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Abstract 

   
Tilapias are sexually reversed by hormonal treatment with 17α-methyltestosterone (MT) before introduction in 

culture unit to avoid over-breeding.  This manipulation can be perceived as a real chemical hazard for consumers 

and environment. Therefore, this study was undertaken to evaluate the withdrawal of MT residues in tilapia’s 

flesh treated with 65 mg of MT/kg of impregnated-feed for 28 successive days then enlarged for another three 

months post-treatment. At the 60th day post-treatment, the average of sex ratio in treated groups (97.78% males 

and 2.22% females) was significantly different (P<0.001) from the untreated one (48.57% males and 51.43% 

females). MT residues were analyzed using an ELISA method after liquid/solid extraction. The MT content in 

flesh was very low at the first day post-treatment (1.59 µg/kg), then continued to decrease significantly (P<0.05) 

and passed below the detection threshold (0.09 µg/kg) after 60 days post-treatment. The MT concentration in 

water’s samples was below the detection threshold (0.16 µg/kg) and was insignificant from toxicological point of 

view.  So from the data collected it can be suggested that MT treatment of tilapia carries no risk for human health 

and environment.  
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Introduction 

The Nile tilapia "Oreochromis niloticus" is the second 

most cultured fish species worldwide with an annual 

production exceeding 3.6 million tons in 2010 (FAO, 

2012). Since the last decade, tilapia’s breeding is in 

full rise in Algeria as an alternative compensation of 

the deficit of fishery products (Dergal et al., 2013). 

Tilapias have many attributes that make them an 

ideal candidate for promoting aquaculture and 

development in Algeria. These include: fast growth, 

tolerance to a wide range of environmental 

conditions, resistance to stress and diseases, ability to 

reproduce in captivity, feeding on low trophic levels 

and good sensorial properties of flesh (Asad et al., 

2010; Junior et al., 2012). Nevertheless, the 

precocious sexual maturity of tilapia can be the major 

drawback leading to the overpopulation of breeding 

ponds (Baroiller et al., 2009). Consequently, the 

produced fish (mixed sex tilapia) are of unequal 

harvest size and reproductive females remain small 

because of mouth brooding (Baras et al., 2001). For 

economical reasons, the manipulation of the sexual 

dimorphism in favor of the male proves to be an 

optimal solution (Baras and Melard, 1997). All-male 

populations are preferred because males grow faster 

and to a larger/more uniform size than equivalent 

populations of mixed sex fish or all-female stocks 

(Risto et al., 2013). Sex reversal by oral 

administration of the synthetic steroid, 17α-

methyltestosterone impregnated-feed proves to be the 

most simple, easiest, highly effective and reliable tool 

for the phenotypical masculinization of the newly-

hatched tilapias resulting in a minimum of 95% male 

offspring (Marjani et al., 2009; Celik et al., 2011). The 

effectiveness of MT-treatment depends on the dose of 

hormone (Barry et al., 2007), time of treatment 

initiation (7 to 12 days post-hatch) (Teichert-

Coddington et al., 2000) and treatment duration 

(usually 21 or 28 days) (Abucay and Mair, 1997). The 

use of the MT-hormone in the livestock production 

was often disputed by researchers because of their 

potential toxicity on the human health (carcinogenic 

properties and endocrine disrupter) and 

environmental hazards (Aman et al., 2006; Hulak et 

al., 2008; Zhang et al., 2010; Barbosa et al., 2013; 

Golan and Levavi-Sivan, 2014). 

The group of anabolic steroids (including the MT) is 

prohibited by the European Union directive 

(2003/74/EC) (E.U, 2003) for animals fattening (De 

Brabander et al., 2009; Risto et al., 2013). Likewise, 

marketing of treated fish is restricted in India, Costa 

Rica and Ecuador (Megbowon and Mojekwu, 2012; 

Kefi et al., 2013; Mlalila et al., 2015). On the other 

hand, the US FDA authorizes the MT-hormone 

treatment on the basis of tangible scientific evidence 

(Mlalila et al., 2015). In Algeria, there is no specific 

regulation for the use of anabolic steroids in livestock 

production. The risk of the MT can fit in the context 

of the national law n° 09-03 of February 25th, 2009 

relating to the consumer protection and the 

repression of the frauds (Official Journal n° 15) 

(JORADP, 2009) as well as the executive decree n° 

10-90 of March 10th, 2010 relating to the introduction 

of HACCP system into the establishments of 

foodstuffs (Official Journal n° 17) (JORADP, 2010). 

Therefore, our study principally focused on the 

optimization of an extraction method of MT residues 

from three different matrixes (water, fish’s flesh and 

feed), which is compatible with an ELISA technique. 

Moreover, this work evaluates the withdrawal period 

of MT residues in tilapia’s flesh after hormonal 

treatment in the laboratory conditions. Secondly, our 

study provides some replies on the environmental 

impact of the MT residues from released 

experimental water.  

 

Material and methods 

All experimental procedures and protocols used in 

this investigation were reviewed and approved by the 

Institutional Animal Care and Use Ethics Committee 

of the University of Liège (Belgium) (Authorization n° 

1123/2011).  

 

Experimental design 

The experiment was conducted at the Research and 

Education Center in Aquaculture (CEFRA), 

University of Liege, Tihange, Belgium. Tilapia fry 

were obtained by artificial spawning from normal XX 

female and XY male. Eggs were hatched 10 days in 1.5 

L Zug bottle supplied with water at 27°C ± 1°C.  
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Thereafter, alive fries (the survival rate was 70%) 

were removed from the bottle, weighed, counted, 

transferred and divided randomly into six glass 

aquariums of 50 L (± 230 fries per aquarium) which 

composed two independent recirculating systems. 

The first system contained tree aquariums for control 

(hormone free diet) and the three other aquariums 

constituted the second system fed MT-impregnated 

feed for 28 consecutive days. Each recirculating 

system was equipped with a vortex (mechanical and 

biological filters), supplied with continuously aerated 

running heated water (O2 concentration > 6 ppm and 

T° = 27 ± 1 °C) and the lighting was provided for 12 

hours. After the end of hormonal treatment (28 days), 

juveniles were shifted in two new independent 

recirculating systems (treated and control) composed 

of six glass aquariums of 250 L and managed to be 

under the same experimental conditions as the 

precedents. The photoperiod was changed for 14 

hours of lighting and 10 hours of dark. Along the 

experiment (120 days), aquariums were cleaned and 

the food residues discarded daily. The temperature 

and the oxygenation of water were controlled and 

recorded daily. Levels of ammonia and nitrites in 

water were measured twice à week.  

 

Medicated feed 

The MT hormone-treated feed was prepared by 

dissolving 65 mg of 17α-methyltestosterone (Acros 

Organics, Netherland) in 600 ml of absolute ethanol 

(Sigma, Germany), and then incorporated into one 

kilogram of commercial powdered feed for tilapia fry 

(Tilapia EX, Aqua Bio, Belgium). The ethanol was air 

dried under ventilation hood for 24 hours, and the 

feed was stored in the refrigerator (4°C). During the 

experiment, four types of industrial dry feed (32% 

crude protein) were distributed depending on the 

granulometry of feed, which is suitable for the 

opening of the oral cavity. At the treatment period (28 

days), optimal rations of medicated feed (for treated 

lots) and free diet powdered feed (for control lots) 

were adjusted using the following formula: y = 5.818 

x-0.233 (data not published), where “y” is the weight of 

fish (g) and “x” is the biomass ratio (%). Feed was 

distributed manually over 8 hours per day.  

Thereafter and from the cessation of treatment until 

the end of experiment, adjusted rations of free diet 

pellets at 5% of biomass of each aquarium were 

distributed using automatic belt feeders.  

 

Zootechnical parameters 

During the five months of the experiment, the mean 

body weight (recorded to the nearest gram), daily weight 

gain (DWG), specific growth rate (SGR) and food 

conversion rate (FCR) were monitored weekly. The 

survival rate of fish (%) was recorded on the termination 

of trial. The following formulas were used to calculate 

the above parameters (Chakraborty et al., 2011). 

 

DWG (g day-1) = mean final weight (g)  mean initial 

weight (g) / days 

SGR (% day-1) = [(ln final weight  ln initial weight) / 

time (days)] × 100 

FCR = total amount of dry feed consumed (g) / wet 

weight gain of fish (g) 

Survival rate (%) = (final number of fish / initial 

number of fish) × 100 

 

The sex ratio of juvenile tilapia was determined by 

microscopic analysis of gonadal squashes 60 days 

post treatment (Rougeot et al., 2008). Briefly, one 

hundred fish per aquarium (treated and control) were 

randomly sampled and sacrificed using a lethal dose 

of anesthetic (Benzocaine, Sigma). After that, juvenile 

were sexed with the acetocarmine squash method of 

Guerrero and Shelton (1974). 

 

Sampling 

To control 17α-methyltestosterone residues from 

tilapia’s flesh in both control and treated batches, 

fishes were sampled at 15 days intervals from the first 

day of treatment’s cessation (29 days) until the third 

months post-treatment (90 days). Because of the 

smallest size of juveniles, ten individuals were 

randomly taken for the first and second sampling 

from each aquarium. Thereafter, only 5 fishes were 

randomly sampled from each aquarium. Fishes 

sampled from the same aquarium were anaesthetized 

(Benzocaïne, Sigma-Aldrich, ref. E1501) (200 mg l-1 

of water). 
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Their flesh (skin and muscle in natural proportion) 

were collected, crushed and pooled. Each pooled 

sample was analyzed in triplicate (n = 3). In parallel, 

three pooled samples (10 tilapias by pool), taken from 

real marketable tilapias produced in a west of 

Algerian fish farm, were also analyzed.  

 

To evaluate MT residues content in water, a dozen 

samples of water from the treated and controlled 

recirculating systems were taken before (7 days), 

during (21 and 27 days) and after the hormonal 

treatment (1 day, 2 and 5 weeks post treatment) from 

aquariums and from released water.  

 

To evaluate the stability of methyltestosterone 

hormone during refrigerated storage (4°C) of feed, 

three samples of MT-impregnated feed were also 

collected. All the samples of flesh and water were 

preserved at -20°C until ELISA analysis.  

 

Hormone analysis 

MT residues from released water and flesh of tilapias 

were measured using a commercial available enzyme-

linked immunosorbent assay (ELISA) kit 

(METHYLTESTOSTERONE 2 hours, Marloie, 

Belgium).  

 

Optimization of buffer solutions 

The sodium acetate buffer 50 mM was prepared by 

dissolving 4.1 g CH3COONa in one liter of distilled 

water and the pH adjusted to 4.8 with acetic acid 

(20%). The phosphate buffer solutions (PBS-buffer) 

67 mM was prepared by adding 2.9 g of sodium 

dihydrogen phosphate monohydrate (Na2PO4.H2O) 

to 8.19 g of disodium phosphate 2-hydrate 

(Na2HPO4.2H2O) in one liter of distilled water. The 

PBS-buffer 20 mM was prepared by adding 0.87 g 

Na2PO4.H2O to 2.44 g Na2HPO4.2H2O in one liter of 

distilled water. The pH of the two PBS-buffer 

solutions was adjusted to 7.2 with acetic acid (20%).  

 

Extraction procedure 

The described extraction procedure of ELISA Kit for 

urine was applied for water samples, except that the 

sample volume was doubled (1 ml of water instead of 

0.5 ml for urine). 

For flesh samples, the initial extraction procedure was 

slightly modified: 5 g of homogenate (tissue + 67 mM 

phosphate buffer pH 7.2) were used to extract the 

residue twice with 5 ml tert-butyl-methyl ether 

(TBM). The tubes were vigorously stirred (30mn), 

centrifuged (10 min. at 3000 g) and supernatants 

were transferred to another vial. The residue obtained 

after evaporation under a stream of nitrogen of the 

pooled ether phases, was dissolved in 1 ml 

methanol/distilled water (60/40) and diluted with 2 

ml of 20 mM PBS buffer. The extract was cleaned up 

using Bakerbond SPE Octadecyl (C18) 1 ml Solid 

Phase Extraction Columns (Baker, USA). The SPE 

columns were conditioned with 3 ml of methanol 

(100%) then equilibrated with 2 ml of 20 mM PBS 

buffer. The sample (3 ml) was charged onto the 

activated column and then the column was washed 

with 2 ml of methanol/distilled water (40 /60) before 

centrifugation. The sample extract was eluted slowly 

(15 drops/min) with 1 ml of methanol (100%) then 

evaporated until dryness at +60 °C under a mild 

stream of nitrogen. The residue was dissolved in      

100 μl of ethanol and 900 µl of dilution buffer. 

Finally, 50 μl per well were charged in ELISA plate. 

 

The same extraction method was applied for feed 

analysis. MT recovery from fish flesh and feed was 

measured using 3 control samples (tilapias and feed) 

spiked with 1, 3 and 5 µg/kg of MT. 

 

Statistical analysis 

The SAS software (Statistical Analysis System, 2000) 

was used for all statistical analyses. Time effect on 

each parameter (mean body weight, specific growth 

rate, daily weight gain and food conversion ratio) was 

assessed by general linear model (proc glm; SAS, 

2000). The least square means (LSM) were calculated 

for each parameter according to time effect. Mean 

body weight was calculated for each week along.  

 

The Chisquare (χ2) test was used in finding out the 

statistical significance of sex reversal rates (P<0.05) 

between treated and control batches.  
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Data of the MT residues concentrations were 

subjected to variance analyses (ANOVA one way), and 

differences between means were evaluated by the 

Tukey test (significance, p<0.05) using the statistical 

software SPSS 17.0 for Windows (SPSS Inc., Chicago, 

III, USA). The results of statistical analysis are shown 

as mean values ± standard deviation. 

 

Results 

Zootechnical parameters 

The physicochemical properties of water used for 

experiment in two independent recirculating systems 

(control and MT treated) were within the acceptable 

range for fish growth. 

The average values of temperature (27 ± 0.03°C), 

dissolved oxygen (6.77 ± 0.56 mg/L), nitrite (0.89 

± 0.75 mg/L), ammoniac (0.45 ± 0.30 mg/L) and 

pH (7.87 ± 0.09) released the good rearing 

management. During the experiment (4 months) 

and in spite of fish transfer between aquariums 

(from 50 L to 250 L), the survival rate remained 

100% in both treated and controlled batches 

(Table 1). 

 

 

  

 

Table 1. Growth parameters and survival rate of Nile tilapia (Oreochromis niloticus) in the experiment. 

Parameters Control group Treated group 

Initial weight (g) 0.0061 ± 0.002 a 0.0061 ± 0.002 a 

Final weight (g) 39.69 ± 0.381a 41.58 ± 0.381a 

DWG (g) 0.38 ± 0.01a 0.40 ± 0.004 a 

SGR (% BW day-1) 8.36 ± 0.02 a 8.41 ± 0.01 a 

FCR 0.41 ± 0.002 a 0.40 ± 0.04 a 

Survival rate (%) 100 a 100 a 

 

DWG: daily weight gain, SGR: specific growth rate. FCR: food conversion rate. Different letters on the same row 

indicate a statistically significant difference (p<0.05). 

Growth performances are summarized in Table 1. 

Results of mean weight, daily weight gain, specific 

growth rate and food conversion rate were 

statistically similar (P<0.05) in both treated and 

untreated lots. Results of sex ratio rate are illustrated 

in Fig. 1.  

 

 

Fig. 1. The sex ratio rate (%) of juvenile tilapia (Oreochromis niloticus) following sex reversal treatment by 17α-

methyltestosterone, mean (n = 3). 
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The mean number of male individuals in MT-treated 

groups was 97.78 ± 1.54% against 2.22 ± 1.54% of 

mean rate of female individuals. These values were 

significantly different (Chi2 test, P<0.001) from the 

untreated groups (48.57 ± 1.43% males and 51.43 ± 

1.43% females). Fisher's Exact Test was also applied 

because of the lowest rate of females individuals 

(<5%) and confirm the highly significant difference 

between control and treated groups (P< 2.51-20).  

 

MT residues analysis 

Following the obtained results from preliminary tests 

with the original ELISA method, 

the extraction procedure was optimized to improve 

the extraction recovery from the studied matrices 

(water, flesh and feed). Values of the recovery 

extraction were: 55 ± 9.54% from fish flesh, 73.85% 

from feed and higher than 85% from water. The 

performance parameters of the ELISA method were 

satisfactory in terms of reproducibility and linearity 

(R2 = 0.998) as shown in Fig. 2. The respective limits 

of detection (LOD) in water and flesh were 0.16 ppb 

and 0.09 ppb and the respective limits of 

quantification (LOQ) were 0.25 ppb and 0.18 ppb. 

 

 

Fig. 2. Calibration curve of 17α-methyltestosterone ELISA test. 

Figure 3 illustrates the results of the post treatment 

residual concentrations of 17α-methyltestosterone 

(µg/kg) in tilapia’s flesh. Considering the 100% of 

cross-reaction between methyltestosterone and 

natural testosterone in the selected ELISA test, MT's 

values of treated tilapia are expressed after 

subtracting the corresponding physiological 

testosterone values from the control individuals. 

Results showed that the MT concentration in tilapia’s 

flesh was very low (1.9 µg/kg) at the first sampling 

(one day post-treatment) then rapidly and 

significantly (p<0.05) decreased to 0.1 ppb then fell 

below the detection limit of the ELISA test (0.09 ppb) 

after two months post treatment in the triplicate 

treated groups. No MT residues were detected from 

the real samples of tilapia marketed and reared in 

Algeria.  

The MT concentrations were below the LOD 

threshold (0.09 ppb) of the ELISA test. MT 

concentration value from MT-impregnated feed was 

60 mg/kg, which justified the stability and good 

homogenization of the medicated feed used in this 

study. No MT residues were detected from the water 

samples by the ELISA test. The MT concentrations 

were below the LOD threshold (0.16 ppb).  

 

Discussion 

In aquaculture breeding and good management 

practices are paramount for fish growth. Water 

temperature and chemical quality in fishpond plays a 

vital role in the survival, growth performance and well 

being of tilapia (Khalil et al., 2011).  
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Results of physicochemical parameters of water 

analysis were consistent with the standards range of 

ideal water for tilapia rearing provided by Hasheesh 

et al. (2011). In accordance with Asad et al. (2010), 

the survival rate of experimental fish in all aquaria 

remained 100%, which revealed that the MT  

treatment didn’t affect the survival rate of fish.  

 

The growth promoting efficiency of the MT anabolic 

steroid hormone in tilapia species is well 

documented.  

Most of researchers agree that growth of treated fry of 

Oreochromis niloticus with 17α-methyltestosterone is 

superior than the untreated one (Marjani et al., 2009; 

Asad et al., 2011; Chakraborty et al., 2011; El-Greisy 

and El-Gamal, 2012). The anabolic effect is attributed 

to the improvement of food conversion efficiency and 

the direct effect of MT on the gene expression in the 

muscle cells (Risto et al., 2013). Contradictory to the 

previous studies, our work revealed that the anabolic 

effect was not evident within the experimental period. 

 

 

Fig. 3. Post treatment residual concentrations of 17α-methyltestosterone (µg/kg) in flesh of Nile tilapia 

(Oreochromis niloticus), Mean ± SD (n = 3).  Different letters on the same curve indicate a statistically significant 

difference (Tukey test, p<0.05). 

No significant difference was shown among growth 

parameters between control and treated individuals. 

Similar findings were reported by Phelps et al. (1992), 

Smith and Phelps (2001), Celik et al. (2011), Junior et 

al. (2012) and Kefi et al. (2013). This can be explained 

by the short period of experiment (only 4 month) and 

by the optimal meal distributed during the MT 

treatment compared to larger diets accessing the rate 

of 20% of biomass reported by Chakraborty et al. 

(2011). The role of MT in developing male sexual 

characters was highlighted in this study (~ 98%). The 

same results were obtained beforehand by Romerio et 

al. (2000) and Marjani et al. (2009), while testing 60 

mg and 75 mg of MT. Kg-1 of impregnated-feed 

respectively. All male (100%) populations have been 

attained with MT-medicated feed at dose rate of       

40 mg MT Kg-1 within  

 

a closed water system (Abucay and Mair, 1997), 50 

mg MT    Kg-1 (Bhandari et al., 2006), and 70 mg MT 

Kg-1 of formulated feed with 40% crud protein (Asad 

et al., 2010). An average of 95% male population was 

reported by Guerrero (1975), while treated tilapia fry 

with 30 mg MT Kg-1 of MT-medicated feed. A 

maximum of 93.7% male rate was described by Celik 

et al. (2011) while applying different doses (20-60 mg 

MT Kg-1 of medicated feed). The androgenic effect of 

17α-methyltestosterone in tilapia fry is explained by 

the inhibition of the aromatase and the reducing 

estrogen levels during the sensitive period of sexual 

differentiation (from 10 to 38 days post‐fertilization) 

(Mei and Gui, 2014; Genotte et al., 2015; Rahma et 

al., 2015).  
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Several methods have been developed and validated 

for the detection of anabolic steroid (17α-

methyltestosterone) and their metabolites in various 

biological matrices. Costly and fastidious methods 

such as gas chromatography coupled to mass 

spectrometry (GC-MS) (Gomez et al., 2013), liquid 

chromatography coupled to a diode array UV (Han et 

al., 2012) or to mass spectrometry (Storey et al., 

2014) are generally solicited for the screening and 

confirmation of MT. Simple, fast, sensitive and cost-

effective ideal assays for screening and quantification 

of MT are also available. Usually, immunoassays are 

recommended for screening of androgen residues and 

their metabolite (cross-reactivity) and are based on 

radioimmunoassay (RIA) applied with precaution 

against radioactive compounds (Contreras-Sanchez et 

al., 2001). Enzyme-linked immunosorbent assay 

(ELISA) offer good repeatability, quick and potential 

of testing several samples at the same time (Lu et al., 

2006). In this work, we optimized the extraction 

procedure of the commercial ELISA kit 

(METHYLTESTOSTERONE 2 hours, Marloie, 

Belgium), which can serve as routine tool for 

laboratory or HACCP teams to screen MT residues 

from the three-studied matrix (feed, flesh and water). 

Lu et al. (2006) and Risto et al. (2013) or Kong et al. 

(2015) have developed an ELISA or indirect 

competitive enzyme-linked immunosorbent assay 

(icELISA) respectively, allowing the detection of the 

synthetic hormone accurately and at very low 

concentrations (ppt).  

 

In this study, the kinetic of post treatment residual 

concentrations of MT in tilapia flesh was ascending 

from 2.19 µg kg-1 (in lot 1) to an undetectable 

concentration after 60 days post-treatment (in all 

lots). This finding is in line with previous evaluation 

studies of MT accumulation in whole fish since the 

end of seventies. Fagerlund and Dye (1979) and 

Johnstone et al. (1983) reported the rapid loss of MT 

in rainbow trout and tilapia respectively. In 1986, 

Goudie et al. due to radiolabelled methyltestosterone 

depletion in blue tilapia showed that after three weeks 

post treatment, the MT concentration equals 5 ng g-1. 

Cravedi et al. (1993) reported that 68% of 

radiolabelled MT is rapidly extracted via bronchial 

elimination within 24 hours and the rest should been 

metabolized and extracted via bile or feces in trout. 

Green and Teichert-Coddington (2000) 

demonstrated by regression analysis of radioactivity 

depletion that concentrations of MT and metabolites 

in tilapia falls below 10 pg g-1 after 8-40 days of 

withdrawal. One year later, Vick and Hayton (2001) 

proved by pharmacokinetics of MT in rainbow trout 

that the oral bioavailability was 70% and the half-live 

was about 57 hours, which corrobrate the finding of 

the rapid depletion and efficiency of the MT-

medicated feed. Dabrowski et al. (2004) showed the 

rapidly decrease of MT concentration from 3 µg g-1 to 

0.5 µg g-1 within 8 weeks of withdraw in tilapia 

(confirmed results by our study). Chu et al. (2006), 

while developing an LC-MS method and controlled 

tilapia fillets (previously fed with MT-feed at 30mg 

MT kg-1 during 28 successive days) showed that level 

of MT was 0.13 ng g-1 after 14 days post treatment 

then fell below the LOD (0.04 ng g-1). 

 

Our study demonstrated that samples of released 

water from tilapia hatchery or from closed-loop 

aquaculture system were relatively harmless for 

environment. Certainly, water had undergone a 

mechanic and microbial filtration through the 

recirculating system. Most bacteria could biodegrade 

steroids as shown by Homklin et al. (2011, 2012) 

under electron acceptor conditions. In addition, the 

sensitivity of MT to photo-oxidation (Teichert-

Coddington et al., 2000) and the filtration through 

gravel or sand (Contreras-Sanchez et al., 2001; Shore 

and Shemesh, 2003) played effective tools to 

minimize steroids concentration in water and 

sediment. On the other hand, incidental sex reversal of 

Tilapia nilotica (Abucay and Mair, 1997) and common 

carp (Cyprinus carpio L.) (Hulak et al., 2008) were 

reported because of polluted water by MT.  

 

In this study, the stability of a minimum of one 

month at 4°C of the MT-medicated feed (65 mg kg-1) 

was in agreement with Barry et al. (2007) advocating 

several month for fish MT-impregnated feed at this 

storage temperature. 
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Conclusion 

Our study has strengthened the scientific opinion 

about the harmlessness of using MT during sexual 

inversion of tilapia fry. There are no environmental or 

human risks while some good breeding and 

veterinary practices are applied in tilapia farms. MT-

treatment (28 days) must be restricted only for the 

early fry stage (10 days post hatching).  

 

The medicated dose must be limited at maximum of 

65 mg kg-1 feed. To ensure safety of marketed tilapia 

fish, the enlargement period must be at least of 5 

months. Tilapia farm workers must be aware about 

the dangers of hormone powder and must apply the 

instructions of use and storage. Finally, bacterial and 

physical systems of filtration must be established for 

released water from hatcheries. As global and 

interactive solution, implementing HACCP system in 

tilapia farms is desirable. The ELISA method 

optimized in this work can be applied for the 

screening of MT residues in feed, water and flesh 

matrix.  
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