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INTRODUCTION 

 

Tilapia is one of the most widely used fish cultivated all over the world and in 

Egypt in particular. Currently, farmed tilapia represents more than 75% of world 

tilapia production (FAO, 2009), and this contribution has been exponentially growing 

in recent years. The low trophic level and the omnivorous food habits of tilapia make 

them a relatively inexpensive fish to feed, unlike other finfish, such as salmon, which 

rely on high protein and lipid diets based on more expensive protein sources like a 

fish meal (Obirikorang et al., 2016). 

Fish feed is an essential component of the inputs in any fish farm. Minerals are 

required in fewer amounts than other ration required nutrients. The role of trace 

elements in biological systems has been described in fish. The fish requirements for 

the normal life processes like skeletal formation, biologically important compounds 

such as hormones and enzymes (Watanabe et al., 1997). Many of the factors are that 

affect the dietary level of mineral and trace elements in fish can be in one or more a 

combination of; the biological factors such as species, life stage, sex, trophic level, 

feeding habits, and nutritional status of the fish, dietary factors such as diet 

composition, availability and nutrient interaction and environmental factors such as 
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An experiment was conducted to compare the effect of three levels of 

nanoparticles iron (nFe2O3) and zinc (nZnO) with the same levels of bulk Fe 

(Fe2O3) and Zinc (ZnO) as feed additive on growth performance, feed 

efficiency, chemical body composition and tissue accumulations of Fe and Zn 

of Nile tilapia fingerlings (17.73 g). A basal diet (30.71%CP) was used with 

all treatments. This experiment consisted of seven. The fish reared in 

fiberglass tanks (1.5m3). The fish fed twice daily 8: am and 4: pm, a rate of 

5% of the biomass. The experimental period was 80 days. Statistical analysis 

showed significant differences between the treatments in growth parameters, 

feed efficiency parameters, body chemical composition, and tissue 

accumulation of Fe and Zn. T6 (40 mg Nano iron oxide + 40 mg Nano zinc 

oxide) achieved the best growth and feed conversion ratio (FCR). This 

experiment cleared that, nanoparticles Fe+Zn resulted in increasing the 

muscle content of Fe, while the liver and gills content of Fe was increased 

with bulk Fe+Zn. Also, bulk Fe+Zn led to an increase in the muscles, gills 

content of Zn in comparison with the liver content of Zn. 
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aqueous mineral concentration, salinity and temperature of the rearing system (Prabhu 

et al., 2014). From is considered as one of the most essential microelements. Its effect 

is mainly on the functioning of the immune system and defense against various 

infections (Huber, 2005) Iron is necessitated by most of living organisms including 

fish because it is required for execution of metabolic processes including oxygen 

transport, drug metabolism, steroid synthesis, DNA synthesis, ATP production, 

electron transport (Crichton, 1991 and Hilty et al., 2010a). However,  Iron deficiency 

causes immune suppression, growth depression, changes in hematological parameters, 

susceptibility to diseases and poor food conversion. 

 Besides Zinc is no less important than iron as it plays a key role in various 

metabolic pathways like prostaglandin metabolism and structural role in 

nucleoproteins (Chanda et al., 2015). Zinc (Zn) is an essential trace mineral required 

for growth and metabolism of all vertebrates including fish. It is a specific cofactor of 

many enzymes, where it is involved in different metabolic pathways (Eckerich et al., 

2001). The development of nanotechnology produces many nanoparticles (NPs) that 

are important in medicine, agriculture and industry (Płaza et al., 2014). Nanoparticles 

are defined as any particle with at least one dimension less than100 nm, and 

consequently, their properties are altered compared to their bulk counterparts (Auffan 

et al., 2009). Also, Nanoparticles have enormous potential in controlling the 

pathogens in aquaculture. Swain et al., (2014) showed that, different metal and metal 

oxide nanoparticles were screened for their antimicrobial activities against a wide 

range of bacterial and fungal agents including certain freshwater cyanobacteria. More 

recently, nan particulate versions of these metal oxides have been manufactured and 

introduced in commercial products such as cosmetics and sunscreens (TiO2, Fe2O3 

and ZnO) (Nowack and Bucheli, 2007).  

This study aimed to apply of Nano science in aquaculture, through comparing 

and showing the differences between diets containing levels of Nano-iron-zinc with 

diets containing levels of ordinary iron and zinc. And their influence on growth 

performance, feed efficiency, body chemical composition of Nile tilapia fingerlings. 

 

MATERIALS AND METHODS 

  

The present study was carried out in Shakshouk Fish Research Station, Fayoum 

Governorate, National Institute of Oceanography and Fisheries (NIOF), Egypt. Nile 

tilapias were obtained from private hatchery fish beside Qaroun are Feeding 

experiment was conducted to evaluate the effect of the addition of Nano-Iron and zinc 

in tilapia diet in comparison with ordinary iron and zinc on growth performance, feed 

utilization and accumulation of iron and zinc in fish body. This study included 

fingerlings which were acclimated for a week after which they were them distributed 

in experimental units. 

This trial started in date 1/10/2017 and continued for 80 days. It consisted of 

seven treatments: the first treatment (T1) fingerlings fed on control diet. In T2, T3 and 

T4 fingerlings fed at three levels of Nano iron and zinc in diet (20, 40 and 60 mg/kg 

diet respectively).  In T5, T6 and T7 fingerlings fed at three levels of ordinary iron 

and zinc in diet (20, 40 and 60 mg/kg diet respectively). Fingerlings reared in 14 

fiberglass tanks (duplicated), the size of the tank was 2m
3
, with water volume of 

1.5m
3
. Initial body weight of fingerlings was 17.73 g and it was stocked at 20 

fingerlings per tank. The water exchange rate was 30% of water volume in the tank. 

The feeding twice aday at 8 am and 4 pm.  
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Diets preparation 

One experimental diet was used in this study.  Different levels of Iron and Zinc 

ordinary or Nano were added to this diet according to different treatments except T1 

(control), With T2, T3 and T4 it was formulated of the addition of (20 mg iron oxide 

+ 20 mg zinc oxide/ 1000 g), (40 mg iron oxide + 40 mg zinc oxide/1000 g) and (60 

mg iron +60 mg zinc/1000 g), while (20mg Nano iron oxide + 20 mg Nano zinc 

oxide), (40 mg Nano iron oxide + 40 mg Nano zinc oxide), (60 mg Nano iron oxide + 

60 mg Nano zinc oxide )  with T5, T6, and T7 respectively.  

The diets were formulated to contain 30% crude protein. The mineral additives 

were mixed with starch. The diet ingredient and its chemical composition are shown 

in Tables 1, 2. 

 
Table 1: the basal diet was used in the feeding 

Ingredients g/100g 

Fish meal 72% 14 

Soybean meal 39 

Yellow corn 40 

Starch 1.5 

Fish oil 5 

Vit.Mix 0.5g 

Total  100 

chemical analysis % on Dry matter basis 

Moisture (M)  10.2 

Dry matter (DM) 89.8 

Crude protein (CP) 30.71 

Ether extract (EE) 12.96 

Total carbohydrate* 46.13 

Ash 

Fe 

Zn 

10 

245 ppm 

18.7ppm 

Gross energy (GE, Kcal/g)** 4.91 
*, Total carbohydrate was calculated by difference. 

**, Calculated according to NRC (1993). 

 
Table  2: The supplementation of Iron and Zinc in all experiment treatments (mg/Kg diet) 

Treatments  Control T2 T3 T4 T5 T6 T7 

Iron and zinc 

source 

- Ordinary Fe 

and Zn 

Ordinary 

Fe and 

Zn 

Ordinary 

Fe and 

Zn 

Nano- 

Fe and 

Zn  

Nano- Fe 

and Zn 

Nano- Fe and 

Zn 

Addition/Kg - 20mg+20mg 40 mg 

+40 mg 

60 mg 

+60 mg 

20 mg 

+20 mg 

40 mg +40 

mg  

60 mg +60 mg 

 

Characterization of Zinc Oxide and iron oxide Nanoparticles: 

The calculated crystallite size of nZnO ranged from 31-77 nm in diameter as 

revealed from The XRD. The calculated crystallite size of nFe2o3 ranged from 24-75 

nm in diameter as revealed from The XRD. Figs. 1, 2 

Figs. 1, 2: Characterization of ZnO and Fe2O3 nanoparticles; measurement XRD. 
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Fig. 1:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Nanoparticles  Fe2O3 and ZnO were obtained from the Graduate School of Advanced Sciences, 

Beni Suef  University, Egypt. 

 

The system of running water and aeration in experimental tanks 
The system contained a water pump, sand filter unit and two large tanks (10000 

liters/tank) used to stor  water for  two days before using to change water, This aim to 

avoid the negative effect of water chloride. While, the aeration system contained an 

air pump connected to a network of plastic pipes. These pipes transport air to each 

experimental tank. The air was controlled by the taps and the air diffusers was used to 

distribute the air in all tank trends.  

Water quality parameters  
The water quality parameters were recorded and showed in Table (3). The 

temperature degree, pH was measured daily and dissolved oxygen (DO) was 

measured every week. By thermometer, Orion digital pH meter and oxygen meter 

(Cole Parmer model 5946), respectively. 
 

Table 3: the means and SE (±) of water quality parameters  

Water quality parameters 

Temperature ºC                                                                              21.95±0.51 

pH                                                                                                       8.12±0.05 

DO mg/l                                                                                              7.38±0.15 
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Measurements of growth performance  

Total weight gain (TG), average daily gain (ADG),  Relative growth rate 

(RGR), specific growth rate (SGR), condition factor (CF) and survival rate (SR). 

These parameters were calculated according the following equations: 

  TG, g = final weight (Wf) – initial weight (Wi), ADG, g/day = average weight gain, 

g / experimental period, day, RGR, % = [(Wf – Wi) / Wi] × 100, SGR, % /day = [(ln 

Wf-ln Wi)/t] × 100 whereas ln: is the natural log. and t: is the time in days, (CF, g/cm
3
) 

= (Wf/ L³f) × 100 whereas Lf: is the final length of fish in cm, SR% = (Number of fish 

at end/ Number of fish at start) × 100 

Measurements of feed utilization efficiency 

 Feed intake g/ fish (FI), feed conversation ratio (FCR), protein efficiency ratio 

(PER), apparent protein utilization (APU), energy efficiency ratio (EER) and energy 

productive value (EPV) are the measure used for feed utilization efficiency. 

These parameters were calculated according the following equations: 

FI, g/fish feed intake during the trial period/ the final number of fish for this 

trial, FCR = feed intake, g / weight gain, g., PER= Weight gain, g/ Protein intake, g., 

APU, % = (Retained protein, g/ Protein intake, g) × 100, EER = Weight gain, g/ 

Energy intake, Kcal, EPV, % = (Retained Energy, Kcal/ Energy intake, Kcal) × 100,  

Chemical analysis of feeds and whole fish body 

Chemical analysis of diet and whole body fish samples were carried out as 

described by (A. O. A. C, 2005). Gross energy (GE) for formulated diets was 

estimated with the factors 5.64, 9.44 and 4.11 Kcal/g for CP, EE and carbohydrates, 

respectively (NRC, 1993), for fish and 5.5 and 9.5 Kcal/g for protein and fat 

respectively (Viola et al., 1981). 

Statistical analysis  
The data were analyzed by one-way analysis of variance (ANOVA) at a 95% 

confidence limit, using (SPSS, 2007) software, version 1622. Duncanʼs Multiple 

Range 23 test was used to compare means when F-values from the ANOVA were 

significant (p<0.05). 

 

RESULTS AND DISCUSSION 

 

Water quality 
The recorded parameters in table (3) were within the optimum range for Nile 

tilapia rearing according to (El-Sayed, 2006). 

Growth performance 

Effect of supplementing Nano - iron oxide and Nano- zinc oxide in diet 

comparison ordinary iron oxide and zinc oxide on growth performance of O. 

niloticus fingerlings. 
Growth parameters results were presented in table (4) There were not significant 

differences between the treatments ( control, T2, T3, T4, and T5) in final weight, total 

weight gain, average daily gain, specific growth rate and relative growth rate. But 

these treatments significantly differed with T6 and T7. Whereas, E was the best in 

these parameters while, T7 was the worst. In view of these results it can be noted that, 

T6 had the highest FW, TG, ADG, SGR and RGR while T7 and control gave the 

lowest. Fish fed the Nano Fe-Zn supplemented in concentrate (40 +40 mg/kg diet) 

was the best compard with the other treatments in all growth parameters as well as 

CF, % and SR, %. 
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Table 4: growth performance parameters. 

Values in the same column with different superscripts are significantly different (P<0.05) 
 

There are not significant differences between control, T2, T3 and T4, however, 

T4, T3 and T2 were better than control in growth parameters values respectively. The 

basal diet contained 245mg/Kg Fe and 18.5 mg/kg Zn, hence the best concentration of 

Fe and Zn are 305mg/kg and 78.5mg/kg diet as realized with T4 which was the best 

treatment of bulk form Fe and Zn supplementation. 

It is known that, Iron plays an important role in the work of the organs and 

tissues of higher fish such as the physiological processes of oxygen transport, cellular 

respiration, and lipid peroxidation also, its role in steroid synthesis, DNA synthesis, 

drug metabolism, and electron transfer (Lee et al., 1981and Crichton, 1991). Besides, 

Zinc is no less important than Iron, it plays a key role in various metabolic pathways 

like prostaglandin metabolism and structural role in nucleoproteins (Chanda et al., 

2015). Moreover, Zinc is an integral part of about 20 metalloenzymes such as alkaline 

phosphatase, alcohol dehydrogenase and carbonic anhydrase. It also serves as a 

specific cofactor of several enzymes and acts as a catalyst for regulating the activity 

of several Zn-dependent enzymes. Recent research on zinc-gene interactions has 

revealed the basic role of zinc in controlling growth (Chesters, 1991). Hence, offering 

the element for the fish at suitable form and amount is essential to the highest growth 

and the best health. Many of previous researches which tested the chemical forms of 

elements confirmed that Nano forms have been reviewed to have different effects 

from enhancing growth and immunity through antioxidant effect to their use in less 

amount than its bulk counterparts which enhances ration criteria (Rather et al., 2011 

and Rajendran, 2013). As well as, metal oxide nanoparticles were screened for their 

antimicrobial activities against a wide range of bacterial and fungal agents including 

certain freshwater cyanobacteria (Swain et al., 2014). In the same trend, Faiz et al. 

(2015) found that, Juvenile Grass carp fed zinc oxide nanoparticles supplemented diet 

recorded the highest value of weight gain in contrast with diets supplemented with 

zinc in sulfate and oxide. Furthermore, Nano-Fe appeared to be more effective than 

ferrous sulfate in improving antioxidant enzymatic activities irrespective of different 

iron sources in the basal diet (Behera, 2014). 

Srinivasan et al. (2016) reported that, 20 mg kg
-1

 Fe2O3 NPs has the potency to 

produce the maximum enhancement in survival and growth of M. rosenbergii PL. the 

obtained results were supported by ETC (2003) who observed that, growth of 

sturgeon and young carp increased from 24% to 30 in consequence of using Nano Fe 

as compared to bulk form. In relation to nano-zn, Tawfik et al. (2017) showed that, 

Nano zinc supplementation increased the growth more than the ordinary Zn oxide 

Uzo-god et al. (2018 a) demonstrated, the basal diet supplemented with nZnO  

achieved higher weight gain than other was supplemented ZnO. However, the results 

are in conflict with Uzo-god et al. (2018b) who reported that,  all growth 

parameters, weight gain (WG), percent weight gain (%WG), specific growth rate 

(SGR), as well as feed conversion ratio (FCR) were significantly (P < 0.05) better 

improved in fish fed the Fe2O3-supplemented diet compared to the nFe2O3.  

Treatments Wi FW(g) Lf T.G (g) ADG (g) SGR (%) day-1 RGR(g) CF, % SR (%) 

Control 17.73 31.19ab 12.26b  13.46ab 0.169ab 0.705ab 75.91ab 1.69 90.00ab 

T2 17.73 31.780ab 12.50ab 14.05ab 0.175ab 0.725ab 79.20ab 1.62 87.50bc 

T3 17.73 32.38ab 12.57ab 14.65ab 0.183ab 0.745ab 82.65ab 1.62 92.50ab 
T4 17.73 33.16ab 12.18ab 15.43ab 0.193ab 0.785ab 87.28ab 1.72 80.00c 

T5 17.73 31.30ab 12.50ab 13.57ab 0.169ab 0.710ab 76.50ab 1.60 90.00ab 

T6 17.73 38.87a 13.06a 21.14a 0.264a 0.980a 119.23a 1.74 97.50a 
T7 17.73 29.315b 11.89b 11.58b 0.144b 0.630b 65.33b 1.74 85.00bc 
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There are many of interpretations which cleared the nanoparticles role in fish 

nutrition, in particular iron and zinc Nano particles, such as Huber (2005) reported 

that, Fe2O3 NPs boost bioavailability than other forms of iron nanoparticles fishes, 

this was in agreement with the nano form of iron oxide (Fe2O3) wich is highly 

bioavailable (96 % similar with FeSO4) in rats without tissue accumulation (Hilty et 

al., 2010 a, b). Also, NPs has maximum influence on the activity of digestive enzymes 

in M. rosenbergii PL, led to the maximum digestion of the food offered. The enhanced 

activities of digestive enzymes recorded in test prawns led to enhanced food 

consumption and food conversion, which in turn ultimately led to better survival and 

growth of M. rosenbergii PL (Srinivasan et al. (2016). Likewise, Behera (2014) 

suggested that, nano-Fe could have a special metabolism pathway and deposition 

mechanism in fish. A reduction of macromolecule to nanoscale changed their 

properties and increased their application (Rather et al., 2011). The small particles 

size of nZnO increase absorption rate, bioavailability and catalytic activities as 

reported by Alishahi et al. (2011). Also, it may be attributed to somatic growth by 

stimulation of DNA and RNA synthesis and growth hormone protein synthesis (Siklar 

et al., 2003).  In addition to the value of tilapia growth hormone was noticed to be 

increased more in serum in case of fish fed on the nZnO compared to conventional 

zinc oxide within the same concentration (Tawfik et al., 2017), this agreed with Hina 

et al. (2015) reported that, nZnO promoted the growth performances of juvenile C. 

idellain more than other inorganic conventional forms. Over and above, nanoparticles 

have ability on the immune boost this was supported by Luo et al. (2015) who 

reported that, nanoparticles can stimulate innate and adaptive immune response 

depending on their physicochemical properties. 

Regarding, the optimum amount of added element. From table (4) it could be 

noted that, T7 (60mg nFe2O3+60 nZnO mg/kg diet) had the lowest in growth 

parameters followed by T5 (20mg nFe2O3+20 nZnO mg/kg diet) and control. 

Meaning that  the supplementation of nFe and nZn did not fit for tilapia requirements 

with T7 and T5. Whereas, fish fed Fe and Zn bulk form were better in growth than 

T7. So may be the high amount of nFe and nZn are the reason of lower growth as 

reported by (Uzo-God et al., 2018b) and they interpreted that, Nano-sized Fe2O3 has a 

much higher surface area compared to macro Fe2O3. This covers the surface of the 

control diet and allows only a very small amount to pass. Hence fish are unable to get 

sufficient nutrients available in the control diet. However, in the case of macro Fe2O3, 

the particle size is much higher than that of nFe2O3; hence the covering of Fe2O3 over 

the diet is not very compact, and the fish get a sufficient amount of basal feed 

nutrients along with iron. 

Moreover, high supplementation of Zn may have negative effect rather than the 

status of other element such as Fe (Heijerik et al., 2002), also may be led to lose 

palatability thereby causing eating less, the higher level of NZnO result in cytotoxicity 

and cell death as reported by Uzo-God et al. (2018a). In excess of, the toxicological 

impacts of NPs are strongly associated with many unique properties such as small 

size, high surface area, hydrophobicity, surface modification, and high reactivity 

(Garcia et al., 2014). Zinc metal is considered as one of the vital elements that has an 

important role in homeostasis maintenance. Thus, any alteration in its concentration 

may lead to several harmful impacts. Zinc metal is necessary for regular growth, 

reproduction, and other physiological activities, but it may show toxicological impacts 

to aquatic organisms at high concentrations (Fahmy et al., 2014). 

It can be concluded that, 40mg nFe+40mg nZn as feed additive to basal diet 

(contained 245mg/kg Fe and 18.5mg/kg) was the optimum supplementation for 



Mohamed S. M. Abdel-Hammed et al. 374 

juvenile tilapia growth and survival rate. The present study examined in equal amount 

of Fe and Zn as additive for each treatment but there may be differences from the 

results in the case of testing concentrations of iron higher or lower than zinc 

concentrations and or testing of each element individually as previous studies have 

done. Whereas, juvenile Grass carp fed 30 mg nZno/kg as feed additive achived better 

growth than 60 mg and this agree with our results. In other study, 54 mg /kg of NFe as 

supplemented diet had the best final weight of Labeo rohita fish comparable to 55mg 

/kg Fe sulfate and diet control (Faiz et al., 2015 and Behra et al., 2014). Also, in 

another study evaluated the effect ZnO and nZnO as feed additive in tilapia diet, 

suggested that, 60mg and 40mg/kg of nZno had the best SGR. 

 

Feed efficiency 

Effect of supplementation Nano-iron oxide and Nano-zinc oxide in diet 

comparison ordinary iron oxide and zinc oxide on feed efficiency of O. niloticus 

fingerlings. 
Table (5) shows the significant  differences between the treatments in feed 

efficiency, the highest FI was achieved with T4 followed by T5 and T7while the 

lowest FI was achieved with T6. Also control, T2, T3, T5and T7 did not significantly 

differ in FI while, the best FCR was achieved with T6 and the worst FCR was with 

T7. Also, there was insignificance between control, T2, T3, T4, T5 in PER and EER 

and this treatment which differed with T6 and T7 whereas T6 had the highest PER, 

APU, EER and EPV vice versa obtained with T7.  

 
Table 5: feed efficiency parameters  

Values in the same column with different superscripts are significantly different (P<0.05) 

*,The lower value is the highest performance 
 

Feed efficiency parameters revealed that T6 was the best in all parameters 

compared with the other treatments. It can be said that, the dietary 40mg Fe +40 mg 

Zn/Kg supplementation in nanoparticles form  was the optimum supplementation for 

the best growth and feed efficiency, considering of nanoparticle form of Fe, Zn have 

higher efficiency compared to other inorganic form of Zn. The Nano form of particles 

have higher intestinal absorption, bioavailability and catalytic activities (Dube et al., 

2010). Therefore, it might possible that conversion of ZnO in Nano form increase the 

efficiency of Zn by enhancing its absorption and bioavailability in the gastrointestinal 

tract (Faize et al., 2015). this was agreed with  Uzo-God et al. (2018a) showed that, 

feed conversion ratio was  more improved with fish fed nZnO  supplemented diet  

than those fed ZnO , they added, nZnO being much smaller can penetrate the cell 

while bulk ZnO are bigger in size face difficulty in passing the cells. In the same 

trend, 40mg/KgFe2O3 nanoparticales supplemented diet had high effect on the 

activities digestion enzyemes. Led to the maximum digestion of feed intake resulted 

in high APU and feed efficiency. Many  of researches suggested that, NFe2O3 has 

moer effect on metabolisim rates and influence on amino acids synthesis, this led to 

better growth and FCR. Furthermore, Tawfik et al. (2017) mentioned, the highest feed 

Treatment FI, g/fish FCR* PER, g APU, % EER, g/Kcl EPV,% 

Control 58.64
ab

 4.36
ab

 0.747
b
 43.11

ab
 0.0467

b
 27.06

b
 

T2 59.99
ab

 4.37
ab

 0.763
b
 42.42

ab
 0.0477

b
 28.63

b
 

T3 56.41
ab

 4.00
ab

 0.838
b
 47.52

ab
 0.0524

b
 31.47

ab
 

T4 69.23
a
 4.59

ab
 0.752

b
 40.21

b
 0.0470

b
 27.84

b
 

T5 67.76
ab

 5.22
ab

 0.661
b
 33.09

b 
0.0413

b
 24.51

b
 

T6 52.30
b
 2.50

b
 1.325

a
 73.96

a
 0.0828

a
 48.32

a
 

T7 66.99
ab

 5.87
a
 0.559

b
 30.40

b
 0.0349

b
 21.22

b
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efficiency was achived with fish fed nZnO. On the othe hand, Uzo-God et al. (2018b) 

differed with our results and reported that FCR significantly better improved with fish 

fed Fe2O3 supplemented diet than those fed nFe2O3.  

 

Whole body chemical composition 

Effect of supplementation Nano-iron oxide and Nano-zinc oxide in diet compared 

to ordinary iron oxide and zinc oxide on body chemical composition of O. 

niloticus fingerlings. 
Whole body chemical composition in at the start and the end of this study are 

shown in Table (6) there were significant differences between the treatments in DM, 

EE, ash and GE. T7 had the highest EE (32.47%) and GE (6.08 kcal/g) and achieved 

the highest DM (29.73) followed by fish fed Fe2O3+ZnO and nFe2O3+nZnO 

supplemented diets. This was in agreement with Uzo-God et al. (2018b) who 

explained that; higher mineral content and exposed surface area, therefore, imply 

higher water adsorption capacity. nFe2O3 and Fe2O3-supplemented diets contain more 

minerals than the control feed, while nFe2O3 contains much higher surface area than 

the same amount of Fe2O3. 

 
Table 6: Whole body chemical composition  of Nile  tilapia juveniles at first and end of trial. 

Values in the same column with different superscripts are significantly different (P<0.05) 

CP did not significantly differ between the treatments however, fish fed Fe+Zn 

in nanoparticles had the highest CP followed by fish fed F2O3+ZnO –supplemented 

diet and control. This is attributed to Fe which works as cofactor for many enzymes in 

paticial protease enzymes feeding to and increase in Retained protein. This disagreed 

with Uzo-God et al. (2018b) who reported that, control had the highest CP followed 

by Fe2O3 and nFe2O3. T6 had the highest ash (13.93%). This may be due to more 

solubility, assimilation, and availability of iron and Zn in the nanoparticles  compared 

to the macro forms and control as decided (Muralisankar et al., 2016 ).  

Accumulation of Fe and Zn in tissues 
From Table (7) it can be observed that, control had the lowest concentrate of Fe 

and Zn in muscles, gills and liver, which is natural. Also, the treatments did not 

significantly differ in gills and liver content of Fe, however Muscles content of Fe was 

higher with fish fed  Fe+Zn nanoparticles as feed additive  in general than those fed 

conventional Fe+Zn or control. T6 recorded high value (131.93mg/kg) followed by 

T7, T5, T4, T3 T2 and control  (68.29 mg/kg). This may be attributed to the ease with 

which Fe nano  be taken up by body  and higher absorption and avilability on the 

contrary  conventional Fe as mentation by Feng et al., (2009). Also this was agree 

with Behera et al. (2014) who cleared that, nano-Fe appeared to be more effective 

than ferrous sulfate in increasing muscle iron and hemoglobin content. On the other 

hand, fish fed bulk Fe and Zn, their livers and gills contained Fe concentrates more 

than those fed Fe and Zn in nanoparticles.  

Treatment Dry matter 

(DM) 

Crude protein 

(CP) 

Ether extract 

(EE) 
Ash Gross energy 

Kcal/g (GE) 

Start 27.14 54.57 32.54 12.48 6.09 

Control 29.73
a
 50.90 30.50

bc
 13.35

b
 5.96

b
 

T2 29.71
a
 55.00 31.90

ab
 13.03

c
 6.05

ab
 

T3 28.42
ab

 55.44 31.62
abc

 12.30
d
 6.05

ab
 

T4 28.42
ab

 54.03 32.00
ab

 13.43
b
 6.01

ab
 

T5 25.20
c
 57.46 30.11c 12.10

d
 6.02

ab
 

T6 25.97
c
 55.53 30.72

bc
 13.93

a
 5.59

b
 

T7 26.75
c
 54.46 32.47

a
 13.41

b
 6.08

a
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In relation to  Muscles, gills and liver content of Zn were significantly differed 

between the treatments as shown in Table (7). The muscles content of Zn was higher 

in fish muscle which fed bulk Fe+Zn than those fed nanoparticles supplementation 

while control had the lowest. This is supported by Tawfik et al. (2017) who reported 

that, Zinc concentration in muscles showed higher values in all fish groups fed with 

ZnO supplemented feed compared to the control. 

 
Table 7: The content of fish muscles (M), gills (G) and liver (L) of elements iron and zinc (mg/kg) on 

basis dry matter. 

Treatment Iron (M) Zinc (M) Iron (G) Zinc (G) Iron (L) Zinc (L) 

Control 68.29
b
 16.5

f 
241.34

c
 37.4

f 
228.34

c
 46.2

e 

T2 72.25
b
 24.7

b 
403.08

b
 48.0

a 
235.20

b
 57.4

b 

T3 76.04
b
 26.9

a 
254.68

c
 42.1

c 
346.04

b
 47.8

d 

T4 108.68
a
 21.6

c 
509.00a 44.9

b 
700.20

a
 54.8

c 

T5 125.23
a
 17.3

e 
264.08

c
 39.9

d 
322.22

b
 62.3

a 

T6 131.93
a
 17.6

e 
264.08

c
 41.9

c 
322.56

b
 54.9

c 

T7 125.78
a
 20.4

d 
394.42

b
 38.8

e 
370.96

b
 54.4

c 

Values in the same column with different superscripts are significantly different (P<0.05). 

 

Concerning, liver content of Fe and Zn at the end of experimental period.  The 

treatments of Fe and Zn nanoparticles had lower level of Fe content in juveniles 

muscles than bulk Fe and Zn supplemented diet while control had the lowest.  

Whereas, T4 recorded (700.20 mg/Kg) followed by T7, T3, T2, T6, T5 and control 

(228.34 mg/kg). 

In relation to liver content of Zn, fish fed Nano Fe and Zn had the highest 

concentration of Zn followed by bulk Fe and Zn and control. This is in agreement 

with Uzo-God et al. (2018a). Likewise this result was in partial agreement with 

Abdel-Khalek et al. (2011) who concluded that, zinc nanoparticles (Zn NPs) had more 

efficiency to penetrate the studied tissues such as the liver, kidneys, gills, skin, and 

muscle .It can be observed that the accumulation of Fe in liver was in the same trend 

of that in muscles. Moreover, increasing liver content of Fe and Zn in comparison 

with muscles content of Fe and zinc may be due to, the fact that several important 

chemicals in the body are stored in the liver from where they are released to other 

parts of the body as reported by Uzo-God et al. (2018a).  In the same trend , the gills 

content of Fe increased with fish fed Fe+Zn bulk than those fish fed nFe+nZn as feed 

additive, while the gills content of Zn was also higher with fish fed Fe+Zn bulk. 

Perhaps the tissue is affected by the element form so we find that the iron and Zn both 

accumulated in the gills were bulk while the iron accumulation in the muscles was 

Nano, in the same trend was the Zn accumulation in the liver. In view of Fe and Zn 

concentrations in muscles, they both were lesser than their concentrations in liver and 

gills, this return to the muscles have low blood perfusion rates as mentioned (Di 

Giulio and Hinton, 2008). Furthermore, Aly (2016) measured heavy metal 

concentrates in muscles, gills and liver of Nile tilapia; the fish were collected from a 

fish farm located at Al-Abbassa, Sharkia governorate, Egypt.  He found that, iron 

concentration in liver and gills were higher than that of muscles. He explained that, 

may be because liver and gills had a high tendency to accumulate high concentrations 

of heavy metals, while muscles tend to retain lower concentrations, whereas, iron 

concentrates in muscles, gills and liver were 299.3, 332.9 and 351.2 mg/kg(basis on 

dry weight) respectively, this was in agreement with our results. In the same trend, 

Khalil and Hussien (1996) who found that, heavy metals were significantly higher in 

fish viscera, including liver tissue, than in the edible muscle tissues. In view of the 

present study, the concentration of Fe in fish muscles (which fed on Nano or bulk 
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iron) agree with El-Ghobashy et al. (2002) who decided that, iron concentrations  are 

between 23.8- 167.3 ppm in tilapia muscles. Also, Ali (2007) said that, Fe concentrate 

is between 30.3-194 ppm in muscles and gills of tilapia spp. In addition to, our finding 

was in agreement with  Aly (2016) who cleared that, Zn in tilapia increased order of 

muscles < gills< liver and Murugan et al. (2008) confirmed the highest concentration 

of Zn in liver of C. punctatus.   

Generally in the present study, Fe and Zn concentration in tilapia muscles, gills 

and liver are lower than the levels that issued by some organizations as mentioned 

(Aly, 2016).   

 

CONCLUSION 

  

It can be concluded that, fish fed on 40mg Fe/kg+40mg Zn/kg (T6) in 

nanoparticles form as feed additive was the best in growth performance parameters, 

survival rate and feed conversion ratio. On the contrary, fish fed on 60mgNFe+60mg 

NZn supplemented diet (T7) was the worst. While did not differ between the others 

treatments in growth parameters and FCR (T4, T3, T2, T5 and control). Also this 

study cleared that, fish gills and Liver content of Fe at the end increased with bulk 

treatments in special (T4) while the muscles content of Fe increased with 

nanoparticles treatments. The muscles and gills content of Zn was increased with bulk 

treatments (T4, T3 and T2) but the Accumulation Zn in liver was adverse that. Finally 

it could be said that, the result revealed that the optimum amount of Fe and Zn 

supplemented feed have an important role to release the best growth and FCR.  

Hence, in the case of adding two equal quantities of Fe and Zn in the basal diet, the 

best growth of tilapia juvenile was achieved with nanoparticles at level 40mg Fe and 

40mg Zn /kg basal diet while with bulk at level to 60mg Fe and 60mg Zn /kg. 
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ARABIC SUMMARY 
 

ح لمقارنح مستوياخ مختلفح من عنصزى الحذيذ والزنك في الصوره النانو تالصوره العاديح كأضافاخ دراس

 غذائيح علي مظاهز النمو ,الكفاءج الغذائيح والتزكيىة الكيميائي لأصثعياخ الثطي النيلي

 

محمذ سعيذ محمذ عثذ الحميذ
1

, صثحي محمود علام
2
, عطاالله عثذ التواب متولي 

1
ة, كمال الذي

2
, 

محمذ فتحي عيذ عثذ العزيز 
1

 

 شعبت حزبيت الأحياء اىَائيت, اىَعٖذ اىقٍ٘ٚ ىعيً٘ اىبحار ٗاىَصايذ, ٍصز -1

 قظٌ الإّخاج اىحي٘اّٚ, مييت اىشراعت, جاٍعت اىفيً٘, ٍصز -2

 

 فٚ اىص٘رٓ اىْاّ٘ ٗاىشّل ٍعاىَقارّت حأثيز ثلاثت ٍظخ٘ياث ٍِ اىحذيذ دراطت إجزيج  

(nFe2O3+nZnOٍع ّف ) ٍِ ٗاىشّل فٚ اىص٘رٓ اىعاديت اىحذيذض اىَظخ٘ياث (Fe2O3+ ZnO )ضافاث مأ

صبعياث لأ امَاث الأّظجت ٍِ اىحذيذ ٗ اىشّلٗحز ٗاىخزميب اىنيَيائٚ  اىغذائيتنفاءة اىعيٚ أداء اىَْ٘ ٗ غذائيت

جَيع  ٍع ( بزٗحيِ٪  31,33) اطخخذٍج عييقت أطاطيتجٌ(. 33,13ٗسُ ابخذائٚ أطَاك اىبيطي اىْييي )

مْخزٗه ٗغُذيج الاطَاك عيٚ اىعييقت   ٗىٚلأ, اىَعاٍيت ااىَعاٍلاث. حنّ٘ج ٕذٓ اىخجزبت ٍِ طبعت ٍعاٍلاث

ٍيجٌ سّل عادٙ/ مجٌ 23ٍيجٌ حذيذ عادٙ ٍع 23ضيف ىيعييقت الاطاطيت ) اُ اىَعاٍيت اىثاّيت  الاطاطيت فقط,

ٍيجٌ حذيذ 63اىزابعت )اىَعاٍيت ( /مجٌ عيفدٍٙيجٌ سّل عا43ٍيجٌ حذيذ عادٙ ٍع 43اىثاىثت ) اىَعاٍيت عيف(

( اىَعاٍلاث اىخاٍظت ٗاىظادطت ٗاىظابعت أخخبزث اىَظخ٘ياث اىظابقت ٗىنِ فٚ /مجٌ عيفٍيجٌ سّل63عادٙ ٍع 

ً 5,1) حْناث فيبزجلاصالأطَاك في  اىص٘رٓ اىْاّ٘. رُبيج
3

الأطَاك  غُذيج. طَنت/ حْل23بَعذه حظنيِ  (

يٍ٘ا. اىخحييو  83 ٗ اطخَزث اىخجزبت ىَذة٪ ٍِ ٗسُ اىجظٌ. 5 حغذيت , بَعذه ٍظاءا4ٗ  باحاص8ٍزحيِ يٍ٘ياً 

اىخزميب اىنيَيائي , نفاءة اىخغذيت , اىاىَْ٘ ٍقاييض ٍظإزبيِ اىَعاٍلاث في  ٍعْ٘يتفزٗق أظٖز  الإحصائي 

ٍيجٌ حذيذ 43) اىَعاٍيت اىظادطت . ٍٗحخ٘ٙ أّظجت اىعضلاث ٗاىخياشيٌ ٗاىنبذ ٍِ اىحذيذ ٗاىشّلىيجظٌ 

غذائٚ عيٚ اىْقيض اىَعاٍيت اىظابعت أفضو ٍعذه َّ٘ ٗحح٘يو حققج ( ٍيجٌ سّل ّاّ٘/ مجٌ عيف43ّاّ٘+

ٍيجٌ سّل ّاّ٘/مجٌ عيف( ماّج الأقو فٚ ٍقاييض اىَْ٘ ٍٗعذه اىخح٘يو اىغذائٚ. 63ٍجيٌ حذيذ ّاّ٘ +63)

اىص٘رٓ أٗضحج اىخجزبت أُ  مَا. بيِ اىَعاٍلاث ٍحخ٘ٙ اىجظٌ ٍِ اىبزٗحيِ فٚ ّٖايت اىخجزبت ىٌ يخخيف ٍعْ٘يا 

ٍحخ٘ٙ اىص٘رٓ اىعاديت أدث اىٚ سيادة  , بيَْا اىحذيذ أدث إىٚ سيادة ٍحخ٘ٙ اىعضلاث ٍِ اىْاّ٘ ىيحذيذ ٗاىشّل 

عيٚ اىعنض فٚ اىنبذ  اىشّلإىٚ سيادة  ثأداىص٘رٓ اىْاّ٘ ىيحذيذ ٗاىشّل أيضا   .ٍِ اىحذيذاىنبذ ٗاىخياشيٌ 

 .عادئ ادث اىٚ سيادة ٍحخ٘ٙ اىخياشيٌ ٗاىعضلاث ٍِ اىشّلاىص٘رٓ اى


