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Preparation of wheat gluten protein hydrolysates and their aqueous

intermediates for Maillard reaction
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Abstract: The optimum precursor peptides were prepared for
Maillard reaction by using enzymatic hydrolysis of wheat gluten
proteins. Setting the degree of hydrolysis (DH) and protein dis-
solution rate as main indexes, the optimum parameters of enzy-

matic hydrolysis were optimized by partial least squares

regression as follows: the concentration of complex protease [

(2 000 U/g). hydrolyzing with complex protease [ for 3 h,

aminopeptidase concentration (400 U/g), hydrolyzing with
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aminopeptidase for 2 h, and water/substance ratio (1 : 12 g/g).
The main components of the hydrolysates were small molecule
peptides under the above hydrolysis conditions, and the

proportion of free amino acids in the enzymatic hydrolysate was
5.59%. The proportion of peptide-bound amino acids in the enzy-
matic hydrolysate was 94. 41%, and the proportion of
components with the relative molecular weight smaller than 1 000
was 92.83%. Moreover, the obtained gluten peptides were used
to prepare wheat gluten peptides-xylose (WGP-xyl) Maillard re-
action intermediates ( MRI). Through a two-stage temperature
rising process. the optimum preparation conditions of WGP-xyl
MRI were determined as follows: the ratio of xylose and peptides
was 10%,

at 70 ‘C for 120 min.

the pH of the mixture was adjusted to 7.5 and heated

Keywords: wheat gluten protein; enzymatic hydrolysis; peptide;

partial least squares regression; Maillard reaction intermediates
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F & B2 DEVELOPMENT &. APPLICATION

P R 7E S S P AL TR AR b A G KR T
FHE TR AL W Sy N T 4% 1) 3 iz 7 s By v ) A, 22
AL B 7 SRR R OR L — H R RE ZE R. n,
2B A-2-L-K N & R -D- 4 W R R A6 A R AT 1
P 1 - DA T RS- 1L foe S R 7 S AL FE B 2
A AR DT Al A AR [ 5 R k3 1 IR R 3E i
W 1] £ 26 R0 B R T AL HA R S 1 A AR AR T
SR BT B R TR] . KA S TR) 056 R 4 R AT LA ek
HEBNRREE. FEFARB . BT URSGEYNE SR
IR R I - <% VA 38 A all 11K % N RN R B R R 7 o
b St ik S8 4 o ) R LA AR T A R R RE T

S L 4 v ) Ak 1Y T A R SR A PR R Ak Rk
TC I ARAT E ™ e s o )R P AR HLTS Y R B L 08 TR Ik
RIUAE Tl Ak Az 7205 . B Ab, 2R 1K i 7 ) o e B A
JR 0 28 0 IR 1) 2 k4 A R TR B L ARPs (. HRPs
T2 52 Z% o ME DL M s 15 43 07 o R T IG 32 3 2o % o ] 4 57
7174 0 0 S K AR I SR A e e . IR LR AR e
il T iR R AR S 3/ 22 1 A7 AR K 0l o A 9T R T
/N9 [0 9 43 B 3 (PLSR) X 3 g % 4% 18 3617 16 1k
FETF 21 Dk R 1 K 55 4 o [ L 1) 55 B 48 S R
TR AR SR ML 0T L SR FH 7R R S8 LB R B O I
DAY Jo 40 1 oA 7S B ) 0 o 00 S K S hr 7 28 ) 1 4 AR
885, WF IR0 AL /)N 22 T F5 2 11 ik 58 o 48 o 8] R 7E K A
A B A AR B TE D B S 7 s A R] R i Tl
g 0 1R 7 SR AR AR
1 Me 505
L1 M5

D-ARWEABEH B EERR . &R &R &
B HER AT E. AR E R LR AR AR

GiF
e A AN B RREN H B LR L AT

4, [ 2 4R AL 4 50 A R A 5

MNEEMHEOEACEAOR ] E4&EAM .4
TR AN AR SR ORORS | AR L A R . i e
P« 22 BUR RE R R B A BR A FD
1.2 (u#EHiEE

HLF RS EL3002 1, M3 45 8 — 67 2 {038 (L)
HIRA T

pH 3+ :FE-20 4, #g 58 ) — 36 A 2 1 2% ( L) A R

NGIE

b

LA —T] DLy 6 . UV-1800 &, B Ch ED A&
MR 5

BSR4 3 . Waters 1525 BY, 3R B B C B i)
IR
B AEIRG IR K : MP-501A B, il —EB AR

H

B 2228 | 2020 F 4 B | RS

NG

B ML Allegra 64R B, D 56 &2 5 /R 5 A5 IR A 7 5

FHAIOEAPAL-1 8, ATAGO CEHD HESAFL,
1.3 KA =E
1.3.1 DNEFHFEAKGSH S BOE R 80 HI M /N
EHREAR BRI 1 12 L EFAFREGY
59,90 CAn#4 30 min DL IEFE G 9 UR EE L ¥ A BT i
3000 U/g W i3 pH KR FE T WA 2.5 h, W 45
Ji Sz RPAE Wk KV TR N4 15 min, ¥4, 4 300 r/min £
0 10 min, IR RI R /N B IR . F —20 CAEGAFR
1.3.2  Fff S 5001 E

(D ZEEEWMIFINE BRI L 10,8 5EH
BT 0 4351 4 1 000, 1 500,2 000,2 500,3 000 U/g Ji
Yol 3 b SR 5 He SRR I i 320 U/ g I % 2 h,
HEEAFE AN T IS0 B A% 7 YK 6 B KR B
BRI

(2) BEEAE T et Bl il 1: 10,8
HEEAB L RME 2 000 U/g K44 3 B fift 1,2.3,4,
5 ho RS e IKEE VR N & 320 U/g IEWI MR 2 h, %= H
£ B T Tt e s [ o 8 A 7 0 KA B R B VR R Y
o,

(3) ZMKEFAR 2= LR R b 15 10, B A B A
T AL 2 000 U/g IRYIGE 3 b, 48 i He 22 0K i 38 i &
4y 5k 160,240,320,400,480 U/g JEYIEEfE 2 h, B A
UK TR A 1 %o A 7 0 K A B R TR I BRI R

(4 FREGIE A IA] BB L EG 12 10, B A H
B 1 ¥ naE 2 000 U/g IRYI AR 3 h, 4% J5 He & ARGV
B 400 U/g K)oy S i 1,2,3,4.,5 h, 25 5% 20K it 15 1%
P i) % At 7 ) K Aot BB R R 1V SR

) BHE BT L BHR R L4050 10: 8.1 ¢ 10,
1:12,1: 14,116, 5 HHEE [ % 2 000 U/g g
Yol 3 h, SR 5 H A KR & 4100 U/g IEYIEE# 2 h,
BB E R BRI K E R EAE B EN

A
1.3.3 KMERMNE RAF®BEEE" %D
RO AR
_CX(V, =V, XV 0
bH = m X w X 8.38 X 10 X 100%, D
IQEP:

DH— K. 55

C— A EAL AR HERE WO E - mol/L;

VR BT I PR i 30 5 2 2 T T T FE Y
NaOH R AEF WY A - mL;

Ve 23 A VRULE I TP IS 7 8 28 26 i T T R 1Y
NaOH 5 #E# A9 (R B mL;

V—Hffif B . mL;




&M | Vol.36, No.4

m FE T BT . g
o R E AR S . Y0

8.38— L 8 11 i T A 1Y MK B 2 R JR 4, mmol /g

1.3.4 HAHBHEBWHWE # GB/T 5009.5—2010
AT .
1.3.5 REIWTE REWENA 15 2488FE H4

i Bl B A P R B R AL A (23 ~54 .8 LT B,
SRR VP S AR PR DR R AR 4R 0.1 %5 A B R oE S TR
W T 2088 0.5 % M R 7 180 7, 60 "C UK 10 min, L4
YL bR | R B R R L B R R R R R R 2
PR VA FEBRIEAT P4 (0~ 8 43 . i i w55 100 H A FH 3%
AR, PRifES B A H R (2.5 g A T 80 mL £
BT /KD BRI (30 mmol/L A Ik H BRI 80 | Bk (0.5 %
WRKE WD JFRR (5 mmol/ L AP RR A WD 7 Bk (4 mmol/L

i e PR 980
1.3.6 IR I &

(1) B S HE TR AT AL #1: BUBRFE 5 mL, JH 45 i
10 g/100 mL=A BB BEE AR Zil TH#E 1 h,
U8B 1 mL JEW 10 000 r/min #.0> 10 min, J 400 pL
T AR RO R R AR A

(2) SEIERR AT AL 3 U AR FE S 1 mLmA 1 mL
Wi R, B A 6 mL 6 mol/L HCl I . & A A X
3 minf5 B, T 120 CHEA HOK M 22 he WHIE WA
4.8 mL 10 mol/L NaOH ¥ W h F1Eh R, € &, 1 38, B
1 mLJE -10 000 r/min &> 10 min, B 400 pL 35
TR A HE R T AR

(3) o3& % . @ 3% A& ODS Hypersil (250 mm X
4.6 mm X5 pm),FE| 40 CL3# 1.0 mL/min, i 3IHH A
#829 0.6 mmol/L ) Z B4, B AH 0.15 mmol/L HY R
B I s =12 20K LD,
1.3.7 Xy F R iilE g4t TSKgel2000SWy,.
(300 mm X 7.8 mm); H: i 30 C, #EAERF 10 L, 3
0.5 mL/min, ¥ 4 i /7K / = 5 LB (40/60/0.1, fA B
LD 5 6 00 245 55 A0 A DU 485, A DU ) 4K 220 nm., A% GE il 4R R
Wi ZER AR ZEMRMWIS) . ZE8M &
R R R RS A B (MWAS D), B i (MW 1422) , 41 g
B E(MWI12384),
1.3.8  /NZZ HIf 2 IR &R A v AR K A A ) 4 BGE
/N AR K H— B A AR IR A A
F1 6 mol/L NaOH #5815 ¥4 pH. AR BL - 4598 1
3 ZETE TR s 52 R AT IR T B B — s I (] I HS ¥ A0
R B VN 1 262 b SR L F EOBT R T pHL K A IR
J A H TR 120°C R 100 min, 37 BV R ICE Tk
K L1k BN 5 BT A VR T AR 4R AR E
1.3.9  WAZFEEHANE RSN 0] WA 060 EE
FE A 120 m o

B EFENEAHEAKBYRERENERRE P EEFEREH &

1.3.10 /)N 22 THI 5 2 19 ik 56 i 4 oy 5] 4 7K AR I A% 2% 1
e

(1) BCNEIR B - 4% 8% AR L 1526 FR IE & /) 22 10 i 2R
FUBCFT A WE, 38 % pH S 7.5, (K & IR E S 70, 80,
90 CFSBE 0~ 140 min, % %% 5 i i BE Bz 1 [7) X 4 4% 45
A IR

(2) WERK EL - 43 31 4% B8 BE B 1090, 1526, 20 %6 R ILIE
/N T A BRI 41 pH Dy 7.5 de e R N R
TN 0~ 140 min, 25 S0k LE X 45 722 58 20 52 0

(3) pH.: Hede AW Ik b AR B &5 /) 22 71 A5 21 kA
AME AT pH 435100 6.5,7.5, 8.5, d5c A S R BE T R
0~140 min, % %¢ pH X 46 28 §5 £ 5 0
1.3.11  %¥g s KM Uncrambler 9.7 314 % /N 22 1
793 £ 1 1) AR 4 AR AT PLSR 43 A7 I T 6 A2 dc £ 1 I i
SR LT AR e I TS 0 UL S L X A
KA RN FmY A Y AR f A X A8 #7E PLSR 4y
Mran s E AT AR AL (1/Sdev) o AN 12 P 46 36 1% 181 19 3R 5K
KB IER Jack-Knife ¥ #E 47 4 31, B #F K P78 P<
0.05, B [ul 545 70 47 fiff 1] 56 42 3¢ IR IE

2 #R500r
21 NEEHEENBRRERL

21,1 HNUIEAMMGHE BRIELITHN.Z6E0
fifF T X /N2 1o ff v 2R 5 Y G R A8 D B LK R
*1 EOBHEBEAN
Table 1 Enzyme activity of several different

proteases U/g
2 24 Gkd AJR o
BOm 1 EAMI EOH Eam
1.3X10° 7.6X10%  2.2X10°  3.16X10* 3.2X10*
16 o K RE 8
< M e it (7 .
O\: 12 6 ¢
210 5 B3
B 5 =2
g% 8 4T
%% 6 3EE
=%
) 4 2 5
=) 13
0 0
AR L rpE R G
KA R AKRIREE 5
ESI RS

Typ es ofprotease

B 1 FR AWk G TRk LR
A A
Figure 1  Effect of different proteases on DH and sensory

overall acceptance of WGP after Maillard reac-

tion

185



186

F & B2 DEVELOPMENT &. APPLICATION

13.96 % s H Rk O 5 4 8 G 11, FOKff 2o 10,3206, 1 AR
JIVER 1 T 1) TG A A 0 S 5 . N [ R TG A A 1 R
P MERER EEE AN 1 0" iE ™ Y0 a6tk
WR AR RRE R B L B RE R AR R E Y
= B E R R R R N R MR A E A W
it it 7 ) A7 B 0 ) AN A B SOOR L 9 R R T R A 2
AT AR, 25 b IE & E A ™ 1 E N P/
2% T 3 34647 Tl A
2.1.2 BRSO /N T R K R AR T R
o R E 2 AT B A R TR 0 1Y i
il 7= K A BE RN AR U R IS R R i &
1000 U/g#3m s 2 000 U/ g Jic B, 7K fifk B 52 26 1
T T 4k S8 0 R R AR ROK MR R L AR R R
M 26 1 ¥ R B 5 B S A B8 VR A 1500 ~
2000 U/gIic, bt it fife I5F ) 14 S8 < o 6 A 80 199 K A 12
AN [ R B IR Y BRI 2~3 ho B 2R A
AR 68.8% Hi I & 70.95 % , 7] B 2 i 7 40 )
RO WIEER S B S IRYE 6 750 1 RB0E
o Mg R >3 ho i K g BN R AR R
K FTRE H U A S DR R 0 M R AR SRR A
JURR 2 T /L o I UK I S R A B R A S A UK
fifg BE R I R R . Y EUINEG A & By 320 U/g iR
PRI E 400 U/g IRYAT, 2 A % H %l 68.63% 8 m
T1.91 %0 o 10 J B I Ol DR 1% . Wi e K I R R I ) Y
A K AR, M REEVE AR 1~2 hh . &G
VR W 67.66% AT 71.07% . BE T
5.04% . Z 5T M . 3] A2 B 0 10, 103 e 1 g

B 2228 | 2020 F 4 B | RS

FRE ok BN WM o R bR . B A G i B 18] 19 3 K L i
fife U pH AN W7 R ARG L I 49 W J3E AT, DA T 5 U 400 Tl fe 3k
TR B AR L (8, oK i L AR U R B
Ko HREBEEL N 1 8~1 ¢ 10 B, /K % B L i 2
W M W R TE R T o 1 s 8~1: 14 [H]
HWMBCR B MiEBTRe. UESEA TE .
SR S T Wi e IR 2K VR N A L K I A e [
FORM B Lo X AR K A T IRy Y AR &
HEAT PLSR 430 #71 . Hi [l 3 WAL 5 A 3 43 1 38 SLRHIE 5
%% 84% ,PCI-PC3,PC1-PC4,PC1-PC5 H i & T X X
A5 I A B2 L T PC1-PC2 X} Y A% i 119 A B 38 dw K, R Uit
HiHig PC1-PC2,
Hy 181 3 Ca) W] AL A 1V L SR AR AR BE AR AL T AL A
JORC T 4% o 2 R 2 A 6 6 A8 (] 5 OHG B B A0 10 T K
A SRR I 5 7K BE RV O R A O b Sk oK A B
Gl SR R F A A v el | I s [ 6 2
AR BT R
P L 4 T K R o i R 2 K T A A R 0
ZMEMEONKBGEMEQRDEDEFEMSGEASE
P TR A B ] 55 /0N 22 T A5 2 0 AR U R I A
5% s BHRUTT B bL 5 /0N 22 T 2R IR K AR R R AR I R R
B3 UM G, AT B R L AR RIS ik AR N 22 T
A3 2 VB T 43 5 T i T Dy T 43 AT A K i AN
RPN TS NI (ENC R o Y B e o (Ao i v T i
115 S0 SE A8 IR N T A 7= AR A I F R HLAE A
75 ORI A LG A s B TR S 22T A AR S KA PR
AV ¥ R S DR Rl A B Ao T R A L IR S AN R e A

° X X X
S 104, —HEPFELE 70 N . = ° e 1 2% 74 5
% 100, ~DH E S sEnE 58 T et R 7
= og 234 ES5 DH TEyg 0 i
M E 9.6 == Mg‘).o - i) 70 ==
= EF 70K ET 8 ek
¥z 92 66 2 o~ 2 XS 68 2
s Sy T80 Oy " 57 <
t 8.8 =1 L 75 68 = & 6 66 =]
£ 54 64 2 & 70LL] 67 £s 64 =
< f : . . . . S A . : : : S
A 10001 5002 000 25003 000 é S| 2 3 4 5 & 160 240 20 400 480 &
St AR P N
), 2500 " ST BRI 400
e Wﬁﬁﬁﬁﬂﬁ? Hydrolysis time of complex protease I/h GAIRREAR
The concentration of complex proteasel/(U + g”) The concentr ation of amnin opeptidase/U * g)
(a) HEGHEAM T BN (b) EAAECNE T BN E (e ) ZARKHEAS I
X Lo X ° X
S s S 105 PR R 74 2
Z14 —DH 73 E z10.0; —~DH 7 £
$?12 TEx W E 95 70 £33
= <& ¥ = 68 Tk
® 10 Wiz xzg 90 66 21
o =}
£ 67 : 85 L
o0 z = 64 .=
< 1 65 = ¢ g oLl 62 %
= 1 2 3 4 5 UL [=) I8 L:10 [12 114 L16 £
G TR T ] FHRUTUR L

Hydr olysistime of amninop eptidase/h

() SR A 1 [

Water/substance ratio

(e) BHEBTR L

B2 BEAMKBEREOERFGT A

Figure 2 Effects of enzymolysis conditions on the DH and protein dissolution rate of gluten hydrolysate
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rising process
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Figure 8 Effect of initial pH on the color of final

products under a variable temperature

rising process
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