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Improvement of Gel Properties of Dried Egg White by
Modification with Galactomannan through the Maillard Reaction
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The effects of Maillard reaction on gel properties of dried egg white (DEW) with galactomannan (GM)
were investigated. Maillard-reacted DEW (MDEW) was prepared by dry-heating a mixture with a
weight ratio of 1:4 of GM to DEW at 60 °C and 65% relative humidity. The modification of amino
groups and polymerization of DEW proteins dry-heated with GM proceeded with increasing the dry-
heating time. The covalent attachment of GM to DEW was confirmed from SDS—PAGE analysis.
Gel strength and water-holding capacity of MDEW gels were higher than those of DEW dry-heated
without GM (control DEW) and reached maximum after 3 days of dry-heating. The appearance of
MDEW gels became transparent with increasing the dry-heating time, but control DEW gels were
still turbid. MDEW dry-heated for 3 days was almost soluble even after heating of its solution at 90
°C, whereas control DEW proteins precipitated. The modification of DEW with GM through the Maillard
reaction was an effective method to make a firm and transparent gel from DEW at broader range of
pH and NaCl concentration of the medium.

KEYWORDS: Dried egg white; galactomannan; gel properties; transparent gel; Maillard reaction; protein
stabilization

INTRODUCTION from DEW modified with GM through the Maillard reaction in

Egg white (EW) is extensively utilized as a functional food controlled dry-heating condition_s. In this paper, we report the
material in food processing. Heat-induced gelation is one of its hanges of DEW that occurred in the presence of GM through
important functional properties with respect to EW usage in the Maillard reaction and the characteristics of heat-induced gels
food systemsX). Gel formation is strongly affected by various oM the Maillard-reacted DEW (MDEW). The possible mech-
factors, including pH, ionic strength, and sal&—@). EW anism by which MDEW forms transparent and firm gel is

normally forms a turbid gel on heating. Therefore, the nature discussed.

of the EW gel may limit greater utilization of the protein as

gelling ingredients. Preparation of a transparent gel from EW MATERIALS AND METHODS
would be favorable to further applications of egg white protein

asa functlonal food maFerlaI.. . ., dried at an exhaust temperature of-6® °C after decarbohydrate

Glycosylation of proteins with reducing sugar through Mail- - yeaiment by a glucose oxidaseatalase enzyme system, was provided
lard reaction is an effective way to improve the functional by Q. P. Corp. (Tokyo, Japan). A galactomannan (GM) preparation
properties §—7). Preparation of proteinpolysaccharide com-  (Mw 15 000-20 000) from the mannase hydrolysate of guar gum was
plexes with excellent emulsifying properties has been ac- supplied by Taiyo Chemicals Co. (Yokkaichi, Japan). Oligomeric
complished by the attachment of polysaccharides to proteinssaccharides contained in the GM preparation were removed by dialysis
through the Maillard reaction (8—11). Handa and Kuroda (12) in a dialysis tube (Spectra/Por 1, molecular cutoff®kDa, Spectrum
reported recently that Maillard products of DEW containing Laboratory) for 24 h against distilled water and then freeze-dried. DEW
glucose enhanced the gel properties, such as gel strength an#as dissolved in d,iSti”e‘i ‘é"f':/tle[rﬁt eé;:grwé:@ntra}tiqn of 4% ((‘1",’/") vzith

H : : : various concentrations o . e solution was adjuste

water-holding capacny._ Acc_ordln_gly, gel prOpertle.S of DEW to pH 7.0 with 1 N NaOH and then freeze-dried. The dried &M
may be altered by modification with a polysaccharide through

Maillard - Th hvdrol f DEW mixture was placed in a Petri dish, covered with perforated
a Maillard reaction. e mannnase hydrolysate of guar gum 4,minym foil, and then dry-heated at 80 in a sealed glass desiccator

(galactomannan; GM) has been developed as a soluble dietarymaintained at a relative humidity (RH) of 65%4) using a saturated
fiber, and it has a thickening, but no direct gelling, property aqueous Kl solution throughout the dry-heating periods. The-GM
(13). Thus, GM was applied as a polysaccharide to modify DEW mixture was dry-heated for 0, 1, 2, 3, 5, or 7 days in a separate
DEW. We found that a transparent and firm gel can be made desiccator to prevent the influence of repeated opening and closing of
the sealed desiccator. After treatment in the dry-heating system, the
* Corresponding author (fax+-81-83-933-5820; e-mail naotoshi@ ©obtained MDEW products were stored in a brown bottle with a self-
agr.yamaguchi-u.ac.jp). sealing cap at-20 °C until use, and the products were used in the

Modification of DEW with GM. Dried egg white (DEW), spray-
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following experiments without separation of unreacted DEW and 100

unbinding GM. For the control samples, the same treatment was also I 4 _aw3 _sjwrejmictSiabildfB78ersyii_av

applied to DEW without GM. intact control 1:8 1:4 1:2 1:1 1:05
Measurement of Free Amino Group Contents and pH.Control 80 T 1

and MDEW samples were dissolved in 0.1 M sodium borate buffer
(pH 9.2) to give 0.5% (w/v) DEW concentration, and contents of the
free amino groups in those DEW samples were measured by the
trinitrobenzenesulfonate (TNBS) methddy. The pH of DEW samples
was measured after solution in distilled water to give 10% (w/v) DEW
concentration.

Measurement of Gel PropertiesControl and MDEW samples were
dissolved in 20 mM NacCl solution to give 10% (w/v) DEW concentra-
tion and adjusted to pH 6.5 with 0.1 M HCI or NaOH. The sample
solutions were put into glass tubes (6.0 mm in diameter) previously

40

D
i
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.
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treated with Sigmacote (Sigma Chemical Co.). The contents of each ! L L 1IN L+ 1
tube were deaerated by placing the tube in a Sharp sonicator (model intact control 1:8  1:4 1:2  1:1 1:05
UT-205, Tokyo) under vacuum for 1 min. The tubes were heat-sealed Mixing ratio of GM to DEW (as dry weight)

and heated for 30 min in a water bath at @ for gelling. After the . .
tubes were heated, they were removed from thg Wat?ar bath and heIdF_Igure 1. Strength and appfarance of gels from DEW dry-hgated with
overnight at £C before testing. After tempering at room temperature, different levels of GM at 60 °C and 65% RH for 3 days. The intact and
the protein gel was taken out of each tube without disrupting the gel control samples correspond to DEW dry-heated without GM for 0 days
surface. Each gel was cut into uniformly flat 5.0-mm thick sections and 3 days, respectively. Gels were produced by heating 10% (w/v) DEW
and compressed to 40% of its original height by a tensile tester (Tensilon solutions (pH 6.5) at 90 °C for 30 min.

UTM-II, Toyo Baldwin Co., Tokyo) as previously describetf). The

force required to compress the gel to 40% was expressed as gel strength. 110
Water-holding capacity (WHC) of the gel was measured by centrifuga-
tion as reported previoushLY). After the gel was centrifuged at 20§90

for 15 min at 20°C using a 2-mL centrifugal tube with a 0.4&n

filter (Advantec, Tokyo), the amount of water dropped from the gel
was then measured. WHC of the gel was given by-{Xweight of
water separated)/(weight of initial gely 100.

Gel Electrophoresis. SDS—polyacrylamide gel electrophoresis
(SDS—PAGE) was performed by using a thin slab gel electrophoresis
apparatus (Advantec EP-080, Tokyo) with a slab gel made from 5%
stacking gel and 12.5% separating gel, according to the method of
Laemmli (18). Samples (26L containing 0.2% DEW) were prepared
in Tris—glycine buffer (pH 8.3) containing 1% SDS with 1% 2-mer-
captoethanol (2-ME). Electrophoresis was performed at constant current
of 10 mA for 3 h in 50 mMTris—glycine buffer containing 0.1% SDS. 50 L L L L . . L L
After electrophoresis, gel sheets were stained with Coomassie brilliant 0 ¢ 3 4 5 6 7
blue (CBB) for protein analysis and with periodic acifchiff (PAS) Dry-heating time (days)
eat Stabity. Control and MDLW samples were dissolved in 50 FIU 2 CaTges i e arino group cortents of DEW slre () and
mM sodium phosphate buffer (pH 7.4) to give 1.0% (w/v) DEW GM—DEW mlxture (O) er-hefited at 60 °C anq 65% RH for various
concentration and then heated at 60-*@for 10 min. The heated periods of time. The mixing ratio of GM to DEW in the mixture was 1:4.
sample was diluted 5xwith 0.2 M Mcllvaine buffer (pH 4.2) to
facilitate precipitation of heat-induced coagulum, and then the coagulum Of the mixing ratio on the gel properties of DEW proteins after
was removed by centrifugation at 4@p®r 20 min at 4°C. The the Maillard reaction. The gel strength and visual appearance
absorbance of the supernatant fluid at 280 nm was measured to estimatef heat-induced gels from various MDEW samples are shown
protein contents of the solution. The heat stability was expressed asin Figure 1. The gel from DEW dry-heated without GM for 3
the percent of _soluble protein in the total protein. Th_e heat stapility days (control DEW) gave higher gel strength than that of intact
descr_lbed in this study does no_t_mean the conformational stability of DEW (0 day of dry-heating without GM), suggesting the
protein, but refers to the solubility after heat treatment because the effectiveness of dry-heating treatment of egg white proteins for

soluble protein remaining in the heated solution may be denatured. the st theni fits heat-ind d gel red . |
Experimental Design and Statistical AnalysisDEW powders used € strengthening ot Its heat-induced gels as reported previously

in this study were commercial products from two different lots provided (20-22). MD_EW with various mixing ratios formed_clear gels
by Q. P. Corp. (Tokyo, Japan) in January 2001. Those powders hadcompared with opaque gels from the control and intact DEW
been stored at 4C in a sealed container prior to use. No differences Samples. However, the gel from MDEW with the mixing ratio
were observed on the electrophoretic patterns and protein bandof 1:0.5 was translucent and its gel strength was slightly low
intensities of those DEW powders, and gels from those samples as compared to that of the control gel. On the other hand, the
presented very similar gel characteristics at pH 6.5 and protein MDEW with the mixing ratio of 1:4 produced a firmer and more
concentration of 10% (w/v) (data not shown). All experiments were transparent gel compared to that with the other mixing ratios,
carried out with samples from two differen_t Io_ts. Each data value g4 thus the GMDEW mixture with the 1:4 mixing ratio of
_rep_resents the means_of_at least four determinations, and the error bar%M to protein was used for the following experiments in which
indicate standard deviation. . . .
the effects of dry-heating time on the protein and the gel

properties were investigated.

First of all, contents of free amino groups in DEW alone and

DEW freeze-dried with GM at a mixing ratio of 1.8, 1:4, the GM—DEW mixture (1:4, w/w) were measured throughout
1:2, 1:1, and 0.5:1 (as weight ratio of GM to the protein) was 1—7 days of dry-heating time. As shownHigure 2, contents
dry-heated for 3 days at 6 and 65% RH to study the effect of free amino groups in the mixture decreased gradually with
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Figure 3. Changes in pH of DEW alone (O) and GM—-DEW mixture (@)
dry-heated at 60 °C and 65% RH for various periods of time. The mixing
ratio of GM to DEW in the mixture was 1:4. The pH was measured at
10% (w/v) DEW solution in distilled water.

GM-DEW mixture

increasing dry-heating time, while there were no significant
changes in its contents in the sample of DEW alone even after :
7 days. Any browning and loss of protein solubility of DEW M 012357 OA 012357
alone and the mixture were not observed throughout the dry- Dry-heating time (days)
heating for 7 days (data not shown). The abolishment of
browning in MDEW samples may be due to the lower reactivity Figure 4. SDS-PAGE patterns under reducing condition of DEW alone
of GM induced from steric hindrances of polysaccharide in (A, B) and GM-DEW mixture (C, D) dry-heated at 60 °C and 65% RH
comparison with monomeric sugars, because brown color for various periods of time. The mixing ratio of GM to DEW in the mixture
development was not observed as in a protgilucose system  was 1:4. A and C show CBB stain for protein, and B and D are PAS
(23—25). stain for carbohydrate. Lane M and lane OA indicate marker proteins
The changes in pH of DEW alone and the GREW (phosphorylase, 97 kDa; bovine serum albumin, 66 kDa; aldolase, 42
mixture (1:4, w/w) were examined as the function of dry-heating kDa; carbonic anhydrase, 30 kDa; soybean trypsin inhibitor, 20 kDa;
time, as shown irFigure 3. The DEW alone and the mixture  lysozyme, 14 kDa) and ovalbumin, respectively. OT, OA, OM, and LZ
prior to freeze-drying were adjusted to pH 7.0 in the present are ovotrnsferrin, ovalbumin, ovomucoid, and lysozyme, respectively.
study to slow a Maillard reaction, which progresses more rapidly
at alkaline pH (26). The pH values of DEW alone lowered and subsequently the OA and LZ bands decreased gradually,
slightly to near pH 6.8 within 7 days, while those of the mixture and proportions of aggregates that could migrate slowly into
decreased gradually with increasing dry-heating time and the SDS-gel increased during the dry-heating. Those aggregates
reached pH 6.2 after 7 days. It has been reported that a Maillardcorresponded to the broader band that was strongly detected
reaction can also cause a pH reduction due to the production ofwith a PAS stain for carbohydrat€igure 4D), while OA and
acidic side product£2(). The decreased pH of the mixture may OM, main glycoproteins in EW protein, were also observed as
be possibly induced through the Maillard reaction, as also a faint band by the stairfF{gure 4B andD). The result strongly
suggested from a decrease of available lysine contents in theindicated that the covalent attachment of GM to the con-
mixture as shown ifrigure 2. Zhang et al.28) and some other  stituent proteins of DEW was performed through the Maillard
investigators 29, 30) have documented that the thermal de- reaction under the conditions of 60C and 65% RH. The
amidation of some proteins, including egg white proteins, reactivity of GM to each protein in DEW may be dependent on
occurred in low-water environments (such as dry-heating) and the conformational stability of protein to heat, because dena-
that the deamidation led to a pH reduction due to an increaseturation temperatures of OT, globulins, OA, and LZ at pH 7
in negative charge of the proteins. In the case of DEW alone, were 57.3, 72.0, 76.5, and 81°F, respectively, as reported
therefore, protein deamidation may be mainly responsible for previously (31).
the lowering of pH. The significant decreases of pH and free  The gel properties of DEW alone and the GIIEW mixture
amino group contents in GMDEW mixture during dry-heating  (1:4, w/w) dry-heated for various periods of time were compared
at 60°C and 65% RH suggested that a Maillard reaction would by measuring the gel strength, visual appearance, and WHC.
proceed in the mixture. In addition, the gel properties of the mixture (1:4 of GM to
SDS—PAGE patterns of DEW alone and the GMEW DEW, w/w) without the Maillard reaction were also examined
mixture (1:4, w/w) under reducing condition were compared to evaluate the effect of added GM to the dry-heated DEW
for different dry-heating timesHigure 4). The intact DEW (0 proteins after heating for gelling. The gel from intact DEW
day of dry-heating without GM, Lane 0 iRigure 4A) mainly (corresponded to 0 day of dry-heating without GM) was turbid,
consisted of ovalbumin (OA), ovotransferrin (OT), lysozyme had a soft texture, and exhibited considerable syneresis. As
(LZ), and ovomucoid (OM), and some aggregates based onshown inFigure 5, the strength of gel from GMDEW mixture
comparison with standard proteins. The protein profiles of DEW with the Maillard reaction increased greatly from day 1 of the
alone remained unchanged throughout dry-heating for 7 daysdry-heating and thereafter increased gradually, and then slowed
(Figure 4A). In SDS—PAGE patterns of the mixture (Figure after 5 days, and appearance of the gel changed from opaque
4C), the OT band rapidly disappeared with the dry-heating time, to transparent as the dry-heating time was increased. On gel
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Figure 5. Strength and appearance of gels from DEW alone (O) and g :

GM-DEW mixture (@) dry-heated at 60 °C and 65% RH for various
periods of time, in addition to the mixture (A) of DEW with added GM
without Maillard reaction. The mixing ratio of GM to DEW in those mixtures pH

9 87 6 5 4 3

9 87 65 4 3
pH

was 1:4. Gels were produced by heating 10% (w/v) DEW solutions (pH
6.5) at 90 °C for 30 min. Mixture (+M) and (—M) mean the mixture of GM
and DEW with or without Maillard reaction, respectively.

Figure 7. Effect of pH and NaCl concentration on the appearance of
gels from DEW alone (A, B; control DEW) and GM—DEW mixture (C, D;
MDEW) dry-heated at 60 °C and 65% RH for 3 days. The mixing ratio of

GM to DEW in the mixture was 1:4. Each well contains 250 uL of 10%
(w/v) DEW solutions, and the photographs show the DEW samples before
(A, C) and after (B, D) heating for 30 min at 90 °C for gelling.

100

near 90% after 3 days. The higher WHC of MDEW gels might
likewise be due to the construction of a fine gel network (32,
4 33). It was found that such improvements (transparency, gel
strength, and WHC) of DEW gel at pH 6.5 could be achieved
by attachment of GM to DEW through the Maillard reaction. It
was assumed that the gel properties of MDEW probably are
due to the high hydration capacity of the attached polysaccharide
60 chains.

The properties of heat-induced gels from EW are also
sensitively affected by various factors, including pH and ionic
strength (24, 34). The effects of pH and NaCl concentration
on the appearance of heat-induced gels from DEW alone and
GM—DEW mixture dry-heated for 3 days, namely control DEW
and MDEW, respectively, were examindgigure 7). Protein
solutions (10%, w/v) were adjusted to pHs-3 and NacCl
concentrations from 0 to 500 mM, and then heated &®6or
30 min in the wells of a 96-well microplate as reported
previously (35). Before heating for gelling, control DEW
solutions were clear, except most samples of pHs 4 and 5 were
slightly turbid at all of the NaCl concentrations{600 mM),
from DEW alone, the gel strength increased slightly with and samples at pH 3 and above 100 mM NaCl were turbid.
increasing the dry-heating time, whereas its appearance remained\fter heating for gelling, control DEW samples at pHs @
turbid throughout the dry-heating for 7 days. The strength and and all NaCl concentrations, and those at pHs 3 to 9 and above
appearance of gel made from the GIMEW mixture without 100 mM NaCl produced turbid gels. The control DEW formed
the Maillard reaction presented gel characteristics very similar transparent gel only when pH was away from the isoelectric
to those of DEW alone. This result indicates that free GM added point (pl) of OA (pl 4.5), a major protein in EW protei3§),

did not affect the denaturation and aggregation of DEW proteins and at lower NaCl concentrations. On the other hand, MDEW
on heating for gelling, and that the attachment of GM to DEW gave transparent solutions in most cases before heating for
was important to alter the gel properties of the protein. gelling. This indicates that the attachment of GM to DEW gave

The WHC of heat-induced gels is shownHigure 6. The high protein solubility even at high NaCl concentrations and
WHC of gel from DEW alone did not show significant changes around pH 4.5. After heating for gelling, most MDEW samples
when the dry-heating time was increased. On gel made from at pHs 4 and 5 formed turbid gel, whereas with pH 3 and above
DEW alone, and that from the mixture of DEW with added pH 7, the MDEW samples gave transparent (or slightly
GM without the Maillard reaction, no significant differences in translucent) gel when NaCl concentration was below 100 mM.
WHC of those gels were observed. On the other hand, WHC Consequently, MDEW formed transparent gels over a wide
of gel from GM—DEW mixture with the Maillard reaction  range of pHs and NaCl concentrations after heating for gelling,
increased with increasing the dry-heating time, leveling off at as compared with control DEW. Thus, the modification of DEW
5 days, and its values increased greatly from 70% for O day to with GM through the Maillard reaction was an effective method

80 |

Water-holding capacity

50 1 1 1 1 1 L 1 1
0 1 2 3 4 5 6

Dry-heating time (days)

Figure 6. Water-holding capacity of gels from DEW alone (O) and GM—
DEW mixture (@) dry-heated at 60 °C and 65% RH for various periods
of time, in addition to the mixture (a) of DEW with added GM without
Maillard reaction. The mixing ratio of GM to DEW in those mixtures was
1:4. Gels were produced by heating 10% (w/v) DEW solutions (pH 6.5)
at 90 °C for 30 min.
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