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ABSTRACT

The research study the distribution patterns and residues behavior of Pb, Cr and Co
between dairy products [yoghurt, cheese and fatty dairy products ( kishfa, Gaymer and
cream)] and their by-products (whey and skim milk) manufactured from
experimentally polluted raw ewé s, buffalo s and cow s milk were investigated using
Atomic Absorption Spectrophotometer (AAS). The studied metals (Pb, Cr and Co)
were concentrated in both cheese and fatty dairy products (kishfa, gaymer and cream)
as they recorded concentration factors in cheese produced from raw ewe s, buffalo s
and cow s milk of 3.849, 3.466 and 2.452, 3.804, 2.938 and 2.342 and 2.995, 2.682
and 2.336 folds, respectively and 3.693, 3.164 and 2.339, 3.347, 2.773 and 2.242 and
2.601, 2.156 and 2.14 folds, respectively in kishfa, gaymer and cream produced from
raw ewée s, buffalo s and cow s milk compared with metals concentrations reported in
raw milk used for preparing these products, whereas the by-products of cheese and
fatty dairy products processing (whey and skim milk, respectively) contained Pb, Cr
and Co concentrations lower than these present in raw milk as they recorded reduction
levels of 71.6, 58 and 31.7, 63.7, 39.5 and 27 and 31.4, 20 and 9.5%, respectively in
whey and 37.3, 29.9 and 12.1, 41.7, 27 and 19.3 and 21.3, 7.8 and 5.2%, respectively
in skim milk. Yoghurt processed from the raw ewe s, buffalo s and cow s milk
contained Pb, Cr and Co metals at mean concentration levels similar to and slightly
less than those found in raw milk as the reduction levels amounted 0, 0.6 and 1, 0.1,
0.7 and 1.4 and 0.6, 0.8 and 1.9%, respectively. Generally, metals exhibited significant
differences (p<0.05) in their distribution and residues behavior in dairy products and

their by-products and comparable to raw milk used in processing as they arranged as
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follows: cheese> fatty dairy products (kishfa, Gaymer and cream)> raw milk>
yoghurt> skim milk> whey, except yoghurt and raw milk which difference was not
significant (p<0.05). Also, metals found in studying dairy products in the order of Pb >
Cr > Co, in contrast to their by-products as they arranged reversibly. Finally, metals
concentrated in cheese and kishfa produced from raw ewe s milk, in addition to cheese
and gaymer produced from raw buffalo s milk at levels significantly higher (p<0.05)

than those present in cheese and cream produced from raw cow s milk.

INTRODUCTION

Milk is a complete food that is widely consumed by children, adults and elderly people
around the world, both in its original form and as various dairy products(1). Although
milk is a good source of proteins, fats, sugar, vitamins, macro elements (Ca, K and P
) and  microelements (Cu, Fe, Zn and Se), it can carry numerous Xxenobiotic
substances causing serious problems, both for the consumer health and for the related
commercial image (2). Milk and dairy products can be a source of toxic metals due to
environmental pollution with these metals, consumption of lactating animals to
contaminated feed stuffs and water, in addition to the possibility of contamination
through manufacturing and packaging processes (3). Metals are ubiquitous in the
environment and human may be exposed to them via various pathways, especially
food chain. Among them, Lead, chromium and cobalt may pollute dairy animals feeds,
water and environment, the thereafter milk from these animals may constitute a threat
to human health due to their toxic effects when exceeding the safe levels (4).

Lead is a major environmental pollutant (5) and has been mostly implicated in human
and animal poisoning (6,7,8,9). In the dairy industry, One of the main sources of milk
contamination with lead may be originated from metal vessels used for transporting
milk to dairy factories (10). Furthermore, dairy product contamination with lead
mostly arises from contamination of containers (11,12). Acute lead poisoning occurs
by the ingestion of a large single dose of soluble lead salts (8). A cumulative poisoning
can occur through regular ingestion of relatively small concentrations of lead for long
periods and represent the greater problem of chronic poisoning (13). Lead is known to
cause inhibition of the red blood cell synthesis. It is also affecting other organs, such

as bone marrow, liver, nervous system, reproductive tissues, and kidney. Furthermore,
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lead cause injuries to mental development with reduction in intelligence, growth and
cognitive function (9). In experimental animals, carcinogenic, mutagenic and
teratogenic effects can be developed (14,15,16).

Chromium is ubiquitous in nature, occurring in air, water, soil and biological systems.
It can be entered into the environment from industrial wastes and other sources as
painting, plating, cooling tower waters and chromate production (17). Leather
industry, inks and steel processing are also sources of contamination (18,19).
Chromium is an essential metal for both humans and animals, but its excessive intake
or intake exceeding the permissible limit may lead to poisoning in both of them. As
other heavy metal toxicity, signs of chromium poisoning represented with depression,
inappetance, diarrhea, dyspnoea, paralysis and death within few hours. Pathological
changes in the lungs, kidneys and liver are found in cases of intoxication. Genotoxic
and carcinogenic effects also has been reported with hexavalent chromium poisoning
(20,21,22,23,24,25).

Cobalt may reach to our environment from both natural sources and human activities.
Air, water, soil, rock, plants and animals naturally contain cobalt. High levels of cobalt
may present in soils near ore deposits, phosphate rocks, or ore smelting facilities,
(26,27). The main potential source for the general population to cobalt exposure is
food which is most of them is inorganic. Children exposure may be happened by
eating dirt. Cobalt absorption from foods and liquids in children may be more than
adults (28). Cobalt exhibits both beneficial and harmful effects on human and animal
health. It is an essential trace metal, as it is an integral part of vitamin B12, which is
necessary for folate and fatty acid metabolism , (26,29,30,31,32,33,34). Also, cobalt is
genotoxic and as determined by the IARC is possibly human carcinogenic (Group 2B)
(28,35,36). In animals, Short-term exposure to high levels of cobalt in the food or
drinking water has resulted in effects on the heart, liver, kidneys and blood, while
long- term exposure to cobalt at low levels has resulted in effects on behavior and
testes, in addition to effects on the tissues mentioned previously (28,37).

Due to the widely consumption of milk and dairy products all over the world and
presence of metals in them exceeding the permissible limits represent potential hazards

on the public health, so our research aimed to study the residual distribution of lead,
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chromium and cobalt in these products and their by-products which manufactured

from milk experimentally spiked with them.

MATERIALS AND METHODS

Raw ewé s and cow s milk were purchased from the College of Agriculture and
Forestry/ University of Mosul. Raw buffalos milk was purchased from Al-Jazeera
dairy factory in Mosul City. Each milk type was packaged in sterile plastic containers
and immediately transferred to the laboratory for dairy products manufacturing. Before
manufacturing processes, samples from each raw milk type were obtained in duplicate
after thoroughly mixing for estimation levels of lead, chromium and cobalt.

Raw ewe s, buffalo s and cow s milk (5 kg for each) were mixed well and 5 ml of
standard solutions of lead, chromium and cobalt (1000 ppm) was added. After
thoroughly mixing of each milk type with the standards, samples from each milk type
were taken in duplicate for metals estimation and the remaining were exposed to
manufacturing to some dairy products.

Yoghurt was prepared from raw milk of ewes, buffalos and cows. Milk was heated to
85°C for 30 min. and cooled to 45°C. The starter (1:1 mixture of S. thermophilus and
L. bulgaricus) at a percentage of 2% was added to milk and incubated at 42°C for 3-4
hours (38).

Soft white cheese was made from raw ewe’ s, buffalo’s and cow’s milk after rennet
addition, according to the procedure aforementioned by Fahmi and Sharara (39). Salt
was not added to prevent the addition of any metals to cheese from it.

Fatty dairy products (cream, kishfa and gaymer) were prepared according to the
methods clarified subsequently. Cream was produced from raw cow's milk after it was
warmed to (32-38°C) and an electrical separator was used to obtain cream and skim
milk. The obtained cream was pasteurized in a water bath at 80-82°C for 25 seconds,
then cooled to 10°C or less (38). For kishfa preparation, the forming fat layer was
scraped from raw milk of ewes after heating to approximately boiling point and
cooling. This process was repeated several times in order to obtain kishfa (scraped fat
layer) and skim milk (40). Gaymer which is also called plastic cream was

manufactured by boiling of raw buffalo s milk for a minimum of 10 min. Boiled milk
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was poured into a flat container and cooled to temp. between 15-20°C. The upper fat
layer (gaymer) was scrapped after cooling while skim milk remained beneath it (41).
Samples digestion was performed according to (42) with some modifications. Milk,
dairy products and by-products samples were oven-dried at 70°C till constant dry
weights were obtained. Afterwards, 0.3 g of each dried sample was weighed and
digested on a hot plate by adding about 10 ml of 65% nitric acid, followed by the
addition of 3 ml of 30% hydrogen peroxide. Samples are heating was persisting to
near dryness, then samples dissolved in 30 ml of deionized water and filtered if
necessary. The solution was completed to volume in a 100 ml flask and kept in a
special container until analysis.

Determination of lead, chromium and cobalt carried out by using of Atomic
Absorption Spectrophotometer (GBC SensAA). A specific hollow cathode lamp for
each metal was used.

Before use, all laboratory glassware was washed with distilled water, soaked in 10%
nitric acid solution for 48 h., then rinsed several times with deionized water and air
dried.

The statistical analysis of data was done using Two Way Analysis of Variance
procedure of Sigma Stat for windows Version 3.10 (2004) (43). Comparison of means

was performed, depending on Duncan s Multiple Range Test at p<0.05 (44).

RESULTS

Results included distribution patterns of Pb, Cr and Co and their residues behavior
between artificially polluted raw ewé s, buffalo s and cow s milk used for processing
some dairy products, processed dairy products, in addition to their by-products
presented significant differences (p<0.05) in their distribution and behavior between
them with the exception distribution of Pb, Cr and Co between raw ewe s, buffalo s
and cow s milk (0.988, 0.968 and 0.937; 1.006, 0.959 and 0.945 and 0.963, 0.925 and
0.902 mg/kg, respectively) and yoghurt (0.988, 0.962 and 0.928; 1.005, 0.952 and
0.932 and 0.957, 0.918 and 0.885 mg/kg, respectively), distribution of Cr between raw
cow s milk (0.925 mg/kg), yoghurt (0.918 mg/kg) and skim milk (0.853 mg/kg), Co
distribution between raw cow s milk (0.902 mg/kg), yoghurt (0.885 mg/kg), whey
(0.816 mg/kg) and skim milk (0.855 mg/kg) and distribution of Co between cheese
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(2.213 mg/kg) and gaymer (2.119 mg/kg) and between whey (0.690 mg/kg) and skim
milk (0.763 mg/kg) produced from raw buffalo s milk as differences in metals mean
values were not significantly different (p<0.05). Cheese and fatty dairy products (
kishfa, gaymer and cream) manufactured from raw ewe s, buffalo s and cow s milk
showed metals level significantly higher (p<0.05) than that recorded in raw milk. The
concentration levels of metals (Pb, Cr and Co) in cheese were 3.849,3.466 and 2.452;
3.804, 2.938 and 2.342 and 2.995, 2.682 and 2.336 folds higher than those found in
raw ewe s, buffalo s and cow s milk, respectively. Kishfa, gaymer and cream reported
Pb, Cr and Co concentration levels of 3.693, 3.164 and 2.339; 3.347, 2.773 and 2.242
and 2.601, 2.156 and 2.14 folds more than levels recorded in raw ewe s, buffalo s and
cow s milk, respectively. On the other hand, yoghurt and by-products of cheese and
fatty dairy products (whey and skim milk, respectively) presented metals level lower
than those found in raw milk, except Pb level in yoghurt prepared from raw ewe s milk
showed mean concentration level resemble to that found in raw milk. The reduction
levels for metals (Pb, Cr and Co) in yoghurt manufactured from raw ewé s, buffalo s
and cow s milk were 0, 0.6 and 1; 0.1, 0.7 and 1.4 and 0.6, 0.8 and 1.9%, respectively,
whey reported Pb, Cr and Co reduction levels of 71.6, 58 and 31.7; 63.7, 39.5 and 27
and 31.4, 20 and 9.5%, respectively, while skim milk recorded metals reduction levels
of 37.3, 29.9 and 12.1; 41.7, 27 and 19.3 and 21.3, 7.8 and 5.2%, respectively.
Regardless of animal species and type of studied metal, metals were significantly more
concentrated (p<0.05) in cheese (2.865 mg/kg), then fatty dairy products (2.609
mg/kg), yoghurt contained metals at concentration (0.947 mg/kg) not significantly
different (p<0.05) from that found in raw milk (0.955 mg/kg), where skim milk and
whey contained the least metals content as mean concentrations (0.738 and 0.576
mg/kg, respectively) were significantly different (p<0.05) between them and from
those present in raw milk and studied dairy products. So from the obtained results,
metals presented significant differences (p<0.05) in their distribution patterns and
residues behavior in dairy products and their by-products and comparable to raw milk
used in their manufacturing as they found as follows: cheese> fatty dairy products
(kishfa, gaymer and cream)> raw milk > yoghurt> skim milk> whey, with the

exception of yoghurt and raw milk which was not significantly different (p<0.05).
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Concerning metals levels in each dairy product and by-product, results displayed that
Pb, Cr and Co in yoghurt showed no significant differences (p<0.05) in mean values
between them in the product made from raw milk of the same and different animal
species, except mean value of Pb in the product made from raw buffalo s milk (1.005
mg/kg) and Co in the same product made from raw cow s milk (0.885 mg/kg) which
difference in values was significantly different (p<<0.05). In cheese produced from raw
ewé s, buffalo s and cow s milk, significant differences (p<0.05) in the mean values of
the examined metals were reported, with the exception levels of Pb (3.803 and 3.827
mg/kg) and Co (2.298 and 2.213 mg/kg) in the product manufactured from raw ewe s
and buffalo s milk, respectively and levels of Cr and Pb (2.818 and 2.884 mg/kg,
respectively) in the product manufactured from raw buffalo s and cow s milk recorded
no significant differences (p<0.05) between them. Levels of Pb and Cr in the by-
product of cheese (whey) processed from raw ewé s milk revealed significant
difference (p<0.05) in their mean concentrations (0.281 and 0.407 mg/kg,
respectively) between them and others while no significant difference (p<0.05) was
observed comparable with the mean concentration of Pb in the whey obtained from
cheese processed from raw buffalo s milk (0.365 mg/kg). No significant differences
(p<0.05) in the level of Co (0.640 mg/kg) in whey obtained from cheese processed
from raw ewe s milk comparable to the levels of Cr and Co (0.580 and 0.690 mg/kg,
respectively) in the same by-product obtained from cheese processed from raw buffalo
s milk and with the levels of Pb and Cr (0.661 and 0.740 mg/kg, respectively) also in
the same by-product obtained from cheese processed from raw cow s milk were
reported. In addition, level of Cr (0.580 mg/kg) in the whey obtained from cheese,
processed from raw buffalo s milk versus the level of Pb (0.661 mg/kg) in the whey
obtained from cheese processed from raw cow s milk and level of Co (0.690 mg/kg) in
the whey obtained from cheese processed from raw buffalo s milk versus the level of
Pb (0.661 mg/kg) in the whey obtained from cheese processed from raw cow s milk
showed no significant differences (p<0.05). Pb and Cr levels (0.661 and 0.740 mg/kg,
respectively) in the whey obtained from cheese processed from raw cow s milk, also
Cr and Co levels (0.740 and 0.816 mg/kg, respectively) in the same by-product,
recorded no significant differences (p<0.05) between them. Fatty dairy products

(kishfa, gaymer and cream) made from raw ewé¢ s, buffalo s and cow s milk,
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respectively presented significant differences (p<0.05) in metals mean concentrations,
except Co mean concentrations in kishfa and gaymer made from raw ewé s and
buffalo s milk (2.192 and 2.119 mg/kg, respectively) and mean concentrations of Cr
and Co (1.994 and 1.930 mg/kg, respectively) in cream made from raw cow s milk
reported no significant differences (p<0.05) between them. Results of Pb in skim milk
obtained from kishfa and gaymer produced from the raw ew¢ s and buffalo

produced from raw ewé s milk showed no significant differences (p<0.05). No
significant differences (p<0.05) between Pb level (0.620 mg/kg) in skim milk obtained
from kishfa produced from raw ewe s milk and Cr level (0.7 mg/kg) in skim milk
obtained from gaymer produced from raw buffalo s milk, also between Cr level (0.679
mg/kg) in skim milk obtained from kishfa produced from raw ewé s milk, Cr and Co
levels (0.7 and 0.763 mg/kg, respectively) in skim milk obtained from gaymer
produced from raw buffalo s milk and Pb level (0.758 mg/kg) in skim milk obtained
from cream produced from raw cow s milk. Co levels in skim milk obtained from
kishfa and gaymer produced from raw ewé s and buffalo s milk (0.824 and 0.763
mg/kg, respectively) and Pb, Cr and Co levels (0.758, 0.853 and 0.855 mg/kg,
respectively) in skim milk obtained from cream produced from raw cow s milk
showed no significant differences (p<0.05) among them. As a result, metals found in
the dairy products under study in the order of Pb > Cr > Co, comparable to their by-
products where they arranged reversibly (Table 1).

Results reported in table (2) showed that studied metals (regardless of metal type)
were significantly more concentrated (p<0.05) in cheese and kishfa processed from
raw ewe s milk (3.152 and 2.968 mg/kg, respectively), yoghurt recorded metals mean
concentration of 0.959 mg/kg which was not significantly different (p<0.05) from that
reported in raw milk (0.964 mg/kg), whereas mean concentration of metals in skim
milk decreased significantly (p<0.05) as it reached 0.708 mg/kg which was
significantly different (p<<0.05) from that found in whey (0.443 mg/kg) which reported

the least concentration. Dairy products and by-products produced from raw buffalo s
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Table 1:- The mean concentrations (mg/kg) of lead, chromium and cobalt in
dairy products and their by-products manufactured from raw ewe’, buffalo’

and cow’s milk spiked with these metals*.

Raw milk Metal Fatty dairy
Raw milk | Yoghurt Cheese Whey Skim milk
type type products®
- 0.988 0.988 3.803 0.281 3.649 0.620
a ab c 1 r dy
0.968 0.962 3.355 0.407 3.063 0.679
Ewe Cr
a ab d ] S yz
c 0.937 0.928 2.298 0.640 2.192 0.824
0
a ab e koq t c
- 1.006 1.005 3.827 0.365 3.367 0.587
a a c 1j u y
0.959 0.952 2.818 0.580 2.659 0.7
Buffalo Cr
a ab f kp v dz
c 0.945 0.932 2.213 0.690 2.119 0.763
0
a ab e lo et clz
- 0.963 0.957 2.884 0.661 2.505 0.758
a ab f Inpq w cz
0.925 0918 2.481 0.740 1.994 0.853
Cow Cr
a ab g mno X ac
c 0.902 0.885 2.107 0.816 1.930 0.855
0
ab b h bm X bc
Dairy manufacturing 0.955 0.947 2.865 0.576 2.609 0.738
effect A A B C D E

e Horizontally different small letters are significantly different (p<0.05).
e Vertically different small letters are significantly different (p<0.05).
. Different capital letters within last raw are significantly different (p<0.05).

* Metals were added to the milk used for preparation of dairy products at a conc. of 1 mg/kg.

* Kishfa, gaymer and cream processed from raw ewe s, buffalo s and cow s milk, respectively.
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milk clarified that the mean value of metals in cheese (2.953 mg/kg) was significantly
higher (p<0.05) than that found in gaymer (2.715 mg/kg) which was significantly
higher (p<0.05) than others, yoghurt contained metals at level (0.963 mg/kg) not
significantly different (p<<0.05) from that reported in raw milk (0.970 mg/kg), the least
significant metals levels??? (p<0.05) appeared in skim milk and whey where mean
values (0.683 and 0.545 mg/kg, respectively) were not significantly different (p<0.05)
among them. Raw cow s milk used for preparation of dairy products and by-products
under study revealed that cheese also recorded the highest metal level (2.491 mg/kg),
then cream which contained metals at level (2.143 mg/kg) significantly (p<0.05) less
than that found in cheese but higher than others, while yoghurt, skim milk and whey
presented the lowest metals concentrations??? where mean values (0.920, 0.822 and
0.739 mg/kg, respectively) not significantly different (p<0.05) from that reported in
raw milk (0.930 mg/kg). In cheese prepared from raw ewe s and buffald s milk, metals
were significantly more concentrated (p<0.05) (3.152 and 2.953 mg/kg, respectively)
than that present in cheese prepared from raw cow s milk which reported mean
concentration level of 2.491 mg/kg, where metals concentration factors were 3.27,
3.044 and 2.678 folds, respectively more than those in raw milk. Kishfa prepared from
raw ewe s milk appeared metals concentration (2.968 mg/kg) significantly higher
(p<0.05) than that found in gaymer and cream prepared from the raw buffalo s and
cow s milk (2.715 and 2.143 mg/kg, respectively) where they also reported significant
difference (p<0.05) between them and presented metals concentration factors of 3.079,
2.799 and 2.304 folds, respectively more than that in raw milk. Yoghurt processed
from raw ewe s, buffalo s and cow s milk presented metals mean concentrations
(0.959, 0.963 and 0.920 mg/kg, respectively) not significantly different (p<0.05)
among them and recorded metals reduction levels of 0.5, 0.7 and 1.1%, respectively
than that found in raw milk. The by-product of cheese making (whey) produced from
raw buffalo s milk showed mean concentration of metals (0.545 mg/kg) significantly
similar (p<0.05) to those found in whey obtained from cheese manufactured from raw
ewe s and cow s milk (0.443 and 0.739 mg/kg, respectively) where they reported
significant difference (p<0.05) between them and presented metals reduction levels of
54, 43.8 and 20.5% in this by-product obtained from cheese manufactured from raw
ewé s, buffalo s and cow s milk, respectively, whereas skim milk obtained from kishfa,

gaymer and cream prepared from raw ewé s, buffalo s and cow s milk showed no
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significant differences (p<0.05) in metals mean concentrations (0.708, 0.683 and 0.822
mg/kg, respectively) and reported metals reduction levels of 26.6, 29.6 and 11.6%,

respectively than that reported in raw milk.

Table 2:- The mean concentrations (mg/kg) of metals in dairy products and their

by-products processed from raw ewe’, buffalos and cow milk spiked with these

metals.
Raw milk Fatty dairy
Raw milk Yoghurt Cheese Whey Skim milk
type products
0.964 0.959 3.152 0.443 2.968 0.708
Ewe
a a b d b h
0.970 0.963 2.953 0.545 2.715 0.683
Buffalo
a a b de f hd
0.930 0.920 2.491 0.739 2.143 0.822
Cow
a a c ea g ha
. Horizontally different small letters are significantly different (p<0.05).
. Vertically different small letters are significantly different (p<0.05).
DISCUSSION

Metals residues have gained particular concern due to their ability to bio-accumulate
(45). The Behavior of these residues in dairy products and by-products occupies
special importance as these products are largely consumed by billions of people
around the world every day and their by-products as whey entered in human food
industry during the last decades due to nutritional value and the properties of its
ingredients (46,47).

Patterns of metals distribution and their residues behavior in manufacturing dairy
products and their by-products are changeable depending on the type of metal, milk
origin, product and by-product type, in addition to environmental conditions at the
processing sites.

Results showed that yoghurt presented metals level lower than that found in raw milk.
(48) showed similar finding and reported Pb reduction level in yoghurt of 37% which

was higher than Pb reduction levels presented in our research. Also (49) reported Pb,
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Cr and Co concentrations in cow's and buffalo’s milk of 0.04, 0.026 and 0.002 and
0.062, 0.04 and 0.004 mg/kg, respectively higher than those recorded in yoghurt where
they lowered to 0.039, 0.025 and 0.001 and 0.06, 0.038 and 0.003 mg/kg, respectively
and recorded Pb, Cr and Co reduction levels in yoghurt produced from cow's and
buffalo’s milk (2, 3 and 50% and 3,5 and 25%, respectively) higher than those
mentioned in our research (0.6, 0.8 and 1.9 and 0.1, 0.7 and 1.4%, respectively). Our
results were also in acceptance to those displayed by (50) concerning Cr level in
yoghurt which also showed a level lower than that present in raw milk and reported
reduction level reached to 15.8% after 10 days of storage which was higher than Cr
reduction levels reported in our research. This high percentage in metal reduction level
perhaps belongs to yoghurt storage as it responsible for most reduction in metal level
specially in the first 5 days of storage, in addition to the presence of metal at low level
in milk and any small loss will lead to rise the percentage of reduction. In relation to
Pb level in yoghurt, no reduction was reported comparable to that present in raw milk
which was nearly similar to our results that recorded slight Pb reduction levels of 0,
0.1 and 0.6% in yoghurt produced from raw ewe s, buffalo s and cow s milk,
respectively. Generally, the reduction in metals concentration in yoghurt may belong
to process of manufacturing and usage of starter for fermenting.

Concerning cheese, results revealed that metals were more concentrated in cheese than
in milk used for manufacturing it and that whey contained metals at concentrations
less than that present in milk. Many studies reflect these findings as (3) exerted Pb and
Cr mean levels in ricotta (cheese produced from whey) of 0.391 and 0.32 pg/g,
respectively and in fresh caciotta cheese (cheese made from raw ewe’s milk) of 0.47
and 0.46 ng/g, respectively higher than those found in ewe’s milk used for preparing
of these cheese types which reported mean levels of 0.18 and 0.14 pg/g, respectively
(as Pb concentration factors in ricotta and fresh caciotta cheese 2.17 and 2.61 folds,
respectively and 2.3 and 3.3 folds, respectively for Cr than in ewe’s milk). Another
study presented from (51) also showed that kasar cheese contained Pb level (1.1
mg/kg) higher than that found in milk powder (0.054 mg/kg), in addition to the study
performed by (52) which recorded Pb average concentration of 2.73 mg/kg in
pasteurized milk comparable to that present in hard cheese (4.05 mg/kg). Furthermore,

(50) pointed that Pb and Cr were more concentrated in domiati cheese (0.112 and
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0.305 mg/kg, respectively) than in raw milk used for producing it (0.099 and 0.205
mg/kg, respectively) and whey (0.096 and 0.179 mg/kg, respectively). Milk and
manufacturing process used for preparing of each cheese type mainly influenced on
the concentrations of certain metals in cheese. This remarkable increase in metals
concentration in cheese may be primarily returns to that these metals are preferentially
bound to milk proteins specially caseins so they will be transfer mainly to curd during
cheese processing (3).

In fatty dairy products (kishfa, gaymer and cream), results referred that metals were
detected in these products at concentrations higher than those present in milk used for
preparing them and in skim milk which is the by-product of their processing. (53)
presented similar results when found that skim milk contained trace levels of metals
indicative that metals were concentrated in cream. (49) reported that Pb, Cr and Co
concentration levels in cow s and buffalo s milk (0.04,0.026 and 0.002 and 0.062, 0.04
and 0.004 mg/kg, respectively) were lower than those present in cream (0.149, 0.117
and 0.01 and 0.230, 0.180 and 0.018 mg/kg, respectively) and found that Pb and Cr
concentration factors in cow’s and buffalo’s cream were the same 3.7 and 4.5 folds,
respectively, whereas Co concentrated in cow s and buffalo’s cream 5 and 4.5 folds,
respectively than in raw milk which was higher than our results that reported Pb, Cr
and Co concentration factors in cream and gaymer processed from cow s and buffalo’s
milk of 2.601, 2.156 and 2.14 and 3.347, 2.773 and 2.242 folds, respectively. At last,
displayed resemble findings when reported Pb and Cr mean values of 0.11 and 0.46
mg/kg, respectively in cram comparable to these reported in milk 0.07 and 0.44
mg/kg, respectively whereas recorded Pb and Cr concentration factors in cream lower
than those reported in our research that amounted 1.58 and 1.05 folds, respectively
than in initial raw milk. Metals were attached with the protein nitrogen, this complex
proteinate will be adsorbed on the fat globule surface construing the reason for metals
concentration in cream (54).

In our research, Pb presided metals in its residue concentration in the dairy products,
then Cr whereas Co came at last, this perhaps ascribe to presence of variations among
metals in their ability to bound to milk proteins and influence by manufacturing

processes (50).
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Eventually, results showed that metals were arranged in dairy products and their by-
products and in comparable to raw milk used in processing in the order of cheese>
fatty dairy products (kishfa, gaymer and cream)> raw milk> yoghurt> skim milk>
whey and elucidated that metals were existed in cheese processed from raw ewe s and
buffalo s milk at concentrations significantly higher (p<0.05) than those found in the
same product processed from raw cow s milk, while they were significantly more
concentrated (p<0.05) in kishfa processed from raw ewe¢ s milk, then in gaymer
processed from raw buffalo s milk, whereas cream processed from raw cow s milk
contained the least concentration. (49) were in accordance to some degree to these
results when reported that raw milk contained metals at levels higher than yoghurt but
lower than cream and referred that metals were concentrated in dairy products
processed from buffalo's milk at levels higher than these processed from cow's milk.
The variations between ewe s, buffalo s and cow s milk, dairy products and their by-
products in their chemical constituents percentages may explain these results precisely
protein and fat percentages, in addition to the variations in the physical and chemical

characters of the manufacturing processes of the dairy products .
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