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ABSTRACT

Clinoptilolite (Cp) is the most common and suitable 
natural zeolite type for many commercial and industrial 
applications. Recent studies have also shown a high po-
tential of clinoptilolite in various medical applications. 
The aim of our study was to evaluate the effect of long-
term peroral administration of clinoptilolite on appe-
tites, the consistency of faeces, and the histopathology 
of the intestines of growing pigs. Fourteen Landrace × 
Large White crossbred pigs of both genders, a few days 
after weaning (12.95 kg b. w.), were divided into two 
equal groups. The control group was fed with a basal feed 
mixture, and the experimental group with a feed mixture 
supplemented with 2 % of natural zeolite (the commer-
cial preparation “ZeoFeed”). The appetite, clinical state 
and consistency of the faeces were assessed every day. 
The blood samples were collected on days 0, 21, and 42 
of the experiment. Histological examinations of the in-
testines from the control and experimental animals were 
carried out at the end of the experiments.  The supple-
mentation of 2 % Cp did not affect neither the appetite 
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nor the clinical state of the pigs. The faecal consistency 
score in the experimental animals was 18.82 % lower 
than that of the control piglets. The histopathological 
evaluations showed protective evidence of the Cp on the 
intestinal tract wall in the duodenum and jejunum. 

Key words: appetite; faeces; growing pigs; zeolite cl-
inoptilolite

INTRODUCTION

Clinoptilolite is a microporous natural form of zeolite 
which has a three dimensional dense network of alumino-
silicates, characterized by plentiful internal spaces in the 
form of channels and cavities with an internal negative 
charge, which provides its specific absorptive and ion-ex-
changing properties. The cavities may entrap molecules of 
different solids, liquids or gaseous substances, for example: 
methane, carbon dioxide, ammonia, steam, etc. [22]. Due 
to its structure and properties, this natural inert and non-
toxic material can be used as a slow-release carrier of fer-
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tilizers, as well as other agrochemical, pharmaceutical and 
biochemical active compounds including disinfectants. 
Natural zeolite can also be used to improve the physical 
properties of soils and to treat contaminated soils [17].

The specific physicochemical properties of clinoptilolite 
are the prerequisite for its use also in animals [22]. In vet-
erinary medicine, the supplementation of Cp can be used 
to protect against ammonia toxicity by binding ammonia 
in vivo [10, 20]. Clinoptilolite also has the ability to bind 
some polar mycotoxins, especially aflatoxins [18, 19, 24]. 
Moreover, it provides some protection against zearalenone 
[16]. Cp is also capable to act as: an antioxidant, haemo-
static, anti-diarrheic, growth-promoting and immunos-
timulating agent [3, 4, 25, 30]. Zeolites improve the ability 
to resist some diseases, promote some positive effects as an 
antioxidant and may have antiviral attributes [12]. 

Despite extensive use of clinoptilolite, the mechanisms 
underlying the action of Cp in its natural or modified forms 
are still unclear [7]. For instance, further research is needed 
to elucidate the direct effects of zeolite on the morphology 
and physiology of the small intestine [29]. 

The aim of this study was to evaluate the effects of in-
feed inclusion of a natural zeolite (clinoptilolite) on the ap-
petite, consistency of faeces, and the histological structure 
of the intestines in growing pigs.

MATERIALS AND METHODS

Animals
Fourteen clinically healthy pigs (crossbreed Large 

White × Landrace) of the same age (36 days), with an aver-
age body weight of 12.95 kg were randomly divided into 
two equal groups: experimental and control.

Experimental design 
In the experiments lasting 6 weeks, the control pigs 

were fed with a commercially prepared dry mixture recom-
mended for this category of animals (OŠ-02, Poľnonákup 
Šariš a. s., Prešov, Slovakia). The experimental pigs were 
fed the same dry feed mixture supplemented with 2 % of 
a  commercially preparation “ZeoFeed” (natural zeolite—
type clinoptilolite) prepared by the company Zeocem a. s. 
(Bystré, Slovakia). Its mineralogical and chemical compo-
sition is shown in Table 1. Feed and water were available 
ad libitum. The animals were housed under standard hous-

ing indoor conditions on a solid floor at the Clinic for swine 
of the UVMP in Košice. The appetite, clinical state and con-
sistency of faeces were evaluated each day after morning 
feeding. Venous blood was sampled from the ophthalmic 
sinus on days 0 21, and 42 of the experiments.

Diagnostic testing
The concentrations of leukocytes (Lc) were measured 

using an animal blood counter (abc TM Vet.).

Assessment of the consistency of faeces
A five-point scale was implemented: 1—Solid; 2—Paste; 

3—Thin; 4—Watery; 5—Admixtures (blood, mucus). 

Histological examinations
After termination of the experiments the animals were 

euthanized. The intestinal tissue samples were flushed with 
a physiological saline, fixed in 10 % formalin, dehydrated in 
ethanol solutions with increasing concentration, and em-
bedded in paraffin. The 5µm thick sections were prepared, 
stained with haematoxylin and eosin and examined under 
a  light microscope Zeiss Axio Lab A1, and documented 
with a camera Axio Cam ERc 5. 

Statistical processing of results
The statistical processing of the results was performed 

by assessment of means (x) and standard deviations (SD) 
in both groups of pigs. The significance (P) of differences 
in the means of corresponding variables were evaluated by 
the Student’s t-tests.

RESULTS 

The appetites of the animals during the entire period of 
the experiments were excellent without any apparent chang-
es. It was determined that all of the pigs had their body tem-
perature, pulse and respiratory rate in the normal physi-
ological ranges (39.3 ± 0.3 °C; respiration 25—40; and pulse 
80—100). A comparison of the concentration of white blood 
cells (Table 2) with the reference range (11.0—18.0 G.l–1) 
[28] indicated a leucocytosis in the control group at the 1st 
and 2nd collection, while in the experimental group a leu-
cocytosis was seen only at the 2nd collection.

The most liquid faeces were observed up to five days 
after the beginning of the experiments in the control group. 
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Table 1. Mineral and chemical composition 
of ZeoFeed clinoptilolite

Parameter Content

Clinoptilolite 
of sediment origin Not less than 80 %

Clay minerals Not more than 20 %

Particle size 0.01—0.2 mm

Loss on drying ≤ 6 %

SiO2 62—73 %

Al2O3 11—14 %

Si: Al ratio 4.8—5.40

CaO 2—5.50 %

Na2O 0.2—1.5 %

Fe2O3 0.7—2.3 %

K2O 2.2—3.4 %

MgO 0.5—1.2 %

TiO2 0.1—0.3 %

Fig. 1. Faecal consistency score

On the other hand, the faecal consistency score was relative 
stabile throughout the experiment in the Cp treated group. 

The histopathological changes were detected in the 
duodenum and jejunum. The mucosa and submucosa of 
these segments of the small intestine of the both control 
and experimental animals revealed apparent inflamma-
tory infiltrations. The infiltrates occurred in the lamina 
propria mucosae, tela submucosa and in the epithelial lin-

ing. They consisted mainly of lymphocytes, but also some 
neutrophils, macrophages, and plasma cells at different 
locations were seen. The mucosa of the duodenum and 
jejunum in the control animals revealed diffuse degenera-
tive histopathological changes. The intestinal villi were re-
duced in size, mostly disintegrated and completely devoid 
of the epithelial covering. The general morphology of the 
Lieberkűhn crypts as well as other deeper layers of the in-
testinal wall were not affected. On the contrary, in the ex-
perimental group, the intestinal villi were comparatively 
larger, mostly regular in shape, and covered by the continu-
ous epithelium (Fig. 2). 

DISCUSSION

The supplementation of 2 % Cp during forty-two days 
of experiment did not influence the appetite or the clini-
cal state of the pigs. It is in accordance with the studies by 
P r v u l o v i ć  et al. [15] and  P a p a i o a n n o u  et al., 
[12] where Cp ingestion was well tolerated by pigs. Several 

Table 2. Concentration of white blood cells in G.l–1 (x ± SD)

 Sampling Day 0 1st 2nd

Experimental group 16.83 ± 3.02 16.95 ± 0.82 20.65 ± 2.13

Control group 16.28 ± 4.33 22.45 ± 4.01 23.13 ± 4.81
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toxicological studies as well as haematological, biochemi-
cal and histopathological analyses dealing with natural Cp 
proved that this compound is non-toxic and safe for use in 
human and veterinary medicine [1, 15, 21, 26]. 

The supplementation of Cp to the basal diets in our ex-
periment decreased the faecal consistency score. It was by 
18.82 % lower (more solid faeces) than in the non-treated 
control piglets. In a similar five-week study [25] of Cp sup-
plementation, there was recorded about 12.96 % decrease 
in diarrhoea severity score compared to non-treated pig-
lets. The action of natural zeolite in the digestive system is 
interpreted as prolongation of the retention time of digesta 
in the gut of pigs [11]. Similarly,  P r v u l o v i ć  et al. [15] 
described a longer retention time of the digesta in the gut of 
pigs, slower passage of ingesta through the gastrointestinal 
tract and increased microbial activity in the small intestine 

leading to better utilization of nutrients. Also, the water ad-
sorption properties of the natural zeolites resulted in drier 
and more compact faeces [13]. 

Pigs in the early phases of growth, up to around 25 kg 
live weight, tend to be less tolerant to feed ingredients of 
low digestibility and thus in this age group, the feed speci-
fication is more critical. Profound physiological changes 
occur as a  result of abrupt weaning, notably a  change of 
high pH to low pH in the stomach; a change in the profile 
of digestive enzymes, particularly with respect to dealing 
with starch. At the same time, stunting of the intestinal 
villi reduces the absorptive capacity in the ileum. These 
changes render the gut more susceptible to pathogens [6]. 
P a p a i o a n n o u  et al., [13] found that Cp zeolite can 
adsorb dietary substances linked to intestinal hypersensi-
tivity and restore digestive enzyme activity.

Fig. 2. Representative microphotographs showing histopathological changes and inflammatory infiltrations 
of duodenum and jejunum, haematoxylin—eosin. Magn. ×100

Zeolite—duodenumControl—duodenum

Control—jejunum Zeolite—jejunum
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The incidences of diarrhoea have been reported as 32 % 
[2] and 39 % [5] for the period from weaning up to 14 days 
post-weaning.  N a b u u r s  [8] reported an incidence of 
diarrhoea of 40 % during the first, 69 % during the sec-
ond and 50 % during the 3rd post-weaning week of piglets 
reared under commercial conditions. It would appear that 
the piglets in this study showed extensive diarrhoea, but 
it should be noted that the faeces score in this study was 
not equivalent to overt diarrhoea [27]. In our experiments, 
the most liquid faeces—thin to watery consistency—was 
observed up to five days after the beginning of the experi-
ment (day 7 post-weaning) in the control group. On the 
contrary, denser, pasty consistency in the experimental 
group was observed in parallel. The consistency of faeces 
did not stabilise up to day 25 of the experiment (day 27 
post-weaning).

The published data provides evidence that piglets with 
more liquid faeces have shorter intestinal villi, which may 
reflect that shorter villi result in decreased faeces consistency 
[27].  N a b u u r s  et al. [9] showed on a herd level that the 
mean villus height in diarrhoeic herds was relatively lower 
than in the specific pathogen-free (SPF) herds. The villus 
height and crypt depth may influence the pathogenesis of 
post-weaning diarrhoea, as suggested by  N a b u u r s  et al. 
[9], through the absorptive and secretive properties of small 
intestine enterocytes [14]. Our histological examination 
showed more severe changes in the duodenum and jejunum 
of the control group. These changes could be associated with 
leucocytosis recorded on days 21 and 42 of the experiment. 
On the other hand, the experimental group (leucocytosis on 
day 42 of the experiment) had comparatively larger intes-
tinal villi that were regular in shape and were covered by 
continuous epithelium. These morphological results in the 
small intestine after supplementation of Cp are in accor-
dance with the studies of  S u b r a m a n i a m  and  K i m  
[23], and also  W a w r z y n i a k  [29] where dietary zeolite 
caused morphological changes in the intestinal villi and im-
proved intestinal function in pigs and in female broilers. An 
increase in the villus height enhances the surface area for 
nutrient absorption thus it increases nutrient digestibility 
[23]. 

The most important factors for clinoptilolite perfor-
mance are the concentration, purity and type of supplement-
ed clinoptilolite as well as the growth phase of animals [15]. 

Our experiment allowed us to conclude that the dietary 
addition of 2 % of natural zeolite clinoptilolite affected pos-

itively the faecal consistency score and histological findings 
in duodenum and jejunum of growing pigs.
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