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Abstract

Natural zeolites are a group of minerals used as a source of
feed and treatment of ammonia in fish culture ponds. The objective
of this study was to assess the effect of natural zeolite (clinoptilolite)
as a feed additive in fish diets on growth performance, genetic traits
and health status of freshwater Nile tilapia fish (Oreochromis
niloticus L.). Zeolite (Clinoptilolite) was added to Nile tilapia diet at
concentrations of 1%, 2% and 3% per 1kg diet which represent three
treatments. Eight ponds (¥ feddan each) were stocked by O.niloticus
in two replicates for each treatment (6000 fish/pond). The control is
artificial feeding without zeolite, T1, T2, and T3 artificial feeding
with 1%, 2%, and 3% zeolite, respectively. The experimental period
lasted up to 20 weeks (140 dayes). In this work, the second treatment
(2% zeolite) recorded the highest values for whole body weight
(BW), body length (BL) and specific growth rate (SGR), while the
third treatment recorded the highest values of condition factor (K).
The highest values of daily weight gain (DWG) was recorded in both
T2 and T3. The highest values for protein and fat contents were
recorded in T2, while control recorded the highest values for dry
matter and ash contents. Fish body weight and length have been
evaluated also as an important economic traits through estimation of
correlation factor between them. Therefore, the most important
factor, that affects production in ponds culture after feeding and
water quality, is the quality of fish genetic sources. Some specimens
of the control group showed hyperplasia of the epidermis, torn fins
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and hemorrhagic dermis. Based on the obtained results, it can be
concluded that feeding Nile tilapia on artificial feed containing crude
protein (25%) contained 2% zeolite leads to an increase in growth
performance of Nile tilapia and survival rates in addition to
economic efficiency for total yeild. So, 2% zeolite could be add
within the artificial feed for tilapia fish.

Keywords: Natural zeolite, Clinoptilolite, Nile tilapia fish, Oreochromis niloticus,
Feed additive, Growth performance, Genetic traits, Fish health

INTRODUCION

Aquaculture is a fast growing industry, which represented one third of
the world fisheries production (Lowther, 2005). In Egypt, the production of fish
coming from aquaculture sources which represents about 70% (127632 tons) of
total fish production (GAFRD, 2012). The total production of all sources in
Egypt reached about one million tons (1.077) in 2012 (FAO, 2014). Tilapia
species are the important group of cultured fish for several reasons e.g. rapid
growth, high tolerance to low water quality, handling, efficiency food
conversion, resistance to disease and good consumer acceptance (EI-Wakil et
al., 2008). Natural zeolites represent a large and very diverse group of minerals
such as water-silicates that are characterized by three-dimensional structure and
belong to the class of aluminum silicates from a chemical point of view
(Strakova et al., 2008 and Waughan, 1988). Additionally, natural zeolites are
porous and hydrated aluminum silicates that have ion-exchange and adsorption
properties that due to their a large surface area (Xia et al., 2009). The dietary
system use of naturally or synthetic zeolites has been reported to improve feed
efficiency, thus leading to a beneficial growth response in animal farm. The
numerous reference data about zeolite importance as a feed additive are referred
to its usage in poultry, ruminants nutrition and agriculture (Loughbrough, 1993;
Ramos and Hernandez, 1997; Polat et al., 2004; Karamanlis et al., 2008;
Machacek et al., 2010; Mallek et al., 2012). In contrast, little reference data
about zeolite applications have reported in fish aquaculture and breeding
(Obradovi¢ et al., 2006; Eya et al., 2008; Paritova et al., 2013). Zeolite has
been recommended and used effectively in reducing toxic effects of feed
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materials infected with aflatoxins (Jand et al., 2005; Ortatatli et al., 2005).
Moreover, zeolite can be used as an antimicrobial agent (Haile and Nakhla,
2010). Forms of zeolite have been used to remove ammonium from aqueous
solutions by cation exchange capacity (Wen et al., 2010) and help in reducing
ammonia production by pellets (Wu-Haan et al., 2007) becaue the zeolites have
many important characters such as ion exchange, filtering, odour removal,
chemical sieve, water softener, stabilization of soil and gas absorption
(Kocakusak et al., 2001).

Natural zeolites can play multiple roles in aquaculture; to remove
ammonium from hatchery, transport, and aquarium waters; to generate oxygen
for aeration systems in aquaria and transporting and to supplement fish rations.
Thus, one of the best zeolites in ammonia removal is clinoptilolite (Bower and
Turner, 1982). So, this study was conducted to evaluate the effect of zeolite
clinoptilolite on some water quality parameters, fish performance for important
traits and fish health when add to artificial feed in tilapia ponds.

MATERIALS AND METHODS
Experimental Design.

This study had been done in a private farm at Tollumbat No. 7
(agriculture drainage water) in Riyad City, KafrEIl-Sheikh governorate, Egypt.
The current experiment was conducted using eight earthen ponds (1/2 feddan
each) represent four treatments; control and three zeolite treatments.

The experimental ponds were equal in water volume (2625 m®) and
dimensions (21x100 m) with the same average water depth of 125cm. The
ponds were stocked with monosex male Nile tilapia, Oreochromis niloticus,
fingerlings at an average initial length of 12.20, 11.70, 12.40 and 11.93cm and
an average initial weight of 16.10, 15.43, 16.70 and 16.40g for control and three
zeolite treatments, respectively. Each pond was stocked with 6000 fish/ pond.
The experiment lasted for 20 weeks, started on the 10" of June and harvested
on 29" October 2014 (140 days). At the end of the experiment, ponds were
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gradually drained and the fish (Nile tilapia) were washed, sorted and
collectively weighed.

Commercial diet (25% protein) was manufactured by a local factory.
The study includes four treatments; the first (control) includes a diet without
zeolite; other three zeolite treatments were added at a percentage of 1, 2, and
3% per kg, respectively. Table 1 represents the components proportions of the
artificial feed-based experiment.

Table 1. Components proportions of experiment diets for crude protein, lipid,
crude fiber and ash in all treatments based on dry matter.

Experimental Diets

Items
Cont Dietl Diet2 Diet3
Crude protein (CP)* 22.68 22.66 22.71 22.80
Lipid (L) 4.44 4.23 4.87 4.20
Crude fiber (CF) 9.33 10.22 10.10 10.24
Ash 10.12 10.14 10.33 10.45
Wheat bran 10.5 104 10.3 10.2

“Nitrogen free extract (NFE) =100 - (CP + L + CF + Ash).

Samples of artificial fish food were collected and send for proximate
analysis at the Central Laboratory for Aquaculture Research at Abbassa. The
fingerlings were fed commercial diet contain 25% crude protein and fed six
days per week at a daily feeding rate of 3% of the estimated fish-weight twice at
9.00am and 3.00pm during the experimental period.

Zeolite (Clinoptilolite) Properties.

Commercial natural zeolites are grayish white and porous granules of
sedimentary rocks as shown in Figure 1. A zeolite is a crystalline, molecular
sieve, hydrated aluminosilicate of alkali and alkaline earth cations having an
infinite. It is further able to lose and gain water reversibly with great ability for
ions exchange (Kocakusak et al., 2001 and Xia et al., 2009). Moreover, the high
content of Si results in the chemical and thermal stability of the mineral
structure (Barlokova, 2008).
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The major physical properties and average percent of quantitative
chemical composition for crude material of natural zeolite (clinoptilolite) were
analyzed by A & O Company for Trading® at both of Central Metallurgical
Research & Development Institute (CMRDI), Central Lab for Elemental &
Isotopic Analysis and National Research Center (Analysis & Consulting Unit),
Cairo, Egypt as summarized in Table 2.

Figure 1. Commercial natural zeolite, clinoptilolite, granules.

Table 2. The major physical properties and quantitative chemical composition
for crude material of natural zeolite (clinoptilolite) by some national
Egyptian laboratories

Chemical composition

Physical properties

Average Element Average%

Bulk density (gcm™®) 1.83 Si 55.79
Porosity%o 42.2 Al 8.41
Humidity% 6.75 Cu Nd

Solubility%o 7.38 Mn 0.10
Hardness 4.0 hard Cd 0.09
Grain size <6mm Pb Nd

pH 7.2 Zn 0.05
CEC* (meqg/qg) 1.65 Fe 4.77
Water retention high K 4.08
Attrition resistant Ca 6.81

*CEC; cation-exchange capacity in milliequivalent/g (meq/g). §Not detected
Water Quality Parameters.

Water temperature, dissolved oxygen and pH were measured daily at 6am
and 12pm using thermometer, dissolved oxygen meter (YSI model 57) and pH
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meter (model Corning 345), respectively. Transparency (cm) was measured by
using a Secchi Disc of 20cm diameter. Determinations of the other water
quality parameters (alkalinity, nitrate, nitrite and ammonia) were carried out
every two weeks according to Boyd (1979).

Chemical Analysis of Fish.

At the end of the experiment, randomly three fish of Nile tilapia were
chosen from each pond and exposed to the chemical composition of whole fish
body according to the methods of Association of Official Analytical Chemists
(AOAC, 1990).

Growth Performance.

The average body weight of fish was determined, biweekly where
samples were taken by seining. 30 fishes from each pond were collected and
then retaind again to the pond after individual measuring the body weight and
length. Fish were observed daily for unusual behavior, morphological changes
and mortality.

a) Condition factor (K) was determined according to (Busacker et al., 1990)
as the following equation;

K= mean [ body weight (g) / body length® (cm) ] x100
Specific growth rate (SGR) was calculated according to Jauncey and Rose
(1982) as the following equation;

LnW2 - LnW1 «

SGR = 100

b) Daily weight gain (DWG) was calculated as the following equation;
DWG = [Average W2(g) — Average W1(g)] / time (days)

Where W1 and W2 are the initial and final fish weight, respectively and t is the
experimental period in days.
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c) Correlation coefficient (r) was calculated as the following equation (see
Bailey, 1995);

T xy - EXEY)
J(Sx - E22) (T2 - @)

=

Where: r; Pearson’s correlation coefficient for two variables, X; variable x, Y;
variable y, n; number of alive fish samples, Z; sum of values for x or y, V; The
square root of variables.

Clinical and Histopathological Examinations.

Fish clinical investigations was done for infested fish according to
(Stoskopf, 1993). The abdomen was examined for enlargement and or
distention. Also, liver, spleen and muscliture were examined. Histopathological
examination for infested or infected specimens were done according to Bullock,
(1978).

Statistical Analysis.

One-way ANOVA and Duncan’s multiple range tests were used to
evaluate the significant difference of the data. The data were statistically
analyzed according to Bailey (1995) using General Linear Models (GLM)
procedure adapted by SAS (1996) program for user's guide. Significant
differences are stated at P<0.05.

RESULTS AND DISCUSSIONS

With the usage of zeolite as a feed additive in fish there are numerous
positive results, as a growth increase, the conversion nutrition improvement,
mortality reduction, toxin elimination, as well as the improvement of common
state of health of treated fish (Obradovi¢ et al., 2006 and Khodanazary, 2013).

Water Quality Parameters of Fish Ponds.

The obtained results of water quality parameters of the experimental
ponds during the experimental period (140 days) as averages are summarized in
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Table 3. In general, water temperature averages were 27.63, 27.18, 26.48 and
27.13°C during the whole experiment period at the four treatments Cont, T1,
T2, and T3, respectively. Water temperature not significantly varied among
zeolite treatments throughout the experimental period while the control was
significantly different (P<0.5). This is probably due to the high rate of
phytoplankton metabolism and Co; in control ponds. It is already known that
the optimal temperature for feed intake, growth and spawning of the Nile tilapia
is25-28°C.

The data of dissolved oxygen (DO) in experimental ponds for all
treatments where relativly good for Nile tilapia culture and have an averages of
4.77, 4.80, 4.85 and 4.70 mg /I for Cont, T1, T2 and T3, respectively. DO of T2
showed higher value (4.85) than other treatments while control showed
relatively low (Table 3). The suitable levels DO concentration for tilapia as
warm water species are 5.0 to 15.0 mg/l or greater to maintain good health and
feed conversion (Boyd, 1998).

Data of pH in midday for different treatments showed significant
difference at P<0.5. The highest value of pH was 8.65 in control ponds while
T1, T2 and T3 recorded 8.10, 7.75 and 7.60, respectively. Thus, the growing
algae and phytoplankton raise of pH and decrease of DO to become more
alkaline as shown in control ponds. However, the desirable pH range for most
fish species is 6 to 9 (Boyd, 1998; Barker et al., 2009).

The average values of seechi disk readings were increased with
increasing the proportion of zeolite in the fish diet as shown in Table 3. T3
recorded the highest value at 26.54cm, followed by T2, T1 and control at 20.20,
19.10 and 18.90cm, respectively. Due to its absorption/ adsorption properties
and its ability to gain and lose water reversibly (Kocakusak et al., 2001; Xia et
al., 2009), zeolite can be adsorbed the suspended and organic matters and play a
role in leaching the water of ponds.
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The average concentration of total ammonia (NH4"-N and NH3*-N) was
0.35, 0.25, 0.24 and 0.21 mg/l for Cont, T1, T2 and T3, respectively. The
concentrations of nitrite (NO,-N) were 0.033, 0.026, 0.023 and 0.022 mg/I
during the whole experimental period wherase the concentrations of nitrate
(NO3-N) were 0.112, 0.098, 0.088 and 0.081 mg/l. In this context, Kamal et al.
(2008) recorded similar data for nitrite (0.02 - 0.03 mg/L). Zeolite preference
for larger cations, including NH,", was exploited for removing NH4-N from
municipal sewage effluent and has been extended to agriculture and aquaculture
applications (Mumpton and Fishman, 1977; Bruin et al., 1980). It is clear that
addition of zeolite to feed decrease the nitrogen components (Table 3) in water
by ion exchange activity and also inside fish body by metabolism activation.

Meanwhile, the values of the total alkalinity [CaCO3;+Ca(HCOs3),]
showed significant increase (P<0.5) in control with a total mean of (422.97
mg/l), while the values were decreased with increase zeolite levels in diet of T1
(413.55), T2 (402.63) and T3 (392.96) mg/l, respectively. On the other hand,
the total hardness (Ca*?+Mg*?) showed also significant increase (P<0.5) in
control with a total mean of (242.36mg/l), while the values were decreased with
increase zeolite levels in diet (209.14, 205.98 and 201.66 mg/l) for T1, T2 and
T3, respectively. On his part, Barker et al. (2009) indicated that the desirable
range of alkalinity is 50-300 mg I, but fish survive in waters up to 400 mgl™.
This may be refer to the adsorption activity of zeolite for removing positive ions
(Ca™, Mg™ and/or Fe'™) from water, which was compatible with the
interpretation of (Mumpton, 1999). Also, zeolite can be used to fixation of
phosphates, cleanup of sewerage, and both heavy metal, and ammonium ion
removal (Kocakusak et al., 2001). Obradovi¢ et al. (2006) stated that zeolite
proved itself as reliable corrector of environmental conditions in removal of
ammonia NH3 and decreased other water parameters from water. Accordingly,
the above results revealed that all parameters of water quality for zeolite
treatments were in the suitable ranges and good for tilapia culture than control.
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Table 3. Some water quality parameters of earthen ponds stocked with Nile
tilapia treated with zeolite.

Variable NO Control T1 T2 T3
Temperature (C) 6  27.63+0.14°  27.18+0.05°  26.98+0.06°  27.13+0.06"
DO oxygen 6 4.77+012°  4.80+0.17"  4.85+0.15*°  4.70+0.12°
PH 6 8.65+0.17°  8.10+0.29°  7.75x0.23°  7.60+0.16°
Seechi disk (cm) 6  18.90+0.05°  19.1+0.06°  20.20+0.07°  26.54+0.07°
T. ammonia-N mg/I 6  0.35+0.001°  0.25+0.002°  0.24+0.006°  0.21+0.001°
NO,-N mg/I 6  0.033+0.001* 0.026£0.002° 0.023+0.007° 0.022+0.001"
NO5-N mg/I 6  0.11240.002° 0.098+0.001° 0.088+0.001° 0.081+0.006°
(Trg;";‘l')a'ka"”ity 6  422.97+1.74° 413.55:2.33" 402.63+1.96° 392.96+1.88"

Total hardness (mg/l) 6  242.36+1.69* 209.14+1.33° 205.98+1.22® 201.661.77°

U Means with the same letter in cach row are not significantly different at P>0.05 level.
Fish Chemical Composition.

Chemical body composition of fish could illustrate its health status.
Both condition and quality of fish are affected by the environmental conditions
(Ibrahim et al., 2008) Chemical analysis at the end of a feeding trial is
frequently used to determine the influence of feed on fish body composition.
According to Hanley (1991), endogenous factors (size, sex and stage of life
cycle) and exogenous factors (diet composition, feeding frequency, temperature
etc.) affect the body composition of fish.

Table 4. Effect of zeolite treatments on chemical composition % of Nile tilapia

(DM basis).
Treatments NO Dry Matter% Crude Protein% Lipid Extract% Ash%
Cont 3 32.71+0.57° 57.54+1.10° 22.53+0.78° 13.14+0.46°
T1 3 28.79+0.58° 63.78+1.12" 22.80+0.72° 12.11+0.38"
T2 3 29.01+0.52° 65.85+1.17° 21.55+0.74 11.41+0.52°
T3 3 30.07+0.54° 65.81+1.15° 21.20£0.70° 10.18+0.48"

#0 Means with the same letter in each column are not significantly different at P>0.05 level.
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The results in Table 4 indicated that control had the highest dry matter
(DM) content with total mean (32.71) and ash content with total mean (13.14)
compared to other treatments. Crude protein content in a whole fish body
showed significantly increased (P<0.05) with increasing zeolite levels and the
highest protein content was observed at T2 (65.85%). The corresponding values
of protein for fish in the control which have fed basal diet without zeolite
showed the lowest value of other treatments and was significantly different
(P<0.05). Similarly, Ayadi et al. (2009) studied zeolite addition in Turkey’s
feed and its impact on the functional properties of turkey meat products and
found that the proteins content increased in poultry meat with zeolite treatment.

With regard to the effect of zeolite treatments on lipid content of Nile
tilapia fish, Table 4 showed that lipid content at the end of this experiment were
22.53, 22.80, 22.55 and 21.20 % for control and the three zeolite treatments T1,
T2 and T3, respectively. The results observed that lipid content of fish at T1
was higher than those obtained at other treatments.

The average of ash values for Nile tilapia at the end of the experiment
were 13.14, 12.11, 11.41 and 10.18%, respectively. However, ash percentage
for control was the highest one. Accordingly, increase the percentage of ash
content of tilapia in Table 4 mainly indicate the increase of elements content
(heavy metals) and add zeolite to tilapia food was the cause of the low
proportion of elements and metals subsequentially in fish which fed on zeolite
treatments. This may be due to that zeolites have a relatively high Si/Al
compositional ratio which gives them the special ion-exchange reactions for
large cations and ease adsorb metal ions. So, the natural zeolites, clinoptilolite
may be useful as metal scavengers in metal-rich sludges to its ability to take up
heavy metals (Jain, 1999 and Zorpas et al., 2000). In contrary study, Hsu and
Chung (2001) observed an increase in fat, and ash parameters when adding up
to 2% or more zeolite (j-carrageenan). Thus, it should be noted that within
endogenous factors, the composition of the feed is only the factor which could
have influenced the chemical composition of fish body. However, zeolite
(clinoptilolites) are shown to be highly effective regarding the metabolic
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utilization of nitrogen in fish body because of its ability to adsorption of
positive ions such as nitrogen in fish artificial food and water.

Fish Growth Performance.

The growth in the fish can be readily monitored by measuring the
increase in live fish weight and length. In the present study, the average initial
body weight (BW) of Oreochromis niloticus were 16.1, 15.43, 16.70 and
16.40g (Table 5). After 140 days of the experimental start (end of the
experimental period), the final BW were 204.30, 235.10, 264.60 and 263.50g
for Cont, T1, T2 and T3, respectively. And there were differences in final BW
among the different treatments (P<0.05). The results indicated that the addition
of zeolite increase body weight rate of T2 (2% zeolite/kg basal diet) resulted in
the highest final BW (264.60g) compared to the control fish (204.30g) and
showed significant difference (P<0.05).

Table 5. Means of initial and final whole body weight (g) and length (cm) of 60
Nile tilapia for control and zeolite treatments.

Treatments NO Initial weight  Final weight Initial length Final length
Cont 60  16.10+0.59% 204.30£1.52° 12.20+0.80° 25.30+1.70"

T1 60  15.43+0.62° 235.10+1.63" 11.70+0.89° 26.60+1.91°

T2 60  16.70+0.59% 264.60+1.81° 12.40+0.86* 26.80+1.82°

T3 60  16.40+0.60° 263.50+1.80% 11.93+0.126° 26.70£1.77%

&€ Means with the same letter in each column are not significantly different at P>0.05 level.

Average initial body length (BL) of Oreochromis niloticus were 12.20,
11.70, 12.40 and 11.93cm, (Table 5). At the end of this experiment BL
increased and recorded 25.30, 26.60, 26.80 and 26.70cm for the Cont, T1, T2
and T3, respectively. The differences in final BW values among the different
treatments were significant (P<0.05), while the BL values among the different
zeolite treatments were non-significant (P>0.05). As shown in Table 5, T2 also
showed the highest value of BL compared to control and other treatments.
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In similar study, Bower and Turner (1982) reported that average growth
rates were significantly (P<0.05) different between Nile tilapia of different
treatments, where Nile tilapia that were fed on the ‘zeolite diet’ were growing
faster (P<0.05) compared with that of the control fish. The differences were
more evident after 98 days. The improved performance is likely to be associated
with the improved utilization of nutrients (Olver, 1989) and/or detoxifying
effects of zeolites (Harvey et al., 1993 and Rizzi et al., 2003), which has been
documented repeatedly.

The efficacy can be explained by slower passage of pre-digested food
through the intestine which leads to the improved utilization of nutrients from
the feeding dose, particularly nitrogen (Mumpton and Fishman, 1977; Dias et
al.,, 1998). Obradovi¢ et al. (2006) consolidated that 1% zeolit as a food
additive, had a positive effect on all analysed morphometrical indices of speed
of fish growth, increase the final weight and final length measures in rainbow
trout for a period of 150 days. The stimulating effect of zeolite is manifested in
respect of the daily feed consumption and feed conversion ratio and nutrition.

In aquaculture, there are contrary results on the physiological benefits of
adding zeolites to fish feeds. However, Reinitz, (1984) demonstrated that
dietary inclusion of sodium bentonite, at 5, 10 and 15% adversely affected
weight gain in rainbow trout, while Eya et al. (2008) concluded that the
inclusion of bentonite at 5% and mordenite at 2.5% were the optimum levels for
maximum percent weight gain, specific growth rate and feed efficiency for
rainbow trout. In addition, whole body composition of rainbow trout was not
adversely affected by the addition of bentonite or mordenite to diets.

Fish Condition Factor (K).

The condition factor of fish based mainly on both of weight and length
traits and can be easily calculated from routinely collected length and weight
data by Eg. (1). Average initial condition factor (K) of studied fish
(Oreochromis niloticus) were 0.90, 0.96, 0.88 and 0.97 for Cont, T1, T2 and
T3, respectively as shown in Table 6. At the end of the experiment the averages
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of K were 1.49, 153, 1.63 and 1.65 for control and zeolite treatments,
respectively. The differences in K between the control and different zeolite
treatments were significant (P<0.05). The obtained results herein indicate that
the addition zeolite increase fish condition factor and its rate of 3%/kg basal
diet resulted in the highest K (1.65) compared to the control group (1.49).
Similar findings by Emadi et al. (2001) who reported that the addition of zeolite
in the fish feed leads to the increase condition factor where the highest K values
(1.87) were recorded by the fish which was fed on basal diet contained 2%
zeolite/kg feed.

Condition factor may be used as index of growth and provides a
measure of “fatness” of fish and food conversion efficiency (Power, 1990).
Furthermore, the condition factor (K) is estimated for comparative purposes to
assess the impact of environmental alterations on fish performance (Clark and
Fraser, 1983). The condition factor also reflects the nutritional state or well-
being of an individual fish, and is sometimes interpreted as an index of growth
rate, (Bagenal and Tesch, 1978). Condition factor can be measured to the
“robustness” in fish. However, condition is frequently assumed to reflect not
only characteristics of fish such as health, reproductive state and growth but
also characteristics of the environment such as habitat quality, water quality
(Liao et al., 1995).

Fish Daily Weight Gain (DWG).

Table 6 shows means of daily weight gain (DWG) during the
experimental period as affected by different levels of zeolite. As described in
this Table, the averages of (DWG) of Oreochromis niloticus were 1.03, 1.21,
1.36 and 1.36g/fish for Cont, T1, T2 and T3, respectively. The results indicated
that the addition of zeolite form 2-3%/kg basal diet increase DWG of fish at T2
and T3, where recorded the highest DWG value (1.36g/fish) compared to the
control group (1.03g/fish) and showed highly significance (P<0.05). In other
study, the application of clinoptilolite (0.5 and 1% of the commercial additive
zeolite feed) in the feed mixtures for the fish in the experimental ponds was



Ibrahim et al. 267

positively reflected in performance indicators. So, Nile tilapia fish which fed
commercial food with 1% zeolite diet were significantly higher (P< 0.01) than
those fed the basal diet without zeolite (Landau, 1992). Hence, by addition of
zeolite in fish diets, the weight gain and growth rate were increased. Thus, there
is a positive impact for zeolite on weight trait and subsequently fish production
and this could be due to its ability to increase the stomach's ability to absorb
nutrients (Bower and Turner, 1982). The present study agree with the finding
mentioned by latter author.

Table 6. The effect of zeolite levels on condition factor (K), daily weight gain
(DWG) and specific growth rate (SGR) of Nile tilapia fish.

Treatments NO Initial K Final K DWG gffish SGR/day
Cont 60 0.90+0.15" 1.49+0.11° 1.03+0.032° 1.40+0.054°
T1 60 0.96+0.18" 1.530.10® 1.2140.034 1.500.059°
T2 60 0.88+0.13" 1.63+0.11° 1.36+0.042° 1.53+0.027°
T3 60 0.97+0.19% 1.65+0.12° 1.36+0.033° 1.52+0.028"

a-C . . . .
Means with the same letter in each column are not significantly different at P>0.05 level.

Fish Specific Growth Rate (SGR).

Specific growth rate (SGR) is an important index for fish growth and
can be calculated by Eq. (2). Table (6) shows means of (SGR) during the
experimental period as affected by different levels of zeolite. As described in
this Table, the averages of (SGR) of O.niloticus were 1.40, 1.50, 1.53 and
1.52% /day at Cont, T1, T2 and T3, respectively. The SGR data showed
significant differences (P<0.05) between control and zeolite treatments. The
highest value of SGR was found at treatment T2 (2% zeolite) and the lowest
was found in control fish. Leornard (1979) added the same percent, 2%
clinoptilolite, to trout diets and found a significant improvement in weight gain
after a 64-day feeding period. In other study, the use of natural zeolite
(clinoptilolite) at 5 and 10% levels did not affect the growth of coho salmon
(Edsall and Smith, 1989). In opposite, dietary inclusion of bentonite, at 5, 10
and 15% adversely affected weight gain in rainbow trout (Reinitz, 1984).
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In freshwater fish, Bower and Turner (1982) found that average growth
rates of Nile tilapia were significantly (P<0.05) different among Nile tilapia of
different zeolite dites. So, Nile tilapia that were fed on the zeolite diet were
growing to a faster rate compared with those of the control fish. In recent study,
Stetca and Morea (2013) concluded that using natural zeolite as a feed additive
for carp fish diet in a ratio of 3-7%, increased the growth between 25-30% and
weight gain about 43% compared to the control as well as improved fish meat
quality.

The data in the present study complies with conclusion of Xia et al.
(2009) who reported that a natural zeolite helps to prevent the occurrence of
disease and enables to promote growth and survivability and higher profits.
Mumpton and Fishman (1977) noted that the growth-enhancing effect of dietary
zeolites may be related to the type, properties and their incorporation levels.
The improved performance is likely associated with an improved nutrient
utilization (Olver, 1989) and detoxifying effects of zeolite (Harvey et al. 1993).
The better nutrient utilization can be explained by a slower passage of pre-
digested food through the intestine, leading to the improved nutrients
absorption, particularly nitrogen in diet (Dias et al., 1998).

Evaluation of Phenotypic and Genetic Traits.

The most important factor that affects fish production in ponds culture
after feeding and environmental quality, is the quality of genetic sources of fish
stocked. It does not refer to the genetic resources of the fish but also refers to
the general health, relative size and other physical and physiological
characteristics of the fish. The length and weight measurements of fish are one
of the most studied biological traits of fish biology. With small numbers of fish,
it is more precise to measure weight as well as length to estimate growth rates
(Bagenal and Tesch, 1978). In fish, changes in weight are relatively greater than
changes in length. Increased aquaculture production is clearly needed to meet
the increased demand for high-quality protein, especially from aquatic sources.
Increased demands for aquaculture production mean increasing pressure for
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development of more efficient production systems. Major improvements have
already been achieved through enhanced management, nutrition, disease
diagnostics and therapeutics, water quality maintenance and genetic
improvement of production traits. A common theme through all these is
genetics, which, actively and passively, has been used to meet many production
challenges, such as disease resistance, tolerance of handling, enhanced feed
conversion and spawning manipulation (Dunham et al., 2001).

Growth is an important trait in animal and fish breeding. However, the
genetic effects underpinning fish growth variability are still poorly understood
(Liu et al., 2014). In this regard, sustainable use of genetic resources with
recognized traits of fish species or strains, good water quality and effective
natural food additives were to become the bases for improvement and
increasing the fish production in the field of aquaculture genetics and breeding.

According to data in Tables 5 and 6, significant differences were found in
the present study for final weight, length, DWG, SGR, survival and condition
factor between control and three zeolite treatments. The weight and length traits
together are frequently assumed to reflect not only characteristics of fish such as
health, reproductive state and growth but also characteristics of the environment
such as habitat quality and water quality (Liao et al., 1995). Therefore, the
fluctuation in these parameters may reflect the health condition of the fish. So,
weight, length, environment tolerance, diseases resistance and survival of fish
species were very important phenotypic and genetic traits for fish breeding
programs and selection to increasing marketable fish production, especially when
significant differences are occurrence or detecting among these traits.

Analysis of variance for final body weight and length traits of Nile
tilapia with all treatments were shown in Table (7). There was a high significant
difference (P< 0.05) between body weight trait and four different treatments
while the body length trait only with different treatments showed non-
significance. It is known that the performance of length trait in fish differed
from weight traits where the length slowly increase than weight when fish
grow-up or advanced in age even stop growing (very extreme slowly), where
growth is heading towards the weight.
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Table 7. Analysis of variance for final weight and length traits of Nile tilapia
with all treatments.

Final Weight
Source of variance d.f Mean Squares F
Among treatments 3 48836.95 2270.323***
Residual error 236 21.511
Final Length
Source of variance d.f Mean Squares F
Among treatments 3 29.80 1.4232 ns
Residual error 236 20.939

*** Highly significant at the P< 0.05 level,  ns = non-significant

Phenotypic correlation coefficient (r) between weight and length traits
within and among treatments were estimated as shown in Table 8 by Eq. (4).
There was also high significant differences (P<0.05) between body
weight/length traits together and all different treatments using Duncan’s test.
According to correlation data in Table 8, perfect positive correlation (r=1.0) of
weight/length was noticed in three zeolite treatments; T1, T2 and T3, indicating
improving in growth and health of Nile tilapia which were fed on zeolite diets
than the control (r=0.95). The performance of length trait only with all different
treatments showed the lowest correlation (0.11) with lower significance while
the performance of weight trait showed the higher correlation (0.92) with
significance at (P< 0.05).

Table 8. Pearson correlation coefficient(r) between final weight and length
traits of Nile tilapia for each treatment.

Traits Treatments NO Correlation Coefficient (r) P
weight & length Cont 60 0.95 Hhx
weight & length T1 60 1.00 Hhx
weight & length T2 60 1.00 il
weight & length T3 60 1.00 il
final weight all treatments 240 0.92 **
final length all treatments 240 0.11 *

*** Correlation is highly significant at the P<0.05 level.
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Charo-Karisa et al. (2006) quantified the environmental and genetic
effects on early growth of Nile tilapia, Oreochromis niloticus, in hapa-in-two
earthen ponds in low-input environments. They found significant positive
spatial autocorrelation indicating resemblance in growth of fry in neighboring
hapas. The low genetic correlation between body weights of fry in both ponds
might therefore suggest genotype by environment interactions for tolerance to
low dissolved oxygen in Nile tilapia juveniles. Also, the latter authors showed
that the correlations between hapa effects and body weight as well as with water
quality parameters were low and non-significant. On the other hand, they found
also highly significant correlations between mean body weight per hapa and DO
per hapa.

It is seems that when fish reared in different environments, genotypes
may exhibit differences in growth performance. In recent study, Liu et al.
(2014) studied the genetic variation and associations between genotypes and
phenotypes of two tilapia species (Nile tilapia and Mozambique tilapia) and
their red tilapia hybrids by conducting a genome-wide scan for quantitative trait
loci for growth traits. They found that the correlation coefficients were 0.98
between body weight and total length at 140 days post hatch in red tilapia
hybrid family named OmR1. The correlations between paired traits were all
significant (P<0.01).

Fish Survival Rate and Total Yield.

Averages of survival rate% at the end of the experiment were listed in
Table 9. As described in this Table, Oreochromis niloticus gained the highest
survival rate 96.3% at T2 compared with Cont, T1 and T3 which were 89.8%,
92.6% and 95.8%, respectively. These results indicate that the addition of
zeolite to the artificial feed increased the rates of survival for Nile tilapia fish.
The low survivability in the control group may be due to the state of ponds
water, relatively low in DO and low in viability of fish than those were fed on
zeolite diet. Moreover, zeolite addition to artificial diets may be reduced the
bioavailability of mycotoxins. In this regards, Sarr et al. (1995) reported that the
hydrated sodium calcium alumino-silicate (HSCAS) from zeolite has been
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shown to prevent aflatoxicosis in farm animals by reducing the bioavailability
of aflatoxin and determined the effects of HSCAS on the metabolism of
aflatoxin B1 in an aflatoxin-sensitive species. So, natural zeolites have proven
to be effective in protecting animals against mycotoxins (Dvorak, 1989 and
Schell et al., 1993). The apparent ability of clinoptilolite and other zeolites to
absorb aflatoxins that contaminate animal feeds has resulted in measurable
improvements in the health of swine, sheep, and chickens (Kovac et al., 1995).

Table 9. Survival rate (SR) percentages and total yield of different treatments.

Treatments SR % Yield (kg)
Cont 89.8% 2201.50
T1 92.6% 2612.40
T2 96.3% 3057.70
T3 95.8% 3029.20

Averages of total yield at the end of the experiment were listed in Table
9. As described in this Table, Oreochromis niloticus gained the highest yield
3057.70 tons/feddan for T2 compared with 2201.50, 2612.40 and 3029.20kg for
Cont, T1 and T3, respectively. Similarly, Bower and Turner (1982) reported
that the average total yield of Nile tilapia was significantly different among Nile
tilapia of different zeolite livels; this means that Nile tilapia that fed on the
artificial feed with zeolite showed higher total yield compared with those of
basal feed only. The stimulating effect of zeolite is manifested in respect of the
daily feed consumption and feed conversion ratio and nutrition. This positive
effect of zeolite on growth performance and production could be due to its
ability as a corrector of environmental conditions and to reduce toxic effects of
materials such as aflatoxins as has been reported in several studies (Emadi et
al., 2001; Erdem et al., 2004; Jand et al., 2005 and Obradovic et al., 2006 ). To
improve the overall nutrient use efficiency of fish in fertilized ponds and reduce
cost of production, efficient breeding programs are crucial.
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Fish Clinical and Histopathological Examinations.

Some fish of the control group showed skin darkening, discoloration,
frayed fins, detached scales and haemorrhagic areas. Enlarged and distended
abdomen was noticed. On the other hand, liver showed pale and enlarged in
some fishes and congested with necrotic patches in others. Also, spleen showed
congested and enlarged in most examined fishes (Figure, 2). In infested fish,
gall- bladder was enlarged and engorged with bile. Such signs may be due to
the stress of aquaculture in non-treated agriculture drainage waste water. These
findings and interpretation came similar to that mentioned by Gatesoupe (2008)
and Haile and Nakhla (2010) who indicated that there is an evidence that zeolite
can be used as an antimicrobial agent and improves fish viability and health. In
addition, zeolite can be reduced the toxic effects of many fish farms pollutants
(Jand et al., 2005).

Moreover, Nik-Khan and Sadeghi (2002) applied natural clinoptilolite-
tuff in feeding of neonatal calves and found that 1g clinoptilolite per kg of body
weight per day had the best effects on increasing serum immunoglobulins, vit A
adsorption and reduction of mortality.

Figure 2. Treated groups show healthy Nile tilapia; ”a”., control group shows
skin darkening, frayed fins, detached scales and difused
haemorrhage of unhealthy Nile tilapia; ”b”.

Histopathological examinations for some specimens of untreated fish
(control) showed hyperplasia of the epidermis, congested and hemorrhagic
dermis with lymphocytes aggregations and hyaline degeneration of
melanomacrophage cells from skin (Fig. 3). Some liver samples from the
control group suffered atrophy together with necrosis, congestion and marked
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fatty changes (Fig. 4). While spleen samples showed marked lymphoid
depletion and inhibition of MMC (Melanomacrophage center, excessive
pigmentation and cellular density (Fig. 5). These pathological changes were
more or less similar to the alterations described by De Smet and Blust (2001)
and Mela et al. (2007). The alterations were overcomed in the treated groups as
zeolite have the ability to adsorbe the toxic effects of many fish and broilers
farms pollutants (Jand et al., 2005).

Al-Nasser Afaf et al. (2011) evaluate the zeolite as a feed additive to
reduce Salmonella and found that adding zeolite in the broiler diet significantly
reduced Salmonella levels in the chicken body and carcass, as compared to the
control with a positive effect on the production parameters.

The natural zeolite structure is polar and effectively attracts the complex and
polar mycotoxins molecules such as aflatoxins. The internal CEC of zeolite
binds positively charged ions such as the ammonium cation when excess
ammonia builds up in the digestive tract thereby reducing the toxic effects of
excess ammonia (Mumpton, 1999 and Tomasevic-Canovic et al., 2003).
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Figure 3. Skin suffering hyperplasia, congestion and hemorrhagic dermis with
lymphocytes  aggregations and hyaline  degeneration  of
melanomacrophage cells.

Figure 4. The liver of infested fish showed atrophy and marked fatty change.

Figure 5. The spleen of infested fish with marked lymphoid depletion,
inhibition of MMC (Melanomacrophage Center), pigmentation and
cellular density.

Economic Evaluation of Fish Production.

The results of costs including variable, fixed and interest on working
capital for the treatments applied are shown in Table 8. The results of this Table
revealed that costs of fingerlings of Nile tilapia are similar in all treatments
applied, however the feed costs differed according to body weight, and zeiolite
addition.

As shown in Table 10, the differences for total costs were attributed to
the differences in feed costs, and zeolite addition. These results indicated that,
when Oreochromis niloticus fed on artificial feed containing 25% crude protein
with 2% zeolite resulted in best economic efficiency compared to the other
treatments. In this regards, studies in Japan using zeolite as a dietary
supplement for animals showed that the test animals generally grew faster than
control groups with a simultaneous decrease in the amount and cost of the feed
(Mumpton and Fishman, 1977).
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Table 10. Evaluation and estimation of the economic efficiency under
experimental conditions.

Item Cont T1 T2 T3

A-Variable costs (EP/Feddan)

1-Fish production

a. O. nilaticus fingerlings 2220 2220 2220 2220
b. Feeds 17310.66 20205.25 22801.8 22728.26
c. Zeolite 0 51.81 116.93 174.83
Total variable costs
(EP/Feddan) 17310.66 20257.06 22918.73 22903.09
B- Fixed costs (EP/Feddan)
a. Depreciation (materials &
others) 10% 400 400 400 400
b. Taxes 500 500 500 500
Total fixed costs (EP/Feddan) 900 900 900 900
Total — operating  costs ;451066 21957.06 2381873 23803.09
(variable & fixed)

Interest on working capital * 1047.74 1217.26 1370.39 1369.49
Total costs 19258.40 22374.32 25189.12 25172.58
% of the smallest value 100 116% 131% 131%

Returns

Total return (EP) ** 23776.60 28214.26 34246.44 339270
Net return (EP/Feddan) 4518.20 5839.94 9057.32 8754.42
[0)

rgzu"r;the smallest value of net 5, 129.25% 155.09% 96.66%
% Net returns to total costs 23.46% 26.10% 35.96% 34.78%

* 15% x total operating costs x 140/365 days.

** The economical evaluation of results was carried out according to market prices in 2014 in EP
(Egyptian Pound).

O. niloticus = EP 185 /1000 fry. Zeolite= 3900/1000Kg Artificial feed (25% protein) = EP 3650 /1000
Kg.

However, the present study is consent the findings of many other studies
that zeolite (Clinoptilolites) are shown to be highly effective regarding the
metabolic utilization of nitrogen in poultry and animals in addition to its ability
to improvement of fish meat quality and growth (Mumpton and Fishman, 1977;
Shurson et al., 1984; Polat et al., 2004; Strakova et al., 2008; Stetca and Morea,
2013). Therefore, aquaculture requires high-quality feeds, which should contain
not only necessary nutrients but also complementary feed additives to keep

organism's healthy, better growth and keeping environment-friendly
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aquaculture (Robertson et al., 2000). In addition, good water quality of fish
culture ponds and aquatic environment play a critical role for successful fish
production (Saeed, 2013).

CONCLUSION

Based on the obtained results in this study and the economic evaluation,
it can be concluded that feeding Nile tilapia fish (Oreochromis niloticus) on
artificial feed containing crude protein, 25% with 2% zeolite leads to better
growth performance and health status of fish, in addition to that was the best in
terms of economic efficiency as compared with other treatments. However,
good health of fish stock, genetic traits of species, water quality, feed additives
like natural zeolite, aquaculture management are very important for successful
and improvement fish production. In Egypt, till now, there were no enough
experimental data about zeolite applications and need more studies as a feed
additive for fish breeding and aquaculture practices.

REFERENCES

Al-Nasser, Y. Afaf; S.F. Al-Zenki; A.E. Al-Saffar; F.K. Abdullah; M.E. Al-
Bahouh and M. Mashaly, 2011. Zeolite as a Feed Additive to Reduce
Salmonella and Improve Production Performance in Broilers.
International Journal of Poultry Science, 10 (6): 448-454.

A.O.A.C. Association of Official Analytical Chemists, 1990. Official Methods
of Analysis. Washington, D. C. USA.

Ayadi, M.A; A. Kechaou; I. Makni, and H. Attia, 2009. Influence of zeolite
addition on turkey meat sausages properties. J Food Eng., 93: 278-283.

Bagenal, T. B. and F. W. Tesch, 1978. Age and growth. Pages 101-136 in T.B.
Bagenal, editor. Methods for assessment of fish production in
freshwater, 3 edition. Blackwel Scientific Publications, Oxford,
England.

Bailey, N.T.J., 1995. Statistical methods in biology. 3™ ed, New York:
Cambridge University Press, Cambridge [England], 255p.



278 Evaluation Of Natural Zeolite (Clinoptilolite) As

A Feed Additive In .....

Barker, D.; G. L. Allan; S. J. Rowland; J. D. Kennedy and J. M. Pickles, 2009.
A Guide to Acceptable Procedures and Practices for Aquaculture and
Fisheries Research. 3rd Edition. Primary Industries (Fisheries) ACEC.
Nelson Bay, Australia.

Barlokov4, D., 2008. Natural zeolites in the water treatment process. Slovak
Journal of Civil Engineering, 2, Pages 8-12. Slovak University of
Technology.

Bolivar, R. B. and G. F. Newkirk, 2002. Response to within family selection for
body weight in Nile tilapia (Oreochromis niloticus) using a single-trait
animal model. Aquaculture, 204: 371-381.

Bower, C. E. and D. T. Turner, 1981. Accelerated nitrification in new seawater
culture systems: effectiveness of commercial additives and seed media
from established systems. Aquaculture, 24: 1-9.

Bower, C. E. and D.T. Turner, 1982. Ammonia removal by clinoptilolite in the
transport of ornamental freshwater fishes. Prog.Fish-Cult. 4(1): 19-23.

Boyd, C.E., 1979. Water Quality in Warm Water Fish Ponds. Ed Claude E.
Boyd. Third printing, 1984. Pub. Auburn Univ., Agri.Exp. Station,
AID/Dsan- G.G.00 39.pp. 359.

Boyd, C.E., 1998. Water quality for pond aquaculture. Research and
development series No. 43. pp. 37. International Centre for Aquaculture
and Aquatic Environments. Alabama Agricultural Experiment Station.
Auburn University.

Bruin, W.J., 1980. Nightingale JW and Mumaw L, “Seattle Aquarium” Tech.
Rep. 9: 1-17.

Bullock, A.M., 1978. Laboratory Methods. In fish Pathology. Roberts, R.J.
(Editor).Bailliere Tindall Publ. p. 235-266.

Busacker, G. P.; I. R. Adelman; and E. M. Goolish, 1990. Growth. In: Schreck,
C. B. and Moyle, P. B., editors. Methods for fish biology. American
Fisheries Society; Bethesda, Maryland, USA, 363-387.



Ibrahim et al. 279

Charo-Karisa, H; H. Komen; S. Reynolds;M. A. Rezk; R.W. Ponzoni and H.
Bovenhuis, 2006. Genetic and environmental factors affecting growth of
Nile tilapia (Oreochromis niloticus) juveniles: Modelling spatial
correlations between hapas. Aquaculture, 255 (1-4): 586-596.

De Smet, H. and R. Blust., 2001. Stress responses and changes in protein
metabolism in carp (Cyprinus carpio L.) during cadmium exposure.
Ecotoxicol. Environ. Saf., 48 (3): 255-62.

Dias, J.; C. Huelvan; M. T. Dinis and R. Métailler, 1998. Influence of dietary
bulk agents (silica, cellulose and a natural zeolite) on protein
digestibility, growth, feed intake and feed transit time in European
seabass (Dicentrarchus labrax) juveniles. Aquat. Living Res., 11: 219-
226. doi: 10.1016/S0990-7440 (98) 89004-9.

Dunham, R. A.; K. Majumdar; E. Hallerman; D. Bartley; G. Mair; G. Hulata; Z.
Liu; N. Pongthana; J.Bakos; D. Penman; M. Gupta; P. Rothlisberg and
G. Hoerstgen-Schwark, 2001. Review of the of aguaculture genetics.
In R.P. Subasinghe, P. Bueno, M.J. Phillips, C. Hough, S.E.
McGladdery & J.R. Arthur, eds. Aquaculture in the Third Millennium.
Technical Proceedings of the Conference on Aquaculture in the Third
Millennium, Bangkok, Thailand, 20-25 February 2000. pp. 137-166.
NACA, Bangkok and FAO, Rome.

Dvorak, M., 1989. Ability of bentonite and natural zeolite to adsorb aflatoxin
from liquid media. Czech Vet. Med. (Pharma), 34: 307-316.

Edsall, D. A. and C.E. Smith, 1989. Effect of dietary clinoptilolite on levels of
effluent ammonia from hatchery coho salmon. The Progressive Fish-
Culturist, 51: 98-100.

El-Wakil, H. F.; M. A. Seehy; A. A. El-Dahhar; M. M. lbrahim; A. A.
Hemeida, and N. Y. Abass, 2008. The Effect of Environmental
Condition on Genetic Background in Nile Tilapia (Oreochromis
niloticus). J. Arab. Aquac. Soc., 5 (1): 101-118.

Emadi, H. ; J. E. Nezhad, and H. Pourbagher, 2001. In vitro Comparison of
Zeolite (Clinoptilolite) and Activated Carbon as Ammonia Absorbants


http://www.sciencedirect.com/science/article/pii/S0044848605007428
http://www.sciencedirect.com/science/article/pii/S0044848605007428
http://www.sciencedirect.com/science/article/pii/S0044848605007428
http://www.sciencedirect.com/science/article/pii/S0044848605007428
http://www.sciencedirect.com/science/article/pii/S0044848605007428
http://www.sciencedirect.com/science/journal/00448486/255/1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blust%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Ecotoxicol%20Environ%20Saf.');

280 Evaluation Of Natural Zeolite (Clinoptilolite) As

A Feed Additive In .....

in Fish Culture. Naga, The ICLARM Quarterly, 24 (1 & 2) January-
June.

Erdem, E.; N. Karapinar, and R. Donat, 2004. The removal of heavy metal
cations by natural zeolites. Journal of Colloid and Interface Science,
280: 309-314.

Eya, J. C.; A. Parsons; I. Haile, and P. Jagidi, 2008. Effects of Dietary Zeolites
(Bentonite and ordenite) on the Performance Juvenile Rainbow trout
Onchorhynchus myskis. Australian Journal of Basic and Applied
Sciences, 2(4): 961-967.

FAO, 2014. The State of World Fisheries and Aquaculture 2014. Arabic
Edition, Page: 24, Roma.

GAFRD. General Authority for Fish Resources Development, 2012. Fish
statistics year book. Egyptian Ministry of Agriculture.

Gatesoupe, F., 2008. Updating the importance of lactic acid bacteria in fish
farming: natural occurrence and probiotic treatments. Journal of
Molecular Microbiology and Biotechnology, 14 (1-3): 107-114.

Haile, T. and G. Nakhla, 2010. The inhibitory effect of antimicrobial zeolite on
the biofilm of Acidithiobacillus thiooxidan. Biodegradation, 21: 123-
134.

Harvey, R. B.; L. F. Kubena; M. H. Ellisalde and T. D, Phillips, 1993. Efficacy
of zeolitic compounds on the toxicity of aflatoxin to growing broiler
chickens. Avian Diseases, 37: 67-73. doi: 10.2307/15914509.

Hsu, S. and H. Chung, 2001. Effects of j-carrageenan salt, phosphates and fat
on qualities of low-fat emulsified meatballs.J Food Eng., 47:115-121.

Ibrahim, S.M.; K.A. Shalloof, and H.M. Salama, 2008. Effect of Environmental
Conditions of Abu-Zabal Lake on Some Biological, Histological and
Quality Aspects of Fish. Global Veterinaria, 2 (5): 257-270.

Jain, S. K., 1999. Protective roles of zeolite on short and long term lead toxicity
in teleost fish Heteropneustes fossilis. Chemosphere, 39 (2): 247-251.



Ibrahim et al. 281

Jand, S.; K. Paviter, and N. Sharma, 2005. Mycoses and mycotoxicoses in fish:
A review. J. Anim. Sci., 75: 465-476.

Jauncey, K. and B. Rose, 1982. A guide to tilapia feeds and feeding. Institute of
Aquaculture, University of Sterling, Scotland.

Kamal, S. M; S. Abdel Ghanny and Abdel M. M. All, 2008. Effect of nutrition
and fertilization on production of Nile tilapia (O. niloticus) fingerlings
in concrete ponds. Proceedings of the 8" international symposium on
Tilapia in aquaculture, Volume (1), pp: 387-401. Cairo International
Convention Center (CICC), Egypt, 12-14 October.

Karamanlis, X.; P. Fortomaris; G. Arsenos; I. Dosis; D. Papaioannou; C.
Batzios and A. Kamarianos, 2008. The Effect of a Natural Zeolite
(Clinoptilolite) on the Performance of Broiler Chickens and the Quality
of Their Litter. Asian-Aust. J. Anim. Sci., 21 (11): 1642-1650.

Khodanazary, A.; F. Boldaji; A. Tatar, and B. Dastar, 2013. Effects of Dietary
Zeolite and Perlite Supplementations on Growth and Nutrient
Utilization Performance, and Some Serum Variables in Common Carp,
(Cyprinus carpio). Turkish Journal of Fisheries and Aquatic Sciences
13: 495-501.

Kocakusak, S.; O. T. Savasct and T. ve Ayok, 2001. Dogal Zeolitler ve
Uygulama Alanlari. TUBITAKMAM, Malzeme ve Kimya Tek. Ars.
Enst., Rapor No: KM 362, Proje No: 5015202, P.K.21, Gebze.

Kovac, G.; P. Bartko; L. Vrzgula; R. Reichel; F. Nistiar; J. Mojzis and H.
Seidel, 1995 in Natural Zeolites *93: Occurrence, Properties, Use, eds.
Ming, D. W. & Mumpton, F. A. (Int. Comm. Nat. Zeolites, Brockport,
NY). 459-466.

Landau, M., 1992. Introduction to aquaculture. John Wiley & Sons, New York.
p. 440.

Leonard, D.W., 1979. The role of natural zeolites in industry. Transactions of
the Society of Mining Engineers A.1.M.E. Preprint, 79: 380-401.



282 Evaluation Of Natural Zeolite (Clinoptilolite) As

A Feed Additive In .....

Liao, H.; C. L. Pierce; D. H. Wahl; J. B. Rasmussen and W. C. leggett, 1995.
Relative weight (WR) as field assessment tool: relationships with
growth, prey biomass, and environmental condition: Trans Amer. Fish.
Soc., 124: 387-400.

Liu F.; F. Sun; J. H. Xia; J. Li; G. H. Fu; G. Lin; R. J. Tu; Z. Y. Wan; D. Quek
and G. H. Yue, 2014. A genome scan revealed significant associations
of growth traits with a major QTL and GHR2 in tilapia, Scientific
Reports, 4: 7256:1-9.

Loughbrough, R., 1993. Minerals for Animal Feed, in a Stable Market.
Industrial Minerals, March, 19 —33.

Lowther, A., 2005. Highlights from the FAO database on aquaculture
production statistics. FAO Aquaculture Newsletter, 33: 22-24.

Machacéek, M.; V. Vecerek; N. Mas; P. Suchy; E. Strakova; V. Serman; L
Herzig, 2010. Effect of the Feed Additive Clinoptilolite (Zeo Feed) on
Nutrient Metabolism and Production Performance of Laying Hens.
ACTA VET. BRNO, 79: 529-S34.

Mallek, Z.; I. Fendri; Khannous, Lamia; Ben Hassena, Amal; Traore, Al-1.; M-
A. Ayadi; and R. Gdoura, 2012. Effect of zeolite (clinoptilolite) as feed
additive in Tunisian broilers on the total flora, meat texture and the
production of omega 3 polyunsaturated fatty acid. Lipids in Health and
Disease, 11, 35: 1-7.

McCollum, F. T. and M. L. Galyean, 1983. Effect of Clinoptilolite on Rumen
Fermentation, Digestion and Feedlot Performance in Beef Steers Fed
High Concentrate Diets. J. Anim. Sci., 56 (3).

Mela, M., R.; M. A. F. Ventura, D. F. Carvalho; C. E. V. Pelletier and C. A. O.
Ribeiro, 2007. Effects of dietary methylmercury on liver and kidney
histology in the neotropical fish (Hoplias malabaricus). Ecotoxicol.
Environ. Saf., 68: 426 - 35.



Ibrahim et al. 283

Mumpton, F.A., 1999. Uses of Natural zeolites in agriculture and industry,
National Academy of Sciences Colloquium, (Geology, Mineralogy and
Human Welfare), Proc. Natl. Acad. Sci. USA, 96/7: 3463-3470.

Mumpton, F. A. and P.H, Fishman, 1977. The application on natural zeolite in
animal science and aquaculture. J. Anim. Sci. 45: 1188-1203.

Nik-Khan, A. and A. A. Sadeghi, 2002. Natural Clinoptilolite-Tuff Effects on
Health Homo-Immuno Parameters in Newborn Calves. Zeolite 02, 6!
International Conference, Occurrence, Properties and Utilisation of
Natural Zeolites, 253.

Obradovi¢, S.; M. Adamovi¢; M. Vukasinovi¢;, R. Jovanovi¢, and J. Levic,
2006. The application effects of natural zeolite in feed and water on
production results of Oncorhynchus Mykiss (Walbaum). Roum.
Biotechnol. Lett., 11 (6): 3005-3013.

Olver, M. D., 1989. Effect of feeding Clinoptilolite (zeolite) on the performance
of three strains of laying hens. British Poult. Sci., 30: 115-121. doi:
10.1080/00071668908417130

Ortatatli, M.; H. Oguz; F. Hatipoglu and M. Karaman, 2005. Evaluation of
pathological changes in broilers during chronic aflatoxin (50 and 100
ppb) and clinoptilolite exposure. Res. Vet. Sci., 78: 61-68.

Paritova, A. E.; N. B. Sarsembayeva; B. Buralhiev and A. E. Slyamova, 2013.
An Experimental Study of the Effect of Natural Zeolite of Chankanay
Deposits on Fish-Breeding and Biological and Hematological
Parameters of the Body of Fish. Global Veterinaria, 11 (3): 348-351.

Polat, E.; M. Karaca; H. Demir and A. N. Onus, 2004. Use of natural zeolite
(clinoptilolite) in agriculture. Journal of Fruit and Ornamental Plant
Research, 12: 183-189. Special ed.

Power, D. M., 1990. The physiology of growth. Trout news, 10: 20-23.

Ramos, A. J. and E. Hernandez, 1997. Prevention of Aflatoxicosis in Farm
Animals by Means of Hydrated Sodium Calcium Aluminosilicate



284 Evaluation Of Natural Zeolite (Clinoptilolite) As

A Feed Additive In .....

Addition to Feedstuffs: a Review. Animal Feed Science and
Technology, 65 (1- 4): 197 - 206.

Reinitz, G., 1984. The effect of nutrient dilution with sodium bentonite in
practical diets for rainbow trout. The Progressive Fish-Culturist, 46:
249-253.

Rizzi, L.; M. Simioli; P. Roncada and A. Zaghini, 2003. Aflatoxin B1 and
clinoptilolite in feed for laying hens: Effects on egg quality, mycotoxin
residues in livers, and hepatic-mixed function oxygenase activities.
Journal of Food Protection, 66: 860-865.

Robertson, P. A. W.; C. O’Dowd,; C. Burrells; P. Williams and B. Austin, 2000.
Use carnobacterium sp.) as probiotic for Atlantic salmon (Salmo salar
L) and rainbow trout (Oncorhynchus mykiss, Walbaum). Aquaculture,
185: 235-243.

Sarr, A.B.; K. Mayura; L. F. Kubena; R.B. Harvey and T. D. Phillips, 1995.
Effects of phyllosilicate clay on the metabolic profile of aflatoxin B; in
Fischer-344 rats. Toxicol. Lett., 75: 145-151.

SAS, 1996. SAS Procedure Guide “Version 6.12 ed”. SAS Institute Inc., Cray,
NC, USA.

Schell, T. C.; M. D. Lindemann; E. T. Kornegay; D. J. Blodgett and J. A.
Doerr, 1993. Effectiveness of different types of clay for reducing the
detrimental effects of aflatoxin-contaminated diets on performance and
serum profiles of weanling pigs, J. Anim. Sci., 71:1226-1231.

Shurson, G.; P. Ku; E. Miller and M. Yokoyama, 1984. Effects of zeolite a
clinoptilolite in diets of growing swine. J. Anim. Sci., 59: 1536-1545.

Smith, C.F; R.G. Piper and H.R. Tisher, 1981. U.S. Fish Wild I. Serv.,
Bozeman Inf. Leaflet, 20: 1-17.

Stetca, G. and A. Morea, 2013. Physiological effects of natural zeolites in fish
feed, Bulletin UASVM Animal Science and Biotechnologies, 70 (2): 395-
396.



Ibrahim et al. 285

Stoskopf, M.K., 1993. Fish Medicine. W.B. Saunders Co. Philadelphia,
Pennsylvania, 19106, USA.

Strakova, E.; R. Pospisil; P. Suchy; L. Steinhauser and 1. Herzig, 2008.
Administration of Clinoptilolite to Broiler Chickens During Growth and
Its Effect on the Growth Rate and Bone Metabolism Indicators. Acta
Vet. Brno., 77: 199-207.

Tomasevic-Canovic, M.; A. Dakovic; G. Rottinghaus; S. Matijasevic, and M.
Duricic, 2003. Surfactant modified zeolite-new efficient adsorbents for
mycotoxins. Micro. Meso. Materials, 61:173-180.

Wen, T.; X. Zhang; H. Zhang and J. Liu, 2010. Ammonium removal from
aqueous solutions by zeolite absorption together with chemical
precipitation. Water Sci. Technol., 61: 1941-1947.

Waughan, D. E. W., 1988. Zeolites Natural. Occurence Properties (U. L. B.
Sand, F. A. Mumpton — Ed.) Pergammon Press, New York, 353 — 362,

Wu-Haan, W.; W. Powers; C. Angel; C. I. Hale and T. Applegate, 2007. Effect
of an acidifying diet combined with zeolite and slight protein reduction
on air emissions from laying hens of different ages. Poult. Sci., 86: 182-
190.

Xia, Y.; G. Walker; D. Grant and R. Mokaya, 2009. Hydrogen storage in high
surface area carbons: Experimental demonstration of the effects of
nitrogendoping. J.Am. Chem. Soc., 131: 16493-16499.

Zorpas, A.A., 2000. Constantinides T, Vlyssides AG, Haralambous I, Loizidou
M, “Heavy metal uptake by natural zeolite and metals partitioning in
sewage sludge compost. Bioresour Technol., 72: 113-1109.



286 Evaluation Of Natural Zeolite (Clinoptilolite) As

A Feed Additive In .....

e aahiliy Al ) dland 3l 40138 ABLalS adall cudgy ) ands
daal) Aladly L)) gl clially gall) ga]

Cold) i 5 daal ¢ aaln) s )
"ol Glgd cpall Z 1 dana
oalsal Cisay and o Sansll g1 jinY) abiiy 2l Cigag and " odilglly daill Cigas and |
Gell] S ¢ s dSanal] 53, Cigns sang eclland)
e mas o e il Gl jSpe cduwball Do) 59 40 Cigadd (55Spall Janall
—d) paala)

salll el e @l @Dl Alals ekl culdgilhih ans ) Auhal) sda Caags
hl e 3Dl (CaVolinsild) culgll dile) cag Ll bl dllany (KU LY
Josusll dgle ) AalaVl cOlalee DB Jaditl dile aa€) JSI /Y 5 ¥ o) @by ol
bl Jiliy 4te 5ol adaats o)3al saga Cpad) Widled il 4508 Culall e 4R
Fpand) Ay bl land Tygin o @l GulSasly olaally o1230) 8 ALE oalaally Liged) 5oy
oalal Al aasia) 5 sy L Jshally el agsall) el oo elld il ) as (g
sl Yo Apaall Coauly Lpasa) ASaw e lgie JS (Alebee S 0 Se) 1 Ciuas
fol Lad Lgale Jpeanl) &3 Al bl aal sl

Juas puall Joba ¢ amadl i) Jane el (Culsyy %Y) Aol dlebadl) il
o b K-factor Alall dalad Jare el (Calgyy %Y) Q) dlleall cilaiss ¢ osillsall
lalaall il WS i€l sl (sl Jane el e 230N Al O labeal) (e SIS Cilas
3alall Jane Jef 20)all dledd cidase Lan « sl e oaally opigpll Jane Aeb Loagl 4l
Aland Gl any pelal ¢ el daiay dum ) e Al . il e aloylly dalsl)
& @y clall Akl o)Al mhadd) ( (g5e0 iy aduil Culgll e s Al Al A5)ad)
Agyually 4LA0 Casle )

Jalee P (e saill gl Ayl dala 45 clial Johally sl ha ani Load &
Lginas (VF) G5 s Ll sas o) cjell un Aahaall e labeally cilaal) (p Lol V)
sl WS LAl daay il Al anlid) e Culgll cOllee ae dpedaall cilicall dle



Ibrahim et al. 287

Ao jedi ol Laiy ddlidall COlabeall pa )5l Adlle dysine Jshally )5l deal o) Jilas
oo Jshll dba dapde Al I Glld aay Lagys Aalaall B lebeall pe dygine (3558 A Jshal
Al gyl iy Sl Sl (g pedadl) SN o iy I3 ey - dllan] B 0l Ria
bl (bl ey il gl (8 cpls selas culal Ll Cilimall 3l Blalaaly Zalal)
Al aia g

O g ald cabai®y) apilly Auhal) oda b lgle Jseand) 5 Al mll e ol
ol e AY g ald Glisp ZY0 o ggiad Aelia wdlel o Ll bl dllanf
¢ el cNamay el sl Aaldy Apla@Y) A cliall 4 st ) o ankl)
e Alie Aplai®Y) 5oLl Cun (e Jane Juadl AR AELY) oda culaef @l ) AdLay
(AY) Dbl

el 335 ot e canhall gl ol Aulay) il b s L ey

G ALYl s Glalas Jaxt Ll dlan) daiay gail) laly 4del)l clacall anys
Oe e G gliad ¢ ) ol Apalas ALEabially asandl Galiasdly dseluall (alss
G Sandl ZEY) Bl iy 3aL3 Jal e Al Culatll e a3 DA e Canally Al

-‘).LAA



