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Multi index optimization of black pepper extraction process by
Box-Benhnken response surface method based on
fingerprint combined with BP neural network

CHENG Suo-ting,SUN Xin-yu, WANG Zi-tong, REN Pei,ZOU Chun-cai* , YAN Hai-yan "

School of Pharmacy , Wannan Medical College ,Wuhu 241002, China

Abstract: To optimize the extraction process of black pepper by Box-Benhnken response surface method combined with BP
neural network based on traditional Chinese medicine fingerprint technology. The comprehensive evaluation indexes were ob-
tained by weighting the total peak area standardization value of HPLC fingerprint of black pepper,the peak area normalization
value of piperine and the similarity of fingerprint. On the basis of single factor experiment, the extraction process of black pep-
per was optimized by Box-Benhnken response surface methodology. The optimal extraction process was as follows : ethanol con-
centration was 90% , solid-liquid ratio was 1:40 (g/mL) and ultrasonic time was 40 min. BP neural network was trained , ver-
ified and predicted by selecting the comprehensive evaluation indexes obtained by Box-Benhnken response surface method.
The optimal extraction process was as follows ; ethanol concentration was 100% , solid-liquid ratio was 1:30 (g/mL) and ul-
trasonic time was 40 min. The validation results of three groups of optimal extraction process of black pepper showed that the
comprehensive evaluation index of BP neural network was 0. 895, which was better than that of Box-Benhnken response sur-
face method,i. e. 0. 885. Based on the fingerprint technology of traditional Chinese medicine,the Box-Benhnken response sur-
face method combined with BP neural network can provide a new idea for the optimization of black pepper extraction process
and obtain the best extraction scheme.
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LIk
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Table 2 Effect of ethanol concentration on comprehensive evaluation
LR S TR RR AR AL AR T AR — A (B B R AL SRR
Ethanol Standardized value Normalized value of Fingerprint Comprehensive
concentration (% ) of total peak area piperine peak area similarity evaluation index
80 0.998 0.740 1.000 0.869
85 0.983 0.737 1.000 0.863
90 1.014 0.733 1.000 0.871
95 1.001 0.746 1. 000 0.873
100 1.004 0.741 1.000 0.872
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Fig. 2 Effect of ethanol concentration on HPLC fingerprint (A) and comprehensive evaluation index (B) of black pepper extract
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Table 3 Effect of solid-liquid ratio on comprehensive evaluation index

HHLL S T AR A B WA AR T AR — fR X R o Pl 1 A R LAV R b
Solid-liquid Standardized value Normalized value of Fingerprint Comprehensive
ratio( g/mL) of total peak area piperine peak area similarity evaluation index

1:10 0.697 0.760 1.000 0.789
1:20 1.007 0.778 1.000 0.891
1:30 1.074 0.764 1.000 0.904
1:40 1.150 0.758 1.000 0.924
1:50 1.072 0.771 1.000 0.907
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Fig. 3 Effect of solid-liquid ratio on HPLC fingerprint ( A) and comprehensive evaluation index (B) of black pepper extract
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Table 4  Effect of ultrasonic time on comprehensive evaluation index

A7 R ] S T AR T B A ARmR A 1T AR — L X} A SR FE AR DL LRB TN TR
Ultrasonic Standardized value of Normalized value of Fingerprint Comprehensive
time ( min) total peak area piperine peak area similarity evaluation index
40 0.967 0.628 0.999 0.804
50 1.093 0.631 0.998 0.843
60 0.966 0.603 1.000 0.791
70 0.960 0.613 1.000 0.795

80 1.014 0.533 0.989 0.769
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Fig. 4 Effect of ultrasonic time on HPLC fingerprint (A) and comprehensive evaluation index (B) of black pepper extract
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Table 5 Factors and levels design of Box-Benhnken response surface test

K12 Factor

AE Level A LR BRI C TR
Ethanol concentration( % ) Solid-liquid ratio( g/mlL) Ultrasonic time ( min )
-1 90 10 40
0 95 20 50
1 100 30 60
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Table 6  Design and results of Box-Benhnken response surface test
iz g B B4
Factor i TUBU A AR M
= 4 . Normalized FAABLRE Comprehensive Predict
Standardized e R .
No. lue of total value of Similarity evaluation comprehensive
A B C va ueko ({ a piperine index evaluation
peak area peak area index
1 90(-1) 10(-1) 50(0) 0.879 0.756 1.000 0.841 0.853
2 100( +1) 10(-1) 50(0) 1.001 0.741 0.999 0.871 0.849
3 90(-1) 30( +1) 50(0) 1.068 0.741 0.999 0.891 0.961
4 100( +1) 30( +1) 50(0) 1.094 0.733 0.999 0.895 0.859
5 90(-1) 20(0) 60( +1) 1.189 0.786 0.999 0.950 0.950
6 100( +1) 20(0) 40(-1) 1.082 0.772 1.000 0.911 0.946
7 90(-1) 20(0) 60( +1) 1.012 0.763 1.000 0.885 0.850
8 100( +1) 20(0) 60( +1) 1.056 0.779 1.000 0.906 0.849
9 95(0) 30( +1) 40(-1) 0.967 0.783 1.000 0.882 0.896
10 95(0) 30( +1) 40(-1) 1.077 0.776 1.000 0.911 0.944
11 95(0) 10(-1) 60( +1) 0.877 0.771 1.000 0.849 0.849
12 95(0) 30( +1) 60( +1) 1.010 0.769 1.000 0.888 0.853
13 95(0) 20(0) 50(0) 0.877 0.771 1.000 0.849 0.863
14 95(0) 20(0) 50(0) 0.953 0.760 1.000 0. 866 0.863
15 95(0) 20(0) 50(0) 0.971 0.768 1.000 0.875 0.863
16 95(0) 20(0) 50(0) 0.972 0.795 0.999 0.889 0.863
17 95(0) 20(0) 50(0) 0.914 0.787 1.000 0.868 0.863
®7T MRARBFEZH
Table 7 Variance analysis of regression model
Pl 7 A A i ¥y . BFEM
F P
Source Sum of squares df Mean square Significance
A Model 0.010 9 1.151 x10° 6.59 0.010 6 :
A 3.104 x 107 1 3.104 x 107 0.18 0.686 0
2.493 x 103 1 2.493 x 103 14.27 0.006 9 o
1.945 x 107 1 1.945 x 103 11.13 0.0125 *
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%23 7( Continued Tab. 7)
He iR I A e B ¥ior F p T
Source Sum of squares df Mean square Significance
AB 1.558 x 10 1 1.558 x 10 0.89 0.376 5
AC 9.037 x10% 1 9.037 x10* 5.17 0.057 1
BC 2.073 x10% 1 2.073 x10° 0.12 0.740 6
A? 1.342 x103 1 1.342 x107 7.68 0.027 6 *
B? 6.922 x 10 1 6.922 x10* 3.96 0.086 8
c? 2.793 x 103 1 2.793 x 1073 15.99 0.005 2 o
5% 2 Residual 1.223 x1073 7 1.747 x 10
H LI Lack of fit 3.492 x10* 3 1.164 x10* 0.53 0.684 0
4li%2% Pure error 8.739 x10* 2 2.185 x10*
B2 Cor total 0.012 16
H:"EZRBE P <0.05;" " HFHEE, P <0.01,
Note: * Significant,P < 0.05; * " Extremely significant,P < 0.01.
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Fig. 7  Effect of interaction of various factors on extraction of black pepper
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Table 8 Validation values after BP neural network learning

b2 LR B L 7 s ] S E a7 AT R R
N ~ Ethanol Solid-liquid Ultrasonic Predict comprehensive Comprehensive
o concentration( % ) ratio( g/mL) time( min) evaluation index evaluation index
1 90 1:10 50 0. 849 0.841
2 100 1:20 40 0.950 0.911
3 95 1:20 50 0.853 0.849

T3¢ 8 A1, MY 3-6-1 F) i 28 [0 4 A R ]
B AU A 2% TN 2K 5 2545 PR 45 AR ) S 5

iR

Mean squared error

o BP MM I gt 72 DL 8, BP i M 4%
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5%
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B8 BP HZEMEl%iTE

Fig. 8 BP neural network training process
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2.6.3 BP A2 & FRm 4 R

4 BP f e W 45 A5 2 ) 17 210 N 25 5 1T 48
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Table 9  Verification test results

- iR

etedr i PG (E

AU — 1L (E

IROEALE R ets

Optimization Standardized Normalized Fingerprint Comprehensive 9t RSD
value of Lo .. mean value (%)
method value of . similarity evaluation index
piperine
total peak area
peak area
Box-Benhnken M i/ i 0.104 0.766 1.000 0.895 0.885 1.61
Box-Benhnken response surface 1.054 0.752 1.000 0.892
1.003 0.737 1.000 0.869
fH 22 ) 4
BP 22 % 1.059 0.752 1. 000 0.893 0.895 0.30
BP neural network
1.065 0.758 1.000 0.898
1.041 0.762 1.000 0.894




Vol. 34

TRERISSE JET RS AY Box-Benhnken Wi N HIE LS 5 BP M2 [ 2% SR PR LA R SIHURILT 2 1491

H & 9 AT %1, Box-Benhnken B )i i (Y 25 & PEAR
SEHRIIE A 0. 885, RSD {E 7 1. 61% ; BP it 25 [ 4%
LA PEN FE bR H 4 0. 895, RSD {H 4y 0. 30% .,
BP 11 25 [0 28 45 2] 7 £ BT 202240 ) 1 1 O Ak T
RENERRCTE HERE .. AL, S8 w B
H AR PRI T2 0 S BEHR T 100% , Bh LL 1+ 30
(g/mL) , i EFE] 40 min,
3 WitE4%ie

2l DL 2 5 A A MR R FE L BRAE L (B BA
SCHRXT AR SR U ) 5 B T 258 48 22 DL AR AR D
EHAUIIA P, 32 BT 20 A 205 SR uf DL g e v 245 5 2
Z M INTEAR T, A5 R FH 2468 b5 (AR
o i R SA AR e T AR G S T AR 2 L R R A
A3 i R SR AR B A g e i AR oy g T AR
Z L AR BCEITE AHALLEE ) DA 2R AR B ARURR Y
T AR s e rh 25 22 i3 A B W ) A4 2530 Y
FEAS T, BE5 T RR AR 3 28 T s i s ) A B, o
g T HE AR, S A IR A, SR A
ATEE AT R AR AR 1) £ B A T R A A e
AR S,

(e 24 i) 2020 AF R RITA 56 SCRRE R A
HPLC 3% SAMUREA T 2 & 534 , S DL BE-7K O ik
SIAH RN 25 Ry 58 ARSI % , K I % K 343 nm,
223 0T BRUBREE AT 4 A A A, R IR A ARUBR A
240 nm i A0 A I WA HL U O' B AR AT A2 43 A
ZER, A AE 240 nm I3 AR AT 2 A e i
FE SR, WOAS BT 5 S B B E P AR R R
240 nm, FEHAHH B EE-K 2R 2850, 1% R K
VW, 4% 18043 TRT Y 43 B ORI A5 31 B I 0

DA &P B SR S AU 4 B T 2 Tk
O A SCHkARaE . b Wang 25 SR IE &8 i 5 1%
T, I FH R 75 5 i BB R A5 1Y) R AR e 5 AU ) e
FEPRIR T 2 Qe FE 80% KBHRLE 1220 S T
%700 W, 475 i) 8] 80 min, Wang 251" SR i 17
T VA BT, A ] 3 4 B AR A ) S AR R B A
B AR I T 2 S HO BRI L 1212 F2 L3 ¥,
B 2.0 by JEAN SR ER R Y R UL A SR A
5 CO, ¥4 WA BB I AL CO, 37 LR
WO s AT R B S PR R B T K 2B
VE R HRIBCA TR o P i B Bk Sl £ WU e i A7 i
— I ROIFSY . BRI 2 A4 Ak LA 7 T 925 A I
AR R 22, B e )37 AT RN DE A R0 v LAk i g6
PEAEAAAE SR B, BT 2 U 7 RIS — o e A Ty

%o BP MWL ] F A N 4% 5 3224 2 YR
PRAMAFEARAL RS TP A 2, S HR O R Ak 3R
T £ . AT P R A R R, R
JH Box-Benhnken Wi i [fij% 45 & BP #2225 ff b 22
FARU PRI T 2245 5 2 B, BP 8 X 45 15 21 (1 2 L
T EEE ) AR BT A5 B B R T2 HE R
TE o

53 30k

1 Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’ s Republic of China: Vol T (H14e AR LA 24
M. 25 — %) [ M]. Beijing; China Medical Science Press,
2020:254,476,594 ,917,1143,1340,1395.

2 Fu M. The research of inhibitory regulation of piperine/deox-
yschisandrin on hippocampal neuronal neuronal [ D ]. Bei-
jing: Tsignhua University (48 K2%) ,2009.

3 HURilebagen. Overview of pharmacological action of piperine
[J].J Med Pharm Chin Minor( 7 [H % £ 2524 7%) ,2009,
15(2) :68-69.

4 Liu P,Suo JX, Yu TF. Research progress of pharmacological
action of piperine[ J]. Chin Drug Appl Monit ( 1 [E 254
M5 I ,2007,(3) :79.

5 Xu JT,Wang Y,Ma F,et al. Piperine promotes the apoptosis
of skin squamous cancer cells through the Keapl/Nrf2/ARE
pathway[ J]. J Shenyang ParmUniv ( Jk FH 25 BF R 2252417
2022,39:296-305.

6 Liu CX,Chen SL,Xiao XH,et al. A new concept on quality
marker of Chinese material medica: quality control for Chi-
nese medicinal products[ J]. Chin Tradit Herb Drugs ( H ¥
2),2016,47:1443-1457.

7 Ruan Z,Du P,Jiang YT. Studies on extraction for piperine in
Piper nigrum L. [ J]. ] Pharm Res ( 2§%:ff %% ) ,2015,34;
442-443.

8 Chen SY,Zhao DD,Zeng XY , et al. Ultrasonic extraction pip-
erine from Piper nigrum L. [ J]. Hubei Agric Sci (##dt 4Rk
Bl2£) ,2017,56:932-934.

9  Yan HY,Zou CC. Progress and prospect of application of tra-
ditional Chinese medicine fingerprint ( specific chromato-
gram)in Chinese Pharmacopoeia (2010-2020) [J]. J South
Med Univ( 5§ 7 BERF R 2E2441) ,2022,42(1) :150-155.

10 Wang ZY ,Wang T,Zhang F,et al. Optimization of extraction
process white pepper by response surface methodology [ J].
China Food Addit( " & & n#]) ,2021,32(2) :76-82.

11 Pan PC, Chen XF,Shen W, et al. Optimization of the com-
pound herbalysimachiae extraction process based on ortho-

gounal experiment and response surface method[ J]. J Pharm



1492

KIRF=YIBE R 5T K

Vol. 34

12

13

14

15

16

17

18

19

Pract( 2452 e 4kd:) ,2020,38(1) :27-34.
Pernia-Espinoza AV, Ordieres-Meré JB, Martinez-de-Pison
FJ, et al. TAO-robust back propagation learning algorithm
[J]. Neural Netw,2005,18:191-204.

Tang SL, Zhang XX. Research on early-warning and evalua-
tion of traditional Chinese medicine industry security based
on BP neural network [ J]. Chin Tradit Herb Drugs ( /7 &
24),2017,48 :406-418.

Zhou SM, Liu B. Application of fingerprint similarity software
of traditional Chinese medicine in “Pharmaceutical Analy-
sis” teaching[ J]. Teach For Reg( #kIX #(*#) ,2020(1) ;23-
26.

Wang H, Zou CC, Yan HY. Box-Behnken response surface
method combined with fingerprinttooptimize the extraction
process of total anthraquinone from cassiaseeds[ J . J Hainan
Med Univ( ARG EE24Bi2F4) ,2022,28 :507-515.

Jiao HY,Li YF, Xie XY. Extraction process optimization for
piperine based on Plackett-Burman and Box-Behnken re-
sponse surface design[ J]. China Pharm ( /7 [# 240 ) ,2020,
23.2389-2394.

Liu X, Hou SC,Gu L. Optimization of ultrasonic-assisted en-
zymatic extraction of piperine[ J|. Anhui Agric Univ( 284
AR ) ,2015,43:281-284.

Yang YC, Yang L, Duan YX, et al. Optimization of prepara-
tion of triterpenoid ointments from Dischidia chinensis by u-
sing response surface methodology[ J]. Chin J Trop Agric( #
AR R ,2022,42(1) . 75-83.

Shen MJ. Progress in application of artificial neural network
in the study of traditional Chinese medicine and production
[J]. Shandong Chem Ind ( 111 %4k T.),2016,45(16) :50-
52.

20

21

22

23

Fu Y,Lin Q,Liu P. Research and application of improved BP
neural network algorithm [ J]. Comput Digit Eng (315415
P TRE) ,2019,47:1037-1041.

Yang M, Deng L., Hou HL. Rapid determination of piperine in
pepper[ J]. Stand Quail Light Ind (% T FpifE 5 i &) ,2019
(6) :90-91.

Lin YG. Improvement of detection method of piperine content
[J]. Value Eng( #{E T-#2) ,2017,36(24) :174-175.

Wang XL. Study on the extraction and antioxidant activity of
piperine from Piper nigrum[ J]. China Condiment ( F [&] I
) ,2017,42(9) :51-54.

24 Andrade KS, Trivellin G, Ferreira SRS. Piperine-rich extracts

obtained by high pressure methods[ J]. J Supercrit Fluids,
2017,128:370-377.

25Dutta S, Bhattacharjee P. Nanoliposomal encapsulates of piper-

26

27

28

inerich black pepper exiract obtained by enzyme-assisted su-
percritical carbon dioxide extraction[ J].J Food Eng,2017,
201 :49-56.

Liu X. Study on extraction, purification and functional activity
of piperine [ D]. Yangzhuo: Yangzhou University ( # Ml K
2%) ,2016.

Jia HJ,He Y,Chen Y, et al. Multi-index optimization of water
extraction process of Siwu Decoction by BP neural network
combined with entropy weight method[ J]. Chin Tradit Herb
Drugs( Fp#E25) ,2019,50:4313-4319.

Wang JL., Liu XX, Wei SC, et al. Prediction of critical fiux
and pressure of enzymolsis extraction-ultrafiltration purifica-
tion for fibrous rhizome herbs based on BP neural network
[J]. Nat Prod Res Dev( K= HI5E 5F %) ,2016,28:;
586-590.





