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Summary
The term ‘fat burner’ is used to describe nutrition supplements that are claimed to
acutely increase fat metabolism or energy expenditure, impair fat absorption,
increase weight loss, increase fat oxidation during exercise, or somehow cause
long-term adaptations that promote fat metabolism. Often, these supplements
contain a number of ingredients, each with its own proposed mechanism of action
and it is often claimed that the combination of these substances will have additive
effects. The list of supplements that are claimed to increase or improve fat
metabolism is long; the most popular supplements include caffeine, carnitine,
green tea, conjugated linoleic acid, forskolin, chromium, kelp and fucoxanthin. In
this review the evidence for some of these supplements is briefly summarized.
Based on the available literature, caffeine and green tea have data to back up its
fat metabolism-enhancing properties. For many other supplements, although
some show some promise, evidence is lacking. The list of supplements is industry-
driven and is likely to grow at a rate that is not matched by a similar increase in
scientific underpinning.

Keywords: Caffeine, carnitine, conjugated linoleic acid, forskolin, green tea,
taurine.
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Introduction

One of the most popular categories of nutrition supplements
is often referred to as ‘fat burners’. The reasons for the
popularity of these supplements generally include the pro-
posed improvements in health, improvements in perfor-
mance, weight loss or a combination of these factors. The
term ‘fat burner’ is used to describe nutrition supplements
that are claimed to acutely increase fat metabolism or energy
expenditure, impair fat absorption, increase weight loss,
increase fat oxidation during exercise, or somehow cause
long-term adaptations that promote fat metabolism (Fig. 1).
Often, these supplements contain a number of ingredients,

each with its own proposed mechanism of action. It is often
claimed that the combination of a number of these sub-
stances will have additive effects. The advertisements for
many of these supplements are often accompanied by too-
good-to-be-true before and after photographs of individu-
als. The purpose of this review is to examine the evidence for
a number of the most popular ingredients that are proposed
to enhance fat metabolism in some way and/or the supple-
ments that have some research to support or not support
their use. It is beyond the scope of this short review to discuss
all available supplements (Table 1) that appear in this rather
dynamic market. There will be a focus on studies performed
in humans when these studies are available.
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Caffeine

Caffeine (1,3,7-trimethylxanthine) is an alkaloid deriva-
tive found naturally in, and added to, a variety of foods
and beverages. Most of the caffeinated beverages con-
sumed worldwide are extracted from coffee beans or tea
leaves or eaten as chocolate derived from the cacao bean.
There are a variety of other metabolites in coffee and tea
including other alkaloids (theobromine, paraxanthine,
theophylline) and polyphenols (tannins and flavonoids).
Consumption of caffeine containing tablets and supple-
mented foods should not be directly equated to the
consumption of tea and coffee, especially from a health
perspective. Caffeine is absorbed from foods and be-
verages with a time to peak plasma concentration of
30–90 min and half-life of approximately 4–6 h. Caffeine

is extensively metabolized by the cytochrome P-450
oxidase system with ~1–3% being excreted in the urine as
free caffeine.

A lot of the interest in the effects of caffeine on metabo-
lism stems from exercise physiology studies in the 1970s.
Early studies by Costill and co-workers (1) showed that
caffeine ingested (coffee and pure caffeine), prior to an
exercise bout, significantly elevated fat oxidation rates as
well as performance. Essig et al. (2) also reported a shift in
substrate metabolism during exercise from carbohydrate to
fat, following caffeine ingestion which was accompanied by
a modest increase in serum plasma fatty acid concentra-
tions. The theory was developed that caffeine mobilized
fat and spared muscle glycogen resulting in performance
enhancement. Later, these two effects have been dissociated
from each other, and the ergogenic effect of caffeine is more
likely due to central mechanisms.

Nevertheless, caffeine has been shown to increase sym-
pathetic nervous system (SNS) activity, liberating fatty
acids from the adipose and/or intramuscular stores. This
mechanism, occurring indirectly through increased circu-
lating adrenaline levels, has the potential to enhance the
availability of fatty acids for oxidation. Caffeine has also
been associated with a more direct effect on lipolysis. It has
been suggested from in vitro studies that caffeine inhibits
phosphodiesterase (3), the enzyme responsible for degrad-
ing cyclic AMP (cAMP). An increase in the cAMP half-life
enhances lipolysis, subsequently increasing fatty acid avail-
ability for fuel use. Whether such an effect also plays a role
in vivo is unclear.

Caffeine has shown to elicit short-term thermogenic
effects (4–6). Acheson et al. (4) found that administering

Figure 1 The interaction of ‘fat burners’ on increasing fat metabolism and promoting weight loss.

Table 1 Fat burners

Caffeine Dihydroxyacetone Conjugated linoleic acid
(CLA)

Carnitine Ephedra Psyllium
Calcium Green tea extracts Pyruvate
Choline Hydroxycitrate (HCA) Leucine
Chromium Lipase Forskolin
Lecithin Ma huang Beta-sitosterol
Fucoxanthin Kelp Cayenne pepper

(Capsaicin)
Garcinia cambogia Inositol Epigallocatechin-

3-gallate (EGCG)
Capsaicin Taurine Tea

A list of available supplements that have been proposed to increase fat
metabolism. Supplements in bold will be discussed in this review.
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a high dose of caffeine (8 mg kg-1) significantly increased
resting metabolic rate (RMR) (20 kJ m-2 h-1) in the 3 h
after ingestion. Interestingly, in the final hour of mea-
surements, fat oxidation was significantly higher after
caffeine ingestion compared to placebo, reaching 75 �

4 mg min-1. In agreement with these findings, Dulloo
et al. (5) reported that even a low dose of caffeine
(100 mg) has the potential to induce a thermogenic effect
at rest. Over a 150-min period, RMR was increased by
3–4% in both lean and post-obese individuals. In the
same study, RMR was further augmented when repeated
doses (2-h intervals over 12 h) of caffeine were ingested
(8–11% increase) (5). It is unknown whether this increase
was due to increased fat oxidation, increased carbohy-
drate oxidation or both. Astrup et al. (7) observed a
linear dose-dependent response of caffeine ingestion on
energy expenditure. However, this was attributed to equal
increases in both fat and carbohydrate oxidation, as res-
piratory quotient (RQ) did not differ from placebo. In a
follow-up study, Astrup et al. (8) supplemented obese
patients with caffeine, over a 24-week period, while on an
energy-restricted diet. Over time, there was a pronounced
weight loss in individuals that consumed both the caffeine
and placebo supplement. However, total weight loss did
not differ between these two groups. In the same study,
when ephedrine (a known stimulant of the SNS) was
ingested alongside caffeine, weight loss was significantly
greater than the placebo group (16.6 � 6.8 kg vs.
13.2 � 6.6 kg respectively), proposing a supra-additive
effect on thermogenesis and body weight with a combi-
nation of two SNS stimulants. This was also shown more
recently in a study in which 6-month ingestion of an
ephedra/caffeine supplement promoted body weight
(-5.3 � 5.0 kg) and body fat (-4.3 � 3.3 kg) reduction
compared to placebo (9). The observation that ingestion
of green tea–caffeine supplement did not show greater
weight maintenance in a group of habitually high-caffeine
consumers suggests that sensitivity to caffeine could be
lost over a period of time (10). Thus, acute caffeine inges-
tion has the potential to enhance metabolism, but it may
not be potent enough alone to act as a weight loss
product if ingested over a longer period of time or in
habitually high-caffeine consumers.

In summary, in some circumstances caffeine can
increase energy expenditure (at rest) or fat oxidation (at
rest and during low-intensity exercise), but these effects
are less obvious during moderate- to high-intensity exer-
cise. Caffeine on its own has not been shown to be effec-
tive in reducing body weight and if caffeine increases fat
metabolism, the effects are generally small (<20%). Of
course, it cannot be excluded that such changes still have
significant practical value. For a complete review of the
effects of caffeine on substrate metabolism, see Graham
et al. (11).

L-carnitine

Carnitine in the body

L-carnitine (carnitine), a substance present in relatively
large quantities in meat (the Latin word caro-carnis means
meat or muscle), has received a lot of attention over the
past 20 years. Carnitine is claimed to improve fat metabo-
lism, reduce fat mass and increase muscle mass. Therefore,
carnitine is often used to lose weight, reduce body fat and
improve ‘sharpness’. Endurance athletes use carnitine to
increase the oxidation of fat and spare muscle glycogen.

L-carnitine is derived from red meats and dairy products
in the diet and from endogenous production in the body.
Even when dietary carnitine is insufficient, healthy humans
produce enough from methionine and lysine to maintain
functional body stores (for this reason, carnitine is not
regarded as a vitamin, but as a vitamin-like substance). Car-
nitine is synthesized in the liver and kidney, which together
contain only 1.6% of the ~27 g whole-body carnitine store.
About 98% of the carnitine of the human body is present in
skeletal and heart muscle. Skeletal muscle and the heart are
dependent upon transport of carnitine through the circula-
tion, which contains about 0.5% of whole-body carnitine.

Muscle takes carnitine up against a very large (~1,000-fold)
concentration gradient (plasma carnitine is 40–60 mmol L-1,
and muscle carnitine is 4 mmol L-1 to 5 mmol L-1) by a
saturable active transport process. Carnitine is an end
product of human metabolism and is only lost from the body
via excretion in urine and stool. Daily losses are minimal
(<60 mg d-1) and are reduced to less than 20 mg d-1 on meat-
free and carnitine-free diets (12). These minimal losses imply
that the rate of endogenous biosynthesis, which is needed
to maintain functional body stores, is also only about
20 mg d-1. The amounts lost in stool can usually be ignored
except after ingestion of oral supplements.

The role of carnitine in fat metabolism

L-carnitine plays an important role in fat metabolism. In
the overnight fasted state and during exercise of low to
moderate intensity, long-chain fatty acids are the main
energy sources used by most tissues, including skeletal
muscle. The primary function of L-carnitine is to transport
long-chain fatty acids across the mitochondrial inner mem-
brane, as the inner membrane is impermeable to both long-
chain fatty acids and fatty acyl-CoA esters (12). Once
inside the mitochondria, fatty acids can be degraded to
acetyl-CoA through b-oxidation and proceed to the tricar-
boxylic acid cycle. Carnitine also plays an important
role in maintaining the mitochondrial acetyl-CoA/CoASH
ratio, which is a regulator of the flux through the pyruvate
dehydrogenase (PDH) complex and thus carbohydrate
metabolism (13,14).
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Carnitine and fat metabolism

The belief that carnitine supplementation helps weight loss
is based on the assumption that regular oral ingestion of
carnitine increases the muscle carnitine concentration.
Another assumption is that if carnitine concentration in the
muscle increases, fat oxidation also increases, thus lead-
ing to a gradual loss of the body fat stores. Carefully
conducted studies (15,16) have demonstrated clearly that
oral carnitine ingestion (up to 6 g d-1 for 14 days) does not
change the muscle carnitine concentration. Also, calcula-
tions based on enzyme kinetics indicate that human muscle
in resting conditions has more than enough free carnitine to
allow the enzyme carnitine palmitoyl transferase I (CPT I)
to function at maximal activity. Claims that carnitine pro-
motes weight loss therefore are not only unfounded but
also theoretically impossible (17).

Recently, however, there has been some renewed interest
in carnitine. Stephens et al. (18,19) showed that if muscle
carnitine can be increased, this can reduce muscle glycogen
breakdown and possibly enhance fat metabolism. They
increased muscle carnitine by simultaneously increasing
the insulin concentration (by insulin infusion or feeding
large amounts of carbohydrate) and providing carnitine
at the same time (by infusion or ingestion) (18,19). Wall
et al. (20) recently supplemented athletes with 80 g of
carbohydrate per day or 80 g of carbohydrate plus 2 g of
L-carnitine L-tartrate for 24 weeks. They observed a
reduction in glycogen breakdown during exercise at 50%
VO2max, and reported a reduced activation of the PDH
complex at that intensity. However, at 80% VO2max,
which would be closer to most competitive events, these
effects were not present.

While it is possible that carnitine may be elevated and may
have some effects on fat metabolism after several months of
ingesting carnitine in combination with a relatively large
amount of carbohydrate, it is too early to draw any conclu-
sions. If used for weight loss reasons, it seems counterproduc-
tive to consume large amounts of carbohydrate to increase
insulin to make sure carnitine concentrations in the muscle
are slightly elevated and might result in small improvements
in fat oxidation in the long term. Potentially for athletes who
have very high energy expenditures anyway and consume
carnitine with their meals or energy drinks, it may be possible
to raise muscle carnitine concentrations. Overall, however,
the practical implications of this are currently unclear and
there is not enough evidence to recommend carnitine for
weight loss or to increase fat oxidation.

Forskolin

Forskolin is a diterpene of the labdane family that is pro-
duced by the Indian Coleus plant (Coleus forskohlii). For-
skolin is often used to raise levels of cAMP in the study and

research of cell physiology. The effects of forskolin on
cAMP have been described in detail as early as the 1980s
and can be observed in isolated cell preparations as well as
in intact tissue. If this mechanism is also active in vivo in
humans after forskolin ingestion, it could result in an acti-
vation of hormone-sensitive lipase, and increase lipolysis
enabling greater fat oxidation.

It has been demonstrated that forskolin can stimulate
lipolysis in adipose tissue in rats (21,22). There is only one
study that investigated the effects of forskolin on body
composition and metabolic rate in humans (23). In this
study, 30 obese men were supplemented with forskolin
(250 mg of a 10% forskolin extract twice a day) for 12
weeks. The authors concluded that forskolin ingestion
resulted in favourable changes in body composition deter-
mined by dual-emission x-ray absorptiometry. Following
forskolin supplementation body fat mass was significantly
decreased by -11.23%, compared to -1.73% in the
placebo group. This reduction in body fat mass, with for-
skolin ingestion, was accompanied with a significant reduc-
tion in body fat percentage from baseline (35.17 � 8.03%
to 31.03 � 7.96%). Unfortunately, no measurements of fat
metabolism were reported, although the authors did report
that energy expenditure was not different between the
forskolin-supplemented group and the placebo group. So
although there is a theory that is promising, there is only
one study at the present time and more work is required
before forskolin can be recommended as a fat metabolism-
enhancing substance.

Fucoxanthin

Fucoxanthin is a carotenoid found in edible brown sea-
weeds (Undaria pinnatifida). In animal studies it has been
demonstrated that long-term fucoxanthin supplementation
can result in weight loss. For example, a study by Maeda
et al. (24) demonstrated that fucoxanthin (0.4% of body
mass) or extract that contained fucoxanthin resulted in a
significant reduction in white adipose tissue after 4 weeks.
The mechanisms may be related to an up-regulation of
mitochondrial uncoupling protein 1 (UCP1) (24), which
would result in an increase in resting energy expenditure.
Other potential mechanisms include a suppression of adi-
pocyte differentiation and lipid accumulation by inhibiting
glycerol-3-phosphate dehydrogenase activity (25) or down-
regulation of peroxisome proliferator-activated receptor-g
(PPAR-g) responsible for adipogenic gene expression (25).
However, a quick calculation would reveal that 0.4% body
mass in human would equate to 280 g of fucoxanthin per
day for an average 70-kg person and would be considered
a totally unrealistic dose. However, recently a Russian
study was published that used fucoxanthin for the first time
in humans (26). In this study, the effects of a product were
investigated that contained brown marine algae fucoxan-
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thin as well as pomegranate seed oil. Daily administration
of 600 mg of an extract that contained 2.4 mg fucoxanthin
per day resulted in a significant weight loss compared with
placebo after 16 weeks. The authors also reported increases
in resting energy expenditure, decreases in body and liver
fat content and improvements in the plasma lipid profile.
Weight reductions were about 5 kg more in the supple-
mented group compared with the placebo group (the
placebo group also lost a small amount of weight).
However, caution must be exercised when interpreting
these findings. At least one of the authors is working for the
company that holds the patents for fucoxanthin. At this
point in time this is the only human study and therefore
more studies need to be conducted to confirm any effects of
fucoxanthin in humans.

Kelp

Kelp is brown seaweed, and the active ingredient with
respect to fat metabolism is believed to be fucoxanthin,
which has already been discussed above. Other than the
fucoxanthin studies discussed, there appear to be no studies
that have investigated the effect of a kelp supplement on fat
metabolism.

Tea

Tea originates from the leaves of Camellia Sinensis L, a
species of the Theaceae family. The leaves are processed
as green, oolong and black tea, differing in composition
because of differences in the fermentation process. Green
tea is processed from non-oxidized/non-fermented leaves,
therefore contains high quantities of catechin polyphe-
nols, which are absent in black tea. The most abundant of
the catechin polyphenols are epicatechin, epigallocate-
chin, epicatechin-3-gallate and epigallocatechin-3-gallate
(EGCG), the latter being the most abundant and pharma-
cologically active. Oolong tea leaves vary in the degree
of fermentation (10–70%) and are often referred to as
partially oxidized but contain the same polyphenol cat-
echins as green tea. Black tea leaves contain many com-
pounds including polyphenols such as theaflavins and
thearubigins, which are both products of full oxidation
of flavan-3-ols during fermentation. Caffeine is present in
all teas regardless of the fermentation process. In recent
years tea has received a growing interest in the literature
partly because of its potential ability to stimulate fat
oxidation.

Catechins, more specifically EGCG, are thought to
stimulate fat oxidation through direct inhibition of
catechol-O-methyltransferase, an enzyme that degrades
norepinephrine (27). This acute increase in SNS stimulation
results in elevated concentrations of catecholamines, thus
potentially increasing fatty acid mobilization and oxida-

tion. Although this is the mechanism that is very often
referred to, there is no convincing evidence.

Acute effects of green tea

In a short-term human study, encapsulated green tea
extract (GTE) plus caffeine (120 mg GTE/50 mg caffeine),
caffeine (50 mg) or placebo were consumed three times
a day on three separate occasions (28). Relative to
placebo, consumption of GTE/caffeine significantly
increased 24-h fat oxidation (76.2 � 10.6 and 103 � 13 g
respectively). Interestingly, 24-h fat oxidation, seen fol-
lowing ingestion of GTE, exceeded that which was
observed when subjects received caffeine alone (20%
higher). These findings, determined using a respiratory
chamber, suggest that green tea has fat metabolism-
enhancing properties independent of its caffeine content
(28). Similar observations were found when oolong tea
(EGCG + caffeine, 244 and 270 mg d-1 respectively) was
consumed three days prior to 24-h calorimetry measure-
ments (29). These two studies seem to suggest that the
consumption of a tea extract containing moderate quan-
tities of EGCG (244–270 mg d-1) can augment fat oxida-
tion at rest. It is generally thought that the stimulating
effect on fat metabolism is a function of the EGCG
content. However, when subjects ingested GTE supple-
ments with differing EGCG content (270–1,200 mg) with
a relatively high dose of caffeine (600 mg) (30), no effect
on fat metabolism was found.

Gregersen et al. (31) found no effect of GTE ingestion,
with varying levels of active ingredients, on fat metabolism.
In this study, authors administered capsules containing
caffeine enriched with either EGCG or a mixture of all
catechins, in addition to a caffeine and placebo control.
Fat oxidation rates during a 13-h period in a respiratory
chamber did not differ following supplementation of a
GTE or caffeine compared to placebo (31). However, this
finding might be explained by the supplementation proto-
col employed. Subjects received low doses (40–101 mg/
capsule EGCG) intermittently throughout the day. A
dosage below 100 mg EGCG per administration could be
beneath the threshold to elicit the substrate enhancing
effect seen in other studies.

Hursel et al. (32) recently conducted a meta-analysis on
four articles which investigated acute catechin–caffeine
supplementation on resting fat oxidation. Of the four
studies, three found an increase in fat oxidation rates over
a 24-h period, which resulted in the authors reporting that
a catechin–caffeine mixture can increase rates by 16%.
Thus, it seems that GTE consumption does have the poten-
tial to increase fat oxidation at rest. However, the literature
is still inconclusive with respect to the most effective
supplementation protocol, the optimal catechin dosage and
the inclusion/exclusion of caffeine.
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Chronic effects of green tea

The above studies provided a green tea supplement and
performed measurements in the following 24 h. However,
it is possible that the supplements are more effective when
supplemented over a longer period of time. Harada et al.
(33) supplemented the diet of 12 men with a high
(593 mg d-1) or low (78 mg d-1) catechin beverage over a
12-week period. Excretion of labelled CO2 (13CO2) of a
13C-labelled fatty meal was significantly increased in
the high-catechin group at week 12 compared to baseline
measurements. In another study, the RQ of subjects ingest-
ing a GTE (~130 mg d-1) was significantly lower after 8
weeks than placebo (0.81 and 0.83 respectively). However,
this effect had diminished by week 12 (34).

Long-term GTE supplementation has also been reported
to have positive effects on reducing and maintaining body
weight (35–39). Westerterp-Plantenga et al. (10) adminis-
tered a GTE to subjects during a weight maintenance
period of 3 months (270 mg d-1 EGCG). Compared to
placebo, body weight regain was significantly smaller in the
group that received the GTE but only in those who were
low habitual caffeine consumers. In this same cohort of
subjects, RQ was significantly lower in this weight main-
tenance period. In contrast, Diepvens et al. (40) found that
GTE (1,125 mg d-1 catechins) ingested alongside a low-
energy diet had no effect on any body composition param-
eters or post-absorptive RQ in moderate caffeine users.
Substantial weight loss of 14 kg was found when subjects
on a hypocaloric diet consumed 300 mg d-1 of catechins,
compared to 5 kg lost in the diet-only group (41). Com-
pared to other studies, catechin intake was low and the
authors did not report the levels of circulating plasma
catechins, therefore the results of this study should be inter-
preted with caution. However, a recent meta-analysis found
a favourable effect of catechin ingestion on weight loss and
weight maintenance. It was estimated from results of 11
studies that subjects in a green tea intervention group lost
on average 1.31 kg more weight, over a 12- to 13-week
supplementation period, than the control group. Further-
more, the effect size was larger in populations with a low
habitual caffeine intake compared to moderate-to-high.
Interestingly, the review also highlighted the interaction of
ethnicity as a moderator. Studies that used Asian subjects
had a larger effect size than Caucasian (42). The equivocal
findings in the area of GTE supplementation and weight
loss may be due to confounding variables such as habitual
caffeine intake and ethnicity. These factors should be taken
into account when conducting future studies.

In animal models green tea seems to have a consistent
effect on body weight. For example, Lee et al. (43) dem-
onstrated that in high-fat diet-induced obese mice, diets
supplemented with EGCG resulted in reductions of body
weight and mass of adipose tissues at various sites in a

dose-dependent manner. In the epididymal white adipose
tissue of EGCG diet-fed mice, the mRNA levels of
adipogenic genes such as PPAR-g, CCAAT enhancer-
binding protein-a (C/EBP-a), regulatory element-binding
protein-1c (SREBP-1c), adipocyte fatty acid-binding
protein (aP2), lipoprotein lipase and fatty acid synthase
were significantly decreased. However, the mRNA levels
of CPT-1, uncoupling protein 2 (UCP2), as well as lipoly-
tic genes such as hormone-sensitive lipase and adipose
triglyceride lipase, were significantly increased. In another
study GTE ingestion increased the expression of PPAR-g
and CPT-1 (44). Although this increased expression of
proteins involved in fat metabolism has not consistently
been found (45), the data seem to suggest that chronic
GTE supplementation can cause some adaptations in fat
metabolism. An increase in the aforementioned genes, in
humans, would result in a more efficient and augmented
fat oxidation, which ultimately could result in weight
loss.

Green tea and fat oxidation during exercise

Exercise increases metabolic rate several fold and
moderate-intensity exercise has been found to elicit
maximal fat oxidation rates (45–65% VO2max) (46,47). A
few studies have systematically investigated the interactions
between GTE and substrate metabolism during exercise.
Animal studies have consistently shown that when GTE is
supplemented into the diet, fat oxidation rates are signifi-
cantly increased during exercise (48–50).

Venables et al. (51) investigated the effects of acute
GTE ingestion (day before and just before exercise
~366 mg d-1 EGCG) on substrate metabolism during
moderate-intensity exercise in humans. Fat oxidation
rates, during a 30-min cycling at 60% VO2max, were sig-
nificantly higher (17%) following GTE ingestion com-
pared to placebo. Similar effects were seen with chronic
feeding. When 218 mg d-1 of EGCG was ingested, during
a 3-month exercise training period, 24% higher fat oxi-
dation rates were found during exercise compared to
placebo (52). However, this effect was not seen when a
much lower dose of GTE (70 mg d-1 EGCG) was admin-
istered over 3 weeks (53). These findings suggest that
higher doses of GTE (EGCG) may have the potential to
increase fat oxidation during exercise.

Few studies have investigated the effects of chronic green
tea ingestion in combination with an exercise intervention.
Murase et al. (49) subjected mice to a 10-week interven-
tion of dietary GTE ingestion (0.2% and 0.5% GTE) in
combination with exercise training. Following the interven-
tion, b-oxidation activity significantly increased in the
GTE + exercise group above that of exercise alone (74%
and 36% respectively). In a follow-up study, mRNA
expression of enzymes involved in fat metabolism was
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measured. A marked increase was observed in fatty acid
translocase in the mice that ingested 0.5% and 0.2%
EGCG. A recent study investigated the long-term (10-
week) effects of GTE consumption in combination with a
training regimen in humans (54). Chronic ingestion of a
GTE supplement lowered the respiratory exchange ratio
(RER) during a 90-min cycle exercise bout from 0.84 to
0.82. Although highly speculative, these results taken
together suggest that chronic GTE supplementation in
combination with exercise may augment fat metabolism by
increased expression of certain fat metabolism enzymes.

Conclusion

Green tea has the potential to increase fat metabolism at
rest, also during exercise, and may help to lose body fat and
body weight. As with caffeine, the effects appear to be
relatively small. The underlying mechanisms for the meta-
bolic effects of GTE are incompletely understood and so
are the practical implications.

Chromium

An enormous marketing hype has surrounded this popular
supplement over the past years, as it is said to be a ‘muscle
builder’ and ‘fat burner’. Chromium is a trace element
that is present in foods such as brewer’s yeast, American
cheese, mushrooms and wheat germ, and it is considered an
essential nutrient. Because of insufficient methods to assess
chromium status, the US Food and Nutrition Board
could not establish an recommended daily allowance for
chromium. Instead, an adequate intake was agreed:
20–30 mg (55). Anderson and Kozlovsky (56) suggested
that many people in the USA are not ingesting even
50 pg d-1 of chromium. Chromium is marketed predomi-
nantly in the form of chromium picolinate, although chro-
mium nicotinate and chromium chloride supplements also
exist. Picolinic acid is an organic compound that binds
chromium and is thought to enhance the absorption and
transport (57).

Evans (57) was the first to report that ingesting chro-
mium increased lean tissue in exercising humans. In those
studies, untrained college students and trained football
players were given 200 mg of chromium picolinate or a
placebo each day for 40 to 42 d, while they were on a
resistance training programme. Those subjects who took
chromium supplements gained significantly more lean body
mass compared with the placebo group. However, lean
body mass was only estimated from circumference mea-
sures, and the changes observed were small, so measure-
ment error could have influenced the results.

Subsequent studies (58–62) have not confirmed the
results of Evans (57). In these carefully controlled studies,
which used more sophisticated techniques to measure body

composition, no effects were found in lean body mass
(58,59). In one of the studies Lukaski et al. (62) concluded
that under conditions of controlled energy intake, chro-
mium supplementation of women did not independently
influence body weight or composition. Thus, claims that
supplementation of 200 mg of chromium promotes weight
loss and body composition changes are not supported.

Thus, the majority of the studies show that chromium
supplements are not effective in increasing lean body mass.
Based upon laboratory studies of cultured cells, chromium
picolinate was suggested to accumulate in cells and cause
chromosome damage (63). Although this finding has not
been confirmed in human studies (64), caution must be
exercised in the use of chromium supplements.

Conjugated linoleic acid

Conjugated linoleic acids (CLA) are a group of positional
and geometric isomers of the omega-6 essential fatty acid
linoleic acid. Cis-9,trans-11 (c9,t11) is the major isomer
found in foods such as ruminant meats (beef and lamb) and
dairy products (milk and cheese), whereas the commercial
preparations contain equal quantities of c9,t11 and trans-
10,cis-12 (t10,c12). It has been suggested that CLA can act
as an anti-obesity agent through its ability to decrease
energy and food intake, decrease lipogenesis and increase
energy expenditure, lipolysis and fat oxidation.

Alterations in body mass, composition and
fat oxidation

Rodent studies have observed alterations in body weight
and composition when the ad libitum diet is supplemented
with CLA. Mice supplemented with 0.5% CLA exhibited
60% reductions in body fat and 14% increases in lean
body mass compared to controls (65). Similarly, when
young rats were supplemented with 1% CLA for 4 weeks,
body weight gain was significantly reduced with reductions
of 44% in fat pad size (66). Zucker diabetic fatty rats
supplemented with 1.5% CLA also had significantly
reduced body weight (67).

On the basis of the results from animal studies, there is
potential for CLA to have weight loss effects in humans.
Malpuech-Brugère et al. (68) conducted a study investigat-
ing the effects of two CLA isomers (c9,t11 and t10,c12) on
body fat mass. After a 6-week run-in period, consuming
high oleic sunflower oil (3 g) daily, overweight healthy men
were allocated into one of five groups. These five groups
included daily consumption of high (3 g) and low (1.5 g)
doses of c9,t11 and t10,c12 daily for 18 weeks, plus a
placebo control group. Following the intervention period
there were no significant changes, among all five of the
treatments groups, in body fat mass and other body com-
position parameters (body mass index, weight, per cent
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body fat). More recent studies where chronic CLA supple-
mentation has been administered, as a mixture containing
both c9,t11 and t10,c12, have found favourable effects on
body composition. Gaullier and colleagues found a signifi-
cant reduction in body fat mass after 6 (-3.4%) (69) and 12
months (-8.7% CLA-TG, -6.9% CLA-FFA) (70) of CLA
supplementation compared to placebo. The interest in
CLA, as a body fat regulator, has resulted in many studies
differing in CLA isomers, dose and study duration.
Whigham et al. (71) performed a meta-analysis of 18
studies which had all investigated the influence of CLA on
improving body composition. Based on three studies, a
conclusion cannot be made on supplementation of single
CLA isomers (c9,t11 and t10,c12) and their potential to
reduce body fat. However, this meta-analysis concluded
that 3.2 g CLA per day is effective in producing modest fat
loss (0.05 � 0.05 kg per week; P < 0.001).

Mechanisms

Although it has been shown that CLA supplementation can
lead to reductions in food intake (72), this is usually not
sufficient to account for the changes in body mass and even
without reductions in food intake, reductions in body fat
mass are apparent (65). CLA supplementation can increase
energy expenditure (73) to a level sufficient to induce body
fat loss and although it has been observed that CLA supple-
mentation can increase UCP2 expression, this is not
thought to be a valid mechanism. Rodent studies have
provided evidence that the alterations in body composition
and fat oxidation were associated with increases in CPT
activity in brown adipose tissue, skeletal muscle and liver
by up to 2.5 times that of the control, with increased rates
of lipolysis being evident (65,66).

In addition to the actions of CLA on fat oxidation and
weight loss, there are claims that CLA can benefit those
with impaired glucose tolerance. Initial studies using
Zucker diabetic fatty rats with a feeding schedule of 1.5%
CLA for 14 d have shown normalized glucose tolerance
and attenuated fasting hyperinsulinemia and plasma fatty
acid concentrations (67). This effect appears to occur at the
level of the adipocyte via the activation of PPAR-g. The
observed response is also isomer-specific with the t10,c12
isomer being more effective than the c9,t11 isomer (74).

While the effects of CLA supplementation in rodents
appear positive, the effects in humans are inconsistent. In
patients with non-insulin-dependent diabetes mellitus,
6 g d-1 of CLA for 2 weeks was associated with a correla-
tion between body weight and plasma concentrations of the
isomer t10,c12 (75). However, in healthy obese and non-
obese men and women, no change in body weight was
observed (76,77). Furthermore, 3-month daily ingestion of
c9,t11 (3 g d-1) (78) and t10,c12 (3.4 g d-1) (79) has been
found to significantly lower insulin sensitivity (-15% in

both treatment groups) in overweight Caucasian men. As
insulin resistance and obesity are associated with the meta-
bolic syndrome, increasing the risk of life-threatening
diseases, CLA may not be suitable as a weight-regulating
supplement. The biological effects of CLA are isomer-
dependent and cis-9,trans-11 and trans-10,cis-12 may have
distinctly different effects. It is also likely that some effects
are induced and/or enhanced by these isomers acting syn-
ergistically. It has been suggested that the trans-10,cis-12
isomer is responsible for reduction in body fat and is also
referred to as the most effective isomer affecting blood
lipids.

Conclusion

In conclusion, it would appear that the majority of infor-
mation with regards to the effects of CLA on altering body
weight and composition has been gained from experiments
on animals. In human studies, modest fat loss may be
achieved through long-term supplementation of ~3 g d-1

CLA. Future studies should also address the safety issues.

Taurine

Taurine was recently linked to increased fat metabolism. In
a study by Rutherford et al. (80), it was investigated
whether acute taurine ingestion before prolonged cycling
would improve time-trial performance compared with a
control trial and a placebo trial in which participants were
told they received taurine but did not. Participants cycled at
67% VO2max for 90 min followed by a time trial. One
hour before the start of exercise, they ingested 1.66 g of
taurine (or control or placebo). The authors observed no
effects on performance, but interestingly they reported a
16% higher total fat oxidation over the 90-min exercise
period with taurine ingestion compared with control and
placebo. A closer look at the results reveals that although
the authors reported an increase in fat oxidation with
taurine, RER was not significantly different from control or
placebo. It also appears that there is already a difference in
fat oxidation at the start of exercise, and the difference
seems to get smaller as exercise progresses. This could
indicate that a difference already existed that was indepen-
dent of taurine or that taurine ingested in the hour before
exercise is particularly effective in increasing fat oxidation
in the first minutes of exercise. The findings need to be
confirmed but cannot be dismissed at this point.

The findings are seemingly in contrast to two earlier
studies which reported no effects of taurine on fat oxida-
tion (81,82). However, it could be argued that these studies
also gave carbohydrate either immediately before exercise
or during exercise, and this may have masked any effect
that taurine might have had. Rutherford et al. (80) sug-
gested that, in their study, the taurine might have had an
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effect through adenylyl cyclase activation, increasing
cAMP, thereby increasing lipolysis and fat oxidation.

Taken together, there is insufficient evidence that taurine
has a stimulating effect on fat metabolism, but one well-
conducted study suggests that it is warranted to further
investigate a role for taurine.

Concluding remarks

For most supplements discussed here, there is a lack of
scientific data. Based on the available data, caffeine and
green tea have evidence that they indeed have some prop-
erties that enhance fat metabolism. However, effects in
humans have generally been small and more consistent in
low habitual caffeine consumers. For most other supple-
ments, although some show potential to enhance fat
metabolism, like CLA, conclusive evidence is lacking. The
ever increasing list of fat-burning supplements is industry-
driven and is likely to grow at a rate that is not and cannot
be matched by a similar increase in scientific underpinning.
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