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Optimization of the ultrasonic extraction process of nine-steamed
Polygonatum cyrtonema by combining analytic hierarchy process and
response surface methodology
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Abstract ; Using analytic hierarchy process-response surface methodology ( AHP-RSM) to optimize the ultrasonic
extraction process of nine-steamed Polygonatum cyrtonema,the ethanol volume fraction,ultrasonic temperature , extraction
time, and liquid-to-solid ratio were taken as investigation factors, and the extraction rates of total polysaccharides, total
saponins, total phenols, total flavonoids, and total amino acids were used as evaluation indicators. The weights were
determined by AHP (total polysaccharides 0. 502 8, total saponins 0. 260 2, total phenols 0. 134 4 ,total flavonoids 0. 067
8,total amino acids 0.034 8). After calculating the comprehensive score, Box-Behnken design and response surface
analysis were performed.The established quadratic regression model was highly significant with an R* of 0. 962 3.The
optimal conditions were determined as follows: ethanol volume fraction of 2.6%, ultrasonic temperature of 75°C
extraction time of 50 min, and liquid-to-solid ratio of 20 : 1 ml./g. The relative deviation between the measured and
predicted comprehensive score was 2.49%. This combined strategy achieved synergistic optimization of multiple
components, and the process is feasible,reproducible ,and suitable for industrial application.

Key words: polygonatum cyrtonema; analytic hierarchy process; response surface methodology; ultrasonic

extraction; comprehensive score

TR AR EORT TR EORS 22 AR O Y FNEIERR , HA BT S EVY |F B S 5t AR
TS B AN TR A AR I 45 BORS =2 2 SRR UL R R CR A AR G M ) D
B BURBFTOIESS Hw & 20 e AT i W2 eI 2 (iR Q e B S (DS R OF POR S

Y #5 B #7:2026-04-27; &[5 B #A :2026-06- 10

E£WAB . P S B kR L0 g 4 - R L - 2 MR 2450 H (20261BDF030016 ) 5 V174 448 W BT “ 7 i R B 5 H
(ZBG20230428003 )

YEE B ARLIN(1983-) , 55 AR} WFFT 5 1800 R P 2508 U & ORI L 18971434991 @ 163..com; X %2 (1989-) , I 1+, TRV , F 53 J5 i) Ay v
25 B AR U TR 54 IR R A liujun20082914@ 163.com,,



2026 &£ 10 B

Py he A KA 2R T e, 0
NIRRT B R 2 R A
EFEATHRRN 20 TR R RN kAR
A B, USRS 4R IO 2L R T £
TRPREE BV SR

JER ST (AHP) ALHS 2245 s 1Y 2 50
W A o 2 LR R IR AL , & 7 22 o 28 B2 MR S 1l
T AR AF B R R Rz T (RSMD) BE L
D ST R R T TN AR, o3 Bt 22 I R AL AR
R EET 2 AR A Tz i e
THRHT AT MRS 5 P TTRREE ARG LR fe
HIGIE S

ABEFE AU BT R R 125 L WA FR %80
ML R I (R RO B R B2
Bl AR R | S TR R SRR R 4R IR T
WG bs, iz H AHP i %€ 98 b A L, 45 45 Box -
Behnken Wi 137 [f 35 LA A S T2, 15 1608 Ll
PO ZE G A5 Bl e i 2%

1 W8 SR

1.1 ##

JUHI BEORGRE f H VE PG I 25 b 251K A BR 2
POt ARG T2 Lz U ikl 450, & A
2B B AR K N H A RHEY) 2L HOR Y
JUZETUMG M 5, RES Y B T B i 80
H i 85 1
1.2 {ERIRFA

L8 SHh-1T WAy SR BT, B BHM AR I R
R A A 72 LC-FA1004 BT 201 K, il Ty
JRIBVGAER A PR F A 7™ 5 IM-05D—-40 W i B
R P T DR, AR T R S A R R AR
773 1500A Z DI RERI ML , A R T 2T R FHAILH A PR
A SHS -2 HL VI IR K VA B, A Th i £ =T
P PN R AE 72 DF—101S £ $ i Y in # g 1
PEFERS AT I ok B B A A FRA FAE 7= TG -
165 = G B0 AL, B I R O LA BRA wl A
775101-3B HLERGE KU A , 28 24T PRI 2R i 2%
HIRAFA™,

L-B &M (=99.5%) BRI (=99.9%) | L.
TSR M (99. 99% ) KA Efi =T (98%) G IR R JL/K
GW1(99.99%) Wl R 2% h i (pH = 6. 8) 4 PR 3
(BR) ,IxEFMR AZSRBH Rbl MEXFH TR
B RS TN SRS B N I NE Y s B R o

RLENZE . EROAT-IMNESEL N BIERBFRIRTZ - 117 -

ACTRE R N N AN N
PR K B Ao SRR K4 0 2 A e, T A 1 Bl k= Je 47y
ARAH

2 EWHIE

2.1 XRAMERSE

25 Bk 2% % R, 4 i) T o 4 A5 B (0.1
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Xof B =Py R?
(pg-mL™")
A y=0.02837x-0.01022  1.25~12.5  0.9993
AS I Rbl y=0.0039x-0.00201  16.39~104.48 0.9994
WETIR y=0. 2568x+0. 08704 1.02~7.88  0.9993
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2 1 W) 5 SRR e I (30% iK% ) . LR G HEE 0~
. ) 209% 137 i K
~ 8 3.4 @Rz mE LI
b o1 341 FBFRALR
g oo UG T 25 DR 36 K- UL 4, W T 93 367 %
® ool BEERIFS,
00041 5 %4 MEERERKAT
0.002
0.000f , . ‘ ‘ ‘ \ KT EN
0 10 20 30 40 50 60 70 80 90 A/ % B/C C/min D/(mL-g™")
ZBHABUR% -1 0 60 30 10:1
1 20 0 BT 5 3— AR 54— 24 BT ; 5— SRR 0 10 70 40 15:1
H4 TEERIE AR AR YH S i s =i
x5 MEELWARNRER
- A/ B/ c/ D/ BEWE BEH/ =N % S HTR B b
% € min  (mL-g™)  (mg-g™) (mg-g™") (mg-g™") (mg-g™") (mg-g™") W4y
1 10 70 30 10 13.39+0.24 9. 87+0.07 0.0735+0.0015  0.0761+0. 0041 0. 003883+0. 000158 0.0167
2 10 60 40 20 14.53+0.22 9.04+0. 11 0.1115+0.0012 0. 0657+0. 0040  0.003071+0. 000048 0.0188
3 10 80 40 10 16.22+0. 21 9.31+0. 15 0.0674+0.0012 0. 1040+0.0028  0.003292+0. 000141 0. 0220
4 10 70 40 15 13.10+0. 32 10.08+0.18  0.0981+0. 0005 0. 0828+0. 0009 0. 004142+0. 000078 0.0186
5 10 80 50 15 16.37+0. 37 9.15+0. 12 0.0928+0. 0010 0. 0982+0. 0042 0. 002967+0. 000069 0. 0229
6 10 70 50 10 15.02+0. 18 11.12+£0.24  0.0672+0. 0006  0.0816+0.0039  0.003686+0. 000232 0. 0262
7 10 70 40 15 12. 81+0. 22 9. 67+0. 09 0.0976+0.0010  0.0849+0.0010 0. 004091+0. 000244 0.0169
8 10 80 40 20 15.48+0. 17 10.39+0.15 0. 1070+£0. 0009  0.0852+0.0030  0.002641+0. 000172 0. 0248
9 20 70 40 10 14. 16+0. 15 11.17+0.19  0.0684+0.0007  0.0834+0.0022 0.003843+0. 000121 0. 0250
10 20 80 40 15 14. 62+0. 32 9.28+0. 05 0. 0964+0. 0011 0. 1006+0. 0018 0. 003248+0. 000088 0.0193
11 20 60 40 15 13.47+0.37 8.85+0. 16 0.0942+0.0015 0.0713+0.0020 0. 003594+0. 000173 0. 0155
12 10 60 40 10 10. 67+0. 32 8.72+0.09 0.0730+0. 0009 0. 0687+0. 0023 0. 003213+0. 000178 0.0104
13 10 60 50 15 13. 87+0. 33 9.08+0. 18 0.0953+0.0009  0.0739+0.0035 0.003687+0. 000244  0.0167
14 0 60 40 15 13.89+0. 35 8.30+0. 22 0.0930+0. 0008 0. 0656+0. 0027 0. 003694+0. 000198 0.0154
15 10 70 40 15 12.32+0.35 10.36+0.07  0.0971+0. 0001 0. 0862+0. 0012 0. 003854 +0. 000229 0.0185
16 10 60 30 15 12. 83+0. 18 8.57+0.27 0.0859+0. 0010  0.0661+0. 0021 0.003215+0. 000143 0.0134
17 0 70 40 20 17.08+0. 27 10. 76£0. 10 0. 1065+0.0009 0. 0767+0.0022 0. 003225+0. 000085 0.0311
18 0 80 40 15 17.38+0.29 8.94+0. 12 0.0880+0.0013  0.0920+0.0042  0.003411+0. 000072  0.0253
19 0 70 40 10 13.76+0.24 9.62+0. 25 0.0715+0.0003  0.0752+0.0014 0. 004144+0. 000060 0.0167
20 10 70 50 20 16. 04+0. 33 10.95+£0.15 0. 1137+0.0008 0. 0697+0. 0019 0. 003241+0. 000146 0. 0298
21 10 70 40 15 12.81+£0.26  10.33+0.17  0.0915+0. 0009  0.0888+0.0040  0.004013+0. 000265 0.0189
22 10 80 30 15 16.40+0. 15 9.99+0. 25 0.0936+0.0012 0. 0873+0. 0018 0. 003021+0. 000220 0. 0247
23 10 70 40 15 12.15+0. 29 10.19£0.06 0. 0905+0. 0007 0. 0805+0. 0036 0. 004114+0. 000190 0.0171
24 0 70 50 15 16.23+0. 25 10.45+0.10  0.0911+0.0012  0.0747+0.0036  0.003993+0. 000222 0. 0260
25 10 70 30 20 15.67+0. 16 11.19+£0.28 0. 1077+0. 0011 0.0727+0. 0031 0. 003298+0. 000191 0. 0302
26 20 70 50 15 14.93+£0.39 10.71x0.12  0.0927+0.0011  0.0781+0.0020  0.003749+0. 000170 0. 0243
27 20 70 30 15 14.04+0. 39 10.36+0.07  0.0946+0. 0014 0. 0765+0. 0025 0. 003675+0. 000247 0. 0207
28 0 70 30 15 16.02+0. 34 9. 65+0. 09 0.0946+0. 0013 0. 0789+0. 0025 0. 003877+0. 000093 0. 0228
29 20 70 40 20 13. 18+0. 38 10.90+0.09  0.1115+0.0009  0.0677+0.0033 0. 003421+0. 000061 0. 0234
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A S 7 Z2 o LA A5 8 kel e
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FEFRWE CFHM AME Bk F{E PE BEHE
LAY 0. 0007 14 0.0001  25.50 <0.0001 @3
A 6.798x10° 1 6.798x10°° 3.37  0.0876 A3
B 0. 0002 10,0002 99.15 <0.0001 #% 5
C 0. 0000 1 0.0000 12.32  0.0035 Hlip#
D 0. 0001 1 0.0001  69.80 <0.0001 @3
AB 9.088x107° 1 9.088x10° 4.51  0.0520 AN
AC 2.585x107% 1 2.585x107® 0.0128  0.9115 N3
AD 0. 0001 1 0.0001  31.65 <0.0001 #% &3
BC 6.666x10° 1 6.666x107° 3.31  0.0905 N@EH
BD 7.991x107° 1 7.991x10° 3.96  0.0664 A
CD 0. 0000 1 0.0000 12.03 0.0038 HEFE
A? 0. 0000 1 0.0000  18.97  0.0007 @3
B? 0. 0000 1 0.0000 14.41  0.0020 #% 3
c? 0. 0001 1 0.0001  40.66 <0.0001 HpE
D? 0. 0001 1 0.0001  42.59 <0.0001 #% 53
B2 0.0000 14 2.016x107°

JAUIT - 0.0000 10 2.473x107° 2.83  0.1636 RNEFH
WhiRZE 3.491x10° 4 8.727x1077

iR 0.0007 28
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