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Abstract 
Study purpose. This study aimed to compare the effects of hypoxic exercise combined with crocodile blood 
supplementation on hematological and maximum oxygen consumption parameters in soccer players. 
Materials and methods. This study included 39 male soccer players aged 21.69 ± 1.98 years who were randomized 
to three groups. All groups performed the same training program, which comprised treadmill exercise at 70%–75% 
of maximum heart rate for 7 weeks with sessions of 30 min/day and 3 days per week. The first group was the control 
placebo group (CG, n = 13), the second group received one capsule per day (60 mg) of a freeze-dried crocodile blood 
supplement (SUP, n = 13), and the third group received the freeze-dried crocodile blood supplement and performed 
the training program under hypoxic conditions (H-SUP, n = 13, FiO2 = 16.3%). A hematological evaluation was 
conducted and maximal oxygen uptake (VO2max) was measured using the Bruce protocol treadmill test. 
Results. The H-SUP group demonstrated significantly higher erythropoietin (EPO) levels (14.40 ± 2.41 mIU/mL) 
compared to the SUP group (11.50 ± 2.08 mIU/mL) and CG (12.01 mIU/mL) after the intervention. From pre- to 
post-intervention, VO2max significantly increased in the H-SUP (Pre: 45.63 ± 4.75, Post: 49.33 ± 5.81) and SUP 
groups (Pre: 44.59 ± 4.75, Post: 47.30 ± 5.68) but not in the CG. 
Conclusions. This study reveals that a combination of freeze-dried crocodile blood supplementation and hypoxic 
exercise causes hematological alterations, particularly the activation of EPO secretion, and increases VO2max in 
soccer players. 
Keywords:  crocodile blood supplement, hematological, aerobic capacity, hypoxic training, amateur male soccer 
player.
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Introduction

Hypoxia and physical exercise are two distinct and 
powerful metabolic stressors that cause molecular alterations 
and changes in oxygen supply and utilization throughout 
the body. Physical training in hypoxic conditions is thus 
commonly employed to improve athlete aerobic performance 
by combining the benefits of both stimuli to elicit peripheral 
adaptations (Ponsot et al., 2006). Systematically reducing PO2 

during the training process may trigger various biochemical 
and structural changes in skeletal muscle that favor oxidative 
processes (Czuba et al., 2011). According to one concept, 
hypoxic exposure during training (intermittent hypoxic 
training; IHT) may stimulate serum erythropoietin (EPO) 
synthesis, which increases erythrocyte count and enhances 
oxygen supply to the working muscles (Powell & Garcia, 
2000). Unfortunately, the findings of several previous studies 
have not supported this hypothesis (Katayama et al., 2004; 
Roels et al., 2005). However, Hamlin et al. (2010) reported an 
increase in hemoglobin (Hb) concentration and hematocrit 
(Hct) value after IHT in their most recent study. These 
hematological adaptations that occur in response to hypoxia 
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are primarily responsible for the beneficial effects of altitude 
training on sea-level performance. In addition to potentially 
improving endurance performance, IHE and IHT may 
benefit anaerobic exercise performance (Bonetti et al., 2006; 
Hendriksen & Meeuwsen, 2003), possibly via increases in 
muscle buffering capacity (Gore et al., 2001) and glycolytic 
enzyme activity (Katayama et al., 2004). Variables that have 
been identified as affecting these physiological responses 
include erythropoietic response, ventilatory limitations, 
genetic factors, and hypoxic dose. 

Iron is a major substrate required in the synthesis of heme 
as well as mitochondrial iron-dependent proteins (Gupta, 
2014). The effects of iron deficiency on human endurance per-
formance are well known. After iron-depleted female athletes 
with mild anemia, a decrease in post VO2max (Schoene et al., 
1983). It is thus typically recommended that athletes ingest 
a daily oral iron supplement to facilitate altitude adaptations 
and maintain iron balance. The exact role of iron in the hema-
tological and non-hematological response to hypoxia has not 
been investigated in detail thus far. Some studies have shown 
that iron supplementation during altitude training improves 
Hb mass (Govus et al., 2015; Ryan et al., 2014) while others 
have found that Hb mass does not increase with supplemen-
tation during altitude training (Friedmann et al., 1999). This 
inconsistency in the existing evidence makes it difficult to 
reach a consensus on the appropriate iron status and supple-
mentation regimen to employ during altitude training. 

While cutoff values have been defined for Hb and serum 
ferritin levels beyond which iron supplementation is recom-
mended in athletes undergoing training at sea level (Nielsen 
& Nachtigall, 1998), there are currently no clear guidelines on 
iron supplementation practices during altitude training. Given 
the conflicting findings regarding the need for supplementa-
tion at altitude and the absence of proper recommendations, 
the role of iron during high-altitude training requires further 
investigation (T. D. P. Nandadeva et al., 2019). 

The Thailand Food and Drug Administration has ap-
proved crocodile blood products as a dietary supplement 
for human consumption at a maximum allowance level of 
1 g per day (Chaeychomsri et al., 2013). One study found 
that an 18‑day supplementation regimen of crocodile blood 
(1  g day-1) aids in the maintenance of functional perfor-
mance and prevention of muscle swelling after exercise 
(Paratthakonkun et al., 2021). Blood from crocodilians has 
notably lower concentrations of copper, iron, and zinc com-
pared with human and pig blood. Despite the substantial 
difference in iron content between fresh crocodilian and 
pig blood, the iron content of freeze-dried crocodile blood 
(164  mg/100 g) has been reported to be similar to that of 
freeze-dried pig (149.01  ±  3.81  mg/100  g) and chicken 
(181.66  ±  1.01  mg/100  g) blood (Chook et al., 2021). No 
studies have evaluated changes in hematological response and 
aerobic capacity with freeze-dried crocodile blood supplemen-
tation combined with hypoxic training. Hence, the aim of the 
study was to compare the effects of hypoxic exercise combined 
with crocodile blood supplementation on hematological and 
maximum oxygen consumption parameters in soccer players.

Materials and methods

Study participants

Thirty-nine male soccer players (mean age ± standard 
deviation [SD], 21.7 ± 1.9 years) were recruited to 

participate in this study. The players were recruited from the 
local university soccer team and represented typical club-
level players. All players were free from injury, had lived 
at sea level for the previous 6 months, had no history of 
severe acute mountain sickness or contraindicative health 
conditions, and were not undergoing any medication 
regimens (e.g., anabolic steroids, creatine, sympathoadrenal 
drugs) during the study. All players were in their preseason 
training phase and typically completed 5–6 training sessions 
per week, which included soccer-specific and conditioning 
sessions. All players underwent training at the same time at 
low altitude (67 m above sea level in the Uttaradit province). 
Ethical approval was obtained from the Research Ethics 
Committee of Uttaradit Rajabhat University (reference COA 
No. 020/2020). Informed written consent was obtained from 
each participant prior to the beginning of the study.

Freeze-dried crocodile blood preparation

Crocodile blood supplementation (CB) was produced 
from Siamese crocodile (Crocodylus siamensis) by C S G 
Products (THAILAND) Co. Ltd., under Good Manufacturing 
Practice (GMP) and Hazard Analysis Critical Control Point 
(HACCP) certification scheme for processing and safety 
management which has subsequently approved by the Food 
and Drug Administration (FDA) of Thailand, Ministry of 
Public Health, as a dietary supplement (Chaeychomsri et 
al., 2013). Both male and female healthy crocodiles were 
selected for the CB production procedures, which included 
collecting blood samples in an antiseptic environment, 
pasteurizing, and lyophilizing the samples before freeze-
drying the CB and putting them in capsule form.

Study organization 

This study was a randomized controlled trial comparing 
changes in hematological parameters and VO2max after 
7 weeks of training. The participants were randomly divided 
into three experimental groups: a control placebo group (CG, 
n = 13), a group who consumed one capsule per day (60 mg) 
of supplemental freeze-dried crocodile blood (SUP, n = 13), 
and another group who consumed one capsule per day of 
supplemental freeze-dried crocodile blood (H-SUP, n = 13). 
The training program employed during the study was the same 
for all groups and consisted of treadmill exercise at 70%–75% 
of maximum heart rate. The total experimental period was 
30 min/day, 3 days/week, every Monday, Wednesday, and 
Friday. The CG and SUP groups exercised while breathing 
room air and the H-SUP group exercised while breathing 
air with a 16.3% oxygen concentration (hypoxic condition), 
as shown in Figure 1. The hypoxic condition was generated 
using a hypoxicator machine (ATS-HP–Hyperoxic; Altitude 
Technology Solutions Co., Ltd. [ATS], Australia).

Measures

Hematological parameters

A 10 mL blood samples were drawn by medical 
technologist from the players’ median cubital vein while 
they were seated and resting for 5 minutes on the day 
before commencing (PRE) and 4 days after ending (POST) 
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the intervention period. The participants were instructed 
to refrain from engaging in strenuous physical activity for 
24 hours prior to testing. The blood samples were immediately 
stored on ice, transported to the Fort Pichaidaphak Hospital, 
and analyzed for red blood cell (RBC) count, Hct, and Hb 
and EPO concentrations. All blood samples were taken 
during the morning hours.

Measurement of VO2max

VO2max testing was performed using the Bruce protocol, 
which consists of graded exercise on a treadmill, with speed 
and elevation increasing every 3 minutes until the player can 
no longer continue the test. Once all equipment was set up, 
the test began with the treadmill set at a speed of 1.7 miles 
per hour and incline of 10%. Every 3 minutes, the speed 
and incline increased by 10%. After each stage, the players 
were asked if they were able to continue, and a thumbs-up 
signal indicated that they could continue while a thumbs-
down signal indicated that the test should be stopped. When 
participants felt that they could only continue for another 

Fig 1. Outline of training and testing schedule

Table 1. Comparison of baseline parameters between the three groups

Parameters CG 
(n = 13)

SUP 
(n = 13)

H-SUP  
(n = 13)

One-way ANOVA
F p-value

Age (y) 22.00 ± 1.29 21.69 ± 1.25 21.38 ± 3.01 0.300 0.743
Weight (kg) 68.00 ± 5.22 69.00 ± 3.65 68.46 ± 3.01 0.142 0.868
Height (cm) 172.69 ± 4.83 173.07 ± 4.73 173.92 ± 6.13 0.185 0.832
BMI (kg/m2) 22.77 ± 0.94 23.04 ± 1.02 22.60 ± 0.97 0.644 0.531
VO2max (mL/kg/min) 45.10 ± 5.05 44.59 ± 4.75 45.63 ± 4.75 0.151 0.861
RBC (106/µL) 5.54 ± 0.52 5.38 ± 0.43 5.24 ± 0.32 1.520 0.232
Hemoglobin (g/dL) 14.69 ±1.01 14.87 ± 0.78 15.37 ± 0.66 2.351 0.110
Hematocrit (%) 44.92 ± 1.68 45.00 ± 1.35 45.68 ± 1.26 1.083 0.349
EPO (mIU/mL) 11.23 ± 3.57 10.37 ± 2.06 11.46 ± 1.78 0.636 0.535

	 The data presented are means ± standard deviation. CG, control group; SUP, supplement group; H-SUP, supplement with hypoxic 
training group; BMI, body mass index; VO2max, maximal oxygen consumption; RBC, red blood cell; EPO, erythropoietin

10–15 seconds, they waved their hand and gave a thumbs-
down signal to terminate the test. 

Heart rate and SpO2 monitoring

In all groups, heart rate and oxygen saturation were 
monitored daily before and during treadmill exercise using 
a Polar heart rate monitor (model: V800) and pulse oximeter 
(Beurer model: PO30, USA), respectively.

Statistical analysis

The values were expressed as means ± SD. All data 
were tested for normal distribution using the Kolmogorov–
Smirnov statistic. Differences between baseline measures 
were assessed by performing a one-way analysis of variance 
(ANOVA). As the sample sizes were unequal, the Bonferroni 
post hoc test was employed for pairwise comparisons when 
one-way ANOVA results showed a significant difference 
between groups. A p-value of less than 0.05 was considered 
statistically significant.

Results

The baseline characteristics of the CG, SUP, and H-SUP 
groups are presented in Table 1. There were no significant 
differences in mean age, weight, height, body mass index, 
VO2max, or blood parameters between the three groups, 
indicating that the athletes in all groups had similar baseline 
anthropometric, aerobic performance, and blood parameter 
measures. 

The hematological evaluation performed before and 
after the 7-week intervention period consisted of RBC 
count, Hct, and Hb and EPO concentrations, as presented 
in Table 2. Subgroup analysis, delineating participants based 
on experimental group, revealed no statistically significant 
differences in RBC, Hb, or Hct in all groups from PRE to POST. 
A statistically significant difference was observed only in EPO 
concentrations (p < 0.05), which significantly increased in the 
SUP and H-SUP groups from PRE to POST. In the between-
group comparison of POST hematological parameters, a 
significant difference was only found in EPO concentration 
between the H-SUP group (14.4 ± 2.4 mIU/mL) and the CG 
(12.0 ± 2.2 mIU/mL), as illustrated in Figure 2.
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POST VO2max was 49.3 ± 5.8 mL/kg/min; and in the H-SUP 
group, PRE VO2max was 44.6 ± 4.8 mL/kg/min and POST 
VO2max was 47.3 ± 5.7 mL/kg/min (Figure 3a). Compared 
to baseline, the percent change in VO2max in the CG, SUP, 
and H-SUP groups was -0.5% ± 3.4%, 6.1% ± 5.8%, and 
8.0% ± 5.1%, respectively. There was a significant increase in 
VO2max in the SUP and H-SUP groups. Univariate ANOVA 
accompanied by post hoc pairwise comparisons revealed 
that the SUP and H-SUP groups had significantly larger 
percent changes in VO2max compared to the CG following 
the 7-week intervention (Figure 3b).

Discussion

This was the first study to investigate the effects of a freeze-
dried crocodile blood supplement combined with hypoxic 
training conditions on soccer players. The primary findings 
of the study were taken after 7 weeks of aerobic exercise 
training. Endurance performance as measured by VO2max 
and EPO concentration improved in the groups receiving 
supplementation and supplementation in combination 
with hypoxic training compared to the control group, and 
it appears that supplementation with hypoxic training 

Table 2. Comparison of pre-intervention and post-intervention hematological parameters within the three groups

RBC
(106/µL)

Hb
(g/dL)

Hct
(%)

EPO
(mIU/mL)

CG

Pretest 5.54 ± 0.52 14.69 ± 1.01 44.92 ± 1.68 11.23 ± 3.57
Posttest 5.62 ± 0.72 14.60 ± 1.22 45.23 ± 1.50 12.01 ± 2.25
95% CI -0.31 to 0.16 -0.79 to 0.97 -1.85 to 1.22 -1.92 to 0.35
p-value 0.501 0.824 0.663 0.159

SUP

Pretest 5.38 ± 0.43 14.87 ± 0.78 45.00 ± 1.35 10.37 ± 2.06
Posttest 5.41 ± 0.56 14.92 ± 0.94 45.25 ± 1.05 11.50 ± 2.08*
95% CI -0.46 to 0.40 -0.45 to 0.36 -0.74 to 0.24 -2.12 to -0.12
p-value 0.886 0.711 0.300 0.031

H-SUP

Pretest 5.24 ± 0.32 15.37 ± 0.66 45.68 ± 1.26 11.46 ± 1.78
Posttest 5.40 ± 0.33 15.40 ± 0.77 45.94 ± 1.38 14.40 ± 2.41*
95% CI -0.41 to 0.11 -0.12 to 0.25 -01.32 to 0.80 -4.15 to -1.70
p-value 0.234 0.858 0.603 0.001

	 The data presented are means ± standard deviation. *p < 0.05 for pretest to posttest comparisons. CG, control group; SUP, 
supplement group; H-SUP, supplement with hypoxic training group; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; EPO, 
erythropoietin

Fig 3. a) Changes in maximal oxygen consumption (VO2max) before (PRE) and after (POST) the 7-week 
intervention. b) Comparison of percent change in VO2max between groups after the 7-week intervention. 

Values are presented as means ± standard deviation. *p < 0.05

Fig 2. Changes in erythropoietin (EPO) concentration before 
(PRE) and after (POST) the 7-week intervention. The data 

presented are means ± standard deviation. *p < 0.05 (PRE vs 
POST), **p < 0.05 (POST between-group comparison)

In the CG, mean PRE VO2max was 45.1 ± 5.1 mL/kg/
min and POST VO2max was 44.8 ± 4.3 mL/kg/min; in the 
SUP group, PRE VO2max was 45.6 ± 4.7 mL/kg/min and 
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conditions may be slightly better than supplementation with 
normoxic training conditions. 

An absolute increase in VO2max of 6%–8% was observed 
in both groups receiving crocodile blood supplementation. 
In contrast, players in the non-supplement and normoxic 
training group did not demonstrate a significant change in 
VO2max. These results suggest that the increase in VO2max in 
the supplement groups was due to the freeze-dried crocodile 
blood supplement, which has micronutrients, particularly 
iron, that are essential for numerous functions related to 
physical activity and exercise. The International Olympic 
Committee recommends that female athletes have iron 
deficiency screenings to optimize performance (Ljungqvist 
et al., 2009). In addition, several studies have found that 
taking 100 mg of iron per day combined with 8  weeks of 
aerobic exercise increases VO2max when compared to a 
control condition. VO2max values in one such study were 
41.7 ± 1.0 mL/kg/min in the iron supplement group and 
39.4 ± 2.0 mL/kg/min in the control group. A significant 
decrease in lactate was additionally observed in the iron-
supplemented group after an endurance test compared 
with the control group (LaManca & Haymes, 1993). 
Researchers have reported decreased time to exhaustion 
during submaximal and maximal work in nonanemic, iron-
deficient groups. Increases in submaximal endurance were 
associated with improvements in iron-dependent oxidative 
enzyme capacity within muscles, and the enzyme increases 
in turn were correlated with improved iron stores. Both 
time to exhaustion during endurance activities and enzyme 
activity continued to improve with iron repletion after 
hemoglobin concentration and VO2max were returned to 
normal in iron-depleted rats (Davies et al., 1984; Davies et 
al., 1982).  Moreover, Schumacher and colleagues compared 
the blood markers of iron status among various male athlete 
groups and found a marker in endurance runners, in contrast 
to endurance cyclists, that suggested that runners may 
experience more hemolysis due to foot impact (Schumacher 
et al., 2002). However, supplementation demonstrated no 
significant effect on post-test lactate (Klingshirn et al., 1992). 
The discrepancy in findings between the two studies may be 
attributed to differences in participants’ initial iron status. 
In addition, the study showed a single-time oral treatment 
of crocodile blood supplement that upregulated the anti-
oxidative enzymes catalase and superoxide dismutase (Chook 
et al., 2021) may lead to an adaptive response resulting in 
increased resistance to oxidative stress, which is related to the 
relationship between VO2 and TNF-α inflammation in the 
exercising muscles (Rosado-Perez & Mendoza-Nunez, 2018). 
Another possible explanation for the lack of supplementation 
effect on lactate in the time trial is the large training effect 
observed in the study, which may have obscured any 
supplementation effect. Although hemoglobin is known as 
a chemical buffering system which may cause improvement 
in lactic acid levels in the bloodstream or metabolic acidosis 
resulting from exercise. However, hemoglobin from 
crocodile may have different characteristic compare to 
human hemoglobin, which less information to confirm the 
effective dose and the duration of the supplement.

The increase in EPO found in the SUP and H-SUP 
groups in this study is in accordance with previous findings 
confirming the stimulatory effect of iron supplementation on 
erythropoiesis (T. D. P. Nandadeva et al., 2019). Interestingly, 

in the present study the players who received supplementation 
while training in hypoxic conditions demonstrated a higher 
EPO concentration than both the CG and SUP groups. The 
mechanism underlying this result may relate to renal oxygen 
supply, as the kidney is a highly sensitive oxygen sensor 
that plays a key function in modulating RBC formation 
in hypoxic conditions. The identification of EPO, which is 
required for normal erythropoiesis, and the purification 
of hypoxia-inducible factor, the transcription factor that 
regulates EPO synthesis and mediates the cellular adaptation 
to hypoxia, have both contributed to a better understanding 
of the molecular basis of oxygen-regulated erythropoiesis 
(Haase, 2010). Along these lines, Eckardt et al. found a 
significant increase in EPO after 5 hours of intermittent 
hypoxia exposure per day at an altitude of 3000–4000 meters 
(Friedmann et al., 1999). A study conducted on triathletes 
found contradictory results as in the present study increases 
in erythrocytes and EPO after intermittent hypoxic training 
(Ramos-Campo et al., 2015). Moreover, data have shown 
that 8 weeks of low-altitude (825 meters above sea level) 
training, supplemented with regular bouts of intermittent 
hypoxic training at higher altitudes, produced beneficial 
performance improvements and increases in EPO levels in 
soccer players (Wonnabussapawich et al., 2017). 

Conclusions

The most important finding of this work is the increased 
VO2max and EPO levels found in soccer players receiving 
7 weeks of freeze-dried crocodile blood supplementation 
with both normoxic and hypoxic (16.3% FiO2) training 
conditions compared to those receiving no supplementation 
and training in normoxic conditions. These results suggest 
that a freeze-dried crocodile blood supplement with hypoxic 
exercise conditions is an effective strategy to improve aerobic 
capacity and hematological parameters in soccer players.
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Вплив гіпоксичного тренування у комбінації з додаванням 
до раціону крокодилячої крові на аеробну продуктивність 
та гематологічні показники у спортсменів
Ворравут Тхувакум1ABCDE,  Апіван Манімманакорн2BD, Він Чейчомсрі3BD, 
Джіндаван Сірунтавінеті3BD, Сасіторн Сукджіт1BCD

1Уттарадітський університет Раджабхат 
2Кхонкаенський університет 
3Університет Касетсарт

Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів
Реферат. Стаття: 7 с., 2 табл., 3 рис., 29 джерел.

Мета дослідження. Метою цього дослідження було вивчити вплив додавання до раціону крокодилячої крові в по-
єднанні з гіпоксичним тренуванням на рівень споживання кисню та гематологічні показники у футболістів.

Матеріали та методи. У дослідженні взяли участь 39 футболістів-чоловіків віком 21,69 ± 1,98 року, які були рандомі-
зовані на три групи. Усі групи виконували ідентичну тренувальну програму, яка включала тренування на біговій доріжці з 
рівнем 70%-75% максимальної частоти серцевих скорочень протягом 7 тижнів із заняттями тривалістю 30 хв/день та 3 дні 
на тиждень. Перша група була контрольною групою, яка вживала плацебо (КГ, n = 13), друга група отримувала одну капсу-
лу на день (60 мг) сублімованої добавки з крокодилячої крові (ДОБ, n = 13), а третя група отримувала сублімовану добавку 
з крокодилячої крові та виконувала тренувальну програму в умовах гіпоксії (Г-ДОБ, n = 13, FiO2 = 16,3%). Було проведено 
гематологічну оцінку та визначено показник максимального споживання кисню (VO2max) за допомогою тредміл-тесту 
(тест на біговій доріжці) за протоколом Брюса.

Результати. Досліджувана група (Г-ДОБ), що отримувала сублімовану добавку з крокодилячої крові та виконува-
ла тренувальну програму в умовах гіпоксії,  показала значно вищі рівні еритропоетину (ЕПО) (14,40 ± 2,41 мМО/мл) 
порівняно з групою (ДОБ), яка отримувала одну капсулу на день (60 мг) сублімованої добавки з крокодилячої крові 
(11,50 ± 2,08 мМО/мл) та КГ (12,01 мМО/мл) після проведення інтервеції. Від початку до моменту завершення інтервенції 
спостерігалося суттєве збільшення показника VO2max у групах Г-ДОБ (до: 45,63 ± 4,75, після: 49,33 ± 5,81) та ДОБ (до: 
44,59 ± 4,75, після: 47,30 ± 5,68), але не в КГ.

Висновки. Це дослідження доводить, що поєднання прийому сублімованих добавок з крокодилячої крові та про-
ведення гіпоксичних тренувань викликає гематологічні зміни, зокрема активацію секреції ЕПО, та збільшує показник 
VO2max у футболістів.

Ключові слова: добавка з крокодилячої крові, гематологічний, аеробна продуктивність, гіпоксичне тренування, 
футболіст-аматор.
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