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Abstract: Objective This experiment aimed to explore the change regular of chemical composition of Polygonatum kingianum
during the traditional Chinese medicine processing. Methods According to the nine cycles of steaming and sun-drying methods, P.
kingianum was processed. The contents of total polysaccharides, saponins, polyphenols, flavonoids, and free amino acids were
determined by spectrophotometry and HPLC during the processing step. The widely targeted metabolomics technology based on
UPLC-MS/MS was applied to detect the metabolites for raw and processed materials P. kingianum. Results As the increasing of
processing cycles, the color gradually deepened, the color of P. kingianum turning dark brown after the third steaming and slowly
turning black from the fourth to the end of processing. The raw material of P. kingianum had a hemp taste, however, it disappeared
after the fourth steaming and became sour and sweet. During the processing of P. kingianum, the content of polysaccharides and 16
free amino acids decreased, while the content of total saponins, total flavonoids, and total polyphenols increased. Widely targeted
metabolomics detected a total of 419 metabolites, including 66 amino acids and their derivatives, 65 lipids, 52 phenolic acids, 51
flavonoids, 42 organic acids, 41 alkaloids, 32 nucleotides and their derivatives, nine steroids, seven lignans and coumarins, one
isoflavone, three terpenes, and 50 other substances. Conclusion This study systematically investigates the changes in chemical
composition during the nine cycles of steaming and sun-drying processes of P. kingianum. Nine cycles of steaming and sun-drying
have a significant impact on the chemical composition of P. kingianum. As processing time increases, the relative abundance of
amino acids, their derivatives and alkaloids decreases, while the relative abundance of organic acids and phenolic acids increases.
This study can serve as a reference for screening and evaluating the quality of effective ingredients in processed P. kingianum. The
discovery of differential components also offers new insights for analyzing differential substances in raw and steamed P. kingianum
decoction pieces. This is of significant importance for the expansion and utilization of P. kingianum.

Key words: traditional Chinese medicine; Polygonatum kingianum Collett & Hemsl.; metabolomics; nine cycles of steaming and
sun-drying; compositional change; polysaccharides; saponins; polyphenols; flavonoids; amino acids; UPLC-MS/MS; processing;

lipids; phenolic acids; organic acids; alkaloids; nucleotides; steroids; lignin; coumaric acid; isoflavones; terpenes
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Fig. 1 Changes of appearance during processing of P.

kingianum
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Table 1 Change of contents of total polysaccharides, total

saponins, total polyphenols and total flavonoids during

processing of P, kingianum (X £s,n=23)

o R (mg-g™)
BEWE M ISEAL) S
SO 198.39+17.96a 33.661+3.04c 2.98+0.49f 8.19%0.30h
S1 106.08+17.61b 35.83+3.72c 4.13+0.41e 9.95+0.49¢

S2  97.66+5.85bc 37.12+2.81c 5.95%+0.81d 11.36%+0.77f
S3 90.61+16.02bc 55.00+4.28b 5.7610.50cd 13.33£0.3%
S4  81.02+8.20bc 75.54+4.84a 7.02+0.31c 15.5120.65d
S5  88.991+16.03bc 72.49+3.12a 6.881+0.29¢cd 17.02+0.52¢
S6  84.78+27.51bc 72.19x5.71a 10.67x1.56a 17.95%0.33b
S7  82.62+10.67bc 72.70x7.16a 11.16+0.42a 18.4710.16b
S8 74.6717.80bc 75.84+4.82a 8.6110.26b 18.6310.01b
S9  66.87125.12¢ 75.49+4.66a 8.45+0.47b 19.6110.22a

F—3NG R 27 B2 (P<0.05).
The same column of lowercase letters indicates significant

differences between samples (P < 0.05).
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*2 AHIRERAERSERT 16 FESERIETN (X£s5,n=3)

Table 2 Change of contents of 16 types of free amino acid content during processing of P. kingianum samples (X £ S, n=3)

A EU/ (mg-g ™)

I
Leu Met Ile Gly

His Phe Pro Cys

SO 0.443£0.003a 1.21740.023a 0.455£0.007a 6.483+0.128a 5.183+0.041a 0.717£0.013a 0.406+0.005a 0.211+0.004a
S1 0.241£0.021b 0.684+0.018c 0.180£0.023¢ 4.552+1.268b 1.943+0.153b 0.453£0.014b 0.221+0.073b 0.000c
S2 0.263%0.021b 0.88540.022b 0.243£0.005b 1.328+0.038¢c 1.804+0.046¢ 0.345%0.008c 0.1761+0.010c 0.129£0.009b

S3 0.169£0.031¢c 0.36940.010d 0.11240.003d 0.996£0.032¢ 0.681+0.036d 0.000d 0.000d 0.000¢
S4 0.123£0.020d 0.16530.009¢ 0.000¢ 0.26410.002d 0.243+0.014e 0.000d 0.000d 0.000¢
S5 0.064£0.006e 0.07010.002f 0.000¢ 0.248£0.028d 0.14240.001f 0.000d 0.000d 0.000c
S6  0.000f 0.000g 0.000e 0.133£0.007d 0.000g 0.000d 0.000d 0.000c
S7 0.000f 0.000g 0.000e 0.127£0.006d 0.000g 0.000d 0.000d 0.000¢
S8 0.000f 0.000g 0.000e 0.137£0.007d 0.000g 0.000d 0.000d 0.000c
S9  0.000f 0.000g 0.000e 0.108£0.008d 0.000g 0.000d 0.000d 0.000¢
Ji &5 £/ (mg-g ™)
G
Tyr Val Ser Ala Arg Thr Asp Glu

SO 0.093£0.006a 0.318£0.004¢ 0.194£0.006c 0.69410.008d 0.964+0.011b 0.142+0.002c 1.248+0.010a 0.878 £0.013¢

S1 0.000b 2.2154+0.011a 0.31420.021b 1.03340.025b 1.11940.010a 0.15940.357b 1.0131+0.224b 1.22940.026a
S2  0.000b 2.1261+0.023b 0.8091+0.034a 2.3821+0.024a 1.1024+0.022a 0.208+0.002a 1.33240.030a 0.97240.020b
S3 0.000b 2.026£0.028¢c 0.000d 0.831£0.015¢ 0.588+0.053c 0.096+0.004d 0.000c 0.304£0.008d
S4  0.000b 2.025£0.066¢ 0.000d 0.000e 0.295£0.005d 0.063 +0.003¢ 0.000c 0.000e
S5 0.000b 1.673£0.011d 0.000d 0.000e 0.227£0.030e 0.048+0.001g 0.000c 0.000e
S6  0.000b 0.000f 0.000d 0.000e 0.000f 0.055£0.002f 0.000c 0.000e
S7 0.000b 0.000f 0.000d 0.000e 0.000f 0.000h 0.000c 0.000e
S8 0.000b 0.000f 0.000d 0.000e 0.000f 0.000h 0.000c 0.000e
S9 0.000b 0.000f 0.000d 0.000e 0.000f 0.000h 0.000c 0.000e

Fl =3 NG RO EF B2 (P<0.05).

The same column of lowercase letters indicates significant differences between samples (P < 0.05).
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Fig. 2 Classification of metabolites of P. kingianum identified by UPLC-MS/MS
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Fig. 4 Beeswarm plot showing differential metabolites before and after processing of P. kingianum
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Table 3 Change in relative content of differential metabolites
DS L/l VIP P{H FC Ak

BN D- bk 1.104 697  0.004 195 62.880 590 Hm
1T W 1- TR 1.103 158 0.000 008 7.390 109 Hm
D-F % HE-6-THE R 1.104 744 0.001 171 7.244 088 4 n
52 5 Wb 1.038372  0.001 811 6.455 002 4 n
D-F &K 1.028 036 0.000 923 5.086 970 Hhn
D-(+)-To 7K i % 0 1.041 885  0.001314 4.988 080 Hm
L-J5HEIR 1.079915  0.000 114 4.697 296 4
N 1.040 907  0.022 738 4.603 848 4
D-F & HEBETR 1.054992  0.001 484 4.096 816 8 n
DL-iZ [ 1.066 548 0.000 933 0.133 365 e
E 1.108 083 0.006 553 16 844.444 444 B

REMRBEEATEY  3-RE3-FEAER 1.105208  0.004 487 38.697 720 4
5-SE A I R 1.085309  0.000 184 15.139 490 4
O- LBt 42 5 1R 1.101 928  0.003 338 13.199 650 0
it 2 R i S 1.008221  0.019911 2.177 452 Hm
R YA NS 1.065473  0.012 229 0.427 660 o
L4551 1.054229  0.006 913 0.349 080 b
DL-IE4iH R 1.056 865  0.011 025 0.348 930 e
L 2 e 1.047622  0.010 785 0.281 858 e
L-IER AR 1.032033  0.005 148 0.248 455 e
L- TR 1.034 752 0.004 090 0.245 602 Wb
L-5 AR 1.041 561 0.004 444 0.244 077 Wb
L-(-)-FR 2R 1.041 922 0.043 022 0.144 620 Wb
L- RN 1.075423  0.016 059 0.136 176 e
D-(H)-FK N AR 1.073422  0.017 555 0.121 957 e
FEE OB R 1.075521  0.004 587 0.117 383 b
EAE AR 1.052021  0.031 032 0.070 920 >
D-22 5% 1.077 494 0.049 204 0.066 393 >
NN-ZFEH R 1.097 564 0.002 106 0.030 759 >
SRR LN AR 1.100 788 0.032 092 0.029 167 e
L-(+)-FE AR 1.064 863 0.033 505 0.017 875 e
L- 2 1.093382  0.015215 0.004 036 b
=l H AR 1.108 182 0.002220 51 899.259 259 A AL
DL-% 1.107954  0.008 800 16 322.962 963 BrAE R
N-R OB H =R 1.107 873 0.010454 10 002.518 519 A AL
N-C B R A 1.107 898  0.008 291 4609.777 778 B R
528 2 R 1.106 459 0.028 912 1210.696 296 B R
N-Y- Lt FE-N-2-HIE-5- AU R R AR 1106277 0.025 639 425.062 963 B R
L-RNRAR-L- RN R 1.107 510 0.017 814 0.000 498 M At
O H AR 1.107379  0.023 799 0.000 382 M At
Ak 1.107703  0.014 116 0.000 230 i A
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£3 (&)
PaES kUl VIP P FC B EES

BB EATEY  S-(5-IH)-L-E AR 1.107 283 0.031 776 0.000 116 i F# iRt
LB K T e 1.108 190  0.001 275 0.000 062 i %M
L- %538 L BR-L- R 3t 2 1.108 172 0.001 812 0.000 059 i FEfR
L-(O)-J AR 1.108 023 0.009 968 0.000 015 i F% M
L-RIRAR 1.107 724 0.026 133 0.000 014  HF% M7
N-H & BE-L- R 1.108 007 0.011 796 0.000 008 i FEf7

AL 3,5- R Hk-3- AL R 1.103 447  0.004 086 44.091 140 ##n
FA 3 T ok iR 1.106 304  0.005 799 38.589 080  Hn
3-HIE-2-EAR- TR 1.106 429 0.000 361 37.389 670 ¥4
EHARBR(E DR, T 1) 1.091 311 0.000 511 5.884 785 N
e FU AR TR R 1.078 612 0.003 406 4.653209 N
o-D--FLERE IR 1.050 168 0.006 710 3.929 611 i
B-Fo 7 R 1.079 139  0.000 452 0.436 542 JHb
+ ok 1.060 798  0.043 810 0.420 501 Jk/>
P LGBREN 1.098 318  0.005 633 0.307 828 ¥
6- TR 1.082 117 0.006 187 0211561  Jksb
TR 1.086 555 0.045 250 0.129991 gD
Y-EEET R 1.092 678  0.005 748 0.026 005 ¥k
2- IR Ieg PR 1.108 190 0.002 342 7434 852.851852  HiAHL
2-FEET g 1.108 192 0.001 156 1058 788.888 889  HiA:hk
2-FREET R 1.107 884 0.018 458 32131.851852  HiHEM
RETR 1.108 092  0.003 382 7528333333  FHiEM
o-FRFE T IR 1.107 781 0.017 122 6779.925926  HiEMK
(S)-2-FRHE TR 1.107 833  0.013 789 4432407407  HAER
5-FRELCR 1.107 545 0.021 433 0.000 078 BrB&fR
RIREIR 1.107 633 0.028 112 0.000 016 i [%f#

LNz 3-EEKHIE 1.102211  0.007 808 34236 140 Hhn
T 1.102 583  0.005 701 29.700 900 BN
A% 1.102263  0.002 071 11.693 930  H#4
7 1.086 401  0.010 322 9331112 H4jm
T A 1.044 559 0.000 826 4741587
P 1.082 852 0.008 786 3.016721  #44n
TER 1.025 189 0.015 629 2321812 Hhn
3-0-(E)- %5 i B 42 T 1 1.057 075 0.045 487 0.309 733 k>
[4-(2-F2 £.58)-3- A FRILN(E)-3-[3- A Jk-4-  1.058 061  0.042 530 0.304 145 /b

[(2S,3R,4S,5R,6R)-3,4,5- =5 3L-6-(F2 H %)
-2 AL R IR Y - 2- MR £

o F7 HEOR R 1.106 804  0.000 146 0.170 777 Wb
THER O-H &I FETFT 1.091 878  0.040 497 0.083 102 b
I 1.084 832 0.039 081 0.057260 >
ISR 1.072 722 0.038 054 0.053373 b

o 2 R 1.108 127 0.005502 603 670.370 370 AKX
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x3 (48
P LY/l PiH FC B A=t
TR I 1.108 007 0.010 102 107 527.407 407 AR
2,4- R HERN R 1.108 077 0.005 873 70 770.000 000 kA%
A IR 1.107 925 0.017 048 45 872.222 222 kA
AR Ty 1.108 027 0.008 725 42 491.111 111 WK
L WiV N 1.107 946 0.010 663 6329.111 111 A AR
A B 1.108 153 0.001 418 5751.666 667 AR
IRITEH & H 1.107 612 0.018 658 5696.037 037 kA%
5 BT 1.108 210 0.000 030 5516.851 852 N5
- 2R R 1.108 099 0.004 146 3774.222 222 AR
BETHEE TR 1.108 065 0.003 790 2758.333 333 AR
34-ZHBE TR 1.107 842 0.009 395 2471777778 AR
AR =T 1.108 101 0.003 546 2 469.925 926 N5
D T 5o 2 T A 1.106 708 0.037 827 0.000 658 Bl i
3,5-Z-0-% B TR 1.107 167 0.026 713 0.000 447 Bl i
RIEEIR 1.107 347 0.033 742 0.000 114 Bl i
1-O-[(E)-%} 5 51k - B-D- Mk Wi 46 47 1.108 185 0.001 798 0.000 017 Bl i
© BV SR, 97 M-S WA & EREIC. M
NH HilJ5 NGB B B 2N, H 2085 S
b, FECEBSES SR BB R
© W, SLETEELUONTERER) 70%, FEHTHIER LY
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Fig.5 Structural formula of amino acids and its derivatives
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