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Abstract — The aim of this work was to investigate the
enzymatic hydrolysis of whole casein from buffalo milk with
proteolytic enzymes, alcalase, and typsin, and to assess the
antioxidant activity of hydrolysates. Antioxidant of casein
hydolysate was separated and purified using ultrafiltration
followed gel filtration and antioxidant peptides were
determined. Degree of hydrolysis of alcalase hydrolysis was
higher than trypsin hydrolysis for both of buffalo and bovine
casein(92.26 and 86.43%) respectively after 2h hydrolysis. By
Sephadex G-15 gel chromatograms, Fraction 2 and 3from
bovine casein hydrolysates by trypsin were confirmed the
highest antioxidant activity (92.54 and 92.59%) respectively.
Also Fraction 2 from alcalase hydrolysates was the highest in
antioxidant activity. The most abundant amino acid was
Isoleucine and prolinein buffalo casein. Based on the results of
this experiment, buffalo and bovine casein hydrolysae by
trypsin were shown to have antioxidant activity and provide
beneficial antioxidant properties in functional foods and
pharmaceuticals.

Keywords — Buffalo Casein, Bovine Casein, Amino Acids,
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I. INTRODUCTION

Recently, the novel usage of casein serves as an excellent
source of bioactive peptides and related ingredients such as
its enzymatic hydrolysates and peptides has attracted
increasing attention [1]. Additionally, various sources of
casein bioactive peptides were previously produced from
different casein animal species bovine milk [2], yak milk
[3], goat milk [4], and buffalo milk [5]. Casein-derived
peptides have been shown to have a range of effects, such
as antihypertensive, antithrombotic, antimicrobial, opioid,
immune-modulating, and mineral binding [6, 7, 8]. Casein
is also an important source of antioxidant peptides, and
multiple studies have shown that casein hydrolysates can be
used as peptides for therapeutic purposes and can be found
in dairy foods [9]. The majority of antioxidant peptides
derived from food sources were consisted by 2—16 amino
acids with the molecular weight ranging from 500 to 3000
[10]. Besides, the demand for the use of peptides and
proteins as antioxidants in food is increasing due to the low
costs, safety and their inherent nutritional and functional
values [11]. Buffalo milk is ranked at second after cow
milk, based on worldwide milk production and distribution
with leading countries in Asia (India, Pakistan and China)
and the Middle East (Egypt) and Europe. Notably, about
103 million tons of buffalo milk was produced in 2013,
representing 13% of the total world milk production with

an annual growth rate of ~3.3% which is higher than cow
milk (annual growth rate 0.9%) [12]. Besides, if compared
with cow’s milk, buffaloes' milk has a protein content in the
range of 3.8-4.5% with a high casein ratio[13, 14].
Antioxidant peptides can act as radical scavengers.
Therefore, it is important to inhibit oxidation reactions and
formation of free radicals in food products and the living
body [15]. Rival et al. (2001) [16] concluded that casein-
derived peptides, as preferred target over fatty acid radicals,
inhibited enzymatic and non- enzymatic lipid peroxidation.
This peptides were obtained by the enzymatic hydrolysis of
casein had antioxidant activity [2, 3]. Trypsin hydrolysis
was able to improve the scavenging activity of both the
isolate and the protein fractions by causing the release of
small peptides and/or free amino acids with such activity
[15]. In addition, casein trypsin digests showed inhibitory
properties in the oxidation of linoleate by lipoxygenase,
peroxyl radicals and 2,20-azinobis-(3-
ethylbenzothiazoline- 6-sulphonic acid (ABTS) radical
[16]. Korhonen and Pihlanto (2006) [17] reported that the
most common way to produce bioactive peptides is
proteolytic enzymes such as pepsin, trypsin, alcalase, and
pancreatin [18]. Wang, Jia, and Yang, (2013) [19]
mentioned that, several studies have been made in the
production of casein hydrolysates and casein bioactive
peptides, microstructure characteristics and particle size
distribution of casein hydrolysates obtained by enzymatic
hydrolysis, the role in functional properties of casein
hydrolysates [19]. Much work regarding those peptides,
which are known to possess bioactivities, is currently
underway regarding their release via selective enzymatic
hydrolysis[20].Buffalo casein is less studied than the
bovine casein. To our knowledge, naturally occurring
peptides from buffalo casein has not been reported yet. The
information on characterize and compare buffalo and
bovine casein which naturally occurring peptides, that
information about buffalo casein needs to be improved. The
objective of this study was to evaluate and compare the
antioxidant properties of buffalo and bovine casein
hydrolysate.

II. MATERIAL AND METHOD

Materials

Sodium caseinate bovine milk (CN) was purchased from
Tokyo chemical industry Co., LTD. (Tokyo, Japan).
Trypsin (EC no 3.4.21.4, pH 7-9 at 37 °C) and alcalase (EC
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no of 3.4.21.62, pH 5 — 7 at 55 °C) were purchased from
Novo Enzyme (Bagsvaerd, Denmark). Hydrochloric acid
(HCI) and sodium hydroxide (NaOH) were procured from
Sinopharm chemical reagent Co., Ltd, Shanghai, China. All
solutions were prepared in distilled water.

Preparation of Sodium Caseinate from Buffalo Milk
(CB)

Skim milk was prepared from fresh whole buffalo milk
obtained from the Farm of Faculty of Agriculture, (Cairo
University, Cairo, Egypt) by centrifugation (Milk
centrifuge Elecrem, Helmut Rink GmbH, Amtzell,
Germany) at 2000 xg for 30 min at 4 °C. The average
composition of skim milk in dry weight was 10.62, 0.1,
4.23,4.92, and 0.97% for total solids, fat, protein, lactose
and ash respectively.

Sodium caseinate from buffalo milk was prepared
according to the method of Mulvihill (1992)[21] with some
modifications. Skim milk was acidified to pH 4.6 with
hydrochloric acid (1 M) under continuous stirring by stirrer
(IKA@-works guangzhou Co., Guangzhou, China) at 25
°C. After leaving of curd deposition for 20 min, the mixture
was filtered (Whatman no. 40). The precipitated casein was
washed with distilled water, then dissolved with the
addition of NaOH (1 M) at pH 7.0, and again left for
precipitation. Precipitation and washing steps were repeated
four times. The final precipitates were dissolved in NaOH
(1 M) to pH 7.0, thereafter heated at 80 °C for 30 min to
inactivate plasmin, dialysed against distilled water and
lyophilized.

III. CHEMICAL ANALYSIS

Determination of Total Amino Acid Compositions

Amino acid compositions of casein were determined as
described by Adeyeye et al. (2009) [22] with slight
modifications. Briefly, 30 mg of casein sample was poured
into glass ampoules, and 7 mL of 6-M HCI was added and
oxygen was expelled by bubbling with nitrogen. Glass
ampoules were sealed with a flame and were then heated at
105 £ 5 °C for 22 h. Ampoules were then cooled and opened
and the contents were filtered. Filtrates were evaporated to
dryness at 40 °C under a vacuum. Residues were dissolved
in 5-mL aliquots of acetate buffer (pH 2.0), and samples (1
pL) were injected into a Zorbax 80 A Cis column (4.6 % 180
mm, Agilent Technologies) at 40 °C with detection at 338
nm. Mobile phase A comprised 7.35-mM sodium
acetate/triethylamine/tetrahydrofuran (500:0.12:2.5, v/v/v)
and was adjusted to pH 7.2 with acetic acid, and mobile
phase B (pH 7.2) comprised 7.35-mM sodium
acetate/methanol/acetonitrile (1:2:2, v/v/v). Amino acid
compositions were expressed as g of amino acid per 100 g
of protein. Amino acids contents were calculated according
to peak areas relative to those of standards. Tryptophan
contents were determined using Alkaline hydrolysis
Preparation of Casein Hydrolysates

Casein solution (2% w/w on protein basis) was prepared
by dissolving ~2.2 g of casein powder (according to percent
of protein in casein powder) in 100 g distilled water;
dispersion was stirred for 1 h at room temperature and kept
overnight at 5 ° C. On the next day, 80 mg/mL enzyme
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solution (dissolved in distilled water) was added to make
the hydrolysates. The pH and temperature of the casein
solution was adjusted according to the characteristics of the
enzymes as described above. The enzymes were pre-
incubated for 10 min and the enzyme to substrate ratio
1:100 (w/w) was used in all experiments. The hydrolysis
process was started by the addition of the enzyme solution
to the casein solution with 30 s vortexes. The reaction
mixture was quenched after 3 h of hydrolysis, then heated
at 90 °C for 15 min to stop the enzyme activity followed by
cooling (20 min in ice bath) and centrifugation (Model
3K 16, Sigma Labor zentrifugen GmbH, Osterode am Harz,
Germany) (10 min at 12,000 xg).

Enzymatic Hydrolysis and Degrees of Hydrolysis
(DH)

The titrant used in this procedure was NaOH and exact
normality of fresh batches of about 0.02-N NaOH was
standardized (in triplicate) against a known concentration
of HCL. DH of proteins were calculated according to Lemos,
Lawrence, and Siccardi( 2009) with some modifications as
follows:

DH = B x Npx 1/4 x 1/Mp x 1/, %100

Where B = consumption of NaOH during hydrolysis
(mL) — consumption of NaOH in the blank (mL), N3 is the
normality of NaOH titrant s(mol/L), a is the average degree
of dissociation of o—NH groups, 1/a is 1.2 at 40 °C and pH
8.0, M, is the total mass of protein (g) in the reaction
mixture from test ingredient and added enzyme, and hy is
the total number of peptide bonds in casein (8.2 meqv/g
protein; [23]).

Separation and Purification of Antioxidant Peptides

The obtained hydrolysate was subjected to fractionation
by ultra filtration with 1kDa MWCO (polyethersulfone
membrane, Sartorius Stedim Biotech, Aubagne, France).
The fraction 1k Dawas further analyzed by purification of
antioxidant peptides in hydrolysates adopted the method of
Maruyama et al. (1985)[24]. Gel filtration chromatography
was performed on Sephadex G-15 (Sigma Co., USA). The
column (2.5x50 cm) previously equilibrated with the
distilled water, operated at a flow rate of 0.2 ml min-1 and
fraction of 2 ml were collected and analyzed by UV-
absorbance (Perkin Elmer Lambda EZ 201, USA) at 280
nm. The samples were filtered through 0.5 m syringe filters
prior to application to the column. The fraction with the
highest antioxidant activity was further analyzed by reverse
phase high performance liquid chromatography (RP-
HPLC)

Determination of ABTS Radical Scavenging Activity

Radical scavenging activity was tested using the method
of Hernandez-Ledesma, Déavalos, Bartolomé & Amigo
(2005) [25] with some modification. ABTS radical cation
(ABTS") was prepared 12—16 h before using into a 25 mL
volumetric flask by dissolving 7 mM ABTS stock solution
with 2.45mM potassium persulfate in distilled water and the
solution was kept at room temperature in the absence of
light. The ABTS" solution was diluted in 5mM phosphate
buffer saline (PBS, pH 7.4), and used for setting absorption
at 734 nm in a 3 cm cuvette until (0.70 £0.02) absorbance
value was achieved at 30°C. Standard curve was obtained
by adding 2 mL of diluted ABTS" solution to 20uL of
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Trolox with a final concentration of Trolox ranging from 0
to 8 mg/mL in PBS. The absorbance reading was taken after
10 min at 30 °C. Appropriate blank solvent was run in each
assay. Activity of each 20 puL sample was measured in
triplicate. The percent of inhibition was calculated as a
function of antioxidant concentration corresponding to
Trolox as a standard compound. To calculate the Trolox
Equivalent Antioxidant Capacity (TEAC), the gradient of
the plot of the percentage inhibition of absorbance sample
concentration was divided by the gradient of the plot for
Trolox. This gives the TEAC at a specific time.
Statistical Analysis

Data for each treatment condition are presented as mean
+ standard deviation. One-way ANOVA was conducted
using SPSS 19 (SPSS Inc.,, Chicago, USA) with
significance defined as the 95% confidence limit (P<0.05).

IV. RESULT AND DISCUSSION

Amino Acid Compositions

Amino acids contents in CB and CN in Table 1. Differing
hydrophobic (Leu, Val, and Phe), hydrophilic (Asp, Ser,
Arg, and Glu), basic (His, Pro and Lys), and aromatic amino
acids (Phe and Tyr) may contribute to differences in
antioxidant activities (Najafian et al., 2015). Accordingly,
amino acid compositions of CB and CN differed, and the
relative predominance some amino acids likely provided
electron donors with efficient antioxidant activity (Kumar
et al., 2013). CN had higher contents of His, Tyr, Val, Phe,
and Lys than CB. Conversely, CB had a higher proportion
of hydrophobic amino acids (58.01%).

Degrees of Hydrolysis (DH)

Degree of hydrolysis (DH) was determined by titration of
hydrolsate by NaOH 1 M in these hydrolysate. Two types
of CB and CN were assessed and DH by the two different
enzymes trypsin and alcalase are shown in Table 2.
Differences in DH can be attributed to enzyme cleavage
specificity and the numbers of cleavage sites located in
protein chains of casein [26].The higher the DH, the higher
the content of released amino groups. Degree of hydrolysis
found maximum with alcalase treatment. This shows that
alcalase utilized more protein as substrate to cause
hydrolysis as compared to trypsin. Treatment with trypsin
yields minimum DH indicating that buffalo casein is most
resistant to this enzyme. Treatment of buffalo casein with
alcalase for 120 min shows highest hydrolysis. The same
result of hydrolysis obtained when treated with trypsin. It
shows that degree of hydrolysis increases with the time of
incubation[3] also malcalase ant trypsin hydrolyzed showed
CN was slightly lower than those for CB during 2h
hydrolysis.

Antioxidant Activity of Buffalo and Bovin Casein

The fraction of 1k Daultrfiltration alcalase and trypsin
treated was further separated by sephadex 15gel
chromatograpmy as shown in Fig. 1. Alcalase and trypsin
was showed four and three fraction for 1k Da UF CN and
CB respectively. Each peak was collected and measured for
the antioxidant activity by ABTS (Fig. 1 (A), (B), (C) and
(D).
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Based on the mechanism of gel filtration, the MW of each
fraction was increasingly lower as the elution time
increased. Ji, Sun, Zhao, Xiong, and Sun, (2014) [27]
reported that gel filtration was applied to isolate the protein
hydrolysates according to their molecular weight. Sephadex
G-15, with the separation range of <1000was suitable for
the separation of peptides 1 kDa UF [28]. Therefore, trypsin
hydrolysate was displayed with a higher antioxidant
activity after. Among the four peaks, the F2 and F3
exhibited the highest antioxidant activity ( 92.59% and
92.54% respectively) (P< 0.05). While,F2exhibited the
highest antioxidant activity in CB fraction by trypsin
(65.34%) but lower than CN fraction. With regard to,
Alcalase hydrolysate F2 and F3 showed the highest
antioxidant activity for CB(22%) and CN(35%)
respectively. Generally, Similar results were reported by
other researchers for buffalo casein and sweet potato
protein hydrolysates that the highest antioxidant activity
was contributed by peptides containing high amount of low

MW<1kDa[29].
V. CONCLUSION

Our results show that antioxidant peptides are applicable
in therapeutic formula. Trypsin hydrolysate was high
antioxidant peptide produced from buffalo and bovine
casein. A future study shall be carried out on the
commercialization of the peptides with antioxidant activity
by compounding a large amount of such peptides and
conducting an in vivo test.
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Fig. 1. Antioxidant activity of .Sephadex G-15 gel filtration chromatography Fraction > 1KDaBffalo casein (A) and
bovine casein (B) by trypsine hydrolysis.
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