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Abstract: In order to explore the optimization of natural fermentation process of Polygonatum kingianum Coll.

et Hemsl and the change of active ingredients before and after fermentation, fresh P. kingianum Coll. et Hemsl

was pretreated , and then fermented under natural conditions by endophytic bacteria. Single factor and orthogo-

nal tests were designed with enzyme activity and functional components as evaluation indexes. The optimal fer-

mentation process conditions were obtained according to the comprehensive membership scoring method , and

the active ingredient activity was evaluated on the samples before and after fermentation. The results showed

that compared with fresh unfermented P. kingianum ,the contents of active ingredients polysaccharide, saponin

and polyphenols increased after natural fermentation. The activities of superoxide dismutase (SOD) and lipase

in the fermentation broth increased by 181.59 U/g and 0.77 U/mL, respectively, and had certain antioxidant ac-

tivity. The optimal conditions of natural fermentation of P. kingianum were as follows: fermentation time was

18 d, initial sugar concentration was 15% (mass fraction) , and the material-to-liquid ratio was 1:4.5 (g/mL).

In summary, that natural fermentation is conducive to the dissolution of active substances, and can enhance the

SOD and lipase activities and antioxidant activity of P. kingianum.

Key words: Polygonatum kingianum Coll. et Hemsl. ; jiaosu; natural fermentation; process optimization; ac-

tive ingredients
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T NG (Polygonatum kingianum Coll. et Hemsl.) A
AGFHENEE 2R FAREY), TR EEAZ  ih 3
TR ARRIZ ), R b a2 2, [F it 2 25 1
P KSR AE ) 2 U (o [ 245 ) (2020) 10 28 H BT
ANFRBA AR L 25 R PE T, TR S AR R
=21 BIIRRE DT IR R KA
PR 2 RN 25 B ST UE BT, B0 i Ak 27 O 2 A
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N A B TR A, NiulP4E T Hassani S04 % B fif 20K
REENE & RENAR , RN A WEL et
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LA T 20, 0 TR RO 1 28 A T 1 s 200 A
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1 MR57EZE
L1 kIR

A HBRERZEONFEE) : s AE A RA A
1, 1- 2R 3E-2- = il FE R (1, 1-diphenyl-2-picrylhydra-
zyl, DPPH) (298%) . N2 121 Rb, b ifEft (298%) |
THRES (298% ) BB TN IR (298%) .3, 5- 1
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B B A RECA IR A A2, 2- A (3-4
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T BRI AR (B A gl ) AOGERHCA IR A
A WRBL R (3 BT 2 < W 25 Mk A R w5 UK IS R
Tt SRR BN IR AR IRIR B (ST al) : R 8oLk
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LW RS AU R R 25% .25% .30% .

20%. HorbsRE e U
Ci - Cmin
T
Kb L NAEPRSRIE B €T PRE ; C N FE IR B
IME ; Co MR R B RAE
1.3.4 1ExER
FR PG AR ZRA I 4 L, DL BORE I 2% 10 R A 1] )
UAREHR B ORK FEIR T Lo(34) IEACIRES , R 2K ik &
W% 1o W R Z R bR, W SPSS #1743
Mg th i kBT 2.
1 EXHBREERATE

Table 1 Factors and levels of orthogonal test

7K A KRR/ B WIUAWEREE/%  COBLK L/ (g/mL)
1 12 5 1:2.5
2 15 10 1:3.5
3 18 15 1:45

1.3.5  FALFE PRI
1.3.5.1 SOD i &
SRR AR =1 H AL, S BRI O ik,

F A 325 nm LW WERE . F ROV I LR RE 30 s il
FE— RO G RE T o 10 AE A Ao, 78 BB
A Z O ACRE SR, T AR R R IR AAL
FERAMEI (Y, %) M BEEEYE (X, Ulg) 3% F A1

yo M AL

AA,
(Y+50%) %V, XnxV,
X =

V,Xm

Ao Vo ROV FR EARFR, mL V, A
B AR, mL; Vs RS BEAAREL, mLsn R FE 5L R
FEAGE s m R FE S BT i, g5 50% RS 1 A Ak
R,
1.3.5.2  JRMWHBGE PR 2

Z: MR ARV T i, SR R i o | A i il
L 7l N W i = A

X=(B-A4)x50x(1/15)xn

P X R RE S BTG, U/mL s B Ok 2 B A it

THFESE L BIPRMES TR DR mLs A SRl 22 25 11 B
AR R B AR AL, mLs n AR H 50 0

0.05 mol/L & 4 1k 84 % W 1.00 mL A % T I8 Wy iR
50 wmol; 1/15 K Wi B[] 15 min, A 1 min T
1.3.5.3  ZHE& e

Z M EAESIY 7 R PR -0 R 15 T 490 nm
e EWOGREE . bR iEIT 207 B2 ¥ = 49.04%—
0.0332,R>=0.997 8., ZHE & & (D, mg/g) ¥ F =I5

D=nxCxV, xV,/ (mxV,)

Ko R BT R C NG R R R
mg/mL; V, R SN R AR mLs Vo o R mLs Vs SRR
A TBURART  mLym M EES B E g
1.3.54 B &R

Z: HRFE 4 RSO 5 i, R A Bl - o SR LL (8
T 545 nm A0 EWOGREE . 2 i it 207 2
g y=18.065x-0.002 3,R>=0.99., 1 & (7, mg/g) %
N

Z=nxCxV, xV,/ (mxV,)

Krfon IFERAEE C I NS AT Rby ARl
F e mg/mL; V, N R BAREL, mL; V, N AR
mL; Vs HEESBUSAT, mLym WEES BT, g0
1.3.5.5  GREEHA & EE

Z: K A AE PO 5 1k, SR FH 430 0 B i e
B i, bR M O Bl y = 8.76x-0.017 8,
R?=0.997 7, SEE &5 (H, mg/g) % N XIHE

H=nxCxV, xV,/ (mxV,)

K on ARBREGC AP TR EEKE, mg/
mL; V, AR AT, mL; V, i EREE, mL; V, A
WSAART  mLsm RS T, g0
1.3.5.6 B2 &EIE

Z: HRAR PRS2 T 3k, SR FHAR PR B €8 75 I A
LWy i, 22 bR UE B 2R 7 B A y=0.128 1x—0.009 4,
R2=0.998. R ZW & (F,mg/e) % F=UTHE

F=nxCxV,xV,/ (mxV,)

Kfon W RATEG C MG E TR ORI EE,
mg/mL; V, R SN R AR mLs Vo o R mLs Vs SRR
A TBURARTL mLym M EES B E .
1.3.5.7 iR JFRE & HEIAE

Z: B R E AE P i R 3, 5-AH SR KA R
Fb €0 5 00 5 38 JRORE O B R AR ER & T AR R g =
11.486x-0.014 9,R? = 0.999, f J5UH# & & (T, mg/g) %
N

T=nxCxV,xV,/ (mXV,)

P on WA E C S 1) B R me/
mL; V) ﬂ‘]fi@@ﬁ: H,mszzﬂ‘jLﬁé%,mL;Va ﬂ‘ﬂilﬁl
WRAREL, mL;m NEES AS &, g0
1.3.6  PrEfeag e
1.3.6.1 DPPH H H&iHBRAE

Z: B EE RS2 ) J7 VR JE RS o, BURE o LA
20 pL, DPPH TAEW 180 L. Ay N %S (A X BB 21 1%
TCRE A, R IR RO, A, R DL SR TAETR A I
MR Z R IAR 0% B, DPPH [ HH IS B R (P, % ) 4%
TR
1 Az

A()

P=|1-

)x 100
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HHEAXFE 1.3.6.1.
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C 1.0
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<z
%
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2 BRTE) 52 45000 R MR i, BORE & F RE AR 0 ljl T

1 mL, -OH ¥ FRFIHA A 1.3.6.1.
1.3.6.4  SARJFE i

B 1 mL A SR EEOET, InABER £ 92 iR
2.50 mL . &k G AN A W 2.50 mL, 1R 2] )5 & 50 °CH i
FKUE RN 20 min, 52N 58 U PR A E, FEMA =4 4
FRIEWE 2.50 mL. J&27J5 &0 (3 000 r/min, 10 min) , B
VW 2.50 mL T 55—, A ZEIB K 2.50 mL FIE
RS W 0.50 mL, 7R A JE 7EE il N & 10 min,
A 700 nm NIE RO 10 Ao ZRIBIKAESS FI6T
BEAEN Age BARJFH (0)IHEAUT

0=A -4,

1.4 AP

iz FH SPSS 26.0 {447 i M3 Hr, p<0.05 RoR
R 0E R GraphPad Prism 8.0 A AT 2 K 4y
M i iR T 3 IRE A .

2 #ER545H
2.1 FRRFERE
2,11 R PR [ GE HEORS P8 25 9 52 )
R TR TR XL EEORG T 2 A 52 0 an 18] 1 s
i 1 AT, R R BERT ] R 9~15 d B, B 2 kT
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Fig.1 Effect of fermentation time on the Polygonatum kingianum

jiaosu
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Fig.2 Effect of initial sugar concentration on the Polygonatum

kingianum jiaosu
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Fig.3 Effect of material-water ratio on the Polygonatum

kingianum jiaosu
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KR AF E R LA, A Re S TR R i
JE R RBCE RS 22 HE A AR A D A, XA )
2 6 ) B 4 I, AT A 22 S B AT R S S 2
PRI 2% R R, LR DR P A RE A 2 A 2 RN R AT A )
SR (OGS0 2 T S R A AR I iV | e L
S 8 S Y R IEE IR, B S MR O
PEY BTG AN, B VERRAR , i — 20 BB 2R rh W o i
P AR Ak 5 AR ) R T L R v AR K i e R A OGS
BRRLK e 1:3.5 (g/mL) Ab, SOD 7 4% 21 6] C & 3% 2%
S —E S BN IEE WS . BEES TSR, is
U eI PR S MG R 5 R I, P RE VA RS I R
TR I R A RN e BE M. 25 b SRR K
1:2.5.1:3.5.1:4.5 PEATJR 2R
22 IERAE:

22.1 IEsCIAERZE R

TE AR R I8 () FEfk L, X A ERs [R] (A) 90 46 4
W (B) VBHK LG (C)3 AN ZR AT Lo (34) IEAC IR S .
LL SOD 1% P B Wi BT P L 20 & i M B S AR
DA R AR R A DA B el e 2 s . 0 2 M B 0 a3
PRIl T 255 a5 5 W3 2~3% 3,

%2 ETHBER
Table 2 Orthogonal test results

A% BB ., SOD I ZW  af ..
T wnt i iﬁ N Gt ey Al w
T v (Ulg) (U/mL) (mglg) (mglg)

1 1 1 1 1 8620 042 141.00 0.61 0.0584
2 1 2 2 2 8120 038 20825 0.78 0.1230
31 3 3 3 13190 035 22770 1.09 0.2432
4 2 1 2 3 101.50 0.38 341.60 0.66 0.2383
5 2 2 3 1 31620 047 389.70 124 0.7120
6 2 3 1 2 209.70 037 21825 0.98 0.3072
7 3 1 3 2 20290 042 47070 1.48 0.6825
8§ 3 2 1 3 17750 0.50 332.00 0.83 0.4404
9 3 3 2 1 262.10 0.68 449.05 1.07 0.8285
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Continue table 2 Orthogonal test results

AR BH) SOD  JiRfilE W B .

T G S T T
ol (Ulg) (U/mL) (mglg) (mglg)

~

 0.142 0.326 0.2690.533
k, 0.419 0.425 0.3970.371
k; 0.650 0.460 0.5460.307
R 0.508 0.134 0.2770.226

% 2 AT ARIEZE A VS, 45 T R E G R
M R I A R /N A s T IsF D> ) 7K > 497 G A v B
IEA RIS R e E R B T A4 AsBLCs, B K
FEIIE] 18 d W EABIR T 15% BKH 1:4.5 (g/mL).

®3 EXHBAENN

Table 3 Orthogonal test analysis of variance

WH A Al Yo7 F [T
A 0.390 2 0.195 0.1889 A
B 0.029 2 0.014 00136 ARE
C 0.116 2 0.058 0.0562 AW
R 0.0812 2
syl 0.615 8
2 3 7 2208 RAS 2, F\>F o> Fy, L RE D6

TR R A T 2R i R, UG EDK L, 9
UEHE U BEX HE M /), 5 1E AL IR 25 R i — 2
222 ikl

XA AFREAT 3 U AT 1, X A% T4 A
FrER G VPO S b e Jy i & B 25 SR ISR 4.

Table 4 Results of validation test
SOD {1/ NEWFREG TR ZWiea BAEFEE, ZiG

(U/g) (U/mL) (mg/g) (mglg)  PF5

A;B;C; 181.59+7.92  0.77+0.41 543.60+43.73 3.26+1.81 0.856 8

TE AsBsCs T 45 FHEAT IR TER 56, AR 0 96 1 . 2
B R gAY SRS T IR P A A S T
IEAZ R f i 4L, U T 2 A BT 4T
2.3 FRALAEARGS R

T R T AR R A B BORS BAL H hr 2
RUFE S,

M6 5 AT, Zead R TR I e R B 2 ) IR R
Wi AT RS RN, SOD TPk Kl 17 S e
Al RESE RN TR R B 3 R A WO S T, B 29 ] fg
By, RIS, B RORS 12 2R b A 2 i i 52 2= AR
B T AE T URE A A At B DT AE B 2R .
AR S R B, S A A Y B e 2 4 2 R
SRR AT AT JE o B S S W 2R e B, IT N
HoK i R B e 2, B & e = b 2 1 ko i A
B 7 i ) R T RE R T A 5 R R i oy

T

®5 BEUERUESER

Table 5 Determination results of physicochemical indicators

HUREE L 7D KEBA MRS i T2 R A AR
SOD ¥/ (U/g) - 181.59+7.92
AW BG4/ (U/mlL) - 0.77+0.41
SR i/ (mglg) 2.180+0.026 0.650+0.004
B2/ (ng/g) 143.21+9.63 228.98+7.04
I JEE i/ (mglg) 7.88+3.12 423.47+50.76
LM/ (mg/g) 466.56+10.22 543.60+43.73
AT/ (mglg) 1.89+0.85 3.26+1.81
DPPH - %5 BR%/% 12.98+2.00 33.79+2.17
ABTS* 35 BR%/% 33.52+0.95 41.27+0.03
-OH 5 5%/% 84.49+0.91 91.06+0.79

TE R BIZRE S AR R B (R

AT YIRS R . 20 A R 2y FA
98] 2 RS R B A YU ALRE S TR I AR R I
R ERE R R P o R A W B F. DPPH- (ABTS'- .-OH
(35 BRI A T LTt R SRS 1E [ SR &l i
H ST T AL, B R P E AR E

3 4Zig

VI e TEC ORGSR} i [ AR R, i T &R
FNEASRIG AL T2 X T2 BB B R 20
AT E i DL SOD g 7 BEE M A TN E o ARIELR G
TEA A5 RO B AR R BE it 1.2 5% R B )
18 d W IR MR B 15% BHK HE 1:4.5(g/mL) o 1% T2
B EORE R SOD SRS 17020 181.59 Ulg.
0.77 U/mL, Z 8% | %45 & i 4 543.60.3.26 mg/g, B AT
—3% DPPH- ABTS*- . -OH 1 FEAE 1 5 A SR & I B0k
T 2R 1190340 SR I S8 22 T O 1 TR R IR LN o 25
b R RESE S R R S 7, X A R
A BTE ) BT AR AT — e PR R E T . FES R
A5 AT 3 R OCTE R AR &R iR W R VR AR A
DS S PR B 0 TR B R, R RS 18 R B k4R
it — 2 I BRI AR

Sk
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