used and the assay conditions. Among 

different methods, the 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) 

method can measure the antioxidant capacity of low-molecular-weight (LMW) proteins 

and was also sensitive to lipids and caseins (Chen et al., 2003a). Previously, the 

antioxidant activity of buffalo milk casein and its hydrolysates and their comparison with 

cows' milk casein was performed. The ABTS based decolourization assay was used to 

evaluate the antioxidant activity of different casein fractions (αs-, β- and κ-casein), their 

peptic and corolase PP hydrolysates and corresponding (3 kDa cut off) ultrafiltration 

(UF) permeates. The relative order of antioxidant activity was observed to be αS - > β- > 

κ-casein and the antioxidant activity of buffalo milk casein and its fractions was higher 

than corresponding cow milk casein and its fractions. Hydrolysis with corolase PP 

(porcine pancreas) resulted in greater increase in antioxidant activity as compared to 

pepsin and the increase in antioxidant activity with individual protease was to similar 

extent irrespective of type of casein fraction from buffalo and cow milk casein (P<0.05). 
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The 3kDa UF-permeates mainly represented the total antioxidant activity of hydrolysates 

(Kumar et al., 2010b).  

Previously, total antioxidant status was reported to range from 1.28 to 2.795 

(mM/L) in cow milk (Puppel et al., 2013). Moreover, for cow milk samples from healthy 

mammary glands, total antioxidant capacity has been reported to be 0.54 ± 0.051 mM 

Trolox Equv./L (Atakisi et al., 2010). The experiments on effect of different fat 

supplements in cows have confirmed that management in the diet of cows can improve 

the total antioxidant capacity of milk (Puppel et al., 2013). 

2.5.2 Total oxidant status (TOS) of milk   

An imbalance between oxidant and antioxidant levels can cause oxidative stress 

Oxidative stress because of increased oxidant levels could cause vital changes in the 

physiological and metabolic functions (Miller et al., 1993). Excessive production of 

reactive oxygen species can overwhelm the cellular oxidant state that can cause damage 

to cellular components due to oxidative stress and peroxidation of lipids 

(Chaiyotwittayakun et al., 2002). Oxidative stress is usually observed in farm animals 

during different diseases like sepsis, pneumonia and mastitis (Lauritzen et al., 2003; 

Lykkesfeldt and Svendsen, 2007).  Improper antioxidant/oxidant balance due to decrease 

in antioxidant capacity of milk from mammary glands of cows with subclinical mastitis 

has been reported (Atakisi et al., 2010). For cow milk samples from healthy mammary 

glands, total oxidant status was 15.91 ± 0.57 µmol H2O2 Equv/L (Atakisi et al., 2010). 

2.5.3 Total phenolic content (TPC) 

Particularly from plant sources, broad ranges of phenolic compounds are present 

in different food products contributing to their organoleptic properties i.e. beer hazes, 

astringency, off-flavours and specific (dis)coloration (O’connell and Fox, 2001). Phenolic 

compounds are widely present in forage. However, a few studies have been carried out to 

examine their presence in animal milk (Kuhnen et al., 2014). The presence of phenolic 

compounds in dairy products and milk may be due to several factors like use of certain 

fodder crops (rich in phenolic compounds) by animal, due to contamination of sanitising 

agents, as result of protein catabolism by bacteria, process-induced incorporation and 

their deliberate addition as special functional or flavouring ingredients (O’connell and 
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Fox, 2001). Indigenous phenolic compounds in milk are not considered health risk to 

humans and actually have some beneficial effects. The precise phenolic profile of milks 

from different ruminant species seems to have a significant role in the discrete sensory 

traits of these milks and products formed from it. (O’connell and Fox, 2001). At low 

levels, phenolic compounds can positively contribute in giving a good desirable taste to 

cheeses (O’connell and Fox, 2001).  

Previously, total phenolic content (gallic acid eq mg/100g)  of 3.4 ± 0.4  in toned 

milk (dairy milk mix with skim milk) and 3.0 ± 0.2 in whole buffalo milk has been 

reported (Sreeramulu and Raghunath, 2011). Some phenolic compounds have the ability 

of enhancing some functional characteristics of milk and dairy products i.e., foamibility, 

microbiological stability, oxidative stability and heat stability (O’connell and Fox, 2001). 

The mechanism for enhanced heat stability of milk by polyphenols has been proposed by 

using caffeic acid at 5.5 mM L−1 that noticeably improved the heat stability of milk at 

140 °C. The caffeic acid addition resulted in decreased lysine (reactive form) and 

sulphydryl content causing the inhibition of κ-casein-rich protein dissociation from the 

milk casein micelles. On heating, caffeic acid in milk is thermally oxidized to quinones 

that interact with nucleophilic amino acid residues to inhibit κ-casein dissociation from 

the casein micelle (O'connell and Fox, 1999).   

2.5.4 Milk proteins 

 Milk proteins especially caseins and lactoserum (whey) proteins are nutritionally 

very important because these proteins contain all essential amino acids in optimal 

amounts and are the most vital source of bioactive peptides (Cozma et al., 2011). The 

highest total protein content was detected in sheep milk (65.92 mg/mL) while lowest in 

cow milk (40.03 mg/mL) and intermediate value in goat milk (46.79 mg/mL) (Cozma et 

al., 2011).  For cow milk total protein ranged up to 54.71 mg/mL (Cozma et al., 2011).  

A varying total protein percentage of milk from 4.77–5.90 % has been reported among 

flocks of Awassi and Israeli-Assaf sheeps (Leitner et al., 2003).  

Whey, a by-product from the curd and cheese manufacturing, was once 

considered a waste product (Pelmus et al., 2012). Later, more consideration was given to 

its benefits and now whey has become a new source of many functional ingredients 
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(Marshall, 2004). Whey proteins actually formed about 18-20 % of the total proteins 

present in milk while its major components are α-Lactalbumin (α-La), β-Lactoglobulin 

(β-Lg), bovine serum albumin (BSA) and immunoglobulin (Ig), representing, 20 %, 50 

%, 10 % and 10 % of the whey fraction, respectively (Jovanovic et al., 2007). For whey 

or lactoserum proteins, the highest value was detected in sheep milk (23.36 mg/ml) and 

the lowest in cow milk (11.79 mg/ml) with intermediate value (17.7 mg/ml) for goat milk 

(Cozma et al., 2011).  In another report, the lowest quantity of caseins was detected in 

cow milk (28.26 mg/mL), followed by sheep (42.55 mg/mL) and goat milk (44.03 

mg/mL) (Cozma et al., 2011). In sheep, the percentage analysis of the protein fractions of 

milk  revealed that caseins represented the 74.1 % of total protein followed by whey 

protein (25.84 %) (Pelmus et al., 2012). Moreover, casein content in the range of 68 to 72 

% and level of whey proteins in the range of 21.89 to 28.14 % has been reported for 

buffaloes milk (Pasquini et al., 2011). 

2.6 Lipid peroxidation (MDA content) in milk 

The malondialdehyde (MDA) is the final product of lipid peroxidation and 

therefore is used as indicator or marker of this process (Yang et al., 2013a). The most 

imperative secondary product of autoxidation is MDA, which is usually used as an 

indicator of the lipid peroxidation process (Suriyasathaporn et al., 2006a). It has been 

reported that the MDA level was significantly elevated in subclinically mastitiic (SCM) 

milk at 28.45 ± 0.96 nM/mL when compared to 24.37 ± 0.9 nM/mL in normal milk (P< 

0.01), and MDA would be considered as an indicator of SCM udders. The higher MDA 

levels in SCM milk reported in this study demonstrated that the auto-oxidative activity of 

SCM milk is higher than that of normal milk (Yang et al., 2013a). Previously in a study, 

the average MDA at herd level was 1572 Ppb in uninfected animals (Suriyasathaporn et 

al., 2006a).  

The association b/w milk SCC and MDA concentration in milk of cows was 

studied to measure inflammatory condition of udder. For this purpose, one hundred and 

sixty one milk samples from each animal were obtained from small dairy farms. Results 

indicated that SCC and lactation period were significantly associated to MDA 

concentration and it was found that increase in somatic cell resulted increase in MDA 



22 

 

concentration which was higher in late stage of lactation than early and mid-stage 

(Suriyasathaporn et al., 2006a).  

The process of lipid peroxidation has been recognized as a key factor in many 

pathologies, including inflammation. The quantity of lipid peroxidation in milk might be 

related to udder inflammation (Suriyasathaporn et al., 2006b). Lipid oxidation is one of 

the reasons of quality deterioration of high-fat food products like milk (Martysiak-

Zurowska and Stołyhwo, 2006). One of the secondary products of lipid oxidation, 

harmful to health, is MDA formed as a result of the oxidation process of fatty acids. 

Measurement of MDA content is a generally accepted method for determining the degree 

of fat degradation in milk powder (Fenaille et al., 2001), infant formula, human, cow’s 

milk (Martysiak-Zurowska and Stołyhwo, 2006), broiler meat (Marcincak et al., 2003)  

and edible fats and oils (Kosugi et al., 1991).  

The MDA content of 4.0 ± 1.08 μg MDA/100 mL has been reported in cow’s 

milk (Martysiak-Zurowska and Stołyhwo, 2006). Moreover, MDA content of 0 to 0.8 

μg/mL depending on the type of feed applied has also been reported in fresh cow’s milk 

(Al-Mabruk et al., 2004). However, a mean level of  24.37 ± 0.9 nM/mL of MDA in 

normal milk of dairy cows has also been reported (Yang et al., 2013a). In a previous 

report, significant increase in MDA levels of blood was detected in clinical mastitis 

(38.86 ± 0.656 nM/mL) and sub-clinical mastitis (32.13 ± 0.871nM/mL) when level was 

compared with healthy control animals (28.60 ± 0.527 nM/mL). Moreover, analysis of 

milk samples showed an appreciable increase in levels of MDA in clinical (52.80 ± 2.59 

nM/mL) and sub-clinical (44.16 ± 2.05 nM/mL) mastitis cases while compared to normal 

healthy control animals (21.02 ± 1.78 n M/mL) (Kumar et al., 2010a). 

2.7 Milk protein profiling by SDS-PAGE 

The milk proteins have been analyzed continuously and information about this 

very important and complex system has incresed incrementally during recent years, 

mainly because of technological advances (Suharoschi et al., 2010). Proteome analysis of 

the bovine milk fat globule has been performed using sodium dodecyl sulphate-

polyacrylamide gel electrophoresis and two-dimensional gel electrophoresis 

(Vanderghem et al., 2008; Suharoschi et al., 2010). Milk of different species may vary in 
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protein quality and quantity. A proteomic approach for high-resolution analyses of the 

complex mixture of milk proteins is of great importance due to its exceptional resolving 

capacity (O’donnell et al., 2004). A total of 269 proteins in bovine milk have been 

identified using the 1D-gels, followed by mass-spectrometry (Hettinga et al., 2011). 

Proteomic analyses of milk proteins have been reported for some mammalian species like 

goat (Roncada et al., 2002), sheep (Pelmus et al., 2012), cow (Holland et al., 2004) and 

mare (Miranda et al., 2004). 

The milk proteins can be divided in two major categories: soluble proteins (whey 

proteins), present in milk lactoserum and insoluble proteins (the casein family). The 

second family of proteins contains of many types of caseins i.e. αs1-, αs2-, β-, K- and γ-, 

while the whey or lactoserum proteins are β-lactoglobulin and α-lactalbumin (Cozma et 

al., 2011). Milk also contains minor proteins, like serum albumin, lactoferrin, 

immunoglobulins, calcium-binding protein, transferrin, folate-binding protein, prolactin 

and protease-peptone (Park et al., 2007). Major milk proteins including casein proteins 

(αs1-casein, αs2-casein, β-casein and K- casein), α-lactalbumin and β-lactoglobulin have 

been detected in cow (Tay and Gam, 2011) and buffalo (Giacinti et al., 2013) milk. 

Moreover, cow’s ultra high temperature (UHT) milk whey proteins (α-la = 14 kDa, β-lg = 

18 kDa) and casein fractions of about 22–26 kDa have been characterized by SDS-PAGE 

(Wroblewska and Kaliszewska, 2012). Similarly, αs1-casein, αs2-casein, β-casein and K- 

casein have been visualized as sharp bands after Tricine-SDS-PAGE analysis of bovine 

milk caseins (Pardo and Natalucci, 2002). 

The heat-induced dissociation of micellar κ-casein has been implicated in the 

formation of the soluble aggregates in milk (Guyomarch et al., 2003). Similarly, in heat 

treated skim milk, high molecular weight (141 kDa) bands have been proposed to be the 

soluble chemical complexes among κ-casein, α–La and β-Lg. Actually, the heat treatment 

and adding demineralized whey induced the formation of high molecular weight protein 

complex (Jovanovic et al., 2007). Moreover, it was reported that the average size of the 

aggregates varied depending on the casein: whey protein ratio or the available κ-casein 

(Guyomarch et al., 2003).   

Lactoferrin (Lfe) plays a key role in the defense mechanisms of the mammary 

gland, contributing to the prevention of microbiological infection. The stage of lactation 
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and daily milk yield contributed to the most of Lfe concentration in the milk from normal 

lactating buffaloes (Giacinti et al., 2013).  

The milk whey proteins include serum albumin of 66.2 kDa (Madureira et al., 

2007; Buffoni et al., 2011) with biological functions of fatty acid binding (Walzem et al., 

2002), Anti-mutagenic function (Bosselaers et al., 1994), prevention of cancer (Laursen 

et al., 1989), Immunomodulation i.e. Disease protection through passive immunity 

(Loimaranta et al., 1999). Serum albumin (66.397kDa) haas been identified in milk of 

Mediterranean water buffalo (Bubalus bubalis) using RP-HPLC and ESI-MS protocols 

(Buffoni et al., 2011).  

In Chinese river buffalo (Murrah), SDS-PAGE analysis revealed that αs-casein 

had a slightly faster mobility than standard αs -casein; while buffalo β-casein showed a 

slightly slower mobility than standard β-casein (Yang et al., 2013b). Genetic variants of 

major milk proteins i.e. β-CN and κ-CN has been reported in Danish Holstein-Friesian 

and Jersey cows representing rennet milk coagulation extremes (Jensen et al., 2012). 

Genetic polymorphisms in milk proteins has been reported for Maiwa and Jiulong 

Chinese yaks being β-CN，κ-CN and α-La as monomorphic, and αs1-CN and β-Lg as 

polymorphic, with αs1-CN D and β-Lg E as dominant genes (Mao et al., 2004). Actually, 

the substitution or deletion of amino acids caused the polymorphism in milk proteins. All 

type of caseins and major whey proteins display genetic polymorphism which can 

influence the composition of milk and parameters associated with milk processing 

(Borkova and Snaselova, 2005). That’s why, the genetic variants of different milk 

proteins are considered to be prospective selection standards in cattle husbandry (Visser 

et al., 1995). The documentation of the genetic variant of milk protein also permits the 

detection of adulteration of milk with different types of animal milk (Borkova and 

Snaselova, 2005). 

According to a previous report, Chinese river buffalo (Murrah) milk lacks one 

kind of αS-casein. (Yang et al., 2013b). As the αS1-casein is the major allergen (Elsayed 

et al., 2004), they suggested further study on it which may help in development of 

hypoallergenic or non-allergic dairy products from Chinese buffalo milk (Yang et al., 

2013b). Recently, absence of αS1casein in the milk protein profile of two Brazilian goat 
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breeders has also been reported (Da-Costa et al., 2014). In another report, absence of αSl-

caseins was reported in caprine milk (Kim and Jimenez-Flores, 1994).   

2.8 Nili-Ravi buffaloes, Sahiwal and cross-bred cows 

A well-known Pakistani cattle breed Sahiwal cow is the best breed of cattle for 

milk production under tropical environments (Maule, 1990). Sahiwal cow is one of the 

most productive of the Bos indicus species and has been suggested as model for 

developing breeding programs for developing countries like Pakistan. Sahiwal cattle are 

disease resistant and heat tolerant breed however, its milk productivity is far less as 

compared to Holstein Friesian and Jersey that are famous dairy breeds of temperate 

regions (Ahmad, 1972). Unfortunately, the population of Sahiwal cow is diminishing 

with time and its crossbreeding for dairying is a major risk to its existence (Payne and 

Hodges, 1997).  

Nili-Ravi breed is one of the most reputable and high milk producing breeds of 

buffalo in Pakistan (Khan et al., 1997; Afzal et al., 2007). It was originated in the valleys 

of Ravi and Sutlej rivers and is the most dominant breed of buffalo in the Punjab 

province (Afzal et al., 2007). Not limited to Punjab, this breed has now existence in 

overall Pakistan including Sindh, KPK, Baluchistan and even Kashmir. Performance of 

Nili-Ravi buffaloes much better than crossbred and local cattle breeds in Muzaffarabad, 

Azad Jammu and Kashmir, that indicated its wider adaptation to different environmental 

conditions in the country (Afzal et al., 2007). Nili-Ravi buffaloes are mostly owned by 

the small poor farmers and contribute around 70% of the total milk  produced and 25 % 

of the total meat produced in the country (Khan et al., 1997). 
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CHAPTER 3 

3 MATERIALS AND METHODS  

The present study was planned to establish the comparative reference values of somatic 

cells, enzymes and some biochemical constituents in the milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows.  

3.1 Study settings and sampling 

The study was conducted on lactating cattle and buffaloes managed at Livestock 

Experimental Station, University of Agriculture, Faisalabad and commercial dairy farms 

(Figure 3.1). Only the animals in the first two months of their 1st to 5th lactation were 

sampled. Information regarding animals and farm/surroundings was collected on 

specially designed proforma (appendix 1). The grouping of experimental animals, types 

and number of animals sampled for analysis are summarized in Table 3.1.  

3.2 Screening and confirmation of mastitis negative status 

Sick and clinically mastitic animals (informed by farmer) were excluded from the panel 

of experimental animals. As a first step, Surf Field Mastitis Test (SFMT), (Muhammad et 

al., 2010) and California Mastitis Test (CMT) (Schalm et al., 1971) were performed for 

the detection of subclinical mastitis. Secondly, microbiological examination of duplicate 

quarter foremilk samples was performed (Pantoja et al., 2009) to further confirm and 

determine the intramammary infection status (http://nmconline.org); (Hogan et al., 1999). 

Only samples reacting negative to screening tests (SFMT and CMT) and microbiological 

culture were used to establish the milk reference values.  

3.3 Analysis of milk samples 

Different parameters like pH, electrical conductivity, somatic cell count, different milk 

enzymes, total phenolic contents, protein percentage, and malondialdehyde concentration 

were investigated as per methods indicated against the respective parameter below 
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Figure 3.1: Different views of milk samples collection site. 

 

Table 3.1: Scheme of milk sample collection for the study 

Groups Dairy Farms Species / cattle 
types 

Total 
animals 

(No) 

Uninfected 
animals 
(No)* 

Infected 
animals 
(No)** 

Animals with 
one quarter 

infected (No)** 
A Livestock 

Experimental 
Station, UAF 

Nili-Ravi Buffalo 90 30 45 15 

B SB Dairy 
Farm, 
Faisalabad 

Cross-bred Cow  
(Sahiwal  x 
Holstein Frisian ) 

90 30 40 20 

C SB Dairy 
Farm, 
Faisalabad 

Sahiwal Cow 90 30 40 20 

Total  02 03 270 90 125 55 
No = number of animals; UAF = University of Agriculture Faisalabad, Pakistan 
* = SFMT, CMT and culture negative  
** = SFMT, CMT and culture positive  
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3.4 Somatic cell counts (SCC)  

Somatic cell count was performed by the previously described methods (Schalm et al., 

1971; Singh and Ludri, 2000; Singh, 2002).  

3.4.1 Preparation of staining solutions 

Different staining solutions were prepared for counting and identification of somatic cells 

present in the milk. 

3.4.2 Newman-Lampert stain 

The Newman-Lampert Stain was prepared by adding 0.6 g of methylene blue in 52 mL of 

95 % ethyl alcohol. In that mixer, 44 mL of tetrachloroethane was dissolved. The staining 

solution was kept at 4 °C for 12-24 hours and then 4 mL of glacial acetic acid was added 

and stain was filtered prior to use. 

3.4.3 Methodology/staining procedure  

Briefly, using a micropipette, 10 µL of milk was transferred over 1cm2 square 

area of a glass slide marked on the opposite side with the help of a plastic template and a 

fine tipped marker. The milk was spread evenly to cover all the area delineated by the 

template. Two films were prepared from each sample using successive areas of the slide. 

The films were dried on a flat surface at room temperature while protecting them from 

dust and flies. 

The prepared slides were dipped in xylene for 1-2 minutes to remove the fat 

globules and were dried subsequently. Staining of was slides done by using the Newman-

Lampert's stain for a period of 15 minutes, and then was dried at room temperature. After 

staining with Newman’s –Lampert’s stain, the slides were dipped in Dip Quick stain 

number 3 counter stain (Jorgensen Labs, USA). The excess stain was removed from the 

smears with distilled water and the slides were dried again at room temperature. The 

somatic cell counts was determined under microscope with the magnification of 10X100 

(1000X) in 50 fields and was multiplied by the microscopic factor to get the cells per mL 

of milk (Reneau, 1986).  

 

 



29 

 

3.5 pH and electrical conductivity (EC) of milk  

The pH of milk samples was measured with the help of pH meter (JENCO, USA 

Model No. PH6173-R). Electrical conductivity of the milk was measured by using the 

electrical conductivity meter (SensoDirect Con200, Germany).  

3.6 Estimation of milk enzymes 

All biochemical estimations including different milk enzymes, bioactive 

constituents and milk protein profiling using SDS-PAGE were performed in collaboration 

with MAB Lab-I, Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad.  

Eight different enzymes were estimated in the defatted or degreased milk samples. For 

degreasing the milk, samples (10 mL) were centrifuged at 5000 rpm (Sigma Model 1-14 

Germany) for 20 minutes, and then kept for 30 minutes at 4 ºC (Figure 3.2). The upper fat 

layer was removed using a spatula, and the lower aqueous phase (the degreased milk) 

was transferred to another tube and used for estimation of different milk enzymes 

(Cozma et al., 2011).  

3.6.1 Superoxide dismutase (SOD) 

Defatted milk samples were used for analysis. The activity of SOD was assayed 

by measuring its ability to inhibit the photochemical reduction of nitroblue tetrazolium 

(NBT) following the method described by Giannopolitis and Ries (1977). The reaction 

solution (3 mL) contained 50 µM NBT, 1.3 µM riboflavin, 13mM methionine, 75 nM 

EDTA, 50mM potassium phosphate buffer (pH 7.8) and 20-50 µl defatted milk sample. 

The test tubes containing the reaction solution were irradiated under a light (15W 

fluorescent lamps) at 78 µmolm-2 s-1 for 15 min. The absorbance of the irradiated solution 

at 560 nm was determined with a spectrophotometer (Hitachi U-2800, Tokyo, Japan). 

One unit of SOD activity was defined as the amount of enzyme that caused 50 % 

inhibition of photochemical reduction of NBT. 

3.6.2 Catalase (CAT) and guaiacol peroxidase (GPO) 

Activities of guaiacol peroxidase (GPO) and catalase (CAT) were measured using 

the method of Chance and Maehly (1955) with some modifications. For measurement of 
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GPO activity, assay solution (3 mL) contained 50mM potassium phosphate buffer (pH 

7.0), 20mM guaiacol, 40mM H2O2 and 0.1 mL defatted milk sample.  

 

Figure 3.2: Preparation of degreased milk samples for estimation of enzymes and 

bioactive constituents using micro centrifuge machine. 

The reaction was initiated by adding the enzyme extract. Increase in absorbance 

of the reaction solution at 470 nm was recorded after every 20 sec. One unit GPO activity 

was defined as an absorbance change of 0.01 units min-1. For measurement of CAT 

activity, assay solution (3 mL) contained 50 mM phosphate buffer (pH 7.0), 5.9 mM 

H2O2 and 0.1 mL defatted milk sample. The reaction was initiated by adding the defatted 

milk sample. Decrease in absorbance of the reaction solution at 240 nm was recorded 

after every 20 sec through time scan (Software, UV Solutions, Program No. 1344331-09) 

using spectrophotometer (Hitachi U-2800, Tokyo, Japan) (Figure 3.3). An absorbance 

change of 0.01 units min-1 was defined as one unit CAT activity. Enzyme activities were 

expressed as units/mL of milk.  
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Figure 3.3: Estimation of enzyme activities in milk samples through time scan assay 

using spectrophotometer. 

3.6.3 Protease activity 

Protease activity was determined by the casein digestion assay described by 

Drapeau (1974). A series of tubes were equilibrated with 2.0 mL of 1 % casein at 37 °C 

for 5 minutes. To all the tubes, 100l of defatted milk sample was added and mixed well. 

A reagent blank was also included. Exactly ten minutes after adding sample, reaction was 

stopped by adding 2.0 mL trichloroacetic acid (TCA) solution and mixed well. Tubes 

were then allowed to stand for ten minutes and then reaction solution was filtered to 

remove the precipitate formed during reaction. The absorbance of filtrate was measured 

on spectrophotometer (HITACHI, U2800) at 280 nm (Figure 3.4). In this method, one 

unit is that amount of enzyme which releases acid soluble fragments equivalent to 0.001 

A280 per minute at 37 °C and pH 7.8. Enzyme activity was expressed in units/mL of 

milk. 
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Figure 3.4: Estimation of bioactive constituents in milk samples through photometry 

using spectrophotometer. 

3.6.4 α-amylase activity 

The amylase activity was determined by a modified method as reported by 

Varavinit et al., (2002). For amylase estimation, 1 mL of milk sample was added to 1 mL 

of 1% starch solution. Then this mixture was incubated for 3 min. After incubation, 1 mL 

DNS reagent ( prepared by adding 1 g of 3, 5- dinitrosalicylic acid and 30 g of sodium 

potassium tartrate tetrahydrate in 50 mL distilled water followed by addition of 20 mL of 

2 N NaOH and finally diluted to 100 mL) was added and placed in boiling water bath for 

15 min. The reaction mixture was then cooled to room temperature and 9 mL distilled 

water was added to each tube. After mixing, absorbance of solution was measured at 540 

nm using spectrophotometer (HITACHI, U2800). Different standards (0.4-2 mg mL-1 

with 0.4 mg mL-1 interval and 4-10 mg mL-1 with 2 mg mL-1 interval) of maltose were 

prepared in 2mL distilled water. After mixing the standards with 1.0 mL of DNS reagent, 
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tubes were boiled in boiling water bath for 15 min. Then absorbance of all standards was 

measured at 540 nm. A standard curve was prepared by plotting the concentration on x-

axis against their absorbance at 540 nm on y-axis (Figure 3.5). A simple linear regression 

equation was derived for calculation of amylase activity in the samples.  

 

Figure 3.5: Standard curve for α-amylase estimation 

3.6.5 α-esterase activity 

The α-esterase activity was determined according to method described by Van-

Asperen (1962). For preparation of standard curve, different standards (0.10-0.90 M 

with 0.10 M interval) of α-naphthol were prepared in 1000 l distilled water. Samples 

and standards were analyzed for α-esterase activity using the following procedure. First 

of all, a substrate solution was made by adding 30 mM α-naphthyl acetate in 1 mL 

acetone and added to 99 mL of phosphate buffer (40mM, pH 6.8). To make staining 

solution, Fast Blue BB salt 1 % (w/v) in phosphate buffer (40mM, pH 6.8) and sodium 

dodecyl sulphate (SDS) 5% (w/v) in double distilled water were prepared separately. 

Staining solution was prepared by adding 2 parts of 1 % solution of Fast Blue BB salt 

into 5 parts of 5 % solution sodium dodecyl sulphate (SDS). For analysis, defatted milk 
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samples were diluted by adding 20 µl of sample to 980 µl phosphate buffer (40mM, pH 

6.8).  

Assay mixture was prepared by adding 1 mL of diluted sample into 5 mL of 

substrate solution and 1 mL of phosphate buffer (40 mM, pH 6.8). For preparation of 

blank, 5 mL of substrate solution was mixed into 1 mL of phosphate buffer (40 mM, pH 

6.8). Finally, all the samples including blank were incubated in dark for 20 min at 30 oC 

with gentle shaking. After 20 min, 1 mL of staining solution was added to all the samples 

including blank and again incubated in dark for 20 min at 30 oC with shaking. Finally, the 

absorbance was measured at 590 nm using spectrophotometer (U-2800, Hitachi, Japan). 

Standard curve for α-naphthyl acetate esterase was also prepared using standards (α-

naphthol) and following the same procedure (Figure 3.6). A simple linear regression 

equation was derived for calculation of α-esterase activity. In this method, one unit is that 

amount of enzyme, which produces one µM α-naphathol per minute at standard assay 

conditions. Enzyme activity was expressed in units/mL of milk. 

3.6.6 Lacto-peroxidase  

Lacto-peroxidase in the milk samples was estimated as described by Morrison 

(1970). For estimation of enzyme activity, 05 mM potassium iodide solution was 

prepared in 33 mM sodium phosphate buffer (pH 7.0).  A 90 mM solution of H2O2 was 

prepared using reagent grade water. Reaction mixture was prepared by diluting 0.15 mL 

of 90 mM hydrogen peroxide to 30 ml with 05 mM potassium iodide (can be stored for < 

30 minutes at room temperature).   

For enzyme assay, 3.0 mL reaction mixture was taken in cuvette and incubated at 

25 °C for 3-4 minutes to achieve temperature equilibrium and establish a blank rate, if 

any. Then 0.01 mL of milk sample was added to reaction mixture. The activity was 

determined by measuring the increase in A350 resulting from the production of triiodide. 

One unit results in the formation of one micromole of triiodide per minute at 25°C and 

pH 7.0 under the specified conditions. The enzyme activity was calculated using the 

equation given below and expressed as units mL-1. 

Units 	
∆	A350/	min

26
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Figure 3.6: Standard curve for estimation of α-naphthyl acetate α-esterase activity. 

3.6.7 N-acetyl-β-D-glucosaminidase (NAGase) activity  

N-acetyl-β-D-glucosaminidase (NAGase) activity was determined using the method 

described by Koldovsky and Palmieri (1971). For estimation of NAGase activity, 150 µl 

milk sample was mixed with 300 µl solution A (prepared by sonicating 82.2 mg 

"substrate i.e. p-nitrophenyl-2-acetamido-2 deoxy-p-d-gluco-pyranoside" in 18 mL 1.7 

mM Na citrate buffer with 2 mL Triton X-100 and 20 mg BSA) and then incubated for 20 

min at 37 oC. The reaction was stopped by adding 450 µl cold 3.3 % trichloroacetic acid 

(TCA) solution and then samples were centrifuged at 13,000 rpm for 10 min. The 

resulting supernatant (0.6 mL) was removed and mixed with 300 µl solution B (1:1 mix 

of 0.5 M NaH CO3 and 0.5 M Na2 CO3) and vortexed for 2-3min. Absorbance of sample 

was measured at 412 nm for quantification of para-nitrophenol produced by NAGase 

during the assay using double beam spectrophotometer (U-2800, Hitachi, Japan). A 

standard curve was prepared using different standards (05-50 nM with 05 nM interval 

and 50-100 nM with 10 nM interval) of para-nitrophenol. A linear regression equation 

was derived from para-nitrophenol standard curve (Figure 3.7). NAGase activity in milk 

samples was calculated from the linear regression equation. In this method, one unit is 
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that amount of enzyme, which produces one nM p-nitrophenol per minute at standard 

assay conditions. Enzyme activity was expressed in units/mL of milk..  

 

 

 

Figure 3.7: Standard curve for estimation of NAGase activity. 

3.7 Total phenolic contents (TPC) 

A micro colorimetric method as described by Ainsworth and Gillespie (2007) was 

used for total phenolics assay, which utilizes Folin-Ciocalteau (F-C) reagent. A standard 

curve was prepared using different concentrations of gallic acid and a linear regression 

equation was calculated. A 100 l of milk sample was mixed with 100 l of 10 % (v/v) 

F-C reagent, vortex thoroughly and then 800l of 700 mM Na2CO3 was added. Samples 

were then incubated at room temperature for 2 h. Blank corrected absorbance of samples 

was measured at 765 nm. Phenolic content (gallic acid equivalents) of samples were 

determined (Figure 3.8) using linear regression equation. Total phenolic contents wer 

expressed as µM gallic acid equivalents mL-1. 
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Figure 3.8: Standard curve for total phenolic contents estimation. 

3.8 Total antioxidant capacity (TAC) of milk 

Total antioxidant capacity (TAC) of the milk samples was estimated using the 2, 2-azino-

bis (3-ethylbenzothiazoline-6-sulfonate) (ABTS) based method described by Erel (2004). 

The assay is based on reduction of ABTS to its colorless compound. The ascorbic acid 

was used to develop a calibration curve (Figure 3.9). The TAC values were expressed as 

mM ascorbic acid equivalent L-1. 

3.9 Total oxidant status (TOS) of milk 

Total oxidant status (TOS) of milk samples was determined by xylenol orange based 

method described by Erel (2005). Hydrogen peroxide was used for calibration of the 

assay (Figure 3.10). The values were expressed as μM H2O2 equivalent L-1. 
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Figure 3.9: Standard curve for estimation of total antioxidant capacity 

 

 

Figure 3.10: Standard curve for estimation of total oxidant status 

3.10 Lipid peroxidation (MDA content) of milk 

The level of lipid peroxidation in the milk was measured in terms of 

malondialdehyde (MDA, a product of lipid peroxidation) content determined by the 

thiobarbituric acid (TBA) reaction method (Heath and Packer, 1968). To 1 mL of milk 

sample, 2 mL 20 % TCA containing 0.5% TBA was added. The mixture was heated at 95 

°C for 30 min and then quickly cooled in an ice-bath. After centrifuging at 10,000 g for 
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10 min, the absorbance of the supernatant at 532 nm was read and the value for the non-

specific absorption at 600 nm was subtracted. The MDA content was calculated by using 

extinction coefficient of 155 mM-1 cm–1. The milk MDA content was expressed as 

µM/mL. 

3.11 Estimation of milk protein contents  

Contents of milk total proteins, milk caseins and lactoserum (whey) proteins were 

estimated. As a first step, degreasing of milk was performed as described in section 3.6. 

For precipitation of casein and estimation of lactoserum (whey) proteins, first, the pH of 

the degreased milk was determined using a pH meter. The precipitation of casein was 

performed by treating 5 ml of degreased milk with 1M HCl and brought to a pH of 4.6, 

and then the samples were centrifuged for 20 minutes at 5000 rpm. The casein precipitate 

formed a pellet, while the upper aqueous phase being the lactoserum was separated and 

used for analysis (Cozma et al., 2011). 

Quantitative protein estimation was performed by dye binding assay using bovine 

serum albumin (BSA) as standard (Bradford, 1976). For protein estimation, 5 l of 

degreased milk sample or lactoserum and 95 l 150 mM NaCl were mixed with 1.0 mL 

of dye reagent (100 mg Coomassie Brilliant Blue G-250 dye was dissolved in 50 mL 95 

% ethanol and 100 mL 58 % (w/v) phosphoric acid and diluted to one liter). The mixture 

was left for 5 min to form a protein dye complex. Then, the absorbance was measured at 

595nm by using spectrophotometer (HITACHI, U2800). The difference between the milk 

total proteins and the lactoserum (whey) proteins was considered as caseins of milk 

samples. 

Different standards (05-50g with 5g interval) of bovine serum albumin were 

prepared in 100 l 150 mM NaCl. Absorbance at 595 nm was measured 5 min after 

mixing the standard with 1.0 mL of dye reagent. A standard curve was prepared (Figure 

3.11) by plotting the concentration on x-axis against their absorbance at 595 nm on y-

axis. A simple linear regression equation was also calculated. The values were converted 

from µg mL-1 to mg mL-1. The protein contents were expressed as mg mL-1 of milk. 
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Figure 3.11: Standard curve for estimation of protein contents. 

 

3.12 Milk protein profiling using SDS-PAGE. 

Degreased milk samples were used for comparative protein profiling using sodium 

dodecyl sulphate (SDS) polyacrylamide gel electrophoresis (PAGE) as described earlier 

(Laemmli, 1970). Following methodologies were adopted to this end. 

3.12.1 Sample preparation  

For preparation of milk samples cracking dye solution was prepared as described in the 

Table 3.2. For preparation of sample for electrophoresis, 100 µl degreased milk samples 

were taken in the 1.5 mL eppendorf tubes and 25 µl of cracking dye solution was added. 

Samples were then boiled for 2-3 minutes at 100 0C in water bath for complete 

denaturation of proteins. Finally, the samples were centrifuged at 10,000 rpm for 10 min 

and subsequently used for electrophoresis. 
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Table 3.2: Cracking dye solution for SDS-PAGE 

Reagents Quantity 

Sodium Dodecyl Sulphate (SDS) 1 g 

Bromophenol Blue 0.01 g 

Marcaptoethanol 2 mL 

0.5 M Tris-HCl, pH 6.8 1.5 mL 

Sucrose 5 g 

Distilled Water 6.5 mL 

 

3.12.2 Preparation of SDS-polyacrylamide gels 

For preparation of SDS-polyacrylamide gels, following stock solutions were prepared.  

1. 3 M Tris-HCl pH 8.9 

2. 30 % Acrylamide  0.8 % Methylene bis Acrylamide at 4 oC 

3. 0.5 M Tris-HCl pH 6.8 (6 g Tris)  

4. 5 % Ammonium per sulfate  (APS) 

5. 10 % Sodium Dodecyl Sulphate (SDS) 

For preparation of gels, electrophoresis cassettes were assembled properly to 

prevent the leakage of the gel solution during gel preparation (Figure 3.12). First of all, 

12 % separating gel solution was prepared as described in Table 3.3. The separating gel 

mixture was then immediately poured in the assembled electrophoresis plates. Small 

amount of butanol was then poured to make a thin layer above separating gel solution and 

allowed to polymerize for 15-20 minutes. After the separating gel was polymerized, 

butanol layer was removed by using filter paper. In the next step, stacking gel mixture as 

described in Table 3.4 was poured in the electrophoresis plates on top of the separating 

gel. Then immediately a comb was fixed in the staking gel and allowed to polymerize for 

10-15 minutes. When the stacking gel was polymerized, comb was removed very 

carefully using water, if needed. Wells were properly washed with water in order to 

remove gel particles in the wells.  
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Figure 3.12: Preparation of SDS-polyacrylamide gel for electrophoresis of milk 

samples 

Table 3.3: Composition for preparation of separating or resolving gels. 

Stock reagents Volume of reagents  

% acrylamide in gel 8 % 9 % 10 % 12 % 

3 M Tris-HCl 3.75 mL 3.75 3.75 3.75 

Acylamide Stock 8 mL 9 10 12 

10 % Sodium Dodecyl Sulphate (SDS) 0.3 mL 0.3 0.3 0.3 

Water 17.7 mL 16.7ml 15.7 13.7 

5 % Ammonium per sulfate (APS) 225 µl 225 225 225 

Tetramethylethylenediamine (TEMED) 15 µl 15   15 15 

Total Volume 30 mL 
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Table 3.4: Composition for preparation of stacking gels. 

Stock reagents Volume 

0.5M Tris-HCl 2.5 mL 

Acrylamide Stock 1.25 mL 

10% Sodium Dodecyl Sulphate (SDS) 0.2 mL 

Distilled water 5.8 mL 

5% Ammonium per sulfate (APS) 250 µl 

Tetramethylethylenediamine (TEMED) 15 µl 

Total Gel Volume 10 mL 

 

3.12.3 Sample loading and gel electrophoresis 

Electrophoresis plates were fixed in the electrophoresis apparatus. Electrophoresis 

buffer (0.025 M Tris, 0.192 M glycine and 0.1 % SDS pH 8.3) was then poured in the 

electrophoresis apparatus so that both ends of the gel submerged in it. A 30 µl of each 

prepared sample was carefully loaded in the wells by using Hamilton micro-syringe 

(Catalog No. 7681C33). Similarly, 15 µl of the protein marker (Bio Basic Int.: RM-0011) 

was also loaded in a well for comparison and molecular weight calculations. After gel 

loading, electrophoresis camber was connected with electric power supply and a constant 

voltage of 170 Volts was applied for approximately 4-5 hours. On completion of gel 

electrophoresis, chamber was removed from the power supply. Electrophoresis plates 

were removed from the apparatus and then separated very carefully to collect the gel. 

Stacking gel was removed from the separating gel and discarded properly while 

separating gel was further used for visualization of protein peptides after staining. 

3.12.4 Gel fixing and staining 

The separating or resolving gel was transferred to the fixing solution (prepared by 

mixing 10 mL acetic acid, 40 mL ethanol and 50 mL water) in a specific tray for the gel 

processing. Gel was then agitated constantly for 15 minutes in fixing solution. Fixing 

solution was removed and gel was washed with distilled water.  Five washes of 
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distilled water was given over a period of 1 hour at the12 minutes interval, unless all the 

fixing solution was properly removed from the gel. 

 

Figure 3.13: Loading of milk protein samples in SDS-polyacrylamide gel.   

For staining of gel, a stock dye solution was prepared by adding 330g of 

coomassie brilliant blue G-250 in 100 mL of phospheric acid/Ethanol (2:1). A working 

dye solution was prepared by mixing 4 mL stock dye, 8ml H3PO4, 3.75 mL ethanol and 

volume up to 100 mL with distilled. After washing, the gel was transferred in the 

working dye solution and agitated for 30 minutes constantly. After that gel was washed 

with distilled water to remove the excessive stain. Gel could be documented at this stage 

with clear bands. However, for more clear background, gel was placed in distilled water 

for overnight.  

3.12.5 Gel documentation and analysis 

Finally, gels were photographed using UVIproplatinum gel documentation system 

(UVItec UK). Computerized gel analysis was performed using UVI pro Platinum 1.1 
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Version 12.9 for windows (copyright® 2004- 2006). Molecular weight determination and 

cluster analysis was performed using software UVI BANDMAP version 11.3 by UVItec 

UK. 

3.13 Statistical analysis 

Statistics were applied to analyze and organize the resulting data in triplicates. 

Significance of data was tested by analysis of variance and Tukey’s (HSD) Test at p<0.05 

confidence level using XL-STAT software Version 2012.1.02, Copyright Addinsoft 1995-

2012 (http://www.xlstat.com). Correlation among different studied parameters was also 

calculated using XL-STAT software. Values presented in graphs are mean ± SE.  
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CHAPTER 4 

4 RESULTS  

Different parameters including various milk enzymes, milk proteins, total antioxidant 

capacity along with pH, electrical conductivity and somatic cell counts (SCC) etc were 

estimated in milk from uninfected (healthy) mammary glands of Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows. The main objective was to establish the comparative 

reference values of different milk quality and compositional parameters. For all 

parameters each sample was tested thrice and average of the three readings was 

computed. The findings are as follows:    

4.1 Screening and confirmation of mastitis negative status 

Sick and clinically mastitic animals were excluded from the panel of experimental 

animals. As a first step, Surf Field Mastitis Test (SFMT), and California Mastitis Test 

were performed for the detection of subclinical mastitis. Out of 270 dairy animals tested 

using SFMT and CMT, all four quarters of 90 animals (30 each from Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows) were found to be negative in both tests (Table 3.1). 

Secondly, microbiological examination of duplicate quarter foremilk samples was 

performed to further confirm and determine the intramammary infection status (Figure 

4.1). Milk samples detected negative to screening tests (SFMT and CMT) and 

microbiological culture were used to establish the milk reference values.   

4.2 Milk somatic cell counts (SCC) 

Microscopic examination of milk was performed for measurement of SCC (Figure 4.2). 

Milk SCC values differed significantly (p<0.05) among Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows (Table 4.1; Figure 4.3). As can be seen in these depictions, SCC was 

highest for milk of cross-bred cows and lowest for milk of Nili-Ravi buffaloes. With a 

minimum value of 75 x 103 mL-1and a maximum value of 190 x 103 mL-1, the mean value 

of milk SCC for Nili-Ravi buffaloes was 136 x 103 ±4420.5mL-1. For Sahiwal cow, the 

minimum value of milk SCC was 101 x 103 mL-1and maximum value was 199 x 103 mL-

1with a mean value of 162 x 103 ± 3698.8 mL-1. For cross-bred cows, minimum milk 
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SCC was 145 x 103 mL-1 and maximum value was 210 x 103 mL-1 with a mean value of 

179 x 103±2324.0 mL-1.  

4.3 Milk electrical conductivity (EC) 

Electrical conductivity (EC) values of milk differed significantly (p<0.05) among Nili-

Ravi buffaloes, Sahiwal and cross-bred cows (Table 4.2; Figure 4.4). The highest milk 

EC value was recorded for Sahiwal cows, followed by cross-bred cows and Nili-Ravi 

buffaloes. With a minimum value of 3.3 mS/cm and a maximum value of 5.0 mS/cm, the 

mean value of milk EC for Nili-Ravi buffaloes was 4.55±0.05 mS/cm. For Sahiwal cow, 

the minimum value of milk EC was 5.2 mS/cm and maximum value was 6.1 mS/cm with 

a mean value of 5.70±0.035 mS/cm. For cross-bred cows, minimum milk EC value was 

5.1 mS/cm and maximum was 5.6 mS/cm with a mean value of 5.37±0.018 mS/cm. 

4.4  Milk pH 

The milk pH of Nili-Ravi buffaloes, Sahiwal and cross-bred cows was similar (Table 4.3; 

Figure 4.5). The mean values of milk pH were 6.56±0.02, 6.61±0.02 and 6.60±0.02 in 

Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively. These data show that the 

pH of milk from uninfected mammary glands was slightly acidic in all 3 dairy 

species/cow types tested. 

4.5 Superoxide dismutase (SOD) activity 

The superoxide dismutase (SOD) activity was significantly (p<0.05) higher in milk of 

Sahiwal cows as compared to Nili-Ravi buffaloes and cross-bred cows (Table 4.4; Figure 

4.6). However, there was no difference in SOD activity of milk between the Nili-Ravi 

Buffaloes and cross-bred cows. The mean values of SOD activity in milk were 

5.10±0.22, 17.15±0.56 and 5.97±0.29 units/mL for Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows, respectively. The minimum milk SOD activity for Nili-Ravi buffaloes 

was 2.06 units/mL and the maximum value was 8.91 units/mL. For Sahiwal cows, the 

minimum milk SOD activity was 10.7 units/mL and maximum value was 23.2 units/mL. 

Similarly, for cross-bred cows, minimum milk SOD activity was 0.989 units/mL and 

maximum value was 9.53 units/mL. 
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4.6 Catalase (CAT) activity 

The catalase (CAT) activity in milk differed significantly (p<0.05) among Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows (Table 4.5; Figure 4.7). The milk CAT activity 

was highest for cross-bred cows and lowest for Nili-Ravi buffaloes. With a minimum 

value of 20 units/mL and a maximum value of 96 units/mL, the mean CAT activity in 

milk samples from Nili-Ravi buffaloes was 47.62±3.1 units/mL. For Sahiwal cows, the 

minimum milk CAT activity was 32 units/mL and maximum was 166 units/mL with a 

mean milk CAT activity of 62.65±4.6 units/mL. For cross-bred cows, minimum milk 

CAT activity was 40 units/mL and maximum value was 166 units/mL with a mean milk 

CAT activity of 97.45±4.8 units/mL. As can be seen in the Table 4.5, a fairly broad range 

in the activity of CAT was recorded in Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

4.7 Guaiacol peroxidase (GPO) activity 

The guaiacol peroxidase activity in milk differed significantly (p<0.05) among Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows (Table 4.6; Figure 4.8). The value of GPO 

activity in milk was highest for Sahiwal cows, followed by cross-bred cows and lowest 

for Nili-Ravi buffaloes. The mean values for GPO activity in milk were 22.54±1.84, 

110.73±8.64 and 53.321±3.02 units/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred 

cows, respectively. The minimum value of GPO activity in milk of Nili-Ravi buffaloes 

was 10 units/mL and the maximum value was 66 units/mL. For Sahiwal cows, the 

minimum value of GPO activity in milk was 30 units/mL and maximum value was 220 

units/mL. For cross-bred cows, minimum value of GPO activity in milk was 22 units/mL 

and maximum value was 88 units/mL. In common with the pattern in CAT activity, a 

wide dispersion in the activity of GPO enzyme was recorded in the milk of Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows.  

4.8 Protease activity 

The level of protease activity in milk was tested and compared in milk samples from Nili-

Ravi buffaloes, Sahiwal and cross-bred cows. The milk protease activity differed 

significantly (p<0.05) among tested dairy species/cattle breeds (Table 4.7; Figure 4.9). 

The mean value for protease activity in milk was highest for cross-bred cows followed by 
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Sahiwal cows and lowest for Nili-Ravi buffaloes. With a minimum value of 32 units/mL 

and a maximum value of 95 units/mL, the mean value of milk protease activity for Nili-

Ravi buffaloes was 57.3±2.16 units/mL. For Sahiwal cows, the minimum value of milk 

protease activity was 33 units/mL while maximum value was 99 units/mL with a mean 

value of 69.6±3.02 units/mL. For cross-bred cows, minimum value of milk protease 

activity was 39 units/mL and maximum value was 127 units/mL with a mean value of 

81.3±3.35 units/mL. 

4.9 α-Amylase activity  

Recorded values for α-amylase activity in milk samples obtained from uninfected 

mammary glands of tested dairy species/cattle breeds are presented in  Table 4.8 and  

Figure 4.10. As evident from Figure 4.10, the level of α-amylase activity in milk differed 

significantly (p<0.05) among Nili-Ravi buffaloes, Sahiwal and cross-bred cows (Table 

4.8; Figure 4.10). As is obvious from data, the α-amylase activity was the highest for 

milk of Sahiwal cows, followed by Nili-Ravi buffaloes and the least for the milk of cross-

bred cows. The mean values of α-amylase activity in milk were 32.57±1.82, 89.44±2.51 

and 5.28±0.27 units/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred cows, 

respectively. The minimum value of α-amylase activity in milk of Nili-Ravi buffaloes 

was 10.988 units/mL and the maximum value was 71.029 units/mL. For Sahiwal cows, 

the minimum value of α-amylase activity in milk was 61.191 units/mL and maximum 

value was 116.8 91units/mL. For cross-bred cows, minimum value of α-amylase activity 

in milk was 2.163 units/mL and maximum value was 8.746 units/mL. 

4.10 α-esterase activity  

The data in Figure 4.11 and Table 4.9 depict the α-esterase activity in milk of Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows. The values of milk α-esterase activity differed 

significantly (p<0.05) among these dairy species/cow types. The milk α-esterase activity 

was highest for Nili-Ravi buffaloes followed by cross-bred cows and least for milk of 

Sahiwal cows. The mean values of α-esterase activity in milk were 361.19±13.63, 

72.79±3.35 and 266.76±9.32 units/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred 

cows, respectively. The minimum value of α-esterase activity in milk of Nili-Ravi 

buffaloes was 203.164 units/mL while maximum value was 540.273 units/mL. For 
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Sahiwal cows, the minimum value of α-esterase activity in milk was 32.36 units/mL and 

maximum value was108 units/mL. For cross-bred cows, minimum value of α-esterase 

activity in milk was 167.206 units/mL and maximum value was 382.956 units/mL. 

4.11 Lacto-peroxidase (LPO) activity  

The lacto-peroxidase (LPO) activity in milk differed significantly (p<0.05) among Nili-

Ravi buffaloes, Sahiwal and cross-bred cows (Table 4.10; Figure 4.12). The LPO activity 

was the highest in milk of cross-bred cows and the lowest in the milk of Nili-Ravi 

buffaloes. The mean LPO activity for milk of Nili-Ravi buffaloes was 0.50±0.05 

units/mL and it ranged from a minimum value of 0.142 units/mL to a maximum value of 

1.958 units/mL. In case of Sahiwal cows, the minimum value of LPO activity in milk was 

0.60 units/mL while maximum was 2.70 units/mL, with a mean LPO activity of 

1.21±0.09 units/mL. For cross-bred cows, mean LPO activity in milk was 1.75±0.06 

units/mL and it ranged from a minimum value of 1.012 units/mL to a maximum value of 

2.862 units/mL. 

4.12 N-acetyl-β-D-glucosaminidase (NAGase) activity 

N-acetyl-β-D-glucosaminidase (NAGase) activity in milk of Nili-Ravi buffaloes, Sahiwal 

and crossbred cows is depicted in Table 4.11 and Figure 4.13. The level of NAGase 

activity was significantly (p<0.05) higher in milk of cross-bred cows as compared to Nili-

Ravi buffaloes and Sahiwal cows. However, the mean NAGase activity of milk was 

similar between Nili-Ravi buffaloes and Sahiwal cows. The mean values of NAGase 

activity in milk were found to be 46.93±0.66, 46.43±2.12 and 56.07±2.33units/mL for 

Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively. The minimum value of 

NAGase activity in milk of Nili-Ravi buffaloes was 39.778 units/mL and maximum value 

was 55.111 units/mL. For Sahiwal cows, the minimum value of NAGase activity in milk 

was 30.11 units/mL and maximum value was 78.33 units/mL. For cross-bred cows, 

minimum value of NAGase activity was 34.55 units/mL and maximum value was 84.00 

units/mL. 
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4.13 Total phenolic content (TPC) 

The values of total phenolic content (TPC) of milk for Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows are depicted in Table 4.12 and Figure 4.14. The TPC level of milk 

differed significantly (p<0.05) among tested dairy species/cow types. The TPC was the 

highest for milk of cross-bred cows and the least in milk of Nili-Ravi buffaloes. The 

mean value of TPC in milk of Nili-Ravi buffaloes was 820.8±25.17 µM/mL, with a 

minimum value of 510 µM/mL and a maximum value of 1200 µM/mL. For Sahiwal 

cows, the minimum value of TPC in milk was 760 µM/mL and maximum value was 

1990 µM/mL with a mean TPC of 1143.47±46.1 µM/mL. In case of cross-bred cows, the 

mean TPC value was 2381.6±71.85 µM/mL and it ranged from a minimum value 1230.0 

µM/mL to a maximum value of 3530.0 µM/mL of milk.   

4.14 Total antioxidant capacity (TAC) of Milk 

The total antioxidant capacity of milk as ascorbic acid equivalents was measured by 

ABTS method. The TAC of milk differed significantly (p<0.05) among Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows (Table 4.13; Figure 4.15). The TAC was highest 

in milk of Nili-Ravi buffalos and the least in milk of Sahiwal cows. The mean values for 

TAC of milk were 3.296±0.005, 2.158±0.007 and 2.742±0.041 mM/L in Nili-Ravi, 

Sahiwal and cross-bred cows, respectively. The minimum TAC of milk of Nili-Ravi 

buffaloes was 3.080 mM/L and the maximum was 3.349 mM/L. For Sahiwal cows, the 

minimum TAC of milk was 2.0 mM/L and maximum was 2.250 mM/L. In case of cross-

bred cows, minimum value of TAC of milk was 1.679 mM/L and maximum was 3.746 

mM/L. 

4.15 Total oxidant status (TOS) of milk   

The total oxidant status of milk was measured as H2O2 equivalents and level was 

compared among Nili-Ravi buffaloes, Sahiwal and cross-bred cows. The value of TOS of 

milk differed significantly (p<0.05) among dairy species/cow types (Table 4.14; Figure 

4.16). The TOS of milk was highest for crossbred cows followed by Nili-Ravi buffaloes 

and Sahiwal cows. The mean values for TOS of milk were 52.577±2.27, 19.312±0.70 and 

61.245±0.585µM/mL in Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively. 
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The minimum value of TOS of milk of Nili-Ravi buffaloes was 20.8 µM/mL; the 

maximum value being 76.450 µM/mL. The corresponding values in milk of Sahiwal 

cows were 14.6 µM/mL and 37.1µM/mL. For crossbred cows, the minimum value of 

milk TOS was 47.5µM/mL and it ranged up to a maximum value of 65.7µM/mL. 

4.16 Lipid peroxidation (MDA content) 

The level of lipid peroxidation in milk was measured as malondialdehyde (MDA, a 

product of lipid peroxidation) content. There was significant (p<0.05) difference in MDA 

content of milk among Nili-Ravi buffaloes, Sahiwal and crossbred cows (Table 4.15; 

Figure 4.17). It is obvious from the data that MDA content of milk was the highest in 

Sahiwal cows and the lowest in cross-bred cows. The mean values for MDA content of 

milk were 2.0±0.070, 2.27±0.069 and 1.75±0.049 nM/mL for Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows, respectively. In case of Nili-Ravi buffaloes, the MDA 

content ranged from a minimum value of 1.03 nM/mL to a maximum value of 3.16 

nM/mL. For Sahiwal cows, the least value of MDA content was 1.29 nM/mL while 

maximum value was 2.90 nM/mL. For cross-bred cows, the lowest and highest values of 

milk MDA content were 1.09nM/mL and 2.37 nM/mL, respectively. 

4.17 Milk total proteins  

The level of total proteins in milk samples was measured and it varied significantly 

(p<0.05) among tested dairy species/cattle breeds (Table 4.16; Figure 4.18). The level of 

total proteins was highest in milk of cross-bred cows while it was detected to be the 

lowermost for Sahiwal cows. The mean values of total proteins in milk samples were 

measured to be 78.103±1.878, 59.333±0.611 and 81.594±2.026 mg/mL in Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows, respectively. For Nili-Ravi buffaloes, the 

minimum value of total proteins in milk was 58.26 mg/mL while the maximum value was 

84.66 mg/mL. For Sahiwal cows, the least value of total proteins in milk was 51.2 

mg/mL and maximum value was 62.33 mg/mL. The corresponding figures of total 

proteins in milk of cross-bred cows, were 57.26 mg/mL and 93.73 mg/mL, respectively.  
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4.18 Milk lactoserum proteins 

The amount of proteins in lactoserum of milk of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows were measured. Significant (p<0.05) differences were observed in values of 

milk lactoserum proteins among three categories of dairy animals tested (Table 4.17; 

Figure 4.19). The level of milk lactoserum proteins was the highest for Sahiwal cows and 

the lowest for cross-bred cows. The mean values of milk lactoserum proteins were 

20.026±0.665, 28.842±1.25 and 10.176± 0.568 mg/mL in Nili-Ravi buffaloes, Sahiwal 

and cross-bred cows, respectively. For Nili-Ravi buffaloes, milk lactoserum proteins 

ranged from a minimum value of 11.733 mg/mL to a maximum value of 34.133 mg/mL. 

In case of Sahiwal cows, the minimum value of milk lactoserum proteins was 15.00 

mg/mL and it ranged up to a maximum value of 51.00 mg/mL. The lowest value of 

lactoserum proteins in milk of cross-bred cows was 3.4 mg/mL and it ranged up to the 

highest value of 20.73 mg/mL. 

4.19 Milk caseins 

The amount of caseins was measured in milk of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows. The level of milk caseins differed significantly (p<0.05) among these tested 

samples from different dairy species/cattle types (Table 4.18; Figure 4.20). The highest 

amount of milk caseins was measured in cross-bred cows and the lowest in Sahiwal 

cows. The mean values of milk caseins were 58.077±0.90, 30.491±1.15 and 71.418±1.20 

mg/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively. The 

minimum value of milk caseins for Nili-Ravi buffaloes was 39.067mg/mL and it ranged 

up to a maximum value of 71.80 mg/mL. Moreover, the minimum amount of caseins in 

Sahiwal cow’s milk was 10.73 mg/mL and maximum detected value was 42.8 mg/mL. 

For cross-bred cows, the milk casein ranged from a minimum value of 45.4 mg/mL to a 

maximum value of 86.4 mg/mL. 
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Figure 4.1: Microbiological examination of milk for confirmation of mastitis 

negative samples.   

Upper plate showing absence of any microbial growth (mastitis negative) and lower plate 

showing microbial growth (mastitis positive). 
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Figure 4.2: Microscopic measurement of somatic cells in milk samples. 
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Table 4.1: Values of somatic cell counts (SCC) of milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Milk SCC/mL 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  75 x 103 190 x 103 136 x 103±4420.5c 

Sahiwal cows  101 x 103 199 x 103 162 x 103±3698.8b 

Cross-bred cows  145 x 103 201 x 103 179 x 103±2324.0a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.3: Comparison of somatic cell counts (SCC) of milk from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.2: Electrical conductivity (EC) values of milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds 
Milk electrical conductivity (mS/cm) 

Minimum Maximum Mean ± SEM 

Nili-Ravi buffaloes 3.3 5.0 4.55±0.05c 

Sahiwal cows 5.2 6.1 5.70±0.035a 
Cross-bred cows 5.1 5.6 5.37±0.018b 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.4: Electrical conductivity (EC) values of milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.3: Values of pH of milk obtained from uninfected mammary glands of Nili-

Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Milk pH 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  6.0 6.9 6.56±0.02a 

Sahiwal cows  6.2 6.9 6.61±0.02a 

Cross-bred cows  6.1 6.9 6.60±0.02a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.5: Mean values of pH of milk obtained from uninfected mammary glands 

of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.4: The values of superoxide dismutase activity in milk obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Superoxide dismutase activity (units/mL) 

Minimum Maximum Mean ± SEM 

Nili-Ravi buffaloes  2.065 8.913 5.10±0.22b 

Sahiwal cows  10.713 23.220 17.15±0.56a 

Cross-bred cows  0.989 9.531 5.97±0.29b 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.6: Comparison of superoxide dismutase activity in milk from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.5: The values of catalase activity in milk obtained from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Catalase activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  20.0 96.0 47.62±3.1c 

Sahiwal cows  32.0 166.0 62.65±4.6b 

Cross-bred cows  40.0 166.0 97.45±4.8a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.7: Comparison of catalase activity in milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.6: The values of guaiacol peroxidase activity in milk obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Peroxidase activity (units/mL) 

Minimum Maximum Mean ± SEM 

Nili-Ravi buffaloes  10.0 66.0 22.542±1.84c 

Sahiwal cows  30.0 220.0 110.739±8.64a 

Cross-bred cows  22.0 88.0 53.321±3.02b 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.8: Comparison of guaiacol peroxidase activity in milk from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.7: The values of protease activity in milk from uninfected mammary glands 

of Nili-Ravi buffaloes, Sahiwal and cross-bred cows 

Species/Cattle breeds  

Protease activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  32.0 95.0 57.3±2.16c 

Sahiwal cows  33.0 99.0 69.6±3.02b 

Cross-bred cows  39.0 127.0 81.3±3.35a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.9: Comparison of protease activity in milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.8: The values of α-amylase activity in milk  from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

α-amylase activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  10.988 71.029 32.57±1.82b 

Sahiwal cows  61.191 116.891 89.44±2.51a 

Cross-bred cows  2.163 8.746 5.28±0.27c 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.10: Comparison of α-amylase activity in milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.9: The values of α-esterase activity in milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Milk α-esterase activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  203.164 540.273 361.19±13.63a

Sahiwal cows  32.362 108.774 72.79±3.35c 

Cross-bred cows  167.206 382.956 266.76±9.32b 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.11: Comparison of α-esterase in milk from uninfected mammary glands of 

Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.10: Values of lacto-peroxidase activity in milk from uninfected mammary 

glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows 

Species/Cattle breeds  

Milk lacto-peroxidase activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  0.142 1.958 0.50±0.05c 

Sahiwal cows  0.600 2.708 1.21±0.09b 

Cross-bred cows  1.012 2.862 1.75±0.06a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.12: Comparison of lacto-peroxidase in milk samples from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.11: N-acetyl-β-D-glucosaminidase (NAGase) activity in milk samples 

obtained from uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows. 

Species/Cattle breeds  

NAGase activity (units/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  39.778 55.111 46.93±0.66b 

Sahiwal cows  30.111 78.333 46.43±2.12b 

Cross-bred cows  34.556 84.000 56.07±2.33a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.13: Comparison of N-acetyl-β-D-glucosaminidase (NAGase) activity in milk 

samples from uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.12: Values of total phenolic content of milk samples from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Total phenolic content (µM/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  510.0 1200.0 820.8±25.17c 

Sahiwal cows  760.0 1990.0 1143.47±46.1b 

Cross-bred cows  1230.0 3530.0 2381.6±71.85a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.14: Comparison of total phenolic content of milk samples obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 

 

c

b

a

0

500

1000

1500

2000

2500

3000

Nili-Ravi Buffaloes Sahiwal Cows Cross-bred Cows

T
ot

al
 p

h
en

ol
ic

 c
on

te
n

t 
(µ

M
/m

L
)



68 

 

 

 

 

Table 4.13: Values of total antioxidant capacity (TAC) of milk samples from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Total antioxidant capacity  

(Ascorbic acid equvalients mM/L)  

Minimum Maximum Mean± SEM 

Nili-Ravi buffaloes  3.080 3.349 3.296±0.005a 

Sahiwal cows  2.000 2.250 2.158±0.007b 

Cross-bred cows  1.679 3.746 2.742±0.041c 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

Figure 4.15: Comparison of total antioxidant capacity (TAC) of milk samples 

obtained from uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 

 

a

c

b

0

1

1

2

2

3

3

4

Nili-Ravi Buffaloes Sahiwal Cows Cross-bred Cows

T
ot

al
 A

n
ti

ox
id

an
t 

C
ap

ac
it

y 
(A

sc
or

b
ic

 a
ci

d
 e

q
u

va
li

en
ts

 m
M

/L
)



69 

 

 

 

Table 4.14: Values of total oxidant status (TOS) of milk samples obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Total oxidant status (H2O2 equvalients µM/mL)

Minimum Maximum Mean± SEM 

Nili-Ravi buffaloes  20.850 76.450 52.577±2.27a 

Sahiwal cows  14.650 37.150 19.312±0.70c 

Cross-bred cows  47.500 65.700 61.245±0.585b 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.16: Comparison of total oxidant status (TOS) of milk samples from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.15: The values of malondialdehyde (MDA) content of milk samples from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Milk malondialdehyde content(µM/mL) 

Minimum Maximum Mean ±SEM 

Nili-Ravi buffaloes  1.032 3.161 2.0±0.070b 

Sahiwal cows  1.290 2.903 2.27±0.069a 

Cross-bred cows  1.097 2.387 1.75±0.049c 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.17: Comparison of malondialdehyde (MDA) content of milk samples from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.16: Values of total milk proteins in milk samples obtained from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds 

Total milk proteins (mg/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes  58.267 84.667 78.103±1.878b 

Sahiwal cows  51.200 62.333 59.333±0.611c 

Cross-bred cows  57.267 93.733 81.594±2.026a 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.18: Comparison of total milk proteins in milk samples from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 

 

 

b

c

a

0

10

20

30

40

50

60

70

80

90

Nili-Ravi Buffaloes Sahiwal Cows Cross-bred Cows

T
ot

al
 m

il
k

 p
ro

te
in

s 
(m

g/
m

L
)



72 

 

 

 

Table 4.17: Values of lactoserum  proteins of milk samples obtained from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Lactoserum  protein contents (mg/mL) 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes 11.733 34.133 20.026±0.665b 

Sahiwal cows  15.000 51.600 28.842±1.251a 

Cross-bred cows  3.400 20.733 10.176±0.568c 

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.19: Comparison of lactoserum proteins of milk samples obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.18: Values of casein contents of milk samples obtained from uninfected 

mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Species/Cattle breeds  

Casein contents (mg/mL) of milk 

Minimum Maximum Mean±SEM 

Nili-Ravi buffaloes 39.067 71.8 58.077±0.90b

Sahiwal cows  10.733 42.8 30.491±1.15c

Cross-bred cows  45.4 86.4 71.418±1.20a

Values followed by different superscript letter differ significantly (p<0.05). 

 

 

 

 

Figure 4.20: Comparison of casein contents of milk samples obtained from 

uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

Bars with different letter differ significantly (p<0.05). 
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4.20 Effect of different quarters on milk parameters  

Possible effect of different quarters i.e. left front, left rear, right front and right rear on 

tested milk parameters was also investigated in Nili-Ravi buffaloes, Sahiwal and cross-

bred cows. For this purpose, mean values for different parameters were compared among 

different quarters. It was observed that effect of different quarters was generally non-

significant in all three dairy animal types investigated. Milk proteins contents including 

milk total protein, lactoserum proteins, milk casein contents and total phenolic contents 

of milk were statistically similar for all quarters (Figure 4.21). Similarly, mean values for 

SCC, TOS and GPO were also statistically similar among different quarters (Figure 4.22) 

in all tested dairy animal types. The TAC of milk was also statistically similar for 

different quarters in Nili-Ravi buffalo and Sahiwal cows (Figure 4.22). However, 

difference in the total antioxidant capacity of milk among different quarters was observed 

in cross-bred cows. The TAC of milk was comparatively low for milk from left rear 

quarter as compared to other quarters in cross-bred cows (Figure 4.22c).  For other tested 

parameters like SOD, protease, amylase and α-esterase, the mean values were statistically 

similar for different quarters in all three dairy animal categories tested (Figure 4.23). 

Moreover, mean values for CAT, NAGase, LPO MDA content (Figure 4.24), EC and pH 

(Figure 4.25) were statistically similar for different quarters in in Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows.    

4.21 Correlation among different parameters in Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows. 

Correlation (Pearson) among different tested milk parameters was calculated for Nili-

Ravi buffaloes, Sahiwal and cross-bred cows. Correlation matrix (Pearson) for different 

tested milk parameters and p-values for Nili-Ravi buffaloes are presented in Table 4.19 

and Table 4.20, respectively. In Nili-Ravi buffaloes, milk total protein showed a 

significant positive correlation with TAC (0.323), CAT (0.336) amylase (0.381) and 

MDA content of milk (0.333) while milk casein showed positive correlation with CAT 

activity of milk. Moreover, total oxidant status of milk positively correlated with α-

esterase and CAT activities. Conversely, milk SCC showed a significant negative 

correlation with TOS, GPO and α-esterase activities. Milk GPO activity positively 
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correlated with CAT and LPO activities. Milk CAT activity positively correlated with 

total milk protein, milk casein, TOS, GPO and α-esterase activity. Milk pH negatively 

correlated with α-esterase activity.  

Correlation matrix (Pearson) for different tested milk parameters and p-values for 

Sahiwal cows are presented in Table 4.21 and Table 4.22, respectively. In Sahiwal cows, 

milk total proteins showed a significant positive correlation with LPO, and significant 

negative correlation with TOS and SOD activity of milk. Milk lactoserum proteins 

content was positively correlated with milk casein while, it was negatively correlated 

with TPC of milk.  Moreover, total oxidant status of milk negativity correlated with milk 

total protein and LPO activity. While milk NAGase activity showed a significant 

negative correlation with lactoserum proteins and a significant positive correlation with 

SCC and milk casein. Milk EC negatively correlated with milk CAT activity.  

Correlation matrix (Pearson) for different tested milk parameters and p-values for 

cross-bred cows are presented in Table 4.23 and Table 4.24, respectively. In cross-bred 

cows, milk total protein showed a significant positive correlation with milk casein, TPC, 

TOS, TAC, α-esterase activity and a significant negative correlation with Milk MDA 

content. Milk casein showed maximum number of correlations with other studied 

parameters. Level of milk casein positively correlated with milk total protein, TOS, TAC, 

protease and amylase activities while negatively correlated with milk lactoserum protein, 

MDA content and GPO activity. Moreover, total oxidant status of milk negativity 

correlated with MDA content and positively correlated with milk total protein, milk 

casein and TPC. Milk lactoserum proteins showed a positive correlation with LPO 

activity and SCC while a negative correlation with milk casein and amylase activity.  

Milk MDA content positively correlated with the GPO activity and negatively correlated 

TPC, milk casein, TOS and milk total protein. Milk SCC showed a positive correlation 

with lactoserum protein, SOD and LPO activities. Milk GPO activity showed positive 

correlation with CAT activity and MDA content while a negative correlation with TPC of 

milk. Milk protease activity positively correlated with milk casein and pH of milk. Milk 

CAT activity showed positive correlation GPO activity. Milk LPO activity showed 

positive correlation with milk lactoserum proteins and milk SCC. However, milk 

NAGase activity and EC of milk showed no correlation with any other tested parameter.  
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Figure 4.21: Effect of different quarters on protein contents (A, B, C) and total 

phenolic content (D) of milk. 

Bars with different letter differ significantly (p<0.05). 
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Figure 4.22: Effect of different quarters on SCC (A), TOS (B), TAC (C) and GPO 

(D) activity of milk. 

Bars with different letter differ significantly (p<0.05). 
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Figure 4.23: Effect of different quarters on SOD (A), protease (B), amylase (C) and 

α-esterase (D) activity of milk. 

Bars with different letter differ significantly (p<0.05). 
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Figure 4.24: Effect of different quarters on CAT (A), MDA content (B), lacto-GPO 

(C) and NAGase (D) activity of milk. 

Bars with different letter differ significantly (p<0.05). 
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Figure 4.25: Effect of different quarters on pH (A) and EC (B) of milk. 

Bars with different letter differ significantly (p<0.05). 
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Table 4.19: Correlation matrix (Pearson) for different parameters of milk samples 

from uninfected mammary glands of Nili-Ravi buffaloes. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 1        
LP 0.157 1       
Casein 0.685 -0.612 1      
TPC 0.204 0.225 -0.002 1     
TOS 0.210 -0.045 0.201 0.206 1    
TAC 0.323 0.112 0.176 -0.064 0.098 1  
GPO 0.186 0.057 0.107 0.011 0.107 -0.250 1  
SOD -0.092 0.107 -0.152 -0.154 -0.023 -0.102 0.024 1 
Protease 0.160 0.009 0.122 0.003 0.178 -0.179 0.143 0.120 1
Amylase 0.381 0.132 0.207 -0.070 -0.184 0.252 0.061 -0.030 0.019
α-esterase 0.208 0.176 0.037 0.107 0.375 0.232 0.172 -0.266 0.085
Catalase 0.336 -0.021 0.285 0.174 0.290 0.065 0.342 -0.099 0.239
MDA 0.333 0.040 0.238 -0.103 -0.063 0.120 0.203 0.183 0.459
LPO 0.232 0.244 0.005 -0.084 0.151 0.097 0.458 -0.001 -0.016
NAGase -0.010 0.062 -0.054 0.009 -0.060 -0.059 0.156 0.207 0.039
pH -0.046 -0.070 0.015 0.080 -0.141 0.101 -0.196 0.016 -0.147
EC 0.122 -0.104 0.175 -0.153 0.128 0.235 -0.077 -0.039 -0.020
SCC 0.007 0.115 -0.080 -0.158 -0.567 0.115 -0.276 0.144 -0.145
Variables Amylase α-esterase CAT MDA LPO Nagase pH ECC SCC 

Amylase 1        
α-esterase 0.255 1       
Catalase 0.141 0.287 1      
MDA 0.248 0.090 0.229 1     
LPO 0.126 0.171 0.195 0.281 1    
NAGase -0.002 -0.073 0.131 0.069 0.217 1   
pH -0.111 -0.262 0.061 -0.105 -0.013 -0.003 1 -0.041 
EC 0.026 0.190 0.053 0.010 0.018 0.082 -0.041 1 
SCC 0.195 -0.333 -0.155 0.071 -0.197 -0.026 0.021 -0.072 1
Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.20: P-values (Pearson correlation) for different parameters of milk samples 

from uninfected mammary glands of Nili-Ravi buffaloes. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 0        

LP 0.236 0        

Casein < 0.0001 < 0.0001 0       

TPC 0.121 0.087 0.985 0      

TOS 0.110 0.736 0.126 0.118 0     

TAC 0.012 0.398 0.181 0.630 0.458 0    

GPO 0.158 0.666 0.421 0.932 0.418 0.056 0   

SOD 0.489 0.421 0.249 0.244 0.860 0.442 0.855 0 

Protease 0.225 0.948 0.357 0.983 0.178 0.176 0.280 0.365 0 

Amylase 0.003 0.317 0.115 0.599 0.162 0.055 0.647 0.821 0.889 

α-esterase 0.115 0.183 0.783 0.420 0.003 0.078 0.194 0.042 0.520 

Catalase 0.009 0.877 0.029 0.187 0.026 0.627 0.008 0.454 0.068 

MDA 0.010 0.766 0.070 0.440 0.634 0.365 0.124 0.164 0.000 

LPO 0.078 0.062 0.968 0.527 0.253 0.466 0.000 0.997 0.904 

NAGase 0.939 0.641 0.686 0.947 0.652 0.656 0.238 0.116 0.769 

pH 0.731 0.600 0.912 0.545 0.286 0.447 0.137 0.906 0.267 

EC 0.355 0.433 0.186 0.246 0.333 0.073 0.565 0.770 0.881 

SCC 0.959 0.385 0.549 0.232 < 0.0001 0.388 0.035 0.276 0.274 

Variables Amylase α-esterase CAT MDA LPO Nagase pH ECC SCC 

Amylase 0         

α-esterase 0.051 0        

Catalase 0.288 0.028 0       

MDA 0.059 0.498 0.081 0      

LPO 0.340 0.197 0.138 0.031 0     

NAGase 0.986 0.580 0.323 0.602 0.098 0    

pH 0.401 0.045 0.648 0.427 0.920 0.981 0   

EC 0.847 0.150 0.692 0.937 0.894 0.539 0.759 0  

SCC 0.138 0.010 0.240 0.592 0.134 0.845 0.874 0.587 0 

Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.21: Correlation matrix (Pearson) for different parameters of milk samples 

from uninfected mammary glands of Sahiwal cows. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 1        
LP 0.413 1       
Casein -0.186 -0.972 1      
TPC -0.137 0.396 -0.463 1     
TOS -0.545 0.073 -0.220 0.159 1    
TAC -0.044 -0.174 0.177 -0.373 -0.171 1   
GPO -0.176 -0.153 0.120 0.010 -0.022 0.139 1  
SOD -0.316 -0.036 -0.043 0.182 0.205 -0.077 0.000 1 
Protease 0.181 0.206 -0.175 0.153 -0.186 0.078 0.105 0.102 1
Amylase 0.283 -0.001 0.075 -0.042 -0.146 0.004 0.024 -0.095 0.048
α-esterase -0.230 0.150 -0.222 0.221 0.237 -0.063 -0.041 0.340 0.038
Catalase -0.208 -0.216 0.179 0.015 0.081 0.153 0.008 0.248 0.135
MDA 0.066 0.089 -0.079 -0.022 -0.214 0.074 -0.105 -0.265 0.003
LPO 0.448 0.143 -0.038 0.030 -0.336 0.148 -0.021 -0.172 0.535
NAGase -0.226 -0.395 0.367 -0.267 0.275 0.064 0.247 -0.032 -0.289
pH 0.128 0.232 -0.217 0.355 0.067 -0.247 -0.200 -0.198 -0.030
EC -0.220 -0.169 0.126 0.082 -0.040 -0.044 0.012 0.211 -0.175
SCC -0.223 -0.221 0.181 0.008 0.014 -0.019 0.053 0.034 -0.171
Variables Amylase α-esterase CAT MDA LPO Nagase pH ECC SCC 

Amylase 1       
α-esterase -0.143 1       
Catalase -0.011 -0.049 1      
MDA 0.177 0.017 -0.167 1     
LPO 0.251 -0.255 0.076 0.123 1    
NAGase 0.152 -0.098 0.080 0.112 -0.052 1   
pH -0.219 -0.017 -0.141 0.128 0.093 -0.116 1  
EC -0.053 0.214 -0.347 0.075 -0.278 0.018 -0.016 1 
SCC -0.183 0.040 0.091 0.185 -0.059 0.442 0.114 0.166 1
Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.22: P-values (Pearson correlation) for different parameters of milk samples 

from uninfected mammary glands of Sahiwal cows. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 0       

LP 0.004 0        

Casein 0.217 < 0.0001 0       

TPC 0.364 0.006 0.001 0      

TOS < 0.0001 0.631 0.141 0.292 0     

TAC 0.770 0.247 0.240 0.011 0.257 0    

GPO 0.243 0.309 0.428 0.945 0.882 0.358 0   

SOD 0.032 0.811 0.775 0.227 0.172 0.611 0.997 0  

Protease 0.228 0.169 0.244 0.311 0.216 0.608 0.489 0.499 0 

Amylase 0.057 0.994 0.621 0.783 0.332 0.978 0.874 0.530 0.752 

α-esterase 0.124 0.318 0.138 0.140 0.112 0.675 0.785 0.021 0.801 

Catalase 0.166 0.149 0.234 0.920 0.594 0.310 0.958 0.097 0.369 

MDA 0.664 0.557 0.603 0.885 0.154 0.624 0.486 0.075 0.983 

LPO 0.002 0.343 0.803 0.843 0.023 0.328 0.892 0.254 0.000 

NAGase 0.131 0.007 0.012 0.073 0.064 0.671 0.098 0.832 0.052 

pH 0.397 0.121 0.147 0.015 0.660 0.098 0.183 0.188 0.842 

EC 0.143 0.260 0.405 0.588 0.793 0.773 0.938 0.159 0.246 

SCC 0.136 0.140 0.230 0.958 0.924 0.899 0.726 0.822 0.256 

Variables Amylase α-esterase CAT MDA LPO NAGase pH ECC SCC 

Amylase 0         

α-esterase 0.342 0        

Catalase 0.941 0.745 0       

MDA 0.240 0.911 0.267 0      

LPO 0.093 0.087 0.616 0.414 0     

NAGase 0.312 0.516 0.597 0.459 0.730 0    

pH 0.144 0.910 0.349 0.396 0.540 0.443 0   

EC 0.726 0.153 0.018 0.622 0.061 0.906 0.915 0 

SCC 0.223 0.794 0.546 0.218 0.699 0.002 0.451 0.270 0 

Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.23: Correlation matrix (Pearson) for different parameters of milk samples 

from uninfected mammary glands of cross-bred cows. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 1        
LP 0.044 1       
Casein 0.883 -0.430 1      
TPC 0.296 0.044 0.247 1     
TOS 0.633 -0.087 0.613 0.325 1    
TAC 0.509 -0.103 0.509 0.269 0.273 1   
GPO -0.282 0.165 -0.332 0.129 0.050 -0.224 1  
SOD -0.008 -0.021 0.003 -0.031 0.028 -0.102 -0.058 1 
Protease 0.237 -0.203 0.310 0.104 0.252 0.127 0.025 -0.070 1
Amylase 0.157 -0.472 0.364 0.166 0.234 0.243 -0.125 0.055 0.091
α-esterase 0.346 0.278 0.182 0.085 0.217 0.235 0.055 -0.172 0.261
Catalase -0.001 -0.178 0.083 0.114 0.211 -0.158 0.310 -0.046 0.146
MDA -0.446 0.235 -0.513 -0.299 -0.353 -0.255 0.311 -0.089 0.163
LPO 0.053 0.286 -0.087 0.072 0.065 -0.001 0.105 0.043 0.006
NAGase 0.045 -0.149 0.111 -0.104 0.040 0.011 -0.084 -0.083 0.227
pH 0.206 -0.145 0.254 0.142 0.228 -0.016 -0.142 0.053 0.408
EC -0.144 -0.004 -0.128 0.007 -0.019 -0.196 -0.125 0.099 -0.072
SCC 0.049 0.326 -0.109 -0.108 -0.117 -0.162 0.172 0.288 -0.003
Variables Amylase α-esterase CAT MDA LPO NAGase pH ECC SCC 

Amylase 1       
α-esterase -0.084 1       
Catalase 0.026 -0.064 1      
MDA -0.123 -0.154 0.094 1     
LPO -0.130 0.182 0.168 -0.138 1    
NAGase -0.172 -0.199 0.212 0.016 -0.108 1   
pH 0.111 0.151 0.045 -0.135 -0.045 -0.067 1  
EC 0.074 0.003 0.093 -0.134 -0.270 0.040 0.155 1 
SCC -0.145 -0.033 -0.053 0.035 0.340 0.005 0.002 0.215 1
Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.24: P-values (Pearson correlation) for different parameters of milk samples 

from uninfected mammary glands of cross-bred cows. 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 0                 

LP 0.764  0               

Casein < 0.0001  0.002  0             

TPC 0.041  0.768  0.091  0           

TOS < 0.0001  0.557  < 0.0001  0.024  0         

TAC 0.000  0.487  0.000  0.065  0.060  0       

GPO 0.052  0.262  0.021  0.383  0.734  0.125  0     

SOD 0.958  0.889  0.985  0.832  0.852  0.492  0.693  0   

Protease 0.105  0.166  0.032  0.480  0.084  0.390  0.866  0.637  0 

Amylase 0.286  0.001  0.011  0.261  0.109  0.097  0.398  0.708  0.540 

α-esterase 0.016  0.055  0.215  0.566  0.138  0.108  0.708  0.244  0.074 

Catalase 0.996  0.225  0.574  0.440  0.149  0.284  0.032  0.758  0.321 

MDA 0.001  0.107  0.000  0.039  0.014  0.081  0.032  0.546  0.267 

LPO 0.723  0.048  0.555  0.625  0.661  0.993  0.480  0.771  0.969 

NAGase 0.761  0.311  0.452  0.480  0.788  0.941  0.569  0.573  0.121 

pH 0.160  0.324  0.081  0.336  0.119  0.915  0.337  0.723  0.004 

EC 0.329  0.978  0.385  0.964  0.898  0.181  0.397  0.502  0.625 

SCC 0.738  0.024  0.461  0.463  0.427  0.272  0.242  0.047  0.986 

Variables Amylase α-esterase CAT MDA LPO NAGase pH ECC SCC 

Amylase 0               

α-esterase 0.569  0               

Catalase 0.863  0.667  0             

MDA 0.405  0.296  0.524  0           

LPO 0.377  0.216  0.253  0.350  0         

NAGase 0.242  0.176  0.149  0.916  0.465  0       

pH 0.452  0.307  0.761  0.362  0.759  0.650  0     

EC 0.617  0.984  0.529  0.364  0.064  0.788  0.294  0   

SCC 0.326  0.822  0.719  0.815  0.018  0.972  0.991  0.141  0 

Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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4.22 Reference values for different milk parameters across the 

species/cattle breeds (bulk milk)  

The overall mean values of different milk parameters across the all tested species/cattle 

breeds were also calculated. These overall reference values across the species/cattle 

breeds are presented in the Table 4.25. The mean values for each parameter were 

calculated by combining the data of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 

These values can be considered as mean values of parameters for bulk milk. The mean 

value for milk total protein was 73.555 ± 0.887 mg mL-1 while it ranged from a minimum 

value of 51.2 mg mL-1 to a maximum value of 93.733 mg mL-1.  The value for lactoserum 

proteins ranged from a minimum of 3.4 mg mL-1 to a maximum of 51.6 mg mL-1 with a 

mean value of 19.586 ± 0.767 mg mL-1. The mean value for milk casein was 53.969 ± 

1.464 mg mL-1 while it ranged from a minimum value of 10.733 mg mL-1 to a maximum 

value of 86.4 mg mL-1.  

The value for total phenolic contents of milk ranged from a minimum of 510 nM 

mL-1 to a maximum of 3530 nM mL-1 with a mean value of 1407.529 ± 61.626 nM mL-1. 

The mean value for milk total oxidant status was 45.295 ± 1.63 µM mL-1 while it ranged 

from a minimum value of 14.65 µM mL-1 to a maximum value of 76.45 µM mL-1.  The 

mean value for total antioxidant capacity of milk ranged from a minimum of 1.679 mM 

L-1 to a maximum of 3.746 mM L-1 with a mean value of 2.78 ± 0.04 mM L-1. 

The mean value for GPO activity in milk was 58.715 ± 4.095 units mL-1 while it ranged 

from a minimum value of 10.00 units mL-1 to a maximum value of 220.0 units mL-1.  The 

value for SOD activity of milk ranged from a minimum of 0.989 units mL-1 to a 

maximum of 23.220 units mL-1 with a mean value of 9.0 ± 0.482 units mL-1. The mean 

value for protease activity in milk was 68.582 ± 1.806 units mL-1 while it ranged from a 

minimum value of 32.0 units mL-1 to a maximum value of 127.0 units mL-1. The value 

for amylase activity of milk ranged from a minimum of 2.163 units mL-1 to a maximum 

of 116.891 units mL-1 with a mean value of 41.111 ± 2.919 units mL-1. 

 The mean value for catalase activity in milk was 67.778 ± 2.916 units mL-1 while 

it ranged from a minimum value of 20.0 units mL-1 to a maximum value of 166.0 units 

mL-1. The value for LPO activity of milk ranged from a minimum of 0.142 units mL-1 to 

a maximum of 2.862 units mL-1 with a mean value of 1.110 ± 0.059 units mL-1. The 
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mean value for NAGase activity in milk was 49.649 ± 1.060 units mL-1 while it ranged 

from a minimum value of 30.11 units mL-1 to a maximum value of 84.0 units mL-1. 

 

The mean value for MDA content in milk was 2.009 ± 0.041nM mL-1 while it ranged 

from a minimum value of 1.032 nM mL-1 to a maximum value of 3.161 nM mL-1. The 

mean value for milk pH was 6.594 ± 0.014 while it ranged from a minimum value of 6.0 

to a maximum value of 6.9. Similarly, the mean value for EC of milk was 5.126 ± 0.048 

while it ranged from a minimum value of 3.3 a maximum value of 6.1. The mean value 

for milk SCC was 156458.105 ± 2746.162 while it ranged from a minimum value of 

10000.0 to a maximum value of 201000.0. 

4.23 Correlation among different milk parameters across the 

species/cattle breeds (bulk milk) 

Correlation (Pearson) among different parameters was also calculated using the overall 

values across the breeds (Table 4.26). The p-values for different parameters using the 

overall values across the breeds are presented in Table 4.27.  The  milk SCC negatively 

correlated with TOS, TAC, lactoserum proteins and α-esterase activity while NAGase 

with lactoserum proteins and amylase activity, therefore, their higher values can be used 

as good milk quality indicators. Milk SCC and NAGase activity positively correlated 

with TPC, CAT and lacto-peroxidase  activity, therefore their lower values seems to be 

associated with better udder health and good milk quality. Moreover, milk SCC also 

positively correlated with GPO, SOD, LPO, NAGase and milk EC. Similarly, NAGase 

activity positively correlated with milk total protein and milk casein. Milk GPO and SOD 

activities negatively correlated with TOS, TAC, total milk protein, casein and α-esterase 

activity while positively correlated with amylase, EC,SCC, MDA and lactoserum 

proteins therefore, their lower values in milk may be desirable. GPO and SOD activities 

also positively correlated with each other. Milk protease activity positively correlated 

with TPC, GPO, CAT, LPO, EC and milk SCC while negatively correlated with TAC of 

milk. Similarly, milk EC positively correlated with TPC, GPO, SOD, protease, CAT, 

amylase LPO, and milk SCC while negatively correlated with milk total protein, casein, 

TOS, TAC and α-esterase activity. The level of milk TPC, positively correlated total 
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protein, casein, TOS, protease, CAT, LPO, NAGase, EC and milk SCC while negatively 

correlated with lactoserum protein, TAC, amylase and MDA content. The level of milk 

TOS, positively correlated with total milk protein, casein, TPC, TAC, α-esterase, CAT, 

and NAGase while negatively correlated with lactoserum protein, GPO, SOD, amylase, 

MDA content, EC and milk SCC. The level of milk total protein and milk casein 

positively correlated with TPC, TOS, TAC, α-esterase, CAT and NAGase  activity while 

negativity correlated with GPO, SOD, amylase, MDA content and milk EC. In contrast, 

The level of lactoserum proteins negativity correlated with TPC, TOS, TAC, α-esterase, 

CAT, LPO NAGase activity and milk SCC while positively correlated with GPO, SOD, 

amylase and milk MDA content. The level of milk TAC, positively correlated with total 

milk protein, TOS, casein and α-esterase activity while negatively correlated with 

lactoserum protein, TPC, GPO, SOD, protease, amylase, CAT, MDA content, LPO, EC 

and milk SCC. Similarly, milk LPO activity positively correlated with TPC, GPO, 

protease, CAT, NAGase, EC and milk SCC while negatively correlated with lactoserum 

protein, TAC and α-esterase activity. The level of milk MDA content and amylase 

activity positively correlated with lactoserum protein, GPO and SOD while negativity 

correlated with milk total protein, casein, TPC, TOS, TAC and α-esterase activity. Milk 

amylase activity also negatively correlated with milk CAT and NAGase activities while 

positively correlated with milk EC. Milk catalase activity positively correlated with milk 

total protein, casein, TPC, TOS, protease, LPO, NAGase, EC and milk SCC while 

negatively correlated with lactoserum protein, TAC and amylase activity. Milk α-esterase 

activity positively correlated with milk total protein, casein, TOS and TAC while 

negatively correlated with lactoserum protein, GPO, SOD, protease, amylase activity, 

MDA content, LPO, EC and milk SCC.  
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Table 4.25: Overall descriptive statistics values for different parameters of milk 

across. 

Parameters Minimum Maximum Mean SE 

TP 51.200 93.733 73.555 0.887 

LP 3.400 51.600 19.586 0.767 

Caseins 10.733 86.400 53.969 1.464 

TPC 510.000 3530.000 1407.529 61.262 

TOS 14.650 76.450 45.295 1.683 

TAC 1.679 3.746 2.780 0.040 

GPO 10.000 220.000 58.715 4.095 

SOD 0.989 23.220 9.000 0.482 

Protease 32.000 127.000 68.582 1.806 

Amylase 2.163 116.891 41.111 2.919 

α-esterase 32.362 540.273 244.857 11.431 

Catalase 20.000 166.000 67.778 2.916 

MDA content 1.032 3.161 2.009 0.041 

LPO   0.142 2.862 1.110 0.059 

NAGase 30.111 84.000 49.649 1.060 

pH 6.000 6.900 6.594 0.014 

EC 3.300 6.100 5.126 0.048 

SCC 10000.000 201000.000 156458.105 2746.162 

TP = total proteins; LP = lactoserum proteins; TPC = total phenolic contents; TOS = total 
oxidant status; TAC = total antioxidant capacity; GPO = guaiacol peroxidase; SOD = 
superoxide dismutase; MDA = malondialdehyde; LPO = lacto-peroxidase; NAGase = N-
acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic cell count.  
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Table 4.26: Correlation matrix (Pearson) for different parameters based on overall 

values across the species/cattle breeds (bulk milk). 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 1        
LP -0.564 1       
Casein 0.902 -0.866 1      
TPC 0.358 -0.461 0.458 1     
TOS 0.777 -0.608 0.789 0.372 1    
TAC 0.707 -0.337 0.605 -0.184 0.606 1   
GPO -0.569 0.289 -0.496 0.076 -0.502 -0.688 1  
SOD -0.776 0.550 -0.758 -0.146 -0.720 -0.777 0.621 1 
Protease 0.118 -0.151 0.150 0.419 0.099 -0.213 0.182 0.075 1
Amylase -0.755 0.709 -0.829 -0.476 -0.805 -0.574 0.521 0.763 -0.105
α-esterase 0.707 -0.343 0.608 -0.036 0.706 0.812 -0.597 -0.756 -0.092
Catalase 0.189 -0.384 0.316 0.551 0.255 -0.212 0.146 -0.020 0.377
MDA -0.318 0.366 -0.384 -0.315 -0.372 -0.214 0.198 0.269 0.092
LPO 0.071 -0.166 0.130 0.602 0.059 -0.403 0.272 0.099 0.452
NAGase 0.174 -0.364 0.296 0.225 0.199 0.001 0.051 -0.136 0.134
pH -0.010 0.033 -0.024 0.153 -0.073 -0.123 -0.025 0.050 0.139
EC -0.465 0.129 -0.349 0.341 -0.399 -0.799 0.572 0.627 0.250

SCC -0.016 -0.169 0.079 0.418 -0.190 -0.345 0.197 0.159 0.167
Variables Amylase α-esterase CAT MDA LPO Nagase pH ECC SCC 

Amylase 1        
α-esterase -0.593 1       
Catalase -0.251 -0.042 1      
MDA 0.434 -0.207 -0.114 1     
LPO -0.105 -0.240 0.480 -0.044 1    
NAGase -0.214 0.000 0.293 -0.068 0.169 1   
pH -0.007 -0.144 0.046 -0.030 0.095 -0.047 1  
EC 0.383 -0.632 0.251 0.107 0.432 0.078 0.111 1 
SCC -0.072 -0.336 0.271 -0.006 0.373 0.245 0.099 0.377 1
Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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Table 4.27: P-values (Pearson) for different parameters based on over all values 

across the species/cattle breeds (bulk milk). 

Variables TP LP Casein TPC TOS TAC GPO SOD Protease 

TP 0         

LP < 0.0001 0        

Casein < 0.0001 < 0.0001 0       

TPC < 0.0001 < 0.0001 < 0.0001 0      

TOS < 0.0001 < 0.0001 < 0.0001 < 0.0001 0     

TAC < 0.0001 < 0.0001 < 0.0001 0.022 < 0.0001 0    

GPO < 0.0001 0.000 < 0.0001 0.353 < 0.0001 < 0.0001 0   

SOD < 0.0001 < 0.0001 < 0.0001 0.071 < 0.0001 < 0.0001 < 0.0001 0  

Protease 0.146 0.063 0.063 < 0.0001 0.222 0.008 0.024 0.356 0 

Amylase < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.197 

α-esterase < 0.0001 < 0.0001 < 0.0001 0.658 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.258 

Catalase 0.019 < 0.0001 < 0.0001 < 0.0001 0.001 0.009 0.071 0.806 < 0.0001 

MDA < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.008 0.014 0.001 0.259 

LPO 0.381 0.040 0.109 < 0.0001 0.472 < 0.0001 0.001 0.221 < 0.0001 

NAGase 0.032 < 0.0001 0.000 0.005 0.014 0.987 0.530 0.094 0.099 

pH 0.899 0.682 0.770 0.059 0.373 0.130 0.755 0.543 0.086 

EC < 0.0001 0.112 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.002 

SCC 0.849 0.037 0.331 < 0.0001 0.019 < 0.0001 0.015 0.049 0.039 

Variables Amylase α-esterase CAT MDA LPO Nagase pH ECC SCC 

Amylase 0         

α-esterase < 0.0001 0       

Catalase 0.002 0.602 0       

MDA < 0.0001 0.010 0.159 0     

LPO 0.196 0.003 < 0.0001 0.588 0     

NAGase 0.008 0.998 0.000 0.401 0.036 0    

pH 0.935 0.076 0.576 0.714 0.243 0.564 0   

EC < 0.0001 < 0.0001 0.002 0.186 < 0.0001 0.336 0.172 0 

SCC 0.379 < 0.0001 0.001 0.937 < 0.0001 0.002 0.223 < 0.0001 0 

Values in bold are different from 0 with a significance level alpha=0.05; TP = total proteins; LP = 
lactoserum proteins; TPC = total phenolic contents; TOS = total oxidant status; TAC = total antioxidant 
capacity; GPO = guaiacol peroxidase; SOD = superoxide dismutase; MDA = malondialdehyde; LPO = 
lacto-peroxidase; NAGase = N-acetyl-β-D-glucosaminidase; EC = electrical conductivity; SCC = somatic 
cell count. 
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4.24 Milk protein profiling by SDS-PAGE 

Degreased milk samples were used for comparative protein profiling using sodium 

dodecyl sulphate (SDS) polyacrylamide gel electrophoresis (PAGE). Milk proteins were 

resolved using 12 % SDS polyacrylamide gels. Electrophorogram showing the 

comparative milk protein profiles of Nili-Ravi buffaloes, Sahiwal and cross-bred cows is 

presented as Figure 4.26. The approximate molecular weight (kDa) of detected peptides 

in milk samples are presented in Table 4.28. Clear quantitative as well as qualitative 

difference in the milk proteins were detected among the tested breeds. Qualitative 

differences in the milk proteins were observed among the breeds in high, medium and 

low molecular weight zones.  

In high molecular weight zone, proteins with approximate molecular weight of 

~208 kDa and ~190 kDa were detected in all tested samples with slight variation in 

molecular weight. In medium molecular weight zone, four prominent peptides were 

detected. In this zone, lactoferrin (78.2kDa) with slowest mobility and lighter intensity 

was detected in all samples. Moreover, a more prominent band of serum albumin 

(66.2kDa) was also detected in all samples. Similarly, next to serum albumin, a protein 

peptide of 54 kDa was detected in all samples that may be the heavy chain of 

immunoglobulin (IgG). In this zone, a prominent band of (45kDa) was also detected 

mainly in cow milk samples. A faint protein peptide of 45 kDa was also detected in one 

of Nili-Ravi milk samples. This protein may the ovalbumin. A protein with molecular 

weight of 38 kDa was detected in one sample of each tested species/cattle breeds and 

seems to be κ- CN.  

In low molecular weight or high mobility zone, clear bands of milk caseins were 

detected. All four casein (CN) proteins i.e. αS2 – CN (29 kDa), αS1 – CN (27 kDa), β - 

CN (24 kDa) and κ- CN (22 kDa) were detected in Sahiwal and cross-bred cows. 

However, in milk of Nili-Ravi buffaloes, three casein protein i.e. αS2 – CN (29 kDa), β - 

CN (25 kDa) and κ- CN (22 kDa) were detected. In milk of Nili-Ravi buffaloes, αS1 – CN 

(27 kDa) was not detected. Moreover, the molecular weight of β - CN in Nili-Ravi 

buffaloes was slightly higher (25 kDa) as compared to that in Sahiwal and cross-bred 

cows (24 kDa). A protein band with molecular weight of ~18 kDa that may be β-

lactoglobulin was detected in milk of cross-bred cows while not detected in other 
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samples. Similarly, a low molecular weight band of ~14 kDa was detected in all tested 

samples and it seems to be α-lactalbumin.  

 

 

 

 

Figure 4.26: Comparative protein profiles of milk from uninfected mammary glands 

of Nili-Ravi bafaloes, Sahiwal and cross-bred cows using 12% SDS-PAGE. 

sw:  Sahiwal cows (animal no)  

nr: Nilli-Ravi buffaloes (animal no) 

cb: cross-bred cows (animal no) 

M: Pre-stained protein marker Bio Basic Inc. Cat. No. RM0011 (Recombinant protein: 

163kDa, Phosphorylase B: 108kDa, Bovine Serum Albumin: 78.6kDa, Ovalbumin: 

50.6kDa, Carbonic anhydrase: 35.9kDa, Soybean trypsin inhibitor: 27.1kDa and 

Lysozyme: 19.2kDa).   
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Table 4.28 Approximate molecular weight (kDa) of detected peptides in milk 

samples obtained from uninfected mammary glands of Nili-Ravi bafaloes, Sahiwal 

and cross-bred cows. 

kDa Sw4 Nr5 Sw7 Nr8 Cb18 Sw20 Nr21 Cb26 Cb30
~208 ~208 ~208 ~208 ~208 ~208 ~208 ~208 ~208 ~208 
~190 ~190 ~190 ~190 ~190 ~190 ~190 ~190 ~190 ~190 
78.2 78.2 78.2 78.2 78.2 78.2 78.2 78.2 78.2 78.2 
66.2 66.2 66.2 66.2 66.2 66.2 66.2 66.2 66.2 66.2 
54 54 54 54 54 54 54 54 54 54 
45 45 --- 45 45 45 45 --- 45 45 
38.8  38.8 38.8 --- --- --- --- 38.8  
29 29 29 29 29 29 29 29 29 29 
27 27 --- 27 --- --- --- 27 27 27 
26 --- 25 --- 25   25 --- --- 
24 24 24 24 24 24 24 24 24 24 
22 22 22 22 22 22 22 22 22 22 
~18        ~18 ~18 
~14        ~14 ~14 
sw:  Sahiwal cows (animal no)  

nr: Nilli-Ravi buffaloes (animal no) 

cb: cross-bred cows (animal no) 
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CHAPTER 5 

5 DISCUSSION  

With focus on generating the reference values for different milk quality and 

compositional parameters for Nili-Ravi buffaloes, Sahiwal and cross-bred cows a 

comprehensive analysis of milk was performed. Here, the present research findings are 

discussed with reference to previously available information in the literature about the 

study. Different parameters including pH, electrical conductivity, somatic cell counts, 

various milk enzymes, milk proteins and total antioxidant capacity etc. were estimated in 

milk samples from uninfected (healthy) mammary glands of Nili-Ravi buffaloes, Sahiwal 

and cross-bred cows. The main objective was to establish the comparative reference 

values of different milk quality and compositional parameters. The creation of data as 

planed in the present study will potentially 

c) Help to establish standards of market milk for processing 

d) Help delineate mastitic from uninfected mammary glands   

5.1 Milk somatic cell counts (SCC) 

Milk somatic cell count (SCC) is one of the substrata of milk quality parameters used 

worldwide by dairy processing industry. The number of SCC affects the milk quality and 

is used as a tool for the diagnosis of subclinical mastitis (Harmon, 1994; Silanikove et al., 

2014) as well as basis of selection and diagnosis of mastitis (Berchtold et al., 2014). The 

SCC of milk is commonly used to scrutinize udder health and the milk quality. 

Commonly used normal threshold value for milk SCC is 200,000 cells/mL and with cell 

counts under this value, it is considered that a mammary gland is possibly free of any 

intramamary infection. However, this threshold value is not an absolute figure (Dohoo, 

2001). The International Dairy Federation (IDF) (1900) has suggested a doorstep limit of 

3.5x105 cells/mL for milk quality control and udder health in warm (tropical and 

subtropical) developing countries. Ogola et al., (2007) suggested a mean bovine milk 

SCC threshold value of 5.46 x105 cells/mL for African countries. In the present study, 

SCC of milk samples obtained from uninfected mammary glands was compared among 

Nili-Ravi buffaloes, Sahiwal and cross-bred cows. SCC values of milk differed 
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significantly (p<0.05) among three dairy groups (Figure 4.3). With a minimum value of 

75 x 103 and a maximum value of 190 x 103 mL-1, the mean value of milk SCC for Nili-

Ravi buffaloes was 135916.78±4420.5 mL-1 (Table 4.1). For Sahiwal cows, the minimum 

value of milk SCC was 101 x 103 mL-1 and maximum value was 199 x 103 mL-1 with a 

mean value of 161608.70±3698.8 mL-1. For cross-bred cows, minimum milk SCC was 

145 x 103 mL-1 and maximum value was 210 x 103 mL-1 with a mean value of 

178645.83±2324.0 mL-1. According to a more recent report, a SCC cut off point of less 

than 100,000 cells/mL on an individual quarter basis is considered to be more appropriate 

(Pilla et al., 2012). Normal milk SCC in healthy cow’s milk is between 50,000 and 

100,000 cells/mL (Skrzypek et al., 2004; Kasikcl et al., 2012). On the other hand, The 

European Community (EC) standard of SCC is 400,000 (cells/mL) in normal milk. 

(Directives 85/ 397 and 92/46/ECC). In most European Union countries, the demand of 

market for a premium product is frequently much lower than the standard value and it is 

mostly around 200,000 cells/mL. The best milk based on the SCC values is produced by 

Austria from its small herds, with cell count values just slightly higher than 100,000 

cells/mL. Likewise, in many other European countries i.e. Sweden, Germany, 

Netherlands and UK, a cell count level in the milk is attained to be less than an average 

of 200,000 cells/mL (Hillerton and Berry, 2004). Therefore, SCC values for tested 

species/cattle breeds in the present study are within European Community (EC) 

standards. Currently, there are no quality control standards for the milk in Pakistan. The 

Pakistan Standard Quality Control Authority (PSQCA,www.psqca.com.pk), the regulatory 

authority of milk and other edibles has not as yet established the reference values for milk 

somatic cells, different enzymes and for important biochemical constituents. Therefore, 

measured values in the present study, can be used as reference values of milk SCC for 

Nili-Ravi buffaloes, Sahiwal and cross-bred cows. Milk quality of Nili-Ravi buffaloes 

was comparatively superior based on lowest value of SCC. Generally, a lower milk SCC 

indicates better animal health and longer shelf life of milk. Moreover, as Nili-Ravi 

buffaloes contribute around 70% of the total milk  produced in the country (Khan et al., 

1997) it means majority of the buffaloes are of better health and producing milk with 

better quality. Nili-Ravi buffaloes can be help full in lowering the SCC of raw milk at 
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farm level with many economic benefits to dairy farmers i.e. longer shelf life of milk, 

better taste and greater cheese yield (Santos et al., 2003).    

 

5.2 Milk electrical conductivity (EC) and pH 

Milk has conductive properties because of presence of charged compounds, particularly  

mineral salts. The milk electrical conductivity is determined by ions primarily by sodium 

and chloride (Fernando et al., 1982; Mabrook and Petty, 2003). Electrical conductivity of 

milk was compared among Nili-Ravi buffaloes, Sahiwal and cross-bred cows. Electrical 

conductivity values of milk differed significantly (p<0.05) among tested species/cattle 

breeds (Figure 4.4). The mean value of milk electrical conductivity for Nili-Ravi 

buffaloes was 4.55±0.05 mS/cm, while for Sahiwal cows 5.70±0.035 mS/cm and for 

cross-bred cows it was 5.37±0.018 mS/cm (Table 4.2). These values can be used as 

reference values of milk electrical conductivity for Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows. The change in pH of milk and a decrease in fat content of milk affect 

the EC. In foremilk, EC has a high correlation with the milk SCC (Pyorala, 2003).  As 

mentioned above, SCC for milk of Nili-Ravi buffaloes was lowest and now the EC of 

milk was lowest for this cattle breed. Therefore, this observation further strengthened the 

view that milk quality of Nili-Ravi buffaloes was comparatively superior. 

Previously, the mean electrical conductivity (EC) of bulk tank milk was reported 

to be 3.58 mS/cm (Hamann et al., 2010). Observed milk EC values in the present study 

were slightly higher than that reported by these workers probably due to difference in 

type of milk samples investigated i.e. bulk tank milk used in the study referenced here 

and individual quarter milk samples in the present study. According to Wong  (1988), EC 

of milk from uninfected quarters (normal milk), with a temperature of 25 oC, may be in 

the range of 4.0 to 5.0 mS/cm. In the present study, the pH of milk differed non 

significantly among the tested species/cattle breeds (Figure 4.5) with mean values 

6.56±0.02, 6.61±0.02 and 6.60±0.02 in Nili-Ravi buffaloes, Sahiwal and cross-bred 

cows, respectively (Table 4.3). These pH values are close to pH ranges reported 

previously for buffalo milk (6.53 to 7.00), cow milk (6.59 to 6.67), goat milk (6.48 to 

6.64) and sheep milk (6.55-6.68) (Mahmood and Usman, 2010).  
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5.3 Milk enzymes 

Indigenous milk enzymes originate from four main sources i.e.  secretory cell 

cytoplasm, blood plasma, somatic cells (leucocytes) and milk fat globule membrane (Fox 

and Kelly, 2006). There are around 70 indigenous enzymes in milk and several of these 

are significant in relation to quality of milk (Riener et al., 2009). The lacto-peroxidase , 

catalase, amylase, lipases, esterases, proteinases and xanthine oxidoreductase are 

important indigenous enzymes that are present in milk (Fox and Kelly, 2006). Different 

milk enzyme activities measured in the present study are discussed as following 

5.4 Superoxide dismutase (SOD) activity 

Superoxide dismutase (SOD) was reported first time in milk during early 70’s and it was  

suggested to play an important role in the milk oxidative stability (Hicks et al., 1975). 

Latter, a conclusive evidence for the presence of SOD in human milk and bovine milk 

using gel filtration, ultrafiltration, and isoelectric focusing was provided  and it was 

suggested to originate from plasma (Keen et al., 1980). Among antioxidative enzymatic 

system, SOD causes the dismutation of superoxide anion to hydrogen peroxide 

(Lindmark-Mansson and Akesson, 2000). Variation in SOD activity may have an effect 

on the oxidative stability of individual cow's milk that is highly variable in its resistance 

to oxidation (Holbrook and Hicks, 1978). The SOD concentration can be affected by 

breed but not by stage of lactation, age and night/ morning milkings (Holbrook and 

Hicks, 1978). In this view, the SOD activity in milk was compared among Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows. The values for SOD were significantly (p<0.05) 

higher in milk of Sahiwal cows as compared to other species/cattle breeds. However, 

there was non-significant difference in SOD activity of milk between the Nili-Ravi 

Buffaloes and cross-bred cows (Figure 4.6). The mean values of SOD activity in milk 

were 5.10±0.22, 17.15±0.56 and 5.97±0.29 units/mL for Nili-Ravi, Sahiwal and cross-

bred cows, respectively (Table 4.4). These recorded values can be used as reference 

values of SOD activity in milk of Nili-Ravi buffaloes, Sahiwal cows and crossbred cows. 

Previously, in milk of dairy cows from normal udders, the average SOD activity was 

reported to be 1.82 ± 0.11 IU/mL with a range of 0.67 to 3.23 IU/mL (Yang et al., 

2013a). Furthermore, with a range of 0.06 to 2.88 units/mL and a variance of 0.23, 
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average SOD activity was 1.1 ± 0.48 units/mL in individual cow milk (Holbrook and 

Hicks, 1978). The milk from Swedish red and white cows had a mean SOD activity of 

0.83 ± 1.14 U/mL milk serum (Granelli et al., 1995). The SOD activity in milk of tested 

species/cattle breeds in the present study was higher as compared to these earlier reports. 

As SOD acts as a protecting enzyme against peroxidation of lipids through dismutation or 

conversion of superoxide to ground state oxygen, in return avoiding the singlet 

generating spontaneous dismutation. Singlet oxygen is the instant source of the formation 

of hydroperoxides that start the process of lipid oxidation. Therefore, higher SOD values 

of milk in the present study seem to be responsible for observed lower values of MDA 

content of the milk of tested species/dairy cattle types.  

5.5 Catalase (CAT) activity 

Catalase (EC 1.11.1.6) is a big enzyme having a haem bound iron in its active site. The 

CAT decomposes the hydrogen peroxide into water and oxygen and can also oxidizes 

reducing agents (Lindmark-Mansson and Akesson, 2000). The CAT has been purified 

through several purification steps from bovine milk (Ito and Akuzawa, 1983). The 

catalase activity in milk was also compared among Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows. The CAT activity in milk differed significantly (p<0.05) among tested 

species/cattle breeds (Figure 4.7). The CAT activity in milk was highest for cross-bred 

cow as compared to other species. On the other hand, the value for CAT activity in milk 

was lowest for Nili-Ravi buffaloes. The mean value of CAT activity in milk for Nili-Ravi 

buffaloes was 47.62±3.1 units/mL (Table 4.5). For Sahiwal cow, the mean value of CAT 

was 62.65±4.6 units/mL. For cross-bred cows, mean value of CAT was 97.45±4.8 

units/mL. These recorded values can be used as reference values of CAT activity in milk 

of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. Previously, the average CAT 

activity in raw milk was 1.95 units/mL that was determined by a polarographic method 

(Hirvi and Griffiths, 1998). The difference in CAT activity in the present and previous 

finding may be due to difference in methods used for activity measurement.  

5.6 Guaiacol peroxidase (GPO) activity 

Peroxidases are haem containing enzymes having a single polypeptide chain having 

specificity for broad range of substrates (Hiraga et al., 2001). Peroxidases that use 
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guaiacol (o-methoxyphenol) as a common reducing substrate under in vitro condition are 

called as guaiacol peroxidases (Asada, 1992). The guaiacol peroxidase activity in milk 

was compared among Nili-Ravi buffaloes, Sahiwal and cross-bred cows. A significant 

difference in the values of GPO activities in milk was observed among different tested 

species. (Figure 4.8). The value of GPO activity in milk was highest for Sahiwal cows as 

compared to other species. On the other hand, the value of GPO activity in milk was 

lowest for Nili-Ravi buffaloes as compared to other tested species. The mean values for 

GPO activity in milk were 22.54±1.84, 110.73±8.64 and 53.321±3.02 units/mL for Nili-

Ravi buffaloes, Sahiwal and cross-bred cows, respectively (Table 4.6). as far as  could be 

ascertained from the published literature, there is no previous report on measurement of 

GPO activity in milk in general and in milk of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows.  

5.7 Protease activity 

Freshly collected milk contains indigenous enzymes including proteases. Proteases are 

group of proteolytic enzymes that internally cleave the polypeptide chains, instead of 

removing single amino acids or dipeptides from the ends of polypeptide chains (Chen et 

al., 2003b). Two specific indigenous milk proteinases i.e.  plasmin and cathepsin D have 

been well studied (Kelly and Fox, 2006). The sources of these indigenous proteinases in 

milk are  blood plasma or leucocytes and mammary tissue cells (Fox and Kelly, 2006). 

The proteinases activities that survive the heat treatments can cause changes in flavour 

and functionality of milk and dairy products (Chen et al., 2003b). In the present study, 

protease activity in milk differed significantly (p<0.05) among Nili-Ravi buffaloes, 

Sahiwal cows and cross-bred cows (Figure 4.9). The value for protease activity in milk 

was highest for cross-bred cows (81.3±3.35 units/mL) and lowest for Nili-Ravi buffaloes 

(57.3±2.16 units/mL) (Table 4.7). For Sahiwal cows, mean protease activity in milk was 

69.6±3.02 units/mL that was in between the extremes for Nili-Ravi buffaloes and cross-

bred cows. As for as protease activity was concerned, the milk of Nili-Ravi buffaloes was 

comparatively better as compared to other two dairy animal types investigated. 

Moreover, values being reported can be used as reference values of protease activity in 

milk for Nili-Ravi buffaloes, Sahiwal and cross-bred cows. 
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5.8 α-Amylase activity  

To compensate the immature pancreatic functions in newborn, human milk provides 

digestive enzymes like amylase and lipase (Hamosh, 1998). In the present study, the α-

amylase activity in milk differed significantly (p<0.05) among the tested species/cattle 

types (Figure 4.10). It was the highest for Sahiwal cows and lowest for cross-bred cows. 

The mean values of α-amylase activity in milk were 32.57±1.82, 89.44±2.51and 

5.28±0.27 units/mL for Nili-Ravi, Sahiwal and cross-bred cows, respectively (Table 4.8). 

In general, the level of α-amylase in human milk is much greater, (i.e. 40 times) than in 

bovine milk (Lindberg and Skude, 1982; Silanikove et al., 2006). A higher activity of 

amylase in milk may be desirable and thus milk of Sahiwal cows with the highest activity 

may be better with respect to digestive enzymes. Moreover, values being reported can be 

used as reference values of α-amylase activity in milk for Nili-Ravi buffaloes, Sahiwal 

and cross-bred cows. 

5.9 α-esterase activity  

The first evidence for presence of milk α-esterase was reported in cow’s milk (Forster et 

al., 1959) The α-esterase activity in cow milk was later reported and its elevated levels 

were correlated with mastitis (Luedecke et al., 1967). It was proposed that esterase arises 

from the blood stream by diffusion of blood plasma across the  mammary tissue 

(Marquardt et al., 1966). The milk α-esterase activity in the present study was a function 

of the dairy animals types invested; the recorded values differed significantly (p<0.05) 

among Nili-Ravi buffaloes, Sahiwal and cross-bred cows (Figure 4.11). The mean values 

of α-esterase activity in uninfected milk were recorded to be 361.19±13.63, 72.79±3.35 

and 266.76±9.32 units/mL for Nili-Ravi, Sahiwal cows and cross-bred cows, respectively 

(Table 4.9). Previously, a mean esterase activity of 60 with a minimum value of 20 and 

maximum of 198 (four days postpartum milk) has been reported in cow milk (Forster et 

al., 1961). Present values of milk α-esterase activity in Sahiwal cow’s milk samples are in 

the same range. The values being reported in this study can potentially be used as 

reference values of α-esterase activity in milk of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows. 
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5.10 Lacto-peroxidase (LPO) activity  

Lacto-peroxidase (LPO; EC 1.11.1.7) secreted from mammary, salivary and other 

mucosal glands belongs to the peroxides family of enzymes. Lacto-peroxidase is the most 

abundant enzyme in cow and buffalo milks (El-Salam and El-Shibiny, 2011). The lacto-

peroxidase system present in milk is a natural antimicrobial system consisting of 

hydrogen peroxide, lacto-peroxidase and thiocyanate (Barrett et al., 1999). LPO catalyzes 

peroxidation of thiocyanate that ultimately generates products that kill and/or inhibit a 

variety of bacterial species (Kussendrager and Van Hooijdonk, 2000). In bovine milk, 

LPO and lactoferrin are best studied and the most dominant non-specific antimicrobial 

components with proven activity against almost all kinds of microorganisms (Van-

Hooijdonk et al., 2000). Other important biological functions of LPO are tumoricidal 

activity (Stanislawski et al., 1989), antiviral activity (Courtois et al., 1990) and protection 

against H2O2-mediated peroxidation (Reiter and Jean-Paul, 1990). The LPO activity of 

buffalo milk varies widely from 0.9 U/mL (Harnulv and Kandasamy, 1982) to 16.84 

U/mL (Tayefi-Nasrabadi and Asadpour, 2008), mainly due to the assay method used. In 

the present study, LPO activity of milk differed significantly (p<0.05) among tested 

species/cattle types (Figure 4.12). The level of LPO was the highest for milk of cross-

bred cows. Contrarily, the LPO activity was the lowest in milk of Nili-Ravi buffaloes. 

The mean LPO activity in milk of Nili-Ravi buffaloes, Sahiwal and cross-bred cows was 

0.50±0.05, 1.21±0.09 and 1.75±0.06 units/mL, respectively (Table 4.10). Previously, 

LPO value of 2.4 ± 0.89 U/mL has been reported in milk of Murrah buffalo from 

Argentina (Van-Nieuwenhove et al., 2004). Moreover, LPO activity was monitored in the 

milk of cows and goats during lactation and mean LPO activity in cows ranged from 1.5-

2.7 U/mL with an overall mean of 2.3±1.0 U/mL while in goats it ranged from 0.04-0.16 

U/mL with a grand mean of 0.1±0.06 U/ml (Fonteh et al., 2002). These reported values 

for LPO activity in milk of cows, buffaloes and goats are relatively higher as compared 

with values being reported in the present study. LPO activity in other ruminants species 

has been reported, having 0.77 U/mL in ewe’s milk (Medina et al., 1989), 1.55 U/mL for 

goat milk (Zapico et al., 1991) and 1.4 for bovine milk (Stephens et al., 1979). However, 

for Danish Holstein, Danish Red and Jersey breeds of cows from Denmark mean LPO 

activity in milk was 20.0, 23.9 and 25.3 units/mL, respectively (Jansen and Hansen, 
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1990). These values are much higher than observed values in the present and other 

previous studies. Jansen and Hansen (1990) also pointed out that when the LPO activity 

was high, the SCC was also high and the LPO activity has a minor antimicrobial effect, 

unless the LPO system is activated by the addition of hydrogen peroxide. Therefore, 

observed range of LPO activity in the present study was due to the reason that milk 

samples were collected from disease free healthy animals. As he level of LPO was the 

highest (Figure 4.12) in the milk of cross-bred cows as compared with other tested 

species /cattle types, the milk of this dairy animal class can be better used for milk 

preservation by LPO system. However, further studies based on milk preservation trails 

using samples with different levels of LPO activity are still required in support of this 

deduction.   

5.11 N-acetyl-β-D-glucosaminidase (NAGase) activity 

The N-acetyl-β-D-glucosaminidase NAGase; EC 3.2.1.30) is a lysosomal enzyme present 

in milk, serum and other body fluids (Kitchen et al., 1978; Fox et al., 1985; Leitner et al., 

2001). In the present study, NAGase activity was significantly (p<0.05) higher for milk 

of cross-bred cows as compared to that in the milk of Nili-Ravi buffaloes and Sahiwal 

cows (Figure 4.13). However, there was non-significant difference in the mean NAGase 

activity in milk of Nili-Ravi buffaloes and Sahiwal cows. Therefore, the milk quality of 

Nili-Ravi buffaloes and Sahiwal cows were comparatively superior based on lower 

values of NAGase as compared to cross-bred cows. Usually, the NAGase activity level 

has increased to or it is just near to peak value when mastitis is clinically detected (Fitz-

Gerald et al., 1981; Leitner et al., 2003). As such its lower values are considered to be 

desirable. In the present study, mean values of NAGase activity in milk were recorded to 

be 46.93±0.66, 46.43±2.12 and 56.07±2.33 units/mL for Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows, respectively (Table 4.11). It has been reported that the uninfected sheep 

milk has NAGase activity of 22.9 ± 1.5 units/mL (Leitner et al., 2003). Moreover, mean 

NAGase activity in bovine milk from healthy quarters was 21 units/mL (Kitchen et al., 

1984). The previous finding that there was no significant difference in NAGAse activity 

of all four quarters after parturition (Kankofer et al., 2010) was substantiated by the 

observations of the present study.  
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5.12 Total phenolic content (TPC) 

Particularly from plant sources, broad ranges of phenolic compounds are present in 

different food products contributing to their organoleptic properties i.e. beer hazes, 

astringency, off-flavours and specific (dis) coloration (O’connell and Fox, 2001). 

Phenolic compounds are widely present in forage. However, only a handful of studies 

have been carried out to examine their presence in animal milk (Kuhnen et al., 2014). 

The presence of phenolic compounds in dairy products and milk may be due to several 

factors like use of certain fodder crops (rich in phenolic compounds) by animal, 

contamination by sanitising agents, as result of protein catabolism by bacteria, process-

induced incorporation and their deliberate addition as special functional or flavouring 

ingredients (O’connell and Fox, 2001). Indigenous phenolic compounds in milk are not 

considered health risk to humans and actually have some beneficial effects. The precise 

phenolic profile of milks from different ruminant species seems to performance a 

significant role in the discrete sensory traits of these milks and products formed from it. 

(O’connell and Fox, 2001). Keeping this in perspective, in the present study, TPC of milk 

was tested and compared among Nili-Ravi buffaloes, Sahiwal and cross-bred cows and it 

differed significantly (p<0.05) among tested species/cattle breeds (Figure 4.14). The TPC 

was found to be the highest in milk of cross-bred cows and the lowest in milk of Nili-

Ravi buffaloes. The mean value of TPC in milk of Nili-Ravi buffaloes was 820.8±25.17 

µM/mL, with a minimum value of 510 µM/mL and a maximum value of 1200 µM/mL 

(Table 4.12). At low levels, phenolic compounds positively contribute to the desirable 

taste of cheeses (O’connell and Fox, 2001). Therefore, milk of Nili-Ravi buffaloes may 

be comparatively better for production of good quality cheese. In the case of cross-bred 

cows, minimum value for TPC was 1230.0 µM/mL and maximum value was 3530.0 

µM/mL with a mean value of 2381.6±71.85 µM/mL. Reported values here can 

potentially be used as reference values of TPC of milk for Nili-Ravi buffaloes, Sahiwal 

and cross-bred cows. Previously, total phenolic content (gallic acid eq mg/100g)  of 3.4 ± 

0.4  in toned milk (dairy milk mixed with skim milk) and 3.0 ± 0.2 in whole buffalo milk 

has been reported (Sreeramulu and Raghunath, 2011). Some phenolic compounds have 

the ability of enhancing some functional properties of milk and dairy products i.e., 

foamibility, microbiological stability, oxidative stability and heat stability (O’connell and 
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Fox, 2001). Therefore, milk of cross-bred cows may be better for heat stability, however, 

this aspect needs to be investigated. The mechanism for enhanced heat stability of milk 

by polyphenols has been proposed by using caffeic acid at 5.5 mmol L−1 that noticeably 

enhanced the heat stability of milk at 140°C. The caffeic acid addition resulted in 

decreased reactive lysine and sulphydryl content that inhibited the dissociation of κ-

casein-rich protein from the casein micelles in milk. On heating, caffeic acid in milk is 

thermally oxidised to quinones that interact with nucleophilic amino acid residues to 

inhibit κ-casein dissociation from the casein micelle (O'connell and Fox, 1999).  

5.13 Total antioxidant capacity (TAC) 

In cow milk, several biologically active substances having antioxidant properties are 

present, which can reduce the risk of cancer and arteriosclerosis and protect against heart 

disease, environmental pollutants and slow down the advancement of Alzheimer’s 

disease (Puppel et al., 2013). Total antioxidant capacity of milk (as ascorbic acid 

equivalent) was measured by ABTS method in the present study. The level of TAC of 

milk differed significantly (p<0.05) among tested species/cattle breeds and was detected 

to be the highest for Nili-Ravi buffaloes (Figure 4.15). It means that the milk of Nili-Ravi 

buffalos is superior in terms of antioxidant potential as compared to those of other tested 

species/cattle breeds. The mean values of TAC of milk were 3.296±0.005, 2.158±0.007 

and 2.742±0.041 mM/L in Nili-Ravi buffalos, Sahiwal and cross-bred cows, respectively 

(Table 4.13. Total antioxidant status reportedly ranges from 1.28 to 2.795 (mM/L) in cow 

milk (Puppel et al., 2013). The values recorded in the present study for Sahiwal and 

cross-bred cows are higher as compared with reported values for cow milk (Puppel et al., 

2013). These values can potentially be used as reference values of TAC of milk of Nili-

Ravi buffaloes, Sahiwal and cross-bred cows. For cow milk samples from healthy 

mammary glands, TAC reportedly was 0.54 ± 0.051 mM Trolox Equv./L (Atakisi et al., 

2010). The lower values in this previous report may be due to difference in standard 

(Trolox Equivalent.) used for measuring TAC.  

5.14 Total oxidant status (TOS) of milk   

Oxidative stress because of increased oxidant levels can cause vital changes in the 

physiological and metabolic functions of the body (Miller et al., 1993). The total oxidant 



107 

 

status of milk was measured as H2O2 equivalents and level was compared among Nili-

Ravi buffaloes, Sahiwal cows and crossbred cows. The values for TOS of milk differed 

significantly (p<0.05) among these tested species/cattle breeds (Figure 4.16). The value 

of TOS of milk was the highest for crossbred cows. Conversely, the value of TOS of milk 

was the lowest for Sahiwal cows. The mean values for TOS of milk were 52.577±2.27, 

19.312±0.70 and 61.245±0.585µM/mL in Nili-Ravi buffaloes, Sahiwal and cross-bred 

cows, respectively (Table 4.14). According to a previous report, total oxidant status was 

15.91 ± 0.57 µmol H2O2 Equv/L for cow milk samples from healthy mammary glands 

(Atakisi et al., 2010). The TOS value for milk of Sahiwal cows in the present study is in 

the same range; albeit, the level was comparatively higher in Nili-Ravi buffaloes and 

cross-bred cows. The difference may be due to difference in the species i.e. buffalo and  

cross-bred. 

5.15 Lipid peroxidation (MDA content) 

The process of lipid peroxidation has been recognized as a key factor in many 

pathologies, including inflammation. The quantity of lipid peroxidation in milk might be 

related to udder inflammation (Suriyasathaporn et al., 2006b). Lipid oxidation is one of 

the reasons of quality deterioration of high-fat food products like milk (Martysiak-

Zurowska and Stołyhwo, 2006). One of the secondary products of lipid oxidation, 

harmful to health, is malondialdehyde (MDA) formed as a result of the oxidation process 

of fatty acids. Measurement of MDA content is a generally accepted method for 

determining the degree of fat degradation in milk powder (Fenaille et al., 2001), infant 

formula, human, cow’s milk (Martysiak-Zurowska and Stołyhwo, 2006), broiler meat 

(Marcincak et al., 2003),  and edible fats and oils (Kosugi et al., 1991). In the present 

study, level of lipid peroxidation in milk was measured as malondialdehyde content and it 

differed significantly (p<0.05) among Nili-Ravi buffaloes, Sahiwal cows and crossbred 

cows (Figure 4.17). The MDA content of milk was found to be the highest for Sahiwal 

cows while the lowest value for MDA content of milk was recorded in cross-bred cows. 

The mean values for MDA content of milk were 2.0±0.070, 2.27±0.069 and 1.75±0.049 

nM/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively (Table 4.15 ). 
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These values can potentially be used as reference values of milk MDA content or lipid 

peroxidation for Nili-Ravi buffaloes, Sahiwal and cross-bred cows.  

Previously, MDA content of 4.0±1.08 μg/100 mL has been reported in cow’s milk 

(Martysiak-Zurowska and Stołyhwo, 2006). In another study, MDA content of 0 to 0.8 

μg/mL depending on the type of feed applied has also been reported in fresh cow’s milk 

(Al-Mabruk et al., 2004). However, a mean level of  24.37 ± 0.9 nM/mL of MDA in 

normal milk of dairy cows has also been reported (Yang et al., 2013a). MDA values 

observed in the present study were lower as compared to the previous report indicating 

lesser level of lipid peroxidation in milk of tested species/cattle types. Previously, MDA 

content was reported to be high i.e. from 40.50±13.77 to 89.60±15.26 μg/100 mL in  

infant milk formulae as compared to an average value of 19.35±5.14 μg/100 mL in 

human milk (Martysiak-Zurowska and Stołyhwo, 2006).  Lipid oxidation results in the 

formation of a number of useless or even harmful to health substances (Halliwell and 

Chirico, 1993). Moreover, lipid oxidation products can react with non-lipid food 

components like proteins and can trigger changes, including a loss of essential amino 

acids (Ziemlanski and Budzynska-Topolowska, 1991). The present study aimed at 

determining the reference level of MDA in milk of tested species/cattle breeds as well as 

at suggesting the limit of lipid peroxidation product in milk. Reported values in the 

present study can be used as limits for the level of lipid oxidation in milk samples 

obtained from uninfected mammary glands of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows.  

5.16 Milk total protein (MTP) 

Milk proteins especially caseins and lactoserum (whey) proteins are nutritionally very 

important because these proteins contain all essential amino acids in optimal amounts and 

are the most vital source of bioactive peptides (Cozma et al., 2011). In the present study, 

quantitative levels of milk total protein, milk casein and milk lactoserum proteins were 

measured and compared among Nili-Ravi buffaloes, Sahiwal and cross-bred cows.  The 

value of total proteins in milk was the highest for cross-bred cows as compared to other 

species/cattle breeds (Figure 4.18). The mean values for milk total proteins were found to 

be 78.103±1.878, 59.333±0.611 and 81.594±2.026 mg/mL for Nili-Ravi buffaloes, 
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Sahiwal cows and cross-bred cows, respectively (Table 4.16). These values can 

potentially be used as reference values of milk total proteins for Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows. In a previous study, the highest total protein content was  

detected in sheep milk (65.92 mg/ml) while the lowest in cow milk (40.03 mg/ml) and 

intermediate value in goat milk (46.79 mg/ml) (Cozma et al., 2011).  In cow, milk total 

proteins ranged up to 54.71 mg/mL (Cozma et al., 2011). Comparing this reported cow’s 

milk value with the values observed in the present study, later were found to be higher. 

Therefore, it can be stated that milk of tested Pakistani species/cattle breeds has higher 

total protein content as compared to that reported earlier in the cow milk.   

5.17 Milk lactoserum proteins 

Whey, a by-product from the curd and cheese manufacturing, was once considered a 

waste product (Pelmus et al., 2012). Later, more consideration was given to its benefits 

and now whey has become a new source of many functional ingredients (Marshall, 

2004). Whey proteins actually formed about 18-20 % of the total proteins present in milk 

while its major components are α-Lactalbumin (α-La), β-Lactoglobulin (β-Lg), bovine 

serum albumin (BSA) and immunoglobulin (Ig), representing, 20 %, 50 %, 10 % and 10 

% of the whey fraction, respectively (Jovanovic et al., 2007). The amount of milk 

lactoserum proteins was measured and compared among Nili-Ravi buffaloes, Sahiwal 

and cross-bred cows. The values for milk lactoserum proteins differed significantly 

(p<0.05) among these tested species/cattle breeds (Figure 4.19). The mean values of milk 

lactoserum proteins were 20.026±0.665, 28.842±1.25 and 10.176± 0.568 mg/mL for Nili-

Ravi buffaloes, Sahiwal and cross-bred cows, respectively (Table 4.17). These values can 

potentially be used as reference values of milk lactoserum proteins for Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows. Previously, for whey proteins, the highest value 

was detected in sheep milk (23.36 mg/mL) and the lowest in cow milk (11.79 mg/mL) 

with intermediate value (17.7 mg/mL) for goat milk (Cozma et al., 2011).  The reported 

value for cow milk was comparable with the value for cross-bred cows in the present 

study while it was lower compared to the values recorded in milk of Nili-Ravi buffaloes, 

Sahiwal cows.  
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5.18 Milk caseins  

The caseins are insoluble proteins present in the and are of many types i.e. αs1-casein, 

αs2-casein, β-casein, K-casein and γ- casein (Cozma et al., 2011). The detected level of 

milk caseins was the highest for cross-bred cows and lowest for Sahiwal cows (Figure 

4.20). The mean values of milk casein were 58.077±0.90, 30.491±1.15 and 71.418±1.20 

mg/mL for Nili-Ravi buffaloes, Sahiwal and cross-bred cows, respectively (Table 4.18). 

These values can be used as reference values of milk caseins for Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows. Previously, casein content in the range of 68 to 72% and 

level of whey proteins in the range of 21.89 to 28.14 % have been reported for buffalo 

milk (Pasquini et al., 2011). In sheep, the percentage analysis of the protein fractions of 

milk  revealed that caseins represented the 74.1 % of total protein followed by whey 

protein (25.84 %) (Pelmus et al., 2012).  In a previous study, the lowest quantity of 

caseins was detected in cow milk (28.26 mg/mL), followed by sheep (42.55 mg/mL) and 

goat milk (44.03 mg/mL) (Cozma et al., 2011). These reported values are lower as 

compared to those observed in the present study indicating comparatively higher milk 

casein content in tested Pakistani species/cattle types.    

5.19 Effect of different quarters on milk parameters  

The parallel examination of enzyme activities and other parameters in all udder quarters 

presented in this study  and attempted earlier (Kankofer et al., 2010) was aimed to 

elucidate the presence of inter-quarter dependence in the healthy gland and to highlight 

the knowledge of the mammary gland functioning. In this view, possible effect of 

different quarters i.e. left front, left rear, right front and right rear on tested milk 

parameters was investigated and found to be generally non-significant in all three 

species/cattle breeds (Figure 4.21, Figure 4.22, Figure 4.22, Figure 4.23, Figure 4.24). No 

differences among quarters confirmed that in healthy quarters metabolic processes were 

on a similar level. A non-significant effect of quarters on milk parameters has been 

reported in literature (Kankofer et al., 2010). For example, there was non-significant 

difference in NAGase activity of all four quarters after parturition (Kankofer et al., 2010). 

However, in the present study, difference in the total antioxidant capacity (TAC) of milk 

among different quarters was observed in cross-bred cows. The TAC of milk was 
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comparatively low for milk from left rear quarter as compared to milk samples from other 

quarters in cross-bred cows (Figure 4.22c). To our knowledge, this is first report on this 

aspect as there is no previous data available in literature regarding variation in TAC of 

milk samples from different quarters of uninfected mammary glands. Whether udder 

quarters are functionally and morphologically independent or not is not clear (Berry and 

Meaney, 2006).  

     

5.20 Correlation among different milk parameters 

No doubt, milk SCC is highly correlated with udder conditions but somatic cells are not 

the only and the most reliable proof for inflammation of udder. Any udder problems can 

results in many structural and functional changes in udder causing alterations in milk 

composition. Therefore, data on milk composition together with other data or without 

them are often used for general estimation of animal health, udder conditions, feeding 

errors, while the breeder is informed on economy and strategy of management (Rajčević 

et al., 2003). Consequently, there is consistent need to find more milk compositional 

parameters correlated with SCC and indirectly with the udder health that can prove 

beneficial in assessing milk quality. More economical and reliable alternate 

tests/parameters can be used as surrogate or additive for available approaches. For 

example, based on correlation of LPO activity with SCC in bovine milk, the potential use 

of the LPO as an indicator of SCC has been suggested (Isobe et al., 2011). In this view, 

correlation (Pearson) among different tested milk parameters was calculated for Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows. In an earlier report, statistical analysis showed 

that somatic cell score was positively related to MDA concentration in raw cows’ milk 

and this relation was significant (p<0.01) (Suriyasathaporn et al., 2006b). However, in 

the present study a positive but non-significant relation was detected between SCC and 

MDA in all three tested species/cattle types.  

A positive relation between NAGase activity and somatic cell count with a 

correlation coefficient of 0.72 has been reported in fore milk from each quarter of 16 

Holstein cows, some of which had mastitis (Obara and Komatsu, 1984). Correlation (0.54 

correlation coefficient) between NAGase activity and SCC has also been reported for 
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goat milk in which 3 of the 18 udder halves were infected with coagulase -ve 

staphylococci over all 12 sampling days (Timms and Schultz, 1985). Significant 

correlation in SCC and NAGase activity in milk of non-infected and infected udder 

halves of dairy German Improved Fawn goats has been demonstrated (Barth et al., 2010). 

In the present study, milk SCC showed a significant negative correlation with TOS, GPO 

and α-esterase activities in Nili-Ravi buffaloes. Moreover, milk NAGase activity showed 

a significant negative correlation with lactoserum proteins and a significant positive 

correlation with SCC and milk casein in Sahiwal cows. 

A high correlation (r = 0.806) between SCC and CAT activity has been reported 

in Anatolian buffalo raw milk (Atasever et al., 2011). A high correlation (r=0.89) 

between microbial load and catalase (CAT) activity has been estimated in pasteurized 

milk (Kang et al., 2002). Estimated high correlation between SCC (a reliable parameter 

to detect raw milk quality) and CAT values, in the present as well as previous studies 

(Atasever et al., 2011) underpins the possibility of using CAT enzyme activity in 

determining raw milk quality of buffaloes. 

Previously it has been reported that concentration of SOD in cow's milk is not 

affected by high SCC (Holbrook and Hicks, 1978; Hicks, 1980). In the present study 

SOD activity showed no correlation with SCC in Nili-Ravi buffaloes and Sahiwal cows. 

However, SOD positively and significantly (p<0.05) correlated with SCC in cross-bred 

cows (Table 4.23). 

In an earlier report, significant correlation among abundance of casein and whey 

proteins and other quantitative parameters of milk pointed out existence of a correlation 

between milk proteins and SCC of milk (Pasquini et al., 2011). Particularly, the influence 

of SCC on milk quality and hygiene was confirmed by a correlation of r= -0.343 between 

casein and SCC, r= -0.946 between casein and whey proteins and a r= +0.375 between 

whey proteins and SCC (Pasquini et al., 2011). It was confirmed that milk SCC can 

affects the circulation of whey proteins and casein in milk of buffalos. In the present 

study, SCC also showed significant positive correlation with lactoserum proteins in cross-

bred cows, however, this relation did not exist in Nili-Ravi buffaloes and Sahiwal cows.  
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5.21 Milk protein profiling by SDS-PAGE 

The milk proteins have been analyzed continuously and information about this very 

important and complex system has increased incrementally during recent years, mainly 

because of technological advances (Suharoschi et al., 2010). Proteome analysis of the 

bovine milk fat globule has been performed using sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE) and two-dimensional gel 

electrophoresis (Vanderghem et al., 2008; Suharoschi et al., 2010). Milk of different 

species may vary in protein quality and quantity. A proteomic approach for high-

resolution analyses of the complex mixture of milk proteins is of great importance due to 

its exceptional resolving capacity (O’donnell et al., 2004). A total of 269 proteins in 

bovine milk have been identified using the 1D-gels, followed by mass-spectrometry 

(Hettinga et al., 2011). Proteomic analyses of milk proteins have been reported for some 

mammalian species like goat (Roncada et al., 2002), sheep (Pelmus et al., 2012), cow 

(Holland et al., 2004), and mare (Miranda et al., 2004). However, comparative 

interspecies proteomic analysis of milk from Nili-Ravi buffaloes, Sahiwal and cross-bred 

cows has not as yet been investigated. In this study, a comparative milk protein profiling 

of Nili-Ravi buffaloes, Sahiwal and cross-bred cows through one-dimensional sodium 

dodecyl sulphate polyacrylamide gel electrophoresis (1-D SDS-PAGE) (Figure 4.26; 

Table 4.28) was performed.  

In high molecular weight or low mobility zone, proteins with approximate 

molecular weight of ~208 kDa and ~190 kDa were detected in all tested samples with 

slight variation in molecular weight. These high molecular weight peptides seems to be 

co-aggregates of other milk proteins like caseins.  Earlier studies have documented that 

heat-induced dissociation of micellar κ-casein was implicated in the formation of the 

soluble aggregates (Guyomarch et al., 2003). Similarly, in heat treated skim milk, high 

molecular weight (141 kDa) bands have been proposed to be the soluble chemical 

complexes among κ-casein, β-Lg and α–La. Actually, the heat treatment and adding 

demineralized whey induced the formation of high molecular weight protein complex 

(Jovanovic et al., 2007). Moreover, it was reported that the average size of the aggregates 

varied depending on the casein: whey protein ratio or the available κ-casein in the milk 

(Guyomarch et al., 2003).  This may be the reason for detected heterogeneity in the size 
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of high molecular weight peptides in the present study. The future prospects may be to 

isolate the aggregates using size exclusion chromatography followed by quantitative 

analysis of the protein composition of the aggregates by reverse phase high-performance 

liquid chromatography (Guyomarch et al., 2003).   

Lactoferrin (Lfe) plays a key role in the defense mechanisms of the mammary 

gland, contributing to the prevention of microbiological infection. The stage of lactation 

and daily milk yield contributed to the most of Lfe concentration in the milk from normal 

lactating buffaloes (Giacinti et al., 2013). In the present study, a protein band of 78.2kDa 

(lactoferrin) with lighter intensity was detected in all samples. This 78.2 kDa peptide was 

designated as lactoferrin.  

The milk whey proteins include serum albumin of 66.2 kDa (Madureira et al., 

2007; Buffoni et al., 2011) with biological functions of fatty acid binding (Walzem et al., 

2002), anti-mutagenic function (Bosselaers et al., 1994), prevention of cancer (Laursen et 

al., 1989) and immunomodulation i.e. disease protection through passive immunity 

(Loimaranta et al., 1999). In the present study, a prominent band of serum albumin 

(66.2kDa) was also detected in all samples. Previously, with similar molecular mass, 

serum albumin (66.397kDa) has been identified in milk of Mediterranean water buffalo 

(Bubalus bubalis) using RP-HPLC and ESI-MS protocols (Buffoni et al., 2011).  

In the present study, next to serum albumin, a protein peptide of 54 kDa was 

detected in all samples that may be the heavy chain of immunoglobulin (IgG) (Madureira 

et al., 2007). In this zone, a prominent band of (45kDa) was also detected mainly in cow 

milk samples. A faint protein peptide of 45 kDa was also detected in one of Nili-Ravi 

milk samples. This protein may the ovalbumin. A protein with molecular weight of 38 

kDa was detected in one sample of each tested species/cattle breeds and seems to be κ- 

CN.  

The milk proteins can be divided in two major categories: soluble proteins (whey 

proteins), present in milk lactoserum and insoluble proteins (the casein family). The 

second family of proteins contains of many types of caseins i.e. αs1-, αs2-, β-, K- and γ-, 

while the whey or lactoserum proteins are α−lactalbumin and β-lactoglobulin (Cozma et 

al., 2011). Milk also contains minor proteins, like serum albumin, lactoferrin, 

immunoglobulins, calcium-binding protein, transferrin, folate-binding protein, prolactin 
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and protease-peptone (Park et al., 2007). Major milk proteins including casein proteins 

(αs1-casein, αs2-casein, β-casein and K- casein), β-lactoglobulin and α-lactalbumin have 

been detected in cow (Tay and Gam, 2011) and buffalo (Giacinti et al., 2013) milk. 

Moreover, cow’s UHT milk whey proteins (α-la = 14 kDa, β-lg = 18 kDa) and casein 

fractions of about 22–26 kDa have been characterized by SDS-PAGE (Wroblewska and 

Kaliszewska, 2012). Similarly, αs1-casein, αs2-casein, β-casein and K- casein have been 

visualized as sharp bands after Tricine-SDS-PAGE analysis of bovine milk caseins 

(Pardo and Natalucci, 2002). In present study, clear bands of milk caseins were detected 

in similar molecular weight range. All four casein (CN) proteins i.e. αS2 – CN (29 kDa), 

αS1 – CN (27 kDa), β - CN (24 kDa) and κ- CN (22 kDa) were detected in milk of 

Sahiwal and cross-bred cows. However, in milk of Nili-Ravi buffaloes, three casein 

protein i.e. αS2 – CN (29 kDa), β - CN (25 kDa) and κ- CN (22 kDa) were detected. In 

milk of Nili-Ravi buffaloes, αS1 – CN (27 kDa) was not detected. Moreover, the 

molecular weight of β - CN in Nili-Ravi buffaloes was slightly higher (25 kDa) as 

compared to that in Sahiwal and cross-bred cows (24 kDa). Previously, in Chinese river 

buffalo (Murrah), SDS-PAGE analysis revealed that αs-casein had a slightly faster 

mobility than standard αs -casein; while buffalo β-casein showed a slightly slower 

mobility than standard β-casein (Yang et al., 2013b). Genetic variants of major milk 

proteins i.e. β – CN and κ- CN has been reported in Danish Holstein-Friesian and Jersey 

cows representing rennet milk coagulation extremes (Jensen et al., 2012). Genetic 

polymorphisms in milk proteins has been reported for Maiwa and Jiulong Chinese yaks 

being β-CN，κ-CN and α-La as monomorphic, and αs1-CN and β-Lg as polymorphic, 

with αs1-CN D and β-Lg E as dominant genes (Mao et al., 2004). Actually, the 

substitution or deletion of amino acids caused the polymorphism in milk proteins. All 

type of caseins and key whey proteins display genetic polymorphism which can influence 

the composition of milk and parameters associated with milk processing (Borkova and 

Snaselova, 2005). That’s why, the genetic variants of different milk proteins are 

considered to be prospective selection standards in cattle husbandry (Visser et al., 1995). 

The documentation of the genetic variant of milk protein also permits the detection of 

adulteration of milk with different types of animal milk (Borkova and Snaselova, 2005). 
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One of the important findings of the present study was absence of αS1 casein (27 

kDa) in milk of Nili-Ravi buffaloes. According to a previous report, Chinese river buffalo 

(Murrah) milk lacks one kind of αS-casein. (Yang et al., 2013b). As the αS1-casein is the 

major allergen (Elsayed et al., 2004), they suggested further study on it which may help 

in development of hypoallergenic or non-allergic dairy products from Chinese buffalo 

milk (Yang et al., 2013b). Similarly, milk of Nili-Ravi buffaloes that lacks αS1 casein can 

be used for development of hypoallergenic or non-allergic dairy products, which is worth 

of further investigations. Recently, absence of αS1casein in the milk protein profile of two 

Brazilian goat breeds has also been reported (Da-Costa et al., 2014). In another report, 

absence of αSl-caseins was reported in caprine milk (Kim and Jimenez-Flores, 1994).   

The most common food allergy in childhood is cows’ milk allergy, which has a 

reported prevalence of 2 to 7.5 %. In most of developed countries, around 2% to 3% of 

infants have allergy to proteins in cow milk during their first year of life (Host, 1994; 

2002). In fact, the cows’ milk causes allergic reactions due to difference in the protein 

composition of cow milk and human milk. The β-lactoglobulin (BLG), a milk whey 

protein is produced in cows and other ruminants however, it is absent in human milk. 

Therefore, it is very simple to understand that β-lactoglobulin is a major cow milk protein 

that is allergenic  in humans (Wal, 1998; D'auria et al., 2005).  

The dairy industry has developed some hypoallergenic formulas to reduce the 

allergenic reaction of milk that are mostly based on enzymatic hydrolysis of milk whey 

proteins (Jabed et al., 2012). In fact, hydrolysis of whey proteins is not a perfect solution 

to this problem as the resulting hydrolyzed peptides may still show residual antigenicity. 

Moreover, due to exposure of hydrophobic amino acids hydrolysis can also cause milk to 

taste bitter (Saha and Hayashi, 2001). Another issue with this approach is processing 

technique which is very costly (Jabed et al., 2012). The other alternate options to 

postharvest processing are more direct approaches to reduce BLG, such as knockdown of 

gene by RNAi or KO of the BLG gene (LGB) by means of homologous recombination 

(Jabed et al., 2012). However, gene KOs have proven to be disreputably difficult to 

achieve in livestock species (Laible and Alonso‐González, 2009). In spite of being an 

attractive research target, so far no BLG KO animals have yet been reported to our 

knowledge. However, recently an attempt was made to decrease BLG levels in milk 
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through RNAi technology by targeted microRNA expression in dairy cattle that directed 

the production of β-lactoglobulin-free, high-casein milk (Jabed et al., 2012). The 

molecular weight of β-lactoglobulin from cow milk has been reported to be 18.277 kDa 

(Madureira et al., 2007). In the present study, a protein band of β-lactoglobulin with 

molecular weight ~18 kDa was detected in milk of cross-bred cows while not detected in 

other samples especially Nili-Ravi buffaloes. This is very important finding as Nili-Ravi 

buffalo milk was β-lactoglobulin free. It is important to mention here that buffalo milk is 

not always β-lactoglobulin free. Recently, beta-lactoglobulin (whey protein) with 

molecular weight of 18 kDa has been detected in both Indian cow and buffalo milk 

(Chitra et al., 2013). Similarly, beta–lactoglobulin has been detected and purified from 

milk of Murrah breed of buffalo from West Bengal India (Aich et al., 2013). Moreover, 

with similar molecular mass, β-lactoglobulin (18.26 kDa) has  been identified in milk of 

Mediterranean water buffalo (Bubalus bubalis) using RP-HPLC and ESI-MS protocols 

(Buffoni et al., 2011).  

The molecular weight of cow milk α-lactalbumin has been reported to be 14.177 

kDa (Madureira et al., 2007). Similarly, a low molecular weight band of ~14 kDa was 

detected in all tested samples and it seems to be α-lactalbumin. Previously, with similar 

molecular mass, α-lactoalbumin (14.2 kDa) has been identified in milk of Mediterranean 

water buffalo (Bubalus bubalis) using ESI-MS and RP-HPLC protocols (Buffoni et al., 

2011).  

The present finding provided base line information for association and 

contribution of milk enzymes and other bioactive constituents in milk quality and udder 

health of tested dairy species/cattle types. A pilot study on similar lines can further 

strengthen the present findings.  Comparative genetics of tested dairy species/cattle types 

through DNA based fingerprinting techniques can help in identification of genetic bases 

of observed superior milk quality of Nili-Ravi buffaloes. Study provided opportunity for 

possible utilization of deferentially expressed peptides in milk of Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows for checking milk adulterations. Based on present findings, 

breeding strategies can be framed for transformation of desirable good milk quality traits 

from a specific dairy type to a desirable background. 
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5.22 Conclusions 

1. Total proteins, caseins, TPC, TOS, protease, CAT, LPO, NAGase and SCC were 

the highest in milk of cross-bred cows. 

2. Whey protein, GPO, SOD, amylase, EC and MDA were the highest in Sahiwal 

cow’s milk.  

3. TAC and α-esterase activity were the highest in milk of Nili-Ravi buffaloes 

followed by cross-bred cows and Sahiwal cows. 

4. The SCC negatively correlated with TOS, TAC, lacto-serum protein and α-

esterase activity while NAGase with lacto-serum protein and amylase, hence, 

their higher values can be used as good milk quality indicators.  

5. The SCC and NAGase positively correlated with TPC, CAT and Lacto-

peroxidase. Therefore, lower values of these parameters seem to be associated 

with better udder health and good milk quality. 

6. The GPO and SOD negatively correlated with TOS, TAC, total protein, casein 

and α-esterase activity while positively correlated with amylase, EC, SCC, MDA 

and lacto-serum protein. Therefore, their lower values in milk may be desirable.  

7. Milk quality of Nili-Ravi buffaloes was comparatively superior based on lower 

values of SCC, EC, NAGase, CAT, GPO, SOD, TPC, protease and higher TAC.  

8. Milk protein profiling through SDS-PAGE resolved 14 peptides including 

lactoferrin (78.2kDa), serum albumin (66.2kDa), immunoglobulin (54 kDa), 

ovalbumin (45kDa), caseins i.e. αS2 – CN (29 kDa), αS1 – CN (27 kDa), β - CN 

(24 kDa) and κ- CN (22 kDa), β-lactoglobulin (~18) and α-lactalbumin (~14) in 

different tested species/cattle types.   

9. In milk of Nili-Ravi buffaloes, αS1 – CN (27 kDa) and β-lactoglobulin (~18 kDa 

were not detected.  

10. As the αS1-casein and β-lactoglobulin are the major allergens, milk of Nili-Ravi 

buffaloes that lacks these peptides can be used for development of hypoallergenic 

or non-allergic dairy products. 

11. Deferentially detected peptides in milk of Nili-Ravi buffaloes, Sahiwal and cross-

bred cows may help to differentiate the milk of these species/cattle types from one 

another and to check the milk adulterations. 
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12. A pilot study for further validation of present findings and utilization of generated 

data for establishing milk quality stands by Pakistan Standard Quality Authority is 

obligatory.  
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CHAPTER 6 

6 SUMMARY 

Pakistan is among the top milk producing countries of the world with annual milk 

production ranging up to 49.5 million tons. However, the quality control standards for 

milk have not been yet established. The proposed study is therefore planned with the 

objectives to establish the normal reference values of milk somatic cell counts, different 

milk enzymes and other important milk constituents in non- infected milk of Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows. The milk samples from lactating animals (in the 

1st two months of first to 5th lactation) of each group were collected from animals 

maintained at Livestock Experimental Farm, University of Agriculture, Faisalabad and 

from private farms. Sick and clinically mastitic animals were excluded from the panel of 

experimental animals. As a first step, Surf Field Mastitis Test (SFMT), and California 

Mastitis Test were performed for the detection of subclinical mastitis. Out of 270 dairy 

animals tested using SFMT and CMT, all four quarters of 90 animals (30 each from Nili-

Ravi buffaloes, Sahiwal and cross-bred cows) were found to be negative in both tests. 

Secondly, microbiological examination of duplicate quarter foremilk samples was 

performed to further confirm and determine the intramammary infection status. Milk 

samples from 30 lactating animals of each group (a total of 360 quarters) detected 

negative to screening tests (SFMT and CMT) and microbiological culture were used to 

establish the milk reference values. Milk samples were analyzed for different parameters 

like pH, electrical conductivity (EC), somatic cell count (SCC), milk enzymes i.e. lacto-

peroxidase (LPO), superoxide dismutase (SOD, guaiacol peroxidase (GPO), catalase 

(CAT), protease, amylase, α-esterase, N-acetyl-β-d-glucosaminidase (NAGase), total 

phenolic contents (TPC), milk proteins and malondialdehyde (MDA) content. The 

observed values of different milk enzymes and biochemical constituents differed 

significantly (p<0.05) in uninfected milk samples of Nili-Ravi buffaloes, Sahiwal and 

cross-bred cows.  Milk total proteins (81.6±2.0 mg mL-1), caseins (71.4±1.2 mg mL-1), 

TPC (2381.6±71.85 µM mL-1), TOS (61.25±0.59 µM mL-1), protease (81.3±3.35 U/mL), 

CAT (97.45±4.8 U/mL), LPO (1.75±0.06 U/mL), NAGase (56.07±2.33 U/mL) and SCC 
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(178645.83±2324.0 mL-1) were the highest in milk of cross-bred cows. Whey proteins 

(28.8±1.25 mg mL-1), GPO (110.74±8.64 U/mL), SOD (17.15±0.56 U/mL), α-amylase 

(89.44±2.51U/mL), EC (5.7±0.04) and MDA (2.27±0.07 µM mL-1) was the highest in 

Sahiwal cow’s milk. TAC (3.296±0.005 mM L-1) and α-esterase (361.19±13.63 units mL-

1) activity were the highest in milk of Nili-Ravi buffaloes followed by cross-bred cows. 

The SCC negatively correlated with TOS, TAC, Lacto-serum protein and α-

esterase activity while NAGase with lacto-serum protein and amylase, hence, their higher 

values can be used as indicators of good milk quality. The SCC and NAGase positively 

correlated with TPC, CAT and LPO. Therefore, their lower values seem to be associated 

with better udder health and good milk quality. GPO and SOD negatively correlated with 

TOS, TAC, total protein, casein and α-esterase activity while positively correlated with  

amylase, EC,SCC, MDA and lacto-serum protein therefore, their lower values in milk 

may be desirable. Milk quality of Nili-Ravi was comparatively superior based on lower 

values of SCC, EC, NAGase, CAT, GPO, SOD, TPC, protease and higher TAC.  

Protein profiling through SDS-PAGE clearly differentiated the milk of Nili-Ravi 

buffaloes, Sahiwal and cross-bred cows based on peptide differences. In high molecular 

weight zone, proteins with approximate molecular weights of ~208 kDa and ~190 kDa 

were detected in milk samples of Nili-Ravi buffaloes, Sahiwal and cross-bred cows. In 

medium molecular weight zone, three peptides i.e. lactoferrin (78.2kDa), serum albumin 

(66.2kDa) and heavy chain of immunoglobulin (IgG) (54 kDa) were detected in all 

samples while a prominent band of 45kDa was also detected mainly in cow milk samples. 

A faint protein peptide of 45 kDa was also detected in one of Nili-Ravi milk samples. 

This protein may the ovalbumin. In low molecular weight or high mobility zone, clear 

bands of milk caseins were detected. All four casein (CN) proteins i.e. αS2 - CN (29 kDa), 

αS1 - CN (27 kDa), β - CN (24 kDa) and κ- CN (22 kDa) were detected in Sahiwal and 

cross-bred cows. However, in milk of Nili-Ravi buffaloes, three casein protein i.e. αS2 – 

CN (29 kDa), β - CN (25 kDa) and κ- CN (22 kDa) were detected. In milk of Nili-Ravi 

buffaloes, αS1 – CN (27 kDa) was not detected. A protein band of β-lactoglobulin with 

molecular weight of ~18 kDa was detected in milk of cross-bred cows while not detected 

in other samples especially in Nili-Ravi buffaloes. As the αS1-casein and β-lactoglobulin 

are the major milk allergens, milk of Nili-Ravi buffaloes that lacks these peptides can be 
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used for development of hypoallergenic or non-allergic dairy products. Moreover, the 

molecular weight of β - CN in milk of Nili-Ravi buffaloes was slightly higher (25 kDa) 

as compared to that in milk of Sahiwal and cross-bred cows (24 kDa). Similarly, a low 

molecular weight band of ~14 kDa was detected in all tested samples and it seems to be 

α-lactalbumin. Deferential peptides may also help to differentiate the milk from different 

tested breeds.  

In conclusion, the present finding provided base line information for association 

and contribution of milk enzymes and other bioactive constituents in milk quality and 

udder health of tested dairy species/cattle types. A pilot study on similar lines can further 

strengthen the present findings.  Comparative genetics of tested dairy species/cattle types 

through DNA based fingerprinting techniques can help in identification of genetic bases 

of observed superior milk quality of Nili-Ravi buffaloes. Study provided opportunity for 

possible utilization of deferentially expressed peptides in milk of Nili-Ravi buffaloes, 

Sahiwal and cross-bred cows for checking milk adulterations. Based on present findings, 

breeding strategies can be framed for transformation of desirable good milk quality traits 

from a specific dairy type to a desirable background. 
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APPENDIX I 

 
 
 (I)- Serial No.    (II)  Date of data collection                         
 
(III) Information regarding owner/farm 
 
(1)-Name --------------------------- (2) - Number of Animals-------------- 
 
 (IV) Host-Associated determinants 
 Y       M 
 
1-Since when the animal is being kept period. 2-Species 

 
3breed                                                                       4- Age (years) 
 

 
5-General physical conditions  
   
6- Lactation Number              7- Lactation stage  
 
 
8-Reproductive disorders 
 
 
9- Any other disease problem present  
 
 
10-Quarter(s) reported by the farmer to be affected 
11-Types of lesions 
 
 
12-Udder shape and position 
 
13-Live body weight (Kg) 
 
14-Lying space  
 
15-Milk temperature (C) 
 
16-Milk pH 
 
17-Milk electrical conductivity (mS/cm) 
 

      

   

   

Very poor Poor Good Very good 

  

Yes No 

Present Absent

RR LR RF LF 

Easy Hard 

Cylindrical Round Flat Bowl

 

Proper Insufficient
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18-Frequency of culling 

 
19-Dirty hind legs (Breen et al., 2009) 
 
 
(V) Management and Housing-Associated Determinants 
 
1-Type of housing  
 
 
2-Source of drinking water 
 
 
3-Concentrate used  
 
4-Stimulus for milk letdown 
 
5-Udder washing 
 
6-Teat dipping                                                 
 
 
 
7-Number of animals milked by the same milker  
 
 
9-Type of ‘lubricant’ used to soften the teats at the time 

of milking 
 

10-Milking techniques 
 
 
 
12-Grazing 
 

Yes No 

Yes No 

Open shed Close shed Open area Backyard  

Pond Ground Canal 

Yes No 

Calf Concentrate Oxytocin

Yes No 

Yes No 

 

Saliva Milk No 

Whole 
hand 

Folded 
thumb 

Machine Complete Incomplete

Yes No 


