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Abstract

The present study was conducted to examine sensory characteristics of non-fermented tea and fermented
teas with fermented times of 0 hr {green tea), 10 hrs (mild fermented tea), 17 hrs (medium fermented tea),
24 hrs (black tea), respectively. The lightness of tea powder and tea extract got lower, and the redness and
the yellowness of those got higher as tea was more fermented. The result of sensory evaluation about the
extracts of non fermented tea and fermented teas showed that the preference of flavor got higher in the more
fermented tea but one got lower in a mild fermented tea according to temperatures, respectively. The preference
of taste got higher at 60~70°C extracts in the green tea and got the highest at 80~90°C extracts in the medium
fermented tea and black tea. A total of 76 flavor components was detected in non fermented tea and the total
contents of those were 129.9 mg/kg. The major components were linalool, geraniol, nerolidol, benzyl alcohol,
and linalcol oxide. A total of 76 flavor components was detected in the mild fermented tea and total contents
of those were 159.1 mg/kg. The major components were geraniol, linalool, linalool oxide, ethanol, benzyl alcohol,
etc and were similar in those to the non fermented tea. A total of 79 flavor components was detected in the
medium fermented tea and total contents of those were 455.6 mg/kg. The major components were ethyl acetate,
3-methylbutanal, ethanol, (E)-2-hexenal, geraniol, linalooloxide, A total of 79 flavor components was detected
in the Black tea and total contents of those were 680.5 mg/kg. The major components were 3—-methylbutanal,
ethyl acetate, geraniol, ethanol, (E)-2-hexenal, hexanal, linalooloxide. The amounts of flavor components was
increased, but the amounts of aldehyde compounds was remarkably increased according to the degree of

fermentation.
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Table 1. GC conditions for analysis of volatile components
GC Hewlett Packard 58390 II Plus

Column DB WAX {(J&W, 60 mx0.25 mm id, 0.25
um film thickness)

Detector FID

Carrier gas Helium (1.0 mL/min)

Make up gas Nz (30 mL/min)

Temp. program 40°C (3 min) 2°C/min 150°C 4°C/min 220°C
(5 min)

Detector temp.  300°C

Injector temp.  250°C

Split ratio 1:20

Injection volume 1 pL
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Table 2. GC/MS conditions for identification of volatile com~
ponents

GC/MS Shimadzu GC/MS QP 5050

Column DB WAX (J&W, 60 mx0.25 mm id, 0.25
um film thickness)

Carrier gas Helium (1.0 mL/min)

40°C (3 min) 2°C/min 150°C 4°C/min 220°C

(5 min)

Temp. program

Injector 250°C, split ratio 1:20
Temperature ion source and interface 230°C
Ionization electron impact ionization (EI)

Tonization voltage 70 eV
Mass range (m/z) 41~450
Injection volume 1 pL
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Fig. 1. Spectrum characteristics for extracts of non-fermented tea and fermented teas.

1. Green tea (non fermented tea), 2. Mild fermented tea (fermented for 10 hrs), 3. Medium fermented tea (farmented for 17 hrs),
4. Black tea (fermented tea: fermented for 24 hrs), 5. Chinese green tea (non fermented tea) 6. Chinese semi fermented tea
{(Arisancha), 7. Chinese semi fermented tea (713 Chawang), 8. Chinese black tea.
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Table 3. The color value of non-fermented and fermented
tea powders

Samplesl} L a b
1 47 89+0.02* 4.39+0.03° 11.0820.01
2 403610.04%  374+0.01° 11.71£0.03
3 3863+0.01° 1.6120.04%° 12.2920.01
4 36.99+0.05° 2.14=0.03" 12.52+0.01

Y1. Green tea (non fermented tea), 2. Mildly fermented tea (fer
mented for 10 hrs), 3. Medium fermented tea (fermented for
17 hrs), 4. Black tea (fermented tea: fermented for 24 hrs).
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Fig. 2. The changes of color value of the extracts from non-

fermented and fermented teas.

Y1, Green tea (non fermented tea), 2. Mildly farmented tea (for
mented for 10 hrs), 3. Medium fermented tea (fermented for
17 hrs), 4. Black tea (fermented tea: fermented for 24 hrs).
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Table 4. Sensory characteristics of extracts from non fermented and fermented teas
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Samplesn Color” Flavor® Taste” Overall preferenceg)
50°C 5.00+1.177 7.40+1.16 7.80+1.30° 7.70+1.04%
) 70°C 5.40+1.00 7.80+0.39 200+1.17* 2.00+0.85°
80°C 5.60+1.24 7.80+0.98 7.00+1.14% 7.40+1.21%
90°C 5.80+0.92 750+1.15 8.00+1.56° 7.00+1.15°
80°C 5204178 5.20+1.22 5.0020.64 5.9021.49
5 70°C 5.80+2.01 5.3040.97 52021.87 6.0021.82
80°C 6.00+0.94 £2041.56 56021.82 6502171
50°C 6.2041.72 6.3040.85 650+1.21 6.6021.07
50°C 7.60%1.03 7.00+0.67° £.30+1.37° 6.2021.52°
5 T0°C 7.90=0.97 7.30+1.38% 5.80+0.94% 6.90+1.35%
80°C 8.00£1.29 7R0+1.28% 7.00+1.53° 7.50+1.25°
50°C 8.50+0.58 7.80+1.34% 730£1.21% 7901067
80°C 7.700.58 7.3040.84 8702067 6.4020.18"
4 70°C 8.3040.76 7.500.34 5.90+0.83* 740<1 67"
80°C 8504120 7.90+0.89 7.3020.30° 7.90=0581°
50°C 8.900.83 8.00+1.10 740£1.21% 8.00<1.39

Y1. Green tea {non fermented tea), 2. Mild fermented tea {(fermented for 10 hrs), 3. Medium fermented tea {fermented for 17 hrs),

4. Black tea {fermented tea : fermented for 24 hrs).
21 light color, 100 dark color. ¥'1: very bad, 10 very good.
“Means+SD.
Means in the column with different significantly different at a-0.05.

Table 5. Volatile components identified in non-fermented and fermented teas

1 4
No. RT R Compounds Area% mg/kg  Area® mg/kg  Area® mg/kg  Area® mgkg
Aldehyde

4 5775 770  Propanal 029 0374 0.15 0.238 0.24 1.083 0.26 1773
7 6.161 802 2 Methyl propanal 0.63 1.000 1.05 4787 0.94 6.393
14 7273 857 Butanal 031 0.401 0.23 0.369 0.51 2331 0.27 1.839
18 8227 898 2 Methyl butanal 040 0518 0.8 1.366 246 11.228 448 30.498
19 8683 912 3 Methyl butanal 1.02 1.329 5.35 8515 955 43498 1495 101732
27 10667 966 Penyanal 078 1.013 2.15 3428 1.02 4663 0.94 6.407
33 14617 1049 Hexanal 034 0.446 052 0.823 376 17142 3.5 24.190
38 18628 1116 3 Methyl hexanal 0.09 0.136

40 18962 1121 (E) 2 pentenal 0.80 1.034 0.12 0.827
45 21.446 1160 Heptanal 0.10 0.124 0.15 0.237

47 23266 118 (Z) 2 Hexenal 271 3520 0.24 1.083 0.21 1.444
43 24088 1196 (E) 2 Hexenal 088 1.142 1.75 2735 7.04 32078 599 407769
63 37966 1390 Nonanal 022 0284 0.03 0.209
68 41.817 1447 Furfural 1.52 6.934 0.67 4541
7 45197 1494 Benzaldehyde 057 0746 0.41 0693 0.57 2592 0.91 6.171
7 45333 149 (E) 2 Nonenal 028 0.367 0.04 0.064 0.15 0691 0.15 1.005
20 49223 1656 (EZ) 26 Nonadienal 024 0.308

83 50785 1579  1H Pyrrol 2 carhoxaldehyde 0.26 1739
84 51981 1586 [ Cyclocitral 024 0.308 0.16 0.248 0.16 0708 0.13 0252
& 593111 1614 Phenylacetaldehyde 128 8739
91 56.235 1665 (Z) Citral 0.01 0.015 0.19 0.851 0.09 0603
94 56933 167 (E) Citral 0.05 0.083 0.40 1.307 0.21 1.453
111 85824 1845 2 Phenyl 2 hutenal 0.15 0.991
125 72546 2019 (E} 2 Pentadecenal 0.19 0.301

Alcohol

11 6.613 826 tert Butanol 0.05 0.325
20 8801 916 2 Ethylbutanol 0.37 1.705 0.09 0618
22 9.108 925 Ethanol 2.25 2.918 5.73 9.118 6.00 27331 656 44618
26 1013 953 3 Methoxypropanol 0.04 0.201 0.05 0.320
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Table 5. Continued
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No. RT R Compounds Area% mg/kg Area® mg/kg Area® mg/kg  Area® mg/kg
Alcohol
29 11.82 993 2 Buyanol 0.17 0.225 0.08 0127 0.10 0.44 0.22 1.486
31 13500 1028 Propanol 0.18 0.228 079 1.256 0.11 0.514 0.10 0.659
35 16.651 1084 2 Methyl 1 propanocl 017 0.283 0.00
36 18.004 1105 3 Pentanol 0.93 1.202 023 0.364 0.29 1.310 0.31 2121
37 18.197 1109 3 Methyl 3 pentanol 0.69 0.895
39 18.883 1120 2 Pentanol 0.18 0.232 085 1.356 0.83 3783 0.91 6.191
43 19528 1131 Butanol 0.17 0.219
44 2076 1149 1 Penten 3 ol 055 0714 054 0.857 0.92 4192 0.63 4297
49 75.162 1212 2 Hexanol 3.87 5.030 023 0.359
51 26.142 1226 3 Methylcyclopentanol 1.83 2.381
53 27451 1245 Pentanol 0.80 1.039 123 1.958 1.07 4.887 0.83 5631
5% 31.98 1306 (Z) 2 Penten 1 ol 0.42 0.541 0.21 0.337 0.53 2432 0.50 3419
58 33792 1333 3 Methyleyelopentanol 093 1.204
60 35339 1355 Hexanol 0.08 0.130 1.73 7897 0.65 4419
61 35917 1363 (Z) 3 Hexen 1 ol
62 37.333 1382 (E) 3 Hexen 1 ol 022 0.357 0.83 3.768 2.06 13.985
64 38.23 1394 (Z) 2 Hexen 1 ol 0.33 1.497
65 39.008 1404 (E) 2 Hexen 1 ol 0.64 2.92 0.79 5.395
70 42488 1456 1 Octen 3 ol 0.04 0.047 2.06 9.38
73 44292 1482 2 Ethyl hexanol 1.00 1.303 0.39 2630
it 46.346 1512 Linalool 1245 16175 11.02 17529 3.12 14.233 2.17 14.741
73 47939 1536 1 Octanol 0.27 0.345 045 0720 0.55 2.489
&2 50775 1579 2,6 Dimethyl cyclohexanol 0.34 0.442 022 0.345 0.19 0.873 0.22 1.491
& 52.232 1600 (E) 2 Qcten 1 ol 0.08 0123
&3 54642 1639 Furfuryl alcohol 011 0176
9z 56.494 1669 o Terpineol 0.85 1.109 0.80 1.266 0.15 0671 011 0724
103 62342 1772 Nerol 017 0.267 0.38 1.713 0.21 1.431
105 63.385 1791 (e) Geraniol 1005 13.062 1328 21120 8.58 39.071 6.62 45061
107 64.197 1807 Benzyl alcohol 595 7730 5.00 7.953 1.54 7.019 1.37 9.329
109 Phenethyl alcohol 0.72 0.931 1.41 6.403
118 69691 1940 (E) Nerolidol 5.14 6.672 355 5653 0.72 3.277 0.58 3976
119 69912 1946 a Cedrol 0.14 0.177
Acid
66 39.247 1408 Acetic acid 294 3.316 356 5671 1.83 8.320 1.49 10.148
! 44975 1491 Pyruvic acid 3.87 5.023 0.94 6.424
89 54929 1644 3 Methyl butanoic aicd 0.66 3.007
90 55855 1859 3 Methyl butanoic aicd 013 0.199 0.89 6.065
104 63.32 1790 Hexanoic acid 031 0.409 0.34 0536 0.32 1.443 0.21 1.405
115 68601 1910 2 Hexenoic acid 1.10 1.428 0.95 1511 0.46 2.092 0.38 2.569
123 71113 1978 nonanoic acid 0.64 0.836 1.02 15620 0.47 2.147
Hydrocarbone
1 5115 706 2 Ethoxybutane 0.10 0.163 0.26 1.204 0.20 1.328
2 5337 729 3 Methyl heptane 042 0551
3 5671 780 3 Ethyl hexane 0.51 0.664
6 6.000 790 Octane 0.20 0.265 01z 0.18 0.18 0.812 0.15 1.045
10 6.466 818 1 Octene 0.36 0.467
12 6713 831 2 Methyloctane 0.10 0.444 0.07 0.481
24 9.893 946 4 Ethvloctane 0.14 0.183
25 9.97 949 5 Methyl nonane 0.20 0.265
30 12955 1017 Ethyleyclobutane 0.08 0513
46 23167 1184 D Limonene 0.52 0.670 0.05 0.082 0.12 0.583
52 26.368 1230 (E) Ocimene 0.15 0673
55 29855 1278 Butylhenzene
95 58.036 1693 Azulene 0.10 0.158
9% 58242  169% a Farnesene 0.18 0.229
99 60.743 1743 delta Cadinene 0.38 0.488 0.25 0.397
110 Neophytadiene 355 4611 450 7.164 1.17 5.308 2.18 14.832
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Table 5. Continued
e 7 3 4
No. RT RL - Compounds Area% mg/kg Area® mg/kg Area® mg/kg Area® mg/kg
Ester
9 6.285 809 FEthyl formate 2.46 3.200 312 4963 303 13820 391 25580
15 7564 870 Ethyl acetate 393 5.110 881 14013 959 43715 10.29  70.022
34 16.244 1077 Methyl pentanoate 0.25 0.328
69 42291 1454 Dimethyl malonate 025 1689
e 43576 1472 Qctyl acetate 0.12 0.154 379 2579
93 56.860 1675 Neryl acetate 1.07 4857 0.23 1571
98 6038 1736 (E) Geranyl acetate 0.08 0.126 0.78 3.542 022 1518
100 60.857 1745 Methyl salicylate 0.15 0.247 0.91 3.542 049 3241
121 70066 1950 (Z) 3 Hexenyl henzoate 0.26 1.166 011 0717
124 71713 1994 Vinyl cyclohexanecarboxyvlate 081 1.053 118 1.883
126 73.03 2034 Methyl hexadecanoate 0.89 1.162 1.33 2.123 093 4231 1.09 7444
Ketone
8 6.259 807 2 Propanone 0.49 0.641 0.12 0.135 0.32 1.45 027 1818
17 7914 83 2 Butanone 0.10 0.164 011 0.498 0.10 0703
21 9.017 922 3 Methyl 2 butanone 0.08 0.121 0.19 0.857 0.05 0326
32 14.083 1040 3 Hexanone 017 0.225
41 19.204 1125 4 Methyl 3 penten Z one 0.25 0.335 0.11 0.180
4z 19.408 1129 3 Heptanone 053 0.692
54 27873 1251 3 Hydroxy 2 butanone 0.32 1.439 029 198
57 327767 1318 6 Methyvl 5 hepten Z one 0.1z 0.188 0.22 1522
79 48355 1543 (EE) 35 octadien 2 one 0.26 0.342 044 301
& 53414 1619 Acetophenone 0.11 0.182 227 10341 088 599
101 61305 1753 1 phenyl 1 butanone 0.25 0.334 0.14 0.625
102 61374 1754 Butyrophone 0.09 0.139
105 (E) Geranyl acetone 0.63 0.823
112 66.027 1830 3 lonone 278 361 276 4384 1.10 5.010 094 6369
113 &7.084 1874 (Z) Jasmone 0.85 1.118 0.29 1.333 011 074
114 6805 1895 cis Jasmone 019 0310
117 69208 1926 2 Tetradecanone 0.09 0.151 007 0.306
120 69.957 1947 Hexahydrofarnesyl acetone 1.28 1.669 1.42 2.252 1.02 4637 0.90  6.102
122 70696 1957 9 Heptadecanone 0.39 0.502
Ether
5 5828 775 Ethyl isobuthl ether 0.25 0.392 0.09 0.421
16 7808 830 1,1 Diethoxyethane 1.01 1314 0.79 1.263 0.23 1.08 022 1518
28 11.083 976 Ethyl isopropyl ether 0.20 0.321 0.39 1.761 039 2639
67 41506 1442 (Z) Linalool oxide 6.29 8171 76l 12101 439 19997 339 23.091
71 42763 1460 (E) 3 Linalool oxide 378 17.235 2.80  19.022
97 59.996 1728 Epoxy linalool 0.15 0.236 091 4.160 049 3308
116 68942 1919 3 lonone epoxide 1.20 1.556 0.98 1.554 0.17 0.795 0.17  1.165
Miscellanecus
13 7100 849 Tetrahydrofuran 0.22 0.283 0.40 0631 0.25 1.125 015 1001
23 9.456 935 2 Ethyl furan 0.08 0.356
50 25.828 1222 2 pentyl furan 051 0.657 0.08 0.129 0.10 0.475
59 3432 1340 4 Ethyl pyridine
&1 498 1564 Dimethyl sulfoxide 0.66 1.048 029 1.335 0.26 1775
108 65.692 1842 Dimethyl sulfone 0.13 0.208
Total 10002 129919 10001 159077 10015 455608 10005 680521

1. Green tea (non fermented tea), 2. Mildly fermented tea (fermented for 10 hrs), 3. Medium fermented tea (fermented for 17 hrs)
4. Black tea (fermented tea: fermented for 24 hrs),
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Table 6. Reative contents of functional groups from non-fermented and fermented teas

Fuctional 1Y 2 3 4

group Num. Area (%) Num. Area (%) Num. Area (%) Num Area (%)
Aldehyde 15 9.18 16 12.74 15 28.85 20 35.59
Alcohol 24 4992 22 45.04 25 32.49 22 25.42
Acid 5 8.86 5 6.00 5 374 5 39
Hydrocarbone 10 65.46 & 5.12 & 1.98 5 2.68
Ester 5 8.46 5 14.67 7 16.57 9 20.38
Ketone 11 7.91 11 519 10 583 10 4.20
Ether 3 850 6 998 7 9.95 6 745
Miscellaneous 2 071 4 1.26 4 057 2 0.35
Total () 100 76 12.74 79 100 79 100
mg/kg 129.919 159.077 455608 680.521

U1 Green tea (non fermented tea), 2. Mildly fermented tea (fermented for 10 hrs), 3. Medium fermented tea (fermented for 17

hrs) 4. Black tea (fermented tea: fermented for 24 hrs).
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