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Abstract: The fermentation process of Polygonatum sibiricum—Rosa roxburghii Tratt enzyme was optimized, and its functional
components, antioxidant activity, and in vitro digestive characteristics were evaluated, with the aim of providing a reference for the development
of homology of medicine and food products. Using Polygonatum sibiricum and Rosa roxburghii Tratt as raw materials and yeast and lactic acid
bacteria as fermentation strains, optimization of time, temperature, inoculation amount, and sugar content was performed through single-factor
and response surface methodology, with total phenolic content and sensory score as comprehensive indicators. Under the optimal conditions, the
enzyme and its freeze-dried powder were prepared. Total acid, total phenols, total sugar, total flavonoids, pH value, and SOD enzyme activity
were measured. The scavenging rates of DPPH-, ABTS-, -OH, and Oz were determined. In vitro simulated digestion analysis was conducted
on the freeze-dried powder. The optimal process parameters were determined as follows: time 66 h, temperature 34 °C, inoculation amount 4.8%,
and sugar content 4%. Under these conditions, the enzyme had a sensory score of 93, total acid of 8.64 g/100 mL, total phenols of 1.00 mg mL™,
total sugar of 1.12 mg/100 mL, total flavonoids of 0.072 mg mL™, and a pH of 3.12. SOD activity was 83.67 U mL™. The scavenging rates for
DPPH-, ABTS:, -OH, and O:~ were 50.85%, 78.96%, 81.48%, and 77.12%, respectively, indicating significantly enhanced antioxidant activity.
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The freeze-dried powder exhibited total acid of 9.36 g/100 mL, total phenols of 1.75 mgmL™, and total sugar of 3.15 mg/100mL, which

complied with the industry standard (QB/T 5760-2023). In vitro digestion revealed that the total flavonoid content increased by 56.29% during
gastric digestion and by 42.85% during intestinal digestion.This study successfully optimized the fermentation process for Polygonatum
sibiricum-Rosa roxburghii Tratt enzyme. The product was rich in functional components, exhibited significantly enhanced antioxidant activity,
and provides a basis for developing functional products from medicinal and edible homologous plants.
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F T8 L R PR TR R , AN S0 2 BRI 2% R R I R 5 42, o B LR R B JE R /KA 1010 7. 28 °C
TR FRAE FE AL 30 min BCHIEERER R, TR RILILRGR: Jomwi/KoA 1:10 78 37 CHEIRKFFRAE &1k 1 d Ao
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WA 20 fEIRECE THEIRAGART, THIRZE 37 'C, FEMEM pH A 1 mol L RG220 J5, i
A 4 mL B . BB EAE RS, BRI B R AT R SR TR R, I =,
AL B EARE R BRI S X IR 2 XS RSN B RN TR TR ) pH B, (AR ER
FKARCEANN 4 mL (1 B AN 5 iR VA T pH AR PR SRR 5 B TR ZH 458 4 mL 0.01 mol L™ (I ERRR A s B VR
WK, SARERGEEAENRE T, BTERNG, DR ER, HERME RS2
S, T AR E =47, 18 37 CEUFER/KBS HIEL 1.5 h, JEEREH 0. 30, 60, 90 min HY
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&, rASREREES =R
1.36.3 JHIHBL
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3 min JEE EIERINE S EIAT L oo RSO A S 2 ) DPPH [ HESTS R AL i & & . e sk
R EESE =R,
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EFTRRITX (1-84)
BAHEY, FoMAR Goathil, LA (17~254)

ok BB REH, 1RSI (9~16 %)

WKL, A FRE (1-84)

KA ARFTAT . RIBAAR, AR (17-25 )
Ark FHRRFLARRE . KBEA AR (9~16 4°)
FAAGF R BEAARA FF Ak (1~84)
BE R, REFHESE (17-254)

&R BABFNRE, RPREFHILE (9-16 5)

Bk, A EFHAE (1~-84)

14 BAESIT AT

RI5 1K Design-Expert 8.06, 18] Microsoft Excel 2016 #4740E St 55, 45 RFRN “Fftr
W22, Bt 4 A8 Origin 2022 347 b AN A .

2 GZR5SHT
21 BEIRRBPER

a 125 —=— MW 4 96 b o135 —=— E
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1.20
1.30
@ 0 P
> 1.10 ~ = 90
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£ 8 E |y Z
~ 105 - ~ - 8 41
& o3 & I
n : e #
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84 B
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Fig.1 Results of single-factor experiments

ZE: (a) BEETAFR AL GBI M Hm; (b) BT IR GBI R SOYn;, (0) ABREA TR LE
BERENH 0, (d) KB FE SR R A E R 20 h.

Hil la AT, MRS S & BN S BN S EThES, ERE 2 TGS, TERR TS EL RS
SRR U, SER WA, RUARERRI S RO TE R S B 2%, 4%. 6% AT /ES k.

H & 1b AN, BERIRE W 5l & B AR R BT G s, T2 N R B R i e
B SR B ST L BRI RS, SR e, R SRR, SRR, (R
THAERVE SRR 2, Hedh i 2 Bid D #iS SEURZ B0 . R I0S5 R SR & 4%, 6%,
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8%HHAT IR BEAL -

HE 1c fim, BRIV PP BRI AR EIR 2T R @S, & BN 2l FEEs CafEETT
PR, 134 CI, B & RPN . KIHER RS BRI, BRI E 0 A By S BRI, BRI TR
P B B A E KR IR e bR, BEFURBL, RS ER T SRR ACE SN, A N
WK, ART R, SEERSE TR, Rk, ERERMAERTE 31, 34, 37 CHHTELAL.

HIBd 1d AT, BEAE RN (R A3 0, S S AR E Y 2 T R LT AR 3 e TR 4
EAl, FEAER SRR KR, BERARNBERIBN IR, BT R RS R B A S
MUY, PR SR, TS BT, S AR AE 42 h RHABIRKC A & 0.92 mg g7 MBS
BAE 42 h JE N2 TEES, POV EEE SR 2 B A K IY . RCE P58 N BT,
R BT REERTIMAE D BRI, KRR AR FEOP . SR M KR, B R B,
T OA U E P BER. RIEARIERIRES R Wi A et 1] 42, 54 66 h #EAT/E S04

22 WEEER LM

221 RO RBAELIESAT
FERRP SR )RRl b, DI Sy & B AR E VR LR a1y () NWERUE, ZRavFr (YD = Clfd
B ESIH SR 0%+ URE VPR E 1) >60%. FIH Design Expert 8.0.6 {1 & 3 NF ik 24
MRS, &R EAKFNE 2, WIREHRTT 20 4 RN 3 FIEk 4.
%% 2 Box-Behnken i&ititiGEAZES5KER
Table 2 Factors and levels of Box-Behnken design
KE AREEETM BABEEIC CHEMNEZ/%N DHEESE%

-1 42 31 2 2
0 54 34 4 4
1 66 37 6 6

< 3 Box—Benhnken i I&i% it MM LER
Table 3 Box-Benhnken design and response results values

RIES  ABRE/min BIRE/C CHEME/% DBEASEY%N Y %4675

1 54 34 2 2 0.8
2 66 34 2 4 0.81
3 54 31 6 4 0.86
4 54 37 2 4 0.77
5 54 37 6 4 0.83
6 54 37 4 6 0.74
7 54 34 4 4 0.94
8 54 31 2 4 0.81
9 66 37 4 4 0.85
10 42 34 4 2 0.87
11 54 34 2 6 0.76
12 66 34 6 4 0.91
13 66 34 4 2 0.82
14 54 31 4 2 0.85
15 42 31 4 4 0.87
16 54 34 4 4 0.93
17 54 34 4 4 0.94
18 54 37 4 2 0.85
19 66 34 4 6 0.86
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20 42 34 2 4 0.87
21 54 34 6 2 0.86
22 42 34 6 4 0.87
23 66 31 4 4 0.87
24 54 34 6 6 0.81
25 54 31 4 6 0.87
26 42 37 4 4 0.86
27 42 34 4 6 0.88
R4 BEDH

Table 4 Variance Analysis
KR 7~ AbwE ¥FE F1a P14 2EFH
AR 0.0594 14 00042 00003 0.0003 **

0.000 8 1 0.0008 02097 02097
B 0.004 4 1 0.0044 00101 00101 *
C 0.008 5 1 0.0085 00011 00011 **
D 0.001 4 1 0.0014 0.1105 0.1105
AB 0.0000 1 0.0000 08223 0.8223
AC 0.002 5 1 0.0025 0.0405 0.0405 *
AD 0.000 2 1 0.0002 05041 05041
BC 0.0000 1 0.0000 08223 08223
BD 0.004 2 1 0.0042 00114 00114 *
CD 0.0000 1 0.0000 08223 08223
A2 0.0013 1 0.0013 01280 0.1280
B2 0.0156 1 0.0156 <0.0001 <0.0001 wx
Cc2 0.0211 1 0.0211 <0.0001 <0.0001 wx
D2 0.0203 1 0.0203 <0.0001 <0.0001 wx
%% 00057 12 0.0005
% #3 0.0056 10 0.0006 00572 0.0572
¢hix £ 0.0001 2 0.0000

At 0.0651 26

E R R LR MEFE (P<0.05); Rkt RFAMEE (P<0.01).

MITZEDNITEE R (R 4) AT, HAVHEE R (P<0.000 1), [FN KM EEN 2R (P=0.057 2>0.05),
PR YoE RER=0.912 6, ViPARIEERIAE RAF, KM/~ WRIEEHRE, A PERRHRLE ARER
CEEVE I IR Z Tn R R

Y=0.936 7-0.008 3A-0.019 2B+0.026 7C-0.010 8D-0.002 5AB+0.025AC+0.007 5AD+0.002 5BC-0.032 5BD-

0.002 5CD-0.015 4A%-0.054 2B*-0.062 9C-0.016 7D.

WARR 4 PO ZES TSR TUVE N, ERRIRE SR RN T L2450, CHEMENERIIALE Sl R
SRR, B KBHREE. D BES R A KX, HAd AC 1 BD k3|8 /K T,

222 WMEEREANF @SN

BT ainas R, M =dEmapmE (B 2), DIV EERE R TN S AR, HE 2 ",
Kl e IS5k EOMMIRITE Har e, mapiiAR R, UK AR ZR Z BIAS B E R SR AL S A R 4 50T
W ER B, RN 54 h, HERFEAN 4%0, SABERMSE VT BEE KEAR RS i G i
I, BB A 34 °C, FESEN A%, P IARIEEN 0.94, BEEIRFERRES BN, SEE 1R RHEE, M
B AT DL R IR T SR M B R I SR TP BRI 2, 53R 4 i R —20.
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Fig.2 Response surface diagram of the interaction of two factors on the quality of composite enzyme of Polygonatum sibiricum-Rosa
roxburghii Tratt
2.2.3 FARFM 09 AR B EIE
I W B TR BT S R, 45 H AR T E S8 AL 33.43 °C, I T] 66.00 h, 7 & 4.82%,

PSR 4.02%, IS GIEREGA VN 92. RENBRETZSHOY: KR 34 'C, KIFENE 66 h, %
T 4.8%, FESE 4%, TEILRAF NER I 3K, 455 1E N 93, SR TIMEAHIT, Ik S LS 2
TEFMRAER

23 FR-FAAZGBR KB T o ik Ra w5 S A

®
T
o
©

T
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T
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E‘mi (
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Fig.3 Dynamic Changes of Functional Components in Polygonatum sibiricum-Rosa roxburghii Tratt composite enzyme During
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Fermentation

E: (a) BAES BT (b) REAFHRM (¢) BMATHTI; (d) EEMEFa Rl

F P& 3a W AR SR T R T R R B A I MG 2 R a3, R BRI A Y BT R & BT 5 1B 12 2
RVET JERE A DL AN IR 4y, 7R R R B R A PR B K R B, JEORL S N RE o e e, S ECERE S
BRI . LB Jy S S I AT b R IR T R R R IR, SAET RS R 5.
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IR ST, RS AR, WAL, eI 420 5, MR LTKGENE, TIRGRE M T R
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SIS BRI E R R PR RS I3RS, IR 3c A4S, BRI S RN AL B 258 TR
G LTk, FERBERTIIE R, 7ERT 18 h FE S RA1E 1 mg mU IABINA PATIORA, 1R FAERBERT
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B & BoAE 54 h A S HAH 0.077 mg mL ™
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Fig.4 (a)Changes in DPPH free radical scavenging rate(b) Changes in ABTS free radical scavenging rate (c) Changes in hydroxyl free
radical scavenging rate(d) Changes in superoxide anion free radical scavenging rate (e) Changes in SOD activity
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Befadh, fERIF RN, S KBS S RGN, (645 DPPH S8 MG, Wik W]ai i & &AL 523 DPPH
TSR R AR k. XTI Bk B -2 SR A T R AP IE PRI E FpR B, DPPH H LB R R A
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73%, KEEETIANAET) R .
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SPFRHE F R PR R AR, RPN PRG0S LI AT Bt il TR P 2 o LIRS AR 45 587, 76 42
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TR 6] B R B R B ek T e th 25 T B Ja BT R BRI, ARSI FE 45 R — 2
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RAWT . KA, SRR G PRI T EEIR R T . EEI R KN 54 h IERRFIERIEKR, ERFE
4 80.63%-

HIF de TIJ, BERAUBHETEZR G LT TR . KBV, BRI R 2 M A WA T 2 SOD
BEREPET R, 7655 54 h ISBUEBOC(E N 87.44 U mL™ . RIS, HORPRE 2 BT AEHEIAE S 35 SOD BEiE Pk F#AIC.
KEHPORE 2 BERS SOD Wi )i A F R ™), {375 SOD Witk 525 LFHE TRt
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Fig.5 Effect of in vitro simulated gastric digestion on the total flavonoid content of Polygonatum sibiricum-Rosa roxburghii Tratt
composite enzyme powder

E: ARREFHEATARNE T ARAZEGEERER (P<005), RENEFEAFELLETF I EZE 69 D F £ 7

(P<0.05).

W 5 Frox, G5, BORSRIALE S0 208 7 F00 HRZEL A s R & S8 A 22 S AN, RO R 2L e S
SRR, AL AL S S KR FERE OB B AL 0~30 min Y, 3RS M 0.604 mg mL*
F7H%0.670 mg mLY, SHIEEFE LI T 10.92%, 7E 30~60 min, i H#HH £ & M 0.670 mg -mL ™ 394K 2 0.749 mg mL 7,
B K SR A BRI Y 24%; 7F 60~90 min, =SS B A 0.749 mg mL™ 5K 55 0.944 mg L™, BAIAGAR LI 0
56.29%. X AT e & H T~ 2 B Ig T A A P IR ARG B R B E T T2 B B BT, Ak KRN 735k
R R BT K 735~ TR K
25.2 WIMEIIIEAKT AR R R E SBE R RIS A

WL 6 B, BEA i AIIIa], 25 o) HRZE S B i 2 Rr 2 1 B, TS T A 40 22 B T . 7 0~90 miin,
T 20 2 PO IR 4L B S M. 0.638 mg mL™ R 0576 mg mL™, BJRUG M TS E T T 9.71%, Bl

11



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.9

TR B O B 0.658 mg mL™ EFHAE 0.940 mg mL ™" 455U s B O B K T 42.85%. & Ttk 1
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Fig.6 Effect of in vitro simulated intestinal digestion on the total flavonoid content of Polygonatum sibiricum-Rosa roxburghii Tratt
composite enzyme powder
i ARNBFEEATFEREE (P<0.05).

3 Zhip
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%M. GERMTRERESHCH: NE 66 hy J5FE 34 °C. e 4.8%. WEEE 4%. (EMAMTR, FHEE O
FRETE N 93 4y, MRS R 8.64 9/100 mL, My E R 1.00 mgmL?, MBS 1.12 mg/100 mL, B R S
0.072 mgmL™, pH & 3.12, SOD iR /) 83.67 U mLt. HkEHIALE 4/%5 % DPPH~ ABTS~ OH. O, i&i&R%
4318 50.85%. 78.96%. 81.48%. 77.12%, fEKFEIFEFHUEARE/IAIE M, F TN RER, BRSE
5 9.36 g/100 mL, Ay 1.75 mgmL?, A4 3.15 mg/100 mL, 454 (QB/T 5760-2023) #riff. FRIMERLIEAYZEE
GERRH, BEEON TS EAE B WAL BOE N 56.29%, TEMWHALIBOE N 42.85%, UFHIH IR TR LT
B A R Bt Stett. &b, MG E G RNt R, HEESs+5 . i iimt
IR, NHAE N B FETREIER S RS T REE R .

Bt I HK

[1] YANG M, CHEN R, ZHOU X, et al. Research progress on pharmacological effects and mechanism of Polygonatum sibiricum
polysaccharides [J]. Starch/Staerke, 2024, 76 (9/10): 2300168.

[2] LIUR, ZHANG X, CAI Y,et al.Research progress on medicinal components and pharmacological activities of Polygonatum sibiricum
[J].Journal of Ethnopharmacology, 2024, 328: 12.

[3] LAI W, NING Q, WANG G, et al. Antitumor activity of Polygonatum sibiricum polysaccharides [J]. Archives of Pharmacal Research,
2024, 47(8-9): 696-708.

[4] CAOR, FANG X, LI Z, et al. Effect of Polygonatum sibiricum saponins on gut microbiota of mice with ulcerative colitis [J]. Fitoterapia,
2024, 174: 105855.

[5(] WANG S Q, LI G, ZHANG X F, et al. Structural characterization and antioxidant activity of Polygonatum sibiricum polysaccharides [J].
Carbohydrate Polymers, 2022, 291: 119524.

[6] JIANG X, WANG Y, LIN Z, et al. Polygonatum sibiricum polysaccharides: a promising strategy in the treatment of neurodegenerative
disease [J]. Neurochemistry International, 2024, 181: 105902.

[71 OU X, WANG X, ZHAQ B, et al. Metabolome and transcriptome signatures shed light on the anti-obesity effect of Polygonatum
sibiricum [J]. Frontiers in Plant Science, 2023, 14: 12.

[8] ZUOY, XU H, FENG D, et al. Effect of fermented Rosa roxburghii Tratt fruit juice on gut microbiota in a dextran sulfate sodium-induced
colitis mouse model [J]. Food Science and Human Wellness, 2024, 13(4): 2234-2243.

[O] LU M, ZHANG H, AN H. Chloroplast DNA-based genetic variation of Rosa roxburghii in Southwest China: phylogeography and

12



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]
[26]

[27]
(28]
[29]

(30]

[31]
(32]

(33]

[34]

[35]
(36]

conservation implications [J].Horticultural Plant Journal, 2021, 7(4): 9.

AQQY,ADZ AAKF, etal. Phytochemicals, essential oils, and bioactivities of an underutilized wild fruit Cili (Rosa roxburghii ) [J].
Industrial Crops and Products, 2020, 143: 111928.

YANG Z, CHEN G. Inhibition of proliferation and induction of apoptosis in prostatic carcinoma DU145 cells by polysaccharides from
Yunnan Rosa roxburghii Tratt [J]. Molecules, 2024, 29(7): 1575.

TAN Y, TAN S, REN T, et al. Transcriptomics reveals the mechanism of Rosa roxburghii Tratt ellagitannin in improving hepatic lipid
metabolism disorder in db/db mice [J]. Nutrients, 2023, 15(19): 4187.

JIJ, ZHANG S, TANG L, et al. Integrative analysis of fecal metabolome and gut microbiota in high-fat diet-induced hyperlipidemic rats
treated with Rosa Roxburghii Tratt juice [J]. Journal of Functional Foods, 2022, 90: 104978.

HIDALGO-FUENTES BELEN, DE JESUS-JOSE EDGAR, CABRERA-HIDALGO A D J, et al. Plant-based fermented beverages:
nutritional composition, sensory properties, and health benefits [J].Foods, 2024, 13(6): 844.

AGARBATI A, CANONICO L, CIANI M, et al. Functional potential of a new plant-based fermented beverage: benefits through
non-conventional probiotic yeasts and antioxidant properties [J]. International Journal of Food Microbiology, 2024, 424: 10.

XIAO X, LI S, ZHOU X, et al. The anti-obesogenic effects and underpinning mechanisms of fermented plant-based foods: a review [J].
Trends in Food Science & Technology, 2023, 136: 1-10.

DWIVEDI S, SINGH V, SHARMA K, et al. Significance of soy-based fermented food and their bioactive compounds against obesity,
diabetes, and cardiovascular diseases [J]. Plant Foods for Human Nutrition, 2024, 79(1): 1-11.

DAI J,SHAR Y, WANG Z Z, et al. Edible plant jiaosu: manufacturing, bioactive compounds, potential health benefits, and safety aspects
[J]. Journal of the Science of Food and Agriculture, 2020, 100(15): 5313-5323.

FotLdr REMER A L E AT RV AL MBI D] M T 4 BT K2, 2018,

TR, NI, S, S SR IR R AT U FE [0]. £ AT AL 59Tk, 2020,41(2):190-195.

REMY ROMANET, SARHANE Z, BAHUT F, et al. Exploring the chemical space of white wine antioxidant capacity: a combined DPPH,
EPR and FT-ICR-MS study [J].Food Chemistry, 2021, 355(5): 129566.

BIATT, EH, T B A R A FUAT 08 S R R 3 AR VTS P WP R[] £ il 15 %% Ml 2020,46(7):110-115.

T AA TN R W TS5 )4 [D]. R HE R R ,2018.

JIANG J K, LI W X, YU S P. The effect of inoculation Leu-conostoc mesenteroides and Lactiplantibacillus planetarium on the quality of
Pleurotus eryngii Jiaosu [J]. LWT-Food Science and Technology, 2022, 163: 113445.

EOC MR R L AR B2 TS (i 7T [D]. DL RH L T K5, 2021,

RAN J, TANG Y, MAO W, et al. Optimization of the fermentation process and antioxidant activity of mixed lactic acid bacteria for
honeysuckle beverage [J]. Frontiers in Microbiology, 2024, 15: 11.

TAO A, FENG X, SHENG Y, et al. Optimization of the Artemisia polysaccharide fermentation process by Aspergillus niger [J]. Frontiers
in Nutrition, 2022, 9(9): 842766.

PR 5L A S XL, 5 70 SRR TR A SR B T 3 R L A S TR P [J]. - IR, 2024,43(5):144-149.

TR, 3. 2 2R T R A PR e B AR SR A e 1A S P i R 0] R AR M A} 27,2024, 5:393-399.

CONG S, ZHANG X, ZHAO H, et al. Process optimization and analysis of product quality of blueberry and corn peptide fermented by
mixed lactic acid bacteria [J]. Fermentation, 2024, 10(9): 454.

re I S, B T, S e SR R BT AR P S AN B AT FE[3]. A% 7 it in T, 2024,1:66-69.

WAN P, LIU H, ZHU Y,et al.Effects of Polygonatum sibiricum on physicochemical properties, biological compounds, and functionality of
fermented soymilk[J].Foods, 2023, 12(14).

FRTHAE, 2 AR B X 2, 5 RN & T 3 R R T T A BE RIS [ FEPL BH TR, PR BH T N R BURE. 28— — Jm ik B R 27
FARESWRE——H AR ER TR LT B2 R5,2024:7.

CHENG JR, LIU X M, CHEN Z Y, et al. Mulberry anthocyanin biotransformation by intestinal probiotics [J]. Food Chemistry, 2016, 213:
721-727.

AR, 5 R K B, 6 A B A - VR B T 3 R L A 0 S e ST P R [9] P To R S I 9, 2025, 1:7-12.

2 R ORZR B HUR S 58 5 24 S5 R 1O 48 S it s 7 A 3] DA B i A8, 2025,2:253-2611.

13



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.9

[37]
(38]
[39]
[40]

[41]

14

B, KA, SR, 55 2R 6 FZIAN AR T S AL S I 4 g R BTG TE 73 AT [3]. £ R, 2019,40(20):227-233.

JRAT AR 1 BV T B S I 3N L L A SR PR ST (D] 22: DU ) 1 AR Ml K 27,2022,

e, BT RGP R B R T R K S T S LU RE[0]. B B K224 (LR HIR),2021,3:227-233.

MO X, GUO D, JIANG Y, et al. Isolation, structures and bioactivities of the polysaccharides from Radix Hedysari: a review [J].
International Journal of Biological Macromolecules, 2022, 199: 212-222.

ZHANG X, LI'Y, LI, et al. Changes of bioactive components and antioxidant capacity of pear ferment in simulated gastrointestinal
digestion in vitro [J]. Foods, 2023, 12(6): 1211.



