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Effect of Whey Protein Hydrolysate on Performance  
and Recovery of Top-Class Orienteering Runners
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This trial aimed to examine the effect of whey protein hydrolysate intake before and after exercise sessions 
on endurance performance and recovery in elite orienteers during a training camp. Eighteen elite orienteers 
participated in a randomized controlled intervention trial during a 1-week training camp (13 exercise sessions). 
Half of the runners (PRO-CHO) ingested a protein drink before (0.3 g kg-1) and a protein-carbohydrate drink 
after (0.3 g protein kg-1 and 1 g carbohydrate kg-1) each exercise session. The others ingested energy and time-
matched carbohydrate drinks (CHO). A 4-km run-test with 20 control points was performed before and on the 
last day of the intervention. Blood and saliva were obtained in the mornings, before and after run-tests, and 
after the last training session. During the intervention, questionnaires were fulfilled regarding psychological 
sense of performance capacity and motivation. PRO-CHO and not CHO improved performance in the 4-km 
run-test (interaction p < .05). An increase in serum creatine kinase was observed during the week, which was 
greater in CHO than PRO-CHO (interaction p < .01). Lactate dehydrogenase (p < .001) and cortisol (p = .057) 
increased during the week, but the change did not differ between groups. Reduction in sense of performance 
capacity during the intervention was greater in CHO (p < .05) than PRO-CHO. In conclusion, ingestion of 
whey protein hydrolysate before and after each exercise session improves performance and reduces markers 
of muscle damage during a strenuous 1-week training camp. The results indicate that protein supplementation 
in conjunction with each exercise session facilitates the recovery from strenuous training in elite orienteers.
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Elite endurance training is characterized by very 
large training loads, which often includes training on 
consecutive days and several times a day with reduced 
glycogen stores and possible structural sarcolemma 
disruption and degradation of other muscle proteins 
(Phillips, 2012; Tarnopolsky, 2004). Therefore, opti-
mization of acute and long-term recovery is of special 
importance for training adaptations and performance in 
elite sport. On the other hand, high training load with 
insufficient recovery can lead to a state of burnout or 
overtraining and decreases in immune function associated 
with increased risk of infections (Meeusen et al., 2013; 
Walsh et al., 2011).Nutrition plays an important role in 
the recovery process (American Dietetic et al., 2009; 
Hawley, 2013). A fast restoration of muscle and liver 
glycogen stores is essential for the energy status to have 
an effective next training pass a few hours later, and it is 

well documented that intake of 1 to 1.5 g carbohydrate/
kg bodyweight immediately after training accelerates 
the rate of glycogen replenishment (American Dietetic 
Association et al., 2009; Hawley, 2013). Apart from the 
high-energy demand in endurance training, nutritional 
aspects should also cover the need of specific nutrients to 
optimize adaptations to training stimuli. Endurance train-
ing results in a remodeling of the skeletal muscle structure 
with synthesis of new mitochondria, and increased level 
of different oxidative enzymes and transport proteins 
(Egan & Zierath, 2013). Furthermore, endurance running 
is characterized by eccentric muscle actions, especially 
during downhill running, increasing the risk of muscle 
damage during intensified training. These factors point 
toward a need for protein intake during the recovery 
process, but the knowledge is limited when it comes to 
the effect of timing of protein intake in endurance sport.

A few studies have tested the effects of protein 
supplementation on endurance performance and recovery 
in trained athletes beyond the subsequent exercise session 
(Hill et al., 2013;Luden et al., 2007; Nelson et al., 2012; 
Skillen et al, 2008; Thomson et al., 2011; Witard et al., 
2011). No effects on time to exhaustion (TTE) (Hill et 
al. , 2013), running performance (Luden et al., 2007) and 
cycling sprint performance (Nelson et al., 2012) at the end 
of a training period have been reported, whereas others 
have reported an attenuation of the reduction in TTE 
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(Skillen et al., 2008) or performance in time trials (Witard 
et al., 2011) toward the end of intensive endurance train-
ing periods (3 to 14 days) compared with isocaloric car-
bohydrate supplementation. Only one of the prolonged 
studies with protein supplementation included runners 
(Luden et al, 2007). In a crossover trial by Luden et al 
(2007), runners were provided with either a protein-CHO-
antioxidant supplement or CHO supplement matched 
for carbohydrate content after each exercise session for 
6 days. No effect on 5 km (women) and 8 km (men) race 
time was detected between the two intervention periods, 
but a reduction in the enhanced creatine kinase (CK) level 
was observed in the protein group. Nevertheless, in higher 
mileage runners a tendency toward a beneficial effect on 
race performance was observed after protein supplemen-
tation. However, since the later trial included antioxidant 
supplementation, it is difficult to relate the observations to 
the protein content alone. Another problem is that some 
of the prior studies have examined the effects of added 
protein rather than isocaloric treatment comparisons 
(Luden et al., 2007), which limits the ability to attribute 
treatment differences to protein. So, results from previ-
ous research do not give a clear picture regarding timing 
of protein intake for endurance runners and a possible 
beneficial effect on the recovery process.

The effect of protein intake in connection to a single 
bout of training is very difficult to study due to the 
expected small effect on the recovery process. Long-term 
training studies are also quite difficult, mainly due to the 
needed strict control of performed training and food and 
drink intake. One model to investigate the importance 
of protein intake in connection to training would be an 
intense, one-week training camp for endurance athletes 
where the training load is extremely high and tightly 
controlled, and it is possible to supply and record the 
exact amount, content and timing of the nutritional intake.

In the present trial, we aimed to examine the effect 
of intake of whey protein hydrolysate plus carbohydrate 
compared with intake of isocaloric CHO beverages before 
and after each running session during a training camp for 
elite orienteering runners with a very high training load. 
The athletes in the current study were provided with an 
energy-balanced diet containing sufficient amounts for 
CHO to support optimal resynthesis of the glycogen 
stores (American Dietetic Association et al., 2009).

We hypothesized that the beverages containing whey 
protein hydrolysate provided before and after each train-
ing session would enhance recovery and attenuate muscle 
damage, and subsequently improve exercise performance 
on the last day of the training camp compared with iso-
caloric carbohydrate beverages.

Materials and Methods

Design

The project was designed as a controlled intervention 
trial during a 1-week training camp. The subjects were 
block-randomized to obtain a similar number of women 

and men in each group. Elite orienteers participated and 
performed 13 exercise sessions during the camp. Half 
of the subjects (PRO-CHO) ingested a whey protein 
hydrolysate drink before and a whey protein hydrolysate-
carbohydrate drink after each exercise session. The other 
half of the runners (CHO) ingested an energy-matched 
carbohydrate drink before and after each exercise session. 
A 4-km run-test on a 400 m center track with control 
orienteering points every 200 m, was performed before 
and on the last day of the training camp. Blood and 
saliva samples were obtained at Day 1, 3, 5, 6, 7 in the 
morning, as well as after the 4-km run-test, and after the 
final afternoon training bout on day seven. The diet was 
controlled for energy and macronutrients.

The trial complied with the Declaration of Helsinki 
and was approved by the local ethics committees in the 
Central Denmark Region (1–10–72–562–12). All sub-
jects gave their informed consent to participate before 
the experiments.

Subjects

The best 18 elite orienteers in Denmark above 18 years 
of age who were at a national or international level were 
invited to the training camp. All participants were part 
of the Danish National team in orienteering. Subject 
characteristics are shown in Table 1. The two groups 
were similar with regard to numbers of men and women, 
age, height, weight, body fat percentage as measured 
by the sum of four skin fold-measurements (Durnin & 
Womersley, 1974), VO2max, fitness level (Table 1) and 
performance in the baseline 4-km run-test before start of 
the intervention at the training camp (Figure 1).

Sports Drinks

PRO-CHO ingested 0.3 g protein kg-1 (Whey protein 
hydrolysate Lacprodan® HYDRO.365, Arla Food Ingri-
diens Group P/S) before each exercise session, whereas 
CHO received a similar amount of energy from carbo-
hydrate (Maxim Energy Drink, Maxim International, 
Ishoej, Denmark). The preexercise drink was masked in 
taste by noncaloric ice tea (Iced tea lime, Nestea, Spain). 
The preexercise drink was served within the last 10 min 
before each exercise session. After each exercise session, 
PRO-CHO had 0.3 g protein kg-1 in combination with 
1 g carbohydrate kg-1, whereas CHO received a similar 
amount of energy from carbohydrate (1.3 g carbohydrate 
kg-1). The postexercise drink was ingested within the first 
15 min after each exercise session and nothing else was 
ingested until two hours after each training session except 
water. Energy-matched beverages were chosen to exclude 
any effect of the addition of protein in PRO-CHO, due 
to an extra amount of energy compared with CHO. The 
amount of carbohydrate in the postexercise beverages 
corresponded to the recommended amount (1 to 1.2 g 
carbohydrate kg-1) (American Dietetic Association et 
al., 2009), with the aim of ensuring that any effect of 
the addition of protein to the sports beverages compared 
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with CHO was not related to an insufficient carbohydrate 
intake in either of groups.

Subjects were blinded to which beverage was 
consumed during the training camp. Beverages were 
prepared by laboratory technicians, who did not partici-
pate in the analysis of the data, and the beverages were 
intended to have a similar taste and color. Subjects were 
not informed regarding the specific contents of the pre- 
and postexercise beverages or their potential effects on 
performance and recovery. They were informed that the 

study would test different sports drinks with different 
compositions during the training camp. Nevertheless; due 
to the substantial macronutrient differences between the 
beverages, it is likely that subjects detected the different 
tastes/textures between the beverages.

Diet Control

In the present trial, we took particular care to control 
extraneous dietary bias. Apart from the sports drinks pro-

Table 1 Subject Characteristics

Characteristics

CHO PRO-CHO p*

Women (n = 5) Men (n = 4) Women (n = 5) Men (n = 4)

Age (yrs) 20.0± 2.1 21.2 ± 1.7 21.2 ± 3.1 23.8 ± 2.8 .16

Height (m) 1.66 ± 0.07 1.88 ± 0.09 1.69 ± 0.03 1.80 ± 0.09 .76

Weight (kg) 56.0 ± 4.5 75.5 ± 4.8 57.5 ± 2.5 68.1 ± 4.1 .57

Body Fat (%) 22 ± 2 10 ± 3 24 ± 4 11 ± 4 .55

Fitness (O2 ml min-1 kg-1) 55.8 ± 4.4 65.8 ± 3.0 58.9 ± 2.8 66.1 ± 1.9 .48

VO2max (O2 L min-1) 3.13 ± 0.46 4.97 ± 0.44 3.38 ± 0.17 4.50 ± 0.16 .86

Note. Values are mean ± SD. VO2max = maximal oxygen uptake. *p-values for test for differences between groups.

Figure 1 — Performance in 4-km run-test with 20 control orienteering points at baseline and at Day 7. Data in A) are shown as 
mean ± SE and individual data are shown in B). *p < .01: Improvement in performance in PRO-CHO at Day 7 compared with 
baseline. #p < .05: Interaction between time and treatment.
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vided, the diet was similar in the two groups in relation to 
macronutrient composition (PRO/CHO/FAT 15/63/22% 
of energy intake, respectively). Diet composition was 
analyzed using the software program MADLOGVITA 
(MADLOG Aps, Denmark). The protein content in the 
basic diet provided for both groups was 1.8 g protein 
kg-1 day-1 and sufficient to meet recommended intake 
for elite endurance athletes (1.7 g kg-1 day-1) (American 
Dietetic Association et al., 2009). PRO-CHO had a total 
protein intake of 3.0 g kg-1 day-1 when two preexercise 
drinks and two postexercise drinks were provided during 
the two daily exercise sessions. The total carbohydrate 
intake for PRO-CHO was ~8.3 to 9.3 g kg-1 day-1 and 8.8 
to 10.8 g kg-1 day-1 in CHO, depending on the training 
load. The diet provided adequate carbohydrate (>8 g CHO 
kg-1 day-1) in both groups to ensure sufficient glycogen 
resynthesis when exercising 1 to 3 hours per day with a 
moderate to high intensity (American Dietetic Associa-
tion et al., 2009). The daily energy intake was calculated 
to balance the estimated daily energy expenditure: Basal 
metabolic rate × Physical Activity Level (PAL) + planned 
running distance × 1 kcal km-1 kg-1 excluding exercise 
session (NNR 2004). PAL was set to 1.5 corresponding 
to a sedentary lifestyle (NNR 2004). The athletes were 
weighed each morning before breakfast using a body 
composition analyzer (TBF-310GS Body Composition 
Analyzer, Tanita Corporation of America, INC, Illinois, 
USA). If the morning weight changed by more than ±0.5 
kg that could not be explained by fluid changes measured 
by bioimpedance, the energy content was adjusted 
to ±125 kcal day-1 to reestablish energy balance. No 
significant weight change was detected from the first 
to last day of the training camp (PRO-CHO -0.1 ± 0.2 
kg, CHO -0.3 ± 0.2 kg). The athletes were not allowed 
to ingest any dietary supplements or sports products 
except the administrated sports drinks. The food was 
served as a buffet and the athletes had to weigh all the 
food items in accordance with their individual diet plan. 

A researcher was available during all meals to support 
the athletes and monitor food intake making adjustments 
when necessary.

Training Schedule for the Training Camp

The subjects performed 13 exercise sessions during the 
week. The training was planned for each individual by 
the Danish national orienteering coach based on training 
and injury history. The runners had their heart rate (HR) 
registered by a HR monitor (RS800 or RS800CX, Polar 
Electro Denmark ApS) during the exercise sessions. Fur-
thermore, the runners registered whether they were run-
ning or had to perform alternative training to reduce the 
risk of overuse injuries (mountain-bike or cross-trainer). 
Alternative training sessions were performed with the 
same intensity (in terms of heart rate) and duration as 
the superseded running session. Training loads within 
the two groups are reported in Table 2.

Test Protocol  
(VO2max and 4-km Run-Test)

Protocol for the VO2max Test: After warm-up, the 
subjects were running for 2 min before the slope of 
the treadmill was raised 2%. Thereafter, the slope of 
the treadmill was raised 2% every 90 s until voluntary 
exhaustion. Respiratory variables (averaged for each 
15-s period) were measured continuously through a 
mouthpiece connected to an automated metabolic cart 
(AMIS 2001, Innovision, Odense, Denmark). The mean 
of the three highest 15-second values was recorded as 
maximal oxygen uptake (VO2max). HR was measured 
continuously by a wireless HR monitor (Polar Sport 
Tester, Polar Electro OY, Kempele, Finland). To ensure 
that a true VO2max was attained, at least two of the 
following three criteria had to be fulfilled: (1) a VO2max 
plateau was reached, (2) a HR was within ±5 beats min-1 

Table 2 Training Load

CHO (n = 9) PRO-CHO (n = 8)a p

Total training loadb 13:30 ± 01:46 13:14 ± 02:30 .82

Total running timeb 09:06 ± 04:14 10:21 ± 04:49 .63

Alternative trainingb 04:23 ± 03:08 02:34 ± 02:47 .29

Number of running sessions 8.8 ± 3.1 10.0 ± 2.8 .41

% of maximal heart rate 

> 90% 9 ± 5 10 ± 5 .90

>85% 19 ± 8 20 ± 8 .81

>80% 34 ± 11 35 ± 11 .83

>70% 68 ± 14 67 ± 13 .79

<70% 32 ± 14 33 ± 13 .79

aData from one subject in PRO-CHO was lost.
bTime is hr:min.
c% of total time
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of maximal HR, and (3) VCO2 (L min-1)/VO2 (L min-1) 
> 1.1.

Protocol for the 4-km Run-Tests. the tests were 
performed at classic athletic stadiums on a 400 m running 
track after a standardized 15 min warm-up. The subjects 
were familiarized with the test in previous training 
sessions. Control orienteering points were set up every 
200 m. The first test was performed in Denmark three 
days before start of the intervention (~3°C). The last test 
was performed at the last day of the training camp (Day 
7) in Portugal (~12°C). Lactate was measured 1 min 
after finish of the test together with blood sampling. The 
orienteers were placed in heats of four, who started at two 
different starting points. The two orienteers that started at 
the same spot were as different in performance as possible 
to avoid pacing. The test at Day 7 was performed in the 
same way, at the same time of the day as the first test, 
and with a standardized breakfast before each test. No 
sports drinks were served before the tests, since the aim 
was to test the accumulated effect of the sports drinks 
served during the camp, and not the acute effect of a 
drink served right before the last test.

The orienteers were asked to rate their perceived 
exertion in a questionnaire, designed by the authors, 
each morning and after the last exercise session each 
day. The measure categories were sense of performance 
capacity and motivation for training before and during 
exercise. The orienteers completed the questionnaires in 
the morning before breakfast and in the late afternoon 
after the last daily training session, rating their percep-
tions of motivation and sense of performance capacity 
on a scale from 0 to 100. The subjects were instructed 
to treat the scale as continuous, i.e., to rate anywhere on 
the scale in accordance with the verbal anchors noted on 
the scale (horrible 0 to 10, very bad 15 to 25, poor 30 to 
40, medium 45 to 55, good 60 to 70, very good 75 to 85, 
very very good 90 to 95, perfect 100).

Analytical Methods
All blood samples were drawn from a cubital vein into 
sealed vials except the analysis for lactate, hemoglobin, 
and glucose, which were obtained by finger sticks and 
analyzed immediately. After separation by centrifugation 
the remaining plasma samples from Li-Heparin vials were 
stored at –80 degrees until analysis.

CK, myoglobin, and lactate dehydrogenase (LDH) 
were analyzed in plasma samples at Aarhus University 
Hospital, Denmark. Variation coefficient (CV) for CK 
determination was 2.8 to 3.9%, whereas CV% for LDH 
was 3.0 to 4.0% and for myoglobin 6.8 to 9.0%. Plasma 
samples taken after the 4-km run-tests and 0 and 1 hour 
after the last training session were adjusted for possible 
changes in fluid compartmentalization in the following 
way: CK/LDH/myoglobin concentration × hemoglobin 
concentration in morning sample day 7/hemoglobin 
concentration in the test sample.

The cytokine levels were determined by multiplex 
bead array. The levels of granulocyte macrophage–

colony-stimulating factor (GM-CSF), interferon-gamma 
(IFN-c), interleukin-1beta (IL-1b), IL-2, IL-4, IL-5, IL-6, 
IL-8, IL-10, and tumor necrosis factor α (TNFα) were 
measured in plasma using the ultrasensitive multiplex kit 
LHC 6004 (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s protocol. The analyses were per-
formed using BIO-RAD Luminex 100 and the Bioplex 
Manager version 6.0 software (BIO-RAD, Hercules, CA, 
US). Values below the detection limit were given half the 
value of the detection limit.

Salivary morning samples were analyzed for IgA by 
Salivary Secretory IgA Enzyme Immunoassay kit (Salimet-
rics Europe, Ltd., Item No. 1 to 1602, Suffolk, UK) using 
a BioRad Model 550 Microplate Reader and Microplate 
Manager version 5.2.1. The samples were obtained over 
3 min and the analytic results were corrected for differ-
ences in salivary flow rate by multiplying the results by 
the flow rate (ml min-1). CV% for IgA was 3.6%

Statistics
All data were log-transformed where appropriate based 
on an inspection of the standardized residuals (CK, LDH, 
cortisol, sense of performance capacity, and motivation 
for training). Performance data, CK, LDH, cortisol, IgA, 
lactate, sense of performance capacity and motivation for 
training were analyzed using multivariate repeated mea-
surements ANOVA with treatment (PRO-CHO and CHO) 
and time interactions. The unequal standard deviations 
and correlations in the two groups were taken into account 
in all the analyses by letting the standard deviations and 
correlations vary between groups. The data were analyzed 
using Stata version 12.1. Data are presented as mean ± 
standard error of the mean (SE), if nothing else is stated. 
Furthermore, group differences identified by statistical 
analysis are presented as 95% c.i.

Results

Performance and Training
The performance in the 4-km run-test did not differ 
significantly between the groups at baseline. On Day 7 
a significant interaction between time and treatment was 
observed (p < .05). PRO-CHO improved performance by 
17 ± 6 second (95% c.i. 7 to 26 second, p < .01), whereas 
no change was observed in CHO (4 ± 3 second, 95% c.i. 
-12 to 4 second), p = .40) (Figure 1). No difference in 
lactate (mmol/L) was observed between test and between 
groups (baseline CHO: 10.2 ± 0.5, PRO-CHO 10.5 ± 0.9; 
Day 7 CHO: 10.0 ± 0.8, PRO-CHO 10.6 ± 0.9, all p > .05).

Total exercise time, time spent on running or alterna-
tive exercise, time spent in different intensity zones, and 
the relative proportion of the exercise time spent in differ-
ent intensity zones was similar in both groups (Table 2).

Plasma Proteins
A significant interaction between time and treatment was 
detected in plasma CK (p < .01; Figure 2). Plasma CK 
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was higher in CHO in the morning of Day 3, 5, 6 and 7 
compared with Day 1 (all p < .01), whereas no significant 
change compared with baseline was detected in PRO-
CHO during the week.

No difference in CK between groups was detected 
before the baseline 4-km run-test. The change in CK 
during the 4-km run-test was not significantly different 
between groups before the intervention (p = .97) and Day 
7 (p = .88). During the last training at Day 7, CK increased 
by 294 U L-1 (95% c.i. -110 to 699 U L-1) in CHO and 
87 U L-1 (95% c.i. 66 to 108 U L-1) in PRO-CHO (p < 
.01), respectively, and remained elevated one hour after 
termination of the exercise (p < .01) with no difference in 
response between groups (interaction, p = .13) (Figure 2).

Plasma LDH increased in the morning samples 
during the week (p < .01), but no treatment effect was 
observed (interaction, p = .15). After the last training 
session, LDH was higher than in the morning (p < .01) 
with no difference between groups (Figure 2).

Plasma myoglobin was below detection level  
(<53 μg L-1) in all morning samples with the exception 
of two subjects in CHO and one subject in PRO-CHO 
at Day 7. Immediately after and one hour after the 
last exercise session, myoglobin was above the detec-
tion level in six of nine subjects in CHO (218 μg L-1,  
95% c.i 2 to 434 μg L-1, n = 6) and in eight of nine sub-
jects in PRO-CHO (147 μg L-1, 95% c.i. 15 to 278 μg L-1,  
n = 8).

Figure 2 — Plasma creatine kinase (CK) (A) and plasma lactate dehydrogenase (LDH) (B), as markers for muscle damage. Illus-
trated are data for morning samples at Day 1 to 7 and data obtained after the last running session (0 and 1hr after running) . CK 
data from test1 (T1) performed before the intervention period and at day 7 (T2) are included in (A) . CK and LDH increased in the 
morning samples during the week (*p < .01) and increased further after the last running session ($p < .01). Significant interaction 
between time and treatment was observed for CK (#p < .01), but not LDH (p = .31).
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Plasma Cortisol

Plasma cortisol in the morning was significantly higher 
compared with baseline at Day 5, 6 and 7 than at Day 1 
(p < .01). Furthermore, cortisol at Day 7 was significantly 
higher than at Day 3 (p < .05). No difference between 
the groups was observed. Immediately after and one 
hour after the last training session, plasma cortisol was 
lower compared with the level at the morning of Day 7 
(effect of time, p < .01) with no difference between the 
groups (results for cortisol are given in supplemental 
data Table 3).

Cytokines

Cytokines levels were overall very low. No significant 
interaction between time and treatment was observed 
in any of the ten cytokines between samples obtained at 
Day 1 and Day 7. The level of cytokines was the same 
before and after the 4-km run-test and was not influenced 
by the treatment (data for IL-6 and TNF-α are given in 
a supplemental figure).

Salivary IgA

Salivary IgA obtained in the morning did not change 
significantly during the week (effect of time p = .43, 
interaction p = .11) (see supplemental data Table 6). 
Furthermore, salivary IgA at the end and 1 hour after the 
last training session was not different from the level at 
the morning of Day 7. Results for salivary IgA are given 
in supplemental data) (see supplemental data Table 6).

Sense of Performance Capacity and 
Motivation for Training

The reported sense of performance capacity level before 
the first exercise session each day was reduced during 
the week (time, p = .05). At Day 7, the reported sense of 
performance capacity was significantly lower compared 
with Day 1, 2, 3, 4 and 5 (all, p < .05) (Figure 3). The 
reduction was significantly greater in CHO compared 
with PRO-CHO (interaction, p < .05). Similarly, the 
reduction in the sense of performance capacity reported 

Table 3 Cortisol

Cortisol (nmol*L-1) CHO PRO-CHO

Day 1 798 ± 88 762 ± 77

Day 3 817 ± 98 802 ± 92

Day 5 847 ± 95 848 ± 106

Day 6 831 ± 91 848 ± 105

Day 7 848 ± 93 888 ± 103

Day 7 (0 hr) a 710 ± 65 850 ± 89

Day 7 (1 hr) a 590 ± 76 792 ± 103

aAdjusted for changes in hemoglobin compared with mornings sample.

after the daily training was greater in CHO compared 
with PRO-CHO (interaction p < .05).

Motivation for training reported before the first exer-
cise session each morning diminished during the week  
(p = .05) (Figure 4). A tendency toward a greater reduc-
tion in motivation was observed in CHO than PRO-CHO 
(interaction, p = .08). The change in motivation reported 
after the daily training sessions during the week was dif-
ferent between groups (interaction p < .05).

Discussion
The main finding in the present trial was an improved 
performance in elite orienteers at the end of a strenuous 
1-week training camp, when whey protein hydrolysate 
was ingested before and after each exercise session 
together with carbohydrate (PRO-CHO). This was not 
the case when subjects ingested energy-matched carbo-
hydrate (CHO) beverages. Furthermore, PRO-CHO com-
pared with CHO reduced the increase in plasma CK and 
attenuated the reduction in sense of performance capac-
ity during the 1-week training camp. It is important to 
emphasize that the weather conditions in Portugal during 
the final test was better than the baseline test in Denmark 
(temperature ~10°C and no wind vs. temperature ~0°C 
and windy), which may explain the improvement in time 
in PRO-CHO in spite of the increase in muscle damage 
markers and changes in perceptions of performance at the 
final test day.Therefore, the important perspective is to 
focus on the differences between PRO-CHO and CHO.

Various recovery regimes affect training outcomes 
and performance. Intake of nutrients plays a pivotal role 
and is one of the key components during recovery after 
endurance exercise. Ingestion of protein-carbohydrate 
compared with carbohydrate during and/or after endur-
ance exercise has been shown to be more appropriate 
for short-term recovery according to muscle functional-
ity (Skillen et al, 2008), muscle damage and soreness 
(Hall et al, 2013; Luden et al, 2007; Nelson et al, 2012; 
Rowlands et al, 2007; Saunders et al, 2004; Skillen et 
al, 2008; Thomson et al, 2011; Valentine, 2007), endur-
ance capacity (Betts et al, 2007; Saunders et al, 2004) 
or performance in subsequent tests (Berardi et al, 2008; 
Ferguson-Stegall et al, 2011; Hall et al, 2013; Rowlands 
et al, 2008), but no difference between groups in these 
parameters have also been reported (Breen et al, 2010; 
Goh et al, 2012; Millard-Stafford et al, 2005; Romano-
Ely et al, 2006). An important aspect, at least from the 
elite athletes’ point of view, is performance trials where 
the test circumstances are as close to real life training 
and competition conditions as possible. In many of the 
previous trials, the athletes have initiated the exercise after 
overnight fasting (Betts et al, 2007; Thomas et al, 2009), 
or after suboptimal energy- and carbohydrate intake (Ivy 
et al, 2003; Saunders et al, 2004; Saunders et al, 2007), 
which limits the generalizability and application of the 
results to real world practice. Therefore, we provided 
both groups with a carbohydrate-rich energy-balanced 
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diet containing sufficient energy to support glycogen 
resynthesis and a daily protein intake in accordance with 
recommendations for elite endurance athletes (>1.7 g 
protein kg-1 day-1) (American Dietetic Association et 
al., 2009). Furthermore, the athletes had a standardized 
carbohydrate-rich breakfast two hours before the run-test. 
By saturating muscle glycogen restoration, we assumed 
that the design would reveal the effect of adding proteins 
to the beverages provided before and after each exercise 
session.

We aimed to test the accumulated effect of the 
ingested beverages on performance. Therefore, no inter-
vention beverage was served before the initiation of the 
4-km run-tests, to exclude the observed effects being due 
to an acute effect of the last beverages as in many of the 
previous studies (Berardi et al, 2008; Ferguson-Stegall 
et al, 2011; Hall et al, 2013; Rowlands et al, 2008). A 
limited number of trials have studied the more long-
termed effect of PRO-CHO recovery supplementation. 
The results are mixed. Ergogenic effects on performance 
(Thomson et al, 2011; Witard et al, 2011) or endurance 
capacity (Skillen et al, 2008) after PRO-CHO compared 
with CHO supplementation has been reported, but no 
significant difference has also been observed (Hill et al, 
2013; Luden et al, 2007; Nelson et al, 2012). Witard et al 
(2011) observed a reduction of the decrement in perfor-
mance in a time trial after one week of intense training, 
when trained cyclist received protein supplements to 
increase dietary protein intake. Similarly, Thomson et 
al (2011), after three days interval training and 39 hour 
recovery observed an ergogenic effect on mean sprint 
power (+2.5%) and an attenuation of increase in CK 
(-19%), when cyclists ingested PRO-CHO in the first 1.5 
hour recovery period of each exercise session compared 
with isocaloric CHO. The nonsignificant observations 
reported in the literature (Hill et al, 2013; Luden et al, 
2007; Nelson et al, 2012) may be explained by a limited 
number of subjects (Hill et al, 2013), small amount of 
protein in the control beverages (Hill et al, 2013) and a 
positive nitrogen balance in the control situation, which 
indicates no need for additional protein (Nelson et al, 
2012). In addition, an ergogenic effect of PRO-CHO 
compared with CHO may only be present if the training 
period is strenuous (Luden et al, 2007). Furthermore, it 
can be hypothesized that the effect of PRO-CHO may 

be more marked in runners than cyclists due to the large 
volume of eccentric work during downhill running in 
particular.

In the present trial, the orienteers had either the 
recommended amount of protein (1.8 g kg-1 day-1) or 
a protein-rich diet (3.0 g kg-1 day-1), which however 
still was within normal range of the recommendations 
(19% of the energy) (NNR 2004). The orienteers in 
PRO-CHO consumed the extra protein immediately 
before and after each running session. Therefore, our 
observations indicate that ingestion of protein close to 
each the training session is important during a period of 
intensified training. Nevertheless, the observation may 
also be explained by the higher total daily protein intake 
in the protein-supplemented group. Unfortunately the 
current study was not designed to investigate the impact 
of protein timing, and future studies are needed within 
this field to clarify this aspect.

The smaller blood CK increase in PRO-CHO com-
pared with CHO is consistent with other reports for 
trained cyclists after PRO-CHO ingestion during and/or 
postexercise compared with controls matched in CHO 
content (Luden et al, 2007; Saunders et al, 2004; Saunders 
et al, 2007; Valentine et al, 2008) or total calories (Nelson 
et al, 2012; Romano-Ely et al, 2006; Rowlands et al, 
2008; Rowlands et al, 2007; Skillen et al, 2008; Thomson 
et al, 2011; Valentine et al, 2008), but no effect has also 
been observed (Breen et al, 2010; Ferguson-Stegall et al, 
2011; Goh et al, 2012; Green et al, 2008; Millard-Stafford 
et al, 2005). An attenuation of the increase in CK may 
indicate a lower relative disruption of cellular structural 
integrity and an improved recovery, which suggest that 
the athletes may tolerate a greater training load after 
PRO-CHO ingestion.

The finding of a significant attenuation of CK and no 
clear effect on LDH after PRO-CHO compared with CHO 
in the current study, has been observed by others (Thom-
son et al, 2011), whereas some have observed attenuation 
of both parameters (Luden et al, 2007; Romano-Ely et al, 
2006). In the latter studies, antioxidants were provided 
making comparison between studies difficult (Luden 
et al, 2007; Romano-Ely et al, 2006). LDH is present 
in the kidney, red blood cells and stomach as well as in 
the skeletal muscles, hence LDH may be a less specific 
marker for sarcolemma disruption than CK. An increase 
in CK may also reflect damage in the cardiac muscle, 
but we consider that the latter is unlikely in the elite 
endurance athletes.

A limitation of the present trial is the absence of 
direct markers of muscle damage. The validity of some 
markers of muscle damages (such as CK levels) has 
been questioned, as they may not be strongly correlated 
with muscle protein breakdown, muscle function or 
histochemical staining for muscle damage (Beaton et 
al, 2002; Crameri et al, 2007; Hansen et al, 2009; 
Warren et al, 1999). Because of the highly applied 
nature of the present trial with elite orienteers, it was 
not possible to obtain biopsies for direct measurements 
of muscle damage.

Table 4 Immunoglobulin A

IgA (mg * L-1) CHO PRO-CHO

Day 1 196 ± 33 203 ± 47

Day 5 295 ± 77 209 ± 44

Day 6 232 ± 57 223 ± 42

Day 7 227 ± 60 198 ± 37

Day 7 (0 hr) 226 ± 56 168 ± 32

Day 7 (1 hr) 219 ± 48 134 ± 22

Note. The analytic results were corrected for differences in salivary flow 
rate by multiplying the results by the flow rate (ml min-1).
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The potential mechanisms explaining how PRO-
CHO may influence recovery are not clearly elucidated. 
Postexercise protein ingestion stimulates synthesis of 
myofibrillar protein and related muscle proteins, which 
is important for tissue remodeling (Breen et al, 2011; 
van Loon, 2013). In the present trial, 0.3 g protein kg-1 
beverage-1 was provided both pre- and postexercise to 
maximize muscle protein synthesis rate (van Loon, 2013). 
The PRO-CHO beverage served before the exercise ses-
sions may have reduced skeletal muscle breakdown by 
supplying the intercellular free amino acids pool with 
amino acids. The hypothesis behind this is that a decrease 
in the free amino acid pool in the muscle tissue may act 
as a signal to promote muscle protein breakdown (Tipton 
& Wolfe, 1998). Replenishing the pool by ingestion of 
high quality whey protein hydrolysate before and after 
each exercise session may have suppressed the signal for 
muscle breakdown in PRO-CHO. The above-mentioned 
factors may individually or cooperatively explain the 
positive effects of PRO-CHO observed in the current 
study. Whether the positive effect on performance and 
muscle damage is a result of the pre- and/or the postex-
ercise protein supplements alone or in synergy cannot be 
elucidated based on the present design, but points to the 
need for further investigations.

Studies have shown that intake of carbohydrate 
during exercise may attenuate exercised induced immu-
nosuppression associated with intensive training (Schar-
hag et al, 2006), while the importance of protein have 
not been adequately investigated (Walsh et al, 2011). We 
did not detect treatment differences in any of the pro- or 
anti-inflammatory cytokines or in salivary IgA either in 
the morning resting samples or in response to the last 
training session. The last training session was probably 
not strenuous enough to induce a marked effect (a stan-
dardized warm-up and 25-min exercise at high intensity 
above 85% of maximal heart rate).

A reduction in motivation for training and sense of 
performance capacity during the week was observed in 
the present trial together with the increase in cortisol, 
which may be indicators of overreaching (Meeusen et al, 
2013). An interesting observation was that a significant 
attenuation of the reduction in the sense of performance 
capacity and a tendency toward a reduction in the 
decrease in motivation was observed after PRO-CHO 
compared with CHO. We have to emphasize that our 
questionnaire was not validated against internationally 
accepted questionnaires such as POMS (Morgan et al, 
1987). Furthermore, it is problematic for the comparison 
between groups that the motivation was higher the first 
day of the training camp in the CHO group. Neverthe-
less, future investigation may elucidate the potential link 
between PRO-CHO ingestion and the observed improved 
mental recovery during the training camp.

In conclusion, ingestion of whey protein hydrolysate 
before and whey protein hydrolysate plus carbohydrate 
after each exercise session compared with isocaloric 
carbohydrate ingestion had an ergogenic effect on perfor-
mance in elite orienteers at the end of a strenuous 1-week 

training camp. The protein supplement was provided in 
a dose, which we anticipated would maximize muscle 
protein synthesis, accelerate myocellular repair and help 
to restore cellular integrity and homeostasis. In line with 
this, an attenuation of the increase in CK as a marker 
for sarcolemmal disruption was observed in the protein-
supplemented group. Our results indicate that whey 
protein hydrolysate supplementation in elite orienteers 
before and after each exercise session improve recovery 
and their ability to cope with a strenuous training load.

Acknowledgments

We thank the participants in this trial for their time, dedication, 
and enthusiasm. In addition, we thank the students Matilde 
Krause-Jensen, Mette R. Petersen and Chris Frydenlund, the 
laboratory technicians Janni Mosgaard Jensen, Gitte Kaiser 
Hartvigsen, Susanne Jørgensen, Hanne Overgaard and sports 
physiologist Benny Larsson, who have all helped with the 
data collection and tests. The national orienteering coach Lars 
Lindstrøm and coach Torbjørn Gasbjerg are thanked for coop-
eration and their support, which made it possible to conduct 
this trial during a training camp. Mette Bjerre is acknowl-
edged for her technical and laboratory assistance during 
the analyses of cytokines at Department of Endocrinology 
and Internal Medicine, Aarhus University Hospital & The 
Medical Research Laboratories, Denmark. Finally, we want 
to thank Polar Electro Denmark ApS for the loan of heart 
rate monitors and Janet Mikkelsen for proofreading. This 
work was supported by Arla Foods Ingredients Group P/S 
and Team Denmark, which is an organization funded by the 
Danish government with the purpose of promoting elite sports 
in Denmark. The results of the current study do not constitute 
endorsement by ACSM. The authors declare that there are no 
conflicts of interest. Data were collected and analyzed by MH, 
JJ, BMB, and KM; data interpretation and manuscript prepara-
tion were undertaken by all authors. All authors approved the 
final version of the paper.

References
American Dietetic Association, Dietitians of Canada, Ameri-

can College of Sports Medicine, Rodriguez, N. R., Di 
Marco, N. M., & Langley, S. (2009). American Col-
lege of Sports Medicine position stand. Nutrition and 
athletic performance. Medicine and Science in Sports 
and Exercise, 41(3), 709–731. PubMed doi:10.1249/
MSS.0b013e31890eb86

Beaton, L.J., Tarnopolsky, M.A., & Phillips, S.M. (2002). 
Contraction-induced muscle damage in humans follow-
ing calcium channel blocker administration. The Journal 
of Physiology, 544(Pt 3), 849–859. PubMed doi:10.1113/
jphysiol.2002.022350

Berardi, J.M., Noreen, E.E., & Lemon, P.W. (2008). Recovery 
from a cycling time trial is enhanced with carbohydrate-
protein supplementation vs. isoenergetic carbohydrate 
supplementation. Journal of the International Society 
of Sports Nutrition, 5, 24. PubMed doi:10.1186/1550-
2783-5-24

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19225360&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e31890eb86
http://dx.doi.org/10.1249/MSS.0b013e31890eb86
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12411528&dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2002.022350
http://dx.doi.org/10.1113/jphysiol.2002.022350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19108717&dopt=Abstract
http://dx.doi.org/10.1186/1550-2783-5-24
http://dx.doi.org/10.1186/1550-2783-5-24


108  Hansen et al.

Betts, J., Williams, C., Duffy, K., & Gunner, F. (2007). The 
influence of carbohydrate and protein ingestion during 
recovery from prolonged exercise on subsequent endur-
ance performance. Journal of Sports Sciences, 25(13), 
1449–1460. PubMed doi:10.1080/02640410701213459

Breen, L., Philp, A., Witard, O.C., Jackman, S.R., Selby, A., 
Smith, K., . . . Tipton, K.D. (2011). The influence of 
carbohydrate-protein co-ingestion following endurance 
exercise on myofibrillar and mitochondrial protein syn-
thesis. The Journal of Physiology, 589(Pt 16), 4011–4025. 
PubMed doi:10.1113/jphysiol.2011.211888

Breen, L., Tipton, K.D., & Jeukendrup, A.E. (2010). No effect of 
carbohydrate-protein on cycling performance and indices 
of recovery. Medicine and Science in Sports and Exercise, 
42(6), 1140–1148. PubMed

Crameri, R.M., Aagaard, P., Qvortrup, K., Langberg, H., 
Olesen, J., & Kjaer, M. (2007). Myofibre damage in human 
skeletal muscle: effects of electrical stimulation versus 
voluntary contraction. The Journal of Physiology, 583(Pt 
1), 365–380. PubMed doi:10.1113/jphysiol.2007.128827

Durnin, J.V., & Womersley, J. (1974). Body fat assessed from 
total body density and its estimation from skinfold thick-
ness: measurements on 481 men and women aged from 
16 to 72 years. The British Journal of Nutrition, 32(1), 
77–97. PubMed doi:10.1079/BJN19740060

Egan, B., & Zierath, J.R. (2013). Exercise metabolism and the 
molecular regulation of skeletal muscle adaptation. Cell 
Metabolism, 17(2), 162–184. PubMed doi:10.1016/j.
cmet.2012.12.012

Ferguson-Stegall, L., McCleave, E.L., Ding, Z., Doerner, P.G., 
3rd, Wang, B., Liao, Y.H., . . . Ivy, J.L. (2011). Postexercise 
carbohydrate-protein supplementation improves subse-
quent exercise performance and intracellular signaling 
for protein synthesis. Journal of Strength and Condition-
ing Research, 25(5), 1210–1224. PubMed doi:10.1519/
JSC.0b013e318212db21

Goh, Q., Boop, C.A., Luden, N.D., Smith, A.G., Womack, C.J., 
& Saunders, M.J. (2012). Recovery from cycling exercise: 
Effects of carbohydrate and protein beverages. Nutrients, 
4(7), 568–584. PubMed doi:10.3390/nu4070568

Green, M.S., Corona, B.T., Doyle, J.A., & Ingalls, C.P. (2008). 
Carbohydrate-protein drinks do not enhance recovery from 
exercise-induced muscle injury. International Journal of 
Sport Nutrition and Exercise Metabolism, 18(1), 1–18. 
PubMed

Hall, A.H., Leveritt, M.D., Ahuja, K.D., & Shing, C.M. 
(2013). Coingestion of carbohydrate and protein during 
training reduces training stress and enhances subsequent 
exercise performance. Applied Physiology, Nutrition, 
and Metabolism, 38(6), 597–604. PubMed doi:10.1139/
apnm-2012-0281

Hansen, M., Trappe, T., Crameri, R.M., Qvortrup, K., Kjaer, 
M., & Langberg, H. (2009). Myofibrillar proteolysis in 
response to voluntary or electrically stimulated muscle 
contractions in humans. Scandinavian Journal of Medicine 
& Science in Sports, 19(1), 75–82. PubMed doi:10.1111/
j.1600-0838.2007.00766.x

Hawley, J.A. (2013). Nutritional strategies to modulate the 
adaptive response to endurance training. Nestle Nutri-

tion Institute Workshop Series, 75, 1–14. PubMed 
doi:10.1159/000345813

Hill, K.M., Stathis, C.G., Grinfeld, E., Hayes, A., & McAinch, 
A.J. (2013). Co-ingestion of carbohydrate and whey pro-
tein isolates enhance PGC-1alpha mRNA expression: a 
randomised, single blind, cross over study. Journal of the 
International Society of Sports Nutrition, 10(1), 8. PubMed 
doi:10.1186/1550-2783-10-8

Ivy, J.L., Res, P.T., Sprague, R.C., & Widzer, M.O. (2003). 
Effect of a carbohydrate-protein supplement on endur-
ance performance during exercise of varying intensity. 
International Journal of Sport Nutrition and Exercise 
Metabolism, 13(3), 382–395. PubMed

Luden, N.D., Saunders, M.J., & Todd, M.K. (2007). Postexer-
cise carbohydrate-protein- antioxidant ingestion decreases 
plasma creatine kinase and muscle soreness. International 
Journal of Sport Nutrition and Exercise Metabolism, 17(1), 
109–123. PubMed

Meeusen, R., Duclos, M., Foster, C., Fry, A., Gleeson, M., 
Nieman, D., . . . American College of Sports Medicine. 
(2013). Prevention, diagnosis, and treatment of the 
overtraining syndrome: joint consensus statement of the 
European College of Sport Science and the American Col-
lege of Sports Medicine. Medicine and Science in Sports 
and Exercise, 45(1), 186–205. PubMed doi:10.1249/
MSS.0b013e318279a10a

Millard-Stafford, M., Warren, G.L., Thomas, L.M., Doyle, 
J.A., Snow, T., & Hitchcock, K. (2005). Recovery from 
run training: efficacy of a carbohydrate-protein beverage? 
International Journal of Sport Nutrition and Exercise 
Metabolism, 15(6), 610–624. PubMed

Morgan, W.P., Brown, D.R., Raglin, J.S., O’Connor, P.J., & 
Ellickson, K.A. (1987). Psychological monitoring of over-
training and staleness. British Journal of Sports Medicine, 
21(3), 107–114. PubMed doi:10.1136/bjsm.21.3.107

Nordic Nutrition recommedations (NNR) 2004 (2005). Nord. 
Copenhagen: Nordic Council of Ministers.

Nelson, A.R., Phillips, S.M., Stellingwerff, T., Rezzi, S., Bruce, 
S.J., Breton, I., . . . Rowlands, D.S. (2012). A protein-
leucine supplement increases branched-chain amino acid 
and nitrogen turnover but not performance. Medicine and 
Science in Sports and Exercise, 44(1), 57–68. PubMed 
doi:10.1249/MSS.0b013e3182290371

Phillips, S.M. (2012). Dietary protein requirements and adap-
tive advantages in athletes. The British Journal of Nutri-
tion, 108(Suppl 2), S158–S167. PubMed doi:10.1017/
S0007114512002516

Romano-Ely, B.C., Todd, M.K., Saunders, M.J., & Laurent, 
T.S. (2006). Effect of an isocaloric carbohydrate-protein-
antioxidant drink on cycling performance. Medicine 
and Science in Sports and Exercise, 38(9), 1608–1616. 
PubMed doi:10.1249/01.mss.0000229458.11452.e9

Rowlands, D.S., Rossler, K., Thorp, R.M., Graham, D.F., 
Timmons, B.W., Stannard, S.R., & Tarnopolsky, M.A. 
(2008). Effect of dietary protein content during recovery 
from high-intensity cycling on subsequent performance 
and markers of stress, inflammation, and muscle damage 
in well-trained men. Applied Physiology, Nutrition, and 
Metabolism, 33(1), 39–51. PubMed doi:10.1139/H07-136

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17852694&dopt=Abstract
http://dx.doi.org/10.1080/02640410701213459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21746787&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21746787&dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2011.211888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19997018&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17584833&dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2007.128827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4843734&dopt=Abstract
http://dx.doi.org/10.1079/BJN19740060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23395166&dopt=Abstract
http://dx.doi.org/10.1016/j.cmet.2012.12.012
http://dx.doi.org/10.1016/j.cmet.2012.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21522069&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e318212db21
http://dx.doi.org/10.1519/JSC.0b013e318212db21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22852050&dopt=Abstract
http://dx.doi.org/10.3390/nu4070568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18272930&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18272930&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23724875&dopt=Abstract
http://dx.doi.org/10.1139/apnm-2012-0281
http://dx.doi.org/10.1139/apnm-2012-0281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18266789&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0838.2007.00766.x
http://dx.doi.org/10.1111/j.1600-0838.2007.00766.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23765346&dopt=Abstract
http://dx.doi.org/10.1159/000345813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23402493&dopt=Abstract
http://dx.doi.org/10.1186/1550-2783-10-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14669937&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17460336&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23247672&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e318279a10a
http://dx.doi.org/10.1249/MSS.0b013e318279a10a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16521846&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3676635&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.21.3.107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21685813&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3182290371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23107527&dopt=Abstract
http://dx.doi.org/10.1017/S0007114512002516
http://dx.doi.org/10.1017/S0007114512002516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16960522&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16960522&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000229458.11452.e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18347652&dopt=Abstract
http://dx.doi.org/10.1139/H07-136


Effect of Protein on Performance and Recovery  109

Rowlands, D.S., Thorp, R.M., Rossler, K., Graham, D.F., & 
Rockell, M.J. (2007). Effect of protein-rich feeding on 
recovery after intense exercise. International Journal of 
Sport Nutrition and Exercise Metabolism, 17(6), 521–543. 
PubMed

Saunders, M.J., Kane, M.D., & Todd, M.K. (2004). Effects of 
a carbohydrate-protein beverage on cycling endurance 
and muscle damage. Medicine and Science in Sports and 
Exercise, 36(7), 1233–1238. PubMed doi:10.1249/01.
MSS.0000132377.66177.9F

Saunders, M.J., Luden, N.D., & Herrick, J.E. (2007). Consump-
tion of an oral carbohydrate-protein gel improves cycling 
endurance and prevents postexercise muscle damage. 
Journal of Strength and Conditioning Research, 21(3), 
678–684. PubMed

Scharhag, J., Meyer, T., Auracher, M., Gabriel, H.H., & 
Kindermann, W. (2006). Effects of graded carbohydrate 
supplementation on the immune response in cycling. Medi-
cine and Science in Sports and Exercise, 38(2), 286–292. 
PubMed doi:10.1249/01.mss.0000191437.69493.d4

Skillen, R.A., Testa, M., Applegate, E.A., Heiden, E.A., Fas-
cetti, A.J., & Casazza, G.A. (2008). Effects of an amino 
acid carbohydrate drink on exercise performance after 
consecutive-day exercise bouts. International Journal of 
Sport Nutrition and Exercise Metabolism, 18(5), 473–492. 
PubMed

Tarnopolsky, M. (2004). Protein requirements for endurance 
athletes. Nutrition (Burbank, Los Angeles County, Calif.), 
20(7-8), 662–668. PubMed doi:10.1016/j.nut.2004.04.008

Thomas, K., Morris, P., & Stevenson, E. (2009). Improved 
endurance capacity following chocolate milk consump-
tion compared with 2 commercially available sport drinks. 
Applied Physiology, Nutrition, and Metabolism, 34(1), 
78–82. PubMed doi:10.1139/H08-137

Thomson, J.S., Ali, A., & Rowlands, D.S. (2011). Leucine-
protein supplemented recovery feeding enhances subse-
quent cycling performance in well-trained men. Applied 
Physiology, Nutrition, and Metabolism, 36(2), 242–253. 
PubMed doi:10.1139/h10-104

Tipton, K.D., & Wolfe, R.R. (1998). Exercise-induced 
changes in protein metabolism. Acta Physiologica Scan-
dinavica, 162(3), 377–387. PubMed doi:10.1046/j.1365-
201X.1998.00306.x

Valentine, R.J., Saunders, M.J., Todd, M.K., & St Laurent, 
T.G. (2008). Influence of carbohydrate-protein beverage 
on cycling endurance and indices of muscle disruption. 
International Journal of Sport Nutrition and Exercise 
Metabolism, 18(4), 363–378. PubMed

Valentine, V. (2007). The importance of salt in the athlete’s diet. 
Current Sports Medicine Reports, 6(4), 237–240. PubMed

van Loon, L.J. (2013). Role of dietary protein in post-exercise 
muscle reconditioning. Nestle Nutrition Institute Workshop 
Series, 75, 73–83. PubMed doi:10.1159/000345821

Walsh, N.P., Gleeson, M., Pyne, D.B., Nieman, D.C., Dhabhar, 
F.S., Shephard, R.J., . . . Kajeniene, A. (2011). Position 
statement. Part two: Maintaining immune health. Exercise 
Immunology Review, 17, 64–103. PubMed

Warren, G.L., Lowe, D.A., & Armstrong, R.B. (1999). Mea-
surement tools used in the study of eccentric contraction-
induced injury. Sports Medicine (Auckland, N.Z.), 27(1), 
43–59. PubMed doi:10.2165/00007256-199927010-00004

Witard, O.C., Jackman, S.R., Kies, A.K., Jeukendrup, A.E., & 
Tipton, K.D. (2011). Effect of increased dietary protein 
on tolerance to intensified training. Medicine and Sci-
ence in Sports and Exercise, 43(4), 598–607. PubMed 
doi:10.1249/MSS.0b013e3181f684c9

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18156659&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18156659&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15235331&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000132377.66177.9F
http://dx.doi.org/10.1249/01.MSS.0000132377.66177.9F
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17685703&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16531897&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16531897&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000191437.69493.d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19033610&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19033610&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15212749&dopt=Abstract
http://dx.doi.org/10.1016/j.nut.2004.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19234590&dopt=Abstract
http://dx.doi.org/10.1139/H08-137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21609286&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21609286&dopt=Abstract
http://dx.doi.org/10.1139/h10-104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9578384&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-201X.1998.00306.x
http://dx.doi.org/10.1046/j.1365-201X.1998.00306.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18708686&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17617999&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23765352&dopt=Abstract
http://dx.doi.org/10.1159/000345821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21446353&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10028132&dopt=Abstract
http://dx.doi.org/10.2165/00007256-199927010-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20798660&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181f684c9


Copyright of International Journal of Sport Nutrition & Exercise Metabolism is the property
of Human Kinetics Publishers, Inc. and its content may not be copied or emailed to multiple
sites or posted to a listserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.


