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ABSTRACT
Sago (Metroxylin sagu), a carbohydrate (CHO) based dietary staple of Southeast Asia is easily
digestible and quickly absorbed, and thus has potential to be prescribed as an affordable pre-and
post-exercise food in this part of the world. Compared to other CHO staples, research into the
physiological response to sago ingestion is sparse, and only a few recent studies have investigated
its value before, during, and after exercise. The purpose of this review is to describe the published
literature pertaining to sago, particularly as a supplement in the peri-exercise period, and suggest
further avenues of research, principally in an environment/climate which would be experienced in
Southeast Asia i.e. hot/humid.
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Introduction

The relationship between reduced carbohydrate
(CHO) status and the onset of fatigue has been known
for some time.1 Specifically, the progressive depletion
of skeletal muscle’s limited glycogen stores and reduc-
tion in circulating blood glucose as exercise progresses
are linked to performance deterioration and volitional
fatigue.2 It follows that supplementing CHO can delay
the onset of fatigue and improve work output and
capacity.3 The right combination of an appropriate
CHO composition and administration regimen can
potentiate this ergogenic effect;4 hence, for example,
the consensus prescription of CHO before, during and
after exercise to maximise performance and optimise
recovery.5

Many major sporting events take place during the
hottest season, in warm-to-hot environments/climates
or at the hottest part of a day.6 During exercise with
heat stress, there is consensus that endurance perfor-
mance is decreased compared with cooler conditions,
and there is an increased risk of heat illness, especially
with high humidity.7 Another consequence of exercise
heat stress is an alteration in CHO metabolism. Yas-
pelkis and Ivy8 demonstrated that exercise in the heat
accelerated fatigue because of an increase in reliance
upon CHO as a substrate. Further, Jentjens and

Jeukendrup9 demonstrated that when ambient tem-
peratures increase so does CHO oxidation rate during
exercise largely due to an increased muscle glycogen
use. This led the same authors10 to suggest that glyco-
gen stores may be sub-optimal in athletes training or
competing multiple times daily or on successive days
in hot environments. Accordingly, the accepted para-
digm is that increasing CHO availability before and
during exercise can enhance performance when exer-
cise is completed in the heat, even for shorter (<1 h),
more intense (»80% V

�
O2max) bouts (see refs. 11,12).

The hot/humid environment awaiting athletes at the
upcoming 2016 Summer Olympics in Rio de Janeiro,
the 2018 Commonwealth Games on the Gold Coast
and the 2022 Soccer World Cup in Qatar, requires ath-
letes and their support teams to take these environmen-
tal conditions into consideration for best preparation.
Furthermore, at least a third of the world’s population
now live in the Tropical Zone, close to the equator
where ambient temperatures are hotter and more phys-
ically challenging than in the Temperate or Frigid
Zones.13 Therefore optimisation of physical work
capacity in the tropics requires understanding the risks
and ways in which these can be minimised. These
include best practice nutrition and hydration in the
peri-event period.
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Where commercially available CHO products are
unaffordable or inaccessible to those competing in
sport or exercise, there is a need to investigate local
food sources as suitable alternatives. Southeast Asia is
a region with over 600,000,000 inhabitants and a year-
round tropical (warm-humid) climate, where sago
(Metroxylin sagu) palms are widely distributed and
their starch is used as an important dietary CHO
source;14 for example, Malaysia, Indonesia and Papua
New Guinea are the world’s leading countries in
the production of sago.15 Previous research has identi-
fied sago as being rapidly digestible, quickly absorbed
and therefore suitable for consumption before, during
and in recovery from exercise,16 however only one
study had initially tested this notion17 before our
recent series of investigations developing a reliable
protocol to test whether supplementing sago before,
during and in recovery indeed proved ergogenic.18-20

Therefore, this review will provide physiological
rationale for and appraisal of the performance-
enhancing effect(s) of sago supplementation when
exercising in a hot environment, and scope for future
research.

Exercise with heat stress: The case for
carbohydrate

Greater rates of CHO and a concomitant reduction in
fat oxidation are consistently reported during exercise
in the heat when compared to exercise at cooler ambi-
ent temperatures. For example, Fink et al.21 compared
60 min of intermittent exercise in 41�C and 9�C
observing muscle glycogen utilization to be higher and
triglyceride utilization lower in the heat. This was
accompanied by greater hepatic glucose production
and a higher respiratory exchange ratio (RER). Simi-
larly, Febbraio and colleagues22 observed muscle gly-
cogen utilization to be elevated by 20–80% as a result
of non-exhaustive bouts of exercise in 40�C versus
20�C. From such measurement, Yaspelkis and Ivy8

suggested that heat-related fatigue is accelerated in
endurance exercise due to an increase in reliance upon
CHO as a substrate. However, not all studies report
an increased RER and total CHO oxidation is often
lower as fatigue is reached at an earlier time-point
during (fixed-intensity) exercise in the heat when
compared to cooler conditions.23,24 Similarly, Young
et al.25 observed no differences for muscle glycogen
utilization during exercise with heat stress or when

heat acclimated. An explanation for this discrepancy
is that in the study by Young et al., participants began
their 30 min of cycling at 70% V

�
O2max in the heat

with low pre-exercise muscle glycogen content, with
previous research26 demonstrating that the rate of gly-
cogenolysis during submaximal exercise is heavily
influenced by pre-exercise glycogen levels.

The most detailed investigation of muscle metabo-
lism during exercise heat stress has come from the
aforementioned group of Febbraio and colleagues.
They were able to identify that the increased glycogen-
olysis, CHO oxidation and muscle lactate production
during exercise in the heat (40�C) when compared to
the cool (20�C), was a function of higher muscle tem-
perature and adrenergic response secondary to a
greater rise in core temperature (see ref. 27 for review).

To our knowledge only one published work has
addressed the issue of whether pre-exercise CHO sup-
plementation improves performance in the heat. In
this study, Pitsiladis and Maughan11 provided partici-
pants with an iso-caloric diet with either a low (10%)
or high (80%) CHO content for 3 d following glycogen
depletion and then cycled them to exhaustion at 30�C.
Diets were prescribed in a randomized, but balanced
fashion. Following the high CHO diet participants
improved their endurance time by 8–73% (53 vs
44 min) with their RER, rate of and total CHO oxida-
tion, and lactate concentration being higher. The high
CHO diet also reduced perceived exertion.

There have been a number of reports of CHO sup-
plementation during exercise heat stress proving ergo-
genic (see refs. 12, 28), however the mechanism(s)
responsible remain poorly understood, and not all
studies have observed significant performance bene-
fits.29 Of particular note should be that most often the
form of CHO administered is that of a fluid or bever-
age i.e., with/-out CHO and often this is consumed ad
libitum. Therefore, on first appearance it is difficult to
appraise whether it is the separate level of hydration
having an effect, as more fluid is often consumed dur-
ing a CHO trial e.g. ref. 12. Correspondingly, Horswill
et al.30 provided iso-volumetric electrolyte-beverages
to participants during 1-h of fixed-intensity cycling at
30�C distinguished only by their CHO content (»94 g
vs 0 g) and observed no physiological differences. Sim-
ilarly, Below et al.28 replicated this observation (of no
physiological difference) during 50 min of fixed-inten-
sity cycling at 31�C when fluid was matched but CHO
content different. However, in the immediately
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proceeding work-dependent time-trial both fluid and
CHO independently (6%) improved performance
compared to a placebo, and the combined effects were
additive (12%). While other self-paced cycling proto-
cols have demonstrated that CHO supplementation
during exercise heat stress improves performance,31 at
least one report32 indicates that when double-blinded,
CHO supplementation during exercise in the heat
does not improve performance. Nevertheless, a neural
or psychological effect may be present; an idea borne
out from the results of carbohydrate mouth-rinse
studies, some of which do suggest a change in brain
activity with simply a sweet taste in the mouth.33

The observation that performance is improved
despite no changes in whole-body fuel selection
could reflect dissonance with specific tissue metabo-
lism or because of an imbalance between hepatic
glucose production and glucose uptake by the mus-
cle and/or other tissues.34,35 It is also now acknowl-
edged that, particularly in shorter (<1 h), more
intense (»80% V

�
O2max) bouts of exercise an

improved CHO status may have a central ergogenic
effect that is not related to or detectable by whole
body (indirect) calorimetry.2 Conflicting results may
also reflect the specific type of exercise test employed;
self-paced tests of endurance with a known end-point
prove far more reliable than open-ended tests (a coef-
ficient of variation [CV] of »3–4% vs. »30%, respec-
tively) where the end-point, and thus primary
dependent variable, is a subjective notion of fatigue.36

Much like the evidence for pre-exercise CHO sup-
plementation, there is scant confirmation that con-
cerns the ingestion of CHO in recovery from and for
subsequent exercise in the heat. However, indirect evi-
dence has been reported by Davis and colleagues37

who noted that a second (work-dependent) cycle bout
in conditions of heat stress following a 30-min recov-
ery period was completed faster when 6% CHO was

consumed vs. a fluid-matched placebo. This is further
supported by a recent investigation38 demonstrating
that following exercise heat stress the re-synthesis of
muscle glycogen (within 3h) is affected by the CHO
consumed and not by rehydration. Therefore, these
results above point to CHO supplementation in recov-
ery from exercise heat stress being beneficial and sub-
sequently ergogenic. The latter, is the true test of
recovery.

Supplementation for sport: Starch and sago

One of several ways of classifying CHOs is whether
they are simple (mono-, di- or oligo-saccharides) or
complex (poly-saccharides).39 Although extensive
research has been carried out on developing and mar-
keting (simple) CHOs for exercise supplementation,
such as glucose, fructose, maltose, sucrose, maltodex-
trin and also galactose data concerning the effect of
complex CHOs (specific starches) on exercise perfor-
mance remains scarce. The limited studies investigat-
ing starch on exercise performance can be seen in
Table 1, with these investigations having used
waxy40-42 and corn43 starches. Irrespective of the type
of starch, their basic units contain the glucose poly-
mers amylose and amylopectin that classify the CHO
as complex. A primary interest for sports nutritionists
is the rate of digestion which largely dictates the gly-
caemic response.44 The utility of these starches, in
terms of digestion, absorption (as glucose) and thence
oxidation rates during exercise are thus dependent on
their amylopectin:amylose ratio.2 Some starches
appear suitable when consumed before40 or in recov-
ery from43 exercise as a performance improvement
has been observed in specific conditions for specific
starch-containing foods.45 Moreover, a low glycaemic
index (GI) CHO appears to hold some advantage over
a high GI CHO when ingested prior to exercise,45 and

Table 1. Studies investigating the effect of starches on exercise performance.

Study Starch type Ingestion Timing Protocol Performance

Goodpaster
et al.40

Waxy (100% amylopectin), or
resistant (100% amylose)

30 min before exercise 60 min cycling at 75% V
�
O2max,

30 min TT
6.3% improved performance with

waxy corn
Jozsi et al.41 Waxy (100% amylopectin) or

resistant (100% amylose)
Post-exercise

consumption over
12 h

60 min cycling at 75% V
�
O2max,

6 £ 1 min at 125% V
�
O2max,

24 h rest, 30 min TT

No effect

Roberts et al.42 Waxy (95% amylopectin),
hydrothermally modified

30 min before exercise 150 min cycling at 70% V
�
O2max,

TTE at 100% V
�
O2max

No effect

Stephens et al.43 Low and high molecular weight
modified corn starches

Post-exercise feeding 2 h
prior to second bout

TTE cycling at 73% V
�
O2max, 2 h

rest, 15 min TT
2.3% improved TT performance

with high molecular modified
starches

Notes: TTE, time to exhaustion; TT, time trial; V
�
O2max, maximal O2 consumption.
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the reverse is thought to occur post-exercise when the
recovery period is short,46 but not long.47

Sago is one of the oldest agricultural crops in
Southeast Asia including in Sarawak, Malaysia.48 In
fact, since the 1970s Sarawak has been one of the
world’s biggest producers of sago and contributes to
the country’s economy through a large export indus-
try.49 Sago starch, derived from the stem or trunk of
the palm, is a versatile food ingredient and widely
used in numerous food and industrials applications
either in its native form or as a food ingredient modi-
fied as a texturizer, gelling agent, and thickener.50 It is
also commonly used for food production in ‘Western’
food products such as vermicelli, bread, crackers and
biscuits.14 More recent developments in the food
industry include its use as a raw material for malto-
dextrins and cyclodextrins in infant formulas, sport
drinks, and carriers in pharmaceuticals.51

Goodpaster and colleagues40 demonstrated that cer-
tain forms of CHO, such as starch, produce a slightly
different metabolic profile during exercise because of
their physical or chemical structure; this should be
similar for sago. Mohamed et al.52 reviewed the litera-
ture and as sago starch contains 27% amylose and 73%
amylopectin, it was suggested that due to the high(er)
amylopectin content sago may be digested and
absorbed quicker when compared to other starches
high in amylose i.e. a higher-GI.53 Ahmad et al.16 dem-
onstrated that sago porridge provides a robust glycae-
mic response but with a lower insulinaemic response
compared to sago gel and paste at rest, and suggested
that this form would be suitable before, during and
after endurance exercise. The high-GI reported
by Ahmad16 is further supported by Hassan and co-
workers54 who calculated blood glucose responses
(area under the curve) of a number of CHO-based
foods, reporting a GI of »80 for sago, using glucose as
the standard reference food (GI of»97).54

Performance as a nutrition intervention outcome
measure: Influence of study design

Saris and colleagues55 state that any study protocols
evaluating the effects of nutritional supplementation
on physical work capacity must be reliably proven in
that population to detect a small difference in exercise
performance. This raises 2 interesting and important
questions: (1) what determines ‘reliable’, and (2) what
is a ‘small’ difference? The answers are, of course, not

simple or singular. For cyclists, it appears as though it
is of no consequence whether they are a novice,
trained or elite athlete as interventions that have
improved simulated »1h time-trial performance,
including nutrition, have done so by more than 1%.56

Interestingly, Hopkins and colleagues57 report that
»1% is also the typical within-athlete variation at an
elite level when conveyed as the typical percent error
or standard error of measurement, expressed as CV.
They further suggest that for an athlete to substantially
increase their chance of success (winning), they have
to improve their performance by just less than one-
half (0.3) the typical race-to-race variation.57 Thus, it
appears that even a 1% performance improvement for
an athlete can be worthwhile, but more importantly
possessing knowledge of the typical or “fixed” variance
of a given performance test when repeated (including
the participant, protocol and equipment) is essential.

Sago supplementation for performance
improvement: The evidence

To our knowledge, only 3 studies have made (5)
comparisons between sago formulation and a pla-
cebo/control; details of these studies can be seen in
Table 2. Ghosh et al.17 were the first to investigate
feeding 60g sago or 53g sago with 15g soy protein at
20-min intervals during cycling at 60% V

�
O2max on

subsequent exhaustion time at 90% V
�
O2max. They

reported an increased work capacity at 90% V
�
O2max

from 4.1 § 1.3 min (placebo) to 5.5 § 1.2 min with
sago and 7.5§ 2.0 min with sagoC soy, only the latter
proving significant (p D 0.22 and p < 0.001, respec-
tively). Although the double-blind design and inclu-
sion of a flavour-matched placebo strengthens these
observations, the time-to-exhaustion protocol and
participants of low aerobic fitness make the results dif-
ficult to interpret and generalize to an athletic popula-
tion. Further, that it was conducted in thermoneutral
conditions does not easily enable translation to perfor-
mance in hot conditions such as those found where
sago is a staple.

Therefore, we recently undertook a series of
investigations19,20 into whether supplementing sago
before, during and in recovery indeed proved ergo-
genic to an athletic/trained population exercising in
thermally stressful conditions. First we developed
suitable protocols (see Fig. 1) and determined their
reproducibility from a test-retest following a full
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familiarisation trial.18,20 We observed CV’s of 3.6%
and 2.3% for a 15-min time-trial performed follow-
ing a fixed-intensity pre-load of 45 (steady-state)18

and 15 (warm-up)20 min on a cycle ergometer,
respectively, for trained, familiarized males under
warm-humid laboratory conditions. Then, using
these protocols, we compared the ingestion of
0.8 g¢kg¡1 bodyweight sago – prepared using the
same traditional double-boil method as Ghosh
et al.17 – one hour before, during or immediately
following exercise and compared this to a fluid-
matched control trial to prevent dehydration.
Knowing the typical variance of these tests under
these conditions we were able to determine the
“real” magnitude of our treatment i.e., defining the
signal above the noise for the sago interventions.
When comparing mean power output for the 15-
min time-trial to the control, we observed a perfor-
mance change of C1 § 9 W when sago was con-
sumed an hour before exercise (p D 0.77), of ¡2 §
6 W when sago was consumed during exercise (p D
0.33), and of C9 § 10 W when sago was consumed
in recovery from a first bout to a second bout of
exercise (p D 0.04), respectively.

The dosage of 0.8 g¢kg¡1 bodyweight was chosen
for 3 reasons: 1) because the absolute amount for a
70 kg male lies within the American College of Sports
Medicine (ACSM) Guidelines of 30–60 g per hour; 2)
it is very close to the dosage applied by Ghosh et al.17,
the latter enabling some comparison; and 3) it is well

within what is able to be absorbed and metabolised
during exercise.58

The question is whether using sago to improve per-
formance is worthwhile. The performance results
reviewed above can be interpreted by more than just
null-hypothesis testing. Table 3 displays this research
as evidence-based conclusions (inference) that can be
made about the likely “true” effect (population effect),
not just these samples. This conclusion should be use-
ful to practitioners and athletes, not just other
researchers – for further discussion see refs. 59, 60.
Thus in Table 3, the smallest worthwhile change (0.3 x
within-athlete variation57) for comparisons 1. and 2.
are 8% (0.3 £ 27%), for comparisons 3. and 4. are
1.1% (0.3 £ 3.6%) and for comparison 5. is 0.7%
(0.3 £ 2.3%) when using the known CV for these per-
formance tests (see previous section). Therefore, the
inference is that sago (and sago C soy) consumed dur-
ing exercise improves high-intensity fixed-intensity
endurance time to a large extent and that sago
improves recovery of moderate-intensity self-paced
work performed to a small extent, whereas sago con-
sumed before and during exercise does not appear to
improve performance of moderate-intensity self-paced
work.

The physiological responses to these sago interven-
tions, and therefore mechanisms responsible for these
performance effects, almost certainly concern an
enhanced or at least maintained, supply of CHO. Plasma
concentrations of glucose were higher at rest and during

Table 2. Studies investigating the effect of sago on exercise performance.

Study Participants Protocol Comparison Measures

Ghosh et al. (17) 8 recreational male cyclists,
V
�
O2max: 40 §

1 ml¢kg¡1¢min¡1

60 min cycling at 60%
V
�
O2max, TTE at 90%

V
�
O2max in 25 § 1 �C and 70

§ 5 % rh

60g sago porridge vs. 53g sago
porridge C 15 g soy isolate
vs. flavour-matched placebo
equally divided and
supplemented at 0, 20 and
40 min; double-blind, cross-
over design

TTE performance; plasma glucose,
lactate, ammonia and insulin

Che Jusoh et al. (19) 8 trained male cyclists,
V
�
O2max: 65 §

10 ml¢kg¡1¢min¡1

45 min cycling at 55% V
�
O2peak,

15 min TT in 30 § 2 �C and
78 § 3 % rh

63g sago porridge 1h before
exercise vs. 63g sago gel
equally divided and
supplemented at 0, 15, 30
and 45 min during exercise
vs. fluid-matched control;
crossover design

TT performance; plasma glucose,
lactate, sodium and potassium;
substrate oxidation; body
temperatures; fluid
consumption and sweat loss;
heart rate

Che Jusoh et al. (20) 8 trained male cyclists,
V
�
O2max: 70 §

10 ml¢kg¡1¢min¡1

15 min warm-up cycling, 15 min
TT in 30 § 1 �C and 71 § 4
% rh, 2 h thermoneutral rest,
15 min warm-up cycling,
15 min TT in 30 § 1 �C and
71 § 4 %

56g sago porridge post-exercise
feeding 2h prior to second
bout vs. fluid-matched
control; cross-over design

TT performance; plasma glucose,
lactate, sodium and potassium;
substrate oxidation; body
temperatures; fluid
consumption and sweat loss;
heart rate

Notes: TTE, time to exhaustion; TT, time trial; V
�
O2max, maximal O2 consumption; V

�
O2 peak, peak O2 consumption; rh, relative humidity.
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recovery when fed sago19,20 with concentrations of glu-
cose17,19 and insulin17 higher during exercise when sago
was fed during exercise. Other notable responses to sago
include an attenuated rise in rectal temperature when
consumed before exercise and an increased fluid reten-
tion when consumed during exercise.19

Guidelines (Position Stands) are available from
well-regarded bodies such as the ACSM5,62,63 to help

with athlete safety and ensure optimal performance.
However, they do not necessarily reflect nor refer to
regional/local environments and foods. Information
which can assist those in these regions to tailor recom-
mendations from ACSM (or similar) to local condi-
tions and resources is necessary; hopefully the
findings of these studies goes some way to enabling
that to occur.

Table 3. Statistical inference and magnitude of sago’s effect on exercise performance.

Study Comparison
% Change in

Performance (90% CI) Cohen’s d Pearson’s r
Statistical
Inference

Ghosh et al. (17) 1. 60g sago porridge vs. flavour-matched placebo 34 (18 to 68) 1.1 0.5 Large, Major
2. 53g sago porridgeC 15 g soy isolate vs. flavour-matched placebo 84 (44 to 40) 2.0 0.7 Large, Major

Che Jusoh et al. (19) 3. 63g sago porridge 1h before exercise vs. fluid-matched control 1 (¡2 to 3) 0.0 0.0 Very Small, Trivial
4. 63g sago gel during exercise vs. fluid-matched control 1 (¡2 to 1) 0.1 0.0 Very Small, Trivial

Che Jusoh et al. (20) 5. 56g sago porridge post-exercise feeding 2h prior to second bout
vs. fluid-matched control

4 (0 to 7) 0.2 0.1 Small, Minor

Notes: CI, confidence interval; statistical inference of % change in performance due to sago from d and r based on Cohen.61

Figure 1. A schematic overview of the experimental protocol for sago supplementation before and during (A) and in recovery (B) from
exercise. See refs. 19, 20.
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Considerations and future research avenues

Although the primary aim with our series of investiga-
tions19,20 was to identify whether there was any
difference between supplementing sago at different
time-points i.e. before vs. during vs. in recovery from
exercise, we used a control condition, where nothing
was consumed other than water to maintain similar
levels of hydration. The next logical step would be to
assess sago against a suitable and known CHO source
(e.g., vs. pasta/porridge or glucose) to determine effi-
cacy, as, for example, it has previously been shown
that waxy starch for 12h following glycogen-depleting
exercise restores muscle glycogen and influences work
completed in a subsequent 30-min time-trial similarly
as equicaloric solutions with glucose or maltodex-
trin.41 Including a whole-food or fluid placebo would
also be worthwhile, as a placebo effect has been dem-
onstrated previously with CHO,64 something that can-
not be determined from our results. However, Ghosh
et al.17 still observed a performance improvement with
sago when including a flavour-matched placebo and
using a double-blind design. It must also be empha-
sized that all the performance tests investigating
sago17-20 were completed in a post-prandial state to
mimic pre-competition behavior, whereas several pre-
vious studies (see refs. 12, 28, 29) that have investi-
gated CHO supplementation during exercise heat
stress had participants complete their exercise follow-
ing an overnight fast. This may go some way in
explaining any performance discrepancy as the main-
tenance of glycaemia becomes more challenging in
overnight fasted exercise.45

Although the mechanisms through which perfor-
mance improved with sago (Table 3) very likely were
related to enhancing or maintaining CHO status, it
was beyond the resources of these studies to confirm
this or to be able to partition the source of this CHO
i.e., exogenous vs. endogenous (hepatic vs. muscular
vs. circulating). Any future study should attempt to
investigate this. Study participants (Table 2) were not
heat-adapted as would likely be the case with those
completing exercise regularly outdoors or indoors
without air-conditioning in Southeast Asia. As accli-
mation to heat influences the metabolic (and thermo-
regulatory) response to exercise65 it is unknown
whether supplementing sago to those regularly com-
pleting exercise in a tropical climate (thus heat-
adapted) would yield similar results. Equally, the

mode of exercise chosen within these studies (cycle-
ergometry) cannot necessarily be extrapolated to that
of (treadmill) running as gastro-intestinal distress due
to supplementation of carbohydrate can occur more
frequently and last for longer with running;66 both of
these avenues warrant further research.

It has been suggested that when exercise heat stress
is compensable, and the thermoregulatory system is
not necessarily the primary limiting factor, endoge-
nous carbohydrate stores become further depleted and
that exogenous supplementation may be more effec-
tive.67 The combination of exercise intensity and
ambient heat stress for our investigations18-20 was
uncompensable, most likely a result of the high(er)
ambient humidity. Therefore, future studies should
investigate sago supplementation during more com-
pensable heat stress i.e. lower-intensity, longer-dura-
tion exercise and/or lower-humidity environments, as
ingestion of other CHO sources have been shown to
be ergogenic in these conditions e.g. ref. 12.

Numerous studies, reviewed carefully by Cermak
and van Loon,2 and the consensus position state-
ment by the ACSM5 recommend that for endurance
athletes protein (or amino acid) ingestion should be
consumed ‘near’ to exercise in order for mainte-
nance of or enhancing gains in skeletal muscle.
While there is some evidence that adding protein to
carbohydrate during exercise enhances perfor-
mance,17 there is stronger evidence that adding pro-
tein to carbohydrate in recovery from exercise
enhances muscle repair and elicits a more anabolic
hormonal profile.5 In fact, Ghosh et al.17 observed a
significant improvement in time to exhaustion fol-
lowing sago-soy supplementation than sago alone
although these results may have been due to a
greater overall caloric content. Nevertheless, it
would be worthwhile to determine whether iso-calo-
ric supplementation of sago-soy (or other suitable
protein) enhances performance and/or the hor-
monal profile during and in recovery from exercise
when compared to sago alone. Equally, as the form
of carbohydrate provided does not alter the ergo-
genic effect2 and taking into consideration the need
for athletes exercising in hot (especially humid)
environments to prevent dehydration, there is merit
in developing sago into a soluble form (perhaps
with added electrolytes) that can be consumed in
place of existing commercially-available carbohy-
drate-electrolyte drinks/powders.
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Conclusion

Sago (Metroxylin sagu) proves suitable in a majority of
the published research as a high CHO food or supple-
ment source in the peri-exercise period for maintain-
ing performance and improving recovery. Most
importantly sago seems to possess the physical and
chemical properties to be suitable as a supplement
during exercise in a warm, humid environment where
it is commonly grown and consumed, although fur-
ther research is needed to compare it to other known
CHO sources. This information could provide sports
people in Southeast Asia an affordable alternative to
costly commercially available CHO-containing sport
nutrition products. Future research, however, could be
conducted to further investigate sago in different envi-
ronmental conditions, with other ingredients added
(e.g., electrolytes) and for different modes of exercise.

Abbreviations
CHO Carbohydrate
CI Confidence interval
CV Coefficient of variation
GI Glycemic index
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