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Abstract: To investigate the structure of Alpinia oxyphylla Miq. oligosaccharides (MC) and their impact on human gut
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microbiota, MC was extracted and purified using ultrasound-assisted high-voltage pulsed electric fields. Its structural

characteristics were analyzed using Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), and

scanning electron microscopy (SEM). Its in vitro antioxidant and hypoglycemic activities, as well as its regulatory

mechanism on the intestinal flora were investigated. Results showed that the extracted MC was a glucose homopolymer

(100% glucose monosaccharide composition) with a molecular weight of 2461 Da. The S-glycosidic bond configuration of

MC was confirmed by FT-IR spectroscopy, with characteristic peaks observed at 1656 cm™' and 1623 cm™'. A hierarchical

structure characterized by coexisting crystalline and amorphous domains within the S-glucan backbone was demonstrated

through XRD and SEM analyses. These structural features constituted a structural basis for targeting gut microbiota. /n

vitro activity assays indicated that MC exhibited negligible antioxidant activity, but demonstrated notable hypoglycemic

activity. Fecal fermentation experiments demonstrated that MC markedly increased the abundance of Bacillota, reduced

Bacteroidetes, and enriched the genera Ligilactobacillus and Weissella, thereby regulating and improving intestinal

function. This study provides a theoretical foundation for developing Alpinia oxyphylla Miq. oligosaccharides as prebiotics.
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Wk vh 95 10.0 ps, ik ib45iR 30 Hz, B [E] 120 s, &
4000 r/min 2.0 (15 min) B L5, TEZEHe4s . Hedn
WINTCIK 2B (v/v) BLHREEN 80%, 4 °C 8 12 h,
FFYR 4000 r/min 550> KB I W, ULIE & BEUE 3
3WIEHET, IS HE . Bk 2 hErs g T 2Kk, ##%
Sevag IFII(GEASG ( IE T BE=4:1, v/v)IRHALEE 2 h,
10000 r/min Z5.0> (15 min) Z&HE M, i BEES 2~3
o WiE AWML ENTE2 (1000 Da #8411 B i
48 h J&, W UR T A2

1.2.2 PR BER4IE 75 DEAE-52 £F
A BORLE T 3 SR B 4tk i 72433 Ak 24 h,
B )5 i A AL P 20 min EERIECEI S, 2T
FEBEIFAT, SeAEAE NS 5 mL #Baik, HEEEA
TALEES 1Y) DEAE-52 £ 431, 5 H A SR UTM = PEAE
M2y 5 cm HW AR E ), RAERZE L. 1 mL/min
TR pPYRIECRE 24 h DASCIRE 554, SPAlroe
A, R EE SN 50 mg/mL 09258 ARSI AT
BELENG IR, Ak LI A K A i ShAR SR TR B VR,
{diFH A SO IR R A4S 10 mL 538 WP 4H
4y, WA S8 I WA TR TWES . 2 )5 AR
By 7 e Sephadex G-100 J2HT4E, L 0.5 mL/min
T Ll KPR, B S8 I IR TR TAL B, Fe
BN Ll b5 AR AR (MC) .

1.2.3 8B ARRPE LS FRAE

1.2.3.1 4y FEMPPEA I E R DAWN
HELEOS II(RID-20A) /R 2245 #% 5 Shodex OHpak
SB-806M HQ #l SB-804M HQ &, 3% 1+ ( 300 mmx
7.8 mm) R RGN ST (oA v R s
TE 40 °C, J#ish#HJ 0.1 mol/L Hl RN VE MR (pHS.5),
ik 0.5 mL/min;

FERTE 121 °C F =R OBR(TFA) ZKf# 2 h, A&
AMRT 5 FH P EEGES: 3 IR KA~ )48 0.22 pm 38
JEE 3t Y& 5 P F i 2l il o3 BT, B S A Dionex
ICS5000+, Pt 4 Carbopac PA-20 4, 3% 4 (4 mmx
250 mm) ., WBNAH N 97.5% ##H 4li /K (0.25 mmol/L
NaOH) 5 2.5% 100 mmol/L NaOH A%, Jii# 1.0 mL/
min, 7 30 C. SRAH S, B0 4 pH s
[N S I TR o I 2 - N N I TR VA (€77
B S U T E M
1.2.3.2 fHHE AR 2T SMG3E RIS S AT I - Ko

Ialifb )5 i MC B3R, 556152 A (KBr) #4251
&IV 1: 100 RGNS, RflGEE# A . SRA
(e B I AR 2T S G (FT-IR ) {XFE 4000~400 cm ™' 7%
FE PN I3, BEEAT PR 4 em ™!, FFTREL 32 K, 3K
Bt A GRS, R TS R A B 3R DA AR i 5 5]
PEUYS BHOH] 1 mg/mL FYRE SR, FH SRS AT UL-I i
J6i% (UV-visible spectroscopy, UV) #4743 K 1
A BEEANFRSEUT, LAAS FSEMAE S thilf 73
LROE, FEJS AL S B TG, 7E 200~500 nm

KGR A T 4T84, 10 MR 3 a1 A8 1k
(HES
1.2.3.3 X HEAiTHT (A X SHERATIMU(XRD) 43
Br MC BOG5F3, S AE 5°F0 80°(20) Z M4 T, 1t
BB (] A0 K 4y 5 52 A 2 min/4E F 0.02°,  HR
MC 3 ARE S BT PR RE 28 b, BT 515340 L
FRMEPHE, EE oS B HER
1.2.3.4 HdEE R TR SR EAENG A S
0 4 @S- & T MR ek, SR 5 1 e B
(SEM)FEA5 115 A LT FRLFR RT3 S IR 4
1.2.4 {RAMEE
1.2.4.1 Praafbisite S REEKS7HR0 0 R EE
oM, A3t 2.0 4. 6. 8. 10 mg/mL A9 MC &R AIEH
PEXT R Vo W, XF MC ) ABTS™ 1§ 5% | DPPH-
TR R AL A A RTE BRI R AR ST AT
T E o
1.2.4.2 o-JEREERG JIPDHIZFME  DNS K Febr
WEDT L 5w GO AE FAR I, 7 d J5 {8 H; PBS
22 ik (pH6.8, 0.1 mol/L) FH F Bl 5% T M iww
20 U/mL JEN3 A W S Z2 W RE AW (2~10 mg/mL)
FNBHAXT BEBAT R BB M . SOWAK ZR: A 2H(300 ulL
MC % +400 pL B ) . Ay 4H (300 pL 7K +400 pL
TR « A, 2H(300 pL MC 5 #i+400 pl PBS) T 37 °C
TWFE 10 min; JIKYI: 2545 A 300 pL Al HUE
R, 37 °C % 15 min; Z4 1R £A: iITA 2 mL DNS
TGN ZE AR N, WK Ve K 10 min, RH G E R E
10 mL; M%E: 540 nm MIKGHEE, #2852 M 3.
mﬁ%%%ﬂ%%h@—ﬁ%&%moﬁ(n

0

K. Ay MEFREPEXT IR A SRR A, ES
FAXTHE
1.2.4.3 o~ % B 7 B 3% Jo A0 ) 200 2 Bl
2.5 mmol/L PNPG JIEWE W . 0.25 U/mL o-HiZi 1T
M M . MC AE T (2~10 mg/mL ) Az BH P X J# frf
RUPER . A, 4H(50 uL MC 3 +50 pL BER) |
A, 4(50 uL PBS+50 pL A . A, 24H(50 pL MC %
W +50 uL PBS)37 C HilEH 10 min J5, &FLIIA
50 uL PNPG Ji&#, 37 °C X 30 min, Z& kR 0
A 100 pL 0.2 mol/L Na,CO, iEWZ 1k 3, 405 nm
ME OGRS, FLHE 3 YOPAT. #HLAU ARG o-F
ZEPHE T RS 1AM
_Az

0

mﬁﬁﬁﬁ%Mﬂzmn@-“ ymo

XL @
s Ay M EETEPEXT IR A SRR AL A, s
FIXTHE
1.2.5 RSN R
1.2.5.1 FEACREE  FEMEFEASFHIECE 3 24 B R



- 142 - £ Tl B4

2026 4F 5 A

3 AR RIS, IR 18~25 B 2 0], it — 4>
AR R AN R RS R A5
EFEIR G, I 10 g Brif2EEAE S A 100 mL
FIJCE PBS Sk (pH7.4) FIRAT, 15 10%(w/v) Y
FERIUR, KL U8 B2 E R . S
SR DA R AR, ARSI A SRR AR
SRAE B 58 AP SRR ELE 2 h NZERR
1.2.5.2 ¥EsRftiles  SMGKRIFEUY By ikl & 5s
FRFEE, ey BHIERTE 1 me/L, B EK 2 o/L, BER
Y 2 /L, JHyHER 0.5 g/L, S AbILI 2 5 me/L, L-
PR 0.5 g/L, 422 K, 74.1 uL/L, NaCl 0.1 g/L,
KH,PO, 40 mg/L, K,HPO, 40 mg/L, MgSO,-7H,O
0.01 g/L,NaHCO, 2 g/L, CaCl,-6H,0 0.01 g/L, Itt-7ki-
80 14.8 mg/L, Na,S-9H,0 0.8 mmol/L, 1% 37 & fic i
FEMZ )G K B I R o
1.2.53 BEEREE IKRINEESZR IR 3 4, 435
i MC 2H . BRI FRZH (B4 2H RD JF 2H) Anas i Xt il
ZH (GEFELAD FI 4D, SRR T 3 IRFAT. MEWRFREL
200 mg MC FE AR5 9 mL 53R 3B IR A,
IRAJEAE 121 °C F KB 20 min, B ESHIA 1 mL
1.2.5.1 Hl & A3 2R, FI 41 9 mL JCRE 5737
FEINA ImL ZEPRETRIE, BSOS B IR E4s
37 °C k1% 48 W'Y, K455 T80 °C 417
1.2.5.4 fUZEMRED ETFINT AR 1Y
TN 53HT, ZH0) M St B R IR 55 A BR 2N Wl 58
o BAAAETRANT: ik DNA BOHEEUE H HiPure
Soil DNA 28054 (5% HiPure Stool DNA $2HUX
G AP EFE R 4T 16S rRNA JEKAY HARX
B V3~V4 X PCR ¥ 34 5544 WIaRAEPE 95 °C 5 min,
SRIEAEPE 95 °C 1 min, IRk 60 °C 1 min, ZE{# 72 °C
1 min #£47 30 MG, B SF LR 72 °C 7 min f#
FH5 1Y) ¥R R: 50 pLIRG9, 645 10 pL 5xQ5
(@ Reaction Buffer, 10 uLL 5xQ5@ High GC Enhancer,
1.5 uL 2.5 mmol/L dNTPs, 1.5 pL I F #5149
(10 umol/L), 0.2 uL Q5@ High-Fidelity DNA Poly-
merase, 50 ng B DNA. #iHH 2% EASHREERS AL
Py gihL, #H AMPure XP Beads #4T PCR 7=
Pyatifk, 35 Qubit 3.0 #E47 %E &, Illumina DNA
Prep Kit #4 #] /& SC )% . {#i FH ABI StepOnePlus
Real-Time PCR System #£47 3C 2 B s A, -5 4% 19
SCZE2RJH Novaseq 6000 B PE250 #52 pooling L #/L
T
1.3 HIELIE

B ST T 3 AT, BRIy
{HLPRUEZS, % SPSS 25 F{F AT E R At 3 548
i+, {1 Origin 2022 £:[&,
2 HERS5HH
2.1 DT EMEBPEBER I

MC 43 F i i HPGPC £ e #4355 i Hy

2461 Da. 4HE 1 ffi7zR, Man., Gal 4b7FHE—E K/
I8 55 2 4l B ARV Man/Gal P IEF 7R B i 2%
5, 25 RS AR R 2= H AR B g T AP 5 Lh
/0N, JIT LA BRH 2H 1% FH A 250 B A B (0 B 1A R
AR — B EL 5 B 100%), HED H AT EN 10~
12 A7 2 W B AR 5 o/ - A R SR T B I 3R
HHOT, 3RS HGE AR B e R ik e R B T
YA, M S Rk v E 745 -G i L ZE LR A
FEYIAM RIS AE, R P 25 AR = AR A L BY B
Jinl i — R SR T aE, S TR R sk
i fbad TR T R 2K %E DEAE-2T4E 28 X5 PR iR
PR I REHVE D, T PR A PR e = AR A R AT T 5
T o Y I R T A PR e g R B U, T B —
a7/

A 10000 ¢
A
8000 |

6000

nRIU

4000 -

P
2000
0 1 1

0 10 20 30 40
LB BF 8] (min)

L —MC
Man iGle — bl

Voltage (mV)
o0
S

0 20 40 60 80
Retention time (min)

Bl 1 MC B2
Fig.1 Molecular weight and monosaccharide composition
analysis of MC
T A 5 F28; B: MC KR i BROBE A A

2.2 FT-IRFM UV 2#h
FT-IR JGIGIE AT B BE RIS 8 M YR SRR Y

HZOFAR, HAFE S I ARG AT 48 75 FRONEAA Y | g

R ELEHE B, nE 2A i, 3400 cm™!
vt W X 7 ] 285 MK 3 A S8R E 9 O-H A 4 P

By, Ft s H DA FPR 24 4 1 25 A4 (o 8- MR 76 260 W ) 77

T8 2815 cm™! BT C-H AKX FRAH 45 P 3 Y5 T it i
M C5-C6 19 CH, HEH1PY, TMi7E 2900 cm™' [y T C-H
Xof FBRA 4 R B ik Ok T BE S AR R G IR SR & A

Ko 1656 cm™' 5 1623 em ™' XS5 IHE R 4alE
FRRYR B ME I C-O-C R FR{4a IR 3h, 454
1099 cm™' (C-O-C B4 ) 1 784 em™ (ML C-H
EAME RSN ) FRIEIE, TIESE S-BH T SAA B S oS Tk



3474 5 103

£ A ARSI, ARSNGB B R PR AL - 143 -

454, 1380 em™' 5 1353 om ' S50 XU fz gL 5
XIRRES PR 3h, LR A R 2L CH, SEHIAEAE .
Sy S RO — MR B Ry v A B A A R
PR

= 60

> 2721.06 1099.22|615.18
ﬁj 40 2815.5 784.88
I 1353.784
) 1656.839

3401.815 &1380.732
1623.769

QO 0 O 8 N 8 O O D
A F O " O & & N O
AN SO SN RO B IO M

P (em™)

B 4.0
3.5+
3.0

2.5 1

§ 20
1.54
1.0 1
0.5 1

0 T T ; T T :
200 250 300 350 400 450 500

P (nm)
K2 MC Rl AR LT A RIS A AT UL - O 1 14
Fig.2 Fourier transform infrared spectrum of and UV
spectroscopy of MC

T A AR MR RELIMDEIE A B: 54N AT WL-DOBOEE A

K 2B B/R T MC 19 UV 4 KFHHRHE (200~
500 nm) . YGIESHT IR, £ 260 nm (2% BRAZE W WAL
U4 ) A 280 nm (F [ BT REAE W2 WSC s ) BT 157 A A0 521
b WO, AR S HAZ IR R FA SRS 2% 0 o
fiKo BEAh, 7E 200 nm BffUT HY BRARAE P4 2 50 04 ( A=
3.9), iZMKE )T JE T RSP IR RIETE no BRGE,
Hp7 A F YR TR P C-0 5 C-C # L Hiik & i
L FEREAT N, B p- AU A R fE I A e — 35,
LERH—E R T MC J& SRRl
23 XRDZR

XRD EE(E 3) R, 7E29 30040 H B4R HEATT 5
g, BE S B WT R ITAEZ 50° 2 Je#a T 2% . iX—4%
AEWGEA B B-A1 M A% 10 S T R FE W) £, 2ERHAFE
i A P HES A SR B S M B e 2 RIS AR A
SRR () 2 AR AE (I ISBRIARFAIE, ZREHAE S I
AT 45 Xk . MC H A DI SR A am ad e
Sy FIRWEF T AL T B S AL, 3T fE R A
e B TR TR P Ts P g g e el . S 0L
SB[ PA—JIBIER, FRIRE v APl B
7 BIES St iR Fh TR o
2.4 SEM &R5H

T HER BT (SEM) WL (& 4) 5 S50 5 25

100 - ‘

80 1

D
(=]
!

Intensity

N
S
e

[y}
(=]

(=]

10 20 30 40 50 60 70 80

20(%)
El3 MC X GTEATH T
Fig.3 XRD analysis of MC

BT, AR BRI I 3 S5 . 10000
A5 T MEER] 1~5 pm AR AT, 3% R RS HLAT £L
B, DR ARG AR B4, FLLAM 6 9iik
Y O-H I (53— [a] U N 260 SFAEM) 55 1000 455 T 70
JZ(50~100 nm J5) HHOAREEAG SRS B, )220
DA, XRD A= SROMH A TATRFAIE, MRER X 31
Bi N IR, FRRET SIS 1O 45, X IR SRpE
it i/ INBIORE R SR A Ts 100 A5 22 W ie B e s BT 55
PEFLIRA, 5 XRD Al [l BRI [ i 2 22 20 LA
o HEVERRITIE G B-1,3-BE TR A T AR
(4530, A )2 e S o TR R (IR 80,
LRI N IR RIIEMAR . —2H SEM ER 7R T
T B ARSRBE 2290 ] LR A5 PRETFE—TOK R 2
— KRR DR A Z AR L, Heah Sy/AR S SR HAE, X
AP LS AR S AR E 245400386 525 R 18 B AR P
ZUJRENHERMIE T S Fa A

4 MC 7£ 10000, 1000 1 100 £ F I3 H T
e s A
Fig.4 Scanning electron microscopy (SEM) images of MC
at magnifications of 10000, 1000, and 100
: A: 10000 £%; B: 1000 £i5; C: 100 o

25 HEICIEBEEINEEESR

S LR LA (& 5), aifbF¥g—@g MC RFEE
B PR IRTE M, HPtA bR RS BG4
PEBIEL . o-TE R TRHI i 16 PEAS I A S O PR 995 25 90
ARG 5 ) EE AR, AR AL 322 ¢ Al 5aim
o vE /AR TE A A G 7 AT PR PR A s
RGEH . ASHFFE RN, MC Xt a-TE A5 Pl i 4100 4] 34
SR P BE ARSI 5 A S, E 10.0 mg/mL ¥ JEE I
HIFRIEWE 95%, IR HI AL 1T REVE F HoArFrh B-
WEE BT B MR 2 TRIFS 52, 38 b A5r BEASUN A 28 BHEA-
Fifg-JIC S TE P o A8 2 R TR T S 65
78 MC BOMHIIE PELE 8~10 mg/mL [X [&] 3k I (>
90% ), S IARLME RN ROV AFAE o 33X A = 25 il



- 144 - 1 Tl B 2026 4F 5 A
A 110 B C 100
glgg- g 2 2 2 @ S0ty b p a a S % . b b b 2
r = }—;——k—"}—’i < 8ot },—4—}’%’/{
& SOf —~-MC @ 8of —~ MC i 70t — MC
T 60} o 60 ¢ i ¢
= sot i @ S0r
= = 40t
i I =
o 40 40 a
o m 30f
¢ 30 e b @ | b
£ 20fb b a a 1 & 20f ¢ o0 g ¢ ¢
% 10 b H/‘i—i"i =) d d *H—d 10
0 L 1 L L L 0 L 1 L 0 I 1 L 1 L
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

e (mg/mL) el (mg/mL) el (mg/mL)
D a E F a a
o W - 100r b T 1 i H £9s c c 2
~ 25} S T § i—i///%—Ia
g —— MC » a ﬁ 90
220} ﬁ 95 #
% . -V, E = g5
@ 151 o 2
D = 90+ Fnnd 30
X L0} = ——MC = —— MC
# —— T e F ol d —— B
05t b b a a a s 85t &5
3 —3F—+—1 S
Ol —_— ol
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

e (mg/mL)

e (mg/mL)

e (mg/mL)

K5 MC SR E S ARSI
Fig.5 Antioxidant and in vitro hypoglycemic activities of MC
[E: A: ABTS i BR3; B: DPPH- 5 R C: 23 H f1 BV BR A, D: BB TR 5 RE ;5 E: a-TERY BB 2 F. o A0 BRI 615,

ARG FREPRIE Y45 R 25 57 B3 (P<0.05)

PEFE TSR K A5 ) ZE W4 1] SRR Y R fr R, DA
T SEE XA 5 MBS ) JaFE VE RS, 28 B s
BRI PEARENE S MC 1 A0 Y o- 481 A8 T ] R
PEDhRE” SRR AL T SRR

2.6 IECIRBES AFFEERFNM

2.6.1 YRR

2.6.1.1 ['153r2KF  RIRE 6 HHES EI ST, 29
FFEAT 1 (Bacillota) . #FTF [ ] (Bacteroidota) . ZETE T
"] (Pseudomonadota) . JiL £k 7 ] ( Actinomyycetota)
FIHFT ] (Fusobacteriota) & A RV v A AT
Wl e AWFFEREE MC 20 R YRR 45k 2 3 AH
S S A ZEHEAT R T DAL ST e T R, $2
FNIZAL PR BRI AR S5, AR Bl S IR PR
SFARVEFLIETE . BT BFoR R, 2R a1 ) BAT XA

YRR

100 - Unclassified
— Other
< 80 A M Cyanobacteriota
g M Synergistota
g 60 - Methanobacteriota
= M Verrucomicrobiota
2 Thermodesulfobacteriota
S 40 Fusobacteriota
= M Actinomycetota
k5] Pseudomonadota
2 20 4 Bacteroidota

Bacillota
O T

FJ JIF MC
Groups
Ko KB
Fig.6 Composition of gut microbiota at the phylum level
T FI OSSR R; JF S 4000 4L MC S 2 8RR M b 2
H; F 7~ 12 A,

VER, Foad A= Bk (ARl R ZE AT IR ] i e
YT R L PR SUBAT PR GE | S LT 4
BT BENR IR (SCFAs) LIGERFIZHE A A5, F4h5m
RS GeZETIRE . (H B0 B AR (AN FE 2R AT 28D 1T g
IS AN R S R ORI B R T e sl i A =R
Flo DR, LR T s X Sy TR Th RE - Fasthl T T &%
A8

FEEZ R, TR THE MC L 5%, ik
TE FJ 4 o5 edierss, JF ik o FUFT T IV 2 hi
ARUHAAZ O B RERY, d A Z2 R AL 2 (PUL ) BEFR TG
BRI EERPEEE I, BRI SCFAs LASZHFSS
b RE RN NS AR . 2RI, MC AT
T T8 58 il nl geEl 55 A i Thae, 25 R &1
0 B (Can 7= 17 85 3 M 55 U B BOAUELPED T 5KE),
530 ) 75 32 AT 38 Sk B IR 18 5 B N 245 1 R e
BAg AR U o AN, B 5 0% 7= 17 B 22 16 55 BT 5
(ETBF) 8 I Hesh Blim B o F R —2
PRI T EEOR M o

AR 100 A AR AL 5L TR 6] 25 5% JF ZH B,
MC 2R Z, FJ Al . AE N7 8 A Y < S il
B, ASTE TR 138 A 17 A7 48U R T A DR AU o A 1) i
S, AHH AR BE JR T (A0 JF 20D W HR s B AR A,
S RREVENRR . AIEE AN I REAR S, N, IAFT
PRk ISR 1] BEIE T R 2205 (LPS) % TLR4/NF-
xB 38 IR S E, AR B JE r s A=)
Al REPEME DNA #4550, 8 MC HARTE T 1F)E
ABH ST FI 4, (H B &SPl 52 b B A% 4R ),
T ZAG TR AR S T REP I 7T B8 S 309e R AR )
JREPERS N



3474 5 103

£ A ARSI, ARSNGB B R PR AL - 145 -

MC ZHiiad T FE s T L, BmIRil 1 2
FFEAT TR BIRERE I, (HFUAF A T ISR IC SASTE AT T
VEAE A ] BER IR DA B -1 T E AR 4%, B Qi 25
WLl XU B2 (N RS sl gy ) o AR AR ik
TSRS, FERH 2T B T AR S R A IR, £
FFFERT T09AZ.CAE R, I IIMASTE AT 10 S22 b L
FIARE XS o
2.6.1.2 JESFIOKT & 7 FEIEACE RN TR
FYARXTEE, FREHERATET 10 MIPOLIAJE 5373 BT TG
& (Weissella) . ZENNFFEE (Segatella) . TEFRAALR
& (Klebsiella) . BRI R (Megamonas) . Y47 S
B AR [ & P (Escherichia-Shigella) . Be&FLFT
B )& (Ligilactobacillus) . 12 & (Clostridium) . ZEFT
W& (Faecalibacterium) . %AV )& (Fusobacterium) .
AT L AT Bl B8 & ( Bifidobacterium) o 43 Mt %78,
MC #H 78 J& /K - b iy A0 320 B b, BT Q5 s
(Weissella) MG FLAT H )& (Ligilactobacillus ) W =E
B i 2 (P<0.05) i - JF 200 FI 4. BT @A
AR A A5 P RS 2 LIR AT, S8 532 T e U
il T A Can 4 8 (o A 2 BR B D A T SR 32F
KUSEAFPRIEEE, FE s B A 4ERE i SCFAs DIAEFRs
i BRI . WG LA TR D3 A 43 M 4 R 2R A
HIES CSEESINE 3N 77BTENE S AN I b @ LI R i S W 0%
FEAIX 1gE HUAIKF, S ImiE S iaids . MC 4RI
AR AR, T ] Gei o s AT LS A s A i
YIRE(UN SCFAs A=) SHIHRG FUFF R i Sepe ol 11
FH, IR B A ST

100 ~
[ Unclassified
7] Other
B Fusobacterium
B Faecalibacterium
Bifidobacterium
B Clostridium
[ Ligilactobacillus
[ Escherichia-Shigella
B Megamonas
40 Kiebsiella
[0 Segatella
Weissella
20 A
FJ JF

MC

o
(=]
|

(=)
S
!

Relative abundance (%)

Groups
K7 R T R AR

Fig.7 Composition of gut microbiota at the genus level

2.6.1.3 bW IAT RS H BRI AE 1k,
TR DEAEAE TS L . ARG 8A Py ZH mlidh
K 53HT, MC 23 TR 45 i 52 A S ke, FCTRTRE
S AR FIL JF 4UE U ol . PR @35
7N, MC 20 LAERIT QB 8 (Weissella) FIBA LA AR
(Ligilactobacillus) 3 4 X UL TRE, 33X P11 & 7
MC FEAS By B SR AR TR (A X, B v T
At B s ARSI K SF- o 2H A LB 43 A F2 W - FI ZH A0

Ph =R B

Weissella

Ligilactobacillus

Segatella

Roseburia

UCG-002

Faecalibacterium
Mediterraneibacter
Phascolarctobacterium l
Dialister

Leyella 0
Parabacteroides l -1
Bacteroides

Alistipes

Fusobacterium

Klebsiella

Escherichia-Shigella
Clostridium

Bifidobacterium

Enterobacter

Megamonas

3§ 8
£y &
2z ¥y & N
2 £ 8§ &8 \o
’-.% & o o
ol .’\ A i 05‘(\
N
2 2 A0

K8 ZZREAR SR T

Fig.8 Flagship species analysis of three samples groups
TE: Ax TR AR 7B R E AT B: A5 T IR /K- Circos
P14 o 1 R AR AT

JF 441 Weissella 5 Ligilactobacillus FrfEAL T EEY
{42 35 (P<0.05)fILF MC 4. FJ ZH i B BE S 40 2
BB 5 8 FAAT B )8 ( Bacteroides) & 1L AT 1 J&
(Parabacteroides ) FARFRHIE, HAHXT=FE H MC 21
Fo MEZBWEITHTREIR, MC IR BELS T 5
FJ. JF ZHTE AT 433, 3 A 43 s =0 5 A R 3R 1
2= B R EA M (P<0.05) . (BHASFEE IR, ek
B 15 8 7= 4= B 2 Q8 (Roseburia) FZE AT B J&
( Faecalibacterium) ¥t FJ. JF 2H 0 AE T 32 )% & 0 B
Wi, XA RES T HE I o 2 SRR R E I GE S
ARBPIRZES AW LR B VI AR G
F 5l 8B 1 Circos #F it -4 Fh 5C & 1K1 53 BT,
AR N T 1 B R BEAE )8 KV 08 43 A1 FRAIE o



- 146 -

B Tl R

2026 4F 5 A

A B — U 7= T AR S 56 20 I REAS A, 55—l

N T EIEAREAEE R, SRR RN SRR

ANEIREAH i F= BEARAE . b A DAY e 552 2],

MC 205 JF ¢HF1 FI ¢HAR L, TS B9 Weissella F
Ligilactobacillus WAEXT =B W25 .

HARM T, XL P E e BLRem s g =
PEG S S RRER Y 4%, XREm r=A4 T IR 5E
N A Qs =y R i 32 O I 22r, RN R Y
YER, XA PRAREARIN S FREH, MC T n] g3 i ok
A% 7 IE R BE pH, YA AR W) SE S IR B, A
Circos [EHARLEA S F, 750 R XA R AR REASL4H,
PRI X RS SRR TRIR, P =2 M9 3 SOk 4 R o
JZ T R EEEREAS TP AOARXT R, EOULHRE R T AR
LRI E A BAE M .

2.6.2 HBRESHT  RHEE 9 FroR i BIE T,
3 HAE S FAG I E] 1296 4 OTU, —4H3E45 OTU K
71 4-, FJ1 5 JF 3/ OTU A 117 4, JF 5 MC 25
OTU 2}y 86 1~o MEKHE A vl LA I, FJ 400G 1Y
OTU 2, 1x% 678, ik T-HAL P ZH . i JF
HAAA OTU & 234, MC 40K 198, R4 MC 4010
B OTUE /b, (HH S FT A M3tH OTU FEfx
£ (54 1), XK MC 415 FI AEYFPE A —
ERARRIE . T35 BURIE WL R T =4 FEARa] 4 Fh
2H B S SRR S A IE O, i — ST AN IR ZH
] A e v 25 R AL T EDUUR .

2.6.3 Alpha ZFEM501T  Alpha AR EEA
Bl H A RGN ARG, 3R R A R
W E S YRS A EESEORR . M
observed species(‘@ﬂ?ﬁ( Sobs). Chaol . ACE. Shannon.

Kru-Wall, P=0.0273

PP Vennl#

-

FJ

MC
B9 —ZHFEAPIF Venn
Fig.9 Venn diagram representing species of three samples
groups

Simpson & AW a ZFEHEFE L BN TRIFE S0 Br
ZE . MRS K 10 B9 Alpha 22 FEVE 53 B 45 5, FI.
JF 1 MC =201 W8 PR AR MRASRIE D 22 30 il 5 2
5 (P<0.05) (Kruskal-Wallis ¥ 5%, P=0.0273) . MC
ZH S R S 5] W 25 (P<0.05) FFIL, #=2AH
MC TS B EE R R 200 TR S5
R N I EFa E M IR . Rank-abundance 14k 2.
718, MC 211 =F B 73 A1 HH 2R AEAIR Rank B DX (55 =
FEVERE) FRETFL2E, e IRt S B b %K
LB (AN Weissella M1 Ligilactobacillus) . X Fp4E
AL AT REYE T 2 B (ISR R RE PRI ] e B B
S CAMR IEZUAT B R E45H) , R B 1 S5 se 4
PR, A TR, MC R MR TIRERR
B R (P<0.05) . 811N, FLAF TS 43 4 B
AW B P S R AR, AT B R BRI ER
WAL RbTIsTE ., MC T FGE o S YA AL, 1ERF

Kru-Wall, P=0.0273

0 o °
~ _ o o
8 7(1)'(5) Me s00{ FJ s00{ “. FJ
£ . p IF JF
2 -1.5 J o MC o MC
é 50 \ 400 = 400 1
O
g2 Z 5
£ -30 300 300
B35
%%‘j-g 2001 o % 200 oo %
- _50 -] °
100 200 300 400 500 FJ JF MC FJ JF MC
Rank Group Group
Kru-Wall, P=0.0273 Kru-Wall, P=0.0273 o Kru-Wall, P=0.0273
] & o U o O
i Fl 6 FJ 0-00 FJ
5001 o JF JF 0.9 1 JF
o MC 5] o MC 0.8 | o MC
400 g - s
m 73
O g4 2.0.7
> s g
300 3 3 @ 0.6 1
200 o= o , 0.5
@ gyl 0.4 Oy
FJ JF MC FJ JF MC FJ JF MC
Group Group Group
B 10 =LY Alpha ZFEE/M T4

Fig.10 Results of alpha diversity analysis of three samples groups



4748 5 10

£ A ARSI, ARSNGB B R PR AL - 147 -

B ARG ZAE R R, P BeiE L T RER AR
PHEWE T A SITE N . X — RN, 2558
AERERMH A FHA L AT ] 12 1] PR PR A E DI RE X 245,
AR PRSI 22, S ) i R T AL 15T
WA

2.6.4 Beta ZFEVEIT  Beta Z2REVE/T R —FhiE
LIRS A Yy Fp 2R U S 20 At B ZH 2 TR RS
P — RS 7 . A&l 11 s, 26 B AR S b
HRLAH (MC) BUREAS 15 554545 X BRZH (JF ) B 2B 4H (FT)
PIREAS f 7 i a5 (Rl v 32908 6l T B 4y g, Hovp
PCol Hli72 X 43 MC 21 5 H A o 4 iy e =224
X e B AH A F 48 i 14 25 A5 DT 3 A5 oS TR Y PR IRE
FABRT, 258U AR RO AL FROR SRS 45 M 7= A2 T 7T
PERHAS . BE—2EWEA I, MC ZHAEATE PCo2 Fil
RIS ARSI TF ZH 0 FY 4B 58 R 2 A E. X
&R MC ZH P9 18] 18 TR R ZH B8 S o P4 v, HETS
LEAPIRAS T REA— i F a2 tb 2 i, g/ H
XA S ATRIE, MC ZH R REESAY AW ES 1T s A=
O UITEE R (A=A, LN SR B 4 v 1A B R
BE . X —45 R UL 25 R IR AT BEI o F o) e
SRR 1 A SR AR AR B RS i 3R E T i
[EpiEa

{
FJ
JF
0.2 e MC
S
%
& o P -
(o]
o
O
=9}
-0.2
—0.25 0 0.25 0.50
PCol (70.95%)
PCoA 3T
11 Beta ZFEESHTES R
Fig.11 Results of beta diversity analysis

2.6.5 ThEESHT M 12 HRT ISR E, FEAS
A WTHERELLFTIR G (Metabolism ) “h 45, 24 5 1))

HEMY 78.1%, HF2shir/k LG4 (Carbohydrate
Metabolism) = & f% =5, 15 F] 396644; 4 B K 5~ F01

kA= Z AR (Metabolism of Cofactors and Vitamins,
316037) F1 24 AL ik L 35 ( Amino Acid Metabolism,
285169) B FHIL /5 . %15 B AL # (Genetic Infor-
mation Processing) N3 55—, 295 15.2%, AL & il
51&4% (Replication and Repair, 126609) . ##i%(Tran-
slation, 66173 ) M %% 5% (Transcription, 13356) 25 Er 3

FZE ., (5 B AL ( Environmental Information
Processing) H [l ¥4 iz ( Membrane Transport, 87096 )
i FeAs i, AR T A X AN R AR AE R R T . HE

ADIRESE A U4 i #2 (Cellular Processes) . A= 9{4
#4S¢(Organismal Systems) 55 3= AR AR, 4351
3.4% F1 0.3%. FAKDIGE ST AT P IE R AR AU Y)
HETE BA W0 ARSI 25w D, FERROK AL
EPEH T TR R S H, BRI IR EIE AT e
TERE AR ISR DT Ak T R 4 E BEEVE.

39664435

41947463

75173.402
66173.118
13356.306

Cellular Processes

20857263
6770.4386

Function

= Metabolism
Genetic information processing
Cellular processes

= Environmental information processing

67824495 .
o = Organismal systems
Human diseases

02174

0 100000 200000 300000 400000
Abundance

Kl 12 MC WhRes i B K

Fig.12  Functional distribution overview of MC

3 g
AR RGN T 25 BAARERAE (MC) 4514

FRAE K HOOT B 18 PR PRI PILE] o 4548 BT 26 B,
MC &b poE S B M AP I R Y (T &
2461 Da), BAT p-HISRNE EREHIE, H 29 4 23e4h
4y 38 A SR X 4% A1 4 AIE A I TE B, XRD 5
SEM &5 il—2E RS 1 g5 i X SR i d A 10 )2 2
Z5¥y; aifbfF 34— MC SRR B HUE b bt
HhiafbRe S AR BG4 W 2 BE; 1B pRiiE oy
BT, MC 20 ZF1EAF B 1132 B8 W2 52 T, SUFF IR
B, BeEFUAT S (Ligilactobacillus ) FERIT TG
J& (Weissella) & FEFEHER, 7] BEM &L 43I AN B 22 P 1]
i I B T4 5 SCFAs Gl ML, MC it p-bE
TR PEAE I AiE i B Bt E], JE A X FLBRZS H 18
TREEE G RR, BEITS SCFAs Ui %, SXElsh
FA-THREXGE RS . ARG T MC 85f4-E 5T
REVR I N AESCHR, 5835 T “ 25 2B Juast-ThRE e R
HRIGHELE . MC AT RS, (B HXHUAT R T T
T EE AR T BRRS ISR SO T IXUSS: , SRSk TR g A Gi
H A IE R EASON,, M AR B T AR A 5 v
Fio &L, AT MR AR T RE A K BEE T
BlfILnl, Aok Tt 24Tt —2E3n R H N




- 148 - £ Tl B4

2026 4F 5 A

I, FFRLEETERAE XU

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[ 1] WANG X, WANG J, BI H, et al. Research progress in the ex-
traction and purification, structural characteristics, pharmacological
activities, structure-activity relationships, and applications of Alpinia
oxyphylla Miq. polysaccharides[J]. International Journal of Biologi-
cal Macromolecules, 2025, 315(1): 144387.
[2] CHEN Y J, SUI X, WANG Y, et al. Preparation, structural
characterization, biological activity, and nutritional applications of
oligosaccharides[J]. Food Chemistry: X, 2024, 22: 101289.
(3] #&. A% 5 M6 A Ao R0 W S AT (D], %
o.M d K, 2020. [ YANG X. Characterization and immunoreg-
ulatory activity of Alpinia oxyphylla fructus polysaccharides[D].
Haikou: Hainan University, 2020. ]
[4] DAVIS L M G, MARTINEZ I, WALTER J, et al. Barcoded
pyrosequencing reveals that consumption of galactooligosaccha-
rides results in a highly specific bifidogenic response in humans[J].
PLoS One, 2011, 6(9): €25200.
[5] WANGW, LIN, XU H, et al. ILC3s regulate the gut micro-
biota via host intestinal galactosylation to limit pathogen infection in
mice[J]. Nat Microbiol, 2025: 654—666.
[ 6 ] ROBERFROID M, GIBSON G R, HOYLES L, et al. Prebiot-
ic effects: Metabolic and health benefits [J]. British Journal of Nutri-
tion, 2010, 104(S2): S1-S63.
[7] x&ra, @ik, B, F. AET SHEG BRI LA
B ALK L S AAERA T[T &5 L8 Tk, 2024,
50(9): 148-156. [ LIU C Y, BAIJ B, YANG S Q, et al. Optimiza-
tion of acid extraction process for polysaccharide from Hovenia dul-
cis seed and analysis of its antioxidant activity[J]. Food and Fer-
mentation Industries, 2024, 50(9): 148—156. ]
[8] WUTL, WANG M, LIAO Y T, et al. Ultrasonic-enzymatic
synergistic extraction of Ophiopogon japonicus polysaccharides:
Structural characterization, in vitro hypoglycemic activity, and regu-
latory mechanism on human gut microbiota[J]. Food Bioscience,
2026, 75: 108138.
[9] YINDF, SUN X J, LI N, et al. Structural properties and an-
tioxidant activity of polysaccharides extracted from Laminaria
Jjaponica using various methods[J]. Process Biochemistry, 2021,
111(2):201-209.
[10] DI Z, ZHU S M. Purification, characterization, antioxidant
and anticancer activities of novel polysaccharides extracted from
Bachu mushroom[J]. International Journal of Biological Macro-
molecules, 2018, 107(A): 1086—1092.
[11] SHIFL, YAN X L, CHEONG K L, et al. Extraction, purifi-
cation, and characterization of polysaccharides from marine algae
Gracilaria lemaneiformis with anti-tumor activity [J]. Process Bio-
chemistry, 2018, 73: 197-203.
[12] LIHM, LICY, XU Y, et al. Ultrasonic-assisted alkali ex-
traction of quinoa polysaccharides: Yield and structural characteriza-
tion[J]. Journal of Cereal Science, 2025, 122: 104108.
[13] QIAN J Y, CHEN W, ZHANG W M, et al. Adulteration
identification of some fungal polysaccharides with SEM, XRD, IR
and optical rotation: A primary approach[J]. Carbohydrate Poly-

mers, 2009, 78(3): 620—625.
[ 14 ] EL-GENDI H, ABU-SERIE M M, KAMOUN E A, et al. Sta-
tistical optimization and characterization of fucose-rich polysaccha-
rides extracted from pumpkin (Cucurbita maxima) along with an-
tioxidant and antiviral activities [J]. International Journal of Biologi-
cal Macromolecules, 2023, 232: 123372.
[15] 3k546. vAbik X % 4B ey B M AR 91 3H AU Ao i il 14 BF 4 %
AR (D] H o Ed P EH XS, 2023, [ZHANG F M.
Study on adsorption, in vitro digestion, and gut microbiota fermenta-
tion characteristics of four Poria cocos polysaccharides[D]. Haik-
ou: Hainan University of Traditional Chinese Medicine, 2023. ]
[16] ZHANG M F, ZHUANG H N, ZHANG X W, et al. Struc-
tural characteristics of areca nut seed neutral polysaccharide and its
impact on gut microbiota from human feces[J]. Food Hydrocol-
loids, 2025, 158: 110492.
[17] EXB AT EMRBIEGRRY B SHERB DTN
WA [D]. A2 A fe Lk K 5, 2023. [ WANG W J. Extraction,
separation, structural identification, and bioactivity study of
oligosaccharides from persimmon residue [D]. Hefei: Hefei Univer-
sity of Technology, 2023. ]
[18] LUHQ,LIY H, LI D M, et al. A kinetic model of extract-
ing polysaccharides from Hemerocallis citrina by combining rectan-
gular high pulsed electrical field with ultrasound[J]. Journal of
South China University of Technology (Natural Science Edition),
2017,45(9): 67-73,87.
[ 19] AL-SHERAII S H, ISMAIL A, MANAP M Y, et al. Purifica-
tion, characterization and antioxidant activity of polysaccharides ex-
tracted from the fibrous pulp of Mangifera pajang fruits[J]. LWT-
Food Science and Technology, 2012, 48(2): 291-296.
[20] LIUXY,WUY Z, JIANG W ], et al. The polysaccharides
from Hemerocallis citrina Baroni alleviate cognitive impairment in
high-fat diet/streptozocin-induced type 2 diabetic mice[J]. Journal
of Functional Foods, 2025, 126: 106701.
[21] WANG R F, CHEN P, JIA F, et al. Optimization of polysac-
charides from Panax japonicus C. A. Meyer by RSM and its anti-ox-
idant activity[J]. International Journal of Biological —Macro-
molecules, 2012, 50(2): 331-336.
[22] LI XY, WANG L. Effect of extraction method on structure
and antioxidant activity of Hohenbuehelia serotina polysaccharides
[J]. International Journal of Biological Macromolecules, 2016, 83:
270-276.
(23] Fhkit, § 24, &%, F AL SO BAL SHE
FEBAR S BE M [T]. B g T A, 2025, 46(8): 33—-42.
[SUN Y J, ZENG H M, HUANG J, et al. Isolation, purification,
structural characterization, and in vitro lipid-lowering activity of
polysaccharides from Evodia rutaecarpa [J].Food Industry Sci-
ence and Technology, 2025, 46(8): 33—42. ]
[24] CALLE L, ROLDOS V, CANADA F J, et al. Escherichia
coli S-galactosidase inhibitors through modifications at the aglycon-
ic moiety: Experimental evidence of conformational distortion in the
molecular recognition process[J]. Chemistry, 2013, 19(13): 4262—
4270.
[25] SALGADO J C S, MELEIRO L P, CARLI S, et al. Glucose
tolerant and glucose stimulated S-glucosidases—A review[J]. Biore-
source Technology, 2018, 267: 704-713.
[26 ] SHI W T, ZHONG J, ZHANG Q, et al. Structural characteri-
zation and antineuroinflammatory activity of a novel heteropolysac-
charide obtained from the fruits of Alpinia oxyphylla[J]. Carbohy-
drate Polymers, 2020, 229: 115405.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijbiomac.2025.144387
https://doi.org/10.1016/j.ijbiomac.2025.144387
https://doi.org/10.1016/j.ijbiomac.2025.144387
https://doi.org/10.1016/j.fochx.2024.101289
https://doi.org/10.1016/j.fochx.2024.101289
https://doi.org/10.1016/j.fochx.2024.101289
https://doi.org/10.1371/journal.pone.0025200
https://doi.org/10.13995/j.cnki.11-1802/ts.035439
https://doi.org/10.13995/j.cnki.11-1802/ts.035439
https://doi.org/10.13995/j.cnki.11-1802/ts.035439
https://doi.org/10.13995/j.cnki.11-1802/ts.035439
https://doi.org/10.1016/j.fbio.2025.108138
https://doi.org/10.1016/j.procbio.2021.10.019
https://doi.org/10.1016/j.ijbiomac.2017.09.088
https://doi.org/10.1016/j.ijbiomac.2017.09.088
https://doi.org/10.1016/j.ijbiomac.2017.09.088
https://doi.org/10.1016/j.procbio.2018.08.011
https://doi.org/10.1016/j.procbio.2018.08.011
https://doi.org/10.1016/j.procbio.2018.08.011
https://doi.org/10.1016/j.jcs.2025.104108
https://doi.org/10.1016/j.carbpol.2009.05.025
https://doi.org/10.1016/j.carbpol.2009.05.025
https://doi.org/10.1016/j.carbpol.2009.05.025
https://doi.org/10.1016/j.ijbiomac.2023.123372
https://doi.org/10.1016/j.ijbiomac.2023.123372
https://doi.org/10.1016/j.ijbiomac.2023.123372
https://doi.org/10.1016/j.foodhyd.2024.110492
https://doi.org/10.1016/j.foodhyd.2024.110492
https://doi.org/10.1016/j.foodhyd.2024.110492
https://doi.org/10.1016/j.lwt.2012.04.002
https://doi.org/10.1016/j.lwt.2012.04.002
https://doi.org/10.1016/j.lwt.2012.04.002
https://doi.org/10.1016/j.jff.2025.106701
https://doi.org/10.1016/j.jff.2025.106701
https://doi.org/10.1016/j.ijbiomac.2011.12.023
https://doi.org/10.1016/j.ijbiomac.2011.12.023
https://doi.org/10.1016/j.ijbiomac.2011.12.023
https://doi.org/10.1016/j.ijbiomac.2015.11.060
https://doi.org/10.1002/chem.201203673
https://doi.org/10.1016/j.biortech.2018.07.137
https://doi.org/10.1016/j.biortech.2018.07.137
https://doi.org/10.1016/j.carbpol.2019.115405
https://doi.org/10.1016/j.carbpol.2019.115405

547 % 5% 104 £ A ARSI, ARSNGB B R PR AL - 149 -

[27] Wiz, 293k, S0k, £ REFRFE L ABRTHRS
B R X B AT 8 R i T AR e U], F 4 B R, 2017, 49(4):
61-64. [ CHEN A'Y, WU M Q, MENG B L, et al. Effect of com-
bined application of Bacillus subtilis and Lactobacillus on gut mi-
crobiota of weaned piglets[J]. Animal Husbandry and Veterinary
Medicine, 2017, 49(4): 61—64. |

[28 ] DIETRICH R, JESSBERGER N, EHLING-SCHULZ M, et
al. The food poisoning toxins of Bacillus cereus[J]. Toxins, 2021,
13(2):98.

[29] ®hB4E, Sofab, 2w, 5. 10T LM IRS 3 ALK
B AR £ AR [T, b B i, 2025, 50(5): 69-74. [ LU H
J,LI W D, AN L N, et al. Correlation study on branched-chain fatty
acids in meconium and neonatal gut microbiota[J]. China Oils and
Fats, 2025, 50(5): 69-74. ]

[30] REZAEI A, TAHERI M, ALIKHANI M Y, et al. Strain-spe-
cific genetic signatures of enterotoxigenic bacteroides fragilis
(ETBF) reveal bft-2 as a candidate biomarker for colorectal cancer
[J]. Anaerobe, 2025, 96: 103008.

[31] ZHANG C, TENG X, CAO Q, et al. Correction: Gut micro-
biota dysbiosis exacerbates heart failure by the LPS-TLR4/NF-xB
signalling axis: Mechanistic insights and therapeutic potential of
TLR4 inhibition[J]. Journal of Translational Medicine, 2025, 23:
954.

[32] BAH Y R, BABA K, MUSTAFA D N A B, et al. Bac-
teroides- and Prevotella-enriched gut microbial clusters associate
with metabolic risks[J]. Gut Pathogens, 2025, 17(1): 55.

[33] YANG S, WANG Y, WU Z, et al. Increased levels of Es-
cherichia-Shigella and Klebsiella in the gut contribute to the respon-
sivity of placebo analgesia. Neuropharmacology[J]. 2024, 261:
110168.

[34] M-, 238, RAE, 3. A LD RIP ) 6y it iKiR JLER
I i B F A R (D). R et 5, 2025, 46(9): 121-129. [DUW

J, WANG Q, CHEN Q, et al. Screening of cold-tolerant lactic acid
bacteria with biological protection potential and their antibacterial
properties[J]. Food Science, 2025, 46(9): 121-129. ]
[35] ZHU B, LIANG L, HUANG Y, et al. Exploring the relation-
ship between the gut microbiota and cognitive function in
schizophrenia patients with distinct weights[J]. Schizophrenia Re-
search, 2025, 280103: 113.
[36] EmA, B, X4, & @ LA H CICC23174 4
A BN BT RSHTT]. F B S E IR, 2024, 44(2): 290-297.
[ WANG L P, DENG L C, WANG D H, et al. Whole genome se-
quencing and functional analysis of Lactobacillus salivarius strain
CICC23174[J]. Journal of Veterinary Medicine of China, 2024, 44
(2):290-297. ]
[37] ko, IR, 4 ok, 5. 2R ik BOVE M US4 2%
JRA Ay A AR B G %em [T]. 9k 5 R BE T 0k, 2025, 51
(22):89-100. [ ZHU J, WU J R, NIU W X, et al. Effect of sialyl-
glycopeptide glycosylation from edible sources on pathogenic mi-
croorganisms and gut microbiota in the elderly[J]. Food and Fer-
mentation Industries, 202 51(22): 89—100. |
[38] ZEejf, A4cie, thiit, 5. R RS R vt & 9 KRR R 1k
L5 K A AR AR R M B At AR AR T AER [T]. R T AR,
2024,45(16):376-383. [ WANG X Q, YANH X, XU Y Y, et al.
Stability during colonic digestion and modulation effect on fecal mi-
crobiota of different modified lutein nanoliposomes[J]. Food Indus-
try Science and Technology, 2024, 45(16): 376-383. |
[39] Zi, EHle, RiE, . RALEEEMADBERMBHREE A
5 R A X & [J/OLL. B & A % 3% R, 1-13[2026-03-12].
https://link.cnki.net/urlid/11.2402.TD.20250421.1530.002. [ LI Y,
TANG S H, CHEN J, et al. Metabolic functional potential and syner-
gistic symbiotic relationships of in situ reservoir microbial commu-
nities[JJOL]. Coal Science and Technology, 1-13[2026-03-12].
https:/link.cnki.net/urlid/11.2402.TD.20250421.1530.002. ]


https://doi.org/10.3390/toxins13020098
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240088
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240088
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240088
https://doi.org/10.1016/j.anaerobe.2025.103008
https://doi.org/10.1186/s12967-025-06943-z
https://doi.org/10.1186/s13099-025-00730-3
https://doi.org/10.16303/j.cnki.1005-4545.2024.02.11
https://doi.org/10.16303/j.cnki.1005-4545.2024.02.11
https://doi.org/10.13386/j.issn1002-0306.2023090276
https://doi.org/10.13386/j.issn1002-0306.2023090276
https://doi.org/10.13386/j.issn1002-0306.2023090276
https://doi.org/10.13386/j.issn1002-0306.2023090276

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 超声辅助高压脉冲电场提取益智仁低聚糖
	1.2.2 益智仁低聚糖的纯化
	1.2.3 益智仁低聚糖的结构表征
	1.2.3.1 分子量和单糖组成的测定
	1.2.3.2 傅里叶变换红外光谱和紫外可见-吸收光谱
	1.2.3.3 X射线衍射
	1.2.3.4 扫描电镜

	1.2.4 体外活性
	1.2.4.1 抗氧化活性
	1.2.4.2 α-淀粉酶活力抑制率测定
	1.2.4.3 α-葡萄糖苷酶活力抑制率测定

	1.2.5 体外发酵
	1.2.5.1 样本采集
	1.2.5.2 培养基制备
	1.2.5.3 混合发酵
	1.2.5.4 微生物群落扩增子测序


	1.3 数据处理

	2 结果与分析
	2.1 分子量和单糖组成分析
	2.2 FT-IR和UV分析
	2.3 XRD结果
	2.4 SEM结果分析
	2.5 益智仁低聚糖的体外活性结果
	2.6 益智仁低聚糖对人体肠道菌群的影响
	2.6.1 物种组成分析
	2.6.1.1 门分类水平
	2.6.1.2 属分类水平
	2.6.1.3 标志物种分析

	2.6.2 韦恩图分析
	2.6.3 Alpha多样性分析
	2.6.4 Beta多样性分析
	2.6.5 功能分析


	3 结论
	参考文献

