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Abstract

The fermented black tea with tea fungus (FBTF) was prepared by culturing tea fungus biomass in black tea with
10% sucrose (BT) at 30C for 14 days. The flavor quality of FBTF was investigated by sensory and chemical analy-
sis, and the results were compared with BT.

The data of sensory analysis indicated that fruity, wine-like, sharp-pungent, and vinegar-like flavor notes were inc-
reased, while earthy note was reduced during fermentation. GC-MS analysis of volatile compounds collected from
FBTF and BT by Tenax trap showed that linalool, linalool oxide other flavor compounds known as black tea flavor
compounds were disappeared. Some major flavor compounds produced during fermentation were acetic acid, ethanol,
limonene, a-terpineol, and these volatiles may be attributed to the flavor of characteristic FBTF. Biosynthetic pathway
for the formation of limonene and a-terpineol are proposed through mevalonic acid pathway using acetic acid as pre-
cusor and/or through transformation of linalool and linalool oxide.
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THT LT BY F T (AH Y8, tea bag AF)
8gS Wil B7) MAEd 10 A wWiF B &4 2T
o7)o) WHgS sste (10%, wiv) £3A47 og, 4
202 HHA tea fungus (150g)E HF3t] 30THA
1497 wgadch.
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HAA (sweet), FAF(fruit), FEFUA (wine-like),
E2% WA (sharp-pungent), %M (green), FFoldA
(musty), 2ZY M (vinegar-like), EYM (earthy), Al LT
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S2utg ZgtAade) HaA(50md), 4-decanol(Aldrich
Chemical, Milwaukee, USA ; 11. 23ug/mé diethyl ether)
3232 sodium chloride &9 250m& ¥ E¥3Fch
E2&23F Tenax GC(60-80 mesh, Enka N. V. Hol-
land) trapsll 922171 thE magnetic stirer® EF3HHA
Aeora Aartag 3417 $2 purge(300md/min) 8H
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138

o} Tenax GCol &2 14 &S AEFT diethyl
etherZ #%A)7l ¥ concentra tube (Laboratory Resea-
rch Co., Los Angeles, CA, USA)E AM&3lo] 10ulE ¥
%31 GC-Ms2 #3, BAstgnh

GC-MS% Shimadzu gas chromatograph7} @2 ¥ Kra-
tos profile mass spectrometer (USA)E Atg3lglo™ &
Az7L Table 13 2ot 33ES Rejdh] A A€
column® =4 column¢! Supelcowax 10(Supelco, 25
mX0.2 m i d.)9 ¥4 column HP-1(] & SCL; 25
m X 0.2 m i d)& AHES T 4 B3E F2E o
T columno]*9] retention time¥ mass spectrum®| |3}

o Aoz FAIAL

Table 1. Operarting conditions of GC-MS used for the
identifiaction of volatile compounds in the fer-
mented black tea with tea fungus.

Instrument Kratos profile GC-MS connected with
Shimadzu Gas Chromatograpy
Analyzer Quadrupole mass filter (203mm)

Ionization mode  Electron impact

Ionization potential 70eV

Columns Supelcowax-10(Supelco 5 25mX 0.2 i. d.)
HP-1 (] & SCL: 25mX0.2m i, d.)

Carrier gas N (flow rate s 1 mé/min)

Make up gas Ha

Initial temp. 50C

Final temp. 250C

Rate 2C/min

Injector temp.  270C

Detector temp. ~ 270C

Zn 9 1
Panalists7} 2AHS] FA-E4 BASBRTE PAd
AAQ Folgta werd 9rhA F(TIYA, F4F, £
WA, S22 WA, A, FoldA, A, FA,
43 dahol g3l 7R s BEUANE & AHE Ta-
le 2014 He vieh 2ok FYAE A9ig ynA 87
e dave A Ao vdedon aFdMn
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Table 2. Odor qualities and their average sensory scores

of the fermented black tea with tea fungus.

Attributes fermentation
before’ after®

Sweet 1.37+0.47 2.14+0.83
Fruit 1.40+0.36 5.39+0.98
Wine-like 0.28+0.13 3.04+ 20.88
Sharp-pungent 0.53+0.29 3.14+0.85
Green (cut grass) 2.44+099  2.68+0.88
Musty (moldy) 1.85+0.60 2.26+0.65
Vinegar-like 0.35+0.15 2.63+0.86
Earthy 1.61+0.88 0.50+0.33
Cool 1.52+0.81 1.91+0.85
Overall in odor 0.96+ 0.66 3.56+ 092

'The sample tested for odor qualities was taken from
the black tea with sucrose (10%, w/v) before fermen-
tation.

*The sample tested for odor qualities was taken from
the fermented black tea at 30C for 14 days.
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Table 3. The retention times on Supelcowax 10 and HP-1 capillary columns and their aroma properties of some ma-
jor flavor compounds identified by GC-MS from black tea and the fermented black tea with tea fungus.
Retention times(minutes)

Compounds’ Aroma properties

Supelcowax 10 HP-1
Ethanol 7.25 sweet ethereal, mild
1-Penten-3-ol 8.02 -
Limonene 8.08 10.30 lemon-like
3-Methyi-1-butanol (19.54) 10.15 malty
(Z)-3-Hexenal 10.25 green, leafy
1-Pentanol harsh, chemical, fusel oil
Methyl-benzene 13.07 sweet-grassy
2-Methyl-1-propanol 13.52 fruit
(3-methylbutyl)-Oxirane 14.16 meaty
(Z)-2-Penten-1-ol 15.21 -
3-methyl-1-butanol,acetate 15.28 -
1-Butanol 16.13 fusel-like
1-Hexanol 17.09 fatty green
(Z)-3-Hexanal 17.23 fatty-green, grassy
3-Hexen-1-o0l 18.56 green, leafy
(B)-2-Hexen-1-ol 20.15 green, leafy
2-Ethoxy-ethanol,acetate 21.11 sweet
a,0-5-Trimethyl-5-winyl 22.05 soy sauce-like
tetrahydrofurfuryl-(2)-alcohol -
Linalool oxide sweet-woody, penetrating
2,4-dimethyl-3-pentanol 24.59 -
Benzaldehyde 26.40 25.07 sweet
3-Hydroxy-2-butanone 25.32 sweet flavor, fruity
Linalool 28.57 floral-woody
4-Methyl-5-propyl-2H-furan-2-one 31.34 -
Benzene acetaldehyde 33.59 31.40 sweet fruity
1-Ethynyl-4-methyl-benzene 33.19 solvent
Acetic acid 36.33 stinging sour
2,6-Dimethyl-heptanol 38.43 green
1-o-Terpineol 38.51 piney, floral, lilac
Hexedecane 39.05 petroleum-like
(E)-Geraniol 46.16 sweet, floral, rose-type
4-Decanol (I. 8.) (45.18)
Benzenemethanol 47.27 faint aromatic
Cyclononanone 47.44 floral
Benzeneethano! 50.26 floral rose
1,3-Isobenzofurandione 52.32 sweet
Tridecane 54.53 petroleum
a-Cubebene 60.50 spicy
2,6-Bis(1,1-dimethylethyl) 65.38 floral
2,5-cyclohexadiene-1,4-dione
2,6-Bis(1,1-dimethylethyl)-4-me- 67.10 phenolic, medicinal
thyl-phenol
2,6-Bis(1,1-dimethylethyl)-4 68.17 heavy sweet
-methyl-phenol,methyl carbonate
Dotriacontane 72.27 petroleum-like

*Volatile compounds were collected by Tenax GC and tentatively identified on Supelcowax 10 and HP-1 capillary
column by GC-MS.
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Table 4. The concentrations of volatile compounds in
the black tea and the fermented black tea with

tea fungus.
Compounds Fermentation
Before!  After”
— Concentrations (ng/ml)—

Alcohols
Ethanol = 227
2-Methyl-1-propanol - 10
Butanol = 25
1-Penten-3-o! 72 -
1-Pentanol 40 -
2-Penten-1-ol 48 -
Hexanol 35 -
3-Hexen-1-ol 617 -
2-Hexen-1-0l 59 -
Furfurylalcohol 27 -
2,4-Dimethyl-3-pentanol - 5
Benzenemethanol 8 -
Benzenethanol - 4
2,6-Dimethylhepthaol - 3
2,6-Bis(1,1-dimethylethyl) - 1
-4-methylphenol
Aldehydes
(2)-3-Hexanal 468 -
Benzaldehyde 89 -
Benzene acetaldehyde 80 -
Ketones
3-Hydroxy-2-butanone - 2
4-Methyl-5-propyl-2H-furan-2-one 19 -
Cyclononanone - 4
1,3-Isobenxofurandione - 1
2,6-Bis(1,1-dimethylethyl)-2, 39 1
5-cyclohexadiene-1,4-dione
Esters
3-Methyl-1-butanol acetate - 7
2-Ethoxy-ethanol acetate 75 -
2,6-Bis-1,1-dimethylethyl)-4- 43 -
methylphenol, met¥1yl carbonate
Acids
Acetic acid - 92
3-Methylbutanoic acid - 4
Terpenes
Limonene - 39
Linalool 70 -
Linalool oxide 48 -

1-a-Terpineol - 20
(E)-Geraniol 8 -
a-Cubébene 46 -
Hydrocarbones

Methylbenzene 387 -
1-Ethynyl-4-methyl benzene 39 -
Hexadecane 72 -
Tridecane 77 -
Dotriacontane - 1

'The sample tested for odor qualities was taken from
the black tea with sucrose (10%, w/v) before fermen-
tation.

*The sample tested for odor qualities was taken from
the fermented black at 30C for 14 days.
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Fig. 1. A proposed biosynthetic pathway of o-terpineol
and limonen in the fermented drink by tea fungus.
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