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Abstract: Objective To examine the effects of different steaming times on the chemical composition, antioxidant activity, and volatile
flavor of Duohuahuangjing (Polygonatum cyrtonema, PC), providing a scientific basis for optimizing its processing technology and

developing new functional foods. Methods PC was steamed for different durations using the traditional nine-steaming and nine-
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processing method, and changes in chemical composition, antioxidant activity, and volatile flavor compounds were systematically
analyzed using multivariate instrumental analysis and chemometric methods. Results With increasing steaming cycles, the color of
PC gradually deepened, polysaccharide content decreased, while total flavonoid and total polyphenol contents increased significantly,
along with a marked enhancement in antioxidant activity. HS-SPME-GC-MS analysis revealed that the number of steaming cycles
significantly influenced the composition of volatile flavor compounds. Some short-chain volatile compounds gradually decreased or
disappeared, whereas Maillard reaction products increased significantly, leading to a softer and sweeter flavor profile. Steaming more
than seven times significantly enhances antioxidant activity and flavor. Based on cluster analysis and PCA, “seven-steaming and seven-
processing” is the optimal endpoint for processing PC, making it more suitable for development as a functional food or medicinal
product. The comprehensive scores of PC from the raw product to the ninth steaming were 0.680 9, 0.646 9, 0.687 8, 0.660 8, 0.674 4,
0.692 9, 0.678 1, 0.853 8, 0.838 1, and 0.908 8, respectively, according critic method. The overall score (Y) shows a significant
correlation with the yellow tone (b*), brightness (L"), saturation (c*), and hue (%), but no significant correlation with the red tone (a”).
The regression equation between the overall score Y and hue (/) is: Y= 1.35—0.01 A, with a statistically significant model (R = 0.742,
P = 0.014). Conclusion This study provides a scientific foundation for optimizing the traditional processing of PC and offers
theoretical support for its application in the food and pharmaceutical industries.

Key words: Polygonatum cyrtonema Hua; nine-steaming and nine-processing; antioxidant activity; stoichiometry; CRITIC objective

weight assignment method; color; polysaccharide; total flavonoids; total polyphenols; HS-SPME-GC-MS
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Fig. 1 Appearance of PC samples (C0—C9) with different steaming times

*1 TREFRBSERBNEEEL
Table 1 Color changes of PC with different steaming times
HH L a b ¢ h AE HE L a b ¢ h AE
CO 4.80%0.09 2.53%0.06 4.41+0.07 5.08%0.09 60.20£0.37 2.12+0.09| C5 2.86%0.10 2.04x0.08 2.61+0.11 3.31%0.14 52.00£0.12 1.3810.05

Cl
C2
C3
C4

3.76£0.10 2.02£0.07 3.21£0.05 3.80+0.07 57.84%0.78 0.87£0.01
3.2310.06 1.80£0.05 2.06£0.67 3.27+0.03 56.610.89 0.9810.01
4.33£0.12 1.8910.06 3.3240.05 3.82+0.02 60.42+1.23 0.8340.05
3.31£0.02 1.7740.01 2.84+0.02 3.3540.03 58.1140.06 0.93+0.01

C6 5.12£0.11 2.07£0.07 4.05+0.03 4.55£0.06 62.90£0.62 1.8110.04
C7 1.89£0.13 2.07£0.07 2.17£0.07 3.00£0.09 46.88+0.59 2.3610.08
C8 0.44£0.07 1.11£0.10 0.960.01 1.47+0.01 40.81£0.04 4.1240.04
C9 0.8940.77 0.8220.05 0.98%0.16 1.06+0.06 46.88+0.04 6.3510.16
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The number at the top of the figure corresponds to the peak number in table 2.

2 ZUERELAMBSHNERETFRE

Fig.2 Total ion chromatogram of volatile components in PC
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Table 2 Volatile chemical components of nine-steamed and nine-processed PC

e i Wbt o R

0 Cl Q 3 C4 05 06 a1 e 0
I 86633 Ol 7 000142621 - - - - - 485t14 - -
290103 \RESFNEEL hik 000556-67-2 - 2.53%146 1455157 4714339 1412040 - - - - -
3093925 3R CHE W% 000765-70-8 - 0634025 - 0910.14 0572002 0.73£013 - - - -
4 97455 KLEE (2 000122-78-1 106014 1721066 - - - - - - - -
5100984 2-ZFi% FEE 00072839 - 3691108 3861113 423111 2832016 3162035 449F040 5622181 6.15+031 9.14£279
6 109394 T B% 000124196 - 0882025 - - - - - - - -
7114570 1-FUE- 1 H-g -0- PR FEE 00092581 - - - - - - 075E010 - - -
§ 118040 23-2535-ZFhk-6- A % 028564832 - 2443100338138 - - - - - M40 -
9 118807 TRERERR i 000541-0-6 1954037 3054135 - 371+064 - - - - - -
10122571 %8 ik 000124072 - = 1072019 050+0.15 0.85+0.05 0851020 085+011 - - -
11126158 210 R 1S ek 002459076 - = 039£016 0451011 0332004 - - - - -
12 127864 +75 fik 000112-40-3 0.45£0.14 0512015 0312005 047£0.18 0281014 - 030£003 - - -
13130077 35-~ AL FHEBE 005779953 0752008 - - - - - - - - -
14 140747 T8 ik 000112-050 - - - - - 19109 - 2tll - -
15 146275 +=5 fik 000629-50-5 1.59£0.19 1295026 085£007 - 0612014 - - - - -
16 150687 = HEHARAS fidk 000540-97-6 1.99£0.39 5.54£3.85 1841082 2374047 2074027 2042048 1191013 - 3062013 480£3.63
17 159921 2T H-2-F4iR 2 013019-16-4 2494039 - 0281006 - 028010 0282009 - - - -
18163508 FU5 bk 000629-59-4 238+0.19 191+027 1731043 215058 1442035 1402039 - 265£110 3763022 2943063
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20 171745 154\ 5 KGR 000112-890 0601025 - - - - - - - - -
217814 ZHE bk 000112-958 - - - - 05704 - - - - -
20 179687 IR pEE S ki 000107-50-6 - - 3304202 3121067 4741494 437394 2791185 8921794 4751030 5.14£1.88
23179919 +Hk e 000629629 335+05 - - - - - - - - -
2% 181096 Mk % 000593453 - - = 0542024 048015 0465015 0332007 - - -
25 182448 24-Z(11-ZHIEZIE)- AT FEE  000096-76-4 168028 1091028 1342027 1424017 1332031 1552027 LII£0.15 1631044 1295005 -
26 183448 THBERA FEE 000128370 - 0991031 1352028 1241007 1211044 1202038 1282012 1304034 - -
27187156 TR AN [i7E 086711811 - - - - - 091026 - - - -
28188391 26,10-= &+ Uk bk 014905-36-7 0.51£0.08 0422015 = 037£0.06 0472009 0362010 - - - -
29 195390 +Ak ik 000544-76-3 4.95%0.10 3.19£0.50 3.26+0.12 243161 3442013 3072022 24720.14 3302089 3472011 341£0.17
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30 204566 2-CHE-1-5E 2 002425-77-6 - - - - - 055014 - - - -
33209858 Ttk % 000629-78-7 3.60£0.16 1.9+041 - - 1844048 1861041 148£009 - - -
34 210740 2,610,141 -1 ikt fik 001921706 4.624033 3542057 2431004 2621018 2544029 - 1962007 - - 074015
35 210858 N-Q-=ETHEAKE) FEE 86537 - 148E069 - - 149105 - - - - -
36 216857 T ZRECHND TR 027458908 - - - - - - 0453015 - - -
37 208200 ZTEC-R ek 000105997 - - - - - - - - 4lok0se -
38 22368 1 2-ZFECHK IR [iE 000118-60-5 - - - - - - - - A45E03 -
39 24506 T \RESFNEESR hi% 000556718 - 030£001 - 042+014 - - M0 - - -
40 B770 L-AZHRTE-PENER  AEE 07851935 - - 03E014 - - - 0312009 - - -
4 837139 ZHRERHER fik 018772366 - - - 020%005 - - - - - -
4 47197 1L13355,7,799,11,11,13,13,15,15- ik 019095240 - - - - - - 0062001 - - -

AR SN
“=7 FIRAE 3 AATH R B R

“—” indicates that some or none of three parallels were detected.
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Table 3 Polysaccharides content, total flavonoids content, total polyphenols content, and antioxidant activity of nine-

steamed and nine-processed PC

AWl AR B BER A% Eil o ZW BHEW BEH/ FUEMEE%

K (mgg?) (hgg") (ngg) DPPH ABTS" |H  (mgg!) (reg") (heg!) DPPH ABTS"
0 101714008 6527010200  748.10+2.80j 20.97+0.95h 3628+ 1.86]| 5 94.60+0.14e 1326.40+24.10e 3722.00+640c 62.07+0.32¢ 69.03+0.23¢
| 88.16+024f 841.60+690g 22839043300 32.87+0.81g 43431029 | 6 87.3140.55g 2609.10%25.00c 3696.90%2.80d 63.6740.24c 75.7040.24d
2 10605+£036a  805.30£14.00h 2553.10£1.10g 41.20+041f 55.83+£0.77h| 7 84.8940.08h 1971.70%13.90d 4 018.60%2.10b 66.47+0.24b 81.54£0.33¢
3 103.18+001b  624.70+18.40] 2405.80%15.70h 46.34+0.6de 61.67+031g| 8 804220221 2877.40%12.10b 3410.0043.90¢ 68.25+0.48a 88.74£0.76b
4 9629+029d 1037.20£20.80f 2666.8014.90f 59.5+042d 64.51£0.15f 9 75.6820.21] 3867.7046.90a 4171.30+3.80a 69.66+042a 96.58%0.18a

RPAFRNG PR ZREEE (P<0.05).

Different lowercase letters in the table indicate significant differences (P < 0.05).
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SRR BN (652.70+0.20) pg/g, MEZEHE
BEHON (748.10+2.80) pg/g; MLt 9 &G,
MR B BOE A (3867.7016.90) nglg, H%
oy B A (4171.3043.80) ug/g, 43360
T 6 . SBETRALGS 2 WA AR IS T SO R
Aab PR A BURRUA, T AR SIS PRI AT DU B R
B I L AAE T A T T R

PV PE L0 3 — RS T A& HIR N 2
TE BRGS0 R 3E R . R ZEHIIN, DPPH %
BN (20.9740.95) %, ABTSTIERRIGEMEN
(36.28+1.86) %; IMiZid 9 k75, DPPH &k

WA (69.6640.42) %, ABTSTISEMRIE MM S

Cc9
Cc9
Cc9
C8

(96.58+0.18) %, 7 7HEIN T4 2.0 fF0 1.7 %
7 RIUL R 2R B 2 R = 2 AR ORI P L
VAR

25 NERNFZSHHRBNBRESHFERS T
(principal component analysis, PCA)

251 KBS AFEEGNIREZ L ERE DS
AT PrEETE. Z2RSE. S EM
MR ERNZER . KH DPS 18.10 #ff
XF FLZE LA [F 28 B 2 FERORE 1) 30 /M
AR Fr . PrAIE RS, RS E. B
WS ENAZ B S EHTREDN (RKER
20, SR 3. HLAHEREEN 25 1, 0~9 X

C8
C8
C7

10 15

20 25 30 35

B K BRI E R
B3 AEAFISHEEERBESTRAIRE

Fig 3 Cluster analysis of nine-steamed and nine-processed PC

KIE%%'JYK%&B’J 30 Aﬁ&%fﬁ*ﬁﬁﬁ?ﬂ 3 2%,

CO~Cl BHR—3, C2~C6 BN, CT~C9 &
N,
252 PCA VIILZEIHIAFRZEHIKEZ AL TR T)

30 MRS PURMENE. 2SR, B
SR AL 2 A OB UR, B3ET PCA. fﬂ”

REAEPER T 1 R, $2HL 9 Ny, BT
TR N 92.362 7% (£ 4), &H%TKE;@“&%W\%&
SRR KRGS, TE N ZIETORE 5 A
AR FRR, B3R 5 1 A3 IR 138 amr 26 T 1,
Fl X% M7 DPPH. ABTS" FLEZHHIE R, F2
W7 Ik RE R, F3 R T B E R, F4
5O 7 bR 2- SRR 2- - 1-28 i 2 47

®4 NEBENHSEERBERAFIHER G ETHRE
Table 4 Principal component eigenvalues and variance
contribution rates of nine-steamed and nine-processed PC

samples

ERGr ERARHEE T ZTRE /% R E ST/ %

F1 11.964 6 25.456 7 25.456 7
F2 7.565 6 16.097 0 41.5537
F3 6.084 0 12.944 7 54.498 4
F4 5.2929 11.2615 65.759 9
F5 3.6517 7.769 6 73.529°5
F6 2.6576 5.654 4 79.183 9
F7 24139 5.136 1 84.320 0
F8 2.064 0 43916 88.711 6
F9 1.716 0 3.6511 92.3627
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Table 5 Principal component factor load matrix of nine-steamed and nine-processed PC
P FE o
1 2 3 4 5 6 7 8 9

J\HR 334 DY R S e 0.0287 0.1085 —0.8076 0.1462 —0.0699 —-0.2810 0.0742 —0.0182 0.0107
3-F3E-12-30 % 0.0383 0.1454 —0.7256 —04320 0.1569 —0.2185 0.1375 —0.2936 0.0625
O —-0.078 1 0.0287 —0.0652 0.0540 0.1107 —0.9665 0.0556 —0.0088 —0.086 7
1-(1H-ME g -2-38)- 2 Jf 05149 0.1354 02403 02814 02426 0.1779 —0.0382 0.3338 —0.4103
T —-0.8006 0.0660 0.1020 0.0891 02072 —0.5145 0.0750 0.0830 —0.0448
2,3-E-3,5- e dk-6- R4 H-ME R -4-FF  0.1483  0.1391 0.0011 0.1133 0.0144 0.0052 —-0.9635 0.0958 —0.0187
- B - 2R R A A -0.5629 0.0543 0.0323 0.0804 0.1829 -0.7594 0.0775 0.0670 —0.066 2
+ =k —-0.5710 —0.1649 —0.4656 0.2863 —0.1929 —0.3214 0.1606 —0.1160 0.0396
+=k —-0.7991 0.1886 0.1160 0.1765 —0.2075 —0.4065 0.1145 —0.1601 0.0106
R B VA e e o 0.0002 0.1780 —0.0553 0.0081 0.1011 —0.5282 —0.0677 0.0070 —0.644 1
DUk 0.0379 0.6955 0.1486 02429 03148 0.0992 —0.4091 02221 —0.0433
2,4-—(1,1- B 22Kl -0.1127 0.0320 —0.1822 —0.2036 —0.1158 0.0277 —0.1615 —0.1195 0.901 8
TEBEERRK -0.4508 —0.1637 —0.1655 —0.0818 —0.2298 —0.0120 0.4475 —0.0822 0.6327
2,6,10-= F -+ I ¢ —-0.6032 0.1690 —0.3869 —0.2783 02362 —0.1705 0.1624 —0.4445 0.1181
RWAYSH -0.5913 03686 04466 0.1093 0.0959 0.1125 —0.0253 —0.0314 —0.039 4
-tk —0.7856 —0.2292 0.1444 —0.2859 0.1848 —0.1610 0.1685 —0.2991 0.028 1
2,6,10,14-PY F JE -+ F 45t —-0.7376 —0.0459 —0.2368 0.3458 —0.1147 —0.2270 0.3077 —0.0957 —0.289 5
N-(2- =50 AR 2R -k e -3-FR Bt iz 5 -0.0399 0.0920 —0.0753 0.1138 0.0559 —0.6055 0.0989 —0.7114 —0.058 0
RWAGE S7VIN %Ko 0.0471 —0.6292 —0.5987 0.1612 0.0777 -0.3163 0.0854 0.1715 —0.018 5
FR 0.146 1 —0.3072 —-0.2303 —-0.3154 —0.6901 0.2307 0.1900 -0.3122 0.0779
FH i 2- i e HH R 0.0473 02392 —0.6686 02165 —0.5157 0.2257 0.1052 -0.2414 0.0384
2-THe 2Rl 0.0790 0.2286 0.0338 —0.4772 —-0.6071 0.1056 0.1274 -0.5031 0.1272
DY B IR R e S 0.5278 0.1908 0.2074 0.1049 0.1414 03335 0.1027 -0.0222 0.2230
N-F 3 4-GUR T I e 0.0777 0.1762 0.0950 —0.6909 —0.6002 0.0375 0.0993 0.1338 0.1340
2,4,6-=(1,1- 1 3k 2, 3)-FK 0.066 8 04973 0.1186 0.1373 —0.7900 0.0468 0.0760 0.1712 0.0617
TR - RPN -1,2- K R 0.0749 —0.5136 0.0866 0.1535 —0.7424 0.0564 0.0723 0.1610 0.0017
+ )\ 0.1469 —0.2965 —0.6221 —0.3952 0.0665 0.2631 0.1525 —-0.3844 0.061 0
T H AR 0.0308 0.0714 —0.9084 0.1106 0.1120 0.1929 0.0326 0.2029 0.028 8
i ¥ 0.0330 0.0821 —0.0183 0.1142 —0.0329 0.1132 0.0759 -0.8986 0.0716
o 0.0800 0.0494 0.0340 —0.9688 0.0256 0.0501 0.0658 0.0199 0.063 1
TR 03389 02052 02913 —02570 02731 0.0766 02886 0.1996 0.6358
RWAYSE JPEeNTSi 0.0821 0.0536 0.0387 —09776 0.0205 0.0447 0.0667 0.0236 0.0835
2-CLHE-1-Z4 0.0861 0.0572 0.0454 —0.9636 0.0160 0.0409 0.0715 0.0253 0.1060
1-F - | H-MHE -2 F RS 0.0907 —0.9669 0.0857 0.0821 —0.0799 0.0674 0.0545 0.0450 —0.0039
i I —-0.6583 —0.6357 02020 0.1064 0.0851 0.2055 0.0727 0.1189 0.0362
ZR T R R A 0.0846 —0.9405 0.0830 0.0844 —0.0609 0.0658 0.0504 0.0444 0.0261
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-- 175~ 0.0911 —0.9650 0.0842 0.0820 —0.0815 0.0643 0.0540 0.0475 —0.0057
B3R\ RE S b
SR T 0.1479 0.0889 0.1410 0.0681 0.1125 0.0589 —0.9573 0.0420 —0.0262
2-2.H B H KR G 0.1486 0.0901 0.1418 0.0687 0.1131 0.0593 —0.9589 0.0429 —0.026 6
3,5- AR -0.9284 0.0545 0.1814 0.0617 0.1636 0.1911 0.0474 0.1183 0.0199
+FkE -0.9269 0.0535 0.1815 0.0609 0.1642 0.1939 0.0470 0.1178 0.0189
138 )\ —-0.8869 0.0454 0.1739 0.0547 0.1686 02088 0.0410 0.1032 0.0537
DPPH 0.8357 —0.1425 02299 —0.1124 02069 0.3455 —0.1420 —0.107 1 —0.0855
ATBS* 0.7820 —0.0572 02605 0.0372 02382 0.3866 —0.1918 0.0944 —0.2247
EZ —-0.5167 0.1177 —0.4886 —0.1206 —0.5384 0.1199 0.1964 —0.0925 03120
K3 0.2802 —0.3059 0.5850 —0.3004 0.4995 0.0188 —-0.1027 03493 0.0144
pS 4] 0.8979 —0.1529 0.2785 —0.1660 0.1385 0.1442 0.0268 0.1032 —0.079 9




* 7340 -

F 8B 20255108 $56% B208  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

HFRFER, F5 5 2,4,6-=(1,1- = F I 2 F5)-FmA1 T
DR HEAE 12-F R AR R, F6 5
WO ENMIKRKR, F1 5 2,3-24-3,5- " %-6-
HE- AL -4l . LR — TR 2-2 8 CL 3K
MREE £ XX R, F8 5 R MLk R,
F2 [t 7 2,4-—(1,1- WA )R E . #
F 23 =Y = F & (https://www.majorbio.com/tools )
AL PCA BERNE 4 Fizr, ANEZESRIREZ0E
FEAT X 20N 3 2%, CO~C1 A—3, C2~C6 N—3K,
C7~C9 A—, PCA EREREMER L.
2.6 CRITIC EMNEMEEE TS IEE
JLEILHI ZIEFERE A o« DI T 2
PR R A AR ) BB W 5 R, 2 A0EH
ESLZIUHIS AR T, KA T R (Maillard) B

A

I
trecke’Qﬁ

5 : [T

e 3-HI3E1 2R

JuE L
Maillard J 3

2,3-F-3,5- k- ‘
2-Z. B P 2 AFL TH W4 5-F7 PR

5 H
A ° ® Co
1 i ecl
; [
3 ° . ; c2
: a
. 5 - ®C3
51 i ® Cc4
~ ¢ i cs
S g ® Co
e : Cc7
w H
T reeeeeeeseeenenseee e Frosssnesennnns i ®C8
3] i C9
A~ °
[ ]
5 L ¥
®
-3 L )
74 4 :
-8 -5 -2 1 4

PC1 (24.69%)

4 NENBIZEERRE PCA
Fig. 4 PCA of nine-steamed and nine-processed PC
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Fig. 5 Mechanism of nine-steaming and nine-processing on chemical composition, antioxidant activity, and volatile flavor of PC
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HEEE. BEH— I EEA R I E M E,
SR A5 X LA EE A R MR AN AT 2R B PE 423
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