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Abstract

This experiment was conducted at the Central Laboratory for
aquaculture research, Ministry of Agriculture, Egypt. This study was
devoted to study the effect of different sub lethal concentrations of
total ammonia on growth performance and some physiological
parameters of Nile tilapia (Oreochromis niloticus). One hundred and
forty four Nile tilapia fish with average weight 52.3+0.81 g, were
reared in twelve aquaria of 60x40x50 cm represented four replicated
groups, the first group used as a control group (fresh water with no
adding of ammonia) and the other three groups were treated with
different concentrations of ammonia determined as 3, 5 and 7 mg/I.

The experimental period was two months. Dissolved oxygen,
temperature, salinity, pH, total alkalinity and total hardness were
constantly measured twice weekly. Under these treatments, fish
growth performance, Hemoglobin concentration (Hb), erythrocyte
counts (RBC), hematocrite (Htc) percentage, other blood indices, total
iron, total iron binding capacity (TIBC), insulin, amylase and lipase
were measured. The results showed that there was significant decrease
in growth performance, blood indices, serum total iron, total iron
binding capacity (TIBC), amylase and lipase by increasing ammonia
concentration. It could be concluded that increasing concentrations of
total ammonia in water ponds more than permissible limits decreases
the levels of digestive enzymes and TIBC which reflecting on reducing
growth performance of Nile tilapia.
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INTRODUCTION

Agquaculture has been growing steadily in recent times as an excellent
source of high-quality protein (Krishen, et al., 2009). Researchers focused on
Nile tilapia because of its quick reproduction rate, tolerance to hard
environments, endurance to disease and possibility to be cultured under diverse
farming systems (Yosef, 2009 and Soto-Zarazua et al., 2010). As size
increasing, fish growth rate and feed efficiency gradually decrease (Liu et al.,
2016). Ammonia is the principal nitrogenous waste product of fishes and is
normally oxidized first to nitrite then to nitrate. It is also, the main nitrogenous
waste material excreted by gills beside urea and amines. Moreover, creatine,
creatinine, and uric acid are being excreted through the kidneys (De Croux et
al., 2004). Chronic un-ionized ammonia exposure may affect fish and other
organisms in several ways, e.g. gill hyperplasia, muscle depolarization, hyper
excitability, convulsions and finally death (Ip et. al., 2001). Un- ionized form of
ammonia is the most toxic form to aquatic organisms as it can readily diffuse
through cell membranes and is highly soluble in liquids. It can cause
impairment of cerebral energy metabolism, damage to gill, liver, kidney, spleen
and thyroid tissue in fish (Smart, 1978). Moreover, it is a common aquatic
pollutant. It enters natural waters with municipal, agricultural, fish-cultural,
industrial wastes, and from energy- development processes such as oil-shale
retorting, coal gasification, and coal liquefaction, it is also, a natural
degradation product of nitrogenous organic matter (Randall and Tsui, 2002).
Thangam et al. (2014) reported that the reduction in RBC and WBC count of
common carp, C. carpio, after exposed to ammonia. The ammonia exposure
also caused a notable reduction in MCV, MCH, and MCHC of Giant
Sharkminnow "S. schlegelii”. Fish growth is an outcome of feeding, digestion
and metabolism of food material, the previous studies indicate that the
digestive, absorptive, and metabolic capabilities of nutrients are related to fish
size (Luo et al., 2013).
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The aim of the present study was to investigate the effect of different
sub lethal concentrations of total ammonia on growth performance, and some
physiological parameters of Nile tilapia (Oreochromis niloticus).

MATERIALS AND METHODS

This study was carried out at the indoor wet lab of spawning and fish
physiology department, Central Laboratory for Aquaculture Research,
Agriculture Research Center, Egypt. This experiment was devoted to study the
effect of different sub lethal concentrations of total ammonia on growth
performance, some physiological parameters of Nile tilapia (Oreochromis
niloticus). The experimental period was two months.

A number of 144 Nile tilapia (Oreochromis niloticus) with average
52.3+£0.81g, body weight were reared in twelve aquaria of 60x40x50 cm, the
experimental aquaria divided into four groups, the first group used as a control
group "TC" (fresh water with no adding of ammonia), and the other three
groups were treated with different concentrations of ammonia as follows: 3
mg/l "T1", 5 mg/l "T2" and 7 mg/l "T3" with three replicates for each. 36 fish
were chosen randomly from the stocked and were used in each treatment
(divided into 12 fish in each aquarium). The fish were acclimated to the test
conditions for two weeks before treatment started and they were fed with fish
pellets at ratio of 3% of total body weight daily. The water in the aquaria was
replaced daily then readjustment of ammonia concentration carried out and
aerated continuously experimental period. Ammonia stress was induces by
adding ammonium chloride to each aquarium (Xu et al., 2005). Total ammonia
concentrations were determined by nesslerization method (APHA, 2000), and
then unionized ammonia (NHs) values were calculated through a coefficient
related to water pH and temperature values measured at the time of sampling,
according to Boyd and Tucker (1992).

Water samples for physico-chemical analysis were monitored bi-weekly
during the study period then collected and tabulated in one mean. Dissolved
oxygen, temperature, salinity and pH were measured as described by APHA
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(2000). Also, growth performances can be measured at the end of the
experiment, fish from each aquarium were weighed to evaluate weight gain and
specific growth rate as follows, Weight gain (g/fish) = W2 — W1. daily weight
gained = weight gained/ time of experiment. Specific growth rate (SGR) = 100
[Ln wt;— LnwTc] /T Where: Ln = Normal logh. Wt; = The final weight (g).
WTc = The initial weight (g). T = the time of experiment (days).

Blood samples were collected from the caudal veins at the end of
experimental period (2 months), and the following parameters were measured:
Hemoglobin concentration (Hb), erythrocyte counts (RBC) and hematocrite
(Ht) percentage were measured based on unified methods for hematological
examination of fish (Svobodova et al. 1991 and 2001). The count of RBC was
determined by counted using the hemocytometer under the microscope and
expressed as number of cells per cubic ml. Mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC) were also calculated according to standard formulas,
MCYV (fl) = 10. PCV / RBCs, MCH (pug) =10. Hb / RBCs, MCHC (%) = 100.
Hb / PCV. The total iron content (TI, mg/ml) and unsaturated iron binding
capacity (UIBC, mg /ml) of serum were determined using a kit (Sigma no. 565)
based on the method described by Persijn et al. (1971). The manufacturer’s
procedure was followed with the modifications that all volumes were reduced
by a factor of 10 (langston et al. 1998). Total iron binding capacity (TIBC
mg/ml) was calculated as the sum of Tl and UIBC. Amylase activity was
determined by the starch-hydrolysis method of Bernfeld (1955). Lipase activity
was determined according to the method of Furne et al. (2005).

Statistical Analysis:

The obtained data of fish were subjected to one-way ANOVA.
Differences between means were tested at the 5% probability level using
Duncan test (Duncun, 1955). All the statistical analysis was done using SPSS
version 10 (SPSS, Richmond, USA) as described by Dytham (1999).
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RESULTS

Water quality parameters were measured biweekly then tabulated as one
average in Table (1). It was observed that temperature was around (29.3+0.03
°C) for all treatments. The dissolve oxygen ranged between (4.7+£0.07 mg/l) in
the third treatment and (5.4+0.03 mg/l) in control group "TC", pH concentration
ranged from 7.8 (T2 and T3) and 8.2 in TC. Salinity averaged from
0.12+0.003ppt at T3 to 0.14ppt in first and second treatments. Higher
alkalinity was obtained (362.3+£1.86 mg/l) in the highest ammonia concentration
group (T3), and the lowest alkalinity (256.3+£1.86 mg/l) was determined in the
control group. The highest and lowest total hardness were determined in the
first treatment "T1" and control one "TC" (295.3+2.27 mg/l and
234.0+2.31mg/l) respectively.

Table 1. Average values (meanstSD) of some physico-chemical parameters
during the experimental period.

Treatment Temperature D;isgzsd oH Salinity Tlotal alkalinitl'otal hardnes
(o) (Ma/l) (ppt) (Mgll) (Mg/)

Control group "TC"  28.2+0.03*  5.4+0.03° 7.7¢0.03*  0.13£0.015" 256.3%+1.86" 234.0+2.31°

3 mg/l ammonia "T1" 28.2+0.03*  5.1#0.03" 7.740.03%  0.14+0.015* 263.0+1.53° 295.3+2.27%

5 mg/l ammonia "T2" 28.3+0.001* 5.0+0.03°  7.6+0.03° 0.14+0.007° 309.0+2.08" 272.7+2.19"

7mg/l ammonia

iy 28.3:0.03°  4.7+0.07°  7.5:0.03° 0.12+0.003° 362.3:1.86° 254.3%2.33°

Means have the same letter in the same column are non significant (P<0.05).

The growth performance was showed in Table (2), weight gained was
significantly decreased with ammonia concentration where value of it was
28.7+0.15¢ in the control group TC, while the minimum value was obtained in
T3 (15.67+0.67g). There were significant differences in the daily weight gain
among the four treatments. The highest feed conversion ratio (FCR) was
observed in the third treatment (1.85+0.02%), while the control group TC had
the lowest value (1.34+0.02%). The highest specific growth rate (SGR) was
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obtained in the control group (0.75+£0.01), while the lowest one (0.44+0.02) was
observed in the third treatment.
Table 2. Mean values (meanst S.D) of initial weight (g), final weight (g),

weight gained (g), daily weight gained (g), FCR and SGR% of
Nile tilapia during the experimental period.

Initial weight Fl_nal Weight Daily weight FCR SGR
Treatment weight . . o
(9) @ gained (g) gain (g) (%)
CO”t,,?'C?,m”p 523+0.81° 82.00£0.79° 29.7+0.15° 0.49+0.003% 1.34+0.02°  0.75+0.01°
Smoll o) 34008"  76.23:0.96° 2393£009° 0.4200001° 1.46+0.03° 0.63+0.0.01"
ammonia "T1
SMOl - y34002" 7023:078° 17.93+0.15° 03+0.0001° 1.65:0002° 0.49+001°
ammonia "T2
7mg/ ',,";Z‘,r,“on'a 52.3+0.69° 67.9740.750 15.67+0.67° 026+0.01° 1.85:0.02°  0.44+0.02°

Means have the same letter are non significant (P<0.05) in the same column.

The hematological parameters are shown in Table (3). Haemoglobin
(Hb) concentrations had significant differences between all treatments. The
highest Hb values were observed in control group TC (9.37 = 0.12g/dl), while
the lowest one was determined in T3 (6.4 = 0.29g/dl). The highest count of
RBCs was obtained in the control group (3.23 + 0.02 x 10%cmm), whereas it
was (2.17 + 0.09 x 10%cmm) in T3. The highest Packed cell volume (PCV) was
showed in control group TC (26.23+ 0.02%) while the lowest were obtained in
T3 (17.92 + 0.81%) respectively. T2 was showed the lowest MCV value (80.88
+ 0.07fl), whereas the highest one was found in T3 (92.68 £ 0.74fl). The highest
MCH value was recorded in T3 (29.53 + 0.26 uug), and the lowest one was
recorded in T2 (28.89 = 0.02 ppg). The mean corpuscular hemoglobin
concentration (MCHC) had no significant differences among the four groups
during the experiment.

From Table (4), it is clear that, when ammonia concentration increased
there were significant decreasing differences between total iron, the lowest Fe
was determined in T3 (30.67+0.58), while the highest one was obtained in the
control group TC (124.4+1.47). Total binding iron capacity (TIBC) was
significantly decreased by increasing ammonia, the highest value was recorded



M.H. Ahmed et al. 411

in control group (264.13+1.24), whereas, the lowest one was (204.4 £4.79) in
T3. The highest values amylase and lipase was showed in the control group TC
(65.67+0.33 and 70.33+1.2) respectively, while the lowest values of them were
observed in T3 (43.67+£0.33 and 43.67+0.88) respectively. Insulin significantly
increased by increasing ammonia concentrations. The highest insulin value was
recorded in T3 (0.470.03), while the lowest value was recorded in control group
TC (0.2+£0.0001).

Table 3. Means of blood values (meanxS.D.) of haemoglobin, erythrocytes
count, haematocrite, and blood indices.

Hb RBCs PCV MCV MCH MCHC

Treatment (g/dl) (x 108/cmm) (%) (f1) (npg) (g/dl)

Control group

o 9.37£0.12° 3.23+0.02° 26.23+0.02*° 81.97+0.22° 29.28+0.38* 35.71+0.0001%

3 mg/l

I 8.9+0.11° 3.04+0.03° 24.92+0.31° 81.9+0.26° 29.25+0.29% 35.71+0.0001°
ammonia "T1

5 mg/l

e 78+0.17° 2.72+0.06° 21.84+0.48° 80.88+0.07° 28.89+0.02° 35.71+0.0001°
ammonia "T2

7mg/l ammonia

Tar 6.4+029° 217+0.09° 17.92+0.81% 92.68+0.74* 29.53+0.26° 35.71+0.0001°

Means have the same letter in the same column are non significant (P<0.05).

Table 4. Serum values (mean+SD) measured of total Iron, total binding iron
capacity, amylase, lipase and insulin in Nile tilapia blood at the end
of experimental period.

Fe (total) TIBC Amylase Lipase Insulin

Treatment (ng/dL) (ng/dL) (u/mg) (u/mg) (n1U/mL)

Control group

o 124.4+1.47° 264.13+124a 65.67+0.33°  70.33+1.2*  0.2+0.0001°

3 mg/l ammonia " T1" 105+#1.2°  251.8+2.48" 61.67+0.33"  60.33+0.88°  0.27+0.03°

5 mg/l ammonia "T2" 57.7+0.9° 235.27+4.25°  54.33+0.88° 53.33+1.2° 0.37+0.03"

7mg/l ammonia

i 30.67+0.58%  204.4+4.79%  43.67+0.33° 43.67+0.88%  0.470.03°

Means have the same letter are non significant (P<0.05) in the same column.
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DISCUSSION

The toxicant exposure can induce the inhibition of growth performance
in aquatic animals (Shin et al., 2016). In this study, the ammonia exposure
caused a notable decrease in growth performance of O. niloticus. Several
investigators reported similar results, Foss et al. (2002) who recorded similar
results in juvenile wolfish. Moreover, Dosdat et al. (2003) and Lemarie et al.
(2004) reported such phenomena in European sea bass. Recently, Sakala and
Musuka (2014) reported a toxic effect of increased ammonia on tilapia growth
rate.

In this study, mean body weight gain, average daily gain (ADG) and
specific growth rate (SGR) were significant decrease (P<0.05) by increasing
ammonia concentrations compared with control. This was attributed to a
decrease in daily food consumption. Similar results were obtained by Atle et al.
(2004) and Saber et al. (2004). Whereas Wang and Walsh (2000) reported that
the reduction in average daily body weight gain was attributed to physiological
disturbances, High levels of ammonia cause stress and produce harmful
physiological response such as osmoregulatory disturbances, Kkidneys
epithelium damages and retarded growth (Soderberg, 1994). The reduction of
growth performance may result from the demand for energy to detoxicate the
ammonia which affects the drop in the energy for growth (Clearwater et al.,
2002), or due to the inhibition of the fish appetite leading to significant
reduction of feed intake and disturbance in metabolism (Zeitoun et al., 2016).
Mean feed conversion ratio was significant decreased by increasing ammonia
concentrations, these results were agreement with Atle et al. (2004) and Saber
et al. (2004) .While John and Semra (2001) found that there was no effect on
growth or feed conversion ratio of channel catfish and blue tilapia.

The blood parameters could be sensitive and reliable indicator to
evaluate the physiological status of fish. In this study, the RBC count,
hemoglobin, and hematocrit of O. niloticus were significant decreased by
increasing ammonia concentrations. Our results agreement with, Tilak et al.
(2007) who reported a substantial decrease in hemoglobin of common carp
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exposed to ammonia, Thangam et al. (2014) reported a notable reduction in
RBCs count of common carp exposed to ammonia, Shin et al. (2016) recorded
that ammonia exposure of rockfish induced a significant decrease in red blood
cell (RBC) count , hemoglobin (Hb), and hematocrit (Ht) and finally Zeitoun et
al. (2016) recorded significant decreases in RBCs, PCV and Hb concentration
of Nile tilapia after exposed to ammonia. Red blood cells of teleost produced
from hematopoietic tissue of the kidney, spleen and liver the stress impact of
ammonia might damage such organs to the degree that they caused reduction of
erythrocytes (Das et al., 2004). As it has been well established that liver and
kidneys are the sites of erythrocyte production, the damage caused by ammonia
might suppressed this process. Additionally, the increase of NH3 in the blood
circulation might ruptured high percent of RBCs and caused hemodilution
resulting in a disturbance of osmoregulation across gill epithelium (Vosyliene et
al., 2003). In the opposite, there found a species differences on the tolerance of
different fish to ammonia level. This has been shown by Hrubinko et al. (1996)
found that Hb increase when exposed to high concentrations of ammonia and
also, Dosdat et al. (2003) reported no changes in hematocrit value in European
sea bass exposed to ammonia. The ammonia exposure also caused a notable
reduction in MCV, MCH and MCHC of O. niloticus but this decrease was non
significantly in MCHC. These results agreement with Saravanan et al. (2011)
where they suggested that the diazinon pesticide exposure to European catfish,
Cyprinus carpio resulted in a considerable decrease in MCV, MCH, and
MCHC, which is due to the increase of immature red blood cells by the toxicant
exposure. In the opposite, Zeitoun et al.(2016) recorded increasing in MCV
and MCH values of O. niloticus than control as a consequence to ammonia
exposure might be ascribed to the increased water content in red blood cells
resulting of chloride shift and the decreased of plasma chloride at the same state
of high ammonia in water. Moreover, decrease in MCHC this decreasing might
be attributed to the hemodilution and/or the lack of production of hemoglobin in
circulation.
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Commercial refection of Nile tilapia aquaculture is related by increasing
digestive enzymes actively and subsequently increasing rate of absorption and
growth, so, increasing ammonia is reverse for the previous rule as cleared from
our results this agreement with Radhakrishnan et al. (2015), who stated that the
amylase and lipase activity levels showed the same tendency with that of
protease activity. Jiang et al. (2015) stated that plasma lipase and amylase
activities in Jian carp were linear relationships between natural logarithms and
body weight. Enzymes activities showed negative allometry against body
weight of Jian carp which were partial reasons to explain fish growth rate
decreasing. The digestive capacity of fish is governed by the activities of
digestive enzymes and brush border enzymes in the intestine (Wu et al., 2011).

CONCLUSION

This study included that increasing concentrations of ammonia in water
ponds more than permissible limits decreases the levels of digestive enzymes
and TIBC which reflecting on reducing growth performance of Nile tilapia.
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