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Studies on the Free and Bound Aroma Compounds in
Green and Fermented Teas

Hye-Jin Lee and Seung-Kook Park*
Department of Food Science and Biotechnology, Kyung Hee University

Abstract Free and bound aroma compounds in green and fermented teas treated with microbial-fermentation were
analyzed using headspace-solid phase microextraction gas chromatography (GC) and GC-mass spectrometry. Aldehydes
and ketones in green tea decreased during microbial fermentation, whereas linalool and geraniol increased in the fermented
tea. After enzyme treatment, (Z)-3-hexen-1-ol increased significantly following enzymatic hydrolysis of both green and
fermented teas. In addition, benzaldehyde, 3-hexenyl acetate, and geraniol also increased in green tea with enzyme
treatment. Bound aroma compounds in the green and fermented teas increased at different levels of added enzyme. We
demonstrated the enhancement of both green and fermented teas by enzyme treatment, which can lead to improvement in

the flavor qualities of green and fermented teas.
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Z1Ale] FYdste] 727F wnkshs WoE B S AR &
Extolt), THEak= ko] ARA S vil F3f oo R
o] 40%d W dspergillus nigerES 5x10" CFU/g %38t 60°Col
A 7d7 BEaAR Aoz, Ui R Qe Rasie] Ay
o AMg-3l3iTh

RS ¥ A MR FE

oF 2 g0 R}l FExt ARE 27t wEU(IKA model AlO,
Staufen, Germany)S ©]&3ke] 10% H<t Ea)sle] SPME(Solid
Phase Microextraction Method)& 16mL vialel 0.5g% Y3
5mLe] ZFFE(aquaMax-Ultra 370, Younglin Instrument, Anyang,
Korea)ys 22U 7HE3lE $l3l ket S Ext 242k vial
o] A4 niger= FE AT B-glycosidase) 0.01 g& ¥& 7,
S 9% EFEZHE ethyl decanoate(0.053 ng/mL)yE 715131
th o] AlE BT AFE Fr1dRe] wE Ao RRE &
EFo] Ghet S| WSS E 25°ColA 3 B A &

of A8kt

=xflnt FUSRIQe|l SR
=xkel gl 2 AAl Hy mae] A& o ol
1at7] flsted, A4 el Wi AdFE AAsAT SFF
40 mLell B-glycosidaseZ 0, 0.1, 0.5, 1.0g¥ Yol 4714 FxEo
2ads Axsth Az A 2ads =
100 g¥oll FF ¥eA] Hole Fo dFrlE TU= LEsto
2> g

AL T ¥ BRI jESo] B o] §AAEE §F =Aab
(M=, 0.1, 05, 1.0g)9 FLEIHARE, 0.1, 0.5, 1.0g) A&E
85FE 77 2% FHsl ZEUIKA model Al0)yS |83
E25le] SPME® 16 mL vial(Supelco, Bellefonte, PA, USA)°ll
0.5g¥d 93 SmLe ZTFEY &F 1.5gS8 €2 Fol| B43)
At

|2y Y MEe BN =

E2b g Sg Ao WA 1R 52 SPMEHCOE &
AL, 40°ColA 3087 AAAWREZ|(IKA, RCT basic)ol A
550 pm O E WHIA|Z)HA] SPME fiber(50/30 um DVB/Carboxen/
PDMS, Supelcoyell 7138 SFAIF T I P71dEe] &
e 54L& GC-FIDHP 6890, Hewlett-Packard, Palo Alto, CA,
USAYE ARS8t 3714d#e] &35 SPME fibers FID7F A
AE GC FYT30°C)elIA 57 E2AA A8 oH, AME-
F GC columne HP-530 mx0.32 mmx0.25 um, J&W, Folsom,
CA, USAPIAUTE 27] QF %% 40°CollM 387 4A% &
o 10°C/min®] £ FFAIA HF2E 230°ColA 527 A
SFAIL carrier gasi helium(2.2 mL/minyS AMS-3F T E2]AdE
9] AL GCY AZAE mass spectrometer(Agilent 5973C, Palo
Alto, CA, USA)®} HP-5MS column(30 mx0.25 mmx0.25 um,
J&W, USAYS AHEsiaith 7] 92 25w 40°ColA 47k
A7k Foll 5°Cming] Sz FSAA HFE 230°CllA 5
7 FAI8IH AL carrier gast  helium(1.0 mL/min)S A3} T}
MSe] o] 2st= 70evolx A&t GC-FIDSE GC-MS®| +
AL splitless modeo] ATt HE|AFES] FHF A0S GC-MS9
library(Wiley/NBS), 53, 18]aL C-C,,9 n-Paraffine mixture
(Supelco, Bellefronte, PA, USA)S ©]-8-3F Retention Indices(RI)<]
ANATE FAsth AHS A8 sEHE TR 7h7ke] o R

%1+ EZQA  (Z2)3-hexen-1-ol, benzaldehyde, linalool, geran-

Hon

iol(Sigma Aldrich, Milwaukee, WI, USA)YS =} Fukgxlo] Al
E89 Hrete] G2 AT H2p9F FHEAF AR50
AL 4 33] o] WHESISIT

SAHXE|

B AP 33 ik 243 v, AR 2]l SAS
(Statistical analysis program)E ©]&3te] 5% o] oM Ha
23 ¥5¥HAF 28] Duncan’s multiple range test2 7+9] tf
FHAE AA AT

F2E Y AEE SRS 24

219 Fakgale] 3y ATdES ¥4% GC chromatogram
2 Fig. 19, Z¥7te] 8-S 48 A= Table 19 YERAITE
Zake] F8 3 )42 5% (a-methylbutanal, pentanal, 2-
methyl-2-penten-4-one, B-linalool, B-ionone)?} FHE=}e] 3]k
G714 B2 55 (2-ethylfuran, B-linalool, o-terpineol, geraniol, -
ionone)°] 4 HATh HEE IFEAPEE T £ linaloolo]
=2keh FEA BEoA ERIEAA, Gk B4l =
geraniol> FX x| X ¥ A ZE U Th Monoterpene alcohols$]
linaloolZ} geraniol> 2 mevalonate2] A3 A=zl 25t AY
AEH, o]F E4F Rhgo] ojA Fo| AFE =R 4
A Aok(15). 2, SRR A wEA 7L BElEe] 3
o= HslEASS & F AT

SE2R= 92 AHS AXEA Fell 98l (Z2)-3-hexen-1-0l F
o] C BN REC] Faste] FUrE FolEA Ha, HjwA
2 2xoM 7HyeteE SAIRE P71/ monoterpene alcohol
3} ketone®] EFFEO] glo] F2 FEFS Wkl dEA UTh(13).
AR AGE Faket FHEaAe SRS S BT AR
Aoz wEe] 7] Wil ojv] BHiE Hxjo] IR
2ol 7h At

HolxhFdaxhe] g TS v AdAE BE #
Ho] W2 aldehyde™ 9} ketoneF= HAsIaL, BE Hol w2
monoterpene alcoholFE Z713Ht &1 th(16). o Ao} vzt
TR R Z2teA SHEAE Alxshs AP 2k 714
EE % aldehyde <! oa-methylbutanal®} pentanal®] 7+4~8l= Wt
ol linalool3} geraniol 7+ monoterpene alcoholF= Fa X}
7HE W Frkete As 89 g 5 A

Eato] g dEate] g )RS FRIVE AAsta
34715 H+= linalool(17)9] peak area’} 3vl ©]% S-St
= FHEAE V= VA T g9xE - o
A7 Ro] Aste Ao® HolW, 4 nigerol o3 wa I
o] & oA 7k EsliE] 1%
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Fig. 1. GC chromatograms of volatile compounds in green and fermented teas by GC-FID. A: Green tea (control); B: Green tea with
enzyme treatment; C: Fermented tea (control); D: Fermented tea with enzyme treatment

geraniol ©OE =x}e] FQ FT|Awo] SIEHUL, FEEA
A= (2)-3-hexen-1-ol>benzaldehyde>geraniol>3-hexenyl acetate>1-
hexanol =22 F7I8IATE kot FLE A Bael o) ¥
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(Z)-3-hexen-1-ol, benzaldehyde, linalool, geraniol®] F=+ X
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HAEHA] &4 (2)-3-hexen-1-01(2.08 ug/g tea leaves), benzalde-
hyde(1.59 pg/g tea leaves), geraniol(0.44 ug/g tea leaves)o] &4
AzlE B9 ARET, i 1 Ul Zkee] el 3
o} A= A WAL} FREReINE TaAE) A A4S
HA] 2SkY  (Z)-3-hexen-1-01(3.72 pug/g tea leaves), benzalde-
hyde(1.22 pg/g tea leaves)’t A4 ES el 31993, o] EA8}
A linalool(0.25 pg/g tea leaves)} geraniol(3.22 pg/g tea leaves)
o] EAol o3 TVt AeS & T UMk 53], FHEA}
Al AZE geraniolZ 6.6¥] F7Fsle] diol g a3t FA
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Table 1. Comparison of the volatile aroma compounds in green tea, green tea with enzyme, fermented tea and fermented tea with

enzyme
GC peak area
Peak No. RI" Compounds
Green tea” Green tea” Fermented tea® Fermented tea”
1 - -Methylbutanal - 5.8+£0.2% - 3.440.2%
2 - o-Methylbutanal 6.3£0.1° 6.7+0.2* - -
3 655  Pentanal 6.2+0.2° 5.7+0.1° - -
4 690 2-Ethylfuran - 2.8+0.2* 3.1£0.1° 2.8+0.1°
5 794 2-Methyl-2-penten-4-one 5.2+0.2° 5.4+0.2° - -
[§ 810 2-Ethylpyrrole - 2.3+0.2* - -
7 853 (Z)-3-Hexen-1-ol - 28.8+1.9* - 65.1£2.0°
8 865 1-Hexanol - - - 3.6+0.6°
9 887 2-Heptanone 2.0+0.1° 2.440.3* - -
10 954 Heptanol - 2.0+0.1* - -
11 959 Benzaldehyde - 26.8+1.2° - 22.0+1.7°
12 1032 (Z)-3-Hexenyl acetate - 3.4+0.5° - 13.5+1.9°
13 1035  o-Limonene 2.10.1° 3.1£0.3° - -
14 1095  B-Linalool 6.6+0.4* 7.0+£0.2* 19.2+0.8° 20.8+1.6°
15 1192 o-Terpineol - - 3.4+0.2° 3.5+0.3*
16 1255  Geraniol - 2.4+0.1* 2.5+0.2° 18.4+1.0°
17 1489  B-Ionone 2.0+0.1* 2.8+0.1* 1.7£0.1° 1.7£0.3°

YRI: Retention indices(RI) were calculated using n-paraffin hydrocarbons (C,-C,,) as external references.

IMean+SD (#=3)
Without enzyme treatment, Ywith enzyme treatment.

*Means with the different letters in the same tea leaves are significantly different by Duncan’s multiples range test (p<0.05).
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Fig. 2. Changes of total GC peak areas in green and fermented
teas by enzyme addition. A: Green tea (control); B: Green tea with
enzyme treatment; C: Fermented tea (control); D: Fermented tea
with enzyme treatment. *The different letters are significantly
different by Duncan’s multiples range test (p<0.05).

. bl =
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Farg sl Zbzk 100 goll £49 F& 23k, 0.1, 0.5, 1.0g)
A SIS W HApet FEate] el tig wistE B
W, Eape} SHEAF BT G4e] o] FUIgt weEbA 3
gr|go] F7kHe S ESti(Table 3, 4). F3olAM= &
2A4EE A B tERTA 12714 FEA AdRe] AEE
3, 1.0g0] E4F AHY S W T 157K I FEol HE
HAth FHEAANE v 2 g2 eA] 47147 HEE

bl H
o] EA| Bk Ao olb] Bl HHonz, o|F ug
=

Table 2. Concentration of the volatile aroma compounds in green and fermented teas by enzyme treatment

Concentration (LLg/g tea leaves)

Compounds
Green tea-F Green tea-B Fermented tea-F Fermented tea-B
(Z)-3-Hexen-1-ol 0.00° 2.08* 0.00° 3.72¢
Benzaldehyde 0.00° 1.59° 0.00° 1.22¢
Linalool 0.09° 0.09° 0.23° 0.25°
Geraniol 0.00° 0.44° 0.48° 3.22¢

*The different letters in the same tea leaves show the significant difference by Duncan’s multiples range test (p<0.05).
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difference by Duncan’s multiples range test (p<0.05) 27} vAESE Waagde AXe Soll 3Pl S5l aldehyde
9} ketoneF= 7FASIAIL linalool# geraniol SVt &
sk FAEA Yol P90 Ao A2jEle] $AT A% %

A3, 1.0gS A A& W F K S G5 ZFo| M= (Z)-3-hexen-1-ol>benzaldehyde>3-hexenyl acetate>geran-
219t FHEAE AHRA7|IE FA Bt E24HE A jol =02 7)Aol SN, FLEAA = (Z)-3-hexen-

Table 3. Comparison of the volatile aroma compounds in green tea by different levels of enzyme addition

GC peak area
Peak No.  RIV Compounds
Control 01g 05¢g 10g

1 853 (Z)-3-Hexen-1-ol 3.90+0.2% 7.98+0.1°¢ 15.66+1.2° 22.29+0.5°
2 867 1-Hexanol 2.74+0.1* 2.69+0.2* 2.65+0.1* 2.71£0.2%
3 887 2-Heptanone 2.66+0.2* 2.47+0.2% 2.36+0.2* 2.31+0.2%
4 920 Methyl hexanoate - - - 2.00+0.1*
5 959 Benzaldehyde - - - 2.26+0.0*
6 983 1-Nonanol 3.21+0.2* 2.95+0.1° 2.94+0.3° 2.96+0.1°
7 988 2-Methyl-2-hepten-6-one 2.36+0.2* 2.224+0.2* 2.85+0.8% 2.30+0.1*
8 1031 (Z)-3-Hexenyl acetate - - 1.50«1.1° 2.54+0.4*
9 1035 B-cis-Ocimene 4.51+0.2* 4.76+0.2* 4.29+0.4* 4.37+0.1*
10 1049 1-Octanol 2.25+0.1* 2.11+0.1* 2.26+0.2° 2.20+0.0°
11 1097  B-Linalool 16.08+1.0° 14.90+0.9* 14.89+1.2* 15.74+0.4*
12 1199  2-(Methoxycarbonyl)pheol 2.46£0.2° 2.61£0.1° 2.72+0.2° 3.27+0.1*
13 1205  Safranal 1.86£0.1% 1.67£0.1° 2.19+0.3* 1.99+0.1%
14 1228  B-Cyclocitral 4.63+0.2° 4.20+0.3° 4.3440.5° 4.40+0.2°
15 1490 -Tonone 5.30+0.6* 5.15+1.4% 4.3940.6° 4.4340.2°

DRI: Retention indices (RI) were calculated using n-paraffin hydrocarbons (C4-C,,) as external references.
IMean+SD (#=3)
*Means with the different letters are significantly different by Duncan’s multiples range test (p<0.05).
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Table 4. Comparison of the volatile aroma compounds in fermented tea by different levels of enzyme addition

GC peak area
Peak No. RI"V Compounds
Control 01g 05¢g 1.0g
1 853 (Z)-3-Hexen-1-ol - 11.6542.9° 30.96+4.6" 4720+1.3?
2 959 Benzaldehyde - 2.254+0.0° 2.56+0.1° 3.55+0.1*
3 1031 (Z)-3-Hexenyl acetate - 2.01£0.0° 4.23+0.4° 7.30+0.5%
4 1049 1-Octanol - 2.17+0.1¢ 3.70£0.6 5.77+0.2*
5 1097  B-Linalool 18.99+0.8* 19.09+0.5% 17.39+0.5° 18.88+1.2*
6 1194  o-Terpineol 3.06+0.1° 3.13£0.2* 3.04+0.0° 2.95+0.1°
7 1199  2-(Methoxycarbonyl)phenol - - - 3.35+0.2%
8 1255  Geraniol 2.68+0.1° 2.71£0.1¢ 3.27+0.3° 4.68+0.2°
9 1490 -Ionone 2.24+0.2* 2.15+0.1% 2.08+0.4* 2.2540.2%

RI: Retention indices (RI) were calculated using n-paraffin hydrocarbons (C4-C,,) as external references.

YMean+SD (n=3)

*Means with the different letters are significantly different by Duncan’s multiples range test (p<0.05).
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