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Abstract. Wheat gluten hydrolysate (WGH) is a food ingre-
dient, prepared by partial enzymatic digestion of wheat gluten, 
which has been reported to suppress exercise‑induced eleva-
tion of serum creatinine kinase (CK) activity. However, its 
effects on athletic performance have not yet been elucidated. 
This is the presentation of an experiment performed on five 
female college triathletes who completed an Olympic distance 
triathlon with or without ingestion of 21 g of WGH during 
the cycling leg. The experiment was performed in a crossover 
double‑blind manner. The race time of the running leg and 
thus the total race time was significantly shorter when WGH 
was ingested. However, serum CK levels exhibited no apparent 
differences between the two WGH or placebo groups.

Introduction

Wheat gluten hydrolysate (WGH) is a food ingredient prepared 
by partial enzymatic digestion of wheat gluten, which contains 
a significant amount of glutamine. Glutamine is the most 
abundant amino acid in the serum and comprises ~60% of 
the free amino acid content of skeletal muscle. It serves as an 
energy source for immune cells and intestinal mucosal cells 
and as a precursor of glucose (1).

WGH has been reported to inhibit the elevation of serum 
creatine kinase (CK) induced by long‑distance running (2,3), 
100‑km race walking (4), soccer (5) and resistance training (6). 
In resistance training, the elevation of serum CK at the end 
of exercise was inhibited by ingestion of WGH prior to exer-
cising (6) and in a 100‑km race walking serum CK elevation 
was inhibited by ingestion of WGH during the race (4).

CK is released from skeletal muscle into the serum as a 
result of the muscle damage caused by exercise and also by the 
inflammatory response accompanying exercise (7). Therefore, 
with the same amount of exercise loading, the differences in 
the elevation of serum CK may be attributed to differences in 
the inflammatory response. According to a previous study by 
Koikawa et al (3), post‑exercise WBC counts were correlated 
with serum CK levels at 24 h. However, this correlation was not 
observed in the WGH group. Therefore, it was hypothesized that 
WGH suppressed tissue inflammation associated with exercise.

When exercise is performed for a long period of time, 
mechanical stress and inflammatory response accumulate, 
leading to muscle damage. Thus, performance is expected to 
increase if muscle damage is minimized. It was previously 
reported that when WGH was ingested every 10 km during a 
100‑km race walking, post‑race elevation of serum CK levels 
was inhibited and race times were shorter compared to those 
in the group without WGH ingestion (4). However, considering 
the small sample size, the fact that there was a one‑year interval 
between races and the differences between the racing envi-
ronment of different events (e.g., the weather may affect race 
walking in a 100‑km ultramarathon which is held outdoors), 
the effect of WGH is considered to be anecdotal.

A triathlon is a multiple‑stage competition involving the 
completion of three continuous and sequential endurance events: 
swimming, cycling and running. In general, serum CK activity 
was only mildly increased after exercise lasting ≤60 min (8). 
However, a previous study by van Rensburg et al (9) reported 
significant elevations following a triathlon race and concluded 
that the physiological demand of the triathlon exceeds that of 
other comparable endurance events.

This study aimed to determine the effect of WGH inges-
tion on triathlon race performance and muscle damage.

Materials and methods

Subjects. Five female triathletes belonging to a college triathlon 
team participated in this study. Their characteristics are shown 
in Table I. The athletes were provided a thorough explanation 
of the objectives, methods and ethical considerations of the 
study and provided written informed consent prior to their 
participation.
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Study design. The present was a double‑blind crossover 
study with a two‑week interval. The experiment involved a 
triathlon race, including blood monitoring, dietary survey 
and a self‑administered questionnaire for ratings of perceived 
exertion (Fig. 1). The study was conducted during July and 
August, 2010. The subjects completed an Olympic distance 
triathlon, comprising a 1.5‑km swimming leg, a 40‑km 
cycling leg and a 10‑km running leg. The subjects ingested 
WGH or placebo during the cycling leg and the order was 
randomly assigned. During the race, the subjects were 
allowed to drink water freely. Venous blood was collected 
1 h prior to, on completion of and 24 h following the triathlon 
race. Serum total protein (TP), lactate dehydrogenase (LDH), 
creatine kinase (CK), aspartate aminotransferase (AST), 
alanine transaminase (ALT), creatinine (CRE) and white 
blood cell count (WBC) were measured in the laboratory of 
SRL Inc. (Tokyo, Japan).

Subjects refrained from taking dietary supplements for the 
week preceding the race and were prohibited from training 
one day prior to the race.

This study was reviewed and approved by the Ethics 
Committee of the Juntendo University School of Health and 
Sports Science.

Study drink. WGH was provided as a drink prepared using 
a granulated powder containing WGH. Other ingredients 
included anhydrous glucose, anhydrous citric acid, a sweet-
ener (sucralose), lemon fragrance and a thickener (pullulan). 
The placebo drink contained a water soluble fiber, poly-

dextrose, instead of WGH, with the other ingredients being 
identical. Granulated powders were prepared by Nisshin 
Pharma Inc. (Tokyo, Japan). Detailed compositions are listed 
in Table II. The study drink was dissolved in 300 ml of water 
and provided to the subjects, who consumed the drink during 
the cycling leg.

Table I. Subject characteristics.

					     Personal best in Olympic distance racea

	 Age	 Height	 Weight	 Body fat	 ---------------------------------------------------------------------------------
Subject	 (y)	 (cm)	 (kg)	 (%)	 Swimming	 Cycling	 Running	 Total	 Race

A	 21	 157.5	 51.9	 17.2	 24'15''	 1:10'46''	 45'52''	 2:20'53''	 8th, Kanto College Student's Championship 2010
B	 21	 161.0	 54.9	 22.1	 25'30''	 1:09'09''	 47'07''	 2:25'04''	 Watarase Spring Triathlon 2010
C	 20	 166.5	 58.8	 20.1	 25'58''	 1:12'57''	 45'57''	 2:26'38''	 23rd, Kanto College Student's Championship 2010
D	 19	 155.5	 46.6	 19.7	 28'17''	 1:14'12''	 40'48''	 2:23'17''	 15th, Kanto College Student's Championship 2010
E	 18	 163.0	 59.7	 24.3	 31'35''	 1:11'52''	 45'30''	 2:36'31''	 37th, Kanto College Student's Championship 2010
 
aTime: h:min'sec''; y, years.
 

Table II. Composition of study drink.

Supplement	 Ingredient	 Content (g/300 ml)

Placebo	 Polydextrose	 21
	 Anhydrous glucose	 7
	 Anhydrous citric acid	 3.15
	 Sucralose (sweetener)	 0.056
	 Lemon fragrance	 0.294
	 Pullulan (thickener)	 0.4725

WGH	 Wheat gluten hydrolysate	 21
	 Anhydrous glucose	 7
	 Anhydrous citric acid	 3.15
	 Sucralose (sweetener)	 0.056
	 Lemon flavor	 0.294
	 Pullulan (thickener)	 0.4725

WGH, wheat gluten hydrolysate.

Figure 1. Experimental protocol.
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Table III. Race data for the triathlon.

	 Race times
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Subject	 Swimming	 Cycling	 Running	 Total

Placebo
  A	 23'13''01	 1:12'25''29	 51'58''36	 2:29'10''49
  B	 23'53''62	 1:10'56''78	 52'00''69	 2:28'14''79
  C	 24'53''27	 1:18'49''57	 54'28''69	 2:39'40''31
  D	 26'19''91	 1:16'02''88	 41'33''15	 2:25'26''95
  E	 30'30''31	 1:11'05''66	 48'36''82	 2:31'42''15
  Mean	 25'26''78	 1:13'52''04	 49'26''93	 2:30'50''94
  SD	 2'54''72	 3'27''10	 5'7''08	 5'24''92

WGH
  A	 23'33''62	 1:10'19''80	 48'39''24	 2:23'48''83
  B	 23'33''84	 1:10'19''39	 49'07''87	 2:24'20''62
  C	 24'59''36	 1:16'53''61	 50'29''92	 2:33'49''01
  D	 25'45''55	 1:17'10''25	 41'10''03	 2:25'21''90
  E	 30'26''23	 1:09'16''67	 47'36''98	 2:28'50''30
  Mean	 25'20''03	 1:12'47''94	 47'15''54	 2:27'14''13
  SD	 2'47''45	 3'53''35	 3'39''57	 4'10''01

P-valuea	 0.613	 0.153	 0.039	 0.025

aDifferences in means were analyzed by paired t-test. Data are presented in terms of h:min'sec''1/100 s. WGH, wheat gluten hydrolysate; SD, standard deviation.

Table IV. Blood parameters.

Parameter	 Pre-race	 Goal	 Post-race (24 h)

Placebo
  TP (g/dl)	 7.0±0.2	 7.6±0.6a	 7.2±0.5
  TG (mg/dl)	 63±37	 41±7	 41±22
  CK (U/l)	 146.6±59.4	 190.2±69.7b	 197.8±64.9b

  ALT (U/l)	 22.4±6.8	 27.0±9.3a	 25.2±8.73
  AST (U/l)	 27.8±8.5	 36.4±10.6b	 32.6±7.5
  LDH (U/l)	 224.0±22.4e	 279.6±23.9b	 244.2±17.2c

  CRE (mg/dl)	 0.68±0.05	 1.16±0.17b	 0.73±0.05d

  Fe (µg/dl)	 94±43	 115±40	 99±19
  WBC (/µl)	 5,100±1,387	 9,520±2,983b	 5,740±984d

WGH
  TP (g/dl)	 7.0±0.3	 7.7±0.5b	 7.2±0.3c

  TG (mg/dl)	 61±22	 50±13	 50±27
  CK (U/l)	 154.0±109.7	 200.6±129.4b	 190.4±116.4a

  ALT (U/l)	 16.6±3.2	 22.6±7.8	 23.0±8.54
  AST (U/l)	 24.6±6.6	 36.0±17.9	 33.2±10.5
  LDH (U/l)	 217.2±22.5e	 284.0±37.3b	 241.8±23.5a,d

  CRE (U/l)	 0.67±0.08	 1.12±0.15b	 0.67±0.08d

  Fe (µg/dl)	 90±34	 133±46b	 89±30d

  WBC (/µl)	 4,480±683	 8,140±1,288b	 5,840±2,233c

aP<0.05 and bP<0.01 vs. pre-race, cP<0.05 and dP<0.01 vs. post-race and eP<0.05 for WGH vs. placebo. TP, serum total protein; TG, triglyceride; CK, creatine 
kinase; ALT, alanine transaminase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CRE, creatinine; Fe, iron; WBC, white blood cell count; 
WGH, wheat gluten hydrolysate.
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Statistical analyses. Race times and data are presented as 
h:min's''1/100  sec and means  ±  standard deviation (SD), 
respectively. Changes in serum parameters were assessed using 
two‑way analysis of variance followed by the Tukey‑Kramer 
test. Comparison of the two groups was performed by the 
paired t‑test. P<0.05 was considered to indicate a stitistically 
significant difference.

Results

Race performance of the subjects. The race performance of 
the subjects ingesting WGH was as follows: swimming leg, 
25'20''03±2'47''45; cycling leg, 1:12'47''94±3'53''35; running 
leg, 47'15''54±3'39''57; and total, 2:27'14''13±4'10''01. When 
placebo was ingested, race times were as follows: swim-
ming leg, 25'26''78±2'54''72; cycling leg, 1:13'52''04±3'27''10; 
running leg, 49'26''93±5'7''08; and total 2:30'50''94±5'24''92. 
It was observed that running leg and total times were 
shorter (P<0.05) with WGH ingestion compared to placebo 
(Table III).

Blood parameters of the two groups. Blood parameters are 
shown in Table  IV. During the race, serum CK increased 
to 200.6±129.4  (WGH) and 190.2±69.7 U/l  (placebo) from 
154.0±109.7  and 146.6±59.4  U/l, respectively (P<0.01). 
Twenty‑four hours later, serum CK was further elevated (P<0.05), 
reaching 190.4±116.4 (WGH) and 197.8±64.9 U/l (placebo) 
compared to the pre‑race levels. Although there were no 
significant differences between the WGH and placebo groups, 
post‑exercise mean CK had decreased after 24 h in the WGH 
ingestion group, whereas it remained elevated in the placebo 
group.

The kinetics of serum ALT were similar to those of CK. 
Twenty‑four hours after exercise, serum ALT with WGH 
ingestion was 23.0±8.54 U/l, which was lower compared to 
that with placebo ingestion, which was 25.2±8.73 U/l, although 
the difference was not significant (P=0.051).

In the WGH group, LDH was 217.2±22.5 U/l pre‑race, 
284.0±37.3 U/l post‑race and 241.8±23.5 U/l at 24 h after the 
race. In the placebo group, LDH was 224.0±22.4 U/l pre‑race, 
279.6±23.9 U/l post‑race and 244.2±17.2 U/l at 24 h after the 
race. In both groups, there was a significant elevation in LDH 
levels (P<0.01) from pre‑ to post‑race and at 24 h after the race, 
LDH had significantly decreased compared to its post‑race 
levels (P<0.01). However, at 24 h after the race, its levels 
remained significantly higher compared to the pre‑race levels 
(P<0.01). No significant differences were observed between 
the two groups.

Discussion

In this experiment, all the subjects initiated ingestion of 
the test drink immediately after switching to cycling after 
swimming. There were no differences between the WGH 
and placebo groups as regards swimming and cycling times, 
however, running times were shorter in the WGH compared 
to the placebo group and total race times were also shorter 
in the WGH group. Since the test drink was ingested during 
the cycling leg of the triathlon race, the difference in running 
times may be attributed to WGH.

Enzyme release from muscle tissue into the serum indi-
cates muscle damage (8). Previous studies reported CK and 
LDH elevations at the end of a triathlon race, with the levels 
remaining high at six days after the completion of the race 
(swimming leg, 3.9 km; cycling leg, 180.2 km; and running 
leg, 42.2 km) (10,11). Serum CK and LDH levels were also 
reported to increase after a middle‑distance triathlon (swim-
ming leg, 2.0 km; cycling leg, 90.0 km; and running leg, 
21.0 km), with CK reaching a peak at 24 h after the race (12). 
In the present study, CK kinetics with placebo ingestion 
continued to increase for 24 h after the race, which was consis-
tent with the findings of previous studies (10‑12). By contrast, 
mean CK decreased in the 24 h after the completion of the 
race. Findings of a previous study by Aoki et al (5) reported 
the same discrepancy in CK kinetics after a mini‑soccer 
game: with post‑exercise ingestion of placebo, mean CK at 
24 h had increased, whereas it had decreased with WGH 
ingestion. Therefore, WGH ingestion during the cycling leg 
may have suppressed post‑exercise CK elevation, as previ-
ously reported (2‑5). However, the difference in post‑exercise 
transition was not significant and could not be confirmed in 
this study.

Our hypothesis was that WGH ingestion during the cycling 
leg would suppress the inflammatory muscle damage during 
the subsequent running leg and improve running times. In 
this respect, subjects achieved shorter running times when 
administered WGH compared to placebo, whereas post‑race 
serum CK activity did not differ between the two groups. The 
ergogenic effects of WGH on race performance are of interest. 
However, due to the limited sample size and lack of sound 
evidence supporting the underlying mechanism, additional 
investigations are required to elucidate the efficacy of WGH 
in improving athletic performance.
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