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Optimization of processing technology for Mume Fructus flesh based on entropy
weight method combined with analytic hierarchy process and back propagation
neural network
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Abstract: Objective To optimize the best processing technology of Wumei (Mume Fructus, MF) flesh and determine the best
processing parameters. Methods The contents of 5-hydroxymethylfurfural (5-HMF), neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid and caffeic acid were determined by HPLC. The content of polysaccharide in MF flesh was determined by
ultraviolet-visible spectrophotometer. The content of each chemical component, the content of water-soluble extracts and the
appearance traits were selected as the evaluation indexes, and the weight coefficient of each evaluation index was determined by
analytic hierarchy process (AHP)-entropy weight method hybrid weighting method. The Lo(3%) orthogonal test was carried out with
water addition, moistening time and steaming time as factors. Back propagation neural network (BPNN) was used to predict and verify
the optimal processing parameters of MF flesh. Results The BPNN optimization process was superior to the orthogonal screening

process, and the prediction results were stable and reliable. The composite score was the highest, which was 83.26. The best steaming
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process of MF flesh was 22.5 kg of water per 100 kg of MF flesh, moistening for 60 min, and steaming for 30 min. Conclusion The

determined processing technology of MF flesh is scientific and feasible, which can provide scientific data support for the industrial

production of decoction pieces, and also provide a theoretical basis for ensuring the quality and clinical application of MF flesh.

Key words: entropy weight method; analytic hierarchy process; Mume Fructus flesh; back propagation neural network; processing

technology; orthogonal test
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Fig. 1 HPLC of Mume Fructus flesh sample (A), mixed

reference substances (B) and blank solvent (C)
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BE& & KSR B & SPUR &S bs 1) we
435124 0.0312, 0.1924. 0.1924. 0.1924. 0.109 8.
0.0392. 0.078 0. 0.164 6, ZER W% 5.
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Table 2 Weight values of eight evaluation indexes by entropy weight method
by WE TR R OBARE| EZER O HE O TRARE BRI BRER WA AR R R
5-HMF  0.7977 02023 0.3533 |[FZ4EERE 09471 0.0529  0.0925 |/KIZHSE 09599 00401  0.070 1
AR 09336 0.0664  0.1159 [WMHEER 09517 0.0483  0.0843 |4PMHHIR 0.9272 0.0728 0.1271
SEEFR 09515 0.0485 0.0847 |LHEiSE 09586 0.0414  0.0722
=3 AHPEERLLGIFRE

Table 3 Common scale criteria of AHP

bR P Fr P P P

1 $RFR2MHHLL, albblF) 4 E 2
3 ek AAHEE, alUbREfREE

5 FEFR2HELEL, olbhHA R EIE|9
7 fERR2ANMEEL, abbbiRZIE

FEbR2 AL, ablb oo B2
2. 4. 6. 8 LRI [a)F) e LIRS X AR A

R4 8 BUTMIBIRAXT LB ST M RE BE

Table 4 Pairwise comparison priority judgment matrix of eight evaluation indexes

- 05 A T 4R P
5-HMF Bl SER REER g 26EsE KEHYESE MR
5-HMF 1 1/7 117 1/7 1/5 2 1/3 1/6
Bk IR R 7 1 1 1 3 3
SRR 7 1 1 1 3 3
(G 7 1 1 1 3
Wi R 5 1/2 1/2 1/2 1 5 2 1/4
EZ T 12 1/3 1/3 1/3 1/5 1 1/5 1/5
KEHYE & 3 13 1/3 1/3 172 5 1 1/3
CARIMERIN 6 172 172 172 4 5 3 1
&5 AHPET 8 BUFMIEFINER
Table 5 Weight values of eight evaluation indexes by AHP method

LR RHEm = w;° LR RHEM = W RSl FEAE ) & W
5-HMF 0.249 8 0.0312 FazrH R 1.539 4 0.192 4 KiZHIEE 0.623 6 0.078 0
N 1.539 4 0.192 4 I HERR 0.878 3 0.109 8 ARIAEAR 13165 0.164 6
R R IR 1.539 4 0.192 4 ZHReE 03135 0.039 2

PR FEAR I R RFIE{E N 8.688 4, CI M 0.098 3, BAB R A G BN .

CR 4 0.069 8, — MA@, Q=Wdi/¥." Widj (12)

Jmax= Y1, Aij/me (9
CI:(/lmax_m)/(m_l) (10)
CR=CI/RI an

Amax AHEFERI RO, @ ABAEFFEIA— 105 B A
PIIE, Ay NEE TS AR AR
253 AHP-RUETIHE LGS

(1) AHP-JSBUERE R0 2 . FERIL T 5
PR B ECRE RS, B EURE B K B FE AR 2 A BOR AL
#H, R BOETRA AT BE A 5 EF bs R B ik
TR /N AL /Ny AHP MR BEMS AR TN 0 A [F] 45
PR B 25, RBGE T LR B AR IR A SR
fiE, 3 E5A AR US> AHP VBRI 32 I,
NI R R S Y QY Y W3 ) LA P P 1 P

O FRBUERNZ A HTE TR0 5 j TS bR A AR H

FE, AR (12) D515 3] 5S-HMF. #rsk
JRER . ZRIERR . BRERJERE. WIHERR. ZHESE. K
RIS E. SPIEIRE IR Q40719 0.104 2,
02106+ 0.1539. 0.168 1. 0.0874. 0.0267. 0.051 6.
0.197 5.

(2) LAV A (13) HHEREALE-
AHP 23 &1 (2) 13,

Z=Y" QX Xy X Xijmax X 100 13>
Z NEGEARS, X RE J DHRFFRIE R, Xima NE j BER
e S PN
2.5.4  JEBGE-AHP [ ATAT SR UE K BLE  AHP
2 MV T IR PRI AUE S SPSS 26.0 Ak
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AT Pearson FHIR S HTU4, DARSELZAT AHP FrA3 AL
HRBOTES ARNZRE S, T Pearson AHCHE
IHT, G5 BN BLE AHP 5535 IEA O, Mk
FHUN 0.622, PAH 0.01, FHIRE 2 MoTiEHm AL
FLERAE, AH B AT A SR & 1 PP 35—
#;, —HRAE T FTEE AR A B, R
TR AHP. BRI DU ELEDIE, PRk, S
%-AHP iz H T SiRLEE RPN BA R iFrmT
IThES
2.6 EXREZITRESTESERSTT

B A —#ER S MR A 9 4, B4 20 g, 14K 6
RIGETE, BERESEN, IMAKEEE], (R R
I, TZARMAZER, DURMIERIBUORA, T 60 C
T, TEEMEZZEE, BUE, Box, B, K
P EZG 80 ) 2025 FRRZSE R R B R, 7%,
A SR, BRAAERES, — R 100 TrefF
i, /KB 2 ISR 20~30 kg, NEAMRIEHI T Z
SH IR E R R, 78 IE R AT 2T
TSRS, DARNEE AR “C SRR C K. A
TR —SBHTE T 07 BN “HEARNEE” R s
s LG “ReH TR SR, Lio” /ER
CHEARRZEIE” AR, T BaRbRUE, WD TR

HIKEAE 25%0), AR 5, $ei Inzk 2 (AD
TEN 15%. 25%- 35%; H&T SCHRAITRSZERNS), o
1 50 min. 7% 20 min g RIFAZE, HOKE
T (B) 40, 50, 60 min, ZEHIETE] (C) &N
10, 20, 30 min, A FELEMIERREET, i
WIS THE RS B ILER 6, ZETF0 BN Hras
WK 7, JTESPEER K 8,

Ti TSR BoR, EARSLE B i 2 807G
W, SR RSIITEMN GGV AR R EER,
EFR & R RN LR AV R B2 R, XERME
[15%, 35%] WihnzK=. [40, 60] min (¥ ][]
J [10, 30] min FZEHINRIVEEIA, SH0EE)
SFEE AR IR IR . AR, WEE &S0 21 1) 45
HI (K 6), TEHE AiBsCs UIKE 15%, 1
JERH ] 60 min, Z&HIAA] 30 min) HUAS T B f4E
G V5, B, MSERRERIE SR TR B R,
AW RV A1BsCs fEABIRKI LESHAE,
PEE e F BT E LR S AT, ROk T @
Y KT ESHGEE SN RS R, d—5
SO AUF AR o
2.7 BPNN BRERIZMK

fti 8 Matlab R2021a 3 #F7 7 BPNN £, 40

*6 SlRIRAEXRERITERKEREIEREIUE-AHP LTS ERER (1=3)

Table 6 Orthogonal test design factor levels and investigation results of entropy weight method-AHP composite score

indexes of Mume Fructus flesh decoction pieces (n = 3)

i . D s B/ (mg-g™) KIZ WY AW ALE AHP 255
RIS A/% B/min C/min o X \
(% H) 5-HMF S5 Biat i Faam g SrsE S8/% R W e ke
1 15(1) 40(1) 10(1) (1) 0.57542.6061 1.1468 1.7584 0.1571 41.1670 629435 4 69.54 73.6571.29
2 15(1)50(2) 20(2) (2) 0.18583.3482 1.3081 1.9253 0.1663 56.0000 62.7628 5 63.16 83.48 78.02
3 15()60(3)30(3) (3) 0.14723.6325 1.8646 2.0323 0.1814 519196 579262 5 6530 91.65 84.87
4 25(2)40(1)20(2) (3) 0.1657 19436 09789 13154 0.1249 445262 616081 6 51.95 65.70 62.08
5 25(2)50(2)30(3) (1) 0.24152.7659 1.2420 1.7350 0.1488 512024 638170 7 64.51 81.53 77.79
6 25(2)60(3) 10(1) (2) 0.38622.7093 1.3238 1.8599 0.1493 44.1818 60.1596 7 69.32 82.82 80.14
7 35(3)40(1) 30(3) (2) 0957219062 0.9952 1.3037 0.1256 43.5278 62.7240 6 81.09 68.25 70.60
8 35(3)50(2) 10(1) (3) 0.16412.5787 14123 1.6880 0.1382 44.1076 57.7807 6 57.73 77.37 72.72
9 35(3)60(3)20((2) (1) 0.35152.5385 1.1008 1.5682 0.1454 548932 555796 7 65.85 76.69 74.47
RT BIUE-AHP ZETFHHENS LR
Table 7 Intuitive analysis results of composite scores by entropy weight method-AHP
e WAL AHPiT4> LAV
A B C D A B C D A B C D
K 198.00 202.58 196.59 19990 248.78 207.60 233.84 231.87 234.18 203.97 224.15 223.55
K> 185.78 18540 180.96 213.57 230.05 24238 225.87 23455 220.01 22853 214.57 228.76
K 204.67 200.47 21090 17498 22231 251.16 24143 23472 21779 23948 23326 219.67
R 18.89 17.18 29.94 38.59 26.47 43.56 15.56 2.85 16.39 35.51 18.69 9.09
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Table 8 Analysis of variance of entropy weight method-AHP composite score

% S DR AHPiT-45y WikL:- AHPZE &1 4y

KI5 BEFHM By FE OPE OEEYHM K FE PE HEYHM ¥ FE  PE
A 2 61.124 30562 0239 0.807 123490  61.745 72415 0.014 52741 26370 3.808 0.208
B 2 58.622  29.311 0230 0.813 353.775  176.887 207.453 0.005 220418 110209 15.916 0.059
C 2 149.475 74737 0586 0.631 40374  20.187 23.675 0.041  58.187  29.094 4202 0.192
D(%%) 2 255284  127.641 1.705 0.853 13.849 6.924

Fo05(2,2)=19.00 Fo01(2,2)=99.00
NIZRIIKE FeliE i 8] S Z& iy 8], a2 0 A
BUE-AHP L2075y, AR TS0 2 S R A 26 SC iR N L\‘®/ )
P el i 52 B2 15 R 4, 251125 R F Levenberg- 1x10°
Marquardt % [AIfEFE 5% (rainlm) U071, 244 9 41 1 s 1X 10710
SCRRHARHATIN G, A O AMRIER AR & ips] —a e
IursE, EId iR ZEAE A AT PGS, 9 ZHER Hlmw —— ik
T e iR 22 14 <0.682 0, F WAL FLA Bl (1) Sl
WEEE. (B 2-A TTRI, BEASRAREISS 2 5, A5 o=
U8 BGIEVERE , Y R ZE1E N 0.005 220 4. ¥ 0 1 2 3 4 5 6 7
9 #HL Al SE 5 FN AT e (B 2-B), R AR
BT ST AR R T B

FELLO MURME IS, 75 ERRBURIA 35 17 L

G IN. EERRR SR L, By 28 R
K 2.5% W E/AKHETERY 15%~35%, LK 2.5 30 4

min % & [EKEJEE N 40~60 min, LK 2.5
min ¥ B ZEH T JEFE Y 10~30 min, 8 ST
RIS RN 22 S R0, FRINSE > 45 5 W 9. [l

=

1I2I3I4I5I6I7‘8
s
El2 BPNN ASMBIFMIERE (A) AEATS (B)

Fig. 2 Mean square error (A) and comprehensive score (B)

IKERGIN, a0 BARFEAG, 22.5%1F

éj\

B 15 3

of BPNN reliability verification

&9 BP HEMETNTES
Table 9 Scores predicted by BPNN

. S a1 1 1 S 1/ [ N a1 1 S 11T bk RREE 2SI S
RS o s o RIS A

#/% [8/min [8)/min V455 &/% [8/min [A/min VP55 #/% [A/min  [8/min  {F5

1 15.0 40.0 100 71.13 73 15.0 60.0 10.0 74.34 721 35.0 60.0 10.0  76.71

2 15.0 40.0 125 7132 74 15.0 60.0 12.5  76.06 722 35.0 60.0 12.5  75.81

3 15.0 40.0 150 71.56 75 15.0 60.0 150 7794 723 35.0 60.0 150 74.68

4 15.0 40.0 17.5  71.72 76 15.0 60.0 17.5  79.54 724 35.0 60.0 17.5 73.40

5 15.0 40.0 20.0 71.53 77 15.0 60.0 20.0 80.49 725 35.0 60.0 20.0 72.72

6 15.0 40.0 22.5  70.68 78 15.0 60.0 22.5 80.79 726 35.0 60.0 22,5  74.30

7 15.0 40.0 250 69.30 79 15.0 60.0 250 81.10 727 35.0 60.0 250 78.30

8 15.0 40.0 27.5 68.56 80 15.0 60.0 27.5 83.05 728 35.0 60.0 27.5 81.16

9 15.0 40.0 30.0 70.59 81 15.0 60.0 30.0 88.20 729 35.0 60.0 30.0 81.62

2 20%~25% MK BB, ZEA3F0 B i i s ) ZE
KiTtaE, sEEr AT EEas; aiKkERE
pUIE AN W ME3 1 1 D G B 1 S B =2 N E T

K EADT 22.5%EF T 2810 &, mE
32.5%~35% N 7/K & 36 B A XS 256 PFr AR
153 7% 1) 12 Mg A 1) e £ T 25 M 22.5% 1K,
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i3 60 min, 7% 30 min.
2.8 LTZWikE

73 mILL BPNN ik ) e f: T 20, IEAZ il 5 i ik
MEETZ (ABsCs), M| 3 #RU O, &Tifes

g5 L3R 10 BPNN FrfS 2 T 246810 80 %
w, SEBMEM BN %2 BPNN>IEXE ABsCs,
BPNN (15 bt il 4570 # 5L i, 13568 BPNN [T
MR R AF, 150 A AR L E LA 3.

Fz10 TZWIELER (n=3)

Table 10 Results of process verification (n = 3)

o JiE 5> H/(mg-g ™) KEMY  Liavsr RSD/

S-HMF @R FgER . REER g ZRE8E 88/% 1H %

BEERLLE 07597 24012 0.775 1 1.8149 0.1483  53.1670 62.943 5 79.58 1.56
04548 17582  0.8501 1.4015 0.1465  56.0000  63.7628
0.5340 3.4464 1.1435 22412 01872 569196  64.9262

BP & = 143 04727 3.0748 1.5270 2.0293 0.1651 545262  66.608 1 83.26 1.89
02826  3.0041 1.400 7 22140  0.1677 532024  64.8170
05780 1.7723 0.969 6 15320  0.1523 551818  64.1596

o b 5 1§14 S-HMF [ 5 R A s i, [, 0K B 4

IIIIIIIIIHIIIIH
=8

||I|I HIIIII]III||I|II|IIII|IMII|HIl|l|l|||||l|
0 1 = 2= dEeed. 5 6

E3 AR
Fig.3 Mume Fructus flesh

3 Wig

T 24 ) D [ 524 b vt DAMIS IR 1
GHgHIRTAE Ry, BAVRENE SEE N, FER
WRIL A, RS 2, SR, FEERXT “ SN
R—REE O R T2 S BRI,
TEbr P REAE DL AT L Ao e L S R | e A rh SR
WAL RS RIS ” oL h B o<Ek, 7
b, AWEFRIEFER IR . SRR FRERIERR A
HERR SRR S ME N 2 HR AR VP R R AR L,
56, XEER I BAT IR PR . PR ROR T il
PRI 2021, 5 B MM i) ) R OGS 2 ROR IR EE O
HA% R A2 5 B 28 6] T2 ag . oK.
I )5 SO, REEE R R T2 2R S
Yo WTERT R IR, XIFARXS 25 bR 75 €
AR R ] B ) b, 72T Bk 5 ThAes
R bR AT ) S R e HIR AL

BT SR SCHRIESE, 28] T2 RE15 3 51
P 2 R R AL . 5S-HMF HIZE RS 4%
JRBRE NI b, IR BRI R B 32 M ) 2
H) iR S-HMF A T S A I R 2 4
PRI R B 7K S REATLAR - 3 B PR 8 o I 1] 5 B i
BT VBl 74260, iy R AR ER 18] U 7T -G 2

RN Z EYRY B, (A M R SRR,
AW AC I B AR T2 A B P TS
Irff BIEREEE FR I . SRIEFR I 1)
FAL R AR S) T AT A5 S, 78 Ml ) R R0 5
FBOTHNEHE. JOEAF R
LTI, B L SAE T B S S HU )
WHE, ST X “BEBK” 5 BRI 2 iz
b2 I DL T

ZE4 BRI & BPNN 4 Bk E, ARF7T
BTtk i T 24 100 kg 2 MEIN 22.5 kg (7K,
[&)7E 60 min, ZZ# 30 min, 4T 5-HMF 4 K&
T A2 e H 4% 5 R e A4k 1 R 51 2 3 BV PR o it
FESRRAIXIA], nsK & A0 el i a] ik 44 2
R MNARAE T I8 B KIS, #0811 2E o s
TR EAT .

R R — N2 S H. ZIRECLEE &R
LRI FE . BPNN FIPRATE T 05 Tl B s i,
fERE H T2 IR T2 3 5540 m &
FEARLEME LR, TUHIE A A M RATAE B AT H K
M LA . ARBF TR S AHP 544
%, T EEMGE AWML, kT £
B R A S35 7 JE P ) 10/, 4 BPNN 44t 1
ATEERI SR H bR BIRIGIE S S 22 5%, HAH N
WA, Thskhs L2 RARNLIES, REEED
MR, ARG REE & T MR T2, H
HEMWRLF, UEABA I ISR T —MaE m R
T EX . F, ZEAE—ErRERE: &
%, BPNN [V R T Il 2R 80s B 5 i =
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B IRFEA T RERI L HIZ AR Sy Hoak, B « 2
R RV DU R 20 AR LB, 5 A% G i 2
WA IR TE RN &5, ATFRIEREER
SIS R i B S HGE I RER AR, Akl
T RSHCEM . WIIFEAR R BT N R SR AR
BE— BT IS B 5

TR, RN TR R, &5
FROHMZERIIRE, B “EgiER R
il NI R EPNR R, (EITHERE) “ S50
WL & S8 R @SRk 73, T Brfa BAZ&
1] 2 M PN 245 (1) TR B R 77, SRR 1
BEAHEEMESEHEERE L.

AR FAG ) AHP-FBLIE-BPNN VAT /732,
B ERMIE . RS 2RI ML, A
HRZ R HIX R A T2 R R BRI SR At
T AATERAR, AR IT AT U HE SR 4 fg 28 AR 24 44
BRI T, AR S RAEAS R 7 28 23 ) R IR
ik, VS ZaHI A a0 m R
BT AR
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