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ABSTRACT: Objective To optimize the process conditions of Maillard reaction (MR) of wheat germ protein
hydrolysate (WGH), and analyze the volatile flavor compounds of Maillard reaction products (MRPs). Methods

WGH was obtained from wheat germ protein by ultrasounded-assisted enzymatic hydrolysis. On this basis, the

EE£WB: AR BT H (212102110313), /4 8RS #6 € 5(201300110300) 1 544 A1 7R 38 % 151(201111110100)

Fund: Supported by the Science and Technology Research Project of Henan Province (212102110313), the Major Science and Technology Projects
for Public Welfare of Henan Province (201300110300), and the Innovation Demonstration Special Project of Henan Province (201111110100)
HEEMEE: wukh, ML, PR, RS s IREE N T E-mail: 81692@hnuahe.edu.cn

*Corresponding author: YANG Sheng-Ru, Master, Lecturer, Henan University of Animal Husbandry and Economy, No.6 Long Zi Hu Road,
Zhengdong New District, Zhengzhou 450046, China. E-mail: 81692@hnuahe.edu.cn



%5 16 3]

MR, 2 A2 WREE UK SERLTE SOV 1 A0 By W3 R A KR ) S5 e e

5179

optimal MR process conditions of WGH and glucose was optimized with the sensory evaluation of MRPs as the
index. Then, the volatile flavor compounds of MRPs were analyzed by headspace solid phase microextraction-gas
chromatography-mass spectrometry (HS-SPME-GC-MS). Finally, the structure of MRPs was characterized by
ultraviolet and infrared chromatography. Results The optimal reaction conditions of MR were: Reaction
temperature of 100.6°C, initial pH of reaction solution of 8.80, and time of 79.1 min. Under these conditions, the
sensory evaluation of the product was 85.52+0.89; GC-MS analysis showed that a total of 23 kinds of volatile flavor
compounds were detected in MRPs under the optimal hydrolysis conditions of wheat germ protein, containing 8
categories, including alcohol, ester, ketone, aldehyde, furan, pyrazine and sulfur-containing compounds, of which the
relative percentage of pyrazine compounds was up to 39.484%; ultraviolet and infrared chromatographic analysis
showed that the structures and types of MRPs had changed compared with those before MR, and the products were
complex. Conclusion MRPs formed by Maillard reaction between wheat germ protein hydrolysate and glucose
contain volatile flavor components, which can provide a theoretical reference for wheat germ protein hydrolysate as a

flavor enhancer to enhance food flavor.
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HEH0.3%~0.37%) . NHEMEET(30.2%) 545, &&
WaAR. 58, HERMZER, A NMEPIHEr 8
FhhTs B AERR, EAE R & A IR, IR [ T
A SRy —Fh Ty BE AR A3 FH T o538 A 1 R SR g v £ S AR
EVE . E IR A R AR

HA, IR AR el A, AR RAR, X
2 R LN RIS K TF R R FHAR X /0, 22 IR B IR R A5
sy, A, AREFIHY, ZIREA S A VEZE
RIFRITH, PR AR, FEhre i oK e
EMALEY), HHA RAFYRE | A2t BRI AT 1 D aE
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1.3.1 EEEEE R

SRV R IE G, B | T AR
NE/NZIRZEE FRTEAL, M AR 15 min, 25100 Hilif,
FRIEHR LY 1:8 A ZE /KR S 1 HE45), SR 4% NaOH ¥
WERE pH 2 10.0, 35T 8000 r/min &0 15 min, B FIHWK
K JH 2% HCUE W E %L pH £ 4.0, BRUTGREE 55°C) 1.5h, X%
FHTG/K B AT, 8000 r/min 2.0 10 min, &R T4R15
B F B AR
132 EMEE G KBEDHE

2 I RSP ) IR s B, BREG— s R A
WRZE (OB T28 Kk b, ®E 1+ 30 min J5, g8
A 1 mol/L NaOH ¥ JH3Y pH £ 8.0, FEIIARM:E 8,
H 55°CHMEFKIE 2.5 he RNERIA, IREWIAT 95°C
KF 15 min, SR/FRHFE|ZEMA 1 mol/L HCl F I pH
% 7.0, ¥5RBY KR 8000 r/min B5.0> 10 min, B EIHHK
13 MER K
1.3.3 MRPs #9414

e 11 MR s/ NE B LUK S AR &, H
0.1 mol/L NaOH & 1 mol/L HCI 551 S 1AW pH, &
JEIR ARG E 250 mL i R R B IS
BRI EH PR AR AE L, FNAER RSN LR
YU I I A P BN PAIRLE,  2E 1R E IT [ J BT ¥
BRHIEER, BN 8000 t/min #5.0> 10 min, B
HWATRE T .
1.3.4 MRPs #|& T L&A

(V)RS5

ERITE RN R AR N, 5 RN . RN
BFi] . SN 2 pH ZBAK A A 5% H MRPs 1E R 4,
TERT S0 2Lt b, AWk E0I 46 pH 7.00. 8.00. 9.00.,
10.00, 11.00 5 7K, iR 80, 90, 100, 110, 120°C
5AKIE, JOWEFE] 60, 70, 80, 90, 100 min 5 /K, LA
BBV RS, FBEERAER N IR pH . RV IREE |
B %) MRPs B PEAT A2, FHHSCI0E SR 3 K.

(2) M 3, T S5 e

TERR R IR FERE 1, DU SRR pH (A). &
N i BE (B) RN ES [ (C)ly A AR, LA MRPs HBVE PF4 0
Wi 7 {, #R4F Box-Behnken SZH %1 F LI {L MRPs il #

L&, R SARFBETIR 1 7R,

®1 MEEXEERRSKE

Table 1 Response surface test factors and levels

K-
ES
-1 0 1
WA pH A 8.00 9.00 10.00
S i /°C B 90 100 110
SV ] /min C 70 80 90

1.3.5 MRPs ¢ 2B ¥ M

S IR B R HE LI L B B, X RERE B A T
', HE 10 B AT RGN T ARES B, 5 &)
I/ MRPs 190K . . HEURE 3 AN H
PATRRTE Sy, 3 HMME R E P B4y, Wisr 100, 4
H B R UL B AT a7 B by, ELARBVE PPN AR E L3R 2.
1.3.6 MRPs 4% Rk 4l fit 541

S IMR AL D RS I ek, (4 A HS-SPME-
GC-MS 4T MRPs 45 % P KR H) R 43 #r

HS-SPME 45/ 4 [BAH {25 BUK AE SO S kA O
L 250°C# Ak 30 min. FRELS g FRIAES LA SPME % H
FEaRER S, A 1.5 g SALBTRIE: ¥, TEfEIR/KIEHR
HL S0CCHUFGRI 20 min 3 fb 5 A [ AH RS Bk 38 220 B
BIRAKREM S, HEH A4k, ££ S0°CIR L S5 T TS )
Bff 30 min, FfiJi5 i A GC-MS #FE O, F 250°CH#E 2 min,
WATEERAE . ITAFEMER 3 K.

GC-MS &/ "M@k Agilent 19091S-433 L4
FE(30 m*250 pm, 0.25 pm); AE3E 0.8 mL/min, ®IAAHER
40°C, 335 2.5 min, LA 5°C/min FHEZE 160°C, {%3%F 2 min,
LA 10°C/min FHELZ 230°C, #1453 min 52450, AN &
AR (L >99.999%), JEREMTIRE 250°C, fHHE 31.1 kPa;
PR AN A, B A B F 22 F (electron
impact, ED LB F2; B FIEEE 230°C, MUK FFIEE
150°C; RAERA NS, FEHEMHTER 50.00~550 u;
WHIAER 0.00 min; HL 534 45 H /% (electron multiplier
voltage, EMV)# 25550, 1855 2% 1.00,

FEVEE AT, b R SR R A S A TN, A
1 NIST F v i 1 2 DU C AN T ARbT, 7520 5 45 51 (UM
RLEE>800 f AL 734 % 5 22 ) o AR A TR AL, SR 0 1 AU
— RS LA AR A
1.3.7 MRPs £ #) & AE

(DI EIg s Hr

BB PO T I ERIIIE B FELT AT HE SR K
FEDURE S SRR S R R, ARSI A, KA
VG FIE 3400~400 cm ™' Z N, KA HER 2 ecm™!, £
U 16 VX
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Table 2 MRPs sensory evaluation criteria

R R AR VT4
SIS RE R SRR B, 76 26-30
(EPEAT R AR, A G P RS B (R 6 21-25
(ﬁi) (A, B R S R, TR 16-20
A B AR, s Ak R 11~15
%3 BV (0 S AL A 0~10
YRR W SRR, TCAT (7 22 R 1 vk 36-40
RS SR S AT 1O SO0k, G SRk 31-35
Kk AT R @%E/in@ RS RAEIE, Rk 26~30
(4093 W, JCHABAE AT 5T R A B R 0, AR Sk 21-25
77 WA VR SR 11~20
7 BRI R 5 LAl 2 0~10
HAIR, FHts), BhEEIET, KA TAEEY 26-30
s [T SEWSITAR, JCUTTE, FEHD MR 21~25
%? %%%ﬁmgﬂ% ’ B, RA TR TR 16~20
(3049 SRR STRIROR, 4745 BB R 11~15
L AR IR, AT 5 010

()R AT 4T

ZIETCPVH % MRPs #E17 80N G5E 4007, 18
B R BB ER (M FE 4 0.01 mol/L, pH 7% 4] B kE W
WREARA AR IR R R 1 mg/mL, i&5E LM 60
BRI ETE 200~800 nm, R THIHE e 5 Y £ 4h
W
1.3.8 HIp4E

K FH Excel 2010 &, Design Expert 8.0 B4 #E4 74811
31T, P<0.05 /R 2553 B3, P<0.01 R 25T B E .

2 HERS5SH

2.1 MRPs F|& T ZEHMR
211 #REFFHER

(1) N pH X S5 57 A8 52 10 9 52 )

TESUBE BT )2 80 min, WREESN 100°CHIZ&1FT, 4 pH
M 7.00 2 9.00 B, BYEARAMEEE pH HFE A Y pH
M 9.00 & 11.00 B}, BEMRAHEE pH MFHE L. X
JE R R T pH O R A 2 RS AT R, T@ﬁ“#?
HR ARG BR, O A& S A D AR A B,
%M%%%%ﬁ,ﬁ@ﬁﬁm%,@%%pH%%ﬁm,
FENE AL SRR = P 0 2k R, B R R AR 2 T 5 i Jk
BB AR BN, pH X SER 1 N P ) B ERET

P4 R0 f2. 38 (P<0.05), HFE pH A 9.00 BRHEE 4K,

PRI AR AT 5 36 3 S N 5 WP 4 pHL A7 8.00. 9.00, 10.00 i
A 7 T A A
mﬁﬁﬂﬁﬁ%%ﬁﬁ AL
JEE L 5 W) 5 iy 4 R 1 Y R DN R {FL%A%
ﬁﬁﬁ&f@,%mr%mm TR 25 IR
PIIEE YR (EPUN=RATRREcE s L 18 ﬁﬁ%mM*WW
TE pH 9.00, JZJVHFEA 80 min AIZHET, Y IR ETE
80£1m%ﬁ BB AT AT IR T = R, SO
WERT 100°CHT, BEESHR TR, FESTERE
AN, BN R S 5B A R N 7 0 T TR 43 )
(P<0.05), H7E 100°CHRE 134w, RNILANFR LS
90. 100, 110°CH:AT M 5 LAk o
()52 I i [¥) % S 4378 52 i P49 55 il
RN B V)5 e SE R R N E R, RO B R e, AR
F|¥) MRPs Hulk % | Bk 55— RGN/ Nr-F X s >
A R PO W?**ﬁb%ﬁ%ﬁ%@ﬁfﬁmm
SREATE) AL R 2, BRI A AR
o B AR RS, BT A B AR . E pH 9.00, R EEH
100°CHIZ&H T, FOniB A4 60 ] 80 min, B TFAKIHE R
L IAT R T A 1 o, S BZ B TRIAE 80 1] 100 min Z[A]H,
T PEIGE N, 72T A R R, SN RIR e
IR PR B PR 5 (P<0.05), FLZE RV i] 80 min i
BB R, HIARFFEEERE 70, 80, 90 min JFF 70
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Table 3 Response surface experiment results

[H % e
i B r;;ar# C R B[] v 'f'l*m
At pH - : 153
/°C /min

1 1 0 1 7620.71
2 0 0 0 8820.69
3 -1 1 0 80+1.04
4 0 0 0 8940.85
5 0 0 0 8820.74
6 -1 0 -1 80+0.92
7 -1 -1 0 74%1.31
8 0 -1 -1 7620.86
9 0 0 0 76+1.34
10 -1 0 1 78+1.72
11 0 -1 1 87+0.85
12 0 1 -1 87+0.81
13 1 1 0 75+0.95
14 0 0 0 75+0.93
15 0 1 1 79+0.86
16 1 -1 0 75+0.72
17 1 0 -1 74+0.88

XSG 4E RUEAT R BH 8T, AR [ 5 R
Y=87.80—1.87A+1.00B+0.63C—1.25AB+0.50AC+0.75BC
—5.90A%-5.65B2-5.40C>

5% 4 AT LI BT P<0.01, 1 BIZ [l RS RUAR B
%, AP P=0.2890>0.05 A3, FAMEIA el
AR, W LITRIN MRPs BE PR

5 2243 AT F A 8 G B0 T L DR A R kR AR
FISZI . 2 4 A0, A XY RS i 25 (P<0.01), B X Y
P . 2 (P<0.05), 1M1 C 2NN i35 (P>0.05); #EAIH [
AZHITAB X} Y BRI i 2 (P<0.05), AC il BC X} Y 2N
A (P>0.05); HERIHA kI A®, B, CPXF Y AYSEN
YA R K- (P<0.01), FHILAT A, =X MRPs J&E
P AOFE 12 WIUR pH> SN IR EE > 2 0 A ]
2,13 hEEERGRLEEN>N

3 PR ASE D Hp ) — A PR3 7 PR KOE, 33
SRR Z 3 HAEFIR MRPs BRCE TR A FAE 8L, FRAR

P ASE AR 22 ] = 24y i PRI S5 e PR (18T 1) i TR R | it
JRE S 1R 158 B R 3% i) 8 A P o 7 S i K BT 2445
LRI 52 30 H G 152 P 150 B AT 2% 58 B A S 8 5 o i ) (167228
A, 5 I8 R0 R 255 A P o 725 1 8 %
ST AR T AR, AB S8 HARE A 2k FE S A T
SERZ A AR, X4 TR BEIN, M) IR pH R
Jof i 5 2 (B) P 52 B A FHBH S, KT i SO {9 S i 5 (B
53R 4 TP ABUIIR A A B — B
4 EUIERSEN

Table 4 Regression model analysis of variance

TEKUE PR BB U7 F P B #E
R 499.92 9 5555 5936 <0.0001  **
A 28.12 1 28.12  30.06 0.0009  **
B 8.00 1 8.00 855 0.0222 *
c 3.12 1 312 334 0.1104
AB 6.25 1 625  6.68 0.0362 @ *
AC 1.00 1 100 1.07 0.3356
BC 2.25 1 225 240 0.1649
A? 146.57 1 146.57 156.64 <0.0001  **
B? 134.41 1 134.41 143.64 <0.0001  **

c? 122.78 1 122.78 131.21 <0.0001 *K

k2 6.55 7 0.94
PR 3.75 3 1.25 1.79  0.2890
aliiR 2 2.80 4 0.7

S8 506.47 16

T **FRR 25 B B 25 (P<0.01); *3F 7R 2 5 I 2(P<0.05).

2.1.4 KA GHALEIEIE RIS

Wil Design-Expert ZXAFXFSCIHEATH0IL, $22 BRI
FEAL T AT A3 B e fE MR 25fF R pH 8.79 . SR E
100.63°C, JSLMEIFE] 79.12 min, TEMEIET MRPs & E 1T
ok 85.49 45 A SRR, T.ZSH0M%E N ¥k pH
8.80. SZMIREE 100.6°C, JZIWAT[A] 79.1 min, 7EMLARAET,
% 3 HATSEEIE 3] MRPs BB PES N 85.52+0.89,
25 BTG 38 1 25 5(P<0.05), 1B [l A R W] &g
2.2 MRPs # XM XK R D

Wil GC-MS ZrHT MRPs 5 M A n e e =, 3%
et 23 FEEMRERYIT, TERER 5. KREI 4 hEEk
(2.183%). FiEZ5(3.305%). FHZ5(11.894%). MEA(31.271%).
IKIRZE(5.892%) | MLERZEAL A5 41(39.484%) . S it fl 3 41(1.719%)
KA BT (- FT680, 4.254%)55 . SERIERE) SN ™
FHUIESE 2%, FRHIE XU W] BE F B (BRI . B, TR TS5
WEW R & AEE . . JRFERIA Y3 FAE A
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Fig.l1 Response surface plots and contour plots of the interaction effects between factors of initial pH, reaction temperature and reaction time
on sensory evaluations of MRPs

TE . BRI, B4R, Yo s U R AN K R
JoT 5 T (18.327%)VE A B RIS )iz TR bl ol
HA KA AU, 4 8 (4.523%) HoA BRIk, 2 Tl
B ISR, CLE(3.762%) . BEIE(1.034%) AT BRI /<,
TR S B . R R R R TR I
A MACRT . BT TR R EIMEEY
B AR, HA ARSI IR G4 B XUk . MRPs
Tk E YR — R T, BRI . Ak, B
R 1 B85 Hp - e R AR T A A P, 5 TS
R, B R | AR KUk
*5 MRPs EXMNRYIRERREEE

Table 5 Composition and content of volatile components

in MRPs
AR H 43 & i
/% /min
(S 3.762 2.195
PR 1.034 3.625
) L 4.523 4.909
23 ‘
S 18.327 1.330
BN 0.866 10.123
e 2.759 2.948

105

= 5(8)
oty BXES WA

/% /min
IR 1.965 1.044
—ZM 4.100 1.164
2% 2,31 3.379 1.469
2-F 3 -2-BR S0 0.729 3.721
SRE2RE 2N 1.721 8.528

S il
2 ENEE 2.183 1.117
s HR T 1.595 1.066

ES

2R Z T 1.710 1.213
) 2-FH 0k g 1.534 1.201
PRI 2,5- kI 4358 1.544
-3, 5= 3211 8.336

S
2,5- H Jknk g 20.871 3.794
i 2S 2-H JE N g 8.474 2.459
2HES-CRRERI) 0.819 4.551

i
2-255-6-H LNk g 6.109 5.892
FEACEY  2,4,5-7 Lk 1.719 5.759
FAts d-Frihs 4.254 6.660
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Fig.2 Infrared absorption spectra of wheat germ protein hydrolysate
before and after MR

232 MRPs % 4h K aH7

TEP K 200~800 nm T XF MR Bi5 MR J5 #4714 4MA
i, 5N 3 PR . SRS T LA A 56 H A8 R I R
PE, PR 260~320 nm TR E W SIS S RS 1) ARRAE
T, M 3 &, MRPs 7E 200~430 nm K 36 A A
Wi %y HE B, AT L T 2 VR 1 A A 0 5 R S
AT MR; 7EPEK 220, 260 nm BT R BB, 5
YU % WIRGE R RS 2R R RS AR & R MR,
MRPs WIS 4 A 265 F1 215 nm Ab A4S A

5 -

0 \ N N
200 300 400 500 600 700 800
P K/mm

K13 MR A5 MR 55T WOGRG I
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