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Abstract: Polysaccharides are the main bioactive constituents of Polygonatum cyrtonema. To screen lactic acid bacteria
strains for their ability to enhance polysaccharide accumulation during Polygonatum cyrtonema Hua fermentation, optimize
the fermentation process parameters, and evaluate the prebiotic potential of the fermented product. Twelve laboratory-
preserved Lactiplantibacillus plantarum strains, originally isolated from traditional fermented foods, were used as starter
cultures for P. cyrtonema fermentation. Initial single-factor experiments systematically evaluated the effects of four critical
parameters: fermentation duration (0~6 d), inoculum size (0~9% v/v), shaking rate (0~200 r/min) and temperature (20~
40 °C) on polysaccharide content. To optimize the fermentation process of P. cyrtonema by response surface methodology
(RSM) and assess the prebiotic activity of the lyophilized powder. The results showed that all L. plantarum strains could
grow normally in nutrient-free P. cyrtonema medium, achieving peak biomass (1x10° CFU/mL) within 24~48 h, followed
by rapid decline. Strain L6 showed superior performance, increasing polysaccharide content by 25% after 48 h
fermentation. RSM-derived optimal conditions (3.8 days, 2.5% inoculum, 35 °C) produced a polysaccharide content of
1.30 mg/mL, achieving a 57.71% increase over the baseline (P<0.05). Analysis of the fermented polysaccharides revealed a
notable increase in molecular weight, along with structural modifications in the pyranose rings. Specifically, the degradation
of monosaccharides such as mannose and glucose was observed, while the levels of galactose and galacturonic acid
increased significantly. Moreover, the fermented product significantly enhanced the growth of three probiotic strains: L.
plantarum CICC22213, L. rhamnosus CICC22175 and L. casei FBKL1.3022. The production of primary short-chain fatty
acids, lactic acid and acetic acid, was found to be biomass-dependent. These results demonstrated that strain selection
coupled with process optimization can significantly improve polysaccharide accumulation in P. cyrtonema. The fermented
product exhibits promising prebiotic properties, supporting its potential application in functional food development using

this medicinal rhizome species.
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Fig.1 Biomass production of Lactiplantibacillus plantarum
strains during Polygonatum cyrtonema fermentation
at 24,48, and 96 h
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Fig.2 Contents of polysaccharide (a), total sugars (b) from 12
strains after fermentation for 48 h
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production
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Table 2 Response surface methodology experimental design
and results

WS AKEERE  BEFME CREHEE  YZ8ESH(mg/mL)
1 -1 1 0 0.4897
2 1 0 1 0.5102
3 0 0 0 0.7951
4 0 -1 -1 0.4933
5 0 0 0 0.7987
6 1 0 -1 0.5605
7 0 -1 1 0.4400
8 1 1 0 0.4591
9 -1 0 1 0.3608
10 1 -1 0 0.6850
11 0 0 0 0.8060
12 -1 0 -1 0.3041
13 0 0 0 0.7934
14 -1 -1 0.3484
15 0 1 1 0.4444
16 0 0 0 0.8140
17 0 1 -1 0.3898

AN 3 PR, BEARRR 3 (P<0.05), RIS
I35 (P=0.0606), BEHHIZ 1) J5 F2 AT B0 i [ AR i
APHAS LI G 3R, BRI (1) R7=0.9971, JAIEJT R 5y
Sk 0.9933, iH— 25 BHAR R [ FUNE 5 S E 2 (4]

O@@ 90

5
Y

3 W TR T 22 Al
Table 3  Analysis of variance (ANOVA) results for response
surface methodology experiments
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C-REERSE  7.41E-06 1 7.41E-06 0.0331  0.8607
AB 0.0337 1 0.0337  150.73 <0.0001"
AC 0.0029 1 0.0029  12.8  0.0090°
BC 0.0029 1 0.0029  13.02  0.0087
A 0.1037 1 0.1037  463.69 <0.0001"
B’ 0.0934 1 0.0934  417.76 <0.0001"
C? 0.1868 1 0.1868  835.12 <0.0001"
B2z 0.0016 7 0.0002
BT 0.0013 3 0.0004  5.84  0.0606
aiiR e 0.0003 4 0.0001
S 0.5361 16
R=0.9971 R’;;=0.9933
T #2253 (P<0.05) .
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Fig.5 Effects of interaction among various factors on polysaccharide content
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and fermented Polygonatum cyrtonema

A b 7 I g B4 P4 L X R B 4 R 210585 875.04 em ™!
A BT MR 4 A AR X J, M 2 rp A g 2R
LR . R BRI 2N 763.11 cm™' AN A
BT FRIME AR s, {HAFE 935.76 cm ™' AL JCIRBhIE,
Ui BH & 1 e Z2 08 i L A B sl A RIS | A, A
X FRHR SIS, HLAE i iR 1 B R & BB 1
FH . MHAMEA T REEAE S SR AT, WA,
MEREAFNEIER

2.5.3 BABRHAATHT 8IS AOEAE O TR
I P ek 2208 00 BAOBEZH B 53 BT, & BB Z2 88
O FhEABEZH Y, FZEFH H 80 . P FLBHIER . A0 .
PFUBEA AL (R 5) o HPAWHAH B SOk HGE AH IR,
W WIS I H SRR 25 I S BAIR, T REEAAR &
Bl BRIV AE H B A I E iR, SO S 5%
IR, T R 2 0 > ZUNE IR R R f 2 LS I s,
I RE SR R AN 2B Y R R e T e AT Le i,
1 AT RS2 AR TR R v B AR S0 WA 1 21 ZLB AU AL B X 52
FAEAL, P TR UBERE R L 450

2.6 ABFEAEZHEAIMEETUEM

2.6.1 TG RBEZNE IR a5 A AR KB AL Sk
FRAI KRR T 20, AR SCHil 28 T 800 R I R 18,
X A ISR T O R, JT TR
T g A AR RAE DU TE . R TR UL 58 MRS
BrFeirhiiRiR . 1ERMRAE 48 h Jim, RILEFR MRS
BRI R b, — b s AR T AR R I 25 AZ B, A
WIMEERBE S, 252 E RIS AR 1159 2 W 25T, 1k
S, BRSSP AR A AT B AT s Z LT
PRI AR, [RIE XS BB AT R AR et A
BH I IER (B 7a) . Sh T 880k 2 a5 A2 v
TSR, 7 XBRAATHETY MRS 15323 in A 250k
LW, K = AR s A v AE Y BH AT E AR &
BRI R Ay, EL RO 22X R R TR P B R S8R A A S
E2E7(P<0.05), (Halifb & W )s WV E iR I RS
s AR (K 7o) . OISR, RIREERS
RENSRFIR R G L, (et 25 28 PRI sES7), 76 25 A4 Tl
KPR FR R, BT BRI X A IR AR 2R R FH 3R
= T RETRZLAT IR, BeFHAE 4 ZUAR AT TR 19 A5 ) e 1 v
2 1%, HZBES5AAXT 2 A BB TH AL a5 25 oY,

*4 OENZH TR

Table 4 Molecular weight of Polygonatum cyrtonema polysaccharides

FEM £ 88 Bt 8] (min ) W07 53 F-HMp(Da) FH4T-EMw(Da) B4 FHMn(Da)
L2 37.606 3621 4616 1260
RIEH R 20 37.697 3422 32434 9001

K5 EORTZM SRR R E A (%)

Table 5 Molar percentage distribution of monosaccharide constituents in Polygonatum cyrtonema polysaccharides (%)

FE i R LA A ki A BRI IR P FLUHIE R HIH R R AWk [TENAISE
WG 56.486 0.665 2.200 2.542 2.925 14.617 14.508 1.799 4258
RN 20 33.580 0.586 3.966 2.122 10.076 9.856 32.757 1.400 5.657
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