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Abstract

A feeding study was conducted to investigate the effect of dietary supplementation of zeolite (silicate clay)
on growth performance, digestive enzymes, immunity and gut bacteria count of Nile tilapia, Oreochromis
niloticus (L.) fingerlings. Three isonitrogenous (300 g/kg crude protein) and isocaloric (19.45 MJ/kg gross
energy) diets were formulated. Each diet was supplemented with zeolite at levels; 0 (control), 5 and 10 g/kg diet.
After 84 days of feeding trial, the highest weight gain, specific growth rate, protein efficiency ratio and the best
feed conversion ratio were recorded in fish fed either 5 or 10 g/kg diet zeolite. The addition of zeolite improved
significantly hematocrit, hemoglobin, red blood cells count, and white blood cells compared with control diet. In
addition, the lowest activities of serum alanine and aspartate aminotransferase and alkaline phosphatase were
observed in fish fed diets supplemented with 10 g/kg diet zeolite. No significant differences were found in
chemical composition of fish fed treatment diets. Results of this study indicated that the addition of zeolite as
feed additive enhanced the growth, feed utilization and hematology and blood biochemistry of Nile tilapia.
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In last decades, aquaculture industry has
developed rapidly in many countries. The
aquaculture production improves by 15% annually,
and is predicted to sustainability to grow fast in
future (Hassaan et al., 2018). The sustainability of
aquaculture development is dependent on the
availability of quality and cheap feed stuffs. Any
decrease in costs of feed would have a direct positive
effect on profitability of aquaculture (Francis et al.
2005; Henry & Alexis 2009). The feed additives
improve the immunity, productivity and economic
efficiency of fish via its improvement growth
performance and feed utilization of the fish (Hu et
al., 2008; Yildirim et al., 2009).

Silicates (clay minerals) are arranged in three-
dimensional structures to create interconnecting
channels to bind the specific molecules (Slamova et
al., 2011). Hence, these clay minerals are regarded as
effective materials to prevent or decrease the
negative effects of toxic compounds. Zeolites, a kind
of natural clay, are crystalline, hydrated
aluminosilicates of alkali and alkaline earth cations,
and have infinite three-dimensional structures
(Mumpton, 1999). It is used as an additive in fish
feeds and livestock or filler due to their detoxifying
and nutrient absorption and growth enhancing
features (Eya et al., 2008; Mumpton, 1999).As an
unconventional feed additive, several studies have
confirmed the decontamination properties of clays
minerals against mycotoxins (Phillips et al., 2009;
Zychowski et al., 2013).The adsorption capacity of
any clay is relied on their fine structure, surface
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properties and exchangeable ions (Vondruskova et
al., 2010). Previous studies indicated that the
addition of clay minerals as clinoptilolite, bentonite
and modernite could be improved the growth
performance, feed utilization and blood profile of
fish (Hu et al., 2008; Yildirim et al., 2009; Ayoola,
2016). On the other hand, Kanyilmaz & Tekelioglu
(2009); Yigit & Demir (2011) reported that the
zeolite supplementation has no effect on growth
performance of fish. No reports were found on the
effects of natural minerals "zeolite" on growth
performance, hematology and chemical composition
of Nile tilapia. Therefore, the present study was
designed to evaluate the effects of zeolite as
unconventionally feed additives on growth,
hematology and chemical composition of Nile
tilapia, Oreochromis niloticus fingerlings.

Materials and Methods

Experimental design and culture technique

Nile tilapia, Oreochromis niloticus fingerlings
were collected from private farm (Kafer Elsheakh
Governorate, Egypt). Fish were acclimated to the
experimental conditions as well as to adapt the
artificial diet and conditions of the trail for ten days
at the laboratory of fish Nutrition, National institute
of Oceanography and fishers (NIOF) Egypt. During
this period, tilapia was fed a control diet (30 % crude
protein) at a rate of 3% of biomass, which offered of
equal rations at 09:00 am and 3:00 pm (6 days/
week) for 2 weeks. After the acclimatization period
fish were distributed randomly into the experimental
concrete pond (0.5 m? for each) representing the six
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treatments with three replicates. A 360 fish of tilapia
mono-sex male fingerlings with average initial
weight of (7.6 +£0. 06 g) were used in this study. The
daily diet was offered three times a day at (09:00,
12:00 and 15:00 h) equally. To adjusted the amount
of feed fish were taken from each pond, weighed
according to the changes in body weight through the
experimental period. Daily, about one-third of water
volume in each pond was daily replaced by new
aerated freshwater after cleaning and removing of the
accumulated excreta.

Water quality

To maintain the optimal range of water criteria of
tilapia water temperature, dissolved oxygen, pH, and
total ammonia were monitored during the study.
Water temperature was monitored daily at 13.00 h
using a mercuric thermometer suspended at 30 cm
depth. Dissolved oxygen (DO) was recorded at 09.00
h by using YSI model 56 oxygen meter (YSI
Company, Yellow Springs Instrument, Yellow
Springs, Ohio, USA) and pH at 09.00 h measured by
using pH meter (Orion pH meter, Abilene, Texas,
USA). Total ammonia was estimated two times a
week following the methods of APHA (1985). The
water temperature was 26.17+0.8°C: dissolved
oxygen, 5.6+0.8 mg L total ammonia, 0.18+0.12

mg L and pH 8.52+0.3 and there was no mortality
during the entire experimental period. All water
criteria  of this experiment were apparently
satisfactory and fell under the optimal standards
defined for nutritional evaluations in Nile tilapia
(Boyd, 1990).

Formulation of experimental diets

Three isonitrogenous (300 g kg? crude protein)
and isolipidic 19.45 MJ kg gross energy) diets were
formulated (Table 1) in this feeding trial. The control
diet contained no added zeolite. Other two diets were
supplemented with 5 and 10 g kg™ zeolite per diet,
respectively. Natural clay minerals (Zeolite) was
supplied from Research Institute of land, Agricultural
Research Center Cairo, Egypt. The ingredients were
ground into fine powder through 200 pm mesh. All
the ingredients were thoroughly mixed with soybean
oil, and then the mixture was passed through a
laboratory pellet mill (2-mm die; California Pellet
Mill, San Francisco, CA, USA) at the National
Institute of Oceanography and Fisheries, Cairo
Governorate, Egypt, the temperature of pellets in this
stage did not exceed 40 °C. Diets were dried in
opened air (35 °C), then packed in cellophane bags
and stored at —20 °C until diets used.

Table 1. Composition and proximate analysis of the basal diet (g/ kg dry matter)

Ingredients Control 5 g/ kg zeolite 10 g/ kg zeolite
Fish meal 150 150 150
Soybean meal 380 380 380
Yellow corn 240 240 240
Wheat bran 150 145 140
Soybean oil 40 40 40
Vitamins and minerals? 20 20 20
Zeolite 0 5 10
Proximate analysis (g kg dry matter basis)

Dry matter 90.02 91.10 91.56
Crude protein 30..61 29.80 29.23
Lipids 7.09 6.89 5.71
Ash 7.45 7.13 7.15
Total carbohydrate? 55.48 56.27 57.95
Gross energy (MJ kg?)® 19.80 19.70 19.09

Vitamins and minerals mix: MnSO4, 40 mg; MgO, 10 mg; K2S04, 40 mg; ZnCO3, 60 mg; K, 0.4 mg; CuSO4, 12 mg; Ferric
citrate, 250 mg; Na2Se03, 0.24 mg; Co, 0.2 mg; retinol, 40000 IU; cholecalciferol, 4000 IU; o-tocopherolacetate, 400 mg;
menadione, 12 mg; thiamine, 30 mg; riboflavin, 40 mg; pyridoxine, 30 mg; cyanocobalamin, 80 mcg; nicotinic acid, 300 mg;
folic acid, 10 mg; biotin, 3 mg; pantothenic acid, 100 mg; inositol, 500 mg; ascorbic acid, 500 mg.

2Total carbohydrate =100 - (crude protein + lipid + ash).

3Calculated using gross calorific values of 23.63, 39.52 and 17.15 KJ g* for protein, fat and carbohydrate, respectively according to

Brett (1973)
Growth performance and feed utilization
parameters

Records of live body weight (g) was measured in
all experimental fish for each pond and registered
every 14 days (two weeks) during the experimental
period. Growth performance and  feed
utilizationparameters were measured by using the
following equations:

Weight gain (WG) = final weight (g) — initial weight
(9)

Specific growth rate (SGR): it is one of the most
important methods of growth expression, which are
related to time and estimated using the following
equation.
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SGR = x100; Where: Ln = the natural log;
W, = first fish weight; W, = the following fish
weight in grams; t = period in days.

Feed conversion ratio (FCR): FCR = Feed ingested
(9)/Weight gain (g)

Protein efficiency ratio (PER): PER= Weight gain
(9)/Protein ingested ()

Sample collection

At the termination of the experiment, four fish were
randomly selected from each pond and anaesthetized
with t-amyl alcohol, sacrificed, and homogenized in a
blender for final whole-body proximate composition.
The fish were pooled for each pond separately, oven-
dried, ground, and stored at —20 °C for subsequent
analysis of proximate analysis.

Blood sampling and
biochemical indices

At the end of the experiment, blood was
collected from the caudal vein of five fish in all
treatments, then divided into two portions. The
first one was collected with the anticoagulant
10% Ethylene diaminetetra acetate (EDTA) to
estimate hematology parameters (hematocrit
(Htc), haemoglobin (Hb), red blood cells (RBCs)
and white blood cells (WBCs). Htc was determined
according methods of Reitman and Frankel (1957), Hb
was determined using haemoglobin kits which is a
standardized procedure of the cyanomethemoglobin
method. Total count of WBCs was estimated by the
indirect method of Martins et al. (2004). The second
portion of the blood was allowed to clot at 4°C and
centrifuged at 3,000 rpm for 10 min. The non-
hemolyzed serum was collected to estimate the liver
function activities. Serum aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were
measured according to the method described by
Reitman and Frankel (1957).

hematological and

Chemical analysis of fish and experimental diets

The proximate chemical composition of fish and
diet samples were determined according to
procedures of AOAC (1995). Dry matter (DM) was
measured after drying the samples in an oven
(105°C) for 24 h. Ash estimated by incineration at
550 °C for 12 h. Crude protein was determined by
micro-Kjeldhal method, N% x 6.25 (using
Kjeltechauto analyzer, Model 1030, Tecator,
Hogands, Sweden) and crude fat by Soxhlet
extraction with diethyl ether (40 - 60°C).

Statistical analysis

All collected data of this trial were analyzed by
using the software SAS, version 6.03 (Statistical
Analysis System 1993). One-way analysis of variance
(One-way ANOVA) was used to determine whether
significant variation existed between the treatments.
When overall differences were found, differences
between means were tested by Duncan’s multiple
range tests.

Results

Growth parameters

No mortalities were found throughout the
experiment.  The  growth  performance  of
Oreochromis niloticus fed the experimental diets is
presented in Table 2. There were no significant
differences in initial weights among the treatment
groups; however, after 84 days the group fed the diet
containing 10 g kg zeolite had the highest final
body weights, weight gain and specific growth rates
(SGR). Feed intake in the present study increased
significantly with increased levels of zeolite.
Addition of zeolite to the feed also produced a better
feed conversion ratio (FCR) and protein efficiency
ratio (PER) with values significantly (P < 0.05)
higher than those in the diet un supplemented with
zeolite (control), more specifically in the groups
treated with 10 g kg™ zeolite.

Table 2 Growth indices and nutrient utilization of O. niloticus after 84 days of feeding natural clay zeolite

supplemented diets

Items Control 5 g/ kg zeolite 10 g/ kg zeolite SE
Initial body weight (g) 7.70 8.10 8.14 0.064
Final body weight (g) 37.60° 46.61° 50.512 1.24
Weight gain (g) 29.96° 38.56° 42.413 1.21
Specific growth rate (%) 1.88° 2.08P 2.178 0.04
Feed intake (g) fish 37.14° 43.072 45.672 2.49
Feed conversion ratio 1.242 1.12° 1.07¢ 0.12
Protein efficiency ratio 2.71° 2.98P 3.09? 0.23

Results were presented as means + SE of triplicate observations. Means in the same row with different superscript letters
were significantly different at p < 0.05.

Hematological parameters

Table 3 shows the effect of zeolite addation on
Nile tilapia hematological indices Htc, Hb, RBC and
WBC counts. Htc, Hb, RBC and WBC counts were

significantly (P < 0.05) higher in the fish fed diet
supplemented with zeolite (5 and 10 g kg diet)
compared with control.
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Table 3. Hematological parameters of O. niloticus after 84 days of feeding natural clay zeolite supplemented

diets
Items Control 5 g/ kg zeolite 10 g/ kg zeolite SE
Hematocrit (%) 23.85¢ 29.10? 27.80° 0.112
Hemoglobin (g/ dI) 11.75% 12.252 12.502 0.131
WBCs (x10*mm3)! 79.50° 91.50? 92.318 3.01
RBCs (x10-3mm3)? 1.845° 2.27° 2.812 0.007

Results were presented as means + SE of triplicate observations. Means in the same row with different superscript letters

were significantly different at p < 0.05.

L(WBCs) = white blood cell count, 2(RBCs) = red blood cell count.

Biochemical blood parameters
According to the results of the analysis, the fish that
received the higher level of zeolite (10 g kg)

exhibited significantly (P<0.05) lower AST, ALT
and ALP activity compared with control (Table 4).

Table 4. Blood biochemical parameters of O. niloticus after 84 days of feeding natural clay zeolite

supplemented diets

Items Control 5 g/ kg zeolite 10 g/ kg zeolite SE

ALT! 92.50¢ 87.00¢ 79.50° 2.23
AST? 14.50° 12.50% 10.50¢ 0.98
ALP3 94.00° 83.50° 75.004 3.01

Results were presented as means + SE of triplicate observations. Means in the same row with different superscript letters

were significantly different at p < 0.05.

ALT! = Alanine aminotransferase; AST? = Aspartate aminotransferase; ALP3 = Alkaline phosphatase

Chemical composition of whole fish
At the end of the experiment, supplementing the feed
with zeolite did not have a significant (P > 0.05)

effect on dry matter, lipid, crude protein, or ash
contents of the fish (Table 5).

Table 5. Chemical composition of O. niloticus after 84 days of feeding natural clay zeolite supplemented diets

(g kgt wet basis)

Items Control 5 g/ kg zeolite 10 g/ kg zeolite SE

Dry matter 272.17 277.02 278.34 0.084
Crude protein 158.25 159.21 159.98 0.181
Lipid 63.23 65.89 65.23 0.132
Ash 31.22 31.98 32.10 0.116

Results were presented as means + SE of triplicate observations. Means in the same row with different superscript letters

were significantly different at p < 0.05.

Discussion

The improvement in growth rate and feed
efficiency of fish tilapia fed diet supplemented with 5
and 10 g kg zeolite may have been related to the
concomitant improvements in apparent total tract
nutrient  digestibility and/or to a possible
improvement in gut function and general health
status. Obtained results are consistent with those
revealed a positive effect of dietary clays on growth
performance such as Obradovi¢ et al. (2006), Eya et
al. (2008) and Danabas (2009) in rainbow trout and
Khodanazary et al. (2013) in common carp.
Likewise, Kanyilmaz et al., (2015) who showed that
addition zeolite in tilapia diets enhanced growth and
feed utilization compared to control. These results
may be possibly due to the natural clay as a feed
additive can reduce feed/nutrient waste (Ceulemans

et al. 2009).
Hematological parameters are used as valuable
biological indicators in response to dietary

manipulations (Maheswaran et al. 2008). In the
present study, hematological parameters of Nile

tilapia were taken into account and significant
differences were found among different dietary
treatments. Higher red blood cell (RBC), Htc and Hb
values were found in fish fed zeolite 10 g kg™.
Supplementation  of  natural earth  mineral
(Macsumsuk®) improved hematological parameters
of Nile tilapia; however, excess supplementation
could adversely affect the health of fish (Shahkar et
al., 2015). This suggests that care should be taken to
maintain the optimum supplementation level. In the
present study, WBCs and their differential are
increased by sericite supplementation in all treated
diets compared to control diet. This increase could be
related to increase non-specific or innate immunity as
well as their count can be considered as an indicator
of the health status of fish. Similarly, WBCs was
significantly high when Channa striatus fed diet
enriched with zeolite (Jawahar et al., 2016).

The activities of liver enzymes; ALT and AST
are considered as indicators for hepatotoxicity and
histopathological changes (Sheikhzadeh et al., 2017;
Hassaan et al., 2018). In the current study, serum
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activities of ALT and AST were significantly
improved by zeolite addation, which indicating that
the dietary zeolite with different levels had no
harmful effect on tilapia health, even though more
histological studies are needed to demonstrate that.
Similar findings were previously showed on common
carp (Kanyilmaz & Tekellioglu, 2016) and rainbow
trout (Sheikhzadeh et al., 2017) fed diets with
different levels of zeolite. Serum proteins are useful
for production more energy during stress conditions
(detoxify the toxicant) to overcome this stress (Singh
et al., 2010). The mechanism of dietary zeolite or any
natural clays minerals effects on serum biochemical
changes is not well-known; thus further studies are
needed in this concern.
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