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Abstract: To improve the water solubility and bioavailability of kaempferol (KAE) and enhance its regulatory effect on gut
microbiota as a probiotic-related agent, f-cyclodextrin/kaempferol (5-CD/KAE) inclusion complexes were prepared using

the stirring solution method. The stability constant was determined using the solubility method, and various techniques in-
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cluding Fourier-transform infrared spectroscopy, scanning electron microscopy, X-ray diffraction, nuclear magnetic reso-
nance, and molecular docking were used for systematic characterization of the inclusion complexes. Furthermore, its antiox-
idant capacity and stability were assessed, along with evaluations of its probiotic potential through in vitro simulated diges-
tion and fecal fermentation experiments. The results showed that f-CD formed the stable inclusion complexes with KAE at
a 1:1 molar ratio (Kc=3852 L/moL), significantly enhancing KAE's water solubility as well as its stability against light,
heat, and digestive environments (P<0.05). In vitro digestion experiments, the f-CD/KAE inclusion complexes remained
stable during gastrointestinal digestion, showing no significant changes in total sugar or reducing sugar content (P>0.05)
and reaching the colon intact. /n vitro fermentation revealed that the f~-CD/KAE inclusion complexes significantly promot-
ed the production of short-chain fatty acids and lactic acid, while lowering pH levels to stimulate the growth of beneficial
bacteria, thus demonstrating good prebiotic activity. In conclusion, the f-CD/KAE inclusion complexes not only improve
KAE's physicochemical properties, but also exhibit considerable probiotic potential by modulating gut microbiota composi-

tion and promoting beneficial metabolite generation. It holds important application value in the fields of medicine and

health.

Key words: kaempferol; f-cyclodextrin; inclusion complexes; prebiotic; short chain fatty acids
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Fig.1 Chemical structure of kaempferol
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Fig.2 Molecular structure and 3D model of f-CD
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1.2.3 B-CD/KAE WHUREMmIHE  7EA SR
L FE IR 101 EEJR IR B-CD F1 KAE, R &
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RES SIRALER AR % 1:20 FUWIIR-SE R, 7E 4000~
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3 G IR N (R*>0.99) P, AHIEIF fi
FEMZR R A, B, iXE W] KAE 515 B4 FRIEE/R L
¥k 1:1(& 3). Ke BEAEYRREMEN—E
TSR, MR S 25 oy T S G 25 oy T2 1]
FAAESIE AT . 25 Ke RO, WIFRH] B-CD X} KAE
HATRMEEEMNPY, A5 E W Ke (HI1Y
PRAEJE B ZE 100~5000 L/moL = [d] . U441 Ke
{E°A 3852 L/moL. #5SRE R KAE 5 B-CD 1% ItiE
Mo RA4F, TR T RRE A8 -

2007 __ B-CD/KAE
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Fig.3 Phase solubility diagrams for KAE in the presence

of host molecule (25+2 °C)

2.2 S-CD/KAE Bl &HIRIZRIE

2.2.1 HAHiE TR HON G EE 4(a)
H1, B-CD NTCETE IATLINBCR . KAE Z2AENTE
ROE 4(b)) . YIRS YWRLE p-CD WWRIMAE T
— JE A 1 40 OB 0 5, KAE 19 45 & A B 5 -
CD IR, B A A EAER (K 4(d)) . #R
1Mii, % B-CD/KAE &4 KAE Fl B-CD 14 3EAS 4
RIS AR T, BOMACZ 12 FR &S+ (& 4(c)) o 3X
FPEEAR AT GEJE T KAE 1 B-CD Y4 & B ARTRAIR,

Kl 4 B-CD/KAE &y 7 i EIg
Fig.4 SEM images of f-CD/KAE inclusion complex
TE: (a) p-CD; (b)KAE; (¢) -CD/KAE 1 54; (d) f-CD/KAE
VIR EY .
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fgEPR s (I 5P, T KAE XF I GREE 5 Scrik—
e, HARAE W IS eAs7 T 1176, 1379, 1610, 1654 Fll

3421 em ' 4bP7, BN, #E 1654 cm ' AMFAE— 4
AEPERIRIAR S PR 2N, CL G, IZIERTBESSFE 2 1641

cem ', PEECREAR HL 50 BV 55, X &R FE B-CD N

TER T &R EN Y, SaiEh AR L, PRSI

SRR I Ll IR BN, AR BB 2

S, BRI B 2 A A AH A AR 55 s A AR AT HAE

JH.o #RIM, £ f-CD/KAE &), B-CD W IR g
ASSRAT UL, T KAE BYBISIEIIITE R T, IX KB KAE
TE p-CD HBR T HLIIMES), XEELEIRE, 5 4-
CD #Hlt, -OH IR HE T 19 ecm™', XFEBE
1 KAE #Y-OH H:#1 5 g-CD #) C-O-C K:H =z [a]i4H
HAEHS IR, SR T ST B, ITTIE

ST B-CD/KAE A A HMIE AP, 3 e2h 5L 53 4k
SREER R A L A /3 DR - B- PR A S AR DL o

W\f\/@
Ny 2926 118 KAR
§ N
- . 1654 ! 1379 e —
bR 3421 1610 B-CD/KAE
=
sy w5 1641 115'11035 .
3385 B-CD/KAEYFRIR A
e 2927 1643'16'1213gl6; 032
Q & O N O D L L
\) QO NN\ L & N
RS S
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&5 B-CD/KAE AWK FT-IR & &l
Fig.5 FT-IR spectra of f-CD/KAE inclusion complex

2.2.3 X SIS AT WY TS ReIRES S
VR AR e AT BB FR, T X ST ERAT ST
(X-Ray Diffraction, XRD) JZA& 47 Jit (14 S AR ZS 1Y

208 228

10.6 257 ﬁ‘CD
14.4
—_ 103 73
:E 235 KAE
&

w0 n9 B CD/KAEYFLRAY)
IIO 1I5 2IO 2I5 3IO 3I5 4I0
20(%)
& 6 B-CD/KAE tl&4)H) XRD 4534
Fig.6 Result of the XRD of f-CD/KAE inclusion complex

—Fh A Y, & 6 AT 5, p-CD Fil KAE A9
XRD [El3E R H 45 52 B i T i igs, FREHEATLA
BEASAAE . SBPE LB S R G LAS, 45 5hlé
FA) 58 BE A RAEATR, X R BA A B B P, BRI,
HAEYT, XL ISFITIEAN A . FH, £
10.62°F0 12.48°4b L T 5&) 1 JCE TEAT ST I, 3XTE
54 KAE 28i% B-CD BEMRRT, B Y5 B-CD KA T 4H
HAEM, $3 KAE AFAL TR AZSE2

2.2.4 IESMT U 7 PR, B-CD BIIRGRS M
PIASBTBE . RS — BB, B 3 1 A P FER K 43 A
50~100 °C 75k, FHEURE K 8.48%, Al HESE S-FF
WK P S A S G KIE R o ESE B, T 5k
22 BREEAE 305~386 °C 2 [A] Wi 24 530 B-CD # 4y
fife, FREA ISR E 77.52%., TEMFRIR A ada il
Zerb, IS BH R 19 TR R 2 X 8] 53 I F 50~113 C
1 294~401 °C, 5770 4.64% F1 68.08%. 1E
JKFN KAE #k& & p-CD Bfiid i, 235 KAE
I B-FRPRE AR 3 [ a3, 1IEBH KAE il B-CD J&
FEW Sy . G ERE T2k 5 AR SN [E],
70~110 °C FHAY BT HEHR I 2B, FREAZS I Hh 7K gk
KAE B, T T B8 EH J1. NS RFRE
290 °C WA, ARG EEHIRFFESE,
BHESE T AL RS YIXT KAE B4 BRIl HC i
PEREH KAE W4T,

100 — KAE
—— B-CD/KAE

I — B-CD/KAEMHEIR A
s — B-CD
% 60f
%E
Eﬁ 40
=

20}

0

l(I)O 2(I)0 3(I)0 4(I)O 560 6(I)0
TR (°C)
7 p-CD/KAE i 5 A 347 1]
Fig.7 Thermogravimetry analysis curves of f-CD/KAE
inclusion complex

2.2.5 ZNFERMERGNT 2 EH(Differen-
tial scanning calorimetry, DSC ) fff £& H7 A7 I Rz
W2 PRV O BRABAK R ) B ™ A e g Y. B &l 8 AT
H, p-CD 7E 96 °C I HATEFEAVIEIE . X FhE 581
IEIE R GRS T B-CD "M AETEZ 1 H,O SR, ixX 4k
IKSFF Rl REiE AT &S S C, Fil C, A pH I R 2o c
i-OH K454, T f-CD 43 TR R 5L, 55
C, F 2 BN P0G -OH LA SR, v T4/ Nk
BB, KAE 7F 283 °C LA A — AN, X =gy
RIS . AR, TEAL AW KAE BO4RNE 04 58 4 7
g%, X KAE 5 g-CD Z[AI{FEAREAE ., IiiTE
J% T R, S B NG, TR S FL AR R Jo e TR
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Table 1 Changes of the total and reducing sugar contents
in f-CD/KAE inclusion complexes
\ T A g e I S i
. {ﬁﬂ:. J 1] SRR L) JII?#ET«;
(min) (g'L™")
0 0.571+£0.010 0.017+0.009
N 10 0.576+0.007 0.020+0.010
AT 20 0.570+0.011 0.019+0.008
30 0.572+0.011 0.022+0.011
0 0.513+£0.008 0.033+0.016
AT W 40 0.511+0.015 0.035+0.019
B 80 0.508+0.013 0.036+0.012
120 0.508+0.016 0.038+0.013
0 0.439+0.019 0.051+0.011
T Wi 60 0.435+0.007 0.054+0.009
I 120 0.433+0.021 0.056+0.018
180 0.422+0.018 0.057+0.010
Blank Salivary digestion liquid Gastric digestion liquid Intestinal digestion liquid
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Fig.13  Effect of simulated digestion on f-CD/KAE inclusion
complexes by TLC in vitro
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