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British Army basic training (BT) is physically demanding with new recruits 
completing multiple bouts of physical activity each day with limited recovery. 
Load carriage is one of the most physically demanding BT activities and has been 
shown to induce acute exercise-induced muscle damage (EIMD) and impair 
muscle function. Protein supplementation can accelerate muscle recovery by 
attenuating EIMD and muscle function loss. This study investigated the impact 
of an additional daily bolus of protein prior to sleep throughout training on acute 
muscle recovery following a load carriage test in British Army recruits. Ninety 
nine men and 23 women (mean  ±  SD: age: 21.3  ±  3.5  yrs., height: 174.8  ±  8.4  cm, 
body mass 75.4  ±  12.2  kg) were randomized to dietary control (CON), 
carbohydrate placebo (PLA), moderate (20  g; MOD) or high (60  g; HIGH) protein 
supplementation. Muscle function (maximal jump height), perceived muscle 
soreness and urinary markers of muscle damage were assessed before (PRE), 
immediately post (POST), 24-h post (24  h-POST) and 40-h post (40  h-POST) a 
load carriage test. There was no impact of supplementation on muscle function 
at POST (p  =  0.752) or 40  h-POST (p  =  0.989) load carriage but jump height was 
greater in PLA compared to HIGH at 24  h-POST (p  =  0.037). There was no impact 
of protein supplementation on muscle soreness POST (p  =  0.605), 24  h-POST 
(p  =  0.182) or 40  h-POST (p  =  0.333). All groups had increased concentrations of 
urinary myoglobin and 3-methylhistidine, but there was no statistical difference 
between groups at any timepoint (p  >  0.05). We conclude that pre-sleep protein 
supplementation does not accelerate acute muscle recovery following load 
carriage in British Army recruits during basic training. The data suggests that 
consuming additional energy in the form of CHO or protein was beneficial 
at attenuating EIMD, although it is acknowledged there were no statistical 
differences between groups. Although EIMD did occur as indicated by elevated 
urinary muscle damage markers, it is likely that the load carriage test was not 
arduous enough to reduce muscle function, limiting the impact of protein 
supplementation. Practically, protein supplementation above protein intakes of 
1.2  g⸱kg−1⸱day−1 following load carriage over similar distances (4  km) and carrying 
similar loads (15–20  kg) does not appear to be warranted.
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1 Introduction

British Army Basic Training (BT) is a physically demanding 
14-week course with new recruits completing multiple bouts of 
physical activity with limited recovery during a 24-h period (1–3). 
New recruits fail to meet the recommended energy, carbohydrate, and 
protein intakes during BT (2, 4) with limited energy and negligible 
protein intakes between meals, particularly in the evening (3). In the 
first article of this dual submission, pre-sleep protein supplementation 
did not impact physical performance, body composition or chronic 
recovery during BT. This second article investigates the impact of 
pre-sleep protein supplementation on acute muscle recovery following 
a standardized British Army load carriage test during BT. The ability 
to carry load over long distances is fundamental to many roles within 
the military (5) and is a key activity during British Army BT. Load 
carriage is considered one of the most physically demanding tasks 
during military training and has been shown to impair skeletal muscle 
function (5–7). A reduction in muscle function following load carriage 
during military recruit training can impair acute physical performance 
(6). Maximal voluntary contraction (MVC) of the knee extensors was 
reduced by 12 ± 9% and 9 ± 13% in male and female recruits within 
30 min following load carriage over ~10 km carrying 15–20 kg (5). It 
has also been reported that vertical jump height was significantly 
reduced by 5 ± 11% and 5 ± 6% in men and women, respectively (5). 
Such reductions in muscle function could impair training and increase 
injury risk in the days following load carriage (8). New recruits 
complete multiple bouts of physical activity during a 24-h period with 
limited recovery time (3), including following arduous activities such 
as load carriage. Therefore, strategies which accelerate muscle recovery 
are likely to be beneficial at maintaining military performance and 
reducing injury risk by limiting muscle damage and muscle function 
loss (8, 9). These are key aims for the military, particularly given the 
financial and operational cost associated with lost training days and 
medical discharges due to injury (10–12).

To date, protein supplementation has been investigated during 
military training in the United States (9, 13, 14) with scarce data in 
British Army recruits. These studies have also mostly focused on 
chronic training recovery and performance outcomes, not an acute 
single arduous military training event. Increased availability of 
protein, particularly the essential amino acids, attenuates muscle 
protein breakdown via hyperinsulinemia (15) and can accelerate acute 
skeletal muscle recovery by attenuating EIMD (16–20). For instance, 
Howatson et al. (17) reported attenuated muscle soreness and creatine 
kinase concentrations as well as better preservation of MVC of the 
knee extensors at 24–48 h post-exercise with branched-chain amino 
acid supplementation compared to a placebo. Branched-chain amino 
acids (3.5 g leucine; 2.1 g isoleucine; 1.7 g valine) have also been shown 
to reduce muscle soreness at 48 h post-exercise following resistance 
training in non-weight trained men (21). Nevertheless, the 
applicability of these studies to military recruits following load 
carriage exercise should be  interpreted with caution, and specific 
studies are warranted. These previous studies included resistance-type 
exercise only which is not representative of military recruit 

populations (17, 20, 21). Additionally, previous studies have also 
included untrained individuals (21). Typically, EIMD is greater in 
untrained individuals and/or in response to a new training stimulus 
(22). Furthermore, load carriage is not exclusively a form of resistance 
exercise and is considered a form of concurrent exercise (23) and 
therefore, the degree of EIMD may not be comparable during load 
carriage and resistance or endurance exercise. Nevertheless, load 
carriage has consistently been shown to reduce acute muscle function 
(5–8). As such, dietary interventions which can potentially accelerate 
recovery or minimize the loss in muscle function following load 
carriage could be beneficial at maintaining occupational performance 
in the days following load carriage.

A limited number of studies have examined the effects of protein 
supplementation on acute skeletal muscle recovery following load 
carriage and have reported equivocal results. Post-exercise protein 
supplementation (24 g) significantly reduced self-perceived muscle 
soreness by −7% compared to increases of +10% and + 16% in the 
placebo and control conditions, respectively, following a six-mile hike 
in Royal Marines (24). Conversely, Blacker et al. (6) reported no effect 
of post-exercise protein supplementation (72 g) on knee extensor 
MVC at 48 and 72-h compared to an isocaloric placebo [carbohydrate 
(CHO)]. Similarly, no statistical differences were found between 
protein (25 g) and isocaloric CHO conditions when serum 
concentrations of cortisol, C-reactive protein, creatine kinase or 
aldolase were measured following a load carriage exercise (25). The 
limited number of studies and the differences between methodologies 
and outcome measures make it difficult to determine whether protein 
supplementation improves muscle recovery, thus warranting further 
research. Previous research has observed British Army recruits 
consume negligible amounts of protein in the evening time (3). 
Consuming protein prior to sleep supports muscle protein synthesis 
during sleep (26) but the impact on functional muscle recovery in the 
days following is equivocal with some (27) but not all observing 
accelerated muscle recovery (28–30) over 12–60 h post-exercise. It is 
acknowledged that the total daily amount of protein is considered 
more important than timing for muscle recovery outcomes. As such, 
the results of this study may provide support to the implementation 
of nutritional supplementation in the evening period to increase total 
daily protein intake and accelerate muscle recovery to maintain 
occupational performance and reduce injury risk. The aim of this 
study was to establish the extent to which an additional daily intake of 
a moderate (20 g) and high (60 g) bolus of protein prior to sleep 
influences acute muscle recovery following a load carriage test in 
British Army recruits.

2 Materials and methods

2.1 Study design and ethical approval

This randomized controlled trial assigned participants into one of 
four dietary supplementation interventions: no nutritional supplement 
control (CON), carbohydrate placebo (PLA), moderate whey protein 
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[20 g additional per day (MOD)] or high whey protein [60 g additional 
per day (HIGH)]. All data was collected in week 12 of training 
immediately before, after (<1-h), 24-h (24 h-POST) after and 40-h 
(40 h-POST) after a standardized British Army BT load carriage test. 
The study was approved by the U.K. Ministry of Defence Research 
Ethics Committee (1076/MODREC/20) and was conducted in 
accordance with the principles defined in the Declaration of Helsinki 
1 as adopted at the 64th WMA General Assembly at Fortaleza, Brazil 
in October 2013. Ninety-nine men and 23 women [CON: men = 19, 
women = 7; PLA: men = 27, women = 5; MOD: men = 27, women = 4; 
HIGH: men = 26, women = 7 (mean ± standard deviation: age: 
21.3 ± 3.5 years., height: 174.8 ± 8.4 cm, body mass 75.4 ± 12.2 kg)] were 
recruited in week one of training at the Army Training Centre, 
Pirbright (Surrey, United  Kingdom). All participants passed their 
medical assessment prior to starting BT. Sample size was based on a 
priori power analysis using G*power (Dusseldorf, V 3.1). It was 
determined that 52 participants were required to replicate a partial eta 
squared (ηp

2) of 0.06 (medium) using an α = 0.05 and β = 0.95 for a 
within-subjects and-between-group analysis to determine differences 
in the primary muscle damage marker, myoglobin. A second power 
calculation was completed for the estimated sample size required to 
detect a within-subjects and-between-group difference in muscle 
function. It was determined that 16 participants were required to 
replicate a ηp

2 of 0.23 (large) using an α = 0.05 and β = 0.95. This study 
was registered with ClinicalTrials.gov, U.S. National Institutes 
(identifier: NCT05998603).

2.2 Supplementation, dietary intake, and 
nitrogen balance

The study design is described in greater detail including the 
supplementation, dietary intake, and nitrogen balance methodologies, 
in the accompanying article of this dual submission (31). Participants 
were administered the supplements each weekday evening from the 
start of week 3 until week 12 between 20:00 and 21:00 h in powder 
form mixed with water by members of the research team. The 
supplements were isocaloric to isolate the effects of the additional 
protein intake. The nutritional breakdown of each supplement, the 
dietary intake and nitrogen balance of participants is shown in the 
Supplementary materials.

2.3 Load carriage test

Participants underwent a standardized British Army BT load 
carriage test as part of their formative Role Fitness Test in week 12 of 
BT and supervised by Army physical training instructors. The physical 
activity of each group before and after the load carriage test was also 
standardized with all participants instructed by their platoon staff 
during the 14-week British Army course. As well as standardized 
activities, participants also shared accommodation, limiting the 
variation in physical activity between groups. The test was completed 
with participants wearing standard Army uniform and boots with 
helmets carried in their Bergen. The test comprised of two parts: (i) 
4 km loaded march carrying 20 kg in total (webbing: 5.5 kg, Bergen: 
9 kg, rifle: 4.5 kg) at 4.8 kph, (ii) a 2 km run carrying 15 kg in total 
(webbing: 5.5 kg, patrol sack: 4 kg, rifle: 4.5 kg). Participants were 

required to complete the test faster than the standard required for 
their role (<15–17 min dependent on role) to pass BT.

2.4 Muscle function

Vertical jump performance was used to assess muscle function 
at each timepoint using a vertical jump meter (Takei, Scientific 
instruments, Niigata city, Japan) (5, 7). Participants were 
instructed to jump as high as possible three times with their hands 
placed on their hips to prevent upper limb assistance (32). 
Participant’s completed a fourth jump if their third attempt was 
their highest to reduce the chance of a learning affect. The 
participant’s best score was recorded. The test–retest reliability of 
r ≥ 0.90 has been reported for this performance test (33). Footwear 
and clothing were standardized across all participants for each 
vertical jump test.

2.5 Muscle damage

The concentrations of urinary myoglobin, titin and 
3-methylhistidine (3-MH) were measured from a spot 60 mL urine 
sample at each timepoint (pre, immediately-post, 24-h-post and 40-h-
post). Urine samples were refrigerated at 4°C immediately on receipt 
prior to being pipetted into three 5 mL cryotubes and stored at 
−80°C. The samples were then transferred to Anglia Ruskin 
University, Cambridge, UK for analysis. The concentrations of 
myoglobin (Abcam, Cambridge, United  Kingdom), titin 
(MyBioSource, San Diego, United  States) and 3-MH (Abbexa, 
Cambridge, United Kingdom), were quantified by an Enzyme-Linked 
Immunosorbent Assay (ELISA) following the manufacturer’s protocol 
(34–36). The inter and intra assay coefficient of variation (CV) was 6.4 
and 3.4% for myoglobin, 9.9 and 9.7% for 3-MH and 8.1 and 7.8% for 
titin, respectively.

2.6 Muscle soreness

While standing, participants were asked to record their perceived 
muscle soreness using a 0–10 Likert scale (5). Participants were also 
asked to record their subjective muscle soreness before, immediately 
after, 24 h-POST after and 40 h-POST after the load carriage test.

2.7 Statistical analysis

Statistical analyses were carried out using the Statistical Package 
for Social Sciences (v26, IBM, Armock, New York, United States) with 
significance set at p ≤ 0.05. Data were assessed for normality visually 
and using the Shapiro–wilk test. Mixed model Analyses of Covariances 
(ANCOVAs) were used to examine changes in muscle function, 
muscle damage and subjective measures at each timepoint and 
between supplementation groups. In all instances, the pre-measures 
were used as covariates. All post-hoc analyses were undertaken using 
an adjusted Bonferroni post hoc test. Data were presented as 
mean ± standard deviation with partial eta squared (ƞp

2) effect sizes to 
denote small (0.01), medium (0.06), and large (≥0.14) effects (32).
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3 Results

3.1 Muscle function and soreness

The descriptive data for muscle function and muscle soreness are 
shown in Table 1. After adjusting for PRE jump height, there was no 
group interaction at POST [F(3, 83) = 0.402, p = 0.752, ƞp

2 = 0.014] or 
40-POST [F(1, 83) = 0.040, p = 0.989, ƞp

2 = 0.001] but there was at 
24 h-POST [F(1, 83) = 2.847, p = 0.042, ƞp

2 = 0.093]. Post hoc analysis 
revealed greater jump height in PLA compared to HIGH at 24 h-POST 
(p = 0.037). After adjusting for PRE muscle soreness, there was no 
group interaction at POST [F(3, 86) = 0.618, p = 0.605, ƞp

2 = 0.021], 
24 h-POST [F(3, 86) = 1.658, p = 0.182, ƞp

2 = 0.055] or 40 h-POST [F(3, 
86) = 1.151, p = 0.333, ƞp

2 = 0.039].

3.2 Muscle damage markers

The descriptive data for each marker of muscle damage is shown 
in Table  2. The % change data for 3-MH and myoglobin are also 
shown in Figure 1. After adjusting for PRE-3-MH concentrations, 
there was no group interaction at POST [F(3, 52) = 0.970, p = 0.414, 
ƞp

2 = 0.053], 24 h-POST [F(3, 52) = 0.298, p = 0.826, ƞp
2 = 0.017] or 

40 h-POST [F(3, 52) = 0.353, p = 0.787, ƞp
2 = 0.020]. After controlling 

for PRE myoglobin concentrations, there was no group interaction at 
POST [F(3, 54) = 0.713, p = 0.548, ƞp

2 = 0.038] or 24 h-POST [F(3, 
54) = 1.025, p = 0.389, ƞp

2 = 0.054] or 40 h-POST [F(3, 54) = 1.069, 
p = 0.370, ƞp

2 = 0.056].

4 Discussion

The aim of this study was to establish the impact of the MOD 
(20 g) and HIGH (60 g) protein bolus prior to sleep on acute muscle 
recovery following a load carriage test in British Army recruits. The 
key finding was that the changes in muscle function, muscle soreness 
and muscle damage were similar between groups. Therefore, the data 
does not support the use of protein supplementation to support acute 
muscle recovery during British Army BT irrespective of relative 
quantity. Research in healthy young adults has shown protein 
supplementation can be  effective to accelerate muscle function 
recovery (20, 27, 37) and attenuate muscle soreness (21, 27) and 

exercise-induced muscle damage (16–19) compared to a control or 
placebo. However, research pertinent to military training is 
limited (38).

Protein feeding post-exercise can attenuate EIMD by increasing 
the bioavailability of essential amino acids necessary for MPS and 
skeletal muscle remodeling, which in turn, can support functional 
muscle recovery (17). Consuming 20–40 g of protein post-exercise 
maximizes the MPS response (39, 40). Based on habitual protein 
intakes (2), an additional 20 or 60 g bolus dose increased total daily 
protein intake to the upper limit and beyond the recommendation for 
protein intake during military training (41). The release of essential 
amino acids into the circulation, in particular L-leucine, is stimulatory 
for MPS in the post-exercise recovery period (42). L-leucine has been 
shown to independently upregulate MPS by activating the mammalian 
target of rapamycin complex-1 (42). Generally, it is recognized that 
8–10 g (1.8–2.0 g leucine) of essential amino acids maximizes MPS 
with whey protein specifically leading to a rapid rise in blood amino 
acid concentrations and therefore MPS (43, 44). Nonetheless, it is 
generally recognized that the total daily intake of protein and whole-
body protein balance (i.e., nitrogen balance) are key determinants 
compared to the timing of protein intake in the context of muscle 
recovery (45). In the context of this study, the data suggests consuming 
additional calories, either in the form of CHO or protein attenuated 
EIMD (Figure 1). This is, in part, is in agreement with previous work 
which has shown CHO or protein supplementation to accelerate 
muscle recovery following load carriage compared to a control 
condition (7). Mechanistically, this may explain the protective effects 
of protein or CHO supplementation on injury risk during military 
training (9). It is recognized that CHO feeding attenuates muscle 
protein breakdown via insulin secretion (19), which may explain the 
attenuated EIMD observed in this study (Figure 1). Nevertheless, it is 
acknowledged that in our study, no statistical differences were detected 
between groups for muscle function. Nonetheless, the attenuation of 
EIMD with supplementation suggests consuming additional energy, 
in the form of CHO or protein, following arduous military training 
activities may be beneficial for muscle recovery and therefore could 
impact subsequent musculoskeletal injury risk.

The dietary intakes of participants are shown in the accompanying 
article of this dual submission (31) and in the Supplementary materials. 
As hypothesized, protein supplementation increased total daily protein 
intakes for the MOD (1.71 ± 0.29 g⸱kg−1⸱day−1) and HIGH protein 
groups (2.16 ± 0.50 g⸱kg−1⸱day−1) compared to PLA (1.31 ± 0.29 g⸱kg−1⸱ 

TABLE 1 Muscle soreness and jump height pre-and-post the loaded march test in each group.

Measure Group PRE POST 24H-POST 40H-POST

Muscle soreness

CON 2 ± 1 4.0 ± 1 3 ± 2 2 ± 2

PLA 2 ± 1 3.0 ± 1 2 ± 1 3 ± 2

MOD 2 ± 2 3.0 ± 1 2 ± 2 2 ± 1

HIGH 2 ± 2 3 ± 2 2 ± 2 2 ± 2

Jump height (cm)

CON 34.7 ± 10.8 38.6 ± 6.8 39.0 ± 7.7 36.0 ± 7.5

PLA 36.3 ± 6.7 37.0 ± 6.3 39.8 ± 6.0d 37.0 ± 6.2

MOD 38.3 ± 5.2 37.1 ± 5.9 40.0 ± 6.5 36.0 ± 5.6

HIGH 36.2 ± 6.0 37.7 ± 8.4 35.7 ± 7.4b 35.7 ± 6.4

Data presented as mean ± SD. CON, control; PLA, placebo; MOD, moderate protein; HIGH, high protein; PRE, pre-march; POST, <1 h post march; 24 h-POST, 24 h post; 40 h-POST, 40 h post; 
cm, centimeters. Different vs. CON, bdifferent vs. PLA, different vs. MOD and ddifferent vs. HIGH.
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day−1) and CON conditions (1.17 ± 0.24 g⸱kg−1⸱day−1) 
(Supplementary Table S2). This resulted in a significantly greater 
positive nitrogen balance in the HIGH (10.7 ± 3.5 g⸱day−1) and  
MOD (2.9 ± 4.6 g⸱day−1) protein conditions compared to the  
PLA (2.3 ± 3.8 g⸱day−1) and CON groups (2.6 ± 2.7 g⸱day−1) 
(Supplementary Table S3). The changes in urinary muscle damage 
markers, indicated that the load carriage test elicited some degree of 
EIMD (Figure 1). The observed elevation in 3-MH and myoglobin 

were similar to those reported following muscle-damaging exercise in 
athletes (34, 46, 47). 3-MH concentrations gradually increased in all 
groups before peaking at 40 h post-exercise, while myoglobin increased 
rapidly, peaking in concentration within 1 h-post load carriage. Despite 
no statistically significant difference between groups at any timepoint, 
3-MH and myoglobin concentrations remained elevated in the control 
group compared to the supplementation groups. The increased EIMD 
as indicated by urinary 3-MH and myoglobin in this study did not 

TABLE 2 The concentration for each marker of muscle damage is shown for each group at each timepoint.

Measure Group PRE POST 24H-POST 40H-POST

3-MH (nmol⸱mL−1)

CON 185.3 ± 109.1 207.3 ± 100.9 195.6 ± 88.8 263.4 ± 91.6

PLA 240.5 ± 85.1 277.6 ± 70.3 228.3 ± 67.6 294.1 ± 47.4

MOD 217.3 ± 66.9 266.6 ± 81.3 223.1 ± 72.1 264.8 ± 57.5

HIGH 221.8 ± 110.9 242.5 ± 117.7 234.9 ± 81.5 265.3 ± 76.8

Myoglobin (ng⸱mL−1)

CON 87.0 ± 20.1 128.9 ± 60.5 129.7 ± 129.5 105.3 ± 77.1

PLA 87.6 ± 20.7 151.7 ± 129.0 97.9 ± 41.4 83.9 ± 12.2

MOD 82.4 ± 4.5 163.5 ± 162.2 85.7 ± 11.2 83.1 ± 4.0

HIGH 80.8 ± 1.5 167.5 ± 104.8 83.9 ± 5.6 82.3 ± 3.9

Data presented as mean ± SD. CON, control; PLA, placebo; MOD, moderate protein; HIGH, high protein; PRE, pre-march; POST, <1 h post march; 24-POST, 24 h post; 40H-POST, 40 h post; 
ng, nanograms; nm, nanomole; ml, milliliter.

FIGURE 1

Percentage (%) change in urinary 3-MH and myoglobin for each group pre and post the loaded march test. Data presented as mean  ±  SD. CON, 
control; PLA, placebo; MOD, moderate protein; HIGH, high protein; PRE, pre-march; POST, <1  h post march; 24-POST, 24  h post; 40H-POST, 40  h 
post.
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result in improved muscle function and/or reduced muscle soreness 
following the load carriage test (Table 1).

The similarity in the changes in muscle function between groups 
(Table  1) maybe due to several reasons. Vertical jump height is 
reflective of lower-body performance, specific to military training and 
has been used by others in this population (5, 7, 32, 33). Vertical jump 
height testing is also considered a surrogate measure of maximal 
voluntary contraction to estimate EIMD (22). Previous studies 
assessing muscle function following a load carriage test in military 
recruits have demonstrated lower jump height (−5 to −8%) within 1 h 
(5, 7). However, in this study, there was no detrimental impact of load 
carriage on jump height. It should be  noted that participants in 
previous research (5) completed the load carriage test in week 12, 
similar to this cohort. However, a key difference between the present 
study and others (5, 7, 24) is the distance participants undertook and 
load carried for the load carriage test. The distance was substantially 
lower in the present study (4 km load carriage) compared to O’Leary 
et al. (5) (10 km) and Fallowfield et al. (7) (19 km). The maximum 
mass carried by participants was less in the present study (15 kg) 
compared to studies by Fallowfield et al. (7) (31 kg) and Blacker et al. 
(6) (25 kg), who observed a − 15% and − 8% reduction in MVC and 
vertical jump height, respectively. Indeed, it is possible that 
improvements in recruit physical fitness during BT were sufficient to 
mitigate against muscle function loss following the current load 
carriage in week 12. For example, individuals who engage in novel 
exercise regimes experience greater degrees of EIMD, including 
muscle function loss, compared to trained individuals (22). As the 
load carriage test was undertaken in week 12, it may be  that the 
participants were already sufficiently trained in load carriage to 
attenuate any notable loss in muscle function. Furthermore, a 
combination of the shorter load carriage test distance and the lower 
weight carried may explain the limited impact of protein 
supplementation observed. The lack of muscle function loss as 
measured by vertical jump height would support this premise.

5 Strength and limitations

There are several strengths of this research that should 
be highlighted. Firstly, this research is novel with currently limited 
data in nutritional interventions during British Army BT. This study 
has high ecological validity, included men and women, and was 
sufficiently powered. An additional strength is the randomization 
of participants and the isolated effects of protein using isocaloric 
conditions. Finally, adherence to supplementation should also 
be acknowledged as a strength due to the research team supervising 
each supplementation condition. Firstly, total daily protein intake 
was estimated using a self-report food diary which is known to 
underestimate dietary intake (48). Therefore, participants may have 
habitually consumed higher protein intakes which would 
be expected to limit the impact of protein supplementation between 
groups (49). However, all participants followed a standardized 
military diet which was well controlled. Secondly, the lack of change 
in muscle function following the load carriage test may have been 
due to the demands of the load carriage test not being high enough, 
whereby the test distance was not long enough or the weight carried 
by participants was not substantial enough compared to previous 

studies (5–7, 24). Nevertheless, this test is reflective of British Army 
training and therefore the results can be  considered to 
be ecologically valid due to their real-world implications. However, 
if previous test conditions were employed or were to be reinstated 
to BT then potential differences may be observed. Although an 
increase in EIMD was observed as measured by urinary myoglobin 
and 3-MH, there was substantial inter-individual variability in each 
muscle damage marker response which limits the comparison 
between the supplementation groups. However, the intra and inter 
assay variability for each marker was within an acceptable range 
(<10%) (Myoglobin: inter = 6.4% and intra = 3.4%; 3-MH: 
inter = 9.7% and intra = 9.9%; titin: inter = 8.1% and intra = 7.8%). 
Although participants followed a standardized military training 
program, it was not possible to instruct participants to rest before 
and between study measurements, potentially influencing the 
measures of recovery. It should be acknowledged that a strength of 
the study was that women were included but most participants were 
men, therefore extrapolating the findings to women should be done 
with caution, particularly as women experience greater muscular 
fatigue following load carriage (5). Finally, this study is the result of 
survival bias as only participants who completed training were able 
to complete the study.

6 Conclusion

Pre-sleep protein supplementation increased total daily protein 
intake and nitrogen balance in British Army recruits. However, 
protein supplementation (irrespective of dose) did not improve 
muscle recovery following a load carriage test in week 12 of British 
Army BT with similar changes in muscle function, perceived 
soreness, and damage between groups. The lack of muscle function 
loss following the load carriage test likely limited the influence of 
protein supplementation on markers of muscle recovery. Protein 
supplementation above protein intakes of 1.2 g⸱kg−1⸱day−1 following 
load carriage over similar distances (4 km) and carrying similar 
loads (15–20 kg) does not appear to be warranted. The data infers 
that both protein and CHO supplementation attenuated EIMD with 
high concentrations of myoglobin and 3-MH observed post-
exercise, but this did not improve muscle function and/or muscle 
soreness in the days following the load carriage test. Nonetheless 
this result does suggest consuming additional calories in the form 
of CHO or protein following arduous military activities may 
be beneficial for acute muscle recovery by attenuating EIMD. This 
may be more physiologically relevant following load carriage over 
longer distances and/or carrying heavier loads. As this was the first 
study of this nature in this population, further research is warranted 
to corroborate these findings and explore whether specific 
nutritional supplementation timing (i.e., immediately post-exercise) 
may confer individual recovery benefits and if this ultimately 
reduces injury risk.
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