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FHFZHMEK-PTKRRIZHNALKE pHIZEE

F O, IRFE, FEHT, 4 K, %, KLY
(PR fr b e, )1 22T 625000)

WE: DR R ER, R M- HOK IR IRIER AR T T 21, 8 i 20 K 2 5 AU 08 fh e A HR B
T2, FIRHESY pH X2 T Z B RE R, 2511 R T2 S ERIBCT 200 ik DR 640 W b
B3 min, BHE LT : 20 ALY ) IR HRIRSE 50 °C AR 6 min, SEGE MR L, B U | B
$2HUE DPPH [ HH 360G R AE 7 I FRAP 434 JRURE 7743482 8 T 50. 26% .21. 41% 38.36% . 18. 38% , HHICIE 4T
iR A HFIREOR T BB BN & 5 DPPH [t 3L TEBRAE )  FRAP iR JFLRE ) 22 [H] A . 3 AH ek (P<
0.05) . pH FEHEMFTLEREW B pH MBI, A H T HRBOR A % f  FRAP 238 U RE 771 DPPH [ #h 5t
TEBRAE X ST JE PR A, T B A 7SR pH T 2257 A8 1.3 (P>0.05) . HPLC A#T4s RE M, RRI Y R
A pH Z 0 FREMARR, RZAERRIMES IS MR &M T ERE.

XKER . KHT; Z28; MO-HUKERE; Excil; pH et

FESHES. TS255.36 XERFRIAD . A XEHS:  1000-4440(2020)03-0733-10

Optimization of microwave-hot water extraction process of polyphenols
from Phyllanthus emblica L. and its pH stability

LI Jie, WANG Yi-wen, ZHENG Han-yu, ZHONG Yan, LIU Xing-yan, CHEN An-jun
(College of Food Science, Sichuan Agricultural University, Ya’ an 625000, China)

Abstract:  The polyphenols were extracted from fresh Phyllanthus emblica L. by microwave-hot water extraction
method. The optimal exiraction process was optimized by single-factor and orthogonal experiments, and the effects of pH on
the stability of polyphenols in the extraction solution were investigated. The results showed that the optimal extraction condi-
tions of polyphenols were as follows: microwave power 640 W treatment for three minutes, solid-liquid ratio 1 : 20, extrac-
tion temperature 50 °C , extraction time six minutes. Compared with those under the traditional hot water extraction condi-
tions, extraction amount of total phenol, extraction amount of flavonoids, DPPH free radical scavenging capacity and FRAP
iron reducing capacity under the optional extraction conditions were increased by 50.26%, 21.41%, 38.36% and
18. 38%, respectively. The results of correlation analysis showed that the contents of total phenols and flavonoids in the ex-
traction solution were significantly correlated with DPPH free radical scavenging capacity and FRAP iron reducing capacity
(P<0.05). The results of pH stability indicated that with the increase of pH, the total phenol content, FRAP iron reducing

capacity and DPPH free radical scavenging capacity increased first and then decreased, while the flavonoids contents

showed no significant difference at different pH values

1 #5 B H#3.2019-12-09 (P>0.05). HPLC analysis results showed that different
EEWA B4 i Al R IT R H (2017YFC0505106) phenols had different stability to pH, and most of them

EERIT 2 5 (1994-) 2, UM N WP A, R AGR were stable under acidic or weakly acidic conditions.
BRI TAFSE . (E-mail) 1161964605@ qq.com Key words: Phyllanthus emblica L.; polyphenols;
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A H T (Phyllanthus emblica 1..) Z KEFHE H1 /7]
RIFETRA, SRS BRI , TReak (D i g
BUERAERG | H b DX B EE R [ Y 7
U AHTEREE, ARG ST
Yo, BABUEACFIE BR A B BERBE T, BPR o =K
BEFRKRZ =D KRR, D 8 R
25 O TR RS AR AR AR K IR RS
FEEAAA . AR R I TR ORHE A R TR
HFRENEGHEIT L, ERFEE R Fm 2
PR, HEOCTRH PR BN =248 rh A
T R tE™ ShRerE" mpoR & e A i,
A DL IR T 26 A H Ok 2l 52 i A 4

LML G IR E R A ROKREED %y
BAFAEFEITC AR R BB B
SRR I B R A O — Rl B RS B T2
by i 3R A1) FH AR08 0 1 i A0 e e S 30 )
TR Ty A W ry v i B i 4 &
i M RHEE N 255, B R | s R RS e
s 5 R E A R M 2
JR P LT 2 AR R R s B L (A
RHF MR /DA A, YORHE Tl #E
HH U SRR VR 30K S MR OB 1R
WH W, R B SEmaH F2me &,
R TR 2 W AE POk in T r 45 21 5O B EE 9 £
W W EMRAER T TR B 2 & a2
AR, ASHIE 5T R HI O -HOK IR 48 T2 1
T2 BRI, WEFEAN R pH X 4 HOR B 28 ) it %
i BT EEARTEE B2, DU R A H ORI A
I AR AR A , P2 A ORI 2R 7 3 A
R LS EZ Sk

IR ik

1.1 REHREIKF
RHEHFWARLIMEFEESW S 1, 1-— %
B2 955 (DPPH) W F IR A=W A W5 2,4,6-—
MERE L =8 (TPTZ) I A BB AW A 7l i i R 4t
JEER LA B Al L R AR R T
BRI I i 2% S0 R A A BRA 7 5 FE
CWE A EIELL, WASER N RS LR R BT
FRAEX R oMl , W [ A T R A2 A BRA F

1.2 RENEEEE

TRl 52 56 b (ORWO8S-3H ) It [ Fg 5t M3
TR R A FR 2> F | e 80 A 1538 (LC-20AD) 114 H
HA B A W) 4 Bl bn i) (3001-2207) 1t 3 €K
KRB A BRA F, JLBHRFEHL (JYL-CO22E ) i
H LB By A FR 2 W), o BV R 7K 3 B ( DZKW-5-
4) W A b st R B AR AT IR A A
1.3 BEEHRRRE

Fie— 8 R LU AR BUR T 8RS 4ligok 213K
Jei BT A B — s s [R) SR i A I R R A K
TR TR B — o B ) A 8 A L B B L
(M) H:1:5.1:10,1:15,.1:20,1:
25.1 : 30, Z4EA[E] 4 .2 min 4 min .6 min .8 min .10
min , 3R E M .30 °C .40 °C .50 °C .60 C .70 °C,
T AL BRAR] 24 1 min .2 min.3 min .4 min.5 min,
W TE N 160 W 320 W 480 W 640 W 800 W,
1.4 1BHREIME

BB E S RE W, LR TR
(GAE) Mg R, BRI 2 2% Saini %7 105
2, UM T (RE) i R, DPPH A H 3L BRAE
[R5 S % Thrahim 45" i 77 1, FRAP 436 JR fig
TR 2 2% Aljadi 20 B 73, ¥ LABT IR I R
(Vo) ¥iEFon, B nriES% NY/T 2795-
2015 ¢3S v J B 2 T I E R RO AH
Y g, A 3%H:  Ullimate Plus-C q, 4.6 mmXx
50. 0 mm, Fif%E 5 pm; BIAH : A S 0.2% ROWERR K%
W B NN, HHRTH 0.22 wm 3838 B,
SR AR BE VR %) 7 =X, TSl AR LB (HAFR LE ) B e (]
AR 1 BT G I A A T 23 0 E S 270
nm 125 °C,#iHEE 5 pl,
F1 RBEBEERER
Table 1 Mobile phase gradient elution procedure

Hif 1] ( min)
0 3.0 10.0 16.0 25.0 30.0 35.0 35.1 47.0

Bl

WEM A(%) 95 95 8 72 40 5 5 95 95

MM B(%) 5 5 18 28 60 95 95 5 5

1.5 Sitoth
K H Excel , SPSS 317 B 45 4k ¥, J5 22 43 Mt
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( ANOVA ) jifi iz SPSS 20.0.0 5€/8., % Duncan’ s
JCIENE 5 B AT AR OGP 53 A, 32 1 Origin 8.5 1R,
R EE 3 WK, LIE PR AEZE TR,
2 ER S5
21 Bl EEHFEBMENERERSKFEERN
=A|

AR TR R W R 3 S5 TP 22 B ) R S A
[RIZE, e KB b v 2 V5 591 1 ) FH 468 7= i e KAk
BT AR — AR ERE R ER R
J& 50 C JZHRATTE] 6 min GLHE DR 480 W FIfLH Ak
FREFE] 2 min 8500 R, BT AR A H £
[ N R AR STk e b= e 23 I I 51 IS
$EHUE DPPH H H &35 FR e J1 fil FRAP #kif i fE

50

45+ be b b
C

40t

351

30

W0r

SRR (mg/g)

75+ cd
60
45+
30

1:

ANR/NG FREF R 2Z 57 B3 (P<0.05)

DPPH [ 55 R BE S
(mg/g)
o
-

BRBHE (g/ml)

JI¥I R BRE L B B N4 TS TR B, AR RN L
12 20( FhEARFRLE ) B A 24 A e KAl , H B 3
B T HARS N IKF (P<0.05) o 8 il 2 i 2 90 Y
FILA R, 2R T 2 25 (R R EL ) i 3k 5]
HRAE, ES R T : 20 (JRERFLLL) Bf 22 53R
B (P>0.05), FLAES AR F] ok 4 B $2 B0
MRS Rt Z B 25 0,1 20( R IARFEL)
AERNR L, AR 45— 80, RIE Alara 55>
PIRFFEAE AL, 2 v BV 700 5 44 LE 3R] i S 3 hE i
AR TR A RE Y K 2R B A
e, 5 VR L3 N 7 T ORI A Y SR 3
NP A, BRI L 2 151 20,1 ¢
25 (BT ARFR LG ) AT IE SRR

W
(=

b a
a
ask P b 0
40
35
30

90

d
b a b
b
75k 2
601
450
0 1t 1:20 1:25 1:30

BRBHE (g/ml)

ETEELE (mg/g)

o

FRAPHIEFREST (mg/g)

E1 BiELEXSREFEEHENE (a)  EEIZEE (b) .DPPH B HEEREE S () 71 FRAP %iE[EEE S (d) B0

Fig.1 Effects of solid-liquid ratio on total phenols extraction amount (a), flavonoids extraction amount (b), DPPH free radical scaven-

ging capacity (c¢) and FRAP iron reducing capacity (d) of Phyllanthus emblica L.

22 RIEMEXNKEHFESHMRENRERELELE
EpA!

TEIRAEIREE 50 C fli D3 480 W faltipe Ak
A1) 2 min FUERE L 20( R RARFLL) 600 T, 45
TR RIEFE BT X T 2 By S B L E AL T
IRER . H L 2 a0 IR AR A ()X Iy S | B
PEHE \DPPH H B E0E BRE 77 M FRAP 2Kk 5 fig
TIH —E RSN, bifi 25 152 4 Asf [) 19 S 4, 7 412 B
i R ECE DPPH [ B2 FREE 1 A1 FRAP £k

WIRRE B T, B A A ER S R FE 6 min
Bk E K AE, 1 DPPH H f 575 BRAE 71 1 FRAP
BRIAJERE JIAE 8 min B35 B KAH, bl % 12 $E ) (7]
(R — 20 JE B 1 4 Bt | R 12 i A DPPH
B ELEBREE 1 38 T 22, I FRAP £k JRLfE )
FE 10 min B I 2 R R (P<0.05) . LR HIE,
HFEE IR BRI A IR K, 2 6 min B, 2B R BUR K
HBU A TE PR AR B 5 K, H 2% 183 SR H , i
AXPIR LR R ST — 22 Ak, SEBUZ $EHF 1] 6 min
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23 ERREEMSHFSHMERRERSWLFNE
EAln!

TEIRARITE] 6 min fRIE P2 480 W I Ak 21
BFE] 2 min FURH& G120 BREARRR L) S50 F L 3R
TSR] B 1 B X6 A H 7 22 B 4 O HAp A b T
(RIS, HR o IR T A B Y 391 [ AL R o PSS 1
Rl , D4 i S U O B B i % R 1R
TR, V500 260 5 I UL B T o i R B, S BRI A B G

50
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40/
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35r
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i
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DPPH H HEIERERES
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452 4 6 8 10
RIEME] (min)

ANRNG FREF R 257 B3 (P<0.05)

RPN 3 R, B TR 0 TR, 22 AR U
FHPURATE Y 208 BT TR R4
it &% DPPH [ 3L 5 BREE J1 ¥ 7E 40 C B ik 3 i
KAE, & 5 T HAt K (P<0.05) |, v i 42 Uit e
FRAP 2638 5L HE /1 7240~ 70 °C A FIF T B, {H T 1%
AN (P>0.05) , 3 AT R = AR T 208 B Y
Rfire > I B T 1 AR R R PR A, 40 C B TE TR
o SR AN S s AR Y A0 A . S5 T TRER
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450 b /%\%\a.b
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30 1 1 1
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3 ’
e
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60~

1 1 J

2 4 6 8 10
REEIE (min)

FRAP#:IEJFRE ST (mg/g)
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Fig.2 Effects of extraction time on total phenols extraction amount (a) , flavonoids extraction amount (b) , DPPH free radical scavenging

capacity (c¢) and FRAP iron reducing capacity (d) of Phyllanthus emblica L.

24 WEAEMENEETFSHIENEEREWL
ERE: R

TERHEIE] 6 min SHOEINE 480 W IR 40
CHERELEL « 20( BTaE AR L) 50F T 50T R i
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M), it 2 ufipte AL B i) () S | 22 Py R i J HAT 4R
TRIE T R LT T RS, S H8 R e i b
HRFE] 3 min PR R (& 4) , RIS Veggip %
(A , SO AR G FE 4R 3 AR TR 25 3R . - i By
B, FE ISR AT s U B B, A AT e
T G L3 e B B, ARG AR, TS b i e IR
FARMA AR Y B 2 BOA R, BEEUB AR Y
0 IR ST B et S R 284, A 2550 23 T s A )
H NITTER i 1 B2y 4 B Ak 2 A 4K Al b 38
i), BR 2 Ak A W AE S 3 v B g B ), R B

i7" DRI fRle A P ) ) S, A5 HE AR
FRE(P<0.05) . Ruth 55 15 A &AL 25 S
IRFFE RS S 1,3 min R ER I BT, 5
ARUFTELE R — B, Zh6 % I8, L IR Ak B [H] 2
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25 WRDEMNRHFSHMIENRERELEY
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SO, SR (1B 5) KRB BEE WO TR, 2 5
S e Hpt AT e 8 BT BT
640 W I 3Kk B RA, ARSI NG T S $ 1K
it \DPPH H AL ERAE e T 722, BUi e it 5
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Fig.3 Effects of extraction temperature on total phenols extraction amount (a), flavonoids extraction amount (b), DPPH free radical

scavenging capacity (c¢) and FRAP iron reducing capacity (d) of Phyllanthus emblica L.
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Fig.4 Effects of microwave treatment time on total phenols extraction amount (a) , flavonoids extraction amount (b) , DPPH free radical

scavenging capacity (c¢) and FRAP iron reducing capacity (d) of Phyllanthus emblica L.
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Fig.5 Effects of microwave power on total phenols extraction amount (a) , flavonoids extraction amount (b) , DPPH free radical scaven-

ging capacity (c¢) and FRAP iron reducing capacity (d) of Phyllanthus emblica L.

FFRAP ik i GE 7, B fE T2 R A i o
R 640 W LI AL BEAF[E] 3 min BHE T ¢ 25 (&
BB R 50 °C . PUBHR X R B
WU P52 /N e BE L - 20( R AR AR 1L ) S e
PUBHR L, R ZE s KRB, £ R EXN R T
22 00 o i B R LB S Ak T T ) R A AR 25 5
BB LT 5 T B8 Bt 52 M 5 A ek B % A TR
it \DPPH A H 575 BR g 71 . FRAP £k 14 J5i 8 77 5%
Wi Ko DA b 25 B B AR A - OK IR Hi A o
LT A RN O AR IR . SRR, i
FER T2 5 R AE BRI LE 2 1 2 20 (5T & 1R )
o), Sk T3 640 W54 il i Ak BB (] 3 min
JG1E 50 °C =42 6 min,

K2 ME-HKRREXERKER

Table 2 Orthogonal factor level of microwave-hot water extraction

‘ M %
RS
A(g/ml) B(W) C(min) D(C)
1 1:15 480 2 30
2 1:20 640 3 40
3 1:25 800 4 50

AEHEEE ;B B3 C i AL BN 8] 5 D AR IR

2.7 BEIEIRIE
B A AT IR 5 H B iR L IR

FEIRIE AL ] 1] T A& G i oK R v 15 3%
e -POKIZ R BB PR IR R 49. 93 mg/ g, T HHFEIL
oM 54.66 mg/g, DPPH H 35 BRE 71 &% FRAP
BRI JERE 7143 314 99. 62 mg/g 93. 47 mg/g, KT
IEMAGR IS 25 2 A, LAl F AL e KR B 1 B 19
PRECE | 8 R 42 R DPPH [l TS IR el M
FRAP £k i J5L 8 71 3 i 2 = 17 50.26% ,21. 41%
38.36% .18. 38% , 7 A ft FH ikt 8t i Ach 38 AT KK by
TR B s AV,

2.8 SEERESAFEENEXESN

it — LA i A REGR T 2 B A 5P
RGP 2 18] A9 26 & 0 BB B L BEER & 5 DPPH
H LT BREE T & FRAP 2ki8 J5RE 11 A7 R0 6 40
Br, Htk g RE(R?) WK 4,

% 4 ol Sl & a5 DPPH H H 3L E R AR
J1(R*=0.815) .FRAP Zif JifiE J1 (R*=0.551) Z
[ H47 4% S 2 AR O (P<0. 01) , 5 B & F AR M 55
i DPPH H B &7 BREE 1 >FRAP #5348 JELAE 7 5 BT
ity DPPH H H 3L BR A8 1 M A M (R =
0.837) KF5 FRAP #if JiAE /1 (R*=0. 742) B AH
O = 3 L B B e U 1 = R A Ry S = S s L
TR & A O, SRREMAED IR g —
., Z B BifE DPPH H H5E45 BR  FRAP 264 i fg
JiiR E EEMEH
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Table 3 Orthogonal experiment results of microwave-hot water extraction of Phyllanthus emblica L.

) A B c D SRR BN DPPH 1 A B B FRAP Rk it
(mg/g) (mg/g) HEJ1 (mg/g)  BEJT (mg/g)
1 1 1 1 1 42.05 41.72 76.20 76.71
2 1 2 2 2 48.12 48.41 82.27 79.75
3 1 3 3 3 49.00 50.33 85.61 84.70
4 2 1 2 3 47.32 49.74 95.32 85.90
5 2 2 3 1 45.47 44.24 84.18 83.69
6 2 3 1 2 49.20 45.09 81.10 80.66
7 3 1 3 2 39.67 44.63 75.45 81.19
8 3 2 1 3 44.22 53.65 87.98 92.82
9 3 3 2 1 40.11 46.57 86.64 85.52
k, 46.39 43.01 45.16 43.16
ky 47.33 46.55 45.18 45.66
ks 41.33 46.10 44.71 46.85
R 6.00 3.54 0.47 3.69
ky 46.82 45.36 46.82 44.18
ky 46.36 48.77 48.24 46.04
ks 48.28 47.33 46.40 51.24
R 1.93 3.40 1.84 7.06
ky 81.36 82.32 81.76 82.34
k, 86.87 84.81 88.08 79.61
ks 83.36 84.45 81.75 89.64
R 5.51 2.49 6.33 10.03
k, 80.39 81.27 83.40 83.40
k, 83.42 85.42 83.72 80.53
ky 86.51 83.63 83.19 87.81
R 6.12 4.15 0.53 7.27

AR LE AT A2 A3 3B ANRH LT £ 15,1 2 20,1 25(BTRHRFRIL) s B S 2%, BT (B2 (B3 43 5l 3R Bl %6 0 480 W .640 W 800
W3 C BB BN A], €1, C2,C3 23 IR B AL BRI ]2 2 min 3 min 4 min; D 32 E2EE, D1.D2 D3 23 Bl HR AR 30 °C (40 °C 50 °C,

x4 FHTFRINRDPEBAIE.EWASES DPPH B B EEREE
J1#01 FRAP 253F [ 6 1 0 4E K 1%

Table 4 Correlation of total phenols and flavonoids contents with

DPPH free radical scavenging capacity and FRAP iron re-

ducing capacity in Phyllanthus emblica L. extraction solu-

tion
syl 1.000
T i 0.751* 1.000
DPPH HHZEHIRRES  0.815* 0.837* 1.000
FRAP #3485 0.551* 0.742*  0.741™ 1.000

R R FEIE(P<0.01) 5 7 RN BERI(P<0.05)

2.9 pHXM&£HFIREERE NI

XA H PR AT pH {EESY, 5 AR pH
EXF R H IR 2K & e (K 6) o #
i & AE AN A pH T2 %A B3 (P>0.05) , Bl &
it \DPPH [ H 23 FR 68 J1 Fl FRAP #4568 7 bl
& pH T e hn 5 B iy #a %5 Horp DPPH
H HEIEBREE S 78 pH Ry 4 B3k B e KAE, B &
HH FRAP &G4 JRLRE J1 78 pH k5 B 3k 21 fe KA,
H pH X FRAP #kif J5ifig J1 52 W K, pH Ry 5 B
FRAP 2kid J5URE 77 1 3 = T oAb pH {E B FRAP £k
L JREE 1 (P<0.05)



740 R &b 2 R 2020 4F 55 36 4 453
551 a 60 b
—_ b a —_ @ a a a a a
g w0 P4 b b 3 ST ¥ d
o 4s5f E 50
4 &
% 40 W 45)
35 ! L L ) 40 I I I |
105- 5 2 o 1051 4 . b
& E/E i\% £ g0+
= oo =
~ S
-
- %= 60
2 S
D 6 1 1 1 J [_"q 45 1 1 1 J
03 4 5 6 7 3 5 6 7
pH pH

ARG FRER IR 2250 B3 (P<0.05)

E 6 pHEMNKHFRIETIHEE(a) HMWMESE(b) . DPPH BHEFRBES () F1 FRAP $3EREE S (d) B2
Fig.6 Effects of pH values on total phenols content (a) , flavonoids content (b) , DPPH free radical scavenging capacity (c) and FRAP i-

ron reducing capacity (d) of Phyllanthus emblica L.
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G, 3 h B8 A SRR R S A pH AT
HRFE, Y pH o 7 B, A - OB A H 2
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Fig.7 HPLC chromatograms of standardized polyphenol mix-

ture
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Table 5 Effects of pH values on phenols content in the extraction solution of Phyllanthus emblica L.

pH=4

pH=5

pH=6

pH=7

WA TR (mg/g)  0.4537+0.051 2a  0.455 0+0.021 3a
LHRR (mg/g) 0.115 9+0.031 92 0.114 1+0.019 1a
FIHHI T (mg/g)  0.001 0£0.000 1a  0.001 0+0.000 la
P T (mg/g) 0.010 4£0.001 7b  0.009 8+0.000 1b
BAERR (mg/g) 0.053 9£0.004 0c  0.058 5+0.007 4c¢
T BLEEIR (mg/g)  0.009 3+0.000 8¢ 0.012 0+0.001 1d
Mt EE 3R (me/g) 0.006 0+0.000 1a  0.005 6+0.000 4a
I Z 3 (me/g) ND ND

0.511 6+0.082 9a
0.071 0+0.017 9b
0.001 1+0.000 1a
0.026 0+0.008 4a
0.071 3+0.021 5c
0.011 3+0.001 4d
0.005 6+0.000 1a

ND

0.353 1+0.020 1b
0.053 4+0.006 Ob
0.000 8+0b

0.012 9+0.000 5b
0.095 4+0.004 Oc
0.013 7+0.000 2c
0.005 5+0.000 la

ND

0.323 5+0.018 5b
0.027 3+0.001 2¢
0.000 6+0c

0.011 0+0.001 6b
0.315 0+0.038 1b
0.043 9+0.000 5a
0.005 4+0.000 1a

ND

ND

ND

ND
0.009 2+0.000 2¢
0.759 9+0.065 2a
0.040 2+0.000 8b
0.004 6+0.000 1b

ND

) — B8 J5 AN R) /NG TR 28 5 3 (P<0. 05) . ND FoRoRkii

AGRE R O - HOK RIS AR RBUR H T 28,
XA IE W HEA T 5T, 45 SR R B2 7 ik ek
G AOKSEIBUE S Bt W & DPPH [ BT
Frfie 1 & FRAP Ekid i fig 71 53 8 & T 50.26% .
21.41% 38.36% .18. 38% . % L 2 HTE TR H
L ST %) e A PERLRE 2 4 H R TR A, e ORI
PRAR TR 1T 25 ) o 7 e DA i 2 o B B SR
HF PR R E AL T BB ARHE

KT R BT E AL RE J7 5 SRS IS P o Y
M, TAE B R Z G, ZHHE T4 Rk
TR TR ) B S 7K R BT B A TR PR A — 2 ARG
PEPTXISCOB AR B 5T 45 R W B b Ak RE
H5HAB & & B S EAAAENRWIEHRXEKER,
BRI ST SR B S AR Y A 2
O B i PRI M B ARG, ARIFSERT R T
PRBOR TH Y S i B = 5 DPPH H B &
FREE ST FRAP A IR BE ) A TAH M AT, 45 2R 3%
BBy W 0 SR A RE ) 22 o)A 3R DG, LB
M XT DPPH H LS BREE T 2 fe K., DA
E R R T B R R AEAN L, AT VRN T
REPE Y RAFHEUR

AWFFRER K, AR pH X A H T4 BOK Y
ST P S X6 R T Y RS RN 5 B
% pH M7+, DPPH [ M 375 FRAE T X FRAP £kif
JRRE S R THE T RS, pH Al 2 59 5
(R 2548 2 A e AE | AT 6 ) HL e 48040 3 14 Bt A i
FERTEBRVEF . 25BN A H FUORNE & etk
SAFAE T RS MR fe e, B RE ) B A

221 o B R e P R LR B T H R i fh 2

ghK . W TR A LR M SR R R AR PR M A A T
R AL TR R AR TP AT R
15, 5 T AR 55 R 25 A0 N 3eRR s, Wi iz R4 pH
KM E R EZ(P<0.05),
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