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A b s t r a c t

Coccidiosis poses a significant challenge in poultry production, necessitating the develop-
ment of effective, natural, and health-promoting alternatives such as Lagenaria breviflora to co-
nventional treatments. Two hundred and eight (208) day-old Cobb chicks hatchery-infected with 
Eimeria were divided into four treatment groups and administered: control (0), 50, 100 and  
150 grams of Lagenaria breviflora R. (Lb) whole fruit per litre of water thrice a week for 6 weeks. 
Data were obtained on faecal count, haematological indices, serum metabolites and stress bio-
markers. There was reduction in Eimeria count as Lb increased with the highest reduction 
(85.20%) in birds that received 150 g. The highest (P < 0.05) packed cell volume, haemoglobin 
and red blood cell count was observed in 150 g Lb while white blood cell count was highest  
(P < 0.05) in 50 and 150 g. Total protein was highest (P < 0.05) in 150 g, globulin was highest  
in 100 and 150 g LB while the serum stress biomarkers (SOD and GSH-Px) was least in 50 g. 
The administration of Lb up to 150 g/L of water can used in eradicating coccidiosis without com-
promise on health of birds. 
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Introduction

The Nigerian poultry industry is faced by various problems most espe-
cially the quality of day-old chicks in terms of health conditions, which is 
prominent among the issues affecting its positive output apart from qual-
ity feed. Prominent among these diseases are salmonellosis, infectious 
bronchitis and coccidiosis. Salmonellosis and coccidiosis are currently the 
bane of the Nigerian poultry industry resulting in high mortality and mor-
bidity in the first 5 days and later in life (Balarabe and Obeta 2015). 
Although, there is no existing evidence or science to suggest the likelihood 
of a vertical transmission of coccidiosis in birds but recent occurrence of 
deaths in first few days of chick life may point to the possible infection in 
the hatchery. 

Coccidiosis is caused by coccidian parasites of the genus Eimeria, 
intracellular protozoan parasites of enterocytes resulting in high chicks’ 
mortality. Most anticoccidial drugs currently used in abating the menace 
exhibit low efficacy and also result in deleterious side effects in birds 
(Al-Mathal 2010). The consequential side-effect of exposure to conven-
tional drugs and its overuse results in damages to internal organs invari-
ably resulting to system breakdown and death. The consistent use of these 
conventional drugs has led to the development of resistant coccidian 
strains, mostly an offshoot of extensive use, under usage (underdose) and 
adulteration of drugs experienced in most developing countries. 

The resistance mostly due to physical or genetic alterations, and the 
side effects of these drugs led to its consequent vertical shedding to off-
spring and the rise of transmission coupled with rearing of birds on floor 
system. Since most meat-type and eggers are reared on floor from first day 
with continuous access to litter, coccidiosis will continually be a menace to 
poultry rearers. Coccidiosis provides a good example of the relationship 
between the number of invading organisms and the severity of the result-
ing infection, because the morbidity and mortality of the host species are 
usually proportional to the number of sporulated coccidial oocysts ingested 
by the bird.

The inability of farmers to access constant veterinary services and 
effective cocci-vaccines has greatly affected the development of poultry in 
developing countries leaving the farmers with no choice than alternative 
options in combating the threat. The continent of Africa is blessed with 
natural reserves of plant resources of botanical importance for human and 
animal health management. One of such plant is Spotted pumpkin (SP). 
SP has been documented and used in rural poultry health management 
against coccidiosis and Newcastle disease (Sonaiya et al. 1999) likewise in 
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rural human health as herbal remedy for the treatment of some disorders 
such worm infestation, wound antiseptics and skin infections. The extracts 
of spotted pumpkin have been documented to contain important chemical 
constituents such as phenols, flavonoids carotenoids, saponins etc (Ekun-
seitan et al. 2016, Adeyemi et al. 2017) capable of inducing positive health 
effect.

Numerous laboratory studies have demonstrated its ethnobotanical 
properties, such as miracicidal and cercaricidal activities (Ajayi et al. 
2002), antioxidant activity (Onasanwo et al. 2011) and antibacterial activ-
ity (Tomori et al. 2007). These findings underscore the importance of inte-
grating these attributes into poultry production systems to evaluate their 
efficacy and potential for industry-wide application. Recent studies (Ekun-
seitan et al. 2017, 2019) revealed positive responses in orally adminis-
tered dosages in poultry birds raised on modified housing systems, favour-
ing its usage in animal health management especially with the growing 
drive for organic products in most developing countries. These positive 
outcomes include increased immune response to Newcastle disease vacci-
nation in growing pullets (Ekunseitan et al. 2019), haematinic and ther-
apeutic activity (Alade 2000, Ekunseitan et al. 2017), antimicrobial 
activities (Ekunseitan et al. 2017), immunomodulatory effect (Saba et al. 
2009) and worm control (Ekunseitan et al. 2017). 

Materials and Methods

The experiment was carried out at the Poultry unit, Teaching and 
Research Farms, Federal University of Agriculture, Ogun state, Nigeria. 

Lagenaria breviflora (spotted pumpkin) whole fruits was washed with 
clean water, weighed and cut into smaller parts to increase the surface 
area and then extracted according to the method of Ekunseitan et al. 
(2017) to give concentrations of 50, 100 and 150 grams per litter of water.

Two hundred and eight day-old Cobb broiler chicks, hatchery-infected 
with Eimeria spp were used for the experiment. The chicks exhibited clin-
ical signs of ruffled feather and blood stained to brownish diarrhoea from 
day one of the experiment, birds were also clinically observed by person-
nel. Sample birds were selected from the pool, euthanized and accessed for 
identification and counts of Eimeria spp. (Rehbein et al. 1999). The birds 
were then randomly assigned to four (4) treatment groups: 0 (control),  
50, 100 and 150 grams of Lb per litre of water (weight/ volume) in a Com-
pletely Randomized Design (CRD), containing fifty-two (52) birds each. 
Each treatment was further divided into four replicates of thirteen (13) 
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birds each. Lagenaria breviflora was administered determined concentra-
tion three consecutive days in a week from day one till the 6th week  
(day 42) of the experiment via drinking water (Ekunseitan et al. (2017). 
Birds in the control group were immediately placed on Amprolium + Sul-
phaquinoxaline (+vit K). Conventional vaccination was given to all treat-
ment groups while medication (antibiotics and coccidiostat) was adminis-
tered only to the control group. The chicks were housed in a well-venti-
lated deep litter pen. The chicks were fed with commercial starter feed 
(Metabolizable Energy 2800 kcal/kg, Crude Protein: 21%) and finisher 
feed (Metabolizable Energy 2900 kcal/kg, Crude Protein: 19%).

Fresh faecal droppings were collected from each replicate group into  
a plain bottle weekly for six weeks starting from the first week of the 
experiment. The oocyte count and identification were carried out using 
McMaster egg counting technique. The sample was viewed under the com-
pound microscope at 10 x 10 magnification. Oocytes were identified and 
counted within the engraved area of the counting chambers (Rehbein  
et al. 1999).

At the 42nd day of the experiment, 10 ml of blood was collected from 
four pre-selected birds per replicate via the jugular vein with use of hypo-
dermic syringe. Approximately 3.0 ml of blood was collected into EDTA 
bottles for haematological parameters while the 4 ml was collected into  
a plain bottle for the serum metabolites determination and the remaining 
into another labelled plain bottles for quantifying oxidative stress bio-
marker. 

Haematological parameters such as Red blood cell (RBC) and Packed 
cell volume (PCV) was determined according to Brian et al. (2000), Hae-
moglobin as reported by Dace and Lewis (1984), White blood cell and 
differential counts via visual cell count using a haemocytometer.  

Serum metabolites (Total protein, Albumin, Globulin, Asparte amino-
transferase (AST), Alanine aminotransferase (ALT) and Alkaline phos-
phate (ALP) was determined using Randox Laboratories Standardized 
Test Kit (Hitachi Model 917 Multichannel Analyser). Serum superoxide 
dismutase (SOD) was determined by the method of Oberley et al. (1984), 
glutathione peroxidase (GSH-Px) by Reddy et al. (2004) and Thiobarbi-
turic Acid Reactive Substances (TBARs) by Keles et al. (2001). 

Data on faecal analysis were transposed to base of log 10 and evalu-
ated using repeated measures analysis (SPSS 2010). Haematological and 
serum data were subjected to one-way Analysis of Variance (ANOVA) in  
a completely randomized design (CRD). Significant means among other 
measured variables were separated using Tukey test at 95% probability.
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Results and Discussion

Effect of Lagenaria breviflora (spotted pumpkin) fruit extract  
on faecal egg count of broiler chicken

The effect of Lagenaria breviflora (spotted pumpkin) fruit extract on 
faecal egg count of broiler chicken is presented in Figure 1. A continuous 
reduction of oocysts count was observed as the administration of Lage-
naria breviflora increased. The highest oocysts count (3.49) in week 2 was 
observed in birds administered 150 g of Lagenaria breviflora while the 
least oocysts count (3.17) was observed in birds administered 100 g of 
Lagenaria breviflora. The lowest (P < 0.05) oocysts count (0.65) in week 
six was observed in birds administered 150 g of Lagenaria breviflora while 
the highest oocysts count (1.79) was observed in the control group.  
A 50.54% oocysts count reduction was observed in the control group, 
62.51% in birds administered 50 g of Lagenaria breviflora. 70.85% in  
100 g of Lagenaria breviflora group and 85.20% in 150 group. Eimeria is 
the causative agents of coccidiosis and a blight in poultry production caus-
ing significant commercial losses in the animal industry (Williams 2002). 

The observed decrease in oocyte per gram as the level of the adminis-
tration of Lagenaria breviflora increased may be due to various mecha-
nisms of phytochemicals such as phenols, saponins, alkaloids acting in 

Fig. 1. Effect of Lagenaria breviflora (spotted pumpkin) fruit extract on faecal egg count  
of broiler chicken
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synergy and capable of inhibiting the life cycle of Coccidia (Molan et al. 
2009) and decimating Eimeria count in the birds. Plants contain immuno-
regulatory compounds capable of enhancing and inducing immune 
responses thereby maintaining bird’s health (Sugiharto et al. 2017). 

The phytochemical analysis of Lagenaria breviflora has been exam-
ined to contain considerable amount of metabolites like flavonoids, sapo-
nin, tannin, etc. (Ekunseitan et al. 2016, Adeyemi et al. 2017) while com-
parable dose-associated responses in faecal count had been reported by 
researchers using phytobiotics plants as an alternative to conventional 
drugs (Biu et al. 2010, ElKhtam et al. 2014, Ekunseitan et al. 2017, 
Ekunseitan et al. 2018) to safeguard the welfare of animals and consum-
ers of products. The increase in dosage will invariably result in the amount 
of metabolites in the extract (Odulana 2014, Aremu 2014) potentially 
enhancing its biological activity and therapeutic efficacy. Chemical metab-
olites present in Lagenaria breviflora R. fruit display various mechanisms 
of action such as inhibiting intestinal motility while some components 
have been shown to inhibit specific pathogens (Ahmad et al. 2006, Ekun-
seitan et al. 2016, Adeyemi et al. 2017). 

Tannins, has been reported to inhibit the life cycle of Coccidia (Molan 
et al. 2009), reduction in the rate of oocysts hatching and development 
(Hur et al. (2005) through the penetration of the wall of the oocyst and 
damage to the cytoplasm as tannins has been posited to weaken endoge-
nous enzymes responsible for sporulation. In addition, tannins have been 
reported to improve the immune system, and exert bactericidal and coccid-
iostatic properties in birds (Perin et al. 2019). Lagenaria breviflora whole 
fruit contains considerable amount of flavonoids (223.00 mg/100 g) and 
saponins (138.0 mg/100 g) (Ekunseitan et al. 2016), flavonoid have been 
reported to control coccidian infection by induction of oxidative stress 
through the conversion of hydroxyl groups into pro-oxidant when reacting 
oxidizing species (ROS) oxidize the lipids and proteins present in inner cell 
membrane of coccidian thereby resulting in necrosis and apoptosis of dam-
aged cells (Bakkali et al. 2008). Naidoo et al. (2008) observed that the  
use of plant-derived antioxidants when compared to conventional coccidio-
stat exhibited a similar positive effect observed in the study. In addition, 
the reduction trend was also in tandem with report of Rakhmani et al. 
(2014) which observed proportionally inverse relationship between sapo-
nins content and percentage of oocyte per gram count reduction as a con-
sequence of penetration through micropyle cap on polar end of oocyst 
(Wiedmer et al. 2011).
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Effect of extract of Lagenaria breviflora (spotted pumpkin)  
on the haematological indices of broiler chicken

The result of the haematological indices of broiler chicken adminis-
tered Lagenaria breviflora is presented in Table 1. Oral administration  
of Lagenaria breviflora had significant (P < 0.05) increasing effect on Packed 
cell volume (PCV), Haemoglobin (Hb), White blood cells (WBC), Red blood 
cells (RBC), and Eosinophils. The highest RBC value (3.88) was observed 
in birds administered 150 g/L of Lagenaria breviflora while birds adminis-
tered 50 g/L of Lagenaria breviflora had the least (3.16) value. The highest 
(P < 0.05) PCV value (36.00) and Hb (12.30) value was observed in birds 
administered 150 g/L of Lagenaria breviflora while the lowest value (27.50, 
9.20) was observed in birds administered 50 g/L of Lagenaria breviflora. 
The levels of PCV, Hb and RBC count observed in the study might be 
linked with the Eimeria load observed in the treatment groups. Anaemic 
condition is characterized by decreased PCV, Hb and RBC in infected birds 
and conceivably due to loss of blood into the gastrointestinal tract with 
haemorrhages in the ceca and intestine. Lb has been proposed to induce 
haematinic and therapeutic values in periods of anaemia (Olorunfemi  
et al. 2014, Ekunseitan et al. 2017), an ability associated with cucurbita-
ceae family indicating increased production of reticulocytes and sugges-
tive of stimulating erythropoiesis. The significant reduction in the Eimeria 
load correlated with the elevated erythrocytes component counts in Lb 
dosed groups with greatest counts in the 150 g per litre.

Table 1
 Effect of extract of Lagenaria breviflora (spotted pumpkin) on the haematological indices of 

broiler chicken

Parameters
Lagenaria breviflora administration

P-Value
0 g/L Lb 50 g/L Lb 100 g/L Lb 150 g/L Lb

Packed cell volume [%] 29.00 ±1.41c 27.50 ±0.71c 34.50 ±3.5b 36.00 ±1.41a 0.036

Haemoglobin [g/L] 9.80 ±0.57ab 9.20 ±0.14b 11.55 ±1.20ab 12.30 ±0.71a 0.041

Red blood cells [1012/L] 3.41 ±0.19ab 3.16 ±0.06b 3.78 ±0.23ab 3.88 ±0.07a 0.028

White blood cells [103/ul] 9.75 ±0.92b 22.20 ±2.97a 12.35 ±1.91b 24.15 ±1.63a 0.005

Heterophils [%] 44.00 ±9.90 47.00 ±16.97 36.00 ±38.18 12.50 ±4.95 0.464

Lymphocytes [%] 51.00 ±11.31 49.00 ±15.56 57.00 ±38.18 85.50 ±6.36 0.409

Basophils [%] 0.00 ±0.00 0.50 ±0.71 0.50 ±0.71 0.00 ±0.00 0.615

Eosinophils [%] 1.50 ±0.71ab 3.00 ±1.41ab 4.00 ±0.00a 0.00 ±0.00b 0.026

Monocytes [%] 3.50 ±0.71 0.50 ±0.71 2.50 ±0.71 2.00 ±1.41 0.125
abc: Means in the same row with different alphabet differ significantly (P < 0.05), mean ±SD
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White blood cell was statistically highest (P < 0.05) and similar in 
birds administered 50 g/L (22.20) and 150 g/L (24.15) of Lagenaria brevi-
flora. The highest value of Eosinophils (4.00) was observed in birds admin-
istered 100 g of Lagenaria breviflora while the lowest value of Eosinophils 
(0.00) was observed in birds administered 150 g/L of Lagenaria breviflora. 
The white blood cell count obtained in the study indicate that oral admin-
istration of Lagenaria breviflora had a substantial effect on the immune 
system of the experimental birds.  Increase in administration of Lagenaria 
breviflora led to an increase in lymphocytes count, Lagenaria breviflora 
and Telfairia occidentalis are part of the Cucurbitaceae family whereas 
Telfairia occidentalis has been reported to have a haematopoietic effect in 
rats (Alade 2000). Although there was a non-significant increase in lym-
phocyte counts as the level of LB increased in birds, the increase observed 
which was dosage-dependent may be ascribed to the induction of immune 
response by LB in the infected birds (Adeyemi et al. 2017, Ekunseitan et 
al. 2016). Lymphocytes participate in the first line of defence against many 
infections especially intra-intestinal epithelial lymphocytes which makeup 
a relatively large proportion of the total immune system (Rose et al. 1996) 
thereby participating in resistance to the Eimeria infection.

Effect of extract of Lagenaria breviflora (spotted pumpkin)  
on the serum indices in broiler chicken

The effects of extract of Lb on the serum indices of experimental broiler 
chicken is presented in Table 2. It was observed that Lb extract had signif-
icant (P < 0.05) effect on Total protein, globulin and Uric acid. Increasing 
concentration of Lb extract from 0 to 150 g resulted in an increase in total 
protein. Globulin was statistically similar and highest in 100 and 150 g 
dosed group with the least values observed in the control and 50 g group.
This affirms the immune-stimulating effect of Lb by influencing synthesis 
of blood proteins by hepatocytes as observed with the elevated values of 
serum total protein and globulin. The plant’s hepatic influence implies 
that higher rate of protein synthesis occurs in the liver thereby elevating 
the synthesis of serum proteins (Jaleel and Nair 2004) resulting in sub-
sequent increase in the concentration of total protein in the blood (Szabó 
et al. 2005). The serum enzymes were similar (P < 0.05) in all treatment 
groups indicating no hepatic injuries in birds administered Lb up to 150 
g/litre when compared with the control group. Although, Pieme et al. 
(2006) stated that AST, ALT and ALP enzymes produced by the liver can 
be influenced by phytochemicals present in plant extracts, only AST and 
ALT were observed to be numerically higher in birds administered Lage-
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naria breviflora except ALP where it was numerically highest in the con-
trol group. The values obtained for AST, ALT and ALP fell within the 
range of values reported by (Ekunseitan et al. 2018, Rubio  et al. 2019), 
while the ALT values were higher than that reported Chuskit et al. (2024) 
in broiler chickens at 21 and 28th age of age. Serum electrolytes (Ca+  
and Na+) are important substances for myriads of homeostatic and physi-
ological functions: cell muscle contraction and bone formation, transfer of 
impulses in nerve cells and blood clotting. Although, a non-significant 
reduction (P < 0.05) was observed in serum calcium concentration as the 
level of Lb dosage increased similar to Ajani et al. (2015) thereby negating 
the possibility of plant toxicity.

Table 2
 Effect of extract of Lagenaria breviflora (spotted pumpkin) on serum metabolites  

of broiler chicken

Parameter
Lagenaria breviflora administration

P-Value
0 g/L Lb 50 g/L Lb 100 g/L Lb 150 g/L Lb

Glucose [mg/dL] 140.45 ±2.33 143.95 ±2.05 138.95 ±9.12 152.90 ±8.49 0.271

Total protein [g/L] 56.90 ±1.41d 62.00 ±0.42c 67.70 ±1.70b 70.85 ±0.21a <0.001

Albumin [g/L] 35.75 ±1.48 38.55 ±1.91 34.85 ±2.62 37.45 ±0.64 0.306

Globulin [g/L] 21.15 ±0.05b 23.45 ±1.65b 32.85 ±3.05a 33.40 ±0.30a 0.015

Aspartate aminotransaminase [U/L] 191.50 ±2.55 222.55  ±7.42 224.90 ±28.71 192.95 ±8.27 0.174

Alanine aminotransferase [U/L] 11.20 ±1.27 13.90 ±3.11 17.10 ±0.57 17.70 ±0.57 0.056

Alkaline Phosphatase [U/L] 295.35 ±7.14 195.00 ±7.78 245.65 ±93.13 209.75 ±12.94 0.289

Calcium [mg/dL] 9.35 ±0.49 9.00 ±0.14 8.80 ±0.14 7.70 ±1.13 0.190

Sodium [mmol/L] 121.20 ±13.01 133.20 ±6.79 136.50 ±8.77 129.65 ±10.82 0.536
abc: Means in the same row with different superscript differ significantly (P < 0.05), mean ±SD

Effect of administration of extract of Lagenaria breviflora 
(spotted pumpkin) on oxidative stress marker of broiler chicken

The effect of Lagenaria breviflora (spotted pumpkin) on oxidative stress 
marker of broiler chicken is presented on Table 3. Aqueous Lagenaria bre-
viflora extract had significant effect (P < 0.05) on the oxidative stress mak-
ers except Malondialdehyde (MDA). Superoxide dismutase (SOD) and Glu-
tathione peroxidase (GSH-Px) was lowest (P < 0.05) in birds administered 
50 g Lagenaria breviflora but similar and highest in other treatment groups. 
Oxidative stress occurs in animals as a consequence of pathogenic occur-
rence therefore the animal’s biological system subsequently promotes the 
production and expression of antioxidant enzymes as a defence mechanism. 
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Table 3
 Effect of administration of Lagenaria breviflora (spotted pumpkin) on oxidative stress marker  

of broiler chicken 

Parameter
Levels of oral administration

P-Value
0 g/L Lb 50 g/Lb 100 g/Lb 150 g/Lb

Superoxide dismutase [U/L · 10-2] 1.62 ±0.14a 1.09  ±0.07b 1.23 ±0.00b 1.33 ±0.12ab 0.049

Malondialdehyde [U/L · 10-9] 2.61 ±0.42 2.07 ±0.05 1.90 ±0.04 3.44 ±0.75 0.073

Glutathione peroxidase [U/L] 6.10 ±0.14a 3.90 ±0.92b 4.75 ±0.28ab 5.25 ±0.64ab 0.040
abc: Means in the same row with different alphabet differ significantly (P < 0.05), mean ±SD

The significant (P < 0.05) increase in activities of antioxidant enzymes 
SOD and GSH-Px in birds administered with 100 and 150 g dosed group 
statistically comparable with the control group is suggestive of the plant 
capable of directly activating synthesis of antioxidant enzymes to combat 
the stress induced by Eimeria counts in the bird’s system. Similar incre-
ment in GSH-Px activity was observed in male wistar rats as a defence 
response to oxidative stress (Folorunsho et al. 2019), indicating the abil-
ity of the fruit of beneficially affecting the activities of some antioxidant 
enzymes such as Superoxide dismutase and Glutathione peroxidase. The 
use of natural antioxidants can improve the health status of birds infected 
with coccidiosis (Quiroz-Castaneda and Dantan-Gonzalez 2015) as 
wide range of herbs and their extracts are capable of inducing potential 
antioxidant functions (Brenes et al. (2010). Lagenaria breviflora contain 
phenolic compound which increases the activity of antioxidant enzyme 
thus affecting the concentration of (O2

- and H2O2) free radicals in the 
serum of the birds (Kaurinovi and Vastag 2019).

Conclusion

The results of the study revealed that administration of LB at increas-
ing levels demonstrated a dosage-dependent reduction in Eimeria counts, 
with the greatest reduction at 150 g. This dosage also resulted in the 
improved blood indices (Packed cell volume, haemoglobin, red blood cell 
count, total protein, and globulin levels), stress biomarkers (SOD and 
GSH-Px). These findings indicate that LB, administered at levels up to 
150 g/L of water, effectively mitigates coccidiosis while supporting the 
overall health and physiological balance of the birds.

Accepted for print 14.04.2025
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A b s t r a c t

The chemical, mineral, and antioxidant properties of two species of young coconut water 
(yellow and green) from Trinidad and Tobago were quantitatively analyzed and compared. Para-
meters such as Total Phenolic Content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity, Total Soluble Solids (TSS), Titratable Acidity (TA), pH, turbidity, and mine-
ral composition were evaluated. The results revealed distinct differences in mineral concentra-
tions, chemical properties, and antioxidant activity between the two coconut species. The green 
coconut water (Atlantic Tall) exhibited significantly higher antioxidant activity in both DPPH 
and TPC assays compared to the yellow coconut water (Malayan Dwarf) (p < 0.05). Although the 
crude extract yield was marginally higher in yellow coconut water, this difference was not stati-
stically significant (p > 0.05). No significant differences were observed between the two species in 
terms of TSS and pH (p>0.05). However, the titratable acidity was higher in the green coconut 
water (p < 0.05), while the yellow coconut water exhibited greater turbidity (p < 0.05). The yellow 
coconut water also had higher concentrations of Na, K, Ca, and Mg (p < 0.05), though there was 
no significant difference in iron (Fe) content (p > 0.05). Overall, the findings suggest that coconut 
water from Trinidad and Tobago is rich in essential minerals and possesses notable antioxidant 
properties, with variability between the two species in certain chemical and physical characteri-
stics. 
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Introduction

Coconut (Cocos nucifera), a member of the Arecaceae family, is  
a widely recognized fruit known for its nutritional and therapeutic poten-
tial (Debmandal and Mandal 2011). Coconut trees thrive along tropical, 
sandy shorelines, where they can withstand salt spray and brackish soils, 
growing well in a wide range of soil types with a pH between 5 and 8 (Bro-
schat and Crne 2000). The fruit itself is composed of water, sugars, vita-
mins, and essential minerals such as potassium, sodium, magnesium, 
iron, and calcium, though its composition can vary among species (Prades 
et al. 2012).

In Malaysia, studies have shown that coconut water can effectively 
rehydrate the body after exercise, offering a viable alternative to water or 
carbohydrate-electrolyte beverages (Saat et al. 2002). Additionally, coco-
nut water has been reported to possess significant antioxidant properties 
(Mantena et al. 2003). Oxidative stress, caused by free radicals produced 
during oxygen metabolism, can lead to cellular damage, contributing to 
conditions such as liver and heart diseases, as well as certain cancers. 
Antioxidants neutralize these free radicals, potentially preventing or 
reducing oxidative damage (Ware 2018). Given its high antioxidant activ-
ity, coconut water may serve as a beneficial supplement in combating oxi-
dative stress and associated diseases (Ajeigbe et al. 2023, Ojiha et al. 
2022, Rethinam and Krishnakumar 2022). However, further research is 
necessary to validate these claims.

In preclinical studies, green coconut water has been shown to alleviate 
oxidative stress in hypoglycemic rats (Preetha et al. 2012). In the Carib-
bean, Trinidad and Tobago’s coconut industry has a long history, with the 
first coconut estate established in Mayaro in the 1900s, followed by the 
Cedros and Constance estates. The Woodland estate in Tobago dates to 
the 1800s. Despite the challenges posed by Red Ring disease, which has 
impacted coconut tree populations, the industry remains active, producing 
a variety of coconut-based products, including milk, copra, water, dry nuts, 
and oil. In Trinidad and Tobago, coconuts are multifunctional, serving 
culinary, religious, recreational, economic, and medicinal purposes (Pem-
berton et al.1992).

Bordeix et al. (2020) identified three primary species of coconut palms: 
tall, dwarf, and hybrid varieties. In Trinidad and Tobago, five known vari-
eties include the Malayan dwarf yellow, Malayan dwarf green, Atlantic 
tall (Jamaican tall), Malayan dwarf red, and non-descript hybrids. While 
studies from around the world have explored the bioactive compounds, 
minerals, and antioxidant properties of coconut water, to the best of our 
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knowledge, such research has not been conducted in Trinidad and Tobago 
or the broader Caribbean region. Moreover, while studies have compared 
the antioxidant activity of young and mature coconuts, there has been 
limited focus on comparing coconut water from different species of young 
coconuts. For instance, Fonseca et al. (2009) compared the antioxidant 
activity of green and yellow coconuts in Brazil, but details regarding the 
specific varieties and ages of the coconuts were not provided.

This study aims to fill this gap by providing preliminary data on the 
mineral composition and antioxidant content of coconut water in Trinidad 
and Tobago. It will specifically compare the young coconut water of two 
distinct species: the Atlantic tall coconut (green coconut) and the Malayan 
yellow dwarf coconut (yellow coconut).

Materials and Methods

Chemical reagents

The following chemical reagents were purchased from Sigma-Aldrich, 
Germany: methanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocal-
teu phenol reagent, gallic acid, sodium hydroxide, malic acid, and distilled 
water.

Coconut water collection

Ethical approval for the study was obtained from the University of the 
West Indies, Trinidad and Tobago, with the approval number Ref: 
CREC-SA.2467/12/2023. Three young green Atlantic Tall coconuts (GCW) 
were harvested from a coconut tree in Chaguanas, Trinidad, and three 
young yellow Malayan Dwarf coconuts (YCW) were collected from a tree in 
Couva, Trinidad. The coconuts were hand-picked and stored at room tem-
perature for one day before being submitted to the laboratory. On the day 
of sample collection, all six coconuts were opened. The volume of coconut 
water from each coconut was measured and recorded. The water from the 
three green coconuts was pooled and labeled as “green” and the water from 
the three yellow coconuts was pooled and labeled as “yellow.” The samples 
were stored at 4°C in a refrigerator until further analysis.

Antioxidant activity

Extraction of coconut water. The extraction of coconut water was 
conducted according to the method described by Mahayothee et al. (2016). 
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Briefly, 20 g of coconut water was mixed with methanol at a 1: 5 (v/v) ratio 
and shaken for 3 hours at room temperature using an orbital shaker set at 
90 rpm. The mixture was then filtered using Whatman No. 4 filter paper, 
and the resulting extract was evaporated under reduced pressure at 50°C 
using a rotary evaporator. The concentrated extract was adjusted to a final 
volume of 10 mL with methanol in a volumetric flask for further analysis. 
All experiments were performed in triplicate.

Percentage yield of the coconut water. Percentage yield  
[%] = Weight of the extracted coconut water sample/Total weight of the 
sample ∙ 100.

Antioxidant activity (DPPH). DPPH radical scavenging activity 
was measured using a modified method from Mahayothee et al. (2016). 
Briefly, 0.1 mL of the diluted coconut water extract was mixed with 3.9 mL 
of 6 ∙ 10-5 M DPPH solution in methanol. The mixture was incubated at 
room temperature in the dark for 2 hours. Absorbance was measured at 
515 nm using a UV-Vis spectrophotometer. The DPPH radical scavenging 
activity [%] was calculated using the formula:

where A0 is the absorbance of the DPPH solution without the sample, and 
As is the absorbance of the DPPH solution with the sample.

Total Phenolic Content (TPC) Determination. The total phenolic 
content (TPC) of the coconut water was measured using the Folin-Ciocal-
teu method with modifications (Tan et al. 2014). A stock solution of gallic 
acid (500 mg/L) was prepared in deionized water, and working standard 
solutions were prepared by serial dilution to final concentrations of 20, 40, 
60, 80, and 100 mg/L. For the analysis, 1 mL of coconut water was mixed 
with 70 mL of distilled water and 5 mL of Folin-Ciocalteu phenol reagent 
(10-fold dilution). The mixture was incubated for 5 minutes at room tem-
perature, followed by the addition of 15 mL of 7.5% (w/v) sodium carbon-
ate. The volume was then brought to 100 mL with distilled water, and the 
mixture was incubated for 2 hours at room temperature. Absorbance was 
measured at 765 nm using a UV-1650 PC UV-Vis spectrophotometer. TPC 
was expressed as gallic acid equivalents (GAE) in mg/L.

𝐴𝐴0−𝐴𝐴𝑆𝑆
𝐴𝐴0

∙ 100, 
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Chemical and Mineral Analysis

Total Soluble Solids (TSS) measurement. The TSS of coconut 
water was determined using a digital refractometer (at 25°C), and results 
were expressed in Brix.

Titratable Acidity (TA). Titratable acidity was measured using the 
Titratable Acidity in Wine or Juice method. Five milliliters of degassed 
coconut water was transferred to a 250 mL Erlenmeyer flask, and 100 mL 
of neutralized deionized water was added. The solution was titrated with 
0.1 N NaOH until a faint pink color persisted for 30 seconds. TA was cal-
culated using the following equation:

NN ∙ MM ∙ VV ∙ 100/Vc,
where:
NN	 –  normality of NaOH,
VV	 –  the volume of NaOH used, 
Vc	 –  the volume of coconut water,
MM	–  the malic acid factor (67.05).

pH measurement. The pH of the coconut water was determined 
using a pH meter equipped with a pH electrode.

Turbidity measurement. Turbidity was measured using a UV-Vis 
spectrophotometer at 610 nm. Absorbance was measured relative to dis-
tilled water, and the transmittance (T) and turbidity were calculated using 
the following equations:

T = 100 ∙ (10Abs),
where: Abs was the adsorption at a wavelength of 610 nm.

Turbidity = 100 – T,
where: T was the transmittance at a wavelength of 610 nm.

Mineral content analysis. The concentrations of sodium (Na), mag-
nesium (Mg), calcium (Ca), potassium (K), and iron (Fe) in coconut water 
were determined using a flame atomic absorption spectrophotometer, fol-
lowing the method of Tan et al. (2014). All assays were performed in trip-
licate.

Statistical analysis. Data were analyzed using SPSS statistical soft-
ware. Descriptive statistics, including means and standard deviations, 
were calculated. To compare the means of the different coconut varieties, 
a Student’s t-test was used. A p-value of < 0.05 was considered statistically 
significant. All analyses were conducted in triplicate.
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Results and Discussion

Results: yield, DPPH, and TPC of the two coconut species

Our findings indicate that there was no significant difference (p > 0.05) 
in yield (YCW : 2.53% and GCW : 2.24%) between the two species of coco-
nut, as shown in Figure 1. However, the DPPH radical scavenging activity 
and total phenolic content (TPC) were significantly higher (p < 0.05) in the 
green coconut water (GCW) compared to the yellow coconut water (YCW), 
as illustrated in Figure 1.

Table 1
The volume of coconut water obtained from the coconut water varieties,  

quantity after extraction and the % yield

Specification Please remove the asterisk from YCW 
[ml] GCW [ml]

1 280 360
2 330 350
3 330 350
Total 940 1060
Quantity obtained after extraction 23.78 23.74
% yield 2.53% 2.24%

YCW – yellow coconut water; GCW – green coconut water

The mineral content of yellow and green coconut water

The Malayan Yellow Dwarf coconut water contained higher levels of 
all minerals compared to the Atlantic Tall variety (p < 0.05). However, no 
significant difference in iron content was found between the two varieties 
(p > 0.05) – Table 2.

Fig. 1. Total yield of coconut water extract, DPPH radical scavenging activity, 
and total phenolic content of the two coconut varieties

Each value in the diagram represents a mean ± SD (n = 3), *Indicates a significant 
difference between the two different samples (p < 0.05). Explanations: YCW – Yellow 
coconut water; GCW – green coconut water; DPPH (2,2-diphenyl-1-picrylhydrazyl); 
TPC – total phenolic content.



Preliminary Physicochemical Contents and Antioxidant Properties of Coconut Water... 25

Table 2
 The mineral content of yellow and green coconut water

Parameter YCW [mg/l] CGW [mg/l]
Sodium (Na) 134.28 ±2.73a 78.20 ±4.10b

Potassium (K) 2143.21 ±11.43a 1546.91 ±45.76b

Calcium (Ca) 288.75 ±1.45a 243.16 ±1.38b

Magnesium (Mg) 82.23 ±0.73a 41.72 ±0.60b

Iron (Fe) 0.108 0.161
a, bsuperscripts denote significant differences (p < 0.05) within rows

Physico-chemical properties of yellow and green coconut water

No significant difference was observed (P > 0.05) in the total soluble 
solids (TSS) between the two coconut varieties (Table 3). However, a sig-
nificant difference was found (P < 0.05) between the two varieties in terms 
of acidity and turbidity, as shown in Table 3.

Table 3
Physico-chemical properties of yellow and green coconut water

Parameter YCW [mg/l] GCW [mg/l]
Total soluble solids [% Brix] 4.67 ±0.50 4.67 ±0.50
Titratable acidity [%w/v Malic acid] 0.091 ±3.45a 0.076 ±2.99b

pH 4.76 ±0.09 4.66 ±0.02
Turbidity (NTU) 116.67 ±2.08a 138.33 ±0.58b

a, b superscripts denote significant differences (p < 0.05) within rows

Discussion

Quantifying the antioxidant and mineral content of substances 
intended for medicinal applications is crucial for assessing their potential 
health benefits. To the best of our knowledge, this study is the first con-
ducted in Trinidad to identify and quantify indigenous coconut water’s 
antioxidant and mineral content. The findings of this study, including 
total phenolic content (TPC), DPPH radical scavenging activity, and the 
yield of crude coconut water extract, are presented in Figure 1.

Our results indicate that the Malayan Yellow Dwarf coconut water 
produced a slightly higher yield (2.53%) compared to the Atlantic Tall 
coconut water (2.24%), though this difference was not statistically signifi-
cant (p > 0.05).

While no previous studies have directly compared the antioxidant 
activity of Atlantic Tall and Malayan Yellow Dwarf coconut waters, a 2012 
study in Brazil (Santos et al. 2013) demonstrated that Malayan Green 
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Dwarf coconut water protected against oxidative stress induced by hydro-
gen peroxide. This suggests that coconut water from Malayan Green Dwarf 
coconuts may be beneficial in preventing oxidative damage in humans and 
animals. However, further research is necessary to confirm these potential 
benefits.

In our study, the Atlantic Tall coconut water exhibited higher antioxi-
dant activity than the Malayan Yellow Dwarf variety. The DPPH analysis 
showed a 60.7% radical scavenging activity for the Atlantic Tall variety, 
compared to only 9.8% for the Malayan Yellow Dwarf. Similarly, the TPC 
was significantly higher in the Atlantic Tall coconut water, with a value of 
153.7 mg/L, compared to 66.2 mg/L for the Malayan Yellow Dwarf. Antiox-
idants play a critical role in scavenging free radicals in the body, thereby 
reducing oxidative stress and preventing cellular damage (Ware 2018). 
The DPPH assay is widely used to evaluate antioxidant capacity because it 
measures the ability of a substance to neutralize free radicals (Baliyan et al. 
2022). Phenolic compounds are widely known for their antioxidant proper-
ties. Previous research with coconut water in fruit flies shows that the reduc-
ing power and scavenging ability of coconut water (CW) could be attributed 
to the total flavonoid and total phenol content and high concentration of the 
phenolics which leads to a significant reduction in the generation of free 
radicals and MDA level in the brain of Alcl3 induced amnesic D. melanogas-
ter fed with coconut water supplemented diet (Oluwarotimi et al. 2021).

Our study’s findings are consistent with those of Mahayothee et al. 
(2016) and Santos et al. (2013). Mahayothee et al. (2016) reported TPC 
values ranging from 6.2 to 10.01 mg/g in coconut water from Thailand, 
while Santos et al. (2013) found TPC values for Malayan Green Dwarf coco-
nut water to be 99.4 µg/mL, and for Malayan Yellow Dwarf, 23.8 µg/mL.  
In comparison, the antioxidant content of Trinidadian coconut water 
appears higher. At a concentration of 0.1 mL/mL, our DPPH radical scav-
enging activity was also significantly greater, indicating that coconut 
water from Trinidad has a higher antioxidant capacity than that from 
Thailand and Brazil.

Coconut water has long been used as an effective oral rehydration 
drink, thanks to its electrolyte composition, which includes essential min-
erals such as calcium, potassium, iron, magnesium, and sodium. These 
minerals are vital for maintaining the body’s acid-base balance. In a study 
conducted in Pakistan, Khan et al. (2003) reported that coconut water can 
aid in rehydration, especially during mild diarrhea, due to its high glucose 
content and easy absorption properties. Our study found that coconut 
water from Trinidad and Tobago contained particularly high concentra-
tions of calcium, potassium, sodium, and magnesium compared to those 
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reported in other studies. Specifically, the Malayan Yellow Dwarf coconut 
water had higher levels of these minerals than the Atlantic Tall variety 
(p < 0.05). However, no significant difference in iron content was observed 
between the two varieties (p > 0.05). Similar studies conducted in Sri 
Lanka, Brazil, and Malaysia have also documented high mineral concen-
trations in coconut water, though the values reported in those studies do 
not align with our findings.

In addition to antioxidant and mineral content, we also evaluated the 
chemical properties of the coconut water, including total soluble solids 
(TSS), titratable acidity (TA), pH, and turbidity. Our results indicated no 
significant difference in TSS and pH between the Malayan Yellow Dwarf 
and Atlantic Tall coconut waters (p > 0.05). However, significant differ-
ences were observed in TA and turbidity (p < 0.05), with the Malayan 
Yellow Dwarf variety having higher TA values and the Atlantic Tall coco-
nut water being more turbid. Titratable acidity is often a more reliable 
indicator of a substance’s perceived acidity and flavor profile than pH 
alone. Our TA values were 0.091% and 0.076% for the Malayan Yellow 
Dwarf and Atlantic Tall varieties, respectively, consistent with values 
reported by Mahayothee et al. (2016), who found TA values of 0.09% and 
0.07%. Our pH values, which were 4.76 and 4.66 for the Malayan Yellow 
Dwarf and Atlantic Tall coconut waters, respectively, align with those 
observed in other studies, which reported pH values ranging from 4.84 to 
5.84 (Mahayothee et al. 2016, Tan et al. 2014).The studies by Mahayo-
thee et al. (2016) and Tan et al. (2014) explored the composition of coco-
nut water at different stages of maturity, with consistent findings regard-
ing pH and total phenolic content (TPC). Specifically, Mahayothee et al. 
(2016) highlighted those young coconuts, harvested at 190 days after 
planting, exhibited moderate acidity, balanced sweetness, and high TPC 
compared to mature coconuts. This aligns with the findings in this study, 
which also observed similar characteristics in young coconut water.

Furthermore, Tan et al. (2014) documented that young coconuts have 
a lower pH and higher TPC values when compared to matured coconut 
water, reinforcing the trend that the maturity stage of coconuts signifi-
cantly affects their chemical composition. These results suggest that the 
age of the coconut at harvest plays a critical role in determining the acid-
ity, sweetness, and phenolic content of coconut water, with younger coco-
nuts being particularly rich in beneficial compounds.

Regarding TSS, our study found values of 4.67 and 4.70 for the Malayan 
Yellow Dwarf and Atlantic Tall varieties, respectively, which are lower 
than the TSS values reported in Thailand and Brazil, where young coco-
nuts were found to have TSS values between 5.60 and 7.7. This suggests 
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that coconut water from Trinidad and Tobago may have a lower sugar 
content compared to coconut water from other regions. The concept of 
Total Soluble Solids (TSS) in coconut water is important because it directly 
impacts the concentration of sugars, minerals, and other bioactive com-
pounds present. TSS is typically a measure of the total dissolved solids in 
a liquid, including sugars, organic acids, proteins, amino acids, and salts. 
In the case of coconut water, TSS content can be affected by factors like the 
age of the coconut, its variety, and environmental conditions during culti-
vation. Low TSS in coconut water means that the sugar content is rela-
tively low compared to other reported. This characteristic makes the Trin-
idad coconut water an excellent option for rehydration, especially in cases 
of mild dehydration, as it delivers a significant quantity of electrolytes 
(e.g., potassium, sodium, magnesium, and calcium) without overloading the 
body with excessive sugars. Coconut water with low TSS may have a lower 
glycemic index which helps in controlling blood sugar spikes in individuals 
with Type 2 diabetes, less disruptive effect on gut microbiota. Coconut water 
with lower total soluble solids (TSS) has significant medicinal implications, 
particularly for rehydration, metabolic health, and gastrointestinal func-
tion (Prades et al. 2012, Rethinam and Krishnakumar 2022). 

Conclusion

The findings of this study clearly demonstrate that coconut water from 
Trinidad and Tobago possesses notable antioxidant, chemical, and min-
eral properties. Both the Malayan Yellow Dwarf and Atlantic Tall coconut 
water (green) exhibit antioxidant activity, with the Atlantic Tall variety 
showing the most significant antioxidant potential, suggesting it could 
serve as an effective supplement to combat oxidative stress. On the other 
hand, the Malayan Yellow Dwarf variety contains higher mineral content 
compared to the Atlantic Tall, making it a more suitable candidate for 
fluid therapy and a natural alternative to commercially available rehydra-
tion solutions. Both coconut water varieties are slightly acidic with a sweet 
taste, though the Atlantic Tall is more turbid in appearance. As indicated 
by the low Total Soluble Solids (TSS) levels, the low sugar content makes 
coconut water from Trinidad and Tobago a safer option for individuals 
concerned about blood sugar levels, while still providing essential electro-
lytes and antioxidants. Future studies could further investigate the role of 
TSS in enhancing the health benefits of coconut water, potentially leading 
to customized formulations for specific health needs.
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A b s t r a c t

Nowadays, tourism is present as a dynamically developing sector in many areas of the 
world, which is an outstanding example of the interaction between the resources offered by the 
natural environment, and people. As in many countries of the world, medical tourism based on 
natural healing factors is also of special economic and social importance in Hungary. The natural 
healing factors and the medicinal water treatment facilities based you them are available in dif-
ferent quantities and qualities in different areas of Hungary. These regional differences, as well 
as the changes in health and medicine tourism trends that happened in the last years, call atten-
tion lake the modern planning of the development of the affected settlement especially the spa 
towns, which is essential for the harmonious and sustainable relationship of the natural environ-
ment and people.

Our research aims to light the importance of territory differences in Hungarian natural re-
sources medical tourism factors, as well as to map and define the territorial inequalities of the 
most significant medical tourism factors, for which we apply the methods of regional research. 
Our results, calculated with the indicators of territory polarization and territoriality distributions, 
show that the Hungarian medicinal water supply is relatively even from a territory point of view, 
while the other natural healing factors show significant territorial inequality and concentration. 
In the case of medical facilities, we measured low territorial inequality and concentration at the 
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medicinal baths, while we observed relatively significant territorial inequality and concentration 
at the NEAK (National Health Insurance Fund) contracted medicinal water treatment facilities.

From the results we obtained, we came lake the conclusion that the territorial differences in 
natural healing factors created by natural influences lower have a significant impact you the 
built environment, which lower generates social and economic differences through medical to-
urism. These territorial differences and effects must be kept in mind during the planning and 
development of Hungarian spa resorts involved in medical tourism.

Introduction

Tourism is present as an important economic sector in many countries 
of the world, which is a prime example of the interaction between the 
resources offered by the natural environment and humans (Starczewski 
et al. 2018, Németh 2021). It also plays an important role in the develop-
ment policy dimensions in Europe and Hungary (Pénzes et al. 2014, Stan-
ciulescu and Monlar 2018, Dávid et al. 2021, Farkas 2021, Filipiak et 
al. 2023, Portella-Carbó et al. 2023). In several countries, tourism and 
the development of settlements connected to it are considered a break-
through opportunity, primarily because of its economic revitalization and 
labor market effects (Čorak et al. 2020, Keller et al. 2021, Llorca-Ro-
dríguez et al. 2021, Muhi and Durković 2021, Watson and Deller 
2022). Among these effects, the positive economic revitalizing effects are 
the most significant concerning health tourism, which is the relatively lon-
ger length of stay (in the case of Hungary, the more from medicinal water 
treatment utilization), the labor-generating special services, and the gen-
eral infrastructure development effect related to the developments (Letun-
ovska et al. 2020, Szabó 2020, Pinos Navarrete and Shaw 2021, Printz-
Markó 2021). The economic changes brought about by tourism are con-
nected to and have an impact on social phenomena. Since medical tourism 
belongs to the subsystem of tourism (Jakulin 2017, Wiweka and Arcana 
2019), the economic and social changes that occur through the tourism 
space lie primarily in the changes in the relationship between the popula-
tion of the host area and the tourists (Molnar 2019, Biswas et al. 2021), 
which is essential for the environment and people to be harmonious and to 
its sustainable relationship and interaction (Baloch et al. 2023).

Affecting both social and economic issues, nowadays the ever-increas-
ingly valued and important issue of health, population quality of life (Pál 
et al. 2021), recreation, health preservation (Otravenko et al. 2021), and 
health care is coming to the fore, which is influenced by many internal and 
external factors. These include the health care system and the possibility 
of access to care. In the case of Hungary, it is also important to highlight 
the medical tourism services of spa towns based on natural healing fac-
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tors, which primarily offer opportunities to improve the musculoskeletal 
health of the Hungarian population through medicinal water treatment 
services (Hojcska et al. 2022, Hojcska and Szabó 2021). As a result, 
medical tourism services based mainly on medicinal water (and other nat-
ural healing factors) play a decisive role in Hungarian medical tourism, 
without which the Hungarian spa towns cannot be planned and developed. 
Medical procedures based on natural resources (Pessot et al. 2021) as 
medical tourism and health industry products can be found in outstanding 
numbers and quality in Hungary (Bujdosó 2018, Szabó et al. 2023), form-
ing an integral part of both medical tourism and the health care system.

Since the recent COVID-19 pandemic had a significant negative impact 
on tourism worldwide (Radojević et al. 2020, Navarrete 2021) and also 
in Hungary (Szabó and Hojcska 2020, Kupi and Szemerédi 2021), it 
became necessary to rethink the planned tourism and spa town develop-
ment strategies, revision.

Because of these connections, we consider it important and have cho-
sen as the goal of our research the mapping of the health-geographical 
inequalities of Hungarian natural healing factors (medicinal waters and 
other natural healing factors), as well as the health-geographical inequal-
ities that are built on them (medicinal baths and medicinal water treat-
ment facilities with a NEAK contract). With our results, we would like to 
contribute to the planning of the development of medical tourism in Hun-
garian spa towns based on natural healing factors and to the improvement 
of the health of the population.

Literature review

Tourism has been present in various societies since ancient times, but 
its appearance in scientific research mainly can be dated to the middle of 
the 20th century (Ochilov 2022a, Ochilov 2022b). The social and eco-
nomic importance of tourism, including health tourism, as well as its role 
in influencing health and quality of life, has been a concern of researchers 
for a long time (Bagga et al. 2020, Wong and Hazley 2020, Xia et al. 
2024). This sector has become one of the most dynamically developing 
areas of the world economy today, which interacts with the natural, built 
environment and society (Stojanović et al. 2018, Németh 2021, Gkinton 
et al. 2022) and through its interactions has a significant impact on global 
and regional processes (Dávid et al. 2003, Radovcic and Nola 2020). 
With the appreciation of health, the demand for medical tourism products 
among the tourism sub-sectors has increased, and this segment of tourism 
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is closely related to health (Jiang et al. 2022, Dryglas and Amith 2024) 
and is also connected to the health care system. The definition of medical 
tourism is as diverse as that of tourism, according to which medical tour-
ism means the use of available medical services (i.e. medicinal water treat-
ment services) at a medical service location or medical resort, typically for 
a specified minimum period of stay, primarily for the purpose of curing 
specific diseases. In medical tourism, the main focus is on medicine based 
on natural healing factors – healing water, healing mud, healing cave, 
microclimate (Amini et al. 2021).

In our opinion, this formulation is the most complex and best fits the 
medical tourism activity in Hungary, and we consider this definition as 
the basic concept in our study. In developed societies, in order to preserve, 
improve, restore and maintain the state of health, the pursuit of a healthy 
lifestyle is becoming more and more important, in which natural remedies 
and natural healing factors are gaining more and more space (Yang 2018, 
Printz-Markó and Molnar 2020, Strack and Raffay-Danyi 2020). The 
health use of natural healing factors is widespread on almost all conti-
nents, which is primarily manifested in the health use of mineral and 
thermal waters in the Middle East, South-Eastern Europe, Asia, South 
America and North Africa (Munteanu et al. 2019, Roman et al. 2022). 
And in Central Europe, there is the most significant quantity and highest 
temperature mineral and thermal water supply, on which many baths 
were built (Derco et al. 2020, Aluculesei et al. 2021). The role of these 
natural healing factors is increasing and they are appearing in the health 
industry as health products (Bujdosó 2018, Németh 2021). However, the 
occurrence of natural resources that can be used in medicine and medical 
tourism shows regional differences, and regional differences can also be 
felt in medical tourism processes, which are influenced by many factors. 
This multifactorial system has a complex impact on social and economic 
processes, in which context it fits well into the diverse world of social geog-
raphy and health geography. There are differences in the interpretation of 
social geography both internationally and in Hungary, mainly regarding 
the placement of the field among sciences, its conceptual definition and 
research directions. In our study, Ferenc Probáld’s 2007 summary defini-
tion is considered relevant, according to which the task of social geography 
is to study the spatial relationships of social phenomena and processes 
(Probáld 2007). Accordingly, we consider it important to highlight the 
social and, within that, health geography aspect of our study through the 
examination of territorial inequalities of medicinal water treatment facil-
ities based on natural healing factors. Health geography deals with the 
population’s quality of life, changes in its health status, and research into 



Investigating the Territorial Inequalities of Hungarian Natural Healing Factors... 35

the health care system (quality of care, availability) (Brace et al. 2023). So 
far, Hungarian researchers have investigated the health status and qual-
ity of life of the Hungarian population and their territorial differences, the 
characteristics of the health care system (Uzzoli 2020a, Komáromy et al. 
2022) and its utilization. They focused on regional differences in access to 
myocardial infarction care (Tóth et al. 2018, Uzzoli and Beke 2018, 
Uzzoli et al. 2019, Uzzoli 2020b), stroke care centers (Kiss and Mattányi 
2005), and the accessibility of cataract surgery (Uzzoli et al. 2011) and the 
territorial characteristics of emergency care (Kemkers 2010). However, 
researchers have not yet investigated the territorial differences of the 
medicinal water treatment institution system based on natural healing 
factors in Hungary, so our research fills gaps in some areas.

The exploration of the territorial inequalities of the natural healing 
factors and the medicinal water treatment institution system based on 
them is not only important from the point of view of social and health geog-
raphy, but also in relation to the settlement and medical tourism develop-
ment of the affected spa towns. Regarding the development of Hungarian 
spa towns, the period before the year 2000 can be called the period of spa 
town formation and slow development, and the period after 2000 can be 
called the period of dynamic spa town development. At the beginning of 
the 2000s, the Hungarian government recognized the country’s potential 
in health and spa tourism and began developing development plans, the 
implementation of which became more and more widespread after joining 
the European Union. The Széchenyi Plans had a decisive role in the imple-
mentation of the development of the settlements for tourism purposes 
(Printz-Markó 2019). In order to promote sustainable development, the 
Széchenyi Plan was completed in 2000–2003, which was a ten-year devel-
opment program for spa and accommodation development and health 
tourism (Budai 2002). In the National Development Plan I. (NFT I.) 
between 2004–2006, tourism development was listed as an independent 
priority, and then in the National Development Plan II. between 2007-
2008 (New Hungary Development Plan 2007 – ÚMFT) appeared as part of 
tourism, not just as an economic sector. In the Medicinal Hungary Health 
Industry Program appearing in the New Széchényi Plan (2007–2013), 
medical tourism appeared as one of the main starting points of the Hun-
garian national economy (Úmft 2007). The “Széchenyi 2020” plan, pub-
lished in 2020, summarizes the development goals in ten operative pro-
grams, which were followed by the Széchenyi Terv Plusz with plans for 
2021–2027 (Széchenyi 2020), while the health-related developments were 
promoted by the Semmelweis Plan (Semmelweis Plan 2011). The frame-
work for the next stage of tourism development in Hungary was defined by 
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the Hungarian Tourism Agency in 2017 within the framework of the 
National Tourism Development Strategy 2030 (Nts 2030), the revision of 
which became necessary as a result of the COVID-19 pandemic (Mtü 
2021). In this strategy, it is already stated that during the planning of the 
developments it is worth keeping in mind the plan to reduce the perma-
nent competitive situation and growing regional inequalities that will 
come to the fore during the change of regime (Bujdosó and Radics 2010, 
Dávid et al. 2010, Bujdosó et al. 2012, Bujdosó et al. 2013, Cardoso 
2020, Uzzoli 2020c, Gyurkó et al. 2024). One of the defining pillars of the 
National Tourism Development Strategy 2030 – Tourism 2.0 is the Kisfa-
ludy Tourism Development Program (Kisfaludy Program). The main goal 
of the program is to make Hungary the tourist center of Central Europe by 
2030, encouraging the organization of experience elements in tourist areas 
in a chain, which includes the Kisfaludy Accommodation Development 
Construction (Mtü 2022).

These literatures confirm that for the modern planning of the develop-
ment of Hungarian spa towns, it is necessary to know the territorial 
inequalities of the natural healing factors that form the basis of medical 
tourism and the medicinal water treatment facilities based on them.

Materials and Methods

In order to achieve our research goal, we examined the territorial 
inequalities of Hungarian natural healing factors (medicinal waters and 
other natural healing factors), as well as the medicinal institutions based 
on them, the medicinal bath, and the service providers contracted with the 
National Health Insurance Fund (Neak) in terms of health geography 
(Nemes Nagy 2017).

Accordingly, our research sample was collected from secondary data-
bases, which were first aggregated at district and then county level. In 
order to make the data comparable at a regional level, it was necessary to 
merge at a higher regional level, because the available databases were not 
uniform. Since of the used databases majority, within the Pest County 
containt the data of the capital city separately, therefore the territorial 
units examined in our study are made up of Budapest and the 19 counties. 
When presenting the data, we strove to present it in as much detail as 
possible, so the analyzed factors were shown on the maps by county, in  
a district breakdown. In the case of natural healing factors and medicinal 
baths, we used the 2019 data of the National Public Health and Medical 
Officer Service (ÁNTSZ ) as the research sample, and the NEAK 2019 data 
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for medicinal institutions with a NEAK contract. Based on the databases, 
we aggregated these data first at district and then county level and used 
them for our calculations (Table 1) (ÁNTSZ 2019, NEAK 2019a).

Table 1
 Number of natural healing factors and medicinal institutions in Hungary in 2019

Investigated 
areas

Natural healing factors [pcs]

Medici-
nal water 

treat-
ment 

facilities 
[pcs]

NEAK contracted 
medicinal water 

treatment facilities 
by classification [pcs]

medici-
nal water

medici-
nal mud

medici-
nal cave

medici-
nal gas

medici-
nal bath

natio-
nal

regio-
nal local

Budapest 20 0 1 0 11 7 2 1
Baranya County 8 0 1 0 6 3 3 1
Bács-Kiskun 
County 18 0 0 0 6 0 5 6

Békés County 14 0 0 0 6 4 3 3
Borsod-Abaj- 
-Zemplén County 9 0 2 0 4 4 1 0

Csongrád County 16 1 0 0 7 4 1 4
Fejér County 5 0 0 0 1 1 0 0
Győr-Moson- 
-Sopron County 12 0 0 0 3 2 0 3

Hajdú-Bihar 
County 29 1 0 0 9 14 3 4

Heves County 15 0 0 2 6 4 1 1
Jász-Nagykun- 
-Szolnok County 28 1 0 0 6 2 4 10

Komárom-Eszter-
gom County 3 0 0 0 1 0 0 2

Nógrád County 2 0 0 0 0 0 0 0
Pest County 12 0 0 0 5 0 3 1
Somogy County 13 0 0 0 5 1 4 0
Szabolcs-Szamár- 
-Bereg County 19 0 0 0 7 1 3 2

Tolna County 10 0 0 0 3 0 2 1
Vas County 19 0 0 0 5 2 1 1
Veszprém County 2 0 1 0 2 2 0 0
Zala County 16 2 0 0 5 4 1 0
Total 270 5 5 2 98 55 37 40

Source: own calculation and editing based on ÁNTSZ (2019) and NEAK (2019a)
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We used 2019 data as the basis of our research in order to avoid possi-
ble data distortions caused by the COVID-19 pandemic, which will erupt 
at the end of 2019 and appear in Hungary at the beginning of 2020. The 
data were analyzed among the territorial research methods with measure-
ments of territorial polarization: extent ratio, range of dispersion, relative 
extent, dual indicator (Éltető–Frigyes index), as well as with the measure-
ments of the deviation of territorial distributions: Gini index, Hirschman–
Herfindahl index and Hoover index (Table 2).

Table 2
 Formulas of the applied territorial indicators

Measurements of territorial 
polarization

Measurements of the deviation of territorial  
distributions

Extent ratio K = Xmax / Xmin Gini index

Range
 of dispersion R = Xmax – Xmin

Hirschman–  
Herfindahl index HI = Σ

n
i=1(xi /Σxi)2

Relative extent Hoover Index

Dual indicator  
(Éltető-Frigyes 

index)
– –

Source: Gini (1912), Hoover (1936), Ceriani and Verme (2012), based on Nemes Nagy (2017)

The following abbreviations are used in the formulas. The K, is 
range-ratio, which is the quotient of the maximum and minimum values 
occurring in the examined data set. In the formula: xmax = the maximum 
value of the data set, xmin = the minimum value of the data set. The R, is 
the dispersion range measure (range). It is easy to calculate, easy to inter-
pret, but its disadvantage is that only the maximum and minimum value 
data are taken into account by this measure. In the formula: xmax = the 
maximum value of the data set, xmin = the minimum value of the data set. 
The Q, is relative range. This measure is also suitable for comparing data 
series with different averages, as well as for comparing data series with 
different units and magnitudes. In the formula: xmax = the maximum 
value of the data set, xmin = the minimum value of the data set, x = the 
average of the data set examined. The D, is dual measure (Éltető–Frigyes 
index). This measure gives the quotient of the average of the values above 
the average of the total distribution and the average of the values below 
the average of the total distribution in the counties on which our study is 
based. In the formula: x = the average of the data set examined, xm = the 
average of the values above the average, xa = the average of the values not 

𝐺𝐺 =  
Σ𝑖𝑖=1

𝑛𝑛 Σ𝑖𝑖=1
𝑛𝑛 |𝑦𝑦𝑖𝑖 −  𝑦𝑦𝑗𝑗|

2 ∙  𝑦̅𝑦  ∙ 𝑛𝑛2  

ℎ = Σ𝑖𝑖=1
n |𝑥𝑥𝑖𝑖 −  fi|

2

D = 𝑋𝑋𝑚𝑚
𝑋𝑋𝑎𝑎

 

𝑄𝑄 = 𝑋𝑋max  −  𝑋𝑋min

𝑋𝑋
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exceeding the average. The G, is Gini index. With the help of this indica-
tor, we determine the number of investigated factor per area, i.e. the dif-
ference in their territorial distribution by county. In the formula: n = the 
number of individuals in the population, y  − = the average of the data set 
examined, yi and yj = individuals of the population. The HI, is Hirschman– 
Herfindahl index. This index is used to measure sectoral concentration, 
which is used to examine differences in the spatial distribution of investi-
gated factor. In the formula: n = the number of individuals in the popula-
tion, xi = individuals of the population. The h, is Hoover index. With this 
index, we analyzed the investigated factor percentage to be reallocated 
between NUTS3 areas in order for the distribution to be the same in coun-
ties. In the formula: xi = share [%] of area unit “i” from the values of one of 
the variables, ƒi = share [%] of area unit “i” from the values of the other 
variable.

Based on the relevant literatures (Kiss and Németh 2006, Antonescu 
2020, Duque et al. 2023), it is recommended to examine territorial differ-
ences with several inequality indicators when examining inequalities 
showing differences in territorial distributions, so we used several indica-
tors (BhandarI and Hanna 2021, Gergics 2023). For the calculation of 
the Hoover index, we used the 2019 Hungarian musculosceletal disease 
numbers and medicinal water treatment utilization data as dependent 
variables (Ksh 2019, NEAK 2019b).

Results

Health geographical inequality of medicinal waters

Our research results are presented in four topic groups. We separately 
examined the inequalities in Hungary of medicinal waters, other natural 
healing factors, as well as the institutions based on them that are import-
ant from the point of view of health geography, i.e. medicinal baths and 
medicinal water treatment facilities with NEAK contracts.

Thanks to its geothermal properties, Hungary has a significant amount 
of thermal and mineral water of outstanding quality. Those mineral waters 
whose medicinal effects are verified during the medicinal water qualifica-
tion procedure can be used as medicinal water in medicinal water treat-
ment, forming the primary basis of Hungarian medical tourism in spa 
towns (Hojcska 2016). The distribution of the 270 medicinal waters in 
Hungary shows significant regional differences (Figure 1).
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During the county-level territorial examination of the medicinal water 
data, we found that the most medicinal waters in Hungary are found in 
Hajdú-Bihar County (29), and the fewest in Nógrád and Veszprém coun-
ties (two each). On average, there are 13.5 medicinal waters per county. 
Budapest and nine counties (Békés, Bács-Kiskun, Csongrád, Hajdú-Bihar, 
Heves, Jász-Nagykun-Szolnok, Szabolcs-Szatmár-Bereg, Vas and Zala) 
have an above-average number of medicinal waters (developed regional 
average), and the other ten county lags behind in terms of the number of 
medicinal waters. In order to further map the county-level territorial dif-
ferences, examining the polarization indicators, the extent ratio gave  
K = 14.5, the extent of the dispersion gave R = 27, the relative extent gave 
Q = 2, and the dual indicator gave D = 2.5 as a result. In terms of polariza-
tion, these numbers mean that the extent ratio and dispersion of medici-
nal waters show significant differences, while the relative extent and dual 
indicator show low differences at the territorial medium-level. In the case 
of the more complex regional tests, we obtained G = 0.15 for the Gini index, 
which shows that the average difference between the medicinal waters is 
0.15 at the regional average level. The territorial concentration of the 
medicinal waters was examined using the Hirschman–Herfindahl index 
and the Hoover index. Thus, as a result of the Hirschman–Herfindahl 

Fig. 1. Number of medicinal waters per county, broken down by district in Hungary in 2019
Explanations: The green circle indicates the county with the highest, and the red circles indicate 
the county with the lowest concentration of medicinal water.
Source: own calculation and editing 



Investigating the Territorial Inequalities of Hungarian Natural Healing Factors... 41

index, we obtained HI = 0.065. This value shows a relatively low concen-
tration of medicinal water and a small regional inequality. Examining the 
data further, using the Hoover index, we determined what percentage of 
the medicinal waters in Hungary would need to be regrouped between the 
county in order for their territorial distribution to be the same as the num-
ber of musculoskeletal diseases and the medicinal water treatment utili-
zation. Calculated with the number of musculosceletal diseases: h = 26.5, 
calculated with medicinal water treatment utilization: h = 18.0, which 
shows that in the case of the number of musculosceletal diseases, 26.5% of 
medicinal waters, medicinal water treatment utilization – regarding 
demand income, 18.0% of them would need to be regrouped in order to 
have the same territorial distribution in counties. Interpreting the obtained 
data together, in the case of medicinal waters, we found that they show 
relatively low territorial inequality and concentration, so Hungary’s 
medicinal water supply is relatively uniform from a territorial medi-
um-level point of view.

Health geographic inequality of other natural healing factors

Thanks to Hungary’s geological features, in addition to medicinal 
waters, there are also other natural healing factors in the country. Among 
these, medicinal muds, medicinal gases and medicinal caves are used in 
the case of various diseases in order to improve the state of health. There 
are a total of five medicinal muds, five medicinal caves and two medicinal 
gases in Hungary, which were analyzed in aggregate. Thus, these medici-
nal factors are also part of the medical tourism services, although to  
a much lesser extent than medicinal waters (Figure 2).

Regarding the number of other natural healing factors, we found that 
the 12 tested factors are located in nine counties (Baranya, Bor-
sod-Abaúj-Zemplén, Hajdú-Bihar, Heves, Jász-Nagykun-Szolnok, Cson-
grád, Pest, Veszprém, Zala). Examining the average number of a maxi-
mum of one or two healing factors per county, we obtained the result that 
an average of 0.6 other natural healing factors can be found in an exam-
ined county. Budapest and eight counties have an above-average number 
of other natural healing factors. Among them, Borsod-Abaúj-Zemplén, 
Heves and Zala counties stand out (two each). The remaining eleven coun-
ties do not have any other natural healing factors. By calculating the area 
indicators separately, we obtained K = 2 for the extent ratio, R = 1 for the 
extent of dispersion, Q = 1.66 for the relative extent, and an uninterpreta-
ble result for the dual indicator in territorial medium-level. (The result 
obtained cannot be interpreted because there is no basis for dividing by 
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zero in mathematics.) In terms of polarization, these numbers mean that 
the extent ratio of other natural healing factors shows a relatively low 
difference, the extent of dispersion shows a low difference, while the rela-
tive extent shows a medium difference in territorial medium-level. In the 
case of the more complex area studies, we obtained G = 0.31 in the case of 
the Gini index, which showed that the number of other natural healing 
factors per county the average deviation from each other is 0.31 pieces. 

From this result, we established relative territorial inequality in terri-
torial medium-level. Analyzing the territorial concentration using the 
Hirschman–Herfindahl index, we obtained the HI = 0.125 result. This 
indicates relatively significant territorial concentration and inequality in 
Hungarian counties. Examining the data further, using the Hoover index, 
we calculated the percentage of other natural healing factors that would 
need to be regrouped between the counties in order for their territorial 
distribution to be the same as the number of musculosceletal diseases and 
the number of medicinal water treatment utilization. Calculated with the 
musculosceletal disease number, we obtained the Hoover index: h = 57.0, 
and with the medicinal water treatment utilization, h = 49.0. From this, 
we concluded that it would be necessary to regroup the other natural heal-
ing factors in 57.0% of the musculosceletal diseases and 49.0% of the 

Fig. 2. Number of other natural healing factors per county, broken down by district  
in Hungary in 2019

Source: own calculation and editing
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medicinal water treatment utilization in order to have the same territorial 
distribution at territorial medium-level. Based on the results of the 
regional analyses, we found that other natural healing factors (medicinal 
muds, medicinal caves, medicinal gases) are characterized by significant 
regional inequality and concentration at territorial intermediate-level, in 
Hungary.

Health geographical inequality of medicinal baths

Among the most Hungarian institutions based on natural healing fac-
tors, we examined the territorial differences of the largest number of 
medicinal institutions, the medicinal baths (98 units) by county. The num-
ber of medicinal baths in the examined counties varied between zero  
and 11. The investigated institutions can be found in all counties in Hun-
gary except Nógrád County. The fewest medicinal baths are located in 
Fejér and Komárom-Esztergom counties (one each), and the most in Buda-
pest (11). Based on the data, we determined that the average number of 
medicinal baths in Hungary is 4.9 by county. Based on the number of 
medicinal baths, 13 medium-level areas were judged to be above average, 
and the remaining seven counties (Nógrád, Fejér, Komárom-Esztergom, 
Veszprém, Győr-Moson-Sopron, Tolna, Borsod-Abaúj-Zemplén) were judged 
to have below-average coverage (Figure 3).

Fig. 3. Number of medicinal baths per county, broken down by district in Hungary in 2019
Source: own calculation and editing
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The calculations of the polarization indicators showed the following 
results: extent ratio, K = 11; range of dispersion, R = 10; relative extent,  
Q = 2.04; dual indicator, D = 3.25. In terms of polarization, these numbers 
mean that the proportion of spas and the extent of dispersion show a sig-
nificant difference, while the relative extent and the dual indicator show a 
low difference at the territorial medium-level. Among the concentration 
indicators, the result of the Gini index was G = 0.15. In the case of medic-
inal baths, we interpreted this result as meaning that the average differ-
ence in the number of medicinal baths per county is 0.15. Based on this, we 
established significant territorial equality in the case of medicinal baths in 
the Hungarian counties. By calculating the Hirschman–Herfindahl index, 
we obtained HI = 0.064, from which result we determined a relatively low 
concentration and a small degree of territorial inequality in the investi-
gated counties. Examining regional inequalities further, we calculated the 
Hoover index. When examined with the number of musculosceletal dis-
eases, we obtained: h = 21.0, and when examined with the number of 
medicinal water treatment utilization: h = 21.5. Based on this, we deter-
mined that in relation to the number of musculosceletal diseases, 21.5% of 
the medicinal baths and 22.0% of the from medicinal water treatment uti-
lization would need to be regrouped by county in order to ensure that the 
territorial medium-level distribution is the same between the medicinal 
baths and the among the examined indicators. Based on the results 
obtained, we concluded that the country’s medicinal bath facilities show 
low regional inequality and concentration.

Health geographical inequality of medicinal water treatment 
facilities with NEAK contracts

Based on natural healing factors, the foundation of Hungarian medi-
cal tourism is provided by the medicinal institutions with their wide range 
of services, some of which can be self-financed, while others can be used 
with social insurance support. To provide subsidized services, service pro-
viders must have a NEAK contract. According to the legal regulations, 
NEAK contracted service providers are classified as nationally, regionally 
or locally important. The location of these institutions is not uniform in 
Hungary (Figure 4).
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There are a total of 132 medicinal water treatment facilities in the 
country with NEAK contracts. Of these, 55 have national, 37 regional and 
40 local significance classifications.

The number of institutions of national importance varies between zero 
and 14, with an average of 2.8 institutions in the examined counties. In 
the case of institutions of regional importance, the lowest number of insti-
tutions is also zero, and the highest is five, which results in an average  
of 1.9 institutions by county. The lowest number of institutions of local 
importance is zero, while the highest is ten, which means an average of 
two institutions per territorial medium-level. The territorial inequality  
of the medicinal water treatment facilities was further examined with  
the help of territorial indicators, the results of which are illustrated in 
Table 3.

Fig. 4. The number of medicinal water treatment facilities with NEAK contracts per county,  
broken down by district in Hungary in 2019

Source: own calculation and editing
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Table 3
 Territorial indicators of medicinal water treatment facilities with NEAK contracts

Territorial indicators
Institutions with NEAK contracts

national regional local

Extent ratio (K) 14 5 10

Range of dispersion (R) 13 4 9

Relative extent (Q) 4.64 2.105 4.5

Dual indicator (D) (Éltető–Frigyes index) 6.043 6.4 8.5

Gini index (G) 0.27 0.22 0.3

Hirschman–Herfindahl index (HI) 0.116 0.084 0.125

Hoover index (h) [%] – – –

Musculosceletal disease number 37.5 33.5 57.5

Number of medicinal water treatment utilization 22.0 33.5 58.5
Source: own calculation and editing based on NEAK (2019a)

Based on the calculated results, we found that the number of institu-
tions of national importance in eight medium-level territorial units in the 
country (Budapest and Baranya, Békés, Borsod-Abaúj-Zemplén, Cson-
grád, Hajdú-Bihar, Heves and Zala counties) is above average, while the 
remaining 12 medium-level area with below average supply. In the case of 
institutions of regional importance, Budapest and nine counties have an 
above-average number of institutions, while ten counties have a below-av-
erage number of institutions. For institutions of local importance, this 
ratio is the same as for national institutions, eight counties (Békés, 
Bács-Kiskun, Csongrád, Győr-Moson-Sopron, Hajdú-Bihar, Jász-Nagykun-
Szolnok, Komárom-Esztergom and Szabolcs-Szatmár-Bereg counties) has 
an above-average number of institutions, while Budapest and 11 counties 
are below average.

Based on our calculations, we found that the medicinal water treat-
ment facilities of national importance show relatively significant territo-
rial inequality and concentration, those of regional importance show 
medium territorial inequality and relatively low concentration, while 
institutions of local importance show relatively significant territorial 
inequality and concentration at the regional average level in Hungary, 
just like the national institutions.
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Discussion, conclusions

The natural healing factors, especially thermal and medicinal waters, 
are present as significant health tourism products in Central and Eastern 
European destinations (Ruszinkó et al. 2024), and Hungary is no exception. 
In Hungary, the significant amount and quality of natural healing factors 
form the basis of medical tourism, which is important from both an eco-
nomic and social point of view. However, these healing factors are not evenly 
distributed at the territorial medium-level, and these differences have a sig-
nificant influence on the planning of the development directions of spa towns 
participating in tourism. Therefore, our research goal was to reveal the ter-
ritorial medium-level inequalities of the relevant indicators (Table 4).

Table 4
 Territorial indicators of the analyzed factors

Territorial 
indicators 

Natural healing 
factors

Medicinal 
institu-

tions

Medicinal water treatment 
facilities with NEAK contracts

medi-
cinal 
wa-
ters

other 
natural 
healing 
factors

medicinal 
bath

national 
impor-
tance

regional 
importance

local 
importance

Total [pcs] 270 12 98 55 37 40

Minimum [pcs] 2 0 0 0 0 0

Maximum [pcs] 29 2 11 14 5 10

Average [pcs] 13.5 0.6 4.9 2.8 1.9 2.0

Extent ratio [K] 14.5 2.0 11.0 14.0 5.0 10.0

Range of dispersion [R] 27.0 1.0 10.0 13.0 4.0 9.0

Relative extent [Q] 2.0 1.7 2.0 4.6 2.1 4.5

Dual indicator [D] 
[Éltető–Frigyes index] 2.5 N/A 3.3 6.0 6.4 8.5

Gini index [G] 0.15 0.31 0.15 0.27 0.22 0.30

Hirschman–Herfindahl 
index (HI) 0.065 0.125 0.065 0.117 0.084 0.125

Hoover 
index (h) 

[%]

Musculosce-
letal disease 

number
26.5 57.0 21.0 37.5 35.0 57.5

Number 
 of medicinal 

water 
treatment 
utilization

18.0 49.0 21.5 22.0 33.5 58.5

Source: own calculation and editing based on ÁNTSZ  (2019) and NEAK (2019a) 



Ágnes Erzsébet Hojcska et al.48

In the course of our research, we examined the regional differences in 
natural healing factors (medicinal waters, medicinal muds, medicinal 
caves, medicinal gases), as well as the medicinal institutions based on 
them, the medicinal baths and the NEAK-contracted medicinal water 
treatment facilities, using the most accepted and recommended regional 
indicators based on the literature (Lengyel and Kotosz 2018). 

Our results show that the medicinal waters in Hungary show rela-
tively low territorial inequality and concentration, so the country’s medic-
inal water supply is relatively uniform from a county point of view. Regard-
ing other natural healing factors, we measured significant territorial 
inequality and concentration at territorial medium-level. The territorial 
examination of the medicinal baths by county, one of the pillars of the 
medicinal water treatment institution system based on natural healing 
factors, resulted in a low territorial inequality and concentration overall. 
In the case of medicinal water treatment facilities with NEAK contracts, 
we found that they show relatively significant territorial inequality and 
concentration at the regional average level.

From the results we obtained, we came to the conclusion that the 
regional differences in the natural healing factors created by natural influ-
ences also have a significant impact on the built environment, which also 
generates social and economic differences through medical tourism. The 
impact of territorial inequalities is reflected both in tourism performance 
from an economic perspective (Gyurkó 2022), and from a social perspec-
tive in the accessibility of healthcare (Bíró et al. 2021) and the quality of 
health status (Libicki and Fedor 2020).

From the territorial differences of the natural healing factors and the 
medicinal water treatment facilities based on them, we concluded that the 
supply of medicinal waters and medicinal baths in Hungarian counties is 
adequate. In order to equalize the territorial distribution of other natural 
healing factors and institutions with NEAK contracts, intervention is nec-
essary. It may be possible to realize these during future spa town and 
service developments, with special emphasis on the further examination 
of the capabilities and needs of extremely underserved areas and their 
purposeful, gap-filling development. We see the possibility of realizing 
this, on the one hand, in the discovery of additional natural healing fac-
tors, and, on the other hand, in service development. Regarding other nat-
ural healing factors, we recommend the exploration of muds and gases 
and, if possible, their medicinal certification. With regard to service devel-
opment, we recommend increasing the number of institutions of national 
and local importance among the service providers contracted by NEAK, as 
well as service specialization for each type of institution.
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With our obtained results, we would like to draw the attention of the 
decision-makers of the spa towns and the managers of the relevant insti-
tutions to the role and importance of territorial inequalities and their 
effects when planning the development of spa settlements involved in 
medical tourism.
Translated by Zoltán Bujdosó 	 Accepted for print 24.01.2025

References

Aluculesei A.C., nistoreanu P., avram D., nistoreanu B.G. 2021. Past and future trends in 
medical spas: A co-word analysis. Sustainability, 13(17): 9646. Doi: 10.3390/su13179646.

Amini A., Shahpoori Arani H., Fard M.M. 2021. Medical tourism industry: A systematic review 
on its principles, sequels, and ethical issues. Eurasian J. Sci. Tech., 2(2): 421–424. Doi: 
10.22034/EJST.2022.2.3.

Antonescu D. 2020. Territorial inequalities and convergence – techniques and analysis methods. 
Doi: https://mpra.ub.uni-muenchen.de/id/eprint/98505.

ÁNTSZ. 2019. Records related to natural medicinal agents. https://www.antsz.hu/felso_menu/te-
maink/termeszetes_gyogytenyezok, access: 21.12.2020. 

Bagga T., Vishnoi S.K., Jain S., Sharma R. 2020. Medical tourism: treatment, therapy & tourism. 
Int. J. Sci. Technol. Res., 9(3): 4447–4453.

Baloch Q.B., Shah S.N., Iqbal N., Sheeraz M., Asadullah M., Mahar S., Khan A.U. 2023. 
Impact of tourism development upon environmental sustainability: a suggested framework for 
sustainable ecotourism. Environmental Science and Pollution Research, 30(3): 5917–5930. 
Doi: 10.1007/s11356-022-22496-w.

Biswas C., Deb S.K., Hasan A.A.T., Khandakar M.S.A. 2021. Mediating effect of tourists’ emotio-
nal involvement on the relationship between destination attributes and tourist satisfaction. 
Journal of Hospitality and Tourism Insights, 4(4): 490–510. Doi: 10.1108/JHTI-05-2020-0075.

Bíró A., Hajdu T., Kertesi G., Prinz D. 2021. Life expectancy inequalities in Hungary over 25 
years: The role of avoidable deaths. Popul. Stud. (Camb.)., 75(3): 443–455. Doi: 
10.1080/00324728.2021.1877332.

Bhandari M.P., Hanna S. (eds.). 2021. Economic inequality – trends, traps and trade-offs (1st ed.). 
River Publishers. Doi: 10.1201/9781003338000.

Braçe O., Garrido-Cumbrera M., García-Marín R. 2023. Approaches to health tourism from the 
geography. Definition and study field. Cuadernos de Turismo, 51: 429–432.

Budai Z. 2002. Marketing in spa development. Tourism Bulletin, VI(1): 2–8.
Bujdosó Z. 2018. Comparison of tourism administration in two Central European countries. In: 

A. Dinya, A. Baranyi (eds.). XVI. International Days of Science: „Sustainability challenges 
and answers” – Publications of the Days of Science,  393–397, EKE Líceum Kiadó, Gyöngyös.

Bujdosó Z., Dávid L., Kovács T. 2013. The problem of the territorial middle level in Hungary 
(1989–2011). Transylvanian Society: Sociological Journal: The journal of the Hungarian 
branch of the Sociology Department of Babes-Bolyai University of Cluj, (2): 45–56.

Bujdosó Z., Dávid L., Remenyik B., Tóth G., Tenk A. 2012. The role of tourism in the competiti-
veness of border areas in Hungary. In: Berghauer S., Miroslav D., Fodor Gy., Gönczy S., 
Izsák T., Molnár J., Molnár D.I. (eds.). Social geography challenges in the XXI. century in 
East-Central Europe: International Geographical Conference 1–2. volume. II. Ferenc Rákóczi 
Transcarpathian Hungarian College, pp. 151–157., PoliPrint Publishing, Beregszász.

Bujdosó Z., Radics Zs. 2010. Tourism as the tool of rural development – An example of case stu-
dies in Northern Hungary: an example of case studies in Northern Hungary. In: Magyari-



Ágnes Erzsébet Hojcska et al.50

-Sáska Zs., Dombay I. (ed.). The role of tourism in territorial development, pp. 34–40, Presa 
University Clujeană, Cluj-Napoca.

Cardoso C. 2020. The contribution of tourism towards a more sustainable and inclusive society: 
Key guiding principles in times of crisis. Worldwide Hospitality and Tourism Themes, 12(6): 
679–689. Doi: 10.1108/WHATT-07-2020-0065.

Ceriani L., Verme P. 2012. The origins of the Gini index: extracts from Variabilità e Mutabilità 
(1912) by Corrado Gini. J. Econ Inequal, 10(3): 421–443. Doi: 10.1007/s10888-011-9188-x.

Čorak S., Boranić Živoder S., Marušić Z. 2020. Opportunities for tourism recovery and develop-
ment during and after COVID-19: Views of tourism scholars versus tourism practitioners. To-
urism: An International Interdisciplinary Journal, 68(4): 434–449. Doi: doi.
org/10.37741/t.68.4.5.

Dávid L., Bujdosó Z., Gyurkó Á., Tóth G. 2021. Tourism (Chapter V. 6). In: Kocziszky Gy. (ed.). 
Northern Hungary. HVG-ORAC: 422–443, Budapest.

Dávid L., Kovács T., Tóth G., Bujdosó Z., Patkós Cs. 2010. The effects and importance of to-
urism in regional development. In: Süli-Zakar I. (ed.). The foundations of regional and settle-
ment development II. Dialog Campus Publishing, Pécs, pp. 447–466.

Dávid L., Bujdosó Z., Patkós Cs. 2003. The effects and significance of tourism in regional deve-
lopment. In: Süli-Zakar I. (ed.). The foundations of territorial and settlement development II. 
Dialog Campus Publishing, Budapest–Pécs, pp. 433–453.

Derco J., Romaniuk P., Cehlar M. 2020. Economic impact of the health insurance system on 
Slovak medical spas and mineral spring spas. Sustainability, 12(8): 3384. Doi: https://doi.
org/10.3390/su12083384.

Dryglas D., Smith M.K. 2024. A critical analysis of how central European spas create health to-
urism experiencescapes. Tourism Planning & Development, 21(5): 570–593. Doi: 
10.1080/21568316.2023.2259357.

Duque J.C., García G.A., Lozano-Gracia N., Quiñones M., Montoya K.Y. 2023. Inequality and 
space in a highly unequal country: What does the literature tell us in the context of Colombia? 
Regional Science Policy & Practice, 15(9): 2065–2087. Doi: doi.org/10.1111/rsp3.12681.

Farkas T. 2021. The role of the social capital in rural development. Case study analysis of village 
research camps in Romania and Hungary. European Countryside, 13(3): 584–598.

Filipiak B.Z., Dylewski M., Kalinowski M. 2023. Economic development trends in the EU to-
urism industry. Towards the digitalization process and sustainability. Quality & Quantity, 
57(Suppl 3): 321–346. Doi: 10.1007/s11135-020-01056-9.

Gergics T. 2023. The impact of convergence of inequalities in the European Union since 2004. 
Public Finance Quarterly, 69(2): 30–50. Doi: 10.35551/PFQ_2023_2_2.

Gini C. 1912. Variabilità e Mutuabilità. Contribution allo Studio delle Distribuzioni e delle. Rela-
tional Statistics, C. Cuppini, Bologna.

Gkinton E., Telonis G., Halkiopoulos C., Boutsinas B. 2022. Quality of life and health to-
urism: A conceptual roadmap of enhancing cognition and well-being. In International Confe-
rence of the International Association of Cultural and Digital Tourism, pp. 651–666.

Gyurkó Á. 2022: Magyarország vendégforgalmának teljesítményértékelése területi és keresleti 
szempontból 2019 és 2022 között, különös tekintettel Eger városának turisztikai teljesítőképessé-
gére. Turisztikai és vidékfejlesztési tanulmányok, 7: 4–20. Doi: https://doi.org/10.15170/
TVT.2022.07.04.02.

Gyurkó Á., Bujdosó Z., Dávid L.D. 2024. Characterisation of Hungary’s regional tourism and 
economic performance between 2004 and 2022 in the light of EU funding. Geographica Panno-
nica, 28(1): 21–35. Doi: https://doi.org/10.5937/gp28-48906.

Hojcska Á.E., Szabó Z., Bujdosó Z. 2022. Multi-aspect overview of mineral-water-based thera-
pies of musculoskeletal disorders in Hungary. Ecocycles, 8(2): 23–36. Doi: 10.19040/ ecocycles.v 
8i2.235.

Hojcska Á.E., Szabó Z. 2021. Investigating natural treatment factors and inequalities of medicine 
water institutions in the aspect of tourism in Hungary. Geojournal of Tourism and Geosites, 
36(2): 555–562. Doi: 10.30892/gtg.362spl01-683.



Investigating the Territorial Inequalities of Hungarian Natural Healing Factors... 51

Hojcska Á.E. 2016. Az ásványvizektől a támogatott fürdőgyógykezelésekig. In: Z. Szabó (ed.), Für-
dővárosok környezete. Magyar Fürdővárosok Szövetsége, Túrkeve, pp. 133–152.

Hoover E.M. 1936. The measurement of industry localization. Review of Economics and Stati-
stics, 18(4): 162–171. Doi: 10.2307/1927875.

Jakulin T.J. 2017. Systems approach to tourism: A methodology for defining complex tourism 
system. Organizacija, 50(3): 208–215. Doi: 10.1515/orga-2017-0015.

Jiang L., Wu H., Song Y. 2022. Diversified demand for health tourism matters: From a perspecti-
ve of the intra-industry trade. social science & Medicine, 293: 114630. Doi: 10.1016/j.socsci-
med.2021.114630.

Kiss J.P., Mattányi Z. 2012. Optimizing stroke care centers and their districts based on the shor-
test travel time. In: J. Rechnitzer, S. Rácz  (ed.). Dialogue on regional science. Hungarian 
Regional Science Society, István Széchenyi University Doctoral School of Regional and Econo-
mic Sciences, Győr, pp. 1–11.

Kiss J.P., Németh N. 2006. Development and inequalities. The case of the counties and micro-re-
gions of Hungary. Budapest Labor Economics Booklets BWP 8 Hungarian Academy of Scien-
ces Institute of Economics, Budapest.

Keller V., Gulyás G. Molnar E.I., Printz-Markó E. 2021. The future of the Hungarian spa 
sector (thermal and medicinal baths). In: Z. Szabó, A.E. Hojcska, Z. Bujdosó  (eds.). Spa 
Town inspiration. Association of Hungarian Spa Towns, Hajdúszoboszló, pp. 61–94.

Kemkers R., Pirisi G., Trócsányi A. 2010. Territorial characteristics of ambulance care in Hun-
gary. Territorial Statistics, 50(4): 420–437.

Komáromy M., Tóth B., Csákvári T., Zoltán V., Boncz I. 2022. HSD38 Assessing the changes of 
health spa demand in Hungary between 2012 and 2019. Value in Health, 25(12): S281.

Ksh. 2019. Information database. Diseases of adults. http://statinfo.ksh.hu/Statinfo/haViewer.jsp, 
access: 10.06.2021. 

Kupi M., Szemerédi E. 2021. Impact of the COVID-19 on the destination choices of Hungarian 
tourists: A comparative analysis. Sustainability, 13(24): 13785. Doi: 10.3390/su132413785.

Lengyel I., Kotosz B. 2018: Felzárkózás és/vagy távolságtartó követés? A visegrádi országok 
térségeinek fejlődéséről. Tér és Társadalom, 32(1): 5–26. Doi: 10.17649/TET.32.1.2910.

Letunovska N., Kwilinski A., Kaminska B. 2020. Scientific research in the health tourism mar-
ket: a systematic literature. Health Economics, 1(9): 8–19. Doi: 10.21272/hem.2020.1-01.

Libicki É., Fedor A.R. 2020. A szubjektív egészségi állapot kutatási hátterének többszintű meg-
közelítése a társadalmi egyenlőtlenségek tükrében. Acta Medicinae et Sociologica, 11(31): 13–
25.

Llorca-Rodríguez C.M., Chica-Olmo J., Casas-Jurado A.C. 2021. The effects of tourism on EU 
regional cohesion: A comparative spatial cross-regressive assessment of economic growth and 
convergence by level of development. Journal of Sustainable Tourism, 29(8): 1319–1343. Doi: 
10.1080/09669582.2020.1835930.

Molnar E.I. 2019. Cultural tourism heritage – renaissance in Transilvania. 6th SWS Internatio-
nal Scientific Conference on Art and Humanities 2019 Conference Proceedings , 6(2): 235–242.

Mtü 2021. Tourism 2.0. Hungarian Tourist Agency, Budapest.
Munteanu C., Munteanu D.M., Dogaru G. 2019. Balneotherapy – medical, scientific, educatio-

nal and economic relevance reflected by more than 250 articles published in Balneo Research 
Journal. Balneo Research Journal, 10(3): 174–203. Doi: 10.12680/balneo.2019.257.

Muhi B., Đurković J. 2021. Smart city solutions as city marketing and city branding tools – Case 
study of Novi Sad. Tourism and Rural Development Studies, 6(3): 109–123.

Navarrete A.P. 2021. Spa tourism opportunities as strategic sector in aiding recovery from Co-
vid-19: The Spanish model. Tourism and Hospitality Research, 21(2): 245–250. Doi: 
10.1177/1467358420970626.

NEAK. 2019a. Scope of medical care service providers with a valid contract for social insurance 
settlement. http://www.neak.gov.hu/data/cms1024576/Gyogyaszati_ellatast_nyujto_szolgalta-
tok_20191010.pdf?query=gy%C3%B3gy%C3%A1szati%20ell%C3%A1t%C3%A1s%202019, 
access: 10.10.2019. 



Ágnes Erzsébet Hojcska et al.52

NEAK. 2019b. Spa – traffic data 2019. http://www.neak.gov.hu/felso_menu/szakmai_oldalak/ 
publikus_forgalmi_adatok/gyogyfurdo_forgalmi_adatok/forgalmi_adatok_2019gyogyf.html, 
access: 21.07.2020. 

Nemes Nagy J. 2017. Spaces, places, regions. Academic Publishing House, Budapest.
Nemes Nagy J. 2005. Regional analysis methods. ELTE Regional Geography Department – MTA 

ELTE Regional Scientific Research Group, Budapest.
Németh E. 2021. The situation of tourism – before and during the epidemic. State Audit Office.
Mtü. 2022: Kisfaludy tourism development program. Hungarian Tourism Agency, Budapest. 

https://mtu.gov.hu/cikkek/kisfaludy-turisztikai-fejlesztesi-program-91/, access: 30.12. 2022. 
Ochilov I. 2022a. Specific geographical aspects of the history and development of international 

tourism. Science and Innovation, 1(6): 228–231.
Ochilov I. 2022b. Xalqaro Turizm Tarixi va Rivojlanishining o’ziga xos Geografik Jihatlari. 

Science and innovation, 1(C6): 228–231.
Otravenko O., Pelypas D., Zhamardiy V., Shynkarova О., Shkola O. 2021. Leisure and recre-

ational activities of student youth in the context of health-preservation. Journal for Educators, 
Teachers and Trainers, 12(3): 146–154. Doi: 10.47750/jett.2021.12.03.014.

Pál V., Boros L., Trócsányi A., Uzzoli A., Nagy Gy., Kovalcsik T., Szilassi P., Gál T., Gulyás Á., 
Pirisi G., Makra Z. Ilccikné, Lados G. 2021. Settlement side of living conditions and quality 
of life: Municipal environment. In: K. Kocsis, Z. Kovács, Z. Nemerkényi, G. Gercsák,  
A. Kincses, G. Tóth  (ed.). National atlas of Hungary: Society. Geographical Institute, Rese-
arch Center for Astronomy and Earth Sciences, Budapest, pp. 170–175.

Pessot E., Spoladore D., Zangiacomi A., Sacco M. 2021. Natural resources in health tourism:  
a systematic literature review. Sustainability, 13(5): 2661. Doi: 10.3390/su13052661.

Pénzes J., Bujdosó Z., Dávid L., Radics Zs., Kozma G. 2014. Differing development path of spa-
tial income inequalities after the political transition – by the example of Hungary and its re-
gions. Economy of Regions, 33(1): 73–84.

Pinos Navarrete A., Shaw G. 2021. Spa tourism opportunities as strategic sector in aiding reco-
very from Covid-19: The Spanish model. Tourism and Hospitality Research, 21(2): 245–250. 
Doi: 10.1177/1467358420970626.

Portella-Carbó F., Pérez-Montiel J., Ozcelebi O. 2023. Tourism-led economic growth across 
the business cycle: Evidence from Europe (1995–2021). Economic Analysis and Policy, 78: 
1241–1253. Doi: 10.1016/j.eap.2023.05.011.

Printz-Markó E. 2021. Hidden reserves of thermal clusters accordingly lake the comparative 
analysis of selected thermal clusters. In: Z. Szabó, Á.E.  Hojcska, Z.  Bujdosó  (ed.). Spa town 
inspiration. Association of Hungarian Spa Towns, Hajdúszoboszló, pp. 112–129.

Printz-Markó E., Molnar E.I. 2020. Health tourism – A new system-model based on the four 
basic elements. In: Challenges and opportunities to develop organizations through creativity, 
technology and ethics: The 2019 Griffiths School of Management Annual Conference on Busi-
ness. Entrepreneurship and Ethics (GSMAC), pp. 253–267. Doi: 10.1007/978-3-030-43449-6_14.

Printz-Markó E. 2019. Changing bath towns’ – in the spirit of sustainability: opportunities for 
service development along the water-based health tourism model based you the four ancient 
elements. In: Á.E. Hojcska (ed.). Changing spa towns. Association of Hungarian Spa Towns, 
Tata, pp. 87–111.

Probáld F. 2007. Social geography and regional science. Space and Society, XXI(1): 21–33.
Radojević B., Lazić L., Cimbaljević M. 2020. Rescaling smart destinations: The growing impor-

tance of smart geospatial services during and after the COVID-19 pandemic. Geographica Pan-
nonica, 24(3): 221–228. Doi: 10.5937/gp24-28009.

Radovcic Z., Nola I.A. 2020. Medical tourism globe-trotting: features, impacts, and risks. Internatio- 
nal  Journal  of Healthcare Management, 13(1): 94–100. Doi: 10.1080/20479700.2018.1428388.

Roman M., Roman M., Wojcieszak-Zbierska M. 2022. Health tourism – subject of scientific rese-
arch: a literature review and cluster analysis. International Journal of Environmental Rese-
arch and Public Health, 20(1): 480. Doi: 10.3390/ijerph20010480.



Investigating the Territorial Inequalities of Hungarian Natural Healing Factors... 53

Ruszinkó Á., Vajai B., Donka A. 2024: Az egészségturizmus makrogazdasági összefüggéseinek 
vizsgálata. Turizmus Bulletin, 24(1): 44–53. Doi: 10.14267/TURBULL.2024v24n1.5.

Semmelweis Plan 2011. Semmelweis Plan to save healthcare. Professional concept NEFMI, Bu-
dapest.

Stanciulescu G., Molnar E.I. 2018. Regional analysis of tourism. Central and Eastern Europe-
an knowledge horizon. Economics, 10(2): 72–80.

Starczewski K., Affek-Starczewska A., Rymuza, K., Bombik A. 2018. Analysis of tourist attrac-
tiveness of communes situated you the Krzna river. Polish Journal of Natural Sciences, 33(1): 
171–182.

Stojanović V., Lazić L., Dunjić J. 2018. Nature protection and sustainable tourism interaction 
in selected Ramsar sites in Vojvodina (Northern Serbia). Geographica Pannonica, 22(3): 201–
207. Doi: 10.5937/gp22-16637.

Strack F., Raffay-Danyi A. 2020. Well-being and healing and characteristics of demand for  
spas in Hungary. International Journal of Spa and Wellness, 3(2–3): 145–164. Doi: 
10.1080/24721735.2021.1875614.

Szabó Z. 2020. Investigation correlation study of the touristic use of medical spa services in Hun-
garian spa town. Selye E-Studies, 11(2): 59–72.

Szabó Z., Hojcska Á.E. 2020. Recreational tourism spa services and the correlation of their use at 
a SPA service provider. Recreation, 10(1): 36–39. Doi: 10.21486/recreation.2020.10.1.4.

Szabó Z., Matlovičová K., Molnár E.I., Bujdosó Z., Hojcska, Á.E. 2023. Territorial Inequ-
alities of Medicinal Waters, as Natural Healing Factors, in Hungary. Acta Polytechnica Hun-
garica, 20(10): 13–31. Doi: 10.12700/APH.20.10.2023.10.2.

Széchenyi 2020. Széchenyi 2020. https://www.szechenyi2020.hu/, access: 1.11.2021.
Tóth G., Bán A., Vitrai J., Uzzoli A. 2018. The role of access to health care in health inequalities 

– Territorial differences in myocardial infarction morbidity and mortality. Territorial Stati-
stics, 58(4): 346–379. Doi: 10.15196/ TS580402.

Úmft. 2007. New Hungary development plan – Hungary’s National Strategic Reference Frame-
work 2007–2013 – Employment and growth. Budapest.

Uzzoli A. 2020a. Health. In: M. Czirfusz (ed.). Territorial challenges and territorial policies in 
Hungary, 2010–2020. Economic and Regional Science Research Center, Institute of Regional 
Research, Budapest, pp. 33–39.

Uzzoli A. 2020b: Az egészségegyenlőtlenségek területi különbségei Magyarországon – az egészségü-
gyi ellátáshoz való hozzáférés szerepének értelmezése. Közép-Európai Közlemények XIII. évf. 
4(51): 9–24.

Uzzoli A. 2020c. Health inequality and its regional distribution in Hungary with special focus on 
access to health care. In 10th Central European Winter Seminar of Regional Science, Bratislva, 
2020. március 11–13., 1–11.

Uzzoli A., Beke Sz. 2018. Inequalities in access to healthcare in Hungary. In: Fata I., Kissné R. 
Budai (ed.). Human-centered science: Study volume on the occasion of the Hungarian Science 
Festival, Tomori Pál College, Budapest, pp. 155–164.

Uzzoli A., Pál V., Beke Sz., Bán A. 2019. Health inequality, access, spatiality – some geographi-
cal characteristics of myocardial infarction care in Hungary. Geographical Bulletins, 143(2): 
107–123. Doi: 10.32643/fk.143.2.2.

Uzzoli A., Vitrai J., Bakacs M., Gémes K., Kiss N., Kövi R. 2011. The chance for better quality 
care depends on the place of residence – Territorial inequalities in access to care in Hungary, 
using the example of cataract surgery. Space and Society, 25(2): 88–105.

Watson P., Deller S. 2022. Tourism and economic resilience. Tourism Economics, 28(5): 1193–
1215. Doi: 10.1177/1354816621990943.

Wiweka K., Arcana K.T.P. 2019. Rethinking the theory of tourism: What is tourism system in 
theoretical and empirical perspective?. JBHOST, 5(2): 318–336. Doi: 10.22334/jbhost.v5i2.

Wong B.K.M., Hazley S.A.S.A. 2020. The future of health tourism in the industrial revolution 4.0 
era. Journal of Tourism Futures, 7(2): 267–272. DOI: 10.1108/JTF-01-2020-0006.



Ágnes Erzsébet Hojcska et al.54

Xia L., Lee T.J., Kim D.K. 2024. Relationships between motivation, service quality, tourist satis-
faction, quality of life, and spa and wellness tourism. International Journal of Tourism Rese-
arch, 26(1): e2624. Doi: 10.1002/jtr.2624.

Yang B., Qin Q.Z., Han L.L., Lin J., Chen Y. 2018. Spa therapy (balneotherapy) relieves mentally 
stress, sleep disorder, and general health problems in sub-healthy people. International Jour-
nal of Biometeorology, 62(2): 261–272.



Address: Samira Akdader-Oudahmane, University of Mouloud Mammeri, 15 000 Tizi-Ouzou,  
Algeria, e-mail: s_akdader@yahoo.fr.

POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc.,     Vol 40(1): 55–64,     Y. 2025

DOI: 10.31648/pjns.10246

CHANGES IN TESTES, SPERM MORPHOLOGY  
AND PERIPHERAL LEVELS OF FSH AND LH IN  

AN ADULT NEW ZEALAND MALE RABBIT EXPOSED 
TO DARKNESS

Samira Akdader-Oudahmane1, Lynda Lakabi2, Assia Kamel3, 
Zohra Hamouli-Said4

1 ORCID: 0000-0003-0959-9112
2 ORCID: 0000-0002-9747-5223
3 ORCID : 0000-0001-8461-0639

1,2 Departement of Biology, Faculty of Biological Sciences and Agricultural Sciences
 University of Mouloud Mammeri, Tizi-Ouzou, Algeria

1,3,4 L.B.P.O/Section Endocrinology, Faculty of Biological Sciences
 University of Sciences and Technology Houari Boumedienne, El-Alia, Bab Ezzouar, Algeria

K e y  w o r d s: spermatozoa, FSH, LH, darkness, testes, rabbit.

A b s t r a c t

Biological rhythms control many physiological and behavioral functions in mammals, inclu-
ding reproduction. During the development of the reproductive system, testicular growth is pri-
marily influenced by photoperiod, which is influenced by the circadian release of melatonin. The 
purpose of this study was to determine the effect of darkness on the gonadotropic axis in mature 
male rabbits. This study used ten male rabbits separated into two groups: a control group and 
a group that was placed in complete darkness for 15 days. After the sacrifice, using the IRMA 
method, blood samples were collected to assess serum LH and FSH hormone levels. Histopatho-
logy (testis) parameters were investigated and sperm smears were also obtained to investigate 
the morphological structure of the collected sperm. The results revealed morphological altera-
tions in treated rabbits as well as a significant decrease in blood FSH and LH levels when com-
pared to controls, suggesting a relationship between the gonadotropic axis and the pineal gland. 
The results of this study reveal that factors that activate the gonadotropic axis, such as dark-
ness, can cause alterations in reproductive function, and is also dependent on photoperiod dura-
tion.
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Introduction

Several environmental factors, such as photoperiod, temperature, 
food, and soil type, might have an impact on the animals’ well-being. Many 
mammalian species with photoperiodic reproductive cycles live in temper-
ate climate zones (Chemineau et al. 1992). Most mammals’ reproductive 
functions have a seasonal rhythm, which is often under photoperiodic reg-
ulation. Animal rhythmicity, particularly circadian rhythms, is based on 
the interaction of physiological systems known as the internal clock or 
biological clock. These rhythms control an extensive variety of physiologi-
cal and behavioral processes in mammals, including reproduction, so that 
calving occurs when environmental conditions are favorable, increasing 
the chance of survival for the young animals.

In comparison to hormonal treatments, light programs are less expen-
sive and easier to implement. To reduce the negative consequences 
of decreasing day duration, commercial rabbit breeders in Europe adopt  
a 16 h light and 8 h dark (16HL: 8HD) continuous lighting cycle (Alvarino 
and Ubilla 1993). The photoperiod therefore has an essential influence on 
animal reproduction. The cycle of reproduction of the domestic rabbit 
Oryctolagus cuniculus begins with the lengthening of the light period in 
spring and concludes with an increase in the number of hours of darkness 
during the day (Lebas et al. 1986). During the development of the repro-
ductive system, testicular growth is primarily determined by the photope-
riod, which has a strong connection to the circadian release of melatonin 
(Czeisler and Klerman 1999). According to Lebas et al (1990), changing 
from 8 to 16 hours of light causes an increase in testicular weight and the 
proportion of viable spermatozoa, while changing from 8 to 16 hours of 
light causes a drop in these same parameters. The testis, which is com-
posed of seminiferous tubules, is the tubular compartment responsible for 
the production of spermatozoa: spermatogenesis, which is primarily sus-
tained by testosterone, which was previously synthesized by the Leydig 
cells (Curtis and Amann 1981, Eurell and Frappier 2006). The rabbit is  
a hardy species that is regarded as an important model in scientific 
research because of its various advantages in the field of reproductivity, 
which allows particular reproductive processes to be highlighted (Ewuola 
and Equnike 2010). 

The biological clock that determines circadian rhythmicity has 
been the most studied; at present, there is no complete comprehension of 
these distinct levels in any experimental model.  A few studies have exam-
ined the influence of circadian rhythm disruption on sperm abnormalities, 
testicular capacity and reproductive hormone levels in rabbits to assess 
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the impact of darkness on the development of the reproductive system 
(Moustafa 2020). The aim of our study is to determine the effect of photo-
period on sperm morphology  and serum gonadotropin levels in mature 
domestic rabbits (Oryctolagus cuniculus) after a 15 days period of perma-
nent darkness.

Experimental materials and methods

This study was conducted in Tizi Ouzou (a rural town) in northern 
Algeria. Twenty male New Zealand White rabbits, aged eight months, 
with a mature weight of approximately 3.5 kg, used during the study. The 
animals were divided into two groups: group I (control) received 8 hours of 
light and 16 hours of darkness (8HL : 16HD), whereas group II was sub-
jected to constant darkness for 15 days.

To maintain the same environmental conditions, all experimental 
male rabbits were kept in the same rabbit house by the same breeder and 
large-scale rabbit farm management method. Every male rabbit was kept 
in a solitary cage with ad libitum access to food and water with acclima-
tion period of 8 days. Commercial pellets (raw protein: 16.1%, crude fiber: 
18%, crude ash: 12%, calcium: 1.3%; dry matter: 89.5 %; digestible protein: 
13.5%; mineral matter: 7%) were supplied to the rabbits. The “Guidelines 
for Experimental Animals” and the institution’s approved protocols were 
strictly followed during every step of the experimental process. Through-
out the course of the experiment, no rabbit deaths or illnesses were noted. 
Changes in the body weight of rabbits were assessed during the experi-
mentation.

Semens smear preparations were stained with Hematoxylin and Eosin 
(Sigma Aldrich). LH and FSH levels were measured by Immuno Radio 
Metric Assay (IRMA ; Immunotech Inc. Beckman Coulter, France).

Histological processing

Testes that were previously dissected were quickly preserved in Bou-
in’s solution. The testes were dehydrated in a graded series of ethanol and 
then embedded in praffin. After slicing each block into four-micron-thick 
sections, hematoxylin and eosin stain (HE; Sigma Aldrich, France) was 
applied. An Optika B-500 TPL “TS-View” light microscope was used to 
examine the slides.
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Smear sperme analysis

Sperm quality is usually assessed in spermatozoa collected from the 
cauda epididymidis of freshly sacrificed males rabbits and was performed 
using hematoxylin and eosin staining. Smears were prepared for morpho-
logical evaluation using slides precleaned with 70% ethanol. 5 µL aliquot 
of semen was placed on each slide, which was air-dried at 37°C in a warm 
tray. The slides were stained with Hematoxylin and Eosin.

The slides were fixed in Etathol/Methanol 95% and washed in running 
tap water then dried on absorbent paper. Next, the smears were stained 
with a hematoxylin staining solution and washed with water. The smears 
were stained with Eosin staining and then fixed with 96% ethanol. Slides 
were placed vertically to drain the excess solution and to allow them to 
air-dry.

All the slides were viewed with an X100 oil-immersion objective under 
the Optica microscope, using immersion objective lenses. The images of 
sperm were examined on the computer screen. 

Hormone assays

The blood samples were collected into a set of sterile plastic bottles 
and allowed to coagulate to produce sera for hormonal analyses. Plasma 
follicle stimulating hormone (FSH) and luteinizing hormone (LH) levels 
were measured in duplicate samples by specific IRMA methods (Immuno-
tech Inc. Beckman Coulter, France. The volume of plasma used was 75 μl 
(FSH assay) and 100 μl (LH assay). All samples were measured in the 
same assay run to avoid inter-assay variations.

Statistical analysis

Data are presented as means ± standard deviation. Statistical compar-
isons between group means were performed using an Origin LAB, 2007 
using Student’s t-test. The level of significance was < 0.05.
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Results

Compared to group I (control), group II (exposed to darkness) had  
a higher body weight change over the period of the experiment (15 days). 
In group I (control) it was evaluated at 3.70 ±0.28 kg and in group II it was 
3.75 ±0.34 kg at the beginning of the experiment. At the end of the study, 
it was estimated at 3.89 ±0.21 kg in group I (control) and 4.35 ±0.28 kg in 
group II exposed to darkness for 15 days.

The microscopic analysis of cross-sections of control rats’ testes reveals 
a normal structural appearance of seminiferous tubules surrounded by  
a peritubular sheath, with seminiferous epithelium containing germ cells 
at various stages of the spermatogenetic cycle, with cell types represented 
by spermatogonia, Sertoli cell, spermatocytes, round spermatids sur-
rounded by a basal lamina and separated by interstitial tissue. The ani-
mals in the group exposed to permanent darkness for 15 days, show  
a significant decrease in the number of spermatozoa in the lumen of the 
seminiferous tubules with a large lumen, as well as fewer stages with vac-
uoles (Arrow) appearing among the spermatogenic cells. The tissue within 
the border thickened. In many tubules, the number of primary spermato-
cytes is either significantly reduced or eliminated. Normal spermatogenic 
pattern is present in very few tubules (Figure 1 – a and b).

The staining of a seminal smear (Hematoxylin and Eosin) allows the 
qualitative evaluation of normal and abnormal sperm morphological forms 
in smear sperme. Smears can be scored for morphology using the World 
Health Organization (WHO) classification, or by Kruger’s strict criteria 
classification (WHO 1992, Kruger et al. 1995). WHO method, classifies 

Fig. 1. Representative haematoxylin-eosin (HE) microphotographs of testicular tissue sections  
in rabbit (400× magnification) of control (a) and (b) under darkness. Vacuoles (arrow) appear 

among the spermatogenic cells 
Explanations: SC – Sertoli cells; SPZ – Spermatozoa; L – Lumen; SG – Spermatogonia; SPD – Sper-
matide; SPTE – Spermatocyte; LC – Leidig cells; BV– Blood vessel; BM – Basement membranes
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abnormally shaped sperm into specific categories based on specific head, 
tail, and midpiece abnormalities. 

In contrast, Kruger’s strict criteria classify sperme as normal only if 
the sperm shape falls within strictly defined parameters of shape and all 
borderline forms are considered abnormal (>14% normal forms).

The smear sperm analysis shows several abnormalities in the head, 
midpiece and flagellum, compared to the controls where most spermatozoa 
were normal (Figure 2).

Fig. 2. Spermatozoa stained with Hematoxylin-eosin rabbit (1000× magnification)  
of the described Groupe I control (a) and Group II (b) under darkness 

Explanations: H – Head; MP – Midpiece; Fl – Flagellum

Fig. 3. Changes in the levels of gonadotropin hormone (FSH and LH) in male 
rabbit after prolonged dark exposure for 15 days. Values are expressed as means  ±SEM 

* P < 0.05 vs. the control group by Student’s t-test
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The effect of the obscurity for 15 days on the serum hormone profile of 
male rabbits is presented in Figure 3. The LH levels were found ranged 
within 0.09 to 0.120 IU/L. The obscurity had a negative impact on LH  
levels (p < 0.05) (0.10 ±0.009 IU/L Vs 0.125 ±0.003 IU/L). During the period 
of obscurity, FSH levels in the Rabbit male ranged from 0.10 to 0.25 IU/L 
(0.17 ±0.03 IU/L Vs 0.23 ±0.010 IU/L). The progressive decrease in FSH 
and LH values suggests that exposing rabbits to darkness for 15 days 
reduces serum circulating FSH and LH levels.

Discussion

One important hormone that influences circadian cycles and controls 
animal reproduction is melatonin. By stimulating receptor sites within the 
hypothalamic-pituitary-gonad (HPG) axis, darkness facilitates its synthe-
sis (Allain et al. 1994, Shi et al. 2013). Melatonin (also known as “the 
hormone of darkness”) is produced throughout the night and has an impact 
on the synchronization of the circadian cycles of physiological functions such 
as growing. The effect of melatonin treatment is similar to what happens 
when animals spend extended periods of time in the dark. It’s production by 
the pineal gland follows a circadian cycle, with low levels during the day and 
high levels at night (Brzezinski 1997). Testis and epididymis weights, as 
well as daily sperm production and ovary weights, revealed significant sea-
sonal change in the Mediterranean climate, with peak values in March and 
April (Gonçalves et al. 2002). Its plays an essential function in reproduc-
tion in addition to its role in protecting against cellular damage (Reiter et 
al. 2000) by enhancing the activity of antioxidant enzymes and removing 
free radicals, particularly in the female and male gonads using receptor 
sites within the hypothalamic-pituitary-gonad (HPG) axis (Shi et al. 2013 ; 
Lampiao and Plessis 2013). Melatonin has been shown in animal studies 
to impact testicular function and there can be evidence that the pattern of 
melatonin secretion, which is controlled by photoperiod, has a direct 
impact on reproductive function. Seasonally reproducing mammals have 
provided much of the evidence (Malpaux et al. 1999, Yu et al. 2018).

On the other hand, melatonin, has been shown to inhibit reproductive 
activity particularly, Leydig cells in mice and rats (Ng and Lo 1988, 
Persengiev et al. 1991, Rashed et al. 2010). There are contradictory 
research findings regarding melatonin’s effect on spermatozoa function. In 
seasonally breeding Syrian hamsters, day length altered copulatory behav-
ior, as males stopped ejaculating after many weeks of being exposed to 
short day lengths (Powers et al. 1989, Miernicki et al. 1990).
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The seminiferous tubule wall was thicker. These findings might indi-
cate the increase in number of spermatogenic cell lineage, which could be 
the consequence of endogenous melatonin’s outcome after exposure to per-
manent darkness for 15 days on Sertoli cells of the spermatic tubules 
affecting them directly through melatonin receptors found in almost all 
tissues and cells (Rashed-Mourad and al. 2010, Mohammed and al. 2016). 
Several dividing spermatogenic cells degenerate as a result of the vacu-
oles, which arise among the spermatogenic cells, reveal different levels of 
damage, and disrupt distribution throughout the germ cells (Rashed-
Mourad and al. 2010). Additionally, Frungieri et al. (2005) found that 
melatonin acts on the interstitial cells of the testes, increases the expres-
sion of testicular melatonin receptors, decreases the expression of import-
ant enzymes involved in the synthesis of steroids, inhibits the secretion of 
androgens, and lowers reproductive performance.

In our study, exposure to permanent darkness for 15 days appeared to 
affect most reproductive characteristics in male rabbits. Sperm morpho-
logical modifications are defined by morphological anomalies in the sper-
matozoa’s several sections, including the head, midpiece, and flagellum. 
Our results were confirmed by Luboshitzky et al. (2002) who showed that 
melatonin’s effect on spermatozoa function has been reported to be vari-
able. The administration of Melatonin to healthy males over time has been 
associated with lower sperm quality and a significant impact on sperm 
concentration, motility and testosterone levels in healthy men. An in vitro 
study, on the other hand, discovered the administration of melatonin to 
human spermatozoa, increased progressive motility and decreased the 
number of static cells (Ortiz et al. 2011). This suggests that exposure to 
excessive levels of melatonin (permanent darkness) may be the cause of 
reproductive system damage. Mild azoospermy and oligozoospermy have 
been linked to high levels of endogenous melatonin in semen. Low levels of 
melatonin in the semen, however, are linked to aberrant sperm develop-
ment (Yie and al. 1991) probably through the inhibition of aromatase at 
the testicular level (Luboshitzky et al. 2002).

Serum FSH and LH levels in exposed rabbits to permanent darkness 
were significantly lower than in controls. Melatonin treatment inhibited 
the production of FSH and LH in male rats, affecting sexual maturation 
via decreasing FSH activation of Sertoli cells (Li and Zhou 2015). Mela-
tonin has been shown in vitro to suppress the stimulation of LH release by 
luteinising hormone-releasing hormone (LHRH) in pituitary cells from rat 
foetuses (Hattori et al. 1995, Li and Zhou 2015). Changes in Ca2+ concen-
trations and cAMP accumulation may be associated with melatonin-in-
duced declines in LH production by pituitary cells (Vanecek 1998).  
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Ca2+ inflow or concentrations in pituitary cells increased the release of 
GnRH-induced LH, while melatonin administration partially inhibited 
this effect. Melatonin treatment partially inhibited this response, imply-
ing that melatonin’s suppression of LH release is mediated by melatonin. 
Melatonin’s effects may be mediated by decreases in intracellular concen-
trations of these second messengers. This might explain the decline in LH 
and FSH levels in rabbits exposed to complete darkness for 15 days.

Finally, natural light and artificial illumination have a variety of 
effects on reproductive parameters in farmed rabbits. Permanent dark-
ness for 15 days results in high melatonin levels, which affects reproduc-
tive function (sperm quality). This exploratory experiment, however, does 
not explain the reproduction characteristics that are directly influenced by 
permanent darkness.
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