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Abstract: To investigate the changes in bioactive compounds and the hypoglycemic action mechanisms of chickpea milk
fermented by probiotics, Lacticaseibacillus rhamnosus FMBL 1.23004 CNN that capable of enhancing the a-amylase and a-
glucosidase inhibitory activities was selected in this study. The changes of flavor profiles and functional components were
characterized in basis of optimizing the fermentation process of chickpea milk fermented by L. rhamnosus FMBL L23004
CNN, and untargeted metabolomics, network pharmacology and molecular docking techniques were combined to explore
the potential hypoglycemic components and their mechanisms in fermented chickpea milk. The results showed that the
optimal process for the fermentation of chickpea milk were involved following parameters: 3% of the inoculation amount of
L. rhamnosus FMBL 123004 CNN, fermentation temperature of 36.5 °C, and fermentation duration of 17 h. L. rhamnosus
FMBL L23004 CNN not only significantly enhanced the a-amylase and a-glucosidase inhibitory activity (30.96%),
antioxidant capacity (ABTS" radical scavenging activity: 72.39%, DPPH radical scavenging activity: 83.55%) and the
contents of total phenols (30.46 mg/100 mL) and flavonoids (54.69 mg/100 mL) in chickpea milk through fermentation, but
also improved the flavor by decomposing beany flavor substances such as 2-pentylfuran, octenal, and hexanal. Untargeted
metabolomics revealed that the fermented chickpea milk was mainly composed of amino acids, peptides and analogues,
fatty acids and conjugates, carbohydrate derivatives, terpenoids, and flavonoids. Fermentation of chickpea milk with L.
rhamnosus FMBL 123004 CNN contributed to a significant increase in 73 pre-existing compounds and the formation of
775 novel compounds. The potential hypoglycemic effects of 10 key compounds were analyzed using network
pharmacology and molecular docking. The results indicated that bioactive constituents, such as Diosgenin, Lepidium
terpenoid, and Inulobiose, may synergistically exert hypoglycemic effects through the involvement of the PI3K-Akt
signaling pathway, the lipid metabolism and atherosclerosis pathways, as well as the Ras signaling pathway. Notably,
Diosgenin exhibited high docking stability with target proteins through hydrogen bonding interactions: STAT3 (—8.9
kcal/mol), AKT1 (—8.3 kcal/mol), a-amylase (—9.7 kcal/mol), and a-glucosidase (—8.8 kcal/mol). This findings provided
valuable technical insights into chickpea resource utilization, while also establishing a theoretical foundation for the
application of L. rhamnosus FMBL L23004 CNN in food and medicine.

Key words: probiotics; chickpea milk; a-glucosidase; antioxidant; untargeted metabolomics; network pharmacology
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Table 2 Design and results of Box-Behnken experiment

S AR ‘Bﬁﬁ% CEFENTE  o-JEMEG oA AR
(%)  WECC) (h) (%) (%)
1 3 34 12 75.12 12.34
2 3 37 18 87.16 29.38
3 3 37 18 89.81 31.32
4 3 37 18 88.1 30.01
5 4 37 12 7332 17.78
6 3 40 12 70.36 15.03
7 4 37 24 65.48 20.49
8 3 37 18 83 2725
9 3 40 24 65.87 13.01
10 2 37 12 78.25 23.06
11 2 34 18 73.18 22.96
12 3 34 24 75.83 23.76
13 4 40 18 60.39 15.64
14 4 34 18 67.27 15
15 3 37 18 87.02 34.98
16 2 37 24 70.3 25.36
17 2 40 18 65.79 17.28

F1%) o~ R 2 A AT 1) 3R PR S e IO Ay 22 P i (A >
R A (C)>RIIREE(B), AL A% B>, C* X452 52m
Wi 3 (P<0.01) ., — KT B. C, 32 HI BC %455
S i 5 (P<0.05) (£ 3) .

TEMIRAT T, a-TEBHN A D TE 87.02%~
89.81% JulFEIN, S fbmiAH b o M8 ik R,
PEPELL o AHE T T ) S350 Ay i 7 AL 50 187 TAT
RIS BAE M. 25 I3 3S HAE X B bl L
FFE FMBL 123004 CNN Al 815 G 2 o250
iU 1) 35 ) P 17 AT A5 e R DRI 1 (AR AR
F)E W http://www.spgykj.com/ LB I L5, BefE
T ZASEONEE R 2.648% . KBERE 36.542 °C. %
BB [H] 16.639 h, o~ 26 Wi B0 I 328 31.27%.
N T T SEBRERAE, FERER L 3% R TR N
36.5 °C. KEERTAIA 17 h 2544 F il #& BRESW 2L s AT

B FMBL 123004 CNN % iz 5 2L, H o 45t
TFEEM 2R 30.96%+2.38%, AH LA RET(24.12%)
W E R T 28.4%, AR TN (4 4 SR G B 42 25 1)
(P>0.05), B UE TACRI A AT FEbE
23 ABEWIIELMHNKIRTL

A4 B FLAZ WG R P A A S bl AU e, T
U W ) R AR S S e i B 4 A7 R ) e Ok
F. SFLP AT IRSIE T SR TR, N AT
5 A I ML PRI | VI R 25 AT AR
18, 4= Al C6~CO [EZE4y T T 5, 1 L 198 PR Ul B 3 3o
B-EAIEAR S A B2 o, LG R (Lnas y &
fifg ) T fHE AT S5 1 A R I s B 2 P, Rl G-
MS M KBRS L e e 32 A XUk
EW, Al4E 6 A HLERZS ., 5 FhEESE . 12 FhEESE. 5 Fb
BRZSFN 3 PRS2 P Ao I 2L S XUk
JEEH S O . U BT . T 2SI RS ) A
Tk R 2 ) BT (2-2, FE R R L 208 3k ok R A ) ZH Al
(&l 2D), iX e Jor 25 47 8 5 O LA SR ik . SRR
AR, A HME LA D ez . e BRESHEFL
%415 FMBL 123004 CNN % B2, JEME G 3L e
P | ST . RSSO A G R S S R B
BHARG, IE IS . T AT . 2% A R S
YN SE A 2,3- 1 . ZABWA . B, T-PEEss
AA P B B il 25T, SR T B B IR 25
JEENE U R AR 1 R PR A R S A . 17 BRES b
FLEEAT I GG M R IR R T . i . s ol
HE MR BR ARG N 2,3-T EH . TEESEFSYRIYEE
700 5 AR T BREAEBEFLES AT FMBL 123004 CNN,
24 ABEEIINMEWLEESN. RBMREISE

5 R K SR RSP FLESAT B GG &
Pz i) S W L FLAH LY, BRZSBEZLIS AT B FMBL L23004
CNN % iz i g o 2L R B s i b s Ak g o, HE

®3 LA WEBO T 2E

Table 3  Analysis of variance for the quadratic model

R e o-VE R ] o W T 11
; - T ¥y Flt PIfi A ¥y Fli Pl
LT 9 1273 141.44 22.5 0.0002" 770.89 85.65 22.89 0.0002™
A 1 55.44 55.44 8.82 0.0208" 48.76 48.76 13.03 0.0086™
B 1 105.05 105.05 16.71 0.0046™ 21.45 21.45 5.73 0.0479"
C 1 47.87 47.87 7.62 0.0281" 25.96 25.96 6.94 0.0337"
AB 1 0.065 0.065 0.0103 0.9218 9.99 9.99 2.67 0.1464
AC 1 0.003 0.003 0.0005 0.9831 0.0420 0.0420 0.0112 0.9196
BC 1 6.76 6.76 1.08 0.3342 45.16 45.16 12.07 0.0104"
A? 1 426.04 426.04 67.77 <0.0001" 61.29 61.29 16.38 0.0049"
B’ 1 429.64 429.64 68.34 <0.0001" 376.23 376.23 100.53 <0.0001"
C? 1 101.98 101.98 16.22 0.0050™ 127.38 127.38 34.04 0.0006™
52 7 44.01 6.29 26.2 3.74
AU 3 18.36 6.12 0.9545 0.4949 3.59 1.20 0.2115 0.8837
R2E 4 25.65 6.41 22.61 5.65
syl 16 1317.01 797.08

T RN E R BEP<0.01; FRE R BEP<0.05,
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