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Enzymatic Hydrolysis Process Optimization of Perilla Meal and Antioxidant Stability of Polypeptides
ZHANG Hongyu!-?, LI Huizhen!'-?*,ZHANG Zhijun'-2, LI He'?, HOU Tianyu'-?, WANG Dan'-2,
LI Menghao!-?, YE Tongmei'-2
(1. School of Chemical Engineering and Technology, North University of China, Taiyuan 030051, Shanxi,
China;?2. Jinzhong Institute of Industrial Technology Innovation, North University of China, Jinzhong 030600,
Shanxi, China)
Abstract: Alkaline protease was used to hydrolyze defatted perilla meal to prepare polypeptides, so as to im-
prove the utilization of the protein resources in perilla meal. With the degree of hydrolysis as the indicator and
on the basis of the results of single factor experiments, the polypeptide preparation process of perilla meal was
optimized by response surface methodology. Furthermore, the amino acid composition and antioxidant stability
of the perilla meal polypeptides prepared under the optimal conditions were analyzed. The results showed that
the enzymatic hydrolysis conditions were optimized as follows: enzymatic hydrolysis at initial pH11.5, substrate
concentration of 7.5%, 60 ‘C, and enzyme dosage of 7 000 U/g for 8 h, under which the degree of hydrolysis
reached (23.462+0.237)%. The polypeptides of perilla meal were composed of 17 amino acids, among which
arginine had the highest content of (286.635+0.357) mg/g. Perilla meal polypeptides maintained a strong anti-
oxidant activity within the ranges of 20—-100 ‘C and pH2-8. Adding proper amounts of NaCl and glucose en-
hanced the antioxidant activity of perilla meal polypeptides, and adding more than 2% citric acid decreased the
ABTS* free radical scavenging activity. In conclusion, the perilla meal polypeptides prepared by this process
had good antioxidant stability and the potential of further development.
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L9 (Perilla frutescens L.) & BB R —4F 4 FIAHY
Y, FE oAb H A g g | B R e P A
M, ST 25w A 7 b B S AR R E )
FiRE, )2 T AR L GE B 2450 SR 050k F il Th AN i
FAR TR & it ik 90% L b, Horh -3 R Z KAt Al
JIE 7 18 2 5 73 il v 1 S NN B I ), AT BT R
O AR | AT L 0 Pt e AV 45 M i 4 258 T o A
A8 9 ) Zh Ak 8 0K S 58 T RF A Tl S B I
Yy, & & 2R R0k bl R BCE R 40% A,
JiE i 5 J5oR B9 2 1 AR R AT TT 2 57,9090, S —Fh
W BT 0 B A B

TR BAT Z R0 E s i 2 8K, ande s Ak 3
P PUA U BRSSP IR AR, SR
TP IRAE B AR R 1 I P IR0 1 1, 5 LB Al ik
AR W i P B A R ORI A2 R A=
AFTERREE 15 B 77 b B AN FR e AR 7 R R S5 )
R o TR AV TN A AR R THRAE 7 i R
oo PR ) 2 R IR A PR AN [) R il ) Tl D) 57 5
() 1113 7 A= AR Ak 38 Aok SO B R IS, 4 ol il e A A T
A EA AR AP0 P B TG KU, A SCLAAK A iy
FRBR , >R F o 2 1 e il A o i 55 Tk i 25 52 0ok 22
JIK, 3 2o B DR 2R A w7 T O T B P 55 05 R Y it i
T2 RO 35 S AT 2 55 95 2 K2 B IR 4 A, O
38 A TS AN R B I AT A AR 1, DA
SRR T m AR e 2%

1 #MRl5HE
1.1 Ak

I B 25 5ok CRLER 113 5 200 57.90% , ML i &%
AR 0.51%) : PR P L BR BB 5 B 52
¥ [ il ; Bl A (30 000 U/mL) : B T A fH AR
AW R A R TEAE A R 5 B = ok B ER R . i B s
T AR A AT BRZA B 5+ KB 2 4 .21 A
BEERR i B OB IR A W] 52, 2- R4 -
W -3- 2, FE I T BE W IR -6 -fiff iR [ 2, 2" -azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid) , ABTS]: & 3¢ 5= &4 W) #}
FABRA T 1,1- 283 2- =W 3EIRBE(1, 1-diphenyl-2-
picrylhydrazyl , DPPH) : [ ¥4k 8 Tl & e A7 FRZA w5 4-
-3, 5- 4 3 = H 7 (4-chloro-3, 5-dinitrobenzotri-
fluoride, CNBF) : - ISLIERI 5 5 AT BN W) 5 SRp LT
KRR UK LR HAGHE AT R \NaOH R 3h 1R |
NaCl: K T 2% Ak 732500 i i A BR A ) o i 35
Bk oy prdi
1.2 S

B IR KV R (HH-4) B0 48 #GCRE 1 B 12
(DF- 1) : 321 AN i /K F A AT BR 23 ) 5 n] L 230606
TH(V-1200) : F I RERAA BRA 7] 5 6 25 e vk

B DHL(TGL-16.5M) « - ifg p5 A S LA S A PR A
Al R E 1T (PB-10) : TR Z R RA LSS (LD A BRA
) 3 i AR €4 3% (UltiMate 3000) : 2% [E Thermo £ FE
ONE] TR R (HZK-FA210) - A% (R ) iy TR
F R AT 5 L7 RF (JM-B5003) « 43 k0 5 Ak B A B
WA RAFR; XA (LC-DCY-12G) FFIH{LE
B (T8 ) A BRZA B Es% 78 & AL (RE-2000A) : 11
WAL,

1.3 Rk

1.3.1 I Z Ryl &

P IRI AR, 2 40 H i, FRIBCE B2 75081, A
WK, HEPES 2], B NaOH 8¢ HCL %5 pH {8, T A
B P A A, AR IR KV B P A i T, AR
T A 10 min KA, 7€ 10 000 r/min .4 C&AMFT
B0 10 min, B 35 000 52 KA B, LI RO R T
1.3.2 KA BE A I

STM 58 TR AW 45 - B 0.05 ¢ 22 T K fi%
b, A 10 mL 6 mol/L HCL, A MU % E, 110 CR Y
24 h, BRI e G 78 AL L BREE R , R K € R &
100 mL,

Ui 5 -NH, 2R FH B = i &k (2 503000 5

K AR Ry 5 K S %) SRR R o DR L R B 0 L
{8, 22 A 3h A0 0 00 R 0 B 58 5 R TG Ao YK figt
BE(X, %) 3 EAXIT

0

AE-\ - Ao

A A Ry A R B -NH, BE JR 2, mmol 5 A4,
SR EE DR T AT U S -NH, B IR 28, mmol ;A oA 52 950H1
S8 A 7K AR PP R S -NH, B2 K%K, mmol
1.3.3  HREFRRKE

TE— BSR40 25 S I i ) B0 4 pH E
it A VR TP A e O T Yo A YRR/ St ) 5
80 550 Bl 4 ) R Bl AL IE] 2.4.6.8 .10 h, W1 4R
pH9 .10, 11,12 13, i EE 45.50.55.60.65 °C, iKY
W E 3% . 6% . 9% . 12% . 15%, HIl fiff & 3 000, 5 000,
7000.9 000,11 000 U/g.
1.3.4 M 1 AT

AR R IR b, SRRV B A R
Fupic] pH ERSE WA s | Design Expert A AT
SRR KO e 7 TR S 1R T, LUK A BE SR o R AR
DA 2 11 il T A B0 B 25 0k i & 58 IR 2 R T
A FETF AR A 0 Ko N TR PRI A BT A AR
1B I R T 2555, X AR W S A T E
2K 1,
1.3.5  ZHEm A 5t

Z: 2 5k m] a[sg g7 1k, R A Hypersil GOLD C18

X = % 100
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Table 1 Factors and levels in response surface design

IR Lk
A S % BRI C C WA pH A
-1 3 55 11
0 6 60 12
1 9 65 13

Selectivity HPLC Columns (250 mmx4.6 mm, Sp,m){}ﬂﬂfﬁ
LIV Z IR SER A . FREL 10 mg LRI Z KT
i A 6 mol/L HCL 5 mL, N 3~4 2K, SE A
B, F 110 CHB /KR 24 h, 2555 €T, 0.1 mol/L
pH9.0 MIBRZE Wi E A 2 5 mL. BU 100 wL 21 Fhad 2
PR IR A X B AR VA TR SRR K T 2 mL B0 P,
A 200 L 0.1 mol/L. CNBF fiT A= 5] (% T £ 1) .700 pl
R 2% vh e, 60 “CKVEATAE 4L 30 min 548 0.2 um i
U8 3 8 S A

WishA A M. 20, B #H:0.05 mol/L pH5.65~5.70 Z,
1% 4 2% R, A6 R B : O min, 20%A 5 0~15 min, 20%-~
38%A;15~35 min,38%~48%A ;35~38 min,48%~49%A ;
38~42 min, 49%~75%A ; 42~50 min, 75%A ; 50~55 min,
75%~20%A ; 55~78 min, 20%A ; i3 4 0.28 mL/min; 7t
FEARFL : 20 L s Kzl P4 240 nm; #2325 °C.

1.3.6  HréALTE I

DPPH [ H 535 R ABTS [ i 3L 75 B R 2 IR
GB/T 39100—2020{ £ ikt A AL Pl & DPPH 1 ABTS
)M, LA Ve R FHPEXT B, 7€ DPPH H Hh JEiEBE R
B S T, R R BE R EE R 0.1.0.2.0.3.0.4.0.5.0.6,
0.7.0.8.0.9. 1.0 mg/mL, V¢ ¥ B 46 £ 24 0.005.0.010.
0.015,0.020.0.025. 0.030. 0.035. 0.040, 0.045 , 0.050
0.1.0.2,0.3.0.4,0.5.0.6.0.7,0.8.0.9, 1.0 mg/mL; 7£
ABTS* FH H B3 B 2R 0 e i, B S BEBR Ol 0.2,
0.4.0.6.0.8.1.0.1.2,1.4,1.6 mg/mL, V % FZ ¥ & Ky
0.005.0.010,0.015,0.020. 0.025. 0.030 . 0.035, 0.040
0.045.0.050.0.2.0.4.0.6.0.8.1.0.1.2 1.4 . 1.6 mg/mL.
1.3.7  Hréafbmese e
1.3.7.1 BR300 22 KBTS A 1 1) 52 i)

e S I A 0.6 mg/mlL 42 00K £ IKIE R L 4
SAE 20.40.60.80. 100,120 C & PRI 1 h J5 B
i, VKK 5 min, M 5E DPPH [ 2535 B2 % il ABTS*
H HERR R,
1.3.7.2  pH X} 58 950K 22 BRBT S8 A0 1 1 A 52 i

e 1) 55 £k B A 0.6 mg/mL 25 950M0 22 BR VA W L 1)
1 mol/L HCI 5 NaOH #75 pH {H % 2.4.6.8.10, % it
WCE 1 h JEIEY pH {EZE 7.0, 0% DPPH H 563 b
M ABTS* H B HHBR
1.3.7.3 B ECREXT S8 0500 22 BT A T 1 i 52 e

T ) 5 B MR M 0.6 mg/mL 22 T5R1 22 IR VA U L 43

SIS N5 i 208K 2% 4% 6% 8% . 10% 1) NaCl ¥y
PR RIS 29 0, 2 I CE 1 h, T DPPH [ 635 bR R
FABTS H HBETH R
1.4 FdlEab e

BUREe 20 3 RHEE AR USE B bR 25 R
7~ BE R 1BM SPSS Statistics 25, Origin 2018 F1 De-
sign Expert 8.06 X # 47481173 #1 o

2 EREHMR
2.1 FPRIES
2.1.1 PRERAPR IR (B R 7 A HE 14 500
TR P 1) X6 7K A 2 ) 520 DL T 1

12r

b —
s 1of /
i
< 8r i/I
6 1 1 1 1 J
2 4 6 8 10
it [H]/ h

ANTF) SR BN 22 53 18 3 (p<0.05) o
B 1 e 8 X 7k i BE B 2 0
Fig.1 Effect of hydrolysis time on the degree of hydrolysis
PP 1 TR, I S B2 I T A o 1] ) A2 58 7 1 R
BEJS T HaE o 18 2~4 h N TR IOK A T2 S 12 42 7T
TE 4~8 h A, BHAF TR0/ i 2 SR TN, £ 8 h b ik 31 U
{8, 7 (10.95420.397)% . WLJ5 , i T hEH) 73 5 W LK%
A, T8t i S s 1 A1), 7K fige BEAS FERG I , 2% i 31
AR PEHE 8 h g FRcli R AN 1]
2.1.2 WG pH (XA A# L A 50
PIth pH (S 7 gk A LA 2.
181 a
161 i
14+
12F

IKIFEE 1%

101
8.
6.

4

9 10 11 12 13
FIhfipHE
RIS B35 22 B 1. (p<0.05) .
B2 #1% pH EXIKERERF N
Fig.2 Effect of initial pH on the degree of hydrolysis
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121, KA SR B, T R IR L SR E) 71.85%. I
PefEwItn pH {E 11,1213 #EA7/R 2645
2.1.3 AR U FBE T 7K ik FEE 114 52 )

Pt LS8 X6 70K A B2 1) S ) L] 3
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Ak I/ °C
AR SRR 2 57 1. (p<0.05) o
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Fig.3 Effect of hydrolysis temperature on the degree of hydrolysis

niE 3 pros , 7RI B A 45~60 “CHY, 7K A B2 Fifl
it e L ) T R TR, R BB F TR TR T
Sy FB SR, 1 -5 RGP AE SRS [E) P R A RS FE
Kot 2 B AL BOR PR 0T, Y AR IR B 60 "CT
i Bl 65 CHY, KR B 2 R B i dR A (17.410+
0.193) %% % (10.003+0.511) % , FEAR IR 35 42.545% .,
R RBSE TR o = R O AR A M TR T
ks R, SRR R IRE 55.60.65 CHEAT I 2215
2.1.4 TR X K AR B 1 R )

O 0 % ok 7K Aot FEE P 52 DL ] 4

22
20

18

IKIFEE 1%

16 -

14+

12

23 45 6 7 8 91011121314 15
TR /%
RIS IR 2 5 5.3 (p<0.05) .
B4 R AR R

Fig.4 Effect of substrate concentration on the degree of hydrolysis

W 4 JoR TR BE N 39%0~6% ), B4 I )
e BE RSN, I R 55 2ok v B 1 BT AR I A R P I A
SO, B 5 RS A RIS K, AR R R T, K
it E T 5 AR 0 FE N 6% B, K it B SR BN ,
(20.646+0.077) % JIEHu BE AR S 3G, W 230 i
PHIVER Y T 5 R A REETG MO 45 &, AR

FEREARUT, T S BOUK A BRI, PG S BRI ik B
3% 6% 9% 1T 5 LR
2.1.5 iR X 2K i )

o 2 %o K A BE s ) LI 5

22 - a a

a
20

IKIFEE 1%

14

3 OIOO 5000 7000 9000 11000
JinEE/ (Ulg)
R 52 B 8 (p<0.05).
B 5 mnBgExdKiEE N
Fig.5 Effect of the protease dosage on the degree of hydrolysis

WNEL S I, Bl et ek 388 o, 7K A 2 S 30 4 Se g
KIgaTRENBR . 754 3 000~7 000 Ulg
T, B 26 1 P St 388 o, BRSSP 2 S S Y
G55 MR RGN, K A B 2 T RG o 40 il
7000 Ulg B, 7K fifk B FF 46 B AIG , 33X AT RE = T 76 i ot
SIE LT B YR B A BRI S
(254, ARG T, 280 T 44 i 7 FHRo, TR
P 7 000 Ulg Mt n &t
2.2 W IS A5 R S A b
221w RS B S 4

HPR RIS R BN IR R R R b
pH (EXT KA EE 2R . I, f#H Design Expert 8.06
Xt 3 AN ZE AT R LA, 3 17 AN A 12
AT SR 5 ASF 5 2 2 SRRy I 30T T R4

F2 MEEZERRETEER

Table 2 Design and results of respond surface experiments

12

RS A B C IR %
1 -1 -1 0 16.000
2 1 -1 0 17.087
3 -1 1 0 11.685
4 1 1 0 20.705
5 -1 0 -1 16.985
6 1 0 -1 20.845
7 -1 0 1 6.334
8 1 0 1 4.251
9 0 -1 -1 19.271
10 0 1 -1 15.193
11 0 -1 1 7.889
12 0 1 1 6.806
13 0 0 0 20.646
14 0 0 0 20.647
15 0 0 0 21.968
16 0 0 0 20.608
17 0 0 0 19.143
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XF 2% 2 KA B HEAT 2 ot In R HUA A5 B
SR TORA B B P B A TR K A X S e (A) TR

BE(B) XAItd pH (H(C) Y270 Wk 1 5 B2 < K i g =
20.604 2+1.485 54-0.732 25B-5.876 75C+1.983 25AB—
1.48575AC+0.748 75BC—2.209 575A2-2.023 57B2-
6.289 075C2,
2.2.2 M JE [l P AR Y 1) g Ny 5 AT

Wl 7 R0 7 22 0 BT R N2 3 o,

®3 REEPAFBRAIESN
Table 3 ANOVA of the regression equation

WH PR ARE A0 F A p i RFEE
Bl 545207 9 60579  19.145  0.0004

AJRYIHIE 17.654 1 17.654 5579  0.0502
BRI 42900 1 4.290 1356  0.2824
CHIUR pH {H 276290 1 276290  87.317 <0.0001 #*
AB 15733 1 15733 4972 0.0610
AC 8.830 1 8.830 2791 0.1387
BC 2243 1 2.243 0.709  0.4277
A 20557 1 20557 6497 00382  *
B 17241 1 17241 5449  0.0523
c? 166.537 1 166537 52.631 0.0002  **
B2 22.149 7 3.164
KW 18.151 3 6.050  6.0524 0.0573
gl s 3.999 4 1.000

MAT 567357 16 R2=0.961 R2,,=0.911

T R 25 (p<0.05) 5 **FRoRSE M % (p<0.01)

H R 3 LA, B A B AR 1 2 (p=0.000 4<0.01) ,
JAUTFAR .25 (p=0.057 3>0.05) , Pi W it 77 T2 4T3 56 40
AR, B E R AL R2=0.961, 3¢ W 520 K fift )i
PR 255 T B 3 A8 B A DG 96.1% , 1 B f
FHIZ ] U= RS TR0 R A A A T00 I 00 B 5% 50K A0 7K il I o

1 Design-Expert V8.0.6 FF3 A 15 2 il 14 2 11 il
it A JE B 5% D0 R B AR Al T 20 M IS VR B 7.45%
Tl i R 59.83 °C WD UA pH11.47, TEMEAPET , K
BEFIAE R 22.538% . 4% BRI 56 v B AR B 2 11
R R E 7.5% (IR 60 °C B4R pH11.5, 1
I 5 R B SEBR A i JEE A (23.462+0.237) %, 5 TINE
FHRT IR 250 4.19% (<5% ) , & W1 Fh ) 1 TR A AR A5 21 1Y
AR E
2.2.3 W A HAR AT

% D238 B i 0 1 % 5 v 2k R UL IR 6~ 8

&l 6~ & 8 W] AT, 3 A~ PR 2 11 e 1 i — 4 57 fA &
BT O A e KA, 55 R 4 R A R B % R
RS AR o SRR 7 22 0B 60, 3 A~
FI2E HAE XK B 52 AN 2 (p>0.05) .

B & 6 T, 490 b5 pH {H (C) B2 76 0 fH 12
B i T A L (A RS ¥R B2 (B) B 3 , K At 35

B iR/ C

3 4 5 6 7 8 9
A YIS %
E6 KMKESHBREEINKEEZNHNEERESLE
Fig.6 Response surface and contour map of the effect of the
interaction between substrate concentration and hydrolysis

temperature on the degree of hydrolysis

IR E 1%

2.00 ' ‘
s . ;
PH gy 11.00 3 R
IR BE1%
13.00

12.50

[=5
> 12.00

C ¥tk pH

11.50

11.00
3 4 5 6 7 8 9

A R 1%
E7 EHRESWE pH EXN/KBEZBMNMEEESESEE
Fig.7 Response surface and contour map of the effect of the
interaction between substrate concentration and initial pH on the

degree of hydrolysis
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Fig.8 Response surface and contour map of the effect of the
interaction between hydrolysis temperature and initial pH on the

degree of hydrolysis

SRR E RIS, BB e . i
7RI, IR (B) [ 5E 78 O E 60 CIY, BEEY)
WREE (A) M) e pH (B (C) G N, 7K fige 1 52 9 e 3
o I BRI A B4 5 K BE B 4 pHL (728 A0 A 35
W, TR IE v B AR AL B e . i 18] 8 T, 2R
W (A) B 2 A U E 6% B, Bl R A7 5 (B) FIp) b
pH B (C) FSE I, 7K fife B2 14 52 B0 S s J B IR R B4R 5
IK itk BE BEA) G pH L AZ Ak i) i S A B S T I A UL
JEAS RGNS . Bk 3 AT R CLC? O B K
- A2 R Ko S e N T A R 2R 1R K 7 28 93 H
AR, 4% DR 30T TR At VR K ik B B 2 R IR S C>A>B,
AbIts pH (B> IR > TR .
2.3 RUMZINEIER A B

STRIZ IR E BRSNS TR ZE RN 4 Fs

Wk 4 PR IO Z IR 17 R R, 4145
7 P LR 10 FhAE AT BERR , ARG ) KA
WEfE A B FISE &R . SR 2 I IR &
i 90.09% , 46 R AL IR i S E SR & BERY 56.48%, 2
I 1B DR £ Al 20 2/ A [ A T AR 4H 20 (Food
and Agricultural Organization of the United Nations/The
World Health Organization, FAO/WHO) #f£ 7 {H 60%.
B K P R | IE AT 2R | 7 L AT IR AR
5,53 91R 36.19%.36.74% F1 19.51%. X ] BEJ2:
2 IRPTAATEMEROR IR 2 — o BTy 2 R

b

f‘%&\/
LES

72

R4 EAMEZREEREAM
Table 4 Amino acid composition in the polypeptides prepared

from perilla meal

HEEMR AR it/ (mg/g) HIEMAT it/ (mglg)
RAHR (Asp)™  55.508+0.901 || AR (Cys)*  2.577+0.294
BAF(Glu)~  120.285+0.093 || AZRR (Trp)™  79.635+0.641
HERR (His)t  17.277+0.239 || 2222 (Tle)™  22.106=0.644
K& (Arg)™  286.635+0.357 || K E R (Phe)™ 31.856+0.805
22540R (Ser)  44.131x0.600 || MEZ(HE (Tyr)*  41.592+0.907
FRABR(Thr)*  23.948+0.889 || #i%dle(Lys)*  27.089+0.091
IR (Pro)*  19.691+0.775 || HAA &H/% 36.19%
HEMR(Cly)*  31.822+0.696 || NCAA 4t/% 19.51%
WER(Ala)*  32.094+0.003 || PCAA &H/% 36.74%
AR (VaD)™  58.942+0.660 || TAA &4#/% 90.09%
IR &R (Met)™  5.679+0.756 EAA/NEAA 56.48%

T #3875 Z LR (essential amino acid, EAA ) ; #3778 i K 14 2 5t
2 (hydrophobic amino acid, HAA) ; + 3 7K 1E i faf 24 3£ iR (positively
charged amino acid, PCAA) ; — 38 7R f1 L fof & FE iR (negative charged
amino acid, NCAA) ;NEAA HE T 2 B2 (nonessential amino acid) ;
TAA Jy RV HEFR (total amino acid) .

RS ER A e, 1891 (286.635+0.357 )mglg. K&
2 5E AR R 16 E RPN SR ZIGA M
— AR P A A Y R, B RS R R IR R
AR O AR T 2R AR R R R i
BRI R AT R R, HI R I £
FRAVE T RE & ST KW e K.
2.4 I RGTEALIE ST

EVIN EEA iR f T NS O

WE 9 Fin LI 2 BRI PT A AL TG 1 2 B
B RN, H DPPH I H 3£ 35 B R Ml ABTS H Hy 3
T 53 245 2 U 1 ot o 4 o B S RS T AR E 1
FEE I SR N Sy B A N SE T AR AR TR o S S L D O
HE Ve, i 1 DPPH H i JE 78 B R 4 B AS 2 78 68%
H195% 247 {0 ABTS* H th 58 bR R R85 2 100% .
UM 2 Ik DPPH H | JE 7 Bk 3% il 26 76 v B o
0.6 mg/mL i 35453 4, IR L e B A 00k B T b4 75805

a 100 o
80
x
i*ii'% 60
by
E 40
E —a— V¢
&
2 20t —o— EIHMZ AR

0 0.1 020304050607 0809 1.0
e g/ (mg/mL)



RatRSHR

202443 A

FAFEAR HasEE W 163
b 100 -[ 80
< 70 -
& 80f
Z_i 60
x
o 60F =
o © sof
Z wf o
2 40T e DPPHIY L
£ 0ot == Ve —o— ABTS*H i it
| —o— EHHZIK 301 d
1 1 1 1 1 1 1 1 1 20 1
0 02 04 06 08 1.0 12 14 1.6 2 4 6 8 10
He i/ (mg/mlL) pHIHE

a.DPPH [ HZEIEERF ;b ABTS* H thZEHER %
B9 ZEFMESKmatiEd
Fig.9 Antioxidant activity of perilla meal polypeptides
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