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The cytotoxicity of coffee-like green tea (CLGT) was determined in a human breast cancer cell line,
MCEF-7; a human prostate cancer cell clone, PC-3; a human neuroblastoma cell line, SK-N-SH; and a
rat cardiomyoblast cell line, H9c2, with reference to green tea leaves (GTL). The CLGT was prepared
by roasting the GTL for 60 min at 240T in a temperature-controlled frying pan. The CLGT prepara-
tion imitated the flavor and taste characteristics of coffee fairly well according to sensory analysis. The
CLGT preparation had no adverse cytotoxic effects on the cancer cells or the normal cells compared
to GTL. No significant change in the antioxidant activity was seen in the CLGT preparation compared
to that of GTL. The amount of total protein, sugar, and phenolic compounds was reduced in the prep-
aration relative to those in GTL, a fact that might explain the coffee-like flavor and/or taste character-
istics of the CLGT preparation. These results suggest that CLGT prepared by roasting GTL for 60 min
at 240C does not show any adverse effects on cancer cells and normal cells compared to GTL. They
imply that CLGT could be safe for human consumption.

Key words : Green tea leaves (GTL), roasted green tea leaves (RGT), coffee-like green tea (CLGT),
cytotoxicity, human cancer cells
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GTL ($H %) e 74(3Hs, 2d) oA AL
UA FHYAE FMCE-7, 9AH dHALAE FPC3, ¢
xﬂ ABEAE FSK-N-SH R 7] ATAHE FHI2= Korea
Cell Line Bank (Seoul, Korea)ol Al T3+ th. Dulbecco’
Modified Eagle Medium/Ham’ F-12 nutrient (DMEM/F12),
Roswell Park Memorial Institute (RPMI) 1640, fetal bovine
serum (FBS), penicillin (10,000 U/ml)Z} streptomycin (10
mg/ml), 0.25% trypsin-EDTA+ Gibco BRA} (Rockville, MD),
phosphate buffered saline (PBS), 3-(4,5-dimethylthiazol-
2yl)-2 5-diphyenyltetra-zolium (MTT) % bovine serum albu-
min (BSA)2 AmrescorkSolon, OH)olA T3t
Dimethyl sulfoxide (DMSO), polyvinyl difluoride (PVDEF)
membrane, a-a-diphenyl-B-picrylhydrazyl (DPPH), Folin
-Ciocalteu’s phenol A1¢F, gallic acid ¥ Bradford A]<F
Sigma-AldrichAKSt. Louis, MO)l A T3t St} Radio im-
mune precipitation assay (RIPA) buffer= Cell Signaling
TechnologyAH(Danvers, CO)ol 4 ECL detection reagent™
AmershamA}(Berkshire, UK)ol| A T34t B-Actin, cas-
pase-3 goat anti-rabbit [gG-HRP+ Santa Cruz Biotechnology
AlSanta Cruz, CA), caspase-3 rabbit polyclonal antibody=
Delta BiolabsAHCampbell, CA), mouse monoclonal anti-S
-actin Sigma-AldrichAtll Al F9) 3 T Nunc cell culture
plate (24} 96well-plate)$} dish (100 mm dish)= Sigma-
AldrichAF2 3-8 F4at8th 1 9] AFEH A2 reagent

grade °]’gellth.

of

GTLE| roasting & AIZZH|

GTL (500 g)& ©%=(200C, 240C)7} 2 F+= fry-pancl 4]
10, 30, 60 % 120+ roasting 3ttt GIL ¥ roasting$t =214
(RGT) 1 g& 80T ZHE(100 ml)oll 387+ HZ3te] A5 73Xl
A3t} ©]& §3(100 mg/ml)3t3L membrane (0.2 pm) &
j’Jrg}Oq 1].‘?_5/‘ , Caspase-S Wy g gaksls A=A g9 o

7 = %%*(30 ml)Q‘r Eg3to] 80Tl A
17k —%%3}%‘4 FZ9& Whatman ¢ #4](No. 4)& 7}

3ked o -5 ethyl acetate (50 ml)Z 5% 2Z3 4 & 4
THE ilﬁ‘—ﬁ}oq A¢ES stk 55 A methanol
(5 ml)oll 833 T} membrane ZE (0.2 ym)Z o3}
catechin] 33& BN EZ 2143590
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=2te} A9 T2 a} g 34, Addl 7M7hE ot F 3
44, A9 gt 9 g 5502 Hr} H.

MZ=M 9! caspase-3 &8 =X

A 0l

MCF-7 A|3E9} SK-N-SH A|¥%+= 10% FBS$} penicillin/
streptomycin®] $-f-¥ DMEM/F-12 8} Ao A, PC-39} H9c2
HME= 10% FBSS} penicillin/ streptomycin®] ¥ RPMI
1640 Wi RS A 5% CO7} FF == w71 (37°C)oll A &at
ATH22l. MZ7}F 80% A= Aetd v RS A Ag - PBS Al¥
(33]), 0.25% trypsin-EDTA & A 2|(1 ml, 5%), 4%
(1,500 rpm, 15%&)3ate] 23 A£E MESA T caspase-3
] AT

NEEAR AZF

ANB Y NEEAL Rakib 5[22]2 Wil £35t¢] MIT as-
say2 ZA3Ath AEZS 24-well plate (1x10° cells/0.5
ml/well)ol| A 244] 7t wj k3l At o] E2 5 vjA S A A3}

31 PBSE A1 (33]) $ serum free media (SFM)E 21 A=
2 ¥ (0, 50, 250, 500 pg/ml)E 2] 3ke] 4817t vl 3}
dch. oA AT wlAE AT, PBSE A H (335,
MTT A5 mg/ml PBS)—% wellZ 100 pl 7}3}a1 37°C ol A
3AIZE Wtk 1 & MIT €945 AA, PBS A% (33]),
DMSO ) 2](wellg 200 pl)3te] formazan crystalS =5 SAtt.
o] & A Z L 96-well plate?] wellF 100 ul &7 Anthos 2020
model microplate reader (Anthos Labtech Instruments,
Wals, Austria)Z 570 nmo| A FFEE 3t Axe] A&
=S At

Caspase-3¢] 23

Caspase-3] %82 Western blotting © 2 Rakib 5[22]9]
W Fote] £t MIEE culture dish (100 mm) ]
seeding (3x10° cells) 3+ 5 24 X7+ wjFalgich. wj 214174, PBS
A% (33]), serum free media (SFM) #7} Al&E F&= ®(0, 50,
250, 500 pg/ml)Z 2] 3kar 4847 v 3t ATh 0.25% tryp-
sin-EDTA (1 ml)Z #2)38}1, 343te] PBSZ A 2 (3335
ok o] AlZ9 proteing lyses bufferdl RIPAZ FZEs}il
Bradford Al¢fo.2 398 ZA3HT. Proteing 7.5%
SDS-PAGEE o| &3t #8311, PVDF membraned] %7
caspase-3 proteins primary antibody®} secondary antibody
£ A 3la ECL detection reagent® 7+33}o] caspse-35
ERcE e
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tels £3
Alg o] st DPPH 2t 2 &7 522 S48
[4]. DPPH £ 9(0.3 mM DPPH/ml methanol)oll A|55 §&

#(05,1, 2, 3 mg)Z H718kal methanol2 3 mlE A3}
Vitamin C¢ DPPH &A% % Al83 8¢ #9] vitamin CZ
2 H(05 1,2 3 ug)E F7bste] SAa A AR
F 3= (Amax 517 nm)&
(Brea, CA)Z &3] A|5¢] SCs (scavenging activity) S
AsetA T SCoe DPPH £ A& 37} 1% 39 DPPH
o FE(FFE)7E50% Faster BoF AR TR A

Beckman DU-8 spectrophotometer

ek,
sfap 24

CatechinAl 3}3& 2 7 &=F

CatechinA 3}3HE-S El-Shahawi 59 W8]l T3t
Dionex Ultimate-3000 HPLC (Sunnyvale, CA)E ©]&3}4] &
A3 H . Columne TSK-gel C18 column (4.6x250 mm;
Waters, Milford, MA)S A}8-3}$9131, mobile phase™ 0.2%
H3PO,/water:acetonitrile (8.5 : 1.5, v/v)& AH&-3l T} Flow
rate= 1 ml/min% 3 peakT 254 nmol A =783} th.

Total phenol ¥

Total phenol & #-& Singleton? Rossi Jr.o] ®¥H[26]9l &
ate ZAsA. A1E(200 ol FFF 2.6 mle} Folin-
Ciocalteu’s phenol A] 2200 pl)& H7}3l4 vortex ¥ 687t
&l A H}*O"\]?EE}. 7% NayCOs €94 2 mlE 7138t 0%
<t A AZ] ¥ Beckman DU-82.Z 750 nmol Al 3 =E
=439t Gallic acidg EFEEZ AMH-319 total phenol
FeFe 1dEe tg gallic acid equivalent mg (mg GAE/g
dry weight) &2 EA| St

Total sugar ¥+

Total sugar &2 phenol-sulfuric acid®H[7]2.2 =733
T}, Test tubedll AlE 250 ul, 5% phenol &< 150 ul, 95% sul-
furic acid 750 pl& H7}8 & vortexst 95C G52 A
5H7¢ Hh-3l 1 Ao A 587F whx] gt vk Al &
% & Beckman DU-8 Spectrometera °]-8-3}o] 490 nmol| A
=43t A . Total sugar &2 glucose (%)E EAISAT

0¥

Total protein 3=

Total protein ¥ %2 BradfordAl kS o]&3te] A& 3t
t}. Test tubeol A& 10 pl, S/ 90 ul, Bradford A1<F 900

ulE 37kl voltex F Beckman DU-8 SpectrometerZ 595
nm0ﬂ7\1 FAEE 2453 BSAS RFEHE AL
total protein®] FFS A& Fo hat %= FAEHTH

of WHH17]el F3to] ZH/T

nrpentane/ diethyl ether &3-87(1:1, v/v) 100 mlE A}-&-3}
o At A 3A17F &<t simultaneous distillation extraction
(SDE)ME FEAT Sl & AASF L 2 05 ml

%3l GC/MS= HP6890 Series gas chromatograph-
MSE #4133t Injector} ion source®] &5+ 747} 250C
9} 230°C o™, column DB-Wax (60 m x 0.25 mm, id., 0.25
um film thickness, J&W, USA)E AF&-3}$t}. Oven temper-
ature= 40C A 3&7F FA% o 2TC/min®] $E2 120C
A s "]74 55_"7& AL TLT FE& 180C7HA 4
SAA 5 B3 st o, A 4T/ming] =2 200C 7}
A AR —fﬁ 1087 F-213 U 5C/ming] £5& 230C
A A2 1087 FAES 245 Carrier gas
T nitrogens A3}, flow ratew 1.0 ml/min$th.

SHEN

Datat meantSDE YE It EAEA L SPSS 4 3
213 14.0 version (SPSS Inc, Chicago, IL)S& ©]-&-3Fo] £4
&ttt Data®] 94 752 Duncan® multiple range test
EE ttestZ A3
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N
L
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GTLJJr RGT/‘]‘Er— 80 c gi FEE A2 W3 A5
AR 1599 #5 97t R 9E T4 H7Fsk g th(Tables 1,
2). Roasting £75 &% 0}7] 98 o2 27 A roasting s
RGT = F&=° el FrlE 54 Moz Hrisigith UA
e 5AF 14, 534N 7 23, H52E% 79 Fe]
Hl2at A & 33, AY el 77w 43, A9 53 e Fost
o H7}st9al(Table 1), 2% &3 & WHo 2 st
(Table 2). GTL-S 240C ol Al 6037} roasting®t RGTol| A # ]
ok 74 AR F0)E YERH O] 240Toll M 6023t roasting
RGT A &5 CLGT=sto], o 7kA] 23 AR&-shith

CLGTO| QI 2MZ X HAMZ =4

GTLY} CLGTY = FZE9] QA 3
1A)3} PC3 (Fig. 1B)2] 549 z
£ AFo GTLY CLGT A2 ¥& ¥& Agsta 48471
T AEANEE SHS AT, F AR BT 55 SUHESE
AE 4 dA3] 743193, GTLY CLGT A|&E MCF-7
AEe} PC3 HE Aol 5% & oz AETA JA &
7FAEE ¢ F ATk 28y 7 AlE GTLY CLGTH
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Table 1. Flavor evaluation of CLGT preparation derived by roasting GTL

Flavor description”

Treatment” Green tea  Slight green tea-like Intermediate  Slight coffee-like  Coffee-like A;/Ces?eg ¢
(1 point) (2 points) (3 points) (4 points) (5 points)
Control 15 1.00
10 min 5 10 1.67
B 30 min 5 10 1.67
200¢ 60 min 2 6 7 320
120 min 2 3 3 7 3.87
10 min 3 3 9 3.00
. 30 min 2 2 7 333
H0¢ 60 min 2 3 3.87
120 min 3 3 3.80
UGTL was roasted in a temperature-controlled fry-pan.
JFlavor description was evaluated by a well-trained 15 college students.
Table 2. Taste evaluation of CLGT preparation derived by roasting GTL
Taste description”
Treatment” Green tea Slight green tea-like  Intermediate Slight coffee-like Coffee-like A;/Cesfege
(1 point) (2 points) (3 points) (4 points) (5 points)
Control 15 1.00
10 min 147
. 30 min 3 6 4 2 233
200¢ 60 min 4 11 373
120 min 2 6 7 333
10 min 3 8 4 1 267
. 30 min 5 10 333
A0C 60 min 10 433
120 min 1 8 427

UGTL was roasted in a temperature-controlled fry-pan.
ITaste description was evaluated by a well-trained 15 college students.

A3} GTL# CLGT A& Ao A2 &<l 500 pg/ml 5714 =g

4 AfEaste YA adth 3 ols F AR

SK-N-SH A ¥E9} HI92 M| E F2o] th3t a3= 5942 2t CLGTY| stMsks & catechin &2t

o]7} §1o] roasting ¥ §ISUTH Table 39l & GTL#} CLGT Al&9] 3413l

£ vitamin CE

Caspase-3= A|Z 9 mitochondrial dysfunction®] W& 3 H(vitamin C mg/g)3+e] DPPH radical 475 (SCso)s Y
apoptosis =9l executive 9&E 3= E4AZ AF mi- ER At GTL¥} CLGT Al89 SCx 32 242} 14.1 mg vita-
tochondria®] 9| 2toll E84 He|Z EA31t7) fr = A= min C/gZ} 11.6 mg vitamin C/gZ GTL Al&7} thd &2

oJste] €743} ol apoptosisg FETE. wEbA GTLF s 2 dehAR fri3ke fisleh ®

3 GTLY%

RGT A& E57}F Q1A A £ MCE-73 PC-3¢l thall apop- CLGT A|89] total phenol && 717} 90.9 mg¥} 86.2 mg
tosisE fr=st=AE ZA8H7] 98] cytosol?] caspase-3 & GAE/g& 193¢l Atol= gtk GTLACLGT A1 5.9 total
2 protein FEE Z743Ath. MCF-7 A X (Fig. 3)¢F PC-3 Al sugar?] FF(glucose %)< 2t 6.5% <} 5.6%F roastingol
X (Fig. 4914 GTL# CLGT A& Ao @& & &40 s FAEUAAT freat= §113, total protein T2 7}
Z caspase-3 protein o] F718tA3, F A8 &3 2 7 49%SF 28%F CLGT ARdA 8oz vkt

ol At o] A= GILH CLGT Al &7F MCF-7 Al 29} (p<0.05).

PC3 Mz tigt 54 &7} += apoptosisE FE3ASS 9 Fig. 5% GTLZ CLGT A& 9] catechinAl 3}3&<] HPLC
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Fig. 1. Effects of GTL and CLGT preparation on the growth of human breast cancer MCF-7 (A) and human prostate cancer PC-3
cells (B) grown for 2 days. Line identification: closed circle, GTL; and open circle, CLGT. Values are means+SD (n=3). Means
not sharing same superscript letters are different at p<0.05 by t-test.
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Fig. 2. Effects of GTL and CLGT preparation on the growth of human neuroblastoma SK-N-SH cells (A) and rat cardiomyoblast
H9c2 cells (B) grown for 2 days. Line identification: closed circle, GTL; and open circle, CLGT. Values are meansSD (n=3).
Means not sharing same superscript letters are different at p<0.05 by t-test.

chromatogram©] 1, 7L %S Table 49 Uel it GTLZ}
CLGT A&+ gallocatechin (GC), epigallocatechin (EGC),
catechin, caffeine, epicatechin (EC), epigallocatechin gallate
(EGCG), gallocatechin gallate (GCG), epicatechin gallate
(ECG)5 9 stEol AZHA o5 4& F GIL A5
H3] CLGT Al&A EGC, catechin, EC, EGCG, GCG %
ECGY| ol Foak AUA ZAa= A (p<0.05), GC & caf-
feine®} - ZAHAA T #2237k 8131t} Roastingell o] 3
o]} & catechin 7H4+ total phenol 3% (Table 3)°ll= &
FEF= MIAA

CLGTY| == aiE

GTL# CLGTAIRA e #d4 4ES 480
(Table 5, 6). GTLAIA 397] stg+&Eo] AZHUL 1 F
2-methyl butanal, acetic acid, 4-tert-butyl cyclohexanol,
cis-ocimene, 1-ethyl pyrrole, limonene, 2-methyl propanal,
propanoic acid, tererpineol, cis-geraniol®] ¥&F(H2H]7}
10% o1&l ggre)o] iAoz woknh whdel CLGTAl=
3370 &3tEo] AEH U, 1 F 2-methyl butanal, 1-ethyl-
pyrrole, acetic acid, o-xylene, 4-tert-butyl cyclohexanol, limo-

nene, cis-ocimene, cis-2,6-dimethyl-2,6-octadiene, 1-ethyl-
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Fig. 3. Effects of GTL and CLGT preparation on caspase-3 protein expression on human breast cancer MCF-7 cells grown for
2 days. Total cellular extract (40 pg protein/lane) was analyzed for caspase-3.
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(40 ng protein/lane) were analyzed for caspase-3.

Table 3. Antioxidant activity, and amounts of total phenolic compound, total protein and total sugar in GTL and CLGT preparation

Sample Antioxidant activity [SCs]”  Total phenol (GA meq/ g)” Total protein (%)  Total sugar (%)
GTL 1412157 90.85+9.58" 4303 6.5%2.0°
CLGT preparation 11.641.1° 86.21+7.67° 28+0.1° 5.6+1.0°

Y Antioxidant activity is presented as a vitamin C meg/g and then SCs, which is a sample concentration to be reduced a 50%

DPPH color after one min reaction.
Gallic acid mg equivalent per g sample.

IData are presented as meantstandard deviation (n=3). Means with different superscript small letters in column represent a sig-

nificant difference at p<0.05 by t-test.

1H-pyrrole-2-carboxaldehyde, terpinolen, 2,6-dimethyl- 1,5-
heptadiene, trans-ocimene?] (A A 8|7} 1.0% ©]/4d<] 3
gHE)ol =3

Roasting®l] 93 S7FE AV A4 E 2= AN,
AFAAY §loiR GFER AU GTLAA HEH 3970
E = 2-methyl propanal 2 2,5,5-trimethyl-1-hexen-
3-ynes HIE3IA 177) h5tEo] gty o] gloj A1, 2-men-

tyl butanals X 33to] 107] 8}5+& 0| 745 U TH(Table 6).
T3k CLGTO] H=H 33 3= <
pyrrole-2-carboxaldehyde, 1-methyl-2-formpyrroles 32 3}3}
o] 117) 8gHEo] A A, 1-ethyl pyrrole, 2,6-dimethyl-
1 5-heptadiene, phenylethyl hexanoic acid ¥ 1-octan-3-ol&

31270 33HE9 e S7HE U tH(Table 5). o] <F 22
@ert Kenji®} Hisami7} pan-fried$t Japanese Kumara-cha

% o-xylene, 1-ethyl-1H-
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Table 4. Amount of phenolic compounds in GTL and CLGT preparation

Compound”

Amount (mg/kg sample)

GTL CLGT preparation
Gallocatechin (GC) 3008.8+494.0"" 2131.1+434.8°
Epigallocatechin (EGC) 1052.2+323.8° 205.8+117.7°
Catechin 135.4+145.8" 648.3+33.7°
Caffeine 2451.0+239.6" 2446.9+198.8°
Epicatechin (EC) 1181.1+131.9° 429.6+30.7°
Epigallocatechin gallate (EGCG) 8179.5+208.8 3976.2+140.7°
Gallocatechin gallate (GCG) 4017.9+442.0° 2774.2+87.7°
Epicatechin gallate (ECG) 1143.3+160.5° 5943133

YCompounds were identified and derived from Fig. 5 chromatograms of GTL and CLGT preparation.

Data are presented as meantstandard deviation (n=3). Means with different small superscript letters in a row represent significant

difference at p<0.05 by t-test.

Table 5. Major flavor compounds increased and newly-formed in CLGT preparation by roasting GTL"

Composition (%)

2) 3)

Compound KT GTL CLGT preparation
Pyrrole,1-ethyl 6.62 2.1 7.9
o0-Xylene 8.43 - 5.1
1,5-Heptadiene,2,6-dimethyl 8.85 0.5 1.2
Hexanoic acid, phenethyl ester 9.08 0.5 0.8
1-Methyl-2-formpyrrole 10.08 - 0.3
1-Octen-3-ol 12.05 0.3 0.8
4-Tert-butylcyclohexanol 1232 44 4.6
cis-2,6-Dimethyl-2,6-octadiene 12.61 0.5 2.6
1R-a-Pinene 12.81 - 0.5
a-Terpinen 13.22 - 0.6
B-Cymene 13.47 - 0.3
Limonene 13.62 13 3.5
trans-Ocimene 13.83 0.7 11
cis-Ocimene 14.17 2.5 29
1H-Pyrrole-2-carboxaldehyde,1-ethyl 14.22 - 21
&-Terpinen 14.55 - 0.3
cis-Linalool oxide 14.97 0.44 0.69
Terpinolen 1541 0.7 14
Benzenamide,2-methox]-4-methyl 16.22 0.7
Pyrazine,3,5-diethyl-2-methyl 17.51 - 0.3
Methyl salicylate 18.68 - 0.5
Napthalene,1,2-dihydro-1,5,8-trimetyl 23.22 0.2 0.7
Palmitic acid, methyl ester 36.23 - 0.2

23 Total (%) 75.24 61.66

UGTL was roasted in a temperature-controlled frying-pan at 240C for 60 min.

JCompounds were identified by GC-MS.
Retention time (min) of compounds appeared on GC chromatograms given samples analyzed by a DB-8 capillary column.
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Fig. 5. HPLC chromatograms of phenolic compounds in GTL
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oxide III, a-terpineol, indole-> Z7HAZTH13,
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coffee beang roastingd}™ 3'#4 &2l methanethiol, ace-

17]. webA H
HSAA, =
A BT o e
g7h ol d

tic acid, 3-methyl-butanoic acid, 2-furfuryl methyl disulfide,
4-hydroxy-2,5-dimethyl-3(2H)-furanone 5 % 7}3}3l 2-fur-
furylthiol, methional, 3-mercapto-3-methyl butyl formate &
< #astadvi1s]. Bl $EA B2 < arginine, cysteine, ly-
sine, serine¥} & fg] ojn| AL 3 H 1 B<EHE, su-
crose, arabinogalactan %= 33 5] coffee] Tra} gFof o
e AoE BaEo] QITH18, 28] T3 Ay e 75
o ZAlehe vl el Brad 250 ols) 2el50, roast
ing =2, L5)ol w2k Zolgt s ehl 7] miel,
o]} & A3 FuwstE GILE AP 217 AL
roasting$r 0. 24 CLGTE A = A& AYS AALSTh

Table 6. Major flavor compounds decreased and disappeared in CLGT preparation by roasting GTL"

2) 3) 1-ethyl

Compound KT GTL CLGT preparation
Propanal 2-methyl 2.75 1.7 -
Butanal,2-methyl 3.48 23.8 10.0
Acetic acid 477 10.0 7.8
Propanoic acid 542 21 -
1-Hexen-3-yne,2,5,5-trimethyl 7.61 0.5 -
Heptanal 9.47 0.4 -
Benzaldehyde 11.44 0.4 0.3
Hexanoic acid, vinyl ester 12.20 0.6 -
Octane,2,3,6,7-tetramethyl 13.71 0.7 0.4
Octane,3,6,-dimethyl 1432 0.7 03
Decane,2,6,7 triethyl 14.39 0.2 -
Linalool oxide 14.69 0.38 -
cis-Linalool oxide 14.97 044 0.69
decan,2,3,6-trimethyl 15.03 0.24 -
1,5,7-Octatrien-3-ol,3,7-dimethyl 15.97 0.7 0.2
Nonanal 16.01 0.2 -
Perilen 16.25 0.3 -
Epoxylinaol 18.10 0.3 -
Tererpineol 18.78 14 -
a-Terpieol 18.87 0.4 03
(-)-B-Pinene 19.59 0.3 -
cis-Geraniol 20.32 13 0.4
2,3-Dimethyl decane 20.98 0.2 -
Cadinene 27.34 0.4 -
a-Farnesene 28.37 03 -
Caffeine 34.93 0.7 -
Phytol 39.71 0.6 0.5

YGTL was roasted in a temperature-controlled frying-pan at 240C for 60 min.
’Compounds were identified by GC-MS.
JRetention time (min) of compounds appeared on GC chromatograms given samples analyzed by a DB-8 capillary column.
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