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ABSTRACT

Buffalo milk proteins were covalently enriched with methionine (Met) during
the enzymatic peptide modification (EPM) process. The maximal Met-enrichment
occurred when the a-chymotryptic hydrolysate of buffalo’s milk proteins was
treated with methionine ethyl ester in the presence of a-chymotrypsin during the
EPM. Methionine content of this product was more than three times (5.4%) higher
than that of the original buffalo milk protein (1.5%). The electrophoretic pat-
terns of the modified proteins showed that the enzymatic reaction was mainly
characterized by transpeptidation. Molecular masses of the modified protein frac-
tions were influenced by the concentration of L-methionine ethyl esters in the reac-
tion mixture during the EPM. EPM products from the buffalo milk protein
hydrolysates with a-chymotrypsin and trypsin or with pepsin and trypsin showed
low allergenic activities compared with those when buffalo milk proteins were
hydrolyzed with a-chymotrypsin or with pepsin alone.

INTRODUCTION

Buffalo milk is popular in Egypt, as well as in other parts of the world. However,
the nutritional value of its proteins have not been fully investigated. The biological
valuye of proteins is mainly determined by the content of essential amino acids.
The biological utilization of mixtures of free amino acids is much less effective
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and energy consuming than that of foods consisting of peptides and proteins of
the same composition (Silk 1974; Matthews and Adibi 1976). The first procedure
using enzyme catalysis for introducing appropriate essential amino acids and thus
improving the nutritional value of food proteins, the plastein reaction. was pro-
posed by Yamashita er al. (1979) and Aso er al. (1985).

Several investigators have evaluated the immunogenicity and/or allergenicity
of enzymatically hydrolyzed casein (Takasa er al. 1979; Otani et al. 1990;
Nakamura et al. 1993) and whey proteins (Asselin er al. 1988) by different tech-
niques for potential use in infant formula. The allergenicity of milk was related
to heterogeneity of protein constituents, and many authors considered (-
lactoglobulin as being the major allergen because of its absence in human milk
(Bahna and Heiner 1980).

Whitaker and Puigserver (1982) reported that enzymatic modification of pro-
teins is a suitable process for designed amino acid incorporation and structure
modification of the protein chains. The enzymatic process allows enrichment of
the proteolysis products with essential amino acids which are terminally bound
covalently to peptides (Hajos et al. 1988; 1989; 1990; Lorenzen and Schlimme
1992).

Recently an enzymatic method has been developed for covalent methionine
enrichment of proteolytic hydrolysates of milk and plant proteins (Hussein et al.
1991; Hussein and Hajés 1992; Hajés et al. 1993).

The role of methionine is particularly important in nutrition (FAO/WHO 1973)
because it is a limiting essential amino acid of buffalo and cow milk proteins.
Because of its special hydrophobic character, the surface and the structure of the
protein undergoes conformational modification during covalent Met-enrichment
and consequently, its allergenic character may be altered.

A utilitarian motive of our present work is to know how the covalent methionine
incorporation, together with the enzymatic modification (EPM) method, influence
the biological value and the antigenic character of the buffalo milk proteins.

MATERIALS AND METHODS

Enzymes

Enzymes used included a-chymotrypsin (EC 3.4.21.1; Sigma); trypsin (EC
3.4.21.4; Serva); pepsin (EC 3.4.23.1; Calbiochem); carboxypeptidase A (EC
3.4.17.1; Serva); carboxypeptidase B (EC 3.4.17.2; Serva); and leucine aminopep-
tidase (EC 3.4.11.1; Serva).

Proteins

Raw bulk buffalo milk was obtained from the Faculty of Agriculture of the
Menofia University herd in Egypt. The milk was skimmed twice using a cream
separator and freeze dried.
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TABLE 1.
METHIONINE CONCENTRATION IN THE REACTION MIXTURE
Methionine Added Methionine Ethyl Ester Added
Sample No. (g/g Hydrolysate) (g/g Hydrolysate)
EPM 0 0.00 0.00
EPM 2 0.14 0.21
EPM 4 0.34 0.49
EPM 6 0.48 0.70
EPM 8 0.63 0.90
EPM 10 0.91 1.32

Hydrolysates of Buffalo Milk Proteins

In the present work we used four different hydrolysates of buffalo milk pro-
teins as substrates of the EPM reactions. These substrates are the following: o-
chymotryptic hydrolysate; peptic hydrolysate; «-chymotryptic and tryptic
hydrolysate; and peptic and tryptic hydrolysate of buffalo milk proteins. Produc-
tion of these hydrolysates were:

Buffalo milk proteins were hydrolyzed with a-chymotrypsin at pH 7.5 or with
pepsin at pH 2.0. The incubation was carried out at 37C for 2 h. The reaction
mixture was stirred during hydrolysis and after that freeze-dried.

Buffalo milk proteins were hydrolyzed with a-chymotrypsin at pH 7.5 under
the same conditions for 1 h, then trypsin was added at pH 7.5 at the same condi-
tions for 1 h.then freeze-dried.

Buffalo milk proteins were hydrolyzed with pepsin at pH 2.0 for 1 h and then
trypsin was added at pH 7.5 under the same conditions as mentioned above.

EPM Products of Buffalo Milk Proteins

Tryptic, a-chymotryptic and/or peptic hydrolysates of buffalo milk protein were
used to produce EPM-products in the presence of a-chymotrypsin (pH 6.0) or
pepsin (pH 4.0) as catalysts. The concentration of substrate was 25% (w/v). The
ratios of methionine ethy! ester added (L-methionine ethyl ester concentration
ranged from 210 mg/g protein (EPM 2) to 132 mg/g protein (EPM 10)) to
substrates are given in Table 1. The EPM 0 is a modified protein product pro-
duced without methionine ethyl ester addition to the reaction mixture; however,
samples EPM 2, 4, 6, 8 and 10 refer to the ratio of methionine ethy! ester added
to the reaction mixture as shown in Table 1. The enzyme:protein ratio was 1:100.
The incubation was carried out at 37C; the incubation time was 16 h. After in-
cubation the products were dialyzed through a cellophane membrane against dis-
tilled water. The nondialyzable fraction was freeze-dried.
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SDS-PAGE

Molecular mass distribution of the protein fractions was investigated by SDS-
PAGE according to Delincee and Hajés (1984) The protein zones were stained
with Coomassie Brilliant Blue.

Amino Acid Content

Aliquots of the samples were hydrolyzed with 6 M HCl in a tube flushed with
N, at 105C for 24 h and the amino acids were subjected to thin layer ion-exchange
chromatography (Dévényi 1974). In situ quantitative evaluation of the methionine
spots was carried out by a Biotech-Fischer video densitometer (identified and com-
pared to the control methionine).

Leucine Aminopeptidase (LAP) Treatment

A suspension of the EPM-product (5 mg) in 200 ul of 0.1 M NH,HCO, buffer
was incubated with LAP. Samples (10 ul) were investigated after incubating for
0, 10, 30 and 60 min, respectively, and the samples were immediately mixed
with an equal volume of concentrated HCl to stop the enzyme reaction. Free amino
acids were separated by thin layer ion-exchange chromatography.

Carboxypeptidase Treatment

The samples were incubated with a mixture of carboxypeptidase A and car-
boxypeptidase B. The treatment and the amino acid determination were the same
as in the case of leucine aminopeptidase.

ELISA Test

The allergenic character of samples was measured in vitro by the competitive
indirect ELISA test (Gelencsér et al. 1992). Inhibitor assays were performed with
use of polystyrene plates (Sulysédp, Hungary). Buffalo milk protein antigen was
coated on the assay wells by incubating 100 ul/well of protein at 5 pg/ml in car-
bonate buffer, at pH 9.4 for overnight at 4C. Between each step, the plates were
washed three times with phosphate-buffered saline (PBS), pH 7.4, 0.1 M con-
taining 0.5% Tween 20. Free binding sites were blocked by incubation of wells
with 200 ul/well of PBS buffer, pH 7.4 containing 0.5% gelatin. The wells then
received 50 pl/well of primary antibodies (human sera containing specific IgG
antibodies to milk protein antigens, purchased from the Gastroenterological Center
of Madardsz Children’s Hospital, Hungary) at working dilution 1:160 in PBS
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buffer, pH 7.4, and by 50 ul/well of competitive antigens (EPM products) at con-
centrations of 1 X 10™3 ul/ml to 5 x 10~ pl/ml in PBS buffer,pH 7.4, for 1
h at 37C. The HRP-labeled goat-Ig-anti-human IgG conjugate (HUMAN,
Hungary) was mixed by adding 100 ul/well of conjugate at working dilution
(1:160) in PBS buffer, pH 7.4, and incubating for 1 h at 37C. The HRP-activity
was measured in 100 ul/well sodium citrate substrate solution, containing OPD
and H,0,. After incubation for 30 min with substrate solution at room temperature
and inhibition with 50 ul/well of 4 M H,SO, solution, the optical density was
measured in a Titer-Tek Multiskan (Flow, UK) at 492 nm. Results were expressed
in percent by reference to a standard serum.

Allergenic Character:

Ai — Aul
A = (1 - =
(%) = (1 AL Abl)) x 100 where
A = allergenic activity of samples
A; = absorbance of the samples at 492 nm

Ap = absorbance of the blank solution at 492 nm
Agt absorbance of the standard serum at 492 nm

RESULTS AND DISCUSSION

Electrophoretic Patterns of the EPM Products

The electrophoretic patterns of protein fractions of the buffalo milk proteins,
the a-chymotryptic hydrolysate and the EPM-products separated by SDS-PAGE
are shown in Fig. 1. There are substantial differences between the peptides of
the EPM-products and those of the buffalo milk protein hydrolysate. Molecular
weights of the modified protein fractions were influenced by the concentration
of L-methionine ethyl ester in the reaction mixture during enzymatic modifica-
tion. Figure 2 shows the major zones of the peptic hydrolysate of buffalo milk
proteins. The changes in the zones indicate that transpeptidation is the major pro-
cess in the enzymatic modification.

Incorporation of L-Methionine into Buffalo Milk Protein
Hydrolysate by Enzymatic Modification

Methionine content of the buffalo milk protein hydrolysate and EPM products
are shown in Table 2. This comparison indicated that the methionine content in
the EPM products with methionine incorporation were found to be higher than
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FIG. 1. SDS-PAGE PATTERNS OF BUFFALO MILK PROTEIN, ITS HYDROLYSATE AND
ENZYMATICALLY MODIFIED PRODUCTS
1: LMW (low molecular weight controls); 2: Buffalo casein; 3, 12: Buffalo milk proteins; 4, 11:
a-chymotryptic hydrolysate of buffalo mitk proteins; 5: EPM 0 (EPM product without Met-enrichment);
6,7, 8,9, 10: EPM products with different Met-enrichment; 13: PMW (peptide molecular weight
control)

that of the substrate protein. The optimum of L-methionine incorporation when
a-chymotrypsin was used as a catalyst (EPM 4) was at a ratio of 34 g L-Met/100
g hydrolysate (Table 1). Methionine content of EPM 4 is greater by 3.8% than
that of the sample without Met addition (EPM 0). The optimum of Met incor-
poration when pepsin was used as a catalyst (EPM 2) was at a ratio of 14 g L-
Met/100 g hydrolysate in the reaction mixture (Table 1). Methionine content of
EPM 2 is greater by 3.0% than that of the control sample (EPM 0).

The maximal enrichment of the covalently bound methionine in the products
(produced in the case of a-chymotrypsin) was about four times as high as that
of the original substrate; however, in the case of products produced using pepsin
as catalyst. The Met-contents of the products were three times as high as that
of the original substrate protein. The methionine level of these products satisfies
the methionine requirement proposed by FAO/WHO (1973).

Methionine contents of the two EPM products, the EPM A (produced from
a-chymotryptic and tryptic hydrolysate of the buffalo milk proteins, and catalyz-
ed by a-chymotrypsin), and the EPM B (produced from peptic and tryptic
hydrolysate of the buffalo milk proteins, and catalyzed by pepsin) are shown in
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FIG. 2. SDS-PAGE PATTERNS OF BUFFALO’S MILK PROTEINS, ITS PEPTIC
HYDROLYSATE AND ITS MODIFIED EPM PRODUCTS
1 : LMW; 2, 10: Buffalo’s milk proteins; 3, 11: Buffalo’s milk protein hydrolysate with pepsin;
4: EPM 0 (EPM product without Met-enrichment); 5, 6, 7, 8, 9: EPM products (produced in the
presence of pepsin, as catalyst) with different Met-enrichment; 12, 13: PMW

TABLE 2.
METHIONINE CONTENT OF THE MODIFIED BUFFALO MILK PROTEINS

Methionine Content Covalently Bound

EPM (8 Met/100 g Protein)

EPM A EPM B
0 1.58 1.95
2 3.21 4.52
4 5.44 3.20
6 4.7 3.10
8 5.61 2.82
10 5.65 2.95

EPM A: EPM products from a-chymotryptic hydrolysates of the buffalo milk pro-

teins, produced with a-chymotrypsin as catalyst.
EPM B: EPM products from peptic hydrolysates of the buffalo milk proteins, produced

with pepsin as catalyst.

Table 3. Methionine contents in all EPM products with methionine incorpora-
tion were found to be higher than that of the original substrate proteins.
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TABLE 3.
THE METHIONINE CONTENT OF THE MODIFIED BUFFALO MILK PROTEINS!

Methionine Content Covalently Bound

EPM (g Met/100 g Protein)
EPM A EPM B
0 1.68 1.69
2 2.83 3.51
4 4.82 2.56
6 4.37 2.56
8 3.75 3.06
10 3.56 3.00

'After treatment with exopeptidases.

The resuits show that the amount of methionine incorporated changed with the
type of enzyme used. When o-chymotrypsin was used as catalyst with o-
chymotryptic and tryptic hydrolysate as substrate the methionine incorporation
was higher compared with pepsin as catalyst with peptic and tryptic hydrolysate
of buffalo milk proteins.

The effects of exopeptidases on samples are shown in Fig. 3. In samples taken
at O min, where HCl was added together with exopeptidases to prevent digestion,
no free amino acids were detectable. This finding proved that both the excess
methionine ethyl ester and free methionine were removed from the reaction mix-
ture during dialysis. In samples obtained after 10-60 min, increasing amounts
of free amino acids were detected as a result of exopeptidase action.

Significant amount of Met was detectable in the EPM samples hydrolyzed by
carboxypeptidase A + B, while Met was totally absent in the buffalo milk pro-
tein hydrolysate.

The amino acid content of the C-terminal residues of the a-chymotryptic
hydrolysate and of the Met-enriched EPM product (EPM 4) (EPM A, Table 2)
of buffalo milk proteins after densitometric evaluations are shown in Fig. 3. In
Fig. 3, four intense spots can be seen corresponding to the amino acids removed
by carboxypeptidases from the C-terminal of the ¢-chymotryptic hydrolysate of
buffalo milk proteins. Interestingly, among these free amino acids, methionine
was not found. The EPM sample shows five intense spots under the same cir-
cumstances. One of these intense spots corresponded to methionine.

These results suggest that enzymatic peptide modification is a suitable method for
covalent Met-enrichment, that is, for increasing the nutritive value of buffalo milk
protein by the incorporation of a given quantity of the limiting essential amino
acids.
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FIG. 4. ALLERGENIC CHARACTER OF THE ENZYMATICALLY MODIFIED BUFFALO’S

MILK PROTEIN PRODUCTS

1H: a-chymotryptic hydrolysate of buffalo milk protein; 1/0: EPM product without Met-enrichment;
1/4, 1/6, 1/8, 1/10: EPM products with different Met-enrichment in the presence of e:-chymotrypsin;
4H: Peptic hydrolysate of buffalo milk protein; 4/0: EPM product without Met-enrichment; 4/2,
4/4, 4/6, 4/8, 4/10: EPM products with different Met-enrichment in the presence of pepsin.

Allergenic Character of the Buffalo Milk Protein Hydrolysate

and EPM Products

Figures 4 and 6 show that the allergenicity of a-chymotryptic and peptic
hydrolysates and EPM products was significantly reduced. The allergenic character
of the EPM products produced in the presence of o-chymotrypsin was significantly
reduced by the increase of the concentration of methionine ethyl ester in the reac-
tion mixtures. The results also show that the allergenic character of EPM pro-
ducts produced in the presence of pepsin catalyst was not affected by the concen-
tration of methionine ethyl ester in the reaction mixtures. In this case all EPM

products showed low allergenic activity (under 50%).
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FIG. 5. POTENTIAL ALLERGENIC ACTIVITY OF MODIFIED BUFFALO MILK PROTEIN
PRODUCTS BY COMPETITIVE INDIRECT ELISA

Figure 5 shows the potential allergenic activity of the modified buffalo milk
protein products investigated by competitive indirect ELISA. At a concentration
of 1 x 10° ug/ml, the samples of EPM 10, both in the case of a-chymotrypsin
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and pepsin as catalyst, showed low allergenic activity in comparison with the
hydrolysates.

The allergenic character of the different EPM products from buffalo’s milk
protein hydrolysates are shown in Fig. 6. Allergenic character of the EPM A
samples decreased gradually from 89% (sample EPM 0) to 3% (EPM 10). Figure
6 also shows the allergenic character of EPM products from a peptic and tryptic
hydrolysate of buffalo milk proteins when pepsin was used as a catalyst (EPM
B). Allergenic character of the EPM B samples decreased from 64% (EPM 0)
to 30% (EPM 10). The resuits showed that the allergenic character of EPM A
was lower than that of the samples of EPM B. Allergenic character of modified
buffalo milk proteins was significantly reduced by the increase of the concentra-
tion of methionine ethyl ester in the reaction mixture. The ratio of reduction of
the allergenicity was very high when a-chymotrypsin was used as the catalyst
compared with pepsin as the catalyst.

The potential allergenic activity significantly dropped in the case of buffalo
milk protein hydrolysates because of the cleavage of a significant number of pep-
tide bonds. The most important decrease in the allergenic properties was found
in the EPM products because of modification of sequential and conformational
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FIG. 6. ALLERGENIC CHARACTER OF THE ENZYMATICALLY MODIFIED BUFFALO’S
MILK PROTEINS PRODUCTS
EPM A: EPM products from a-chymotryptic and tryptic hydrolysate of the buffalo’s milk pro-
teins, produced in the presence of a-chymotrypsin as catalyst; EPM B: EPM products from pep-
tic and tryptic hydrolysate of the buffalo’s milk proteins, produced in the presence of pepsin;
EPM 0: EPM product without Met-enrichment; EPM 2-EPM 10: EPM products with different
Met-enrichment (see Table 1)
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determinants of the proteins structure by transpeptidation and covalent incorpora-
tion of Met.

Our results show that the allergenic character of buffalo milk proteins can be
reduced by the enzymatic peptide modification process with methionine
enrichment.
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