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The effect of caffeine, green tea and tyrosine on
thermogenesis and energy intake

A Belza, S Toubro and A Astrup

Department of Human Nutrition, Faculty of Life Sciences, University of Copenhagen, Copenhagen, Denmark

Objectives: To investigate the effect of three different food ingredients tyrosine, green tea extract (GTE) and caffeine on resting
metabolic rate and haemodynamics, and on ad libitum energy intake (EI) and appetite.
Methods: Twelve healthy, normal weight men (age: 23.772.6 years, mean7s.d.) participated in a four-way crossover,
randomized, placebo-controlled, double-blind study. Treatments were administered as tablets of 500 mg GTE, 400 mg tyrosine,
50 mg caffeine, or placebo, and were separated by 43-day washout. The acute thermogenic response was measured in a
ventilated hood system for 4 h following ingestion. Blood pressure, heart rate (HR), and subjective appetite sensations were
assessed hourly and ad libitum EI 4 h post-dose.
Results: Caffeine induced a thermogenic response of 6% above baseline value (72725 kJ per 4 h, mean7s.e.) compared to
placebo (Po0.0001). The thermogenic responses to GTE and tyrosine were not significantly different from placebo. Tyrosine
tended to increase 4-h respiratory quotient by 1% compared to placebo (0.0170.005, P¼0.05). Ad libitum EI was not
significantly different between treatments but was reduced by 8% (�4037183 kJ), 8% (�4007335 kJ) and 3% (�1517377 kJ)
compared to placebo after intake of tyrosine, GTE and caffeine, respectively. No significant difference in haemodynamics was
observed between treatments.
Conclusions: Only caffeine was thermogenic in the given dose and caused no haemodynamic side effects. The sample size was
probably too small to detect any appetite suppressant properties of the treatments. Further investigations are required.

European Journal of Clinical Nutrition (2009) 63, 57–64; doi:10.1038/sj.ejcn.1602901; published online 19 September 2007

Keywords: energy expenditure; energy intake; appetite; tyrosine; caffeine; green tea

Introduction

Long-term weight maintenance of a weight loss is often

unsuccessful. There is a need for simple and safe methods to

prevent weight gain and re-gain, for example by increasing

energy expenditure and decreasing spontaneous energy

intake (EI). Studies have shown that nutritional and food-

related non-nutritional factors influence the adjustment of

EI and energy expenditure as compounds can enhance diet-

induced thermogenesis and suppress appetite. An increasing

number of studies have examined the effects of well-known

food ingredients on sympathetic nervous system (SNS)

activity with an aim of preventing positive energy balance

in humans (Kovacs and Mela, 2006). The activation of SNS

has been shown to suppress hunger, enhance satiety and

stimulate energy expenditure, in part by increasing fat

oxidation (Astrup et al., 1991).

The thermogenic properties of green tea extract (GTE)

have been the objective of several investigations. GTE

contains catechins, which inhibit the enzyme catechol

O-methyltransferase and thereby stimulate SNS. Catechol

O-methyltransferase rapidly degrades noradrenalin (NA) in

the synaptic cleft and lessens the adrenergic receptor

stimulation of NA (Borchardt and Huber, 1975; Dulloo

et al., 2000). Catechins from GTE, especially polyphenol

catechin epigallocatechin gallate, have been associated with

an increase in SNS activity, thermogenesis and fat oxidation

in humans (Dulloo et al., 1999; Nagao et al., 2005), although

with some inconsistencies (Kovacs et al., 2004).

The intracellular signal, producing increased lipolysis, heat

production in skeletal muscle and putative satiety signals in

the liver, is dependent on the production of cyclic adenosine

monophosphate. The increased cyclic adenosine mono-

phosphate response is short-lived, because cyclic adenosine
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monophosphate is rapidly degraded by phosphodiesterase.

The intracellular signal can be sustained for longer by the

inhibition of phosphodiesterase by methylxanthines, which

include caffeine. Caffeine also antagonizes the effect of

adenosine in the presynaptic nerve terminals by reversing

the adenosine-mediated inhibition of the release of neuro-

transmitters such as adrenaline and NA (Dulloo et al., 1994).

GTE is rich in caffeine, which is also found in coffee, black

tea and cacao. The acute effect of caffeine on thermogenesis

ranges from 3 to 16% (Acheson et al., 1980; Hollands et al.,

1981; Dulloo et al., 1989; Astrup et al., 1991, 1992; Arciero

et al., 1995). Only one study has investigated the effect of

caffeine on food intake (Tremblay et al., 1988). Epidemiolo-

gical studies also suggest that caffeine might possess weight-

reducing properties (Lopez-Garcia et al., 2006). However,

there is solid evidence of caffeine being a potent amplifier of

thermogenesis when given in conjunction with other SNS

agonists such as ephedrine, nicotine, catechins or capsaicin

from chillies (Dulloo et al., 1994; Yoshioka et al., 2001;

Dulloo, 2002; Jessen et al., 2003, 2005; Zheng et al., 2004).

The combination of catechins and caffeine in GTE is thought

to both increase and prolong the effect of NA on SNS.

The amino acid tyrosine is an NA precursor and it may

enhance NA synthesis and release in SNS (Rasmussen et al.,

1983). However, it is believed that the rate of catecholamine

synthesis is regulated by the rate-limiting enzyme tyrosine

hydroxylase, which is strongly influenced by end-product

inhibition via dopamine, adrenaline and NA. Tyrosine

supplementation has decreased food intake in rats in a

synergistic fashion when combined with other sympatho-

mimetics (Hull and Maher, 1990, 1991, 1992). However, the

effect of tyrosine supplementation in humans has not been

investigated thoroughly.

The primary aim of the present study was to examine the

individual effect of the compounds tyrosine, GTE and

caffeine on thermogenesis, subjective appetite sensations,

and ad libitum EI. The dose of the individual compounds was

chosen from the existing literature as described above.

Methods and materials

Subjects

Twelve healthy and normal weight men (age: 23.772.6 years,

BMI: 22.471.8kg m�2, mean7s.d.) participated in the study.

They were weight-stable (73 kg in last 3 months), non-

smoking, non-athletic and had no use of dietary supplements

or frequent use of medication, and a low-to-moderate coffee

intake. The subjects followed a normal Danish habitual diet,

with rare use of hot spices, and avoided extreme intake of

caffeine-containing beverages such coffee, tea, chocolate milk

and some soft drinks. All subjects gave their written consent

after having received verbal and written information about the

study. The study was approved by The Municipal Ethical

Committee of Copenhagen and Frederiksberg, and it was

conducted in accordance with the Helsinki II Declaration.

Experimental design

The present study was designed as a four-way crossover,

randomized, placebo-controlled, double-blind study. Each

treatment was separated by 43-day washout period. All

treatments were administered as tablets containing either

500 mg GTE (whereof 125 mg catechins), 400 mg tyrosine,

50 mg anhydrous caffeine or placebo. The relatively low dose

of caffeine was chosen because of experience from our

previous studies with caffeine, and to avoid any side effects

(Astrup et al., 1990).

The placebo tablets contained microcrystalline cellulose

and could not be distinguished from the bioactive treatment.

The treatments were similarly encapsulated and differed only

with regard to the content of the individual bioactive

ingredient or placebo vehicle. The subjects were not allowed

to change their dietary and beverage habits (including intake

of coffee and tea), use of spices, level of physical activity,

smoking habits and use of medication, throughout the study

period.

Respiratory measurements

On each treatment day, the subjects arrived at the depart-

ment at 0800 hours. After voiding (emptying bladder),

height and body weight were measured to the nearest

0.05 kg on a decimal scale (Lindeltronic 8000, Copenhagen,

Denmark) and height to the nearest 0.5 cm. The subjects

rested for at least half an hour before undergoing assess-

ments of resting metabolic rate (RMR) and respiratory

quotient (RQ) by indirect calorimetry using a ventilated

hood system (described in detail in Astrup et al., 1991). RMR

was calculated using a formula assuming a fixed protein

catabolism (Weir, 1949). The precision of the ventilated

hood was validated by an alcohol burning test on a weekly

basis; coefficient of variance (CV) was 1.5.

The respiratory measurements were of 4.5-h duration,

from 0830 to 1300 hours. Between 0830 and 900 hours, a

baseline measurement (25 min) was assessed. At around 0900

hours, the participants ingested one of the four treatment

compounds together with 175 ml tap water and 25-min

respiratory measurements were commenced. These were

repeated eight times during the next 4 h (post-dose). Blood

pressure (BP) and heart rate (HR) were assessed at 0830, 0930,

1030, 1130, 1230 and 1300 hours. The 175 ml tap water

ingested together with the test compounds contained 21 mg

calcium, primarily as CaCO3. Although high doses of

calcium seem to have an anti-obesity effect (Zemel, 2002),

the present dose seems too small to have an effect on

thermogenesis, substrate oxidation or food intake (Lorenzen

et al., 2007).

The participants were instructed to fast, except for 0.5 l of

water, from 2000 hours in the evening prior to the

measurement. The subjects abstained from other than

habitual medication, and from alcohol and energetic

physical activity for 24 h before the respiratory measure-

ments. To limit diurnal variation and inter- and intra-subject
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variations, all measurements were carried out according to

an identical schedule and at the same time of day.

Subjective appetite sensations

Visual analogue scales (VAS, described previously in Flint

et al., 2000) were used to monitor each subject’s appetite

sensations before and after intake of the test compound. The

scales contained questions about subjective sensations of

hunger, satiety, prospective consumption, fullness and desire

to eat something sweet, salty, rich in fat, or meat/fish. The

subjects were instructed to complete VAS immediately before

intake of the compound and at 1000, 1100, 1200 and 1300

hours.

Ad libitum energy intake

At completion of the respiratory measurements, the subjects

were given an ad libitum brunch, 4 h after intake of one of the

treatment compounds. The ad libitum meal was a 1329 g

pasta salad brunch (610 kJ 100 g�1, protein: 15 E%, carbo-

hydrates: 55 E%, fat: 30%). The subjects were instructed to

eat at a constant pace and to stop eating when they felt

satiated. Ad libitum EI was assessed from the amount of the

meal consumed.

Statistical analysis

All descriptive data are given in mean and standard

deviation (s.d.). All results are given in mean and standard

error (s.e.). The level of significance was set at o0.05.

Statistical analyses were performed with SAS 8.2 (SAS

Institute, Cary, NC, USA). All data were analysed as

intention-to-treat and the last observation was carried

forward. Prior to the statistical analysis, all data were tested

for normality by Shapiro–Wilk W-test and variance homo-

geneity and data transformed if necessary. Differences

between supplements were tested by analysis of mixed linear

models procedure as repeated measurement adjusted for

baseline level, and with or without adjusting for other

confounders. Post hoc comparisons were made, with Turkey–

Kramer adjustment of significance levels for the pair-wise

comparison, using unpaired t-test when the analysis indi-

cated significant treatment effect. Differences between base-

line levels were tested by analysis of mixed linear models

procedure.

Four-hour baseline-subtracted values of RMR, RQ and VAS

scores were also calculated as an area under the curve (AUC),

and difference between treatments tested by mixed linear

models procedure.

Results

Body weight

There were no significant differences in mean body weight

between treatments (GTE: 76.671.9kg, tyrosine: 76.471.8kg,

caffeine: 76.671.9kg, placebo: 76.371.8kg, P¼0.7).

Resting metabolic rate and respiratory quotient

There was no periodic effect in 4 h RMR or RQ, or any

interaction between treatments and the previous treatment

(carry-over effect). No significant difference between treat-

ments was observed on baseline levels of RMR or RQ

(Table 1). The caffeine treatment induced a thermogenic

response of 72 (21:123) kJ per 4 h (mean, 95% CI) greater

than placebo (Po0.0001) (Figure 1a). After placebo subtrac-

tion, the caffeine induced a RMR response of 6% above basal

metabolic rate (BMR) baseline value (72725 kJ per 4 h,

Table 1 The baseline level of respiratory measures, haemodynamic measures and subjective appetite ratings in 12 young men (mean7s.e.)a

Green tea Tyrosine Caffeine Placebo

Respiratory measures
Thermogenesis, kJ day�1 76517157 75357272 72667272 75907251
Respiratory quotient 0.8770.02 0.8670.02 0.8570.02 0.8670.01

Haemodynamic measures
Systolic blood pressure, mm Hg 11472 11573 11674 11073
Diastolic blood pressure, mm Hg 6172 6172 6272 6172
Heart rate, bpm 5372 5373 5373 5373

Visual analogue scales
Satiety, cm 3.770.4 3.470.4 3.270.3 3.770.3
Fullness, cm 2.870.4 3.270.6 2.470.3 2.870.3
Prospective consumption, cm 6.670.3 6.770.6 7.070.3 6.470.3
Hunger, cm 6.170.7 6.070.7 7.070.2 6.070.5
Salty, cm 4.570.3 4.670.7 4.070.5 4.670.5
Sweet, cm 3.470.4 3.970.6 3.170.4 3.470.4
Fat, cm 4.770.5 5.170.7 4.470.5 4.670.5
Meat/fish, cm 4.470.7 4.870.8 4.170.4 4.570.4

aData were analysed by analysis of variance (mixed linear models). No significant difference was observed between treatments.
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P¼0.01), equivalent to 6� 72¼432 kJ on a 24-h basis

(Figure 1b). No thermogenic effect of tyrosine or GTE

supplementation was observed (Table 2). Tyrosine and GTE

induced RMR responses 2% above BMR baseline

(66771 kJ day�1, P¼0.1) and 0.4% (15765kJ day�1, P¼0.4)

compared to placebo, respectively.

When testing the results by repeated measurement

analysis of variance, tyrosine tended to increase carbohy-

drate oxidation by inducing a 1% greater 4-h RQ response

(0.0170.005, P¼0.05) compared to placebo (Figure 2a).

However, this result was not reproduced when testing the

difference between treatments calculated as AUC (Figure 2b

and Table 2). No significant difference was found between

the other treatments.

Blood pressure and heart rate

HR and diastolic BP were in general greater after caffeine 4 h

post-intake compared to the other treatments. However, no

significant treatment effects were seen in any of the

haemodynamics (Table 2). The change in HR and RMR after

intake of caffeine correlated significantly (r¼0.9, P¼0.003).

No other correlations were found between change in HR and

RMR after intake of either tyrosine GTE or placebo. Even

though treatment period and carry-over effect exerted a

confounding effect (P¼0.02 and P¼0.002) on HR, no

alteration of the present result was found when adjusted

with or without the two confounders. No significant

difference between treatments was observed on baseline

levels of BP or HR (Table 1).

Ad libitum energy intake

Four hours after intake of GTE, tyrosine and caffeine ad

libitum EI was decreased insignificantly by 8% (�4007335 kJ,

P¼0.5), 8% (�4037183 kJ, P¼0.3) and 3% (�1517377 kJ,

P¼0.7) respectively, compared to placebo (48597431 kJ).

Appetite sensations

VAS ratings of satiety, fullness, prospective consumption and

hunger showed no significant difference between treat-

ments. The desire to eat something salty was lower after

intake of tyrosine compared to placebo (P¼0.04). The desire

to eat something sweet and something fat was greater 4 h

post-intake of GTE compared to placebo (P¼0.008 and

P¼0.04, respectively). The desire to eat something fat was

significantly higher 4 h post-intake of GTE compared to

placebo. No significant difference between treatments was

observed on any of the baseline levels of the subjective

appetite sensations (Table 1).

Discussion

The present dose of caffeine induced a 6% thermogenic

response post-intake, which supports previous observations

of the thermogenic properties of caffeine. However, the

ingested 50 mg caffeine is of rather low dosage compared to

previous studies where the acute dose has generally been

between 100 and 400 mg caffeine, inducing a thermogenic

response between 3 and 16% compared to the control

(placebo or decaffeinated coffee) (Acheson et al., 1980;

Hollands et al., 1981; Dulloo et al., 1989; Astrup et al.,

1991; Arciero et al., 1995). Caffeine may possess both

thermogenic and appetite-suppressant effects (Jessen et al.,

2003, 2005), and together these effects on energy might

produce weight loss in habitual users. This is supported by

epidemiological studies suggesting that caffeine intake is

inversely associated with prospective weight change. Lopez-
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Figure 1 Baseline-subtracted 4 h thermogenic response (presented as (a) repeated measurement and (b) area under the curve (AUC)) in 12
young men after treatment with green tea, placebo, tyrosine or caffeine. Data are presented as mean7s.e. and were analysed as repeated
measurements and dAUC by analysis of variance (mixed linear models). A significant difference was found between caffeine and placebo
(Po0.0001).
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Garcia et al. (2006) have found an association between

weight regain and habitual coffee consumption, whereas

other studies have not confirmed this finding (Astrup et al.,

1992; Pasman et al., 1997). This may be influenced by the

fact that natural sources of caffeine also contain widely

varying mixtures of other xanthines and of other substances,

such as tannins, which could affect energy balance (Magkos

and Kavouras, 2005).

The rather high thermogenic response to 50 mg caffeine in

the present study may partly be explained by the subjects’

relatively low habitual intake of coffee. It has been

speculated that long-term high intake of caffeine or other

methylxanthines causes insensitivity to the effects of

caffeine. High- and low-caffeine consumers have been

shown to have different responses to caffeine, and high-

caffeine consumers seem to be less stimulated by caffeine or

other sympathomimetics such as green tea (Kovacs et al.,

2004; Westerterp-Plantenga et al., 2005; Diepvens et al.,

2007).

Caffeine is thought to increase SNS activity by stimulating

the a- and b-adrenoreceptors, and to induce adenosine

antagonism, which can lead to increased BP and HR (Astrup

and Toubro, 1993; Dulloo, 1993). This side effect was not

found in the present study but it has been observed in other

studies with larger doses of supplemented caffeine (Astrup

et al., 1990; Arciero et al., 1998; Noordzij et al., 2005).

However, the evidence of the effect of caffeine on haemo-

dynamics is inconsistent (Astrup et al., 1991, 1992; Toubro

et al., 1993). Interestingly, the caffeine-induced increase in

haemodynamics seems to be diminished by sustained

caffeine-intake over time (James, 1994; Debrah et al., 1995).

This suggests that subjects may adapt to a high habitual or

increased caffeine intake.

The lack of thermogenic effect of GTE found in the present

study supports other studies investigating the effect of

catechins on energy expenditure (Kovacs et al., 2004;

Diepvens et al., 2005; Klaus et al., 2005). However, most

studies examining the effect of tea catechins have found that

the agents were able to enhance thermogenesis even at

smaller doses than those in present study (Dulloo et al., 1999,

2000; Berube-Parent et al., 2005; Westerterp-Plantenga et al.,

2005), which suggests that tea catechins possess thermo-

genic properties. However, the effect of catechins seems

dependent on a synergy with caffeine. The caffeine content

in green tea does not seem to be the main contributor of the

green tea-induced thermogenic response. Dulloo et al. (1999,

Table 2 The level of baseline-subtracted 4 h post-intake change (4 h dAUC) in thermogenic response, respiratory quotient and haemodynamics in 12
young men (mean7s.e.)a

Green tea Tyrosine Caffeine Placebo

Thermogenesis, kJ 33720 50722 100725b 28722
Respiratory quotient 0.0170.02 0.0470.03 �0.0270.02 �0.0170.03
Systolic blood pressure, mm Hg 0.875.6 �8.677.8 2.977.8 9.074.8
Diastolic blood pressure, mm Hg �1.875.7 �1.972.7 1.974.2 �5.973.7
Heart rate, bpm �3767287 �507223 1577294 �407355

Abbreviation: AUC, area under the curve.
aData were analysed by analysis of variance (mixed linear models).
bThe 4 h thermogenic response of caffeine was significantly different from placebo (Po0.0001).
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2000) observed that green tea could stimulate thermogenesis

to a much greater extent than that which can be attributed

to the caffeine content alone. It has been suggested that the

bioactivity of green tea is very much dependent on the

concentration of the different types of catechins. Especially

epigallocatechin gallate has been shown to be the most

pharmacologically active, and supplementation has resulted

in enhanced SNS activity (though not consistently; Kovacs

et al., 2004) and thermogenesis, and reduced fat accumula-

tion in humans (Dulloo et al., 1999; Berube-Parent et al.,

2005; Nagao et al., 2005) and rodents (Dulloo et al., 2000;

Klaus et al., 2005; Wolfram et al., 2005). However, in the

present study, the relative contribution of the specific

catechin isomers was not known. This may explain the lack

of thermogenic response.

Intake of 400 mg tyrosine did cause a 2%, but nonsigni-

ficant, thermogenic response in 4 h RMR. Tyrosine, given

separately to rodents, seems to have only a weak effect on

SNS activity. However, Hull and Maher (1991) have shown

that tyrosine given in combination with other sympathomi-

metics, such as phenylpropnolamine, ephedrine and am-

phetamine, could significantly increase temperature in the

brown adipose tissue in rodents. This suggests that tyrosine

may enhance the effect of other SNS agonists synergistically.

However, the thermogenic effect of tyrosine in humans is

still unknown and should be investigated in future studies.

In a rodent study, tyrosine has been shown to increase SNS

activity and to suppress food intake in a synergistic and dose-

dependent manner when administered with the above

sympathomimetics (Hull and Maher, 1990). These results

support the present study in which tyrosine caused an 8%

decrease in ad libitum EI, although this was not significant. In

addition, the administration of GTE in the present study also

caused an 8% but insignificant decrease in EI. Despite the

insignificant effects on EI, it should be emphasized that from

a quantitative standpoint, the effects of tyrosine and GTE on

EI largely exceed the stimulating thermogenic effect of these

compounds. This suggests that a suppression of EI produced

by tyrosine and GTE may be more important than a possible

thermogenic effect. This pattern has also been observed with

capsaicin, the pungent principle in chili pepper, when it is

added to meals (Yoshioka et al., 1999, 2001). However, the

significantly greater desire to ingest more fat and sweet foods

following GTE supplementation may, in real life, offset the

potential gains from a decreased EI. Only few studies have

investigated a possible anorectic effect of GTE and the

evidence is contradicting in both rodent studies (Kao et al.,

2000; Klaus et al., 2005) and human studies (Kovacs et al.,

2004; Diepvens et al., 2005; Westerterp-Plantenga et al.,

2005).

The present supplementation of caffeine did not reduce ad

libitum EI, which contradicts the study of Tremblay et al.

(1988), who found that a supplement of 300 mg caffeine

decreased ad libitum EI by 22% in men but not in women.

However, in the present study, only 50 mg caffeine was

administered, which was probably too low a dose to induce

an anorectic effect. In addition, the present results of ad

libitum EI must be regarded with caution. The 4 h delay

between the ingredient ingestion and the ad libitum meal

may have been too long to permit an optimal assessment of

the impact of the ingredients on spontaneous EI.

Neither caffeine nor GTE administration in the present

study showed any effect on substrate oxidations. Human

studies have shown that catechins and caffeine can increase

fat oxidation (Acheson et al., 1980; Dulloo et al., 1999;

Westerterp-Plantenga et al., 2005). However, there are

inconsistencies in the evidence of changes in fat utilization

caused by caffeine or catechins (Astrup et al., 1991; Arciero et

al., 1995; Bracco et al., 1995; Kovacs et al., 2004). The present

tyrosine supplementation tended to significantly increase

RQ/4 h by 1% when tested as repeated measurements.

However, this must be regarded with caution as the result

was not reproduced when testing the difference as AUC. It is

not possible to compare the present finding with results

from other studies as the effect of tyrosine on substrate

oxidation has not been tested previously. The increase in RQ

also goes against the assumption that tyrosine supplementa-

tion, despite the rate-limiting effect of tyrosine hydroxylase,

may cause increased SNS activity mediated by stimulus of NA

on b-adrenergic receptors.

In conclusion, only caffeine in the given dose was

thermogenic and without causing any haemodynamic or

other side effects. Although the reductions in ad libitum EI

were not significant, they support previous findings. The

small sample size can have prevented the detection of any

appetite suppressant properties of the treatments and further

investigations are required.
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