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regulatory effect on gut microbiota
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ABSTRACT: Objective To optimize the extraction process of walnut flower polysaccharides and explore its
potential regulatory effect on intestinal flora. Methods Walnut flower polysaccharides was extracted by
enzyme-assisted deep eutectic solvent method. Based on single-factor experiments, response surface methodology
was employed to optimize the extraction parameters with moisture content, enzyme concentration, extraction
temperature and liquid-to-solid ratio as independent variables. Fourier transform infrared spectroscopy and ultraviolet

spectrophotometry were employed for the preliminary structural characterization of walnut flower polysaccharides.
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Furthermore, in vitro fermentation experiments were conducted to analyze the effects of walnut flower
polysaccharides on the diversity, structure and short-chain fatty acids (SCFAs) production of hyperlipidemia-related
intestinal microbiota. The correlation between microbiota and SCFAs was elucidated using a correlation heatmap.
Results

concentration of 2%, extraction temperature of 50 °C, and liquid-to-solid ratio of 21:1 (mL:g). Under these

The optimal extraction conditions were determined as follows: moisture content of 30%, enzyme

conditions, the extraction yield of walnut flower polysaccharides reached (5.91+£0.42)% and the established model
exhibited reliable predictive ability. The polysaccharide content of the extracted walnut flower polysaccharides was
determined to be 88.03%. Structural characterization indicated that WFP contained uronic acid groups and pyranose
ring structures, as well as both a- and f-glycosidic bonds. /n vitro fermentation results showed that walnut flower
polysaccharides significantly improved the diversity and structural composition of the intestinal microbiota, promoted
the proliferation of beneficial bacteria, inhibited the growth of pathogenic bacteria and increased the production of
SCFAs including acetate, propionate and butyrate. Correlation analysis indicated that the aforementioned beneficial
genera were strongly positively correlated with core SCFAs, which could serve as biomarkers for the recovery of
intestinal beneficial metabolic functions. Conclusion The extraction process of walnut flower polysaccharides is

feasible and walnut flower polysaccharides exhibits regulatory effects on the intestinal microbiota. This study

provides a theoretical basis for the development of functional foods in the field of intestinal health.

KEY WORDS: walnut flower; polysaccharides; extraction; fermentation; short-chain fatty acids

il

0 5

TEMBAESEAL R BAa S B (RS HEAE S EAE), ZESHIN
=S DB X R s s g A S E e
BT, BRI 2. MESIIREE IR, R RTIREE RN
FARTFRL o SR Y WA MOAH DRI 5T 22 TR AR FAZ B~ ARk AL
Rtk SE 3R 02, SRR AE I R G S =, S 8L
TN RIE AR, YEIR AR LR B Rt & A P

A AL RE R oE LA . 28k 3, WEr Xt
ZHEHEA D IRGE 2 WA T B AEYE T, bt
b BEBE . BUMIE S, PR RIS 4
TR S S R R A 5 L T R A A AR S
T A [F B I 1 4 e i AR 2l iy, i 5 e LA )
TP, G BRBO B WUKER | DT, B L RS,
BOREAR, SR Mg, MR, BN &R
ML ARECRR . GHEIMAEL M2, ek, Ik
YE157 (deep eutectic solvents, DES)TER SR #)/ B HE BU4H
BRI E RN Ve g, LR BRI A . 1
Il RBCRE S ARG . RSB
I v 3007 O N FH T AR IR, 1 5 TR (IR v )
WAL, PR 1 U ) R () e SR RO | ™
YEE S T g a s, F, A9 IR

i T A B R BUT AL R R s S A S R 4,
KEWFFEUESERIEENG . B B et pas . =g e 55
RN 5 o T R AT B DA SR 2R S A
W I TE AR R LA, (R UER R RAE R, 4 B R
MrAEVEANO, MR RS R A 2R
BE, S RERR TR, e g st (AR E H A,
KT EAAEZHE f2AAE FAAHSCH o /0 I R G

ST, AWETELZBRAE N SOk, SR T BEE S B IR SL
KRR U IEZ B, I8 B RSP R B BUR S IR
B AL S A i, DU AL TR Y
e (EARTT A5 A R U S A AR S

1 RS

1.1 MR5RF

FEBRAE R 1 B PG 5 0 A B AR S (S P 8, &
BRZe 5 T 60 CCHUAMLT R H E, ekl 40 HIf, %54
o BT -20 °CY L .

AT (LEEE 98%), Hl . S4EEHS0 Umg). R
JEHEE(S0 U/mg)( AR MR A BRA FD); oK ZmE .
KW . BRER . RIREN . GREREE . SILAS . BiREL . LN
B U . IR A (bl [ 24 Ak 2R AT PR
A, ORE. W, BHERR[EAISHR, FERCHREHE (P E)
A PR AT, JHE NG DT RRAR bt (ZERE 1 =99%, |32 pepk
AR R A D) AR R A RCE B R A Y R
A RTATA ), BER . L-FURIMAR | L-F Bz iR (4 #rali,
RHETT R AL A0 A BR A 7).

1.2 UFE5E%

KQ-500DE 74 ot 75 v k4 (B L T 75 A A B
25dl); EF® MiniAmp Plus 24 B 4% xX 2 (polymerase
chain reaction, PCR){Y [FE 2R Qi /RBH (b E)A R AT
WGL-45B  H HG X T4 < HE T 28 R 2 A PR 1)),
Agilent 7890B A (A 1Y  AT-WAX {415%41:(30 m=0.25 mm,
0.25 um)(GEEZHERRHIA RAF); HT300R il 5%



124 B il 2 A iR A I A 4

FH1TE

YR DALAA R AU AR A FR A F]); PHS-3E IR BERE %
PR B (VL B A S A BR A ]); HH-4 B0 fE R
IR (N BRBR 255 £ PR Hl); UV1902PC S R 28
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IR0 O TR SRR, IR 5K 1.
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25 FIAUIMASERLIC IR DEUK; 47 5808 3 (R0 B <AL,
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P FRSZ R VRORE R AR, A FR rh A v R,

FIRES| & Z MR, AT B EORMEAL. ST, ik ®2 MEELR
BB 10:1, 20:1. 30:1 (ng)iﬁ’??Eéi”ﬁ@Eigﬁo Table 2 Results of response surface methodology
S5 A B CHE D V€2
2.2 MRESKHEER B GUKED) KD R G o
221 FEBERLHEHM 1 0 0 0 0 5.85
MY AP R SE R, 48 Design expert 12 #F45 2 -1 -1 0 0 4.61
Br, Z5RIE 2. KRS ZHHRBCRZ [H 1) ik 250X 3 0 0 -1 1 5.15
TN ¥Y=5.87-0.0154+0.0633B-0.015C+0.0833D— 4 0 1 0 -1 5.01
0.03754B+0.03254C-0.014D+0.0775BC~0.05BD+0.06 CD— 5 0 0 0 0 5.81
0.64394%-0.5364B°-0.4114C*-0.3614D* 6 2 0 1 0 478
15 22 0 B A 45 SR (6 3) Al I R B R R BRAL 57, 7 0 0 0 0 5 88
Hog RAF BB RE Ty, [IHELR g F O 213.2064, 3 0 1 1 0 e
P<0.0001 (% {2 25), Vi BAEE 7 1 Wk B H B2 RE A% M 46 9 0 0 -1 1 5.12
WK (A) . BRI (B) . $RBURE(C) . WEH(D) S Zh 10 0 ) 1 0 4.90
BRMZAIMIEFR, FREN 0.0213, FIHKRIREMARRL K 11 0 0 1 1 5.25
FRAF M R AR S o ST P=0.9472>0.05(A L 3), wiHA 12 0 0 0 0 5.95
A h 4 5 52 s 2 50 B0 1) (s 25 T BE T2 3 S, B A T 13 -1 0 0 1 5.00
DUPKG BE T 14 1 -1 0 0 4.67
WL 2T F AT A DR 2R 2 5 15 1 0 1 0 4.80
TR R DR )>B(B Uk B )>A (5 K i) = CHRBUREE) 16 0 -1 1 0 4.80
EHIF BC. CD ¥ i3 (P<0.01), A¢ HAEFIHR, vk 17 0 1 0 1 5.08
JE A RICRAR A IO 5, B2 BT 5 X 7523 1) 52 ) B Ve L 18 0 -1 0 1 5.04
Ak, BD AZHAR R SEs B, W B 5 OR} U ARAE 19 0 0 0 0 592
W}[ﬂ%{@o 20 -1 0 -1 0 4.90
222 REMEASH 21 ! 0 0 1 4.95
M3 3 Jr 22500l BC. BD. CD fi{EW B4 H. 22 0 —1 0 -1 4.77
P, A R 3D B 1 LI 2. oAk g i 23 - ! 0 0 4.84
IR0, 2 A7 A2 T AR P, HCH IS 0 3D (i 1 Pl 3 T 24 0 0 ! - 4.98
W (I BENS, BC A TAR R e, BOWEEE) 7 [ A BE, 420 2 : 0 ! 0 479
HIH CCORIGRE), Bk x SRRk, BD 28 26 0 ! ! 0 >4
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WIAH . CARBURLEE), OB Z B BCRE R DA



5513 1 TN, & AL Z PR BT 000 B g 18 i A i 45 V2 127
=3I HESW
Table 3 Analysis of variance
el ! df ¥y F P M
LAY 4.5406 14 0.3243 213.2064 <0.0001 e
A 0.0027 1 0.0027 1.7749 0.2041
B 0.0481 1 0.0481 31.6419 <0.0001 ok
C 0.0027 1 0.0027 1.7749 0.2041
D 0.0936 1 0.0936 61.5527 <0.0001 ok
AB 0.0056 1 0.0056 3.6978 0.0751
AC 0.0042 1 0.0042 2.7774 0.1178
AD 0.0004 1 0.0004 0.2630 0.6161
BC 0.0240 1 0.0240 15.7936 0.0014 ok
BD 0.0100 1 0.0100 6.5738 0.0225 *
cD 0.0144 1 0.0144 9.4663 0.0082 ok
A? 2.6895 1 2.6895 1768.0122 <0.0001 ok
B? 1.8664 1 1.8664 1226.9601 <0.0001 ok
c? 1.0979 1 1.0979 721.7548 <0.0001 ok
D? 0.8473 1 0.8473 556.9834 <0.0001 ok
B2 0.0213 14 0.0015
AU 0.0090 10 0.0009 0.2937 0.9472 NTES
aliiR 2 0.0123 4 0.0031
iR 4.5619 28
R? 0.9679

T * RN HA WENEDE S, P<0.05, **RR HAM #2257, P<0.01.
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SePE. AN, 3 AW Z A ES, R REH. R
FA 3= A bR 43T (principal coordinates analysis, PCoA)F&4E &
INEEITEIR ) p ZREvE2E R, B 5(B)RTAHI, WEP 415
CON,MODEL ¥ 5, UiHIBIEZHE T TS, Uk
PIREE S AT B T SRR i RS, XTI | BRI A
I EER.

a ZREE Y Fh 32 E B (ACE . Chaol)., 5 Al Sk
(goods coverage) . % 2 #5157 B (Shannon . Simpson)
3 YR R BAZMRAL 2 R R S0 R B AR W I 1Y 5 T
SERILIE 6, HIFE 6(A). 6(B)A] UL ACE Al Chaol E@IE

YR ECR (GRS ) MO iR, WE GRS S 3
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samples after polysaccharide intervention
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