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The total production of tea in the world 
was 2,218 thousand tons in 1984=ll, and most 
part of the production was fermented tea 
such as black tea and oolong tea. There are 
not so much changes in flavor during the pre­
servation of fermented tea1; >, because easily 
oxidizable materials or compounds in tea 
leaves have already been oxidized during 
manufacturing2>. 

The production of tea in Japan was 955 
hundred tons in 1985, and most part of the 
production was green tea2>, non-fermented 
tea, which are manufactured through the first 
process of fresh leaf steaming in order to 
inactivate oxidative enzymes and to maintain 
green color. The production of fermented tea 
was only 1 ton in 1985. 

The off-flavor easily occurred with the oxi­
dation of materials in tea during preservation 
because of less oxidation during green tea 
manufacturing. The off-flavor of green tea 
smells strikingly, as compared to fermented 
tea, because the amount of aroma of green 
tea was less than that of fermented tea11 >. 
Therefore, it has been the most important 
problem to prevent the off-flavor of green tea 
during preservation. The nitrogen packed 
packaging and low temperature preservation 
effectively prevent green tea from the occur­
rence of the off-flavor·1- 0 ,12J, but the problem 
on the off-flavor formation by autooxidation 
or photooxidation in retail stores still remain 
unsolved. 

From the above reasons, ,ve investigated off­
flavor components of green tea formed during 
preservation or storage under different con-

ditions of packaging or light-exposure by GC 
and GC-MS analyses of aroma concentrates 
prepared from off-flavor teas and by sensory 
evaluation of the teas. 

Changes of aroma components of 
green tea during storage 
Table 1 shows the amounts of aroma com­

Table 1. Changes in aroma components of 
green tea during storage 

Storage period (month) 
Components 

0 2 4 

1-Penten-3-ol o. 14 0.72 1. 36 
1-Pentanol 0.47 0.65 o. 67 
(Z)-2- Penten- l -ol 0.19 0.53 1. 21 
6- Methyl- 5- hepten- 2-one 
1- Hexanol 0.29 0.58 1. 08 

(Z)-3-Hexen-l-ol 0.22 0.78 1. 47 
( E, Z)-2, 4- Heptadienal 

0 Linalool oxide (E)- furanoid · 37 0.65 0.90 

(E, E)-2, 4- Heptadienal o. 18 0. 46 1. 08 
1-0ctanol 0.99 1. 12 1. 35 
2, 6, 6-Trimethyl-2- 0.20 0.52 0.95 hydroxycyclohexanone 
J3-Cyclocitral 0.21 0.43 0.66 
a-lonone 0.88 0.96 1. 43 Geranylacetone 
13- Ionone 0.66 0.85 1. 19 
5, 6-Epoxy- '3- ionone 0.36 0.59 o. 70 
Dihydroactinidiolide 0.25 0.37 0.41 

The values are the ratio of the peak area of each 
component to that of the internal standard (ethyl 
decanoate) on the gas chromatogram. 
Storage conditions: green tea was packed in 
moisture proof pouches with air-enclosed packag­
ing (initial moisture content, 4. 5%), and stored 
in a dark chamber kept at 25°C and 75% relative 
humidity. 
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Storage period (mouth) 

o lligh grade tc:1 , made on May 7, the first flush 
• Medium gr:ulc tea , made 0 11 May 15 , the first flush 
A Low grade tea, made 0 11 second flush 
• Low grade tc.i , banclrn, made from coarse leaf and stalk 

Fig. 1. Changes of four aroma compounds in green tea during storage 
A: 1-Penten-3-ol, B: (Z) -2-Penten- l - ol, C: ( E, Z)-2, 4-Heptadienal, 
D: (E, E) - 2, 4-Peptadienal. 
I: stored at 25°C, 11: stored at 5°C. 

ponents of fresh green tea (made on May 7, 
the first flush ) and those stored for 2 months 
and 4 months. It is suspected that 1-penten-3-
ol, 1-pentanol, (Z) -2-penten-1-ol, (Z)-3-hexen-
1-ol and 2,4-heptadienals are oxidative de­
gradation products of fatty acids0,10> that are 
abundantly contained in tea1>. The content 
of fatty acid decreases during storage1>. 
Ionone derivatives (2,6,6-trimethyl-2-hydroxy­
cyclohexanone, /1 -cyclocitral, a-ionone, {1 -

ionone and dihydroactinidiolide) , and 6-
methyl-5-hepten-2-one and geranylacetone 
seem to be oxidative degradation products of 

carotenoids18>. 
Fig. 1 shows the changes in the contents 

of 1-penten-3-ol, (Z) -2-penten-1-ol, (E, Z)-2, 
4-heptadienal and (E, E) -2,4-heptadienal dur­
ing storage of four types of green teas10>. 
The longer the storage period or the lower 
the grade of tea, the more the increase in 
contents of these four components. These 
characteristics are common to other aroma 
components that increased during storage of 
green tea1 >. The increase in these components 
during the storage at 5°C is small as com­
pared to that during 25°C storage. 
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Table 2. Characterization of off-flavor which occurred during storage of packaged 
green tea 

Moisture proof pouches•' 
Ordinary pouchesb> 

Storage Nr packed packaging Air-enclosed packaging (ai1~enclosed packaging) 
period 

(month) Moisture Sensory character- Moisture Sensory character- Moisture Sensory character-
content (%) istics of flavor content (%) istics of flavor content (%) istics of flavor 

1 2. 7 Good tea aroma 2. 7 good tea aroma 4.3 Good tea aroma 

2 2.7 Good tea aroma 2. 7 Slightly reversion 
flavorcl s. 5 Slightly deterio-

ration flavordl 
3 2. 7 Good tea aroma 2. 7 Reversion flavor 6.6 Deterioration flavor 
4 2.7 Good tea aroma 2.7 Reversion flavor 7.5 Deterioration flavor 

Storage conditions: as described in Table l, Initial moisture content: 2. 7%. 
a) : Tea pouches for nitrogen packed packaging were employed. 
b ): Cellophane-polyethylene laminated tea pouches, not proof against moisture. 
c) : Reversion flavor ; green notes. 
d): Deterioration flavor ; slightly acidic notes. 

The occurrence of off-flavor com­
ponents in packaged firing green 
tea during storage 

The type of off-flavor which occurred during 
storage of firing green tea was different be­
tween moisture proof and non-proof (ordi­
nary) pouches with air-enclosed packaging. 

Table 2 shows the moisture content and 
sensory evaluation of flavor of packaged tea 
stored for 1 to 4 months, using moisture 
proof pouches or ordinary pouches with air­
enclosed packaging and moisture proof 
pouches with nitrogen packed packaging. 

When moisture proof pouches with nitrogen 
packed packaging were used, the moisture 
content and sensory evaluation of flavor of 
the tea did not change after 4 months of 
storage12>. 

On the other hand, with moisture proof 
pouches with air-enclosed packaging, the rever­
sion flavor having a green note occurred 
after the storage for 2 months, although the 
moisture content did not change for 4 months. 
When ordinary pouches with air-enclosed 
packaging were used, the moisture content 
increased gradualJy for 4 months, and de­
terioration flavor having an acidic note oc­
curred in packaged firing green tea after the 
storage for 2 months. 

Table 3 shows the occurrence of typical off-

flavor components during storage of firing 
green tea in moisture proof pouches with air 
enclosed packaging. All components except 
acetic acid, shown in Table 1 increased, and 
especially, 2,4-heptadienals remarkably. 

Table 4 shows the changes of nitrogenous 
component:s8> of firing green tea during stor­
age. There are not so much changes during 
storage for 4 months. We presumed from the 
sensory evaluation that reversion flavor ap­
peared as a result of disappearance of firing 
flavor, but from GC analysis, firing aroma 
components did not disappear. From the re­
sults shown in Tables 3 and 4, it is suspected 
that reversion flavor is the smell of off-flavor 
components such as 1-penten-3-ol, (Z) -2-

Table 3. The occurrence of off-flavor compo­
nents during storage of firing green 
tea in moisture proof pouches 

Components 
Storage period (month) 

0 2 3 4 

l - Penten-3- ol o. ll 0.30 J. 14 2. 18 2.56 
(Z)-2- Penten- l- ol 0.10 0.42 l. 06 J.41 L. 78 
Acetic acid 0. 42 0-39 0. 52 0.78 o. 94 
(E. Z)- 2. 4- 0.34 0, 92 l. 80 3. 15 4. 50 Heptadienal 
( E, E)-2, 4- o. 1,1 0.54 J. 12 l. 73 2. 12 Heptadienal 

The values are as described in Table 1, but n-
hexadecane was used as an internal standard. 
Storage conditions are as described in Table I. 



Table 4. Changes in nitrogenous components 
of firing green tea during storage in 
moisture proof pouches 

Storage period (month) 
Components 

0 2 3 4 

2- Methylpyrazine 0.43 0.42 0. 42 0.43 
2, 5- Dimethylpyrazine 0.26 o. 24 0. 24 0.28 
1-Ethyl-2- formylpyrrole 1. 94 I. 89 1. 89 1. 89 
2- Acetylpyrrole 0. 44 0. 42 0.41 0.45 

T he va lues are as described in Table l, but 2-
acetylpyrizine was used as an internal standard. 
The same samples as used for Table 3 were in­
jected into GC, but the compounds were detected 
with FTD ( flame therminoic detector, specific 
and highly sensitive detector to nitrogenous 
compounds) . 

Table 5. The occurrence of off-flavor compo­
nents during storage of firing green 
tea in ordinary pouches 

Storage period ( month) 
Components 

0 2 3 4 

l - Penten- 3-ol o. 11 o. 62 0.58 0.68 1. 08 
(Z)- 2- Penten- J- ol o. 10 o. 38 0. 46 0. 57 0.98 
Acetic acid 0. 42 0. 76 0.91 l. 45 2. 20 
( E, Z)-2,4- 0.34 1. 05 o. 87 0.80 0.96 

Heptaclienal 
( E, E )- 2, 4- o. 14 0. 47 0.52 0.56 0.63 

Heptadienal 

The values: as described in Table 1. 
Storage conditions: as described in Table 1. 

penten-1-ol and 2,4-heptadienals, and these 
off-flavor components masked organoleptically 
the firing flavor. 

Table 5 shows the formation of typical off­
flavor components during storage of packaged 
firing green tea in ordinary pouches with air­
enclosed packaging. All components increased, 
but the amount of increase was small as com­
pared to that shown in Table 3, except acetic 
acid, that increased remarkably. 

From these result, it is suspected t hat 
deterioration flavor having an acidic note is 
due to the remarkable increase of acetic acid. 

The light-produced off-flavor com­
ponents of the packaged green tea 
The exposure of green tea to light (sun-

195 

light, fluo.rescent lamps and other lamps ) re­
sulted in the occurrence of so-called sunlight 
flavor10>. As green tea is sometimes packed 
in transparent pouches and placed on show­
cases under fluorescent lamps at retai l stores, 
the occurrence of the sunlight flavor of green 
tea is also an important problem. 

Table 6 shO'ws changes of volatile compo­
nents of green tea. during exposure to light. 
Similar components to those shown in Table 1, 
such as 1-penten-3-ol, 1-pentanol, (Z)-2-pen­
ten-1-ol and 2,4-heptadienals, and 2,6,6-tl'i­
methyl-2-hydroxycyclohexanone, fJ-cyclocitral, 
a-ionone, ,g-ionone and dibydroactinidiolide, 6-
methyl-5-hepten-2-one and geranylacetone are 
suspected to be the photooxidative degradation 
products of fatty acids1,o,,oi and carotenoidsl8 ) . 

On the other hand, pentanal, (E)-2-alkenals 
such as (E) -2-heptenal and (E) -2-decenal, 
Cs-alcohols such as l-octen-3-ol and 2-octen-
1-ol, bovolide and dihydrobovolide did not 
occur during storage in the dark7>, and 
seemed to be produced only after exposure 
to light. 

Among these components, bovolide showed 
the greatest amount of increase during ex­
posure to light. It was produced even under 
the weak light condition (50 Ix), and produced 
from black tea and semi-fermented tea. 
Hence, bovolide was thought to be an indi­
cator to know whether tea had been exposed 
to light or not. But, organoleptically, bovolide 
has no sunlight flavor of green tea. 

Table 7 shows the formation of volatile 
components from the mixture of linoleic acid 
and ether extracts of green tea after exposure 
to light. It is suspected that hexanal, (E ) -2-
heptenal and ( E ) -2-decenal might photooxida­
tive degradation products of linoleic acid. 

Alcohols such as 1-pentanol and 1-octanol 
were not regarded degradation compounds of 
linoleic acid. 

The sunlight flavor of beer is due to sul­
phurous components•·•>. As the sunlight flavor 
of green tea is stimulative, meta11ic and cab­
bage like odor1~1, the flavor also may be as­
cribed to sulphurous compounds. 

However, t hese compounds cannot be re­
covered completely with steam distillation and 
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Table 6. Changes in volatile components of green tea during exposure to light 

Compounds 
Peak area Peak area 

Control Ir.adiated•> 
Compounds 

Control Irradiated•> 

Alcohols 
l -Penten-3-ol 
1- Pentanol 
(Z)-2- Penten- l - ol 
l- Octen- 3- ol 

Ketones 
6- Methyl- 5- hepten- 2- one O. 08 
( E, Z)-3, 5- 0ctadien- 2-one O. 08 
Geranyl acetone O. 18 
6, 10. 14-Trimethyl-2- pentadecanone O. 08 

o. 24 
0.13 
o. 40 
0. 14 

!, 5-0ctadien-3- ol 
1- 0ctanol 
2- 0cten- !- ol 

0.38 
o. 19 
0.29 
0.02 
0.01 
o. 50 
0. 03 
n . d. b> 

1. 00 
1. 96 
0.48 
1. 11 
0.38 
0. 85 
0.86 
o. 52 

Ionone der ivatives 

2, 5- 0ctadien- 1-ol 

Alkanals 
Pentanal 
Hexanal 
Nonanal 

o. 18 
o. 28 
0.83 

3,34 
1. 05 
1. 22 

2, 6, 6-Trimethylcyclohexanone O. 05 
2, 6, 6-Trimethyl-2-cyclohexenone O. 10 
2, 6, 6-Trimethyl- 2-hydroxycyclohexanone 0. 15 
,8- Cyclocitral O. :~l 
a - lonone O. 11 
f)- Ionone 1. 22 
5, 6- Epoxy-,B- ionone O. 28 
Dihyclroactinidiolide O. 09 

o. 12 
0.22 
0.26 
0,52 
o. 24 
1. 49 
0.40 
o. 18 

Alkenals 
(E)- 2- Heptenal 
(E)- 2- 0ctenal 
(E, Z)- 2, 4- Heptadienal 
(E. E ) -2, 4- Heptadienal 
( E, E )-2, 4- 0ctadienal 
(E)-2-Decenal 
(E)-2-Undecenal 

0.01 
0. 07 
0.11 
o. 10 
0.04 
o. 16 
n. d. b> 

0.01 

o. 76 
o. 40 
o. 28 
0.57 
o. 14 
0. 92 
o. 13 
o. 21 

Bovolides 
Bovolide 
Dihydrobovolide 

o. 19 
0,09 

6. 10 
0. 52 

Miscellaneous 
2-Pentylfuran O. 04 
Unknown (oxgenated compound C10H1s03) O. 18 

o. 13 
2.68 

( E. E )-2, 4- Decadienal 

The values are as described in Table 1. 
a ) : Exposure to light for 4 days under fluorescent lamp (approximately 2500 Ix) at 25°C. 
b ) : Not detected. 

Table 7. Formation of volatile compounds from 
the mixture of linoleic acid and ether 
extracts of green tea after exposure 
to light 

Components Extracts alone + Linoleic acid•> 

Hexanal 4. 64 11. 16 
(E )-2- Heptenal 2. 84 5,38 
(E )-2- Decena! 3.25 5. 94 
1- Pentanol 0.31 0.37 
1- 0ctanol 0. 79 0.67 
2, 5-0ctadien- l - ol 0.29 0. 24 

The values are as described in Table and cor, 
rected by calculation (irradiated values - control 
one) . 
Exposing conditions are as described in Table 6. 
a ) : Added O. 1 g of linoleic acid per flask . 

ether extraction methods;,10>. Analysis will be 
done with a new method, heaclspace analysis111 

using Tenax TA trapping system. 
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