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Effect of High Pressure Treatment on Phenolics, Flavonoids and
Antioxidant Activity of Brown Rice

YU Yong' PAN Fang' WU Jian® ZHU Songming'
(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
2. Agricultural Service Center of Zhengzi Town in Rong County, Zigong 643100, China)

Abstract; Nowadays, due to changes in consumer life style and health awareness, brown rice is receiving
increased interest as a source of healthy attributes. Compared with white rice, brown rice is rich in
several health beneficial nutrients such as vitamins, dietary fiber, minerals, antioxidants and essential
amino acids. It is necessary to study the influence of processing on nutrients of brown rice, because these
nutrients are easily lost during processing. High pressure processing ( HPP) is a new non-thermal
preservation technology that enhances food safety and retains the food original nutrients. Up to date, the
research on the effect of HPP on nutritional property of brown rice is limited. Phenolic, flavonoid content
and antioxidant activity of brown rice after HPP (100 ~400 MPa) by single step (5 min and 10 min of
holding time) or two step process (two cycles, 5 min of holding time each) were investigated. The
antioxidant activity was evaluated by 1, 1-diphenyl-2-picrylhydrazyl ( DPPH ) radical scavenging and
2,2'-Azino-bis (3 -ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS" +) scavenging assays.
Results showed that phenolic, flavonoid contents and antioxidant activity of brown rice were increased
with the increase of pressure. Moreover, under the same pressure level, the phenolic, flavonoid contents
and antioxidant activity of brown rice under two step HPP were higher than those from single step HPP.
Percentage retention of phenolic and flavonoid content in brown rice treated by two step process at
300 MPa was 97% . These findings suggested that the HPP was an effective non-thermal processing to
retain antioxidants in brown rice.
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KR —FAEw EEORE, 2R T 12
AN TR Bt KTk, AT3E 2 & H
Rl B oK BRI B RS i B 0K, i T8 R I T
B RSB ER YR EETESEERT
Bz TRV B G T TR K I
FCRA 2280 A Wi Y 5T LA o A BRE 1) i 4 1 32 3]
JZRTE . FEE B AW 8 0 TH 2 Ok B
% REK TR T L FloR i 2

Hits K 8 A I 2 AR AP B SR RS SE SR I RUR , N
PR R 2 (IR B2 B B2 CBR GO R ) 58 W B 8 K FFRL
SRS R AH LG RS oK BAT B8 22 /9 85 1 T AN 0 Al s
MR ALET 4 A 3R A8 IRy, 38 HA R BE R 20
YA YRR oy AL TR (2 L B 2 S AR W T )
B AR W 2 R R B R A
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PR TR  E RREA FIRARORIR 2. R
] i R BIR B M AR B A Y B R A 2 BN
o A R — A EE )

#8 & & (High pressure processing, HPP) J& 15 &
JI{E I #E 100 ~ 1000 MPa {37 B AE AN TH A, &
DAZK s Al 8 A A by A A% 36k T ), R Ot A 5
15 TR 1 45 1R DR A — S ) ], 98 05 Hs 0 R, AT
SIE A0 R AE T AR S B (i U B T B
KBS ) 1 BRIR B TR B AR AR T R
P NIIBZNE | RE N DAy I S D W S 1 S Sl N SOl E|
0o A g — A AR B TR R
T st DRGECF N v, b R A A 3 AE T R IE B
oy D) AR s % 5 ST | Y 2 P B =
AR

B, CA#E VI T8 AL 0 AR B3
SFLFEAE T R SRR R 2 R 2R
IR GiOE 2 R ¢ P R (e NG TR e
BER L RICRAN o IR T B A AT TE RS
SRR K, B 5 1 am i A G LA
oL T — 25 5T e TR AL BN R K T B R L IR S
i N HHT AT R R

H R 8 e e Ak AR TR 5T 2 2 4E b T
TE A AP R AR R I A R O K B R T A
AT DA B R AR A AR L XU AT (R R R A
FHGT RS K 0 T 5 L B 2 5 M T AR A T MY

il

S AT GE o AN P T 38 2 S0 e 1 3R X
A TG S TIT LA 394 58 R TR AR A B R K B 1
b 4 o LG R 2 e S Ak B K o 8
T AR IR Ay B — 2P TS .

DRI 7S 3 AR 2K D AR 78 X0 R, PR 9 ey T Ak
XRE A P 2 B LI 2K A B DL PR TS PR
SO IE RS HCAT A B R T - 3 2 OB I 1Y
b BRASCR htE—  ARARE K I T T2l 2%

1 #R57FE

1.1 EIHE 57

FMNE 15, L KRZ B EMPHEARA
Al PR, W S 3 A A B 4% (20 cm x 28 em)
HEIZHHR, BEH—B TR OXEET
4°C I UKAR PR AT, B o TEEAT SEI0 Z A1, B0 K
FEEAy U, O i 2 %R (20°C) , FF A — & 6L —
152B3 5L R 2RO, K fa s FH A HL 2 IRAB AT 58
IAE A WLoE , 15 BVROK AR i o BEOKRFE M T 3 2 A 3
LT R S A TR, B T 4CTF
TRAF, o

Folin — Ciocalteu {7 . 7% & 7/ W F 3£ [& Sigma
oA JLASER WA T 0 BT T A AR BB R A A BR A
A] s DPPH (2, 2-BR R L -1-9% B P k) (ABTS (2,2'-Hk
G- (3= TR T 0 o k-6 iR ) — R ) A B R
B T 22 e RN 2 w5 HoA Ak 2 R X Sy A
W ] 24 B AR 2= R A IR A A .

1.2 UF{iE&

FIF {6 FH A0 1% £ A0 45 - UHPF — 750 B8 75 s 40 B
WA (BB R m I RHECA IR TR 22 | ) ; DFY —200
RUREAR 5 T BE A TR AL CIRUE T MROR BB A R 2
F) ) ;S810R AU 5 3 2 7R 5.0 Ml (12 & Eppendorf 2%
) ;Cary 60 7Y 28 S8 0] UL 43 56 0 BE 1 (I KR . &
FEAC AR A R 7)) s DX —9073B — 2 Blgi X |4
(AR S S 00 B 5 A BR A F)) s HZ — 9211KB #Y
TEIR IR a8 (KGR s A1) s WH — 861 HLi Jig
g (KA RER LI B AR A ) o
1.3 BeEREEHY

FRIBUBERFES 10 g UE T35 A 16 g T EH
TR R O BB HER 2 A58 5 317
AH R R g AL 3, % 2 0 8 e A 4 e 97K T
4351 2 100,200, 300,400 MPa, {3 % B [8] 43 51 Ky
5 minfl 10 min, X} B4 43 5] o % B L 5 min Fl
10 min (RREOKRFE 5o 2 WAE 20 208 s He b 21 43 Oy 2
BB, 1 B BAE R ) N AR S min J5 37 B
ML 265 2 BrBe I e =5 1 By BOHA ] 19 s ) £ JE 4b
5 min, BPPRRE SRR R B 8] 45 10 min, Fk Jj 4b



370 & A Bl B ¥ i

2017 4

FH 7K SE 43 51k 100,200 ,300 .400 MPa, # 5 1E Ab 2
GG 7 BB K N B S48 IR o SR T K
WT AT R &, 8 T 30°C T4 b T8
6 h K A S (0 RE K BE L LS 0%, B T 4°C T R
FE, 2 Mo R T A B A5 R T 0 S B 454 3 WK
1.4 BERK EEEYRAIRE

FH S A LK L A Ak B 10 i K B i B BB A
it 40 B G IR T A £4% (20 mm x 80 mm) Hr ik
TTEaGh &M

PRI 3 g MoK I AH] 15 mL ¥ 0% B2 M Y e i
W (95% H LS 1 mol/L HCl {RFLEL Jy 85:15) , e fd
B R EY 1 h(150 t/min,25°C) . 7F 4°C & 1F
F,4000 r/min 2.0 10 min, Y 4E B, B T 4°C %
RO, 28 H
L5 fREMEHTEIE
1.5.1 %8 FIRinMEZ

HERR PR PO T2 0. 020 0 g, E 4 % 100 mL,
TC 1] J30 5T vk B O 0. 20 mg/mL B R 1 R b UE
o RKWEEL0.5.1.0.2.0.4.0.6.0.8.0,10.0 mL
WE TRRAMEWR T 10 mL B IEGE T IF nz= 8Kk E
AHE10mL, $E5)%H.

B 200 WL ASTR] R B2 1 B5 HE WO A 1 mL 4 Ak 5
WA, BIZUPR S P25 5 A T mL 10% Bk R B4 1 T
o AZEBACE R 2 5 mL, iR T #E 90 min J5 , 7
765 nm A 5 IR R
1.5.2  JLZEFR AR ME i 42

HERAR L AR 0. 010 0 g, %E 7% & 100 mL, Fi
il BT Y B O 0. 10 mg/mL Y JL 2 R A o 1 K
KB 0.5.1.0.2.0.4.0.6.0.8.0.10.0 mL %€
TR T 10 mL H ZE 3858 v I 28 18 K 2 25
10 mL, $25) % .

B 750 WL TRl BE i AR HE WA 3.75 mL 2
TE7K AN 225 wL 5% NaNO, %W, Z i T & & 5 min
&, P A 450 pL 10% AICL, - 6H, 0 % i, # &
6 min, F- M A 1.5 mL 1 mol/L NaOH & , B 2145 %
) #eE 10 min J5 78 510 nm 205 WG
1.6 BEESENE

S 2 BN E R Folin — Ciocalteu i 2 2,
B 200 L #F S ERBGR A 1T mL &8 AR 5], 3 50
PGS EIMA 1 mL 10% B R 94 1 W, 5 Ja m A
EMAKERZES mL, ZH T #E 90 min 5, #
765 nm bl GE WO L By AR () DL
100 g fEK H AT A Y FIRE FRMTE RN
1.7 BEREXESENE

B 750 L FE S EEIGR L NA 3. 75 mL 248 /K Al
225 pL 5% NaNO, W, & i F##E 5 min, K5 7

VAN 450 wL 10% AICL, -6H,0 %, % 6 min, 5
A 1.5 mL 1 mol/L NaOH %% , BIZUIRE 14 , &
B 10 min, 7E 510 nm K090 E WO R A i
(Bt bt ) LARE 100 g Bé K H i 3 40 24 T L ZS R 1 ot
RN

1.8 DPPH BEHEFRENNE

B 0.5 mL A a2 BUWE, A 3.5 mL HIEE I
I mL 1 mmol/L DPPH %, % i A W5 4 F N i &
30 minJg , 7E 517 nm A0 5E W6 B0 DL H VA
75 4l . DPPH H iR FITRE AKX

B=(1-A/4,) x100%
X B——DPPH A H3LIEBRHE, %
A, 25 R B IO B
A—FF i O BE
1.9 ABTS' -FReEHNE

$7 mmol/L ABTS ™« f14. 9 mmol/L 13 #% B& £ 75
WERBUR A, EER OB & H T e (12 ~
16 h) , 13 5] ABTS " - J5i i o fif I B A HH 12 4 B A I
YEW, A 4& TAE W AE 734 nm Zb WG EE R 0.70
0.02,

S mL ABTS ™ - TAEW, A 1 mL # 5 $2 X
W, E 30 min J5,7E 734 nm b E R . L
FH B A AS (4. ABTS ™ - B i JE 35 BRI A
XA

C=(1-A4/4,) x100%

K C——ABTS" - {H HHEIE IR %, %
.10 HiESH

% A Origin K ( version 8.0, Origin Lab 4\ &] )
SE4T B RRCHE 42 07, R i) SPSS 4K f ( version
18.0,SPSS 24w ) #E47 ANOVA B[] 38 J7 22 43 Hr Al
Duncan £ 5 (P <0.05) , %4 45 R 45 LI ¥ {E = 45
HEZEFRIN

2 HRE5WR

21 RABREE
2.1.1 R Jj S AR R B[]

R e Ak P A AR e B AR AL R 2R O R T DA
JAR BB, ARSI ERSE T 100 ~400 MPa Ji Jj kb 34
Btk 5 min A1 10 min, 8 5% W 29 B & & 19 A2 4k,
SLEASRWME 1 R, B AR R RR 2 7R B E
(P<0.05),

AL 1 25 S mT 0 6 i e b PR 5 R & R Ak
HEZH A L, 283 100,200 300 400 MPa LB 5 min J5
RS K BE S 2 B W BT R AR B R 4 ol 72.9%
75.7% 85.3% Fil 92. 9% , {3 J& i [a] 10 min &b B J5
KK 19 2 W 9 ot ) B8 2% 43 il )2 80.6% | 90.2%
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45T g EZZ2 5 min s £222 10 min
— ol ff 10 min ~ 4ol e e C5min+5min 4 g
T 40_ %-T q —CI— ;%_ = 40 R k ;E__I_
=) L 7 % 8 351 o
=¥ LS 7 = b
g 0 1) ‘ a 2% a
R 25 [ 2 o5t
Ig ol ¥ / @
= 20- 7 20
2 | g |7 E
- & 15¢
10_ ‘ % ‘ / )7 izl )
0.1 100 200 300 400 10 0.1 300 400
JE J1/MPa :
1 T g R R ek i) o i ok 193 25 5 &k 14 52 1) P2 O[] B 77 3O B R I 2835 10 5 T
Fig. 1 Effect of pressure and holding times on Fig.2 Effect of different HPP models on phenolic

phenolic content of brown rice

96.7% M 71.5% , 4 & WF I8 K BURE K 2 1% 1k B
B 24 b B, R I 26 W R Ok Rk 50% LB
AR SR 25 R B 6 — 2 1 SRR HL R B 2
JRAR B T LIk 90% LA E 3 5 W v R S — A A
AR U8 B RE K TR AR ) 22 19 W BT Al A T

sEAh, B 1 R, 2R ]38 5 min B
B 5 Ab BIRE i 1K, R OK B 28 = 8, 7E
400 MPa'F ik 3| £ KAH , 2 38. 8 mg/ (100 g) ,iX A] {E
S H T A P TR DR v A3 2 A AN T 28 ) o
et RIE RS ] 22 10 min kb EE 41, 40 B E 3 M
100 MPa ¢ fi1 F] 300 MPa I}, K& K By 35 & & M
32.1 mg/ (100 g) 14 /i %] 38.5 mg/ (100 g) , 24 &b
JE 77 4k 22 1 T 51 400 MPa B, B K iy 25 5 5 F B
B 400 MPa L &b, 7 [6] — & 3 K SFF, 4 H B ] Ay
10 min ) 42b B 20 K& K B 200 50 5 B K T 08 R ]
5 minkh HL A RE K B 9 IR i
2.1.2 #E

2 UG 0 X R A X — 4 o TR A
H 2 2 R BT B o A% e 08 7 A 0 5 Y ks
BTN TS 3028 W K 43 45 4 4 38 DA 2 Bk
AR R T AL PR AR L R A
SCHEAT T A U s (BRI 2 A0 30 88 i s AL )
55— 45 3 g TR AL B 0 0 S o A M AL
FRAE R UE SR R B ] 10 min RAE 15 5 R, 76 £
HEATE] 5 min B PEAT — K BE 5 T Rk 2

R T HEIE 2 A B = AL IR K R 2
B, 4> 51 5% I 100,200 300,400 MPa [ JE
AEFREK o & 2 Sy — 2 2 R R S AR S R A
HHJERE K Y 2 A AR AR SR A5 AR, I AN TR
FRRRZEFBEH(P<0.05), NEH A LIE S,
Kok 22 1 20 X0 = (5 min + 5 min) 05, H 2
i 5 8 B T 1 28 Ak ks 3 5 — 25 2 e (f e
6] 7 10 min) kb FE 2% 5 4 # M — B, 7E 100 ~
300 MPa I [l A, B K B 2 25 & Bl 25 40 31 R T 1Y 3
KK, T 7 400 MPa JE J7 B K By 2 9 1 % =

content of brown rice

TREZE32. 1 mg/ (100 g) o fEAH[E] ) F, W20 =0
o R A B2 RS K T 28 B i T — 40 O e e A B
HEE MR IEA B E (P >0.05), Pl
JEAL 3 41 RS OK By 25 B 0 IR %R 38 80.6% ~
97.2% ,

2.2 BAREMEEE

2.2.1  JEJ7 BRI ]

R 7 2 W 5 LA A, I 2 ) o A A R oK e
A RN E SRS BT IR Y
J3 4 B L 3 A R AY 3
> 100,200,300 . 400 MPa JE J3, fi JE i &) 43 51 g
5 min F110 min Kb 3 F5 A K Hb 305 R 26 2 5 A8 40 Y 52
BaE R WA h KRR 2R B (P <0.05),

16 i

h % min
j': Z}-_:[_ ?0 min "
0 8 i
gl e
i d d
=)
< o | P
b 1|
AT / /
01 100 200 300 400
FE J3/MPa

B3 TR 7 B ORI e fia) 3o i o R 258 5 k) 5 )
Fig.3 Effect of pressure and holding time on flavonoid

content of brown rice

HI AT 3 A] T, 58 R RN E) 35 9 S min 1
£ 100 ~300 MPa 3t Fl P, Fifi 5 Ab B 7 1) 56 K 4
oK H B S 5 1 N, 75 300 MPa ARGk B RAH , A
10. 0 mg/ (100 g) , & B HIEF] T 65.9% . X ] HEZ
DRl DAy — 7€ 114 [ 7 Ak B A8 5 240 B3 235 7 — 2 1) i /K
S AT B R R RS T R AR e TR Y — 2
BT I %5 ) A T St B R I Ok R
FE R E] 10 min Kb P 2H B R 28 55 & B R ) R/ 19 22
#5555 min 4k BEZH—F(, 78 300 MPa Ak ik 21 i K
{EL, 24 12.3 mg/ (100 g) ,{H 400 MPa &b Hf J5 3% [l 24 &5
AT N R FERH R AR B TR A s N [ SE A B
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W R B ARG, 72 300 MPa 4B 10 min [ 15 i
KU FARE R 87.4%
2.2.2 MEETA

W25 R F A 35 R K B 2 ) o 3 AR Ak
SR 25 R E 4 s, Bl bR R B R OR 22 7 B
F(P<0.05), MK 4 a7 F i, W0 =0 o s 4b 11
4, LA O bl R ) AR S — 20 U R e Ad B
20—, £ 300 MPa I35 e KfE , b 14. 3 mg/ (100 ¢)
MR PR EC A S ER T %
Ao AL A w20 AR S R AR B4, #E 100 ~
400 MPa i il N, B oK B R 28 9 50 Ok B R 0 il ol
80% .89% .97.4% .88.9% ., 75 &b, WK Al DL &
B, W25 2 e Ak B AE 200 MPa T Bl 28 % i &
— 2 G FEAL FRZH AE 300 MPa B 20 ¥ 45 5 TG b 3% 2%
S, 3 18 B AE 8 B A [R) Ak BEACR A1 BT, 4B U
o R JIT e R T S /0N 35 Ay S B A 7 ol AR o R I A B
JEJI 4Bt TR RE.

r o o 10 min_

I CJ5min+t5min e
7] d grf 4
7 b p 7

a

—_ —_
o0 5} =2
T T T T T

'S
T

BRI R R E/(mg - (100g) ™)

0.1 100 200 300 400
F= /1/MPa

P4 N[ 75 3O e R 35 10 288 25 4 19 52 i)
Fig.4 Effect of different HPP models on flavonoid

content of brown rice

2.3 KX DPPH BB EERRHEE

TAT I A 050 R W1 B 48 W A m] LRI
18 PR AL ) AR R X ATRESE N N 2R Y
Bah A BB BR A b B ST A A RO
G310 DR AT A T DT U A G 2 b
M 248 br o A 19 R DPPH 30 0 AN [R] 1k 9 4%
THAb B 5 Bl R BT 410 T R R AR, SR Ik L
IR

F1 TEREHNEHTHAK DPPH BB EFKRE

Tab.1 DPPH radical scavenging activities in brown rice

treated under different HPP conditions %

K71/ A3y 5
MPa 5 min 10 min 5 min +5 min
0.1 49.17 £0.80° 44.52 £0.94° 44.52 £0.94°
100 20.45 £0.72° 20.08 =1.07" 23.24 +0. 81"
200 28.33 +0. 62" 30.39 +0.57¢ 31.89 +0.76°
300 33.70 £0. 52° 39.82 0. 88 40.98 +0. 53¢
400 37.98 +1.03¢ 11.85 0. 85" 27.25 +0.78"

T [ — SR i 7 R B2 22 53 (P <0.05) , Rl

MF 1 AT LUAE W, 6 AH )9 O He B E) 5 min 2%
PFF Bl 5 4 = b R ) (9 3% K, DPPH [ iy 3L 7
BR 0 Ko Y& K B[ 24 10 min, F J) 5 [ 78
100 ~300 MPa i}, H: DPPH [ i & 15 14 R B % JE
(38 T g K, 7R 300 MPa 4b ik B fie KAE, H 7R
400 MPa Zb3J5 I 8L T R BRI A, P A8 A T
41 ,DPPH [ (B3 B A5G B 5 s i 35 K3 Kk,
M ) N E] 400 MPa B H 3R B

Wi U8 i R AL 41 DPPH [ L35 B % 5
F— 22U e A B, X U B R R A B O R
AR T e X R 23 A S R, T T R T 1Y
PR S AR A . AR S I SR A 0 4D X
BRI — SR T AR TR
MG 8 o 78 Xt 9 k1 A7 8 v TR A B, 7 R 45 )
BHE AT & A= fig i 00 e 4, 5 B0 R B TR B
S B E4E TR . A BRI R W YR IR E Tt
H DPPH [ i BRAE SR > . ZHOU 28" A
600 MPa J Jj 4b #3542 15 min I $E47 W5 I 0E 35, &
U 25 2 R AL B4 37 27 1 DPPH H 1 5 BR %
T ARAL A
2.4 fERK ABTS' -BEHEBREN

T A T AN AN 7] ) S A Ak B S R K
P A A TG PR 9 A A1 B0, R A ABTS ™ - [ Hy L35 BR
RIEA R ARG

22 IARFE T 4 B RS K ABTS ™ - F i
FEBR RN RIS R N R PR LUE ) ABTS -
HH 0 B 2 b R ) L O] e B ) AR AR A
DPPH [ iy SE 35 bR B AL . £ —E W ET
TN, ABTS ™« [l 5L 3 bR 38 B % 1R 7 1 1 K 1
R 3K AT R SR DR o — 7 1 R ) A RS OK (i FL 2l 40
J R AT AR AR — 2 B SRR E R L &
755 R E A0 Ah, R T AT A Y e
A6 Wi EAL BRG] ABTS ™ - H LT R R 5
F—BE EAPA . 0B & R B4,
ABTS" - A HEWEBRE R 34% ~39% , — L&
JEALFRZH ABTS ™ - H BT FREH 27% ~36% ,

R2 FRENEHTHER ABTS - BHEBFRE

Tab.2 ABTS " - radical scavenging activities in brown rice

treated under different HPP conditions %

&1/ Qb5
MPa 5 min 10 min 5 min +5 min
0.1 43.55 +0.99° 41.24 £0.71° 41.24 £0.71°
100 29.90 +0. 58* 29.48 £0.91°" 34.24 £1.14"
200 31.92 £0.96" 32.08 £1.12° 38.41 1.21"
300 33.71 0. 66° 36.09 +0.51¢ 39.24 +0.83"
400 36.47 £0.55¢ 27.11 £0.71° 34.05 £0. 65"
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2.5 EXMESH
3 &g

T HFRE A P H R S S L AL
T A 0GR, T A Ak B 2 1 5 0 4% SR HE AT
THEYZE G E 2 & BE S DPPH ABTS ™ - [ i 3 15 IR
Y EP S

PR S 1 23 BT 45 SR T, B 2K b5 DPPH [
P R R CABTS ™ - [ i 98 R R AE0. 01 K -
BEEAE, HMEMEABEF T 0.8 U E, A
LIS 5 DU 7Y B W5 45 2, B &
PURRABEBE ) S S DPPH [y 23 [ R 2
TEA G o B K o I 26 & 5 5 T S0 3 1 R B A
BB TE M 6 % T 1 26 A R R K PR AL TR
PR EERNEZ ., CF KL KB %V 52 R
BB KRR EER R R g
ST TR K B0 AL T PR A AR R, AT L
i B 2 W A R RO Ok 0 A8 T O 4t 4 Ak
CEDAR

WA RS ABTS - [ i 235 BR R £E0. 05 7K
TBE AR, FEE SRR AR
R P T e B A A A A e
THUE ALY T, T T RE 5 T Ak W T R 45 1
D B 55 6 R I A A A R

(1) X L [A]— 3 e Bsf ] Ak 312 RS oK 8 26 5%
HEAE 100 ~ 300 MPa yig [ P9 B 4 4 38 7 1 38 K i
BRI 4 400 MPa JR fy 4b B S RS K B 2 ) &
AR [ K P Ak B LA, P 2L R
FEALFEA By 2 im0 U i R A PR 1 2
o BEOKZE 300 MPa 5 45 =08 = IR AL B, By 2R )
JR B R R B B K, 97. 2%

(2) fFEIE] 5 min F1 10 min b B ZH , ¥ B 25
R TE 100 ~300 MPa {15 [ P fifi 45 40 2 % 07 09 35 K
3G K, d5e K B 28 9 o O/ B 324 il o 65.9%
87. 4% , Hi KW A i AL 3, 8 25 ) T A
BRI KR 97. 4%

(3) £ 4b3 20 DPPH [ i B35 BR % (ABTS ™ -
H T B 2R AR A ke 4 5 M S I o AR A R A —
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