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Abstract 

Milk and milk products is implicated in many human health benefits. Several animals milk source is used for that 
porous such as cow, cheap, camel and goat. Goat milk has a unique composition compared to other animals. In this study, we 
investigate the antioxidant, antibacterial and anticancer potencies of casein and whey proteins of goat milk fractions crude 
methanol extract. As a result, whey protein extract exhibited high antioxidant activity than casein against stable radical DPPH 
and ABTS with IC50 value 0.12 and 0.237 µg/ml, respectively compared to casein fraction extract. The anticancer properties 
were investigated against two cancerous cell lines, including: breast (MCF-7) and liver (HepG2). Results of the MTT assay 
were in agreement of the antioxidants activity, when whey fraction methanol extract exhibited specific anticancer activities 
against MCF-7 cell line compared to casein and doxorubicin positive control. However, no cytotoxic activities of extract were 
observed against two non-cancerous control cell lines (BJ-1and MCF-12). Casein and whey proteins extract could prevent 
DNA damage induced by oxidative stress. The antimicrobial activity of goat milk methanol extract was tested against five 
bacterial strains including gram positive (Bacillus cereu EMCC 1080 and Staphylococcus ureuse ATCC 13565 (, gram 
negative (Escherichia coli O157-H7 ATCC 51659, Salmonella typhi ATCC 15566 and Pseudomonas aeruginosa NRRL B-
272. Among them, Bacillus cereu and Escherichia coli were extensively affected, when the inhibition zone was 4.3 and 5 cm, 
respectively. The fact that goat milk is enriched in features belonging to elements, vitamins and short peptide derivatives. In 
addition, goat milk has specific fat composition of the medium chain fatty acids led to increase the antioxidant and 
antibacterial and anticancer properties. 
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1. Introduction 

Milk is one of the most important 
physiological fluid which contains high nutritional 
elements, including energy, proteins, vitamins and 
minerals. Milk derived proteins are a unique 
component that has been reported to reduce human 
health risk [1]. Several reports indicated that milk 
components exhibit different biological properties 
due to the milk-derived peptides and proteins [2].  
Milk proteins are divided between whey protein and 
casein which contain approximately 20% and 80%, 
respectively. Five major proteins are identified in 
whey, including α-lactalbumin, glycomacropeptide, 
β-lactoglobulin, immunoglobulins and serum 
albumin. While, milk casein has four different 
subunits αs1, αs2, β and κ casein [3-5]. However, it 

has been reported that milk fat also enriched in 
several potential components, including conjugated 
linoleic acid, sphingomyelin, butyric acid and ether 
lipids [6]. Conjugated linoleic acid exhibited anti-
proliferation potency against wide range of human 
cancer cell lines, such as colorectal, breast and lung 
cancer cell lines [7-9].  

Goat milk has been used as human nutrient 
especially for people who have lactose intolerance 
problem and sensitive to other animals’ milk. Goat 

milk contains a mixture of nutrients which are 
important for human health such as fat, protein, 
lactose, vitamins, enzymes and mineral salts. The 
levels of these nutrients are higher than other milk 
producing animals. For instance, goat’s milk contains 

25% more vitamin B6, 47% more vitamin A and 13% 
more calcium compared to cow’s milk [10]. 
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However, goat milk is preferred to cow’s milk in 
many countries in the world, specially Gulf area 
because of its high contents of inherent antibodies 
[11-13]. In addition, goat milk fat contains high 
percentage of (15%) medium chain fatty acids 
caproic 6:0, caprylic 8:0 and capric acid 10:0. These 
three fatty acids give improperly handled goat milk 
its characteristic off-taste and smell [14-15]. 
Moreover, goat milk is also used as therapy against 
different problems including gastrointestinal 
disturbances, vomiting, colic, diarrhea, constipation 
and respiratory problems [16]. 

 
2. Materials and methods:  

2.1.  Chemicals and supplies 

All organic solvents were analytical grade 
reagents (AR) procured from Merck Chemical Inc. 
(Darmstadt, Germany). MTT (3-[4,5-dimethylthiazol-
2yl]-2.5-diphenylterazolium bromide), DPPH (2,2-
diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) was 
obtained from Sigma Aldrich company (St Louis, 
MO, USA). Fetal bovine serum (FBS), Dulbecco’s 

Modified Eagle Medium (DMEM)/high glucose, L-
glutamine and penicillin/streptomycin were 
purchased from Gibco Inc. (NY, USA). 

 
2.2. Preparation of caseins and whey proteins 

Goat milk used in study was obtained from 
the herd of Faculty of Agriculture, Cairo University, 
Giza, Egypt. caseins and whey fractions were 
separated according to the method by (Chiang and 
Chang [17] with slightly modfications. In brief, one 
litter of goat milk was adjusted to pH 4.0 using 1.0N 
HCl while stirring, the mixture was centrifugation at 
5000 rpm for 30 min. the pellet was collected was 
considered as casein fraction. The supernatant was 
transferred into a clean tube and the pH was adjusted 
to 7.0 with 1.0N NaOH, followed by centrifugation 
again at 5000 rpm for 30 min. The final supernatant 
collected was considered as whey proteins fraction. 
Casein and whey proteins were stored at −20°C until 

use. Casein and whey protein fractions were extracted 
using 200 ml of methanol 80% in an ultrasonic bath 
for 3 h at 40℃. The mixture was filtered through 
whatman filter paper 0.45 μm (cellulose acetate, 

Sigma, USA). After cooling, the mixture was 
evaporated by rotary evaporator and lyophilization to 
produce the dried methanol extracts. 

  
2.3. Antioxidant activity 

2.3.1. DPPH assay. 

Total free radical scavenging capacity of the 
casein and whey proteins extract were evaluated by 
using the stable 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical Ye et al., [18] with slightly 
modification. In DPPH assay, different concentration 

(0.05, 0.1, 0.25, 0.5 and 1 µg/ml) of extract in final 
volume 100µl were added to 900 µl of 0.1mM DPPH 
solution. The mixture was vortexed and kept at room 
temperature for 30 min in dark. The absorbance of 
the reaction mixture was measured at 517 nm 
spectrophotometrically.  
Antioxidant % = (Acontrol–Asample)/Acontrol)×100; 
where, Acontrol is the absorbance of the DPPH radical 
without extract; Asample is the absorbance of the 
extract at t= 30 min. A calibration curve was plotted 
with % DPPH scavenged versus concentration of the 
standard antioxidant butylated hydroxytoluene 
(BHT). 

 
2.3.2. ABTS radical scavenging activity  

The potential of ABTS radical scavenging of 
casein and whey proteins extract were also measured 
using a modified method described by Floegel et al., 
[19]. Briefly, 980 μL of ABTS solution was added to 

a mixture of 20 μL containing different concentration 

(0.05, 0.1, 0.25, 0.5 and 1 µg/ml) of each sample. The 
mixture was then set to react at 37 °C for 10 min in 
dark. The absorbance was measured at 734 nm and 
the ABTS radical scavenging percent is calculated 
using the equation:  
% Inhibition = [(A0 – A1) /A0] X 100 (A0 is the 
ABTS•+ absorbance of the control reaction and A1: is 
the ABTS absorbance of the sample). 

 
2.4. DNA damage protection. 

In this assay we investigate the potential 
protection activity of casein and whey protein 
fractions extract against DNA damage induced by 
oxidative stress using Fenton's reagents was 
investigated as it has been previously reported by 
Leba et al., [20]. Three different concentration 
of casein and whey protein methanol extract (0.25, 
0.5 and 1 µg/ml) were added to a mixture containing 
2μl of Ribonuclease Inhibitor (RNH1) plasmid DNA 
(90μg/μl), 5mM of H2O2, 0.35mM of FeSO4, 
0.60mM of EDTA and the final volume was 
completed to 25μl with phosphate buffer 8.3mM, pH 
7.4. After 20 min of mixture incubated for at 37°C, 
the mixture was loaded into agarose gel 1.5% and 
separated bands were analyzed.  RNH1 plasmid DNA 
(3μl + 23μl of phosphate buffer) were used as DNA 
protection control and RNH1 plasmid DNA (3μl + 

Fenton's reagent) were used as DNA damage control. 
 

2.5. Antibacterial activity 

Two different concentrations casein and 
whey proteins extract (0.05, 0.1, 0.25, 0.5 and 1 
µg/ml) were tested for their antibacterial activity 
against different strains of bacteria, including gram 
positive (Bacillus cereu EMCC 1080(, gram negative 
(Escherichia coli O157-H7 ATCC 51659) according 
to (Sah et al. 2016 [21]). Antibacterial activity was 
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conducted using well diffusion assay on nutrient agar 
medium. The inhibition zones were measured in 
millimeters (mm) using the disk diffusion assay 
method.  

 
2.6. In vitro cytotoxicity 

All cell lines used in this study were 
obtained from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). Two human cancer 
cell lines were used in this study, mammary 
adenocarcinoma (MCF-7, ATCC® HTB-22™) and 
hepatocellular carcinoma (HepG2, ATCC® HB-
8065™), as well as two normal cell lines, skin 
fibroblast BJ-1 (ATCC® CRL-2522™) and epithelial 
breast MCF-12 (ATCC® CRL-10782™) were used. 
Cell lines were cultured in DMEM/high glucose 
media supplemented with 2 mM L-glutamine, 10% 
FBS and 1% penicillin/streptomycin kept in Corning® 
75cm² U-Shaped canted neck cell culture flask with 
vent cap (Corning, New York, USA). Then, sub-
confluent cultures (70–80%) were trypsinized 
(Trypsin 0.05%/0.53 mM EDTA) and spilt depending 
on the seeding ratio [22, 24]. 

 
2.6.1.  MTT assay 

Cells (1 × 105/well) were plated into 100 µl of 
medium/well in 96-well plates (Hi media). After 48 h 
incubation the cell reaches the confluence. Then, the 
media was replaced with RPMI-1640 media 
containing different concentration of casein and whey 
protein fractions extract. After removal of the sample 
solution and washing with phosphate-buffered saline 
(pH 7.4), 20µl/well (5mg/ml) of 0.5% 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-- tetrazolium 
bromide cells (MTT) phosphate- buffered saline 
solution were added. After 4h incubation, 130 µl 
0.04M HCl/ isopropanol were added. Viable cells 
were determined by the absorbance at 570nm with 
reference at 655nm. The concentration required for a 
50% inhibition of viability (IC50) was determined 
graphically. The absorbance at 570 nm was measured 
with a microplate reader (Bio-Rad, Richmond, CA), 
using wells without sample containing cells as 
blanks. All experiments were performed in triplicate. 
The effect of the samples on the proliferation of 
cancer and normal cell lines (mentioned above) were 
expressed as cytotoxicity %, using the following 
formula : 
Cytotoxicity % = 100-  A570 of treated cells / A570 of 
control cells × 100% [25]. 

 
2.7. Statistical analysis:  

Statistical analyses were conducted by use 
of CoStat for Windows version 6.45. All data were 
represented as mean ± standard deviation (SD) with 3 
individual experiments each in duplicate. Treatments 
were considered statistically significant at p < 0.05. 

 

 

3. Results and discussion  

3.1. Antioxidants activity on DPPH and ABTS. 

Previous studies have reported that milk and milk 
products displayed antioxidant activities by different 
mechanisms [26]. The antioxidant activity of casein 
and whey protein extracts were measured by the 
potential scavenging of two artificial radicals ABTS 
and DPPH. As a result, whey protein fraction extract 
exhibited higher antioxidant activity compared to 
casein fraction extract (Table 1 and 2). The results 
also indicated that the antioxidants activity values 
were increased in response to higher concentrations. 
The concentration that induce 50% of the radicals 
scavenging IC50 was calculated as observed in Table 
1 and 2. The IC50 data indicated that whey protein 
fraction extract was lower compared to casein 
fraction extract, with IC50 0.12 and 0.237 µg/ml for 
DPPH and ABTS, respectively. The results indicated 
that whey protein fraction extract might contain 
valuable components, that have the potential radical 
scavenging activity. In this context, milk and milk 
products have been shown high antioxidant activity 
for their unique mixture of substances including 
vitamins and short peptides increasing the 
antioxidants activity [27]. It has been reported that 
goat whey protein displays antioxidant activity 
against numerous free radicals, such as DPPH• and 
ABTS•+ in vitro as well as OH• and O2

•− that normally 
exist in the organisms [28]. Furthermore, fermented 
goat milk also released great amount of antioxidant 
peptides. During fermentation process, yeasts and 
lactic acid bacteria are produce antioxidant peptides 
[29]. Other strains such as L. casei L61, produces 
antioxidant peptides with high scavenging capacity of 
fermented goat milk [30,31]. 
 
Table 1. Antioxidant activity and IC50 of goat milk 
casein methanol extract. 
Extract 
(µg/ml) 

Antioxidant activity% IC50 (µg/ml) 
DPPH ABTS DPPH ABTS 

0.05 22.14 19.21 

0.281 a 
± 

0.0010 

0.423b 

± 
0.0012 

0.1 36.11 31.16 
0.25 49.24 47.36 
0.5 57.78 54.32 
1 73.23 69.65 

All experiments were performed in triplicate; all data 
are expressed as the mean ± SD.  
Means with different letters are significantly different 
at p ≤ 0.05.  
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Table 2. Antioxidant activity and IC50 of goat milk 
whey protein methanol extract. 

Extract 
(µg/ml) 

Antioxidant activity 
% IC50 (µg/ml) 

DPPH ABTS DPPH ABTS 
0.05 35.43 28.54 

0.121a 
± 

0.0010 

0.2375b 

± 
0.0012 

0.1 46.65 39.98 
0.25 58.542 53.76 
0.5 75.32 66.36 
1 87.96 78.43 

 
 
3.2. DNA damage protection. 

The DNA damage protection induced by Fenton's 
reagent using different concentrations (0, 0.25 and 
0.5 and 1 µg/ml) of casein and whey extracts were 
analyzed. In agreements with our antioxidant 
obtained data, RHN1 DNA supercoiled circular band 
was intense compared to the linear band in both 
extracts. These data indicated that casein and whey 
proteins of goat milk fraction has a potency to protect 
DNA from degradation using Fenton's reagent 
(Figure 1; lane 3-8). Surprisingly, casein showed 
DNA damage at 1 µg/ml of that can be due to an 
increase of some minerals such as bivalent cations 
that converted to pro-oxidants and therefore induces 
DNA damage (Figure 1; lane 5). Altogether, the 
results indicated that whey protein of goat milk 
extract enhances the protection capacity of DNA 
damage induced by Fenton's reagent compared to 
respective controls. 
  

 
Figure 1. DNA damage protection capacity of casein and whey 

protein of goat milk fractions extract. Lane 1: RHN1 DNA 
Plasmid, Lane 2: RHN1 DNA Plasmid treated with Fenton's 
reagent, Lane 3-5: casein fraction, Lane 6-8: whey fraction at three 
concentrations (0.25, 0.5 and 1 µg/ml), respectively. All the 
reaction mixtures were incubated for 20 min at 37°C. 
 

3.3. Antimicrobial activity of casein and whey 

proteins fraction extract 

The antimicrobial activity of casein and whey 
proteins goat milk fractions was expressed in Table 3. 
Different concentrations were tested in this assay 
(0.1, 0.25, 0.5 and 1 µg/ml) for each fraction extrat. 
The obtained data showed that whey protein fraction 
extract showed antibacterial activity against Bacillus 

cereus and E. coli (Table 3 and Figure 2). E. coli 
recorded the highest inhibition zones among ranged 
from 1.3 to 4.64 cm in response to higher 
concentrations Table 3 and Figure 2. While the 
inhibition zone of B. cereus was ranged from 0.003 to 
2.8 cm, these data indicated that whey fraction 
methanol extract including several nutrients that 
implicated in bacterial treatment. For casein fraction 
extract no significant differences were observed 
compared to whey protein fraction extract and 
miconazole antibacterial positive control Table 3.  
 

Table 3. Antibacterial activity of whey fraction extract.  
Zone Inhibition (cm) 

Conc 
µg 

Whey fraction Casein fraction   
B. cereus E.coli B. cereus E.coli Miconazole  LSD 

0.1 0.0031± 
0.57a 1.3 ±1.00a 

0.0031± 
0.001a 0.0015 ±0.0001a 1.3 ±0.02a 1.21 

0.25 
1.7±0.56b 2.1±1.15a 

0.047± 
 

0.006b 0.0021±0.0003a 2.6±0.15a 1.33 
0.5 2.2±0.0b 3.2±2.00a 0.062±0.00b 0.0027±0.00a 4.43±1.00a 1.95 
1 2.8±0.58b 4.6±1.53a 0.071±0.001b 0.0036±0.003a 6.34±1.53a 1.63 

All experiments were performed in triplicate; all data are expressed as the mean ± SD.; Means with different 
letters (at the same row) are significantly different at p ≤ 0.05.; LSD = Least Significant Difference.  
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Figure2. Antibacterial activity of whey protein goat milk fraction methanol extract. Five different 
concentrations (0, 0.1, 0.25.0.5 and 1 µg extract) were tested against two bacterial strains B. cereus (gram 
positive) and E. coli (gram negative) The inhibition zone was measured using imagej software.
 
 

3.4. Anticancer activity of casein and whey goat 

milk fractions  

Cancer therapy is a global health challenge 
worldwide [34]. In this study, casein and whey goat 
milk fractions extract were tested for their anti-
proliferation activity against two cancerous and two 
normal human cell lines as showed in Table 4.  
Results showed that, whey protein extract at 2 µg/ml 
had the highest potential cytotoxic activity against 
MCF- and 7 HepG-2 with 78.03 and 57.06 %, 
respectively (Table 4). Whereas no significant 
cytotoxic activity was observed against MCF12F and 
Bj-1 normal cell line with 1.35 and 1.18%, 
respectively. The cytotoxic effects of casein fraction  

 
extract against HepG-2 and MCF-7 were 57.07 and 
22.5 % cell death, respectively. Our results indicated 
that, whey protein fractionated from goat milk 
reduces the cytotoxic effect on MCF-12F and Bj-1 
compared to doxorubicin control.  
It has been previously reported that goat fermented 
milk display anticancer properties through cell cycle 
arrest, modulation of immune system, and apoptosis 
induction [35]. In addition, goat milk and its 
fermented products kill the cancer cell via apoptosis 
induction and therefore inhibition of proliferation 
[36]. Our results revealed that, whey protein of goat 
milk has high pharmaceutical properties, including 
the antioxidants, antibacterial and anticancer 
activities compared to casein fraction. 

 

Table 4. Anticancer activity and IC50 of casein and whey protein goat milk methanol extract. 
 Cytotoxicity % at 2 µg/ml IC50 µg/ml 

Cell line Casein  Whey  Doxorubicin  Casein  Whey  Doxorubicin  
MCF-7 57.5a± 1.4 78.03b±0.4 89.2c±0.05 1.73c±0.46 1.27b±0.68 1.12a±0.9 

MCF12F 1.6a±0.40 1.35b±0.03 18.05c±0.01 62.5c±2.7 74.07b±3.4 5.54b±1.4 
HepG2 22.5a±0.87 57.06b±0.67 78.06c±0.02 4.4c±0.6 1.75b±0.7 1.75b±0.7 

BJ-1 1.4b±0.023 1.18c±0.05 13.76a±0.06 71.42a±5.9 84.74±13.2 7.26b±1.3 
All experiments were performed in triplicate; all data are expressed as the mean ± SD.; Means with different 
letters (at the same row) are significantly different at p ≤ 0.05.  
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4. Conclusions 

The fact that milk and milk products 
considered very rich fluids in its nutritional values. 
Our results indicated that, goat milk whey protein 
fraction was much higher in its pharmaceutical 
poteincies as antioxidants, anticancer and 
antimicrobial. Thus, the present study could 
distinguish between two important protein fractions 
of goat milk for human diseases risk reduction. Also, 
it had antimicrobial activity against tested bacteria. 
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