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ABSTRACT: This study was conducted to characterize the volatile components of Korean fermented tea and blended tea
with Korean fermented tea and several herbs. A total of 161 volatile components in 4 samples of FT (fermented tea), BT
(blended tea) 1, BT2, and BT3 were analyzed in this study. A total of 61 volatile compounds were identified in the FT
sample, which contained the most abundant hydrocarbons. The major compounds were 3-methyldecane (10.48%), 2,2,4,
6,6-pentamethylheptane (10.00%), and 2,3,6-trimethyloctane (7.90%). A total of 75 volatile compounds were identified in
the BT1 sample, which consisted of fermented tea, orange cosmos, lemon grass, chamomile, and peppermint. L-(—)-men-
thol (36.79%), menthone (24.92%), and isomenthone (8.70%) were the highest compounds. A total of 76 volatile com-
pounds were identified in the BT2 sample, which was composed of fermented tea, rose hip, lemongrass, lavender, and pep-
permint. Alcohols were identified as the most abundant, and linalool (26.32%), linalyl acetate (18.45%), and L-(—)-men-
thol (11.99%) were the major components. A total of 85 volatile compounds were identified in the BT3 sample composed
of fermented tea, citrus peel, chamomile, hibiscus, and beet. Sesquiterpenes were identified as the most abundant includ-

ing L-limonene (74.45%), B-myrcene (3.06%), and y-terpinene (7.47%).
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INTRODUCTION

Tea is a drink made by processing of the buds or young
leaves from tea tree (Camella sinensis) (1). There are hun-
dreds of tea processing methods in the world, and vari-
ous kinds of tea have been produced depending on their
varieties, processing methods and season of tea, and how
to make it (1). In general, tea is classified depending on
the degree of fermentation such as non-fermented tea,
semi-fermented tea (10 to 65%), and fermented tea (85%
or more) (2). Among them, fermented tea has become
popular due to the increasing demand of consumers and
its milder taste to drink than a green tea with a cold na-
ture (3). Fermented tea has a unique flavor by changing
catechin to compounds by the action of oxidizing en-
zymes depending on the degree and method of fermen-
tation (4). Since flavor is one of the important factors
that determine the inherent quality and characteristics
of the tea, much research has been conducted on the
volatile components of tea, and several components have
been identified (5).

In Korea, many kinds of tea including fermented tea
are manufactured and sold. A tea made from a single
material may be good; however, it is also a good way to
manufacture tea by mixing flavors and aromas with dif-
ferent functionalities to promote consumption of tea (6).
This is called tea blending, which is the mixing of tea
with different materials (7). The blending of tea has the
advantages of reducing the difference in quality of other
tea leaves depending on the season, producing a bal-
anced taste, and creating higher profit by creating a new
taste (8). Many kinds of materials (herbs, fruits, and
spices) have been used for blending tea, but herbs are
mainly used (9). Herbs are the plants used as raw mate-
rials for spices and medical herbs, and are made of roots,
stems, leaves, buds, and flowers. Herbal tea is the bever-
age that extracts water-soluble ingredients from leaves,
flowers, and stems in a raw or dried state using cold or
hot water and is the easiest and safest method to con-
sume herbs (10). Studies on the flavor analysis of single
or blended teas using herbs include hibiscus tea (11),
chamomiile tea (12), fermented tea with rosemary (6), tea
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with roses and rose hips (13), fennel tea, and caraway tea
(14).

In this study, as the use of herbal and blended teas in-
creased due to the increase in tea consumption, three
kinds of blended teas were mixed with domestic fer-
mented tea and herbs, and their volatile flavor contents
were measured.

MATERIALS AND METHODS

Materials

The blended tea used in this study was prepared by
blending herbs into a fermented tea produced in Korea.
The constituent materials and composition ratios for each
sample are listed in Table 1. Fermented tea and beet tea
(Semyungtea, Suncheon, Korea) were used and orange
cosmos tea was purchased from Suncheon Society for
Wildflower Research (Suncheon, Korea). Lemongrass tea,
chamomile tea, rose hip tea, lavender tea, and hibiscus
tea purchased from GDG Schiitte GmbH & Co. KG (Bre-
man, Germany) and peppermint tea were purchased from
Nateva (Die, France). Citrus peel was purchased from
Hansecofarm (Jeju, Korea).

Table 1. Tea samples used in the volatile flavor compounds

Kim et al.

Collection of volatile components

In this study, an experiment was conducted to select a
suitable solid-phase microextraction (SPME) resin (Su-
pelco Inc., Bellafonte, PA, USA) before analyzing the vol-
atile flavor components of tea. The samples were analyzed
using 4 SPME resins: polydimethylsiloxane (PDMS)/di-
vinylbenzene (DVB) (65 pm), PDMS/carboxen (75 pm),
PDMS (100 pm), and DVB/carboxen/PDMS (50/30 pm).
PDMS/DVB (65 um) resin, which collected the most
amount of volatile components among them was selected
as the analytical resin. In order to collect volatile compo-
nents, 2 g of sample was placed in a 40 mL vial, frozen
at —85°C, and then used as the analytical sample. The
frozen sample was sealed with a stopper after replacing
air in the vial with helium gas for 20 s to collect the vol-
atile components. The sample vials were heated to 60°C
using a heating mantle. When it reached 60°C, the SPME
resin-needle was exposed to the headspace of the vial for
20 min for collecting the volatile components. The col-
lected components were analyzed using a gas chroma-
tography (GC)/mass spectrometer (MS).

GC/MS analysis method

The volatile components were injected at 240°C into the
injection port of GC/MS (GCMS-QP2010, Shimadzu Co.,
Ltd., Kyoto, Japan) for 5 min. The volatile components

Ingredients

Sample Total
COde” Welght (g) Welght (g)
FT Fermented tea 1.20
1.20
BT1 Fermented tea Orange cosmos tea Lemongrass tea Chamomile tea Peppermint tea 1.65
1.00 0.20 0.20 0.15 0.10
BT2 Fermented tea Rose hip tea Lemongrass tea Lavender tea Peppermint tea 1.88
1.00 0.50 0.30 0.05 0.03
BT3 Fermented tea Citrus peel Chamomile tea Hibiscus tea Beet tea 3.30
1.00 1.00 0.70 0.50 0.10
YFT, fermented tea; BT1, blending tea sample 1; BT2, blending tea sample 2; BT3, blending tea sample 3.
Table 2, Summary of volatile compounds in fermented tea and blended teas
Samples
Compounds
FT BT1 BT2 BT3
Alcohol (33) 13 (17.24%) 16 (41.77%) 15 (47.08%) 14 (3.82%)
Aldehyde (17) 14 (13.65%) 10 (3.03%) 9 (0.77%) 12 (0.70%)
Ester (19) 1 (0.63%) 6 (2.65%) 8 (20.69%) 12 (0.52%)
Hydrocarbon (21) 15 (50.28%) 6 (0.83%) 7 (1.68%) 4 (0.12%)
Ketone (12) 4 (6.30%) 6 (40.36%) 6 (14.67%) 4 (0.48%)
Miscellaneous (9) 6 (3.50%) 4 (0.52%) 5 (1.40%) 4 (0.12%)
Monoterpene (18) 5 (6.15%) 11 (4.11%) 13 (11.17%) 9 (87.24%)
Oxide (7) 0 (0.0%) 3 (5.84%) 2 (1.45%) 3 (6.80%)
Pyrazine (4) 3 (2.25%) 1 (0.02%) 3 (0.05%) 1 (0.01%)
Sesquiterpenes (21) 0 (0.0%) 12 (0.87%) 8 (1.04%) 17 (0.19%)
Total (161) 61 (100%) 75 (100%) 76 (100%) 85 (100%)
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were sampled for 1 min using a splitless mode, and then
separated using a DB-5 capillary column (30 mx0.25 mm
i.d.x0.25 um, J&W Scientific, Inc., Folsom, CA, USA).
Helium was used as the mobile phase gas. Analysis con-
ditions were set to 0.8 mL/min of flow rate, 32.2 cm/min
of linear velocity, and 31.9 KPa of column pressure. Ov-
en temperature was increased to 220°C at 2.5°C/min af-
ter keeping for 5 min at 35°C, and kept for 31 min. For
the MS analysis conditions, the temperatures of capillary
direct interface and ion source were 220°C. The electron
multiplier voltage and MS ionization voltage were 1,000
V and 70 eV. The mass range and scan rate were 40~
350 m/z and 1/s, respectively. The volatile flavor com-
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ponent was determined by the consistency of the reten-
tion indices (RI) between the volatile components and
reference material (15), or the comparison of mass spec-
tra between volatile components and Wiley 8 (399,383
spectrum) mass spectral database (Shimadzu Co., Ltd.).
RI was carried out under the same conditions as the sam-
ples using Cs~Cy4 (n-alkane, Aldrich, Milwaukee, MN,
USA).

RESULTS AND DISCUSSION

The results of flavor components analysis of fermented

Table 3. Volatile compounds identified in fermented tea and blended teas

Samples

Compounds RI Identificat1i§)n O(_ier_
T BT1 BT?2 BT3 method descriptions
Alcohol (33)

3-Methyl-1-butanol 7285 4.1 -2 - 2.3 MS, LRI Malty and fruity-winey in
carrageenan

2-Methylbutanol 7615 - — 45 — MS, LRI  Malty in carrageenan; ripe onion,
buttery, and dirty feet in puree

Pentanol 763.3 7.4 12.7 — - MS, RI  Fruity, alcoholic in Chinese liquor

2-Pentenol 767.3 45 - - - MS, RI  Fruity in Chinese liquor

(Z)-3-hexenol 8524 609 - 31.2 235 MS, RI  Woody, mushroom, and green

(E)-2-hexenol 8646 168 — 34 — MS, RI  Greenish, onion, liver, meaty, and
sweaty in red pepper, fruity

Hexanol 8683 395 20.2 101.1 - MS, RI  Green leaf and green-burning in
lychee

2-Butoxyethanol 904.2 1.0 - — - MS, RI

7-Octen-4-ol 979.6 - 39.6 - — MS, RI

1-Octen-3-ol 979.9 - — 139.8 — MS, RI  Mushroom-like and fatty

6-Methyl-hept-5-en-2-ol 992.1 - 80.4 324 - MS

3-Octanol 994.8 - 126.2 146.2 - MS, RI  Mushroom-like and buttery in
mushrooms

2-Ethylhexanol 1,028.3 - 52.2 - - MS, LRI

Octanol 1,073.0 - - - 612 MS, RI  Mushroom-like and buttery in
mushrooms

3,3,6-Trimethyl-1,5- 1,084.5 - 352.9 - 139.6 MS

heptadien-4-ol

Linalool 1,102.6 90.7 6193 99572 25928 MS, RI  Green, sweet, and mild floral

Benzeneethanol 1,109.0 203.6 — - - MS, RI  Floral

(E)-Verbenol 1,118.3 - — - 33.2 MS, LRI  Herb

(E)-p-mentha-2,8-dien-1-ol 1,132.4 - — - 384 MS, LRI

(E)-Pinocarveol 1,138.1 - 31.1 - — MS, LRI  Warm woody balsamic

Borneol 1,164.1 - — 1,879.6 — MS, RI  Sweet, menthol, and pungent

Lavandulol 1,166.8 6.2 - — 425 MS, RI  Sweet, menthol, and pungent

L-(—)-menthol 1,183.0 75 14,715.0 4,535.2 — MS, LRI  Fresh, green, and cool

a-Terpineol 1,190.2 30 1775 551.0 209.2 MS, LRI  Woody, earthy, and musty

(E)-Carveol 1,218.3 - - 10.5 59.4 MS, RI ~ Caraway-like and spicy

p-Citronellol 1,235.8 - - 309.1 773 MS, LRI  Sweet and roses

Geraniol 1,252.4 95 339.6 - 330 MS, LRI  Floral, woody, and rose floral

Perillol 1,285.8 - - - 15.1 MS, LRI

6-Undecanol 1,328.7 - — 947 — MS

Dodecanol 1,4735 — 274 — - MS, RI  Fatty, waxy, and coconut-like

Spathulenol 1,526.0 - 1.9 - — MS, LRI

Ledol 1,580.5 - 445 - — MS, LRI  Sugar sweet

a-Bisabolol 1,681.9 - 55.4 18.8 27.2 MS, LRI  Sweet and waxy

Total 4647 16,705.9 17,814.7 3,354.7
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tea and blended tea are shown in Table 2 and 3. In the 4
samples, a total of 161 volatile flavor components in-
cluding 33 kinds of alcohols, 17 kinds of aldehydes, 19
kinds of esters, 21 kinds of hydrocarbons, 12 kinds of ke-
tones, 9 kinds of miscellaneous species, 18 kinds of mon-
oterpenes, 7 kinds of oxides, 4 kinds of pyrazine species,
and 21 kinds of sesquterpenes species were identified.

A total of 61 volatile compounds were identified in the
FT samples. Hydrocarbons were identified as the most
abundant with 15 kinds, and then aldehydes (14 kinds),
alcohols (13 kinds), and miscellaneous species (6 kinds)

Table 3. Continued 1

Kim et al.

were identified in descending order. The hydrocarbon
kinds, which were contained more in the FT sample than
in the other samples, were identified as 50.28%, whereas
the volatile components of esters (0.63%), oxides (0.0%),
and sesquiterpenes (0.0%) were almost not identified in
the FT sample. The main components of the FT samples
were 3-methyldecane (10.48%), 2,2,4,6,6-pentamethyl-
heptane (10.00%) specified as fruit and grass flavors,
2,3,6-trimethyloctane (7.90%), benzeneethanol (7.55%),
and 5-ethyl-2,2,3-trimethylheptane (5.87%). These vola-
tiles flavor components were not identified or had lower

Samples

Compounds RI Identificat1i§)n O(_ier_
FT BT1 BT2 BT3 method descriptions
Aldehydes (17)
2-Methyl butanal 600<  79.2 30.2 - 14.1 MS, RI  Rancid, almond-like, toasted, and
chocolate
3-Methyl butanal 600< 436 268 27.6 13.6 MS, RI  Fruity, almond-like, toasted, and
chocolate
Pentanal 6703 148 — - 6.4 MS, RI  Nutty, toasted, and fruity
3-Methyl-2-butenal 778.4 - - 2.7 - MS, LRI  Metallic, aldehydic, and
herbaceous
Hexanal 796.1 497 42.0 24.6 20 MS, RI  Green and grassy
Furfural 8278 654 60.0 67.0 207.5 MS, RI  Pungent and sweet
2-Hexenal 847.0 8.0 - 5.7 - MS, RI  Green and apple-like
Heptanal 899.1 8.9 - - - MS, RI  Grass and mushroom
Benzaldehyde 9533 296 73.6 27.3 32.7 MS, RI  Floral, fresh, and green
5-Methyl-2-furfural 958.1 13.9 16.1 8.3 - MS, LRI  Green and roasted
Nonanal 1,104.7 161 - - 42.8 MS, RI  Floral, green, and rose floral
Lilac aldehyde 1,148.1 47 - - 24.8 MS, LRI
Citronellal 1,151.3 20 — - 50.7 MS, LRI  Solvent and lemon
Decanal 1,203.0 154 393 - 142.2 MS, RI  Green and metallic
Neral 1,240.7 - 518.7 - - MS, RI  Lemon, citrus, and green
Geranial 1,270.2 16.7 3974 119.1 73.0 MS, LRI  Citrus, citric fruit
Dodecanal 1,402.7 — 8.7 93 1.2 MS, RI  Floral and waxy
Total 3680 1,2128 291.6 621.0
Esters (19)
Amyl formate 7627 — — — 3.6 MS, LRI
Methyl 2-methylbutyrate 771.7 — - — 6.6 MS, LRI  Apple-like
Butyl acetate 813.0 - — 1.9 — MS, RI  Fruity, sweets, and apple
Ethyl 2-methylbutyrate 847.1 - 113.2 - 131.0 MS Sweet and ester
Ethyl 3-methylbutyrate 850.2 - 775 - 8.9 MS Strawberry
Propyl 2-methylbutanoate 944.9 - 61.1 - 498 MS Sweet and fruity
Hexyl acetate 1,013.7 - — 156.3 — MS, LRI  Mulberry and banana
Butyl 2-methylbutanoate 1,040.9 - 18.9 - - MS, LRI  Apple and fruity
Methyl benzoate 1,091.9 - - - 415 MS, RI  Violet and floral
Octenyl acetate 1,114.0 - — 189.0 — MS, LRI
Bornyl formate 1,2235 - — 44.6 222 MS, LRI
3-Hexenyl 2-methylbutanoate  1,234.4 - - - 8.1 MS, LRI
Linalyl acetate 1,260.7 — — 6,979.2 — MS, RI  Flowery and carnation
Menthyl acetate 1,293.1 - 759.5 182.6 — MS, LRI
Methyl decanoate 1,323.1 - 29.6 — 43.6 MS, RI  Green
(E)-Carvyl acetate 1,327.9 - — - 57.6 MS, LRI
Citronellyl acetate 1,351.2 - - - 10.6 MS, LRI  Pleasant, ester, and rubber
Neryl acetate 1,3589 171 - 70.6 70.7 MS, LRI  Sweet floral and orange
Geranyl acetate 1,381.6 — — 203.8 - MS, LRI Rose and green odor
Total 17.10 1,059.8 7,828.0 4542
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Table 3. Continued 2

Samples

Compounds RI Identificati?n O(jer_
FT BT1 BT2 BT3 method descriptions
Hydrocarbons (21)
2,2, 4-Trimethylheptane 9569 129 — - — MS
2,2,6-Trimethyl-octane 978.7 247 — - - MS
Decane 1,000.1 859 19.8 383 - MS, RI
2,2,3,5-Tetramethylheptane 1,007.1 471 — - — MS
2,2,4,6,6-Pentamethylheptane 1,022.2 2697 — - — MS
2,2-Dimethyl-decane 1,027.9 611 - - - MS
3-Methyldecane 1,030.6 2826 - - - MS
3,7-Dimethylnonane 1,030.6 — 135.1 126.6 — MS
(2)-3,7-Dimethyl- 1,036.1 - - 190.3 - MS
1,3,6-octatriene
5-Ethyl-2,2,3-trimethylheptane  1,050.2 158.3 — - — MS
2,3,6-Trimethyloctane 1,061.0 2129 - 196.2 - MS
2,3,4-Trimethyldecane 1,072.3 - 47.7 385 — MS
2,2,3-Trimethylnonane 1,075.9 — — — 48.0 MS
4-Methylundecene 1,0899 4 — - — MS, RI
2,3,6,7-Tetramethyloctane 1,096.0 787 — - - MS
Dodecane 1,200.1 854 66.4 - 34.6 MS, RI
Tridecane 1,300.5 7.8 - - 49 MS, RI
3-Tridecene 1,318.0 - — 1.3 — MS, LRI
3-Methyltridecane 1,368.7 - 439 - — MS, RI
Tetradecane 1,4003 210 205 350 134 MS, RI
Hexadecane 1,600.0 3.7 - - — MS, RI
Total 1,355.8 3334 636.2 100.9
Ketones (12)
2-Methyltetrahydrofuran-3-one 804.9 2.8 - - - MS, LRI
2-Heptanone 887.9 7.9 — - — MS, RI  Cured ham-like, toasted, and nutty
1-Octen-3-one 975.0 - — 45 — MS, RI  Metallic/mushroom
6-Methyl-5-hepten-2-one 986.4 1464 850.5 962.7 105.8 MS, LRI  Plastic and mushroom
3,3,6-Trimethyl-1,5- 1,084.5 - 363.3 - - MS, LRI
heptadien-4-one
Camphor 114.0 - — 1,485.4 355 MS, RI  Camphoraceous, medicinal, and
mentholic
p-Menthan-3-one 1,153.4 - — 2,494.9 — MS, LRI
Menthone 1,160.2 - 9.967.2 — 194.2 MS, LRI ~ Fresh and green
Isomenthone 1,166.1 - 3,477.7 - - MS, LRI
Pulegone 1,237.6 - 763.1 - - MS, LRI
Carvone 1,2392 128 - 417.8 81.8 MS, LRI  Minty
Piperitone 1,253.3 - 720.9 185.7 — MS, LRI  Sweet and fruity
Total 169.9 16,1427 55510 4173
Miscellaneous (9) MS
1-Ethylpyrrole 810.4 79 — - - MS, RI  Coffee liquor-like
m-Xylene 8624 143 17.1 53 - MS, RI
o-Xylene 886.0 6.2 — - — MS, RI
2-Acetylfuran 9064 263 - 19.1 - MS, RI ~ Sweet and caramel
y-Butyrolactone 9077 278 18.3 - 255 MS, LRI  Sweet, cake, caramel, and fruity
(E)-Sabinene hydrate 1,062.9 — 79.3 68.2 353 MS, LRI  Fresh and minty
p-Allylanisole 1,1965 118 948 1933 42.3 MS, LRI
(E)-Anethole 1,283.3 — — 240.8 — MS, LRI
7-epi-a-Selinene 1,516.5 - - - 7.1 MS, LRI
Total 943 209.5 526.7 110.2

contents in the three blended tea samples (BT1, BT2, leaves of Melia azedarach L. (18), chickpea (19), and ham
and BT3). 3-Methyldecane, which was the highest com-  (20), and was mainly found in animal and vegetable foods
pound in fermented tea, was reported as the volatile com-  (21). Choi et al. (22) reported that benzeneethanol was
ponent contained in not only fermented tea but also in  detected in the flavor components of fermented black tea
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Table 3. Continued 3

Samples

Compounds RI Identificati?n O(jer_
FT BT1 BT2 BT3 method descriptions
Monoterpenes (18)
a-Thujene 922.5 - 25.8 174 925 MS, LRI  Cooked: nutty
a-Pinene 926.6 - 20.3 247 390.3 MS, LRI  Soapy and fragrant; green
Camphene 940.2 - - 36.6 - MS, LRI  Warm and herbaceous
Verbenene 946.5 - — 49 — MS, LRI
Sabinene 968.0 - 1333 16.1 - MS, LRI  Green, pungent, and green leaf
B-Pinene 9683 210 - - 533.6 MS, LRI  Woody and resinous
B-Myrcene 989.0 - 2057 12622 26864 MS, LRI  Peel, unpleasant, and geranium
2-Carene 1,010.7 — - 19.9 - MS, LRI  Rolled oats
a-Terpinene 1,011.4 - 16.7 - — MS, LRI  Green-grassy and lemon-like
p-Cymene 10194 112 154.1 127.5 - MS, LRI  Citrus and green
1,8-Cineole 1,026.8 - 3987 2,4260 - MS, LRI  Minty
L-limonene 1,0279 613 376.3 - 65,318.6 MS, RI  Fresh, herbaceous, and lemon
(2)-p-Ocimene 1,036.4 - 127.6 - — MS, LRI  Citrus-like
(E)-B-Ocimene 1,046.0 - 99.6 153.0 - MS, LRI  Pleasant
o-Cymene 1,063.3 417 - - 3453 MS, RI
y-Terpinene 1,054.7 - 85.0 549  6,5525 MS, LRI Herbaceous, citrus, and fruity
a-Terpinolene 1,087.4 - - - 507.1 MS, LRI  Woody and herbaceous
S5-Elemene 1,332.2 306 — 52.6 109.1 MS
Total 1658 1,643.1 4,2258 76,5654
Sesquiterpenes (21)
a~Cubebene 1,346.2 - - - 115.5 MS, RI  Pleasant
oa~Copaene 1,372.4 - 328 - 213.1 MS, RI  Cinnamon, spicy, and floral
B-Bourbonene 1,381.6 - 147.9 - — MS, RI
B-Cubebene 1,381.6 - — - 96.1 MS, RI  Floral, terpene-like, and lemon
B-Elemene 1,389.3 - 95.6 - 1,557.6 MS, RI  Fresh and green
(E)-Caryophyllene 1,416.2 - 471.1 238.8 2228 MS, LRI  Spicy woody and terpene note
(Z)-Thujopsene 1,425.8 - 21.0 57 53 MS, LRI
(E)-Bergamotene 1,434.0 - 171 57.8 - MS, LRI  Cucumber and sweet
a~-Guaiene 1,436.0 - - - 15.7 MS, LRI
a-Humulene 1,451.6 - - - 270.7 MS, LRI  Woody spicy
p-Farnesene 1,456.2 - 1,2813 1189 18710 MS, LRI  Sweet and fruity
a~Amorphene 1,476.6 - 18.0 8.4 — MS, LRI
Germacrene D 1,480.8 - 171.0 633 191.1 MS, LRI  Pleasant and mild
B-Selinene 1,485.6 - — - 186.0 MS, LRI  Dried grass
a-Selinene 1,494.9 — - — 263.7 MS, LRI  Orange
Bicyclogermacrene 1,496.1 - 51.2 - — MS, LRI
a-Muurolene 1,499.7 - — - 19.6 MS, LRI  Fruity
Germacrene A 1,504.7 - - - 78.1 MS, LRI
a-Farnesene 15115 - 3.3 257 707.9 MS, LRI  Floral oily and weak spicy
5-Cadinene 1,512.0 - 27.2 31.0 139.3 MS, LRI  Dry-woody and spicy
Germacrene B 1,513.2 - — - 14.6 MS, LRI
Total 00 2,3375 5496  5,968.1
Pyrazine (4)
Pyrazine 727.8 2.3 - - - MS, RI
Methylpyrazine 8180 39.1 - 10.4 54 MS, RI  Hazelnut and green
2,6-Dimethylpyrazine 907.3 - - 5.0 - MS, LRI
2-Ethylpyrazine 9102 193 1.7 46 — MS, LRI
Total 60.7 1.7 200 5.4

and was the component having the characteristic rose fla-
vor. In the study of Choi (23), a total of 46 volatile com-
pounds were detected in Korean black tea. Among the
11 kinds linalool, nonanal, geraniol, hexanal, (Z)-3-hex-
enal, hexanol, heptanal, 3-methyl butanal, 2-methyl bu-
tanal, and furfural were also identified in this study. Choi

(23) reported that geraniol was common in green tea,
semi-fermented tea, and Indian black tea, and the differ-
ence in the content or the presence of geraniol was af-
fected by variety.

A total of 75 volatile compounds were identified in the
BT1 sample, which consisted of fermented tea, orange
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Table 3. Continued 4
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Samples

Compounds RI Identificati?n Oc_ler_
FT BT1 BT2 BT3 method descriptions
Oxide (7)
(Z)-Linalool oxide 1,069.2 - — - — MS, LRI  Floral
(E)-Linalool oxide 1,084.9 - - 352.7 - MS, LRI  Floral
(Z)-Limonene oxide 1,130.1 — - — 8.8 MS, LRI  Fresh and citruslike
(E)-Limonene oxide 1,134.8 - — - 50.2 MS, LRI
Caryophyllene oxide 1,575.5 - 514 413 — MS, LRI  Sweet and fruity
a-Bisabolol oxide B 1,654.2 - 229.0 - 108.1 MS
a-Bisabolol oxide A 1,743.6 - 68.0 - — MS, LRI
Total 0.0 348.4 394.0 167.1

MS, RI, mass spectral data and retention indices of an authentic compound (16); MS, LRI, mass spectral data and retention
indices of published literatures (17); MS, only Wiley 8 (399,383 spectrum) mass spectral data.

INot detected.

cosmos, lemongrass, chamomile, and peppermint. Sixteen
kinds of alcohols, 12 kinds of sesquiterpenes, 11 kinds of
momoterpenes, and 10 kinds of aldehydes were identified
in the BT1 sample. The major volatile flavor compounds
were 41.77% of alcohols and 40.36% of ketones. Among
these compounds, the high content compounds were L-
(—)-menthol (36.79%), menthone (24.92%), isomen-
thone (8.70%), p-farnesene (3.20%), and 6-methyl-5-hep-
ten-2-one (2.13%), in descending order. L-(—)-menthol,
menthone, and isomenthone, which were the most prom-
inent volatile components in BT1, are responsible for the
taste and flavor of peppermint (24-26). The 1,8-cineole,
a volatile component with a pleasant flavor similar to
menthol (27), was identified only in the BT1 and BT2
samples containing peppermint. It was considered that
the 1,8-cineole was identified by the peppermint con-
tained in BT1, and BT1 can be defined as the tea sample
with flavor characteristics related to peppermint. Al-
though not shown in this study, the sensory evaluation
of the BT'1 sample showed a cooler sensation and a higher
frequency of peppermint flavor than the other samples.
Germacrene D, analyzed in the analysis study of flavor
components in cosmos by Lee and Kim (28), was also
identified in the BT1 sample containing the cosmos. Ger-
macrene D played a role as the substance initiated dur-
ing the sesquiterpene derivative biosynthesis process and
also known as a major component in other plants con-
taining essential oils (29). B-Pinene was not identified in
this study; however, it was identified in the essential oil
of cosmos reported by Lee and Kim (28). The compounds
identified in the BT1 sample only were 7-octen-4-ol,
2-ethylhexanol, (E)-pinocarveol, dodecanol, spathulenol,
ledol, neral, 3,3,6-trimethyl-1,5-heptadien-4-one, isomen-
thone, pulegone, B-bourbonene, bicyclogermacrene, and
a-bisabolol oxide A. Among these compounds, 7-octen-
4-0l is found not only in tea and herbs but also in oys-
ters (30), Sedum sarmentosum Bunge (31), and chungkuk-
jang (32).

A total of 76 volatile compounds were identified in the
BT2 sample, which was composed of fermented tea, rose
hip, lemon grass, lavender, and peppermint. Alcohols were
identified as the most abundant (15 kinds), followed by
monoterpenes (13 kinds), aldehydes (9 kinds), esters (8
kinds), sesquiterpenes (8 kinds), and hydrocarbons (7
kinds). Among these compounds, linalool (26.32%), li-
nalyl acetate (18.45%), L-(—)-menthol (11.99%), p-men-
than-3-one (6.59%), and camphor (3.93%) were the main
components. Linalool with the characteristics of flower-
like, fresh, and weak citrus-like flavor (33) was identified
as the most abundant among the volatile compounds be-
cause this compound was contained in fermented tea
(22), rose hip (31), lemon grass (34), and lavender (35)
which were included in the BT2 sample. In addition, lav-
ender contains linalool, linalyl acetate, and camphor (36),
and peppermint contains L-(—)-menthol. The major com-
pounds identified in the BT2 sample were the major com-
ponents of its constituent materials.

The compounds identified only in the BT2 sample were
2-methylbutanol, 1-octen-3-ol, borneol, 6-undecanol, 3-
methyl-2-butenal, butyl acetate, hexyl acetate, octenyl ac-
etate, 7-dimethyl-1,3,6-octatriene, camphene, verbenene,
2-carene, 2,6-dimethylpyrazine, and (E)-linalool oxide.
The sensory evaluation of the BT2 sample showed higher
flavors of rosemary, herb, and ginger (not shown in this
study). Although ginger was not contained in the BT2
sample, it was of higher frequency than in the other sam-
ples. It was considered that the flavor component of gin-
ger was highly shown in the sensory evaluation because
linalool, borneol, 1,8-cineole, and camphene, among the
compounds identified in the BT2 sample, were the main
flavor components (37) contained in ginger.

A total of 85 volatile compounds were identified in the
BT3 sample composed of fermented tea, citrus peel, cha-
momile, hibiscus, and beet. The most abundant kinds of
compounds were identified in the BT3 sample. Sesqui-
terpenes were identified the most abundant (17 kinds),
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followed by alcohols (14 kinds), aldehyde (12 kinds), es-
ters (12 kinds), and monoterpenes (9 kinds). The most
abundant components identified were L-limonene (74.45
%), B-myrcene (3.06%), y-terpinene (7.47%), and B-far-
nesene (2.96%) in descending order. L-limonene, 3-myr-
cene, and y-terpinene are monoterpene compounds with
10 carbon atoms. Monoterpenes contained in plants were
the main components of essential oils and used as a
source of flavor (38). Among these compounds, limonene
is mainly used as a food flavor as well as in soaps and
cosmetics to provide the citrus flavor associated with it
(39). In the analysis of hibiscus flavor components in tea,
a relatively large amount of limonene was also found.
Limonene is the compound found not only in hibiscus
but also in the leaf of pittosporum (40), trifoliate orange
(41), and the fruit and root of native Schizandra chinensis
(42). The flavor characteristics might appear to be due to
the citrus peel and hibiscus in the BT3 sample. The sen-
sory evaluation of the BT3 sample showed high flavor
characteristics of lemon, lemon grass, cherry, and fruit
(not shown in this study). This result was similar to the
analysis of the flavor components contained in the BT3
sample. The compounds identified in the BT3 sample
only were octanol, (E)-verbenol, (E)-p-mentha-2,8-dien-
1-ol, perillol, amyl formate, methyl 2-methylbutyrate,
methyl benzoate, 3-hexenyl 2-methylbutanoate, (E)-carv-
yl acetate, citronellyl acetate, 2,2,3-trimethylnonane, 7-
epi-a-selinene, o-terpinolene, a-cubebene, B-cubebene,
o-guaiene, a-humulene, B-selinene, a-selinene, a-muur-
olene, germacrene A, (Z)-limonene oxide, and (E)-lim-
onene oxide.

Based on these results, we tried to provide basic data
on the quality of the product by analyzing the volatile
flavor components of the blended tea with each herb. In
this study, it was confirmed that characteristic compo-
nents of volatile flavor compounds of each material ap-
peared when several herbs were blended with a domes-
tic fermented tea. The major volatile flavor components
of the FT samples were 3-methyldecane, fruit flavor and
2,2,4,6,6-pentamethylheptane, specified as grass flavor.
The major compounds in the BT1 sample were analyzed
as L-(—)-menthol and menthone, which give the flavor
and taste of peppermint, respectively. Those of the BT2
samples were analyzed as linalool, linalyl acetate, and
L-(—)-menthol, which have the characteristics of floral
scent, fresh scent, and weak citrus flavor, respectively.
Finally, the major component of the BT3 sample was
L-limonene specified as citrus flavor. In the future, it is
thought that a study is necessary to identify the quality
index of the product through analysis of volatile flavor
components for the development of blended teas with
various herbs. It is considered that blended teas are pref-
erably commercialized by taking advantage of the flavor
of the herbs to be blended with the fermented tea.

ACKNOWLEDGEMENTS

This work (Grants No. C0352179) was supported by
Business for Cooperative R&D between Industry, Acad-
emy, and Research Institute funded Korea Small and
Medium Business Administration in 2015.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. Chung YH, Shin MK. 2005. A study on the physicochemical
properties of Korean teas according to degree of fermenta-
tion. Korean J Food Nutr 18: 94-101.

2. Choi HJ, Lee WS, Hwang SJ, Lee IJ, Shin DH, Kim HY, Kim
KU. 2000. Change in chemical compositions of green tea (Ca-
mellia sinensis L.) under the different extraction conditions.
Korean J Life Sci 10: 202-209.

3. Kang OJ. 2010. Production of fermented tea with Rhodotorula
yeast and comparison of its antioxidant effects to those of
unfermented tea. Korean J Food Cook Sci 26: 422-427.

4. JOKH, Pae YR, Yang EJ, Park EJ, Ma §J, Park YS, Chung DO,
Jung ST. 2006. Major constituents and bioactivities of tea pro-
ducts by various manufacturing. Korean J Food Preserv 13: 596-
602.

5. Saijo R, Kuwabara Y. 1967. Volatile flavor of black tea. Part
L. Formation of volatile components during black tea manu-
facture. Agric Biol Chem 31: 389-396.

6. Choi SH. 2013. Volatile flavor components in a mixed tea of
rosemary tea and fermented tea. ] Korean Tea Soc 19(2): 73-76.

7. Tea blending and additives. https://en.wikipedia.org/wiki/
Tea blending and additives (accessed Mar 2018).

8. Tie]J, Chen W, Sun C, Mao T, Xing G. 2018. The application
of agglomerative hierarchical spatial clustering algorithm in
tea blending. Cluster Computing https://doi.org/10.1007/
$10586-018-1813-z (accessed Mar 2018).

9. Park HS. 2016. A study on the method of season tea blend-
ing: centering on Christmas tea. MS Thesis. Wonkwang Uni-
versity, Iksan, Korea.

10. SeoY]. 2013. Preference analysis of mixed herbal tea and sug-
gestion to expand its. MS Thesis. Graduate School of Science
and Technology, University of Seoul, Seoul, Korea.

11. Choi SH. 2008. Volatile aroma components of hibiscus herb
tea. J Korean Tea Soc 14(1): 195-204.

12. Choi SH, Im S, Bae JE. 2006. Analysis of aroma components
from flower tea of German chamomile and Chrysanthemum
boreale Makino. Korean ] Food Cook Sci 22: 768-773.

13. Choi SH. 2009. Essential oil components in herb teas (rose
and rosehip). J Life Sci 19: 1333-1336.

14. Choi SH. 2013. Volatile flavor components in fennel tea and
caraway tea using seeds. J Korean Tea Soc 19(4): 100-103.

15. van Den Dool H, Kratz PD. 1963. A generalization of the reten-
tion index system including linear temperature programmed
gas-liquid partition chromatography. J Chromatogr A 11: 463-
471.

16. Mass Spectrometry Data Centre. 1974. Eight peak index of mass
spectra: the eight most abundant ions in 31,101 mass spectra, in-
dexed by molecular weight, elemental composition and most abund-
ant ions. Aldermaston, Reading, UK. p 101-205.

17. Jennings W, Shibamoto T. 1980. Qualitative analysis of flavor



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Volatile Flavor Components of Blended Tea

and fragrance volatiles by glass capillary gas chromatography.
Academic Press, New York, NY, USA. p 2-28.

Sen A, Batra A. 2012. Chemical composition of methanol ex-
tract of the leaves of Melia azedarach L.. Asian ] Pharm Clin Res
5: 42-45.

Rembold H, Wallner P, Nitz S, Kollmannsberger H, Drawert
F. 1989. Volatile components of chickpea (Cicer arietinum L.)
seed. J Agric Food Chem 37: 659-662.

Berdagué JL, Denoyer C, Le Quéré JL, Semon E. 1991. Vola-
tile components of dry-cured ham. J Agric Food Chem 39: 1257-
1261.

National Center for Biotechnology Information. 2018.
3-Methyldecane. https://pubchem.ncbi.nlm.nih.gov/
compound/92239 (accessed Mar 2018).

Choi KH, Choi MA, Kim JO. 1997. Flavor of fermented black
tea with tea fungus. Korean J Life Sci 7: 309-315.

Choi SH. 2017. Comparison of volatile aroma components in
Korean black teas from different culture areas. ] Korean Tea
Soc 23(3): 66-70.

National Center for Biotechnology Information. 2018. Levo-
menthol.  https://pubchem.ncbi.nlm.nih.gov/compound/
16666 (accessed Mar 2018).

Menthone. https://en.wikipedia.org/wiki/Menthone (ac-
cessed Mar 2018).

Shin KE, Park HK. 1994. Changes of essential oils from Men-
tha piperita L. influenced by various cultivation conditions and
harvesting time. Korean J Food Sci Technol 26: 512-519.
Hyun HB, Boo KH, Kang HR, Kim S. 2015. Analysis of mint
essential oils from Jeju Island, Korea by gas chromatography-
mass spectrometry and headspace-gas chromatography-mass
spectrometry. ] Appl Biol Chem 58: 175-181.

Lee SE, Kim S. 2009. Composition and cytotoxicity of essen-
tial oil extracted from Cosmos bipinnatus Cav.. Presented at
29th Conference of The Korean Society of Weed Science. p
70-72.

Ahn JC, Kim MY, Kim OT, Kim KS, Kim SH, Kim SH, Hwang
B. 2002. Selection of the high yield capacity of Hwangchil lac-
quer and identification of aromatic components in essential
oil of Dendropanax morbifera Lev.. Korean ] Med Crop Sci 10: 126~

253

131.

30. Kang]Y, Roh TH, Hwang SM, Kim YA, Choi JD, Oh KS. 2010.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4]1.

42.

The precursors and flavor constituents of the cooked oyster
flavor. Korean J Fish Aquat Sci 43: 606-613.

Kim HA, Hong CH, Jeong HS. 2002. Studies of the compo-
nents in Sedum sarmentosum Bunge as a materials of vege-
table health beverage. Culinary Res 8: 55-69.

Baek HH. 2017. Compilation of volatile flavor compounds in
cheonggukjang and doenjang. Food Science and Industry 50(4):
24-49.

Song HS, Park YH, Moon DG. 2005. Volatile flavor proper-
ties of Hallabong grown in open field and green house by
GC/GC-MS and sensory evaluation. ] Korean Soc Food Sci Nutr
34: 1239-1245.

Sforcin JM, Amaral JT, Fernandes Jr A, Sousa JPB, Bastos JK.
2009. Lemongrass effects on IL-1p and IL-6 production by
macrophages. Nat Prod Res 23: 1151-1159.

Tschiggerl C, Bucar F. 2010. Volatile fraction of lavender and
bitter fennel infusion extracts. Nat Prod Commun 5: 1431-1436.
Ghoreishi SM, Kamali H, Ghaziaskar HS, Dadkhah AA.
2012. Optimization of supercritical extraction of linalyl ace-
tate from lavender via Box-Behnken design. Chem Eng Technol
35: 1641-1648.

Chun YG, Chung HY. 2011. Quality properties of fermented
gingers. Korean ] Food Sci Technol 43: 249-254.

Jung]JS. 2013. Analysis of volatile compounds in Phellodendron
amurense Ruprecht, Coptis japonica Makino, and Chelidonium
majus var. asiaticum by TD GC/MS. Text Sci Eng 50: 275-282.
Lee JA, Yoo EH, Kim KJ, Jung HH, Seo HW. 2012. Analysis
of aromatic compounds among cultivars in several edible
flowers. Flower Res J 20: 250-254.

Lim SS, Lee YS, Kim HM, Ahn YH, Shin KH, Lee S. 2008.
GC/MS analysis of volatile constituents from broad-leaved
indeciduous trees. Korean ] Plant Res 21: 237-248.

Oh CH, KimJH, Kim KR, Ahn HJ. 1989. Flavor components
of Poncirus trifoliata. Korea ] Food Sci Technol 21: 749-754.
Lim SS, Lee YS, Han S, Chung KH, Lee S, Shin KH. 2008.
GC/MS analyses of volatile constituents from native Schizan-
dra chinensis. Korean ] Hortic Sci Technol 26: 476-483.



