547 % 517 i Tl B Vol. 47 No. 17
2026 4 9 H Science and Technology of Food Industry Sep. 2026

KM, AR, M IAAY, 55, JE TR RBIEVE HOR 45 G OPLS-DA ff T4 58 245 XS 17 e E KUK B ORI [0]. £ Tl Bk, 2026,
47(17):377-385. doi: 10.13386/j.issn1002-0306.2025080084

ZHU Huanting, ZOU Jinhao, YANG Huaigu, et al. Characterization and Source Identification of Characteristic Flavor Compounds in
Chinese Herbal Chicken Soup Using Intelligent Sensory Technology Combined with OPLS-DA[J]. Science and Technology of Food
Industry, 2026, 47(17): 377-385. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2025080084

* ST -

ETEHRBESIRS G OPLS-DA f##T
1R GE 2 XS G R ik RUBR S H R TR

KIGSZ"2, AR &, IR, BEEF, X5, TEsEr"
(1. r‘ ABEERFRBARFER, S AEK TR L %A E S LBT, . RAEHEEYH B I LR
T A BB IR P S, R AR Z TR Sm LS &R ish TRERFR PO,
) AT 524088;
2.7 BB RLAFER L R S THFRIT, RALFH R E S LT,
JHRARFSRMIESERRE, T A M 510610)

i EARHHSERBAEGHHIERKY REAEEERN . AR AR R K, E5. Mt RILF 6985
A3t (CK) , £ A7 #EHE ((HQ) . %54k (-DS) . #Afesek (-GQ) Aoir &4k (-HZ) ¥ 44
Wi A, BRAFRREHRK. AMEE-MA#E (Gas Chromatography-Mass Spectrometer, GC-MS) . # & & A 8L
DA ERBEFBRON, &5 EXhR D ZFRAANSH (Orthogonal Partial Least Squares-Discriminant Analysis,
OPLS-DA) IEN M AAFIER R G KRR ZREAY: €T AELTFERRTHAZALMNER S 5 0878 Uk 5
hE . AMNBRRIEFHEHERNARNSHERSE (WIW) dvh B AR SRERE (NMS) "h e {E%E
Ko B—FPATIFH, HHHRFHIFELE R RS RE S BRI, @i OPLS-DA A= VIP /31 2,3-T =88, ET
B2, Ak s =M. E',Iﬁi 2-F AT EE, HAEEE 10 A48 KRk 4 i & 7)ot 18 %) ARk 69 £ 2 £ 4. Atk
THEHMERE, X104 RFLTEHERENE-HQ AIEHEEZ, WK A G EARRRGHHR K.
I, BMBREFHGH R EERY A (B ABA S-NIFR) 42Eik. &L, AR LY MG HHFER
R, P AR R R B A A AR A T AR R Ko

KB HEAL T, A AR BVE R, GC-MS, # 42 Rk i, 3B 3 AR 5k s = Fe P 5 -7

HE 4> S:TS251.1 SCARFRIRAD: A X EHS:1002-0306(2026)17-0377-09 Lt
DOI: 10.13386/j.issn1002-0306.2025080084 AT [E]ERE

Characterization and Source Identification of Characteristic Flavor
Compounds in Chinese Herbal Chicken Soup Using Intelligent
Sensory Technology Combined with OPLS-DA
ZHU Huanting'?, ZOU Jinhao>, YANG Huaigu’, TANG Daobang®, LIU Xueming">", WANG Xuping”"

(1.College of Food Science and Technology, Guangdong Ocean University, Guangdong Provincial Key Laboratory
of Aquatic Product Processing and Safety, Guangdong Province Engineering Laboratory for Marine Biological Products,
Guangdong Provincial Engineering Technology Research Center of Seafood, Guangdong Provincial Engineering Tech-

nology Research Center of Prefabricated Seafood Processing and Quality Control, Zhanjiang 524088, China;

RS EEA: 2025-08-11
HEWB: ;A4 ESARATA XA A (2023B0202080003 ) 57~ A A FHREANEL X HULIIR § RRWALEERRE (2025B0202010011) 57 K4
“HF T IARTRAMEAER TR B (KTP20240714 ) 5 ) A A4 JAXAR Ak 7= db 3hbk £ B R AL 4] 37 B R B e T 5 4R 6 31 KA K
(2024CXTD16) .,
EERNT: R4 (2000-) %, LA A, BFRH #): R Fehn L5 %4, E-mail: 13927528969@163.com.
*EEMEE: NP8 (1967-) , B, W&, BFA R, HFAH @ 3527 A 5 R A A4) A B, E-mail: liuxueming@gdaas.cn .
FHeE (1988-) , %, ¥4, BIAFL R, A 77 @: 1 245, Email: Wangxuping@gdaas.cn.


https://doi.org/10.13386/j.issn1002-0306.2025080084
https://doi.org/10.13386/j.issn1002-0306.2025080084
https://doi.org/10.13386/j.issn1002-0306.2025080084
mailto:13927528969@163.com
mailto:liuxueming@gdaas.cn
mailto:Wangxuping@gdaas.cn

- 378 -

B Tl B

2.Sericultural & Agri-Food Research Institute, Guangdong Academy of Agricultural Sciences, Key Laboratory of Func-
tional Foods, Ministry of Agriculture and Rural Affairs, Guangdong Key Laboratory of Agricultural Products Processing,
Guangzhou 510610, China)

Abstract: Different medicinal herbs play an important role in shaping the characteristic flavor of traditional herbal chicken
soup. In this study, chicken soup prepared with Radix Astragali (HQ), Radix Codonopsis (DS), Fructus Lycii (GQ), and
Fructus Jujubae (HZ) was used as the control (CK). Four model soups were established by individually omitting one of
these herbs: -HQ, -DS, -GQ, and -HZ. The characteristic flavors and their sources were compared using intelligent sensory
techniques, gas chromatography—mass spectrometry (GC-MS), free amino acid analysis, flavor nucleotide analysis, and
orthogonal partial least squares-discriminant analysis (OPLS-DA). The results showed that the electronic nose and elec-
tronic tongue could effectively detect and distinguish differences in odor and taste among the five groups. The omission of
herbs mainly led to a decrease in the response values of the hydrogen sulfide-sensitive sensor (W1W) and the umami sensor
(NMYS). Further analysis revealed that the omission of herbs led to a reduction in the total content of volatile flavor com-
pounds. OPLS-DA and variable importance in projection (VIP) analysis identified ten volatile flavor compounds as the
main contributors to the overall flavor profile, including 2,3-butanedione, 1-hexanol, dipentene, hexanal, 2-methylbutanal,
and phytol. Compared to the other omission groups, the -HQ group showed the greatest distance from both these key com-
pounds and the electronic nose sensor signals, indicating that Radix Astragali has the most significant impact on the overall
flavor of the chicken soup. Additionally, the levels of key umami compounds (Glu and 5’-IMP) were reduced in the herb-
omitted groups. In conclusion, the absence of any herb affects the characteristic flavor of the soup, with Radix Astragali
contributing the most notably to its distinctive flavor profile.

Key words: medicinal chicken soup; intelligent sensory technology; GC-MS; characteristic flavor compounds; orthogonal
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partial least squares-discriminant analysis
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1.2.2 HFEKEM I KB 5 mL AR E T 50 mL
Tz, H-H =2 R B, F 50 °C %4k 10 min
JE AT AE o SEEERE : SERERTIRIR 5 s, B ARTE
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W 1.
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Table 1 Performance of electronic nose
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AR, SEORE: Astree Astree 11 V5 BUHL 5, ZdiE
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BFREEE 1 /s. (BIRARXTRIER S ILER 2,
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Table 2 Performance of electronic tongue
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EET: DL 2,4,6-=H KL e g AR, AR
() T EAAE L AR BT 5 2

S, m
MI_S—ZXMXIOOO X @

o M, S 3 R RUR W) 5 46 %5 B, ne/ke;
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+ 100,
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1.2.5 WAL mME  SZ R ED W7
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VERET RS, 0 P SO g, BAR S80S
X B AU (Y
1.3 HIEAIE

SLIGEPER F Microsoft Office Excel 2010 %4
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BEA . a8 32 4343 #r (Principal Component Anal-
ysis, PCA) i#f—25 X 4325 B4 i % XoF 38 17 UM SR 1)
SN, S5 HRANE 1b PR FERLST 1(PC1) A3 A4
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@ 2 DSI_ps3 HQ2 L 72 --HQ
3 1 (;Q;,(”TDSZ 0 . DS
© o HQI HQ3
= 0 o -GQ
[ Hz1+HZ3 -HZ
O CK3 &CK2
2 :(‘KI

-3

-4

8 6 4 2 0 2 4 6
PC1 (75.8%)

B T G A e B (i
Fig.1 Electronic nose sensor response values
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Fig.2 Electronic tongue sensor response values
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90.2%, FEBH Ar kg £ 1) PCA 50U BEA % Sz WA A 4%
M58 5 HIZEESTE PCA Z3[8)50 AT G H S
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22 EEAMRNERMIRER S
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Fig.3 Volatile flavor compounds in chicken broth
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JRUT, WERY R, O IEEE . TIRERI(E)-2-T04
FEAEIY OAV 35575, LB BEAT IS 17 (W RRE XUk BAT
HEIETIHER . 2GR SEGXLLE Y R OAV K&
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PYBEAE T eI T XS T IN 244 . 5341, AN
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#3 AGGHEHERR ST OAV
OAV of characteristic flavor components of chicken soup
U OAV
o B kA
e (mg/kg) R CK “HQ DS -GQ -HZ
IE G 0.01 JEH . AP 14.52 11.27 13.95 15.54 17.03
CLE 0.005 HHEE . RN 300.66 108.68 225.06 308.15 285.26
P 0.001 mAE. REN 47.38 24.01 4424 58.27 46.07
TR 0.05 "L BEY 1.09 1.29 1.11 1.62 0.44
S 0.001 LRl 57.97 4551 47.05 29.69 25.50
B 0.0007 ALY 124.08 92.65 108.65 128.80 116.31
T 0.0011 NEF . A AN 254.98 187.14 203.14 176.17 194.63
2-T-H T 0.0005 NEH . AN 80.36 55.79 56.51 40.01 44.14
(E)-2-F 4 0.003 HEA. JRE 10.72 12.80 9.71 11.64 ND
(B)-2-Pesiis 0.003 JBHE . HHAE 3.41 4.47 3.01 3.39 2.86
(E)-2-THi 0.0003 Nedr. #N 198.26 117.53 68.69 52.38 85.28
2-FJE T 0.01 FHE . i E/Y 5.43 438 2.90 2.92 2.94
2-F 3 P 0.05 R, HEAEN 1.74 ND ND ND ND
TR 5 R 0.01 [N 2.09 2.01 1.60 0.89 2.38
B 0.03 MR . EREY 4.00 3.65 3.02 3.79 2.19
IEC R 0.05 VNN i 2.67 1.35 0.67 2.24 2.97
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Fig.4 OPLS-DA of key volatile flavor compounds
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Fig.5 Amino acid composition of chicken soup samples
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