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ABSTRACT

Proteins are not only considered as a nutritional source but also are responsible for a
number of functional properties such as solubility, emulsification, foaming capacity and
gel formation in food products. However, insolubility of the proteins (as can be seen in
gluten) and therefore their insufficient functional properties have created some limita-
tions for their incorporation in formulated foods. Studies have indicated that chemical
and/or enzymatic modifications are potential ways to improve proteins functionality. In
this study gluten was extracted from two wheat varieties, Sardary and Mahdavi, and then
modified by deamidation, acylation (succuinylation and acetylation) as well as enzymatic
hydrolysis. Functional properties such as solubility measured as nitrogen solubility (NSI),
emulsifying capacity (EC), foaming capacity (FC) and stability (FS) as well as the electro-
phoresis patterns of native glutens were studied and compared with those of chemically-
and/or enzymatically-treated samples. Most modifications significantly increased NSI
from 20 to more than 70% and EC up to 35%. A great increase was also evidenced in
foaming capacity that increased from 80 ml of foam volume in native samples to about
180 ml of foam in all the treated samples; however, only deamidated samples had stable
foam over the time. Electrophoresis patterns indicated that, among chemical modifica-
tions, deamidation caused limited hydrolysis of gluten polypeptides while enzymatic hy-
drolysis led to a pronounced reduction in the molecular weight of wheat gluten polypep-
tides (less than 15 KD) of both varieties.
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INTRODUCTION

Wheat gluten is widely used in the baking
industry to improve the functional properties
of dough (e.g. enhancing the strength of
flours for bread making). It is a typical in-
soluble protein, a characteristic that makes it
suitable for bread making. The insolubility
of proteins however sets limits for it's utili-
zation in formulated food systems and so the
solubilizotion of gluten has been attempted
to extend its usefulness in the food industry
(Kato et al., 1991; Mimouni et al., 1994;
Babiker et al., 1996). The insoluble nature
of gluten has been mainly attributed to its

amino acid composition. Large amounts of
nonpolar amino acid residues such as prolin
and leucine tend to be involved in hydro-
phobic bonding and the presence of a con-
siderable amount of amide groups in the side
chains of amide type amino acids, such as
glutamine in gluten, plays an important role
in stabilizing the protein structure and in
promoting the association of gliadin and glu-
tenin molecules through hydrogen bonding
(Schofield and Booth, 1983). Much research
has focused on chemical or enzymatic modi-
fications of gluten have resulted in en-
hancement of its solubility, foaming, and
emulsifying properties (Linares et al., 2000;
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Drago and Gonzalez, 2001; Popineau et al.,
2002; Webb et al., 2002). Protease digestion
is the most promising way to solubilise glu-
ten effectively. Drago and Gonzalez (2001)
reported that mild hydrolysis of wheat glu-
ten by fungal protease improved solubility
and that gluten hydrolysate exhibited good
foaming capacity at pHs 6.5 and 9.

Studies on the deamidation of food pro-
teins have also become of great interest for
the food industry since this technique pro-
vides an effective way to improve the func-
tional properties of proteins by increasing
the number of their negative charges (Finley,
1975; Shih, 1987; Shih and Kamar, 1987).
Even low levels of deamidation (e.g., 2-6%)
could result in a significant improvement in
protein functional properties (Hamada and
Marshal, 1989). Deamidation of wheat glu-
ten appears to be of particular interest be-
cause of its relatively high glutamine con-
tent, approximately one-third of the total
amino acids (Schofield and Booth, 1983).
Wu et al. (1976) found a significant im-
provement in the emulsifying properties of
gluten by mild Acid hydrolysis. Kato et al.
(1989) reported that proteolytic deamidation
of gluten was effective for the improvement
of itsfunctional properties.

Acylation of amino acid residues with ace-
tic anhydride and succinic anhydride have
been the most common chemical modifica-
tions used in food protein applications. Un-
der the condition prevailing in most foods
the & -amino group of lysineis principal site
of acylation (Kinsella and Shetty, 1979).
Although lysine content is not high in wheat
gluten, it is high enough effectively to carry
out modifications (Lens et al., 1999). Altera-
tions in the functional properties of suc-
cinylated and often more slightly acetylated
proteins have commonly included higher
solubility, improved emulsifying, foaming
abilities and enhanced hydration (Franzen
and Kinsdla, 1976; Ponampalam et al.,
1988; Wanasundra and Shahidi, 1997).

The objective of the present study was to
investigate the effect of acid deamidation,
succinylation, acetylation and enzymatic
hydrolysis on the functional properties of the
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weak gluten obtained from two Iranian
wheat varieties.

MATERIALS AND METHODS

Materials

Acetic anhydride and succinic anhydride
were purchased from Merck, the acalase
enzyme (24 F LG) was a gift from No-
vozyme and the molecular weight standard
proteins were obtained from Fermentas. Na-
tive gluten samples were extracted from
wheat flours (Sardary and Mahdavi varie-
ties).

Chemical and Enzymatic Modifications

Deamidation was carried out as described
by Mimouni et al. (1994). A dispersion of
gluten (25 mg ml™) in 0.1 m HCl was stirred
at 70°C for two hours. The reaction was
stopped by cooling the samples quickly in an
ice bath, followed by neutralization (pH=7)
with NaOH. The suspension was dialyzed
with frequent changing of distilled water at
4°C for 48 hours then freeze-dried. Suc-
cinylation was performed using the proce-
dure explained by Ma et al. (1986). A 5%
(w/v) of agueous gluten suspension was ad-
justed to pH 8.0 with 2N NaOH, and solid
succinic anhydride was added while stirring
and maintaining pH constantly until all an-
hydride was reacted as indicated by no more
changes in pH. The total amount of anhy-
dride added was 20g/100g gluten. The reac-
tion mixture was dialyzed with frequent
changing of distilled water at 4°C for 48
hours and then it was freeze-dried. Acetyla-
tion of gluten was carried out according to
the method described by Franzen and Kin-
sella (1976). A saturated aqueous sodium
acetate solution (120 ml) was prepared at
25°C by dissolving sodium acetate (559) in
distilled water (120 ml). Gluten (2g) was
added to this solution and acetic anhydride
was added in 0.2 ml increments to reach a
total volume of 2.4 ml over a period of one
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hour. The solution was dialyzed in distilled
water at 4°C for 48 hours, and the acetylated
gluten was recovered by lyophilization. En-
zymic hydrolysis was fulfilled according to
procedure of Mimouni et al. (1994). Gluten
was dispersed (25 mg ml™) in 0.1 M sodium
phosphate buffers (pH 8). A hydrolysis reac-
tion was performed at pH 7.9 for alcalase
(0.6 mAnson mg™). During the dispersion,
which required vigorous agitation, the mix-
ture was readjusted to the desired pH. The
enzyme was added when dispersion was
completed. The mixture was stirred for the
appropriate reaction time, during which the
pH was maintained in the desired range. The
enzyme/substrate ratio was 1:33 (w/w), and
the hydrolysis was carried out at 30°C. Hy-
drolysis was stopped by heating at 100°C for
2 minutes.

Chemical Analyses

The native and modified glutens were ana-
lyzed for total nitrogen and moisture content
using AACC (2003) procedures.

Electrophoresis

SDS dlab polyacrylamide gel electrophore-
sis was carried out following the method of
Sambrook and Russel (2001) using 12%
acryl amide separating gel and 5% stacking
gel. Gluten samples (1 mg) were dissolved
ina 170 x| sample buffer. The molecular

weights of the polypeptides were estimated
by comparing mobilities with those of stan-
dard proteins run in the same gel.

Functional Properties

The nitrogen solubility index (NSI) was
measured according to the AACC (2003)
standard methods at pH 7. Emulsion capac-
ity was determined using the method of Bar-
ber and Wartesen (1982) after slight modifi-
cations. A suspension of gluten (0.2% (w/v)
of protein, pH 7; 150 ml) was placed in a jar
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container of Omni-Mixer fitted with elec-
trodes to measure the resistance of an elec-
trical current through the dispersion. The
electrodes were placed opposite each other
on the sides of the jar just above the blender
blade. The electrodes were connected to a
volt-ohm meter (VOM). The sample was
blended for 30 seconds at high speed (20000
rpm). At the end of this time, sunflower ail
was rapidly introduced into the blending
dispersion through a hole in the jar via a bu-
rette at a rate of approximately 0.2 ml s™.
The addition of oil was terminated when the
eectrical resistance of sample shown by
VOM reached out of limit. A change in the
VOM reading was considered the point of
oil inversion in the emulsion since oil is un-
able to conduct an electrical current. Emulsi-
fication capacity was the amount of oil re-
quired by the protein dispersion to reach the
phase inversion (or emulsion break point).
The emulsification capacity was calculated
as milliliters of oil emulsified per 0.1 g of
protein. Foaming capacity and foam stability
were determined by a slightly modified pro-
cedure of Puski (1975). The gluten suspen-
sion [1% (w/v) of protein, pH 7; 100 mi]
was placed in the Omni-Mixer cup, attached
to the Omni-Mixer, and stirred at 20,000
rpm for 6 minutes. The content was immedi-
ately transferred to a 250 ml graduated cyl-
inder and the foam volume noted and de-
fined as foaming capacity. After standing for
10, 30, 60 and 120 minutes, the residua
foam volume was measured again, and the
foam stability at each time calculated by the
following equation:

. Residual foam volume
Foam stability%= — x100
Initial foam volume

Statistical Analysis

Experiments were performed in triplicate
by factorial experiment in complete random-
ized design and the data were analyzed for
comparison of significant differences be-
tween means by Duncan’s test at the signifi-
cance level of p<0.05.
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RESULTS AND DISCUSSION
Chemical Composition

The results in Table 1 indicated that,
among modified glutens, the protein content
of hydrolyzed samples of the Sardari and
Mahdavi varieties, significantly decreased
compared to native ones that might be due to
imperfect elimination of impurities from the
solution of glutens and/or passing of low
molecular weight polypeptides from the so-
lution of hydrolyzed gluten in their purifica-

tion stage by the dialyzing tube.
Gel Electrophoresis

Comparison of the electrophoretic pattern
of chemically modified glutens with un-
modified ones (Figure 1) revealed that the
weak acidic condition used for deamidation
had caused hydrolysis of the polypeptides.

Enzymatic hydrolysis had also caused a
pronounced decrease in the molecular
weight of polypeptides and increases in
polypeptides with a molecular weight of 15

Table 1. Chemical analysis of native and modified glutens.?

Modification . Mahdi(vi variet)./ . Sard?ri variety .
Protein (% db) Moisture (%) Protein (%db) Moisture (%)

Native 87.3°+0.59 4.3%+0.08 86.9°+ 1.6 4.7%+0.07
Deamidated 85.4*+0.29 4.8%+0.035 86.0*+ 0.6 5.3°+0.05
Succinylated 86.9*+ 0.59 5.1*+ 0.056 835° +1.2 4.8%+0.03
Acetylated 81.8°+0.59 4.5%+0.049 86.9+1.2 4.2°+0.02
Hydrolyzed 82.9°+0.29 5.3+ 0.056 82.9°+0.3 5.5°+0.03
 Average + Standard deviation.

® N(%)x 5.7.
Valuesin the same column bearing different |etters are significantly different (p<0.05).

ull’

(Standard)
M-1 M-S S-1 S-5 S-2 M-2 S-3 M-3 S5-4 M4

160 kD

'

(Standard)

Figure 1. Electrophoretic patterns of native and modified glutens. (S) Sardari and (M) Mahdavi varieties; (1)
Native; (2) Deamidated; (3) Succinylated; (4) Acetylated, (5) Anzymatic hydrolyzed.
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to less than 10 KD. In general, succinylation
increases net negative charge, changes con-
formation and so may be able to increase the
propensity of proteins to be dissociated
(Kinsella and Shetty, 1979) (Figure 1).
Through comparison of electrophoretic pat-
terns of acylated glutens and their native
samples, no remarkable changes which show
hydrolysis of polypeptides were observed.

Solubility

The solubility of modified glutens at pH 7
(deamidated, succinylated, acetylated and
enzymatic hydrolyzed) as compared with
native gluten in both varieties is shown in
Figure 2. In spite of the kind of treatment,
modified glutens had far greater solubility
than native gluten (p< 0.05). Enzymatic hy-
drolysis had the most and acetylation had the
least increasing effects on the solubility of
gluten as compared with the native one in
each variety. The increase in solubility at pH
7 of gluten following acid deamidation has
been reported by Wu et al. (1976) and Mi-
mouni et al. (1994). Taking into account that
acid deamidation of gluten can cause partial
hydrolysis of peptide bonds (Figure 1), solu-

80 1
70

50 - <
40 -
30 -
20 -

Nitrogen solubility index (%)

10 -

0 = T T

60 - : b b

bilization of deamidated gluten was a result
of both deamidation of gluten and rupture of
few peptide linkages in gluten molecules.
Much of the insolubile nature of gluten may
arise from hydrogen bondings of numerous
amide groups on the glutamine residues.
However; deamidation disrupts these exten-
sive hydrogen bandings and consequently
increases solubility (Wu et al., 1976; Lens et
al., 1999).

Barber and Wartesen (1982) noted that
upon, succinylation of gluten, there was a
significant increase in solubility at pHs 7
and 9. Succinylation can also cause the un-
folding of protein due to electrostatic repul-
sions between the added anionic carboxyl
groups and the neighboring native carboxyl
groups, producing more protein-water inter-
actions and less protein-protein interactions
(Wanasundra and Shahidi, 1997). Upon ace-
tylation, ammonium cations were replaced
by a neutral acetyl group producing less
electrostatic repulsion compared to suc-
cinylation (Franzen and Kinsella, 1976). The
aqueous solubility of acetylated gluten in
both varieties was therefore approximately
an intermediate in magnitude between that
of native and succinylated gluten (Figure 2).

a | M Sardari variety

| O Mahdavi variety

1 2 3

4 5

Figure 2. Comparison of the solubilities of native and modified glutens: (1) Native; (2) Deamidated;
(3) Succinylated; (4) Acetylated, (5) Enzymatic hydrolyzed.
Bars with different superscripts have significant differences at p<0.05).


https://dorl.net/dor/20.1001.1.16807073.2008.10.3.2.8
https://jast.modares.ac.ir/article-23-625-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15 ]

[ DOR: 20.1001.1.16807073.2008.10.3.2.8 ]

Saberi et al.

The increased solubility of wheat gluten
through enzymatic hydrolysis has been ex-
tensively reported by Mimouni et al. (1994);
Babiker et al. (1996), Popineau and Te-
baudin (1991), Linares et al. (2000) and
Drago and Gonzalez (2001). The enhanced
solubility of hydrolysates is due to their
smaller molecular size and the newly ex-
posed ionizable amino and carboxyl groups
that increase the hydrophilicity (Mahmoud,
1994).

Emulsifying and Foaming Properties

Figure 3 show that the emulsifying proper-
ties at pH 7 of modified (deamidated, suc-
cinylated, acetylated and hydrolyzed) glu-
tens were improved in both wheats (p<
0.05). Figure 4 shows that, upon all chemi-
cal and enzymatic modifications, there was a
significant increase in foaming capacity at
pH 7 in each variety of wheat. Figures 5 and
6 show the foam stability of native and

oy
[—]

— fa— [ o [#¥] L7
h = h = wn [—] th
1 L L L 1 1 L

(Emulsitying capasity (ml oil 0.1g protcin" )

W Sardari variety

a O Mahdavi variety

0 I T T
1 2

3

4 5

Figure 3. Emulsifying capacity of native and modified glutens at pH 7: (1) Native; (2)
Deamidated; (3) Succinylated; (4) Scetylated, (5) Enzymatic hydrolyzed.
Bars with different superscripts have significant differences at p<0.05.

200
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120 ~
100 -
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40 -
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C |CJ Mahdavi variety

0 - T T
1 2 3
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Figure 4. Foaming capacity of native and modified glutens at pH 7: (1) Native; (2) Deami-
dated; (3) Succinylated; (4) Acetylated, (5) Enzymatic hydrolyzed.
Bars with different superscripts have significant differences at p<0.05).
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Figure 5. Foam stability of native and modified glutens at pH 7: (1) Native; (2) Deamidated; (3)
Succinylated; (4) Acetylated, (5) Enzymatic hydrolyzed.
Bars with different superscripts have significant differences at p<0.05).

Mahdavi variety
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Foam stability after 10 min
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Figure 6. Foam stability of native and modified glutens at pH 7: (1) Native; (2) Deamidated; (3)
Succinylated; (4) Acetylated, (5) Enzymatically hydrolyzed.
Bars with different superscripts have significant differences at p< 0.05).

modified glutens at the same pH but differ-
ent holding times. All modifications in
Mahdavi and all modifications except suc-
cinylation in Sardari had significantly in-
creased foam stability of gluten at least in
short time (p< 0.05). In both varieties
deamidation and succinylation had the most
and least increasing effects on foam stabil-
ity, respectively.

Chemical and enzymatic deamidation have
been shown to increase the charge density
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on proteins, causing changes in protein con-
formation due to electrostatic repulsion, and
exposure of more hydrophobic residues to
the protein surface (Wu et al., 1976; Kato et
al., 1987). Matsudoumi et al. (1982) re-
ported that the surface hydrophobicity in-
creased in linear proportion to the degree of
deamidation of gluten up to 40% deamida-
tion. Emulsifying properties were improved
greatly by deamidation and were linearly
correlated with surface hydrophobicity. Mi-
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mouni et al. (1994) noted great increases in
the emulsifying capacity, foam capacity and
stability at pH 7 of deamidated gluten com-
pared to the native one.

Acetylation and succinylation increased
the emulsifying property of gluten mostly
due to increasing the effect of these modifi-
cations on gluten solubility. Barber and
Wartesen (1982) showed that there were
similarities between the emulsion capacity
and nitrogen solubility profiles of acylated
wheat gluten. In fact, an increase in protein
solubility would encourage a rapid migration
and adsorption at the water—ail interface. As
in the case of emulsion properties, the whip-
ping/foaming characteristics of acylated glu-
ten are also directly related to its solubility
(Canellaet al., 1979). Unfolding of the pro-
teins during whipping, largely contributes to
the formation of stable molecular layers in
the air—water interface which imparts tex-
ture, stability and elasticity to the foam (Ca-
nellaet al., 1979). However, the weak foam
stability of succinylated glutens observed in
both varieties is probably related to repul-
sion between protein molecules and,
thereby, reduces their ability to associate and
form a stable film around the air cells of the
foam (Wanasundra and Shahidi, 1997). The
improvement observed in the emulsifying
and foaming properties upon limited peptide
bond hydrolysis could presumably be due to
a decrease in molecular weight of the poly-
peptide and an increase in solubility of the
hydrolyzed gluten, which may enhance the
protein adsorption rate in the interface layer.
Moreover, unfolding of the compact struc-
ture of protein and, thereby, exposure of in-
terior hydrophobic protein enhanced their
absorption at the interface. This may form a
cohesive interfacial film, with the hydro-
phobic residues interacting with oil and/or
air and hydrophilic residues with water (Na-
kai and Li-Chain, 1988; Mahmoud, 1994).
Mahmoud et al. (1992) reported a strong
correlation between the emulsifying activity
and hydrophobicity of casein hydrolysates
during extensive hydrolysis by porcine pan-
creatin. Popineau and Thebaudin (1991)
noted that enzymatic hydrolysis of gluten
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with neutrease resulted in a large increase of
its emulsifying activity.

CONCLUSION

In summary, the results of this study indi-
cate that deamidation, succinylation, acety-
lation and enzymatic hydrolysis can modify
and significantly improve the functional
properties at pH 7 of wheat gluten of Sardari
and Mahdavi varieties, both of which con-
tain weak glutens. The increase in solubility,
ES, FS and FS at neutral pH render these
modified glutens with improved functional-
ity for their incorporation into products such
as cakes, where these properties may be re-
quired.
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