
INTRODUCTION

Oolong tea is a traditional Chinese tea that is
also popular in Japan. In China, oolong tea has
long been believed to be beneficial to health (1). A
recent study with 102 Chinese females showed that
continuous consumption of oolong tea for 6 wk led
to body weight reduction (2). Food related weight
reduction is mainly by two mechanisms : one is the
increase in energy expenditure (EE) and the other

is the inhibition of nutrient absorption. Major com-
ponents of oolong tea are polyphenols, caffeine
and amino acids (3). There are many studies that
show the increase of EE by caffeine in rodents (4,
5) and humans (6 -14). Whether the increase in EE
that accompanies the consumption of oolong tea is
due solely to caffeine or other constituents such as
polyphenolic compounds is controversial (15, 16).
Green tea and oolong tea are produced from a
single plant species, but are distinguished by the
processing technique. For the production of green
tea, the leaves are steamed soon after the harvest
to stop the enzyme reactions and then ground by
hand to break the cells of the leaves. On the other
hand for the production of oolong tea, the leaves
are kept under certain conditions to produce spe-
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cific flavors by enzyme reactions (fermentation). The
specific flavors of the fermented tea are due to the
polymerized polyphenols. The leaves of oolong tea
are not ground and the leaf cells are not broken.
By these differences in the processing, the compo-
nents of green tea and oolong tea are different. In
Japan, powdered green tea is also popular and used
for tea ceremonies. The present was designed to
assess whether the consumption of oolong tea in-
crease EE in comparison with green tea.

SUBJECTS AND METHODS

Study design

The treatments were 1) water, 2) oolong tea and
3) green tea. All subjects took water treatment on
the first day. Then they were randomly divided into
two groups, and assigned to oolong tea or green
tea treatment in a crossover design.

Subjects

Eleven healthy young women were recruited from
the student population majoring in nutrition at a
university. Medical and nutritional histories were
obtained by use of a questionnaire. Smokers and
those who engaged in intense physical activities or
had a history of weight loss were not included in
the current study. At the onset of the study, body
weight and height were measured. Mean (± SD)
values for some of the physical characteristics of
the subjets were as follows : age, 20±1y ; height
163.4±0.9 cm (160.5-168.1) ; weight, 56.3±2.3 kg
(47.2-68.6) ; and body mass index (BMI) 21.1±0.8
kg/m2 (18.2 -25.9). With the consideration of physio-
logical differences in menstrual cycle, we carried
out the study when the subjects were in the follicular
phase. The subjects gave their written informed
consent to participate in the study. The University
of Tokushima Committee for Studies involving Hu-
man Subjects, approved all procedures.

Experimental design

Subjects consumed a standardized meal (600 kcal,
28 g protein, 15 g lipids) between 19 : 00-20 : 00 on
the day preceding each session. They were allowed
to take only water after the meal. They stayed at
the metabolic ward. The time schedule at the meta-
bolic ward was as follows : bed at 23 : 00 on the pre-
vious night, rising at 6 : 00, toilet, rest in a reclining
chair for 30 min, collection of expired gas for 5 min

to measure resting energy expenditure (REE), con-
sumption of the test beverage in 5 min, collection
of expired gas for 5 min followed by the consump-
tion every 30 min for 120 min to measure EE in
the resting condition. For the measurement of EE,
expired gas was collected in a Douglas bag, the
volume was measured with a gas meter, and car-
bon dioxide and oxygen contents were analyzed
with a gas monitor (RE 3000, Fukuda Denshi Co.,
Tokyo, Japan).
Oolong tea was obtained from Suntory Ltd (Osaka,

Japan) prepared in bags containing 15 g of tea leaves
per bag. The tea was brewed by adding 300 ml of
boiling distilled water to a glass container contain-
ing the tea bag. The tea was steeped for 5 min,
and the bag was then removed. Green tea was ob-
tained from Suntory Ltd (Osaka, Japan) prepared
with 5 g of powdered green tea, and dissolved in
300 ml of boiling distilled water. Tea for all subjects
was prepared each morning and cooled to 37℃ be-
fore drinking. The strength of teas used in this
study was well accepted by the subjects.

Analyses of caffeine, flavanols and other polyphenols

Concentration of caffeine, flavanols and other
polyphenols (fractions including polymerized flavanols
and other flavonoids) in the oolong tea and the green
tea were analyzed by HPLC with UV detection at
280 nm (17). Analysis was performed with a Cosmosil
5PE-MS column (4.6 mm i.d.×150 mm ; Nakarai
Tesque, Kyoto, Japan) at 40℃. Compounds were
eluted (eluent A : 0.05% trifluoroacetic acid in water ;
eluent B : 0.05% trifluoroacetic acid in acetonitrile)
at a flow rate of 2 mL/min using a gradient program
(eluent B content : 10% for 5 min, from 10% to 21%
in 8 min, from 21% to 90% in 1 min and 90% for 6
min). The quantification of caffeine, flavanols and
other polyphenols was determined using standard
calibration curves for known compounds purchased
commercially : caffeine was from Nakarai Tesque
Inc. (Kyoto, Japan). Epigallocatechin (EGC), catechin
(C), epicatechin, epigallocatechin gallate (EGCG),
gallocatechin gallate (GCG), epicatechin gallate (ECG)
and catechin gallate (CG) were from Kurita Water
Industries LTD (Tokyo, Japan). Other polyphenols
were quantified using a calibration curve that was
derived from polyphenols, which had been isolated
from tea by HPLC.
Table 1 shows all analyzed components including

caffeine, individual catechins and other polyphenols.
The lower-case concentrations of caffeine and EGCG
were approximately half in the oolong tea (77 mg/

The Journal of Medical Investigation Vol. 50 2003 １７１



300 ml and 81 mg/300 ml, respectively) compared
with those in the green tea (161 mg/300 ml and
156 mg/300 ml, respectively), while the concentra-
tion of polymerized polyphenols was much higher
in the oolong tea (68 mg/300 ml) than that in the
green tea (17 mg/300 ml). For the concentrations
of the other polyphenols, there was no marked dif-
ference between the oolong tea and the green tea.

Statistics

All values were expressed as means±SE and ana-
lyzed using a procedure from SAS/ATAT software,
version 8, of the SAS system for personal comput-
ers (SAS Institute, Cary, NC). Since we had a small

number of subjects, statistical comparisons were
made by ANOVA. Significant differences in EE and
RQ among treatments were determined by the
Tukey-Kramer test and repeated measurements in
each treatment were determined using the paired
t test with the comparison to the REE level. Differ-
ences were considered to be significant at P<0.05.

RESULTS

Fig. 1 shows the REE and EE measured for 120
min following the consumption of water, green tea
or oolong tea. REE were similar among the 3 treat-

Table 1. Analysed composition of oolong tea and green tea consumed by subjects (mg/300 ml)

Oolong tea1 Green tea2

Caffeine
Epigallocatechin (EGC)
catechin (C)
epicatechin (EP)
epigallocatechin gallate (EGCG)
gallocatechin gallate (GCG)
epicatechin gallate (ECG)
catechin gallate (CG)
polymerized polyphenol

77
78
6
22
81
3
16
0
68

161
94
4
10
156
2
26
1
17

1 15 g oolong tea was steeped in 300 ml hot water for 5 min.
2 5 g powdered green tea were dissolved in 300 ml hot water.

Fig. 1. Resting Energy Expenditure (REE) and Energy Expenditure following the consumption of water, green tea or oolong tea
for 120 min.
Values are means±SE ; P values were determined by Tukey-Kramer test.
*Significant difference at P<0.05.
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ments (206.6±3.7, 207.8±4.1 and 211.2±3.7 kJ/h for
oolong tea, green tea and water treatment, respec-
tively). While EE after the consumption of water
was constant around the REE level for 120 min, EE
after the consumption of oolong tea or green tea
were increased immediately (EE at 30 min : P<0.01)
and gradually up to 90 min, then maintained until
120 min. The maximum value of EE after the con-
sumption of oolong tea and green tea were at 90
min : 237.3±10.1 and 223.2±3.9 kJ/hr, respective-
ly. The values of EE at 60 and 90 min after the con-
sumption of oolong tea were significantly higher
than those after the consumption of water (P<0.05).
The cumulative increases of EE after the consump-
tion of oolong tea, green tea or water above REE
was 110.7±17.7, 49.5±0.4 and 11.2±1.1 kJ/2 h, re-
spectively.
Fig. 2 shows the variations of non-protein respi-
ratory quotients (RQ). RQ at the measurement of
REE was not significantly different among the treat-
ments (0.82±0.01, 0.81±0.01 and 0.82±0.01 for oolong
tea, green tea and water treatment, respectively)
and stayed constant until the end of the measure-
ment in 3 treatments.

DISCUSSION

The major components of oolong tea and green

tea were caffeine and polyphenols (Table 1). Caf-
feine is well known to increase EE (4-14). Recent-
ly, Rumpler et al. (16) compared 24-h EE of those
who consuming oolong tea with that of those who
consumed water containing 270 mg caffeine, which
was equivalent to the concentration in the tea, and
observed that while EE was increased 2.9% for the oolong
tea, it was increased 3.4% for the caffeinated water.
From this result, they suggested that the caffeine
was the main factor in causing the increase of EE.
In contrast, Dulloo et al. (15) reported that the con-
sumption of water containing 150 mg caffeine did
not affect the 24-h EE, while the consumption of
green tea extract which contained equivalent amounts
of caffeine elevated 24-h EE 4% above the water
alone. From the result they suggested that EGCG,
which constituted about 70% of total catechins, was
the major factor in causing the increase of EE.
In the current study, the subjects consumed the
test beverages without a meal and measured the
EE for 2 h. Since the metabolism of caffeine and
polyphenols are swift, the plasma caffeine peaks at
1 h (18) and plasma polyphenols peaks at 3 h (19),
the effect of these tea components on EE can be
observed more clearly when the test beverage is
administratered alone and the EE can be determined
at the expected time when the tea components
reached their peak level. If might be better to mea-
sure the EE after more than 2 h, because the EE

Fig. 2. Variations of non-protein respiratory quotients (RQ).
Values are means±SE ; P values were determined by Tukey-Kramer test.
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after the consumption of oolong tea kept increasing
after 2 h. However, the 2 h was the maximum length
to measure the EE when we used the indirect calo-
rimeter with the fasting condition. As shown in the
results, oolong tea increased EE and the effect was
about double that of green tea. Since concentrations
of caffeine and EGCG in oolong tea were about a
half of those in green tea, this suggested that not
only caffeine or EGCG, but also the other compo-
nents of oolong tea enhanced EE. Major polyphenols
of oolong tea are polymerized polyphenols produced
by its unique fermentation. In the current study,
the concentration of total polymerized polyphenols
in oolong tea (68 mg/300 ml) was much higher than
that in green tea (17 mg/300 ml). These results
suggest that polymerized polyphenols might be the
major factor in causing the increase of EE by oolong
tea. Dulloo et al. (20) showed that catechin-polyphenols
affect the sympathetic stimulation of thermogenesis
by inhibiting the enzyme catechol-O -methyltransferase.
This mechanism on the thermogenic effect of
catechin-polyphenols is different from that of caf-
feine, accordingly, the synergistic interection be-
tween catechin-polyphenols and caffein is suggest-
ed. Since there has been only a few studies that de-
termined the thermogenic effect of the polyphenols
and we have not been able to specify the polymer-
ized polyphenol(s) that affected EE, further studies
are needed to confirm the mechanism that led to
the larger increase of EE with the consumption of
oolong tea.
In the studies of both Dulloo (15) and Rumpler

(16), they observed an enhancement of the substrate
oxidation after the consumption of those teas. Dulloo
(15) reported a small increase in fat oxidation with
the consumption of 150 mg caffeine but a much
greater increase with the consumption of green tea
(33%), indicating that the catechin content of the
tea stimulated the fat oxidation. Rumpler (16) ob-
served a greater increase in fat oxidation with the
consumption of oolong tea (12%) than that with the
consumption of 270 mg caffeine (8%). In the present
study, however, the RQ values were not different
among the treatments and remained constant through-
out the study period (Fig. 2). The present measure-
ment of RQ for 2 h might be too short to determine
the impact of the tea on fat oxidation.
The effect of oolong tea on nutrient absorption
may be an important factor on the weight reduc-
tion. There are some studies that showed the inhi-
bition of fat (21, 22) and carbohydrate absorption
(23). Other studies on this topic would be desirable.

In conclusion, there were some limitations in the
current study, but the results suggested that oolong
tea increased EE and the factor was not only caf-
feine or EGCG but also some kinds of polymerized
polyphenols.

REFERENCES

1. Yang TT, Koo MW : Hypocholesterolemic effects
of chineese tea. Pharmacol Res 35 : 505-512,
1997

2. Chen WY, Yang ZB, Hosoda K, Chen L, Lin
BH, Kimura J, Matsui Y, Matsui K : Clinical
efficacy of oolong tea on anti-simple obesity.
Jpn J Clin Nutr (in Japanese) 20 : 83-90, 1998

3. Muramatsu K : Tea Science. Asakura Shoten,
Tokyo, 1997, pp85-121 (in Japanese).

4. Bukowiecki LJ, Lee CM, Ng TB, Jahjah L : Ef-
fects of sucrose and caffeine, and cola bever-
ages on obesity, cold resistance, and adipose
tissue cellularity. Am J Physiol 244 : R500-507,
1983

5. Cheung WT, Lee CM, Ng TB : Potentiation of
the antilipolytic effect of 2-chloroadenosine
after chronic caffeine treatment. Pharmacology
36 : 331-339, 1988

6. Acheson KJ, Zahorska-Markiewicz B, Pittet P,
Anantharaman K, Jequier E : Caffeine and cof-
fee : their influence on metabolic rate and substrate
utilization in normal weight and obese individ-
uals. Am J Clin Nutr 33 : 989-997, 1980

7. Hollands MA, Arch JRS, Cawthrone MA : A
simple apparatus for comparative measurements
of energy expenditure in human subjects : the
thermic effect of caffeine. Am J Clin Nutr 34 :
2291-2294, 1981

8. Dulloo AG, Geissler CA, Horton T, Collins A,
Miller DS : Normal caffeine consumption : in-
fluence on thermogenesis and daily energy ex-
penditure in lean and postobese human volun-
teers. Am J Clin Nutr 49 : 44-50, 1989

9. Astrup A, Toubro S, Cannon S, Hein P, Brewum L,
Madsen J : Caffeine : a double blind, placebo-controlled
study of its thermogenic, metabolic, and cardio-
vascular effects in healthy volunteers. Am J Clin
Nutr 51 : 759-767, 1990

10. Astrup A, Tubro S : Thermogenic, metabolic, and
cardiovascular responses to ephedrine and caf-
feine in man. Int J Obes Relat Metab Disord
17 : S41-43, 1993

11. Yoshida T, Sakane N, Umekawa T, Kondo M :

T. Komatsu et al. Oolong tea increases energy metabolism in Japanese females１７４



Relationship between basal metabolic rate,
thermogenic response to caffeine, and body
weight loss following combined low calori and
exercise treatment in obese women. Int J Obes
Relat Metab Disord 18 : 345-350, 1994

12. Tagliabue A, Terracina D, Cena H, Turconi G, Lanzola
E, Montomoli C : Coffee induced thermogenesis
an skin temperature. Int J Obes Relat Metab
Disord 18 : 537-541, 1994

13. Collins LC, Cornelius MF, Vogel RL, Walker JF,
Stanford BA : Effect of caffeine and/or ciga-
rette smoking on resting energy expenditure.
Int J Obes Relat Metab Disord 18 : 551-556,
1994

14. Bracco D, Ferrarra JM, Arnaud MJ, Jequier E,
Schutz : Effects of caffeine on energy metabo-
lism, heart rate, and methylxanthine metabo-
lism in lean and obese women. Am J Physiol
269 : E 671-678, 1995

15. Dulloo AG, Duret C, Rohrer D, Girardier L, Mensi
N, Fathi M, Chantre P and Vandermander J :
Efficacy of a green tea extract rich in catechin
polyphenols and caffeine in increasing 24-h en-
ergy expenditure and fat oxidation in humans.
Am J Clin Nutr 70 : 1040-1045, 1999

16. Seale J, Clevidence B, Jodd J, Wiley E, Yamamoto
S, Komatsu T, Sawaki T, Ishikura Y and Hosoda
K : Oolong tea increases metabolic rate and fat
oxidation in men. J Nutr 131 : 2848-2852, 2001

17. Xie B, Shi H, Chen Q, Ho CT : Antioxidant prop-
erties of fractions and polyphenol constituents

from green tea, oolong tea and black tea. Proc
Natl Sci Council, ROC, Part B : Life Sci 17 :
77-78, 1993

18. Astrup A, Toubro S, Cannon S, Hein P, Breum L,
Madsen J : Caffein : a double-blind, placebo-controlled
study of its thermogenic, metabolic, and cardio-
vascular effects in healthy volunteers. Am J
Clin Nutr 51 : 759-767, 1990

19. Miyazawa T, Nakagawa K, Asai A : Biodynamics
of Natural Antioxidants in Humans. Bioscience
and Biotechnology 38 : 104-114, 2000

20. Dulloo AG, Seydoux J, Girardier L, Chantre P,
Vandermander J : Green tea and thermogenesis :
interactions between catechin-polyphenols, caf-
feine and sympathetic activity. Int J Obes 24 :
252-258, 2000

21. Chisaka T, Matsuda M, Kubomura Y, Yamahara
J, Sawada T, Fujimura H, Kimura H : The effect of
crude drugs on experimental hypercholesteroremia :
mode of acton of (-)-epigallocatechin gallate
in tea leaves. Chem Pharm Bull 36 : 227-233,
1988

22. Ikeda I, Imasato Y, Sasaki E, Nakayama M,
Nagao T, Takeo T, Yayabe F, Sugano M : Tea
catechins decrease micellar solubility and intes-
tinal absorption of cholesterol in rats. Biochem
Biophys Acta 1127 : 141-146, 1992

23. Nakahara K, Izumi R, Kodama T, Kiso Y, Tanaka
T : Inhibition of postprandial hyperglycemia by
oolong tea extract. Phytotherapy Research 8 :
433-435, 1994

The Journal of Medical Investigation Vol. 50 2003 １７５


