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The influence of medium-chain triglycerides
supplementation in ultra-endurance exercise performance
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ABSTRACT

The ultra-endurance competitions represent agreat chal-
lenge in the world of sports. The energetic cost of an ultra-
endurance event can vary from 5,000 to 18,000 kcal a day.
Because of this great demand, many strategies to improve
performance have been developed during the last years,
like the medium-chain triglycerides (MCT) supplementa-
tion in combination with carbohydrates (CBO). The goal of
MCT supplementation istoincrease the freefatty acids (FFA)
utilization as energy source, sparing the body glycogen to
the end of the competition. When compared to long-chain
triglycerides (LCT), MCT are absorbed faster and transport-
ed through the body. Besides that, MCT have a speed of
oxidation comparable to cHo, but, since they are lipids,
they provide a greater amount of energy when oxidized.
Therefore, MCT seem to be the ideal fuel for long-term
events. To conclude, the aim of thisrevisionisto elucidate
how MCT can influence performancein ultra-endurance ex-
ercises.
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INTRODUCTION

The interest on and the participation in sports competi-
tion have significantly increased over the past years, and
there is no question that ultra-endurance or long-duration
competition are the most appealing ones'.
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In thistype of competition there are the super- and ultra-
marathons (from 84 km on), the Ironman Triathlon (3.8
km swimming; 180 km cycling; and 42 km running), con-
tests that last more than 24 hours, such as the Ultraman
Triathlon (10 km swimming; 421 km cycling; and 84 km
running), cycling competitionsthat last up to 30 days (Tour
de France, Vuelta Ciclista a Espafia, Giro d'Italia, Race
Across America), and, most recently, the Adventure Races,
which include a number of “extreme sports’.

The energetic expenditure in “ultra-endurance” compe-
titionsmay vary from 5,000 kcal (triathlon with 2 km swim-
ming; 90 km cycling; and 21 km running) up to 18,000
kcal (a 24-hour race)?. The average energetic expenditure
at the Tour de France is estimated to be 6,500 kcal/day,
reaching 9,000 kcal/day at the mountains. The energetic
expenditureina5-day, 1,000 km ultra-marathon isof 59,079
kcal in average, with daily expenditure ranging from 8,600
and 13,770 kcal®. In a study carried out in Rio de Janeiro
with participants of atriathlon competition (3.8 km swim-
ming; 180 km cycling, and 42 km running) the energetic
expenditurewasestimatedin 8,171.1 kcal £ 716.74. Toface
such high energetic demand, different strategiesto improve
performance have been devel oped. Recently, medium-chain
triglycerides (MCT) supplementation combined or not with
carbohydrates (CHO) has been investigated.

MCT supplementation is intended to optimize the use of
freefatty acids (FFA) as source of energy, and spare endog-
enous glycogen reserves for the final stages of the compe-
tition. It is suggested that the ability to sustain exercise
may be enhanced with the increase of lipid supply®®.

Thus, the purpose of such review isto clarify how mcT
may influence performance in long-duration contests.

METABOLISM AND MCT OXIDATION

MCT are apolar molecules, formed by three saturated fatty
acids, with six to 12 atoms of carbon esterified by glycer-
ol. The fatty acids (FA) that form MCT are: caprylic (C8:0;
50-80%), capric (C10:0; 20-50%) acids, and asmaller pro-
portion of caproic (C6:0; 1-2%) and lauric (C12:0; 1-2%)
acids. MCT is the main type of fat present in the human
diet, and was introduced in the clinical practice about 50
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years ago, for both the treatment for lipid absorption dys-
functional and as source of energy, to replace long-chain
triglyceride (LCT) diets®”.

The McCT, which are rich in medium-chain fatty acids
(Mcra), are hydrolyzed by pancreatic lipase, and are ab-
sorbed in the duodenum more rapidly than the long-chain
fatty acids (LCFA)3 710,

MCFA are a swift source of energy, as, differently from
LCFA, they are not significantly incorporated into lipopro-
teins (kilomicrons and vLDL), being directly absorbed in
the blood stream. The velocity MCFA is absorbed in the
intestine is similar to the one of glucose. After passing by
the enterocytes, these FA reach the portal flow, and aretrans-
ported to the liver bound to albumine. The albumine bind-
ing to MCFA is weaker than to LCFA. On the other hand,
part of MCFA is directly solubilized in the aqueous plasma
fraction3"°.

The high intake of MCFA-rich triglycerides (TG) leadsto
asignificant intracellular incorporation of such FA in kilo-
microns, as re-synthesized TG. This incorporation seems
to depend on the amount of intake and MCFA distribution
in the ingested TG. However, the amount of kilomicrons
produced when there is a high intake of MCFA-rich TG is
approximately 1/5 of the seen in patients with high intake
of LCFA-rich TG, suggesting that incorporation of MCFA in
kilomicrons is not the most favorable way of absorption®.

Thetransport of lipidsin the body is typically described
in two metabolic ways: exogenous and endogenous. The
exogenous way isto transport the ingested lipids from the
intestine to the liver. The endogenous way is to transport
lipoproteins synthesized in the hepatocytes from the liver
to peripheral tissues.

In the post-absorption stage, MCFA plasmatic transport
is eased due to albumine binding, and through the portal
vein they rapidly reach the liver®.

MCT destination in the body

MCT digestive bioavailability is higher than LCT's. Com-
pared to LCT’s, MCT hydrolysis, which starts in the stom-
ach, is more swift and thorough, velocity in gastrointesti-
nal transit is higher and absorption takes place in the
proximal portion, being morerapid and effective. Thechain
length FA plays a major role in their behavior in the body.
TheLCFA leavetheintestine asLCT through lymphatic ves-
sels after incorporation in the kilomicrons. A fraction of
these kilomicronsundergointra-vascular hydrolysis, releas-
ing most LCFA to extra-hepatic tissues, whereasthe remain-
ing fraction is transported to the liver. The LCFA reach the
liver as albumine-bound FA or as TG. On the other hand,
the free MCFA, after digestion, go to the liver through the
portal vein, weakly bound to albumine. About 80% to 100%
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of MCFA present in the entire portal flow are captured by
the liver, and the remainder follows in the blood stream,
becoming available to peripheral tissues®"°,

All FA use both transportation systems in variable pro-
portions. The higher FA’s carbonic chain, themoreit isfound
in lymph and less in portal blood. In lymph vessels, they
circulate as TG associated to kilomicrons. In the portal
blood, FA are bound to albumine. Thus, 8% of the MCFA
are associated to kilomicrons three hours after intake of a
meal with MCT in healthy individuals. Having such a meal
for six days, this amount reaches 15%. In previous studies,
the metabolic “destination” of MCFA would be restricted
almost exclusively to the liver,

A factor that interferesin the distribution of dietary lip-
idsin the tissue is the presence of lipoproteic lipase (LPL).
This enzyme is located in the endothelium of vessels that
irrigate the muscles, the main site of FA oxidation, and in
adipose tissue, the most important site for their storage.
The TG capture rate is proportional to LPL activity in the
tissue, which is high in the skeletal muscle on fasting, and
in the adipose tissue at the post-prandial period. Thus, LPL
directs FA towards oxidation (in the muscle) or to be stored
as TG (in the adipose tissue). These processes are basically
related to LCFA, which are transported associated to kilo-
microns or VLDL, and less to MCFA, which are little incor-
porated in these lipoproteins®.

FA distribution between cytoplasm and mitochondria

Due to LCFA hydrophobic properties, binding proteins
are necessary to transport them from the membrane to tar-
get-organelles. The LCFA easily bind to these proteins, an
essential step to reach enzymatic site and be activated as
acyl-coA. Onthe other hand, the water-soluble MCFA weak-
ly bind to these proteins, which explains the weak conver-
sion rate of these FA in acyl-coA3%4,

An additional carrying mechanism takes placein thein-
ner mitochondrial membrane. Carnitine, acting in the en-
zyme carnitine palmitoltransferase (CPT), plays a crucial
rolein LCFA transportation. It was later seen that the entry
of MCFA in the mitochondrial matrix is not dependent on
carnitine. But such is a partial independence. In the liver,
about 10 to 20% of octanoate is transported as acyl-car-
nitine, whereasin the muscle, MCFA entry in the mitochon-
driaistotally dependent on the transporting activity of car-
niting3710.15,

MCFA oxidation

MCFA oxidation occurs in all tissues, particularly in the
mitochondria. Even though their activation may also take
place in the cytoplasm, it occurs basically in the mitochon-
drial matrix, where aspecific acyl-coA is synthesized from
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the MCFA. Oxidation rate of MCFA is higher and swifter
than LCFA’s. The preferencefor MCFA oxidation iskept even
in obesity*s.

One of the most important MCT propertiesisits ketoge-
nic character, once asignificant portion of acetyl-coA abun-
dantly produced during MCFA oxidation isdirected towards
production of ketonic bodys. A single 45 to 100 g MCT
dosage P.O. given to healthy individual s raises plasmacon-
centration of ketonic bodiesat 7,000 umol/L over al-to 2-
hour interval. These values are two- to four-fold higher than
those seen in individuals fed with LCT-rich diets. Thus, se-
rum concentrations of ketonic bodies in healthy subjects
are of 150 umol/L; after a 48 h-fast, of 25,500; and in un-
controlled diabetics, higher than 10,000,

Overall regulation of MCFA metabolism

Theliver is highly capable to oxidize and synthesize Fa,
modulated according to body needs or pathophysiological
conditions. The regulatory mechanisms take place in two
stages, basically.

In the first, the CPT enzyme, located in the outer mito-
chondrial membrane, which converts acyl-coA in acyl-car-
nitina, controls the FA mitochondrial oxidation rate. In the
second stage, malonyl-coa, a moleculeinvolved in the “FA
de novo synthesis’ (an exclusive LCFA via, negatively reg-
ulated when alow-lipid diet is replaced by other enriched
with these FA) inhibits, in physiological concentration, acyl-
coa, and therefore FA entry and oxidation in the mitochon-
dria. As malonyl-coa inhibits CPT, there is an increase in
FA synthesis. As they are relatively independent from car-
nitine, the MCFA scape from this LCFA-controlling mecha-
nism. Once in the mitochondrial matrix, B-oxidation is an
almost exclusive outcome of all FA, regardless of the size
of the chain. This explains why MCFA oxidation is little
influenced by nutritional or hormonal factors in the body,
exactly the opposite that happens with LCFA13.1416.17,

Furthermore, MCT tend to slightly raise serum insulin
levels, and promotelipogenesisasaresult from an increase
in insulin/glucagons balance's.

MCT AND EXERCISE

The cHO are the energetic substrate for long-duration
aerobic activities, but the body organic reserves of glyco-
gen are limited, and may be totally depleted in athletic
events of this nature. Thus, it may be advantageous to op-
timize lipid use (FFA) as source of energy, sparing the gly-
cogen reserve for the final stages of the competition®8.

It has been suggested that the ability to sustain exercise
may be extended if the supply of lipidsisimmediately in-
creased prior to the exercise, as the FFA oxidation rate is
directly related to their serum concentration level $35915.16.19,
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Contrary to this statement, Martin 111 (1997)% mentions
that during running or cycling, intra-muscular TGs would
be the main source for increase of FA oxidation.

The use of lipids as source of energy during long-dura-
tion exercises is very important, as they, reserved in the
body as TG in adipose tissue (+ 17,500 mmol), skeletal
muscle (+ 300 mmol), and in plasma (x 0.5 mmol), are the
main organic energy storage (+ 560 MJ), being up to 60
times higher when compared to glycogen (+ 9 mJ)182%, An-
other important factor isthe amount of energy provided by
the oxidation of lipids (9 kcal/g), whereas glucose supplies
less (4 kcal/g)?.

Considering such advantages of lipids as source of ener-
gy, the use of MCT as supplement has been broadly stud-
ied.

Aspreviously mentioned, MCT do not delay gastric emp-
tying, and are more quickly absorbed in the gut than LCT,
being transported to the liver by the blood. As the metabo-
lization speed of MCT issimilar to the one of glucose, they
seem to be the ideal source of energy for long-duration
exercises?o1823,

In order to compare MCT and CHO oxidation rates, De-
combaz et al. (1983)?* carried out an investigation in which
12 subjects were submitted to a stimulation of one hour in
a cycle-ergometer (60% vo, max), one hour after a stan-
dard MCT or cHO meal (= 250 kcal). Oxidation during a
period of two hours after the meal was of 30% and 45%
(McT and cHo respectively) of the total ingested. The de-
crease of glycogen level in the vastus lateralis muscle, as-
sessed in a biopsy, was the same after both meals. The au-
thorsthus concluded that asimple MCT or CHO meal before
exercising, when glycogen reserves are within normal lim-
its, do not change CHO utilization nor spare organic glyco-
gen during one hour of submaximal exercise.

In order, still, to compare MCT and CHO oxidation rates,
Massicote et al. (1992)% carried out an investigation in
which six healthy male subjects completed five two-hour
stimulation in cycle-ergometer at 65% of vo, max, with a
seven-day interval between them, in the following way:
one stimulation-control, with intake of water, two stimula-
tions with intake of 25 g of MCT prior to the exercise, and
two stimulations with intake of 57 g of cHoO (diluted in one
liter of water) during exercise. Over the two hours of exer-
cise, 13.6 £ 3.5 g of MCT and 36.4 = 8.2 g of CHO were
oxidized, which was respectively 54% and 64% of the to-
tal ingested. The energetic contribution from MmcT and CHO
was not significantly different, being, respectively, 7% and
8.5% of the total energetic expenditure.

Jeukendrup et al. (1998)2 also mention that oxidation of
exogenous MCT is increased when they are ingested asso-
ciated to CHO.

Rev Bras Med Esporte — Vol. 9, N° 6 — Nov/Dez, 2003



MCT AND PERFORMANCE IMPROVEMENT

As previously mentioned, MCT may be an important
source of exogenous energy for endurance exercises. How-
ever, studies have shown that MmcT alone would not im-
prove performance so much, and some investigations were
carried out associating intake of MCT and CHO, with con-
flicting results.

Jeukendrup et al. (1995)% submitted eight well-trained
cycliststo four 180-minute stimulation at 57% of vo, max,
in which each athlete ingested 4 ml/kg of body weight at
the beginning of the exercise, and 2 ml/kg during exercise,
of the following: 15% of cHO; 149 g of CHO + 29 g of MCT;
214 g of cHO + 29 g of MCT; or 29 g of MCT. At the end of
the study, it was observed that a higher amount of MCT was
oxidized when ingested in association with cCHO, confirm-
ing the idea that MCT may be used as a source of energy
combined with glucose during exercise, as their metabolic
availability was higher during the last hour of the exercise,
with oxidation rates reaching 70% of the ingestion rate.

Still with the purpose to check MCT oxidation rate, Jeu-
kendrup et al. (1996)% carried out asimilar study, in which
eight elite athletes were submitted to four 90-minute cy-
cle-ergometer sessions (57% vo, max). The athletesingest-
ed two solutions before and during exercise, one with CHO
(15%) only, the other, cHO + MCT. Even though total lipid
oxidation has markedly increased, MCT oxidation had mar-
ginally increased, with asmall contribution to the total en-
ergetic expenditure, of about 6-8%.

The conflicting outcomes from these two investigations
may be explained by the significantly different times of
stimulation (90 and 180 minutes). Thus, it seemslogical to
think the longer stimulation would cause a higher amount
of MCT to be oxidized.

Asto performance improvement, Van Zyl et al. (1996)%
evaluated six trained cyclists, who performed, at three dif-
ferent occasions with 10 days apart from each other, two-
hour stimulation at 60% of vo, max, and immediately after
each stimulation, a 40 km time trial session. During each
of the stimulation sessions, the athletes ingested three dif-
ferent solutions: with 10% of cHO; or 4.3% of MCT; or 10%
of cHO + 4.3% of MCT. At the end of the study, the authors
observed that in the stimulation when MCT + CHO was in-
gested, the time trial session was smaller compared to the
other sessions, and that the session in which MCT only was
ingested was longer than when CHO only was ingested. In
this study, the amount of supplemented MCT during stimu-
lation calls attention, which was equivalent to 86 g. Such
an amount goes against the findings of other authors, who
mentioned that amounts higher than 30 g of MCT would
cause gastrointestinal discomfort and diarrhea®823,
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Inastudy similar toVan Zyl’s, Jeukendrup et al. (1998)%
gave the same amounts of MCT, associated to CHO or not.
There were no performance-related positive findings, and
when only MCT was ingested, there was a decrease in per-
formance, related to gastrointestinal discomfort reported
by the athletes.

Goedecke et al. (1999)% carried out a study to assess
gastric symptoms, energetic metabolism, and performance,
with nine cyclists submitted to three 2-hour stimulation fol-
lowed by a 40 km time trial session, in which solutions of
CHO (10%), CHO + MCT (10% + 1.72% or 10% + 3.44%)
were given: 400 ml before stimulation, and 100 ml at ev-
ery 10 minutes during exercise. The subjects did not report
any gastrointestinal discomfort, and MCT intake did not
affect energetic metabolism or performance. The authors
reported that plasma FFA and beta-hydroxybutyrate levels
were high after MCT intake.

In order to assess the effect from cHO and CHO + MCT
intake in metabolism and performance, Anguset al. (2000)3!
evaluated eight athleteswho covered 100 km asfast asthey
could in cycle-ergometer. The solutions taken at each 15
minutes (250 ml) were of CHO 6%, or CHO 6% + MCT 4.2%,
or placebo. The results showed that CHO intake during ex-
ercise increased performance, but adding McT did not lead
to a performance improvement.

In 1996, Jeukendrup et al.*? carried out a study to assess
whether there would be a difference in CHO oxidation rate
during exercise, when MCT was ingested. Nine trained ath-
letes were assessed in four 180-minute sessions at 57% of
vo, max, when they ingested 4 mi/kg of body weight at the
beginning of each session, and 2 ml/kg at each 20 minutes
during exercise, of thefollowing solutions: 150 g/L of CHO;
an association of equal calories of 70% cHO + 30% (29 g)
MCT or 150 g of cHO + 20 g of MCT; and a placebo (con-
trol) solution. Before and after sessions muscle biopsies
were made to assess the amount of glycogen, and breathing
samples were collected during exercise to measure exoge-
nous and endogenous CHO oxidation rates. No differences
among the sessions were observed regarding exogenous
and endogenous oxidation. FFA plasma levels were high
during exercise, being similar in all the sessions, whereas
plasma ketone levels significantly increased after MCT in-
take. The authors concluded that the intake of 29 g of MCT
associated to CHO during 180 minutes of exercise does not
influence the utilization of CHO or glycogen.

Thus, in spite of MCT oxidation rate be increased when
they are ingested with CHO, the intake of amounts up to 30
g of MCT does not seem to spare muscle glycogen or en-
hance performance; as for amounts higher than 30 g, in
spite of conflicting data, most authors state that such
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amounts would cause gastrointestinal discomfort and diar-
rhea5,8,10,21,23.

Inall studies, thefact that stimulation does not take more
than three hours calls attention. According to Noakes
(2001)%, mcT supplementation seems to be more effective
in activities that take five hours or longer, which could ex-
plain why most studies did not see performance improve-
ment.

In 2001, Misell et al. carried out an investigation to
assess effects of chronic MCT intake, in which 12 trained
runners used dietary supplementswith 56 g of LCT or 60 g
of MmcT daily, for two weeks. After each supplement stage,
the subjects took a treadmill test that included two ses-
sions: a 30 minute one, at 85% of vo, max, immediately
followed by another, at 75% of vo, max until exhaustion.
The results showed that chronic MCT intake did not im-
prove performance nor significantly changed performance-
related metabolism in trained runners.

Aninteresting aspect related to MCT supplementation was
investigated by Kern et al. (2000)®. The purpose of the
study was to check the behavior of serum lipid levels.
Trained runners received a low-lipid diet and then had to
ingest, twice a day for two weeks, 30 g of MCT or 28 g of
LCT. Therewasathree-week interval between thetwo stag-
es. At the end of each stage, blood samples were collected,
and total cholesterol (TC), HDL-cholesterol (HDL-C), LDL-
cholesterol (LDL-C), and triglycerides (TG) were measured.
In spite of TC, HDL-C, LDL-C and TG levels being higher
after MmcT-intake stage, all serum lipid levels were within
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