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process of Huangqi (4stragali Radix) by comparing the composition and content differences of volatile components between raw
Astragali Radix and samples with different honey-roasting degrees, thereby providing a basis for formulating the quality standard of
honey-roasting Astragali Radix and realizing the intellectualization of its processing technology. Methods An electronic nose
combined with headspace injection-gas chromatography-mass spectrometry (HS-GC-MS) was used to detect the volatile components
of Astragali Radix at different honey-roasting time points. The relative mass fractions of each component were determined by the peak
area normalization method. The obtained sample data were subjected to principal component analysis (PCA) and orthogonal partial
least squares-discriminant analysis (OPLS-DA) using SIMCA 14.1 software, and differential components were screened out based on
the criteria of variable importance projection (VIP) > 1 and P < 0.05. Additionally, the short time-series expression miner (STEM) was
applied to analyze the volatile components during the honey-roasting process of Astragali Radix. Results The electronic nose could
effectively distinguish raw Astragali Radix from honey-roasting samples, and there was a significant difference in odor between
Astragali Radix before and after processing. This difference was mainly reflected in sensors S1, S2, S5, S6, S10, and S11 (P < 0.05).
A total of 37 volatile components were identified from raw Astragali Radix and four samples collected during the honey-roasting
process. Specifically, the raw material contained 20 volatile components, while 27, 20, 17, and 18 volatile components were identified
in the samples honey-roasting for 15, 18, 21, and 24 min, respectively. Among these five samples, four common volatile components
were shared. Notably, significant differences in the volatile component profiles were observed between the raw Astragali Radix and
the honey-roasting products. When STEM clustering was used to analyze the volatile components of Astragali Radix, their variation
trends were categorized into nine types, with significant enrichment observed in one trend model. Among them, volatile components
with special aromas, such as n-hexanol, heptanal, a-pinene, a-phellandrene, and 2-pentylfuran, decreased with the extension of honey-
roasting time, and these aromas may be associated with the beany flavor of Astragali Radix. Conclusion During the honey-roasting
process of Astragali Radix, both the proportion of volatile component categories and the substances contained changed as the roasting
process progressed. Most volatile components showed obvious variations, among which n-hexanol, 2,5-dihydroxy-6-methyl-4(H)-
pyran-4-one, 2-pentylfuran, and 5-methylfurfural could be used as candidate differential markers for volatile components during the
honey-roasting of Astragali Radix.

Key words: Astragali Radix; honey-roasting; electronic nose; HS-GC-MS; volatile components; short time-series expression miner;
orthogonal partial least squares-discriminant analysis; principal component analysis; n-hexanol; heptanal; a-pinene; a-phellandrene; 2-

pentylfuran; 2,5-dihydroxy-6-methyl-4(H)-pyran-4-one; 5-methylfurfural
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2 HEEELRRAFEMEHIREE XS EPELZ MRS E HS-GC-MS £E
Table 2 Identification of volatile components in raw Astragali Radix and its honey-roasting products with different time by
HS-GC-MS
Wam FX 2 B 5%
5 %5 min WAL TR X CAS T R MREK HIKER HRER HREX
A 15min 18min 2l min 24 min
1 HAh 641 \NHERVIREA ST CsH2404Sis 556-672  6.77 - - 1.03 1.06
2 10.08 2-F A B HA CsHN 10468-64-1 - - 0.42 - -
3 10.09 & M CsHN 140-29-4 - 0.27 - 0.65 0.48
4 10.53 | FH A o i e C10H3005Sis 541-02-6  1.00  0.42 - - 0.75
5 16.62 (1R,3aS,5aS,8aR)-1,3a,4,5a-tetramethyl- CisHos 65372-78-3 0.66  0.62 0.50 - 0.19
1,2,3,3a,5a,6,7,8-octahydrocyclopenta
[c]pentalene
6 17.11 (1R3aS,5aS,8aR)-1,3a,5a-trimethyl-4- CisHos 71596-72-0 - 0.46 - - -
methylenedecahydrocyclopenta
[c]pentalene
7 R 326 Bl CsH402  98-01-1 - - - 8.78 11.60
8 3.58 WRIHEE CHERE) CsHeO2  98-00-0 - - - 1.41 3.89
9 5.64 5-HHEHERS CeHeO2  620-02-0  — - - - 1.62
10 6.24 2-J ) IRg CoHi40  3777-69-3  9.97 10.74 8.64 4.74 3.18
11 8.03 2-Z M F ik % CeHINO  1072-83-9 - - - 2.32 2.30
12 10.18 2,3-"5-3,5 4 Hk-6-F 5L -4(H)-MLH-4-BH CeHsOs  28564-83-2 - 1.13 264 2006  24.70
13 19.53 2K H: Wk R C12Hs0 132-64-9 - 0.40 - - -
14 FER 558 KHE C7He0 100-52-7 - 0.68 0.71 0.59 -
15 7.04 441t 4E CioHis 527-84-4  0.67 - - - -
16 7.04 AE)% CioHus 99-87-6 - 0.83 0.72 - 0.43
17 1120 % CioHs 91-20-3 0.53  0.44 0.44 0.38 0.27
18 16.44 modephene CisHos 68269-87-4 0.48  0.43 0.36 - -
19 23.56 9-Mi 32 CisHio 4425-82-5  0.12  0.10 0.11 - -
20 B 4.99 o-TRME CioHis 80-56-8 347 355 2.32 1.00 0.84
21 6.55 o-7K M CioHis 99-83-2 234 228 - - -
22 6.69 3-E 4 CioHis 13466-78-9 0.69  0.71 0.64 0.30 -
23 7.14 ¥ N CioHie 5989-27-5 471 442 475 4.15 331
24 7.38 R A-B-Z #hidi CioHis 3779-61-1  1.60  1.97 1.65 0.96 0.78
25 16.75 B-Hi# M CisHas 515-13-9 072 0.71 0.62 - -
26 1 7.86 4 H C7Hs0 95-48-7 089 - - - -
27 8.44 3-FF KL i) FH iy C7Hs0 108-39-4 038  1.00 1.27 - 0.42
28 8.45 Xt F C7Hs0 106-44-5 - - - 0.61 -
29 3.55 (E)-2-C)AE CeHi00  6728-26-3  — 0.59 - - -
30 433 pEps C7H140 111-717 232 229 2.14 - -
31 5.47 (Z)-2-heptenal CHi20  57266-86-1 — 0.47 - - -
32 AR 620 COR CeHi20>  142-62-1 - 6.36 10.29 7.24 4.09
33 10.08 a-(hydroxyimino)-benzenepropanoic acid CoHgNO;  3682-17-5 - 0.14 - - -
34 i 4.15 2-f C/Hi0 110-43-0 226 - - - -
35 8.25 3,5-3F Jfi-2-T CsHi20  38284-27-4 170 223 2.06 - -
36 IE 3.76 IEC.EE CeH140 111-27-3 1425 527 7.04 2.67 -
37 Mg 25.15 14-F 5 T R HY R CiiH302  5129-60-2  — 0.67 0.72 0.46 0.31

«

=7 A H B UT AL <80%.

“=” indicates the component was not detected or its matching degree was < 80%.
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Table 3 Proportion of relative mass fractions of volatile components during honey-roasting process of Astragali Radix
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Fig.5 Change trends of volatile components in Astragali Radix during honey-roasting process based on STEM clustering
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Table 4 VIP values of characteristic substances of volatile components in Astragali Radix during honey-roasting process
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