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Abstract

Background and Objective: Oxidative stress is a term denoting an imbalance between the production of oxidants and the respective
defense systems of an organism. Oxidants include reactive oxygen species (ROS), reactive nitrogen species (RNS) and others. Oxidative
stress is deemed a causative factor of neurodegenerative disorders, cancer, liver injury, aging, diabetes, chronic pancreatitis and
cardiovascular disease. In this study, the antioxidant activity of different milk species was investigated. Also, which milk components are
responsible for antioxidant activity were also determined. In addition, the effect of pasteurization or sterilization on the antioxidant
capacity of milk was studied. Material and Methods: The antioxidant activity of 14 different samples of cow, buffalo, goat, sheep and
camel milk either raw or heat-treated by pasteurization or sterilization was investigated using DPPH radical scavenging activity, metal
chelating activity and reducing power. Results: The results showed that sheep milk exhibited the strongest DPPH radical scavenging and
metal chelating activities, while buffalo and sheep milk presented had the highest reducing power. Antioxidant activity of all milk fractions
was lower than that of whole milk. Moreover, skim milk had the highest antioxidant capacity, while deproteinized milk was the lowest.
Pasteurization did not affect the antioxidant activity of different types of milk. Sterilization led to increase the antioxidant activity of milk
from different species. Conclusion: These findings indicated that sheep and buffalo milk showed the greatest antioxidant properties
compared to other types of milk. Also, pasteurization did not affect the antioxidant activity of milk, while sterilization had positive effect
on the antioxidant activity.
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INTRODUCTION

Oxidative stressis aterm denoting animbalance between
the production of oxidants and the respective defense
systems of an organism. Oxidants include reactive oxygen
species (ROS), reactive nitrogen (RNS) species, sulfur-centered
radicals and others. Oxidative stress is deemed a causative
factor of neurodegenerative disorders, cancer, liver injury,
aging, diabetes, chronic pancreatitis and cardiovascular
disease™. Also, It is well-known that lipid oxidation occurring
in food products causes deteriorations in food quality
including rancid flavor and shortening of shelflifeS. To prevent
foods from deterioration and to protect the body from serious
diseases, it is important to inhibit the oxidation of lipids and
formation of oxidants occurring in the body cells and
foodstuffs.

Antioxidants are molecules that scavenge or neutralize
the free radicals and prevent the oxidation of other molecules
or oxidative stress’. Synthetic antioxidants display strong
antioxidant activity against several oxidation systems.
However, because synthetic antioxidants pose toxic and
carcinogenic effects, their use is restricted or prohibited in
several countries®®, In recent years, consumers have more
attentions and recommendations to use natural antioxidants
from food sources rather than synthetic antioxidants. In this
scenario, food antioxidants have been widely studied for their
positive effects on human health, mainly due to prevent the
oxidative stress.

Milk and dairy products are one of the most interesting
and promising foods concerning its potential antioxidant
capacity, due to the wide variety of antioxidant factors. Milk
antioxidants, both lipophilic (carotenoids, o-tocopherol,
vitamins A and D3, phospholipids and coenzyme Q,,) and
hydrophilic antioxidants (caseins, whey proteins, peptides,
vitamins, minerals, low molecular weight thiols and trace
elements) play a main role in maintaining pro-oxidant and
antioxidant homeostasis in  oxidation systems'. The
antioxidant capacity of casein subunits (a-casein, B-caseinand
k-casein) and whey proteins may be due to its ability to inhibit
thiobarbituric reactive substances (TBARS) and lipid peroxide
formation'"'2, Other antioxidant components can act as radical
scavengers and metal ion binders'®. Furthermore, milk
includes various antioxidant enzymes such as superoxide
dismutase, glutathione peroxidase and catalase as well as
considerable amounts of phenolic compounds such as phenol,
cresol, thymol and carvacrol™,

Toreduce the microbiological contentand to extend shelf
life, milk was usually undergone to different heat treatments.
These treatments can be responsible for different effects on

the quality properties of milk including development of
undesired color and flavor, enzyme inactivation, depletion of
nutrient bioavailability and antioxidants'. Moreover, it has
been reported that milk antioxidant capacity may increase as
a consequence of heat treatments. Based on the intensity of
the thermal treatment applied, pro-oxidant or antioxidant
components are foreseeable to be generated'®. It is likely that
during milk heating, the formation of such components could
be responsible for different and sometimes opposite, effects
on the overall antioxidant activity'.

There is a lack of studies that have examined the
antioxidant capacity of milk from different dairy species and
this study is the first dealing with the antioxidant properties of
main different five milk species that are consumed by human
and compare among them. As a consequence, the objective
of this research was to compare the antioxidant activity
among cow, buffalo, goat, sheep and camel milk and to study
the influence of pasteurization and sterilization on the milk
antioxidant activity. Also, which milk components are
responsible for antioxidant activity were determined.

MATERIALS AND METHODS

Materials: The study was carried out from September, 2018
to February, 2019. The milk samples of cows (n = 36) and
buffaloes (n = 18) were collected (1 L each) from open
nucleus herd belonging to the Cattle Information System of
Egypt (CISE) and Dairy Technology Unit, Faculty of Agriculture,
Cairo University. Milk samples of goats (n = 15), sheep (n=15)
and camels (n = 20) were collected (250 mL each) from local
farms. Animals were fed with green and concentrated
fodders (16% protein) and straw. The lactation period of cows
and buffaloes, goats, sheep and camels are 286, 180, 112 and
480 days, respectively. Immediately after sampling, each
sample was transferred at 2-4°C to the laboratory of food
additives department of the Regional Center for Food and
Feed at the Agricultural Research Center, Egypt for analysis.
Ferrous and ferric chloride, 2,2-Diphenyl-1-picrylhydrazyl
(DPPH), sodium 4-[3-pyridin-2-yl-5-(4-sulfophenyl)-1,2,4-
triazin-6-yl] benzene sulfonate (Ferrozine), trichloroacetic acid
(TCA) and potassium ferricyanide were purchased from
Sigma-Aldrich (Egyptian International Centre for Import, Cairo,

Egypt).

Milk fractions preparation: Milk fractions were prepared
according to Zulueta et al’. Whole milk samples were
adjusted to room temperature and were diluted (1:500).
Skim milk was obtained by centrifuge the whole milk at
4500 rpm for 20 min and it was removed the upper layer of
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cream. To obtain milk fat globule membrane (MFGM), cream
was centrifugated with washing for 4 times. The obtained
cream was churned to get MFGM. Skim milk and MFGM were
diluted (1:500).

Whey was obtained by adding 0.5 mL acetic acid (10%)
to 9.5 mL of skim milk placed in a tube with a screw cap. The
mixture was shaken for 30 sec and then incubated at 42°C
for 10 min, cooled at 4°C and centrifugated at 750 rpm for
15 min. About 1 mL of supernatant was transferred into a
50 mL volumetric flaskand brought to volume with phosphate
buffer solution (0.2 M, pH 6.6). About 1 mL of this solution was
diluted 1/5 (v/v) with phosphate buffer to obtain a final
dilution of 1/263.16.

To getdeproteinized milk, 10 mL TCA (20%) was added to
10 mL skim milk placed in a test tube with a screw cap.
After shaking for 30 sec, the mixture was incubated at 42°C
for 10 min to remove all milk proteins. After cooling (4°C)
and centrifuging at 750 rpm for 15 min, 1 mL of supernatant
was transferred into a 25 mL volumetric flask and brought
to volume with phosphate buffer solution. A successive
1/5 dilution was performed before sample analysis to obtain
a final dilution of 1/250.

Heattreatments of different milk species: Milk samples from
different dairy species were exposed to pasteurization at
63°C for 30 min or sterilization at 115°C for 20 min and
stored at 2-4°C for analysis.

Physicochemical properties of milk: The total solids (TS),
protein, fat and lactose contents of milk were determined
according to the methods described in the Association of
Official Analytical Chemists methods'®. The pH values of milk
were measured using a digital pH meter with a glass electrode
(Jenway 3305, Jenway Limited, Essex, England).

Scavenging of DPPH free radical: The DPPH radical
scavenging activity was measured using the method of Son
and Lewis'. DPPH radical solution (0.004%, w/v) in 95%
ethanol was prepared. A volume of 2 mL of this solution was
added to 2 mL of sample, well vortexed and incubated for
30 minindarkroomatroomtemperature. Absorbance of each
sample at 517 nm was measured using spectrophotometer
(T80 UV-Vis Spectrophotometer). Ethanol was used as a blank,
while DPPH solution in ethanol served as control. The
antioxidant activity was expressed as percentage of DPPH
activity calculated as'®:

DPPH radical scavenging activity (%) =

A=A 100
A

0

where, A, is the absorbance at 517 nm of blank As is the
absorbance at 517 nm of sample.

Metal chelating activity: The ability of different samples to
chelate ferrous ions was assessed using the method of Decker
and Welch?. About 1 mL of diluted sample was first mixed
with 3.7 mL of distilled water. A solution of 2 mM ferrous
chloride (0.1 mL) was added and after 3 min the reaction was
inhibited by the addition of 5 mM ferrozine (0.2 mL). The
mixture was shaken vigorously and left at room temperature
for 10 min. Optical density of the reaction mixture was
measured at 562 nm. A blank without sample was prepared in
a similar manner. The chelating capacity was calculated as a
percentage using the following formula?":

. .. A, -A
Fe** chelating activity (%) = Tx 100
0

where, A, is the absorbance at 526 nm of blank as is the
absorbance at 562 nm of sample.

Reducing power: Reducing power of the milk samples was
determined according to Yen and Chen?. A sample (2.5 mL)
was mixed with 2.5 mL of potassium ferricyanide (1%),
followed by incubation at 50°C for 20 min. After incubation,
2.5 mL trichloroacetic acid solution (10%) was added and
centrifuged at 1000 rpm for 10 min. A supernatant (2.5 mL)
was mixed with same volume of deionized water and 0.5 mL
of ferric chloride (0.1%) was added. Absorbance was recorded
at 700 nm on a double beam spectrophotometer.

Statistical analysis: Three replicates from each parameter
were statistically analyzed and the data were recorded as the
mean=standard deviation (SD). The Mstat-C software was
used to carry out both randomize complete block design and
the analysis of variance of factorial methods. The calculation
of least significant differences (LSD) at p<0.05 was used to
compare the significant differences between the mean of
different treatments.

RESULTS AND DISCUSSION

Physicochemical properties of milk: Physicochemical
properties of cow, buffalo, goat, sheep and camel milk are
listed in Table 1. The pH of different types of milk was ranged
from 6.52-6.72. Milk from sheep or buffaloes significantly had
the highest content of fat, protein and total solids. However,
goat and camel milk significantly exhibited lower content
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Table 1: Physicochemical composition (%) of different types of milk

Milk species pH Fat Protein Lactose Ash Total solids
Cow 6.60+0.01° 3.94£0.10° 3.39£0.11° 4.64%+0.10° 0.80%0.006° 12.78+£0.31°
Buffalo 6.721+0.02° 5.80%0.11° 436£0.122 4.52+0.09° 0.80%0.06° 15.07£0.702
Goat 6.521+0.006¢ 3.20£0.09¢ 3.15%+0.05¢ 401%0.10¢ 0.831+0.04° 11.20£0.12¢
Sheep 6.65+0.01° 5.71%+0.21° 4.50£0.10° 4.20%0.08¢ 0.85%0.0052 15.27£0.512
Camel 6.551+0.02¢ 3.44%0.02¢ 2.9940.09¢ 4.18%+0.02¢ 0.71£0.015° 11.26£0.22¢
LSD 0.0262 0.1331 0.1684 0.05954 0.05954 0.5489
Values are Means = Standard deviation, values in the same column with different superscript letters differ significantly (p<0.05)
Table 2: DPPH radical scavenging activity (%) of different types of milk and their fractions

Milk fractions
Milk species Whole milk Skim milk Whey MFGM Deproteinized milk LSD
Cow 18.89+0.078* 9.05+0.498¢ 9.60+0.5580¢ 7.3010.19%¢ 3.4010.4% 0.7022
Buffalo 20.11+0.99% 10.95+1.558b¢ 9.30%0.718¢ 6.20%1.04% 2.36£0.63% 1.8878
Goat 18.17+1.02% 12.55+1.058 11.45+1 558 9.25+£1.01¢ 3.401+0.36 2.0474
Sheep 27.28+2.1% 23.63+1.198% 14.84+0.9% 7.2010.4905¢ 4.30%0.03F 2.1351
Camel 18.571+1.88%* 12.4241.258 11.4511 458 7.8710.55%0 3.45+0.11% 3.1494
LSD 3.0817 2.6098 1.9079 1.5127 0.6999

Values are Means = Standard deviation, MFGM: Milk fat globule membrane, different capital and small superscript letters represent significant differences in the row

and column, respectively (p<0.05)

Table 3: Metal chelating activity (%) of different types of milk and their fractions

Milk fractions

Milk species Whole milk Skim milk Whey MFGM Deproteinized milk LSD
Cow 14.55+£1.11%¢ 12.87+2.50%820 10.60%1.408 6.90+0.11%0 2.47+0.76Pbc 2.5768
Buffalo 17.63+0.93% 14.20£1.598 11.50%£0.99% 7.55+0.95% 2.401.258¢ 2.2159
Goat 12.83£0.89%¢ 11.301.014% 10.23%1.508 6.30%+0.10%® 3.06£0.110 1.6405
Sheep 20.19£1.10% 14.97 £2.60% 9.58+0.76% 6.541+0.990% 2.01£0.01% 2.5140
Camel 12.95+1.10%¢ 111711764 10.63+1.82¢ 6.60+0.1¢0 2.90+0.010% 2.2469
LSD 1.8747 3.6058 24522 1.1301 0.6163

Values are Means = Standard deviation, MFGM: Milk fat globule membrane, different capital and small superscript letters represent significant differences in the row

and column, respectively (p<0.05)

Table 4: Reducing power (A, ) Of different types of milk and their fractions

Milk fractions

Milk species Whole milk Skim milk Whey MFGM Deproteinized milk LSD
Cow 0.0643£0.00254 0.0593+0.0091% 0.0495+0.0095% 0.0457+0.0005%82 0.0240+£0.001%° 0.0230
Buffalo 0.0820+0.0023%2 0.0560+0.0068 0.0520%0.00118¢ 0.0465+0.00058¢ 0.0335+0.0022% 0.0208
Goat 0.0483£0.006"° 0.0460+0.0046%° 0.0403+0.00428¢e0 0.0350%0.0009% 0.0253£0.0005%° 0.0076
Sheep 0.0653+0.0068% 0.058310.004%% 0.05130.0006° 0.0390+0.0014% 0.0223£0.0027% 0.0077
Camel 0.0373£0.0005%° 0.0330+0.00148¢ 0.0310£0.001%° 0.023740.001< 0.0133£0.001°¢ 0.0021
LSD 0.0283 0.0105 0.0125 0.0019 0.0034

Values are Means = Standard deviation, MFGM: Milk fat globule membrane, different capital and small superscript letters represent significant differences in the row

and column, respectively (p<0.05)

of fat, protein, lactose and total solids than those of other
milk types. These results are in consistent with the results of
Niero et a/?, who found that buffalo and sheep milk showed
the highest protein, fat and casein percentages compared to
cow and goat milk. Furthermore, Yoganandi et a/* reported
that camel milk had lower total solids, fat, solids non-fat and
protein contents as compared to cow and buffalo milk.

Antioxidant activity of different milk species: Antioxidants
have different modes of action, thus it is preferable to utilize

a combination of assays in the evaluation of antioxidant
activity. Hence, the present study evaluated the antioxidant
capacity of milk from different species using DPPH radical
scavenging activity, metal chelating activity and ferric
reducing power and the results are shown in Table 2, 3 and 4.

Among the used types of milk, sheep milk significantly
exhibited the highest DPPH radical scavenging activity
(27.28%) and metal chelating activity (20.19%), followed by
milk from buffaloes (20.11 and 17.63%, respectively). However,
buffalo and sheep milk significantly showed the highest
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reducing power values as it was 0.082 and 0.065, respectively.
Moreover, obtained results revealed that no significant
differences in the antioxidant properties among cow,
goat and camel milk. PihlantoS, Noziere et a/* and
Chauveau-Duriot eta/? reported that total antioxidant activity
(TAA) of milk depends on casein, whey proteins, milk fat
fraction containing tocopherols, retinol and carotenoids as
well as water-soluble compounds such as phenols, thiol
groups and ascorbate. Thus, the observed variations in
antioxidant activity may be due to the specific-specific milk
chemical composition where sheep and buffalo milk had
greater total solids, fat and protein percentage as shown in
Table 1.Chen et a/?” observed greater TAA in milk with greater
fat percentage. In this respect, Niero et a/2* found that sheep
milk had the greatest TAA, averaging 7.78 mmol L= of trolox
equivalents (TE). Also, they observed that TAA of buffalo
milk was lower (7.35 mmol L=' of TE) than that of sheep milk.
Khan et a/?® observed that TAA, DPPH radical scavenging
activity and reducing power of buffalo milk was more than
cow milk and they attributed that buffalo milk had higher
concentration of vitamin C and E, selenium, zinc, tyrosine,
cysteine and flavonoids which have antioxidant properties.
Moreover, Niero et a/? noted that value of TAA for goat milk
was similar to that of cow milk, having almost comparable
chemical composition. The results of this study are in contrast
withthe results of Simos eta/?, who reported that antioxidant
potential of milk from Prisca goats was higher (66.70 mM
a-tocopherol) than milk from cows (42.90 mM a-tocopherol).

Antioxidantactivity of milk fractions: It would be valuable to
highlight milk fractions which substantially contribute to the
antioxidant capacity of milk. Hence, the antioxidant properties
of milk fractions (skim milk, whey, MFGM and deproteinized
milk) from the used types of milk were determined and are
presented in Table 2, 3 and 4. The differences between whole
and skim milk for the antioxidant activity values were
statistically significant, suggesting that milk fat substantially
influence antioxidant properties. Also, it was observed that
with an increasing fat content in milk, antioxidant activity
boosted significantly, which could be due to an involvement
of lipids and the reactivity of lipid soluble antioxidants as well
as the fat globule membrane proteins. Antioxidant activity of
sheep skim milk was significantly the highest, whilst
antioxidant activity of cow (DPPH radical scavenging activity)
and camel skim milk (metal chelating activity and reducing
power) was significantly the lowest. Chen et a/% illustrated
that even if skim milk is deprived of several lipophilic
antioxidants, milk soluble fraction containing other powerful
antioxidant components may result in a more concentrated

ratio v/v as a result of the skimming process. Cervato et al"
and Zulueta et a/'” showed that the components of milk that
supply the highest antioxidant activity are the casein fractions.
It has been suggested that their free radical quenching is
attributed to the oxidation of amino acid residues of the
caseins themselves. This activity cannot be substituted by free
amino acids because it is the primary structure of casein itself
plays a determining role®.

Dairy products obtained from whey have received
considerable interesting for their nutritional, health-
promoting and functional values. Whey proteins are widely
used in various foods for their antioxidant activity and other
functional properties. Thus, the antioxidant capacity of whey
from different origins was studied. The DPPH radical
scavenging, metal chelating and reducing power values of
whey obtained from different types of milk are much lower
than the respective milk values. This may be affirmed that the
main contribution of antioxidant capacity results from caseins
in milk. These results attributed to the higher content of
antioxidant amino acids such tryptophan, histidine,
methionine, lysine and tyrosine. Also, the antioxidant activity
of whey is derived from soluble proteins, represented mainly
by B-lactoglobulin, a-lactalbumin, immunoglobulins and
serum albumins®'. Bertucci et a/*? and Cruz-Huerta et a/*
identified several peptides from a-lactalbumin and
B-lactoglobulin within different location hotspots exhibiting
antioxidant properties. Hernandez-Ledesma et a/** found
that the peptide sequence (Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-
Ser-Asp-lle) in B-lactoglobulin has a free radical scavenging
activity. Froma GSH precursor perspective, B-lactoglobulin has
5 Cys residues, four of them involved in disulfide bonds with
the remaining one having a free reactive thiol group*. Also,
whey contains lactoferrin, an iron-binding monomeric
globular glycoprotein, that can bind 2 Fe3* ions with a binding
affinity of 10-20 Mand thus it possess antioxidant capacity3*’.
These findings are in agreement with those obtained by
Zulueta et al'’, who found that the total antioxidant capacity
of whey was lower than the whole milk. Furthermore, whey
origin may play a role in antioxidant capacity where obtained
data indicated that sheep whey significantly had the highest
DPPH radical scavenging activity and reducing power, while
whey from cow and camel milk significantly exhibited the
lowest compared to whey from other origins. On the other
hand, no significant differences were observed in metal
chelating activity among whey from different sources. The
results of study correspond to Kerasioti et a/>® reported that
sheep whey protein had DPPH radical scavenging activity and
iron-reducing power higher than that of bovine whey protein.
Salami et a/* found that camel whey protein showed 40%
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higher  antioxidant activity by  2,2"-azinobis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) than that of
bovine whey protein.

Milk fat globule membrane (MFGM) has attracted
attention as a source of high added-value ingredients®,
Comparing with whole milk from different sources,
MFGM significantly exhibited low values of antioxidant
properties (Table 2, 3 and 4). The MFGM obtained from goat
milk significantly had the highest DPPH radical scavenging
activity whereas MFGM obtained from buffalo was
significantly the lowest. However, an opposite trend was
observed in case of metal chelating activity. Reducing
power of MFGM obtained from buffalo milk was
significantly the highest, whilst camel-MFGM significantly
showed the lowest. In this regard, Conway et a/*' reported
that MFGM proteins are most likely responsible for
oxygen radical absorbance and metal chelating capacities.
Chen et al¥ suggested the contribution of MFGM proteins
to the antioxidant capacity of MFGM. Also, they found a
significant increase in the free radical scavenging capacity
of milk in proportion with the milk fat and thus MFGM
content. Moreover, high content of polar lipids may too
play a role in the superior antioxidant capacity found in
MFGM. In addition, the protective action of gangliosides
(glycol-sphingolipid) against reactive oxygen species (ORAC)
and its ability to chelate iron have reported by Gavella et a/*.
Phospholipids with long polyunsaturated fatty acids are
recognized or their cation-binding activity®.

As expected, deproteinized milk from different species
significantly exhibited the lowest values of antioxidant
activity compared to other milk fractions. Otherwise, DPPH
radical scavenging activity of deproteinized sheep milk was
significantly higher than others of deproteinized milk.
Deproteinized goat milk significantly had higher metal
chelating activity than that of others of deproteinized milk.
Also, it was observed that deproteinized buffalo milk
significantly presented high reducing power value as
compared to deproteinized obtained from others milk.
These differences could be related to the variations in
deproteinized milk components among different milk
species. These results are in consistent with those of
Zulueta et al"”, who reported that ORAC values of
deproteinized milk were lower than those obtained for milk
and whey. They attributed that to complete milk protein
precipitation with TCA, so that, the resulting solution
contained small quantities of antioxidant compounds such as
vitamin C and Uric acid.

Effect of heat treatments on milk antioxidant capacity:
Milk intended for human consumption was usually
exposed to different heat treatments. However, these
treatments may reinforce or inhibit the formation of
antioxidants in heat-treated milk. Consequently, this research
studied the influence of pasteurization and sterilization on the
antioxidant capacity of milk from different dairy species and
the results are shown in Fig. 1. The results illustrated that the
antioxidant activity of pasteurized milk did not change
significantly compared to raw different types milk. In
agreement with the results of Khan eta/?, pasteurization did
not exhibit any effect on the antioxidant activity of buffalo
and cow milk. Also, Zulueta et a/'” and Aloglu** found that
pasteurization did not substantially influence total antioxidant
activity of milk. Silvestre et a/* found that the long-time
pasteurization of human milk (63°C/30 min) induced a
significant loss of total antioxidant capacity, while total
antioxidant capacity did not differ significantly in the milk
samples exposed to high pasteurization (75°C/15 sec)
compared the raw milk samples. Obtained results showed that
the sterilization led to significant increase in the antioxidant
capacity of milk exceptin case of the DPPH scavenging activity
of cow and buffalo milk (Fig. 1a), metal chelating activity of
buffalo, goat and camel milk (Fig. 1b) as well as reducing
power of buffalo and sheep milk (Fig. 1¢). In this respect,
Taylor and Richardson*found that heat treatment of milk was
associated with an increase in its antioxidant capacity. Also,
Calligaris et a/* reported that severe heat treatment of milk
led toincrease the antioxidant properties. [t has been reported
from various studies that heat treatments may increase the
antioxidant capacity of milk due to protein unfolding and
exposure of thiol groups, potentially acting as hydrogen
donors®. They observed that heated milk at 120°C showed a
progressive increase in antioxidant activity. Bressa et a/*
reported the increase in antioxidant capacity during the
heating of milkand thatit can be considered for the formation
of maillard reaction products, whose antioxidant properties
are well documented. Calligaris et a/*’ found that the
development of maillard reaction was occurred when milk
was heat-treated at 120°C and slowly developed after 1.5-2 h
at 80-90°C. During maillard reaction, melanoidins were
generated which have a strong antioxidant activity. On the
otherhand, Aloglu* reported that sterilization technology did
not affect total milk antioxidant capacity. This could be due to
interactions between a-lactalbumin, B-lactoglobulin and
casein micelles. During heating at temperatures lower than
90°C, whey proteins exhibit a very similar kinetic behavior and
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react with each other, form intermediate complexes and then
interact with casein micelles®®. Consequently, these results
obviously reveal that the antioxidant capacity of milkis greatly
affected by not only heating temperature and time but also
the interactions of milk proteins.

CONCLUSION

In conclusion, it can be reported that among the milk
from 5 different mammals, sheep and buffalo milk exhibited
the highest antioxidant activity compared to cow, goat and
camel milk. This study confirmed that protein and fat are the
major contributors to the antioxidant capacity of different milk
species. Also, the results of this research indicated that

pasteurization did not appear any effect on antioxidant
capacity of milk, whilst sterilization led to increase of
antioxidant activity of milk. In this regard, the present study
suggested that sheep and buffalo milk have more health
benefits compared to other types of milk.

SIGNIFICANT STATEMENT

Numerous of health organizations all over the world
recommend daily consumption of milk and dairy products for
optimal health and wellness. In this regard, the present study
contributes to characterize the antioxidant activity of milk for
human health and suggests that sheep and buffalo milk have
more health potentials compared to cow, goatand camel milk.
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Also, this work illustrated that pasteurization had no effect on
the antioxidant capacity of milk, while sterilization increased
the antioxidant activity of milk.
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