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Antioxidative activities of volatile extracts from six teas (one green tea, one oolong tea, one roasted
green tea, and three black teas) were investigated using an aldehyde/carboxylic acid assay and a
conjugated diene assay. The samples were tested at levels of 20, 50, 100, and 200 ug/mL of
dichloromethane. The results obtained from the two assays were consistent. All extracts except roasted
green tea exhibited dose-dependent inhibitory activity in the aldehyde/carboxylic acid assay. A volatile
extract from green tea exhibited the most potent activity in both assays among the six extracts. It
inhibited hexanal oxidation by almost 100% over 40 days at the level of 200 ug/mL. The extract from
oolong tea inhibited hexanal oxidation by 50% in 15 days. In the case of the extract from roasted
green tea, the lowest antioxidative activity was obtained at the level of 200 xg/mL, suggesting that
the extract from roasted green tea contained some pro-oxidants. The extracts from the three black
teas showed slight anti- or proactivities in both assays. The major volatile constituents of green tea
and roasted green tea extracts, which exhibited significant antioxidative activities, were analyzed
using gas chromatography—mass spectrometry. The major volatile chemicals with possible antioxi-
dative activity identified were alkyl compounds with double bond(s), such as 3,7-dimethyl-1,6-octadien-
3-ol (8.04 mg/kg), in the extract from green tea and heterocyclic compounds, such as furfural (7.67
mg/kg), in the extract from roasted green tea. Benzyl alcohol, which was proved to be an antioxidant,
was identified both in a green tea extract (4.67 mg/kg) and in a roasted tea extract (1.35 mg/kg).
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INTRODUCTION Most studies of tea associated with human health have

Tea is one of the most popular beverages in the world. Peoplefocused on the less volatile constituents, such as catechins (
in China were drinking tea in 59 B.C1). Black tea is most ~ 11—13). Only a few studies exist on the biological activity of
commonly drunk in the West, whereas green tea is most com- Volatile chemicals from tea, in contrast to numerous studies on
monly consumed in Asia. People enjoy tea for its taste and that of less volatile chemicals. In the present study, the
flavor. Therefore, most studies conducted on tea were investiga-antioxidative activity of tea extracts was investigated to assess
tions of taste and flavor. In the 1970s and 1980s, many re- the health benefit of tea drinking.
searchers analyzed the flavor constituents of various tea extracts
(2—4). MATERIALS AND METHODS

Even though some health benefits of tea have been known Tea SamplesGreen teas and roasted green teas were harvested at

for many y_ears, SC".anth S.tUdle.S of b|.0|09lcal aCtlvm_eS! in- Fukuroi-shi, Japan, in the summer of 1999. Oolong teas were obtained
C'U‘?"”g antimutagenicy), anticarcinogenic, 7), and ant|0X|-. from the Li Mountains of Taiwan in the autumn of 1998. Darjeeling

dative (8,9), were started only recently. Among these studies, pjack tea and Assam black tea were collected from the State of West
antioxidative chemicals have received much attention by many Bengal and from the Assam region (far northeast) in India, respectively,
researchers because ingestion of these chemicals helps to preveit the autumn of 1998. Ceylon black tea was collected from the Dimbula
in vivo oxidative damage, such as lipid peroxidation, associated region of Sri Lanka in the autumn of 1998. New leaves were processed
with many diseases, including cancer, atherosclerosis, diabetesat a corresponding local plant within 24 h of being picked from tea

aging, arthritis, brain dysfunction, and immune deficienb)( trees. For over 100 years, the above cquntries have used the same tea
leaf processing method. Therefore, their products are very consistent.

* Author to whom correspondence should be addressed [telephone (530)All tea samples were gifts from Nikken Foods Co., Ltd., Fukuroi-shi,
752-4523; fax (530) 752-3394; e-mail tshibamoto@ucdavis.edu]. Japan, in dry form.

£19e9, 16 Foc _ _
*g;g\;%rsllrfxs/ti(t)fxtgigfrotrﬁéabontrol of Aging Sample Preparation of Organic Solvent Extracts from Teas.
Spresent address: Department of Food Science and Technology, Dry tea leaves (200 g) were placed in a 3-L round-bottom flask with

Dongguk University, 26, 3 Pil-Dong, Chung-gu, Seoul 100-715, Korea. 1.5 L of distilled water. The sample was distilled under reduced pressure
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(95 mmHg) at 55°C for 3 h. The distillate was extracted with 100 mL 12 7
of dichloromethane using a liquidiquid continuous extractor for

3 h. After the volatile extract was dried over anhydrous sodium sul-
fate, it was condensed to 2 mL in volume using a rotary evaporator.
The condensed sample was further condensed with a purified nitro-
gen stream to 0.6 mL in volume. The experiment was done in trip-
licate.

Measurement of Antioxidative Activities. Antioxidative activities
of the samples were tested using their inhibitory effect toward oxidation
of aldehyde to acid (14). Various amounts of the extracts (20, 50, 100,
and 200ug/mL) were added to a 2 mMdichlomethane solution of 0
hexanal (3 mg/mL) containing 0.2 mg/mL of undecane as a GC internal
standard. Oxidation of the sample solution was initiated by heating at
60 °C for 10 min in a sealed vial, and the sample was stored at room Time (day)
temperature. The headspace of each vial was purged with pure air (1.5_
L/min, 3 s) every 24 h for the first 10 days. The decrease in hexanal Figure 1.
was monitored at 5-day intervals for 40 days. Standards of BHT and
o-tocopherol were also examined for their antioxidative activity using

—— Control

———— 20 pg/ml
---a-- 50 pug/ml
—— 100 pg/ml
— ——— 200 pg/ml

GC Peak Area Ratio

Inhibitory effect of green tea toward hexanal oxidation.

10
9

the same methodology. Quantitative analysis of hexanal was conducted o
according to an internal standard metha8)( A Hewlett-Packard (HP) 5 87 —— Control
model 6890 GC equipped with a 30 m0.25 mm i.d. (@= 0.25xm) T 77 . ———— 20 pug/ml
DB-1 bonded-phase fused-silica capillary column (J&W Scientific, § 61 \ --Ac-- 50 ug/mi
Folsom, CA) and a FID was used for analysis of hexanal. The linear < 57 —¢— 100 ug/ml
velocity of the helium carrier gas was 30 cm/s at a split ratio of 20:1. = 4 =~ — 200 pg/ml
The injector and detector temperatures were 300 and 280 & 3
respectively. The oven temperature was programmed from 40 to 180 Q2
°C at 8 °C/min and held for 10 min. © 1-

Antioxidative activities of the samples were also tested using a 0 . .
conjugated diene assa$6). Briefly, extracts were tested at various 0 5 10 15 20 25 30 35 40
concentrations (20, 50, 100, and 206/mL) by addition to methyl
linoleate (1 g) in 15-mL screw-cap amber glass vials (National Time (day)

Scientific, Lawrenceville, GA). Dichloromethane solvent was removed
by a purified nitrogen stream. The samples were incubated 4C40
for 3 days. Sample aliquots (10 mg) were taken at regular intervals Control
and dissolved in 5 mL of isooctane for spectrophotometric measure- o a— 20 pg/ml
ments (Hewlett-Packard, 8452A diode array UV spectrophotometer) 12 50 pg/ml
of conjugated diene absorption at 234 nm. Isooctane was used as the
blank. All analyses were carried out in triplicate. The antioxidative
activity was expressed as the amount of hydroperoxides (micromoles
per gram of methyl linoleate) formed in the samples. Natural antioxidant
o-tocopherol was used in each experiment as a control antioxidant.
Benzyl alcohol (20Q:g/mL) was also examined after incubation at 40

°C for 3 days.

Analysis of the Volatile Constituents of Tea SamplesThe GC
Kovats retention index I11(7) and the MS fragmentation pattern of each
component were compared to those of the authentic compound to 0
identify the volatiles in the samples. An HP MS ChemStation Data
System was also used to confirm MS identification of the GC Time (day)
components. An HP model 6890 GC interfaced to an HP 5791A mass o o
selective detector (GC-MS) was used for mass spectral identification Figure 3. Inhibitory effect of roasted green tea toward hexanal oxidation.
of the GC components at MS ionization voltage of 70 eV. Column
and GC conditions were as stated above. tea, 0.0122% (24.449/200 g) from roasted green tea, 0.02%
(39.919/200 g) from Darjeeling tea, 0.0065% (13.0§/200
g) from Ceylon tea, and 0.0067% (13:4/200 g) from Assam
tea.

The aldehyde/carboxylic acid test is a fast and simple method  Figures 16 show the results of antioxidative tests on volatile
to assess the antioxidative properties of chemicals or a grouptea extracts. The values are relative amounts of hexanal
of chemicals. This method is based on the autoxidation of remaining in Samp|e5 (GC account of hexanal/GC account of
aldehydes to carboxylic acids with active oxygen species suchinternal standard, undecane). The values are presented as mean
as a hydroxy radicall@). Fatty aldehydes are readily converted + standard deviation (SD) (s 3). Hexanal in the control
to a corresponding fatty acid in an oxygen-rich dichloromethane samples, which did not contain testing extracts, was oxidized
solution through a radical-type reactiotd). This method has  to hexanoic acid at almost 100% over 40 days. All extracts
been validated using typical antioxidants BHI-focopherol,  except roasted green tea exhibited dose-dependent inhibitory
and caffeineZ0) and used successfully to examine antioxidative activity. As presented iffigure 1, a green tea extract inhibited
activities of volatile extracts from various natural plants, hexanal oxidation by almost 100% over 40 days at the level of
including various beans (2B2), clove bud (23), eucalyptus 200 ug/mL. Also, the same extract inhibited oxidation for 5
(24, 25), and various herbs and spic@s). days at all levels tested. Oolong tea extract inhibited hexanal

The total yields of volatile chemicals were 0.0039% (7.78 oxidation for 5 days at all levels testeligure 2). This extract
1g/200 g) from green tea, 0.007% (1548200 g) from oolong inhibited hexanal oxidation by 50% in 15 days.

Figure 2. Inhibitory effect of oolong tea toward hexanal oxidation.
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GC Peak Area Ratio
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Figure 4. Inhibitory effect of Darjeeling tea toward hexanal oxidation. Time (day)

Figure 7. Inhibitory effect of green tea toward methyl linoleate oxidation.
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Figure 5. Inhibitory effect of Assam tea toward hexanal oxidation. 0 1 2 3
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Figure 8. Inhibitory effect of oolong tea toward methyl linoleate oxidation.
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Figure 6. Inhibitory effect of Ceylon tea toward hexanal oxidation. T 2
In the case of roasted green tea extr&dgre 3), hexanal 0 : ‘
oxidation was inhibited over 5 days at all of the levels tested. 0 b z }
Time (day)

The extract inhibited hexanal oxidation for 10 days at the levels

of 20, 50, and 10@g/mL. Itis interesting that the extract with  gjg,re 9. Inhibitory effect of roasted green tea toward methyl linoleate

the highest concentration (2Q@/mL) exhibited the lowest  idation.

activity. Lower antioxidative activity at the level of 2Q0y/

mL than at the three other levels suggests that the extract fromig hexanoic acid by only 5% in a control in the same period of

roasted green tea contained some pro-oxidants. Roasted greefme.

tea extracts were the only ones that did not exhibit dose-  Figyres 7—-12 show the inhibitory effects of volatile extracts

dependent inhibitory effects. from tea samples toward oxidation in the conjugated diene assay.
The extracts from the three black teas showed only slight The values are meas= SD (n = 3). The control natural

activities of either anti- or pro-oxidatiorF{gures 4—6). In the antioxidanta-tocopherol, inhibited oxidation of methyl linoleate

case of Darjeeling ted{gure 4), volatile extracts showed slight by 100% in 3 days at the level of 2@/mL. All samples except

pro-oxidative activity at all levels tested. The volatile extract the one from green tea did not exhibit clear dose-dependent

from Assam tea (Figure 5) exhibited slight antioxidative activity —activity. The volatile extract from green tea exhibited the highest

at the level of 20Q:g/mL. The volatile extract from Ceylon tea  antioxidative activity among the samples tested. The results were

exhibited the highest pro-oxidative activities among the tea consistent with those obtained from the aldehyde/carboxylic acid

volatiles tested. At the level of 2Q@/mL, hexanal was oxidized  assay (Figure 7). This extract inhibited methyl linoeate oxidation

to hexanoic acid by 70% in 10 days, whereas it was oxidized by 36% at the level of 20@g/mL. In the case of oolong tea
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Figure 10. Inhibitory effect of Darjeeling tea toward methyl linoleate
oxidation.
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Figure 11. Inhibitory effect of Assam tea toward methyl linoleate oxidation.
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Figure 12. Inhibitory effect of Ceylon tea toward methyl linoleate oxidation.

(Figure 8), the volatile extract inhibited oxidation of methyl
linoleate by nearly 80% at the level of 20@/mL in 1 day.
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linoleate oxidation by 27% after 3 days. This extract showed

slight pro-oxidative activities at the levels of 50 and 10§

mL. The volatile extract from Assam tea also exhibited anti-

and pro-oxidative activities at the different levels. After 2 days,
this extract exhibited antioxidative activity only at the level of
200 ug/ul and pro-oxidative activities at the levels of 50 and

100 ug/mL. However, this extract showed slight antioxidative
activities at all levels tested after 3 days. The extract from
Ceylon tea also exhibited the most antioxidative activity of the
level of 200ug/mL, which inhibited methyl linoleate oxidation
by 27% after 3 days. This extract showed slight pro-oxidative
activities at the levels of 50 and 1@@/mL. Generally, volatile
extracts of black teas exhibited appreciable antioxidative activity
only at the level of 20Q:g/mL. These extracts showed slight
pro-oxidative activities at levels lower than 20@/mL. The
results suggest that oxidants in black tea extracts became
predominant at levels 200 ug/mL.

Significant antioxidative activities were obtained only from
the volatile extracts of green tea and roasted green tea among
the extracts tested. Therefore, the major constituents of these
two extracts were identified by GC-MS, and the results are
shown inTable 1. The concentration of each chemical was
calculated using a method previously report@8,@27). The
volatile extracts obtained in the present study did not contain
known antioxidants such as-tocopherol, polyphenols, and
flavonoids. Therefore, antioxidative activities of the volatile
extracts from green tea and roasted green tea were due to the
presence of some antioxidative volatile chemical(s). Antioxi-
dative activities of volatile chemicals have been reported only
recently. For example, volatile extracts from various beans
(soybeans, mung beans, kidney beans, azuki beans, and coffee
beans) exhibited equal antioxidative activities at levels of 200
to 50ug/mL concentration ofi-tocopherol (22). Antioxidative
activities of coffee volatiles have been reported in several
scientific articles (2028, 29). As mentioned above, volatile
green tea extract exhibited potent antioxidative activity at the
level of 200ug/mL. Among the major volatiles identified in a
volatile green tea extract, benzyl alcohol (4.67 mg/kg) has
previously been proved to be an antioxidant. Benzyl alcohol
inhibited hexanal oxidation over 30 days at the level of 500
ug/mL (24). At a concentration of 40@g/mL, benzyl alcohol
inhibited malonaldehyde formation from blood plasma by 31%
(20). Benzyl alcohol also inhibited methyl linoleate oxidation
by 47+ 2.7% (n= 3) at a level of 20Qug/mL in the present
study.

Benzaldehyde (2.13 mg/kg) also showed slight antioxidative
activity (24). The other components found in volatile green tea
extracts were not tested for antioxidative activity. However,
some alkyl compounds with double bond(s) may have a certain
hydroxy radical scavenging activity. For example, 1-octen-3-
ol inhibited hexanal oxidation for 40 days by 38% at the level
of 500ug/mL (21). A total of 10 compounds with double bond-

However, this extract exhibited exactly the same activity at the (S) were identified as major components of volatile green tea

levels of 200 and 100g/mL after 2 days. This extract exhibited
slight pro-oxidative activity at the level of 2@g/mL.
Referring toFigure 9, the volatile extract from roasted green

extracts.

Major constituents of volatile extracts from roasted green teas
were heterocyclic compounds, in particular, pyrazines. These

tea inhibited methyl linoleate oxidation most at the level of 50 heterocyclic compounds have been known to form in heat-
ug/mL, which was consistent with the results obtained by the treated foods and beverages (30). The presence of pyridines and
aldehyde/carboxylic acid assay. At this level, the volatile extract pyrazines has also been identified in some pan-fried green teas
inhibited the oxidation by 23%. The other levels (20, 100, and (31). Alkylpyrazines possess a toasted flavor with a low odor

200 ug/mL) tested showed dose-dependent activities.
Figures 10-12 show the results from black teas. The volatile

extract from Darjeeling tea (Figure 10) exhibited antioxidative

activity only at the level of 20@g/mL, which inhibited methyl

threshold (32). Therefore, the pleasant toasted flavor of roasted
green teas is due to the presence of alkylpyrazines. However,
alkylpyrazines do not possess high antioxidative activities. On

the other hand, pyrroles have the greatest antioxidative activities
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Table 1. Major Volatile Compounds Identified in Volatile Extracts from indicate that volatile mixtures from tea samples contained
Green Tea and Roasted Green Tea various scavengers of radicals.
' The present study suggests that the antioxidative activities
concentration (mg/kg) of teas are in part due to the contributions of volatile compounds.
compound green tea roasted green tea Drinking a tea may help to preveirt vivo oxidative damage
aldehydes and ketones as mentioned above because of the presence of various volatile
hexanal 0.37 0.35 compounds with antioxidative activities.
2,3-pentanedione —a 0.47
(E)-2-pentenal 1.06 0.09 LITERATURE CITED
heptanal 0.26 -
(E)-2-hexenal 147 0.12 (1) Zuongguo, CHistory of Chinese TeaShanghai Publishing:
(2)-4-heptenal 0.22 0.25 Shanghai, People’s Republic of China, 1997.
6-methyl-5-hepten-2-one 0.19 - (2) Yamanishi, T.; Kita, Y.; Watanabe, K.; Nakatani, Y. Constituents
g-hydroxy-Z-butanone N 062 and composition of steam volatile aroma from Ceylon fegic.
enzaldehyde 213 - ;
acetophenone - 1.39 Biol. Chem.1972,36, ]_.15_3—1158. o
alcohols (3) Nguyen, T.-T.; Yamanishi, T. Flavor components in Vietnamese
1-penten-3-ol 1.11 1.12 green tea and Lotus teAgric. Biol. Chem 1975,39, 1263—
3-methylbutan-1-ol 041 - 1267.
1-pentanol 0.24 0.10 (4) Yamaguchi, K.; Shibamoto, T. Volatile constituents of green tea,
2-penten-1-ol 135 - gyokuro (Camellia sinensik. var. Yabukita).J. Agric. Food
5232201' " ggg - Chem.1981,29, 366—370.
3 7-dimethyl-1.6-octadien-3-0 800 _ 5) Kfuroda, Y.; Hara, Y. Antimutagenic and anticarcinogenic activity
1octanol 0.98 _ of tea polyphe.noIsMutat. Res1999,436, 69-97.
3 7-dimethyl-2,6-octadien-1-ol 6.10 _ (6) Stoner, G. D; Mukhtar,. H. Polyphenols as cancer chemopre-
2-phenylpentane-1-ol 1.83 - ventive agents]. Cell. Biochem. Suppl.995,22, 169—180.
benzyl alcohol 467 1.35 (7) Chung, F.-L.; Xu, Y.; Jin, C.-L.; Wang, M. Tea as antioxidant
heterocyclic compounds in prevention of lung cancer. Ifrood Factors for Cancer
N-ethylpyrrole - 111 Prevention; Ohigashi, H., Osawa, T., Terao, J., Watanabe, S.,
trimethyloxazole - 0.15 Yoshikawa, T., Eds.; Springer: Tokyo, Japan, 1997; pp-130
pyrazine - 0.17 133.
methylpyrazine - 4.80 (8) Nakagawa, T.; Yokozawa, T.; Terasawa, K.; Shu, S.; Juneja, L.
2,5-dimethylpyrazine - 3.86 - . ) .
2.6-dimethylpyrazine B 169 R. Protectlve_ activity o_f green tea a_gamst free radical- and
ethylpyrazine _ 1.06 glucose-mediated protein damageAgric. Food Chem2002,
2,3-dimethylpyrazine - 0.30 50, 2418—2422.
2-ethyl-6-methylpyrazine - 0.17 (9) Toschi, T. G.; Bordoni, A.; Hrelia, S.; Bendini, A.; Lercker, G,
3-ethyl-2,5-dimethylpyrazine - 7.67 Biagi, P. L. The protective role of different green tea extracts
2-ethyl-3,5-dimethylpyrazine - 1.90 after oxidative damage is related to their catechin composition.
furfural - 7.67 J. Agric. Food Chem2000,48, 3973—3978.
1-(2-furanylethanone - 1.10 (10) Yagi, K., Ed Actize Oxygens, Lipid Peroxides, and Antioxidants
]:lj-r(fattlr?)llll;)l/‘i::)q:!z-carboxaldehyde 696 33523 CRC Press: Boca Raton, FL, 1993.
indole 0.30 0.30 (11) Halder, J.; Bhaduri, A. N. Protective role of black tea against
others oxidative damage of human red blod cdiochem. Biophys.
l.ethy|cyc|0hexene 4.44 - Res. Commurﬂ.998,244, 903—-907.
butyrolactone - 1.31 (12) Lunder, T. L. Catechins of green tea. Antioxidant activity. In
heptadecane 0.84 - Phenolic Compounds in Food and Their Effects on Health. Vol.
methyl salicylate 3.76 - II, Antioxidants and Cancer Peention; Huang, M.-T., Ho, C.-
T., Lee, C., Eds.; ACS Symposium Series 507; American
2 Not detected. Chemical Society: Washington, DC, 1992; pp 114—120.

(13) Hara, Y. Prophylactic functions of antioxidant tea polyphenols.
among heterocyclic compounds, including pyrazines, thiophens, In Food Factors for Cancer Preention; Ohigashi, H., Osawa,
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(1.35 mg/kg) was also found in this extract. (16) Hopia, A.; Huang, S.-W.; Schwarz, K.; German, B. J.; Frankel,
It is difficult of pinpoint the constituents that give antioxi- E. N. Effect of different lipid systems on antioxidant activity of
dative activities to volatile extracts from green teas or roasted rosemary constituents carnosol and carnosic acid with and
green teas because there are many volatile antioxidants present ~ without o-tocopherol.J. Agric. Food Chem1996 44, 444—

in these teas. Although the activities of these constituents are 452.

not as strong as the known natural antioxidants such as (17) Kovats, E. _Gas chron”_lato_graphiC characterization of organic
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. 1, 229—247.
comparable to those OT known amIOXId.amS' . (18) Horner, L. Autoxidation of various organic substances. In
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(19), whereas the conjugated diene assay involves the scaveng- New York, 1961; pp 197—202.

ing of an alkyl radical and/or a peroxy radical at a propagation (19) Nonhebel, D. C.; Tedder, J. M.; Walton, J. Radicals;
phase of lipid autoxidatior2@). The results of the present study Cambridge University Press: London, U.K., 1979; p 157.
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