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Preparation of scallop mantle seasoning material with antioxidant activity by
enzymolysis coupled with Maillard reaction
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ABSTRACT: Objective To explore the process parameters of scallop mantle seasoning material with antioxidant
activity by enzymatic hydrolysis coupled with Maillard reaction. Methods Scallop mantle was used as raw material
to prepare scallop mantle seasoning material by enzymatic hydrolysis, and Maillard reaction was used to enhance the
antioxidant activity of seasoning material. Taking degree of hydrolysis as index, the effects of addition amount of
compound protease, enzymatichydrolysis temperature, enzymatichydrolysis time and pH on the enzymatic hydrolysis
effect of scallop mantle were investigated by single factor test, and the optimum conditions of enzymatic hydrolysis
of scallop mantle were determined by orthogonal experiment. The scallop mantle hydrolysates mixed with glucose
were heated for Maillard reaction, the browning degree, antioxidant activity and sensory evaluation of the sample was

determined. Results The optimal enzymatic hydrolysis of scallop mantle was as follow: The additive amount of
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enzyme was 3%, the temperature was 50°C, the time was 8 h, and the pH was 8. After 3.0 h of Maillard reaction with

glucose at 110°C, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity of scallop mantle seasoning

material was enhanced by 1.7 fold, and the scallop mantle seasoning material tasted delicious with a strong aroma but

not fishy smell. Conclusion Under the optimal process parameters, the scallop mantle seasoning material prepared

by Maillard reaction has good antioxidant activity. This study can provide theoretical supports for the development of

functional seasoning material and high-value utilization of scallop mantle.
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Table 1 Factors and levels table of orthogonal test for
enzymolysis of scallop mantle
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Table 2 Sensory evaluation criteria
T H VAT briE
FEEBA(1~7 43)
IRIEL(8~16 41)
S (17~22 43)
R (23~30 4)
R (1~10 43)
WA IR (11~20 43)
W AT R (21~30 47)
L BH 2. (31~40 43)
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BEVR (40 43)

HLURA (30 41)
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Table 3 Orthogonal test results for enzymolysis of scallop mantle
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S IK S JE %
A% B/°C C/h D
1 1 1 1 1 35.96+0.54
2 1 2 2 2 37.26+1.21
3 1 3 3 3 38.96+1.08
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5 2 2 3 1 40.36+1.27
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R 0.940 0264 3293  0.624
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Fig.l1 Effects of Maillard reaction on browning degree of scallop
mantle enzymolysis liquid (n=3)
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Fig.2 Effects of Maillard reaction on DPPH- scavenging capacity
of scallop mantle enzymolysis liquid (n=3)
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Fig.3 Effects of Maillard reaction on sensory score of scallop
mantle enzymolysis liquid (n=10)

A5 3 o B PR 3R S 00 M A8 S5 A AL i L2,

7521 Bt DURH 30 8 R SR R AR AR SO0 B AR N3 3%,
ARG 50°C . MEARINTE] 8 h, pH 8. BEHHIK 547 HHE
BN KA LRI, AT M A R, 110°CHn
IR 3.0 h i, AR R S B B BTN 4,
PR, SEFe, FX DPPH- (VG RRBE I T 1.7 f%.
AHRST LI RR DLAR 30 R ISR e T REME TR R I RL, S B D4R
N EAR AR T S%, (AREWEB, EhifER &
S S BUEARTE E E R, (HSO 7
MR A R, FLEA IR, ™ 5 R
JO o L 3 3 ) S A SN A AR BT ST T
[P = AR AR R, ST — IR ER . WA, AR
{X Lk DPPH EBREE S MR PN AR S (AN R AL TG, 5
SEATY T T J Sh ) /K- SE 0 B0 UE B DU 21 AR R A N Bt
ALk

SE 30k

(1] bk, REZIR, W, 45, INARAE B DLFRAL L AR M7 5 K SR x5
[7). #EFERR2E, 2011, 35(3): 92-98.
LI CL, SONG AIH, HU W, et al. Status analyzing and developing
counter- measure of cultured scallop industry in Shandong Province [J].
Mar Sci, 2011, 35(3): 92-98.

[2] Al AR B R, 2021 dE 0 GEHEYS M. dbst: i
Al L, 2021.
Ministry of Agriculture and Rural Affairs Fisheries Administration. 2021
China fishery statistical yearbook [M]. Beijing: China Agriculture Press,
2021.

[3] 3K, MICH, WK, 5. UFm DUNUREF e A e MEr 2= 1k
ZE5¢[3]. K= 2EHE, 2020, 44(11): 1883-1892.
ZHANG Q, TIAN YY, JIANG MH, et al. Seasonal variation of
myofibrillar protein thermal stability of scallop (Patinopecten yessoensis)
[J]. J Fish China, 2020, 44(11): 1883-1892.

[4] T, A, R, AE. MRS DUAR T 2 R AT A IS P
WFFE[T]. ErahRHE, 2017, 4: 188-193.
FENG DD, LI N, GAO Y, et al. Cellular antioxidant activity of
polysaccharide from the skirt of Patinopecten yessoensis [J]. Food Sci
Technol, 2017, 4: 188-193.

[5] i, &5, 2%, 5 HifLE P E ARO[, B4R
ReEFAR(AARRLER), 2021, 37(2): 157-161.
LI L, CAO YN, JIANG W, et al. Optimized extraction conditions of
protein from scallop Chlamys farreri [J]. J Ludong Univ (Nat Sci Ed),
2021, 37(2): 157-161.

[6] ThmmHa, W&, XA, 4. B IUHUEEARON Ro/N BUAR BT AL T
W] B R4, 2018, 9(19): 5159-5163.
MA LY, HU ANG, LIU ZD, et al. Antioxidant function of peptides from
scallop by-product in aged mice in vivo [J]. J Food Saf Qual, 2018, 9(19):
5159-5163.

(7] Biwids, AR, SR, S5 IFm DL R AR 2 &



%5 23 4]

XUMGHS, 25 BERIR G SE RIS

IO i) 2 FL A T A T R B DUAR I R R SR

7713

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

oAb 2k 5P AT P Y B 0.
13(4): 1224-1231.

B AR A 24, 2022,

WEI WL, MU YT, LI ZB, et al. Optimization of different extraction
processes of crude polysaccharide from Patinopecten yessoensis adductor
and comparison of its chemical properties and antioxidant activity [J]. J
Food Saf Qual, 2022, 13(4): 1224-1231.

%, WSOR, FIRLL, 5. R DU R 20 AR 285 K fu i
TRIETERTFE[T]. P24, 2020, 39(6): 31-38.

GAO Y, FAN WB, WANG YH, et al. Extraction and isolation of
polysaccharides from different parts of Chlamys farreri and its antitumor
activity [J]. Chin J Mar Drug, 2020, 39(6): 31-38.

KA, BRENEL, SRHILT, AF. 2016 AEMWALAE B DUV IE RS AT[T]. Ik
#all, 2017, (6): 23-25, 45.

ZHANG L, ZHANG LM, SHI YH, et al. Analysis of scallop industry
situation in Hebei Province in 2016 [J]. Hebei Fish, 2017, (6): 23-25, 45.
M. FFLE DURTIL B SEHLAE SO IR PERTIE (D). K% K
BTk KA, 2016.

SUN SG. Characterization of Maillard reaction products of hydrolysates
from scallop Chlamys farreri skirt [D]. Dalian: Dalian Polytechnic
University, 2016.

dt, B, BAT, A W R 5
], £k TalkRHE, 2021, 42(8): 206-214.
ZHANG W, HU XY, ZHAO X, et al. Response surface methodology for

G DSR2

optimization of enzymatic preparation of umami peptides from Mytilus
edulis [J]. Sci Technol Food Ind, 2021, 42(8): 206-214.

TR, BRI, KR, SF LT TR R A SE R AR
PP EACTEEDIE ). R A, 2022, 47(5): 55-59.

ZHANG YL, HUANG TQ, ZHANG LY, et al. Study on antioxidant
activity of Maillard reaction products by electron spin resonance
spectroscopy [J]. China Cond, 2022, 47(5): 55-59.

YR, WrHSF, BRIGERS, AF. e 2RO SRS A v e YRR
BT ZARAED]. bR, 2016, 37(22): 69-76.

WU JN, JIN YF, CHEN XT, et al. Optimization of preparation of seafood
flavor condiment base from cooked abalone juice by Maillard reaction [J].
Food Sci, 2016, 37(22): 69-76.

XK, JR, Ao, S5 DUBER 4 AR BRI T 20T ).
JBR A, 2021, 4: 102-110, 113.

i

LIU B, ZHOU Z, LI RM, et al. Research on the process of Enteromorpha
clathrate umami peptides prepared by double-enzyme method [J]. China
Cond, 2021, 4: 102-110, 113.

R, BEE, RUR, AE. BB RETE MR BFRI(T]. & S
T, 2019, (23): 5-8.
WANG ST, XUE R, SONG C, et al. Development of functional Urechis
unicinctus seasoning [J]. Farm Prod Process, 2019, (23): 5-8.
TIIRWE, RVFE, TRET, S5 MR RTEGR I B R Y

], EERHE, 2021, 46(11): 269-273.

FANG XB, SONG SJ, SHEN D, et al. Preparation and amino acid

analysis of seafood flavor seasoning [J]. Food Sci Technol, 2021, 46(11):

[17]

[19]

(21]

[22]

(23]

[24]

[26]

269-273.
A, GRIBEH, 2, AF. RIS
Tolk, 2019, 40(12): 60-64.

TSN 26 VR, B

JIANG D, ZHANG XY, XI Q, et al. Preparation of seasoning based on

Maillard reaction of kelp enzymatic hydrolysis products [J]. Food Ind,

2019, 40(12): 60-64.

ZHANG L, LIU YZ, LU D, et al. Angiotensin converting enzyme

inhibitory, antioxidant activities, and antihyperlipidaemic activities of

protein hydrolysates from scallop mantle (Chlamys farreri) [J]. Int J Food

Prop, 2015, 18: 33-42.

ZEFH, KRR, RN, . RIS ARV B DURR L e i

TEMFFE]. o EEGE, 2021, 40(4): 122-126.

QIN Y, ZHANG CF, XIN MR, et al. Preparation technology of seafood

scallop skirt soy sauce by high-salt dilute fermentation [J]. China Brew,

2021, 40(4): 122-126.

HAN JR, YAN JN, SUN SG, et al. Characteristic antioxidant activity and

comprehensive flavor compound profile of scallop (Chlamys farreri)

mantle hydrolysates-ribose Maillard reaction products [J]. Food Chem,

2018, 261: 337-347.

HFORAL, W5, PRFF, &5 ROMEGI AN T SRR

BT EARAE]. &5 TAk RS, 2022, 43(3): 222-230.

DONG CH, WEN QY, LI TQ, et al. Optimization of the technology for

preparing salty wheat gluten protein hydrolysate by compound enzyme

method [J]. Sci Technol Food Ind, 2022, 43(3): 222-230.

PR, SRIEsR, JRLE. W A -9R R Lo RO SE R - My il & Je 3k

FE[T]. AP BRI &, 2021, 46(2): 19-22.

WEI YJ, GUO XQ, ZHOU T. Preparation and characterization of

casein-carboxymethyl chitosan Maillard products [J]. China Cond, 2021,

46(2): 19-22.

XUMEH, Fdh, Tadk, 55 FEHAER NI TR E RN LIRS
SE[T]. Eah Tl 2021, 42(12): 112-115.

LIU PL, WANG J, YU JH, et al. Effect of Maillard reaction on nutrient

composition and antioxidant activity of Ficus carica [J]. Food Ind, 2021,

42(12): 112-115.

SR, AR, RN, AF. hWE TR ] A SR LR L A BT 5

[ P ERERE, 2021, 46(9): 105-111.

ZHANG TT, ZHAN MX, ZHANG BL, et al. Study on the preparation of

seafood seasoning by enzymatic method of dried oyster [J]. China Cond,

2021, 46(9): 105-111.

R, VAR, XUAREE, SF. ANHKAEER ] f B BT AL P

FE]. A A I =4, 2022, 13(9): 2947-2955.

ZHOU Y, XU CM, LIU SQ, et al. Study on preparation and antioxidant

activity of Tricholoma matsutake hydrolytic protein peptide [J]. J Food Saf

Qual, 2022, 13(9): 2947-2955.

AR, Rlifelds, 955K, 55, PIAM NS B AR U R HA T

M. B TR, 2022, 43(9): 232-242.

HOU YK, LU YF, JIANG YF, et al. Optimization and evaluation of

enzymatic hydrolysis process ofhybrid broilers skeleton [J]. Sci Technol



7714

B dn 2 4 R R I A 4R

13 E

[27]

(28]

[29]

[30]

[31]

[32]

Food Ind, 2022, 43(9): 232-242.

ZeFk, IR, ARG, 5. BRAIKE Plastein RV T A GSHIMAL
[7]. R 5, 2020, 45(4): 107-114.

JIANG M, LI XY, SONG ZY, et al. Preparation of sea cucumber
intestinal seasoning by enzymatic hydrolysis coupled with Plastein
reaction [J]. China Cond, 2020, 45(4): 107-114.

Tk, RiB Y, FEIEI A E K AR A B T D). '
A RN, 2021, 12(23): 9226-9232

DING L, YU YB, YAN JK. Study on hydrolysis technology of Corbicula
fluminea with complex proteases [J]. J Food Saf Qual, 2021, 12(23):
9226-9232.

VPR, SRIY, B, 55 2R IRE 85 Al A B MBS RCRAT
eI AR STRR, 2022, 43(5): 106-114

XU JB, JIA XT, LU SH, et al. Preparation and calcium supplement effect
of sesame peptide chelated calcium [J]. Food Res Dev, 2022, 43(5):
106-114.

ViEh, INIRTE, S5 48, B DUAR A M e R vh S OR AL i AR AL IR
T B AN, 2019, 7: 121-126.

XU J, SUN LY, GUO JT. Study on the changes in taste-active components
during enzymatic hydrolysis of scallop brim [J]. Mode Food Sci Technol,
2019, 7: 121-126.

LIU PL, LU XM, LI NY, et al. Characterization, variables, and
antioxidant activity of the Maillard reaction in a fructose-histidine model
system [J]. Molecules, 2018, 24(1): 56.

BFE, HISEE, AR, 5F. BRI R R AR R AR T
SR, PR, 2022, 41(2): 92-97.

LI FX, YANG TT, ZHANG W, et al. Determination and extraction

technology of melanoidin in sauce-flavor Baijiu distiller’s grains [J].

[33]

[34]

[35]

[36]

China Brew, 2022, 41(2): 92-97.

XUMSAT. ST R 2H LR 2R (9 B ML 5E (D). #8242 1l
HRAI, 2019.

LIU PL. Study of the browning mechanism of black garlic based on
fructose-histidine model system [D]. Tai’an: Shandong Agricultural
University, 2019.

RAF, WK, BRI, 45, KRR B S XUR DI B BT (D). £ 5
KTk, 2019, 45(14): 203208

XU R, HU B, MA RR, et al. Key flavor substances of baked glutinous rice
powder [J]. Food Ferment Ind, 2019, 45(14): 203-208.

A AP ORIOR, AN, HUDRE, AE. R R A
T PR, 2022, 3: 121-125.

BUWEIZUOHERE AKRM, WANG DP, JING SQ, et al. Optimization of
preparation technology of mutton flavoring microcapsules [J]. China Cond,
2022, 3: 121-125.

A, RRARERE, SRBR, S PR BRI A SE R N AR R R SR
[7. iRl 2020, 41(24): 242-250

GAO J, DU JX, WU X, et al. Preparation of meaty flavoring base from
enzymatic hydrolysate of morel mushroom by Maillard reaction [J]. Food
Sci, 2020, 41(24): 242-250.

(WHEHRE: KW TEW)

EZ BN

XUMEF, L, WA, EEMRFTEA
EEMRm.
E-mail: liupengli2020@163.com



