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 The objective of this study was to test the effects of dietary natural zeolite (clinoptilolite)

on performance, skin and liver histology in rats. In this study, 24 10-week-old, weaned, 

adult male Spraque-Dawley rats with approximately 306  18.93 g initial live weight 

were used. The rats were randomly divided into four groups with three replicates, 

including a control group and groups with one of three doses of clinoptilolite (2%, 4%, 

and 6%) in their diets. All the rats were fed these concentrates throughout the 

experimental period of 56 days. The animals were reared individually in stainless steel 

cages. There were no significant differences in the primary and secondary follicle 

numbers among groups, but the diameters of each follicle were found to be significant. 

The primary and secondary follicle numbers and diameters ranged from lowest to highest 

as follows: 2.00-2.33, 4.50-7.17; and 11.53-20.42, 57.63-102.12m, respectively. The 

differences occurred between the control group and group IV (containing 6% zeolite). In 

addition, the skin and liver histology results showed that there were no differences among 

the groups.  
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Rat Rasyonlarında Farklı Düzeylerde Klinoptilolit Kullanımının Performans, Deri ve 

Karaciğer Histolojisi Üzerine Etkileri 
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 Bu araştırma rat yemlerine ilave edilen doğal zeolitin (klinoptilolit) performans, deri ve 

karaciğer histolojisi üzerine etkilerini incelemek amacıyla yapılmıştır. Bu çalışmada, 

hayvan materyali olarak 24 adet on haftalık yaştaki, yaklaşık 306  18,93 g canlı 

ağırlığındaki sütten kesilmiş erkek yetişkin Spraque-Dawley rat kullanılmıştır. Ratlar 

tesadüf parselleri deneme desenine göre üçer tekerrürlü, 4 gruba (klinoptilolit içermeyen 

grup kontrol grubunu oluştururken, %2, %4, and %6 düzeylerinde klinoptilolit ilavesinin 

yapıldığı gruplar muamele gruplarını oluşturacak şekilde) rastgele dağıtılmıştır. Deneme 

56 gün sürmüştür. Deneme bireysel paslanmaz çelikten yapılmış kafeslerde 

yürütülmüştür. Primer ve sekonder folikül sayıları bakımından gruplar arasında istatistiki 

olarak önemli düzeyde farklılık tespit edilmemekle beraber, her iki folikülün çap 

değerleri ise önemli bulunmuştur.  Primer ve sekonder folikül sayıları ve çapları en 

yüksek ve en düşük değerler olarak sırasıyla 2,00-2,33; 4,50-7,17 ve 11,53-20,42; 57,63-

102,12m, olarak tespit edilmiştir. Önemli düzeydeki farklılık control grubuyla, IV. grup 

(%6 klinoptilolit içeren) arasında meydana gelmiştir. Ayrıca, derinin ve karaciğerin 

histolojik olarak incelenmesi sonucunda gruplar arasında önemli düzeyde farklılık tespit 

edilmemiştir.  
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Introduction 

Zeolites are important raw materials as alkali and 

alkaline earth cations sodium, potassium, calcium and 

magnesium containing elements such as water 

aluminocilicates. They have a 3-dimensional crystalline 

structure (Mumpton, 1999). They can selectively adsorb 

gas and steam molecules, reversibly adsorb and desorb 

water, based on ion selectivity, they can exchange their 

own cations for others (Melenova et al., 2003). Zeolites, 

as unconventional feed supplements may be 

recommended for the detoxification of the animal and 

prevention of diarrheal diseases in animals. They have 

been used in animal feed since the 1960s, mainly to 

improve performance and to protect animals against 

mycotoxin hazards and industrial, agricultural and 

environmental pollution, in medical drug industry, and as 

mycotoxin binder adsorbents (Trckova et al., 2004).  

The beneficial effects of natural zeolite may be related 

to its type, geographical source, purity, physicochemical 

properties and the supplemental level used in a diet (Pond 

et al., 1988). When they are used as a supplement in a 

diet, it binds toxins and heavy metals, and some nutrients 

in the fodder are adsorbed, providing more efficient feed 

consumption. Therefore, clinoptilolite has been proven to 

increase productivity at low cost when it is added to the 

feed of various farm animals. It has no adverse effects on 

animal welfare (Mayura et al. 1998) and health (Demirel 

et al. 2011; Eleroğlu et al. 2011). The addition of 0.5% 

clinoptilolite in the diets of pregnant rats did not affect the 

developmental parameters (embryonic resorption and 

foetal body weight) and did not cause any significant 

changes to body weight
 
(Mayura et al. 1998). In a mouse 

diet, HSCAS (hydrated sodium calcium aluminosilicate) 

did not cause any changes in the kidney and liver 

histological pictures or animal health (Abbès et al., 

2006a).  

Many researchers have shown that the dietary 

inclusion of zeolites improves the average daily gain or 

feed conversion ratio in sheep, pig and dairy cows 

(Forouzani et al., 2004; Papaioannou et al., 2004; 

Katsoulos et al., 2006). Zeolites also enhance the 

reproductive performance of sows (Papaioannou et al., 

2002), negatively affect the spermatozoon morphology of 

male rats (Taş et al., 2007), increase the milk yield of 

dairy cows (Katsoulos et al., 2006). The addition of 5% 

zeolite in rat diets did not affect the growth and 

development of generation (Sorokina et al., 1995). 

According to some literature, dietary zeolite affects the 

sheep wool quality (Çolpan and Yalçın, 1986; Cobon et 

al., 1992; Walz et al., 1998), liver and kidney histology 

(Abdel-Wahhab, 2002; Abbès et al. 2006a), and liver 

pathology (Eraslan et al., 2006; Şehu et al., 2007). This 

study was performed to understanding animal follicle 

characteristics, skin and liver histology; in addition to 

feeding performance and toxin binding effects of 

clinoptilolite. 

Materials and Methods 

This study was approved by the animal ethics 

committee at Dicle University (protocol no: 2005/36, 

date: 19.04.2005). 

Zeolitic material 

Zeolite obtained from Manisa, Turkey, was used as 

the porous template medium. Clinoptilolite was the 

predominant mineral (95%) in the natural zeolite. The 

chemical content and rates of clinoptilolite measured by 

an XRF spectrometer were as follows: SiO2, CaO, Fe2O3, 

Al2O3, K2O, MgO, Na2O, TiO2, MnO, LOI (lost on 

ignition), SiO2/Al3O2  as 65-72, 2.5-3.7, 0.8-1.9, 10-12, 

2.3-3.5, 0.9-1.2, 0.3-0.65, 0-0.1, 0-0.08, 9-12, and 5.4-

6.0%), respectively (Anonymous, 2012). All the animals 

accepted and tolerated the zeolite-supplemented diets 

without problems. 

Feeds and feeding 

Rat compound feed was purchased from the Elazığ 

Mixed Feed Mill as powder form. In the feed unit of 

department, ground mixed feeds were prepared in pellet 

form with a special apparatus. Four different rations were 

prepared by adding zeolite at a weight of 0% (control), 

2%, 4%, and 6% of feed, respectively, to be iso-caloric 

(ME: 3200 kcal /kg) and iso-nitrogenic (crude protein: 

22.50%). In order to get balanced copound feed, some 

feedstuffs (fish meal, soybean meal, molasses and 

vegetable oil) were added. The pelleted feed was kept in a 

drying cabin at 70°C for 12 h. To maintain the dry matter 

content of all the feed, the water capacity of the feed was 

decreased to normal levels. When the water percentage of 

the feed was decreased enough (dry matter content : 

>88%), the feed was removed from the machine and 

returned to its respective bags after it was cooled and 

shortened to 2 cm long. Each experimental group received 

its specific diet ad libitum throughout the experimental 

period. The feedstuffs content and chemical compositions 

of the experimental diets are presented in Table 1. 

Animals and treatments 

In the study, 24 healthy adult male Sprague-Dawley 

rats (aged 8 weeks, average 307 ± 19 g initial weight) 

were obtained from the Experimental Research Centre 

(DUSAM). The animals were housed individually under 

standard laboratory conditions (12-h light:12-h dark and 

24±3°C). Feed and water were provided ad libitum. The 

rats were randomly divided into four equal groups (n = 6) 

according to their dietary zeolite levels (0%, 2%, 4%, or 

6%). The control animals received the same feed without 

the zeolite. Live weight gain (LWG) and feed intake (FI) 

values were determined at weekly intervals, and feed 

conversion ratios (FCR) were determined by calculation. 

FCR = Total Feed Intake/ Total Live Weight Gain.  

At the end of the experiment, all animals were 

anesthetized with sodium thiopental (4mg/kg. body 

weight, i.p.; Ketalar, Pfizer) and sacrificed, and skin 

samples were taken abdominal tissue (2×2cm) of rats. 

Skin and liver samples were stabilized in 10% neutral 

formol (Sigma-Aldrich) for 18 hours. Then, samples were 

kept in absolute alcohol (Sigma-Aldrich) (100%) and 

methyl benzoate (Sigma-Aldrich) for 3 days and a 

paraffin medium at 58°C for 3 hours. The blocked tissue 

samples were sliced using a rotary microtome (Leica 

RM2125RT, Germany) at a thickness of 4-5 μm. The 

liver preparations were dyed with haematoxylin eosin and 

triple dye (Demir et al., 2001). 
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Table 1 Constituents and chemical compositions of diets used in trial. 

Feedstuffs 

Groups 

I II III IV 

Control 2% Zeolite 4% Zeolite 6% Zeolite 

Rat concentrate feed (g) 755 702 660 610 

Fish meal (g) 50 50 50 50 

Soyben meal (g) 40 63 80 100 

Molasses (g) 50 50 50 50 

Vegetable oil  (g) 105 115 120 130 

Clinoptilolite (g) - 20 40 60 

Total (g) 1000.0 1000.0 1000.0 1000.0 

Chemical Composition, % 

Dry Matter  93.55 94.15 94.40 95.10 

Crude Protein  22.41 22.58 22.65 22.45 

Ether Extact 13.36 13.76 14.49 15.54 

Ash  8.05 9.10 10.02 10.40 

Organic Matter  85.50 85.05 84.38 84.70 

Nit. Free Extract 40.23 38.56 36.04 34.66 

Crude Fiber  9.50 10.15 11.20 12.05 

Acid Detergent Fiber  16.67 19.32 20.25 18.85 

Neutral Detergent Fiber  38.08 38.76 36.65 32.71 

Energy, Kcal ME/kg * 3203 3229 3211 3225 
*Calculated 

 

In addition to these dyes, skin samples dyed to the 

Van-Gieson stained with hematoxylin were examined by 

light microscopy (Demir et al., 2001). The preparations 

were examined with a Nikon-Eclipse 400 (Japan-678382: 

code) photographic binocular apparatus. An ocular 

micrometer was used to determine the primary and 

secondary follicle numbers and diameters. Average 10 

primary and secondary hair follicle diameters were 

measured in the skin samples of each rat.  

Statistical analysis 

The study was arranged according to a randomised 

plot design with four groups and three replicates. In the 

statistical comparisons between the groups, the one-way 

analysis of variance (ANOVA) was used. The 

significance controls of the differences between the 

groups were determined by the Duncan test (Duncan, 

1955). The means for the data were calculated. All 

statistical analyses were carried out using the SPSS 

program v. 10.0 for Windows. The means and mean of 

standard errors (meanS.E.M.) are presented in tables. P 

values <0.05 were accepted as statistically significant.  

Results and Discussion  

Performance 

The total live weight gain (LWG), feed intake (FI), 

and feed conversion ratios (FCR) of the rats are presented 

in Table 2. There were no significant differences among 

the treatment groups for the LWG, FI, and FCR values 

(P>0.05). 

Live Weight Gain 

The highest total rat live weight gain was obtained in 

group I (control) at 53.00g, followed by group II (2% 

clinoptilolite) at 49.75g, group III (4% clinoptilolite) at 

47.67g, and group IV (6% clinoptilolite) at 45.92g. Our 

total LWG results are not in similar to the findings of 

Grosicki and Domanska (2000), Prvulović et al. (2007) 

and Alexopoulos et al. (2007). Increasing levels of 

clinoptilolite decreased feed nutrient contents (energy, 

protein etc.) and this forced feed intake and live weight 

gain. 

Feed Intake 

The highest individual total feed intake was obtained 

for group III at 1011.58g, followed by group II at 

998.58g, group I at 988.75g, and group IV at 971.83g. 

Our FI results are similar to the findings of Malagutti et 

al. (2002), Wiles et al. (2004), Grosicki and Rachubik 

(2005), Afriyie-Gyawu et al. (2005), Alexopoulos et al. 

(2007), Miles and Henry (2007) and Eleroğlu and Yalçın 

(2012). However, there is no similarity with the findings 

of Şehu et al. (2005) and Başalan et al. (2005). 

Feed Conversion Ratio  

The highest feed conversion ratio value was obtained 

for group III at 21.56, followed by group IV at 21.50, 

group II at 20.08, and group I at 18.70. Our FCR results 

were similar to the findings of Mayura et al. (1998),  

Malagutti et al. (2002), Wiles et al. (2004), Forouzani et 

al. (2004), Afriyie-Gyawu et al. (2005), Sherwood et al. 

(2005), Başalan et al. (2005), Eraslan et al. (2005), Bailey 

et al. (2006), Şehu et al. (2007), Miles and Henry (2007), 

However, our FCR results were not similar to Toker and 

Köknaroğlu (2004), Deligiannis (2005) and Alexopoulos 

et al. (2007). When diet clinoptilolite levels increased, in 

order to get enough nutrients animals consumed more 

feed. So, additional clinoptilolite levels increased feed 

conversion ratios. 

Hair follicles in skin  

There was a remarkable increase in the diameters of 

primary and secondary hair follicles in the rat skin. By 

group, average follicle values obtained are presented in 

Table 3. The primary and secondary follicle numbers 

were not statistically significant (P>0.05), but the 

diameters of each follicle were found to be significant 

(P<0.05). The highest primary follicle number of 2.33 
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was obtained from group II and IV, but the lowest, 2.00, 

was obtained for the control group; the highest primary 

follicle diameter (20.42 m) was measured in group IV 

and the lowest was 11.53 m, from the control group. The 

highest secondary follicle number (7.17) was obtained 

from group II, but the lowest, 4.50, was measured in the 

control group; the highest secondary follicle diameter 

(102.12 m) was from group IV and the lowest (57.63 

m) was from the control group. Our results are similar to 

those of Çolpan and Yalçın (1986) pointed out that 

zeolites improved the hair quality of lambs. In contrast, 

Murray et al. (1992) found that the inclusion of bentonite 

in the diet had no effect on wool growth. However, there 

is no literature addressing the effect of dietary 

clinoptilolite on follicle numbers and diameters in any 

animal species. 

There is limited information about the effects of 

dietary zeolite on the quality of wool, fur, angora, etc. in 

previous studies. These studies have found that zeolites 

contain Ca, P, and Si, so if the zeolite supplementation in 

animal diets is insufficient, the mineral content of fibre is 

insufficient (Utkanlar and Örkiz, 1960). The 

supplementation of urea-containing diets with 2.5%, 5.0% 

and 7.5% zeolites did not negatively affect wool quality 

parameters; breaking strength and elasticity were affected 

positively; and the staple length and leaf diameters were 

not affected in male merino-bred lambs (Çolpan and 

Yalçın, 1986). 

In the light of our knowledge, there is no literature on 

the effects of clinoptilolite on primary and secondary 

follicle numbers and diameters. Potantial reason of 

increasing follicle diameters especially in group IV, may 

be mineral content of used clinoptilolite. 

Histological changes in skin 

The histological structures of the hair follicles were 

examined with respect to epidermis, dermis, and 

epidermal formations in the skin samples in the control 

group. The most superficial layer of the epidermis, the 

stratum corneum layer, was observed to have a normal 

keratinisation appearance (Pic. 1A, B, C). The structure of 

the epidermis was regular and the stratum papillary layer 

of the dermis had a loose structure. 

 

In the group II animals (2% clinoptilolite), compared 

to the controls, in proportion to increasing doses of 

clinoptilolite, there was an increase in skin keratinizing 

(stratum corneum) and epidermal thickness (Pic. 2A, B, 

C). There was a remarkable increase in collagen yarns and 

the number of primary and secondary hair follicles. 

However, the histological appearance of the hair follicles 

was the same as that of the control group. 

Additionally, the group III and IV animals, fed diets 

containing clinoptilolite (4% and 6%), presented a 

remarkable increase in the collagen layers of the yarns 

dermis str. papillary and str. retikülare (Pic. 3B, C), and 

the number and diameter of hair follicles and fat glands of 

secondary hair follicles were increased in volume (Pic. 

3A, B, C). 

When we compared group IV with the other groups, 

the marked fibroblasts can be explained by an increase in 

collagen synthesis (Pic. 4B, C). There was a remarkable 

increase in the number and diameter of primary and 

secondary hair follicles (Pic. 4A, B, C).  

There were no marked changes in skin histology in 

this trial with the use of different clinoptilolite levels. 

However, there were marked fibroblasts in group IV, and 

this is the reason of increased collagen synthesis. Marked 

increase in primary and secondary hair follicle numbers 

and diameters were led to increase in skin quality. The 

supplemented clinoptilolite levels were low, and these 

levels did not cause different results for the skin 

histology. In addition, it is thought that there were 

mycotoxins in animal feed and that a lack of mycotoxins 

can cause such results. According to this study, 

clinoptilolite is inert and our highest dose (6%) is not 

toxic to animals. No scientific articles were found on the 

histological changes in any animal skin depending on 

clinoptilolite application. 

Histological changes in liver 

A histological examination of liver tissues of the 

control group showed that the vena sentralis had a normal 

appearance, and the sequences of hepatocytes (remark cell 

cords) were found to be regular (Pic.5A). To show the 

status of liver collagen fibres, Masson's triple staining of 

the liver and portal area and other areas of collagen 

staining revealed a normal distribution (Pic. 5B).  

Table 2 Total live weight gain, feed intake and feed conversion ratios.  

Treatments LWG (g) FI (g) FCR 

 I  (Control)  53.0012.42 988.75 21.90 18.70 1.01 

II  (2% zeolite)  49.75 9.64 998.58 20.71 20.08 1.34 

III (4% zeolite ) 47.67 13.79 1011.58 10.07 21.56 3.40 

IV (6% zeolite ) 45.92 11.11 971.83 34.89 21.50 3.17 

P 0.189 0.089 0.219 

 

Table 3 Average hair follicle numbers and diameters (micrometer=m) according to treatments. 

Groups 
Primary Follicle Secondary Follicle 

Number Diameter Number Diameter 

 I  (Control)  2.00  0.45 11.53  2.35 a 4.50  0.99 57.63  11.77  a 

II  (2% zeolite)  2.33  0.21 13.86  0.68 a 7.17  0.48 69.30  3.38   a 

III (4% zeolite ) 2.17  0.48 13.75  2.83 a 6.00  0.73 68.76  14.13 a 

IV (6% zeolite ) 2.33  0.33 20.42  1.90  b 6.17  0.31 102.12  9.52   b 

P 0.912 0.039 0.078 0.039 
a, b  Within each column, means superscript with the same letter are not significantly different, P<0.05.  
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Pic. 1 Histological appearance of the skin in control group (Group I). 

A: Stain: Hematoxilen Eozin x 25; B: Stain: Triple x 25; C: Stain: Hematoxilen Van-Gieson x 25. single arrow: keratinization, e: epidermis, r: 

dermis, double arrow: collagen, p: primary hair follicle, s: secondary hair follicle, gs: glandular sebase, h: hypodermis. 

 
 

 

 
Pic. 2 Histological appearance of the skin in Group II. 

A: Stain: Hematoxilen - Eozin x 25; B: Stain: Triple x 25; C: Stain: Hematoxilen Van-Gieson x 25. single arrow: keratinization, e: epidermis, r: 

dermis, double arrow: collagen, p: primary hair follicle, s: secondary hair follicle, gs: glandular sebase, h: hypodermis. 
 

 

 

 
Pic. 3 Histological appearance of the skin of rats in Group III. 

A:Stain: Hematoxilen Eozin x 80; B: Stain: Triple x 25; C: Stain: Hematoxilen Van-Gieson x 25. single arrow: keratinization, e: epidermis, r: 
dermis, double arrow: collagen, p: primary hair follicle, s: secondary hair follicle, gs: glandular sebase, h: hypodermis. 
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Pic. 4 Histological appearance of the skin in Group IV. 

A: Stain: Hematoxilen Eozin x 25; B: Stain: Triple x 25; C: Stain: Hematoxilen Van-Gieson x 25. Single arrow: keratinisation, e: epidermis, r: 

dermis, double arrow: collagen, p: primary hair follicle, s: secondary hair follicle, gs: glandular sebase, h: hypodermis. 

 

 
 

 
Pic. 5 Histological appearance of the liver in control group (Group I). 

A: Stain: Hematoxilen Eozin x 25; B: Stain: Triple x 80, v: Vena sentralis, s: sinusoid, arrows: hepatocytes, p: portal space, k: collagen. 

 

 
 

 
Pic. 6 Histological appearance of the liver in Group II. 

A: Stain: Hematoxilen Eozin x 80; B: Stain: Triple x 25, s: sinusoid, arrows: hepatocytes, p: portal space, k: collagen. 
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The nontoxic effect of the clinoptilolite dose and type 

on skin and liver tissues was similar to those of previous 

studies: in pig diets, 2% additional clinoptilolite did not 

affect the vitamin and mineral content in the liver and 

kidneys (Papaioannou et al., 2002); in mouse diets, 5 g/kg 

HSCAS (Abbès, 2006a) and montmorillonite did not 

affect the liver and kidney histology (Abdel-Wahhab, 

2002), 400, 600, and 800 mg/kg HSCAS on spleen 

histology (Abbès, 2006b); in pregnant rat diets, 0.5% 

HSCAS on liver and kidney histology (Mayura et al., 

1998); in quail diets 0.5% HSCAS (Şehu et al., 2007) and 

0.25-0.50% Na bentonite (Eraslan et al., 2006) on liver 

pathology. These findings were parallel with the results of 

our study, as clinoptilolite did not affect the liver and skin 

histology. There were no remarkable histological changes 

in the liver tissue of rats supplemented with different 

clinoptilolite levels in their diets (Pic. 6A, B; 7A, B; 8A, B). 

The reason of this may be low dietary mycotoxin 

levels can not demage skin and liver tissue structure. In 

all groups, the hepatocytes, vena sentralis, and sinusoidal 

structures had a normal appearance, depending on the 

zeolite application in routine hematoxylin-eosin staining. 

In addition, zeolite application did not lead to increased 

liver tissue collagen according to Masson triple staining. 

Intracytoplasmic fat accumulation and different 

degeneration of liver cells were not observed.  

Conclusion 

The results of this study indicate that the dietary use of 

clinoptilolite at the inclusion rates of 2%, 4%, and 6% did 

not cause any adverse effects on the health status and 

histological appearance of the skin and liver tissues of 

rats. Mycotoxin-contaminated feed ingredients can 

change skin and liver tissues. In addition, the dietary use 

of clinoptilolite increased the diameters of primary and 

secondary follicles in the skin. Stability in skin and liver 

tissue may be lower levels of used clinoptilolite in rat 

diets. In addition, increasing hair diameter decreases wool 

quality because of the increasing hair medulla. Thus, it 

can be said that higher levels of clinoptilolite (6%) can 

cause lower-quality animal fibres. Increasing primary and 

secondary hair follicle diameters may lead to decreased 

wool, angora, and fur quality. There is a negative 

relationship between hair diameter and quality. At the 

same time, a strong follicle structure may lead to strong, 

healthy hair in animal and people. Animal fibre (wool, 

angora, fur, etc.) quality is very important in the textile 

industry. When fibre thickness decreases, the product 

quality increases. There is not enough literature about the 

effect of clinoptilolite on animal fibre quality. In further 

studies, effect of clinoptilolite on textile quality fibre 

containing animals (especially with sheep, angora, fur 

animals etc.) should be investigated more detailed. 

There was a positive effect of 6% clinoptilolite on the 

liver and skin histology. There is a need to investigate the 

trace minerals in clinoptilolite structures and their 

synergetic or antagonistic relationships so that detailed 

results can be obtained regarding mineral metabolism. 

Higher clinoptilolite doses and mycotoxin levels can be 

examined in animal diets in future research studies. 

 

 
Pic. 7 Histological appearance of the liver in Group III. 

A: Stain: Hematoxilen Eozin x 25; B: Stain: Triple x 80. v: Vena sentralis s: sinusoid, arrows: hepatocytes, p: portal space, k: collagen. 
 

 
Pic. 8 Histological appearance of the liver in Group IV. 

A: Stain: Hematoxilen Eozin x 25; B: Stain: Triple x 80. v: Vena sentralis s: sinusoid, arrows: hepatocytes, p: portal space, k: collagen. 
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