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Abstract: In order to make efficient use of protein resources in Moringa oleifera leaves, bioactive peptides from Moringa oleifera leaves
were prepared by solid-state fermentation. Firstly, the optimal strains were selected from Aspergillus oryzae and Aspergillus niger with enzyme
activity and peptide content as indexes. Then, the effects of fermentation time, water content, initial pH and inoculum amount on peptide content
were studied. The fermentation process was optimized by response surface methodology. The antioxidant activity and amino acid composition
of Moringa oleifera leaves bioactive peptides were studied. The results showed that the optimum conditions were as follows: Aspergillus oryzae
was the best strain, fermentation temperature was 30 ‘C, fermentation time was 72 h, medium moisture content was 52.39%, inoculum volume
was 14.71%, pH was 5. Under the optimal fermentation conditions, the Moringa oleifera leaves bioactive peptides had good DPPH free radical
scavenging rate (ECs;=1.0927 mg/mL), ABTS free radical scavenging rate (ECs,=0.059 mg/mL) and Fe*' chelating rate (EC5=9.76 mg/mL).
Seventeen kinds of amino acids were detected in the bioactive peptides of Moringa oleifera leaves, and the contents of acid amino acids (Glu
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and Asp) and hydrophobic amino acids (Tyr) with antioxidant function were abundant. The results provide basic research data for the high value

utilization of Moringa oleifera leaves and the research and development of natural antioxidant food.
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activity; amino acid composition
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Table 2 Response surface design scheme and results

RIS ARFAELKE% BARMEEMEY% CABHE/M Y ODsgm
1 50.00 14.00 96.00 0.127
2 60.00 14.00 120.00 0.119
3 50.00 14.00 96.00 0.132
4 50.00 11.00 72.00 0.097
5 50.00 14.00 96.00 0.129
6 40.00 14.00 72.00 0.11
7 40.00 17.00 96.00 0.091
8 40.00 11.00 96.00 0.089
9 50.00 17.00 120.00 0.117
10 60.00 11.00 96.00 0.092
1 60.00 14.00 72.00 0.125
12 50.00 14.00 96.00 0.120
13 40.00 14.00 120.00 0.105
14 60.00 17.00 96.00 0.097
15 50.00 14.00 96.00 0.132
16 50.00 17.00 72.00 0.123
17 50.00 11.00 120.00 0.086

*® 3 EIRBHESTR BE ML

Table 3 Analysis of variance and significance test of regression model

2R Ak AHE HF F 1 plE Bk
ARA 3.816x10° 9 4.240x10™ 6.38 0.0116 *
ALK E 1.805%10° 1 1.805x10™ 272 0.1433
Bk FaArE  5.120x107 1 5.120x10* 7.71 0.0274 *
C-& LR 1A) 9.800x10° 1 9.800x10° 1.48 0.2639
AB 2.550x10° 1 2250x10°  0.034  0.8592
AC 2.500x107 1 2.500x107  3.763x10°  0.9528
BC 6.250x10° 1 6.250x10°  0.094  0.7680
A? 7.532x10™ 1 7.532x10™ 11.34 0.0120 *
B’ 2.108x10° 1 2.108x10° 31.73 0.0008  **
c 6.579x10" 1 6.579x10%  9.904x10™*  0.9758
KRE 4.650x10™ 7 6.643x10° - -
KR £ 3.670x10™ 3 1.223x10™ 4.99 0.0772
#hig £ 9.800x10° 4 2.450x10° - -
En 4.281x10° 16 - - -

E: AR E (p<0.001); **AHIEE (p<0.01); *AHBF (p<0.05); F2F (p>0.05); -RTLIHIE.
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Table 4 Amino acid composition of bioactive peptides from
Moringa oleifera leaves

B AR SE% EEH5E%

rﬁﬁﬁé (Ala) 6.42
fEEL (Val) 521

Sk B %ﬁ@x (Ile) 325 2846
2B (Leu) 4.92
EARER (Tyr) 3.38
FHEBR (Pro) 527

K SULE EAEB (Asp) 1121 5031
528 (Glu) 19.10
AR (Arg) 2.61

BRI AF (His) 6.23 13.64
BAFL (Lys) 4.80
H&FR (Thr) 4.82
“ 2B (Ser) 5.05
HAM (Gly) 6.58

HAe BB 27.55
EE (Cys) 5.51
ERF (Met) 1.72

KAZEL (Phe) 3.87
K 4 5oR, BORMHIEHRIERH 17 FERER, 5
PrEAMIE AR IR 2 LR LS Asp. Phe. Tyr.
Glu. Lys. His. Pro. Cys 20 Horh S Bl i
2 Glu (19.10%), HIN Asp (11.21%), 76
YR E AP, Kim 2535006 AR R i R4
BGEAT TR, S IRATVREE R & BB R R 2
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B B ST A IS R N, 58t 7ok — 20
S RAIH- 35 P A 1 PR B 2L R AN S R P S HEA TR N 53
Mo

3 ZHig

ARSI ) FH K ot 8 [ 45 R TV o 4 RO IV
WK, e Bt R I L 2K I B s A,
HFE 30 °C, KFEERSIE] 72 h, KEFEFEE/KE 52.39%,
PRI 14.71%, pH N 5. TEfRM T E4MH AR

BRI PRI AT BB UL ELE & 17 AR
SR, SRR KRR A R . A
TR LK R TR SR T — 520
B, MR SR L.

A LK

(1] FRRIZE, /NGRS, S5 TR AR E TR ThRER Y
S BERRA RFEA]. F i R #,2018,39(11):39-45
GUO Gangjun, HU Xiaojing, XU Rong, et al. Effects of
drying methods on nutrition, functional components and amino
acid composition of spicy wood leaves [J]. Food Science, 2018,
39(11): 39-45

[2] AT RO E IR, 45 Box-Behnken Wil S FIVAM AL BRAH
RERB AR T Z0]0H{(E,2018,6:128-136
HAO Dongyu, XI Xingjun, CHU Qiao, et al. Optimization of
ultrasonic extraction process of pungent leaf protein by box
Behnken response surface methodology [J]. Analytical
Instrumentation, 2018, 6: 128-136

[3] El-hack M E A, Alagawany M, Elrys A S, et al. Effect of
forage Moringa Oleifera L. (moringa) on animal health and
nutrition and its beneficial applications in soil, plants and water
purification [J]. Agriculture, 2018, 8(9): 1-22

[4] M S Brewer. Natural Antioxidants: sources, compounds,
mechanisms of action, and potential applications [J].
Comprehensive Reviews in Food Science and Food Safety,
2011, 10(4)

[5] Farhat U, Naveed I, Muhammad A, et al. DPPH, ABTS free
radical scavenging, antibacterial and phytochemical evaluation
of crude methanolic extract and subsequent fractions of
Chenopodium botrys aerial parts [J]. Pakistan Journal of
Pharmaceutical Sciences, 2017, 30(3): 761-766

[6] MSA TEM,SM A, et al. Impact of cucumber pomace
fortification on the nutritional, sensorial and technological
quality of soft wheat flour-based noodles [J]. International
Journal of Food Science & Technology, 2021, 56(7):
3255-3268

(7] SR, B KGR B R e AU AR AR Tt e (], v [
R 4,2021,46(1):191-195
LIU Hui, TONG Xing. Research progress of antioxidant
peptides in soybean hydrolyzed protein [J]. China Condiment,
2021, 46(1): 191-195

[8] Weicai Zeng, Qun Sun, Wenhua Zhang, et al. Antioxidant
activity in vivo and biological safety evaluation of a novel
antioxidant peptide from bovine hair hydrolysates [J]. Process

Biochemistry, 2017, 56: 193-198

113



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

(%]

[14]

[16]

[17]

114

Mazumdar A, Maumdar H. Bio-Processing of banana peel for
alpha amylase production by Aspergillus oryzae employing
solid state fermentation [J]. The Clarion- International
Multidisciplinary Journal, 2018, 7(1): 36
QB/T1803-1993, T-MbF Hll351138 FH 1036 7524 [S]
QB/T1803-1993, General methods of determination for
industral enzymes [S]

Parvin R, Pande Sv, Venkitas Ta. On the colorimetric biuret
method of protein determination [J]. Academic Press, 1965,
12(2): 219-229

TRELIE, kP, Jo RO, 58 i S T V200 AV Rl £ 22 ik
TERRA] IR AALE,2017,45(3):151-154

ZHANG Hongbo, GAO Yanping, ZHOU Enxu, et al.
Optimization of carp polypeptide extraction by enzymatic lysis
by the response surface technique [J]. Jiangsu Agricultural
Sciences, 2017, 45(3): 151-154

GB 5009.124-2016, 1 ity 22 4= 8 ZObR i, B o S L R 1Tl
5E[S]

GB 5009.124-2016, National Standards for Food Safety,
Determination of Amino Acids in Foods [S]

Asghar M T, Yusof Y A, Mokhtar M N, et al. Coconut (Cocos
nucifera L.) sap as a potential source of sugar: antioxidant and
nutritional properties [J]. Food Science & Amp; Nutrition,
2020, 8(4): 1777-1787

Olszowy-tomczyk M, Typek R. Monitoring the changes of
5-caffeoylquinic acid during its reaction with ABTS cation
radicals by LC-MS [J]. Journal of Liquid Chromatography
&Amp; Related Technologies, 2020, 43(15-16): 687-692

Jin D, Liu X, Zheng X, et al. Preparation of antioxidative corn
protein hydrolysates, purification and evaluation of three novel
corn antioxidant peptides [J]. Food Chemistry, 2016, 204:
427-436

SELE. PR it B [P A5 R ROK TR ) 2 K AR [D]. 57 A < L AR
kAR, 2012

CALI Jia. Preparation of corn peptide from corn glutenmeal by
Aspergillus niger solid-state fermentation: [D]. Jinan:
Shandong Institute of light industry, 2012

Agarwal V, Kumar D, Varadwaj P, et al. Water activity and
biomass estimation using digital image processing in
solid-state fermentation [J]. Bioresource Technology, 2020,
308: 123277

R AEOK B A Xk 2 RORA B S5 e e S A B S
[D].F4 &:Fd B K52,2019

LIANG Yuxi. Effects of Aspergillus oryzae fermentation on

physicochemical properties and antioxidant activity of sesame

[20]

[24]

[25]

[26]

[27]

meal: [D]. Nanchang: Nanchang University, 2019

I S, DR A R S M S TNE DA 58 S 2 BB SR T2 Kt
FALTEMER T[] B A SR, 2021,53(1):54-60

SHI Feifei, CHEN Yu, ZHOU Chen, et al. Optimization of
extracting polyphenols from Codonopsis pilosula by the
response surface technique and their antioxidant activity [J].
Animal Husbandry & Veterinary Medicine, 2021, 53(1): 54-60
M P V, N S F. Antioxidant activities from two varieties of pear
peel extracts using DPPH and CUPRAC methods [J]. Journal
of Physics: Conference Series, 2021, 1764(1): 012013

S QUSRI R N 5 T e & R LIRS IR A AN
TERRAD]. & i Tk FHE,2021,24:188-196

LI Lu, ZHANG Puxiang. HAN Pengcen, et al. Process of the
preparation of antioxidant peptides by enzymatic hydrolysis of
yak hide protein [J]. Science and Technology of Food Industry,
2021, 24: 188-196

Liang L, Wang C, Li S, et al. Nutritional compositions of
Indian Moringa oleifera seed and antioxidant activity of its
polypeptides [J]. Food Science & Nutrition, 2019, 7(5):
1754-1760

N K E, M K N. Oxidation of ABTS by hydrogen peroxide
catalyzed by horseradish peroxidase encapsulated into sol-gel
glass [J]. Journal of Molecular Catalysis. B, Enzymatic, 2002,
18(1): 39-48

SR AR DA T S K S P i 26 S AR AP At
PR B o RH,2022,6:205-212

JIA Lei, HE Hui, XIANG lJiqian, et al. Study on preparation
and antioxidant activity of selenopeptide from Cardamine
enshiensis in vitro [J].
Industry, 2022, 6: 205-212

Science and Technology of Food

Wang L, Ma M, Yu Z, et al. Preparation and identification of
antioxidant peptides from cottonseed proteins [J]. Food
chemistry, 2021, 352: 129399

T35 S PO RAE I IS T A R[] A AR, 201 1,15:
13-14

HE Qin. Antioxidants in oils and fats in food applications [J].
Beijing Agriculture, 2011, 15: 13-14

EOSOR 255 [ AR R SR B b LSRR S S A AT 7
[J] R R RH,2013,21(5):60-65

LYU Shuangshuang, LI Shuguo. Research on natural plant
source food antioxidants and the application [J]. Science and
Technology of Cereals, Oils and Foods, 2013, 21(5): 60-65
Zarei M, Ghanbari R, Tajabadi N, et al. Generation,
fractionation, and characterization of iron-chelating protein

hydrolysate from palm kernel cake proteins [J]. Journal of



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

(30]

[35]

Food Science, 2016, 81(2): C341-C347

B SR o, TN AIR A ORI 55 S i 2 ] A e o) 2 A A R B
MPUEAIEERT AL [I]. B M RHE,2014,39(2):17-22

MING Qianggiang, YU Lina, YANG Qingli, et al. Preparation
of peanut protein peptide by solid state fermentation of
Aspergillus niger and its antioxidant activity [J]. Food Science
and Technology, 2014, 39(2): 17-22

B, EM, AR A A R A BUEAL IR 2 B 2l S —
WA S E ] & EH,2017,38(3):59-63

MAO lJing, WANG Peng, WANG Zuhao, et al. Isolation,
purification and primary structure identification of antioxidant
peptides from pine kernel glutenin [J]. Food Science, 2017,
38(3): 59-63

WS RISRI, M, 55 KGR ER AL e AR SRR
MRFPELT] £ R,2020,41(14):58-65

ZENG lJianhua, LIU Linlin, YANG Yang, et al. Component
analysis of soybean lipophilic protein and its antioxidant
propetties in vitro [J]. Food Science, 2020, 41(14): 58-65

Kim Y J, Kim H S. Screening Moringa species focused on
development of locally available sustainable nutritional
supplements [J]. Nutrition Research and Practice, 2019, 13(6):
529-534

TR 2K B PR B B LR AR R B T[]
PR 5H,2020,45(12):159-164

WANG Yingying, LI Yingqiu. Study on antioxidant
characteristics of enzymatic hydrolysis of tree peony seed
protein [J]. China Condiment, 2020, 45(12): 159-164

Yu J, Hongfei Z, Bolin Z. The role of an acidic peptide in

controlling the oxidation process of walnut oil [J]. Foods

[36]

[37]

[41]

(Basel, Switzerland), 2019, 8(10): 8100499

Masomeh G, Keizo A, Salimeh M, et al. Identification of two
novel antioxidant peptides from edible bird's nest (Aerodramus
fuciphagus) protein hydrolysates [J]. Food & Function, 2017,
8(5): 2046-2052

A Michael Wade, Hugh N Tucker. Antioxidant characteristics
of L-histidine 1[J]. The Journal of Nutritional Biochemistry,
1998, 9(6): 308-315

TR, E, R E A R I TR DT ALK i) 2% 5 45
FRAELT]. R A AR #417,2004,3:466-469

XU Li, LI Xianglu, WU Xiaoxia, et al. Preparation and
structural characterization of a new corn anti-oxidative peptide
[J]. Chemical Journal of Chinese Universities, 2004, 3:
466-469

53, AR N A AT SR R AR 25 R PRI T2 0505
[7].] AL T,2021,49(3):4-7

YE Yong, ZHOU Chunka, TANG Xiaoyue, et al. Preparation
and activity of plant antioxidant peptides [J]. Guangzhou
Chemical Industry, 2021, 49(3): 4-7

Chen H, Muramoto K, Yamauchi F. Structural analysis of
antioxidative peptides from soybean beta-conglycinin [J].
Journal of Agricultural and Food Chemistry, 1995, 43(3):
574-578

MR T G T IR L s VE IR AR 280 2R FUE e [].
TS REET Y, 2021,47(16):288-293
YANG Baojun, LIANG Qi. Research progress on
structure-activity relationship of bioactive peptides derived
from cheese [J]. Food and Fermentation Industries, 2021,

47(16): 288-293

(L35 151 O

[15]

S8R A, R 5 A, T, B8 SR SRR 1 ) e BB RET]. 2R
R (HARRHEAR),2007,33(2):212-215,220

QIANG Zhibin, CHEN Yinsheng, GUO Huawen, et al.
Property of different molecular weight and degree of
deacetylation chitosan membranes [J]. Journal of Donghua
University (natural science), 2007, 33(2): 212-215, 220
AT, 7K 3R, ke A S R A WA B A 9K S eHR
il 2% B PR RERA FE[J]. TEHIA RL#4R,2016,31(5):479-484
FU Haili, ZHANG Wen, ZHANG Hua, et al. Preparation and
antibacterial  activity =~ of  chitosan/organic  laponite
nanocomposites [J]. Journal of Inorganic Materials, 2016,
31(5): 479-484

Fil, A, B UAR, 55 O- AL Fe M B BRI 5 1 L%

FLPURE G T FU ). THREARE,2013,44(15):2148-2151

[19]

WANG Chao, XIN Meihua, LI Mingchun, et al. Synthesis
and antibacterial activity of o-hexylated chitosan quaternary
ammonium salt [J]. Journal of Functional Materials, 2013,
44(15): 2148-2151

Ak, S D, 2R R, Bl R SR T g 52 SR S LA 1
BERIBITFE ] 7 T AR R 5 TA%,2005,21(6):240-242
LONG Dewu, WU Guozhong, QIN Zongying, et al
Degradation of chitosan by radiation and its antibacterial
properties [J]. Polymer Materials Science and Engineering,
2005, 21(6): 240-242

HE Guanghua, CHEN Xu, YIN Yihua, et al. Synthesis,
characterization and antibacterial activity of salicyloyl

chitosan [J]. Carbohydrate Polymers, 2011, 83(3): 1274-1278

115





