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Abstract:    We report physicochemical characteristics of various kinds of liquid milk commercially available in Pakistan in 
comparison with those of fresh natural milk from animals. Milk samples were collected from local markets at Peshawar, Pakistan, 
and analyzed for their physical features, including moisture, total solids, specific gravity, conductivity, viscosity and titratable 
acidity (lactic acid equivalent), and chemical components and macro-minerals, including total protein, casein, lactose, ash and 
minerals (Na, K and Mg). These items were compared with the physicochemical characteristics of the fresh natural milk samples 
from buffalo, cow and goat. The results were also compared with reported nutritional quality of milk from various countries and 
World Health Organization (WHO) standards. We found that all the physical features and chemical components of commercially 
available milk in Pakistan markets meet WHO’s requirements, except for Na, K, Ca and Mg, which are below the standards. 
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INTRODUCTION 
 

Milk is an important source of all basic nutrients 
required for mammals including human beings. Milk 
from various mammals such as cow, buffalo, goat, 
sheep, camel, etc. is used for different nutritional 
purposes, e.g., feeding to young ones and preparation 
of some nutritional products such as milk cream, 
butter, yogurt, ghee, sour milk, etc. (Webb et al., 1974; 
Hassan, 2005). Nutritionally enriched milk and its 
products with enhanced biological potential and 
without health risks are generally demanded (Khan 
and Zeb, 2007; Baloch et al., 2006; Rahman et al., 
2006).  

The major chemical components of milk include 
water, fats, proteins, carbohydrates, minerals, organic 
acids, enzymes and vitamins. In order to assess the 
quality of milk, milk samples including infant for-
mulas, milk powder, milk from markets, raw milk 
(unprocessed), human milk and animal milk from 

various countries such as Canada, Poland, Lithuania, 
Italy, USA, UK and Nigeria have been extensively 
studied (Coni et al., 1995; Dabeka, 1989; Dabeka and 
McKenzie, 1987; Dobrzañski et al., 2005; Hallen et 
al., 1995; Honda et al., 2003; Ikem et al., 2002; Kre-
lowska-Kulas, 1990; Krelowska-Kulas et al., 1999; 
Ramonaityte, 2001; Rodriguez et al., 2000; Simsek et 
al., 2000; Vavilis et al., 1997; Vander-Jagt et al., 
2001). 

The contents of 38 micro- and trace elements in 
raw milk of cows in the Silesian region, Poland, were 
studied by Dobrzañski et al.(2005). They found that 
the location of cows has a significant impact on the 
contents of many micro- and trace elements in milk. 
In another study, infant formula samples sold in Ni-
geria, UK and USA were analyzed for various es-
sential elements (Ca, Co, Cu, Cr, Fe, Mg, Mn, Mo, 
Na and Zn) and non-essential elements (Ag, Al, As, 
Ba, Be, Cd, Hg, Ni, Pb, Sb, Sn, Sr, Ti, Tl, U and V) 
(Ikem et al., 2002). They found that soy-based 
powder infant formulas generally had higher element 
levels than milk-based powder formulas. Some 
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brands also had low nutritional contents when com-
pared with the recommended dietary allowances 
(RDAs) and dietary reference intakes (DRIs) for use 
in North America.  

In Pakistan, some of the milk and its products are 
produced from various indigenous sources, while 
others are imported. Perveen et al.(2005) investigated 
Na, Cu, Mn and Cr in powder, fresh and processed 
milk samples available in Karachi city, Pakistan, 
while Jaffar et al.(2004) reported that the levels of 12 
metals (Ca, K, Na, Mg, Cu, Fe, Mn, Zn, Cd, Cr, Pb 
and Ni) in 19 different imported brands of unexpired 
and expired canned dry milk and the following order 
of decrease in concentration was observed for both 
unexpired and expired milk: Ca>Na>K>Mg>Fe>Zn> 
Cr>Pb>Cu>Ni>Cd>Mn. Hussain et al.(2006) deter-
mined vitamin C in different processed and unproc-
essed milk samples marketed in Pakistan. The highest 
amount of vitamin C was found in powder milk 
samples followed by liquid packs and the least in 
animal milk. The effect of temperature and storage 
time on nutritional quality of ultra-heat treatment 
(UHT) processed buffalo milk was reported by 
Rehman and Salaria (2005). They found that the nu-
tritional quality of the milk was adversely affected 
with the increase in temperature and storage time. 

To our knowledge, not many studies on the 
chemical composition of various kinds of milk mar-
keted in Pakistan have been reported. Therefore, in 
the present study, we investigated various physical 
parameters and chemical components of commer-
cially available milk samples, along with their natural 
analogues. We also compared the findings with the 
reported data from various regions of the world and 
with World Health Organization (WHO) standards.  
 
 
MATERIALS AND METHODS 
 
Reagents and chemicals 

Reagents and chemicals of analytical grade and 
deionized double distilled water were used through-
out this work.  

 
Sampling 

Two types of milk samples, i.e., commercially 
available liquid-packed and the fresh natural milk 
from animals (buffalo, cow and goat), were purchased 

from local markets in Peshawar, North West Frontier 
Province (NWFP), Pakistan. The fresh animal milk 
samples were collected in properly washed and 
cleaned polyethylene bottles. The bottles were rinsed 
with milk samples, filled and sealed, in such a way 
that no air bubbles remained in the bottles. The other 
milk samples were collected in the same form as 
marketed. All milk samples were brought to the 
laboratory for conducting various physicochemical 
analyses. During the whole sampling processes, its 
transportation to the laboratory and storage and all 
precautionary measures were observed. 

 
Physical analysis  

The physical characteristics of various milk 
samples were determined shortly after they were 
brought to the laboratory. All determinations were 
carried out according to AOAC (2000)’s methods. 
Briefly, moisture content was determined by the dif-
ference between the known weight of milk sample 
and the determined weight of the total solid after 
evaporating the liquid component of the milk sample 
on a hot plate. The pH measurement was made using a 
digital pH-meter (HI 8314, Hanna Instruments, Italy) 
calibrated with pH 4 and 7 buffers. Titratable acidity 
was measured by titrimetric method, and expressed as 
percent of lactic acid. Specific gravity, conductivity 
and viscosity were determined by the standard 
methods (AOAC, 2000). 

 
Chemical analysis 

Nitrogen content (N) in the milk samples was 
estimated by the Kjeldahl (1983)’s method and crude 
protein content was calculated as N×6.25, while total 
casein was determined by its isoelectric precipitation 
(Plummer, 1988). Lactose content was determined by 
using Fehling’s solution method (Triebold, 2000). 
The ash content was obtained by incineration of the 
sample placed in the muffle furnace at 550 °C for 6 h 
(AOAC, 2000). 

For minerals analysis, the milk solid contents 
were taken and digested using two volumes of con-
centrated nitric acid. After adding one volume of 
perchloric acid, the contents were heated gently on a 
hot plate followed by a vigorous heating till dryness 
(approximately 1~2 ml). This digestion technique 
makes no attempt to dissolve any silicate-based ma-
terial that may be present in the samples. After cool-
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ing, the digested samples were quantitatively trans-
ferred to a flask and diluted to 100 ml with deionized 
double distilled water and then filtered. Atomic ab-
sorption spectrophotometer (A. Analyst 700, Perkin 
Elmer, USA) equipped with standard burner, 
air-acetylene flame and hollow cathode lamps, as 
radiation source, was used for the analysis of minerals 
(Fernandez et al., 2002). 

 
Statistical analysis 

Results were expressed as mean±SD of three 
separate determinations. The data were statistically 
analyzed using the statistical program (Origin Version 
5.1). The significant differences between means were 
calculated by a one-way analysis of variance (ANOVA) 
using Duncan’s multiple-range test at P<0.05. 
 
 
RESULTS AND DISCUSSION 
 
Physical characteristics 

The physical characteristics such as moisture, 
total solids, specific gravity, pH, conductivity, vis-
cosity and titratable acidity are important parameters 
in studying the physicochemical compositions and 
nutritional aspects of milk. Table 1 shows the various 
physical parameters of the different milk samples. 
The moisture contents of milk samples were in the 
range of (76.4±4.30)% to (86.9±5.12)%. In all tested 
milk samples, the lowest value was found for the 
buffalo milk while the highest was for Dairy Queen® 
milk. Among the animal milk samples, the lowest 
value was recorded for the buffalo milk, followed by 
goat milk and the highest was shown by cow milk. 
For the liquid-packed milk samples, the lowest value 
was recorded for the Every Day® milk [(80.2±4.10)%] 
and the highest was for the Dairy Queen® milk  
 

 
 
 
 
 
 
 
 
 
 

[(86.9±5.12)%]. The values for the rest of the milk 
samples were in between the two. All these values 
were close to the earlier findings, from 80% to 90% 
(Webb et al., 1974; Hassan, 2005). Water serves as a 
medium for solution and colloidal suspension for the 
other components present in milk. 

The concentration range of total solids was from 
(12.9±1.01)% to (15.8±1.53)% as given in Table 1. 
Goat milk had the lowest amount of total solids 
[(12.9±1.01)%] followed by cow milk [(13.5±1.22)%] 
and the highest was found in the buffalo milk [(15.8± 
1.53)%]. In the liquid-packed milk samples, the 
lowest concentration of total solids was recorded for 
the Nestle® milk [(13.7±1.38)%] and the highest was 
found in Every Day® milk [(15.2±1.39)%]. The total 
solids in the milk ranged from 10% to 17%, which 
include fat and non-fat materials. The amount of fat 
materials is 3% to 4% and the amount of non-fat 
material is in the range of 7% to 10% (Webb et al., 
1974; Hassan, 2005). The results show that values for 
the total solids in all the milk samples are in good 
agreement with the reported literature. 

The specific gravity and pH of all the milk 
samples were found to be 1.02±0.02 to 1.07±0.08 and 
6.59±0.59 to 6.93±0.57, respectively (Table 1). Slight 
variations were found for the two parameters in all the 
milk samples. The specific gravity is mainly due to 
the water contents present in the sample and pH is the 
parameter that determines the sample acidity and 
alkalinity. The pH range found in the current study 
was comparable with the findings in a previous in-
vestigation (6.38±0.60 to 6.77±0.88) (Rehman and 
Salaria, 2005). 

The conductivity range of all the milk samples 
was from (6.55±1.56) ms to (11.0±2.10) mS, as 
shown in Table 1. In animal milk samples, minimum 
conductivity was recorded for the buffalo milk  
 

 
 
 
 
 
 
 
 
 
 

Table 1  Physical characteristics of various milk samples marketed in Pakistan 

Milk samples Moisture 
(%) 

Total solids 
(%) Specific gravity pH Conductivity

(mS) 
Viscosity  

(cP) 
Titratable acidity 
(% lactic acid) 

Buffalo 76.4±4.30 15.8±1.53 1.07±0.08 6.93±0.57 6.55±1.56 1.52±0.62 0.90±0.31 
Cow 86.8±5.02 13.5±1.22 1.04±0.05 6.76±0.51 9.20±1.95 1.38±0.41 1.44±0.40 
Goat 80.5±4.66 12.9±1.01 1.03±0.02 6.59±0.59 10.8±2.07 1.44±0.53 1.35±0.38 
Dairy Queen® 86.9±5.12 14.8±1.44 1.03±0.03 6.76±0.53 8.20±1.75 1.69±0.66 1.26±0.35 
Every Day® 80.2±4.10 15.2±1.39 1.02±0.02 6.92±0.55 8.70±1.83 1.82±0.75 0.81±0.27 
Haleeb® 86.3±4.99 13.7±1.40 1.02±0.03 6.67±0.57 11.0±2.10 1.56±0.39 1.35±0.41 
Nestle® 82.3±5.33 13.7±1.38 1.04±0.06 6.82 ±0.58 8.87±1.90 1.49±0.49 1.26±0.39 
Each reading is mean±SD of triplicate analyses 
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[(6.55±1.56) mS], followed by the cow milk 
[(9.20±1.95) mS] and the highest was measured for 
the goat milk [(10.8±2.07) mS]. Among the liquid- 
packed milk samples, the lowest conductivity was 
found for Dairy Queen® milk [(8.20±1.75) mS] and 
the highest was for the Haleeb® milk [(11.0±2.10) 
mS]. The conductivity of the milk sample is mainly 
due to the presence of various electrolytes. The 
variation in conductivity may be due to the different 
levels of the electrolytes present in the milk samples.  

Similarly, the viscosity ranged between (1.38± 
0.41) to (1.82±0.75) cP (Table 1). The cow milk had 
the lowest viscosity [(1.38±0.41) cP], followed by the 
goat milk [(1.44±0.53) cP] and buffalo milk 
[(1.52±0.62) cP]. In the liquid-packed milk samples, 
Nestle® milk had the lowest viscosity [(1.49±0.49) cP] 
and the Every Day® milk [(1.82±0.75) cP] had the 
highest viscosity. The values for the titratable acidity 
were in the range from (0.81±0.27)% to (1.44±0.40)% 
lactic acid (Table 1). In the animal milk samples, the 
trend for the titratable acidity is similar to the mois-
ture measurements, i.e., the lowest value for the buf-
falo milk followed by the goat and cow milk samples. 
In the various liquid-packed milk samples, the titrat-
able acidity was from (0.81±0.27)% to (1.35±0.41)% 
lactic acid, respectively for the Every Day® and 
Haleeb® milk samples. The titratable acidity was 
found to be little higher than the reported elsewhere 
[(0.15±0.03)% to (0.26±0.03)% lactic acid] (Rehman 
and Salaria, 2005). 

 
Chemical components 

The milk samples were also subjected to various 
chemical analyses and the amount of total protein, 
casein, lactose, ash and mineral elements (Na, K, Ca 
and Mg) were determined as presented in Table 2.  
 

 
 
 
 
 
 
 
 
 
 
 

Chemical characteristics of samples showed consid-
erable variations and each sample excelled over other 
in one or other aspect. The amount of total protein and 
casein was found to be in the range of (2.59±1.00)% 
to (4.49±1.39)% and (1.94±0.98)% to (3.77±1.51)%, 
respectively. Both total protein and casein investi-
gated were within the recommended values, i.e., 2% 
to 4% for the total protein content and 1% to 3% for 
the casein content (Webb et al., 1974; Hassan, 2005). 
The results demonstrate that in fresh natural milk, 
buffalo milk is a rich source of protein and casein 
while in dairy milk samples, all of them have higher 
contents of proteins and casein except Haleeb® milk. 
The milk proteins have the high nutritional value and 
the principal component of the milk proteins is casein, 
which constitutes about 75% of all milk proteins 
(Webb et al., 1974; Hassan, 2005). Beside casein, the 
other milk proteins are lacalbumin, lactglobulin, etc. 
These results are also comparable with the previous 
work on the ultra-heat treatment (UHT) processed 
buffalo milk (Rehman and Salaria, 2005). 

In the milk samples, lactose was in the range of 
(3.49±1.27)% to (5.15±1.59)% and ash content was in 
the range of (0.40±0.03)% to (1.04±0.13)% (Table 2). 
Webb et al.(1974) and Hassan (2005) reported that 
the lactose in the milk was from 2% to 5% while ash 
content was about 0.65%. Lactose is also known as 
milk sugar and is composed of galactose and glucose. 
Among all the tested milk samples, the buffalo milk 
contained the highest amount of lactose. The white 
ash is mainly composed of oxides and chlorides of 
mineral elements, which include lime, mangnesia, 
soda ash, potash, phosphorus oxides, sulfur trioxide, 
ferric oxide, etc. Similar results were reported pre-
viously for the UHT processed buffalo milk (Rehman 
and Salaria, 2005). 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Chemical components of various milk samples marketed in Pakistan 

Milk samples Total protein 
(%) 

Casein  
(%) 

Lactose 
(%) 

Ash  
(%) 

Na  
(mg/L) 

K  
(mg/L) 

Ca  
(mg/L) 

Mg  
(mg/L) 

Buffalo 4.34±1.25 3.26±1.44 5.15±1.59 0.88±0.09 16±1.12 145±10.1 702±88.1 193±18.7
Cow 3.28±1.02 2.46±1.10 4.38±1.36 0.64±0.07 20±1.33 152±11.0 680±79.8 205±22.1
Goat 2.95±0.99 2.18±1.05 4.18±1.40 1.04±0.13 27±1.39 113±8.7 644±76.6 139±15.7
Dairy Queen® 4.48±1.32 3.36±1.40 3.49±1.27 0.78±0.08 55±2.01 128±13.7 823±103.0 160±17.0
Every Day® 4.49±1.39 3.77±1.51 3.57±1.31 0.40±0.03 80±4.49 115±9.3 755±95.7 138±12.5
Haleeb® 2.59±1.00 1.94±0.98 4.21±1.45 0.75±0.06 67±3.56 129±14.5 599±62.1 109±10.1
Nestle® 4.23±1.27 3.17±1.23 4.10±1.33 0.73±0.09 55±2.50 128±12.8 789±101.0 187±18.3
Each reading is mean±SD of triplicate analyses 
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The concentration of Na was in the range of 
(16±1.12) to (80±4.49) mg/L and the concentration of 
K was from (113±8.7) to (152±11.0) mg/L (Table 2). 
In the mammals, concentrations of Na in buffalo, cow 
and goat milk were found to be (16±1.12), (20±1.33) 
and (27±1.39) mg/L, respectively. In the dairy milk 
samples, Diary Queen® [(55±2.01) mg/L] and Nestle® 
[(55±2.50) mg/L] milk were found to contain the 
same amount of Na, while Haleeb® and Every Day® 
milk showed (67±3.56) and (80±4.49) mg/L of Na, 
respectively. Compared to Na, lower concentration of 
K was found in goat milk [(113±8.7) mg/L], followed 
by buffalo [(145±10.1) mg/L] and cow milk [(152± 
11.0) mg/L]. Similarly, Every Day® milk contained 
lower amount of K [(115±9.3) mg/L], while in the rest 
of the liquid-packed milk samples almost the same 
level of K was recorded. The concentrations of Ca and 
Mg in all of the milk samples ranged from (599±62.1) 
to (823±103.0) mg/L and (109±10.1) to (205±22.1) 
mg/L, respectively (Table 2). The amount of Ca was 
found to be (644±76.6) mg/L in goat milk followed by 
cow [(680±79.8) mg/L] and buffalo milk [(702±88.1) 
mg/L]. Among the commercially available milk 
samples, lower concentration of Ca was recorded in 
Haleeb® milk [(599±62.1) mg/L], followed by Every 
Day® milk [(755±95.7) mg/L], Nestle® milk [(789± 
101.0) mg/L] and Dairy Queen® milk [(823±103.0) 
mg/L]. In the case of Mg, its concentration in natural 
animal milk was (139±15.7), (193±18.7) and (205± 
22.1) mg/L, respectively for the goat, buffalo and cow 
milk. Among the liquid-packed milk samples, 
Haleeb® milk contained (109±10.1) mg/L of Mg, 
followed by Every Day® milk [(138±12.5) mg/L], 
Dairy Queen® milk [(160±17.0) mg/L] and Nestle® 
milk [(187±18.3) mg/L]. 

The level of mineral elements in the tested milk 
samples were also compared with the previously 
reported data from different countries (Jaffar et al., 
2004; Ikem et al., 2002) and with the WHO (1989) 
recommended values, as shown in Table 3. In the 
current study, the concentration of Na was found to be 
much lower compared to the previous studies (Jaffar 
et al., 2004; Ikem et al., 2002; Perveen et al., 2005) 
and WHO (1989) standards. In mammals, the level of 
K (113 to 152 mg/L) found in the present study is 
comparable to that of the previous work (129 mg/L) 
(Jaffar et al., 2004) while much lower than the WHO 
value (17 200 mg/L) (1989). In dairy milk, the amount 

of K (15 to 129 mg/L) is found to be lower than that in 
the reported literature (215 to 221 mg/L) (Jaffar et al., 
2004) while much lower than the WHO value (3841 
to 17000 mg/L). Similarly, the levels of Ca and Mg 
are also comparable to the previous studies (Jaffar et 
al., 2004; Ikem et al., 2002), while lower than the 
WHO standards (Table 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
 

In the present study, preliminary investigations 
were carried out to ascertain the physicochemical 
characteristics and nutritional quality of various milk 
samples marketed in Pakistan. The results show that 
except mineral elements, all parameters of the tested 
milk samples were within the recommended nutri-
tional levels. These findings may be helpful for the 
concerned governmental parties to monitor the qual-
ity of the milk products in the market of Pakistan. It 
would be of great interest if further investigations are 
carried out to examine other organic and inorganic 
components in the milk in the markets.  

Table 3  Comparison of the metal levels in various milk 
samples including human 

Metal levels (mg/L) 
Milk samples 

Na K Ca Mg 
Buffaloa 16 145 702 193 
Cowa 20 152 680 205 
Goata 27 113 644 139 
Dairy Queen®a 55 128 823 160 
Every Day®a 80 115 755 138 
Haleeb®a 67 129 599 109 
Nestle®a 55 128 789 187 
Cowb 421 129 665 190 
Canne unexpiredb 334 215 842 144 
Canne expiredb 337 221 864 139 
Cowc 4420 17200 12900 1100
Humanc 822 3841 2290 257 
Nigeria MBPFd 169 − 385 26.2 
UK MBPFd 184 − 344 42.2 
UK MBLFFFd 332 − 662 60.0 
USA MBPFd 192 − 398 36.4 
USA SBPFd 232 − 515 39.2 
MBPF: Milk-based powder formulas; MBLFFF: Milk-based liquid 
first and follow-on formulas; SBPF: Soy-based power formulas; 
aPresent study; bJaffar et al.(2004); cWHO (1989); dIkema et 
al.(2002) 



Imran et al. / J Zhejiang Univ Sci B   2008 9(7):546-551 551

References 
AOAC (Association of Official Analytical Chemists), 2000. 

Official Methods of Analysis International, 17th Ed. 
AOAC, Washington, DC. 

Baloch, M.S., Awan, I.U., hassan, G., 2006. Growth and yield 
of rice as affected by transplanting dates and seedlings per 
hill under high temperature of Dera Ismail Khan, Pakistan. 
J. Zhejiang Univ. Sci. B, 7(7):572-579.  [doi:10.1631/jzus. 
2006.B0572] 

Coni, E., Bocca, A., Ianni, D., Caroli, S., 1995. Preliminary 
evaluation of the factors influencing the trace element 
content of milk and dairy products. Food Chem., 52(2): 
123-130.  [doi:10.1016/0308-8146(94)P4190-Q] 

Dabeka, R.W., 1989. Survey of lead, cadmium, cobalt and 
nickel in infant formulas and evaporated milks and esti-
mation of dietary intakes of the elements by infants 0-12 
months old. Sci. Total Environ., 89(3):279-289.  [doi:10. 
1016/0048-9697(89)90267-2] 

Dabeka, R.W., McKenzie, A.D., 1987. Lead, cadmium and 
fluoride levels in market milk and infant formulas in 
Canada. J. Assoc. Off. Anal. Chem., 70(4):754-757. 

Dobrzañski, Z., Kolacz, R., Górecka, H., Chojnacka, K., 
Bartkowiak, A., 2005. The content of microelements and 
trace elements in raw milk from cows in the Silesian re-
gion. Polish J. Environ. Stud., 14(5):685-689. 

Fernandez, D.R., Vanderjagt, D.J., Williams, M., Huang, Y.S., 
Chuang, L.T., Millson, M., Andrews, R., Pastuszyn, A., 
Glew, R.H., 2002. Fatty acid, amino acid, and trace min-
eral analyses of five weaning foods from Jos, Nigeria. 
Plant Foods Hum. Nutr., 57(3-4):257-274.  [doi:10.1023/ 
A:1021899103662] 

Hallen, I.P., Jorhem, L., Lagerkvist, B.J., Oskarsson, A., 1995. 
Lead and cadmium levels in human milk and blood. Sci. 
Total Environ., 166(1-3):149-155.  [doi:10.1016/0048- 
9697(95)04523-4] 

Hassan, S.S., 2005. Quality Assurance of Various Dairy 
Products. MSc Thesis, Department of Chemistry, Uni-
versity of Peshawar, Paksiatn. 

Honda, R., Tawara, K., Nishijo, M., Nakagawa, H., Tanebe, K., 
Saito, S., 2003. Cadmium exposure and trace elements in 
human breast milk. Toxicology, 186(3):255-259.  [doi:10. 
1016/S0300-483X(03)00002-7] 

Hussain, I., Ishaq, M., Rehman, I., Ahmad, I., Shakirullah, M., 
2006. Comparative studies of vitamin C contents in dif-
ferent processed and un-processed milk samples. J. Chem. 
Soc. Pak., 28(3):236-240. 

Ikem, A., Nwankwoala, A., Odueyungbo, S., Nyavor, K., 
Egiebor, N., 2002. Levels of 26 elements in infant for-
mula from USA, UK, and Nigeria by microwave diges-
tion and ICP-OES. Food Chem., 77(4):439-447.  [doi:10. 
1016/S0308-8146(01)00378-8] 

Jaffar, M., Shah, M.H., Shaheen, N., Khaliq, A., Tariq, S.R., 
Manzoor, S., Saqib, M., 2004. Pre- and post-expiry metal 
levels in canned dry milk. Nut. Food Sci., 34(2):65-71.  
[doi:10.1108/00346650410529023] 

 
 

Khan, I., Zeb, A., 2007. Nutritional composition of Pakistani 
wheat varieties. J. Zhejiang Univ. Sci. B, 8(8):555-559.  
[doi:10.1631/jzus.2007.B0555] 

Kjeldahl, J., 1983. Determination of protein nitrogen in food 
products. Encyc. Food Agric., 28:757-765. 

Krelowska-Kulas, M., 1990. Lead, cadmium, iron, copper and 
zinc in fresh milk from the selected areas of the Cracow 
region. Nahrung, 34(3):213-217 (in Polish).  [doi:10.1002/ 
food.19900340303] 

Krelowska-Kulas, M., Kedzior, W., Popek, S., 1999. Content 
of some metals in goat’s milk from southern Poland. 
Nahrung, 43(5):317-319 (in Polish).  [doi:10.1002/(SICI)15 
21-3803(19991001)43:5<317::AID-FOOD317>3.0.CO;2-L] 

Perveen, F., Mumtaz, M., Usmani, T.H., 2005. Estimation of 
metal contents in different varieties of milk available in 
Karachi city. J. Chem. Soc. Pak., 27(6):611-614.  

Plummer, D.T., 1988. An Introduction to Practical Biochem-
istry, 3rd Ed. Tata McGraw-Hill Publishing Company 
Ltd., New Delhi, p.160-161. 

Rahman, S., Khalid, N., Zaidi, J.H., Ahmad, S., Iqbal, M.Z., 
2006. Non-occupational lead exposure and hypertension 
in Pakistani adults. J. Zhejiang Univ. Sci. B, 7(9):732-737.  
[doi:10.1631/jzus.2006.B0732] 

Ramonaityte, D.T., 2001. Copper, zinc, tin and lead in canned 
evaporated milk, produced in Lithuania: the initial con-
tent and its change at storage. Food Addit. Contam., 18(1): 
31-37.  [doi:10.1080/02652030010008805] 

Rehman, Z.U., Salaria, A.M., 2005. Effect of storage condi-
tions on the nutritional quality of UHT processed buffalo 
milk. J. Chem. Soc. Pak., 27(1):73-76. 

Rodriguez, E.M., Sanz, A.M., Diaz, R.C., 2000. Concentration 
of iron, copper and zinc in human milk and powdered 
infant formula. Int. J. Food Sci. Nutr., 51(5):373-380. 

Simsek, O., Gultekin, R., Oksuz, O., Kurultay, S., 2000. The 
effect of environmental pollution on the heavy metal 
contents of raw milk. Nahrung, 44(5):360-363 (in Polish).  
[doi:10.1002/1521-3803(20001001)44:5<360::AID-FOOD
360>3.0.CO;2-G] 

Triebold, H.O., 2000. Quantitative Analysis with Applications 
to Agricultural and Food Products. Chapter XII, Second 
Printing, D. van Nostrand Company, Inc., New York, 
p.204-221. 

Vander-Jagt, D.J., Okolo, S.N., Romero, L., Millson, M., Glew, 
R.H., 2001. Lead levels in the milk of Fulani women in 
Nigeria. J. Natl. Med. Assoc., 93(3):104-108. 

Vavilis, D., Bontis, J., Agorastos, T., Angelikakis, G., 
Zournatzi, V., Loufopoulos, A., Constantinou, A., 
Patsourou, A., 1997. Lead concentration in early human 
milk of urban and rural mothers. Clin. Exp. Obstet. Gy-
necol., 24(4):198-199. 

Webb, B.H., Johnson, A.H., Alford, J.A., 1974. Fundmental of 
Dairy Chemistry, 2nd Ed. Chapter I, AVI Publishing Co., 
Westport, CT. 

WHO, 1989. Minor and Trace Elements in Breast Milk. In: 
Report of Joint WHO/IAEA Collaborative Study. World 
Health Organization, Geneva, p.157-159. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


