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Abstract: The polypeptide DPP of Dendrobium aphyllum was obtained by microbial solid-state fermentation and sequenced by
HPLC-MS/MS in our previous research, revealing six polypeptide sequences: DDDY, DYDD, MAK, AVTE, RSS, and MLCA. The relationship
between the antioxidant function of DPP and its amino acid structure was investigated herein. To this end, the quantitative structure-activity
relationship (QSAR) model was applied and an in vifro cellular antioxidant activity assay with HepG2 cells and erythrocyte hemolysis assay
were performed to evaluate the antioxidant capacity of the peptide. Additionally, correlation analyses were performed to assess the effect of
amino acid structure on the antioxidant activity. The results showed that all six synthetic peptides and DPP exhibited antioxidant activity
(P<0.05). Among them, MLCA showed the strongest DPPH and ABTS radical scavenging ability, iron-reducing power, and erythrocyte
hemolysis protection. The ICsy was 0.89, 0.99, 1.34, and 0.68 mg/mL, respectively. Meanwhile, the AVTF peptide exhibited the strongest
cellular antioxidant activity with an ECsy of 0.02 mg/mL. Hydrogen- and electron-donating amino acids and hydrophobic amino acids
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contributed to the antioxidant activity of DPP. The favorable amino acids at each point included: Met as the N-terminal amino acid; Leu or Val as

Modern Food Science and Technology 2023, Vol.39, No.10

the second amino acid at the N-terminal; Leu as the third amino acid at the C-terminus. In addition, Ala contributed to the antioxidant activity of
the peptides, whereas changes in the Tyr position had minimal impact on the antioxidant activity. This study establishes a theoretical framework
for comprehensive investigation of the structure-activity relationship between antioxidant peptides, laying the foundation for further research on
antioxidant peptides.

Key words: Dendrobium aphyllum; peptide; antioxidant; QSAR model; HepG2 cell; erythrocytehemolysis; correlation analysis;

structure-activity relationship

Z e — Bt 2N B I IR BT )
BATR R A BT RE R SR T A1, A& LA,
B R (R IR A Y A 2 AR i v, E A AT B
ORGSR ENEN . IhAT, AKX iRIE
FRZ IRBE B K PRI . BRI S B AT 05 A R
BRI AE R P AL B S 2 IR P A AL RE
AR, REHPUENRE I E LR K.

YRR =R A RUE A, RIHGERN AR
DIk, BIEEEER, AR B H AR BRI
WEEES, | MEE SR 450, KT RFRA
FEMIRORE T 2 REEAE L0, BB, %
IREJAESRIT FLEL D . A BIBMNE AT 7 b LLSE S A it
AERL, ERFURME Lactobacillus amylolyticus L6
XF BRI AR A R, 1S 2 IRCR A 18.23%, i
EASEIS RIS A <1 ku 2 R4 B EAR
AR, Jimi o Bk 3RS 7 DPP kB,

FEHT AR 72 4 ] HPLC-ESI-MS/MS %} DPP [
AW T Y HEAT EE, 135 Asp-Asp-Asp-Tyr

(DDDY). Asp-Tyr-Asp-Asp (DYDD). Met-Ala-Lys

(MAK) . Ala-Val-Thr-Phe (AVTF ). Arg-Ser-Ser

(RSS). Met-Leu-Cys-Ala (MLCA) 752&5 kP,
I, ABFFEAEMAEA b, 38 Fmoe Z2IKE BG%5)7
BIGXNKZMR, RIS 41 LIS 73 Ardt-G R
2 IR HEAT A FEE RN 25 K (R B0 - 83 QSAR %Y, DPPH,
ABTS" H HHFE 15 b S 36 AR S5 7S 56 0 5 75 26 A K
ZIRRIMTRICRE ST I CAA BEARLINE /N 565
Z KRR N 4R HepG2 (AT s 14,
T I N 2L BRPTEAL SEIR VAN 7N 2% 22 I B BRI R
AAPH H B 5B AMA UG PR ER, R
BIAH RN 73 A e S0 AT B IR R RO R e A
WIFCHI R IR | 2 IR AR IR A ) 5 s TR
TEEERR, A HTEAL IR AR SR LR ISR 5

1 M
L1 AR5 3
FUE A, i 2 TR GAP SEHs;

140

HLBHT B Lactobacillus amylolyticus 1.6 TPk, HErgH
TRFREARES TS AR HepG2,
HR T R LR R AR MTS 4R 5E S 405
RIS, Bebo AMHEAGIR A DPPH H &,
ABTS'H 3, Fighids T AR A R AT
TREMIVEH, FEE Thermo Fisher Scientific Inc.; 2,2'-f
B TR 3R EL AAPH, iR H T A PRA ]
2.7- Bt DCFH-DA. JiRF i, %E
Gibco nF); FAANL T AR = A4l

1.2 BB % KA 2t o & S

HRIE XV 7925, RIS Lactobacillus
amylolyticus L6 X YLJE A1 ffbiiAT A K e X A
ATRACEL S, HERRFR 20 ¢ SUE AP R HIE T 4 4
BRI o 2RI, DRIFFIARF 3 50% 103 K &
121 “CK# 15 min. JEEEFCEFEM (R34 10%
R g, BILBREE Lactobacillus amylolyticus 16 %
W LA QIR S B A b oK b, By,
37 CIE:FE 48 he KIESERUG 60 CTHE, FHduk
20 CHRAF. SRJELA 1:10 FIRRR LIS T 280K T, B
$i 30 min. 582G, #40 (3 500 r/min, 10 min)
3, BRI IERIF K E . 40 C R IEAF R
T RS ARIZ IR, SLRIA R T-20 C LA
o BHETAARIHEELL 10 mg/mL ¥4 T 28408k 4.
Sy AIFZEK, 0.05. 0.15 mol/L ] NaCl U ik
fii. T 220 nm A HTIREE S A PR . TR R
., S BB BT AA R TSRS DPP K414

1.3 %Jik %% DDDY. DYDD. MAK. AVTF.

RSS. MLCA # & &

AR S5 07 i3 A N SRk C Bis—

™~ ®m R R 4 # N  DDDY
Fmoc-Tyr(tBu)-OH+DCM+DIEA DYDD

Fmoc-Asp(otbu)-OH ; MAK : Fmoc-Lys(Boc)-OH ;
AVTF: Fmoc-Phe-OH; RSS: Fmoc-Ser(tbu)-OH ;
MLCA; Fmoc-Ala-OH. C %26 AN IER 5 7N



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

DDDY: Fmoc-Asp(otbu)-OH+HOBT+DIC; DYDD:
Fmoc-Asp(otbu)-OH; MAK: Fmoc-Ala-OH; AVTEF:
Fmoc-Thr(tbu)-OH; RSS: Fmoc-Ser(tbu)-OH; MLCA:
Fmoc-Cys(trt)-OH.
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4 WNIP 15.47 16 VIPMGL 2.89
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11 LGFEY 9.79 23 AIEWEGIESGSVEQA 0.95
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Fig.1 HPLC analysis (a, ¢, €, g, i & k) and ESI-MS profiles (b, d, f, h, j & I) of DDDY, DYDD, MAK, RSS, AVTF, MLCA

2.2 QSAR A Fm 4 8

UA VHSE N2 FERRAIR @A, TR EEE
KA TCPrEARE 7T, BRI TR ] 99%. &
2 TRMZE SRR, INFFE R IS B P
ZRRPUERE ) 5 IR AL FEFIRY . #4
R T EMEUKESRRE TR Hha R4
AR IR T PR EAL R IR KU 4T
SRS 2R ITEACE R, BRI
PR (I Ala. Val. Asp. Leu. Met. Tyr
A1 Phe) RILATTHR K& LT, A B TIGsR R AAT
A FRIPTEAIE T, Arg H ISR Ser rh#R3E
AP K AR B, FHASEA R, AR
TR L 2 IR TR TG T R 25 R it

:
%

-

=
[72]
w2
£
= R
@}
>

Predictable value of antioxidant activity

Antioxidant peptides
E 2 ARZATENETUNLEER
Fig.2 Prediction results of antioxidant activity of the peptides

2.3 SNLAEE B

23.1 DPPH A wiAFRFENTLER

DPPH H HENERR AR, FonrEmrbiait
RESI R, 75266 R K S BERR Y DPPH H HHESH bR
AN 3, tHERT AL, R =R (0.4, 0.8 1.2,
1.6.2.0 mg/mL)YEE N, 75M& il 2 Ik LIRS DPPH
H SRR SR ERE LA R R. MLCA
KYLHREERR DPPH H I, HERREE 1508,

144

Bl HRAE Ve, 1Cso BN 0.89 mg/mL. FLUCHBEK
DPP, ICso {84 1.36 mg/mL. DYDD 5 DDDY %%k
/NFHIEE, 1Cso {E 4354 2.01 mg/mL. 2.03 mg/mL. H
RZ KK DPPH  H B EIE FRIE AR 55 HLIE AR
e X5 2 K DPPH H &R S
WPE B IEAS, 1Cso 1M 9.11 mg/mL FIRIF 7T 45 SRARTE o

08 12 1.6 2.0

2 100 RSS

= 0r . ¢ SYDYDD
S 80 N N

2 ool \ | || EmDDDY
S | 4| ESAVTF
g 0 § || mmMAK
x  40f N \ EmMLCA
= N N zzDpp

8 2 N \ =

= A N &Y Ve

2 A \

g 101 o \

8 \ \

=

o

z

Q

w2

Mass concentration / (mg/mL)
& 3 AEERBIRERST DPPH B EHESEMRER
Fig.3 Ability of the peptides to scavenge free radicals of DPPH
radical scavenging activity
E AR FERELNE £ FA it F &L P<0.05, TR
232 ABTS A i iiFREmE R

100 . RSS
ool | SIDYDD
70[ &= DDDY
gg L ESAVTF
w0l . : mmMAK
%8; ' EE MLCA

DPP
Ve

%

WZZIZZZZZZII,: 72007 7 7

S

0.4 08 12

1.6
Mass concentration / (mg/mL)

E 4 REERSIR T ABTS BEEMIER
Fig.4 Ability of the peptides to scavenge free radicals of ABTS"

2.0

Scavenging rate of ABTS" free radical / %

radical scavenging activity
ABTS' H HIEE R R A, FonFE i T s 1
Wik AP IRE IR BT ABTS™H HEE 15k %



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

WE 4 Fos. RERTEL, 75FE R KBRS ABTST
H HIEAE RS R ERE A A2 R Eid%R
JREIREE (0.4, 0.8 12, 1.6 2.0 mg/mL) JulFEM,
MLCA [f] ABTS'H 3 iEFRAE 185k, 1Cso 1N
0.99 mg/mL; DDDY f{] ABTS {#&R&AE /7035 T DYDD,
T 1Cs fHA 515 1,66+ 2.20 mg/mL; i MAK. RSS.
AVTF i5kg ABTS iE ARG SS HIE AR X 5 X1/
S ST BT 22 IR ABTS [ LTS R e /1 5K
R IEMSE, 1CsoEA 0.32 mg/mL FIIFFE 45 AR .
233 SKEREEHMELER

FEMIBOERERUR, &7 @58, Préafbaei@ls.
e s Fos, Z2REEIRRE ) SR ERE LA &R
KRe NEEWEIEF, MLCA kS 185 BE /18
9%, 1CsofH A 1.34 mgmL. HUCKEHL DPP, HAH
R IR R S5 A B 2 B RE ki . X 55K 55 2
SOV 8 2 RO 5 ) 5 H PR Bk FE S IEMIG; Tl
{5 OVl i A X A A 4 8 R 1A - 2 R A L
ICso 18N 13.93 mg/mL (IR 045 FAHFT .

12r ) RSS
LOF 3 ‘ y SYDYDD
0.8 : N EmDDDY
0.6 || EEAVTF
0.4+ 3 3 [ MAK
g 02% N EEmMLCA
g 0.06f @z DPP
< 006, | | =Ive
0.04 (@ ’
0
0.02 .
0.00 & A
Mass concentration / (mg/mL)
&5 NEEREZMEERASERES
Fig.5 The ferric ion reducing antioxidative power
2.4 xtor gm i v ot B IR R
o 100-
Z . Z2RSS
2 sof SYDYDD
g &= DDDY
£ 60F ESAVTF
,E /| mmMAK
E 40} /| EEMLCA
2 : DPP
2 20t
g
Q
=9
AAPH (200 mmol/L) - + + + + +

0375 075 1.5 3 3

Peptide concentration / (mg/mL)

& 6 <A RS ARSI A LIRS M A HIH 2=
Fig.6Protective effects of the peptides on AAPH-induced
erythrocyte hemolysis activity

TN A I IR BRI AAPH H HIZES | A1)
T 20 M V3 RSS2 PR R/ I RIE 7E R30,  TEAH TRIORE 7 4%

PER, 2 A BB 20 40 R v o A ) R e, A
88.74%; AN RTINSl i 22 IR B BRI AN 2140
FAbss, HANHR 52 (xR, AAPH A0
1% 29.53% . 7S PG 22 Ik S BRI N 4140
HHATTACEE, ¥ DA T AAPH H¥H T+,
FUATS 5 B I L AN S B R R, 24
PR LA P S L Bk A RO R, H
MLCA 5 MAK HIERFE R ER, 1Cs H 7 3N
0.68 mg/mL. 0.79 mg/mL, FKHHLHY AAPH FSHIA
WG RBORAT o SR IR 52 45 ek 22 Ik A 2140
PRI 0 s v P 5 TR R B IEAHOG, ICso N
1.00 mg/mL. X 5ASIGEE RAHLL.

2.5 %t HepG2 4m i ¥ 74 Hy % vl

130 -
120
110} , .
SO N S SN B
2 g0} =RSS
& 70+ DYDD
S 60  aDDDY
Z 50k
E a0l TAVIF
& 39l <MAK
20 »MLCA
10+ «DPP
1 1 1 1 1
0.093 0.188 0.375 0.750  1.500

Mass concentration / (mg/mlL)
%] 7 HepG2 {AREMNTEEZR
Fig.7 The cell survival rate of HepG2 cells

AR 7 fs, WEETEREILE 0.093. 0.188. 0.375.
0.75. 1.5 mg/mL Z [A]f] 7 FhZ KX HepG2 4117
TEERITE 90%~110%[FI7E 2 18], 15 B 1204 FE Y0 [l 1)
NSk 2 BKAE ST HepG2 LAk, bk #%
0.09375. 0.1875. 0.375. 0.75 Fl 1.5 mg/mL ] 7 Fh %
JRIEAT 2 M AR A SR

26 AL AATE R AT

fE CAA 5, MARIMWEER-L&Z KA
Hepg2 4. W&l 8 fizs, Askar, #5111 ECso
2115 54 20.52 mg/mL; ZJiIk DPP. RSS. AVTF,
MAK. MLCA. DYDD #1 DDDY ] ECs 154354
0.08. 0.04. 0.02. 2.93. 1.34. 0.40 1 0.63 mg/mL,
H CAA 7N 252.68.254.12.176.13.54.87.42 .44
87.77 A1105.26 umol/L QE/100 g peptides. iX5xI/#:
BT B A 2 k<1 ku A5 CAA A A
63.46 umol/L QE/100 g peptides, ECsq{E A 2.88 mg/mL
(R FE S AT . 75266 B IR S BEIR S A (R34
i S SZ SE AT I RE 77, Forh AVTF A RSS AR A
A IKBA BRI 4H b A AL RE

145



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

a

y=1.470 2x+1.610 8
R*=0.994 5

rl.2

1.0

0.8

0.6

0.4

0.2

-1.0 -0.5
CAAunit / (umol/L QE/100 g peptides)

-1.5

y=2.269 Tx+3.246 1
R*=0.861 5

*

0.0
0

r3.5
3.0
2.5
F2.0
F1.5
1.0
0.5
0.0

-1.0 -0.5
CAAunit / (umol/L QE/100 g peptides)

y=0.663 1x+1.199 1
R>=0.998 9

0.0

rl.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
F0.1
0.0

-1.0 -0.5
CAAunit / (umol/L QE/100 g peptides)

0.0

-1.0 -0.5
CAAunit / (umol/L QE/100 g peptides)

y=0.283x+1.132 3
R=0.988 6

*, L *

-0.6 -0.4 -0.2
(umol/L QE/100 g peptides)

y=-4.265 9x-3.816 6
R>=0.759 7

146

Polypeptide concentration / (mg/mL)

Polypeptide concentration / (mg/mL) Polypeptide concentration / (mg/mL) Polypeptide concentration / (mg/mL)

Polypeptide concentration / (mg/mL)

b

log (CAAunits/100-CAAunits)

o,

p—h
log (CAAunits/100-CAAunits) log (CAAunits/100-CAAunits)

log (CAAunits/100-CA Aunits)

log (CAAunits/100-CA Aunits)

100
90
80
70
60
50
40 -
30
20
10

y=24.672 In(x)+115.93
R=0.994 1

0
0.0

120
100}
80|
60}
40

20

0.1 0.2 0.3 0.4

log (concentration)

3=19.712 In(x)+129.66
R=0.960 3

0
0.00

100

1 1 1 ]
0.05 0.10 0.15 0.20

log (concentration)

3=10.554 In(x)+100.31
R=0.995 1

1
0.1 0.2 0.3 0.4

log (concentration)

L

1=6.469 6 In(x)+42.276
R=0.991 6

60
58+
56
54}
52
50
48
46 -
44 -

40

1
0.2 0.4 0.6 0.8

log (concentration)

=-3.555 In(x)+50.443
R*=0.980 5

0.0

1
0.1 0.2 0.3 0.4

log (concentration)



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

k

- 0.15
* Lolo
L 0.05

0.00
£-0.05
1-0.10
L-0.15
L-0.20
L-0.25
L-0.30
L-0.35

y=0.316 5x+0.127 8
R*=0.9417

0.5

-1.0 -0.
CAAunit / (umol/L QE/100 g

S
S

y=0.603 1x+0.122 6
R*=0.879 4

Polypeptide concentration / (mg/mL)

Polypeptide concentration / (mg/mL)

1

log (CAAunits/100-CAAunits) =

60 -
@ .
= 50
E L
Z 40
S 3ot .
S 20
% 10 y=7.732 6 In(x)+57.23
2
Z of R*=0.936 4
<
o L
o0
=)
0.0 0.2 0.4 0.6 0.8
log (concentration)
60
3=13.961 In(x)+56.551 .
50+ R*=0.854 8
40+
30+
20+
10+
0 1 1 1 ]
0.0 0.2 0.4 0.6 0.8

log (concentration)

& 8 4R CAA SCIG R CAAunit SBBUKEZ BIRIERE (ay ey gy iy kFIm); log GRE) 5 log (CAAunits/100-CAAunits)
ZIERXERE (by dv f\ hy jo | F1n)
Fig.8 The cellular antioxidant activity (CAA) assay of peptides in HepG2 cells; The calculated CAA dose-response curves to peptides (a,

C, & 0, i, k & m); The calculated log (concentration) dose-response curves to log (CAA units/100-CAA units) (b, d, f, h, j, | & n) for the

peptides

27 PLANTEMEL A BAEBR AL R A K AT

Z KB A RE D H— T H1 A SRR T
FER SR, Hitd st 58 2 RRREA S
FRAP, PEE R IR T 1E L U 2 Ik
KHEALBE IR O BRI, R AR AL S A S
FRERF TS IRTE LI DTk, 25 R KT 9. 18 9a 5%
KSR T STt e sean gt B S5 A R & R AL
R ARG, N2 A% DPPH H & 13
BRF1 ABTS' H HIEINERRA BRIk, C3 iS5
DPPH H HZEERRIGHE . Bk i 7 LK 27 40 v i £
PERAFAESREE, N1 A5t 5208 R 716 <8k, Cl.
C3. N3. N2 Fl NI 75 i ppiabis s — &
Tilk. A VHSE #iid 1554 i BT 45 MR AE,
B J@ 7R IR TR IR R LA AT T ), 45 5
9b.c Fi7n. LA 8 4~ VHSE #i& ¥ (VHSEI~VHSES)
XS BT S AT S5 MIRAE . 6 IKPTLAF=2E 48 /N2
Mg, AFmH VHSELj £/, HH, i VHSE #
BT PT, j NBIERRIRIENT - B KR Pearson
A C3. N1. N2 {755 DPPH. ABTS HH
FETERIETE . BRIE R AL A I AR R R
IEMZER AR, Cl. C3. N3, N2. N1 A7 54

2 (A 2 EAHK R R (P<0.05). N izt
FRFRFEA LT C Uiy E SR TR I B A TS PE I RS B
Ko X5 Wu PR AT N S IEER AT C
i (1) SRR R AL HH B AR B E A R T A 1
MLCA 7£ DPPH. ABTS B 3. 2ab
J5 I AN AT A I i AR 1 PRI 9 3 R B AR T
AAVETE, FIRESI N U Met FREE. C st = A7
Leu FRFELL I Ala TREAA K, A s iIsK 2 AL e
PR HAE IR R RS, AR TiERR E hEPL,
Met RIH75EAL,  FRAR BRIV AN J5 I R R =4 PR
SR AEJF N Met™, A2FIHTEILIER; Leu. Vals
Ala KR EERRRENS U0y M EE - [
A AR, BRI Xiao &)
JE It Biopharma Finder 2.0 FfFAE R4S Y 22 FE &
PUAMW R IR IEMAK, UE 75 Met. Leu. Phe,
Val. Tyr MIZ A G RTUETM; Zhang 2527
RIS FERL N Leu. Ala A1 Val 72288 i JH &
ik (BBCP) W&+, Midfedt 5 M H hmiE
(R LA P T S 3 P SR s s Xu SR T
Bl Cys. Tyr. Met. Phe & Pho #\7 BT CFMTY Al
CTGTPYC RILH BEPUAMIENE. Ioh, HWRIE
th, 78N ImaEl C ¥t =A% Met. Leu. Tyr 1 Phe

147



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.10

SRR IR 1 2 Ik PT AL T RE 55 Mirzaei
B0 4 VLSTSFPPK (VL-9), VLSTSPFPPF(VF-9).
VLSTSFPPW (VW-9). VLSTSFPPY (VY-9) [fJ N i
Val 1 Leu %ALY E HFEMIEHEE Tk, i
i SWR-MLR B SARHTE AL =K 2 AL BN
Val. Leu & &7 55 (AR Z LIRS . £ = MAESMIT
Fbszitd, MAK 5 AVTF WIHiE s, 18
LM LR, MAK R FE SRR A8
11, TAE CAA REE T, AVTF NI H 58 SR 40 i it
FAALBE S, XATRENAN AVTE Wi &G e & R K
PERFEIR . /KM LR vT Lodid # B 10 A )
Mg KIREE, R RGT A AR PR, AR AR OE

PEHTRT AL, AT N i) Met F1 N2 A7giff) Ala X
MAK HIHTEME A Brotmk, AVTF fda s tEa:
PR H Alay Val 5 Phe #%%:. Ala /£ MLCA. MAK
1 AVTF =K Prid s s —E oeik .
DYDD 5 DDDY #47%f b, P2k B A ARl = 2
FRLH N FRMER IR Asp A B FHUEMIENERY, S8
R Tyr ATHERIBR 0K D 1 Tyr AHARH
Asp TRERIA B2, wTLLINGE Tyr #2451
(RIBE /7. T A SE6 25 B R SEHE #]E, DYDD
L DDDY Wit G A BT, Tyr A& xS
e r iR A e A LS

&l “T&
DPPH | |
ABTS |

T TTTTVT*TTTTTTTTVT.TT"T‘\'T"T
b e e
oF + -4+t + A+ 4+ g+ i

Hemolyif; i
‘ o AN L L e S o S
CAA - 1 X T.J =~ 1 1 [ |
E‘ ....................... OIS nnnnnn
&z
>
C il iR S LR A

o
0/0BE VHSE2

BERE

Eo
SE$ Mantel's P

148

v
v
v
Vi
Y
V.
v
Y
¥1SE2‘
VHSET =0.05
VHSES!
VHRED
VHSE3! !
VR Mantel'’s »
W oae
¥:II§E8: - (0.2~0.4
5| VHSE! = =04
VHSE3!
ViR
VHSES! Pearsin's r
VHSET.. 1.0
e oml
VHSE2'4
MikEh 0>
< VHSE34 0.0
ViR
e
| VHSE23 -1.
VHSE33 1.0
VHSE4'3
VHSES3
VHSEg’3
VHSE73
v

B9 ZRMENEES BRSNS BRIHEXEZE (a) FHAE (b, o)
Fig.9 The chordal diagram (a) and heatmap (b, ¢) of the correlation between antioxidant activity of the peptides and each amino acid



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

3 Z5ig

AT FE LIS 1 R T8 22 ORI T 5, R
Fmoc % K& %53 il A 7S 245k DYDD. DDDY .
MAK. MLCA. AVTF. RSS, i#if QSAR #7%, =
FRSMTEAIRTS . LLAARBART CAA BRAIZE AT
W& IR EAbRE 71, FHRI AR g — 20
RICEAL U IR IR U S P DTk 25
KW, NFEMEZMBEAPUEAEE, Hd MLCA
FU AR DPPH. ABTS'H H3&iEMAE /). ik
JiR JIFNLL SIS LARYRE ST, 1Cso 531129 0.89 0.99.
1.34. 0.68 mg/mL; AVTF HIZHBEHTEALIE TR,
ECs 9 0.02 mg/mL. M i1 2 R MR ALK 2
Bl e 2 A DR LR R . G AR
IHTRIL, MZ KN b & A Met 2 BERRAE, N s
“fi A Leus Val B¢ C %ish =078 Leu B, HPTH
gt SR, HhAh, ORI Ala AT DMEREZ AR 1IBT
FAPER, Tyr 7 BRSO 2 KPR T 5
AR 55. HBFFARDT T SR A 2 P E A S 25
KR, At P APUEM IR E 15l

(1] VE=LL W, 2R, 55 BRAAL (0 R AR A P 048
M B B IS BELT]. B A RH2,2021,42(5):201-207.

[2] Mirzaei M, Mirdamadi S, Safavi M. Structural analysis of
ACE-inhibitory peptide (VL-9) derived from Kluyveromyces
marxianus protein hydrolysate [J]. Journal of Molecular
Structure, 2020, 1213: 128199.

[3] Tao H, Lu Y, Guo D, et al. A pivotal peptide
(Val-Ser-Glu-Glu) from duck egg white promotes calcium
uptake and structure-activity relationship study [J]. Journal of
Functional Foods, 2018, 48: 448-456.

[4] Zhao YL, Wang S L, Li X Y. Studies on the polysaccharides
of Dendrobium aphyllum [J]. Acta Botanica Yunnanica, 1994,
16: 392-396.

(5] RIEBIL SEJE A fift s 1 2l S LA IR R 45 45 5E Je
DIRERRAL[D].) M- AEF HE TR22,2018.

(6] XIWE, 2255, 5,55 TR K Met-Ala-Lys 25 L
TR 2 P A LA [T A B iR, 2019,35(6):56-63.

[71 Li Y W, Li B. Characterization of structure-antioxidant
activity relationship of peptides in free radical systems using
QSAR models: Key sequence positions and their amino acid
propetties [J]. J Theor Biol, 2013, 318: 29-43.

[8] Kimatu B M, Zhao L, Biao Y, et al. Antioxidant potential of

edible mushroom (Agaricus bisporus) protein hydrolysates

(14]

[16]

[17]

(18]

[19]

[20]

and their ultrafiltration fractions [J]. Food Chemistry, 2017,
230(SEP. 1): 58-67.

Luo Q L, Tang Z H, Zhang X F, et al. Chemical properties
and antioxidant activity of a water-soluble polysaccharide
from Dendrobium officinale [J].
Biological Macromolecules, 2016, 89: 219-227.

Moktan B, Saha J, Sarkar P K. Antioxidant activities of

International Journal of

soybean as affected by Bacillus-fermentation to kinema [J].
Food Research International, 2008, 41(6): 586-593.

Wolfe K L, Liu R H. Cellular antioxidant activity (CAA)
assay for assessing antioxidants, foods, and dietary
supplements [J]. Journal of Agricultural and Food Chemistry,
2007, 55(22): 8896-8907.

Zou T B, He T P, Li H B, et al. The structure-activity
relationship of the antioxidant peptides from natural proteins
[J]. Molecules, 2015, 21(1): 72.

Phongthai S, Rawdkuen S. Fractionation and characterization
of antioxidant peptides from rice bran protein hydrolysates
stimulated by in vitro gastrointestinal digestion [J]. Cereal
Chemistry, 2020, 97(2): 316-325.
Sanjukta S, Padhi S, Sarkar P, et al. Production,
characterization and molecular docking of antioxidant
peptides from peptidome of kinema fermented with
proteolytic Bacillus spp [J]. Food Research International,
2021, 141: 110161.

Suetsuna K, Ukeda H, Ochi H. Isolation and characterization
of free radical scavenging activities peptides derived from
casein [J]. The Journal of Nutritional Biochemistry, 2000,
11(3): 128-131.

Xu B, Wang X, Zheng Y, et al. Novel antioxidant peptides
identified in millet bran glutelin-2 hydrolysates: Purification,
in silico characterization and security prediction, and stability
profiles under different food processing conditions [J]. LWT,
2022, 164: 113634.

Wi, frize iy, Sl A VA 2 e 2 IR A 22
A B AT 3] A T, 2022,43(10):109-115.

PURI I wey i o it 3 s R AT e SR N R AT
KR E MR 7E [0 & W RHE,2022,47(11):114-120.

KT ELB NG R AR R T A R AR I L R
PUAMTE YR FP41,2023,42(2):584-596.

T EEE, W A AL S5 i N A A R e e A A
oy B A-Z RN & T2 0] P B EHEY 24,2019,
41(1):130-143.

KRN R, B HT, R, 55 AR 22 IR A e ST P T
B0 B RHE,2019,44(8):235-240.

149



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

[22]

(23]

[26]

(28]

150

Wi DLARAL = IR 52 A ROR R LR AR PR T LR
W FE[D]. PR FPR,2018.

Xiao C, Toldra F, Zhao M, et al. In vitro and in silico analysis
of potential antioxidant peptides obtained from chicken
hydrolysate produced using alcalase [J]. Food Research
International, 2022, 157: 111253.

Wu D, Li M, Ding J, et al. Structure-activity relationship and
pathway of antioxidant shrimp peptides in a PC12 cell model
[J]. Journal of Functional Foods, 2020, 70: 103978.

Zhou Y, She X, Chen Z, et al. Tartary buckwheat (Fagopyrum
tataricum (L.) Gaertn) protein-derived antioxidant peptides:
Mechanisms of action and structure-activity relationship in
Caco-2 cell models [J]. Food Science and Human Wellness,
2022, 11(6): 1580-1590.

Hernandez-ledesma B, Davalos A, Bartolomé B A, et al.
Preparation of antioxidant enzymatic hydrolysates from
alpha-lactalbumin and beta-lactoglobulin. Identification of
active peptides by HPLC-MS/MS [J]. Journal of Agricultural
& Food Chemistry, 2005, 53(3): 588-593.

Phongthai S, Rawdkuen S. Fractionation and characterization
of antioxidant peptides from rice bran protein hydrolysates
stimulated by in vitro gastrointestinal digestion [J]. Cereal
Chemistry, 2020, 97(2): 316-325.

Zhang C, Du B, Song Z, et al. Antioxidant activity analysis of
collagen peptide-magnesium chelate [J]. Polymer Testing,
2023, 117: 107822.

[29]

[30]

[32]

[34]

Wattanasiritham L, Theerakulkait C, Wickramasekara S, et al.
Isolation and identification of antioxidant peptides from
enzymatically hydrolyzed rice bran protein [J]. Food
Chemistry, 2016, 192: 156-162.

Mirzaei M, Mirdamadi S, Safavi M, et al. Synthesis, in vitro
and cellular antioxidant activity evaluation of novel peptides
derived from Saccharomyces cerevisiae protein hydrolysate:
Structure-function relationship [J]. Amino Acids, 2019, 51(8):
1167-1175.

Tyagi A, Chelliah R, Banan-mwine Daliri E, et al
activities -~ of  novel from

Antioxidant peptides

Limosilactobacillus  reuteri fermented brown rice: A
combined in vitro and in silico study [J]. Food Chemistry,
2023, 404: 134747.

Filleria S G, Nardo A E, Paulino M, et al. Peptides derived
from the gastrointestinal digestion of amaranth 11S globulin:
Structure and antioxidant functionality [J]. Food Chemistry:
Molecular Sciences, 2021, 3: 100053.

Vasquez P, Zapata J E, Chamorro V C, et al. Antioxidant and
angiotensin I-converting enzyme (ACE) inhibitory peptides
of rainbow trout (Oncorhynchus mykiss) viscera hydrolysates
subjected to simulated gastrointestinal digestion and intestinal
absorption [J]. LWT, 2022, 154: 112834.

W1, R EE, S — M oK BRIk % 5
SEVIRAELD). B 2R AL 244, 2004, 3:466-469.



