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Comparative analysis of fragrance in green tea cultivated in
greenhouse and out of greenhouse
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Abstracts: [Objective) In order to offer reference to application and extension of tea greenhouse culti-
vation, this paper studied the effect of greenhouse cultivation on fragrance in green tea. [Method) Simulta-
neous Distillation and Extraction (SDE) were employed to extract the aromatic components of green tea in
greenhouse and out of greenhouse. According to analysis of GC/MS,identification components by consider-
ing relative papers and Rentation Time,while calculation relative content of components by Internal Stand-
ard Method. And sensory test was made by password assessment. [Result] 57 components were found in
two kinds of green tea,with 51 in green tea planted in greenhouse and 43 out of greenhouse,respectively;
The flavour index and total aromatic contents in green tea cultivated out of greenhouse are 3 times and 1. 38
times than green tea cultivated in greenhouse; more components of low boiling point were found in green
tea cultivated in greenhouse,but more aromatic compounds and terpenoid components were detected in it.
The results of sensory tasting showed that tea cultivated in greenhouse has strong refreshing fragrance and
tea cultivated out of greenhouse has fragrance of flower. [Conclusion] The basic aromatic components in
two kinds of tea were similar on the whole, while striking divergences were found in the aromatic types,ra-

tio of aromatic types,flavour index,total aromatic content and relative contents of almost aromatic compo-
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Fig. 1 Total ion chromatogram of the essential oil in tea cultivating in greenhouse and out of greenhouse
A. Tea cultivating in greenhouse;B. Tea cultivaring out of greenhouse
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Table 1  Aromatic components and relative contents of Tea cultivating in and out of greenhouse
AH X i
G5 REAHI/min S S5t Relative content
No.  Rentation time Aromatic components Molecular formula Uit % B H Ok B
In greenhouse Out of greenhouse
1 5.34 1FE B Hexanal CsHi120 0.33 JR & Trace
2 5.43 1,2- " HILIRE bt Cyclohexane, 1,2-dimethyl- CsHis 0.07 —
3 6.91 2,7 Ethylbenzene CsHio 0.50 —
4 7.21 A8 — % o-Xylene CsHio 0.07 —
5 8.08 BilE Heptanal C;Hi, O 0.41 JE & Trace
6 12.2 5, 7-—"H 3+ —%¢ Undecane, 5,7-dimethyl- Ci1 Hy 0. 04 —
7 12.29 3-BEE M5 3-Carene CioHis 0.14 0. 35
8 12.67 Bk Ocimene CioHis 0. 04 0. 25
9 12.78 -4 fk 55 fE i Cis-Linalool oxide (Cis,furanoid) CioHi30 0.07 0.22
10 13.21 F5REEE Linalool oxide CioHi50 0.13 0.22
3, T-HIJE-1, 6-9E -3 (R D .
1 13.64 1,6-Octadien-3-ol,3,7-dimethyl- CioHis0 1.70 2.28
- 6-2.3-4 H-2,2,6-=H F-2 S-nk iFg-3-% . -
12 15.61 2H-Pyran-3-ol, 6-ethenyltetrahydro-2, 2, 6-trimethyl- CroHis O 0.55 0.61
. _ Jii-4- P 3E-3-34 -1 .
13 16.15 3-Cyclohexene-1-methanol, a, a4-trimethyl- CoHiO 0-25 0. 44
14 16.57 2-F1 3L R FF iE Pentanoic acid, 2-methyl-, methyl ester C;H1, 0, 0. 05 —
15 17.45 ¥ A6 Geraniol CioHi50 0.50 0.76
16 17.74 + H k% Pentadecene CisHso .09 0.17
17 18. 21 T %4 Caryophyllene Ci5 Hay 0.57 —
18 18. 94 ZE PR W g Decanoic acid, methyl ester C11 Hz2 0O, 0.99 0.78
19 19.51 a-BEVE A Ca- A D4R ) a-Cubebene Cy5 Hoy 0.07 0.21
20 20. 21 £ R--3-2 2 fiE Hexanoic acid, 3-hexenyl ester, (Z)- Ci12H2 02 0. 36 0.18
21 20.32 EL MR E g Hexanoic acid, cyclohexyl ester Ci2H2,0, 0. 34 —
22 20.71 Jifi-Z€ #] il Cis-Jasmone Ci11His0O — 0.14
23 21.74 2-+ N EElE 2-Hexadecanol Ci1sH3,.0 0.03 —
24 21. 81 B-fi5 2 K i i B-Sequiphellanerene Cys Hyy 0.13 0.21
25 21.92 2,6,10-=H Ht 1+ H %¢ Pentadecane,2,6,10-trimethyl- Cis Hsg 0.05 0.15
1, 2, 4a, 5, 8, 8a-yN&-4, 7-H H-1-F I Z Naph-
26 22.28 thalene, 1,2, 4a, 5, 8, 8a-hexahydro-4, 7-dimethyl-1- Ci15 Hay 0. 04 0.09
(1-methylethyD-,[1S-(1a,4ad,8aa) J-
27 22.40 +-t % Heptadecane Ci17Hss 0.08 0.17
28 22. 46 2. 6. 10, 15- W&+ Lk Cor Hyy 0.20 0.59

Heptadecane,2,6,10, 15-tetramethyl-
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453K 1 Continued table 1
i ; . M%) £ Relative content
G5 REI N/ min RSy DS i R
No. Rentation time Aromatic components Molecular formula B AR R
In greenhouse  Out of greenhouse
29 22.65 + 754 Hexadecane Cis Hsy 0.10 0.08
30 22.76 M:As —Hs (+)-Epi-bicyclosesquiphellandrene Cis Hyy 0. 20 0.25
31 22. 89 J?E)Qﬁ% Cubenol C];Hzg() 0.38 051
1, 2, 4a, 5, 8, 8a- A4, T-HH-1-F NI
32 23.25 Naphthalene, 1,2, 4a, 5, 8, 8a-hexahydro-4, 7-dimethyl- Ci5 Hay 1.53 2.19 low
1-(1-methylethyD-,[1S-(1a,4ada.8aa) |-
1,2,3,4,4a, 7% 1,6-ZF 3E-4- 5 3L 25
33 23.58 Naphthalene,1,2,3,4, 4a, 7-hexahydro-1, 6-dimethyl-4- Cy5 Hay 0.18 0.21
(1-methylethyl)-
. . mRm _—
31 24.15 1.6.10-Dodecatrien-3-ol.3.7.11-trimethyl-, (E)- CisHzs O 0-18 0. 46
35 24.92 4 )\¥%E Octadecane CisHss — 0.16
4-(1,1,3, 3-PY I T 356) K iy . _
36 25.82 Phenol,4-(1,1,3,3-tetramethylbutyl)- CiuHz: 0 0.07
37 25.53 W% N EE Carotol Ci15 HaO 0.42 0. 56
38 25.82 FEFAEE T tau. -Cadinol Cy5 Has O 0.12 -
39 25. 89 tau-fZ2 R tau. -Muurolol Ci5 Ha0 0. 39 0.70
40 26.13 a-F:#AEE a-Cadinol Ci5 Ha6 O 0.05 0.12
41 26.63 2-H1 3-+ L 4¢ Heptadecane, 2-methyl- CigHss 0.13 0.62
- 2, 6-0-(1,1- " H JE 2 50 -4-H 3Ly . -
12 27.95 Phenol,2,6-bis(1, I-dimethylethyD) -4-methyl- CisHao Oy 0.07
) 3. 7o 11, 15-PU B ERE-2- 1 /X Bl M- 1- 8 . _
13 29.18 3,7,11,15-Tetramethyl-2-hexadecen-1-ol CooHu© 0.29
m 29. 66 S iR — 5 T HE 1,2-Benzenedicarboxylic acid, bis CrsHa O, 44 0. 46
(2- melhylpropyl) ester
45 30.72 *?THPE‘EF‘ HE Hexadecanoic acid. methyl ester Ci7H320, — 0. 23
46 31.28 7 N— T Dibutyl phthalate Cis H22 Oy 0.55 0. 84
47 31. 74 L @ﬁ Hexadecanoic acid CisH32 0, — 0. 30
48 31. 84 T+ AW ER 5 Hexadecanoic acid, ethyl ester CisHs6 02 - 0. 24
49 32.65 -+ Tk Pentacosane Cos Hso 0.21 —
i RE G _— ¥z b _Octadecatrienoic aci
50 33,53 ﬂk%ﬁ\@g.Z,?) TRILMEE 9,12, 15-Octadecatrienoic acid , Cor Has O 0.03 0.34
2,3-dihydroxypropyl ester,
51 33.74 Fi I Phytol CaoHyoO 2.57 —
33.83 F 1 Phytol Coo Hyo O — 5.21
AR IR X = gt S R .
o2 34.88 1,2- Benzenedlcarboxyhc acid, ditridecyl ester Cot Has O 0.09 1.38
53 35.03 0w (=S M) Squalene Cs0 Hso 0.99 —
54 36. 40 = -+ —%¢ Hentriacontane Cs1 Hgy — 0. 47
36.97 =+ —%¢ Hentriacontane Cs1 Hgy 0. 24 —
55 37.38 pg - pu sz Tetratetracontane Cys Hygo 0.10 0.21
56 38.12 S S Geranyl isovalerate C15 Hos 02 0.05 0.08
ek 2, 6, 10, 14, 18, 22-Tetracosahexaene, 2, 6, N -
o7 38. 39 10, 15, 19, 23-hexamethyl-, (all-E)- Cso Hso 0.32
—PFRORAM I E] IR R R SRS GC/MS il P P AR5 P bR (8 2 1D W TR A9 L (<20 000 000 1, F Al
Notes:“—":this component hasn't been found;trace: The value referred to the ration of the component peak area to the internal standard

2.2 2MBEEZGETEMEISY R FE
MR IALLEWL, 2 Fhasmh S EMESHEFESR 6.10-
WA 6-2 54 H-2,2,6-= H -2 S -Mk W-3-1
A | g
4,40, T-RA 1, 6- W H-4-SF N ZE o5 bt AL 2.95,2.56,2.03 F1 2.5 1%, 1M
T BT AR s A A AR D R EE I BRI 2 A Y
KA A S 1Y & 5 25 R Horr o Rk B
AR AR R R X = BRI LR R L 2, 3- R

(ethyi decanoate) peak area<C0. 000 000 1. The following table is the same.

FEINTE VB M L 2- P -t B ke
e o
bk B AR AR AR R 30 00 A i i R 1t
AR R R TR SR EE 1,23, RISy 15. 33,11, 33.6. 25,4, 77,3. 14,3, 3,
R 5 % e A -
FERTHR N BEL 3,7, 11, 15-P0 B JE-2-F S i is-1-
Pt A e 1 Y T 0 IR R 1 7S B TR £ TG A 182 it AR 1%
25 I LR ARG 1Y 5 38t R B 2 v 2 R 3- 2 R TR 1Y
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(1,1,3,3-PUH BT HO KW . = F ke 2, 6-8-(1,
IREEE 90 SRVELE o 31 INEN N VAT B %
HRILAR B 2 P R AR Y I R B L RO AR B
Znt R AR A O R . NF WY R Al 28 R
(XDE2 A LRSS Y B AR
Kk . AR AT, PR S B A
HBER WY AR B 1 2,53 ¢ 2,10 ¢
0.26: 0,05, B HIARIEZM 2l 1 2,73+ 1. 41
0.03:0.07, M 2 P35S W) B 4 o 10 50 o0 A
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AR 2 A S AL G W00 A YL A A
B o 2 TR R AR B AS B T L R 2
Wy o e B g3 ) O Bt AR B 2 Y 1. 69 AT 1L 56 4
A S T BRI A R i R B A4S Y
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e oy AT i

BHEREFHNEAREXHESLEMLE

Table 2 Types of aromatic components of green tea in and out of greenhouse

Pt # B 25 Tea cultivating in greenhouse

LA B Z50F Tea cultivating out of greenhouse

, HRBEFR HRBEFR HRMESR
SR e " - e
o R 25 B Cwm s 0L M
Kinds of o GO gy kY, BRMES/% M BNASI/Y%
. . . § N Ko Numbers . Contents B Numbers
aroma Content percentage of Content
ach kind of Number percentage of percentage of Number percentage of
e. mbounds each kind of each kind of each kind of
compounds compounds compounds compounds
fi52% Esters 2.90 16. 85 9 17. 65 4.53 19.09 9 20.93
RS
L 7.34 42.65 14 27.45 12. 38 52.17 13 30. 23
Alcohols
WAk 6.09 35.39 24 47.06 6. 38 26. 89 17 39.53
Hydrocarbons
LS — - - - 0.14 0.59 1 2.33
Ketones
(S IR i
Aldehydes 0.74 1. 30 2 3.92 Trace 0. 00 2 4. 65
i’ES _ _ _ _ R
Acids 0.3 1. 26 1 2.33
[ES _ _ _ _
Phenols 0.14 0. 81 2 3.92
= oph EL
?% L 17.21 100 51 100 23.73 100 43 100
Total

FAEEUEE H TR FH RS RIS
HEBESHFM RS IEME . 5% AR5 ML,
Wil A B 2 AR R AR B W B 2 &
25 SR B R 25 R K R 5% 0 1 i R
B SRR 0 R 27,94 F 9. 30, AL AR By
AR R HARIE Y 3 5.

2.3 2TEBEEHETEMNHREFT

BEATH AT AS M B AT R R E

*3

=+

VT N A 2 AR ML SRR X 2 I A AR AE E
AT 555 o WD RS I A 1 A 00 25 0 0 200 LA AR ML i R
BT R 3R 3 Ok 2 Fh AT ERE O ) 45
Fo LR 2 P F SRR FL R A B ER B
25 3 A AR B AR 5 A5 I B R AR A AL
IEEEE 1, 2- LR e & 2K 40— R S IR
Je W 5 5 | 9 Py W O SR ) D TR T S/ 5
25 I A 6 v T A A TR

BHEREFHMEAREZTHNREF TSR

Table 3 Results of sensory tasting of tea cultivating in and out of greenhouse

M RE i Sample %4 Liquar &S Aroma W Taste I Ji§ Infused leaves
T O 1 e T S o ke A1 s e T N
Bt R A " 2= i CIFEEETN fif i 92 11 [m] -
R BT B B, BT Y
Tea cultivating in green- ) . Strong refreshing Refresh, soft and lightly .
Light green and bright . Tender green and bright
house fragrance, lasting sweet later
S 4/, N

s 1 S e . HHERA TR 45 2

B B 2 0 e UL e - S UL
[ : Refreshing fragrance e i . ;
Tea cultivating out of  Yellowish green and . . . Green with tender yellow
. is lasting, with flower Strong and pure .

greenhouse bright and bright

fragrance
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LN E RIS 7/ N ¥l Sk SR (e S Wi B E i
AEANE -S4 J7 BRI 5 R I L 7 I BT A 04 5 5
WAL A A RO ¥ B R R S A TR
PR 1) o JHL v R A 7 R 23 A - 0 I L A AR
- S A 5 A | D7 R R A I A AR STER
N2 PARTRAR A B N AR R R AR
Jot 21 7 248 TR RV AIE 7 820 (9 20 ¥ 77 A 22 5
FL 2 5 AN R T8t AR % 2% AR e s 7 O R R AR
25 o T e s i A MO0 B R 28 5 R 0 2 I A 2
R A B A AU R A SR 2 A I R ) X
S IPAUR — B FU D AT R R it A B s
il 5 3 FR 5T A R T 2 AR AR PR Rl K A A o AR

7o ILZE R AR S P REA.
W A n] LA AR B B35 2 M K AH G S5 M ) B A
P, BB R A I 0 A R X R R
SRR U HOR I B ARTE S 2 vh i b iy Lt —
A EAR A B 7 A R T 2R A R AR R
5,-HE LW 2.2,6-=H AT HM 2,2,6-=H
He-6- R FEER M AF . AU FUCE AR B 2R
W — iR 2 Al I R R L T R DA Bt
AR 2% I v S AR DG 25 H Y A U B X T RE R
TR A A2 KBRS R A s 1 3 N R AR
PR 50 4 Ak I fige P 250 ) 9 A0 X e 38 AT A O 4l
I8 HECE R 5 2 — 2P IR AW ST .
3.2 FMEFSYBEIHE ML

AT L5 R W L HLAR B 2 A A R A
B AR B T R AR R .
it A 15 A% 4 55 B A W RS s 2K W o #) A7 AE
B Mz A ) A 22 AR
Yol A= & R [R] Al e 2 TR AR Kl
I N R A Y TR RE R R G IR AR VR IR 22 5F
AR B BRI AN T 3 A B AT T PR R G X A X

st JOT 52 R 3 A i 10— 2D RIS

MEE IS AR L F W HOREE S s T
VAR K s INZ I B ST 0 A b 81 A2 o %
AU FRE CREE USRS L S ) o A 2 AL L 461
29k 1+ 2,532,102 0.26 ¢ 0.05, % HARKE A0t
Z9d 12,731,413 0.03:0.07, BARIETHFES
T BRI A I O R I N LA T A T e
FEAL AU S5 A S B & e — e AR e TR
I 10 A T (EL S I A AL 22 IR AS [ 6 A X
e L A2 B L& H AN R & AR E R B
FEVE A S 43 00 S (B D AR L L 5 A 2 ] 8 %
NEFR A BERIE# /R —H FALZ A 22 5

FO AT BT AR AMBE I AR R S R K L
Fal 202 5 92 46 3 AT 8005 Lok ZERE L SR AR AN T 45 2 0 B ik s 1Y
RS- 5 4 4 1 o 7 0t 4 7S 0 B SR
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