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A B S T R A C T

Objective

To assess the influence of carbohydrate and added pea protein concentrate supplementation on muscle recovery
after a military operation called Leader’s Reaction Test.

Methods

Twenty-four soldiers from the Brazilian Army were divided into three equal groups (n=8). They received either
carbohydrate (0.8.g/kg body weight/h), carbohydrate+carbohydrate (1.0.g/kg body weight/h), or
carbohydrate+protein (0.8 g/kg body weight/h of carbohydrate + 0.2 g/kg body weight/h of protein), immediately,
60, and 120 minutes after the Leader’s Reaction Test. Prior, immediately after and 24 hours after the Leader’s
Reaction Test, maximal isometric strength and body composition were assessed. Blood samples were also collected
for later analysis of concentrations of lactate dehydrogenase and creatine kinase.

Results

Twenty-four hours after the Leader’s Reaction Test, maximal creatine kinase  levels were significantly lower than
its levels immediately after (501.00 ± 422.09 versus 275.29 ± 242.08 U/L (carbohydrate); 616.88 ± 291.45
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versus 334.57 ± 191.61 U/L (carbohydrate+carbohydrate); and 636.75 ± 340.67 versus 382.88 ± 234.42 U/L
(carbohydrate+protein), p=0.004). The maximal isometric strength and lactate dehydrogenase levels were not
significantly different during the time trials.

Conclusion

The present findings suggest that carbohydrate+protein co-ingestion did not improve the recovery of muscle
function nor did it attenuate post-exercise muscle damage markers over carbohydrate alone.

Indexing terms: Creatine kinase. Exercise. L-Lactate dehydrogenase. Supplementary feeding.

R E S U M O

Objetivo

Avaliar a influência da suplementação com carboidratos adicionada ao concentrado proteico de ervilha na
recuperação muscular, após uma operação militar prática chamada Teste de Reação de Líderes.

Métodos

Vinte e quatro soldados do Exército Brasileiro foram divididos em três grupos iguais (n=8). Eles receberam a
suplementação com carboidrato (0,8 g/kg de peso corporal/h) ou carboidrato mais carboidrato (1,0 g/kg de
peso corporal/h) ou carboidrato mais proteína (0,8 g/kg de peso corporal/h de carboidrato + 0.2 g/kg de peso
corporal/h de proteína), imediatamente, 60 e 120 minutos após o Teste de Reação de Líderes. Avaliaram-se a
força isométrica máxima e a composição corporal antes do Teste de Reação de Líderes, imediatamente após e
24 horas após o teste. Amostras de sangue foram coletadas para análise posterior das concentrações de
lactato desidrogenase e creatina quinase.

Resultados

Vinte e quatro horas após o Teste de Reação de Líderes, as concentrações de creatina quinase estavam
significativamente reduzidas em comparação ao momento imediatamente posterior (501.00 ± 422,09 versus
275.29 ± 242.08 U/L (carboidrato); 616.88 ± 291,45 versus 334.57 ± 191,61 U/L (carboidrato+carboidrato) e
636.75 ± 340.67 versus 382.88 ± 234,42 U/L (carboidrato+proteína), p=0,004). A força isométrica máxima e
os níveis de lactato desidrogenase não foram significativamente diferentes em nenhum momento.

Conclusão

Os resultados sugerem que, em comparação à ingestão do carboidrato isoladamente, a coingestão de carboidrato
e proteína não melhora a recuperação da função muscular nem atenua a liberação de marcadores de danos
musculares após o exercício.

Termos de indexação: Creatina quinase. Exercício. L-Lactato desidrogenase. Suplementação alimentar.

I N T R O D U C T I O N

Prolonged endurance and short bouts of
high intensity exercise are associated with high
muscle tissue damage1,2 and glycogen
depletion3,4. High levels of some markers of
muscle damage and soreness, such as Creatine
Kinase (CK) and Lactate Dehydrogenase (LDH)4,
are associated with low physical performance5,
thus exhaustive exercise requires fast recovery.
Apparently Carbohydrate (CHO) intake
immediately after exercise can promote rapid
glycogen repletion and athletes’ recovery6.
However, some researchers have demonstrated

that combining Protein (PRO) and CHO intakes
can improve athletes’ recovery better than CHO
alone.

Carbohydrate and protein intakes during
post-exercise recovery period optimizes glycogen
repletion3,7,8 and protein balance9. Additionally,
consumption of CHO+PRO or only CHO
supplements after exercise has been associated
with lower post-exercise muscle damage markers,
such as plasma CK1,10-14 and LDH11, and could also
improve muscle function15 since it is thought to
be one of the best indirect indicators of muscle
damage16,17. Better muscle function seen after
CHO+PRO intake might have practical
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implications for performance in subsequent
exercise14,18.

However, the literature is controversial
since no additional ergogenic effect is promoted
by CHO+PRO compared with CHO alone18-20.
Thus, the efficacy of adding PRO to CHO for
endurance performance or recovery remains
unclear. The studies that identified the effect of
CHO+PRO on athletes’ recovery used different
methodological approaches, which might have
contributed to the controversial results in the
literature. Studies vary, principally when it comes
to study design (cross-over, placebo-controlled
performance trial), CHO:PRO ratio, and the source
of protein21.

The main protein source studied until now
is whey14,18,19,22. Hence, researches are currently
assessing underexploited sources such as
alternative protein crops. The functional and
bioactive properties of proteins from legume
seeds, such as pea (Pisun sativun), have been
widely studied because of their importance to
novel food development and human health23,24.
The use of pea protein in the recovery of
individuals undergoing exhaustive physical activity
is new and could probably bring new contribution
to the development of sports supplements.

Special soldiers from the Brazilian Army
engaged in a specific field operation experienced
a significant increase in blood CK, featuring high
muscle damage25. This population will probably
benefit from nutritional strategies that optimize
muscle recovery after an exhaustive physical
activity test. Thus, the aim of this study was to
assess the influence of a CHO+PRO (pea protein
concentrate) supplementation on muscle recovery
parameters for soldiers undergoing  a Leader’s
Reaction Test (LRT), which is a very exhaustive
stage of a military operation designed to prepare
military leaders under severe food, water, and
sleep deprivation in jungle crossing.

M E T H O D S

Twenty-three soldiers with a mean ±
Standard Deviation (SD) age of 26.96 ± 4.14 years,

body mass of 80.74 ± 9.89 kg, body fat of 10.82
± 3.44%, total body water of 53.43 ± 6.66 L,
and height of 1.78 ± 0.06 m concluded the LRT.
All participants signed an Informed Consent Form
before taking part in the study. The experimental
protocol was approved by the Research Ethics
Committee of Instituto de Estudos em Saúde
Coletiva (IESC, Public Health Research Institute)
from Universidade Federal do Rio de Janeiro
(UFRJ), Brazil (nº 81/2010).

The study was carried out by means of a
double-blind randomized controlled trial. Maximal
isometric strength, body composition, and blood
samples (for analysis of serum CK and LDH) were
assessed in three time Trials: prior (T1),
immediately after (T2), and 24 hours post-LRT
(T3). At T2 subjects were required to consume
one of the three recovery treatments in gel
consistency: 1) CHO; 2) CHO+CHO; and 3)
CHO+PRO. All tests were conducted in a fasted
state (Figure 1).

The Leader’s Reaction Test is a practical
military exercise that basically consists of a 100
km march (sloped roads, fields, and woods),
climbs, sprints, and crawls, interspersed with
classic military workshops. During those activities
the subjects were wearing uniforms and carrying
food supplies and weapons, totaling roughly 25
kg. The subjects’ energy and water intakes and
sleep were restricted and permanently controlled
during the four days of LRT, according to Brazilian
military doctrine (Table 1).

Body mass and height were determined
using the clinical scale-mounted stadiometer
FilizolaTM (Brazil), a mechanical model with a
maximum weight of 150 kg and accuracy of 100
g, following the Lohman protocol26. Percentage
of body fat was assessed using the LangeTM

skinfold caliper and three-site skinfold protocol:
abdomen, pectoral, and thigh locations27. Total
Body Water (TBW) was estimated by tetrapolar
bioelectrical impedance using the BiodynamicsTM

310 device.

Maximal isometric force was measured
using the hand-held TakeiTM Dynamometer to
evaluate muscle function bilaterally.  The subjects
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exerted a maximal force on the dynamometer,
making three attempts for each hand, alternating
every 30 seconds, according to Johnson &

Nelson28.

In each time Trial (T1, T2, and T3), a 10
mL blood sample was collected from the
antecubital vein and centrifuged at 7000 rpm
during 10 minutes for the extraction of blood

plasma and further analysis. All plasma samples
were stored at -80°C. Enzymatic analysis of LDH
and CK concentration was conducted by the
semiautomatic Express Plus 550™ analyzer.

Supplementation

The carbohydrate supplement provided
subjects with 0.8 g/kg body weight/h; the

Table 1. Description of sleep, distance, hydration, and daily energy intake during LRT. Rio de Janeiro (RJ), Brazil, 2010.

1st

2nd

3nd

4nd

4

3

2

1

20

36

28

16

3

2

1

-

1.737

1.190

970

-

Note: LRT: Leader Reaction Test.

Period (day) Sleep (h) Distance (km) Hydration (L) Daily energy intake (kcal)

Figure 1. Experimental Design.

Note: T1 (Time Trial 1): Prior LRT (Leader’s Reaction Test); T2: Immediately after LRT; T3: 24 hours post - LRT; CHO: Carbohydrate; PRO: Protein.
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CHO+CHO provided the amount of CHO and
more 0.2 g carbohydrate/kg body weight/h,
making the total of 1.0 g carbohydrate/kg body
weight/h; and CHO+PRO provided 0.8 g/kg body
weight/h of carbohydrate, and 0.2 g protein/kg
body weight/h. The supplementation was
provided twice, in the first and in the second hour
after LRT, without consuming anything else during
this interval. CHO and CHO+PRO contained the
same amounts of carbohydrates. CHO+CHO and
CHO+PRO were isocaloric, and all the
supplements were designed to have the same
physical aspect.

All the supplementation provided identical
types of carbohydrate in the form of maltodextrin
(50%) (Corn Brazil, MOR-REX 1910), glucose
(35%) (Corn Brazil, MOR-REX 1940) and fructose
(15%) and Pea Protein Concentrate (PPC)
(Propulse Parrheim Foods, Canada) in the
CHO+PRO supplement. According to the
manufacturer’s label, the pea protein concentrate
has the following proximate concentration of
essential amino acids (g/100 g of protein): lysine
(7.2); phenylalanine (5.5); threonine (3.9);
methionine (1.1); tryptophan (1.0); leucine (8.4);
isoleucine (4.5); valine (5.0); the last three are also
branched-chain amino acids.

The subjects had their meals at the same
place and time, since they were confined in the
same military base. Food intake for breakfast,
lunch, and dinner was controlled, although they
were allowed to have two free snacks. Each
subject answered a 24-hour Dietary Recall
(24HDR) in T3 to quantify energy and
macronutrient intakes after the LRT during the
24 hours interval between T2 and T3. The results
were given by the DietPro™ 5.1i Professional
software.

Descriptive statistics are presented as mean
± SD and in figures as mean ± Standard Error of
the Mean (SEM). All variables were investigated
using separate two-way Analysis of Variance
(Anova) (time: T1, T2, and T3; x group: CHO,
CHO+CHO, and CHO+PRO) with repeated
measures on time, with Tukey post hoc analyses.
The evolution of body mass, TBW, and body fat

through time trials were taken as percentage of
the values in T1.

All statistical analyses were performed by
the Statistical Package for the Social Sciences

(SPSS)™ Version 20.0, with a significance level
of p<0.05.

R E S U L T S

Body Composition

Twenty-three subjects completed all the
tests in this study. The body mass, TBW, and body

fat recorded during the LRT are demonstrated in
Figure 2. For body mass, there were no significant
differences between treatments (p=0.227) and

interactions for treatments x time (p=0.161).
However, the main effect was only observed for
time (p=0.038). There were significant statistical

differences for T1 versus T2 (p=0.020), and T1
versus T3 (p=0.035) (Figure 2A). Statistically, the
TBW was not significantly different between

treatments (p=0.664) and interactions for
treatments versus time (p=0.881). However,
Anova indicated a statistically significant main

effect for time (p<0.001). There were statistically
significant differences for T1 versus T2
(p<0.0001), and T1 versus T3 (p<0.0001) (Figure

2B). In relation to body fat, there were no
significant statistical differences between
treatments (p=0.068) and interactions for
treatments versus time (p=0.562). However,
Anova indicated a statistically significant main
effect for time (p<0.001). There were statistically
significant differences for T1 versus T2 (p<0.0001),
and T2 versus T3 (p<0.0001) (Figure 2C).

Maximal isometric force

The Maximal Isometric Force of the
subjects, measured by means of dynamometry,

was in average 35.58 ± 6.28 kgf, and it was not
significantly different during time trials.
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Blood analysis

The subjects’ plasma LDH levels varied
from 213.00 to 820.00 U/L and statistical analysis

showed that the treatments (p=0.394) or time
course (p=0.125) did not differ. The plasma CK
levels of the subjects at the beginning of the study

varied from 104.00 to 1139.00 U/L. As
demonstrated in Figure 3, CK data were
statistically different in all time trials, indicating

that there was an increase in T2 and a decrease
in T3 (p=0.004), regardless of supplementation
(Figure 3).

Food intake after the LRT

The 24-hour dietary recall administered in
T3 demonstrated that there was no difference
among groups in terms of energy and
macronutrient intakes as shown in Table 2.

In general, free snacks have contributed
with 33% of the total energy consumed. The
other controlled meals have contributed with the
remainder energy (22% at breakfast, 30% at
lunch, and 15% at dinner).

Figure 2. Body mass (A), Total Body Water (TBW) (B), and body

fat (C), Mean (±standard error of the mean), through

time trials, as percentage of the values in T1. Brazilian

Army, Center of Special Operations, Rio de Janeiro (RJ),

Brazil.

Note: *Significant difference between T1 versus T2 (p=0.020(A);

p<0.0001 (B); p<0.0001(C); **Significant difference between T1 versus

T3 (p=0.035(A); p<0.0001 (B); p<0.0001(C).

CHO: Carbohydrate; PRO: Protein; T1 (Time Trial 1): Prior LRT (Leader’s

Reaction Test); T2: Immediately after LRT; T3: 24 hours post-LRT.

Figure 3. Creatine kinase levels (U/L), Mean (±standard error of

the mean), through time trials. Brazilian Army, Center

of Special Operations, Rio de Janeiro (RJ), Brazil.

Note:*Significant difference between T2 versus T3 (p=0.004).

CHO: Carbohydrate; PRO: Protein; T1 (Time trial 1): Before LRT; T2:

Immediately after LRT (Leader’s Reaction Test); T3: 24 hours after-LRT.



SUPPLEMENTATION ON INDICES OF RECOVERY | 373

Rev. Nutr., Campinas, 27(3):367-377, maio/jun., 2014 Revista de Nutrição

http://dx.doi.org/10.1590/1415-52732014000300010

D I S C U S S I O N

The primary objective of this study was to
examine whether acute ingestion of CHO along
with pea protein supplement, as opposed to CHO
alone, over two hours following strenuous military
practical exercise would have an impact on
systemic indices of muscle damage and alterations
in muscle function.

Recovery of muscle function and exercise
performance are important for soldiers who are
often taking part in military operations involving
severe physical activities performed until
exhaustion. Muscle recovery can be evaluated by
several parameters such as plasma LDH and CK
or even isometric strength, all investigated in this
study, concerning the influence of the different
types of supplementation administered
immediately after the exercise period. According
to previous studies, CK and LDH measurements
in 24-hour post-exercise have a practical
relevance13,22  providing basis for the use of such
analysis in this work.

The present results demonstrated that
CHO+PRO intake did not improve any of the
measured markers of post-exercise recovery when
compared with CHO, regardless of the dose,
corroborating many others studies18-20,22.
Additionally, in accordance to our study, White
et al.2, Breen et al.18, Betts et al.19, and Green et
al.20 showed that the co-ingestion of CHO and
PRO does not improve the recovery of isometric
force.

On the other hand, controversial results
have been found in the literature, since in many
other studies ergogenic effect was promoted by

CHO+PRO in the reduction of plasma CK1,10-14 and
LDH11 when compared with the ingestion of CHO
alone. Koopman et al.9 and Miller et al.29  reported
that CHO+PRO ingestion could improve the
balance between protein degradation and protein
synthesis, which might explain reductions in
muscle damage as per CHO+PRO ingestion
demonstrated in those studies. According to Breen
et al.18, it would seem that studying direct markers
of sarcolemmal disruption (biopsy or magnetic
resonance imaging techniques) in concert with
post-exercise tests of muscle function may provide
clearer answers regarding the efficacy of
CHO+PRO to improve recovery.

Many other controversial results are found
in the literature. Ivy et al.30 discussed some
methodological variances that could explain these
inconsistencies, including differences in
carbohydrate and protein concentrations in
supplements, supplement administration
protocols, time period of recovery measurements,
and applied exercise protocols. Since this is the
first study to investigate, in practice, the effect of
CHO supplementation along with pea protein by
means of the LRT, comparisons with other findings
are limited.

Not only did this study test the effects of
two different CHO concentrations but also the
impact of adding protein to a standardized energy
supplement. According to Saunders et al.1, by
matching a carbohydrate portion, differences in
recovery can be attributed to anything other than
the absolute carbohydrate content of the
supplements. So, a limitation from many studies
is that the increased availability of total calories

Table 2. Energy and macronutrients intake after LRT, Mean ± Standard Deviation. Rio de Janeiro (RJ), Brazil, 2010.

Total energy (kcal)

Carbohydrate (g)

Protein (g)

Lipid (g)

6,034.60 ± 1,272.56

1,061.52 ± 0,207.86

,0140.58 ± 0,019.35

0,136.24 ± 00,45.33

M SD

Total Group (n=23)

5,522.77 ± 936.58

,0967.69 ± 131.51

0,135.58 ± 021.33

,0123.30 ± 039.02

M SD

CHO Group (n=7)

6,176.56 ± 1,297.30

1,119.60 ± 0,205.46

0,142.23 ± 00,21.87

,0139.51 ± 00,55.70

M SD

CHO+CHO Group (n=8)

6,340.49 ± 1,504.26

1,132.28 ± 0,271.65

0,143.31 ± 00,16.47

0,152.60 ± 0,046.97

M SD

CHO+PRO Group (n=8)

Note: Statistical differences were not observed between groups (p>0.05).

CHO: Carbohydrate; PRO: Protein; M: Mean; SD: Standard Deviation; LRT: Leader Reaction Test.
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from the CHO+PRO supplementation may have
contributed to differences between trials1,10,12.
Apparently, when total calories are controlled, the
proposed beneficial effects of the added protein
are not fully supported20. It is unclear from some
studies, however, whether benefits were the result
of supplements consumed during exercises14,18,
post-exercises10,20,22 or both11,12,19. Ludden et al.10

provided evidence that significant attenuation in
plasma CK can be achieved with only post-
exercise feedings of CHO+PRO. Green et al.20 and
Millard-Stafford et al.22 also compared the effects
of post-exercise ingestion of CHO+PRO and only
CHO supplementation on muscle damage
prevention but neither confirmed the theory
proposed by Ludden et al.10, regarding CK indices.

It should be noted that CHO+PRO group
received a 4:1 ratio of carbohydrate to protein
supplementation as it has already been tested in
other studies1,7,11,12,14,20,22,31,32. However, more
recent studies have tested the 3:1 ratio, i.e., a
larger amount of PRO in relation to CHO18,19,33,34.
Therefore, the optimal protein concentration must
be clarified so that we can better understand if
the result obtained in this study could also be
related to this variable.

Another possible explanation for the
inconsistent findings in this area might be related
to the important response of certain systemic
indexes of muscle damage. That is because most
studies showing significant effects have maximum
CK levels between 250 and 600 U/L10,11,14,35, while
those showing no significant effects have typically
reported peak CK levels in the 1000-1400 U/L
region2,20. Considering that the subjects in the
present study already had high plasma CK before
the LRT, it is reasonable to suppose that our results
could have been influenced by this fact, which
makes comparison particularly difficult since in
other studies subjects usually had normal CK
before performing physical tests.

The exercise protocol used for testing the
effects of supplementation could also influence
the results of the study. Currell & Jeukendrup36

highlighted the fact that the ecological validity
of laboratory exhaustive exercise protocols is

limited because athletes do not compete in events
that require a continued fixed output for as long
as possible. The study field activities are performed

in real training conditions, under environmental
variables that might require higher physical effort
and cause generalized body soreness, differently

from that experienced in the laboratory exercise
protocol used by many studies. Betts et al.19 and
Green et al.20 also adopted field exercise protocol

and their reported results corroborate ours,
suggesting that the additional protein in the
supplement does not benefit muscle recovery in

such conditions. When performance is measured
in an uncontrolled environment, additional protein
does not seem to be advantageous18. Most likely,

due to that fact, the effects of a CHO supplement
combined with PRO failed to demonstrate the
effects on CK and LDH in the present study, even

when administered after a military practical
activity well-known for its high physical stress and
demand.

Although diet had not been fully

controlled in our study, the 24HDR showed that
the military personnel consumed more energy in
the recovery period than they required, and the

groups did not differ. The impossibility to fully
control the diet could mask the effects of
supplementation, but this issue still needs to be

clarified, considering that only few studies had
standardized the individual’s diet according to the
subjects eating habits throughout the study (no

significant differences in calories, protein, or
carbohydrate content of diets during treatment
periods)10,11,18,19,35. Breen et al.18 did not find effects
of the CHO+PRO supplementation on muscle
recovery parameters, but Ludden et al.10  and
Romano-Ely et al.11 have found that the
CHO+PRO attenuated post-exercise muscle
damage, when compared with CHO
supplementation. The comparison between those

studies turns out to be difficult since only Breen
et al.18 demonstrated dietary composition.

Finally, many studies have shown that
consuming protein after strength training
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promotes greater growth of lean tissue mass.
However, when comparing the effects of soy with
milk, some authors have found that animal protein
is better37,38. Therefore, the different benefits or
effects between animal and vegetable proteins
on muscle function recovery should be
investigated to better understand whether the
tested vegetable protein (pea protein concentrate)
could generate the same results as whey protein,
since this is the most common protein source
added to CHO supplements1,10,11,14,18-20,22.

C O N C L U S I O N

In conclusion, when supplementary energy
intake is controlled, and CHO is ingested at rates
which are considered optimal for recovery, the
addition of pea protein concentrate in the first
two hours after field exercise does not seem to
improve either the 24-hour recovery of muscle
function or post-exercise muscle damage markers
better than CHO alone. In accordance with
previous studies, the metabolic and physiological
responses to CHO+PRO supplementation may
depend on the magnitude of CK increase, the
CHO:PRO ratio, the exercise protocol, and the
type of protein used. Moreover, it is important to
evaluate recovery under strict diet control
throughout the research period.
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