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Analysis of volatile components of twenty-five Hunan and Shaanxi
Fuzhuan tea samples by HS-SPME — GC-MS

ZHANG Ya,LI Weifang, XIAO Bin

(College of Horticulture s Northwest A& F University sYangling s Shaanzi 712100, China)

Abstract: [Objective] The volatile components of twenty-five Fuzhuan tea samples from Hunan and
Shaanxi were analyzed to provide basis for research of aroma constituents and identification of Fuzhuan
tea. [Method) HS-SPME and GC-MS coupled with retention index (RI) were applied to extract and identi-
fy the volatile components of twenty-five Fuzhuan tea samples from Hunan and Shaanxi. [Result] A total
of 102 volatile components were identified in twenty-five Fuzhuan tea samples. GC-MS and RI analysis indi-
cated that alcohols (38.47%) and esters (28.49%) were dominating in Shaanxi category A, while ketones,
aldehydes and alcohols were dominating in category B and category C with average contents of 21.62%,
16.29% ,and 17.33% for B,and 26.30% ,16.62% ,and 12. 78% for C. The key compounds contributing to
the characteristic “fungal aroma” of Fuzhuan tea included methyl salicylate Cherbal),linalool and linalool
oxide (woody/floral/{fruity) ,a-Ionone and p-Ionone (violet/woody) , (E)-6,10-Dimethyl-5,9-undecadien-2-

one and geraniol (rose/fruity),B-Ionon-5, 6-epoxide(stale), and dehydro-g-ionone (woody). [Conclusion]
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Category A Shaanxi Fuzhuan tea samples were extremely different with the others, while the volatile com-

ponents of other Shaanxi Fuzhuan tea samples were similar to Hunan Fuzhuan tea samples.

Key words: Fuzhuan tea; volatile components; fungal aroma; head-space solid-phase micro-extraction

(HS-SPME) ; gas chromatography-mass spectrometer (GC-MS) ;retention index (RD
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Table 1 Volatile components and their relative contents in Fuzhuan tea samples

% ) FIXS £ &/ % Relative content )

dT PREBIRE &Y e § . P1{i
No. RI MI Compound % B 2% C% P value

Category A Category B Category C
22 Alcohols

2 <820 MS 1-1% H5-3-1% 1-Penten-3-ol - 0~0. 26 0~0. 40 0.002

4 <820 MS 1E JE 5 1-Pentanol — 0.09~0.15 0~0.39 0. 000
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& 1(&) Continued table 1

X & B/ % Relative content

= (S B TP TR e PN
ﬁ(f K FHR;j;H O rtll\:/IjI:T{£ C(Ifn;)#?nd Ak B2 C% Plifz{liiue
Category A Category B Category C

7 831 MS 3-C Mi-1-F% 3-Hexen-1-ol 0.14~0. 68 0~0.51 0~0. 34 0.070

9 846 MS.RIL  1F % 1-Hexanol 0~0.16 0~0. 26 0~0. 40 0.736
15 977 MS.RIL  1-3%-3-B% 1-Octen-3-ol 0.14~0.41 0.22~0.43 0.10~0.49 0.525
21 1028 MS.RIL  2-Z %-1-2 % 2-Ethyl-1-hexanol 0~0.19 0~1.89 0~0. 44 0.299
23 1035 MS.RIL KK Benzyl alcohol0~0. 57 0~0. 81 0~0.43 0.142
24 1036 MS 3, 5-2F " -2- 3,5-Octadien-2-ol - 0~0. 34 0~0. 36 0. 000
29 1072 MS.RIL  IE~:[E% 1-Octanol 0~0.29 0.19~0. 34 0~0. 84 0.014
32 1 086 MS.RIL  FHEEESE /Y 1 Linalool oxide T 5.60~10. 30 1.57~4.63 0.45~3.68 0.002
34 1100 MS.RI  F5#if Linalool 11.28~23.29 1.03~5.50 0.76~9.32 0.001

3,7-T O 3E-1,5,7-F = -3

36 1104 MS 3.7 Dimethyl 1.5, 7 octatrien-3-ol 0~1.79 0~2.47 0~0.97 0.076
38 1112 MS.RIL % Z [ Phenylethyl alcohol 0~0.77 0.31~1.97 0~1.05 0.118
44 1169  MS.RIL J5HEEE 44 11 Linalool oxide II 0.56~2.08 0~1.19 0~0.73 0.020
45 1174  MS.RIL a4 k4 M Linalool oxide I 0~3.79 0.69~1.17 0~1.15 0.041
48 1192 MS.RIL o1 i B o Terpineol 2.81~4.67 0.21~1.14 0~0.72 0. 000
56 1251  MS.RIL 7 M E Geraniol 0.82~3.98  0.69~3.65 0~2.85 0.159
81 1558  MS.RIL  #&4EHE Nerolidol 0.12~0. 34 0~0.74 0~10.98 0.030
85 1603  MS.RIL  HiARE: Cedrol 0~0.11 0~5.50 0~5.99 0. 000
87 1650  MS.RIL o ¥l o Cadinol 0~0. 39 0.22~0. 44 0~0.39 0.475
92 1839 MS 7 M- 75 B trans-Geranylgeraniol 0~0.06 0~0. 38 0~0. 37 0. 000
A
95 1898 MS gfff??157Tctramcthﬂ?z?hcxadcccn?1701 0.19~0.47  0.33~0.87 0~1.26 0.006
98 1952  MS.RIL S Isophytol 0.07~0.19  0.11~0.22 0~0. 35 0.056
102 >2000  MS.RIL #i[ Phytol — — 0~0. 40 0.141
B 2 Aldehydes
1 <820  MS.RIL  H & 3-Methylbutanal 0~0.13 0~0.11 0~0.13 0.743
3 <820 MS (E)-2-1% 4 (E)-2-Pentenal — 0~0.15 0~0.16 0.018
5 <820  MS,RIL ' E Hexanal 0.12~0.33  0.49~1.48  0.31~2.32 0. 000
6 820 MS.RIL (E)-2-E 4% (E)-2-Hexenal 0~0.11 0.07~0.27 0~0.59 0.001
10 876 MS.RIL  (Z)-4-BEf % (Z)-4-Heptenal — 0.04~0.13 0~0.15 0. 000
11 880  MS.RIL  Bifi¥ Heptanal 0~0. 14 0.20~0. 39 0~0. 68 0. 000
12 949  MS.RIL % ¥ Benzaldehyde 0.70~1.51 1.31~2.41  0.77~3.16 0.003
13 960 MS 2-Z, H-2-C 4% % 2-Ethyl-2-hexenal 0.57~2.69 0~1.36 0~1.51 0.082
18 1002  MS.RIL ¥ Octanal 0.13~0. 21 0.17~0. 39 0~0.73 0. 004
19 1010 MS.RIL (E.E)-2.4-Bi "} (E.E)-2.4-Heptadienal 0.30~0.85  2.10~3.94  0.73~5.60 0. 000
25 1 040 MS.RIL % 2 Benzeneacetaldehyde 0.09~0. 22 0~0. 46 0~0. 31 0.732
26 1056  MS.RIL  (E)-2-3 4% (E)-2-Octenal 0~0.19 0.19~0.96  0.10~1.75 0. 000
28 1069 MS ;s[fhjkzifﬁlo&eiff]fcarboxaldehyde n 0~5.18 0~8.93 0.005
37 1105  MS.RIL T-f% Nonanal 0~1.87 0~0.74 0~2.65 0.479
41 1146 MS.RIL  (E.Z)-2,6-T " J% % (E.Z)-2.6-Nonadienal 0~0. 20 0~0. 45 0~0. 36 0.330
42 1154  MS.RIL  (E)-2-T-## (E)-2-Nonenal 0~0. 24 0.20~0.84  0.14~1.34 0. 000
49 1195 MS.RIL  JH4L#EEE Safranal 0~0.35 0.64~0. 94 0~1.38 0. 000
50 1205  MS.RIL  %%f% Decanal 0.48~0.77  0.34~0. 84 0~1.78 0. 405
51 1213 MS.RIL  2,4- " HFEFEE 2,4-Dimethyl-benzaldehyde 0~5.28 1.30~3.58 0~7.18 0.661
52 1216 Ms.RiL  POMTHEE 2.6, 6 Trimethyl leyelohexenetl= o 5y 67 g71.50 0~1.70 0.001
carboxaldehyde
57 1261 MS.RIL  (Z)-2-5% )i (Z)-2-Decenal 0~0. 14 0~0. 65 0~2.03 0.001
58 1267 MS Frig s Citral 0~0.17 0~0.32 0~0.70 0.243
il Z¢ Ketones
14 969  MS.RIL  1-3£45-3-f 1-Octen-3-one 0~0.15 0~0.08 0~0.19 0.228
16 982 MS.RIL  6-H %E-5-Fif5-2-l] 6-Methyl-5-hepten-2-one — 0.77~1.79 0~2.87 0. 000
22 1031 MS g:i:Zi?rilfﬁligljlohexanone 0.07~0.14  0.10~0.22 0~0.23 0.438
27 1062  MS.RIL % Z T Acetophenone 0.20~0.62  0.37~0.55  0.21~1.14 0.101
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& 1(&) Continued table 1
RN . X & B/ % Relative content
BRI i o - - P i
No. RI MI Compound e o< SES P value
Category A Category B Category C
e . (E.E)-3,5-3¢ —Jf5-2-1 . . . .
33 10938 MS\RIL o2t bR R 0~0. 37 1.54~3.41  0.32~3.88  0.000
- (E)-6-H 3-3, 5-BF — 452~ _ c
35 1103 MS  (E) 6 Methol 3.5 heptadien-2-one 0~2. 40 0~1. 54 0. 006
39 1116 MS.RIL 5l /K i Isophorone 0~0.12 0~0. 29 0~0.42 0.131
; 2,6,6-= F 5E-2, 4-3F B S5 T _
53 1218 MS 2,6,6-Trimethyl-2,4-cycloheptadien-1-one 0~0.54 0~0.41 0.274
67 1386  MS.RIL  ZEFjfii] Jasmone 0.16~0.55 0~0. 26 0~0.97 0.039
69 1424 MS.RIL o %% 2 o-lonone 0~1.08 2.02~2.82 1.97~4.92 0. 000
70 1430  MS.RIL —&-B-%% %[ Dehydro-g-ionone 0.57~0.84 0.61~1.44 0.82~2.46 0. 000
5] S) - i i~ - -
71 1441 MS.RiL TP ()6, 10-Dimethyl 5. 9-undecadi- 7o 4 5r 5 g5 6 01 4 a4—10.18 0,000
en-2-one
73 1456 MS 7K B R Isoshyobunone 0.10~0.19 0~0.14 0~0. 31 0.011
75 1470 MS.RIL  p-%:% £l g-Tonone 1.51~2.62 3.29~4.77 2.75~6.45 0. 000
76 1475 MS.RIL  5,6-3% % -p-2 % 2 B-Ionon-5,6-epoxide 0.52~0.92 1.66~2.65 1.17~2. 80 0. 000
82 1579 MS  cis-¢- 2% 24 i cis-¢-Ionone — 0~0. 49 0~1.21 0. 000
86 1621 MS AR H il Benzophenone — — 0~5.62 0.139
94 1 850 MS.RIL & 6,10,14-Trimethyl-2-pentadecanone 0.54~0.94 1.31~2.79 1.17~5.12 0. 000
96 1922 MS.RIL (RREWEICE,E)-6.10. 14-Trimethyl-5. 9. o7 o 5y g 940,38 0~0.73 0. 000
13-pentadecatrien-2-one
g 2% Esters
43 1160 MS 2R Acetic acid, phenylmethyl ester 0~0.39 0~0.23 0~0. 32 0. 56
47 1190  MS.RIL /K& H g Methyl salicylate 15.78~27.26 2.37~11.80  1.05~7.35 0.001
< B R T R -
62 1320 MS 3,7-Dimethyl-2, 6-octadienoic acid,methyl ester 0.21~0.95 0~0.43 0~1.26 0. 194
; ; . KRS TR ce
63 1325 MS  Fethylpropyl benzoic acid. ester 0~0.27 0~1.47 0~0.47 0.855
CH 4 e e T S s
64 1 333 MS 2 Eﬁﬁ%z}:ﬁf’ﬁa@ﬂg . 0.08~0. 44 — 0~0.15 0. 045
2-Methoxy-benzoic acid, methyl ester
2~ H-3-FR B O F-2- W L TN R TR
66 1369 MS Propanoic acid, 2-methyl-, 2-ethyl-3-hydroxy- 0.10~0.67 0~1.33 0~3. 87 0.448
hexyl ester
— L 1.3 7 ik _
83 1583 MS 2:2,4- =M 1.3 UZ*E*..’*T%‘Q“ 224 79~10. 49 0~3.21 0~1.51 0.019
Trimethyl-1,3-pentanediol diisobutyrate
97 1934 MS.RIL 4R H fliE Hexadecanoic acid, methyl ester 0.09~0. 20 0.12~0.32 0.16~0.47 0. 000
100 1994 MS FAME R 2 TiF Hexadecanoic acid, ethyl ester 0.12~1.72 0.25~0. 41 0.21~2.07 0.708
101 >2 000 MS 1 W 2 S A g Isopropyl palmitate 0~0. 25 0.06~0. 14 0~0. 22 0.587
S 1L &4 Hydrocarbons
8 842  MS.RIL 1,3-"H 37 1,3-Dimethylbenzene — 0~0.28 0~0. 37 0. 007
20 1025 MS.RIL  D-#E# D-Limonene 0~0. 28 0~0.11 - 0.027
30 1075 MS 1.2-— W 23R 4% 1.2-Dimethyl-cyclooctene - 0~0.08 0~0. 14 0. 000
46 1178 MS.RIL  Z% Naphthalene 0~0.68 0.42~1.08 0~2.72 0. 009
< 1,5,5-= B 3k-6-11 H 3L 30 O I -
o1 1226 MS 1,5,5-Trimethyl-6-methylene-cyclohexene 0~0.29 0.1~0.30 0~0.54 0.098
59 1290 MS.RIL  1-HI 325 1-Methylnaphthalene 0.14~0.29  0.21~1.10 0~2.72 0. 030
68 1408 MS.RIL o #IAKH «-Cedrene — 0~1.16 0~0. 83 0. 045
72 1 450 MS cis-a- MM cis-oa-Farnesene — — 0~0. 81 0.167
1-2.%-2,3,4,5,6- /% H L%
& 1462 MS 1-Ethyl-2,3,4,5,6-pentamethylbenzene 0~0.10 0~0.28 0~1.08 0.001
77 1504 MS.RIL o W4 o Farnesene — 0~0.56 0~0.63 0.034
84 1 600 MS.RIL /5% Hexadecane — 0~0. 45 0~1.94 0. 044
3,4-27 -1, 1K . .
88 1667 MS eyl 1.1 biphenyl 0.09~0.19 0~0.37 0~1.38 0. 488
89 1700 MS.RIL +-E#% Heptadecane — 0~0.59 0~2.48 0. 064
91 1800  MS,RIL /A%t Octadecane — 0~0.19 0~1.02 0. 055
93 1 849 MS Hr#i K5 Neophytadiene 0.29~0.87 0.56~1.67 0~2.37 0. 004




156 P JE AR MBI A2 4R (A SRR 2 B o545 %

& 1(&) Continued table 1

X & B/ % Relative content

i DREIRRC ENMEINk L& Py

No. RI MI Compound Ak B2 C% P value
Category A Category B Category C
X B ¢ Lactones
65 1359 MS.RIL  y-F N Dihydro-5-pentyl-2(3H)-furanone 0~0.19 0.18~0.57 0~0.98 0.002
80 1523 MS.RIL & 5k#E#ME M E Dihydroactinidiolide 0.36~0.56 0.31~1.98 0.30~3. 34 0. 000
AR E 4 &% Methoxy compounds
40 1138 MS.RIL  1,2-—H 437K 1.2-dimethoxybenzene 0.31~1.62 0.31~1.43 0~1.39 0.943
55 1238 MS.RIL  3,4- 4K 2% 3,4-Dimethoxytoluene — 0~0. 40 0~0.56 0.003
61 1312 MS.RIL  1,2,3-=H 4} 1,2,3-Trimethoxybenzene 0~0.39 0.85~2.69 0~2.37 0. 000
B 3% Phenols
60 1292  MS.RIL HHE&EH Thymol 0~0. 27 — — 0.028
78 1 506 MS 2., 4-TRUT FIEW 2, 4-Di-tert-butylphenol 0~1.45 0.59~1.51 0~1.99 0.842
79 1516 MS 5-1¥% 3 [0] 4 — My 5-Pentyl-1,3-benzenediol 0~1.54 0~2.18 0~3.38 0.025

2,6- T F-4-2 HIE W

o0 1750 MS 2,6-bis(1,1-DimethylethyD)-4-ethyl-phenol 0~0.30 0~0.68 0~4.02 0.395
H 1l Others

17 986 MS.RIL  2-J% 3Lk 2-Pentylfuran — 0~0. 60 0~1.42 0. 000

31 1083 MS.RIL  2,3,5,6-P4f Kk 8 Tetramethyl-pyrazine — 0~1.51 0~2.95 0.022

99 1977 MS.RIL  ##48[& Palmitic acid 0~3.08 0.89~3.18 0~3.56 0.618

TE - MS AR T 2 % b L RIL 200 i 2 2 SCRR B0 £ B 4 B0 L 1 P (B A ZERESL 5 B A0 C WIS S il 47 1 25 PR A 48
o —ARERT,

Note; MS means identified by comparison with mass spectra; RIL means identified by retention index in the literature; P value was from sig-

”»

nificance test of category A with categories B and C. “—7” represent nothing.
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SF-1 & SF-5,SF-6 & SF-12, HF-1 & HF-13 43X (26.30%) 525 (16. 62%) B2 (12, 78%) s K
AB.C 3 K, AKPRPEIRIE RS EEME R 8.7200),
A Ay R B 2K (38, 47%) . TE 2 (28. 49%0) . Bl 2

224 Alcohols; EIfE 2 Aldehydes; EIf2E Ketones; M6 Esters; A A AL &Y Hydrocarbons; NN FEJE Lactones;
100 BFR & &AL A Y Methoxy compounds; EI#Y 2 Phends; OH:Ath Other
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Fig. 3 Comparison of volatile constituents between Hunan and Shaanxi Fuzhuan tea samples

PEE S 102 P RV R R & B 100 18%) B2 22l (1. 51% ~6. 45%) . 2,4-— 1
BRI A K R TP R (1. 0500 ~27. 26 0) 5 filE  JEORHIEE(0~7. 1800) IS Wi B fL 9 T (0. 4500 ~
(0. 76% ~ 23. 29%), F M KB (0. 75% ~  10.30%) o2 % 22 (0~4. 92%) . (E.E)-2,4-5¢
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T (0. 30 %0 ~5. 60 %) AEHM (0. 54~5.12%) (K
R (0~3.56%) .5, 6-FF & -B- 5% 22 (0. 520 ~
2.80%),

R AE ST O W R W 1-2F &-3- L (E,ED-
2, 4- B TR R G SRR AR 1S B LK
7] 7R R e ey TN B S TN e
il |5, 6-FF S -4 % 22 W L — SEURAGE A PN T L AR D L A

il 182 TR A TR 2 TR AE T A AR A ZR A i h 3 A R
L DL o P B AR i 25 ¥ R e i i FE AR 4 4
AN (E)-2-2E i I L (E)-2- T M5 T . oo il o B
ZEWE BT 1 2R o SR A OB A
Mo e SN L A RE AR 24 DS ASE AR SR
Kot X AR A% 25 ¥ PR 0 i AL B B R ), AR
T B ¥ S MR LA SRl R R 2,

R 2 REFELERSOSEMER

Table 2 Odor description of volatile components in Fuzhuan tea samples
ETRE AR A 2% SCHk i RS R EEBUN
No. Odor description Reference No. Odor description Reference
SERFER Apple [18] 40 [ JE ik Stale [5,17]
2 H R EE Green vegetables [18] 41 23k HWREF A Violet, cucumber [5,17]
3 7 BRI Aldehydic note, fruity [17] 42 ARk Tallowy [15]
AR R R R .
5 Fatty,green grass,apple [16] 44 K7 AR FEF Woody, floral , fruity [16]
B KE LR ] , , .
6 Green grass, fruity, woody, herbal [17] 45 A AERFE Woody, floral, fruity L16]
7 F #5 Green grass [16] 46 & i Bk Camphor [5]
8 R B WK AN i S Stale [17] 47 £ H M2 E S Herbal [16]
ey f 3
g HRTAENE [16] 48 #TH A Lilac, woody [5.11]
Green grass, fruity, vinous
ey e ;
10 H HJAj“{HZIHDIH.%‘%(mﬁ [19] 49 KEF ZF RFEF Woody., herbal, fruity [16]
Green grass.oily,creamy
G e e S
11 HF'EE COR T R [18] 50 RE S B .25 % % Fatty, herbal [16]
Fatty.green grass.nutty
12 WAk Bitter almond [5,16] 52 A8 T Almond, mango [16]
14 + B | BE X Groundy, mushroom [17] 55 Tk Stale [5,17]
15 e 0 IR ZREF Groundy ., fresh, fruity [16] 56 AL T Sweet rose [5.16]
16 NG Wi 7 A% 7 <. Fatty, citrus [5,17] 57 ¥ 7 M%7 Orange, citrus [19]
17 BT A VR L Fruity, fresh, groundy [17] 58 #1EFF Lemon [17]
WA e R R o e 1 -
18 Aldehydic note. fatty. fruity [17] 61 BRI ASHGE Tk Stale [5,17]
EoE B R
19 i M A R [17] 65 Wil IR EEFF Butter.nutty [16]
Greens, fatty , vegetables
20 R MG Lemon, citrus [16] 67 FEFF T RHKF Jasmine, celery seeds [16]
23 BT Fruity [16] 68 AT AEFF Woody, floral [16]
- R A O N Y £ - s . -
25 Hyacinth. almond, cherry [5,17] 69 KA VE® 2 F/S Woody, violet [5.16]
26 W& W F Fruity, fresh [16] 70 KT AL Woody,sweet osmanthus [3,5]
b A L .
27 A YA A AR SR A [17] 71 WHFE R E Rose, fruity [5.16]
Sweet acacia,stale . fruity
99 A A AL A 4 [4] 72 £ % Floral (3]
Sweet orange, floral, citrus
31 R P Caramel , roasted [19] 75 LW 23R KT Violet, woody [16]
32 KT AERTF Woody, loral, fruity [16] 76 Bk Stale [19]
33 W& Fruity [18] 77 KT H B EEFR Woody, vegetables [16]
34 KFE HI R F Woody, rose, fruity [16] 80 T E RN AESJE Coumarin, musk [16]
35 A7 AT Woody, cinnamon [18] 81 BT E R FF IR Rose,apple [16]
36 7 Floral [3] 85 MIAFF Cedarwood [16]
37 N Wik . #8 & V3 7 Fatty,orange, rose [5,17] 98 T fEMETE Dried leaf, caramel [16]
38 AT I R [17] 99 Ak, Lk Groundy [11]
Sweet floral,roasted,rose
P L
39 AT R R [17] 102 FFI Sweet [16]

Woody.sweet greens, fruity

TE = 3 P R MR VR 3 S 7 20 SR b BT A A L AN A AN A R

Notes: The odor descriptions of volatile components listed were obtained from literature. Other components had no scent or can not be

found.
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2.2 BERERMELEWHITE D
2.2.1 BREASY  BERACEYEE WA RR D
AEA R o A BTG IR il 55 W 28 40 0 AH X % 1 4%
R 38.47% B 25 9. 34% ~20.67%,C 2%
N6.13%~29.05% . FESEYY I b A X o B 4 1Y
B REEE 0. 76% ~ 23. 29%, HAEE ALY 1
0. 45 % ~10. 30 % , HAE R A5 0 32 BEWEAF Bl 43 19 05 Fi
it Ko FLAR AL W) AE A A A FE h AR AE R SR R A
B M R B LM R 8 G A AR RE
HF-2 sp A% & s fe i » o 100 28 %0, HA BB K3
R 1-F -3 BEfE A h A R . 208+
IR IF EE R AR A AE R BE 2 Tl —Fh
TR B AT R VR A B B AE A5 A HEF-10,
HF-12 HF-13 o A Z R R M 2 A &
AL BORAE FE RN EN EASFEM DTS RER
AR ERHIHN 0.54% F1 1. 36% , o1 & i
FUSEA AL T 24 SFE S BT AUAE HE-7 ik
R th 5 #FAAE HE-2 kg i, o 3 3 5 45 5 o
1.08% 0. 17 %0 5 o i i T 52 AT 1R B 55 T UK
T o SR AR A A A T O B R

M & 3 ATRLE B, A RBR VG AR 6% 25 5 HABAE &
AH LG BEZE P BT AR R & & W b Ay . P 3R 1 ] a0,
DA R AR T | ol O AH X A B
T B RBRVGIREE A M C JMm Rk 2. 78 A.B.C
AR Bt 25 b, JF R B P XA X S i i ok
17.66%,3.77%,2. 77 Y s Sy A B A0 T 19 F- 3440
e AR 7. 96% 2. 51% 1. 51 %, -1 i T ()
V4B 3.49%,0. 65% 0. 39 % . H At i Wy i
(5 25 I
2.2.2 EEASY TG WIEE A LR
Wk, HAE ABLC ZEARTE 2R it v 0 AR 55 8 430
6. 14% ~ 8. 24% ., 19. 06% ~ 26. 28% , 20. 19 ~
38.66% . WA ARSI MR AR 8%
2R (0. 57% ~ 2. 46 %) . F& M E N B (0. 75% ~
10. 18 %) B4 % 22 (1. 51% ~6. 45%) .5, 6-FF 4
R-26% 22 il (0.52% ~ 2. 80%) . M il (0. 54% ~
5.12%) KA 0. 2% ~1. 14 %) 5 02 % 2 Fi AL AE
SF-3 HoR ki, I SR 2. 56 %0 B 22
Tl 1 B- 58 2 24 [ 522 Wiz 1) R A AR ik 1) 58 0 22 /% R
A BRI 2 BO A A R A R S R A 4
BWAELHKIR, &8P 2R ARE .5, 6-3F
RS L B MR .

A B VG AR 1% 215 1) R 2 Ak G 0 A X 3 i BAIR
HorpoE BLC 2 il 30y B A 5 B8 5 B R0 A A AR

A 6-H1 JHE-5-FE -2-ld . 76 B C b iy ~F 35 48 X
FEAMONL.35%.1.32% . F A KBS TP R
. BIEFM(E,E)-3,5-9¢ f-2-F e A iy
T E N0 10, H HAFAEF SF-3 Fl SF-4 1
£ BLC Zpp b HoF 35 & e m . e il ok 2,36 %0,
1.65%.,

2.2.3 mEEALY ERMAEGWTE AB.C KRG
AR R I A B R 1 AR G S B Ay iR 5. 7906 ~
12.84%,12.58% ~21. 63% F1 8. 44 % ~24. 28 %,
ST R b AR I LR (0. 1290 ~2.3200) . Bk
(M g L 7 R B A R K B (0. 7000 ~
3.16%0), 2 3% & {2 0k; (E, ED-2, 4-5¢ — I
(0.30%~5.60%) , 2HHF MG &HFREXEFH. I
Sh R (E)-2- M L (B)-2-T- M B L 38 1 L B- 3R Ay
BERETE 24 ARG AR h A K iy Hrh e R
WS R A SR B D AR R AR (E)-2-3¢
9 T 2 TR AT BT f KR L R (BD-2- I A
A AREIR 2SI 5L 0 BRI KB AR BT
B R A PRI

2.2.4 EEERAEY  ARIE A KV th ARG
10 Fifg 2R 1L &9, 78 AB.C JERE b M X & 5
SRR 22, 07% ~42. 01%, 4. 61% ~ 15. 19%,
3.52~15.09% , H A ZEIR 6% A5 1Y e 28 9 o 1 2
o AR . AT M2 R S KA IR H R AR
FrAA R ARG R A AR S AR R S R R
k15,7890 ~27. 26 V5 . #E BLC ZME i h -3 & L A
XA 3 W 6. 64%,4.39%, 2,2,4-=H -1,
SN CEE R T RERTE A KM E &
6.55% 1M #E B.C ZEFE S -3 & Uk 0. 67 %,
0.47% . KA W BR A5 A R £ 6 55 2 Hh w5 R0 iy
1% ARG 2 I I 7K 4 5 T ks BROAR TR B A R L T
ot o A 3 26 Al B 1 0 AR XS AR R TTRROR

jcilﬂo
2.2.5 BEAMEH ARG TR KA A

15 ik S AL 59, 76 ABLC 28HE 5 b P 3 3 &
SRR 1.34% 3. 58 %, 4. 31 % (5B ANE K PR W) B
YR LB/ . TE R B B AL S R R
XF 25 WA S TTRR B /DS L AN TR R IR — o 1 5 A
YEH o AT REAE SO & 1Y o B WM 7 HE-7 h &
AL O 0. 6300, ST AR B A A R B A DA
BTE 4 DFER AR, Ry 00 11 ~
0.28% . HAbGE G Y & i Ak I R BB
X AR A% 25 0 A L U L/

2.2.6 H b WEEEREASYEA K K
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AN SO FE R S R 1.2, 3- S ARUEOR
1, 2- T HAREOR (3 4- AR WK S 3 % 4 43 )
N 0.85%,0.78%,0.12% . WERZY) A1 2 Fh,
Iy AR R R - N BT A R O R
FEEBRERRB . ERARES TN, &k
0.30%~3.34% ; v~ T WNERTE 18 ANFE S R, 2
il FLAR M IR SR 0.27% . B
FRAE 23 AR AL ZRFE R L J2 e — R 25k &
VoY ach 1.99%, Femik 3.56% ., Btk A
WKL 4 BP0 R B 2. A TRUT RO
ST AL R W (2, 6- U T FE-A-C Ry, S

B ELE A B AGE IR R L L B

AR A Ol HOu R i 2k B A STk N 2-
I B R LB KR KBk e 15
AFES R S A R 0. 3420, ME— A Ak
AW 2,3,5,6-00 LML 7E 9 SRRSO
TN 0,320, B SRR UL A
2.3 BELSMW

i3 Simea p B X AR i A% RE S EAT RS
B g5 A 4 . K 4 af . A 288 5 (SF-1
& SF-5) N — R HAb RS —2, BJ.C Rt
ai PR T HEF-2, H A FE & 45 K Mk 0 A R R A
L. e B T M 22 HOOR % A5 RE TG B S 11 Hh Sk
P2 HE S VR W) I A L A
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Fig. 4 Cluster analysis of Hunan and Shaanxi Fuzhuan tea samples
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AR 56 M 3 HS-SPME — GC-MS J {4 £ 48 %4
M\ 25 AR A SRR i RS Y 102 R S Ve 4y
HEHE A o3 1 2 B A S OB DL S4B R A W 2
EE W S B 8 V= P T S 8 2.9 W TR a2
TR KR PR 2R AR 1Y 07 15 B M H AR
Wy, REY EZF{F AT BP0 -5 =
] o S BB R0 AR A ) A o R N L A o AT R
WH) S, 6- A AREY ZMMBREN AR5
IS 2R VR BRL) BTAR B 2 R Y T
HE” &R E REXRERE., {RhEE
P Ve B3 10 56 01 Ry 4 J5 AR i 25 1 M8 8 L A B
TR L T —

W I G P AR 255 4 R M 2H R L A R 3R
B, B VG AR fG 45 SF-1 & SF-5 5 Hflh ke 5 B A7 b 3%
2200 s HAR R A oy LABESE TR 2 o 3= b 4o, Hovp
JFRREE AR 1 AR AR e T A
. SF-6 & SF-12,HF-1 & HF-13 — i LA 25 f&
Z RS T R 25X 5 0 AR I 56 2
AHAT . 8 W R 26 R [R] s 2% 18- A BTk B 9T R

WL e AR A% 25 B AL B W EE DI AR 2 £
5B 5 B 2 1 0 5 1 i B O TRD L 25 R 25
K. SDE iy T $2 BOR JE 3 & . $2 BUR E) K
PREUT B h R 5 5 B0 R R sy R A A Ak HS-
SPME ¥E A5 B4 ML A6 BORS 31 1 4% & Mk 1k
Py TR N G S I AR B ) A R R R L S Ml S AR 1
A5 45 2 W o A R

i ik SRS G W B AR 4% 4% A K M ) IO AL K
F BT AT AR FE AL SF-1 & SF-5 (W5 &
PR 0T A AR 5 b AR % S L BAT B 25 R T g
55 HARE A T SRR AN IRl G AT i 2 —
A VR AIE 5T 5 H A% B V8 2 i 2% R B K e A% 4% & bk
Yy 5 4 A R A AR G B e 2 ) L B DR 2
KMBEEL R E .
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