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Abstract: An in vitro simulation of digestion and fermentation model with feces bacteria was used to explore the probiotic
capacity of Polyonatum cyrtonema Hua. polysaccharide (PCP) by 16S rDNA gene sequencing and determining changes in
short-chain fatty acids via GC-MS. The results showed that the digestibility of PCP was not obviously found by in vitro
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simulating saliva-gastrointestinal digestion model. The addition of PCP could rapidly reduce the pH of fermentation broth.

PCoA analysis showed that PCP had the effect of altering gut microbiota, which was similar with inulin. At the phylum

level, compared to the blank control group, the relative abundance of Firmicutes and Actinomycetes was significantly

increased (P<0.05) in the PCP group, while that of Proteobacteria was significantly decreased (P<0.05). At the genus level,

the growth of beneficial bacteria Bifidobacterium and Megamonas was significantly promoted (P<0.05), while the growth

of opportunistic bacteria Enterobacter and Escherichia-Shigella was significantly inhibited (P<0.05). Moreover, PCP

greatly increased the contents of short-chain fatty acids, among which the contents of acetic acid and propionic acid were

significantly increased (P<0.05). The present results suggest that PCP may enhance the production of short-chain fatty acids

via gut microbiome regulation.

Key words: polysaccharide; Polyonatum cyrtonema Hua.; in vitro fermentation; intestinal microbiota
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Z AL 1KE (Polyonatum cyrtonema Hua.) {E N —
Fh o s A A H 25 B Rl I 245 44T, 2 v [ 245 uliedk
BRI A = —, H W BA B i 2 B E RN
FHUHMEP ", e8NS 2 Wi (Polyonatum cyrtonema
Hua. Polysaccharide, PCP) [ 43+ &8 2~7 kDa, &=
TR AR IRE ML BRI, S R B PCP 1Y
ZEFYZH RS 253 (Inulin, INU) Z5F AR, INU 22—
PO ) 25 AR ST AN B 27 4, ANk B iy i PN R g
THAL, RS VRS 7 18 AT, itk A o2 #:00)
PCP HAEAEMPUEAL s A oois e, (B HATXT
T PCP Xtz iBUAE M n sz /A SCERRIE, HET{Y
AW BRI AR, R AE TR 2
W XF X 71 B8 ( Bifidobacterium) . FLFT B (actoba-
cillus ) %5 25 A AR SEAE R E Y, (HXPR 5T
Jr 2 75 18 18 vh Z R A i DL AR = ] Y
AEAE

PR, ASHIF T DL Z2 AR 300 rh SR B 208 S IR

FEHBUH AR, IR MRS NR A R ALY, #R5T
PCP X pH. fA= Wbt ios: K AU~ 1y s s Ng Witk
FASEI, SR 22000k ™ S P E Bl P A R R L
BWECHE, S 2 e 2R B T S i R IR LS
Y.
1 MR5RE%
1.1 MRS
ZACHENG (R ay — BT TR BT3RS, &
Yi'5 FJ-105-1) fRERE = WIAARME L JoK L 0E
AR, PR (Titan) BRI A R A F; 12 ™
B2, TEREAREST  >99%, Figks# 2% (TCD AL T
b % A BR 2N W5 a-BE KA (100 U/mg) | 2R A il
(3000 U/g) . M HE Wi (3000 U/g) . JBEHEF (4000 U/g)
S E POAS I B4R B 23 20\ IEEL Bz TR (R
1) A BRZ vl DNAzol K4 DNA P BaAF &

g S AR AR ) R 2R A BR 2N Al HoAth )

= 2545 AL 2R T A BR A A SRS AR R
22~25 BB H (BE, K= AN, BB S 54K
HHFFEI B 01 R ) P ZE(E, BTk s 3 B4tk
ORI R, AR IE Y, 6 N A N L mIE e, H
2 JE AR AR 3o 26 A TR sl AR 3R R IR R AR 0
#5171 0.1 mol/L JoH B IR L 2% vk 1 L(pH6.8)
2 g EHEM, 2 g HRREEY, 0.1 g NaCl, 0.04 g
K,HPO,, 0.04 g KH,PO,, 0.01 g MgSO,-7H,0,0.01 g
CaCl,-6H,0, 2 g NaHCO,, 2 mL It}&—80, 0.02 g IfiL
4122, 10 pL 4422 K1, 0.5 g AHER, 0.5 g 2BeERR .

XMTD-204 BUEIR/KIGEH  RETROE G
BR 2\ H] 5 Infinite M200PRO B 2 I REEEHRIY  BLHb
KIS AR ] VS-8401 RGESHRAES IR
Sl A RS H]; LRH-250 R Ak 3546  FRilg—1I8
BHEABRAE] FE-28 2 pH 3 RIEAMERRE-F0R 2
XA BRAAF]; TQ8040 B AR HASEHLS
Al; TGL-16M BI 5= RE 0L TR L=
INFRF RARR S o
1.2 LWHE
1.2.1 R ZHHIAS  BCH B Ao AR R i,
o 60 H i, HORHR L 1:25 (g/g) sk, T 80 °C A
2 h, 4000 r/min 25.0> 15 min WA FIE, Il A TJEK
W, RO T LB EE IR 75%, T 4 °C 37U
¥E, B5.0> (6000 r/min, 20 min) WAETTTE G 7T, Bigk
KRR ZAES A0 2 HEL BERGRIR TR b
HU PCP Z M & 14 83.1%, HT 2 43 A 5 WH I 172
(8.8%) . I (3.6%) . ZWiF5(4.5%) . PCP 4
22 BE WL 13 15 (435% (Gel Permeation Chromatography,
GPC)PRY 3 H7 H: Mw N 4.2 kDa, &t =M Lk
TR, T RO AE 4 3% /Y ( High Performance Liquid
Chromatography, HPLC) il 5 FRbHZH i1 Ay 78 285 1
71.21% . AWH 13.21%., F-ZLHH 4.57% . HEHH 4.47%.
HEENE 4.15% . S 2.39%,
1.2.2  BEORE ZHAR S MEHITE A S 56
1.2.2.1 B0, BigiEnit  BEHNnERR . B
RN AL N g W S = B AR S T AR A A S 22 S
ik [22] BT FESA RIS, LA INU FE XTI,
B, T W 4k . HC1(6 mol/L) A5 481 e %
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pH i & 6.8, £ 37 C /KB h HWi# 0.5 h )5,
50 mL ZHEREA(15.0 mg/mL) | CaCl, ##(0.25 mL,
0.3 mmol/L) Fl o-JEM AR (75 U/mL, 5 mL) JILA
40 mL AR, I AR 4K E A ZE 100 mL Ji5
TF 37 C /KHIEE 5 min, J5 )0 HCIL(6 mol/L) ¥ pH
PHZ 3.0,

AL TE AL : B 80 mL BIHLE W T 37 °C /KB

(0.05 mL, 0.3 mmol/L) . B & H %% (2000 U/mL,
5 mL). HHBWBEAE R (60 U/mL, 5 mL) AL 47K #b
F&Z& 100 mL, 7 37 °C I8/ 4 h. FH NaOH(6 mol/L)
¥ pH PHZE 7.0,

R IEEAL: 78 37 °C /K HiE 40 mL AL,
N, I | — BT AL U . AR R (25 mL,
10 mmol/L) . CaCl, ## (0.4 mL, 0.3 mmol/L) . IR}
W (5 g, 100 U/mL) FI#B 2K M55 2 200 mL, 37 °C
WEE 6 h, Wh/K KGR, ERRIE L IR A
Ai7RAE R ZS I IELH
1.2.2.2 SHEFERFAEIE B B BN 4 h A/
AT A 6 h A 43 S0 R R A SO 5 e,
PR SR FH A 1903 i 1 72000 a2 20, 43 331 B 0L 0.1, 0.2,
0.4, 0.6, 0.8, 1.0 mL 7 25 Bpr fEH WK (0.1 mg/mL)
Tl T, HZEWK 22 1 mL RS G A
0.5 mL 5% RIS WIR ST, TN 2.5 mL WeERER I
W, IR R T B /K% 15 min, ¥ EIE T 490 nm &b
Ry I Wz S B, FRAS bR HE T £k 8 y=9.6407x+0.0353
(R*=0.999), FE S INFERE Y 1 mL, #efEid F2 [H AT, AR
PR th S o & i, 5O &5 R 3,5-
TAHFEL K AZ iR (DNS) Jy kI e B, 435 E 0. 0.2,
0.4, 0.6. 0.8. 1.0 mL #jzPtriim i (1 mg/mL) T
ERET, FAZEEKAEZE 2 mL, K5 IA 3 mL
DNS 5, IR A8 /K oin# 5 min, R4S FHZE
TKEZAZ 25 mL, FEAJJETE 520 nm AR W S'GRE
{8, & HFRrEf <N yv=1.2975x—0.0313(R?*=0.997) .
FESINFESE Sy 2 mL, #RVE R R AT, ARt it
1.2.3 R BRSNS L T
1.2.3.1 ZEEALHE OBSRERRESS . —IRPETE . 8
T A4t AESS BEP BELOE . IRFIRSSRAE T
HARFTK T, DA ERA R LN 6 AR
A BT e 2 S IR A, BUR A 2E8E 10 g A F)
100 mL JC B #% e £k 2% »b & ( PBS, pH6.8) 1 #&
1: 10 FRERE, I LIS T0 PR B 385 2R 10 e R ¥ VR &0 B il i
FEE R . FBIIZEWH 4 ZICHE LA uE B e
SR AR R, JUT AT R 5 2 A AR R 1 SR S AN A BT A
1 h N8,
1.2.3.2 RINREKEEE WINRE KRBT RS HEC
R [24—25] FEXIT A T— 2 et LS &2
HMEs X RELE, DL 1% (w/v) INU AE K BRPEXT BE, DL
1%(w/v)PCP YE RS ZH, FRLL 1:9(v:v) R &

AWM, T 37 C IREIGFRFA NI IR, FEL
S5AEE ., SrBITEREE O, 6, 12, 24 h J5 BURE, A
0.4 mL 0.5% BRPRATEL 20% ZHE1E 1-iAE M & 1
1233 pH MIE JRECKEE 0. 6. 12, 24 h Xf=s
P X BEZH AN 52 98 20 53 53 BBORE , 8 A pH XA 5 i3
17 pH BYDISE o
1.2.3.4 SOBERUAJEHEIE  XT AT 0. 6. 12,24 h
23 P X PE ZH R0 B2 56 28 43 i BORE, 5.0 J5 (4000< g B
L 15 min) B FVEUE, 32 1.2.2.2 J7 8, MI5E & B Y
SRR BRI B R
1.2.4 16S rDNA R:HRAEPHEBE40Hr K% 24 h
JE PR BER T 8000xg B .0 15 min, BUGEL.LS15 21
HPRULIE, 1A7F T—80 °C vKAE v, FH T iz il o By
¥ . {81 DNAzol 3:[X2H DNA PR BUts] &1
HCB VR UTTE H A iE AR Y T ) DNA, FHIIEBEEE R
FE 7K (1%) XHhE Y DNA BEATAG I, 461054 BRE
i i 2SS AR R 2GR A BR S R I, 5 At
Ilumina MiSeq PE300 - {5 X #4717 18 p& A 2L A7
£ (518 F %) H9: 338F(5'-ACTCCTACGGGAGGC
AGCAG-3"); 806R(5'-GGACTACHVGGGTWTCT
AAT-3")), 143 16S rDNA %iii.

16S rDNA 4z 534777 MiSeq/Novaseq )7
15219 PE reads ST FEARYR 4 )5, B AR PEIN /¥ 5t
H X R i Reads 3 47 5T 452 AL &, [W] B AR 48 X
Reads Z [A]fY) Overlap 5 Z2IHEATHEE, RIS FidsBidE
ZJa AR . SRS T T (DADA2/
Deblur £8) APV EHE, 3545 ASV (Amplicon Sequ-
ence Variant) fG3 )52 F1 3= E A5 B, 4 Majorbio
FELR K- & (www.majorbio.com) ¥4 ke 4 T
a. f ZREVERSIHT; i8] ANOSIM 474540 = [a] 11y
ZRE M 25 5K 5 4 BT 5 SR FH Kruskal-Wallis(KW)
sum-rank test AT [A] 22 5 B 3B 50T X454
FEASHEE A T 43 D84 n T AR 53T o
1.2.5 %G &% J5 W5 2 ( SCFAs) B9 Il 52 #F e i FH
0.22 pm MR, ARG SR GC-MS lxE,
O 5 F: B Rx-WAX @35 4E (30 m>0.25 mm,
0.25 um); PEEE CTIRE 250 °C; AR 100 °C; B U5
VR 220 °Cs; 2OE)E 250 °C, FHERE)F: 100 °C L4
7.5 °C/min YR THEZE 140 °C, {345F 4 min, F-2L
60 °C/min FHE = 200 °C; B BEREE R 1 uL; 20X
He; 43t EE 10:1; Wii# 2 mL/min; #E5FEIR 1.5 min;
Q3 Scan 7 K4 1.5 min ] 9.5 min, & 3L
El m/z 20.0~300.0. 73 5! AL il ¥ B 6 B 7R 0.25~
32 mmol/L JLEI N LR . TNER . T FRERMEIEUR, K
FHOMRIEE 53T o
1.3 #HIEAIE

A FT S 5 B s LA B bR o 25 05 18
SPSS 21.0 #RAFI AR ZR Tr 22531 771 (ANOV A ) i3
1T PES T (P<0.05 RR 22 R BG4 )5 18
it Origin2021 HAFHATVER] o eyl i i It an 4%
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PEIEA TS . g A, IR 8IA AR, 15y
P E RTINS, TRIRE A 25 55 A R e 25 v
A Y 2G5
2 HBRESH
2.1 HEZENEIMNUETERE

AL L L NETEAGTR, X PCP #Ef 74
ANk, 455 L ZE 1., INU Fl PCP 7E = Beitifbid 72
R B LA (P>0.05), 15 10 - 5/ NIz
THALTE I R & A B ARk (P>0.05) . FEAR
LB EA AT RR P INU 85005 5 W 35 7155 (P<0.05),
A RESEAERRTEIAEE F INU BUF /B BN S s o ea
WHEGSEREC, /B Zo W A R 3R JEORE, T PCP TG
RBEAE(P>0.05), FHH INU 5 PCP HA—EMIPL
HARARE, H PCP MBI iLEE JITE 5, PCP REASANEY
AL R Gl BEA 2517 5 nT et A Rl FH 91 A&
Pz, HA 254 JORYTERE

1 ANFH A E] A SR i e R S Al

Table 1 Changes in total sugar content and reducing sugar
content at different digestion times
15 SRS i (mg/mL) B JFHE & 5 (mg/mL)
4%
INU PCP INU PCP
- 0 mi 1.51£0.02" 1.40+0.02"  0.35+0.02* 0.27+0.00"
M
5min 1.504£0.01" 1.424+0.03"  0.39+0.02" 0.27+0.01"
Oh 1.25+0.02" 1.15+0.06"  0.38+0.07"  0.54+0.14"
HWHIE  2h  1.2440.01° 1.1420.05°  0.45+0.11° 0.52+0.08
4h  1.24£0.02" 1.14+0.07*  0.54+£0.03" 0.50+0.01"
0Oh  0.59+0.07" 0.57+0.01"  0.34+0.02" 0.21+0.01"
- 2h  0.59+0.05" 0.57+0.04"  0.34+0.02" 0.21+0.01"
it
4h  0.58+0.07" 0.57+0.00"  0.32+0.01" 0.19+0.02"
6h  0.58+0.04° 0.57+0.01° 0.33+0.01* 0.20+0.01"

e AR R A RIS i) i[RI 2H P9 22 57 5 3, P<0.05; #2[],

2.2 AFdiES pH. REEAEEFENT

o TEA A A S DR SR A I I T N A I A 4
BoEE | 2 RPN ) A5 D AR AR5
PRI, ASBIFFE 0 S A S DA PR IR AR R TR IR, 85
PCP X Izl B AEYE 15 5 A a2, I8 A=Y Re

2 RSN EESFE pH, BB AR RIS R L
Table 2 Changes in pH, total sugar content and reducing sugar
content during in vitro fermentation

A E] (h) CON INU PCP

0 7.0940.03°  6.96+0.02° 7.08+0.02*

6 7.49+0.10° 4.36+0.06" 4.63+0.03

PH 12 7.74%0.15° 427£0.05° 4.28+0.02¢

24 7.44+0.04° 4.24+0.03° 4.25+0.01°

0 0.2040.03°  8.03+0.08* 8.10+0.03*

S & B (mg/mL) 0.17i0.02:° 5.88+0.03"  6.68+0.35
12 0.13£0.05™ 5.53+0.12° 5.99+0.31°

24 0.10£0.05¢  5.01£0.12¢ 4.30+0.21¢

0 0.28+0.01° 1.95+0.02° 1.43+0.01°

IS B (mgmL) 0.17+0.02°  2.77+0.03° 2.06+0.05"

12 0.20£0.02%  1.42+0.02° 1.60+0.03°
24 0.21+0.07  2.64+0.13" 1.80+0.18"

R ALK S, A A VLR« F25%0E
JU P 45— R ANARI ™ 4, 32 A 2R i 1 A 5 ) BR B
FEP, ASTRII 6] i A2 PRV pHL L JSOBE RIS 5O 5 1 4%
SBange 2 FiRs

R 2 0, a5 A BRLH pH AR by AT g 2s
5 (P>0.05), 1Mj PCP ZHF1 INU ZH /) pH 7E 6 h £ 31
THE TR, FIEF, 77 6 h SbES P FREH.
WFEREE — LT, RHGIEMEY EEE R PCP.
INU YE A, FF 4 REA VLR S 5E A5 7
FRISSFARIUH =4, FHEOEA KA R T pH T RE;
e BN & R REaLE, pH AR LA i, FRIAZE
WAEwAE KA EM ., RS REH, INU I
PCP Rt w7l A E R AR, 232718
23 ERZHEAIINLENFERE o fEHEMEDN
20

ARHFFER A 16S ZAEHEMIFHEIAR, #E— 25858
PCP % iz 18 B BE 45 ¥ U F2 1 . Rank-Abundance il
ES e AT L L DY N P B o fem ) ¢ o/ & s 1 7
Fiid =E 5 B e 4R 0w B ok B e, R i) = 5
157, MHERAERE Rl T 0070 RIS 2 i) T T R g e
THRAS YRI5, IhZ 2%, #Es T Fp sy
A A AnE 1 R, Z4HAEE ASV SEZUKE
MRS BER, B 326 B v NAGR, ithZeds
SPZE, UL EHREAS P A3 A e S 505, BAS I P4
RETH TSP

2‘5 5‘0 7‘5 160
ASVAHFGIKF-
K1 4h & EEFEAS Rank-Abundance 128

Fig.1 Rank-Abundance curve of in vitro fermentation samples

Alpha ZAEPESHT 0T LA 78 i A Y iE 35
SIEEFNFE L, ACE #5405 Chaol 85U WL Y+
J& , Shannon F8 X Fll Simpson $8 X fz Bl B Bf £ #F
PEEY, & 2 AT, PCP 4H . INU 4H 5 CON ZH AH
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Table 3 Changes in different SCFAs content during in vitro fermentation (mmol/L)

R R E] (h)
SCFAs 20
0 6 12 24
CON 2.840.1° 5.0+0.2° 4.6+0.4° 4.9+0.3°
g INU 2.8+0.10° 7.240.2° 11.8+0.1° 28.7+0.4
PCP 2.8+0.1° 10.4+0.3¢ 11.940.2° 32.7+0.98
CON 0.940.1* 1.7+0.1° 3.120.1° 4.4%0.5¢
R INU 0.9+0.1° 10.2+0.3¢ 11.7+0.4" 15.8+0.2)
PCP 0.9+0.1° 7.94£0.2° 12.1£0.9' 9.4+0.2f
CON 0.8+0.1% 0.50.1° 1.8+0.2¢ 0.8+0.1°
T INU 0.8+0.1% 1.2+0.1° 1.6+0.1¢ 1.1+0.4°
PCP 0.8+0.1* 0.6+0.1°* 1.6+0.1° 0.6+0.3"
CON 4.5+0.1° 7.240.2° 9.5+0.6° 10.1£0.7°
RR INU 4.5+0.1° 18.60.5¢ 25.1+0.4° 45.6+1.0¢
PCP 4.5+0.1° 18.9+0.4¢ 25.6+0.6° 42.7+0.8"

T ANE) RS B 2410 (6] — 2R S SRR IR o5 AT 1035 22 5% (P<0.05)
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