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Abstract: To explore the effects of steaming and drying treatments on the types and content of the active ingredients
and metabolites of Polygonatum sibiricum Red., low-field nuclear magnetic resonance, the phenol-sulfuric acid method, high
performance liquid chromatography-evaporative light scattering detection, and liquid chromatography-mass spectrometry
were used to analyze moisture distribution, polysaccharide content, monosaccharide composition, and metabolites. The
results show that, after multiple steaming and drying treatments, the bound water and polysaccharide content decreased

gradually. The pH of the aqueous extract also declined gradually, reaching 4.07 (indicating weak acidity). The reducing sugar,
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total phenol, and flavonoid content increased slowly to 28.69%, 10.02 mg/g, and 0.69%, respectively. The antioxidant activity also

increased gradually. The ABTS scavenging activity peaked at 0.73 mmol/L after P. sibiricum was dried seven times, which

was 0.35 mmol/L higher than that after drying only once. The DPPH scavenging activity and FRAP value reached maximums of

81.95% and 1.97 mmol/L, respectively, by the eighth drying treatment, which were 50.92% and 1.72 mmol/L higher, respectively,

than those after drying only once. Moreover, sucrose was gradually hydrolyzed, and its content reduced from 18.53~7.62 mg/g.

The glucose and fructose content increase from 0.00 and 11.30 mg/g (after the first drying treatment) to 17.25 and 230.89 mg/g,

respectively (after the ninth drying treatment). Polygonatum sibiricum samples that were dried once and nine times were compared

for their differential metabolites. A total of 1310 metabolites were detected in positive ion mode, and 176 of these were differential

metabolites (comprising 38 categories according to their characteristics). A total of 1841 metabolites were detected in negative ion

mode, and 148 of these were differential metabolites (comprising 26 categories according to their characteristics). The active components

of P, sibiricum vary significantly after steaming and drying. The findings provide a scientific basis for the processing of P, sibiricum.

Key words: Polygonatum sibiricum Red.; nine steaming-nine drying; high performance liquid chromatography-

evaporative light scattering detection; liquid chromatography-mass spectrometry; metabolomics analysis
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Table 1 Sensory characteristics of Polygonatum steamed for 1~9 times
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9

7.33+0.36°
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19.70+£1.37°
29.93+0.50"
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49.67+0.29"
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Fig.2 Water status of Polygonatum for 1~9 times
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Fig.3 Reducing sugar content changes of Polygonatum

steamed for 1~9 times
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Table 3 Regression equation, correlation coefficient and
linear range for four monosaccharides

£ KT FEZH (F) KRMEE/ug

BHE Y=1.199 7X+2.456 5 0.999 8 10~40
FEE Y=1.296 2X+2.2759 0.999 7 12.5~50
B Y=1.294X+2.102 7 0.999 12~48
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Fig.5 HPLC-ELSD separation chromatogram of mixed
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Table 4 Analysis results of 1~9 water-soluble sugars (=2, mg/g)

AR S Rz A A
1 11.30 - 18.53
2 49.21 1.29 24.84
3 114.90 2.02 28.77
4 155.36 1.90 24.93
5 174.38 5.95 59.60
6 197.96 8.48 33.62
7 247.72 11.77 32.20
8 220.78 13.78 7.75
9 230.89 17.25 7.62

AR, BEE A HIEE I, RS R
BN, AE-GHIARIEAE 247.72 mg/g, FlJE A0
SR/ MEREERR, PR P RIERE SRR 2 E D i
B, EDURIAT /MR T B 208 0.12 me/g, 1k
PR UM R 2 E T, BRGNS BRI BIRR, f
HBERD R I HREE R AE K, SR 2
BRI KA, AR RCORBE . B A — R B
Wl o SRR A 0 B A A AR P B NIE R
BRI e 2 B T B ) R R IR I R A SR A
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Fig.7 pH value of extract of Polygonatum steamed for 1~9 times
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Fig.8 Total phenolic content of Polygonatum steamed for 1~9 times
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Fig.9 Flavonid content of Polygonatum steamed for 1~9 times
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Fig.10 Antioxidant activity of Polygonatum steamed for 1~9 times
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& (D, 171 NN HFRIEREY) T ZH R L HAT ® 5 EEFEATERRE=D5ITE
Y (44). WENE R HATAEY) (9). ZE M HEURAT Table 5 Statistical table of metabolite quantity in positive ion mode
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* 6 ABETEATERRE~WaHitR
Table 6 Statistical table of metabolite quantity in negative ion mode

5 n%k 4B LAKB  TiAKE
1 REEB AT 23 4 19
2 BRABARLLTAN 1 0 1
3 Wk R AT A 2 0 2
4 RARABRKRITEY 9 2 7
5 iy 6 1 5
6 H AN S 14 2 12
7 Ak 1 0 1
8 F KM 3 1 2
9 R B EATE W 1 0 1
10 b B RE 3 0 3
11 B AT 1 0 1
12 LA, 1 1 0
13 EACs 1 0 1
14 HAGRBRARLTAY |1 0 1
15 ki) 1 0 1
16 R B AATEM 1 0 1
17 =% 1 0 1
18 A A AATAEY 1 0 1
19 DY &3 2 0 2
20 KBy Bk 1 0 1
21 Z Y B ER g 1 0 1
22 R oo 5K 2 0 2
23 B AL B 1 0 1
24 WHEHBRAEATAN 2 0 2
25 1A 1 0 1
26 £t 67 4 63

*7 AEESREVHESITER
Table 7 Statistical table of metabolite quantity between groups
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BT 15 133
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* 8 HAERRIFYWKEGGIIEE TR EETFHEAFITER

Table 8 Statistical table of KEGG pathway informtion of sample in positive ion mode

%% @3 1D RS R o il BA A Rt 4L A
1 Ko00130  Ubiquinone and other terpenoid-quinone biosynthesis 2 B F= A7 £ o4 - BLA M5, 2
2 K000220 Arginine biosynthesis RN X 2
3 Ko000230 Purine metabolism A 5
4 Ko000250 Alanine, aspartate and glutamate metabolism AR . RARER A5 2 BARH 2
5 Ko000270 Cysteine and methionine metabolism PR R A B R BT 2
6 Ko000280 Valine, leucine and isoleucine degradation HRER. 7R 7 R ERE R 3
7 Ko000290 Valine, leucine and isoleucine biosynthesis BRI, 7 REAF T REE AR 3
8 Ko00310 Lysine degradation BRI R 3
9 Ko000330 Arginine and proline metabolism ey B BA A I R B A 4
10 Ko00340 Histidine metabolism RN ie 1
11 Ko000350 Tyrosine metabolism B R ERAXGS 2
12 Ko000360 Phenylalanine metabolism K E R AR 2
13 Ko00400  Phenylalanine, tyrosine and tryptophan biosynthesis 2% /& &8 . B4R B A= & R BR 49 £ AR 2
14 Ko000460 Cyanoamino acid metabolism FA RS BRARA 4
15 Ko00480 Glutathione metabolism P A 1
16 Ko00564 Glycerophospholipid metabolism i A Pl 4K 2
17 Ko00600 Sphingolipid metabolism FHRE KA 1
18 Ko000650 Butanoate metabolism T B ARG 1
19 Ko000750 Vitamin B6 metabolism Y% & B6 AR 1

20 Ko000760 Nicotinate and nicotinamide metabolism MABR 2k A WA Bk Rec X 35T 3
21 Ko00770 Pantothenate and CoA biosynthesis Z R AANEE A £ AR 1
22 Ko00908 Zeatin biosynthesis ERFEAEMER 3
23 Ko000940 Phenylpropanoid biosynthesis RAITE M E AR 2
24 Ko000941 Flavonoid biosynthesis RZERAE MR 1
25 Ko000950 Isoquinoline alkaloid biosynthesis TR M AR M AR, 2
26 Ko00960 Tropane, piperidine and pyridine alkaloid biosynthesis  #&k%. YKPE Fovthor & M s 4 4 & A%, 6
27 Ko000965 Betalain biosynthesis HEBAEN LR 1
28 Ko000966 Glucosinolate biosynthesis T A A AR 5
29 Ko00970 Aminoacyl-tRNA biosynthesis R B A AR, 8

242




R EmEHT Modern Food Science and Technology 2024, Vol.40, No.2
#9 HAZSRBIKEGIIEE IR A B FRERKITE
Table 9 Statistical table of KEGG pathway informtion of sample in negative ion mode
%5 @R ID B ILAG A A A Rft# 2L R

1 K000020 Citrate cycle (TCA cycle) AT BR B HEIN (TCA $H31) 1

2 Ko000030 Pentose phosphate pathway BRER S AB 1R 12 2

3 Ko000052 Galactose metabolism FFLAE R4 2

4 K000220 Arginine biosynthesis My BB B R, 3

5 Ko000230 Purine metabolism E3NAeT 2

6 Ko000240 Pyrimidine metabolism g ARt 1

7 Ko000250 Alanine, aspartate and glutamate metabolism FRIR . RAR B A 5 BB 3

8 Ko000330 Arginine and proline metabolism o 2 BR A Il A B AR5 2

9 Ko000340 Histidine metabolism 20 R EEAX A 2

10 Ko000350 Tyrosine metabolism B R BRAR ST 1

11 Ko000360 Phenylalanine metabolism R BB 2

12 Ko00400  Phenylalanine, tyrosine and tryptophan biosynthesis X B£8R . B4R A &R BL A £ WA %, 2

13 Ko000460 Cyanoamino acid metabolism A R B AR 1

14 Ko00480 Glutathione metabolism e IR AR 3 1

15 Ko000500 Starch and sucrose metabolism Ay A R 0 ARG 1

16 Ko000630 Glyoxylate and dicarboxylate metabolism CBABR Fm — 2 R AR 4

17 Ko00650 Butanoate metabolism T B ARG 1

18 Ko00740 Riboflavin metabolism M F R 1

19 Ko000910 Nitrogen metabolism AR 2
20 K000940 Phenylpropanoid biosynthesis KA R A AR 1
21 Ko000950 Isoquinoline alkaloid biosynthesis SR A AR B AR, 1
22 Ko00960 Tropane, piperidine and pyridine alkaloid biosynthesis &}z, YR Aotbo & Mok & 46 A%, 1
23 Ko000965 Betalain biosynthesis HE A A R 1
24 Ko00966 Glucosinolate biosynthesis I A ARk, 1
25 Ko000970 Aminoacyl-tRNA biosynthesis RBRAE WA AR, 5

21132 ZRAWWE £, (£ 9), TEIHLE LKA 148 /5 2 2 B AR o vh

MR 4 3 B 45 R, A H Metabo Analyst R i3t 1T
KEGG J#B & 4™, SRR HbIE 1
AR 2R UG 29 260k (R 8), {EFfEHK
) 176 4> 2 72 AR Th i KEGG VERE 2R 75
A, HAMEETNE, EESME 30 ZARuh@sd
(B 152). BT 2 SR E 25 %iE %

KEGG {#B3IME 44 4, Hp 43 AEETH, 14
BE R CRNER. BRI E K
IR, L 26 ZAuhHeET (& 15b).
P 7 Fold enrichment {8 #& K % 7~ & 5 2 FE K,
P-value [ HHHE T 0, FoRnESMEE, EF 5K
FMUE F LB NGB 2 57 B2 A5

243




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.2

a

Zeatin biosynthesis [}
Vitamin B6 mefabolism -
Valine, leucine and isoleucine degradation [ ]
Valine, leucine and isoleucine biosynthesis )
Ubiqui and other 1d-qui bi hesi

q y
Tyrosine mefabolism ~log10 (P-value)
Tropane, pipenidine and pyridine alkaloid biosynthesis .
Sphingolipid metabolism . 5

Purine metabolism &

Phenylpropanoid biosynthesis{ @ 4

Phenylalanine, tyrosine and tryptophan biosynthesis o 3
Phenylalanine metabolism )

1

F and CoA biosynthesis .
Nicotinate and nicotinamide metabolism )
Lysine degradation [

Isoquinoline alkaloid biosynthesis

Histidine metabolism
Glycerophospholipid metabolism | «

Glutathione metabolism- «

Glucosinolate biosynthesis & .1

Flavonoid biosynthesis | «

Cysteine and methionine metabolism+{ @ o2

Cyanoamino acid metabolism »

Butanoate metabolism - L

Biosynthesis of secondary metabolites-unclassified . . 4

Betalain biosynthesis

Metabolites number

Arginine biosynthesis .
Arginine and proline metabolism w
Aminoacyl-tRNA biosynthesis .
Alanine, aspartate and boli: . 3 i ¢
1 2 3 4

Fold enrichment

b
Tyrosine metabolism
Tropane,piperidine and pyridine alkaloid biosynthesis
Starch and sugrose metabolism
Ribolavin metabolism

Pyrimidine metabolism { * Metabolites number

Purine metabolism { @ .1
Porphyrin and chlorophyll metabolism - «
Phenylpropanoid biosynthesis | * 02
Pheny ine, tyrosine and tryptophan bi hesi L ] 0:
Phenylalanine metabolism .
Pentose phosphate pathway @ . 4
Nitrogen metabolism &

Isoquinoline alkalold blosynthesls

Histidine metabolism ~log,, (P-value)
Glyoxylate and dicarboxylate metabolism @ N
Glutathione metabolism . 4
Glucosinolate biosynthesis 1 *
Galactose metabolis L]
Cyanoamino acid metabolism

Citrate cycle (TCA cycle)
Butanoate metabolism

3
2
Betalain biosynthesis !

Arginine biosynthesis [ ]
Arginine and proline metabolism [ ]
Aminoacyl-tRNA biosynthesis .
Alanine, aspartate and gl boli: L9

156 HAZEZREM KEGG E&E
Fig.15 KEGG enrichment analysis of differentially expressed
metabolites sample

3 it

25 SRR WY BE A 78 B A N, SR AM B el
R OEAR Y BT, FUEEY), BRI K
SRR, EERE. S, ERSRS EESE
B, prEAE TR, RO TRRAERN, &
AR FREALRLL B, SRAE. HERE S BRI, RN
KA, aed kR SR KSR LSS IR 1 pH {E
Hi 5.26 TF#2]4.03. 1X0]GE2 H T mln miRacrr -,
R Maillard FHEEREAC SN, 5] A2HE ) 52 R AL AN B
A HCAE M I A v 22 WAL SRS R A e L R
FAERI R ZBREE D A K SRR 1 5, HaZ
S R FAC S MG A PRI SR, %o sk (5
AR = A P e VA o

KA LE-NMR 73 8 s K 70 iR IR0, 2% Jm
HIBRE K TS FE UL GO AFE, DERIE
HEARDTRELS S, AN KK 5 K0T
VIR SR, JET 6. 7 HlRKaMEETRE,

244

I — ) AU SRS AT A TR A 22 b, &5
I, FH PCA F1 OPLS-DA 4 7] i3 2 [X 43 1 2 AF i
ZE k. e H 2 AR R IR R R AT A
memE & HATAEY) . RIR R HATEY . AIELED.
AHVENEY) . TR S n 2= RO R, N
ORI I B2 IR TR 5 W RPN B T Bk Ait

HRYE TR 28 ) (k. KUK, Ky S i, I R R
LR AR RIS KBRS 28R E R BIEE 7 IR ATIA 2 B
£, BT TEAE, X HOR 2SR A AR F .
AR SRS AL DU A A X Sk BORE BT AR AL 5 40 B, %
HABREF=H ., S A KRR RS 28 AT 5 25 AR
W 75 A [ B L i s 72 R 0oy B AR 4L
R IR BAAEA MR L5050 . AT T XS
RS TEORE AT SO A BE, SRS S Th I i B
U, B OGSK BRI T2, ERNLHI AR
SR

N

(1] R i SO0, 5208, A AN [R]™ 22 A0 SRS A 2 O 5 i
ELAZ T[], 2 B ML A 272,2020,48(8):198-200.

2] ERAERN BB IR, S5 AR O BORS S T A 20 [T,
BN AR, 2022,50(3):96-102.

(3] RMGIEASFI s 2O S0 A2 BEA AR FR AT [T]. 75 4K
Mol AHY,2019,48(4):11-14.

(4]  FERMg, EHEEBFHEEE A F M A B 2 8RR
J 73S R[]I 2 [ 5 ] £4,2022,33(4):866-869.

(5] EHLERE UL JIRyE M S IS R AT [].4%
0 8H%,2020,18:182-183,186.

(6] FRIAEPAHE, B AR, 5 U2 U L E ki sk AL i
JRRFAE B2 22 B 4H 53 TR A [0 AR B R HEE,2022, 38(9):
171-180.

[71 QI L, HUANG X J, LV SY, et al. Carotenoid profiling of
red navel orange “Cara Cara”harvested from five regions in
China [J]. Food Chemistry, 2017, 232: 788-798.

[8] SR, A5 o, S, A L 28 LIRS B RS 22 W B B 2H A
F AR R [J]. £ TR AR, 2021, 42(2):42-46.

91 WUY X,XULS,YINZY, et al. Transcription factor VmSeb1
is required for the growth, development, and virulence in Valsa
mali [J]. Microbial Pathogenesis, 2018, 123: 132-138.

[10] P b AHHELL A0 T 9,55 2 A0 30R I AERG B L 28 JU ik
FErh ZHEIAAL 7] 2B A,2019,47(18):181-182.
[11] LUQ,LV SY, PENGY, et al. Characterization of phenolics
and antioxidant abilities of red navel orange “Cara Cara”
harvested from five regions of China [J]. International Journal

of Food Properties, 2018, 21(1): 1107-1116.

[12] BRARMI, G IR, B0, 45 o )87 17 vk DR A0 350 RS 0 I 2 B

T2 R H A G PR 7T [J] 3 TR K 5 543k, 2017,




R EmEH

Modern Food Science and Technology

2024, Vol.40, No.2

[13]

[14]

[15]

[16]

[17]

(18]

[21]

[22]

32(4):8-13,25.

LUO J G, LI L, KONG L Y. Preparative separation of
phenylpropenoid glycerides from the bulbs of Lilium
lancifolium by high-speed counter-current chromatography and
evaluation of their antioxidant activities [J]. Food Chemistry,
2012, 131(3): 1056-1062.

ZHANG D Y, LUO M, WANG W, et al. Variation of active
constituents and antioxidant activity in pyrola (P. Incarnata
Fisch.) from different sites in Northeast China [J]. Food
Chemistry, 2013, 141(3): 2213-2219.

ZHAO P, DUAN L, GUO L, et al. Chemical and biological
comparison of the fruit extracts of Citrus wilsonii Tanaka
and Citrus medica L [J]. Food Chemistry, 2015, 173: 54-
60.

AT TR, MG, S BORS R R ) 4 AU SR
A AT [J]. 0 [ i, 2022,41(5):153-158.

TANG Y, LI X H, ZHANG B, et al. Characterisation of
phenolics, betanins and antioxidant activities in seeds of three
Chenopodium quinoa Willd. genotypes [J]. Food Chemistry,
2015, 166: 380-388.

WANG Q, REHMEN M, PENG D X, et al. Antioxidant
capacity and a-glucosidase inhibitory activity of leaf extracts
from ten ramie cultivars [J]. Industrial Crops and Products,
2018, 122: 430-437.

TR LZE UL R P SRS IR B SO B & 32 3 1t
RGBT LD M PR 2022.

JIN J, LAO J, ZHOU R, et al. Simultaneous identification and
dynamic analysis of saccharides during steam processing of
rhizomes of polygonatum cyrtonema by HPLC(-)QTOF(-)MS/
MS [J]. Molecules, 2018, 23(11): 2855.

FENG Y B, YU X J, YAGOUB AE, et al. Vacuum pretreatment
coupled to ultrasound assisted osmotic dehydration as a
novel method for garlic slices dehydration [J]. Ultrasonics
Sonochemistry, 2019, 50: 363-372.

LV C, TIAN H F, ZHANG X, et al. LF-NMR analysis of the
water mobility, state and distribution in sorbitol plasticized
polyvinyl alcohol films [J]. Polymer Testing, 2018, 70: 67-72.
ZIEE 24 5 W), R 2 S s B A B K 2 AR s R T
F RIS B« K IPIRES KBTI [ RR,
2021,41(6):80-87.

O R, 0k 52 20 L 78 JU ] 2 3 P9 38 J500E A% 0 R A o
FLLT]3L T R 24K 257 241,2018,20(8):59-62.

B IR RS JE ) AN TR AR AE IR T [D]. 75 AR 5 AL
T2 Be,2022.

W, RSB, 25,5 HPLC-ELSDk I 52 8k H )i

[27]

(28]

[29]

(30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

(38]

(39]

T2 o DO b 1) 2 = (] P R AR 24,2016,18(12):1653-
1656,1665.

FERERL I TT L, Tk, A B T RS R R TR S AT S
ZE R [J]. PR 5L 25,2022,53(9):2687-2696.

LIU Z, XIA J, WANG C Z, et al. Remarkable impact of acidic
ginsenosides and organic acids on ginsenoside transformation
from fresh ginseng to red ginseng [J]. Journal of Agricultural
and Food Chemistry, 2016, 64(26): 5389-5399.

RUFIAN HENARES J A, DELGADO-ANDRADE C,
MORALES F J. Occurence of acetic acid and formic acid
inbreakfast cereals [J]. Jourmal of the Science of Food and
Agriculture, 2006, 86(9): 1321-1327.

g S TR EEEE i i W SR R R R VAL B R SR B4R
PEBESTIFEM [T]. 2 i Tk AH,2014,35(13):53-56.
FRIEEE T EE AN K S o R 1H- B 5 B FR) 52 (D], P 5 - 7
AR K ,2012.

55 Wik, LN 258, 0 i, 2 DPPHIE VT B SR AL 35 PEBIF 7 3k
JE[T]. & S RFE,2014,35(9):317-322.

TR BB 1, A AN A D T 2 KRR i 2 7K S
PR XU 73 AT A RE 0 RS20 [0]. 80 DAL R,
2021,42(23):41-48.

Z R, TR TR, A A B SR M ) S
TSN ARG P [J]. [ 24071,2015,18 (6):916-
919.

CHEN R J, ZENG Y, XIAO W B, et al. LC-MS-Based
untargeted metabolomics reveals early biomarkers in STZ-
Induced diabetic rats with cognitive impairment [J]. Frontiers
in Endocrinology, 2021, 12: 665309.

GARCIA ANTONIA, BARBAS CORAL. Gas
chromatography-mass spectrometry (GC-MS)-based
metabolomics [J]. Humana Press 2011, 708: 191-204.
THEVENOT ETIENNE A, ROUX AURELIE, XU YING, et
al. Analysis of the human adult urinary metabolome variations
with age, body mass index, and gender by implementing a
comprehensive workflow for univariate and OPLS statistical
analyses [J]. Journal of Proteome Research, 2015, 14(8): 3322-
3335.

CHEN W, GONG L, GUO Z L, et al. A novel integrated
method for Large-Scale detection, identification, and
quantification of widely targeted metabolites: Application in
the study of rice metabolomics [J]. Molecular Plant, 2013,
6(6): 1769-1780.

CHONG J, XIA J G. Metabo Analyst R: An R package for
flexible and reproducible analysis of metabolomics data [J].
Bioinformatics, 2018, 34(24): 4313-4314.

245






