. - . 2021 4F 4 /1
BAHEAR RRRASERR 542 B 7 W

DOI:10.12161/j.issn.1005-6521.2021.07.017

He Tt e VRl —phee 2 e mi oz L1k
JeoF v A SR T2
FORAE 2, ABYS', (AT, XA, 2R OR!

(1. HFBH2ABE B fh S5 k2s TR AR, I3 rg ARFH 4220003
2. Ll SN TS e il R A S SR = i ARFH 422000)

105—

OB AEERFREAMSE KA Box-Behnken % i vf B & Ao ik 45 ik A 22 B 45 W A O XAF AT T A R BRI IR
IEEMRATRAEREN B HF AR R 2% LA S T a4 vh 5@ ik fo i 45 Fook—Ap 2 W &R A
FARITIR £ Aok B AH R 5 F1 A 1.19%.0.955 4 Fo 0.72%.0.994 7, Z Wik, i 45 F ik —Av 2 WM B A AL L R & T
W RLE, R AR B BB ) R AR R AR A MBS RN RRBET oL ERR AL L EMHA
PR JE 73 C BRI 1) 50 min. i B 36 43:1 (mU/g)  TERARAR S 3 53%, b e T B R B4 2 4 47.17 me/g, & T
vy 1 &7 FARIMA 46.63 mg/g.

KR AT G4 BK R ve BB A DAY 2 M &4 ok

Optimization of Total Flavonoid Extraction from Lilium brownii Based on Genetic Algorithm—Neural
Network and Response Surface Methodology
YIN Le—bin"?, DENG Peng', HE Ping', LIUYa-li', LI Le-le'
(1. College of Food and Chemical Engineering, Shaoyang University, Shaoyang 422000, Hunan, China;
2. Hunan Provincial Key Laboratory of Soybean Products Processing and Safety Control, Shaoyang 422000,
Hunan, China)

Abstract: Response surface methodology(RSM) of Box—Behnken design and genetic algorithm—neural network
(GA-=NN) were used on the basis of the single —factor test to optimize the extraction of total flavonoids from
Lilium brownii. The results showed that the amount of each extracted factor showed a rising trend followed by a
decline. GA-NN showed better prediction and optimization abilities and had a lower relative error rate (0.72%
versus 1.19% ) and higher determination coefficient R?* (0.994 7 versus 0.955 4) than RSM. Accordingly, the
optimal conditions determined using GA -NN were as follows: 50 min extraction time, 53% ethanol
concentration, 43 : 1 (mL/g) liquid—solid ratio, 73 °C temperature. Under these optimized conditions, the total
flavonoid content was 47.17 mg/g, which was higher than the amount obtained using RSM(46.63 mg/g ).
Key words: Lilium brownii; total flavonoids; response surface methodology; artificial neural network; genetic
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W F E G (Lilium brownii )& —F 8 T 1 A FH(Lil-
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A 32 ST, PR BT 2 71 & s IR Al B i A 0T
R Z—o BET, KT A G S IBCE R 14 4
HEIREZ AHR WL AN R AL 7 X S B s R
AISEIE o H PR T VAT IS8T i W T i
N T 2 4% (artificial neural network, ANN)ZE, JLA}
AL TT A TR MEME S  FE T AR SC A e A A
BN IERE, BN, T BN R SR L IR
5} Box—Behnken ¥ 1 i 57 T 32 46 (response surface
methodology , RSM VAR AL A g A N T2 4% ( ge—
netic algorithm-neural network , GA-NN ) X} J& 2 H & &
B e LR PR ICT 2 S R e AT A, WE R AR de i e
G SRR SR
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5] SY-1210-fE R . ST A IR A
] 3 VELOCITY —14R — 5 0> #L : Dynamica 23 ] 372243
OGRS R AR R A
1.2 ik
1.2.1 AT R Ze 26l

K HH NaNO~Al (NO, ), ek ii A7 2 T hrifE i 4k
(22 5 e 4 E A S BRI 2™, Bl 0.1 mg/mL 1)
P T ARAETR : ERRFREL 10 mg 25 T, I8f# T 95% 2 1%,
JFE 4% 100 mL. 43 5] i H 0.0.1.0.2.0.4.0.6.0.8.,
1.0 mL 19 0.1 mg/mL T #RHCE T 10 mL Y45 &
SR FE RIS 8 5% WA FR BRI 0.5 mL,

PEAIZ G E 6 min, PRGN A G & 5X 10% 1
PR AV K 0.5 mL, #2547 , ## & 6 min, 5 43 A
40 g/mL [ ESEALENIA T 2.0 mL, 38451, FH 60% 5 E
RAEZIEEL FEA] S 15 min, T 510 nm K FE
HWOC R, DAA T 5 T 3 R R A bR (X)) IO i
(Y ) AR FIARAERT £
122 A E A BER S SR

FERA L 0.25 mL A A TRCT 10 mL 25 5
Fie 121 JrEMEM R 4 A (DT i

_ CxVxN
X=22 (1)

A X R AR E R i mg/g; C
AR T ARy BT B B B mg/mL; V
NI B AR R ORI IARF, mLs N R BT
M AFRBORA B AT, g0
123 N ZEE

FRUL 1.25 ¢ TEEEEERN IR HEMA, 20%
SBR[ | 2 WA FR 500 Y [T b R 2 BT 8 %o
B i IS . SIS ST R 3k < BRI ] 15
30.45.60.75 min; LFEARFM 4L 40% .50% .60% .70%
80% ; W [ . 20:1.30:1.,40:1.,50:1 .60:1 (mL/g) ; 3 BOK
& 30.40.50.60.70.80 °C, & > (6 000 t/min,20 min)
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FEAY PRI R] | 2B AR 85 11 AN B B
JEVE N ML 4 D A B2, B AR AE i
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Y7715 7% (mean square error, MSE ) VE S 15 U S8 75 ME A
(G b , He T2 B 24 S 850% i O B B 2
ZICETE o % Winiczenko 25X ANN 50004k )7
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1) RSM iS04 T 28 A, Horb2 ) OR U
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Fig.1 Artificial neural networks of alcohol extraction of total

flavonoids from Lilium brownii
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IR A S DR R % W R 3R T 3 1 A o A R KO
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T S8 55 R P A A LA, ANN [RIREAR 3 /0>,
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Table 1 Virtual samples

o A BORNN B CBIRRUY  CHOAR D BRI
min /% (mL/g) C
1 60.12 45.09 40.08 40.08
2 60.12 45.09 40.08 39.92
3 60.12 4491 39.92 40.08
4 60.12 4491 39.92 39.92
5 59.88 45.09 39.92 40.08
6 59.88 45.09 39.92 39.92
7 59.88 4491 40.08 40.08
8 59.88 4491 40.08 39.92
127 BALSEIE T HARS

T 1.2.5 I a i) ANN A 5 842 {1 AL 570k
(genetic algorithm, GA VAT B ARSI, X RSM 45 5
FREADAREAS AT A 0 Ha 5, D05 15 32 S B 5
R RAAA L I 525t HOGE R 2544, BACAR S i T 2
S8 WEMHEER/ N 50, R ECH 150,28

WA 0.2, 8 5N 0.05, 1834 0.9,3817 Matlab £/
FEIF A BN EEACFPRET- 245 N i AR AR 25
1.2.8  RSM 5 GA-NN TijliZs 5xt 1

225 SCHK[15] 5 (18], LA 4 J7 #2 % 22 (root mean
square error, RMSE ) X451 H 4 1R 22 (mean abso
lute percent error, MAPE ) FIHAE 2250 (R2) K/IME R FAfr
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AT, R 8y, s M A A A AT
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NS5O LR e R R
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ARV S [ o 3 ) 15 2 5 i L] 2.
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60 min & , AT A i I B R R X
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fife R, BRI ] e fE AR 45 min,

B B R SRR EL 40%~80% 18 [l A 28
fLnE 2B fros , SR & e B TR TR, SRR
SR 5090, T A B R B AR K, AT B 2 VAR
HE R B i T B, 32 RIS NaNO,—-AL(NO;),
Bl 0325 S €0 D 3R R A 7 T S B SR TE A
AR Iy A2, i B T RSS2 T IR 4, KR
2% K- LR AR R PR BCR BT, SR
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Fig.2 Results of single factor experiments
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ARV R BE A 1 1) A AN N RS O, R R
A N2, 24 2R 60% T &
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P55 B I R 1 22 A, PR I S SRV A e R 3
15, I ELAY I 25 At P 400 T A s 1 5 08 ) W ol
TR RIS R S, R, f ik AR
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M 2C nn,  RVECER & R BUE LR R
LR FE b 20:1 (mL/g) B THZE 40:1(ml/g) BT, B #E
Tl 5 e S B 3 T, R P R AR A B A 1
OUR BRI IRRRE A E S AR RE S5V R SRR A,
22 A M AR 3 TV 300 v 02 fd T RR AN L P 4 T
RABTE A TEHU K o Bl A W LU R, W R W 5 7
FNE A 047, A 705043 B 700 v, 2 e o B BT 0
L TE AR B S RN, S L
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2% TR S B I DR R AR R i S B0 B

] 43 6, 1T 08004 BT 25 By A VR G i O — T T
VA5 H 11 TR T 3 RN RO AR R G R, R
B B DU T, 3 BB I AR B (L i D
JE RREREL SRy T RN ZE IR 2, i DR A
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W 2D fzs, Y BGR EEAE 40 CTHZE 70 Cryid
R, R R R ] Y TR O
MR LT, W Fie s mR AR DL LT
FIAEA A R T e -5 AR A 21 B B 4R T, B S
O A A8 BN S, PR R R R AR B B, Y
LT F) 80 CHY, S HE R B it DU S B8 T B 3
AIRE R IR N, CEIF IR & W IR T iR A
b, BT 3R R A AR (RIS, P e B A 15
T W B R R SN (R AN R T A3
il AR IR, Chaaban 5% %¢ 6 R [A] B 1k
BV ARE R T, 15 H SR AR AE 70 C~80 CR%
fiff o 23 Y SRR PR A AR BBOIRLEE Sy 8OCHYTE L T,
B O3 i AR AR SR IS R E 5 = 5 PR, AR
WFFE I e SRR BOR BE152h 70 °C.
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Table 2 Level of experimental factors

x4 MEESTIREEHFTESH
Table 4 ANOVA for response surface polynomial model

kS
K- A fREUE B B WY D EREGE
[&]/min 3 80% (ml/g) JEIC
-1 30 40 30:1 60
0 45 50 40: 1 70
1 60 60 50:1 80
% 3 Box-Behnken i{3&i% it 045 R
Table 3 Box-Behnken designs and results
. A %{‘éﬁy\ BZE Wil D JRHL SVBET 4/ (mgfg)
g WY {gﬂ/ S 4 sy ROM GA-NN
min - FY%  (mlg) T IR g g
1 30 40 40: 1 70 3922 38.99 39.26
2 45 50 50:1 80 43.63 4349 43.63
3 30 50 30:1 70 42.41 42.05 4241
4 45 50 50:1 60 43.09 4225 43.08
5 45 40 50:1 70 39.74  40.38 39.75
6 45 50 40 - 1 70 45.06 44.95 44.96
7 60 60 40 : 1 70 44.61 44.80 44.61
8 45 40 30:1 70 40.49  40.28 40.49
9 30 50 40 : 1 80 4327 4297 43.26
10 60 50 40 : 1 60 42.05 42.50 42.06
11 45 50 30:1 60 40.24  40.34 40.24
12 45 50 40 : 1 70 4533 4495 44.96
13 45 60 30:1 70 44.01 43.51 44.00
14 45 60 50:1 70 44.98 45.34 44.97
15 60 50 50:1 70 4446 4472 44.47
16 45 50 30:1 80 42.67 4347 42.67
17 45 40 40 : 1 60 38.81 38.58 38.80
18 45 60 40 : 1 80 44.73 44.86 44.73
19 45 40 40 : 1 80 40.76  41.07 40.75
20 60 40 40 : 1 70 41.02  40.74 41.02
21 30 50 50:1 70 41.37  41.09 41.37
22 45 50 40 : 1 70 44.88 44.95 44.96
23 60 50 40 : 1 80 43.85  43.06 43.87
24 45 50 40 : 1 70 45.17 4495 44.96
25 60 50 30:1 70 41.66  41.84 41.67
26 30 60 40 : 1 70 42.89 43.13 42.89
27 45 60 40 : 1 60 43.41 42.99 43.40
28 30 50 40 : 1 60 3824  39.17 38.23
29 45 50 40 : 1 70 4429 4495 44.96

T [
s vk ey e e T

i 118.00 14 843 2145  <0.000 1 **
A PR 8.76 1 8.76 2228 0.000 3
B a/)%?: M 50.39 1 5039 12825 <0.0001 =
C W& 2.79 1 2.79 7.11 00184  *
DERGEE 1424 1 14.24 36.23  <0.000 1
AB 00016 1 0.0016 0.004072 0.9500
AC 3.69 1 3.69 9.38 0.008 4
AD 261 1 261 6.64 00220 =
BC 0.74 1 0.74 1.88 0.191 6
BD 0.099 1 0.099 0.25 0.623 1
cD 0.89 1 0.89 227 0.153 9
A2 1444 1 14.44 36.76  <0.000 1 **
B 15.38 1 15.38 39.14  <0.000 1 #*
c 6.88 1 6.88 1750 0.0009  #*
D> 15.18 1 15.18 38.63  <0.000 1 #*
bRz 5.50 14 039
ER U 4.86 10 049 3.01 0.1499 NS
alifR2E 0.65 4 0.16
syl 12350 28

Design—Expert 8.0.6 F X%t 3% 3 1y 5s £ ds i 47
S3AT, A BT A R B R Y A A ] R T R
Y=44.95+0.854 +2.05B+0.48C+1.09D-0.024 B+0.964 C-
0.814D +0.43BC -0.16BD -0.47CD -1.49A* -1.54B* -

TE e 2R MU, P<0.015% 225 B35, P<0.05;NS R EAT BT,

1.03C*-1.53D%, \F& 4 T &— IR I FAERT LA
25 PR ZERT B R & et S M HE T O O BEAR R B>
TBUIR B2 > BRI (] >V [ b . MBS FAECH 21.54,P<
0.000 1, % & 3 , SRS ARLA Ge it 3. Rl F
{H4 3.01,P=0.149 9>0.05, F I R A 25, B 7 F AG 01
GRERT. FRWIAT LM P2 e o e 2F i G B
AT 2,

232 HHEEMIWZEEAER T

RSM (1) 3D [EU R4S iR 4R et s R B A AR 30 o 45
PR 2 119 28 HAE RS o 7 {8 52 i eol, - JFC v iy g 1
) B R (B A KB . 55 s SR AR S e 138
AR R R 5 5, R S Y L R
TEARSG . AR e 2 A e e 25 74 vl 7 T D
3,

Al 3 A, AS[RI RS E PR R 2 () S5 A AR (1
{8, H. KR AC AD W55 e 2 2 UM B, Hmen 1z it i
P e 3 45 ke , 2% B T X IO 1 PR 28 22 [ 1) 38 B AR AR
B
233 RALEE R S5 uEs

A G e B R Y 4 R A T2 48 Design —Expert
8.0.6 A A3 A 1 - 4T ] 51.44 min , L BEAAFR 53
B57.35% WA HE 45.60:1 (mL/g) 1 32 B &
71.19 C, FEMARAF FHEEU IR A S B T F 7 it
4 46.08 mg/g. X RSM PLAb 45 Rt b . A ds
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Fig.3 Response surface map of cross effects of each factors
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3) SR A A S B SEPR 5 il 46.63 me/g, I {E
B E K 1.19%<0.05, 55 BEIE T 22 57 A8 B 3
R RSM fIe AL 0 i dre R T 25 2 A Emf T 5, T LA T
TN e 2 A R
2.4 ANN BRI LS

P ANN BORIAR B E R ST RIR 2 2T R0%
SESESIRE BT, KRS Ezociim b
G HSEPR S, AR A L R [3, 13], 3 2 ANN 1|
SARFRECH 10 000, Y 251522 H Rk 0.000 01, {4 H
Box—Behnken ¥ 11 JRELHEAT A9 RSM {56, X3 42
MSE Sk /M, 1322 23008 S S8 S R & 2 W
Z2CBUr I 10,031 F110.48. B 5E 25 PR bk ey
4-10-1, K345 iR G55, I X 50 5 5 i U AR i
TN, X RSN A RE i, 258 B0 E4E
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Fig4 Training model adaptation
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il 5 A4S, gt 36 AR5 IR B ARE B, b
I B 2T AR, R BH R I S B O AR B R K
{8, ZJa AR RS, 4 GA-NN XHER T £ 17
A Jay AR, FATPEIOR A | G B R B i e KR
46.83 mgle, X R T2 55445351k  $EHC T 8] 50.04 min |
CBEARFR 5 B 53.37% R Lt 43.37:1 (ml/g) (L
MR 73.39 Co FEABIE ST : $2HUTE] 50 min , AR TR
O3B 53% JRIE L 43:1 (mL/g) ARBURIE 73 CHRUE TR
PEATIRIEIR IR (n=3) , £5 A0 % R 4R HL 5 8 47.17 mgle,
RIS LS R 0.72%<0.05, SHETRIIE 2% 5 A
W3, Hm T RSM P fefE.
2.6 RSM 5 GA-NN Tl &% 554 He

4G 3 RSM AT GA-NN A7 Ffp SR A0 B B il 25
A ] Excel 23003153 i RSM Al GA-NNI#
RMSE MAPE .R> {8, 437114 0.435 5.0.858% .0.955 4
F10.149 7.0.103 7% .0.994 7. H:rh RSM Fl1 GA-NN
AR A G2 PP AL 25 R An L 6 BTk . AN RMSE,
MAPE R {E % Ee b, iTLAIAS 4578 , GA-NN 5 RL EL
RSM A5 A ELA 5 JIRS e A 4005 BE A T T e
2.7 RSM 5 GA-NN k&t 55t

RSM 5 GA-NN fiAb &3 28  FiA | SEBR{E LA
FABXRT IR B LWL 5,

A 46r
45F R?=0.955 4
R
> 43
E I
< 42 L
z
2 4p
=
T a0t
sof
38
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Table 5 Comparison of optimization results

HAk)y P ZBER WER BRI SO SEBR AR

e M BUR W/ B fE (A B
min /% (ml/g) C (mg/g) (mg/g) %

RSM 51 57 46:1 71 46.08 46.63  1.19

GA-NN 50 53 43:1 73 46.83  47.17  0.72
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