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Preparation and activity screening of food-derived antioxidant peptides

ZHANG Liwei', ZHANG Bojin', JIANG Yan!, CUI Yongquan', YIN Jiayi?, ZHANG Yinghua?™

1(Center of Foods Evaluation, State Administration for Market Regulation, Beijing 100070, China)

2(Foods College, Northeast Agriculture University, Harbin 150030, China)

Abstract Apoptosis and tissue damage could be caused by excess reactive oxygen radicals, leading to chronic diseases.
Food-derived antioxidant peptides show some potential on prevention and treatment of diseases. a- lactalbumin, casein, rice
bran protein, wheat gluten and hemp kernel protein were selected to prepare antioxidant peptides, hydrolyzed by alkaline
protease hydrolysis and combination of pepsin and pancreatin respectively, and the antioxidant activity of the hydrolysates
were measured. The results showed that the activity of hydrolysates were higher when hydrolyzed by alkaline protease.
Moreover, the activity of the hydrolysates of a-lactalbumin, casein, rice bran protein and glutenin were similar and
significantly higher than that of hemp seed protein (P < 0.05). Gel chromatography was used to isolate and purify the
hydrolysates of four proteins with high antioxidant activity. Determination of the activity of different fractions revealed that
the smaller the molecular weight, the higher the antioxidant activity. Finally, 6 tripeptides and 5 tetrapeptides were identified
from a-lactalbumin, among which WVC, LFY and YWL were antioxidant peptides with high antioxidant activity.

Key words food-derived protein; antioxidant peptide; hydrolysate; separation and purification; liquid chromatography-mass
spectrometry
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AEAZE—MEEWESEREA, AEEWIEEKGF RS H &2 2550 00 50 #0808,
BALLATOREMIZE % Bk 45 FL 1% 85 1A 20 J0E B (A i /K A 72 A6 A JEK EL A 0 S804 A0 A 477 441 1 A 421 7 38 1)
ER . Be4bh, IREFHE T KEREY, W LIREPEAEFEHEAR Y, FHXEEYEATT
R EL A v B AR 6 Th B O TE o R R SRR G R AT 5 iR 1S 1810 JIANGITIZE R 5T I B oK B A RE AT
DATEAR N R PE RIFIPTAMAER,, TSR RARPUEN . Rk, M FLIEFIRE P E] =4 i) 5% P4k
WA+ EEANME .

PUEALRETE LB B (5 A b R A &G 1, 77 B n TAR BB US A Be R FE 35 PED8), B fgvk
A T & T AR P TR i N I RR I & 7k, (BB AR EE S P IE R S A KIS RS . SR, &
FLL 4y B AL A BEIR N T ARE v 22 IR IR 5T . CHANTOIEE S 557 88 3 b 1 5 11 7K SR 3 AT kA0 R0
FForbr, 387 —4% A ABTS PHE 7 H HEIEREENMIKTF], Pl T H 5 i i e e .
DINGPO&E M 55 G2 (/Kb oy B 14 26201k, IERH T YSSPIHIW 552 B2 i /K i 4 Pt 8 AL 3 P 1)
FERA

AR, e AEA BEO. KBREA. ZREAMKRIE G A IR E A 5T 5T
G oy S R PR B AT B i T T A ) 8 KR T A R VAL BT EAIE E, E—D A e T T A
FEPI R I BUEAG IR T B, R A D RE PRI R SR pE R AR

1 MRERE

1.1 R EERF

o-AAEA, bt ebkih TreMmaRAR; BEA, Ll THERAERAA; KiEE
H, Bl =R RAEEYBEARAFRTMEAF; ZHEH, BOEVRHAGRAR; KKR(CEA, LY
BZIREMRE AR, B, EREER, REEREARAR B 8 HA VUSRI 8 E =
Hrati
12 NEHERR

D-8 %Ay e E i, M RlIE B BR A F]; PB-10 pH it, FEZ R ARAF; HH-4 H
BT ARG R A B, M B S IR X AS ) s Multiskan FC 2 IhREBEFRX, Hit TECAN £EH];
AKTA FEAaifbl, EEBEBHBSAF; WA, 3£E Thermo Fisher A .
1.3 XEBFE

131 EHH®ERE

1§ | EXPASyY ProtParam Chttps://web.expasy.org/protparam/) £ £ #5926 % & W FLIR & A
(- BAEE. BER MEYES CKIEER. E8EAMKRIEED) WS ERAR,
PR G ERAEMEOIE. ZTETUAN T EAES TR [DERAR. Erak. B
TR BRI SR K P E S S5
132 EARKMSE

¥ oe-FLEHEA. BES. KEES. Z8EEMKRCEABH KR 2% K ESER, 3B —4HEH
B B OK A, JKARIS AN 10 he BB R B EOMKEED 2 h, W ERERRE pH 5K
BRI BRI 4R 2K iE 3 ho ERAIBEVRINEN 5 000 U/g, /KRS IIAE &) 0.1 mol/L NaOH &% 0.1
mol/L HCI ¥ ¥ fif e b A Z8 b T S B2 1 50&E pH, &R — BE AT BOK AR 1 mL T3k K36 o K 5
min, {E KBRS T KRR, KL R E, AN E KRR T & H
1.3.3 KBEKNE

AR B (90 52 J7 3R AR — H' % (o-phthalaldehyde, OPA) .
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B ] - S B AR AE Gt 20, B IR BE IR i 291 3 mL 555 R R ¥ OPA 7RIV 21 i HE A T B [ 3. 5
min, DAEBETAKANEH, T 340 nm JIIE OD fH, LHlfraEmiz. Ko A KmoE Mk, B3 mL
ARV AR [ R 5V 2 BRIIE OD E, I & & Bt A (D . A (2) o

_ AxN ( 1 )
T 131.17x X
DH(%):%AOO (2)

tot

XA Y R EEESE, mmolig; A IMAREIFIHEHKRERA S E, ng/ml; N RnE
FK R R RS K, 13117 AR R /R LR, g/mol; X FoRFEMMEASE, g/L; Y1 Rk
KA G W B = R A&, mmollgs Yo Ron AR S K AERT I B &S &, mmollg; heoy R & A I L4
&, mmollg.

1.3.4 JKfE¥ ABTSHHE FEHREFBREMEHNE

R AKMBRETHER, Mk ABTS MHE FHMBEIEFHREE. HFREBEBRNFERERN 1
mg/mL, 4 CA7Fi. PBS Sl i) iR ef 5 ABTS WA 1E N ABTS i, T 37 CHHIRKE
FETERER, FHE ABTS %% H PBS ZrhiEifake, 1EN ABTS TAEW, BGE. M 96
FUBR P REFLINA 180 pL ABTS TAEMAI &AL AR, UL PBS L HiME R, HAHEE 3 F
17, REHWSIFTIEZEME, £ 750 nm WIE OD {f. ABTS PHE ¥ H HEERFIHE T B AR
(3) Fimw:

ABTSnYen=[1- 1= A 1. 1000 (3)
(A2*A3)

A ALRERSEEGZH OD 1, AfRFEXTIEA] OD fH, AsfRFEH4 OD fH.

PL Trolox ¥ NREAARR, 1 M3 B B AR b S A AL bR 22 il A v p 28, FR 408 b ol 28R 15 =
JK) Trolox 4%, 474 pmol TE/umol (pmol TE/mg) .

135 ERKBYNDEHL

1.3.5.1 HrEAKAIEER A5

FIRAM TN, KE R R T 28 FAKFIRE 24 h HRSEK, WHiEEENENTES
M, RS © 105800 mm. K il 15 2/ & B KRR TR EL I B 25 mg/mL I, £ 0.45
um JEMERVENS, RIREREZE IR, B H G DL RS T RKAE MmN AR AT Ve, Wil 1
mL/min, ZRAMENBE KN 280 nm, DA 3 mL Ny SAL [RTSCSE B O F R R — oy BB A 5F, IR TR
DE By 0 ABTS BH BT 1 S TEBREE /T

1.3.5.2 PUEAIKI T F 4w

KH LC-MSIMS St Hi KT % . il WA (0.15 mmX150 mm, RP-
Cis, Column Technology Inc.) LA 95%M A W& (0.1% H ER/KIETR) HEAT P47, FESh i B Shdkke a8 Bt
F| Zorbax 300SB-Cis peptide traps (Agilent Technologies, Wilmington, DE) , F£id i (i 4
B, MBS E R E W RN 0~50 min, 4%-~50%B ¥ (0.1% & 2 fE KW ) ; 50~54 min,
50%~100%B #; 54~60 min, 100%B . B4 fF: F Q Exactive i is{X (Thermo Fisher) #EAT )i i
ST, AT 60 ming KM EET S TREAZE: 20 ppm; KBS T RERZE: 0.1
Da.

1.4 ERBEZUEDWF

K Excel. Origin 3t 4b BLFN 43 B 504 91 22 B, Statistix 8 #AF AT BE M dr, B MK

A a=0.05.
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ERES

2.1 BEHEBMEH LR

FREIPUEEACRE IR Z IR, W AR A EEFE . EARMWAERA KA T KiERE
FEAERY, ZHENGRZ: 5@ it s 36 R R IE T B A B E LR, RAE Trp. Tyr. Cys 1 Met BFH
ABTS BHE 1 H H2EI5FRBE /7, T Trp A1 Tyr {EFREE I oo Trp MIMIREIR (-NHD , Tyr Byt (-
OH) , Cys MIFiE (-SH) #F& Rt E Ak, aTCR2ER E BEMIER, e AT0 T IR EE i 5
W, BRI RS, B R P AL T RE e,

ExPASy ProtParam i+%5 5 Fi B IR IR LR S think 1 fron. WEHTTUEE, BEA. E6%
H. a-AEEANKEEER Trp 5 Tyr KL EMBLE 5%LL F, 3 MALAEILRR &t 2 FI1E 6% LA
b, BT AR CEA. AR ER o LAEA. BEA. KEEAMNESEAENBERRAE
1 JECREIEAT K i ) 2 LA IR, KRR AR A BATEXT IR, BbAh, B RS A B K R P B i P 4
AIRKEW . FRPEE AR T — g T BN, 2R 2 ME Ak ER, mH I 3K
PLECNTS BEIRBIER, FFAERRTR. B & AR KWL T BIR L ER, (HIKEASHSEIR,
IR b A S50 A5 FH B A 1 I 5 B 2 U A 1) O sl & B d ek . 5 — 5T, IX PRI E T B miE i 1L
Filg, AT LA BN A 10 1R F

*£1 EARISFEER ST

Tab. 1 Proportion of various amino acids in proteins

HIERR % o-FLAEA [(EEE] KR KB EA KIREH
Ala (A) 3.50 5.40 6.17 3.50 6.30
Arg (R) 0.70 2.20 8.90 1.20 11.40
Asn (N) 5.60 4.00 0.00 0.00 6.70
Asp (D) 9.20 5.40 9.87 0.50 4.50
Cys (C) 5.60 1.30 2.23 0.50 1.20
Gln (Q) 4.90 7.60 0.00 34.80 7.40
Glu (E) 4.90 8.10 15.36 1.90 8.00
Gly (G) 4.90 0.40 6.24 19.60 6.80
His (H) 2.80 1.80 3.36 0.50 2.00
Ile (I) 6.30 6.30 3.12 0.50 4.10
Leu (L) 12.00 6.30 7.26 4.90 7.20
Lys (K) 8.50 9.90 5.75 0.80 2.20
Met (M) 2.10 3.10 1.54 0.40 1.00
Phe (F) 4.20 4.50 6.82 0.40 3.90
Pro (P) 1.40 4.00 4.78 12.80 3.50
Ser (S) 6.30 12.10 4.27 5.80 8.20
Thr (T) 5.60 6.70 3.53 3.00 4.30
Trp (W) 2.80 1.80 1.54 1.10 1.00
Tyr (Y) 2.80 3.60 4.10 5.50 3.30
Val (V) 5.60 5.40 5.41 2.50 7.00
W+Y 5.60 5.40 5.64 6.60 4.30
W+Y+C 11.20 6.70 7.87 7.10 5.50

22 EAKBEZILEE

WME L pR, EEABKEA T, o-FLEEARKEE KR, 153 47.38%, HKMIMLSER
AT, KRR E AR, HAKMBKRAE 180 min J5IKME LA, WEEMEIY T, B
A HR 1 e A KR P R R K R AR S A TEE (LR 2) o BT 120 min fH B AR 1 BE KA 2 R K
fRFEAH 12%~15%, KEGJG AT R R, IR R 42K, Kmf Rl Bk, BEEE D
M B IR RS B R, 9 66.89%, T KRR H I /KR B2 R 30% A A o XU i 26 ER AR /K A T () 92 (300
min) , HZ/KMEEE S TREEAEKEL, XedHTYFEABEEAMRKEEAN, EAMNEW
WG AT I, — el iR DL RS, MBERERIENE G, KB SR Z, TEIMANKBEERR G R
SEAT T IR A S5 MR AT I, A AR KR B 2 B ik B AR S K
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LS

0 100 200 300 400 500 600
I Cmin)

B g R AR KR 2R
Fig. 1 The trend of hydrolysis degree of the hydrolysates obtained by alkaline protease hydrolysis

T A7 B9 R BOR

Bl 2 BEANS PR MKW B K i 2
Fig. 2 The trend of hydrolysis degree by two-step hydrolysis with pepsin and pancreatin

23 EAKBEFDRECEENNE

AWHFCILFE ABTS VEVFOAE S HIPTAAL TG, 70 B 8 EKBEAE W ) B R TE BREe 0, 45 R 1A 3
From o A 2R R K AR i pT AT PR S e, X BN IR B AR SR TR R S K R RN
RIS, M HL A B R DL S G R R A e T B A A IR BRI X T e 2 TR D R IR K AR AL
M Phe, Tyr, Trp, Leu &0, R /KA. £UZ Trp, Tyr, Phe, T84 & 1 6 O AE A AL s 5
AHMTE Trp. Tyr. Cys M1 Met ZAEMR VBT PARGT, o-FLAEA. BEA. KEEAMEZS
HAMEEE B HRER T AR CEA (P < 005 . REKBEEST, BEANEERR, N
1.784 2 pmol TE/mg, K2 a-FLHEHANKEER, KRAEBKBE-YRTEERIC, v 1.403 2
umol TE/mg. X W] A2 H1 T+ K FRA T 1 A0 V8 A 5 AR /A e P58 48 L AR, D0 sl AN R 303 12 O BB R R T
U A b, R R AR e, HUURKIREE A MEZR A, KREAKBYRIETE Y 1.302 8
umol TE/mg.
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Fig. 3 Antioxidant activities of the samples under different hydrolysis conditions

24 EBAKENHNBRRSEDE

K3

R 3 VU o 0 A A 3 P A 5 (0 A AR iy AT BB R €9 20 5 AL I R rh AR R B4 [ i e P
W, CAEEE 4 FroR. TR AR AT A 2 2~4 Doy A0y, HorfeREORIRER F K A P 1 5
TASHEE = A BT A IF, o — AN, ITE A N EEAKIKH F1. F2. F3 &R

3 F1 F2
25
o 2r
8
<
15
s
0.5
o . L L L T
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8 i) (min)
a)fLAEe
35
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25
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8
<
151
s
05
o . . . . . .
o 10 20 30 40 50 60 70 80 90 100
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[SES & 45
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25 EHAFUHREFENE
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Fig. 4 Chromatograms of hydrolysates
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#2 HAFDEHED A T

Tab. 2 Antioxidant activity of each fraction of proteins

HH Hor 7E P/ (umol TE * mg™!)
_ Fl 1.408 0 < 0.011 2¢
AREA F2 2.0547+0.032 12
F1 0.8128+0.017 58
W [ F2 1.237 1 +0.038 4°
F3 1.9523+0.016 1°
Fl 1351 1+ 0.042 9¢
KpRE F2 1.863 3 +0.024 §°
F3 1.967 2 +0.028 8°
e F1 1.546 9 +0.021 3¢
KHEA F2 2.012 1 +0.028 1%

VE: NEFHMRBEERERALEE (P>0.05 , REAEREREE (P<0.05)

HERMSERTI, oA EAEAM F2 35 &5, N 2.054 7 umol TE/mg, Ui XH A EET
FE R EIEEPUAAI . BT RLURIX 4 P B KR o B B s — N s R, R
TARAAG AKMERE S, Ui Ai A R T 5E S g, i H/N a7 i R B AR R AL A B AR T R
W, X5 IRSHAD Rt ah B —8. 185 —TRMBF . B &K/ E AN B E A EK
FEF=W Ay B 4 FRASIR > 1 i Va4 4, 45 AR I 4 K A 414 SR I B B A
W, IR TR AN YE S A B A DA 24,

26 MEKHFEIEE

O TE R RS TS E AR O @b iz B T & AR R A YE IR S, SHAZLY Z£RUJL
KA Ry A g B KR R % e B PR TE KB DELGADO 5B Wi SR 41 B (A B i i 4l
KRR 7 S ARG REE I ZIk; AHMED 2R A &AM P4 TiE
IR, X AT 7T 45 SRR I VR T F B R S e A I AR s R 0 0 =0, AEIR NIIE A B S 1)
S5 D) Re T R AEEEAEH

KH LC-MS/MS Sttt @) a-FLAE A F2 3475 %E. BT F2 FrE S mkBadfE, E5
P b CE R B VLR I RE B, 75 BR A i 43 M 25 & De novo T2l WSkl 7 5k 43 #r ik B P 971
KB AE R T S SRRt e = PG 24K — by y B4, N-UMHA N b &1,
C-uI N y B+, W by y WA E N ZKFHET 8. £ F2 d, HEEH 11 %%
ik, Hrh 6 & =jk (WVC. FVF. LFY. LFQ. QWL 1 YWL) , 5 % JUjik (WLAH. LLLL.
YGLF. NYWL Al LLLV) , FraE KB 1 AEm (M+H]D , BRBER 20508 (MSIMS) 41 5
Fiace ZIWFARE, 4 Trp. Tyr 1 Cys iX 3 PP B mE AL T = K Ao B0, JBK A 40 S84 3 14 38 7 %
En(29-801 g b ERR, ABFAUIRAE =k WVC. LFY. YWL BA B EWE 7.
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a b
c d
e f

a-WVC (m/z=406.18); b-FVF (m/z=412.22); c-LFY (m/z=443.24); d-LFQ (m/z=407.86); e-QWL (m/z=446.24); f-YWL
(M/z=481.24); g-WLAH (m/z=528.28); h-LLLL (m/z=472.18); i-YGLF (m/z=498.90); j-NYWL (m/2=595.29); k-LLLV (m/z=456.69)

Ee B BEARTRARE miz: ZMALIARREBE T (%), A WHALFRACR B
Bl 5 ZMKm —gpigE
Fig. 5 MS/MS spectra of polypeptide

3 #ig

ABEFE o A B S . B R AN S PR UK o-FL AR BREA . RRER. 2B
HAMKRAEA, fl&ITREMK. XA FRFE SR PUREE R, AUt EAN. BEARS
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R WA T, - LA A BEA . KEEAMEZR T EE S % 5T IR R
HLAgNE B KRS 2 AR 0 1 B o 8 A 8V O B KRR A ORI E e, S5 RR IR T
FRE R 7> BEH M ETEE . A LC-MSIMS 7£ a-FLHEHAMAH > HAEE N 6 =k 5 Uk,
Hor WVC. LFY 1 YWL BAESPUEE R . ARSI NI o-7L A 8 B2 4 5 % 5E
HA S s B kB . S5 A0 7E M 45 R 7T DU 48 RS S B R 2 35
SEXHE
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