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H EAREFNHERLSBENTAELR, A3 @mE RN T FLL0E-REHRRRETHEE LB
(Sibiraea angustata polysaccharide, SAPs) #) T2, MMM A LEMMHIER b fEEN. TZHRALLERET, &8
%3t SAPs 13 R 8 F o0 B A @A IL>BE R An B >AR 5 0 1], FLARAR SAPs A9 RAE A4 K ik b 20 mL/g. BEfAa
 3.5% A A F B ] 70 min, HAFF X 6.98%, RIUEILF] 65.23%. SAPs 9 A 45K AR AR R S B
(Mw=87.72kDa) , £ ¥ ¥ A EZ RS (329%) , HARZREHE (257%) « HEHE (15%) . FTiafa4k
(12.6%) o S, SAPs 3+ DPPH #= ABTS' & &1 K 69 7F R fE /) ICsy £ A1 H 99.53 mg/L #= 94.75 mg/L, ZT=H#%
AERANLEFNR, EhhlEidl 7@, SAPs 5REBRENZELRNEIEGEABRM KX R, L SAPs K E & 3|
5.0 mg/mL B, HAER %44 FMT 60%, ¥ 54F ittt Rik. MA SAPs REAZ, BD2HKN
b =B85 ( triglycerides, TG) . % /2 Bl &% (total cholesterol, TC) A &% & g & & ( low-density lipoprotein
cholesterol, LDL-C) K-F ZILF ERM K. i O &3t —FIE% SAPs TR EZF MV 3D & B3R IRAILAR,
HERHXREKE Lﬁfaaé SAPs &5 2k % 2 IR BAR M B F #Ae (P<0.05) , %KEK 5.0 mg/mL 445 %
77 9.85%, %W SAPs TiBiEH E LA KK E D LIGHE. LT RLLERAFI R SAPs F R AR5 b i§ = % i 7 32
A5 HARRIE.
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Abstract: To promote the development and application of Sibiraea angustata polysaccharides (SAPs), this study optimized
the cellulase-ultrasonic synergistic extraction process of SAPs using response surface methodology (RSM), and further
analyzed their structural characteristics and lipid-lowering activity. The results of process optimization indicated that the
order of factors influencing the yield of SAPs was: solid-to-liquid ratio>enzyme addition amount >ultrasonic time. The
optimal parameters for SAPs extraction were determined as follows: Liquid-to-solid ratio of 20 mL/g, enzyme addition of
3.5%, and ultrasonic time of 70 min, achieving a yield of 6.98% with extract rate of 65.23%. SAPs was an acidic
heteropolysaccharide composed of 9 monosaccharide residues (Mw = 87.72 kDa), with highest galactose (32.9%), followed
by rhamnose (25.7%), glucose (15%), and arabinose (12.6%). In addition, the ICy, values of SAPs for scavenging ability
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DPPH and ABTS" radicals were 99.53 mg/L and 94.75 mg/L respectively, indicating their potential antioxidant activity. In

terms of the lipid-lowering mechanism, SAPs exhibit a positive linear dependence on bile salt binding capacity. The binding
rate of bile salt exceeds 60% at 5.0 mg/mL SAPs, with the strongest binding ability observed with taurocholate. With

increasing concentrations of SAPs, the levels of triglycerides (TG), total cholesterol (TC), and low-density lipoprotein
cholesterol (LDL-C) in zebrafish exhibited a dose-dependent decrease. Oil Red O staining further confirmed that SAPs
significantly reduced lipid droplet deposition in the zebrafish tail, with the effect demonstrating a concentration-dependent

manner. The lipid-lowering effect of SAPs was significantly concentration-dependent (P<0.05). The lipid-lowering rate

reached 9.85% at 5.0 mg/mL SAPs, demonstrating that SAPs could effectively ameliorate hyperlipidemia through dose

regulation. These results will lay a theoretical and technical foundation for the development of functional lipid-lowering

products using SAPs.
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HEE M S HHERE SHEY BT I 5
IS e Wl T A IR, WA R “ MR, A & 5 220
BARSS | BEMRSEE 2 IS MR ST, 1E B 2 U A AT &
FFGE AR . 75 Mk B AL 2 b (Sibiraea angustata
polysaccharides, SAPs ) {F A %= M- fif B AE Hh & fec iy
M F B IRAR GO A YTE A, S Eis 10% A2
170 2t Z AR R SCAS [R] ) SR s Eim i a-B%
BB N A, B R AL AT IR . B
P& T HESRM LA G e i A5 2 2 N, A i B
AE R AEZTERANE A O B LAl P JRdRiE SAPs
X FREFETT = A8 MG EA BWAEH, sz o5
P A RSB0, R AR 1 A B T M R SR 4%
{022 PR AR D Re B i o & T B SRR N
W,

H BT, A8 9 2205 00 32 By v 32 2 POk 4 B
NN 53 A RN T2 e b RN 1 ¢ 2 SN E S LIRS S
Bt 4, bR GO HA B ERT . 224> IR
JEASHR A, AH AR | A5 5 IRBR ] 1 )z i .
Z= L A7 I g 0 SR FH /K SR DTS 4 h #1810
(P ) 2, Hofgik | 5.96%,, Wi HAa tederk
B —PE, ANLSBEVIIR Z W) 55454, IR T H
RIS, HAiZ ik B EE, v A3 2008/ $& Bt
[a]t==13l, LR AR R HOKMRLF4EZR 1Y B- 1,405,
X R EOH AL Z HE (A SR a-1,4-15 04 JC b 2
s, Wei 8B WFSEXTHE T AR H il 4T 4R
BN SR ST R & 2R R g ), o &R 42 iy
1. HAD, ST SR AT HGE R =,
{HETF SAPs il #& S AHSC S MR R = HRE .

= IMIBHE (Hyperlipemia, HLP ) J&—7F i 15 i 20
Sk e MERURI G T AT J< 811 5 | A 09 i S Ik =

B H [ s T I 225 B Y R B A A
P, AT LA | R ARG . Kok RetEfl | el 0o 450
i 1 A5 55, TS A B AR IR
FHRENR 25 Canfhy T28 . DUARRZIS | MRS IS B Y Tk
2, A IR SR A G T, HATPTE SRR . 0 A
B A AN R NS JH, REEIR T T
VEYT RN MLAE 25921 &, X s N8 ILAE i T o ke = A

FEHRIE, HAH ™ S T sk

PR, ASWFFE LAAS - PR E S JEORE, R AT 43R
Tt 2t A5 e 3 T 7 AL B B PR AE WA, FRAEAE
-t BLAE 22 MRS A D RRARRE, TR I HRR AR,
Shyfie BRAE ZE W 1) v S H R M S % e PR A E 22 BERAE LA
e ThReME A R AR AR
1 #R55E%
1.1 MRS5E

A M- E B AY (Sibiraea angustata) "~ KT P4
TR H 16 X V4R 3000 m LA A LAk, F 60 C
TR EEE A, 80 Had i 5 A F5556; Bt fa
(WA AB i ) 0P Solita WP MR
BHEARRA T (SY XK GH7)2022-0004), F- 28 °C #ik
OKJBE: 200 mg/L ks S5 450~550 pS/cm; pHS.0~
8.5) i) s BE Lh £ Jal A 3530 At} (GRAR HU iR ) | Bl
fa IR CRER)  JoRR R e /K FH A B
O8] BT (8~14 kDa) . HEOERNEL . 24F s AR
. G 4EEEE(8000 U/g) iR LR H R
N BAOBERR S (2885 (Gle) . FTREabE(Ara) . B2
HE( Rha) | 2FUBE(Gal) | 53 (Fuc) | A HEIE R
(GlcA) . KEFLHEE IR (GalA) . ABE(Xyl) . H b
(Man) ) 3E[E Sigma 2> 7l M40 O e (a7 & .
DPPH 5] & . ABTS il & . BF & fa M i ELISA
Ml e YLPEREG e R A BN E LB
TETEE . =AM HATR Yo dr gk, vl ik
TIBAR AT BRAS T S5 T K e 4tk o

DHG-9076A HL #iE i 8 KT He 4l iRy
HAL 28 A BR2S 7 ; WK-400A 725 330 40 By A ¥k
B 7 A6 T il 25 B & il A A RS\ 5 FTIR-850 4/ L
W AR LT AN SCREAN. R HE AR B ey A BR2S W5
SpectraMax iD3 BRI HHE SRS 53 TS (i)
FRRAT; 3110 & H AR H SLALES (G5
M) RR 2N F) 5 1260 infinityll /85 %% W AH €@ 351 K
1290-6545 8= FERAHCI%-PUHAT BiE{L e
FeRHE (P ED A BRA A
1.2 SEWFHE
1.2.1 PARZRSLE Sl HERPREL 5.0 g AR A
-t PLAE R AR (W), 76 50 °C. pH6.5. [if§fi# 60 min
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F1 300 W HFF IR T, #0760 min. WL
20(v/m), WIEWFARINE (0% 1%. 3%. 5%. 7%) %}
SAPs 15 F [ FENH; 3% 5% 214k 250 . WOkl b 20 mL/
o, 9% 75 $ BUE 1] (30, 60, 90, 120, 150 min)
XF SAPs FHRIFLN; 1% 5% LT4EZERE, M5 120 min,
RITHRLEE (10, 20, 30, 40, 50) %} SAPs 18R 5
mal . SR FHET 4 2R B R SRR PREUS T 90 C K
10 min, FE&E 3 KA I UEW, v EH 45 2= 20 mL,
¥ 1:4 RS2 A 80 mL Jo/K W%, F 4 C K
#HE 12 h J&, 4000 r/min Z5.0> 15 min WWEETLTE, B
UL YE 2 % F 100 mL 7K J§ F 4000 r/min & 0> 15
min, WK Sevag iR E A 4~6 IR)F, BT
BEHTAE (8000 Da) H, #BAl/KIBHT 2 d, B IR TRk
SAPs(W), I FIE(2) 158 SAPs 1558 A - HL
. SAPs & E S 25 K- A o

SAPsTE (%) = W x 100/W, = (D

SAPsHEELZ (%) = W x 100/ 5 R th 2 ¥ & &
& (2

1.2.2  Wahy mieieise i3s3t LA Box-Behnken {56
VeI R IR AN 735, ARG SAPs 155 1 B A 2 52 56 4%
S, BEEUEAS IR (A) A (B) L WORHER(C) R
HAEH, DL SAPs 133(Y) I NiAE, it —=FE =z =K
SP- g4y v N TS, 7 50 °C. pH6.5. FiEfi 60 min Fl
300 W HBFS TR EAF R, X SAPs 2B T i ik —
b R ASTHTE E 5K ULE 1.

F 1 MR T RS K

Table 1 Factors and levels of response surface experimental
SN
LSS . —— —
ARG (%) B[] (min) CIRHEE
-1 3 60 10
0 5 90 20
1 7 120 30

1.2.3  FUOBEZH N S S REROIIAE ARSI : HERRRHX
e T B2, IIA 0.5 mL. 12 mg/L H,SO, %
W, KA 30 min, FEAMA 2.5 mL E4lK, k2K
WA 1.5 h )&, RRKas RSB E 5 4%, 0.24 pm
VBN YRS b . DA EORE . BUASRE . BT hAEhE ., 2F
FUBE . AOKE . H b, a0, LR S A h
PP A AR, Be i 0.2 mg/mL TR A BRUE I

3% K22 Zha 551 (9 J5 7% Thermo ICS
5000+ T 4% 22 48 (ICS 5000+, Thermo Fisher Sci-

K2 BT OB
Table 2 Gradient elution procedure for high performance anion
exchange chromatography

5f ] (min ) 0 26 42 42.1 52 52.1 60
A(%) 95 85 85 60 60 95 95
B(%) 5 5 5 0 40 5 5
C(%) 0 10 10 40 0 0 0

entific, USA); HEAL2EK: M £5; Dionex™ CarboPac™
PA20(150%3.0 mm, 10 um) & FH (o 3% 48 ; JERE R
5 uL. WshAE AH,0), FishtH B(0.1 mol/L NaOH),
W shAH C(0.1 mol/L NaOH, 0.2 mol/L NaAc), Wi &
0.5 mL/min, FEIE 30 °C, PelRks RNz 2.
1.2.4 SAPs4rF R MM E 4 F RN ES%H
Zheng 5P 5L, ITFREIIMEN . SR FHEERHERH (i
#+ Ohpak SB-805 HQ(300x8 mm) Fil Ohpak SB-803
HQ(300x8 mm) 83 HE . SAPs Fij&b B BAL Wi (e
0.1 mol/L NaNO; 7KIFK (7% 0.02% NaN;, w/w)H1, £
Wl 1.0 mg/mL, Z8 0.45 um JEPTIEIS EAUSI

O 5k AFEL 45 °C, YRR 100 pL, Wshid A
(0.02% NaNj,, 0.1 mol/L NaNO,), #ii# 0.6 mL/min,
SEEEVRNERTTE]: 75 min.

e 7HE HE £ i #5 2 r HIBECH] 2 mg/mL 43 F =N
10, 50, 100, 500 F1 1000 kDa A [FI5 SRAHFR LS
W, iF 0.45 pm AKAHBERR, P47 A5 58T .
1.2.5 A bim e
1.2.5.1 DPPH H HIEKRGES) L 1.0 mL ARk
FE Y SAPs W (20, 50, 70, 100, 200 mg/L) Tk
%, LA 1.0 mL 0.2 mmol/L DPPH Z B IRG 1
SIE, WU BEG N 20 min, 517 nm AL Ik S
fEH(AD . LA 1.0 mL FESLFT 1.0 mL ZEETR AR
YERXFIE AL, A 1.0 mL DPPH Fil 1.0 mL Z.BE R

BEERNERNZEE Ay, Ve YEBRPEXTIR, DPPH H Hi 3k
BRI ARG IHE.
DPPH H 13435 5% (%) = (1 - A';Az)x 100
= (3)

1.2.5.2 ABTS"I&FREES] ABTS TAEMAUHlA: BX
5 mL 7.0 mmol/L ABTS ™I A1 5 mL 2.45 mmol/L
K,S,04 MR G, TR H 25 h SO 12 h )=,
FBAKIGREZE 734 nm AbPIRSGE R 0.7+0.03

HC 0.2 mL SAPs % ¥# ( 50. 100. 200. 300,
400 mg/L) 5 0.8 mL ABTS FiBe)5 i TAERIRIHTR
G I5))EHFE 6 min, T 734 nm FIIIGE OD {E(A ).
JHAE 2l KA S X5 B, id 5% ODfH (Ay), BA 0.2 mL
SAPs ¥ W A1 0.8 mL 48 2l /K ) 2 OD fH (A,) o
ABTS" 1B I5Fd A ()15,

ABTS" -5 %% (%) = (1 - A‘;Az)x 100 =0 4)
0
1.2.6 SAPs Z5&MHREREE YT BX 1.5 mL AN[FEHE
i SAPs(0.625. 1.25, 2.5, 5.0 mg/mL) % ¥, T A
1.5 mL 10 mg/mL A T-H#&, MA 0.5 mL 0. 01 mol/L
M HCL#E W, 37 °C /K IH4k 1 h, 37 0.01 mol/L
NaoH #WJHY pH £ 6.8, FiA 2.0 mL 10 mg/mL
NT AW, 37 °C /KIEHEAE 1 h, B A 45 ARER
ERFHEHEREN, 37 °C KBSV 1 h J&, 4000 r/min
B0 10 min J5, B 1.0 mL 353, MILA 3.0 mL 60 %
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R IAML, 70 °C KB 20 min, BUB R I E =R,
F 387 nm WAL G, UL PBS AU 4R HAH R
R ATH SRR NS E A [, 3 AR 8
AHPRER . HZAHRRENES A%

JERR L 45 5 2 (%) =
2 AT IR ERVRBE — A T IR sh ik

. T ” S x 100
75 VA TR IR Thilk B

X (5

1.2.7 By i SRR (i) KL KRR S

1.2.7.1 BEILfa 4 fa s RS 8 il 7 K B8 TR 1T
B/ SRSk ik, 180 BERE S g)
B RHZM 5 dJEaEbE kR, Hdf 30 BIEN
IEHTREZH, T 150 EEARIME 0.1% [ EE R A T M 1A
2 d, B 12 h K —IK, @@ mAEEARL . Hs
ML BXE 5 £ 4y £ B AL 53R v I I AR R 2H | = ARAh Y T
ZH(0.5 pg/mL) . SAPs AFHZH (5. L MRS 5 41, &5
ZH 30 45, IR ZR BEAF Y 30 mL. X HEZH TF B e
WREN, 1Ay 5 AR B ZH AE 4R M Ha R DF Y LA 3
W 0.1% B, 25 C fHEME 2 d j5. KBS
i 4% Z R P EEEE 12 h, FH PBS 2 hR (pH7.4)
THVE 3 K, FH 60% SENEERYE 20~30 s J5, # 2
£ O Qe b, EG Y 8 3 h, TEL 60% ST EE |
PBS IR Ve Z A YL 2 0, 31 4 5 T ik
RSB S AR LT O Yy ta s ML Lh AR Py

B R E 0. FIH Image-Pro Plus 6.0 155 2% K15
A B AR A 11 ML AR Y6 85 B FT (Integrated optical
density, IOD)/E R YL o (P AHXT 2 E AR bR st ik
TEAUZH FIl SAPs ALBELH 1Y) TOD 1H, SAPs FEHE RN
K(6) 115,

TR 10D - AL 341 TOD

P& e 2R (%) = AL 10D x 100
A (6

1.2.7.2 BEfaimfgkm B ataiiziss ka2
5d g, Sirsemme 2 d 5, A BEPLIEE 20 &
4, A 150 mL Z B3 I 7o 401 50, SR
(VR ZH TR ASGHA T 5 R AR PR, T 10000 r/min 25
Lr 15 min WEE BB S R H MM =BE(TG) . &
AR[EEE(TC) B AR 5 AE 2 1 H [E f5E (LD L-C ) &G 3
&, MR E &P TG, TC #ll LDL-C B35 i
1.3 HELIE

LI b S E A 3 IR, BiE 4 5K DL mean+
SD 3£/~ ., % SPSS 27.0 # AT 2R a2
77 4 (One-way ANOVA ) 53#7 (P<0.05), % JH Excel
2013, Origin 8.5 Fl1 Al 2020 Fk{F #E47 % ¥ &b 3 Fn
53T
2 HBRE5ESH
2.1 BgRME. BAERE. &R SAPs B K
20

B 1 R ET4E R P USIEE | B A A ORk L

A 681

o S
~ N
1 1
o
©

SAPSTHR (%)

o
o

BEZR NI (%)
a
6.65 1 a
—
6.60 b
g 6.55 1
o 6.50 -
%:3 6.45 - ¢
6.40 4
6.35 1
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A ] (min)
C 68 a
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ﬁi cd
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<
wn 60 -
5.8
1'0 2'0 3I0 4‘0 5I0
WOk
B 1 BN (A) . BRiatE(B) . Bkl (C) %) SAPs
(eSS AT

Fig.1 Effects of enzyme addition amount (A), ultrasonic time
(B), and liquid-material ratio (C) on polysaccharides extracted
from Sibiraea angustata

LE: B R P BRI 25 5%, P<0.05; ] 5[]

X} SAPs 130520 . FHIE la AT, 72875 60 min
FACELEE 20 IERHUASAE T, 27 4 2L 5T 2 80k
0~5%, SAPs 1715 >3 [ 5 B %5 10152 58 i 1 b 35 (P<
0.05) 7, HnT B S5 AE M 40 e S5 AR 5 hn Rl A7 A E
FEHK, RANIERER IR, ANRS B P 2 B, i
{H LTI PN 2SN A g, e S EU N B B
EPETHN, CMLFYE IR BN INGE S 5%, SAPs £33k
#] 6.69%(w/w), Zr kLR INLF YL R 1 22 7%, SAPs
T TC P E 24 5 (P>0.05) , FUAT HE 2 Y ik B8 ok
Il L B (LA, A= et PR E AT it B 1) S et A ) S A
FRORE, BUL KIS SAPs ORISR THE .

&l 1b WRTE 5% LFAEREE S5 WORH L 20 $2HUS%
PR, FE A BB TR /NTF 120 min B, Bl 25 HE RS TE]
AN, SAPs f55 A (P<0.05), AT AEH T~ I
ZEARON G 5 S 3O e LA AR O BE S A e A i ),
MR I ZE 5 9 #8575 E] 120 min, SAPs 15
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FEIRIE R 6.62%, 2 FH A fifo ik 20 SO AR B R 2 e R
{H. ZJeBt s P U R4k S, SAPs 155514
TR

Bl 1c AT AN, 76 5% £F4E 5875 120 min 1Y
PR T, SAPs 15 5B 4 OB U 385 in 52 B0 Se 1
ISR . WORHEL/NT 20 B, 2 fef B b
R4l . S B BEAS BE RS K, SAPs 19 3R 2 1Y
Foa WOk 20 ), SAPs 15 33k B &y i {H
6.67%. VWCEIELARIT 20 B, SAPs 15 R[4 ok} th g
Jin 2 R RE(P<0.05), H BB FAR R RS L
it s, S BCRAAS AR B P K AR I I A R P I B ek
b, HAS 20 BT R AR AN R, (E TR A SAPs 153
TR
2.2 Mo EEAIR eSS
221 [HEBTRI A EE S RAT BRI R SEIR S5 R AT
T, BRI INE (5%) . #8775 A [E] (120 min) AR L
(20) 51T G515 3] SAPs MU RIS, LIBEGRIN
(A EFES ] (B) FIE L (C) AFsREXT 4, LA
SAPs 753 Jy i )3 {H, & ] Box-Behnkens izt 5%t
VT T, Pifk SAPs $RE T 2, I S &b
RN 3 Fras. A Design Expert 8.0 2, Xi3 3

# 3 SAPs SRR B T IR BT A
Table 3 Design and corresponding results of SAPs extraction
by response surface experimental

SRS AR BGEARH)  CORKIL)  SAPHR(%)
1 1 1 0 6.94
2 0 0 0 7.06
3 -1 -1 0 6.60
4 0 1 1 6.99
5 0 0 0 6.89
6 0 -1 1 6.82
7 1 -1 0 6.93
8 0 0 0 7.10
9 -1 1 0 6.58
10 0 1 -1 6.12
11 0 0 0 7.06
12 1 0 7.01
13 0 0 0 7.06
14 -1 0 -1 597
15 1 0 -1 6.27
16 -1 0 1 6.96
17 0 -1 -1 6.06

S
=~
(=]

6.8

6.6

SAPSTHH (%)

BEA T Zonmla8lE, IS SAPs 15 5L EHE
FHI R ZICH TR A Y=2.10818+0.381263A+
0.0304682B+0.197685C+1.25%10*AB—3.042x10 > AC+
0.9410*BC—0.026626A°—0.179x10°B*—3.723x107°C>,

X BN A S HEH SAPs 1Y BT B A Al k47
J7 22530, DIASIS 7 R A BRI AS TR - ) A [T U 5=
B, LSRN 4 iR . SR GeiT 2% 48 vl Az 5L
B ST AR P<0.0001, 2 W2 0] A4S 750 38 1) iy 13
K, HARIEE R GG, eI P{E2N 0.4567>
0.05, FRHIZBLARIXT A S U005 T2 B4 vy, AR SE 5 A
FEmE /N, BT RE R {ESA 0.9795 BLIH iz
BT S50 s B VB EEIA 3] 97.95%, #L4G BERL
FEAST] F FHIZAEL B BN _EIARFREEEF ™ SAPs 455
BTN, B4, IO R%C B. AB. AC. BC %
P43 i) AN 25 (P>0.05) , 1T A® T [19) 5% i b =2 (P<
0.05),A. C. B>, C* WizEmatk .2 (P<0.01). H F{H
A, FZNE SAPs 152 1 [ 2T A Lk (C) >fiff
EINE (A>T E(B) o

F 4 ZRETABIIN T 2007

Table 4 Analysis of variance regression model

FEARE  FEHEM ARE B Fld Pl
TR 2.37 9 02637 3720  <0.0001"
ABFRIIE  0.1369 1 0.1369 19.32 0.0032"
B#FHIE] 0.0052 1 0.0052  0.7296 0.4214
CIRHE 1.41 1 1.41 199.45  <0.0001"
AB 0.0002 1 0.0002  0.0317 0.8637
AC 0.0148 1 0.0148 2.09 0.1917
BC 0.0032 1 0.0032  0.4529 0.5225
A’ 0.0478 1 0.0478 6.74 0.0357"
B’ 0.1087 1 0.1087 15.33 0.0058"
c 0.5837 1 0.5837 8234  <0.0001"
B2 0.0496 7 0.0071
AU 0.0221 3 0.0074 1.07 0.4567
4R 2z 0.0276 4 0.0069

TE: "P<0.05% /R 2253 B3, " P<0.0IFR ER R R FE

2.2.2 W THIAE BEAE T R AR IR ISR
SRR, a1 T % 5k 2 HH R PRl 2R 2 18] 58 TR FH R 5
A A AR A& th &t THEIRDE, W2
PR 2R 58 H RGO X R (B A S ) Sk 5, s [T D) 5 2 AR
)i[zs—zﬂo

Fh L 2 AT, s Ak XS 3 A i a9 43 AT Er L

o

72
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Fig.2 Response surface and contour plots showing the effects of interactions of various factors on the yield of SAPs
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