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Tab.1 Kinds and concentrations of free and bound volatile compounds in Lichuan black tea and Enshi green tea
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J¥%  RIVRP CAS % R p (B AR p (R A4 p (B A4 p(HEE B
RAERITR) / RYEWR) / KW / R /
(pg-L™h) (pg-L™") (pg-L™") (ng'L™")
1 852/855 928-96-1 -3 - £ 47 P 187.10 £8.73 — — —
2 888/ ~ 52089-324 1,2- - 2 — — 64.56 +3.19 —
3 955/972 111-70-6 1-Pemi — — — 9.75 +0. 26
4 980/995 1569-60-4 6-F HE-5-Pedi2 - — — — 2.05+0.27
5 1019/1029 104-76-7 2-2.3-1-0 — — — 16.07 +0. 51
6 1022/ ~ 1075-04-3 -1 2-8 — — — 51.15+1.56
7 1033/1031 100-51-6 2 92.90 £0.66  430.46 +49. 16 — —
8 1033/ ~ 65548-1 1,2-7 K31 2-2 "% — — 66.77 £2.91 —
9  1062/1069  18409-17-1 (E) 2-34-1-F% — — — 2.51+£0.17
10 1087/1086  34995-77-2 (E)-F A5 s 152. 14 6. 74 — — 4.83 0. 48
11 1087/1067 5989-33-3 (Z) - Ak 35 R — 531.85 = 14. 83 — —
12 1100/1101 78-70-6 by 248.63 8. 80 410.07 +5. 51 — 141.81 £8. 48
13 1100/1106  29957-43-5 it A A 2241.56 £52. 60 — — —
14 1103/1186 13741214 2,6-=F %3 ’FTE:I%' 759.76 +1. 40 — — —
2,6-
15 1110/1110 60-12-8 L 89.07 +4.67  1506.47 £0.04  55.60 +4.51 68.59 +3. 41
16 1125/ ~ 111295 1,5-% —® — — 22.57 +£5.10 —
17 1149/1152  10340-23-5 M3 - A -1 - — — — 17.40 +£0.70
18 1164/1171 22104-79-6 2-T-Js-1-B% — — — 6.76 +0.58
19 1169/1173 143-08-8 T-HE — — — 57.84 +3.34
20 1171/1186  14049-11-7 PR i 88.82+3.55  208.18 £19.70 — 2.26 =0.21
21 1186/ ~ 41902425 SV aE Tl — 267.94 +27.89 — —
22 1193/1187 10482-56-1 L-o- AT — — — 2.99 +0.86
23 1227/123 5944-20-7 S — — — 39.31 +2.81
24 1243/1260  624-15-7 3,7-=F%-2,6- — — — 5.64 +0.28
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25 1251/1256 106-24-1 I 350.61 =1.39 — — —
26 1251/1254 106252 R AL — 185.63 £10.31  87.75 =10.74 —
27 1272/1266 112-30-1 B 310. 54 +198. 07 — 573.47 +9. 81 —
28 1287/1287  29548-13-8 2_(4&[*@%%%) i — — — 2.10 £0. 21
2- TS -1
29 1352/ ~ 4272064 4ot — e 137.95 +2. 03 — — —
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/N fe 4 659. 08 3795.93 870.72 442.53
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33 1180/1178 91-20-3 % — 232.46 +24. 07 — 113.17 +24. 87
34 1297/1290 91576 B-HI%EZE — 149. 53 £12.97 — —
35 1504/1504 128-370 TR R — — — 80. 46 +32.05
Mt IFERZE 0. 00 381.99 0. 00 194. 89
36 1290/1299 499752 A — 165.28 +15. 48 — —
37 1449/1447 5932-68-3 (E)-5T & — — — 4.12 £1.19
38 1506/1502 96-76-4 2,4-TRUT HOR — 1094.71 +113.88  18.90 +0. 47 —
/it eSS 0. 00 1259.99 18.90 4.12
39 960,964 100-52-7 P 232.39 +31.87  937.86 £82.00  252.25 +11.33 19. 76 0. 66
40 1003/1000 124-13-0 I 230.45 +7. 67 — 126.74 £6. 13 —
41 1010/1008 4313035 (E,E)2 4 Jams 274.40 +1.92 — — —
42 1043/1041 122-78-1 R 155.91 £2.63 — — —
43 1176/1163 4748-78-1 X & FER — — — 13.78 0. 60
44 1199/1201 116-26-7 EAwidl — — 4.65 0. 50 —
45 1216/1224 432257 B-I AT 51.71 0. 74 — — —
46 1236/1249 106-26-3 B-Fr I 346.17 £13.77  2390. 96 = 66. 34 — 81.26 +3.47
47 1269/1270 141275 o-Fr G — 14297.78 +360. 19 — 83.22 +9. 84
/Nt [l S 1291.03 17 626. 60 383. 64 198. 02
48 1491/ ~ 2051-49-2 CLRR I 30.02 £19.52 — — —
49 1264/1278 112050 T — — — 2.76 £0.29
50 1345/1347 4613-38-1 FEAETR — 1754. 00 £207. 30 — 306. 81 +44. 02
51 1348/1355 459-80-3 R 92. 68 +49. 98 — — —
Mt RIRE 122.70 1 754. 00 0.00 309. 57
52 1064/1062 98-86-2 A TR — 726.36 £62. 17 — 3.73 0. 12
53 1070/1098  30086-02-3 (E,E)-3,5-FJ&2-F  203.46 +2.45 — — —
54 1393/1391 488-10-8 FERTER 35.47 +0.31 — 10.04 £1.25 1.84 £0.15
55 1418/ ~ 4677-90-1 2 Hi — — — 4.41 +0.20
56 1434/1470 1009-61-6 PORVAN 5 — — — 2.69 +0.40
57  1481/1488 14901-07-6 B- I A7 G K i 59.90 +43. 40 — — 1.88 +0.15
58  1484/1484 23267574 B-5% I E ALY 71.65 £1.22 — — —
/Nt il 25 370. 48 726. 36 10. 04 14. 55
59 1077/ ~ 2511913 ARG 1211.88 +22. 89 — — —
60 1201/ ~ 563-16-6 3,3- IS b — — 16.09 4. 17 —
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61 1403/ ~ 111-659 A — — 10. 62 £0. 85 —
62 1504/ ~ 17301-32-5 4,7-Z R — — 5.36 +0. 60 —
1Y 2 I Y 8 S 1211.88 0. 00 32.07 0. 00
63 990,981 127913 B-IE M 58.83+1.57  772.77 +74.96 —
64 996/ ~ 13643-08-8 2 4-3 0% 141.44 +4. 10 — — —
65  1001/1010 138-86-3 AP — 393. 74 +48. 60 — —
66 1018/ ~ 5989-27-5 TN — — 88. 69 +10. 49 2.81£0.20
67  1038/1044 3779-61-1 B-R M 232.29 +5.17  216.20 £19. 87 — —
68  1038/1016  13466-78-9 3-RM 221.90 +9.29 — — 43.17 £1.98
69  1047/1034 3338-554 BN A — 1138.69 +118. 80 —
70 1077/1075 7525624 3-ZHEFK I — — 59.04 +3.37
71 1107/1086 108-57-6 1,3- 20 mHR — — — 47.87 +3.24
7 1138/ ~ 55771409 2,4,6-=HIE-1-T4 57.94 +1.58 — —
73 1141/ ~ 217747-1 2-HISLET — — 215.21 £8.33
74 1156/ ~ 275514 Hais — 75.06 +6.72 — —
75 1162/ ~ 21964-48-7 L2+ =0 — — 1.02 +0. 18
76 1303/ ~ 19888-34-7 6,7- A JE R — — 8.70 +0. 31
N Rk 712. 40 2596. 46 88. 69 377.82
77 968/922 547-63-7 5 TR W g 47.48 +17.91 — — —
78 976/ ~ 112232 HH i R i 50.96 +17.27 — —
79 1093/1094 93-58-3 R HR W g — 394.63 +15. 16 — 56.84 = 1.63
80  1163/1172 140-11-4 LR N1 54.66 +1.13 — — —
81 1192/1191 119-36-8 KA 2 g 5339.25 +129.38 17794. 65 £954. 74 11.25 +0. 53
82 1255/ ~ 103480 S TR 406. 83 +78. 34 — —
83 1303/1283 1862-61-9 M A ot P g 118.95 +25.27 — — —
84  1311/1352  3840442-1 3, 4- 1 IR R T g — — 6.28 +1.92
85  1321/1310 2349-14-6 Fr 2 R — — 88.94 +7.05
86 1T/ a0 SO SeRD — — 13.15 +1.35
R LI R g
87  1378/1383 105-87-3 R A g 45.90 £2.73 — —
88  1386/1379 1754-62-7 (E) -FER H 1§ — 192. 96 +36. 34 15.33 +1.08
/it S 6 064. 03 18 382. 24 0. 00 191.79
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Fig.2  Comparison of volatile substances for free

forms in Lichuan black tea and Enshi green tea
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Fig.3 Comparison of volatile substances for bound forms in

Lichuan black tea and Enshi green tea
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Tab.2 Aroma characteristics and OAV of volatile components in Lichuan black tea and Enshi green tea
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Fig.4 Radar chart of volatile substances in Lichuan black tea and Enshi green tea
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Fig.5 Distribution of volatile substances in Lichuan

black tea and Enshi green tea

3 & it

AHIFF 3 BT )1 21 255 0 it 2 2% ) i 5 25
G AR MY BT T3 438 P &35 R
PEYIRNS & it Bl S o AT T R SR . AE
HS - SPME $2HU 3Rl F 454 GC-MS e, It
FGEIN 4 )1 LT 2845 R A3 52 i, S 254 R 13
56 Fir, HoA AR R A A 20 Bl XTSI
SHFIE M R BRI L2 rh B A S8 . Rt 2R 5%
F&F, FEFW BB IR KA |
oA BT A AT T RIIZ0 4
WABAE T RN A Bt gk 25 v, D5 RS F 1 R 2
B - PP | BRI AT o R BT T
T RS A AE R . RN L0 RS- A5 T

BN A S VR SR B i B IR A
—E RS AN 2E SRR AT G 1) TAE A R
FAT TR R AR TR L S 2 A By
ARSI, AR SR T MR IR 0 T T2 A XUk
PIRR2

SE 3k

(1] &k, 3fe, 288, 55, Bl £ AUk T80

TR [T]. fEpAl R F54H], 2016, 35(1)
126 - 130.
YU Z,GUO S X,LI C, et al. Optimizing mechanical sha-
ping process of Enshi Yulu green tea [J]. Journal of
Huazhong Agricultural University, 2016, 35(1):126 —
130.

[2] ISLAM M A, RYU K Y, KHAN N, et al. Determination
of the volatile compounds in five varieties of Piper betle L.
from Bangladesh using simultaneous distillation extraction
and gas chromatography/mass spectrometry ( SDE - GC/
MS) [J]. Analytical Letters, 2020, 53 (15):2413 -
2430.

[3] KAYAD A, GHICA M V, DANILA E, et al. Selection
of optimal operating conditions for extraction of Myrius
communis L. essential oil by the steam distillation method
[J]. Molecules, 2020, 25(10) :2399.

[4] LIU S Q, HUANG Y Q, QIAN C Y, et al. Physical
assistive technologies of solid-phase microextraction: re-
cent trends and future perspectives [ J]. TrAC Trends in
Analytical Chemistry, 2020, 128:115916.

[5] ABer, £/NE BUME, 5. PRI BRI T B U
SrpT [T, BABREHARZAAR, 2013, 31(5) :18 -23.
DENG H,WAGN X H,HE X H, et al. Aroma compo-



122

BB ROR AR

2022 4F5 H

(6]

[7]

(8]

(9]

[10]

(1]

(12]

nents analysis for apple juice of cold-extracting fruit [ J].
Journal of Food Science and Technology, 2013, 31(5) :
18 —23.
2N, KIET B H A, S BT GC-MS AR A= 1
S IR R R 22 TR o A B R T ST
[J]. 25% 54,2021 ,56 (11) ;3118 - 3129.
LI L, ZHANG Y X, ZHAO R Z, et al. Multivariate sta-
tistical analysis based on GC—MS metabolomics and anti-
bacterial activity of Aster yunnanensis and Pulicaria insig-
nis [ J]. Acta Pharmaceutica Sinica, 2021, 56 (11):
3118 -3129.
R ARG, SR, 55 1LV 5 RIS XRS5t 4 A
FAE S AIREE 2047 (], BB HoR 240, 2019,
37(4) .24 -34.
ZHENG Y,ZHAO C M, WU Y N,et al. Composition of
characteristic flavor components and analysis of flavor
wheel for Shanxi aged vinegar [ J]. Journal of Food Sci-
ence and Technology, 2019, 37(4) .24 -34.
YU A N,YANG Y N,YANG Y, et al. Free and bound
aroma compounds of turnjujbe ( Hovenia acerba Lindl. )
during low temperature storage [ J]. Foods, 2020, 488
(9):1-18.
CAI'JS,ZHU Y Y,MA R H, et al. Effects of roasting
level on physicochemical, sensory, and volatile profiles of
soybeans using electronic nose and HS —SPME - GC - MS
[J]. Food Chemistry, 2021, 340:127880 —127890.
s INEE MK 4. SDE-GC-MS Z3Hr i 1l
RER AR AR (1], B MR R,
2015, 33(3) .22 -27.
GAOT T,SUN J W, YANG K Y, et al. Analysis of
volatile components in fresh hawthorn by SDE - GC-MS
[J]. Journal of Food Science and Technology, 2015,
33(3):22 -27.
JRHTE BRI VEIRLL A5, TETAR TS B 43 4 XU
S e A ALY [T ], B Rk, 2005 (11)
193 - 196.
SU X G,JIANG Y M,WANG X H, et al. Application of
solid phase microextraction on the Oolong tea ( Camellia
sinensis cv. Fenghuangdancong) aroma analysis [J].
Food Science, 2005(11) ;193 - 196.
WRIBE, itk Fu 24, 554 [R5 %3 FS R e
SRR [T]. BB R (AR , 2015,
39(6) :573 -578.
CHEN Y M,HE H,WANG Y X. Comparisons of chara-
cteristic aroma components of Jing’ an white tea and Anji
white [ J]. Journal of Nanchang University ( Natural
Science) , 2015, 39(6) :573 - 578.

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

[21]

XPEZE B SR 5 fRIHBR S H I B
PUIIIEH I A SO o3 B (0], IR AR R 22 4l
(FSRBHERR) |, 2016, 42(6) :658 - 662.

LIU J J,HUANG J A,LI M F, et al. Analysis on aroma
components of Xinyangmaojian tea and Huangshan-
maofeng tea and Xihulongjing tea [ J]. Journal of Hunan
Agricultural University ( Natural Sciences ), 2016,
42(6) :658 —662.

Gk ot A, A /IR OK iR B R 22 T
BT RS [J]. Wik T, 2020, 37(5)
989 —996.

LIANG M, YANG Y, SHI J Y, et al. Comparison of
enzymatic and acid hydrolysis of bound aroma com-
pounds in Litsea mollis Hemsl [ J]. Fine Chemicals,
2020, 37(5) :989 —996.

VAN GEMERT L J. Compilations of odour threshold
values in air, water and other media [ M]. Utrecht: Oli-
emans Punter & Partners BV, 2006207 —359.

XU X Q,MO HZ,YAN M C, et al. Analysis of charac-
teristic aroma of fungal fermented Fuzhuan brick-tea by
gas chromatography/mass spectrophotometry [ J]. Jour-
nal Science Food Agriculture, 2007, 87 (8).1502 -
1504.

WEN Y Q,HE F,ZHU B Q, et al. Free and glycosidi-
cally bound aroma compounds in cherry ( Prunus avium
L.) [J]. Food Chemistry, 2014, 152(6) :29 -36.
ATER IS, R, EAR, 55, Z0A8 R A A Ak
A R R R B TR [T, A R A R,
2015, 31(22) :263 —269.

YU LT,YUAN H B, WANG W W, et al. Research pro-
gress of physiological and biochemical changes and new
techniques in fermentation of black tea [ J]. Chinese
Agricultural Science Bulletin, 2015, 31 (22):263 -
269.

WANG L F,LEE J Y,CHUNG J O, et al. Discrimina-
tion of teas with different degrees of fermentation by
SPME - GC analysis of the characteristic volatile flavor
compounds [ J]. Food Chemistry, 2008, 109(1) :196 —
206.

I RN S N BN AR S LR E e Wi W e )
5% [J]. 50, 2014, 40(3) ;138 - 145.

FANG W Y,CHEN P. Comparative study on characteri-stic
aroma components of Black teas from different regions
[J]. Journal of Tea, 2014, 40(3) :138 - 145.

Mrix 24, FIBFERFHEELUIE (D], B b
TR AR EBE, 2016.

CHEN H X. Characteristic aroma components of biluo-



%40 & %3 M ATRF 222 FIZE28 5 it 225k rh i o8 55 B S A PR W IO B oA 123

chun tea [ D]. Shanghai: Shanghai Institute of Techno- [23] PRI, TEUINE o 5. AL AR S H R ALY

logy, 2016. Rt [J1]. BB AR, 2019, 37(1) .
[22] KR BURZIR LR PR SRS [D]. B 62 -71.

e paEE TR 2%, 2019. SUN L X, DONG M H, GU J J, et al. Research pro-

ZHANG C. Study on flavor substances of black tea and gress in flavor chemistry of famous green teas [ J]. Jour-

green tea in Hanzhong [ D]. Hanzhong: Shaanxi Uni- nal of Food Science and Technology, 2019, 37 (1) .

versity of Technology, 2019. 62 -71.

Comparative Study of Free and Bound Volatile Components in
Lichuan Black Tea and Enshi Green Tea

ZHAO Shilan, JIANG Ke, LIANG Miao, LIU Shuangshuang, FENG Liang, YANG Yan®, YU Ainong
(School of Chemistry & Environmental Engineering/Hubei Key Laboratory of Biological Resources Protection
and Utilization, Huber Minzu University, Enshi 445000, China)

Abstract: The kinds and contents of free and bound volatile substances in Lichuan black tea and Enshi
green tea, which are unique to Enshi, Hubei province, Wuling area, were studied by headspace solid-
phase microextraction technology combined with gas chromatography-mass spectrometry. A total of 52
volatile compounds were detected in Lichuan black tea, including 36 free aroma compounds and 25 bound
aroma compounds. Among them, 9 compounds were both detected in free and bound samples. While, a
total of 56 volatile compounds was detected in Enshi green tea, including 15 free forms and 45 bound
forms. Among them, there were 4 identical compounds. Meanwhile, the odor activity values were
analyzed in two different teas. Aldehydes, alcohols and esters were the most valuable components
contributed to the flavor profile of Lichuan black tea. Aldehydes, alcohols and olefins were the most
valuable components contributed to the flavor profile of Enshi green tea. The results showed that geraniol
and caprylic aldehyde were the main aroma substances in free forms of Lichuan black tea. Methyl
salicylate, a-citral and linalool were the major aromatic components in bound forms. The octanal and
limonene were the major aroma components for free forms in Enshi green tea. And the linalool and
naphthalene were the main aroma components in bound forms. Fruity and floral aroma were the main
aroma characteristics of Lichuan black tea, fruity and chemical odor were the major characteristics of
Enshi green tea. The phenols and carboxylic acids in the free volatile components of Lichuan black tea
and Enshi green tea were significantly different, and phenols and ketones in the bound volatile
components were quite different. This study hoped to provide a reference for elaborating the composition
of tea aroma and the generation of flavor substances, and at the same time, it would provide references for

the deep processing and quality control of Lichuan black tea and Enshi green tea.

Keywords: Lichuan black tea; Enshi green tea; free form; bound form; volatile compounds
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