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ABSTRACT: Objective To optimize the ultrasonic extraction process of dihydromyricetin from Ampelopsis

grossedentata using artificial neural networks combined with response surface methodology. Methods The stems
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and leaves of Ampelopsis grossedentata were used as the research material. An ultrasonic extraction system for
dihydromyricetin was established, and the process parameters were systematically optimized using a combination of
single-factor experiments, response surface methodology and artificial neural network models optimized by genetic
algorithms. The extraction yields of dihydromyricetin from different parts of Ampelopsis grossedentata were then
analyzed under optimal conditions. Results The artificial neural network model exhibited superior accuracy and
predictive capability in comparison to the response surface methodology. The optimal extraction conditions were
determined to be an ultrasonic power of 360 W, a temperature of 42 °C, a liquid-to-solid ratio of 20:1 (mL:g), and an
extraction time of 35 min. Under these conditions, the actual extraction yield of dihydromyricetin was
(39.83+0.01)%, with a relative error of only 0.36% compared to the artificial neural network-predicted value of
40.19%. Furthermore, the extraction yield of dihydromyricetin from various parts of Ampelopsis grossedentata under
optimal ultrasonic conditions followed the sequence: Stems and leaves of Ampelopsis grossedentata>branches of
Ampelopsis grossedentata>pruned branches of Ampelopsis grossedentata. Conclusion This study successfully optimizes
the ultrasonic extraction process to enhance the extraction efficiency of dihydromyricetin from Ampelopsis grossedentata
and reveals significant differences in dihydromyricetin extraction yields among different parts of the plant.

KEY WORDS: Ampelopsis grossedentata; dihydromyricetin; ultrasound extraction; response surface methodology;
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Table 1 HPLC gradient elution program for the characteristic
spectrum of DHM

i} 7] /min TSI A% B B/%
0~20 20—30 80—70
20~40 30—45 70—55
40~48 4565 5535
48~50 65—20 35—-80
50~60 20 80
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Table 2 Level setting table for single factor experiment

KA =
AW B/°C C (mL:g) D/min
1 240 20 10:1 10
2 300 30 15:1 20
3 360 40 20:1 30
4 420 50 25:1 40
5 480 60 30:1 50
6 540 70 35:1 60
7 600 80 / 70
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Fig.1 Ultraviolet spectrum of DHM standard and Ampelopsis
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BRI EE B K SE F R T R, B R S T ] A
DHM (it — Bk, e85 1%k 360 W i, DHM (142
R, MYBEFRINERSGT 360 W, $RIEHIHIFL,
XEk R R A DX DHM 14 F 454877 4k
THEIR, TR, SEERBCR TR,
TESLHGBEE IR ETEE N, DEM HREUS RAAZE A K,
SR, 30~50 °CHY I BV AT AW /2 205K . AR5
o, B PRG A 0 BORH LL R 8 R I TR B, T AL HR HL
wRE, B R i, A 4 WL AR F],
DHM #2 IR BE 5 OBk e A0 38 i 3271, (5 24808} He
2f 15:1 (mL:g)if, IR AN PR HA Gt 2 L
ERBERCR TG g 15:1~25:1 (mL:g). LAk, BE5
PRI ALK, DHM $ECRZ M E I, (H 85 i )
i 50 min B, FEECGRAIE A IR ML, KA
R N S (] 9 5 SRV RIS GE A 30~50 min, 5 b, R I
300~420 W, JJEE 30~50 °C. Wkl 15:1~25:1 (mL:g).
IR E] 30~50 min MEALIRBUSF .

2.5 RSM ##f

FEF AN RLIGLER, 12 H RSM 43Hr DHM $2HUT.
2o LI BRI B RS 3, L DHM RBCERMWME i
IR, 38 2ok [l 480525 5 e DR - 5 g 2 AT G R, A%
B [|] 5 e

Y=38.90-0.4801A+1.90B-0.4090C-2.95D—0.6847AB+
2.64AC-0.3084AD+0.2868BC+0.1357BD+1.21CD-6.79A>—
4.92B’-5.10C*—4.74D>

I REE S 1A E(A) . AR (B) . BORHL(C)
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1E ZR B0 A H A — R Y O B R A R R oSS HIT
(AB. AC %)z i T S [] I8 25 1) ¥y p FR) sl pisit i, AB I3 1)
T R BRI S D3RR 1 52 AR A AT Re e R el
LA B R BOR 7 ARSI IR . RITU(AT . B Z6) 4
BT A HFE IR, FATER LR K Rkl
RIS, $EECR 237 39 20,

AER 4 BBE, BORIM P<0.0001, FRETZEAIE
HEEREE, YRR LRNEY DHM #ER
W . A FArHT, B4 R X DHM $2 BUR 5%
Wi 5t B A ICE /MR YR Sy 68 75 5] ] (D)> 88 75 B2 (B)> i 7=
IR (A>HBEHE(C) e RSM A RIS M5 S B BSR4
FEF IR 356 W, IR 41 °C, WORlEE 20:1 (mL:g)., i
FEETA] 37 min. MEACHF T AR BR T & & .

K5 WK, 525 MIES MRS DL I 5 SE PRl
AN T2 HE b, RABR LG MRS, 7T LUE T
IR R RS R R Z MR, W] T X0 SE g A5 40 1Y) e
AT,

%<3 Box-Behnken LU i%it R4
Table 3 Experimental design and results of the Box-Behnken design

K% DHM $2£BUR/%
e -
AW BP°C C(mL:yg) D/min HE3{E M
1 360 30 15 40 27.36 27.67
2 360 30 25 40 25.78 26.28
3 420 40 20 50 22.89 23.63
4 360 30 20 50 2435 2425
5 420 40 20 30 30.37 30.15
6 360 40 20 40 38.78 38.90
7 300 40 15 40 30.68 30.54
8 360 40 25 50 28.21 26.90
9 420 50 20 40 28.12 27.92
10 300 30 20 40 25.14 25.08
11 360 30 20 30 30.86 30.42
12 360 50 15 40 31.40 30.89
13 360 50 20 30 33.60 33.95
14 360 50 25 40 30.96 30.65
15 420 30 20 40 25.73 25.49
16 420 40 25 40 28.37 28.76
17 300 50 20 40 30.27 30.25
18 360 40 20 40 38.63 38.90
19 360 40 20 40 38.46 38.90
20 360 40 15 30 32.56 33.62
21 360 40 20 40 39.08 38.90
22 420 40 15 40 24.77 24.30
23 360 50 20 50 27.63 28.32
24 360 40 20 40 39.54 38.90
25 360 40 25 30 30.40 30.39
26 300 40 25 40 23.71 24.44
27 360 40 15 50 25.55 25.31
28 300 40 20 30 31.23 30.49
29 300 40 20 50 24.99 2521

&4 DHMEREXREFHFEHNFENHER
Table 4 Results of the variance analysis for the regression
equation of DHM extraction rate

KR RV AME W5 F P BHFM

L 690.86 14 4935  94.17 <0.0001  **
A 2.77 1 277 528  0.0375 ¢
B 43.17 1 4317 8239 <0.0001 **
C 2.01 1 2.01 3.83  0.0706

D 104.47 1 10447 19937 <0.0001 **
AB 1.88 1 1.88 3.8  0.0794
AC 27.88 1 2788 5321 <0.0001 **
AD 0.3805 1 0.3805 0.7261 0.4085

BC 0.3291 1 0.3291 0.628 0.4413

BD 0.0737 1 0.0737 0.1406 0.7133

cD 5.82 1 582 11.1 0.0049  **
A 298.97 1 29897 570.53 <0.0001 **
B? 157.21 1 157.21 300.01 <0.0001 **
c? 168.84 1 168.84 32221 <0.0001 **
D2 1458 1 1458 27824 <0.0001 **
52 7.34 14 0.524
Eu 6.61 10 0.6609 3.63  0.1126
alifi2z 0.7274 4 0.1818

M 698.19 28

PR R W R bR

0.9790 0.9439 0.7239

T *FOREUEA BEMEER, P<0.05; *FREUEA MR M2 5,
P<0.01,
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Table 5 Training results of different neuron BP ANN
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Fig.7 Fitting curves for the training, validation, testing and entire dataset
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Table 6 Comparison of evaluation parameters between
RSM and ANN models

THiE R RMSE AAD SEP
RSM 0.9895 0.5065 0.4058 0.5150
ANN 0.9981 0.2165 0.1613 0.2203
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Table 7 Comparison of 2 kinds of models under the optimal
conditions for prediction
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Table 8 Detection of DHM content and purity of extracts from
different parts of Ampelopsis grossedentata by HPLC
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