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Abstract: Objective To investigate the differences in GC-MS fingerprint and chromaticity values of different steamed products of
Polygonatum cyrtonema. Methods GC-MS was used to establish fingerprints of raw and steamed P. cyrtonema samples with 2—9
steaming cycles. Chromaticity values (L*, a”, b") were measured using a colorimeter. Principal component analysis (PCA), hierarchical
cluster analysis (HCA), and orthogonal partial least squares discriminant analysis (OPLS-DA) were applied to analyze differences
between raw samples and steamed products (1—9 times). Results Compared with raw P. cyrtonema, total color difference AE* of
powder samples from 2—9 steamed batches exceeded 12, indicating significant color changes. Powder color stabilized starting from

the fourth steaming. The established fingerprints identified 17 common peaks, with three new peaks emerging after five steamings.
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Correlation analysis (CA) revealed significant correlations between main chromatographic peak areas and chromaticity values,

particularly L*, b* and E”, but weaker correlation with «”. Multivariate statistical analysis showed distinct differences among raw and

steamed products. PCA and HCA classified samples into three groups: raw, 1—4 steamings, and 5—9 steamings. OPLS-DA identified

nine differential components: (+)-dipentene, 2, 4-di-tert-butylphenol, 2-ethyltoluene, o-xylene, m-xylene, n-eicosane, 4, 6-dimethyl

dodecane, 1, 2, 3-trimethylbenzene, and 3-ethyltoluene. Conclusion A GC-MS fingerprint combined with chromaticity value analysis

was developed, providing a scientific reference for quality control and evaluation of P. cyrtonema.

Key words: Polygonatum cyrtonema; steaming; GC-MS; chromaticity values; difference comparison; correlation analysis; principal

component analysis; hierarchical cluster analysis; orthogonal partial least squares discriminant analysis; (+)-dipentene; 2,4-di-tert-

butylphenol; 2-ethyltoluene; o-xylene; m-xylene; n-eicosane; 4, 6-dimethyldodecane; 1, 2, 3-trimethylbenzene; 3-ethyltoluene
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Fig.1 Raw and steamed (1 to 9 times) Polygonatum cyrtonema slices samples

221 AUEBHRSHE SFEMATARE KA
i SN R Z& | e ok R G =50 &,
BISJE R ARG, RSP, RS
B, N 2GR F 1 bR A2 51 2 A AT 1 D65
FIR, WEIMEWEME 10° , BArfLE 4mm, 3
KAG G F] 360~740 nm, KA SCI A et &
K458 CIE (L' a* b)) , X} SO~S9 ¥y KT (B
THIE -

222 RESEERLS HL SO MiAREER, NN
I AR, TR “2.2.17 WA T B 2= il
FE 6K, EREIR L a” b RSD 1H 5 514 0.12%-
0.13%-+ 0.14%, Ut % T R I .

223 BEEMRK B SO KK 6 4, BN
RATHEIN G, 1 “2.2.17 WM T G210k
frise, 25 B8 L a” b RSD 1H.5 514 0.25%-
0.50%-. 0.43%, RIIEEIMERE .

224 FasEthiREG B SO MAER, MR E
WA A, AE 2217 TSR 6T 0L 1. 24
3. 4. 5. 6 h JaHEZENGEITIE, SRER L.
a*. b RSD 1H 558 2.06% 1.22%. 0.82%, i
HIFE S TE 6 h N AR M R 4.

225 ZPRARRABELE Y86 E
AE"N 6~12 iy, HAZETH IR, 4 AE>12
I, 22 200, Z IR AN R € AR 5E 45
B 1. EFREZERI RS, LMEM 86.06 X5
B3] 39.53, BHE T 54.07%, ZIZHFFKES,
H=2 (S3) Ja, LA NHEEeis, RS
FEREE, BUEIRETnGG, Hrhss KB =AM

PRSI, BRI o HREETEREM
s, M SO F S3 MM, o™HEIINMEY, bE
JETE S4 F| SO i, o RS b EEH
et m a PR S, s 25.80 FREZ] 1.19,
HEAE T FE 95.38%. E“RF L EH, fEMH I FE
E"M 87.54 FP&H 39.59, MEOZEME T T 54.77%,
SRR L7 R FRiR B 0%, U BAAE S B i
. B S2 HUH AE">12.0, BIFEZEHIES 2 IRFTLA,
HORG M S5 A S A BB ARG B R, T DU PIHR
X4r; S5~S9AE ETFaE, RMME S KITEE
ZIEANH G . LRG0 R, 2R TEZEH
R, e~ = ZEBIEARR, U7 JEFEE
TRz

2.3 ZEBAREIKE GC-MS 8 ELEH R
230 HHSIETRISIS AR RRE AL R

*1 BEESER

Table 1 Chromaticvalue results

Ff b L a" b* E* AE"
S0 86.06 224 1585 8754 0.00
s1 83.91 359  18.88  86.08 3.95
S2 74.09 846 2580 7891  16.76
S3 4836 1034 1485 5163 3857
S4 43.66 5.60 479 4428 4395
S5 4232 4.19 326 4265  45.56
S6 40.20 455 441 4070 4732
s7 40.61 3.01 246 4080 4739
S8 39.53 1.82 119 3959 4879
S9 41.33 2.86 255 4151  46.67
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Fig. 2 GC-MS superimposed fingerprint of P. cyrtonema different slices
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Table 2 Identification results of Polygonatum cyrtonema different slices
Tomin cs®  ammEm et el — gt K
i m/z
1 4955 100-41-4 CHEK CsHuo 10605  51.00. 6505. 91.05. 106.05 S0~S9
2 5647 96-26-4 e 2= WS C3HeO0s 10605  51.00. 77.00. 91.05. 105.05. 106.05 S6~S9
3 5766 108-38-3 Ji] - F CsHuo 10605  51.00,. 77.00. 91.05. 10505. 10605  SO~S4
4 5771 95-47-6 AF K CsHuo 10605  51.00. 77.00. 91.00. 106.05 S1~59
5 6800 99-83-2 K CioHs 13600  41.00. 77.00. 93.00. 105.10. 11900.  S5~S9
136.00
6 6966 98-82-8 AR CoHz2 12010  4300. 51.00. 77.05. 79.05. 10505. S0~S6.
120.10 $8~59
7.021 77857108 JRME CioHis 13610  41.00. 77.00. 9305, 105.00. 13610  S1~S9
7677 103-65-1 NRSEN CoHz2 12010  51.00. 65.00. 78.00. 91.05. 92.05. S0~S9
120.10
9 792 620-14-4 3-ZHEHH CoHz2 12010  51.00. 65.00. 77.00. 79.05. 91.05. S0~59
9205. 10305, 10505, 10605, 12010
10 8037 611-14-3 2-C FEHIF CoHz2 12010  51.00. 79.05. 91.05. 105.05. 12010  S0~S9
11 8227 526-73-8 = HZK CoHz2 12010  51.00. 77.00. 91.05. 105.05. 11910,  S0~S9
120.10
12 9033 123-35-3 JEEE= CioHis 13610  41.00. 69.05. 9305, 121.10. 13610  S1~S9
13 10552 5080-27-5 ()5 CioHis 13610  5305. 6805. 9305, 12110, 13610  S0~S9
14 10684 496-11-7 i CoHuo 11805  57.90. 91.05. 117.05. 118.05 S0~59
15 11.293 135-01-3 1,2-—2% CioHua 13410  41.00. 77.00, 91.05. 10505, 11910.  S0~S6. S9
134.10
16 11427 1074-437  3N-PEERE CioHua 13410  51.00. 77.00. 91.00. 105.05. 13410  S0~S9
17 11706 934-80-5 A4-Z FELZHZK CioHu 13410  57.05. 71.05. 8505, 119.05. 13410  S1~S5.
$8~59
18 11773 99-85-4 y-RATHI CioHis 13610  41.05. 77.00. 9305, 121.10. 13610  S0~S9
19 12466 1758-889  2-ZJEWTHIEK  CiuHu 13410  41.05. 77.00. 91.00. 119.05. 13410  S0~S9
20 12564 535-77-3 P-A:fEiE CioHua 13410  41.00. 6500. 9105, 119.05. 13410  S0~S9
21 12821 934-74-7 5-ZHFM TR CoHu 13410  51.00. 77.00. 91.05. 119.10. 134.10 S0~S9
22 13269 6004382 VU —HIFFL "  Caoths 13605  41.00. 67.05. 95.05. 121.10. 136.05 S2. B .
e $6. 9
23 14201 488-23-3  1,2,3 4-JUHFEEE  CioHu 13405  41.05. 77.00. 91.00. 119.05. 13405  S0~S9
24 15288 28564-832  2,3-7A&3,5"  CeHgOs 14400  4300. 72.00. 101.00. 115.00. S5~59
A 6-FI A 126.00. 144.00
A(H)-AH -4
25 16977 15356-70-4  DL-Hfifini C1oH20 15600  55.00. 71.05. 81.05. 109.10. 12310 S0~S9
26 19045 67-470 S5-I CeHsOs 12600  41.05. 69.00. 97.00. 109.00. 12600  S5~S9
27 21480 61141-728  4,6-—HIE—  Cubho 19810  57.05. 71.05. 8505, 113.10. 127.10.  S0~S9
it 155.10. 169.10
28 30910 112-95-8 E= CooHa 26120  57.05. 71.05. 85.10. 113.10. 127.20.  S0~S9
155.10. 169.10. 205.20. 221.20.
240.20, 254.10
29 31147 96-76-4 2,4-"HFTHIHE  CuH2O 20610  57.05. 74.05. 91.05. 107.05. 13505.  SO~S9

[

163.05. 175.05. 191.05. 207.05
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Table 3 Correlation analysis between the peak area and chromatic value in the processing of Polygonatum cyrtonema

F5  CAS*%% L* a* b* E* 5  CAS%H L a* b* E*
1 100414  -0487  -0.789" —0.779™ —0.529 16 1074437 —0.829" -0.191 -0.778" —0.833"
2 96264 -0565 0521  —0.639" 0582 17 934805 -0.131 0.378 0103  —0.104
3 108-383 0.877"  0.044 0.673°  0867"| 18 99854 -0.772" 0389 0763 -0.783"
4  95-47-6 -0.829™ -0.190 -0.723" -0831" | 19 1758-88-9 0.084 -0604 —0.270 0.044
5 99832 -0.701" 0534  —0.790" -0.722" | 20  535-77-3 0232 -0467  —0.083 0.202
6 98828 0443 0128 0445 0452 21 934747 -0.603 -0416 -0.668° —0.621
7 7785708 -0.653° 0096 0515 —0.649" | 22 6004382  -0.317 0351 0011  -0.288
8 103651 —0.692° -0537 -0811" -0717" | 23 488233 0449  -0.293 0.161 0.424
9 620-14-4 0.741"  0.466 0792  0759" | 24  28564-832 —0.680" 0544  -0.777" —0.702"
10 611143  -0.736" -0545 -0.828™ -0.759" | 25  15356-70-4 —0.293 0725 0094 -0.254
11 526738 0620 -0.608 -0.757° —0646" | 26  67-470 -0518 -0472 0602 -0.536
12 123353 -0.735° 0399  -0.730° —0.746" | 27 61141-728 0576  —0.336 0.259 0.550
13 5989-27-5 —0.757° -0.363  —0.734° 07677 | 28  112-958 0.664~ -0.141 0.386 0.643
14 496-11-7 0462  —0.362 0.080 0.423 29 96-76-4 0.630 0416 0.243 0.594
15 135013  —0.257 0157 -0153  -0.252
*P<0.05 ""P<0.01.
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Table 4 Characteristic values and contribution rates of

principal components

B L T EuERRM RBUTZETTERR%
1 8120 81.20 81.2

2 0.894 8.94 90.1
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Fig.3 PCA score chart of P. cyrtonema different slices
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Fig. 4 HCA chart of P. cyrtonema different slices
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Fig. 7 VIP score plot of differential components of

different Polygonatum cyrtonema slices
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