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A bstract: The aim of this study was to evaluate the effect of zeolite, added to feed, on feed conversion and
mortality rate in commercially farmed rainbow trout. The research was conducted at the Riboexport DOOEL pond in
Gostivar, at the Vrutok source. Three pools were included in the study: Group A — without zeolite, Group B — feed with
1 % zeolite, and Group C — feed with 2 % zeolite. The fish were reared under standardized conditions (length 4 m,
width 1 m, depth 45 cm, total water volume 1.8 m?, temperature 11 °C, and oxygen concentration 9-11 mg/L). Each
pool contained 200 juvenile rainbow trout with an initial weight of 46—48 g and length of 15-16 cm, monitored over a
12-week period. Measurements were taken 8 times, at 14-day intervals. Feed conversion was determined using the
Feed Conversion Ratio (FCR), and mortality was recorded numerically. The results are presented using descriptive
statistics, showing FCR values of 0.89 for Group A, 0.84 for Group B, and 0.89 for Group C. No mortality was recorded
in Groups A and B (0 %), while 3 dead fish (1.5 %) were observed in Group C. The best feed conversion was observed
in the group receiving feed with 1 % zeolite. Fish mortality was not related to zeolite application but was attributed to
mechanical injuries during manual handling.
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BJIMJAHUETO HA MUHEPAJIOT 3EOJIUT BP3 KOHBEP3UJATA HA XPAHA U MIPOLUEHTOT
HA CMPTHOCTA KAJ KOMEPLHHUJAJIHO OAIJIEAYBAHA BUHOXUTHA IMTACTPMKA

AmcTpax T Lenra Ha HCTpaXkyBameTO € J1a Ce UCITHTA BIIMjaHHETO Ha 3€0JMTOT, JI0AJICH BO XpaHaTta, Bp3
KOHBEp3WjaTa Ha XpaHa M CTalmKaTa Ha CMPTHOCT Kaj KOMEpIMjAIHO OATJIeyBaHA BHHOXKHTHA ITaCTPMKA.
HcrpaxysameTo e cripoBesieHo Bo pubHHKOT Ha Riboexport DOOEL Bo I'octuBap, Ha u3Bopot BpyTok. Bo cryanjara
Oea BKIIy4eHH TpH O0azeHn: I'pyma A — 6e3 nogarok Ha 3eomut, I'pyna b — xpana co 1 % nomartok Ha 3eonmurt, u ['pyna
I — xpana co 2 % mogatok Ha 3eoiuT. HAMBHIyHTEe Oea OATIIELyBaHH BO CTaHIApAHpaHU yCIOBH (TODKHHA 4 m,
mupuHa 1| m u raboynHa 45 cm, co BKYINeH BoJdyMeH Ha Boja ox 1,8 m®, Temnepatypa 11 °C u KoHIeHTpanuja Ha
kuciopon on 9-11 mg/L). Bo cekoj 6a3en 6ea oarnenyBanu no 200 Miaaan BUHOXKUTHH HACTPMKH CO TIOUETHA Maca O
46-48 g u nomxuHa ox 15-16 cm, u 6ea HaGipyyBanu 12 Hexenu. MepemaTa ce Bpiiea 8 matu, Ha cekoun 14 neHa.
KonBep3ujaTa Ha xpaHata Oellle onpe/enyBaHa mpeky koehUnneHT Ha koHBep3uja Ha xpaHara (FCR), a crankara Ha
CMpTHOCT Gelre oInpesellyBaHa HyMepHiKy. Pe3ynraTnTe ce mpeTcTaBeHn co IeCKPHIITHBHA CTATHCTHKA, pH mTo FCR
Bo I'pyma A m3Hecysa 0,89, Bo I'pyma b 0,84, a Bo I'pyna 1] 0,89. 3a Bpeme Ha Mepemara, Bo ['pyma A u b ne 6eme
peructpupana cmptHOCT (0 %), nomeka Bo I'pyma 1] Gea 3abenexanu 3 ympenu pubu (1,5 %). Hajno6pa xoHBep3uja
Ha xpaHaTa Oemre 3a0ene)xaHa BO rpymara 9ija xpana coapxemre 1 % 3eomut. [IpnaunaTa 3a cMpTHOCTa Kaj puouTe
HE € TI0BP3aHa CO IPUMEHATa Ha 3€0JIUT, TyKy CO MEXaHWUYKH IIOBPEAN NPEAU3BHKAHU IPH PauyHa MaHUITyJIaLHja.

Kityunu 360poBu: akBaky/nTypa; KOHBEP3Hja Ha XpaHa; BUHOXKUTHA ACTPMKA; 3€0JIUT; KBAIMUTET Ha BOJa
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INTRODUCTION

Zeolite is natural, safe and absolutely non-
toxic minerals used in industry and agriculture with
multiple purposes. It does not cause any negative ef-
fects or contraindications, which is confirmed by the
results obtained from the chemical and toxicologi-
cal analyzes carried out by numerous professional
and eminent experts. The literature indicates that the
main and fundamental role of zeolites in everyday
life is their application in aquaculture. It has been
proven that they realize this role through:

e ensuring pollution control in swimming
pools,

e removal of N-compounds from the water of
hatcheries, fish transport and aquariums.

In recent years, several studies have supported
the idea that zeolite can significantly help improve
water quality and fish growth. The study by Ali et
al (2025) shows that zeolite reduces levels of ammo-
nia, nitrates, and nitrites, while water transparency
and oxygen saturation improve. As expected,
growth and feed conversion improved with higher
doses of zeolite, though the economic yield was not
highest at the highest dose, indicating that optimiza-
tion is important. A similar finding is obtained in the
study by Grazina et all in which natural clinoptilo-
lite was used to address ammonium and nitrite under
cold water conditions and recirculating systems.
There, reductions of 22.7 % for ammonium and 16.7
% for nitrite were achieved, helping to mitigate risks
associated with the accumulation of toxic ions in a
high-biomass system. In experiments by Ghada
(2024) with European sea bass, it was also estab-
lished that zeolite mitigates the negative influence
of high stocking density. Use of zeolite led to im-
provements in water quality, feed conversion,
hematobiochemical parameters, and reduction in
accumulation of heavy metals in fish tissues. The
study by Merjem Oz (2023) shows that zeolite, es-
pecially when added at around 2—-10 % in feed or
used as filter/media or in water, can reduce ammo-
nia concentration without significantly affecting
mortality. Zeolites increase the concentration of ox-
ygen in the aquarium. Thanks to the nutritional
supplement, the values of the fish growth parame-
ters increase (Alp, 2005; Aybal, 2001; Mumpton,
1999). The main objective of this research is to de-
termine the influence of the mineral zeolite added in
the food and calculate the feed conversation ratio
and mortality rate on commercially grown rainbow
trout.

Tasks of the research are:

e To determine Feed Conversation Ratio;
* To determine the mortality rate.

MATERIAL AND METHODS

The research was conducted with an experi-
ment that was carried out in the registered
production for raising rainbow trout of Riboexport
Ltd. in Gorna Banjica, Gostivar. Three pools were
involved in the performance of the procedure, which
were named numerically, i.e. pool no. 22 (group A),
no. 23 (group B) and no. 24 (group C). The experi-
ment was conducted in standardized conditions,
each of the pools had dimensions: length 4m, width
Im and depth 45 cm, with a total water capacity of
1.8 m’, temperature of 11°C at an oxygen concen-
tration of 9 — 11 mg/1. In each of the three pools, 200
juvenile rainbow trout with an initial weight of 46 —
48 g and a length of 15 — 16 cm were monitored for
12 weeks (Figure 1).

Fig. 1. Sampling fish for the experiment

Fish were fed with a commercial diet formu-
lated for aquaculture species (Skretting S.p.A.,
Italy. According to the manufacturer's feeding in-
structions, the feed was administered at a rate of 1—
2% of the fish biomass per day. The feed had a gran-
ulation of 4 mm and contains protein 44%, Ca 1.1%,
crude fat 22%, wheat, blood products, fish oil, ani-
mal fats from poultry, mono-ammonium phosphate,
wheat gluten, hydrolyzed feather meal, poultry pro-
tein, fish meal, permeate whey powder, beet oil and
wheat flour.The zeolite is a product of the company
Zeo-Medic D.o.o from Belgrade, Republic of
Serbia, produced in 2022.
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Feed preparation and experimental design

For the experimental diet, 22.3 g of zeolite
powder were added to heated water and mixed until
auniform suspension was obtained. This suspension
was then thoroughly blended with 2.419 kg of com-
mercial feed to ensure homogenous distribution of
zeolite. The mixing process was performed manu-
ally for approximately 2—3 minutes.

The experimental procedure began with the
breeding of rainbow trout samples in group A
(control group), group B (experimental group 1) and
group C (experimental group 2). In group A
commercial food without addition of Zeolite was
used, in group B, 1% zeolite was added to the
commercial fish feed. In group C, zeolite was added
in a concentration of 2%.

The following parameters were monitored in
all groups:

 feed conversation ratio
* mortality rate.

In the diet prepared for experimental group B,
zeolite was added at a concentration of 1%. Before
being incorporated into the feed as a supplement,
22.3 g of zeolite powder were dissolved in heated
water and thoroughly mixed until a homogeneous
suspension was obtained.

This suspension was then added to 2.4 kg of
commercial feed, and mixed manually for approxi-
mately 2-3 minutes until a uniform and homogene-
ous blend was obtained. (Figure 2 and 3)

Fig. 1. Zeolite preparat

Statistical Analysis

Feed utilization efficiency and growth perfor-
mance were evaluated by calculating the Feed
Conversion Ratio (FCR) and weight gain for each
experimental group. The results are presented de-
scriptively.

RESULTS AND DISCUSSION

In order to determine whether there are statis-
tically significant differences between the obtained
values of the weight, length, and width of the fish in
the three pools during the measurements, a descrip-
tive statistic was conducted.
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Fig. 2. Mixing zeolite with fish commercial feed

Feed Conversion

The mean Feed Conversion Ratio (FCR) val-
ues for all three experimental groups, based on eight

(8) measurement occasions, are presented in Table
1.

The table summarizes feed consumption,
weight gain, and the corresponding FCR for each
group. The FCR is a measure of feed efficiency, in-
dicating the amount of feed required to produce 1
kg of body weight gain. It was calculated using the
following formula:

Feed Consumed (kg)
FCR = - -
Weight Gain (kg)
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Table 1

Feed conversion in group A, B and C

Group A  Group B Group C
Feed Consumed (kg) 20.9 229 22.68
Weight Gain (kg) 23.43 27.10 25.30
FCR (Feed 0.89 0.84 0.90

Conversion Ratio)

Mortality Rate and Feed Conversion
in Rainbow Trout

During the experimental period, Groups A and
B did not experience any fish mortality, indicating a
0% mortality rate. In contrast, Group C recorded a
minor mortality of three fish, corresponding to
1.5%. Observations during handling and measure-
ment suggest that these deaths were primarily due
to physical injuries rather than diet or water quality.
This is consistent with previous findings highlight-
ing that rainbow trout mortality can be influenced
by handling practices, stocking density, and overall
pond management (Habera, 1996; Mordhorst, 2022;
Sidoruk & Cymes, 2018).

The study focused on evaluating the effect of
zeolite supplementation on feed utilization, as
measured by the Feed Conversion Ratio (FCR).
Among the three experimental groups, the lowest
FCR (0.85) was recorded in Group B, which re-
ceived 1% zeolite in the feed. Group A, the control
group, and Group C, supplemented with 2% zeolite,
had slightly higher FCRs of 0.89 and 0.90, respec-
tively. These results indicate that moderate zeolite
inclusion can improve feed efficiency, likely by en-
hancing nutrient absorption and supporting growth
performance.

These observations align with previous re-
search demonstrating variable effects of zeolite on
feed conversion and growth. For example, Ghiasi
and Jasour (2012) reported significant improve-
ments in both feed utilization and specific growth
rates in rainbow trout fed zeolite-supplemented di-
ets. Conversely, some studies found minimal or
inconsistent effects on growth and feed efficiency,
suggesting that the impact of zeolite may depend on
its concentration, form, and method of incorpora-
tion (Danbas, 2011; Dias et al., 1998; Kanyilmaz et
al., 2010).

Comparative analysis with Burmovska (2018)
further supports the notion that moderate levels of
zeolite (around 1%) optimize feed efficiency with-
out negatively affecting fish growth or survival.

Moreover, the observed improvements in FCR are
consistent with trends in selective breeding pro-
grams, which have enhanced feed efficiency and
growth performance in rainbow trout populations
(Kause, 2022; Kajbaf, 2024; Vandeputte et al.,
2022).

CONCLUSION

The study demonstrates that supplementing
rainbow trout diets with 1% zeolite Improved feed
utilization, as evidenced by the lowest recorded
Feed Conversion Ratio among the experimental
groups. Mortality rates were unaffected by the in-
clusion of zeolite, indicating that this mineral
additive can enhance growth performance without
negatively impacting fish survival. These outcomes
support the potential use of moderate zeolite supple-
mentation in aquaculture to optimize feed efficiency
while maintaining fish health.
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