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Abstract: In order to optimize the key variables for the extraction of the volatile substances in Cyclocarya paliurus tea and further provide
theoretical methods for the identification of the volatile substances, headspace-solid phase microextraction (HS-SPME) was used in this study to extract
volatile substances from Cyclocarya paliurus tea before analysis by high-throughput gas chromatography-time of flight-mass spectrometry. The optimum
conditions for HS-SPME were determined by designing different SPME fiber assemblies, extraction temperatures, extraction times and tea-to-water
ratios. The results revealed the optimal extraction conditions: the use of CAR/PDMS (75 wm) as SPME fiber for a 60-min extraction at 80 ‘C and a
tea-to-water ratio of 1:15. Under these conditions, 229 volatile substances were detected, including acids, aldehydes, ketones, alcohols, esters, alkanes,
olefins and heterocyclic compounds. Among them, aldehydes, heterocyclics and alcohols had relatively high contents, with the top five contents derived
from hexanal, 1-carophyllene, n-hexanol, 2-methylpropenal, and 2-hexenal.
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Fig.1 Total ion chromatogram of volatile substances in different
extraction fibers
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different SPME fibers
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different SPME fibers
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Fig.4 Effect of temperature on extraction result of volatile

compounds by SPME
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Fig.6 Effect of tea to water ratio on extraction result of volatile
compounds by SPME
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Table 1 Varieties and contents of volatile substances in Cyclocarya paliurus tea

A5 ARG tebdh AR EEmAR (x10°) AR S E/%
LR
1 345356 ETE 1-Hexanol 33.76+1.85 4274045
2 450.639 B 1-Heptanol 1.69+0.09 0.21+0.04
3 460.568 1-F4h-3-B% 1-Octen-3-ol 2.8840.11 0.36+0.02
4 504.291 (S)-3-TA4-F A KRB (S)-3-Ethyl-4-methylpentanol 15.07+0.54 1.90+0.16
5 581.270 FAREE Linalool 15.18+0.58 1.92+0.12
6 601.462 RLBE Phenylethyl Alcohol 1.76+0.13 0.22+0.03
7 658.720 4-FEMEE Terpinen-4-ol 3.99+0.41 0.50+0.07
8 670.050 o B a-Terpineol 1.93+0.25 0.24+0.15
9 721.879 g 2,6-Octadien-1-ol, 3,7-dimethyl-(Z)- 1.50+0.22 0.19+0.09
10 987.346 AN B 1H-Cycloprop[elazulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene-, [ 1ar-(1aa,4ac,7p,7ap,7ba)]- 5.65+0.63 0.71£0.13
11 1040.340 T EAR 1,4-Dimethyl-7-(prop-1-en-2-yl)decahydroazulen-4-ol 4.38+0.52 0.55+0.04
12 966.321 S i A 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl- 3284021 0.41+0.03
13 1309.730 AHES Phytol 1.31+0.15 0.17+0.02
BRE
14 1218.600 AFAEER Hexadecanoic Acid 1.55+0.12 0.20+0.05
233
15 128.394 2-Y B Abmms 2-Propenal, 2-methyl- 30.73£1.69 3.88+0.34
16 234.344 B K 2- /R s 2-Pentenal, (E)- 3.20+0.54 0.41+0.12
17 274483 TR Hexanal 39.50+2.03 4.99+0.48
18 321.468 BAR2- THls 2-Hexenal, (E)- 21.46+1.09 2.7140.27
19 331.255 2-T el 2-Hexenal 30.66+2.36 3.87+0.33
20 379.112 JREE Heptanal 9.02+0.43 1.14+0.19
21 388.823 (E,E)-2,4- T Wt 2,4-Hexadienal, (E,E)- 29.07+1.85 3.67+0.28
22 443.537 KB Benzaldehyde 16.98+0.96 2.1540.22
23 484.953 SRR Octanal 7.7140.53 0.97+0.06
24 493.185 (EE)-2,4- Wit 2,4-Heptadienal, (E,E)- 22.46+126 2.84+0.13
25 528.585 S Benzeneacetaldehyde 8.8740.54 1.12+0.08
26 540514 B2l 2-Octenal, (E)- 5.83+0.18 0.74+0.02
BTR
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27 584.993 B Nonanal 19.73+1.02 2.4940.15
28 590.699 (2E 4E)-2 4-F —Jint 2,4-Octadienal, (E,E)- 2.34+0.14 0.30+0.03
29 611.029 ARERFBE Benzaldehyde, 2-chloro- 1.25+0.11 0.16+0.02
30 637418 BR2-EHl 2-Nonenal, (E)- 12.13+0.75 1.53+0.07
31 644514 AR TR Benzaldehyde, 3-ethyl- 1104025 0.14+0.03
32 678.514 PSS Decanal 10.12+0.78 1.28+0.06
3 687175 BB AT 2 4-Nonadienal, (E,E)- 2.50+0.16 0.32+0.02
34 698.141 B-ERATAES 1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl- 8.17£0.29 1.03£0.13
35 728.164 B K2R 2-Decenal, (E)- 2.08+0.11 0.26+0.08
36 730.824 2,6,6- = F -1 IR TH R B 1-Cyclohexene-1-acetaldehyde, 2,6,6-trimethyl- 2.13+0.12 0.27+0.06
37 813.050 2+ bl 2-Undecenal 1.7440.08 0.2240.03
38 1067.840 AR Pentadecanal- 1.22+0.05 0.15+0.02
39 437.323 (Z)-2- B b 2-Heptenal, (Z)- 9.61+0.75 1.22+0.12

LGB
40 464.696 2.3-F —FA 2,3-Octanedione 14.88+0.96 1.88+0.23
41 468.444 AR 5-Hepten-2-one, 6-methyl- 16.93+0.98 2.14+0.18
42 552.979 (E.E)-3,5-F W2 3,5-Octadien-2-one, (E,E)- 6.49+0.28 0.82+0.07
43 749.976 3-+—FF 3-Undecanone 1.59+0.11 0.20+0.03
44 914.025 UATH T 2HR trans-B-Ionone 6.95+0.32 0.88+0.06
45 1161.860 1,3,7-= 9 37— 5 1 H-"2%-2,6- —F Caffeine 1.50+0.09 0.20+0.05

(R
46 327.248 ()2-HHAS5-F A AT F 3-5- TR T B (-)-Methyl 2-Hydroxy-5-methyl-4-methylene-5-hexanoate 1.10+0.05 0.14+0.02
47 333.149 v95%-10,11- =48R F B methyl Tetradeca-10,11-dienoate 0.86+0.04 0.1140.02
48 373.478 PN BR T B 2-Propenoic acid, butyl ester 3.07+0.13 0.39+0.06
49 494.467 TR B Acetic acid, hexyl ester 2.9540.19 0.37+0.08
50 496.839 (B)- L.8&-2-T - 1-B3 B 2-Hexen-1-ol, acetate, (E)- 1.53+0.22 0.1940.03
51 664.875 TER OB Butanoic acid, hexyl ester 1.39+0.19 0.18+0.03
52 674.357 KApEL T B Methyl salicylate 7.044+045 0.89+0.13
53 701.448 JAR-3-THrBs 2-F L T ERES cis-3-Hexenyl-a-methylbutyrate 1.83+0.26 0.23+0.05
54 705.627 #IRER LIS Vinyl neo-pentanoate 2.10+0.23 0.27+0.09
55 767.124 IR KA-RHER F B methyl Z-4-decenoate 1.46£0.24 0.18+0.04

BT
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56 780502 WX 3- TR 2-F S0 T KBRS cis-3-Hexenyl Tiglate 0.82+0.06 0.10+0.02
57 784727 (B)-2-F -2 T ¥k 25 Hexyl tiglate 1554028 0.20+0.01
58 826.945 CER A=t 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate 1.79+0.22 0.23+0.03
59 953.212 Z AR A B 2(4H)-Benzofuranone, 5,6,7,7a-Tetrahydro-4,4, 7a-trimethyl-, (R)- 1.00+0.18 0.13+0.02
60 978.826 T B B Benzoic acid, hexyl ester 1.1240.12 0.1440.02
61 488.259 LBRTEZ B 3-Hexen-1-ol, acetate, (Z)- 2.25+0.14 0.28+0.02
}}ﬂ%
62 457771 4-T0 5 3 1-(1-F 2R T 30)-EA[3.1.0] 4% Bicyclo[3.1.0]hexane, 4-Methylene-1-(1-methylethyl)- 3.25+0.49 0.4140.12
63 473751 22,46,6-5 5 S BH, Heptane, 2,2,4,6,6-pentamethyl- 474+0.56 0.60+0.11
64 512267 2244 v L F)7 2,24 4-Tetramethyloctane 2.90+0.16 0.37+0.06
65 672.555 + =k Dodecane 2.03+0.14 0.26+0.02
66 745.391 I-TH - TR Cyclohexane, 1-butenylidene- 2.03+0.13 0.26+0.03
67 816.744 -+ Tridecane, 3-methyl- 0.95+0.03 0.12+0.06
68 839.865 +vakg Tetradecane 1.88+0.36 0.24+0.03
69 916.368 + k% Pentadecane 0.99+0.08 0.13+0.01
70 1056.490 +-k% Heptadecane 1.50+0.32 0.1940.03
S
71 370.210 A Styrene 2.25+0.16 0.28+0.06
72 416.407 2-Jkb a-Pinene, (-)- 1.33+0.23 0.17+0.02
73 531043 37-Z W37 =N 1,3,7-Octatriene, 3,7-dimethyl- 12.75+0.75 1.6120.08
74 808.514 o-ZETE M a-Cubebene 3.55+0.43 0.45+0.05
75 832.083 o-Jrt Copaene 2.07+0.16 0.26+0.03
76 869451 1-& Ak Caryophyllene 33.90+0.95 4.28+0.26
77 884.376 (H-HHEHs Aromandendrene 243+0.12 0.31+0.04
78 992.851 oY Caryophyllene oxide 7.4240.53 0.9440.02
79 837455 PHANS (-)-B-Elemene 7.5040.58 0.95+0.08
80 711929 (2)-3.7-=F S0, 6 Nt 2,6-Octadienal, 3,7-dimethyl-, (Z)- 1.43£0.23 0.1840.03
81 880.080 A AR a-Guaiene 3.96+0.55 0.50+0.04
82 899.180 G-+%£5MH Azulene, 1,2,3,3a,4,5,6,7-Octahydro-1,4-dimethyl-7-(1-methylethenyl)-, [ 1R-(10,3aB,40,7B)]- 1.40+0.32 0.18+0.06
83 901.836 WAX A5 B $5-4(15),5-—H cis-Muurola-4(15),5-diene 6.1540.54 0.78+0.08
84 915.889 ey germacrene-D 17.55+0.99 2224022
TR



89C

HEER
85 920.480 B-EBIH Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-(4aa, 70,8ap)]- 11.41+0.82 1.4440.18
86 932.565 o- T Azulene, 1,2,3,5,6,7,8,8a-octahydro- 1 ,4-dimethyl-7-(1-methylethenyl)-, [ 1S-(1a,70,8ap3)]- 7.48+0.52 0.95+0.02
87 938.752 X BRI Naphthalene, 1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-7-(1-methylethenyl)-, [ 1S-(10,70,8aa)]- 8.23+0.29 1.04+0.24
38 943.850 SAANTE N d-Cadinene 9.28+0.58 1.17+0.18
89 955453 oA TE M Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, [1S-(10.,4ap,8ac)]- 1.57+0.31 0.20+£0.04
90 960.356 -8 E M o-Calacorene 0.80+0.02 0.100.02
e
91 94.872 b T Carbamic acid, monoammonium salt 6.91+0.49 0.87+0.03
92 190.611 2-THekrd Furan, 2-ethyl- 2.7340.18 0.34+0.02
93 272.834 H R d31-— 5 2- b AR Ak methyl-d3 1-Dideuterio-2-propeny! Ether 5.1440.23 0.65+0.06
94 347.863 Ja] =¥ 3K Benzene, 1,3-dimethyl- 0.96+0.05 0.12+0.02
95 474.539 2-/% ek Furan, 2-pentyl- 1.82+0.21 0.23+0.03
96 509.629 Al AT R Benzene, 1-methyl-3-(1-methylethyl)- 1.03+0.11 0.13+0.04
97 517.585 AeAT(1,8-4 A i) eucalyptol (1,8-cineole) 1.1540.15 0.15+0.03
L A e 125346 Soccubydrmphbaine 1R cutiOni 155022 020:002
99 620452 Ny Benzyl nitrile 831+0.62 1.05+0.04
100 667491 A Naphthalene 6.42+0.25 0.81+0.01
101 761.199 Bk Indole 2.08+0.18 0.26+0.02
102 798.571 WA AR Elemene isomer 11.33+0.71 1.43+0.14
103 811.592 2-F A A3 A AR Phenol, 2-methoxy-3-(2-propenyl)- 0.94+0.04 0.120.03
I Pt R P v 095006 os002
105 927.657 2-(2°-F Ak A)4-F AmiBE-3-30 Tbs-1,1, —Adtdh 2-(2'-Methylpropenyl)-4-methylthia-3-cyclohexene-1,1,dioxide 3.69+0.43 0.47+0.03
106 945.144 RANH5 trans-Calamenene 1.49+0.22 0.19+0.03
107 1012.620 Frla R =&y Neointermedeol 2.71+0.18 0.34+0.05

E: AP RIVEARRTA3>0.1%4940 8.
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HFIF GC-TOF-MS %7€ T Bl 745 A M) ot i
Famin % F GC-MS!?), HIFEREER T GC-TOF-MS tb
GC-MS WIRBE S HEEMEGFER LS, TE5EEAD
H-H R I RE PR AR T SR b 2 ) NP, kT
HARMIZREIR ISR, T4 2 IHER YRS . 16
HARMIZR R R A — S A sy, Wi
FUEYH EEMEFYTCN EMEEORE, 2
BORACA TR, AR AT <R S AR )
CUlS, EHEE I a-2- R, AR
RN 2R-2,4-PE I DA R S A R R R
BERAG A P A ST MR AR IR L 455 E A Rk Ak 1Y)
ECEE, BAREHHIATEAGRES, &5
FREAFESM RN GBI E IR LR, B
FUEY T EERFH RS ANEELEESNKGR
Hig. BRI 2EHEE -T2, 55,
WIRRFBEEFWONE T HFUFERN 1-A7T4E
(122241 SRRERIASE, 2RSS I R Ao fRiE S A
— B0, XSS W R K A3 A R B N T
AU, EEARERRBREY, xR,
Hrhomm s e, HAT & RN 4.99%; HkE
R IAATTIG, HA S ERAT] 4.28%0L I
FCNIECEE, XS RN 4.27%; SRR &=
REILE] 1.98%%1, HABIET 1%,

3 ZHig

ARSI LU T A [FI AR B AEHUS [A] R L
FHUELSE R 200 B BN R Y T 52 m, e
FEREEL A ARG N 80 °C  AXEE] A 60 min.
BE LN 115, mAEPFERHEIRKAN 75 um
CAR/PDMS. TEMERHERRBGE T, BEINHER Y
JRIK RN & B e . 1B HS-SPME-GC-TOF-MS
LRSI R R 229 i, BLEEEERYIRT 36 Fh
(4.66%)~ EEEWJT 33 F(38.42%) MWl 34 Fif
(18.35%) KEFEWIF 26 Fh(3.00%). EEE 20
(11.81%)~ FREMIFT 16 F1(6.43%) FREDIFT 3 Ff
(021%) EFEEW LA EY) 61 FH(8.16%). i
i = SRR G, MR 2 MATERRE
Y. HATEEBNAE RS — 2R/ 807,
WZEWE . KRS, JRERE. KRR, p-E T 2L
A-ATIESE, EASEER R T E BN 1 E
T REAGCERAESR . BEIARERERMEDR
RS 2], (HFSMRHMEL Sy, FEE—BRAI T,
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