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Optimization of extraction technology based on AHP-CRITIC mixed entropy
method and digestive-promoting effect in Mangifera indica leaves
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Abstract: Objective To optimize the extraction process of mango Mangifera indica extract using a combined weighting method
integrating Analytic Hierarchy Process (AHP) and Criteria Importance Through Inter-criteria Correlation (CRITIC), based on chemical
and biological evaluation indicators, and to evaluate its digestive-promoting effect, thereby providing experimental support for the
medicinal development of M. indica leaves. Methods An analytical method was established to determine polyphenol and flavonoid
contents and pancreatic lipase inhibitory activity in M. indica leaves extracts. Ethanol concentration, extraction temperature, solid-
liquid ratio, and extraction time were selected as key process variables. The weights of each indicator were determined separately by
AHP, CRITIC, and the hybrid AHP-CRITIC weighting method, and the extraction process was optimized using Box-Behnken design-
response surface methodology (BBD-RSM). A rat model of gastrointestinal stagnation was constructed to evaluate the in vivo motility-
promoting effects of the extract through gastric emptying rate, small intestinal transit rate, motilin levels, and histopathological changes
in gastric tissue. The half-maximal inhibitory concentration (ICso) of the extract against pancreatic lipase was also measured. Results

Ethanol concentration had the most significant effect on all evaluated parameters. The AHP-CRITIC hybrid weighting method

ks HEA: 2026-03-06

EeWR: I EARAESTH (2024GXNSFBA010168, 2025GXNSFAA069493); K2 BIHIZHRIIH (S202410600111); [ Phthzg
2RO T B TSI I E GRS (2005) 6 505 RAEVIE ZE M) e o i 5L o G037 oL B B (CICAR2023-P1)

fEEEN: TiE (1990—), 5, Wit, B, FEAFEPGLARYFRIERF 5. E-mail: dshileil234@126.com

HBIEEE: BER, B, WHESIE, #d%, FENFP IR 25 25 80HEM 7. E-mail: dengjg53@ 126.com



FE49ELETH 2026F7H

%35"'%4":6& ER Drug Evaluation Research

Vol. 49 No. 7  July 2026 © 2385 -

effectively combined subjective and objective weighting advantages, and the resulting response surface model showed excellent fitting

performance. The optimal extraction conditions were identified as 60% ethanol concentration, 70 C extraction temperature, and a

solid-liquid ratio of 1 : 18. The ICso value of the extract against pancreatic lipase under these conditions was (5.022 + 0.006) mg-mL"".

Animal experiments demonstrated that M. indica leaves extract significantly improved gastric emptying rate, small intestinal transit

rate, and motilin levels in model rats, while also repairing damaged gastric tissues. Conclusion The combination of AHP-CRITIC

hybrid weighting with BBD-RSM is effective in optimizing the M. indica leaves extraction process. The obtained extract exhibits

strong in vitro inhibition of pancreatic lipase and significant in vivo gastrointestinal motility-promoting effects, offering valuable

insights for quality research, resource utilization, and the development of digestive-promoting products from M. indica leaves.

Key words: Mangifera indica L. leaves; AHP-CRITIC hybrid weighting method; extraction process; response surface; digestive-

promoting effect
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Table 1 Experimental groups for pancreatic lipase inhibition activity and methods of solution addition

2H 5 S SR /UL 7&WK/uL  PBS/UL JBR 7 Bl P v /L I HERR-4- B 2R R /uL
FEE(A) 5 — 20 40 40
FE X i (a) 5 — 60 — 40
FHA(B) — 5 20 40 40
=) — 5 60 — 40

®2 CZEARSBHEME (X £s, n=3)

Table 2 Effect of ethanol extraction fraction

(x £s, n=3)

=} (u} [=1ehe
iﬁwj Zl(mgg')  Flimgg™) Hﬁiﬁgpm

40 88.51+1.61 26554090  4501+0.78

50 91.58+137 2765128 6672197

60 99.11+1.59 31264100  68.50+128

70 89.45+0.55 28064097  56.15+0.63

80 81.10+1.92 26554083  4020+1.19

Ty o 0 I T 7 Tt P 0 1) 236 5 189 i e
K. ZEARRRDECN 60%HIT ik R i KM . J5 2t
50%~70% L EERAT AL o

222 REURERIEmW R RHR K 2.0 g
5T 60% OEEE A, FORHE L 110 25 T
50. 60. 70, 80 CIlElIyifeH 2 h, €L, IEWE
RE S0mL, %% “2.17 J7E PN Fabr. 45
RN 3, BEAERBGRERI S, MR
IR Tty G 41 ) 23 2% e 3 I R 22 Ty JoT 2 S 1
JEBRAR, HIREE N 70 CH . B, S8t
FREGRE 60~80 CitATitk.

2.2.3 PR EIRE FREUI SR K 2.0 g 73901
T 60%CEEFW T, FRNEEE 1210 T 70 ClHA
FEEL 0.5, 1.0, 2.0, 3.0, 4.0h, JEL, EBRERE

*3 REUEEMIEN (X s, n=3)

Table 3 Effect of extraction temperature (x *s, n=3)

L e . L JoRARTEHN
PFEIGREC  ZBY(mgg!)  ElH(mgg!) I,

50 90.26+1.01 27354055 59.24+1.02

60 95361137 30.2540.55 62.1610.61

70 100.70£2.77 31.35+1.31 67.971+1.80

80 97.051+1.69 27.3010.50 62.581+2.50

50mL, #% “2.17 JREMEfEbR. S5 R WK 4,
NN TRy 1 he IREAT SR v 22 5 R 2 HOMBR
O B Z s, AR BUN TR 1 h i 2
B JGIR DT B 22T B o Bl SR BB 1] R, 3
B o B > B B IR AR, R 2 h I, SR
S HURE . AHFRET R T h 3802 2 h i, B8R
HOBOEM 1.67 mgg'e Bk, SHLRUERS I
F4 IEEETEIMSEN (X s, n=3)
Table 4 Effect of extraction time (X *s, n=3)

" X . S JHRAR e
REUTEA  ZBYmgg?)  HEh(mgg™) I

0.5 91.22+1.77 25.94+0.99 63.45+0.90

1.0 100.61+2.38 29.56£1.00 68.06+1.31

2.0 98.66+2.66 31.23+0.88 66.87+£0.95

3.0 91.26+2.17 25.71£0.94 56.77£1.50

4.0 79.70£3.11 26.08+1.01 55.03£1.90
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Table 5 Effect of solid-liquid ratio (x Xs, n=3)

B _ B JoRARE
BUREE  ZW/(mg-g)  EB/(mgg™) 2

1:10 98.361+2.73 28594121  66.4742.04
1:15  104.74+3.93 33.66+0.89  67.33%2.11
1:20 88.3244.11 31.64+1.16  64.4241.17
1:25 85.3842.77 30.36+0.83  62.32+1.02

2.3 BBD-RSM LT RHZENTE

R B RS, i R (). $REL
B (B FIRHELL (O XFZ2my (Y1) HliiE 4
(Y>) FUERARHIBEIHIZ (Y3) fomi i, FFH BBD-
RSM 47 3 [HE 3 KP4E 17 R85, 25K 6.
2.3.1  FRFFUE I E

(1) AHP M ENERE (wanp): HRAEAHR
S22 SCHRATHT AR T 25 SR ORI, AR 25 i
SPBURE TR R, RS 2 i e b
AT LA 5 Bl ) 2 Rl (ERR G . -y R
Al oA FEEF RS AR AT, Fk, BEis
I3 3ANZIR, ARSRIT R 2 W I & 53 0> B i I
5050 > JENR B 22, ) W BT 23 R0 FR bR
K WK 7. FIF SPSS PRO H At ok 4) ir 4 B 1447
AHP £, R ZEESE. B E 54
R JE 7 B 22 coame 73701 2 0.548 51 0.240 9.
0.2106, — MR EF (CR) =0.017<0.100,

7 6 BBD-RSM SEIEFRKF. RITRER
Table 6 BBD-RSM factor level, test design and results

Y/ Yy Y/ Yy
5 A% B/I'C C e | ¥5 4% BC C Y%
(mggh) (mgg) (mggh) (mggh
1 600 80(1) 1:20(1) 10056 3504 6129 10 60 70 1:15 10760 3364 6381
260 60(-1) 1:10(-1) 10681 3343 6251 11 70 60 1:15 9430 2883 6325
3 50(1) 80 1:15(0) 90.77 3368 6475 12 60 70 1:15 10720 3506  64.96
4 701 700) 1:10 99.35 2629 5898 | 13 50 60 1:15 10094 3085  68.72
5 60 60 1:20 113.07 3130 6411 14 60 70 1:15 10603 3423 6554
6 50 70 1:10 101.73 2872 7041 15 70 70 1:20 10251 3045 6491
7 60 80 1:10 100.72 3428 6016 16 60 70 1:15 10721 3367 6416
8 60 70 1:15 109.55 3413 6596 | 17 50 70 1:20 10721 3272 6955
9 70 80 1:15 99.00 2046  64.85
Fz7 TFMIERERFITES MNERE
Table 7 Results of judgment matrix scoring and weighting coefficient
W RS E4p R JIg 7 Bt 0 1) 2 wanp BUE
Ein - 1 3 0.548 5
R & 12 2 0.240 9
JER I T B 1) 1/3 12 1 0.2106

—HEAR IR, RUZHBEMEE O R —
ik, FrRCE RECH AL

(2) CRITIC 7EHEMNERZE (wcrmic): BT
SPSS PRO RAFXS i b AT H— Ak 2, SRS dE4T
CRITIC 43#1, fREEM SR, 2k &SRR
HEREHIHIZR ocrimc 777 0.446 5. 0.2667. 0.286 8.

(3) AHP-CRITIC ¥ %€ Z5 5 BUE R (wane-
crimic): N T AR AHP B FEWAEF] CRITIC {23
P, ZEGRBIP A TR 2 W R 8. R
JOR 53 HORH JR g 7 B 1) 22 1) coanp-crimic 731 H
0.4655. 0.3423. 0.192 2.

232 FIWUNERET D M B L E AR
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AHP. CRITIC I AHP-CRITIC S J37 [fj il 5 45 5
1TVF5, 403K 8, KM SPSSPRO HA4%f 3 FiiF
W ITIERIRE RO 85 4T Pearson FHIEREL
43HT. AHP 1 CRITIC V4551 F 0 HIRH S RECN
0.920, AHP 2411 AHP-CRITIC & & INBUELE &5
fRIAH > 2 H0N 0.985, CRITIC A1 AHP-CRITIC J&
G IBGELR GV AR R0 0.970, KW 3 Fhy
EPP 2 0 2 82 TEAEOC (P<<0.05), B 3 Fi #E 45

WL B LE G VP 45 A — 8D, % AHP
1EAT CRITIC VE43 2 AR R HCR A SPSS 27.0 A
BHATHHIRME T, G5 RRW, 2 MR A VS A
KERBCN 0.602, BI¥EA BEMHIME (P>0.05), it
B 2 FOrEREE EARE 2 E 5. K
Ik, SARE. A H AT PR FE AR AT IR AL, A
WM EMFZEM 2 AN FHEINMCLHE, 24K
AHP-CRITIC A IMAGETH H & Fabn 45 A o 14,

#8 AHP. CRITIC 1 AHP-CRITIC R ERHiF5
Table 8 Weight coefficient scores using AHP, CRITIC, and AHP-CRITIC

5 AHP ¥ CRITIC % AHP-CRITIC % 75 AHP ¥ CRITIC ¥ AHP-CRITIC %

1 91.03 93.05 92.15 10 94.23 93.95 9437
2 93.32 92.97 93.49 11 8431 84.48 84.06
3 86.37 90.41 87.73 12 95.35 96.13 95.90
4 83.76 80.72 82.51 13 90.55 90.83 90.25
5 95.37 92.39 94.43 14 94.39 95.03 94.77
6 89.98 88.99 88.96 15 89.90 89.15 89.47
7 90.24 91.66 91.17 16 94.17 94.04 9434
8 96.15 95.90 96.23 17 95.12 95.02 94.88
9 87.51 87.04 87.05

X SERSARE A AT I7 2 b, S5 R UNER 9 k.
SER BN, ARSI REEEREE (P<
0.05), IR IZAIY 55 A% S8 B Bk B 4. o,
C WA VP R E R (P<0.05), 4 ST4EA T
SAEMEZ LI (P<0.01), A2 XF4EE1E0 50
WA E#E (P<0.01), HPTERTEE SRR & F,
A X ERE REOV IR K, CIRZ, B WE&G
REOP e A RERW ., EIBERS, JuE
RER*=0.9110, R\ZEHLRE REOE5r 2 A7
TE— & MIAH G, Sxof ) o7 A% & HLAT — 5 1 m] Tl
PEo R E BB Raa?2=0.796 6, FIHIZHAIHL &
TR . A5 REON 2.05%, FRUIZER KAl 5
PEFIE I R . RWBIFAEZE (P>0.01), Ui

HATE SRIR R SV N, B2 7 R BRI TN 25 R AN
PEIFIIR /N o = S e 1 T A6 P T DA 5 e 7
THT 5 PR 2 2 T (RO A LA Y AR e U 15 B e
FRE . B BN R R A RS LA FH A = 4k
. B a5, A 4250058 5AE S
TR BENY, LR A X LA VR R 2

iHid Design-Expert 12 #ff, £ Optimization
Hi, DL AHP-CRITIC VA IIALESE A0 e KAE N
Hbr, Bre s 2in Rt iR £ T 20 L REfk
U400 59.32%. $EHGEE 69.43 °C. KR LL 1.00
18.04, TIMLEATES 96.28; NI HHAE, B LEB
IEN AT E 60%, $REUGRE 70 C, RRKEL
1:18; HEE 3K, LEAVEAN /N 94.66. 97.12,

*9 MEEREFEDN T

Table 9 Analysis of variance in response surface methodology
KR PR AmE By F1H PH Kl PR BHE Y] Fl& PlE
A 2503100 9 27.8100  7.9600 0.0061 | 42 144.260 0 1 1442600  41.3000 0.000 4
A 43.8400 1 438400 12.5500 0.0094 | B? 16.800 0 1 16.8000 48100 0.064 4
B 2.1300 1 21300 06097 04605 | C? 04202 1 04202 0.1203  0.7389
C 274000 1 274000  7.8400 0.0265 | ¥kZE 244500 7 34900
AB 7.5700 1 75700 21700 0.1844 | RAIH 213100 3 7.1000 9.0400 0.0296
AC 0.270 5 1 0.270 5 0.0774 0.7888 | 4Rz 3.1400 4 0.7856
BC 0.000 5 1 0.000 5 0.0002 09903 | KA 274.760 0 16
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E1 BREREXZEEAN=405NEE

Fig.1 3D response surface plots of interaction effects between factors

95.55, LAV N 95.78 £1.02, RSD K 1.06%:;
SEME S TME T, SRR SEPRIE A&
2.4 FCSR A5 BUR X R AR AR B S BN EIK E
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FNEAZRE X, BTG NEAERE (), 2
HlFm RS 2 (Bl 2), BT SRS i m ik
FEGR3E T, fg g 1y At 58 SR B LY 3 55 R 7R A oK
. 1 F Graphpad Prism10.1.2 #44, K AEZE (A
A8 7 R AT G, @ ER R Y=
100/[1+ (5.028/X) V41811 H5ERAG x0T IR A M ke ] 1)
ICso fH A (5.02240.006) mg-mL™', R?=0.9611, %
HFTAT SR P i o0 I I Fy e P A o 47 FH 4500
2.5 MCRMHHZEWIRIEELEMHE R
251 Al ER Y 8 JHE SPF 2 fi ek
SD KRG PEMRTE 3d Ja AT 0 A2 . X BRZH (6
RO AT mmAR LK BAA (20 FD
ARG T EAEAE . SRR AR H A B A
807

607

40

R T B 2/ %

20

0 T T T T T
1 2 3 4 5 6

TR U TR L/ (mg- mL ™)
B2 AEREREICRI Z BRI BUR X R RS FrBeH] 2
BN (X £s, n=3)
Fig.2 Effect of different concentrations of M. indica leaves

ethanol extract on pancreatic lipase inhibition
(x s, n=3)

T, RIEERIENRAAT & ig 457 10 g-kg '
g, HERAT 10mL kg 56", HAME E HxH
200 g L1 g gk 0S), A KGR E I AR A A s )
HEK ig h THELHE 0.9% MG, W H
FHAR R K 2 HiES: ig 14 d.

2% (KRN BRPFIER IR S5 J7722) e, Wi
KRR BO. WHITN AME KIEEUE RS R S
— s BARKEEELIOWE, WERD, ME
R, KRG, 29, BHE B AR A A
. JERELE R, AR ZH I ) B AR
BRI BAEEL IES S FRAE FE AR, IF
BB G AN (A G N FE (B K E G, pH A AL
RPEAK . GBI )R BRR B 73R E 7
34, RPBEARYAH. ngTmRZ. ATSRMHEREUA, &
He R, G REWEIEF TR, XL LAY
Hig 45T 0.9%FAANEI, HR&EHD N ig 46T
AARLZGD, B2y 7d, R4 25578
PR VR L2 R ARE) N e KAE A H &=
30 g-d AT HR A, W TIbRES 24 7R AR AR 2 i B P
WK & 30 me-d AT IR A RS,
B KR AEEK 120, BEEFREFETHR KR ig
TR 1 2.0 mL & 7RV AR, 20 min 5
ip 3% S L LG 22 N BRI, 1 S KL, IR
ARLEL (4 °C. 3000 rmin™!) 15 min 5 EULTE,
SR FHAGR S I3 B Bh & & 8. SUHERL FE b St
S TR A EORT R I S 2 2 T I i o B e B W
8, DN A B P R TR /N g P R A B
TR/ N R R

AN R = /N R B R HE KB N A K

BHE R =1—(mi1—m2)/mo
mo N ig BIAELEERIOBE, m REHIECH F 4 E R
B, mo NTEURT R B R R
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252 JRITRCRIT AR IR 10, XS HAIAALE,
R RS2 K BN I HEE 2 A0 B HE S R B L (P<
0.05). SEAIAMEL, - RHRBIGIT R KR B

Hem . N HERER AN E 3 K & B IR 2R R
(P<<0.05), UEWIARIM-AREIAT B 8 Bk,
1R S Mifiah, Dok BHEE IR, RIEEHALER.

F 10 FRMZEIXER AR B EXERNER (X X5, n=6)

Table 10 Effect of M. indica leaves extract on gastrointestinal-related parameters in model Rats ( x £s, n=6)

4151 Al NHERE 2% BT /% B3R & & /pg-mL™!
oyl — 64.07+1.24 72.47+1.48 876.16%6.20
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“P < 0.05 vs control group; *P < 0.05 vs model group.
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Fig. 3 Results of HE staining of stomach tissues of different groups of rats (x200)
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