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INTRODUCTION 
 
Globally, consumers pay great attention to food and its 

composition due to a pivotal relationship between diet and 
human health. Milk is a complex mixture of fat, proteins, 
carbohydrates, minerals, vitamins and other miscellaneous 
constituents dispersed in water (Ahmad et al., 2008; Ozrenk 
and Inci, 2008). The quality of milk products is reliant on 
milk composition that varies with stage of lactation, milking 
methods, environment, season, diet, feeding system, breed 
and species (Kittivachra et al., 2007). However, the 
composition of milk fluctuates markedly among different 
species (Pavic et al., 2002; Ahmad et al., 2008). Caseins and 
whey proteins are the main group of milk proteins found in 
different ratios in various milk species. Human milk has 
casein to whey protein ratio of 40:60, quine milk has ratio 

of 50:50, while cow, sheep, goat and buffalo milk has 
casein to whey protein of 80:20 (Fox et al., 2000). 

Among milk components, proteins are most important 
constituents of human diet contributing significant 
nutritional, biological and functional properties. The amino 
acids profile of caseins and whey proteins occupy a unique 
position in human nutrition. These proteins are ranked as 
quality proteins with highest biological value, good 
digestibility (97% to 98%), rapid absorption and utilization 
in the body. Specifically, casein is an incredibly efficient 
nutrient supply owing to its providing a sustained and slow 
release of amino acids into blood stream (Schaafsma, 2000). 
The highest concentration of branched chain amino acids 
(BCAAs) present in milk proteins are important for 
maintenance of tissue growth, repair and prevention of 
catabolic actions during exercise. Likewise, the amino acid 
cysteine enhances glutathione levels, exhibits strong 
antioxidant properties and assists the body in combating 
various diseases (Ha and Zemel, 2003). In addition, milk 
proteins are recognized for their applicability in sports 
nutrition, baked goods, salad dressings, emulsifiers, infant 
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formulas, and medical nutritional formulas.  
Buffalo milk contributes 62.04% of total milk produced 

in Pakistan while the share of cow, goat, sheep, and camel 
milk is 34.56%, 1.65%, 0.08%, and 1.81%, respectively 
(GOP, 2014-15). Milk plays a vital role in building a 
healthy society and can be used as vehicle for rural 
development. The importance of milk from non-bovine 
animals is increasing globally, due to quantity (15% of 
global milk production) and economical, cultural, and 
ecological factors. Special nutritional characteristics have 
been claimed for various types of non-bovine milk and milk 
products (Al Haj and Al Kanhal, 2010). These underutilized 
resources are of great significance to milk producers, 
processors, and consumers for designing the innovative 
products with versatility, taste and functionality. Hence, 
valorization of non-bovine milk and milk products requires 
intensive research, particularly in the area of proteins, 
peptides and amino acids. Therefore, present research work 
was carried out on milk composition, protein 
characterization and amino acid profile of casein and whey 
proteins with special reference to local milk species found 
in Pakistan. Purposely, the buffalo (Nili-Ravi), cow 
(Sahiwal), sheep (Kajli), goat (Beetal), and camel 
(dromedary) lactating breeds were selected for the study. 

 
MATERIALS AND METHODS 

 
Collection of milk samples 

Thirty fresh samples of buffalo, cow, sheep, goat, and 
camel milk (six samples of each species) were collected in 
sterile glass bottles from the Dairy Farm, Department of 
Livestock Management, University of Agriculture, 
Faisalabad, Pakistan. These samples were labeled, ice 
packed and transported to laboratory. All milk samples were 
then placed in the refrigerator at 4°C for further analysis. 
Physicochemical analyses were performed (in triplicate) 
within 24 hours in the Dairy Technology Laboratory, 
National Institute of Food Science and Technology, 
University of Agriculture Faisalabad. Freeze-dried samples 
of caseins and whey proteins were also subjected to 
estimate their amino acid profile. 

 
Physicochemical analysis 

The pH of milk samples was measured using portable 
pH meter (Hanna, HI-99161). The acidity (%) in sample 
was estimated by titration method (947.05) given in AOAC 
(2005). Fat of milk was determined by following Gerber 
method as described by Marshall (1993). Solid-not-fat 
(SNF) contents were calculated according to David (1977) 
using Lactometer. Total solids (TS) were determined 
according to the method described in AOAC- 925.23 (2005). 
The ash content was estimated by incineration of samples in 

muffle furnace at 550°C for 6 hours, as given in AOAC, No. 
945.46 (2005). 

 
Nitrogenous fractions 

The crude protein (CP), true protein (TP), casein, non-
casein-nitrogen (NCN), whey proteins and non-protein-
nitrogen (NPN) contents were determined by using Kjeldahl 
method according to standard protocol of IDF (1993). After 
calculating the total amount of nitrogen (%), it was 
multiplied with a factor 6.38 to get CP. The TP in the milk 
sample were determined by treating with 12% 
trichloroacetic acid. The nitrogen (%) was converted to 
NPN and NCN contents by using the conversion factor 3.60 
and 6.25 respectively. Protein (nitrogen) fractions were 
calculated as:  

 
TP = CP–NPN,  
 
Casein (N %) = Total protein (N%)–NCN (N %)  
 
Whey protein = NCN–NPN. 
 

Amino acid profiling  
Separation of casein and whey proteins: For the 

separation of caseins and whey proteins, milk samples were 
defatted by centrifugation at 5,000 g for 15 min at 4°C. The 
skim milk, heated to 37°C, was separated into whole casein 
and whey proteins by isoelectric precipitation at pH 4.6 
with 1 N HCl. After centrifugation at 5,000 g for 15 min at 
30°C, the supernatant (whey proteins), was collected and 
dialyzed at 4°C against several changes of distilled water 
while the precipitated caseins were washed with acidified 
distilled water (pH 4.6). Both fractions were then freeze-
dried for further analysis. 

Amino acids analysis: The freeze dried samples of 
casein and whey protein were then subjected to 
determination of amino acids composition using an amino 
acid analyzer according to the method described by 
Schuster (1988). The freeze-dried samples of casein and 
whey proteins were hydrolyzed with 6 N HCl under 
vacuum at 110°C for 24 hours. The hydrolysates were dried 
in a rotary evaporator at 40°C under vacuum to remove the 
excess acid (6 N HCl). The dry residues were then 
dissolved in a known quantity of citrate buffer (pH 2.2) and 
filtered (0.2 μm) to obtain a clean solution of the 
hydrolysate. An aliquot of hydrolysate was injected into the 
column (Shim-pack ISC-07/S1504 Na) of the higher 
performance liquid chromatography based amino acid 
analyzer (RF-10AXL, Shimadzu Corporation, Tokyo, 
Japan) equipped with fluorescence detector (FLD-6A). 
Sodium hypochlorite and o-phthalaldehyde solutions were 
used as reaction solutions. 
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Statistical analysis 
Statistical analysis of experimental data was performed 

by applying completely randomized design at 5% level of 
significance while significant differences between means 
were compared using Duncan’s multiple range test (Steel et 
al., 1997). The relationship between nitrogen fractions was 
calculated by simple linear correlations.  

 
RESULTS AND DISCUSSION 

 
Physicochemical analysis of milk samples 

The chemical composition of milk samples indicated 
that fat was the most inconsistent component whereas the 
ash contents showed minimum variations among different 
milk species (Table 1). It was observed that sheep milk has 
maximum fat (6.82%±0.04%), SNF (11.24%±0.02%), TS 
(18.05%±0.05%) and ash (0.85%±0.01%) contents 
followed by buffalo milk (6.58%±0.02%), (10.09%±0.03%), 
(16.67±0.03%) and (0.82%±0.02%) respectively. Previous 
studies depicted that Murrah and Nili-Ravi breeds of 
buffalo milk had 6.57% and 6.53% fat contents respectively 
(Han et al., 2007). The results regarding TS contents of 
buffalo, cow, goat and camel milk are also comparable to 
previously reported results of Han et al. (2007) and Mal et 
al. (2007). Several factors such as breed and health of 
animal, stage of lactation, feeding systems, seasonal 
changes, milking frequency and milking systems, nutrition 
and genetics can cause variation in relative proportion of 
milk constituents. Non-significant differences were 
observed for acidity of milk samples from all species, 
however, there was some variation in pH values. Milk pH is 
the most critical factor for manufacturing of various dairy 

products. It determines the conformation of proteins, the 
activity of enzymes and dissociation of acids present in 
milk. The lower pH of fresh milk may be due to bacterial 
action and higher one indicates the udder infection or 
mastitis (Uallah et al., 2005). Many previous findings 
regarding pH and acidity of buffalo milk (Han et al., 2007; 
Ahmad et al., 2008; Imran et al., 2008), cow milk (Ozrenk 
and Inci, 2008) and camel milk (Khaskheli et al., 2005; Mal 
et al., 2007) are in agreement with the findings of current 
investigation.  

 
Nitrogenous fractions 

Protein is an important constituent of milk which 
contains about 95% of the total nitrogen present. In the 
current exploration, protein fractions like CP, TP, caseins 
and whey proteins, NCN and NPN contents showed 
significant differences (p<0.05) among different milk 
species. The CP (5.15%±0.06%), TP (4.53%±0.03%), 
caseins (3.87%±0.04%) and NPN (0.62%±0.02%) contents 
were relatively higher in sheep milk followed by buffalo 
and cow milk (Table 2). The highest whey proteins were in 
the camel (0.80%±0.03%) milk whereas cow milk 
represented lowest (0.47%±0.01%). Similarly, the casein 
contents (2.11%±0.02%) were also found lowest in camel 
milk as compared to other species. Regarding the NPN 
fraction, no significant variation was noticed between the 
buffalo and goat milk. The highest r-values (Table 3) were 
recorded for the correlations between CP and casein in 
buffalo (r = 0.82), cow (r = 0.88), sheep (r = 0.86) and goat 
milk (r = 0.98). The CP also showed positive relationship 
with whey protein in sheep (r = 0.80) and goat (r = 0.98) 
milk and NCN contents in camel milk (r = 0.84). 

Table 1. Chemical composition of different milk species 

Species pH Acidity (%) Ash (%) Fat (%) SNF (%) TS (%) 

Buffalo 6.66±0.01a 0.12±0.01ab 0.82±0.02ab 6.58±0.02b 10.09±0.03b 16.67±0.03b 

Cow 6.63±0.02ab 0.13±0.01b 0.72±0.01d 4.17±0.03d 9.13±0.02c 13.32±0.04d 

Sheep 6.64±0.02b 0.14±0.01a 0.85±0.01a 6.82±0.04a 11.24±0.02a 18.05±0.05a 

Goat 6.49±0.05d 0.12±0.02ab 0.82±0.02ab 4.61±0.02c 8.95±0.04d 13.56±0.03c 

Camel 6.54±0.04c 0.12±0.02ab 0.79±0.02c 3.11±0.03e 8.15±0.05e 11.26±0.04e 

SNF, solid-not-fat; TS, total solids; SD, standard deviation. 

All values are mean±SD which represent data average of six samples, each analyzed in triplicate. 

a,b Values with the same letters within a row or column indicate that samples do not differ significantly at a significance level of 5%. 

Table 2. Milk protein fractions of different milk species 

Species CP (%) TP (%) Casein (%) WP (%) NCN (%) NPN (%) 

Buffalo 4.25±0.07b 3.87±0.02b 3.20±0.03b 0.68±0.02b 1.05±0.02c 0.38±0.02bc 

Cow 3.57±0.03c 3.25±0.03c 2.79±0.02c 0.47±0.01e 0.77±0.02e 0.33±0.03d 

Sheep 5.15±0.06a 4.53±0.03a 3.87±0.04a 0.66±0.02c 1.28±0.03a 0.62±0.02a 

Goat 3.35±0.02d 2.95±0.02d 2.44±0.03d 0.53±0.02d 0.94±0.01d 0.39±0.01b 

Camel 3.24±0.04e 2.89±0.02e 2.11±0.02e 0.80±0.03a 1.13±0.02b 0.36±0.02bc 

CP, crude protein; TP, true protein; WP, whey proteins; NCN, non-casein nitrogen; NPN, non- protein nitrogen; SD, standard deviation. 

All values are mean±SD, representing data average of six samples, each analyzed in triplicate. 

a,b Values with the same letters within a row or column indicate that samples do not differ significantly at a significance level of 5%. 
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Surprisingly, CP was negatively correlated with NPN in 
buffalo milk (–0.75) while positively correlated with cow 
milk (r = 0.84) and camel milk (r = 0.85). Different factors 
such as genetics, species/breed, lactation stages, type of diet, 
udder health and seasonal variations have pronounced 
influence on protein contents of milk (Pavic et al., 2002). 
The caseins and whey proteins were positively correlated 
with the TP in all milk species but higher results were 
observed for whey protein in cow (r = 0.83) and camel milk 
(r = 0.75).  

Several findings concerning the protein content of 
buffalo (Han et al., 2007), cow (Ozrenk et al., 2008), goat 
(Strzalkowska et al., 2009), and camel milk proteins 
(Shamsia, 2009) have shown harmony with present research 
work. Similarly, the TP contents of buffalo, cow, sheep and 
goat milks are in line with the investigations of Pirsi et al. 
(2000). The findings of previous studies are comparable 
with the results of current exploration concerning the casein 
contents of sheep, goat milk (Borkova and Snaselova, 2005), 
cow milk (Imran et al., 2008) and camel milk (Khaskheli et 
al., 2005; Shamsia, 2009). Proteins are an important factor 
affecting the quality of dairy products as the reduction in 
proteins and casein (α- and β-casein) contents results in 
poor cheese making properties (Bernabucci et al., 2002). 
The findings of Borkova and Snasolva (2005) have shown 
that cow and goat milk contain 0.47%±0.01% and 
0.53%±0.02% whey proteins, respectively.  

 

Amino acid profile of casein and whey proteins 
The principal milk proteins such as casein and whey 

proteins constitute a favorable balance of amino acids, 
comprised of essential and non-essential amino acids in 
varying concentrations. The present investigation revealed 
that leucine was the major amino acid in casein while lysine 
was second among all essential amino acids as shown in 
Figure 1. Leucine content was found to be highest in cow 
milk casein (108±2.30 mg/g) followed by camel (96±2.20 
mg/g) and buffalo (90±2.40 mg/g) casein. However, minor 
differences were noticed in the leucine content of whey 
proteins from all milk species (Figure 2). Leucine plays a 
distinct role in protein metabolism and the translation 
initiation pathway of muscle protein synthesis. It is also 
involved in reversible phosphorylation of proteins that 
control mRNA binding to the 40S ribosomal subunit 
(Anthony et al., 2001).  

In the current study, high concentration of essential 
amino acid lysine was found in camel milk casein (67±2.39 
mg/g) and whey proteins (96±2.20 mg/g). A substantial 
quantity of valine, isoleucine, threonine and phenylalanine 
was also observed in both casein and whey proteins. 
Highest concentration of valine was found in cow casein 
(54±1.42 mg/g) and sheep whey proteins (53±1.30 mg/g). 
The isoleucine, phenylalanine and histidine amino acids 
were at a maximum in casein of goat milk. Phenylalanine 
concentration was higher in camel (57±1.50 mg/g), sheep 
(51±1.39 mg/g) and cow (44±1.25 mg/g) milk whey 

Table 3. Correlation between nitrogen fractions of milk from different species 

 Buffalo milk Cow milk Sheep milk Goat milk Camel milk 

CP TP CN WP  CP TP CN WP CP TP CN WP CP TP CN WP  CP TP CN WP

TP –0.77    0.45    0.47    0.25    0.54    

CN 0.82 0.02   0.88 0.35   0.86 0.66   0.98 0.24   0.47 0.7   

WP 0.60 0.25 0.25  0.12 0.83 0.23  0.80 0.43 0.65  0.98 0.25 0.88  0.15 0.75 0.80  

NCN 0.41 0.30 0.67 0.45 0.31 0.84 0.10 0.76 0.50 0.81 0.85 0.35 0.54 0.25 0.59 0.54 0.84 0.57 0.77 0.42

NPN –0.75 –0.15 –0.37 –0.86 0.84 0.37 0.81 –0.04 0.36 0.82 0.71 0.20 –0.32 –0.32 –0.44 –0.32 0.85 0.58 0.78 0.41

CP, crude protein; TP, true proteins; CN, casein; WP, whey proteins; NCN, non casein nitrogen; NPN, non-protein nitrogen. 
Correlation between nitrogen fractions was expressed as r. 

 

Figure 1. Essential amino acids content in caseins of different milk species. 
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proteins. Similarly, Stancheva et al. (2011) reported the 
highest percentages for leucine (10.09%) followed by lysine 
(8.40%) and valine (6.73%) among the essential amino 
acids and the lowest content was determined for methionine 
in sheep milk. It was reported by Shamsia (2009) that camel 
milk proteins possess a high content of essential amino 
acids except threonine and valine. The lysine and threonine 
are limiting amino acids in various protein resources. These 
are strictly indispensable, sensitive to catabolism and 
important for protein synthesis. Importantly, the amino acid 
profile differences in dietary proteins also influence their 
utilization in body. Milk proteins specifically elicited a 
greater increase in BCAAs (26%) concentrations in 
peripheral tissues compared to soy protein (Bos et al., 2000; 
Fouillet et al., 2002). Furthermore, the BCAAs play 
significant role in weight control via glucose homeostasis 
and lipid metabolism.  

Among the non-essential amino acids, the glutamic acid 
content was highest in both casein and whey proteins 

(Figure 3). However, the buffalo (367±4.50 mg/g) and goat 
(359±5.29 mg/g) whey proteins have maximum glutamic 
acid concentration as compared to casein. The goat casein 
(144±3.29 mg/g) and camel whey proteins (129±4.79 mg/g) 
represented good content of proline. Cysteine was also 
observed in casein and whey proteins with minute 
differences among all milk species. Asparagine and serine 
was found high in buffalo milk whey proteins as compared 
to other species under observation (Figure 4). Camel whey 
proteins indicated higher content of alanine and tyrosine. 
Previous investigations on amino acid profile of goat milk 
(Salem et al., 2009) and camel milk (Shamsia, 2009) also 
depicted that leucine and glutamic acid were the major 
amino acid in whole casein, while methionine and glycine 
were present in traces. Similarly, Stancheva et al. (2011) 
reported highest percentage of glutamic acid (19.08%) 
followed by proline (10.63%) and aspartic acid (7.27%). 
Whey protein and amino acid supplements are potential 
means to enhance lean body mass. Moreover, sulfur 

Figure 2. Essential amino acids in whey proteins of different milk species. 

 

Figure 3. Non-Essential amino acids profile in caseins of different milk species. 
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containing amino acids (methionine, cysteine) boost up the 
immune functions through intracellular conversion to 
glutathione, thereby serves as antioxidants (Hall et al., 
2003). These proteins are the subject of great attention for 
specific dietary manipulations that aim to enhance host 
defenses.  

 
CONCLUSION 

 
It is concluded that milk composition and nitrogen 

characterization differ greatly among all milk species under 
investigation. Moreover, favorable balance of all the 
essential amino acids, especially, branched-chain amino 
acids (luecine, isoleucin, and valine) were found in both 
casein and whey proteins. The present investigation would 
be useful for the dairy processing industries to formulate 
nutritionally enhanced milk based functional products for 
vulnerable segment of population, even from the milk of 
non-bovine species. 
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