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Abstract 
 
Buffalo milk due to its high fat content from the energy point of view is more valuable compared to cow's milk. The 
percentage of fat varies depending on the stage of lactation, season, individual, health, animal age and diet. The study 
of the chemical composition and the antioxidant capacity of buffalo milk is required for both scientific and 
technological considerations, given the importance of this type of milk in the consumer's diet. The purpose of this study 
was to evaluate the antioxidant capacity and the physico-chemical composition of buffalo milk by lactation. Buffalo 
milk can have different qualities, so the quality of buffalo milk is also determined by its content in its components 
(protein, fat, lactose, vitamins, fatty acids, water content, antioxidant capacity). The physicochemical parameters and 
antioxidant capacity were influenced by lactation, presenting the highest values in lactations III and IV. During 
lactation I, parameters such as fat, protein and lactose showed a content of 7.88, 4.35 and 4.71%, respectively. 
Furthermore, in lactation IV, fat, protein and lactose had increased, showing the content of these parameters as follows 
9.53, 4.68 and 4.77%. Antioxidant capacity of buffalo milk showed the highest numbers in lactation III (360.1) and IV, 
358.9 μg/ml. From all of the analyzed parameters, only total dry substance content presented the most increased values 
18.9% in lactation I. 
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INTRODUCTION 
 
Nowadays, more and more consumers are 
concerned in nutritious, good-tasting and high-
quality food products containing bioactive 
compounds that ensure beneficially health 
impact (Shah et al., 2000). Generally, milk is 
regarded as an indispensable food product 
particularly for children and infants diet 
(Koletzko et al., 2011.) From all of the 
ruminant species, buffaloes are taken into 
consideration as second main milk producers at 
the global scale after cows, respectively. The 
significance of the Buffalo is attributed by 
prolonged longevity of the animals, an 
increased dry matter of milk, bioactive fatty 
acids content and development of nutritionally 
dairy products on markets compared with 
cows. (Bainbridge et al., 2016; Coroian et al., 
2013; Cazacu et al., 2014; Diaconescu et al., 
2002; Diaconescu et al., 2013). In addition, 

buffalo milk is appearing rarely in the market 
squares and is a potentially valuable source of 
essential minerals and vitamins that have a 
positive effect on human health (Ahmad et al., 
2013; Pasquini et al., 2018; Cazacu et al., 
2014). Natural antioxidants from milk, are a 
valuable asset for a healthy alimentation and 
represents a basic concern of interest for 
researchers from different fields such as 
pharmacology, biotechnology, biochemistry, 
physiology and so on. Antioxidants are acting 
as chemical scavengers neutralizing free 
radicals. Reactive oxygen species (ROS) are 
precursors of oxidative stress and are 
commonly associated to induce cell damage, 
altering DNA, proteins, and triggering various 
human diseases (Lobo et al., 2010; Mann et al., 
2016). Sources of antioxidants include 
tocopherols, polyphenols, vitamins, flavonoids, 
carotenoids, amino acids, fatty acids, minerals, 
proteins, some Maillard reaction products, 
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sterols, peptides and phospholipids (Carocho et 
al., 2016). Considering antioxidant 
characteristics, buffalo milk has a higher 
antioxidant capacity compared to cow milk, 
meaning that buffalo milk is rich in bioactive 
compounds that can benefit a healthier diet 
(Khan et al., 2017). In addition, milk possess 
two antioxidant systems, lipophilic and 
hydrophilic. Lypophilic antioxidant fraction 
also known as fat soluble, is mostly consisted 
of vitamins A, E, phospholipids and fatty acids 
(Khan et al., 2017). Both antioxidant systems 
perform an essential role for the human body 
namely supporting antioxidant and pro-oxidant 
homeostasis by disrupting the activity of 
reactive oxygen species (Grażyna et al., 2017). 
Also, fat-soluble antioxidants present higher 
thermal stability, remaining active in most of 
the milk products, compared to hydrophilic 
antioxidants. Hydrophilic antioxidant system 
(water soluble) is mainly comprised of 
minerals, trace elements, proteins, vitamins and 
bioactive peptides (Basilicata et al., 2018; 
Grażyna et al., 2017). On one hand elements 
from milk such as zinc (Zn), copper (Cu), 
selenium (Se), iron (Fe), and magnesium (Mg) 
play a crucial role in the development of human 
growth. On another hand trace elements, such 
as mercury (Hg), lead (Pb), cadmium (Cd) and 
aluminum (Al), in high concentrations can 
affect human wellbeing. These heavy metals, 
exert a serious threat due to their toxicity, 
bioaccumulation in food products (Babu et al., 
2018). Unfortunately, ruminants that are raised 
especially near industrial polluted sectors can 
cumulate high concentrations of heavy metals 
through the intake of contaminated feeds 
(Meshref et al., 2014). Thereupon, animals are 
secreting those contaminants in milk, presen-
ting a hazard for human health. (Tunegova et 
al., 2016; Younus et al., 2016). Heavy metals 
have a bioaccumulation potential, inducing 
harmful effects in living organisms as chronic 
toxicity, decreasing fetal development, 
damaging the DNA and so forth (Zhang et al., 
2019; Govind et al., 2014). Interestingly, the 
absorption of Pb occurs faster in children 
compared to adults, accumulating mainly in 
soft tissues and bones (Norouzirad et al., 2018). 
The element as trivalent Cr (III) presents low 
toxicity, while hexavalent Cr (VI) is considered 
carcinogenic, associated with embryotoxicity 

and fetotoxicity in animals. (Govind et al., 
2014; Samiee et al., 2019). Moreover, the 
composition of milk is rich in antioxidant 
enzymes and non-enzymatic antioxidants. 
Superoxide dismutase (SOD), catalase, 
glutathione peroxidase (GSHPx) are 
antioxidative enzymes that have the potential to 
prevent the formation of radicals such as 
hydrogen peroxide, superoxide anion, and other 
peroxides (Lindmark-Månsson et. al., 2000). 
Based on these findings and to the fact that 
Buffalo milk has a rich source of antioxidants, 
proteins and other bioactive compounds that 
may exert beneficial effects on human health, 
photochemiluminescence method was applied 
in order to evaluate antioxidant capacity of 
milk samples. Therefore, the aims of this study 
were to evaluate the physicochemical compo-
sition and antioxidant capacity of buffalo milk 
influenced by lactation period. 
 
MATERIALS AND METHODS 
 
Milk sampling 
Samples of buffalo milk were individually 
harvested from buffaloes according to lactation. 
Five samples were collected for each lactation. 
It was taken from a small farm in Buciumi 
commune, Salaj county. Samples were 
harvested in sterile containers and stored at 4ºC 
until analyzes were performed (Coroian et al., 
2013; Marchis et al., 2018). The buffaloes in 
the study are of Romanian buffalo breed and 
are in lactation (I-IV). The buffaloes received 
the same feed and had the same maintenance 
site. 
 
Physico-chemical analysis 
Lactoscan (Milk analyzer Lactoscan) device 
was used for physico-chemical analysis, a 
method also reported by Marchis et al. (2018). 
The following parameters were determined: fat, 
protein, lactose and total dry substance %. 
 
Antioxidant capacity analysis 
Antioxidant capacity of milk samples was done 
by the photochemiluminescence method, 
according to (Popov & Lewin, 1996) and 
protocol of (Photochem producer), for the 
measurement of lipidsoluble substances (ACL). 
PHOTOCHEM® instrument (Analytik Jena 
AG, Jena, Germany) was used to measure the 
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antioxidant capacity. The principle of the ACL 
method: free radicals are produced by 
irradiating a photosensitizing substance 
(luminol). Then they are partially removed 
from the sample by the chemical reactions that 
occur between the existing antioxidants in the 
sample and free radicals released by the 
photosensitizer. TROLOX equivalent in the case 
of lipid soluble and in ascorbic acid equivalent 
in the case of water soluble antioxidant 
capacity. Thus, the antioxidant capacity 
obtained is measured in equivalent standard 
units. The reagents used for this assay were the 
following: reagent 1 - methanol, reagent 2 - 
buffer solution, reagent 3-250 μl/ bottle stock 
solution PS-2 (photosensitizer and detection 
agent), and reagent 4-standard calibration 
solution for the quantification of lipid-soluble 
antioxidants, equivalent to TROLOX. The 
working solutions were prepared according to 
the following protocol: 1st reagent - methanol 
without dilutions, 2nd reagent - ready to use, 3rd 
reagent is obtained by defrosting the vial with 
the basic solution and adding an amount of 750 
μl of 2nd  reagent, 4th reagent - stock solution - 
is obtained by adding 500 μl of 1st reagent to 
4th reagent, and 5th  reagent- The previously 
obtained reagent is diluted with the 1st reagent 
in a ratio of 1: 100; 10 μl of the solution thus 
obtained will contain 1 nmol of standard 
TROLOX calibration solution. All calculations 
were performed automatically using a software 
program called PCL soft. All measurements 
were done in triplicate. Five samples were 
analyzed for the antioxidant capacity of buffalo 
milk for each lactation. The ANOVA (JMP 12, 
SAS) program for data analysis was used. 
 
RESULTS AND DISCUSSIONS 
 
Different versatile methods of measuring the 
antioxidant capacity of milk products are 
presented in the literature and the most 
mentioned are FRAP and DPPH methods. 
Moreover (Zulueta et al., 2009) using ORACFL 
assay, observed that total antioxidant capacity 
is especially attributed to casein. Deproteinized 
milk and whey showed statistically significant 
differences of (TAC) obtained from UHT-
treated and pasteurized milk. Total antioxidant 
capacity values were not significantly different 
for UHT and pasteurized milk. 

Photochemiluminescence assay used in that 
study demonstrated many advantages among 
the other techniques, due to the fact that is fully 
automatic, sensitive and quick. Moreover, this 
methodology doesn't need complicated sample 
preparation steps or time-consuming 
procedures that are required for example in the 
case of ORACFL assay, DPPH method or FRAP 
method (Sielicka et al., 2014). 
Photochemiluminescence method is widely 
used in various studies for antioxidant capacity 
analysis of samples such as blood, fruits, 
berries, various plants as well as honey, dairy 
products and so on (Moffarts et al., 2005; 
Hegedüs et al., 2011; Balogh et al., 2010; 
Prasad et al., 2012; Zielińska et al., 2007; 
Wesołowska et al., 2017). Figure 1 shows the 
mean values for the antioxidant capacity of 
buffalo milk by lactation. The lactation 
stimulates both the physico-chemical 
composition of buffalo milk and the antioxidant 
capacity. The antioxidant capacity in lactation 
1 showed the lowest mean values of 325.6 
(μg/ml). As the number of lactations increases, 
it can be noticed that the values for antioxidant 
capacity are higher. Lactation 3 and 4 show the 
highest values, 360.1 (μg/ml) and 358.9 
(μg/ml). These values are similar to those 
reported in the literature: Physical and chemical 
parameters for buffalo milk are shown in 
Figure 2. Studies on the composition of buffalo 
milk and cow milk were in line with Hamad 
and Baiomy in 2010.  
 

 
Figure 1. Antioxidant capacity (μg/ml)  

of buffalo milk by lactation (lactation I-IV)  

Many studies have shown that milk proteins 
have antioxidant action, for example, peptic 
digestion of casein exhibited to the release of 
radical scavenging active peptides (Suetsuna et 
al., 2000; Virtanen et al., 2006). In addition, 
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peptides derived from whey proteins have also 
exhibit antioxidant activity. They can be 
released through fermentation of the milk and 
enzymatic hydrolysis (Park et al., 2007). Figure 
2 shows the mean values for physicochemical 
profile of buffalo milk influenced by lactation. 
Buffalo milk fat fraction presented decreased 
mean values for the lactation I 7.88 (%), it can 
be observed as the number of lactations grows 
up, the means are increasing constantly 
presenting values for lactation II 8.52 (%), 
lactation III 9.02 (%) and the lactation IV 
comprising 9.53 (%) of fat, respectively. The 
same observation is attributed to the protein 
content, presenting low protein values in the 
lactation I 4.35 (%) and the highest in the last 
lactation IV 4.68 (%). Lactose variable 
presented the highest values during the 
lactation III with the mean values 4.8 (%) 
followed by lactation IV 4.77 (%), lactation I 
4.71 (%) and lactation II with the lowest 
content of lactose 4.69 (%). Banu et al., in 
1998, in the study of buffalo in our country 
obtained a mean value for fat of 7.80%, similar 
values being reported by Georgescu et al., in 
2000. 
 

 
Figure 2. Physico-chemical composition  

of buffalo milk by lactation 

 
Physico-chemical composition of milk is 
reported in various studies. The results of the 
present study are in line with (Smet et al., 
2008) showing fat, protein and lactose content 
of different types of milk. Full-cream milk 
presented a fat content of 3.26 (%), protein 
3.18 (%) and an elevated level of lactose 5.47 
(%). PUFA enriched full-cream milk presented 
the highest fat fraction (3.73%), followed by 
lactose (4.64%) and protein content (3.35%). 
Low-fat milk, have the lowest content of fat 
presenting values of 1.61 (%), lactose 4.72 (%) 

and having the most increased protein values 
3.38 (%) compared to full-cream milk and 
enriched full-cream milk (Smet et al., 2008). 
The chemical composition of raw, pasteurized 
and boiled buffalo and cow milk was reported 
by Khan et al., 2017. The fat content of raw, 
pasteurized and boiled buffalo milk showed 
values (6.45 ± 0.16), (6.42 ± 0.08) and (6.53 ± 
0.07), respectively. Cow milk had a lower 
content of fat comprising values (4.17 ± 0.13), 
(4.14 ± 0.05) and (4.21 ± 0.11). The protein 
concentration of raw, pasteurized and boiled of 
buffalo milk presented values (3.82 ± 0.14), 
(3.80 ± 0.05) and (3.88 ± 0.12), whereas cow 
samples revealed significantly lower protein 
content (3.22 ± 0.09), (3.19 ± 0.03) and (3.26 ± 
0.02), respectively. Lactose differences among 
the milk samples were not so significant 
depending on the thermal treatment applied. 
Presenting values for cow milk as follows (4.54 
± 0.19), (4.52 ± 0.23) and (4.61 ± 0.17), 
whereas buffalo milk showed (4.85 ± 0.26), 
(4.87 ± 0.12) and (4.94 ± 0.25), respectively. 
Our results regarding proteins, fat, lactose and 
total dry substances are in concordance with 
Khan et al. (2017) presenting similarities of 
measurements with those from our study. In 
addition, the same method was used for 
physicochemical determination of samples 
(Lactoscan). Figure 3 indicates the total dry 
substance from buffalo milk samples according 
to lactation, revealing the most elevated dry 
content during the lactation I 18.9 (%), it can 
be noticed that over lactation II this variable is 
decreasing presenting the lowest values 18.55 
(%). Furthermore, during the progression of 
lactation III and IV, the content of this 
parameter is increasing again presenting values 
of 18.64 (%) and 18.72 (%), respectively.  
 

 
Figure 3. Dry substance level according  

to different stage of lactation 
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According to Khan et al. (2017) findings, total 
dry substances from cow and buffalo raw, 
pasteurized and boiled milk presented an 
average means of (12.7 ± 0.34), (12.6 ± 0.28) 
and (12.9 ± 0.30) (%) instead, the buffalo milk 
demonstrates the significantly higher values 
(16.21 ± 0.43), (16.05 ± 0.24) and (16.29 ± 
0.18) (%) compared to cow milk.  
Interestingly, according to Khan et al. (2017) 
remarked a suggestion that pasteurized milk 
preferentially may be consumed within three 
days for better antioxidant activity effects, also 
according to their results buffalo milk has a 
higher antioxidant capacity than cow milk. 
Animal diet is influencing directly 
antioxidative properties of milk, increasing 
compounds as α-Tocopherol and β-Carotene.  
Grass-clover silage fed animals excreted milk 
with higher concentrations of α-Tocopherol and 
β-Carotene, comprising values of (472 ± 33) g/l 
and (440 ± 23) g/l whereas cows that received 
hay roughage diet had a lower means of these 
antioxidants (504 ± 48) and a decrease (from 
445 to 264) g/l, respectively (Havemose et al., 
2006).  
The fatty acid content of milk is well-known to 
impact oxidative balance stability (Barrefors et 
al., 1995; Havemose et al., 2004, 2006). In 
addition, fatty acids unsaturation degree 
contributes to lipid hydroperoxides cumulation 
(Havemose et al., 2006). Unfortunately, goats 
infected with mastitis demonstrated decreased 
values of antioxidative properties of milk. 
Using FRAP method (Silanikove et al., 2014) 
reported lower values of antioxidant properties 
in contaminated goat milk (305 ± 36) μM 
compared to uninfected samples with 
significantly increased values (427 ± 35) μM. 
Moreover, subclinical mastitis affects 
antioxidant/oxidant balance of milk, reducing 
the total antioxidant capacity (TAC), presenting 
values of (mmol Trolox Equv./l) 0.54 ± 0.051 
for healthy cows and 0.42 ± 0.047 for mastitis 
infected, as well as (TOC) total oxidant 
capacity (lmol H2O2 Equv./l) 15.91 ± 0.57 for 
healthy animals and 20.88 ± 0.90 for infected 
(Atakisi et al., 2010).  
Interestingly, that administration of selenium in 
the nutrition of dairy cows significantly 
increases catalase activity (CAT) and (TAC), 
compared with inorganic selenium supplemen-
tation (Gong et al., 2014). Furthermore, the 

mentioned mineral is elevating selenium levels 
in the blood and milk of the animals. 
Additionally, vitamin A administrated at the 
doses of 220 IU/kg of BW to the cows, can 
significantly raise the total antioxidant capacity 
and hydroxyl radical inhibition capability 
enhancing milk production performance (Jin et 
al., 2014). 
 
CONCLUSIONS 
 
The buffalo milk has a high fat content in all 
four lactations. This is influenced by the 
number of lactations and shows the highest 
values in lactation IV.  
The buffalo milk is a food beneficial to the 
human body due to its high level of fat, protein, 
lactose and antioxidant capacity. Antioxidant 
capacity has the highest content in lactation III 
and IV. 
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