« 8102 « PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

- HHEHLE -
ETFHFEM HS-GC-MS BARSHAEIEHIEEMRKELA MRS ES

A F, T, B OA, AT, BEA, xiFlE, # O, Han
MR EZ K20, (L7 el 210023

W E: BW KAV Asini Corii Colla F A TR T2 FE B e BRI R Mk B2 72 3, SRR B JR A sk A o 1) AR AR A R R
KMHP AL /57 K Heracles Neo jHFIH SR €433 L~ B B3 AR T 25 30 A% -<0AH 25 - J3 5 16 A 45 R (headspace injection-
gas chromatography-mass spectrometry, HS-GC-MS), Z5& X ARIEEE (relative odor activity values, ROAV) 54L&
AT, RERMEAFEHIFE BT BRIE RS 22 7 485 T SO hor I 45 SR S 7= A [ b 2 P88 ] JR 3k R SRR A A
TERE 7R HS-GC-MS BORTERT R A b 5 4010 b 23 i A 1 33 FhoRl 62 i A1 e g3, 3 Ik TE 5 M e /> — ik - 4 1) 43
M1 C(orthogonal partial least squares-discriminant analysis, OPLS-DA) X} H T Z R0, 45 R B RBTRAE S JEHIA K.
I A A BT R RO R R B B2 e, DI R EBVERY (variable importance projection, VIP) {H>1
HIARAESLTRIE T 12 PR R ARy, HAPIECEE. B, 2-1E A . F i R-2-FRE. 1-5A-3-1E. T
e, SEfE. BEREN) ROAVZ=1, RXBMSRERVIN. &40 MENRDHIFEE AR, KRR R —E M3
B, I TR HS-GC-MS BT A %X 43 B R AN R AR BE B IR Bk R Fr . D FA S 2 48 e 1 43 it A
AR = e hl IR AR A S %

KRR PURR: PURRER: HERVERGY: HT R TSR B MRS

FESHES: R283.6 NHRFRERE: A MEHRS: 0253 - 2670(2025)22 - 8102 - 11

DOI: 10.7501/.issn.0253-2670.2025.22.005

Analysis of differences of volatile components in Ejiaozhu with different
processing degrees based on electronic nose and HS-GC-MS technology

FU Li, WANG Xiaoyan, XIA Jie, MAO Chungin, DANG Chenxi, LIU Shiyi, XIE Hui, LU Tulin
School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To explore the differences in volatile components between Ejiao (4sini Corii Colla) and Ejiaozhu with different
degrees of processing, and to analyze the regularity of odor changes and their material basis during the stir-frying process of Ejiao.
Methods Heracles Neo ultra-fast gas chromatography electronic nose technology and headspace-gas chromatography-mass
spectrometry (HS-GC-MS) were employed, combined with relative odor activity values (ROAV) and chemometric analysis, to
systematically characterize the differences in volatile components of Ejiaozhu with different processing degrees. Results The
detection results of electronic nose revealed significant differences in the odor of Ejiaozhu decoction pieces with different processing
degrees. HS-GC-MS technology detected 33 and 62 volatile components in raw Ejiao and processed products respectively. Orthogonal
partial least squares-discriminant analysis (OPLS-DA) was used for differential analysis, and the results indicated obvious differences
in volatile components among raw Ejiao, under-processed, moderately-processed, and over-processed Ejiaozhu decoction pieces. A
total of 12 differential volatile odor components were screened out based on the criterion of variable importance in projection (VIP)
value > 1. Among them, n-hexanal, n-pentanal, 2-pentylfuran, isoamyl alcohol, frans-2-octenal, 1-octen-3-ol, nonanal, octanal, and
heptanal had ROAV > 1, which were the key odor-differentiating substances. Conclusion As the stir-frying degree of Ejiao increases,

its volatile components exhibit a certain dynamic change pattern. The combination of electronic nose and HS-GC-MS technology can
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effectively distinguish Ejiao and Ejiaozhu decoction pieces with different processing degrees, which provides a reference for the

research on volatile components of other animal medicines and the intelligent control and identification in production lines.
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Table 1 Information of Ejiao samples
FE #S R AP Ainll
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Fig.1 Odor information of clam powder, raw Ejiao

powder and Ejiaozhu decoction piece powders with

different processing degrees under MXT-WAX (A) and

MXT-5 (B) chromatographic columns
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Ejiaozhu decoction piece powders with different processing degrees;
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Fig.2 DFA diagram of odor profiles for Ejiao and

Ejiaozhu decoction pieces with different processing degrees
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Fig.3 Total ion chromatograms of HS-GC-MS analyzed

for volatile components in raw Ejiao powder and Ejiaozhu

decoction piece powders with different processing degrees
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#2 MRESMAREFEHEFIZEMRIKRAMARTEL RS R FHIENENEE (Xts,n=15)
Table 2 Volatile components and average relative percent contents in raw Ejiao powder and Ejiaozhu decoction piece

powders with different processing degrees (X = s, n = 15)
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min A JELHRIAS B S )3 J i RIS F

1 1.423  IEHR CosS 541+2.86  4.44+3.14 1224034  029+0.17 EHE

2 1.484 R0 C4Hs 0.89+0.73  1.30+0.66 099+0.59 0524037 &%

3 1.647  BUKFEN CsHisN  9.05+572  726+285  6.60+2.62 6.60+1.65 &SHEIS

4 1.735  N-FEEIE-N-HFIEHEER  CHsNO:  0.30+£023  031%£038  0.10+0.13  0.05+0.08 &HEK

5 1.876  HHEIAEALE C4Hs0 0.15+0.13  0.55+034  032+0.13  0.12+0.10 &%

6 2052 IETE C4HsO 0.55+036  0.65+034  0.89+0.09 1.09+0.11 [k

7 2,563 2-HIEEEE CsH120 0.50+042  1.84+090 0.73+021  048+0.14 [k

8 2668 T CsHeO2  035%0.16  1.16+0.74  0.63+0.16  0.47+0.08 [

9 2746 23-“HET CsHua EN A Ao 022+0.14  033+0.19 &%
10 2.899  1-[%4%-3-HF CsHi00 K 0.98+0.68  1.17+0.48 1424058 [k
11 2.948  1-%4-3-H CsHsO EN A 0.15+0.12  0.38+030  0.52+035 FE2%
12 2994  IRBEkE C7Hus A H 0.19+0.17  035+021  0.53+0.08 &%
13 3.099 IEKEE CsHioO  436+3.65 5.53+334  8.17+1.00 10.01+£091 3%
14 3.165  2-ZFEPKIR CsHsO 047+024 0631055 1.46+0.55 1572024 FIRK
15 3.996  N-FEAEmLn% CsH/N EN At 0.15+0.11  0.12%£0.12  Z+¥F%
16 4.052 I C2HeS2 1474094  0.69+029 0284045 023+024 S
17 4318  3,4- " -2H-MLE CsHsO A H A H 0.51+0.62  0.92+0.68 3K
18 4354  THRE C4HsN 0274018  041+036  044+044 026043 ¥
19 4.697 KB CsH120 1.34+1.18 1.92+1.12  437+£1.02 4.64+247 [k
20 5414 JIK-3-3 0 - 1B CsHisO  0.14+0.17  0.09+£0.09  0.30+0.15  037+0.09 EEH
21 5701 IECE CeHi0  9.90+£5.92 25.65+5.24 39.40+4.70 35.73+326 [
22 6.147  N-ZFERL% CsHoN N 0.08+0.12  0.07+0.06  0.06+0.08 Z:F%E
23 6.413  2-FREILEIE CsHeN2 AH 0.58+0.60  0.53+0.54  0.19+031 Zu¥f3%
24 6.572  RA-1,2-ZHIERFSRE CsHio 0.05+0.03  0.10+0.09  0.11+£0.07 0.12+0.08 &%
25 6.723 R CsH40: Ak Ao 0.06+0.05  0.06+0.05 #EAH
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27 7972 IETEE C4H100 AA 0.05+0.06 022+0.04 0.204+0.08 FEH
28 8320 5-HI3E-2-CUf C7Hu4O  0.39+£029  0.54+043  0.64+0.48  0.77+£023 Fi%
29 8.462  JIi-4-BIf C:HO KA 0.05+0.05 0.08+0.05  0.07+0.03 3%
30 8.571 PilE C7H140 1.09+0.62  1.57+£094  2.17+£059  1.91+047 ®K
31 8.655 1,2-MEEH CsH160 HAH A 0.094+0.02  0.09+0.07 &%
32 8.793  2,5-FALNtEE C6HsN> 0.96+0.85 3484296 126+0.75 0.59+0.78 ZFIRAK
33 8.886 2-Z.ELmmE CsHsN> HAH 0.08+0.07 0.04+0.06 0.01+0.01 F<¥fk
34 9.003  2,3-FIANtEE C6HsN> AH 0.12+0.04  0.124+0.03  0.11+0.04 Z3F3K
35 9208  2-Z.F:-3-HI R IR R CsHis 0.06+0.04  0.07+0.07 0.16+£0.08 0.14+0.05 &%
36 9.656  2-PER-1-BF C7H120 0.04+0.16 0.10+0.10  020+0.12  0.24+0.16 FEk
37 9.909 2-PEHi#ik C7H120 1.15+0.88  3.02+252  595+262  6.79+334 R
38 9.989  ZRHIE C7HsO 046+0.09 1.08+059 0.71£0.16 0.30+0.20 [k
39 10289 P C7H160 0.19+0.11  024+0.18 0.49+0.19  0.67+0.19 FEAk
40 10518 1-H-3-BF CsHi60 0.324+0.11  1.00£0.71  1.78+0.69  2.08+0.75 [k
41 10.840 2-1ERIEMEIR CoHi40  2.80+2.13 3524328  4.80+238  635+195 ¥
42 11.086 2-Z.FE-5-HIFLALER C/HioN2  REGH 0.26+0.18  0.19+0.15  0.13+0.12  F¥f3%k
43 11152 ¥R CsHi60 1324077 3.00%£1.67 246+085 2.10+087 ®%
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60 20403  IREERE CioHis0 KA 0.13+0.08 030+0.14 0.35+0.06 FHE
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BB KR, B RE 5 DT R 5K (1) JXUR 2
Ji 5 € XN ROAV max =100 FAR4 57 4% 18 LR 24 24
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ROAV =100 X CiTmax/ CmaxT;
Ci ABFER MR AIRR RN B0, T RS HE R P s
BB, Crax J2 Tnax 5 39500 BF i ROV TR B K (0 4L 431
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T RE SRR BRI, OGS Y
0.1<<ROAV <<1.0 B , BE AR A XA i SO B B2 A
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MR EHHRIE LA, B TR, PR JE
KA, JX LR J5R AT F e ] FE R R B A XU
B 7 EERTIRERIER . AT B A, B R ER Y
T 5 SRR, 2R (2)-2- LI -
4-PimlE . [eaN-2,4-% TR [e-2-t BRI
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Table 3 ROAYV values of volatile components in raw Ejiao powder and Ejiaozhu decoction piece powders with different

processing degrees

F T Ccasy  UEAE ROAVIL :
(ng'kg™) e HHIA K J IS J RIS
Fi 2% 1-73)-3-H 1629-58-9 23.00 A 0.21 0.21 0.31
EZL! 1502-06-3 440.00 At 0.01 0.01 0.01
S5-I 3E-2- U 110-12-3 89.00 0.22 0.12 0.09 0.12
2 TR 124-19-6 1.10 56.76 32.48 27.47 26.54
IECR 66-25-1 5.00 100.00 100.00 100.00 100.00
BT 123-72-8 2.20 12.57 5.75 5.15 6.94
2- F TR 123-15-9 3.20 7.83 11.23 2.88 2.12
B 110-62-3 12.00 18.33 8.99 8.64 11.68
Je-2- s 6728-26-3 88.70 HRAar 0.06 0.11 0.15
(2)-2-L il 60784-31-8 0.02 Ao 22.64 89.26 155.22
SR -2-3F 2548-87-0 3.00 6.95 5.37 6.14 9.29
7 g 100-52-7 750.89 0.03 0.03 0.01 0.01
I 124-13-0 0.59 113.36 99.69 53.24 50.14
Jii-4- o 4 T 6728-31-0 0.03 A 39.99 40.76 39.05
B 111-71-7 2.80 19.64 10.93 9.82 9.52
(E,E)-2,4-PF —Jisi 4313-03-5 15.40 AAr 0.12 0.41 0.52
S -2- 2 I 3913-81-3 250.00 AAG 0.02 0.02 0.04
RR-2,4-58 IR 25152-84-5 0.03 A 61.52 102.39 318.86
R -2-— R 53448-07-0 0.78 FeAd 1.76 3.91 7.28
2,4-F s 6750-03-4 0.05 A A 29.26 51.57
[EES 1E ¥ 111-87-5 125.80 0.06 0.02 0.04 0.05
B 111-70-6 5.40 1.77 0.86 1.14 1.73
1= 45-3- 3391-86-4 1.50 10.85 12.97 15.05 19.37
IETRE 71-36-3 459.20 A 0.00 0.01 0.01
S I 123-51-3 4.00 16.96 9.37 13.85 16.24
1= -3 -1 616-25-1 358.10 Ao 0.05 0.04 0.06
PSS 2,5- Rk 123-32-0 1 750.00 0.03 0.04 0.01 0.00
2-1E R HE R IR 3777-69-3 5.80 2438 11.84 10.49 15.32
2- 2. F-5-F Bk g 13360-64-0 16.00 A H 0.32 0.15 0.11
3-2.3E-2,5- FE FEnp R 13360-65-1 8.60 0.62 0.98 0.25 0.17
K TR TR 624-92-0 1.10 67.67 12.20 3.23 2.86
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