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Optimization of the extraction process of Fritillaria unibracteata fluid
extract by response surface methodology and its quality evaluation
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Abstract : This study aims to optimise the extraction process and evaluate the quality of Fritillaria unibracteata fluid extract
(FUFE). The comprehensive score of total alkaloid content,the content of peimisine ,the sum of the three alkaloid contents of
peimine , peiminine and sipeimine ,and the extraction rate were used as the evaluation indexes, and the single factor experi-
ment were used to determine the effects of the volume fraction of ethanol ,the amount of ethanol ,the infiltration time ,and the
percolation speed on the extraction of FUFE ; The Box-Benhnken response surface method was used to determine and verify the
optimal percolation extraction process conditions of FUFE ;the qualitative identification of F. unibracteata by thin-layer chro-
matography (TLC) ,and the examination of its moisture ,ash and leachate ;the establishment of a TLC method for the qualita-
tive identification of peimisine and peiminine in the FUFE ,and the examination of its ethanol amount and heavy metals. The
results showed that the optimal extraction process for FUFE ware as flows; ethanol volume fraction 70% , ethanol dosage 18
times, infiltration time 39 h,and percolation rate 3 mL/ (kg + min) ,and the comprehensive score of FUFE under these condi-
tions was (89.97 £1.90) % . The TLC results of the herbs and the fluid extract were clear spots with good separation, the
moisture of the herbs was not more than 15% ,the ash was not more than 5.0% and the leachate was more than 9.0% ,and
the amount of ethanol and the examination of heavy metals of FUFE complied with the provisions of the Chinese Pharmacopoe-
ia for fluid extract preparation. The optimised extraction process of FUFE is stable and feasible,and provides a reference for
the development and utilization of F. unibracteata.
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W5 48 01 ( Fritillaria unibracteata Hsiao et K. C.
Hsia) J& THGFHU BB AEY), DU TR 8525 A2y,
S I e SRR A AR IR . A T
v R i e JEURT ) PG 3 e 285 7R B, B 455 1] e 300 4
S ELULCHE RS HEID S, 3 s W, S A
BRI E B H P RZG A A2 e
S 5 DURE 55 A R 288 1% DL A (i 25 1) X H:
R RZA, PR B R /N TR . B
RS SRR A e L AL
W S LR R R 2 A AR
BOGE R MR I i 2 B gy, Hoh DB (D
BEZEH DURE 2 2 FPG OUREGRE HLAE bR s
YRR N DB, 2T A ) 2 — , W 52 DUBE A 1T D
B ENZ R 2R T E )T TR T R
RGP, FAT R BT Pl | 1z AR - i A
PRI B2 B I ST 3 U I 2 DL B
% =5 HAT Z2 80 HoA 245 R R, B oA A 5 2 W DL
AR . 2 P AR MKN-45 598 40 M3 2, 410 i 3T
B! DUREZR 2 7] 3 o WA 2R TFN-y K7, 410 )
TGF-8.CTGF ,ERK1/2 \NF-kB # FasL. {5 5% &
M, TS IR 7 2R U AR 1 A BV B 14 s 8
DRI AT Ak 2 LR B AR T B R
A, e P L HAS gk 6 ) K B ok v I 25
BE S 04 dh b R RERS M A% i 2 000
£ 100 JT/kg BIKEBLAER 5 000 JT/kg, H=E
A AR D G2 38 DU AR A I 8], 4 RE A
FAA A AT HZIA T R AR 255 W
AR A A PR e T i SR A5 22 TR 2R R s 55 DL B
Nk FEAZHE , B AR B 2R /b, 2021 45 3 DR
A hy G R A B R

H AT 22 Fh DRk b 24 LUt 32 5 8 J5p
2y (BAT I 58 DL RRR B S IR T 200 R WL AR
W AR I SR FH B DR 2R R o7 T ik G A I 25 DL B
FHRIBCT X H BT ST PN, B A R I 48 DR
BRIRAYTF R A ot i A K H A B 24 U i) iz )
PR AR
1 #MRi57%

1.1 X%

I 2% DURENG A 77 14 SR N BB L 2 ot 3
P58 IR DL

P4 DL BE i, (45 : DSTDX000102 ) | IT £ = (4t
= . DSTDB001301 ) | Il £ 2 F (4t 5 DST210517-
011) B2 2 (35 . DST191011-012) ( 4fi fiF 98

=% , T AR R A W) R BR 2 7)) 5 TR TR 1
S (o3 Hral, #1b45 :20230216 , KRR ELAL TA FRA
A]) s TEARK G (o gl R R s 2 iaml ) ) 5
LR TR (orpral, RiEmi A b TARA ) ;
Pt (i 2, R R Ak 2R ) s BER GF Al
(50 mm x 100 mm , ¥ BiEHEAA T 53 )
1.2 {28

ME-204E 48y oy 7 (MR -6 24U 8%
( i) BRRAT) ;IKA RV3 Jiehs 728 R AL (B ()
M AL ER B A R H ) 5 TUT901 58 4R ] UL 73560k
FEAS (b 3 35 r  F A 2 A BR 5 AR 2 7)) 5 Agilent
6546 i = 250 AH 4,35 £ B DU ZAT- AT I [R] BT3E
(REZHEAR ) s Milli-Q Hali K H % R 5 (£
Millipore 3 7] ) 5 DS-1.22 FE 7 ik 3 e HL (4 ] K il
RERTREARAHA) o
1.3 ZI®H*
1.3.1 BENFRZFTOHE

g 2 DIRERE A 20 o, N A B BB WA v, 4 R
B PR 2R RO 07 T S S BT A, DA — VR B 2 PR
T — 7 B ) J5 FF AR s W WCSE R IR 17 mL, il o
JH; AR SR S B, FriB e US , BEIR W AE 60 C
DUR RS, S0 A0 RS, ERRE &
B B 2 20 mL, B3, A 48 DU BRI .
1.3.2 BENERZETTEEADBAESZNE
1.3.2.1  XF RS il 2%

FE 2 FRECPE DURE g XS BE S 10 mg, i = 580 e
B il 0T B O 0.2 mg/mL YR .
1.3.2.2 &Mk RrEEK

27 2020 AF R AR N RAEFIE 25 8) (LLF
FETPR r [ 2 i) ) — R DLk 25 2 0 50T A o
e Jr vk R WAL BO B S 0. 6.,0. 8 11,0,
1.2, 1.4 mL, =4 H %% 10.0 mL, 7K 5 mL F
FE2 N 0. 05% V5 H I 2% 5% vhif 2 mL, % ZE4R % 90
s, A 2 iE 20 ming HUESHBEE
JULREAR 08 RS2 08 W, LIAH I i A7 s 1, 7
414 nm (PP AE I E W OG R, ARG EE A bR,
U B TR AR AR bR 2R
1.3.2.3 {0 I ) il 28 S s AR i) 5 =it
=

FEUERPOR 0.5 mL T HIEHEIEI A, ik &
R 2 mL, %5 €129 30 min, i = G H - H i (4
DIRGVWE 20 mL, AR 1 h, 08 e ot i, 1 =
S E-HEE (4 1) IR B BER 20, N AR — 4t
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i, EARE 25 mL ZE, A, kAT, A
“L3.2.27 R AN = H e 10 mL7 R, 7E 414
nm AN R A R O RE | B MO RE A A bR IE
i A gy # AR AE 2 2 (1) 3588 A e =
(1),

T=CxVxN/m (1)

Ao C O EYIIR T EWE, g/mL; V O FE i
PRFR, mL; N i BAE 85 m o DB R B i, g
1.3.3 B8 NHRZEF T NEF. 8 N FH, NE
FW NFEAEMNE
1.3.3.1 (ot

K H Acquity UPLC CSH C,q 34+ (2. 1 mm x
100 mm, 1.7 pm) , G ARSI A 0. 1% LR
JK(%%0.01 mol/L ZFR%%) ,B A LM, ik 0. 4
ml/min, FEELEN:0 ~10 min,10% B;10 ~20 min,
10% —20% B ;20 ~25 min,20% B;25 ~26 min,20%
B—10% B ;26 ~30 min,10% B, #£j& 30 °C , #EFEH 2
plo
1.3.3.2  JRiEsq

ST REAS R PO AT - %A T B[] JB 3 AS , H e 55 15 5
I5, IEB AR, SRR 7 =i B YU m/z 100
~1000 Da, Z5fbRAEE 325 C, TH s 10 L/
min, 5L AR AL 35 psi, B 350 °C LB
10 L/min, BN HLE 4 kV, i f#ERER 40 V,
1.3.3.3 X HESH MY il %

ST MHERRFRER 0.005 g DIREZREH DIBER & P8
DURERE | DU B AR U S T 5 mL 25 500, F P s
25 Bel sk B2 1.000. 00 wg/mL TR G A &K o
1.3.3.4 {3 i i i il 25

K B WA i 2 mL, v 200K 4 mL TR A) %
FERE 1 h, A =S H - B (4: 1) TR BB
40 mL, FRE R, 1R2,80 CKVARIG 2 h, i, H
IRIR AV BRI E IR AT, 28T, BRI N
A R 56 2 2 mL f9al A, I B E R 2 %)
B REAT ENAEY
1.3.3.5 ZtExiaHs

HR 8 S 40 75 5K, PR G 28 WP PP It G
FRE AR BEBRUEVA T, LIRS R T RO B R AR e
M 7 {0 1T R R A AR e, 22 A v R %
1.3.3.6 @

e 225 W B[] — XoF R SR, SR TR 6 IR, 1 SR

6 {3 W T AR, AR R AR i o3 W T AR B30 AR G
Wi 22 (relative standard deviation, RSD ) {H .
1.3.3.7 ®EEM*

AT A 6 By BRI, 43 BIHERE 1D 5% 6 1
oF it g 06 T AR, AR AR R 20 0 T AR 358 RSD
(I8
1.3.3.8 faEMH

W [A]— S W, 43 I AE 0.4 .68 110,12 h
IFFEAE e 1S ], TR H AR o g TR RSD,
1.3.3.9  JAE mljieR

M]3 A VA T A — 2 B AR TR
0 RS A U T AR, AR T =31 2 s
RSD {H,

1.3.4 RFFEMNE

A il i, T O TR ER 2 2 I, K
RV AE 110 CHEED T3 h 5, W & T
AR AN 30 min, FrE, H A (2) AT RE(R)

R=""%100% (2)
m,
Kfrom, HTREE,g;m, MR, g
1.3.5 #RERXE

HERA PR EUR 55 DU R 20 g, SRS i PR — 78 ek
MR 52 L WEARFR 3 8. 50% 55% . 60% ,65% .
70% 5 T Al 12,14 (16 (18 20 15 =2 {E I} [A] : 16 |
24 32,40 .48 h; B R #E:1.2.3.4.5 mL/(kg -
min ) , A5 AL PR 3R SR R 00 I 5 DRI B 1 45 10 52
M
1.3.6 %4645

S SCHROT v B A 8 b AR 4 B AR W
Frat DR a  DURER P DLRESR A4 DL RET
=B N R AR SRR, i 2R
B A e AR BT 2 5% B an T < 25
B = Yigpmwan * 35% + YVinuean * 30% +
Yicwanznm * 15% + Vyggue *20% ,Y; = FAGHR{E/
FARPRE P 1 R E
1.3.7 ra 5 @EARE

BT RARIREAR, B8 CRHRBU L (A) |
CFEEHIE(B) GRIEI I (C) (B (D) h %%
R, L8110 (E) e LR, 9256 PR KR W3R
1,12 ] Design-Expert-13 #{F45 H A 7] 52 50 445 4%
8RR Z55 PE A 8 Hh R PRI T 2
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Table 1 Experimental factors and levels
[K & Factor
KF . - .
Level A ZEHERUIEL B s C B8] D B
Ethanol volume fraction( % ) Ethanol dosage( times) Infiltration time(h)  Percolation speed( mL/ (kg + min) )
-1 60 16 24 3
0 65 18 32 4
1 70 20 40 5
1.3.8 4 %5 B R 20 2 IBHER
1.3.8.1 HZE%EE 2.1 BENERIEEPLEYHSENE

Fie i 2020 AR R H 24 ) — 51| DLERESE ) T
1.3.8.2 KArIE

Fie 8 2020 fg [ 24 810 38 0] < 0832 7K 43I
PR 3k (L) D i 55 DUREZ5 4 K 4,
At 15%
1.3.8.3 R4

Fie 8 2020 fg [ 24 810 38 0] < 2302 K 43 I
R IAE s 58 DUBE 250 K o, AT 5. 0%
1.3.8.4 EHymgE

Fig R [ 24 i) 3 D) 2201 32 Wil <2 167 5
TR RIE ARG BRI, DL R
il PR PR I & i, A0 T 9.0%
1.3.9 BENFRZFTREFMN
1.3.9.1 Mk

R A5 25 b I 52 78 79 8t SIS PP R A i Ry A
A IR .
1.3.9.2 HRE%%

U1 Rg2 R DL B 26 206 B S 3 =, n R I o g
1 mg/mL 1 B W . WA i 10 mL, il 2
B 5 mL, % ERCE 1 h i — S bE 40 mL, 7 1
h J5 kg, 25T, il P EE 0. 5 mL 3%, B4R
ARV . SRR LRI LD 6 7 2 IR 2020 4F R
(i E 24 ) 1] DL BESE S
1.3.9.3 ZEEmilE

¢ 2020 AR H E 2 ) PO <0189 i
BRI OB E, XA 5 SRR E
R Y SO BE S TR A
1.3.9.4 H#EH4LEKE

¢ 2020 AF R H [E 245 30) PO 0821 4 JE
AR IR 5 R SR B A S U T R A,
A T B NS LR VA TR (LR

Fi1.3.2. 27 WUk EAR IR 42, 753 B 5 7 #2 Y
=0.029 6X-0.084 3(R*=0.999 5) , 4P X2 BT,
TN 12 ~28 mg/L,

2.2 WBENERIERNEGE ANEHE.NFH
B NBEZEENE

2.2.1 NEFF BRNEFHBNEFEZFT NFETE#
A

FERRCL. 3,37 T A A5 RS A% AR A 7
FE A BNTE A% R S B8 U €835 8] (total ion chro-
matogram , TIC) W& 1 ffis,4 FhA ¥ rE 18 ~ 23
min 2 U, 7 B ASCR AT, IR T

3

- e

r T T T T
0 ) 10 15 20 25 30

[} [ Time (min)
B1 REXRE TIC
Fig. 1 TIC of mixed control

TE 1 7Y DURERG ;2. DURESE 3. DURER Y 34, DURER 20 Note: 1.

Sipeimine ;2. Peimisine ;3. Peimine ;4. Peiminine.

2.2.2 AMFRERLER

F21.3. 3. 57 Tl ME bR AE Hh £, 752 DB Y
DUBER,  DUREZ W DURE 3R 2 bR 1R i 07 72 43 51 R
Y, =6 190 720X, +3 053 410(R* =0.998 0) ; ¥, =11
541 800X, +15 302 500(R* =0.998 1) ;V, =11 985
700X,-9 691 380 (R* =0.987 1);Y, =15 105 800X,
+98 914 200( R* =0.993 9) , £k 6 R R I, Yl
1.25 ~100 pg/mL,
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2.2.3 HEEAK

THEAS B B S 6 YRR DL BESE (Y DR
B DURE R B DLBE R 2 W 1w AL RSD E 43 518
1.3% 1.2% 2.2% 1.0% , 3B {3k 5 5 4T
2.2.4 ETHEMHEK

THAAS3) 6 it v b DUBESE 78 DLREGR |
DIBER M DURER SR RSD B 4351 1. 7% |
1.8% 1.0% \1.6% , 25 RFWHZ Ik EEZ MR
2.2.5 BEHER

THEAS B A R TE 0.2 .4 .68 .12 .24 h A
DUBE=E VG DL REGE ., DUREZH DLRE R 2 0 1w ALY
RSD {H43 518 1.9% 2.8% 2.3% .1.8% , 3% B {it
A TE 24 h NERE
2.2.6  eifEpi R IE

DUBESE P9 DURERE, DUREZR Y DL RE3R 273 o]
Ry 92. 04% 91.06% 81.71% 115. 0% ,RSD 433
F1.2% 1.5% 1.1% 2.3% ,FBR AR AT
2.3 BRERLERSHH
2.3.1 ZEARSBTE R NFRZ TR A

FEHABIE I T 25 A BT T B 255
P32 28 £ TR 20 BAOuT 1 48 DL BRI I2 B R B 52
M), Z5 54N E 2 FR , O BEAAR R BN 25 50 4
MR, B & BB B N, 25 6115 %
R, LR TR Bl 65% B 255 e, 2 )5
TS, TR RS O B AR o Elod K2 (i HoAt
BT $e B SR, R T AR 0 B o3 B R, S
60% .65% 70% JA7 5 LS5

2
I

LRSS

Composite score (%)

3
I

T T T T
50 55 65 70

6‘0
ZRHEBU

Ethanol volume fraction (%)

B2 AEZEBERIYTESESIER
Fig. 2 Composite score results at different

ethanol volume fractions

2.3.2 ZEAZAEE NIRRT R
TEHA R T Z 2B RTHR Tl il 255

PR ST I 55 DR R B AR B 2,

ERANIE 3 B B Ol RO IN, £ 51T 00 B

WK, SR 18 R ZR A BB B
ARSI IERR LR SR o IR BCECR FA
5T 58, B 16 18 20 fFRE TR SRR

—1

LRETESY
%
.

Composite score (%)
%
2

2 14 16 8 2
W
Ethanol dosage (times)

B3 AREZEBAETHEIENER

Fig. 3 Composite score results at different ethanol dosages

2.3.3  RIAR A EE WA R A

TEH AR T Z A F AR TR T, id 255
P 25 IR I T X6 155 5% DL B 0 5 5 4R U 52
LEORINIE 4 PR R I R0 £5 45 PF 2 45 R AR
R, BB 6] 03, 256 00 2 Wi Ok, 15
I (E] 40 h P23 5 P23 16 B WA (L, 12 308 I [A)BIG , Ji
O Rt (E Y R e R, FHE A S
] H 2 R P IR, Bk % 24 .32 .40 h 4TS

) e
c o &
2 8 8
; I

3
!

LREVRSY
= &
:

Composite score (%

a
1

S
>
L

o
B
L

3

T T T T T T T T
15 20 25 30 35 40 45 50
B i)
Infiltration time (h)

B4 REEEEETEATHER

Fig. 4  Composite score results at different infiltration times

Q

2.3.4  FiRik EATERR NAERR F AR
AR T A AR AR T, il s A
TE4» 25 5895 e 1 X 165 45 DU BE 3 2 8 HR LA S
SERNE 5 iR, B B W BT 25 BT 0y i
W/ B W B 2 ml/ (kg + min) B 25 G1F 00 i
LB T S ml/ (kg - min) JFEEE 2R
Rk, B AH 5 D TR (R DB X 25 B P E e R fE B
TRy 2 mL/ (kg - min) I, S50 SR (0 2 BH
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LREPa
Composite score (%)
2
I

60 T T T T T

3
B
Percolation speed (mL/(kg:min))

5 ARBEEE THATHER

Fig. 5 Composite score results under different percolation rates

JE 12, PRI R A PRI I DA YT 249 AR R e 4
BRI R %548 3 4.5 mL/ (kg - min) #1775
2.4 OREMRLERDH
2.4.1 v R AL AT

SAEMIBE R . 3.2, 37 W R Jy g, I
RS B =w & B2 041, 3. 37 10 R 5 Bk E L, 19
B 3. 47 R kil g 2R AR R 1. 3. 6”7
W RGP A 2, A5 3 e 0 T R T 5 4
RIFR 2, I Irai Rk 3,

x2 MEEREEITESER
Table 2 Response surface test design and results
BAWMER jypan ~MTERN e gows
Y . . otal Peimisine Sumof g raction  Composite
N AR Blimes) GO DL/ (g miny) allaleid T e alkalod ST T
(neg/'g) (pee) (pg/e) %) %)
1 60 16 32 4 1 000. 110 30.051 45.623 5.213 66. 628
2 70 16 32 4 1034.291 33.279 64.407 5.168 73.161
3 60 20 32 4 1 079.899 26.512 36.937 7.123 70.797
4 70 20 32 4 990.372 49.444 45.738 6.627 77.543
5 65 18 24 3 1 056.250 27.686 41.124 6.532 69.918
6 65 18 40 3 1 005.574 64.738 46.961 6.724 84.395
7 65 18 24 5 985.304 50.317 47.283 5.027 73.806
8 65 18 40 5 1 003. 885 36.074 64.033 6.766 77.481
9 60 18 32 3 1 078.209 29.596 48.191 7.268 74.932
10 70 18 32 3 1 093.412 38.694 46.977 7.475 79.143
11 60 18 32 5 986.993 36.305 39.808 5.523 68.089
12 70 18 32 5 1 015.709 46.207 44.925 6.928 77.696
13 65 16 24 4 1 035.980 28.237 41.631 5.030 65.614
14 65 20 24 4 929.561 30. 662 62.248 5.923 70.472
15 65 16 40 4 1 056.250 49.613 44.442 5.639 76.682
16 65 20 40 4 1051.182 47.248 36.314 7.404 78.445
17 60 18 24 4 1 042.736 29.251 46.194 5.979 69. 806
18 70 18 24 4 1 005.574 48.129 39.996 5.362 72.789
19 60 18 40 4 1 059.628 35.630 47.036 6.953 75.558
20 70 18 40 4 988. 682 78.531 53.699 5.603 87.721
21 65 16 32 3 1 000. 507 31.916 45.051 6.332 70.209
22 65 20 32 3 1 144.088 28.520 42.238 6.978 74.375
23 65 16 32 5 1 090. 034 31.613 48.396 5.152 70.458
24 65 20 32 5 1034.291 28. 666 36.909 7.486 71.188
25 65 18 32 4 1 056.250 26.128 30.042 7.436 69.157
26 65 18 32 4 1 027.534 28.825 45.211 6.838 71.244
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%245 2 ( Continued Tab. 2)
BAMMER pypan ~MTER jape gows
%2 . . otal Peimisine Sumof g ivaction  Composite
No. A(%) B(times) C(h) D(mL/(kg - min)) g(lli(rilg:](tl content thre:; jllgjtlmd e e
(/ug/g) (ne'e) (/ug/g) (%) (%)
27 65 18 32 4 1 106.926 28.476 33.791 7.336 72.210
28 65 18 32 4 1 064. 696 35.762 42.183 6.764 74.128
29 65 18 32 4 1 037.669 24.556 40.052 7.144 69.539
=3 HESW
Table 3 Analysis of variance
AU SEITA FI E BE ¥ FAi P Bk
Source Sum of squares  Degrees of freedom Mean square F value P value Significance
i 668.97 14 47.78 27.17 < 0.000 1 =
A 148.71 1 148.71 84.57 < 0.000 1 .
B 33.56 1 33.56 19.09 0.000 6 *
279. 14 1 279.14 158.75 < 0.000 1 .
D 16.93 1 16.93 9.63 0.007 8 *
AB 0.0113 1 0.011 3 0.006 4 0.937 2 -
AC 21.07 1 21.07 11.98 0.003 8 .
AD 7.28 1 7.28 4.14 0.061 3 -
BC 2.39 1 2.39 1.36 0.262 8 -
BD 2.95 1 2.95 1.68 0.216 0 -
ch 29.17 1 29.17 16.59 0.001 1 .
A? 27.72 1 27.72 15.76 0.001 4 *
B 14.00 1 14.00 7.96 0.013 6 *
c? 65.19 1 65.19 37.07 < 0.000 1 -
D? 20.92 1 20.92 11.90 0.003 9 *

32 Residual 24.62 14 1.76 - - -
AL Lack of fit 8.10 10 0.810 3 0.196 3 0.983 2 NGE
4152 Pure error 16.51 4 4.13 - - -
HiR2% Cor total 693.59 28 - - - -

H:*P <0.05,""P < 0.01,

HMIH Design-Expert 13 FRPFALBLSCIGRE 345 B, BE— 2 Ul I LA R Ry, iR al

R AT 2 oo 28 v R Al — I gl A, 45 21 B 15
FREUI T .Y =71.26 +3.524 + 1. 67B + 4. 82C-
1.19D + 0. 05AB + 2. 30AC + 1. 35AD-0. 77BC-
0.86BD-2.70CD +2.074>-1.478* +3.17C* +1.80D°,
M1 3 FfR, B P <0.000 1,F =27.17, B2k
AT P =0.983 2 >0.05 S 5 3, U5 B 1] ) A R A
WE, BAGIEE L, BIRMIN R R, i
HERBR =0.964 5 >0. 9, %K) AR AR
=0.929 0,48 R K 1. 80% , B AR 5% (1) n] B

TR E B RF IR T2, W FAEH, %
PR 206 B 2% DR R AR BT 222 K/ € >
A>B > D, ZEEHE] > LEEARF > S E >
BRI, N2 OB AR 43 BORNR i B ] 32 904 1
BERER, CBHEABREE b B EH K.
2.4.2 ap @& RE LA

i SO 187 3D [ S $A R B il , 45 o 4R IR ik 42 3
I D)3 DR 252 A S i g L &l 6b
FE O TN, ¥ 0 ][] 55 92 0 3R | £ B RR 432K



Vol. 36

K AR5 W 7 T 925 I P 9 58 DL R 5 T B R T 2 B L B A4

1561

S AR RS I 5% DURE L IR 1) S O AT I35 32,
] 6a.6¢.6d il 6e il 0 ~F- 2% , U W] 4 X 308 155 45 L

S fes

Composite score (%)

SaMr

Composite score (%)

safin
Composite score (%)

GRtrfaar

Composite score (%)

ST
Composite score (%)

R
Composite score (%)

BRI B/ X 5 3% 3 07 250 B
RN AR — 2

o

6 FEFRZE(ER KL E

Fig. 6 Response surface diagram of interaction of each factor
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