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Physicochemical Properties and Antioxidant Activities of Maillard Reaction
Products from Hydrolyzed Wheat Gluten

Yoon-Sook Kim*, Ji-Hye Moon, In-Wook Choi, and Hee-Don Choi

Korea Food Research Institute

Abstract Maillard reaction products (MRPs) were produced from aqueous solution of various sugars with hydrolyzed wheat
gluten (HWG) with different temperatures, pressures, pH values and solvents. The physicochemical properties of MRPs
were investigated and DPPH and hydroxyl radical scavenging activity and sensory properties were also assessed. MRPs
from ribose and HWG evidenced the highest preference for meaty flavor and antioxidant activity and also evidenced
higher antioxidant activity with larger pH reductions and higher browning index increases than were observed in other
MRPs. The antioxidant activities were increased with increased reaction temperature and pressure. The most preferred
meaty flavor was obtained from MRPs with ribose at 140°C in an oil bath with the pH adjusted to 9 in water as a solvent,

and heated for 30 mins.
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il i BB G pidaEold 200730 AYrkE A gluten
b 7HEEHEW)S AMESE T DPPH(2,2-diphenyl-1-picryl
hydrazyl), 2-deoxyribose, EDTA(ethylene diaminetetraacetic acid),
mono-sodium phosphate, di-sodium phosphate, potassium chloride,
trichloro acetic acid(TCA)= SigmaAH(St. Louis, MO, USA)2] A
ES A3 2-Thiobarbituric acid(TBA):= Tokyo Kaseir}
(Tokyo, Japan)®] A#F& AHE-sFATH
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MRPE-29] pHi= pH meter(720 A, Orion Research Inc., Beverly,
MA, USA) & ARS8t S48t 2=+ MRPE T/FT=
8] 213} spectrophotometer(DU650 spectrophotometer, Beckman,
Fullerton, CA, USA)E ARg-8te] ZbAjA|4o] SR 91Q1 420 nm
oA ZA3IA W AEE A ZE MRPEY M= A
Al(Color QUEST 1I, Hunter Associates Laboratory Inc., Reston,
VA, USA)E ©]-83] (L, lightness), F2=(a, redness/greenness),
S (b, yellowness / blueness)® YFERY SIT).
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ol W WYstel ZA53Uth 0.1mM DPPH §9(in
ethanol) 1.0 mLol| o&hE 1.0mL, TEEE SHTZ 548 MRP
0.5mLE %3 1057} vortexing $F § AellA] 1587 WA
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DPPH radical 2780 50%% wje] 3Auj4(DF)E AkEsle] 7zt
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DPPH radical scavenging activity(%) =[(A,— A,/ A,] x 100
(A,: Absorbance of control, A;: Absorbance of sample)

Hydroxyl radical 2484 (IC,,)

FrEE S E wksde] hydroxyl radical AAEAS Fe'/
ascorbate/EDTA/H,0, systemol|4] 2AYS= OH- ol 2J3|4] deoxyribose
2slE AAlsRE 7 MRPe] 24402 ZA3IATh2l). Alg e
0.02M sodium phosphate buffer(pH 74) 03 mL, 10mM FeSO,7H,0
2 10mM EDTA 0.15mL, 10mM 2-deoxyribose & 0.15 mL<&
7l FEHE SHTE 48 MRP 0.075 mL, S5 0.525 mL
S 71 T uxEte g [0mMe] H,0,89 0.15mLE H7FsH
o}, o]AE 37°CoA 2417} incubationS AlZ] $-ol] 2.8% trichloroacetic
acid(TCA) 0.75mL$} 1.0% TBA/SOmM NaOH 0.75 mLS #7}
3l BE EolA 108 59 boiling 31T SA] ice wateroll 4]
WZIAA spectrophotometers AME-3ted 520 nmellA] 88 =
A3 ATt

Hydroxyl radical &~7]&°] 50%%Y ] MRPS| 3]2u]j<*(DF)
£ AE3A(C) 7 AES A E st

OH - scavenging activity (%)= {1 —[(As—A,)/(Ac—A,)]}*100
(A,: Absorbance with no treatment, Ac: Absorbance of control,
As: Absorbance of sample)
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olg35le] EAHEAMS 3513l ANOVA +4 Duncan's multiple
range test= Fo4S HFath ZE FEL 33 viE AFs)
o FoI FFAUAE YERAATH



124 =2 Z 35k X] A 41 WA 2 & (2009)

& mpojof2 whol] Ae FRE AR st 3FF B
(glucose, fructose, ribose)Z} 2 gluten AF7FE-38S 22 &
Fo et 719 TIsPEElolA 259 ¢FEe W& pH
HskE At (Table 1) tH719F 2719 ZE =M R/
HWG(ribose/wheat gluten solution)$} F/HWG(fructose/wheat gluten
solution) HH&-7]& Atolel]l pH Wsl= & o]/t gllem 7id
FefellX] RIHWGZE o2 o2 vhe pHE YUEho] tiA|Z o=
SeFgQl ribose® HH2- AYAE MRP7} glucose =& fructose@} 7
> e F O R AlXE MRPET} ¥hgo] Ay ghits] Xdd Z&
T AT Ko T2 2] 74 Tt glycined] mlojof= 1k
Zo pH W32 ribosedt xylose2t ¥H&-A1Z1 MRP2| pH7} &
5] ol ol et A¥te WEEETL wE SPEddsE v
pHE Yepdths B9t fALSISISL Benjakul (160 B3
PPP(porcine plasma protein)2 #|Z3F MRP2| pH H3}ol|A] fiuctose
9} galactose T} glucose®} Z31El MRPe| pH7F =tie= 2349}
thd 2ol 7t AUt

RHWGE 714= sl 7} w3250l thsh shgAIHS Al
skate] AI7HE pH WSS HW(Table 2), 7HH3H 4
o] 715kl wet pH7F Hashes AdS B3t 7HY shollA
140°CollA 3087+ WHe-A1Zl RIHWGE pH 3812 7F¢ W& pH
5 Hoy ¥2 vksAdS UeRNY Morales®}t Jimenez-Perez 5(22)
£ glucose®} alanine, glycine, lysineS z}z} wlolok= W-3-A1Z S
o WEgAIZko] F71ESE pHZF Zadiths Aol fAFIS
™ Ames 5(23)2 wlo|ok2 whg- Fo] pH 7H4e] UL formic

flo L oo mo ]

acid®} acetic acid 2] f714F B4 wWEd] Ae=E Hargh vf it

HhE- pHO] FFOZ RHWGE] 7] pHE X43te] 140°Ce]
oil-bathollA] 30% WH-3-A1Z1 A3K(Table 3), YZEH o= HZghll
w2} pH7F Ak S VERISH pH 32] MRP= 2982

JHE 72 Bel whH pH 119 = 13- 5 pH 8.8671A
o G714 GgeA W-gAdo] F7te
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3h= Table 49} 29kth %7] pHE 25 991 Zlof| ukef w3 &
pHE ZH2ZF 8.148} 6312 27 SFH4E A|Z3F MRP7F 7.59
ol A} AolE wPOon 53] 50% glycerol ¥HE &nf A2t
7} V& 2 pH A4S B9

F F50] W2 MRPE =S ¥w3d A= Fig 19 A9
YERNSATE. GHWG(glucose/wheat gluten solution)< FFHWG (fructose/
wheat gluten solution)< RZHWG(ribose/wheat gluten solution) =©-
2 ATt gohilon O FoM: RHWGZEE 140°C,
2.8 kg/lem?® 4 Sl 308 WS ¥ 24582 /M =L AWEE
BT} Spark F(24)& AWEEE WHEhs U] FTH Ol
St FS gol vt g w792 aldopentose > aldohexose >
ketohexose > disaccharides®] =42, o]= . A9} RHWG 7
$olE frAsIY GHWGHET FHWGS] Z¥Ert Eol U8t

e oz Yeigth FHWGZF GHWGERT ZHErt o
2 A& fructose?] 7A$ glucose Tt FEH O Z chain®] open
o] ¥ HAYA opu:=ih-BY BFAE FAd5] 7] W] A
o2 gHA YoHRs).

RHWG 7180 thste] Wh-gAI7Hs & o AlEslate] 2w
Wsks FAe d3(Fig. 1. B), WHeAITke] S wek 2
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73 421, 91102 2 =& ZWE BTk ZMdEQ] 121°C

Table 1. Changes in pH and color of various sugar-hydrolyzed wheat gluten MRPs heated under atmospheric and high pressure at

different temperatures

Substrate Reaction 'Femp.("C) Pressure Color (L, a, b)
temp./time(hr) (kg/cm?) LY 2 X

G/HWG" 5.13£0.16™* 6.9740.27™ 3.1240.01°* 10.66+0.11"
F/HWG? 100/ 4 atm. 4.93+0.03 5.82+0.08"¢ 3.2640.14° 4.61£5.71°
RHWG? 4.944:0.02° 0.37+0.35¢ 2.0441.64% 0.63+0.61°
G/HWG 4.9740.01" 9.78+0.98" 3.30+0.45% 10.96+1.87™
FHWG 120/ 2 atm. 5.08+0.01" 20.01+0.35* 5.51+£1.94 23.45+7.13"
RHWG 5.02+0.00" 2.11£0.78° 6.94+1.95" 1.99+0.56°
G/HWG 5.04+0.00" 13.54+2.38 2.11+0.70% 17.68+3.52%
FHWG 140/1 atm. 5.0240.02° 16.74+0.03" 2.5042.45 19.72+6.72*
R/HWG 4.86+0.01° 2.84+0.82° 9.7542.13" 4.89+1.41°
G/HWG 4.89+0.01° 8.30+0.11" 3.53+0.09 12.10£0.11°*
FHWG 121/0.5 1.5 5.10+£0.02* 7.5140.52"¢ 4.84+1.00™ 11.55+0.23%*
RHWG 4.53+0.00¢ 0.260.06° 1.8120.31%* 0.4620.09°
G/HWG 4.46+0.00¢ 0.7320.14¢ 4.1820.74%% 1.18+0.30°
FHWG 140/ 0.5 2.8 4.39+0.05¢ 1.83+0.16 10.37+0.45 2.99+0.13¢
RHWG 3.92+0.16" 0.16+0.12¢ 1.21+0.87¢ 0.27+0.87°

YGlucose-hydrolyzed wheat gluten solution
IFructose-hydrolyzed wheat gluten solution
9Ribose-hydrolyzed wheat gluten solution

YL: degree of lightness

Ya: degree of redness

b: degree of yellowness

"Values represent the mean+SD of three replications.

®Values with the same letter in the same column are not significantly different (p < 0.05).
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Table 2. Changes in pH and color of ribose-hydrolyzed wheat gluten MRPs heated under atmospheric and high pressure at different times

Reaction condition

Color (L, a, b)

Substrate - Final pH
Temp.(°C)  Pressure (kg/em®)  Time(hr) L? a? b"

0.5 5.32+0.007"  11.41£2.12° 4.07+0.22° 16.07+0.04°
R/HWG" 120 atm. 1 5.53+0.01* 4.54+0.05¢ 9.90+2.11° 7.39+£2.24¢
2 5.02+0.03 2.66+0.06° 8.31+£0.03° 1.59+0.03¢
0.5 5.68+0.03* 9.06+0.04° 7.35+1.00° 14.27+0.01°
R/HWG 140 atm. 1 4.80+0.07¢ 3.42+1.21¢ 11.25+0.02° 5.8842.11¢
2 5.00+0.03¢ 0.25+0.01" 1.45+0.03! 0.43+0.00¢
0.25 5.19+0.02" 0.69+0.30" 3.22+0.00" 1.19+0.00"
RHWG 121 1.3 0.5 4.53+0.00¢ 0.22+0.02" 1.60+0.10' 0.39+0.01¢
RHWG 140 h3 0.25 4.32+0.01" 0.46+0.228 2.70+0.02# 0.43+0.02¢
’ 0.5 3.81+0.00¢ 0.24+0.13" 1.82+0.35" 0.41+£0.07¢

YRibose-hydrolyzed wheat gluten solution

JL: degree of lightness

Ya: degree of redness

“b: degree of yellowness

9Values represent the mean+SD of three replications.

9Values with the same letter in the same column are not significantly different ( p < 0.05).

Table 3. Changes in pH and color of ribose-hydrolyzed wheat gluten MRPs with various initial pHs heated at 140°C for 30 min in oil-bath

.. . Color (L, a, b)
Substrate Initial pH Final pH B > o
3 2.98+0.08°%% 27.09+£0.57* 3.74+0.51° 30.27+0.83*
5 5.00£0.01¢ 13.03£2.47° 9.97+2.11° 20.56+3.22°
R/HWG 140°C, 30 min, atm." 7 6.05+0.17° 7.18+0.62° 17.41£2.43* 11.45+1.00¢
9 7.59+0.07° 0.5620.06° 3.03+0.26° 0.84+0.21¢
11 8.86+0.06" 0.02+0.00¢ 0.04+0.03¢ 0.03+0.00¢

YRibose-hydrolyzed wheat gluten solution during heating at 140°C for 30 min under atmospheric condition

IL: degree of lightness

Ya: degree of redness

“b: degree of yellowness

Values represent the mean+SD of three replications.

9Values with the same letter in the same column are not significantly different ( p < 0.05).

Table 4. Changes in pH and color of ribose-hydrolyzed wheat gluten MRPs with various solvents heated at 140°C for 30 min in oil-bath

Color (L, a, b)

Substrate Reaction solvent  Initial pH Final pH -
L? a) bY
D.W 9 7.59+0.07°"9 0.56+0.06° 3.03+0.26° 0.84+0.21°
R/HWG 140°C, 30 min, atm.” 50 % ethanol 9 8.14+0.01° 1.34+0.03* 5.93+0.16* 1.75+0.04*
50 % glycerol 9 6.31+0.23¢ 0.2340.06° 0.91+0.45¢ —-0.19+0.11°

YRibose-hydrolyzed wheat gluten solution during heating at 140°C for 30 min under atmospheric condition(initial pH 9).

IL: degree of lightness

Ya: degree of redness

“b: degree of yellowness

9Values represent the mean+SD of three replications.

®Values with the same letter in the same column are not significantly different ( p < 0.05).
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H
= AWETF 24582 HiRLE UERATE vhgele] 27] pH
G2 Whg 9] pHYL EoHdE AWErT g43 Frkek ATt
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Fig. 1. Changes in browning index of various sugar-hydrolyzed
wheat gluten MRPs produced under various conditions. (G/W,
Glucose-hydrolyzed wheat gluten solution; F/W, Fructose-
hydrolyzed wheat gluten solution; R/W, Ribose-hydrolyzed wheat
gluten solution). Values represent the meantSD of three
replications.

Different letters indicate significant difference at the level of p < 0.05
between samples.

40

20

B.I1(420 nm)
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D.W 50% ethanol 50%glycerol

Fig. 2. Changes in browning index of ribose-hydrolyzed wheat
gluten MRPs with various initial pHs (A) and solvents (B) heated
at 140°C for 30 min in oil-bath. Values represent the mean+SD of
three replications.

DDifferent letters indicate significant difference at the level of p <
0.05 between samples.

RS tHFig. 2. B). Mustapha 5(11)2 xylose} lysine2] -9 Wk
SEm7F EROE glycerolollA T & WS BEH o]

Ao glycerold] WgEo] o whge] APHOm wols) 2
ukee] slelieA e WA NgE BedEs FAAY)E
GFe Fr AH NEH PIL HE Row AR
Mzo| s}

St ko] MRPel| H]S}e] 140°CoA] 304 2.8 kg/em®e] 4E S}
A A %3 G/HWG F/HWG RHWGZF 22 0.73, 1.83, 0.162
2 LRte] o} wkgdo] Hom oFe A Yepidit
(Table 1). AN EZE JehllE aghe &% ule} 443 A3Fe
Holx] 2490 u}; FHWGS 7FHHE71oA] 140°ClA] 30 W
SAIZ1 MRP7}F 10372 7HE &2 AAeE B 722 279
Al RHWGE ¥H3A171 Zo] 1212 7P @ittt e s 1}
HE b3k tAZoE RHWGZE S E7) Bt
HESAIZPE A WHElE &% A3N(Table 2), L ZE &
oAl WhgAZke] TS Ast o 7S E R 71t
Al MRPE] Lgte] WA Aoz YA Yelglth 4AsE Uehlle
a%kS 120°C9} 140°CollA] 30% WHE- 3 4.07, 7.359014 1A17F &
990, 11252 HANZ7} Zolir 2417k ¥FS & 831, 1452 7+
Ak A EATh ZIPdEelA 121°C9h 140°CllA] A =3k

Eey

3 30% "k 5 1.60,
= S B ol Zhdukso] 3y
o] AAE oa] HAofA ofF2 AoF WSl ZoF
Shelth e bt RE 259} A
+bakS YERIIA Lkt Hssh
31T Ko 5(3)> HVPH7IFY 7% wkgA|Tke] &
g L3 At efled ol mlojorE
P=jo] =Tt ZolA L A ES] F7IE HEge
olx7] wiolghs A=t fALSIAT agkdt bkl 73
Zro] F7Fgel wiet Frlsvhe Aehe thd Apo]
Z27] Wrgde] pHel| wWE whgdle] A% HEh=
= pH 3014 27.092, %71 pH7} S7Fel we 7343
olME 0.022 Solxth(Table 3). bkl SH: &=
S Yehfo] pH 3914 3027¢1 Aol vkl p
e pH7F moldaE ZHwrt F7ksted ©
Ehbs ZloZ Holth whA aghel HAEE X ¢l pH 70
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Fig. 3. DPPH radical scavenging activity of various sugar-
hydrolyzed wheat gluten MRPs produced at atmospheric (A)
and high pressure (B) conditions. (G/W, Glucose-hydrolyzed wheat
gluten solution; F/W, Fructose-hydrolyzed wheat gluten solution;
R/W, Ribose-hydrolyzed wheat gluten solution). Values represent
the meantSD of three replications.

DDifferent letters indicate significant difference at the level of
p <0.05 between samples.
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Fig. 4. DPPH radical scavenging activity of ribose-hydrolyzed
wheat gluten MRPs with various initial pHs (A) and solvents (B)
heated at 140°C for 30 min in oil-bath. Values represent the
meantSD of three replications.

DDifferent letters indicate significant difference at the level of
P <0.05 between samples.
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Fig. 5. Hydroxyl radical scavenging activity of various sugars-
hydrolyzed wheat gluten MRPs produced at atmospheric (A)
and high pressure (B) conditions. (G/W, Glucose-hydrolyzed wheat
gluten solution; F/W, Fructose-hydrolyzed wheat gluten solution;
R/W, Ribose-hydrolyzed wheat gluten solution). Values represent
the meantSD of three replications.

DDifferent letters indicate significant difference at the level of p <
0.05 between samples.
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Fig. 6. Hydroxyl radical scavenging activity of ribose-hydrolyzed
wheat gluten MRPs with various initial pHs (A) and solvents (B)
heated at 140°C for 30 min in oil-bath. Values represent the
meantSD of three replications.

Different letters indicate significant difference at the level of
p <0.05 between samples.
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Table 5. Sensory evaluation of various sugar-hydrolyzed wheat
gluten MRPs heated under atmospheric and high pressure at
different temperatures

Substrate Reac;i?;;?ﬁf L0 é’kr;/scs rlrllrg Preference (score)
G/HWG" 1.67+0.584%
F/HWG? 100/ 4 atm. 1.33+0.58%
R/HWG? 2.67+0.58"
G/HWG 2.33+0.58"
F/HWG 120/2 atm. 2.33+1.15%
R/HWG 1.33+0.58%
G/HWG 2.67+0.58
F/HWG 140/1 atm. 2.33+0.58"
R/HWG 4.00+0.01°
G/HWG 3.00+£0.01%
F/HWG 121/0.5 1.5 1.66+0.58"¢
R/HWG 3.00+£0.01%
G/HWG 2.67+0.58%
F/HWG 140/ 0.5 2.8 3.00£0.01®
R/HWG 1.00+1.73¢

YGlucose-hydrolyzed wheat gluten solution
JFructose-hydrolyzed wheat gluten solution
YRibose-hydrolyzed wheat gluten solution

“Values represent the mean+SD of three replications.

Values with the same letter in the same column are not significantly
different (p < 0.05).

Table 6. Sensory evaluation of ribose-hydrolyzed wheat gluten
MRPs heated under atmospheric and high pressure at different
times

Reaction condition
Substrate - Preference(score)
temp.(°C) Pressure (kg/cm?) time(hr)
0.5 2.67+0.52%9)
R/HWG" 120 atm. 1 2.14£0.69*
2 2.67£1.03*
0.5 3.00+0.89*
R/HWG 140 atm. 1 2.83£1.17*
2 2.50+0.54
0.25 2.33+0.52*
RHWG 121 13 0.5 2.50+0.55"
ab
REWG 140 28 0.25 2.33+0.52

0.5 2.00+£0.01°

YRibose-hydrolyzed wheat gluten solutions
DValues represent the mean+SD of three replications.

9Values with the same letter in the same column are not significantly
different (p <0.05).
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Aol pHeF WES-Ewl7} mlojok2 WESAIGES] TS WA
7l VAe S Lol A3 Table 73 24t 7] pH

5, 7 AT AR Hg g Bioew 27] pHvt =
ob el met Hd gEet dF a4 3] Axe ST
pH 3¢ MRP= oF7ke] &gk o] Wow pH 59 72 243}
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Table 7. Sensory evaluation of ribose-hydrolyzed wheat gluten
MRPs with various initial pHs heated at 140°C for 30 min in oil-
bath

Substrate Reaction pH Preference(score)
3 2.501.007)
5 3.25+0.50°
R/HWG 140°C, 30 min, atm." 7 3.25+1.26"
9 3.50+1.00*
11 2.75£1.50°

YRibose-hydrolyzed wheat gluten solution after heating at 140°C for
30 min under atmospheric condition
YValues represent the mean+SD of three replications.

9Values with the same letter in the same column are not significantly
different( p < 0.05).
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WS-8 E 50% ethanol? 50% glycerolZ 2|8 A58} S/
F2 HHAIZ] T BeAAE AAS A= Table 83 2
ZHTE AZ3 MRP ﬁ% a7] o s 3 A
At =2 =2 ATHIIE e v 50% ethanolS ARE-5}
Rz PRI} & &= F 59 olFHE Wbt =
A B3R o™ 50% glycerolZ A|Ze MRP2| 7Z-%-oll= 17] &
of 2% S WO Fo] Fste] WA F2E FA fdst
Atk A MRP A4S $18 HF 7142 RHWGE =8 5
S8 3lod pH 9914 140°C, 30% <t vHAIZ AL
2702 MAEA.
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Table 8. Sensory evaluation of ribose-hydrolyzed wheat gluten
MRPs with various solvents heated at 140 for 30min in oil-bath

Substrate Reaction solvent Preference(score)
D. W 3.80+1.30)
R/HWG 140°C 30min, atm.”  50% ethanol 2.00+0.71°
50% glycerol 3.20+0.84

YRibose-hydrolyzed wheat gluten solution after heating at 140°C for
30 min under atmospheric condition(initial pH 9)
PValues represent the mean+SD of three replications.

»'Values with the same letter in the same column are not significantly
different (p <0.05).
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