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PAPER                                                 

Effect of species on the distribution and oxidative stability of milk added of 
lead and cadmium

Giulia Grassia , Amalia Simonettib , Emilio Gambacortab and Annamaria Pernab 

aDipartimento di Scienze Agrarie, Ambientali e Alimentari, University of Molise, Campobasso, Italia; bScuola di Scienze Agrarie, 
Forestali, Alimentari e Ambientali, Universit�a of Basilicata, Potenza, Italia 

ABSTRACT 
The aim of this study was to evaluate the effect of species on added lead (Pb) and cadmium 
(Cd) content in cow, buffalo, and goat milk and their distribution in fat, casein, and whey frac-
tions. In addition, the oxidative stability of the milk was evaluated. Most of the Pb and Cd were 
recovered in the skimmed milk (96.74 and 94.21%, respectively). The distribution of Cd and Pb 
in casein and whey fractions, obtained by enzymatic coagulation, highlighted that they were 
mainly associated with casein (on average 94.77 and 90.54% of Pb and Cd, respectively). The 
species significantly affected the distribution of Cd and Pb in the casein and fat fractions 
(p< 0.01). In particular, Cd and Pb levels in fat fraction were the highest in the buffalo milk, 
whereas casein fraction was the highest in bovine milk. Furthermore, the presence of metals 
negatively influenced the oxidative stability of the milk and the species influenced its response. 
The results showed that in the presence of Cd and Pb, bovine milk increased the content of 
Malondialdehyde (MDA), advanced oxidation protein products (AOPP) and dithyrosines com-
pared to other species. In addition, there was a significant decrease in the thiol content, high-
lighting a reduction in the antioxidant capacity of the contaminated milk.

GRAPHICAL ABSTRACT

HIGHLIGHTS 

� Pb and Cd added to milk: species effect.
� Greater presence of heavy metals in the casein fraction.
� Metals negatively affected the oxidative stability of the milk and the species influenced its 

response.
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Introduction

Heavy metals toxicity is one of the oldest environmen-
tal problems and it remains a serious concern for the 
repercussions on both humans and animals. Cadmium 
(Cd) and lead (Pb), very toxic heavy metals easily 
found in the environment (Ali et al. 2019) are charac-
terised by a high affinity with biological tissues, from 
which they are slowly eliminated (Peres et al. 1997; 
EFSA 2009). The exposure and ingestion of these met-
als cause several adverse health effects in humans 
(Rafiq et al. 2016), especially in sensitive individuals 
such as children and the elderly. Among the factors 
that influence metals toxicity are the concentration, 
the exposure routes, the chemical species, but also 
the genetics, diet and age of the exposed individuals 
(EFSA 2009). These heavy metals are not biodegrad-
able, so they accumulate in food chains through bio-
transformation, bioaccumulation, and biomagnification 
(Ali et al. 2019). Furthermore, causes an increase in 
free radicals (ROS, Reacting Oxygen Species) in the 
cell, both by inducing an increase in mitochondrial 
production of ROS and by inhibiting the antioxidants 
production (Ellman 1959). Milk contamination could 
derive directly from the udder of the animal to milk or 
be favoured by the equipment used for processing 
and storing the milk (Est�evez and Luna 2017).

The absorption of these heavy metals is positively 
favourited by lactose and fat (Nwani et al. 2010; 
Tchounwou et al. 2012) without causing particular varia-
tions in colour, smell, taste and consolidation, acting as 
a “silent killer” of toxicity (Manoni et al. 2020).

Among these, the species represents an important fac-
tor of variation because influences the milk composition 
(Gantner et al. 2015) and the quantitative and qualitative 
characteristics of proteins, including those of MFGM (Mata 
et al. 1995). However, the distribution of Pb and Cd in milk 
has been poorly studied; to date, some evidence has been 
found in human, bovine, and rat milk (Beach and Henning 
1988; Matovi�c et al. 2012; Rubino 2015).

Thus, the aim of this study was to evaluate the dis-
tribution of added Pb and Cd in cow, buffalo, and 
goat milk in fat, casein, and whey fractions. In add-
ition, the oxidative stability of the milk compounds 
was studied to evaluate the damage caused by 
contamination.

Materials and methods

Samples

Samples of bulk milk from cows (Italian Frisona), buf-
falo (Italian Buffalo), and mestizo goats were collected 

in April-May 2022 from farms in the province of 
Potenza (southern Italy). The bulk milk samples (3 L for 
each species) were split into three equal batches of 
1 L each: in the first was added lead acetate 
(Pb(CH3COO)2;Merck kGaA, 64271 Dermstadt, 
Germany) to obtain a final concentration of 1 ppm; in 
the second was added cadmium chloride (CdCl2; 
Sigma Aldrich, Milan, Italy) to obtain a final concentra-
tion of 1 ppm; the third was milk control (without any 
addition). The milk samples were stored at a refriger-
ation temperature (4 �C) for 24 h in glass containers. 
The physicochemical properties of cow, buffalo and 
goat milk were determined according to the Official 
EC method (Ferranti et al. 1998). The experiment was 
repeated three times on different days, obtaining 
three independent replicates per formulation.

Fractionation of the main components of milk

The fat was recovered from the milk samples of each 
species by centrifugation at 2,000 g for 20 min at 4 �C, 
the defatted milk was coagulated with chymosin 
(Sigma-Aldrich, Milan, Italy), and the casein recovered 
by centrifugation at 4000 g for 20 min. To remove all 
serum, the pellet was washed with distilled water and 
then centrifuged at 4000 g for 20 min. The fat, casein 
(CN), and whey samples were stored at −20 �C until 
analysis.

Lead and cadmium determination

Two grams of each samples were put in porcelain cru-
cibles, heated in an oven at 105 �C, and then put in a 
muffle furnace at 450 �C until burned to ash. Cd and 
Pb content in fat, casein and whey samples were 
determined in triplicate by inductively coupled plasma 
-mass spectrometry (ICP-QMS; Elan DRC II, Perkin- 
Elmer SCIEX, CT, USA) as reported by Perna et al. 
2014. The water used for washing the casein was also 
analysed and the results were added to those of 
whey. The results were expressed as a percentage dis-
tribution of Cd and Pb in the three analysed fractions 
(fat, casein, and whey).

Determination of lipid oxidation: Tiobarbituric 
acid reactive substances (TBARS)

Analysis of TBARS was performed as described by 
Baakdah and Tsopmo (2016) with some modifications. 
Briefly, 500 mL of milk sample was homogenised with 
1 mL of hexane:isopropanol (4:1) by a Polytron (PT-MR 
2100, Kinematica AG, Littau, Luzern, Switzerland) at 
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13,500 x g for 15 s. The homogenates were placed in 
an ultrasound water bath apparatus (Elma Transsonic 
460/H, Singen, Germany) for 10 min at room tempera-
ture (RT). An aliquot of each homogenate (145 mL) was 
transferred into a test tube, and 255 mL of distilled 
water and 600 mL of 2-thiobarbituric acid (TBA) solu-
tion (0.375% thiobarbituric acid, 15% trichloroacetic 
acid, and 0.25 M HCl) were added. The mixture was 
kept at 90 �C for 30 min, followed by cooling in a 
refrigerator (4 �C) for 30 min. Subsequently, the mix-
ture was centrifuged at 3600� g for 15 min at RT, and 
the absorbance of the obtained supernatant was 
measured at 532 nm. TBARS value was calculated from 
the standard curve draw using 1,1,3,3-tetraethoxypro-
pane (0.3–2 mg mL−1), and the results were expressed 
as mg malondialdehyde (MDA)/g sample. Each deter-
mination was made in triplicate.

Spectrophotometric analysis of advanced 
oxidation protein products (AOPPs) and dityrosine 
content

AOPPs and dityrosine in milk samples were deter-
mined and measured by spectrophotometric method 
(UV-VIS Spectrophotometer 1204; Shimadzu, Japan) 
The AOPPs in milk samples were measured using the 
method of Witko-Sarsat et al. (1996), using a calibra-
tion curve with chloramine-T standard solution 
(Sigma-Aldrich, Milan, Italy; 0–100 mM). The absorbance 
was measured at 340 nm and AOPP concentrations 
were expressed in mM of chloramine-T equivalent. 
Dityrosines were determined by the spectrophotomet-
ric method as described by Witko-Sarsat et al. (1996). 
The absorbance was measured at 315 nm and dityro-
sine concentration was determined using the Lambert- 
Beer formula (e¼ 5 mM−1 cm−1 at pH 7.5).

Determination of free thiol groups

Ellman’s (1959) method was used to determine the 
number of free thiol groups, with some modifications. 
Two-hundred fifty lL of water-soluble extract of sam-
ples were mixed with 2.5 mL of 0.1 M sodium phos-
phate buffer (containing 1 mM EDTA; pH 8.0, reaction 
buffer) and 50 lL of DTNB reagent solution (4 mg in 
1 ml of sodium phosphate buffer). After the solution 
was mixed and left to stand at room temperature 
(25 �C) for 30 min the absorbance was read at 412 nm 
using the UV-VIS 1204 spectrophotometer (Shimadzu, 
Kyoto, Japan). Reaction buffer was used instead of the 
sample as a reagent blank. The molar extinction coeffi-
cient of 14,150 M−1 cm−1 was used to calculate the 

moles of thiol groups. Each determination and meas-
urement was made in triplicate.

Statistical analysis

Statistical analysis was performed by the general linear 
model (GLM) procedure of SAS (1996) software using:

- a monofactorial model was applied to evaluate 
the Specie effect on milk quality:

yi ¼ l þ ai þ ei 

where yi is the experimental observations; l is the 
overall mean; ai is the effect of the species (i¼ cow, 
buffalo, goat); ei is the residual random error.

Student’s t-test was used for all variable compari-
sons and differences between means at the 95% 
(p< 0.05) confidence level were considered statistically 
significant;

A 2-factor model whit interaction:

yijk ¼ l þ ai þ bj þ ða � bÞij þ eijk 

where yijk is the dependent variable of the kth obser-
vation; l is the overall mean, ai is the effect of the 
species (i¼ cow, buffalo, goat), bj is the effect of 
the heavy metals (j¼Cd, Pb), (a�b)ij is the effect of 
the interaction between Species and heavy metals; eijk 

is the residual random error associated with the kth 
observation.

Before setting the values, expressed in percentage 
terms, they were subjected to arcsine transformation 
(Ahrens et al. 1990).

Significance of mean differences was determined 
by Bonferroni at a 5% significance level.

Results and discussion

Characterisation of the chemical-physical 
composition

In Table 1 the chemical-physical properties of cow, 
buffalo and goat milk were reported. Statistical ana-
lysis showed that the species significantly influenced 

Table 1. The pH value and chemical properties (g/100 g) of 
cow, buffalo and goat milk.

Cow Buffalo Goat

Mean SD1 Mean SD Mean SD

pH 6.60a 0.01 6.72b 0.02 6.52c 0.06
Fat 3.94a 0.01 5.80b 0.11 3.20c 0.09
Protein 3.39a 0.11 4.36b 0.12 3.15c 0.05
casein 2.42a 0.18 3.26b 0.32 2.15c 0.13
Lactose 4.64a 0.1 4.52b 0.09 4.01c 0.10
Ash 0.80a 0.06 0.80a 0.06 0.83a 0.04
Total solids 12.78a 0.31 15.07b 0.70 11.20c 0.12
1SD: standard deviation;.
a,b,cMeans within a row with different superscripts differ (p< 0.01).
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the quantitative-qualitative characteristics of the milk 
(p< 0.001). It is known that the chemical composition 
of milk is species-specific, in particular the percentage 
of fat, protein, and casein differ for cow, buffalo, and 
goat milk. The highest fat, protein, and total solids 
content was recorded in buffalo milk (p< 0.001), in 
line with what was reported by Niero et al. (2018); 
whereas, goat milk showed the lowest fat, protein, lac-
tose, and total solids content (p< 0.001). Average fat 
percentage of goat milk was minor and lactose, pro-
tein and casein, ash percentages were almost compar-
able to the values of Park (2007). The higher content 
of caseins was observed in buffalo milk (3,26%; 
p< 0.001) while the lowest was observed in goat milk 
(2,15%). The pH of each species was between 6.52 
and 6.72. In buffalo milk, Bonfatti et al. (2012) found a 
higher fat content (10.19%) than the present study 
(6.84%). This difference can be explained by the geo-
graphical area and farming conditions which, as is 
known, represent an important factor in the variation 
of milk quality. De Vivo et al. (2017) evaluated the 
influence of the season on the chemical composition 
of Italian buffalo milk, highlighting a decreasing fat 
content until April.

Cadmium and lead content among milk 
macrocomponents

The Cd and Pb distribution in the milk fractions (fat, 
casein and whey) is reported in Table 2. The heavy 
metals concentration was determined on whole milk 
and the control milk fractions of each species. The 
results showed that the content of the metals studied 
was below the limit of quantification (LOQ < 0.05 for 
Pb and 0.04 for Cd ng mL−1; Perna et al. 2014).

Overall, in spiked milk samples, most of Pb and Cd 
were recovered in the skimmed milk (96.74 and 
94.21%, respectively), whereas only 3.26% of Pb and 
5.79% of Cd were associated with the lipid fraction. 
Furthermore, after skimmed milk treatment with ren-
net the results showed that Pb and Cd were mainly 
associated with CN (94.77 and 90.54%, respectively, Pb 
and Cd), whereas only 1.97% of Pb and 3.67% of Cd 
were associated with whey fraction. These findings 
were in agreement with Mata et al. (1996) who 
reported that most of Pb and Cd were associated with 
CN obtained by coagulation of chymosin (approxi-
mately 97 and 89% of Pb and Cd, respectively). CN 
micelles bind to the metal to form metalloproteins 
(Srinivas et al. 2017; Henry et al. 2015) and the interac-
tions between cations and CN are due to the CN type 
(as1-, as2-, b- or j-CN); the state of CN phosphorylation 

and their charge; the number of positive charge, the 
size and hydration of the considered cation; the type 
of binding; and the physico-chemical environment 
(Girma et al. 2014).

Moreover, as1-, as2-, b-, or j-CN, as a result of the 
proteolytic action of the rennet, are precursors of pep-
tides containing phosphoseryl and carboxyl sites that 
bind metals (Ji et al. 2019). Therefore, the presence of 
numerous amino acid residues with ionic and elec-
tron-rich side chains, as well as adequate conforma-
tions, make the hydrolysed caseins and peptides able 
to bind divalent metals improving solubility, stability, 
and bioavailability (Baakdah and Tsopmo 2016).

As regards to the association between studied met-
als and fat fraction (Table 2), Cd showed a higher 
affinity compared to Pb (5.79 and 3.26%, respectively). 
Pb and Cd content in the fat fraction is due to the 
high capacity of these metals to bind proteins and lip-
oproteins of MFGM. In particular, it is known that Cd 
and Pb bind to the SH groups of proteins affecting 
their function and, consequently, the activity of anti-
oxidant enzymes that use thiol group as hydrogen 
donors such as glutathione, glutathione peroxidase, 
and catalase (Rubino 2015). Fransson and L€onnerdal 
(1983) in human milk observed that significant 
amounts (15-30%) of Cu, Zn, Ca, and Fe are mainly 
bound to the outer of MFGM; In particular, these 
authors suggested that Fe and Zn are associated with 
xanthine oxidase and alkaline phosphatase, both 
metal-carrying enzymes. Since Cd is known to interact 
with Zn, it may be speculated that in the fat fraction 
the Cd binds to these enzymes; this may explain the 
higher Cd content compared to Pb detected in this 
fraction. Although the specific binding of Pb in fat 
fraction is not known, Henry et al. (2015) highlighted 
that several MFGM proteins, such as fatty acid syn-
thase, xanthine dehydrogenase/oxidase, butyrophilin, 
adipophilin, showed a high number of phosphosites; 
in particular, these authors detected 24 phosphosites 

Table 2. Distribution of added Cd and Pb in the milk frac-
tions (fat, casein, and whey), regardless of the analysed 
species.

% Pb % Cd

Skimmed milk 96.74 94.21
Fat 3.26 5.79
Enzymatic coagulation (Skimmed milk)

Casein 94.77 90.54
Whey 1.97 3.67
Skimmed milk 96.74 94.21
Fat 3.26 5.79

Enzymatic coagulation (Skimmed milk)
Casein 94.77 90.54
Whey 1.97 3.67
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foradipophilin, 2 phosphosites forlactadherin, 20 phos-
phosites forbutyrophilin, 18 phosphosites forxanthine 
dehydrogenase/oxidase, and 6 for tail-interacting pro-
tein of 47 kDa (TIP-47).

The species significantly affected Cd and Pb distri-
bution in the CN and fat fractions (p< 0.001). The Cd 
and Pb distribution in the milk fractions (fat, casein), 
distinctly by species, is reported in Figure 1. In particu-
lar, the recovered percentage of Cd and Pb in fat frac-
tion was the highest in the buffalo milk (8,19 and 
3,96%, respectively; Table 2; p< 0.001), whereas the 
CN fraction showed the highest Pb percentage 
(97.65%; p< 0.001) in bovine milk and the highest Cd 
percentage (92.56%; p< 0.001) in goat milk.

Rafiq et al. (2016), in a comparative study on milk 
from different species, detected a higher CN content 
in buffalo milk compared to cow and goat milk which 
affected the degree of caseins phosphorylation. 
Sørensen et al. (2003) highlighted that the phosphoryl-
ation pattern of CN is highly variable within and 
among different CN genetic variants of different mam-
malian species. In fact, the CN phosphorylation occurs 
by post-translational modification catalysed by kinase 
enzymes that binded phosphate groups to specific 
amino acids in the protein sequence that is specific to 
each species. Ceballos et al. (2009) reported that goat 
milk contained a higher presence of metal chelating 
amino acid compared to cow milk. Moreover, it is now 
known the high affinity between MFGM proteins and 
heavy metals (Manoni et al. 2020). In our study, Cd 
level in buffalo fat was 1.6 and 2 times higher than in 
cow and goat fat, respectively. Similarly, Pb level in 
buffalo fat was 1.5 and 1.3 times higher than in cow 
and goat fat, respectively. Although major MFGM pro-
teins have been identified in all species, the molecular 
functions exerted by MFGM proteomes vary due to 
the variation in protein expression of the species 
(Jomova and Valko 2011; Yang et al. 2020; Manoni 
et al. 2020). Nguyen et al. (2017) showed a significant 

difference in the type and quantity of proteins in milk 
fat fractions of bovine and buffalo milk; in particular, 
these authors detected significant difference in the 
xanthine oxidoreductase level between the two con-
sidered species. Cebo et al. (2010) observed a signifi-
cant difference between cow and goat species for 
lactadherin (LDH).

Oxidation induced by added Cd and Pb in milk

The balance between the anti- and pro-oxidative proc-
esses in milk and dairy products determines the oxida-
tive stability. Studies showed that one of the main 
mechanisms of Cd and Pb toxicity is due to the induc-
tion of oxidative stress (Matovi�c et al. 2012) with the 
consequent release of oxygen reactive species (ROS), 
that causes the release of reactive oxygen species 
(ROS), which negatively affect on the oxidation of 
both lipids and proteins (Jomova and Valko 2011). The 
oxidative deterioration of milk was made by determin-
ing oxidation markers, such as the malondialdehyde 
(MDA), one of the most known secondary products of 
lipid peroxidation, the dithyrosines, components of 
protein oxidation resulted from the interaction of two 
tyrosine molecules, and the advanced protein prod-
ucts for oxidation (AOPPs) which determine the forma-
tion of reactive species with an increase in protein 
oxidation (Fuentes-Lemus et al. 2018). The presence 
Cd and Pb in milk resulted in a significant increase in 

Figure 1. Percentage distribution of Cd and Pb in casein and fat fractions regardless of species.

Table 3. Oxidative status of control, Cd and Pb-milk.
Control Cd Pb

Mean SDd Mean SD Mean SD

MDAe (mg/g of milk) 0.198a 0.016 0.253b 0.015 0.299c 0.025
Dithyrosines (mM) 60.09a 14.48 76.92b 8.21 79.45b 7.54
AOPPs (mM) 1.53a 0.22 2.19b 0.24 2.41b 0.29
Thiols (mM) 392.14c 24.99 310.34a 20.17 330.83b 14.00
a,b,cMeans within a row with different superscripts differ (p< 0.05).
dSD: standard deviation;
eMDA: malondialdehyde.
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TBARS, dithyrosines, and AOPPs value (p< 0.01; 
Table 3–4). In control milk the TBARS value was 
0.198 mg MDA/g milk, whereas Cd- and Pb-milk 
showed significantly higher values (0.253 and 0.299 mg 
MDA/g milk, respectively; p< 0.01). Furthermore, the 
Pb-milk showed MDA levels higher compared to Cd- 
milk (p< 0.01). In line with our results, Miedico et al. 
(2016) on animal tissues found significant increase in 
the MDA level and changes in the FFA composition 
due to oxidative stress induced by Cd and Pb. As 
shown in Table 4, a significant increase (p< 0.01) in 
both dithyrosines and AOPPs concentration was 
detected in the contaminated milk compared to the 
control milk. In particular, compared to the control, 
the increase percentages in dithyrosines were 27.86% 
and 32.06% for Cd- and Pb-milk, respectively, whereas 
the AOPP content was increase of 35.95% and 51.00% 
in the milk with Cd and Pb, respectively.

The protein oxidation is a less studied phenomenon 
than lipid oxidation, but noteworthy as it is linked to 
the loss of the nutritional value and organoleptic 
properties of the food; moreover, it is known that the 
intake of the resulting catabolites can have deleterious 
consequences on human health (Est�evez and Luna 
2017; Chirinos-Peinado and Castro-Bedri~nana 2020). 
The oxidation of proteins generated by radicals can 
lead to damage to the protein skeleton or side chains, 
also the oxidative damage of proteins is irreversible 
due to a slight unfolding and loss of function 
(Ceballos et al. 2009). The susceptibility of milk to oxi-
dation can also be assessed by measuring the antioxi-
dant capacity. Thiols (biological components) are the 
most important antioxidants with a sulfhydryl group 
(-SH) and are characterised by heavy metals chelating 
properties, well reported in the review of Bjørklund 
et al. (2019), moreover, they protect cells from any 
kind of oxidative damage (Ceballos et al. 2009; 
Bjørklund et al. 2019). The average content in thiols 
showed a decrease compared to control milk of 21% 
and 16% in the Cd- and Pb milk, respectively (Table 
5). Many metals, including Pb, Cd and Hg have a high 
affinity for sulfhydryl groups with formation of cova-
lent bonds between these heavy metals and SH 

gropus that causes the inhibition of function of vari-
ous biological enzymes such as aminolevulinate dehy-
dratase (ALAD), superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx) and glucose-6- 
phosphate dehydrogenase (G6PD) (Jomova and Valko 
2011; Kasperczyk et al. 2012; Nair et al. 2013).

In this study the statistical analysis showed a signifi-
cant interaction between contaminant x species 
(p< 0.001). The MDA content was similar in the con-
trol milk of the three considered species (Table 3), 
while the presence of Cd caused an increase of about 
37.00% in bovine milk, 25.36% in buffalo milk, and 
22.28% in goat’s milk. The similar trend was recorded 
in presence of Pb where the increase was 65.64% in 
bovine milk, 47.32% in buffalo milk, and 40.93% in 
goat’s milk. The differences observed among the milk 
of different species could be due to the quantity of 
milk produced daily; in fact, Kapusta et al. (2018) high-
lighted the negative effect of high milk yield on their 
milk quality. Rubino (2015) reported that the cows 
that produce high quantities of milk are more likely to 
be exposed to free radicals and thus to the free rad-
ical peroxidation processes that lead to the production 
of MDA. Furthermore, the author above cited high-
lighted higher MDA values in milk with hig-her fat 
content. In this study bovine milk showed the higher 
dithyrosines and AOPPs values (p< 0.05), whereas the 
lower values resulted in goat milk (p< 0.05; Table 4). 
The percentage increase of dithyrosines in Cd-milk 
was 24.15% in cow’s milk, 22.61% in buffalo milk, and 
20.64% in goat’s milk, whereas Pb contamination 
caused greater damage in all the samples studied, in 
particular the percentage increase was 30.20% in cow 
milk, 26.23% in buffalo milk, and 26.04% in goat’s 
milk. The damage caused by the presence of heavy 
metals in milk was most evident in the AOPP content 
where the percentage increase in presence of Cd was 

Table 5. Content in dithyrosines and advanced protein prod-
ucts for oxidation (AOPPS) of control and contaminated milk, 
distinctly by species.

Dithyrosines (mM)

Cow Buffalo Goat

Mean SD1 Mean SD Mean SD

Control 72.51a,A 5.35 66.03a,B 3.32 42.01a,C 2.16
Cd 90.02b,A 3.27 80.96b,B 4.12 50.68b,C 3.91
Pb 94.41c,A 5.27 83.35c,B 6.23 52.95b,C 4.36

AOPPs (mM)

Control 1.72a,A 0.1 1.61a,B 0.03 1.25a,C 0.076
Cd 2.49b,A 0.02 2.15b,B 0.02 1.61b,C 0.08
Pb 2.66c,A 0.07 2.52c,B 0.08 1.84c,C 0.08
1SD: standard deviation;.
a,b,cMeans within a column with different superscripts differ (p< 0.05).
A,B,CMeans within a row with different superscripts differ (p< 0.05).

Table 4. MDA content (ng/g of milk) in control, Cd- and Pb- 
milk of cow, goat and buffalo.

Cow Goat Buffalo

Mean SD1 Mean SD Mean SD

Control 0.195a 0.025 0.193a 0.008 0.205a 0.016
Cd 0.267b 0.007 0.236c 0.007 0.257c 0.007
Pb 0.323d 0.011 0.272e 0.016 0.302f 0.015
1SD: standard deviation;.
a,.fMeans within a column and row with different superscripts differ 

(p< 0.05).
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44.77% in cow’s milk, 33.54% in buffalo milk, and 
20.64% in goat’s milk, whereas was 54.65%, 56.52%, 
and 47.20 in Pb milk of cow, buffalo and goat, 
respectively (Table 4). The susceptibility to proteins 
oxidation with the formation of dithyrosines and 
AOPPs is influenced by the composition of the milk, 
i.e. the presence of a higher percentage of fat, as in 
buffalo milk, could favour the interaction with the pro-
tein components and the attack oxidative of proteins. 
Rafiq et al. (2016) observed a reduction of free amino 
groups of proteins due to the interaction with lipids. 
Mestdagh et al. (2011) reported that low-fat dairy 
products are more sensitive to protein oxidation than 
those with higher lipid content. Furthermore, a high 
presence of SH-group, due to the antioxidant activity 
they perform, guarantees protection to the protein 
molecules. Cebo et al. (2010) reported that goat milk 
contains proteins less subject to oxidative modification 
being included by a higher SH content than cow’s 
milk. The thiol content was significantly higher in con-
trol buffalo milk, followed by goat and cow milk 
(Table 5-6). Ahmad et al. (2008) reported that buffalo 
milk has a higher amount of sulfur-containing amino 
acids, compared to cow’s milk. Thiol groups are par-
ticularly vulnerable to attack by ROS and other radi-
cals, undergoing a wide range of oxidative changes. In 
the present study, Cd and Pb contamination caused a 
decrease in free thiols in all studied samples, even if 
the highest damage was highlighted in buffalo milk 
which recorded the greatest decrease (22 and 21% for 
Cd and Pb contamination, respectively) compared to 
bovine and goat milk (20 and 13%% for Cd and Pb 
contamination, respectively).

Conclusions

In this work, the effect of the species on the distribu-
tion and oxidative stability of lead and cadmium- 
added milk was studied. It is now known that the 
chemical composition of milk is species-specific, in 
particular the percentage of fat, protein and casein are 
different in the milk of cows, buffaloes and goats and, 

in turn, are also influenced by the geographical area 
and the breeding conditions. the distribution of Pb 
and Cd added to bovine, buffalo and goat milk among 
the milk macrocomponents was evaluated. More than 
94% of Pb and Cd added to milk samples was found 
in skim milk, while the percentage associated with the 
lipid fraction was very low. Furthermore, in skimmed 
milk, most Pb and Cd were mainly associated with the 
casein fraction; this is due to the presence of numer-
ous amino acid residues with ionic and electron-rich 
side chains, as well as suitable conformations, which 
make caseins and hydrolysed peptides capable of 
binding divalent metals. The presence of Pb and Cd in 
fats is instead due to the high capacity of these metals 
to bind the SH groups of MFGM proteins and lipopro-
teins, negatively influencing the antioxidant activity of 
enzymes localised on MFGM such as xanthine oxidase, 
catalase, superoxide dismutase. The studied toxic met-
als negatively affected the oxidative stability of milk, 
inducing the formation of lipid and protein oxidation 
compounds. A significant decrease in the thiol content 
was also found, highlighting a reduction in the anti-
oxidant capacity of the contaminated milk. The species 
significantly influenced the distribution of Cd and Pb 
in the fat and casein fractions; this is due both to the 
different content of caseins and MFGM proteins, and 
to the level of protein expression and molecular func-
tion, which influenced the degree of phosphorylation 
and the -SH groups of the lactoproteins and therefore 
the percentage distribution of Cd and Pb. The suscep-
tibility to oxidative stress indirectly due to the pres-
ence of Pb and Cd is significantly influenced by the 
species; this could be due to the variability found in 
the composition, which translates into a greater or 
lesser resistance to types of stress.
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Table 6. Content in free thiol groups (mM/L) in control and 
contaminated milk, distinctly by species.

Free thiol group (mM/L)

Cow Buffalo Goat

Mean SDj Mean SD Mean SD

Control 334.86a 7.06 457.92b 15.37 384.23c 17.37
Cd 266.9d 11.61 357.18e 11.99 307.23f 6.39
Pb 288.9g 10.99 362.67h 12.17 341.24i 5.98
a,b,c,d,e,f,g,h,iMeans within a column and row with different superscripts 

differ (p< 0.01).
jSD: standard deviation.
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