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INTRODUCTION

Strenuous exercise leads to increased heat pro-
duction due to muscular contraction which in 
return increases skin blood perfusion and per-

spiration occurs to regulate the body’s temperature 
[1]. Sweating can lead to loss of  uid and electrolytes, 

especially sodium which could cause plasma volume 
contraction [2]. If not compensated, it will disrupt ther-
moregulatory processes which may end in a vicious 
cycle. In addition, with no replenishment of  uid and 
electrolytes, the athlete will encounter increasing fa-
tigue, metabolic changes and cardiovascular strain 
[3, 4]. Thus, rehydrating during exercise with a so-
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lution that has a balanced combination of nutrients 
including electrolytes, carbohydrates and proteins 
is crucial in preventing the side effects of dehydra-
tion. There has been much research on the content 
of rehydrating drinks for athletes. Besides sodium, 
replenishment of potassium and magnesium is also 
crucial in maintaining the physiological hemodynamic 
parameters, electrolyte balance and muscle contrac-
tion and therefore preserving skill performance [5, 6]. 
Previous studies have shown that sport drinks con-
taining 6-8% carbohydrate will facilitate absorption of 
solutes and water, and they will provide a source of 
energy to preserve glycogen reservoirs [7]. Protein 
has also been shown to promote  uid retention after 
rehydration [8-10], plasma volume expansion [11], 
and muscle protein synthesis [12].

Commercially available drinks on the market are 
made in an attempt to provide athletes with an op-
timized drink to rehydrate after exercise [13]. Com-
mercial drinks, however, are expensive options and 
they are often not affordable for all athletes particu-
larly those in low income countries. In addition to the 
costs, athletes tend to consume beverages rich in an-
abolic-energetic compounds and the latter has raised 
health concerns [14]. Therefore, there has been re-
search on using available natural drinks as rehydrat-
ing options, such as tea, coffee, fruit juice and beer. 
There are, however, mixed results about the rehy-
drating potential of these drinks. Tea has been shown 
not to be more effective than plain water in rehydra-
tion and restoring  uid balance after exercise [15-18]. 
There is insuf  cient evidence supporting a superior 
rehydrating potential of coffee compared with other 
drinks [19]. Moreover, the current evidence does 
not suggest superior rehydration potential of juice 
in comparison with plain water [20, 21]. Consuming 
beer and other alcoholic beverages after exercise 
led to an increased serum osmolality [22], most likely 
due to the diuretic effect of alcohol [22]. In addition, 
alcohol consumption leads to a long term negative 
effect on sport performance [23]. Therefore, there is 
yet no consensus on a suitable non-commercial drink 
for rehydration after strenuous exercise. 

In this study, we examined yogurt drink as an inex-
pensive and widely available solution to rehydrate 
athletes after strenuous exercise. Yogurt is the prod-
uct of milk fermentation with Lactobacillus bulgaricus 
and Streptococcus thermophiles [24]. Yogurt drink is 
made by mixing yogurt and chilled or iced water and 
has been variously described as “diluted yogurt”, 
therefore it is a dairy product. The nutrient factors of 
this drink are similar to yogurt. Yogurt drink contains 
nutrients needed for post-exercise rehydration, such 
as electrolytes, carbohydrates and proteins. In addi-

tion, yogurt drink has been a promising treatment for 
rehydrating children with diarrhea [25] and it there-
fore could be bene  cial in cases of exercise-induced 
dehydration. In the current study we aimed to investi-
gate the potential effect of yogurt drink in rehydrating 
and replenishing electrolyte losses in athletes after 
exercise in a hot and humid atmosphere. 

MATERIAL AND METHODS

Subjects

In this cross-over trial, 10 athletes were randomly re-
cruited from 100 healthy male football players. The 
inclusion criteria were age between 20 and 30 years, 
no previous intolerance of yogurt drinks and no histo-
ry of metabolic or chronic diseases. Participants were 
asked to avoid exercise 24-hrs before the trial and to 
keep their routine diet and physical activity patterns. 
Every participant was evaluated in three separate 
days, while drinking water, a commercial drink or yo-
gurt drink with a one-week wash out period between 
the interventions in order to compare their rehydrat-
ing potential. Samples of blood and urine were taken 
on four different time points on each day. Participants 
completed a consent form and the study was ap-
proved by the Ethics Committee of Tehran Univer-
sity of Medical Sciences with the following code: NO 
1395/76925. The study has complied with the ethi-
cal principles for medical research involving human 
subjects outlined in the Declaration of Helsinki by the 
World Medical Association.

Procedure

Baseline: Subjects started the test by resting for 
15 minutes and  lling out questionnaires 1, 2 and 
3. After questionnaire completion, urine and blood 
samples (1 ml) was collected from each participant 
for biochemical examinations. Body weight of all par-
ticipants were measured subsequently without cloths 
(see  owchart of study in Fig. 1). In the next step, 
participants underwent the exercise workout.

Exercise: Participants performed a cycling exercise 
(70-80% VO2max) at 35°C temperature and 70% 
humidity in the afternoon. Each exercise set was 
performed during a 10-minute period and subjects 
subsequently completed two or more sets until they 
experienced 2% reduction in body weight due to 
perspiration. After 2% weight reduction, their weight 
was subtracted from their baseline weight, and the 
amount of volume de  cit was calculated. 

Post-exercise: Participants took a 15-minute break 
and then urine and blood (1 ml) samples were collect-
ed for biochemical examinations. In order to rehydrate, 
subjects were given a rehydration drink  yogurt drink 
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or water (as the control) or a commercial sports drink 
in volume equivalent to their lost weight divided in 4 
equal portions, which were taken 10 minutes apart. 
Thirty minutes later, blood (1 ml) and urine samples 
were collected for biochemical examinations. Subjects 
rested for 3 hours and a  nal blood draw (1 ml) and 
urine collection were collected [26-28].

Fig. 1. Flowchat of the study steps

Measures

Measured parameters included anthropometric mea-
surements, blood/serum and urine measurements. 
Body weight was measured by a standard scale 
(SOEHNLE, Germany). Whole blood was tested for 
hematocrit (%) and blood sugar (mg/dl). In order to 
examine serum parameters, the whole blood was left 
undisturbed at room temperature for 30 minutes to 
clot. The clot was removed by centrifuging at 1500 x g 

for 10 minutes. The supernatant (serum) was col-
lected for further analysis of serum osmolality (mos-
mol/kg) and sodium and potassium concentration 
(mmol/l). Urine test measurements included urine 
osmolality (mosmol/kg) and sodium, potassium and 
chloride concentration (mmol/l), as well as urine vol-
ume (ml).

Yogurt drink
The yogurt drink used in our study was a non-car-
bonated plain yogurt drink with no added ingredients 
(mint or pepper) manufactured by a high standard 
manufacturing Iranian company. The nutrient content 
of one cup (240 ml) of the yogurt drink was as fol-
lows: protein: 4.25 gr, fat: 2.5 gr, carbohydrate: 6.25 
gr, sodium: 625 mg, chloride: 875 mg.

Commercial sports drink
A standard commercial sports drink was used in the 
present study. One scoop (31 gr) was dissolved in 
one cup of water (240 ml). The speci  c content of this 
drink was as follows: protein: 0 gr, fat: 0 gr, carbohy-
drate: 21 gr, sodium: 285 mg, chloride: 0 mg.

Questionnaires

Three separate questionnaires were given to the 
participants; questionnaire 1 consisted of eight ques-
tions including basic information such as age, medi-
cal history and experiencing any side effects after 
sports. Questionnaire 2 was a 24 hour dietary recall 
that evaluated the athletes’ energy and nutrient intake 
in the past 24 hours which was asked by an expert 
in nutrition. Questionnaire 3 consisted of questions 
evaluating the taste and any side effects of drinking 
yogurt on the participants. 

Statistical analysis

One-Way Analysis of Variances (ANOVA) was ap-
plied to each time point to investigate a signi  cant 
difference among the three experimental groups. In 
case of a statistically signi  cant difference, it was fur-
ther analyzed by Bonferroni’s post hoc test. SPSS 
21.0 (IBM Corp., Armonk, NY, USA) was used for 
data analysis. The statistical signi  cance was con-
sidered as P < 0.05. The 24-hour dietary recall was 
analyzed by the nutritionist IV software. 

RESULTS

In this cross-over trial all the ten participants accom-
plished the three exercise regiments on three different 
days. The mean age (SD) and BMI (SD) of the athletes 
were 21.6 years (0.8) and 23.16 kg/m2 (2.84), respec-
tively. There was no signi  cant difference between the 
amount of calories and beverage intake between the 
participants in the past 24 hours prior to the experiment. 
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Blood/serum parameters (Fig. 2), such as hemato-
crit (%), osmolality (mOsm/Kg), serum glucose (mg/
dl), sodium and potassium concentrations (mmol/L) 
were within a normal range for all participants at the 
beginning of the study and there was no signi  cant 
difference among the three experimental groups. The 
group’s mean values for blood/serum parameters re-
mained within a normal range for all experimental 
groups at the end of the study (i.e., 3 hours after re-
hydration). There were no signi  cant differences in 
hematocrit, serum osmolality and serum electrolyte 
levels between the three groups after rehydration 
with water, commercial drink or yogurt. However, the 
blood sugar decreased after rehydration with water 
which showed a signi  cant difference (P < 0.01) 30 
minutes after rehydration compared to the commer-
cial drink. However, rehydration with any of these 
three types of drinks could replenish post-exercise 
losses since the aforementioned blood/serum mark-
ers remained within a normal range.

Urine electrolytes (Fig. 3), including urine sodium, po-
tassium and chloride concentrations (mmol/L), osmo-

lality (mOsm/Kg) and also urine volume (ml) did not 
differ among groups at the beginning of the study. Yo-
gurt drink compared to water signi  cantly increased 
urine sodium (mmol/L) (138.8 ± 93.4 vs. 90.0 ± 50.7, 
P < 0.01), urine potassium (mmol/L) (105.6 ± 55.1 
vs. 35.8 ± 22.0, P < 0.05) and urine chloride (mmol/l) 
(113.2 ± 28.4 vs. 35.8 ± 25.1 P < 0.01) early after re-
hydration (third sample collection). Rehydration with 
yogurt drink continued to show signi  cant increases 
in urine sodium (mmol/L) (162.5 ± 58.1 vs. 118.8 ± 
81.3, P < 0.01), urine potassium (mmol/L) (62.4 ± 
48.2 vs. 22.0 ± 22.97, P < 0.05) and urine chloride 
(mmol/L) (88.6 ± 45.0 vs. 17.7 ± 10.7, P < 0.001) 
concentrations compared to water as late as 3 hours 
after rehydration (fourth sample collection). Analysis 
of urine electrolytes showed that while rehydration 
with water signi  cantly decreased the levels of urine 
sodium (P < 0.001), chloride (P < 0.01) and osmolal-
ity (P < 0.01), rehydration with yogurt drink was able 
to keep urine osmolality close to the baseline level. 
There was no signi  cant difference in urine param-
eters between yogurt drink and the commercial drink.

Blood hematocrit (A), 
blood sugar (B), se-
rum urea (C), serum 
sodium (D), serum 
potassium (E) and 
serum osmolality (F) 
measured before exer-
cise, immediately after 
exercise, shortly (30 
minutes) after rehydra-
tion and long (3 hours) 
after rehydration. ** in-
dicates P < 0.01.

Fig. 2. Blood parameters indicating the state of hydration during the trial
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DISCUSSION

Our  ndings support the ef  cacy of yoghurt drink in 
replenishing the electrolyte loss of athletes at least 
during short term recovery after a workout session. 
The rehydration potential of yogurt drink is the same 
as that of commercial rehydration drinks. Since yo-
gurt drink is a low-cost beverage, this will ensure 
a proper rehydration source for low-income coun-
tries to improve recovery after strenuous exercises 
for athletes in hot and humid environments. To our 
knowledge, this is the  rst study to examine the rehy-
dration potential of yogurt drink after exercise, com-
pared to water and a commercially available sports 
drink, and to analyze their effects on serum and urine 
electrolytes. Few studies have investigated the po-
tential bene  cial effects of yogurt drink on recovery 
after sports. Since oxidative stress arises immediate-
ly with the onset of anaerobic exercises [29], yogurt 

drink as a modulatory combination has been shown 
to decrease C-reactive protein and LDL compared 
to non-alcoholic beer and a carbohydrate drink after 
the Running based Anaerobic Sprint Test (R.A.S.T) in 
Taekwondo players [30]. 

In our study we have shown that yogurt drink is able 
to rehydrate athletes after > 2% weight loss caused 
by a strenuous exercise session in a hot and humid 
environment. Yogurt drink was compared to a com-
mercial drink and water was considered as control. 
Focusing on serum parameters all three  uid rehy-
dration choices were able to maintain levels of hema-
tocrit, osmolality and serum sodium and potassium 
concentrations after exercise compared to baseline. 
In  gure 2(B) blood sugar shows a more stable trend 
after rehydration with yogurt drink compared to the 
other two drinks. A raise in blood sugar after rehy-
dration with the commercial drink could be related 
to the higher concentration of carbohydrate com-

Urine sodium (A), urine potassium (B), urine chloride (C), urine osmolality (D) and urine volume (E) before exercise, im-
mediately after exercise, shortly (30 minutes) after rehydration and long (3 hours) after rehydration. * indicates P < 0. 05, 
** shows P < 0.01 and ***  P < 0.001

Fig. 3. Urine parameters indicating the state of hydration during the trial
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pared to yogurt drink. Furthermore, the effectiveness 
of yogurt drink is easily seen when one focuses on 
urine parameters; rehydration by yogurt drink leads 
to improvement in concentrations of multiple urine 
parameters, such as urine osmolality, urine sodium, 
potassium and chloride concentrations compared to 
water rehydration. The impact of yogurt drink in re-
storing urine electrolytes was much the same as the 
commercial drink and to some extent urine electro-
lytes such as sodium and chloride were higher after 
rehydration with yogurt drink compared to the com-
mercial drink but the difference was not signi  cant. 
This rehydration effect could be due to the appropri-
ate combination of yogurt drink as mentioned before. 
Low urine electrolytes re  ect physiological response 
of kidneys to low serum volume and high serum os-
molality states and therefore they could be surrogate 
markers for dehydration [30]. In accordance to our 
 ndings, one study compared the effect of milk and a 
commercial drink on serum, urine and  uid balance, 
which showed that milk has a positive effect on  uid 
and electrolyte balance after exercise [31]. 

Rehydration could re  ect homeostasis physiology 
where it aims to sustain serum parameter levels in 
expense of undulations in levels of urine electro-
lytes, and one could argue a more strenuous exer-
cise, longer than 10 minute periods, may be required 
to unravel changes in serum electrolyte levels and 
osmolality. Effective rehydration by yogurt drink re-
 ects the fact that yogurt drink provides important el-
ements lost during exercise. Water and sodium are 
the two most important components that are lost in 
perspiration [32]. In addition, presence of proteins 
in rehydration  uids contributes to improved protein 
synthesis rates [33]. Yogurt has been shown to in-
clude concentration of 71.43 mg/100 gr sodium and 
5.02 gr/100 gr proteins [34] whereas yogurt drink 
includes higher amounts of salt (sodium chloride) 
which would contribute to its electrolyte restoring  po-
tentials. Interestingly, other milk-derived drinks have 
been studied as post-exercise rehydration choices. 
Chocolate milk has been shown to be a good op-
tion for exercise recovery as it attenuates indices of 
muscle damage [35]. In addition, it has been shown 
that the effect of skimmed milk to promote  uid bal-
ance after exercise-induced dehydration has been 
more pronounced than a carbohydrate-electrolyte 
sports drink and therefore it has been discussed as 
a potential optimal rehydration drink [9]. This further 
highlights the role of milk- and yogurt-derived drinks 
for post-exercise rehydration.

There has been recently similar interest to study 
natural drinks as rehydration sources after strenuous 
exercises. For example, deep ocean mineral water 

has been shown to rehydrate and keep muscle per-
formance in stationary biking in a warm and humid 
environment [27]. Furthermore, oral rehydration solu-
tion (ORS), full fat milk and semi-skimmed milk have 
been shown to be effective rehydrating options, but 
not cola, diet cola, hot tea, iced tea, coffee, lager, or-
ange juice and sparkling water [28]. Honey drink has 
also been shown to improve muscle performance 
and glucose metabolism [26]. 

To our best knowledge this is the  rst study that ex-
amined the effect of yogurt drink on serum and urine 
electrolyte concentrations after strenuous exercise. 
Since the athletes underwent all the three trials, 
therefore the participants were considered as their 
own control, which increased the reliability of the 
results. However the study had certain limitations. 
Firstly, one limitation of the study is the short period 
of strenuous exercise. A longer regimen of strenuous 
exercise could better evaluate the rehydration po-
tential of yogurt drink in more dif  cult exercise pro-
grams. Secondly, the present study only examined 
male athletes, and therefore the results could not 
be generalized to both sexes. Moreover, we did not 
include perspiration parameters in the current study 
which could help con  rm the rehydrating potentials 
of yogurt drink. Further long-term studies could be 
designed to examine the effect of yogurt drink on the 
body composition, muscle glycogen storage and per-
formance of athletes.

CONCLUSION

Our results indicate that yogurt drink, as a natural 
and affordable rehydration option, can be considered 
to restore  uid and electrolyte losses, caused by 
strenuous exercises in hot and humid environments. 
Furthermore, rehydration potential of yogurt drink is 
comparable to commercially available drinks
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