TEIAN 23R ( Jiangsu J.of Agr.Sci.) ,2023,39(7) ;1593-1605
http: //jsnyxb.jaas.ac.cn 1593

KM, £ fF, Wl 2, A5 MBS IHRIRCT 200 SRS B PR R RFAE [ ) ] TCFRA0I 224, 2023,39(7) : 1593-1605.
doi ;:10.3969/j.issn. 1000-4440.2023.07.016

st SEHER T Z MU R Ein s Byl 00 H) $1iE

kRm2, £ 42, eHELY EFR, ORIV, BEBEB', Fnn'’,
_j%;g:ﬁl,Z’ /EH%J&I,Z,BS

(LHN P EZ RSB, Bl 22M 7300305 2. H A BE2ARH#5EBE, B 22 7300505 3. 2% M2 T R2%, Hilv =M
730050)

WE. N2 RRECT 2 JT% SR ST S AR T L BN o~ 26 40 186 | oc-VE A 85 | TG 220 IR il 01
PERBIHIVE T, AR R 7 il B R B 7R 4R IO & SR (8] | £ BEARFR A 550 RO} L S5 2 2 X Wi 2 T 4 B
BA DK RGO ERE b A R R R AN ST SR T2 AL T 244 I E T 6 MBI IIn i £
MR R, #E—20 R AN 2 B & AR BOR, A T ha gt Z Bt 1, 1- R 3-2-9% 5Lk A B 2 (DPPH) (2,2~
R -WL-3- £ FE ORI HEMRIR-6-B% R ) th 3% (ABTS™) 2RI A i FE (- OH) I TEBREE J1 B X - B B HH I . - TE A
fitf 1% SRR S PRI RE S o S5 SRR N Z B B R ECT 22 $R BUR BE 60 °C 4R U A] 28 min |, ZFEAAR
L 60% EHE LT ¢ @ 25 ml AR T, 6 FIARHEI A Z B # B 19.97~53. 41 mg/g, 6 FIAARHEMIFAET
Z W%t DPPH B BRI 1€, (G 522.76 ~ 159. 90 we/ml, % ABTS* [ i B 15 BR Y 10, (875 B 250.092~ 0. 184
mg/ml, %f - OH [ L BRI I1C,, T 2176 ~ 8. 134 mg/ml , ¥ oo~ 7 25 B 17 B35 P (00 300 3k 1C, 198 FR 6,421 ~
18. 120 pg/ml, % a-TE Ry BTG ML A I ] 1C,, 1H 75 290.399 ~ 10. 570 mg/ml, X i 22 R A 16 11k A 410 ) 1, 1R 90 L A
0.121~3.725 mg/ml, B2, M EAB RN Z 5 &5, W8 PTG X o580 25051 il . - UE A i | 9 24 8 i
TEPEA BRI RIAE R, 7E R SRPT AR R 25 I A o )z B I AT 5%

KW . ME; 2B WECTZ; bl BEEHEAS

FESES,. TS2014 XEKARIRED . A XEHS: 1000-4440(2023)07-1593-13

Optimization of extraction process of polyphenols from pine needles and its
antioxidant and enzyme activity inhibitory characteristics

ZHANG Jia-xu'?, WANG Xin'?, YE Qian-nii'?, DONG  Xue-feng', GUO Yu-er™’
PENG Teng-teng"®, YIN Pan-pan'?, LI Hai-yan"?, SHI Xiao-feng"*"

(1.College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730030, China; 2.Gansu Provincial Academic Institute for Medical Research ,
Lanzhou 730050, China; 3. Lanzhou University of Technology, Lanzhou 730050, China)

9

Abstract: In order to optimize the exiraction process of pine needle polyphenols, and to investigate its antioxidant

effect in vitro and its inhibitory effect on the activities of a-
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F 25 R A K B R R BF S, (E-mail ) jiaxu. zhang @ on the content of polyphenols in pine needle extract, the

outlook.com extraction process of pine needle polyphenols based on ul-

glucosidase, a-amylase and tyrosinase, based on the

single factor test of extraction temperature, extraction

BIRAERE : £1 5804, (E-mail ) shixiaofeng2005@ sina.com trasonic-assisted extraction was optimized by response sur-
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face method. The extraction of polyphenols from pine needles of six pine plants was determined by using the optimized
process conditions. The scavenging ability of pine needle polyphenols on 1, 1-diphenyl-2-picrylhydrazyl radical ( DPPH) ,
2,2 '-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical (ABTS™) and hydroxyl radical (+ OH) and their inhibitory a-
bility on the activities of a-glucosidase, a-amylase and tyrosinase were further analyzed by using pine needle extracts with
different polyphenol contents. The results showed that the optimum extraction conditions were as follows: extraction tempera-
ture 60 °C, extraction time 28 min, ethanol volume fraction 60% , liquid-solid ratio 1 : 25 (g : ml). Under these condi-
tions, the extraction amount of polyphenols from pine needles of six pine plants ranged from 19.97 mg/g to 53. 41 mg/g.
The IC,,values of DPPH free radical, ABTS" free radical, « OH free radical were 22.76—159. 90 pg/ml, 0.092-0. 184
mg/ml, 2.176-8. 134 mg/ml, respectively, and the ICy, values of a-glucosidase, a-amylase and tyrosinase were 6.421-
18. 120 pg/ml, 0.399-10. 570 mg/ml and 0.121-3. 725 mg/ml, respectively. In summary, pine needles have high poly-

phenol content, obvious antioxidant activity, strong inhibitory effects on the activities of a-glucosidase, a-amylase and ty-

rosinase, and have broad application prospects in the development of natural antioxidants and hypoglycemic drugs.
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R -WL-3- ORI e mk-6-ff i2 ( ABTS™) W [ I ifg
2 SOMAEACRHECA BRA B 5 o H 00 1 i 0T i oK
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Fig.1 Effect of extraction temperature on the extraction con-

tent of polyphenols from pine needles
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Fig.2 Effect of extraction time on the extraction content of

polyphenols from pine needles

2.1.3 ZEARSHESRA4 EHRREETN
W BAER 22 W TE R TR B B 2 B P ) AR
R 3 iR, M OEERBUMERT 60% T, Fifi
F CWERFU B 38 K, $E UG 22 1 7 o 8 i 1
K T SR BN 60% i, 32 B & W &
KRB R (50. 58 me/g) . BLJE, Bl & BEAR R 43
R BT, P B 22 B B TR EOE D X 1 2
O AR TR A3 B AR s 390 AR P A R, A v
eI EA N7 B S R R S R R | I 5 /N A A L7
fife A /0 s 2 O REAR U BOGL SR, B 2 2Rk
B W B S5 R B R A M SR AT R A R
IRV 2 T 302 Wy 1 i M R AIC, AN EE b 2
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Fig.3 Effect of ethanol concentration on the extraction content

of polyphenols from pine needles
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MWL ERE I 30 2 By PR B 2 A AT

2.2 MR EGER U SEHREIN T Z

22.1 mp@RKRET S 4R B ERRRE
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BRI 4 MR D 2R R 1 3 K
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Fig.4 Effect of solid-liquid ratio on the extraction content of

polyphenols from pine needles
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Table 1 Levels and factors of the response surface test analysis

%
KF WG BT ZEMARUME R
(C) (min) (%) (g:ml)

-1 50 20 50 1:20
0 60 30 60 1:25

1 70 40 70 1:30

HE—2F H Design-Expert 13 AT 2 P
AT AT, A8 A 22 T B B o R AR 2 1 [T
RERY GRANT

Y=53. 360+0. 2804—0. 890B+0. 880C+0. 510D+
0. 290AB+0. 037AC-0. 120AD-0. 015BC-0. 960BD +
0.240CD-4. 4304%-3. 590B°-3. 180C*-3. 320D°

(4)

KLY 2 W ICE A N IRBCEE B it
HUE] , C oh SBEARFR T E, D R L

2 X 22 W B R i g e R Tl ey a4
REAAHER B, FRIE ORI 255007 M i 2
PERZED L2 3,

2 3 W IR F Bl 33,56, P {E<0.000 1,
Ul BRI, b 3 40T P (E R T 0. 05, T B £ 30
ANEE E ZEB(R) = 0.971 1, Ui B IZ AR R %
TRUFHO AL P5 AN ST Z B4R HU S i BRAE IR B
PIA BRI ]| 2 B AR 3 0 R EE 3 A PR R X
TR AN EE Z2 M 4 BB 1 340 I 35 5 1) 5 4 AR ]
5RR e Z A1 22 BAE T (BD) X £ BOik 22 19 35 &
A 5 2R e T 4R EOR B S R R ) A 28 B 0
(AB) FRHURE 5 CEHRFUM S B I (AC) (2
B FE SRR LU I 28 T (AD) AR IR H] 5 Z EEAAR

BB A I (BC) | SEEARBU S5 RO L 58
HI(CD) Z (8] % S HGR 22 5 0 JC R F P ; —
T A? (B? (C \D* A 22 B 41 MU ek 1) 52 M 25 1K ) A
RFEKNF . INFR 3 F ALKV, SN § 2
SR e 2 A DR R O SR IR ), U S A
BB BRI LE , S e/ N SR AR UL

F2 MEEREER

Table 2 Results of response surface experiments

S i Tt B . Z TR
o &%ﬁ& %%?ﬁ R B L P

(%) T (g

1 50 20 60 1:25 46.82

2 70 20 60 1:25 46.28

3 50 40 60 1:25 43.43

4 70 40 60 1:25 44.06

5 60 30 50 1:20 45.81

6 60 30 70 1:20 46.68

7 60 30 50 1:30 46.17

8 60 30 70 1:30 47.99

9 50 30 60 1:20 45.08

10 70 30 60 1:20 46.19
11 50 30 60 1:30 45.87
12 70 30 60 1:30 46.51
13 60 20 50 1:25 46.62
14 60 40 50 1:25 44.88
15 60 20 70 1:25 48.92
16 60 40 70 1:25 47.12
17 50 30 50 1:25 44.47
18 70 30 50 1:25 45.18
19 50 30 70 1:25 46.07
20 70 30 70 1:25 46.93
21 60 20 60 1:20 44.95
22 60 40 60 1:20 46.12
23 60 20 60 1:30 48.54
24 60 40 60 1:30 45.87
25 60 30 60 1:25 53.05
26 60 30 60 1:25 54.01
27 60 30 60 1:25 52.05
28 60 30 60 1:25 54.07
29 60 30 60 1:25 53.63

222 vmpwdE B S 2R EAE X E M
FARAN T 22 Ty B 52 M) iy i) o7 T Pl An 1) S s
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Table 3 Variance analysis and significance test

T5 22 R R -7 B ¥Jr F1{E P{A e
i %id 252.49 14 18.03 33.56 <0.000 1 o
A 0.97 1 0.97 1.80 0.200 7
B 9.45 1 9.45 17.59 0.000 9 o
C 9.33 1 9.33 17.36 0.001 0 o
D 3.12 1 3.12 5.81 0.030 3 *
AB 0.34 1 0.34 0.64 0.438 2
AC 5.63x1073 1 5.63x1073 0.01 0.920 0
AD 0.055 1 0.055 0.10 0.753 3
BC 9.00x107* 1 9.00x107* 1.68x1073 0.967 9
BD 3.69 1 3.69 6.86 0.020 2 *
CD 0.23 1 0.23 0.42 0.527 5
A? 127.09 1 127.09 236.49 <0.000 1 o
B2 83.43 1 83.43 155.25 <0.000 1 =
c? 65.70 1 65.70 122.26 <0.000 1 sk
D? 71.29 1 71.29 132.65 <0.000 1 o
B2 7.52 14 0.54
AU 4.71 10 0.47 0.67 0.723 6
4R 2% 2.81 4 0.70
M 260.01 28

# RARFEF B (P<0.05) , =+ FRZEFWEE (P<0.01) o A FRHGEI ; B AREUN TR ; C: ZFEABUMEG DRI L.

P 5 AT, o SO TE S A T, HLF TR R A%
LT URATE , Herb O 3 T 88 XN, Ui I 45 R
HOF/ S €/ e I N IS eSS MU N /N AL
PRI, ot 0 52 1] 52 WA ) O T T 6 B i AR L
M) 7 T Y T G P A A e ey 15 P 3% PR 38 o 4R B 7
Y I A
223 wE@EkiERE  REARX(4) TSR
Bt 2 W e AR PRI T 2 25 S BRI 60. 26 C 42
B[R] 28. 64 min, £ BEAR AT E1 61. 42% , BH L
1:25.51 (g ml), f2HRZ W &= IIAH N 53. 52
mg/g, 5 EBBRERAE I T B KR I T 234
AL HRIGREE 60 °C \FZHUAT ] 28 min | £ FEIAFH
IB60% FHELEL : 25 (g ml) . FHIEALEI T 25
PEIEAT B BT 2 B 4R B, 22 W 4R B oK (53.41+
0.21) mg/g, 55 M 17 T A% 24 () 400 G (I e AR — 30,
U, AHE GG 2 AN EF Z IR E T 2 S 80 A FEY
A T AT Z2 T 2 B
2.2.4 6 AT S BRRRAE IR E
WAL T Z2XF 6 FidARHE AT HE1T 2 B 42

BURI &85 S50 4, 6 RN EF IR B
$7(19.97+0.09) ~ (53.41£0.21) mg/g, H i KK7%
R B BT 22 Wy B S B R, M (53.41+0.21)
mg/g, KK B F WA 0 & 2 1 38 & & B AIK, h
(19.9720.09) mg/g; AN [RIFARHE Y A 7] L DX AL
2 PRI i 2 5 S ] LA 22 B o L
X ARk,

2.3 6 FMARIEYFA$ & B AE Y TE N E

23.1 A4 Z@rst DPPH A A ey Arkse 1 6 Fb
WEHEYIFAET Z 8 S PR ER X DPPH [ i 39
BroR UL KL 6, FR AT AL, FE BT R B D 10~ 120
e/ ml , B A 22 1 I R Tk B T 14K O DPPH
B AT BRAE B Wi =, B3R 5 W, X DPPH
F ST RS B 1) o0 25 M B i Z2 8, 1C,
{ER 22.76 wg/ml, 55 55 1 0 22 JH AR F A PA S 2 8,
IC, [} 159. 9 wg/ml; Horh b A TR AR 1L
PARAEE Z W % DPPH F FH S 1975 BR B8 71 00, 7% it
iy B FARFE S ;6 AN 22 18] 22 SRk 24 M
FIRIK 2 b i A FHAA A% Z 8% DPPH H Hh &
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Fig.5 Response surface diagram of the effect of the interaction of various factors on the extraction content of pine needle polyphenols
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Table 4 Polyphenol content of pine needles collected from six species of Pinaceae plants in different regions

FAEF Z R B B (mg/g)
AN i S A KIS T
Fok M Jok o M gk M Rk e Jok o M gk o
53.41a 49.58b  47.96c  453le  40.17¢  41.50f  46.61d  45.18¢  35.69h  49.86h  19.97] 27.54i
Bl J5 A /NG TR R FEAR ] 22 57 8.3 (P<0.05)
1001 4 100
90} 90
~ 80F ~ 80
e\; 70k < 70
B L N
e £ e
e sor S0
40F 40
30F 30
1 1 1 1 1

20 1 1 1 1 J
0 20 40 60 80 100 120
Pk (pg/ml)

1 ]
200720 40 60 80 100 120
Pk (pg/ml)

PRI —e— TN —A— IR v FEFHA; —— TR ——ARILAS; PRI IR

a;jﬁﬂ(;b:é‘“‘[o

6 T &EX DPPH H BB ERIFREE

Fig.6 DPPH scavenging ability of pine needle polyphenols and ascorbic acid

2.3.2 M@t ABTS' A A FArkik s 6 Fb
ARHEYIFAET Z B SR R ABTS [ H 3175
BreR UL 7, B 7 AT, 7E0.05~0. 50 mg/ml3i [l
P, B PN B 221 T e v B A K, I B ABTS™ [
MM RE I WM T . HR 5 AT X ABTS A
P 35 775 B O A 5 1) Sk KK AR B T 2 85, 1C (8
90.092 mg/ml, fe 55 (1) =2 MR T Fa b 51 2 B,

1001 5

80
S
>~ 60r
*LI 401

201

0 1 1 1 1 J
0.1 0.2 0.3 0.4 0.5

JRRIRE (mg/ml)

IC,fE2A 0. 184 mg/ml s Herfr 5 KA A A £ 22 i Xt
ABTS" F HZE TR BRAE ST B00R , I B B T ARAA BT
22 Wy B3 B AE ) B 225 6 FAR LA W A BT 22 B X
ABTS" [ 1 2 19 T BR E ) 22 S KR 22 AR K 2
ANHE XV AL AR LI AARAEE Z B X ABTS™ I i k1Y
IHERAE A F 25

100~b
80r
S
= 60r
45_
& L
’EL‘E 40
201
O 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5

JURIKE (mg/ml)

e RIS —e— Y A IR v BT —e— AR RIS = HUIRINR

a: RIK;b: 20,

B 7 #M$tEExt ABTS' B BENFREEN
Fig.7 ABTS*scavenging ability of pine needle polyphenols and ascorbic acid

233 M4t EEATAEA A HA( - OH) W ATRARE

6 FIAFHEYIAN G Z B SPUR R X - OHBY
BRRULE 8, M 8 Al #£1.0~ 8.0 mg/mlii [l
W BB A 22 1 o B TR R 1 3 R, HOUE BR - OHIY

RE B T, B 5 AT, X - OHTE IR AR i
SRR N RIKTFASINET Z 8, IC, fH R 2. 176 mg/ml,
59 1 Sk 25 MRE TR R EE Z 1, 1C,, (6l 8. 134
mg/ml; Fo P by AR ILAAFAER X - OH Y ¥ B fig
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IR FAMAET Z B - OHTE BRAE ) 22 AR,

B, RER B FA GIARA 55 5 6 RRALBHE ) A
HAx 5 PhRAEE 2 B BB BRAEI C R F 25

WXt - OHRYTE BRAE 1 22 5 B0K; 22 M L RK M

100
80
60
40

THERZE (%)

20

RIS (mg/ml)
PRI s —e— TN A= AN v BETR; —e— il 2RI »— PRI ER

El:aiﬂ(;b;éj'l‘lo
8 MErZEI - OHMYERRAE

TR (%)

RIS (mg/ml)

Fig.8 The - OH scavenging ability of pine needle polyphenols and ascorbic acid

2.3.4 A4 B B At o-F) &) KRB S 69 474 AR

6 FIANEHEDIFAET 22 W 55 Bl R IR o7 2 40 1
Bt 5 PR A G R UL 9, F Bl 9 AT, 7E2.5~80. 0
e/ ml3t B A Bt 22 1 o £ R BE )38 K A 2 1
XoF oo 2 W Tl O 2 A T RE D B T = H
5 A, 6 FRAARHE YIS ET Z W b X o3 R
ity 175 P A1 ) 8 7 SR 5 1 SR R OK T I A P B 2
100 .
80
60

40

FIHIZE (%)

20

1 1 1

1 1 1
30 40 50 60 70 80

1 1
070 20

FUEIRE (ug/ml)

VRIS —e— T - FARY TR

B:I/K;b:éd‘ﬂc

1CfE7 6. 421 pg/ml, 255 190 2N B FARFABE 2
Wi, 1C5, fEN 18. 120 pg/ml; v MHHA (T AR 1
LLARAR B 2 1) X oo 3 460 GRS 12 PO 410 56 3 ) 4
S, R R AR 55 5 22O ROK P i X
/ANEEE VNN AR SITIE /S VA A D e Kl i s
PRI RE ) JC K 25 L 22 5 T 2 M KRR - FA R
BEARFAET Z2 Py i E 1 2257 K

100
801
601
40r

R (%)

20

1 1

1 1
30 40 50 60 70 80

1 1

"5 20
FOtE (ug/ml)
—— A s LRI > BT b

B9 WESEX o- R EEEEEERINFIEEN
Fig.9 Inhibitory ability of pine needle polyphenols on a-glucosidase activity

2.3.5 AT S Bt ol EEE ML AT RIAE S 6 Fh
WAFHEYIRA S 22 B 55 B R PR X - B 0 14 11
IR W& 10, f1 & 10 AT, 7E0.1~ 4.0 mg/ml
(FET AN 2B M2~ 8 mg/ml) JU N, BB AN 5T
LT3 IRV R 3 K, P BT 2 X - TR A0 T 17 )
IR LB H T E . B3R 5 AT, 6 FPAARHE )
PAET 22T X6F o~ Aoy 0T 1 410 1) 6 ) S5 1 A =2 M
EWMREFZ Y, IC,,{E 4 0. 399 mg/ml, fe 55 1) H 2%

MEEFISNEE Z B, IC, (H A 10. 570 mg/ml;6 Flif
FHEY) R Z B A f e I Rs 55, Hax 5
FRRAFHEYIFA ST 2 By 9 30 61 58 0 ¢, HUAH B 22 18]
FESEIN 2N RIK AL X B9 R TR
Py GRS AR LA ST 22 B 0T oo-JE A B 2 1 10
AET1 22 5380/ T 25 TR K T L DX (RS A T 22
P X5F oe-VE A9 TS 1 AT I BB ) AAAE B 3 25 5

23.6 ANA LB ATEERERBEE AP HIAE S 6 Fh
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PABHRLIANE 22 5 1 1 T % 2 I BTG 2 1) 410 i) %6
DL 11, #1185, #£0.05~ 1. 00 mg/ml (FEF44
FAEF 221 40.25 ~4. 00 mg/ml) JE N |, BEE A ST £ )
JT VR B A BGC  AA B 22 I X I 2R I M AT i g
T BT, R S AL 6 FAAEHRIYIAA B 2 i
T X i 2 PR it 1 P 410 T T T R Y Oy 22 N AR
L IC, 54 0. 121 mg/ml, 555 1Y Hy 22 M T AL
EFZ  IC (M 3. 725 mg/ml; VEMFA RN I EAS
1007 ;

80
60

40

I (%)

20

T B LLIFAR B 22 WX I 2 R I T P PO 400 1 E 7 #6
B, KK | 2P TR M P A A B 22 B 4 o T
55936 FIAREHE ) 1551 FA PN 2 X 1% 24 IR G
PEAGHIHIBE S R A, R 5 RAARHEYIRA T 22
(3 6 FE T A 0 3 22 5 22 N5 K i Y 9
(/NNEEL /NS D NI AR TR /S VNS g A DO AN d
T PERI R BE S 0 R 2 57, 100 7l DX AR BT
ZW IR BE A R 255

100
80
< 60
E 40
=
T a0k ; (s
* , i
0 : 1 1 1 1
1 2 3 4
FBOHREE (mg/ml)
a: KiK;h: 2,

M (%)

=TT
e LT

1
2 4 6 8 10 12
FOIRE (mg/ml)

B 10 #5 ZEX o-iE HEEIE MY B2
Fig.10 Inhibitory ability of pine needle polyphenols on a-amylase activity

x5 WHSHRENRIIEFEMNHEENN IC,E

Table 5 ICy, values of antioxidant and enzyme activity inhibition ability of pine needle polyphenols

ICs,
UNLESE Hu DPPH [ 3 ABTS® i . OH R a-FERY A R B
(pg/ml) (mg/ml) (mg/ml) (pg/ml) (mg/ml) (mg/ml)
AN KK 43.942d 0.116de 2.974d 6.421d 0.409d 0.188¢
2N 52.182¢ 0.153bc 2.757def 7.513d 0.875cd 0.269¢
ESLVA KK 30.213ef 0.101ef 2.176f 6.497d 0.586cd 0.156¢
220 29.144efg 0.098ef 2.227ef 6.750d 0.399d 0.121¢
BYZIN Kk 30.061ef 0.164ab 3.932¢ 10.590¢ 1.040¢ 0.250¢
22N 22.762g 0.176a 3.826¢ 7.475d 0.726¢d 0.298¢
T KK 159.980a 0.183a 5.674b 18.120a 7.410b 2.441b
2200 115.540b 0.184a 8.134a 13.940b 10.570a 3.725a
RE/N KK 30.226ef 0.092f 4.084c¢ 7.649d 0.730cd 0.253¢
220 32.051ef 0.099ef 4.079c¢ 7.252d 0.842cd 0.311¢
LR Kk 34.239 0.137cd 2.882de 7.762d 0.933¢d 0.247¢
2200 26.418fg 0.104ef 2.448def 6.887d 0.775¢cd 0.326¢

[F)F 5 AN RN “FREFROR AL BRI 835 22 5 (P<0. 05)
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Fig.11 Inhibitory ability of pine needle polyphenols on tyrosinase activity

3 e e

S RN 22 W B BOHCR 19 R BR AR I35 /AT i)
4 DD AL FE R RS R ) R R AL
& AR AEAS R, BEVA A 1Y) 22 B 2 B RN 24
AR 5 88 DR B, AT DA PRk i) 25 16 i
BN AR T (R R TR
IR 22 W Ak 6 A S5 4 T 4 BB B0 14 A —
JE R L RERG A BT R AH ) — 7 AR B T
VR BOTAE ; R EETY & AR gT 4 SRR W, R RE
an TR IE SR R IR IO LA AN B 2 I P B
DI ER- A1 I Y B YN A WEE A Y R 3 T JE R )
AR B4 T 2 TR B S U A W T
T KEEI VR IR AT T A [R] 12 s 700 % 22 1 4
B B s, 25 S e BH AR S i 7R S I 22 1
TEBES TS MR B, T B 3 BUR
HOEEA BEEES  HBIERLENE  ARITR
FH 2 AR U 7

AIRIE DL 6 FIASEHE IS E X5 R F i
BB ORI AR ] OB R R
BELE 4 AR X HAET 22 W 4 B F it i 52 ), i
PRI 2230 285 5 e o7 T8 3BT, B 2 T WA 22 W ) e A
FEISA NHRIBUE B 60 °C HEHRAT ] 28 min

TR 60% BH LT = 25 (mg @ ml) , 76t 551
T 6 Fl A B A ) b £ 2 W 4R B i (19.97+
0.09) ~ (53.41+0.21) mg/g; 45 H B, 6 FhAARHE
YIRAET b BRRE A A0 A AL BT 22 W 2 BB 1 85
e, HERRA ST 2 I # B B m i HU R AT R S
s PEIEIRE ST . 6 FIAARHE AN E 2 B bt Ak
PR 25 SRR, Tt O M 0 D BB ) 22 S AN, ol
2 W TR MAT TR0 0T T R AR S IR, B AR HILAA
O LA I A HAT 28 VR T 5 oo D8 3 T T 2 410 6 5]
A LA RBAR AR P I 550, 40 7 A X 2 2 1
WA, DT A 3550 o 488 O XA , 98 5 LG, T 2 R
VARG R ORI BREEE, 5RE N A L, A
UNOESEE S YN SN A G T SR E S S
VT P 222 T 0 2 000 1) 590 T DAY T iz R R AR
BAEDE AR MR, BA U R EAEH., B
HIH Y - BB IS - T8 Bl 5 P40 1 7510,
BTt , A R ECE B T RE AL kR E TS
SERIVEFE ; W 202 Bl v M 500, it i, HA 3508
5| &K R AERIER , L R AR AR Y h T3 bT A
b R 24540 L % i 2 1 it i M ) 50 B A ER T
1. AER—Fh BT IR 5 R R AR, A BT AR R
{815 , ATMIK, T HAS B/ 25 I D se A& K, (R iy 4
RIS SRR YA W& 258 E ], B2 2 rEas
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