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Optimization of Gleditsiae Sinensis Fructus oil processing technology based on
entropy method combined with analytic hierarchy process and BP neural
network
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Abstract: Objective To optimize the best way to process Dazaojiao (Gleditsiae Sinensis Fructus, GSF) using two different
ingredients named butter and suet oil, and explore the influence of different kinds of oil on the quality of the oil made GSF. Methods
Based on the orthogonal experiment, the contents of the echinocystic acid, chromatic value, appearance characteristics of the pieces,
total saponins, water-soluble leachate, total polysaccharide in GSF and yield were taken as indexes. The entropy-AHP was used to
calculate the composite score, the influence of the ratio of ingredients (include butter and suet oil), baking time, baking temperature on
the quality of GSF was investigated, at the same time, BP (back propagation) neural networks was used to seek the best processing
parameters and optimize the best way to process GSF. Multivariate correlation analysis was used to evaluate the quality of different oil
made GSF. Results The best processing method of butter made GSF was as follows: 50 g of GSF, 7.5 g of butter, 160 C of butter
processing temperature and 20 min of butter processing time. The best processing method of suet oil made GSF was as follows: 50 g
of GSF, 5.0 g of suet oil, 140 C of suet oil processing temperature and 20 min of suet oil processing time. Correlation analysis results
showed that the content of echinocystic acid was showed a negative correlation with chromatic values L*, a*, b*, E*a, the content of
water-soluble leachate showed a positive correlation with chromatic values L*, b*, E"s. Conclusion  The quality of oil made GSF has

certain correlation with chromatic value, the preferred GSF butter, suet oil production process is stable, simple and easy to carry out,
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laying the foundation for the development of GSF related products.

Key words: Gleditsiae Sinensis Fructus; processing technology; BP neural networks; entropy method; analytic hierarchy process;

chromatic value; echinocystic acid; water-soluble leachate
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TR ESECN 2.01%, RSD H AN 1.78%, #Hi%
INEEEVER I,

(4) FEME WG FERBOREMBIAR, 1%

“2.2.27 TR J7% 53 i) & A v, 15942.2.37
TR 77725558 20 min € A {H, THEAS RSB,
MR RSD 1H 230N 1.28%. 1.08%, RIS
VEAE 2 h NEESE

(5) IFEREI AL : RS AR O e B BT
MBZHEEERRBMBAR, B2 0.125g, 0.400
g, AT 6 4, A ARSI S FE 5 A A 241
SRR VA, 4% “2.2.27 TR 254 B Ak
MV, 1E €2.2.37 TURN HENNE B S 2 b
M AME, THESPIIFEER SR, SRS BT REZ
BEF- 2 A RIS 23731 101.37%- 100.17%, RSD
B4 3R 1.85%- 1.60%, % BH AT iS5 S 58 77 i
HER R R AT
23 FIBRBRIENE
231 B KD A3 H Zorbax Eclipse XDB-
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Table 1 Chromatic value measurement results of different processed products and raw products of GSF

RS L o b Ew SNES|REES L o b E'w NSRS LT & b E'w MRS
SO 6491 3.8536.6674.65 - S7  52.4013.4131.9062.79 63 S14 52.8212.6835.28 6477 70
S1 5930 6.5745387496 59 S8 5590 8.19438471.51 79 S15 5237 11.2938.49 6597 71
S2 5746 8.4046.1174.15 72 S9 524112233553 6449 65 S16 53.94 10.539.156747 67
S3  51.2713.5433.926295 71 S10 59.98 6.3345.097530 62 S17 5535 9.8740.1669.09 80
S4 57.10 8.18442672.71 83 S11 5776 7.53452173.74 74 S18 51.98 12.6534.41 63.61 65
S5 52.6413.7235.1964.79 80 S12 5030 12.85 36.44 63.43 76
S6 5023 9.1040.92 6542 57 S13 56.71 8.1344.147232 83
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Fig. 2 Appearence character and color of GSF decoction pieces
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KR E TR E REOTH S B NGEA T,
4T Pearson AHFMEHT. G5 R BN, AFEEGHEME
R BGE R AHP AU A 5% R 4055 7118 0.846 0.
0.6730, P{E437°4 0.0040. 0.0470, FHH 2 FJ7
A EAE S, B REFR AT
2.8 EXREFZITRESTESERSTT

A —H#EK B AR 18 14, By 50g, 4%k 2
LI, o 9 I IMAERMEEST, 9 A RE
WMEEST, S BEAE AL, B s, BIfS. AR
T OCHR B TSESS,  FRL R 15%0 i) AR,
W BN 10%- 15%- 20%, KA (1) e AR s 1A By
15~25 min, MUEREEHN 150 200 25 min, K%
PRI B R AR TRV T R 120~160 °C, b IR 52
N 120, 140, 160 C. 2 FASEGR (B A8
MO KB AT S e s R 3, BE

%3

&2 EXREFRKFE
Table 2 Orthogonal factor level

SES
K filydeh HRE 7] iR
(A) /% (B) /min ) /C
1 10 15 120
2 15 20 140
3 20 25 160
PR WE 4, BN IR S, 6, HZESIE
RWFE T, 8,

J7 ZE A5 RN, TR K2 A M T2 AHP
GEVWAAEREER, WAL SR RN LGS
WoaLEEEER. SEEMNEH-AHP Z65VF0
ISR TN A>B>C, fE T.208 ABCs, B
50 sa KRS, FABRM 7.5 g, Ht% 20 min, HUEIEE

KB /AR A BIERER

Table 3 Results of indexes of decoction pieces of oil processed GSF

PP BRH/ DR KIETER SALE

RIWERR BeH/ B2HE KIEIER SALE

A % % % H/% RIS R L % % % H%  RVE> s
S1  0.0349 0.5840 0.2156 424121 6698 10297 | S10 0.0358 0.5935 0.1584 458523 68.65 104.00
S2 0.0325 0.5207 0.1969 457200 73.08 98.80| S11 0.0450 0.5535 0.1825 48.7527 73.87 100.60
S3  0.0323 04475 0.1940 451255 6697 9541 | S12 0.0322 0.5267 0.2303 472324 69.71 97.20
S4  0.0411 0.5602 0.1093 425657 77.85 10540 S13 0.0412 05757 02556 424558 77.66 108.00
S5 0.0489 0.5550 0.2015 433759 7239 9920 S14 0.0342 0.5768 0.1269 42.7543 6739 101.00
S6  0.0490 0.5604 0.3151 454232 6121 10460 S15 0.0317 0.5936 03835 424036 6848 107.55
S7  0.0420 04925 0.1561 423879 6290 107.17 | S16 0.0328 0.5335 0.1496 403839 6724 111.58
S8 0.0401 0.5408 0.1384 415838 7526 11040 | S17 0.0406 0.5734 0.1648 40.7159 7455 114.00
S9  0.0400 0.4902 0.3008 43.5265 64.74 106.00 | S18 0.0312 0.4779 02256 40.6600 6430 110.36

x4 EOEFIFFE M A2 AER-AHP E 51T IR LR

Table 4 Orthogonal result of entropy method-AHP and compound score of butter processed and suet oil processed GSF

TR il =F- 15 it 1
WS A B C DORE)  MBUELZ AHPZRE BIBL-AHP  RIBGEZE AHP 4G KAL-AHP
) oy Havroy e i ey
1 111 1 40.20 82.28 83.14 42.66 85.34 83.74
2 12 2 2 50.23 83.69 84.91 68.97 93.59 94.25
3 1 3 3 3 31.67 78.93 80.71 37.44 84.14 82.59
4 2 1 2 3 51.87 88.31 89.92 60.27 93.16 91.57
5 2 2 3 1 51.44 90.66 93.67 24.30 89.75 79.84
6 2 3 1 2 74.00 91.09 91.57 44.86 85.76 83.20
7 31 3 2 36.07 81.07 83.41 21.09 87.93 77.98
8 32 1 3 47.84 86.62 88.14 48.37 89.35 87.57
9 3.3 2 1 51.38 84.04 86.17 20.43 78.36 76.78
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Table 5 Intuitive analysis of orthogonal test of butter processed GSF
s WL V5 AHP 545 k- AHP 5 237 7
A B C D(#%E) A B C D@x%®E A B C D(#%)
K 122.10 128.14 139.48  143.02 24490 251.66 259.99 25698 24877 25647 262.85 262.99
K> 17731 149.51 15349  160.30 270.07 260.98 256.04 25585 275.15 266.72 261.00 259.89
Kz 13529 157.05 119.18  131.39  251.73 254.06 250.66 253.87 257.72 25845 257.80  258.77
R 5521 2891 3431 28.92 25.16 9.32 9.33 3.11 2638  10.25 5.05 4.22
*x6 FRMNKEAEXZREEWSH
Table 6 Intuitive analysis of orthogonal test of suet oil processed GSF
- JERUE LR A VRS, AHP Z5&VF4y JRL-AHP & &5
A B C D (i#%) A B C D (IR %) A B C D (iR %)
Ki 149.07 124.02 11533 87.39  263.06 266.43 260.45 25345 260.58 253.29 25452 24036
Kx 12943 141.64 149.67 13492  268.67 272.69 26511 26727 25461 261.66 262.59 25543
K 89.89 102.73  82.82  146.07 255.64 248.26 261.81 266.65 242.33 24258 240.41 261.73
R 59.18 3891  66.85 58.68 561 2443 4.66 13.83 1825 19.08  22.18 21.37
RT7T BRBFIKERHBENH
Table 7 Variance analysis of butter processed GSF
Ry - EBUELE A VTS AHP Z5A5 V4 TIRL-AHP & &VF 5
SR - BT A FIE BETHM FE ST F
A 2 554.200 3.926 112.851 67.84 120.155 37.908
B 2 149.924 1.062 15.576 9.363 19.708 6.218
C 2 342971 2.430 14.622 8.790 4.370 1.379
D (R%) 2 141.162 1.663 3.170
#*8 FhEMHBKEARAFEDH
Table 8 Variance analysis of suet oil processed GSF
S - BUELE A VTS AHP ZZ& W5 TIRL-AHP & &1F 5
e . BT A F ®XEPHA P EETHM F It
A 2 605.713 0.935 28.483 0.701 57.722 0.718
B 2 253.080 0.391 107.351 2.640 61.045 0.759
C 2 830.315 1.282 3.824 0.094 84.073 1.046
D (iR %) 2 647.574 40.656 80.386

160 C; =FENEbil K2 ML R T Z R 50 g
KBS, AW 50g, HU% 15 min, BOEIRE
140 C.
2.9 BP HEMBEER T ML

& Bl Matlab R2018a #F 2 37 ()4 4% (BP)
PR 2 A0S, gy N2 %Rk s B B 1) A
WL , B 2 NBL-AHP &1, B2
BN 4, NZRREL. SR A BREE N BRI
B4

3 SV TR 9ol 1) B 2 A v o 1) 9 2H A E A2 6 B A
PLRE — A8 XOGEHHAT ISR, F50 5% 9 ZHEARAE I
GRAERIGAUESE, B R XTI, 9 A
HE L 22, AR ERf3<0.004 5, F
RT3 <<0.011 7, KRB HAG AT (PASFE .

I 3-1A W51, FEAIEAREIE 5 kB HlT
B 28 BAE T e FHE] 3-2A FT A, REAIEACHEE 4
I B BT W 48 B UEPERE . YT R ZEE 4 N
0.007 055, 0.012 946.
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¥ 9 LHAHE SCME 5 FRNE AT LB (A 3-1B
3-2B), RUFTESL RS E AT 5, HAE 3-1A.
B ABKHH; K 3-2A. B oNEMRME]. o RILL9
BRI EE, 6 FRERAEN 2 A1
ATT0 . FEIEAS IS S HOER -, BB SR =
N 10%~20% (GEK 2.5%), HERHA] 15~25 min
(K 2.5 min), JEEEIRE 120~160 CCGEK S5 C),
IS AT BRI S SV, T PR 4 R A

EHE 9 WA, BRI, Bl ko FH &2 135,
GV SR BT E RSB, BRhHER
15%0 EEVF 0 e Akl A RS E R, S5
53 Bt I ) G N v, B M I R R RE G
EVE BFKIESA (22.5~25min), FrLCAEEE
A G KK, BEERER N, B&60F0 58
mES, BRmE KB ARRE TR 15%, Bk
20 min, #fE 155 C.

# 9. 10, H2 10 AR, I, BEE 3 T A
10° 1A 94r . EIY 1B N
& |~ TRIMAE
v 107! 8
\2; 90
o 1072
£ 107 = g6t
g
g 10 4.978X107°
g \C 821 ST 3= A 35 2\ S S 4 2
y S DRERTT AR TS RN EE R2=0.999 9
1% 1 2 3 4 5 I 2 3 4 5 6 1 8 9
5 epochs TRIAE A
107 2A 96 2B
o H " . HSUH
cﬁ 107! H 3 - FE
< 90+
g L
5] 84 ¢
% -3 [
z 10 L v
Q —4
g LRI o B[ WISV UL FAL H R2=0.998 47 :
10 0 1 2 3 4 1 2 3 4 5 6 7 8 9
4 epochs TRIAEA
L-BRb] 2-FMRahH] A-PIZRESUE B-TRINME 5 92 ME Ees
1-butter processed 2-suet oil processed ~A-network verification B-comparison between predicted value and measured value
&3 BP #HZ M4 A SEMELIE
Fig. 3 Reliability verification of BP neural network
#9 EfETIXERA BP HEMEHITES
Table9 Prediction score of BP neural network of butter processed GSF
! FRLH SRR BORER X R MR R X R BUEI MR
E s o IO LR 2575 7 s o O SN si N 17 s o o BTEsy
/% [i/min JE/C /% [8/min J§/C B/% [A/min JE/C
1 0.1 15 120 82.8245| 37 0.1 25 120  84.7345 | 217 0.2 25 120 86.1914
2 0.1 15 125  82.6863| 38 0.1 25 125 83.8052 | 218 0.2 25 125  86.3400
3 0.1 15 130 82.4685| 39 0.1 25 130 83.0173 | 219 0.2 25 130 86.478 0
4 0.1 15 135 82.1461| 40 0.1 25 135 82.3729 | 220 0.2 25 135 86.5893
5 0.1 15 140 81.707 8| 41 0.1 25 140 81.861 1| 221 0.2 25 140 86.6743
6 0.1 15 145 811793 | 42 0.1 25 145 814636 | 222 0.2 25 145 86.7656
7 0.1 15 150 80.6247| 43 0.1 25 150 81.1592 | 223 0.2 25 150 869154
8 0.1 15 155 80.1030| 44 0.1 25 155 80.9270| 224 0.2 25 155 87.1549
9 0.1 15 160  79.6407| 45 0.1 25 160 80.747 5| 225 0.2 25 160 87.476 0
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Fz 10 FEREHHIKERH BP HERETUMITS
Table 10 Prediction score of BP neural network of suet oil processed GSF
e At T POt TN R T
/% [B/min E/C /% [8/min &/C /% [8/min J&/C

1 0.1 15 120 83.6569| 37 0.1 25 120 847750 | 217 0.2 25 120 76.543 8

2 0.1 15 125 87.0571| 38 0.1 25 125 862026 218 0.2 25 125 79.793 6

3 0.1 15 130 90.7194| 39 0.1 25 130 869103 | 219 0.2 25 130  81.0870

4 0.1 15 135 93.2588| 40 0.1 25 135  86.7957 | 220 0.2 25 135 80.8830

5 0.1 15 140 944526 | 41 0.1 25 140 857923 | 221 0.2 25 140  80.5375

6 0.1 15 145 948129 42 0.1 25 145 845312 222 0.2 25 145  80.550 6

7 0.1 15 150 946142 | 43 0.1 25 150 83.5402 | 223 0.2 25 150 80.9168

8 0.1 15 155 93773 1| 44 0.1 25 155 827804 | 224 0.2 25 155  81.6320

9 0.1 15 160 92.2494| 45 0.1 25 160 82.1292 | 225 0.2 25 160  82.715 1
i, BavEr RRERAES, WHHERAEREZ, RIFEHRETE (ABC) kEmEaittnrTZ

SRR EN 10%0 A0 s, B RS ]
PIXGEIN, EE VP BT s, MERE T,
HAEVED Tt fa AR, N 145 CREAESY
e “F IR R T 208 10%, HtEmt
] 15 min, HMtEIRSE 145 C.

(A2B2C3), LABKIH 94 RL ] 9 ik ik, 45 1~
9; 43 Hl LA BP & M E8 ik i et T 20, IERS AR
fRIERIRIETLZ (ABC) MEEmESTSLE
(A1B2C), PLEEMOAE RS 9 LR, 'S
10~18, FHHEFRARNE 1. SRER, EZRA

2.10 TEZWIE Wikt T 25 BP # 44 il i £ T 20
A BP Mgtk et L2, IEACE 0 AHIE, BEH] BP A4 P 45 TITI 25 2R R0 .
F 11 HEHKEARATZWIEER
Table 11 Verification results of processing of oil processed GSF
H A RIS RER% DB Y% B2H% KEEZEWY% SRS B%/% SEWr3E

IERRETS 1 0.0480 05456  0.1900 43.802 3 73.64 98.97  99.1089
2 0.0482  0.5500  0.1868 43.602 6 72.64 99.53
3 0.0485 05498  0.1901 44.021 8 73.16 99.31

By 4 0.0474 05353  0.1863 43.901 2 69.70 102.12  96.5393
5 00471 0.5385  0.1901 43.8327 69.82 101.68
6 0.0478  0.5367  0.1900 44.021 3 70.12 101.97

BP M& M %Rk T2 7 0.0484 05464  0.1871 44.0325 73.49 10046  99.158 7
8 0.0484 05503  0.1854 43.754 8 72.85 100.13
9 0.0486  0.5587  0.1901 43.290 5 72.70 100.89

IERmELZ 10 0.0452 05500 01761 48.885 3 72.00 10027 982127
11 00451 05454  0.1881 49.300 2 72.04 100.36
12 0.0455 05464  0.1805 48.657 3 72.20 100.53

BRI oy 13 0.0452 05476  0.1895 48.403 1 73.83 100.74  99.007 6
14 0.0453 05514  0.1849 48.9327 73.07 100.43
15 00451 05438  0.1901 49.014 2 73.16 100.95

BP &M% RETY, 16 0.0452 05515  0.1820 48.917 4 73.09 99.96 98.978 4
17 0.0458  0.5510  0.1880 49.002 3 72.85 99.68
19 0.0454 05574  0.1800 48.890 5 73.02 100.13
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211 HHEXERBYRTESESCEEMRAXMSY /KEMERBYSESEEEL . o\ b" EwHTH

o
TR T T ) T M 6 LK 2 MW A, K
Fi SPSS 25.0 itk f MU E . Z R, I BERR

KIEDHT, WK 12, GRER, WERSTES L
a's b’ Ew B2 EFNMK, KEEREYEES
L'\ b\ E'w ¥R EF LMK,

®12 oHtMBAEARABUAS SESREEMRAXMESN

Table 12  Analysis results of correlation between content of active components and apparent color value of six batches of oil

processed GSF
- Pearson A<M /34T Py
TE‘*/]—\‘EE% * * ok * * * ok
a b E ab L a b E ab
I FER —-0.948" —-0.997** -0.923" —-0.939** 0.004 0.000 0.009 0.005
MIRT 0.217 0.021 0.018 0.105 0.679 0.969 0.973 0.843
IS4 -0.720 0.699 -0.730 -0.737 0.107 0.122 0.100 0.095
IKVETER 0.951** —-0.997** 0.998** 0.987** 0.004 0.000 0.000 0.000
3 i FEEE; SRS ERAERFRA—, Bk

3.1 KERBRSBER KT TZ0Hi%k 5%
HOTF AL

KEMHFESHEHMEHERN, HbE
FRB AP PURTE. W REEDIRE. Biia O
MEBIREINRG KEMEBERERAEE, HAE%
TRAE I AONLE RIS ERAR, ERKIE 2Ry
BRI AT RE S BONBAERCR,  Fr LA TR
Z W IZAR PR BOE AR ROy T3k =k
BHIT, CABTURVIRIERBA PR JUELLL
SOETRIE TR R ANIMEIR 1 A2 PPN IR o B A G
HERIRER, i DA T I AN R e ) £
FEAE S A G I X SN AR AT LA R
W EFWA R (AHP-AGE) BT R &V, £
WF 53K FHE R HTE (AHP), ZWPF43 K FH AL
e BRICZAN, EMPFMEEESS Gl %, FUPF
I ALAE L K I TR
3.2 JEHEIERIERERER

A R N Tk i QS N Y DI N =V i
TG, SRR SRR A MR AR,
TR S BHN SRR, PR
PR G T (LK, AT I B R IR
Al B M R A — M 2 AR R
TG, MTAERIFERR & 1 s R VEIR A&
EARTPAER, RRFAREMH SRR T
AR SR A KA 20 W, 7M1 I 7 0K e IR
DB SBUKEMER YN & R, e s R
o PR B8 Ui 2 AR I 1) B I > i A K 2 A 4L
FARAF GRS, AT R T, KRR M

EFFRESS, WTRE M AR A O K
IR REPCE 5, XS HIE R 2
FATF A,
3.3 AEERKERBGIRERES R

ANFHEDS K AT, B S BEEA
M. BEEPra R TR, BREsKem, H
RIFERR . B BH . B2 PSS ERCE R HI &,
MKEIER )& B ZIA AR, Xaaes
PR A = it P B SR AN R R R A
YRIAE TR =1 40%,  DHRETE S IR B 45 L 4 M1
B2 R IURIR . A TRRONIGIR . o-TERRIR L 12
A VIR S & A2, e A K E AR
BRIy, WHR . BEHEIR . ARHEER. HhmesE.
ANTE R RO A R o & S R AT A
KIS, S5RERW], REREES L o' b\
E PIR R FH G, KEMEREYEES L' b,
E'w $JRRFIEMR, RYTERHUE LT
ZOUMATD P K A R B S KA
RIS . 2 FOASFESTEHE ]S 2 M 75
KA, FREMEIOREMARRE R, RS FER
THET IR S S e, 3 SOAN R A R 1 /e % o
SEAAEESR, EHAKEEIERE P,
BUE AT AT FUAR A 2 A ik R T IR 1k BAT Mg i
KEECL S RMIEE, ATUME R . FEieE 2
T 2B AR R 73 B AL MR A 25-260, SR T Ik
R BATIX A IR Rk

AT T A AN R SRR K e A AT M
i, RA R s, it REEH TZ, R
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