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Abstract: Objective To optimize the synergistic extraction process of total flavonoids from Rhodiola crenulata by surfactant — ultrasound
synergistic extraction. Methods ~ With the extraction rate of total flavonoids as the evaluation index, different types of surfactant were
screened. Single factor test was carried out with the volume fraction of surfactant,the volume fraction of ethanol, ultrasonic power, extrac-
tion time and solid - liquid ratio, respectively. The extraction conditions were optimized by [.(3%) orthogonal test. Results The sodium
lauryl sulfate(SDS) had the best solubilization effect on flavonoids in 60% ethanol. The optimum extraction process of orthogonal test
was as follows:1.5% SDS was taken as solubilizer, ultrasonic power was 600 W,60% ethanol was taken as the solvent,the solid - liquid

ratio was 1:15(g: L), the extraction time was 15 min. The verification result showed that the average extraction rate of total flavonoids

was 4.04% and RSD was 0.81% (n =5). Conclusion

The established surfactant — ultrasound synergistic extraction method is

economical and efficient for extraction of total flavonoids from Rhodiola crenulata.
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D5 A BE R - DL T o0 X IR SR A NaNo, -
AL(NO;); — NaOH 3 5 S 2 5 B o FRIBUS T % BR
10. 80 mg, K B FRE , LA 70% LRI E 45 % 50 mL,
FEE) G TEREE N 0. 216 g/ L B0 HRTA TR o 0 51K
TBOGT BRSO 2. 1 T f R VA RS i, A5 25 mL
M, A 5% NaNO, 5% 1. 0 mL, $£4] , iUE 6 min,
T 10% A1(NOs) s 57K 1.0 mL, $£4) , JCE 6 min, JIIA
4% NaOH ¥ 10. 0 mL, 1 70% L BEE 45 58 5) i E
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510 nm P AR E WG S AR B R (X, wg/mL) Ky
BEAR AR OB (V) R AR AR AT R [ )T, 75 100 )3 7
FE Y=0.0124X+0.003 57, r=0.999 4(n=7),%%5 %
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WARF(mL) , m LSRR A i () .
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o, BT RSB T R, Y SRR RO 60% I
S R B USRS v, T SRR R 3 BOR T 70% B
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PR A T T R, T SR R R T S EEAR R BL
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1.5% , 875 % 600 W, 425 15 min, ZEEA TN

Jy 60% JEHHEHE I 1515 (g L) o B2 BT B s 45

FOO R IR IR A>B>D >E>C,
A2 ERKBRFAKF A

KE BEA%) BEBW) BE Clon) BED%) BEE(RE:L)
| 1.0 500 15 40 1:15
2 1.5 600 20 50 1:20
3 2.0 700 25 60 1:25
A3 Ln(3) ERRBEIT AR

F%5 A%) B(W) C(min) D(%) FE(g:L) HXEARERE(%)
11 1 1 1 1 3.56
21 1 1 1 2 3.77
3001 1 1 1 3 3.98
4 1 2 2 2 1 3.95
5 1 2 2 2 2 3.85
6 1 2 2 2 3 4.01
71 3 3 3 1 3.95
8§ 1 3 3 3 2 3.74
9 1 3 3 3 3 3.73
0 2 1 3 3 1 3.88
12 1 3 3 2 4.05
1 2 1 3 3 3 4.01
13 2 2 1 1 1 4.02
14 2 2 1 1 2 4.05
15 2 2 1 1 3 3.78
16 2 3 2 2 1 3.81
17 2 3 2 2 2 3.78
18 2 3 2 2 3 3.95
19 3 1 3 2 1 3.71
20 3 1 3 2 2 3.54
21 3 1 3 2 3 3.42
2 3 2 1 3 1 3.89
23 3 2 1 3 2 3.81
24 3 2 1 3 3 3.63
25 3 3 2 1 1 3.64
26 3 3 2 1 2 3.48
27 3 3 2 1 3 3.01
[ 34.54 33.92 3418 33.29  34.41
I 35.33 34.99 33.88 34.02 34.07

32.13 33.09 33.94 34.69  33.52
Ko 1151 1131 11.39  11.10  11.47
K 11.78 11.66 11.29 11.34  11.36
Ks 1071 11.03 1131 11.56 11.17

R 1.07 0.63 0.10 0.47 0.30
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B, D 3 AR 2 0] e o 4 IO 1 5 ) 22 S A e
X (P<0.05),1 C A1 E PR &% w5 B 42 BRI
Wi 22 S TG L (P >0.05) 45 R 4,

k4 FEMWER

BE BYHZF74 AWE HHE Fsrn FA P

A 1.85 2 0.62  Fon(2,2)=99.01 110.27 <0.01
B 0. 60 2 0.20  Fos(2,2)=19.00  36.00 <0.05
C 0.02 2 0.0  Foes(2,2)=19.00  1.00 >0.05
D 0.33 2 0.11  Foes(2,2)=19.00  19.46 <0.05
E 0.13 2 0.04  Foes(2,2)=19.00  8.00 >0.05
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FRICS 13 25 60 B i, B0 45 5. 00 ¢, 3% 2.5 T F i
PRSI VEATHRAE  $2 2. 2 T0R J7 il a2 s B 55 Bt
FEIF A LR HOR (S5 R CR 7318 4. 03% ,4. 02%
4.05% ,4.03% ,4.06% , V-3 4.04% , RSD H7 0.81%
(n=5), RULABRIT R0 nl 5 R BCRE &
3 i

Lo7(3°) IESCIR G A A 4 R A B, 2 i M AR B
B R T AN C R AR A ROk B R e S B AR R
S SR PN B b TR o3 €9 v ol W N W e el 71
T B RN A 2 Fp HLB {E KT 13.0 i
T 7 X ) BB B S ) R AL o S AR e T
TR SR IR B g T A B TR IR ) B R
B YIS L& 2 AW R A B, 7E— % pH
YU PR P T R PR R e ) S A LA I B AR
T 3% MR SR A, AT ISR SDS 25 2 T 176 1 70 11 6 7%
VR, 2 5 S T A B3R 110 3 T i 2 791 w3l e T i
TRLE AR SRS I B I K L I B ARk B (CMC) 2 Ay
% T 1 ) MG A B T I G S AR VR P CMC
JIN S T R o PR 3 IR0 TS I R A 7 2B 24 SR T A, 7
60% CMEH,SDS 1) CMC {E f5c /)y o B PR R 56 45 31
B, 4 SDS A B4 B0k 2. 0% I , B4k e384 hn , 2 2 i
BRI, 302t F SDS BN S CMC
J&i , ARSI TN SDS 7 i, T8 BRI AR AR B 2 3
R RE TR B BB R SR IR A , i 28 SDS, il F- 8k
24 LA R BT AR R RGN, DT 5 LA A 2% T

PR EOE R BRI T 2 o SR U T vk
Z— ) R 75 B 1) e A AT 32 B PR 85 7] P st A
T AT ] s 3 2o 2 AR I [ AR 4 2H 22 R0 200 it
Oy R AR N A RS i HOE R I A
FRUNT , T 1 R AT B PN S B 1) i S SR IR, 3
VEFML AR B RC & R 8RR & v 24 1 o 1 42
B ARG 45 S B 75 Ty R 5 ) R B R
IR EL R R, 75 D3R 1 U e L Z0E B, D3RI, $2
AN, YR &, = A AN I K, & 8RR e
25 W B S o3 SR AL B i U2 IE 3SR A M B

PN 600 W K itk

WAL A P PRI R ZE DL L], 90% ~95%
CTE T H TR EL, 60% £ B T B B i 42
B B4 T2 A 56 TE 435 SRR 2R R4 A R 2R L
g5 AT AT, AT LR [RLER DL 60% 0 BEAE A 4R HL
BRI AT, B 3R BRI B & 5 4, IR &S
[ SDS E N3G 7 REAG RN B R T AE 60% LT
SRRy s N iy = s L iy S i H N A B
b R R FRARAE 72 AR

A 7 2 IR () AR EEAE 5 A PR 2 o) i 3 i 2
BRI 2 AN (H PR BN 28 (0 15 e I E A T L 38
st ] et K, 7 B T = A i 2 R, & R
i 431 ELAT 1 TR G T e e AR AR AT I 5
i 2 S R SRE s e TR S IR S IR
B AHFE , S B0 77 ROR BRI, A FE SR N 275
SN RSy TR €/ a e T DRk B TR E o | I 0 aR 7 NI il
YLK SR R L 10 15(g: LY INA 60% ZFEAE R
), DLAARFR R 1. 5% 19 SDS I iaE#|, M (T

BEA 600 W)HEHL 15 min, AT 3RAGHH B 106 B R IOR
S k-
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