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Effects of Maillard-type glycosylation on antioxidant

activity of corn protein hydrolysates
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Abstract: Protamex and alcalase were synergistically used for hyolor-
lysis of corn protein and the hydrolysates were glycosylated with oli-
gochitosan by Maillard reaction. The antioxidant activities of corn
protein hydrolysates ( prepared under different protein/enzyme
rattios) and glycosylation products were studied. The resultsshowed
that both of the enzymatic hydrolysates and glycosylation products
had good antioxidant activity, and-the Maillard glycosylation reaction
could improve the antioxidant activity of corn hydrolysates. When the
protein concentration of glycosylation products was 5 mg/mL, clear-

ance rate of «+ OH and DPPH « reached to 90.91% and 90.91% , re-
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spectively, which increased 48.78% and 32.26% , compared to non-
glycosylated hydrolysates. Similarly, when the protein concentration
of glycosylation products was 1 mg/ml, ferrous chelating capacity
was 83.42% , compared to hydrolysates, which increased 22.63%.

Keywords: corn protein; Maillard glycosylation; hydrolysis; antioxi-
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A R M TR O R AT OK AR . AR R R
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pH 8.5) 2.5 h, /KRR i H 1 mol/L NaOH &5 J hi
WH pH(E GE AR 7.0, M E A # N 8.5) 052 . K
5.5 h J5 F kK th K Ef 15 min, T 3 000 r/min B.L> 20 min,
B LWl RA G TGS,
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TR 40 /L B EORE AW 1 mol/L NaOH 45
SCRL W pH Ry 10, A SS SE B (4 5T 4 5 K & H i il
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¥ B WA 0.22 pm RALIEME S BAE, BAESR S 100 pl,
pH 34 7.0 9 20 mmol/L Ay PBS 2% b % W (% 0.15 mol/L
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Table 1 Sample crude protein content %
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Bro WFFET W] TR E AR R B — 2 TR LTS
HFRE KR S AL 7= e — @ R B R DL R OR
B UK ) B B0 SRR T
2.21 Fe EARN EAFY P B AR LR M
Az i AR X 0 G 3R A ORI A B, Fe ™ n DAL T R
B AR RIR S, BT LR R T Fe' T B A RE
S BT A UR B AR R e ATk T A B SR PR A
W, ERTE EK Y (CGH) | E R (/K iR M) 35 hr 4 i 2k
b= (CGG) Bxd BREE S EARN R T 5 Fe' " B AR I
H 1,

B LA 5T 5E OB X Fet B A RE 1 B 58 . CGG I

O cacee i
807 mCGH+7EZLR

70 EICGH

60l EBTTIERE
501
401
30F
20+
10F

Fe & e
Fe™ chelating abilities/%

%
/ 1l

0.10 0.50 1.00 3.00 5.00 7.00
AW

Protein concentration/(mg * mL™")
A1 FZaREx Fe' #4800 %H
Figure 1

P

070,05

Effect of protein concentration on

Fe’" -chelating abilities

CGH fE B Lk i Fe'™ A R85 M5 | Wk
MR R E A RE T ARWINSE , R B R R. EEAK
B£2 0.10~0.50 mg/mL B} % & fg 1A B % 1948 & . ML ES
CGG f1 CGH ¥y Fe' " # & RE 13 MR & T 3.1 f5 A0 8.9 fi%,
CGH-5E 5L 4L Fe'™ E A f8 J1 H CGG 41 R CGH 41 #5
BN, UL W] CGH 1 5%¢ 5208 2 8] A B B AL RO BE i Rk A A
B 1 3T LR W BORER K ) 463 26 48 1
TLBCEEJE - Fe'™ 2 A R 0 B AN [R) AR B2 A 42 v Ul I 26 i 1
I ARAE i TR B KA = AT LUGE TS Fe' ™ B A R BILIE
B i A RN T bR B A 3 A LR e R . TE IR
P U BT LI B 1 36 B B S 1k o i, & B R R
HE Fe' B AR RIEEAM 164 £5, - OHEHREHK
T 20.82 5 .DPPH - iEBRFEMK T 2.35 5, 5ART I R &
AR — 3, FEhi Bt BOR WY DARE R AR (i HT R AR TR

LT HR AT DLE L B S W B R S TR, CGH
M CGG 1y Fe'* #4135 i BUAR [l B2 B2 9 B K T RE 2 &
KE PR 20t 0 K WAL HL Bl 3 S T Y R B
e B VA TR S T IR 2 e s B O A (S
W Fe* BEARES N, B 2.3 m 0, 5 0 b5 2R W Y
Fhw .« OH W BR3F1 DPPH - WEERRE WL FENRE .
2.2.2  « OH WBRF  REEAERENEREAKHEY
(CGH) . K F K fif ) 55 B 7805 B 4L 7= ) (CGG) Ko Xt IR
FER Y« OH WBR M E 45 R WA 2.

1001
w gl BCCC -
£ m CGH+57% 2L %
£ 80 mCGH U
= Foopm A
% 5 707 eI y
AR 1
& 72 60F 7 N
gr 3 & é é
ELCsor / |
S g T 40F . n
S~ L Z. | v
z 30 Kl é ?
£ 20 ‘n .
, 7l | |
= 104 ¢ 4 Z : é

=2\

070.05 0.10 050 1.00 3.00 5.

Protein concentration/(mg * mL™")
B2 ZaRAEs - OH Frkiuh
Figure 2 Effect of protein concentration on hydroxyl

radical scavenging activities

HE 2 A EHRATUER . CHEMAGAAREN
« OH W BRBEJ), ELRE & 50 SE W v BE (3% . - OH ¥ B %
FEARWH I, 35 5 — @ Wk E JE L S TR . CGG
K - OH ¥EREES t CGH 4., H. W H /Y - OH ¥ Bk fE N 1
—EWEILE N BA ML R, CGG ik « OH #E /1158,
MREEE N BN SR EA N, BB S Fl 24 I Ml
« OH 7= .x 5 2.2.1 PB4 R —5, CGH EEH
W HE S 3.00 mg/mL i« OH i BR a5 8 B m{H h 55.98%,
M CGG 7EH F KA 5.00 mg/mL B « OH IR REFH T
e ME R 90.91% . #E 7K (U ¥ 5.00 mg/mL I X i f)
CGH.CGH+ 5 ZE M 40 M52 M9 - OH ¥ B 3 43 5 4

149



RIS E M

2018 % 9

42.12%,76.38% ,73.00% . Z I HF CGG () « OH {HEBF K
90.91% , tt. CGH, CGH + 52 & B 41 A1 5% 3£ 8% (19 =5, i W
CGH FIFE S Z IR K A: T 38 RN . 35 18 0% 36 Ak =2 I
FAREEKMBYR « OH EBRFA R I WA mE. 572
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RIKB| T B AAE . 4K 61.75% F 29.49 % . bk B 5% BB AN
CGH+ 72 2L 4 iy {H M 69.88 % Fil 86.49 % » tt CGG il CGH
B TR o 150 SE RN S Ak R NPT LA K Hb B v AR K R
1) DPPH « W& BR3 ., H R E 208 B R 0 A 2 /) 4K 5 e
FERERE LK RPN B R A & . 54, WA 3
B AR fL R BT LIAR B S KR it A s S A
WEZRFEFREKB LR, X5 Oh & HRINAEA
KRS AE = P 1 B A AR TS PR L 4R B AR E S B Ak
Wi M 22 (B 7 S O DG R AR AT .

SV, R K R ) 2 25 BLAE AR S Ak & 1 S L B
FALTE PR 0 , BT iE v 5 Ak B 2 R B R AL

Gottardi

207 @ e

2 ool MCGH+FESEHE
LB ECGH
5 < g0 EIEEH

- EE60r
EE Ep
a

E

= 20r

ZIIIII:‘:? A8 A

070.05 0.10 0.50
Protein concentration/(mg * mL™)

B3 #i) & qiREs DPPH « Kk &893
Figure 3 Effect of protein concentration on DPPH

radical scavenging activities

150

2.3 CGH.CGGCHHFENT

SR FE B JE 3o 8 €6, 33 4 BT R K B 1 A AN S Ak
W5 F R Ay A I L. B OK B A AN R SR 1
W) 53 F 3 3 A DLIEL 4

W 4 BRSO T 5T AR S A AR T R B R 1
PrEE R T, CGH 14> T8 78 6 500 Da DL T 925 5 & 500
98% , Hirh /3 FHEE 1 000 Da LLR B/ T 2 K2 & BB
75% . ] LU A A TR A B T (D K A AR A
BEXEARPREASTFUE BN FEKRZIK. CGG
K 4> F & FE 6 500 Da AT M2 5 B8 96 % . o 7 &
TE 1 000 Da DL M/Ny F 2L 5 BB 711% ., TR
200 Da PR CGH 29 5 S 8kmy 18% .1 CGG 295 ME
5% A DL TR AR (4 L R R AL S 95 R fE R Sk
YRs FREBRE I E EREY NS T ZRES KA TFEA

r 16.36
T 800 17.61
a
2w 600-
X
g ®
i ¢ 4001
s E
)
g 200
z 005 749
' 0 0.002.05 23.88
Il L L Il I
0.0 5.0 10.0 15.0 20.0 25.0
VeI AR R
Elution volume/ml.
(a) FriETFREA
17.06
- 250
El;é 200
s
22 150
ER:
<5 & 100
3
s 50
= 20.88
0 23.55
* Il Il Il I}
0.0 5.0 10.0 15.0 20.0
LR
Elution volume/mL
(b) CGH
[ 16.99
500
T 400
E
g £ 300
B«
X a 200
g 8
2 % 10.0
£ 00
Z . 20.87
=100 i
0.0 5.0 10.0 15.0 20.0 25.0
BRI TR
Elution volume/mL
(c¢) CGG

B 4 CGH # CGG # 5 F % 4 H % bl B i
Figure 4 Molecular weight distribution elution

curve of CGH and CGG



F 31 EE 9 H X

R S TR AL X 6 K AR R XU K i 7 ) 470 A A T A 1 B IR

R e« LA T 1A 3G 00 O 30 A % D 2 5 A
VEVETR MR T I 1~ 3 0 LA T ORZE K R
FLA RO 1 50 AL BE 7 7 DL K R 1B 26 ik Ul 46
T T A 5 K 2R M £ A 1 PR A
3 g

S PR Al T L0 3 K T 11 7K AR T AL T
CGH M1 CGG Bli# 8 F1 e B B 3800 . 5 00 18 P 71 98 )
S AE 5 TR 1 S PR AR RO R T 0
FE 400 1360 4 28 55 CGH Bl CGG BB 1 e I 4 He
H 2 B 35 Al P B 1 L £ o R R
V) KL IR ELIE AR I 4 5 K B0 T A £ 4 7l b L A BT ST A
S £ 2 7 P AT T 9 R

S % 3k

(17 ZEpt b, T oK D RE AR A9 il o5 M /B BTG MEMBF SR (D). K. 3
MK, 2008 159-161.

(2] 4, MIBE2, KBS WK X TR 26 K R B A A0 T 1
L], &R RHE . 2015, 40(7) . 226-232.

[3] BRiE, & R4 BABEIREBWE AL EYEges, 2017,
42(2): 70-72.

[4] OHTSUBO K, MARTH J D. Glycosylation in cellular mecha-
nisms of health and disease[J]. Cell, 2006, 126(5): 855-867.

(5] B AT, sKanS. ARty E Aot O] & & Tl A
#2016, 37(16): 389-395.

(6] WAME, BRI, Z0ut. FERIEE 5N 1 1 Ty RE 45 e A28 2 PR 5T
PERLT]. i Tolk. 2016(10): 258-262.

[7] VHANGANI L., VAN Wyk J. Antioxidant activity of Maillard
reaction products ( MRPs) derived from fructose-lysine and

ribose-lysine model systems[ J]. Food Chemistry, 2013, 137(1/

2/3/4): 92-98.

[8] ZHANG Ru, ZHANG Bian-ling, HE Ting, et al. Increase of ru-
tin antioxidant activity by generating Maillard reaction products
with lysine [J]. Bioorganic & Medicinal Chemistry Letters,
2016, 26(11): 2 680-2 684.

L9 BRém, 257, 158 P9 HGfif 2 Ik 5% 5015 5 50 ™ 4 At 0 o 1
LT Bf T RHE . 2017¢5) : 88-92.

[10] MARKO D, HABERMEYER M, KEMENY M., et al.
Maillard reaction products modulating the growth of human
tumor cells in vitro[J]. Chem Res Toxicol, 2003, 16 48-55.

(1] @, ZRENE, EREL 5% REE 4~6 sesEmim il & J 1
WEERFSEL)]. AR, 2012, 37(8) . 248-251.

[12] W%, A EHE XM, & K i i I8) 6 T oK 26 1 RS B A ) D 41
it p s m L], £ A 5P 2014, 30(3) . 154-158.

CI3] X B, XUWE2s, KRS RE, 5. 24 KRS EATT Y
BrE L IE ERT L], M S P, 2015, 31(1): 141-145.
[14] MEEE. FL05 8 A B R KT Y T ReFe MR 5 [ D], &

B LMK, 2015. 33-36.

[15] FRE, Wi— T, S, &5, 3 5 0 Je 6k 8 1A B 7= 4
B rEren R AL pE S L) ] & dh Dol B4, 2018, 39(4) . 77-
81, 105.

[16] GOTTARDI D, HONG P K, NDAGIJIMANA M, et al. Con-
jugation of gluten hydrolysates with glucosamine at mild tem-
peratures enhances antioxidant and antimicrobial properties[]].
Food Science and Technology, 2014, 57. 181-187.

[17J OH P S, LIM K T. Antioxidant activity of Dioscorea batatas
Decne glycoprotein [ J J.  European Food Research &
Technology, 2008, 226(3): 507-515.

[18] Wh4: R, 18R, RWF . 5. ZIKF AR ] P E
AR, 2013, 29(7) . 895-899.

(E#% 114 7O
5% 3k

(1] «ZB45 E L2 )45 2H. ZBAS a2 L[ M. Jb 5t Jb st i iR
#. 2013 48-75.

[2] BARF G. D2AH. YBAS BIAE G e LUt 50 Z]. Mg 2 W -
KF G. D2AFEL 2010 25-29.

(3] b9 0 A HUBR AT BR S AR 7. YB4S BURE & s pLit M (2], &
W IR BT E A H L 2014 65-68.

(4] b0 3 HUMOA BR 5% AR 23 7. GDX2 #LaiSr R Wi Z]. Bl -
LA B 5T A |, 2013 18-27.

(5] MB7KkHE, @4, CH B I AUE R WU I B4 B i et [T ). &
S5 B, 2016, 32(5): 110-113, 213.

(6] BR M. GDX2 {03 HL240 CH /Al i3 B 4% K6 1 3 45 10 1% 3 1
FALT). MAZERI: . 2013(3) : 25-26, 30.

(7] ABHFAR. GDX1 A HLRT AR 4G b LA A it L) 0. & il S5 LML
2014, 30(4): 78-81.

(8] bo b . BRAhs B A a5 A M. doat: 2Tl

oI

JE At . 2006 136-139.
[9] &, T, EH CATIA Fl ADAMS 191525l 7 1) 16 4l 2% 14932
SR 2 BT ARG TR, 2011(2): 124-129.

C10T XU B4R, 7%l = 1a) b 2% 09 3l g 2 R PR B3 #T [ D] K
JR. ORJRH TR, 2016 27-30.

[11] mivade, &, B YL 58l =X m 6 2% 152 30 0 5 4
HLIT B HLbE . 2017, 45(11)  43-46.

(127 Wi 4, Shente. 2= SOk, RO Uk P 1) 125 B 303 M0 | oy
BrlJ]. MHEERL, 2015, 48(10) . 84-88.

(137 EifE €. BERe ML AL AR AR sh &5 40 A 5 05 HF S L) ). & i S 4L
M. 2017, 33(6): 101-104.

[14] #4EB ., HHF. 3T Solidworks (1 £3 1 WL I B JT 4% (0 05 2 4y
BrlJJ. i SHU . 2015, 31(5): 104-106.

[15] #ER. 3kEC. BF R, 4. 5T Solidworks Motion K % #fi
WAL 7= 2 5 1 gl 2 A B AT LD ). A S L. 2015, 31
(5): 96-99, 180.

151



