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ABSTRACT 
 

This study was  conducted to study the effect of dietary supplementation of silver nanoparticles (90 

nm in size) on growth performance, nutrient utilization, proximate composition, certain biochemical , 

antioxidant and immunity  parameters and histopathological examination of sex reversed (all males) Nile 

tilapia (Oreochromis niloticus). Three treatments (Control, Sliver NPS   0.04 & 0.08 mg / kg diet). were 

triplicated and a total number of 288 fish Nile tilapia (56 ± 0.1 g / fish) were stocked in nine concrete ponds 

(1x4x1m). Fish were fed with 30% crude protein commercial diet (gross energy 4120.7 Kcal/kg). Triple times 

a day fish were fed for 8 weeks at 3% of their body weight. The obtained results presented an enhanced Impact 

of silver nanoparticles (AgNPS) on growth, response of immunity, as antioxidants, and resistance to 

Aeromonas hydrophila infection in O. niloticus. Thus, Ag NPs are recommended to be used for improving 

growth, immunity, antioxidative responses and controlling A. hydrophila infection in Nile tilapia.  

Keywords: Silver nanoparticles, Nile tilapia, growth performance, body composition, antioxidants, innate 

immunity.  
 

INTRODUCTION 
 

Since ancient times silver has been used as an 

antimicrobial treatment. It has now found applications 

optical sensing, cosmetics, and medicine (Chen and 

Schluesener, 2008). Nano-silver particulate matter (AgNP) 

as a biocide has made it the biggest, fastest developing, class 

of commercially produced nanomaterials (Pinto et al. 2010). 

The operation of silver nanoparticles is anti-bacterial, anti-

fungal and anti-virus (Panacek et al., 2009 and Galdiero et 

al., 2011).  Silver ions (Ag+) come out to be interacted with 

bacteria, so that these ion can affected  and kill the cells and 

cause microorganism death, and free radicals may also 

cause cell damage  also (Kim et al., 2007). The colloidal use 

of metallic silver as silver nanoparticles (SNPs) has been 

widely employed. It is also clear that metallic silver has a 

great use, such as that of silver nanoparticles (SNPs). The 

(SNPs), which were recently used as an anti-microbial agent 

to control of many pathogens, diagnose diseases, treatments 

and as a material for coating (Rai et al. and Mohanty et al. 

2012).  

In the present study, we conducted randomized trials 

to investigate the effects of different levels of supplemental 

silver nanoparticles (NSPs) on feed utilization, growth 

performance, oxidative status, immunity and effects on 

bacterial resistance in O. niloticus.  
 

MATERIALS AND METHODS 
 

Experimental design 
This experiment was conducted at the Department of 

Animal Production, Faculty of Agriculture, Al-Azhar 

University, Cairo, Egypt. Fish were randomly allocated into 

nine 4 m2 concrete ponds (1mx4mx1m, each) at a density of 

8 fish /m3. All experimental ponds were supplied with tap 

water (dechlorinated) and oxygen was supplied using air 

blower 5 HP. Fish waste and food leftover were removed 

everyday by siphoning and 20% of water was renewed 

daily. This experiment was conducted for 8 weeks after an 

adaptation period of two weeks. Triplicate per treatment 

were used in this study as following: Group 1(T1) Control: 

considered as control diets (basal diet without NSPs). Group 

2 (T2): 0.04 mg NSPs / kg and Group 3 (T3) 0.08 NSPs mg 

/kg diet. 

Fish 

All male (sex-reversed) Nile tilapia (O. niloticus) 

fingerlings (56 ± 0.1 g / fish) were purchased from Egyptian 

Aquaculture Center, Kafr El-Sheikh governorate, Egypt. 

Fish were transported using a vehicle with aeration tools. 

For 14 days before the experiment, fish were acclimated to 

the experimental condition. At the end of the acclimatization 

process, a sample was collected randomly from each pond. 

Fish samples were weighed with a digital balance and 

measured with a dashboard to get initial samples for the 

groups. A total of 288 fish (32 fish / pond) with a mean 

initial body weight of (56 ± 0.1 g / fish) were randomly 

stocked into nine concrete ponds. After the groups have 

been allocated and fish adapted on the control diet (without 

NSPs). A completely randomized design was adopted, 

where three diets were fed to triplicate groups. The average 

initial weights were recorded. Water temperature and 

oxygen were recorded daily at one o'clock using 

thermometer and oxygen meter (HI 9146-HANNA 

http://www.japp.mans.edu.eg/
http://www.jappmu.journals.ekb.eg/
http://www.jappmu.journals.ekb.eg/


Abdelhamid, A. F. et al. 

496 

interment, USA). The pH values were recorded twice a 

week (Orion pH meter, Abilene, Texas, USA). Ammonia, 

nitrite, and nitrate were measured twice weekly following 

APHA (1998).  

Delivery of silver nanoparticles  

Ag NPS solution (99.5% purity - MKN-Ag- 090) 

was purchased from M K Impex Corp, Canada. As per the 

manufacturer, AgNP particles have diameter of <100 nm. 

The doses of Ag NPs (0.04 and 0.08 mg /kg -1) were selected 

based on previous studies (1/10 sublethal dose of 0.04 and 

0.8 mg (Biplab et al., 2015). Fish were fed with 30% crude 

protein commercial diet (gross energy 4120.7 Kcal/kg) with 

varying levels of nanosilver particles. Different 

concentrations of silver nanoparticles was mixed with the 

feed particles by spraying and leaving the diets until it 

absorbed. Fish were randomly allocated (in triplicates) into 

three treatments (control without adding silver NPS, 0.04 

and 0.08 Ag NP mg / kg diet).  Fish were fed with a 

commercial diet (fishmeal 17.0%, soybean meal 30.0%, 

yellow corn 15.0%, wheat bran 20.0%, alfalfa hay 12.5%, 

oil of sunflower 3.0%, minerals mixture 0.5%, mixture of  

vitamin 1.0% and carboxymethyl cellulose 1.0%). The 

chemical composition of the feed was as follows: crude 

protein 30%, ether extract 4.68%, crude fiber 6.42% and 

gross energy 4120.7 Kcal/kg. As per the manufacturer, the 

following vitamin mixtures were added per Kg of feed: 

Vitamin A 16060 IU, B1 6 mg, B3 1500 IU, B6 9 mg, B12 

6 mg, C 60 mg, E 60 mg (Skretting Egypt, Plot 170, 10th of 

Ramadan Rd., Belbis, Sharkia, Egypt). Fish were fed three 

times a day (8:00, 12:00 and 17:00 hours) at 3% of wet body 

weight per day. All fish were weighed every two week and 

food ration was adjusted after each fish weighing.  

Proximate analysis of fish 

Ten fish per treatment were randomly sampled at the 

start and at the end of the experiment for moisture, crude 

protein, crude fat and total ash analysis following the 

protocol of AOAC (2006) (Association of Official Analysis 

Chemists methods). Samples were stored at -4oC till the time 

of analysis (Eya and Lovell, 1997). 

Measurement of fish growth and feed utilization   

All fishes were individually weighed to the nearest 

0.1 g at the start of the experiment and subsequently fish 

were weighed and mortality recorded fortnightly.  

Body weight (FBW), weight gain (WG), relative 

growth rate (RGR), specific growth rate (SGR, % day-1), 

feed conversion ratio (FCR), and protein efficiency ratio 

(PER) were calculated using the following equations:  
WG = Final body weight (g) - Initial body weight (g). 

RGR = 100 ×(Final body weight (g) - Initial body weight (g))/ 

Initial body weight (g) 

Specific growth rate (SGR % / day) = [Ln last body weight- 

Ln introductory body weight] × 100/trial period (d). 

FCR = feed intake (g) /weight gain (g). 

PER = weight gain (g) /protein intake (g). 

Blood collection and biochemical analysis 

Blood was sampled from 6 fish/treatment by caudal 

puncture and blood extracted into clean Eppendorf tubes at 

the end of the feeding experiment. Samples were 

centrifuged at 3000 rpm for 15 min for serum preparation 

without an anti-coagulant. Serum samples were collected 

and stored at − 20 °C for further analysis. For respiratory 

burst activity assay, another set of blood sample were 

collected using heparinized syringe. Albumin and total 

protein values were estimated calorimetrically according to 

Henry (1964) and Wotton and Freeman (1974), 

respectively. The globulin was computed by the subtraction 

of albumin from total protein. Following Reitman and 

Frankel (1957). Aspartate aminotransferase (AST) and 

alanine amino transaminase (ALT) activities were 

determined calorimetrically using specific commercial kits 

(Giza, Dokki, Egypt).  

Determination of antioxidants and innate immunity 

assays   

The antioxidant enzymes’ activities such as 

superoxide dismutase (SOD) and catalase (CAT) activities 

were assessed in fish serum using the methods reported by 

Nishikimi et al. (1972) and Aebi (1984), respectively the 

using of diagnostic reagent kits following the 

manufacturer’s instructions (My BioSource  Inc., San 

Diego, CA, USA).      

The method of Rook et al. (1985) was used to 

evaluate the superoxide ion production by leukocytes 

through the decreasing of Nitro blue tetrazolium (NBT, 

Sigma-Aldrich Chemical, St. Louis, MO, USA). Lysozyme 

activity was estimated using turbidity measurements, ten μl 

of serum was added in cuvettes to 200 μl of Micrococcus 

lysodeikticus  suspension prepared by adding  of 35 mg of 

dry powder Micrococcus in 95 mL phosphate buffer 0.15 M 

phosphate + 5.0 mL NaCl solution. At the beginning of the 

reaction and after 20-minute incubation at 40 um the shift in 

extinguishment was measured spectrophotometrically at 

546 nm. Based on the calibration curve, the extinction was 

measured and the content of lysozymes was determined 

according to Schäperclaus et al. (1992).   

Challenge test 

A. hydrophila was isolated from moribund fish. The 

isolate was identified and was confirmed by the API20E 

system (Biomerieux, France) . After experimental period of 

60 days, 10 fish/treatment were randomly allocated into 

three subgroups and stocked into 100-L aquaria. The first 

subgroup was challenged with 0.1 ml dose of virulent 

Aeromonas hydrophila (5 × 105 CFU/mL) using 

intraperitoneal route (Schäperclaus, 1992). The control 

subgroup was injected with 0.1 ml of saline solution. 

Challenged fish were kept for 14 days under observation. 

Infected fish were observed for morbidity, postmortem 

lesions, clinical symptoms, and mortality for 14 days. 

Cumulative mortality rate was estimated following 

Anderson et al. (1980). 

Histopathological examination  

Fish liver and intestine specimens were taken and 

immediately fixed in 10% buffered neutral formalin solution 

for 48 hours, dehydrated in gradual ascending ethanol (70, 

80, 95, 95 and 100%), cleared in xylene, and embedded in 

paraffin. Paraffin blocks were sectioned into five-micron 

thickness using a microtome (Leica RM 2155, England). 

The sections from the specimens were prepared and then 

routinely stained with Hämatoxylin and Eosin stains and 

examined microscopically (Suvarna et al., 2013).  

Statistical analyses  

Statistical analysis system (SAS, 2002) was used to 

perform one-way analysis of variance (ANOVA) at a 95% 

confidence limit. Differences among means were tested 

using Duncan’s Multiple Range test (Duncan, 1955).   
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RESULTS AND DISCUSSION 
 

Results 

Growth performance and feed utilization 

The Effect of different levels of dietary Nanosilver 

particles on growth parameters are shown in Table 1. 

Comparison of means of body weight at the start of the 

experimental period indicated that the distribution of 

individual fish between treatments was random. There was 

significant difference in final body weight, body weight gain 

and daily weight among the three treatment groups with the 

0.04 mg NSPs / kg diet treatment being highest, followed by 

0.08 mg NSPs / kg diet treatment and with the control group 

being the lowest. 
 

Table 1.The Effect of different levels of dietary 

Nanosilver particles on growth performance of 

Nile tilapia reared in concrete ponds.  

Items 
Control 

(T1) 

0.04 mg 

NSPs /kg diet (T2) 

0.08 mg 

NSPs /kg diet (T3) 

IW 56.34 ±0.29 56.35 ±0.23 56.37 ±0.82 

FBW c±3.79 141.01 a±2.1 191.83 173.81 ±0.94b 

BWG c±3.78 84.67 a±2.17 135.47 117.44 ±0.95b 

DWG c±0.67 1.51 a±0.40 2.42 2.10 ±0.15b 

Values in the same row with different superscripts are significantly 

different at p<0.05. IW= initial weight, FBW=final body weight, BWG= 

body weight gain and DWG= daily weight gain.  
 

The effect of treatment with different levels of AgNP 

on feed utilization in O. niloticus is shown in Table 2. There 

were significant differences (P<0.05) among different 

treatments in feed and protein intake. The highest FI and PI 

were observed in 0.08 mg NSPs / kg treatment (204.39 and 

61.32g), respectively while the lowest FI and PI values were 

recorded in control treatment (187.64 and 56.29 g), 

respectively. The 0.08 mg NSPs / kg diet treatment has the 

highest Feed conversion ratio of 1.51 followed by 1.64 in 

0.04 mg NSPs / kg diet treatment and 2.22 in control 

treatment. The 0.08 mg NSPs / kg diet treatment has 

significantly highest values of FER and PER (0.66 and 

2.21), followed by (0.61 and 2.03), in the 0.04 mg NSPs / kg 

diet treatment and significantly lowest values were recorded 

in the control group (0.45 and 1.50).  
 

Table 2.The Effect of different levels of Nanosilver 

particles on feed utilization of Nile tilapia 

reared in concrete ponds. 

Items 
Control 

 (T1) 

0.04 mg 

NSPs /kg diet (T2) 

0.08 mg 

NSPs /kg diet (T3) 

FI c±3.47 187.64 b±1.52 192.99 a±2.15 204.39 

PI bc±1.04 56.29 b±0.46 57.90 a±0.65 61.32 

FCR a±0.63 2.22 b±0.003 1.64 c±0.34 1.51 

FER c±0.12 0.45 b±0.00 0.61 a±0.14 0.66 

PER c±0.40 1.50 b±0.003 2.03 a±0.05 2.21 

Values in the same row with different superscripts are significantly 

different at p<0.05. FI= feed intake PI protein intake FCR= feed 

conversion ratio FER= feed efficiency ratio PER= protein efficiency 

ratio. 
 

The effect of supplementation of different levels of 

AgNP on body chemical composition of O. niloticus is 

shown in Table 3. The DM was similar in all treatment 

groups with no significant differences (P>0.05). CP was 

significantly different in all treatment groups, with the 0.04 

mg/kg diet being the highest and the control treatment the 

lowest.  

Ether extract (EE) was not significantly different 

(P>0.05) among the treatments. There was a significant 

difference in ash content among the treatment groups with 

the control group having the highest ash content and the 0.04 

mg/kg having the lowest ash content.  
 

Table 3. The Effect of different additives of Nanosilver 

particles on chemical composition of Nile tilapia 

reared in concrete ponds. 

Items 
Control  

(T1) 

0.04 mg 

NSPs /kg diet (T2) 

0.08 mg 

NSPs /kg diet (T3) 

DM 23.4 ±0.2 24.2 ±0.8 23.5 ±0.5 

CP 70.17 ±0.48c 72.37 ±0.18a 71.43 ±0.19b 

EE 13.4 ±0.25 14.03 ±0.27 14.03 ±0.23 

Ash 16.43 ±0.23a 12.6 ±0.58c 13.6 ±0.58b 

Values in the same row with different superscripts are significantly 

different at p<0.05. DM=dry mater, CP =crude protein and EE= ether 

extract.  
 

Biochemical analysis 

It was found that serum protein (total protein, 

albumin, and globulin) values increased significantly in 0.04 

mg Ag NP group and decreased in 0.08 mg group (Table 4). 

By the end of the experiment, there was a remarkable 

elevation (P < 0.05) in serum total protein (5.13 ±0.03 g/dL) 

in the group fed on 0.04 mg AgNP when compared to 

control one (4.23 ±0.01 g/dL). The total protein values in 

fish fed on 0.0 (control), 0.04 and 0.08 mg Ag NP groups 

were 4.23 ±0.01, 5.13 ±0.03 and 4.01 ±0.04 g/dL, 

respectively. The albumin values were 2.21±0.04, 

2.31±0.11and 2.11±0.21 g/dL, respectively. Meanwhile, the 

globulin values (g/dL) were 2.02±0.05, 2.82±0.03 and 

1.90±0.06, respectively. The values of liver enzymes (AST 

and ALT) are represented in Table 4 and showed significant 

difference (P<0.05) between the fish groups that fed with 

Ag NP supplemented diets and those fed with the control 

diet. The values of AST and ALT were significantly higher 

in fish sera in all treatment groups compared to control 

group.  

Table 4. Biochemical analysis of Nile tilapia, O. niloticus, 

fed different levels of silver Nano particles (Ag 

NPS) for 60 days.  

Items 
Control 

(T1) 

0.04 mg 

AgNP/kg diet 

(T2) 

0.08 mg 

AgNP/kg diet 

(T3) 

Total protein, g/dL 4.23 ±0.01b 5.13 ±0.03a 4.01 ±0.04c 

Albumin, g/dL 2.21±0.04b 2.31±0.11a 2.11±0.21c 

Globulin, g/dL 2.02±0.05b 2.82±0.03a 1.90±0.06c 

AST, U/L 20.15 ±0.05c 26.29 ±0.03b 28.18 ±0.06a 

ALT, U/L 18.23 ±0.02c 25.89 ±0.21b 27.27.05a 
Values in the same row with different superscripts are significantly 

different at p<0.05. 

Antioxidants and innate immunity assays   

Significantly elevated activities of SOD and CAT 

was recorded on fish fed on 0.04 mg AgNP (19.3±0.05 U 

L−1 and 18.3 ±0.01 U L−1) compared to fish fed on control 

diet (15.6.01 and 14.1 ±0.02) respectively (Table 5). SOD 

and CAT levels decreased in the group fed on (0.08 mg Ag 

NP). There was a tendency of increase in serum nonspecific 

immune parameters such as serum lysozyme activity and 

respiratory burst activities in fish group fed on 0.04 mg 

AgNP. On the other hand fish groups fed on 0.08 mg and 

control groups have showed decreased values (Table 5).  
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Table 5. Antioxidants and immunity parameters of O. 

niloticus, fed different levels of (Ag NPS)) for 60 

days.  

Parameter 
Control  

(T1) 

0.04 NSPs /kg 

diet (T2) 

0.08 NSPs 

/kg diet (T3) 

SOD (U/L) 15.6 ±0.01b 19.3±0.05a 13.2 ±0.04c 

CAT (U/L) 14.1 ±0.02b 18.3 ±0.01a 13.7 ±0.13c 

Lyz activity (μg/ mL) 0.978 ±0.04b 1.215 ±0.05a 0.892 ±0.06c 

RB (mg/mL) 0.465 ±0.02b 0.743±0.07a 0.322±0.12c 
Values in the same row with different superscripts are significantly 

different at p<0.05. 
 

Challenge test  

Fish challenged with A. hydrophila showed ascites, 

detached scales and hemorrhagic patches all over the body. 

Congestion was noticed in all internal organs, particularly in 

the control group. The 0.04 Ag NPs group has the highest 

survival rate of 60% followed by 60% survival rate in the 

AgNPs (0.08) group and the control group had a survival 

rate of only 20% (Figure 1). 
 

 
Figure 1. Cumulative mortality rate of O. niloticus 

receiving various levels of Ag NPS 

incorporated diets for 14 days. 
 

Histological findings 

Figure 2A. shows a normal histological structures in 

liver. The liver of the control group showed normal 

histological structure conformed as evenly distributed 

polygonal hepatocytes with central spherical nucleus, as 

long and intact blood vessels and sinusoids of different size 

(Figure 2 B). Fish intestine samples showed normal 

intestinal structure. 

 
Figure 2. Normal histological findings were seen in liver (Fig. 2. A). Representative photomicrograph of Fish liver 

(control group) showing normal hepatic sinusoids. Fish  (Fig 2. B). Intestine (control group) showing 

normal intestinal structures. Hämatoxylin and eosin stain. 
 

The histopathological results 

The liver samples of control group fish challenged 

with A. hydrophila showed marked congested portal blood 

vessels (arrows) surrounded inflammatory cells infiltrations 

(star) besides fatty hepatocytes (Figure 3 A1). Normal 

hepatic cells (star) hepatopancreas structures and hepatic 

sinusoids (arrow) in 0.04 Ag NPs group (Figure 3 A2).  

Nearly normal fatty hepatocytes (star) and sinusoids with 

mild congested central vein (arrow) were seen in fish liver 

in 0.08 Ag NPS group (Figure 3 A3). Fish intestine of 

control group showed tall villi and severe widening of 

lacteal (arrow) (Figure 3 B1). Tall and broad villus tips 

represented cup shaped (arrow) were observed in fish 

intestine in 0.04 Ag NPS group (Figure 3 B2). Fish intestine 

in 0.08 Ag NPS group showed apparently normal intestinal 

villi with marked increase goblet cells (metaplasia). (Figure 

3. B3). Hämatoxylin and Eosin x200. 
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Figure 3. A Photomicrograph of liver of different experimental groups after bacterial challenge (Figure A1) fish liver 

of control group showing marked congested portal blood vessels (arrows) surrounded inflammatory cells 

infiltrations (star) besides fatty hepatocytes (H&E X200). Figure A2: fish liver of 0.04 AgNP group 

showing apparently normal hepatic cells (star) hepatopancreas structures and hepatic sinusoids (arrow). 

Figure A3: liver fish of 0.08 Ag NP group showing nearly normal fatty hepatocytes (star) and sinusoids 

with mild congested central vein (arrow). Figure 3 B1: intestine fish (control) showing marked tall villi 

and severe widening of lacteal (arrow). Figure 3 B2: in 0.04 Ag NPS group showing marked tall and broad 

villus tips represented cup shaped (arrow). Figure 3 B3: in 0.08 Ag NPS group showing apparently normal 

intestinal villi with marked increase goblet cells metaplasia. Hämatoxylin and eosin stain.  

Discussion 
Silver nanoparticles which are mainly used as anti-

microbial agents have had very great importance in the 
applications of medical devices, building materials, the 
clothing industry etc. Immunostimulants not only enhances 
the immune system but also help in preventing infectious 
diseases (Watanuki et al., 2006). Serum proteins (albumin, 
and globulin) have a substantial part in fish immunity 
(Kumar et al., 2007). and the elevation of their values are an 
important indicator that fish have excellent immunity  
(Wiegertjes et al., 1996). In the present study, fish fed a diet 
containing 0.04 mg AgNPS / kg_1 diet exhibited 
significantly (P<0.05) higher total protein, albumin, and 
globulin as compared with that fed the control diet. These 
results might be attributed to the improvement of fish health 
status when fed AgNPS enriched diets, contrary with Abdel-
Khalek et al.  (2015). However, the 0.08 Ag NPS 
supplementation group resulted in significant decrease in 
serum total protein. These results are in accordance with 
Alkaladi et al. (2015) who reported a significant decrease in 

total proteins, albumin, and globulin contents of O. niloticus 
after exposure to copper and zinc oxide nanoparticles, 
respectively. AST and ALT activities (P<0.05) increased at 
the end of the feeding experiment compared with the 
control. These findings are in agreement with Monfared and 
Soltani (2013). The elevation of antioxidant enzymes 
including SOD and CAT might be needed not only for 
detoxification of hydrogen peroxide (H2o2) but also as 
inhibition the action of reactive oxygen species (ROS). 
These results are corroborated by Kim and Ryu (2013) that 
silver NPS induce enhance the activity of catalase enzyme 
in cell lines. Engstad et al. (1992) who reported that the high 
values of lysozyme in fish sera are correlated to the 
increasing the phagocytes production or lysozymes and 
hence lysosome activity is a crucial enzymatic parameter in 
nonspecific immunity in fish.  Ji et. al. (2017) further 
elucidated that phagocytic cells can be activated to produce 
antimicrobial substances such as lysosomal enzymes, the 
complement system and production of reactive oxygen 
metabolites (ROS). Our results indicated that Ag NPS level 
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(0.04 mg/kg) enhanced the immunity in Nile tilapia and we 
believe that level might be optimal dose although the 
mechanism of action of silver NPS on immunity is still 
unknown. The results of Ag NPS (0.08 mg) group showed 
decrease in lysozyme values which is in agreement with Li 
et al. (2006) who observed the role of lymphocytes and the 
formation of phagolysosomes in trout B cells, possibly 
indicating their role in bacterial killing. In the current study, 
significant increase in respiratory burst activity was 
observed treatment group 0.04 mg AgNP group. And the 
activity of phagocytosis was significantly increased at 
concentration 0.04 Ag NPS. Contrary to our finding, Aboud 
(2010) found that phagocytic activity in Nile tilapia was 
significantly decreased in metal exposed fish. Similarly, 
monitoring effects of different heavy metals (cadmium, 
lead, mercury, silver) on the activity of phagocytic cells in 
the bivalve Mytilus edulis found that silver ions induced 
decreased phagocytosis ( Rault et al. 2013) . Our findings 
indicate that Phagocytosis decreased in group fed 0.08 
concentration of Ag NPS. We suggest that concentration of 
0.08 mg might have induced a negative feedback while 0.04 
might have a positive effect possibly indicating that it is 
optimal level for O. niloticus.   

  The histopathology of hepatic lesions is often 
evaluated in toxicological studies and used as markers of the 
pollution of the environment (Altinok and Capkin 2007; 
Dabrowska et al. 2012). The histological analysis of the 
current study suggests that no liver damage was attributed 
because of the supplementation of 0.04 Ag NPS. This 
finding is suggestive that 0.04 treatment was optimal while 
the 0.08 had adverse effects because of the high 
concentration.  Assessment of the histology of the intestine 
of the experimental groups showed significant increases in 
the length of intestinal villi which leads to an increase in the 
absorptive surface area of the intestine which in turn 
increases the body weight gain and decreases the FCR in 
0.04 AgNPs group. Apparently normal intestinal villi with 
marked increase goblet cells metaplasia were seen in 0.08 
mg Ag NPS. But very few reports are available on histology 
of organs changes because of silver nanoparticles 
administration on commercial fish varieties. Accumulation 
of Ag NPS in the intestine is possibly an important factor for 
alteration of histological makeup. Prior studied have 
reported penetration of Ag NPS into chorion of Japanese 
meddaka (Oryzias latipes) (Ghosh and Adhikari, 2006). Our 
results indicate that fish groups fed on silver nanoparticles 
exhibited the lower mortality (40% in 0.04 group and 60% 
in 0.08 group) compared to control group (80%) after 
challenge with A. hydrophila. These results are in agreement 
with Prabhu and Poulose (2012) who demonstrated that 
physical and chemical properties that AgNPs have helped to 
increase the efficiency of silver, principally in control 
disease area. 
 

CONCLUSION 
 

The results show an improved effect of Silver 
nanoparticles (AgNPS) on growth, immune response, 
antioxidants, and resistance to Aeromonas hydrophila 
infection in O. niloticus. Better results of different 
parameters were obtained in the 0.04 treatment compared to 
0.08. We suggest further research using different 
concentrations but our study can be used as a baseline and 
we suggest that concentration of 0.04 of Ag NPs is an 
optimal level and can be applied to improve growth, 

immunity, antioxidative responses and controlling A. 
hydrophila infection in Nile tilapia.  
Conflicts of interest: All authors declare that they do not 
have any conflict of interest. 
 

REFERENCES 
 

Abdel-Khalek A. A,  Kadry  M.A.M., Badran  S.R. and 
Marie  M.A.S.  (2015). Comparative toxicity of 
copper oxide bulk and nano particles in Nile Tilapia; 
Oreochromis niloticus: biochemical and oxidative 
stress, J. Basic Appl. Zool., 72: 43–57. 

Aboud O. (2010). Impact of pollution with lead, mercury 
and cadmium on the immune response of 
Oreochromis niloticus. NY Sci. J., 3: 12–16. 

Aebi H (1984). Methods in enzymology. Catalase Vitr., 
105: 121–126. 

Alkaladi A., Nasr A.M., El-Deen N., Afifi M., and Abu 
Zinadah, O.A.  (2015).  Hematological and 
biochemical investigations on the effect of vitamin E 
and C on Oreochromis niloticus exposed to zinc 
oxide nanoparticles Saudi, J. Biol. Sci., 22: 556–563. 

Altinok I and Capkin E (2007). Histopathology of rainbow trout 
exposed to sublethal concentrations of methiocarb or 
endosulfan. Toxicol. Pathol., 35: 405–410.  

Anderson DP, Dixon OW, Simon RC (1980). Fish biologics: 
vaccine standards for sport fisheries and commercial 
aquaculture. Dev. Biol. Stand., 45: 157–162. 

AOAC (2006). Official Methods of Analysis, Association 
of Official Analytical Chemists International, 
Arlington, Va, USA, 18th edition. 

APHA (1998). Standard Methods for the Examination of 
Water and Wastewater. American Public Health 
Association, Washington D C. 

Asharani, P.V.; Lian, W.Y.; Gong, Z. and Valiyaveettil, S. 
(2008).Toxicity of silver nanoparticles in zebrafish 
models. Nanotechnology, 19 (25): 255102. 

Biplab S., Mayuree J., Arabinda M., Pragnya P., 
Mohammad S., Nayake  B. B.  , Gallardocf   G.    , 
Thakur, D.  Surajit B.g  Joydeep D. (2015). 
Optimization of the sublethal dose of silver 

Chen, X. and Schluesener, H.J. (2008). Nanosilver: a 
nanoproduct in medical application. Toxicol. Lett., 
176: 1–12.  

Dabrowska H, Ostaszewska T, Kamaszewski M, Antoniak 
A, Napora- Rutkowski Ł, Kopko O, Lang T, Fricke 
NF, Lehtonen KK (2012). Histopathological, 
histomorphometrical, and immunohistochemical 
biomarkers in flounder (Platichthys flesus) from the 
southern Baltic Sea. Ecotoxicol. Environ. Saf., 78: 
14–21. 

Duncan, D. B. (1955). Multiple Range and Multiple F- taste 
Biometrics, 11: 1 42. 

El-Hawarry W. (2011). Biochemical and nonspecific 
immune parameters of healthy Nile tilapia 
(Oreochromis niloticus), blue tilapia (Oreochromis 
aureus) and their inter-specific hybrid (male O. 
aureus _ female O. niloticus) maintained in semi-
intensive culture system. Online J. Animal Feed 
Res., 2: 84–88.  

Engstad RE, Robertsen B. and Frivold E (1992).Yeast 
glucan induces increase in lysozyme and 
complement-mediated haemolytic activity in 
Atlantic salmon blood. Fish Shellfish Immunol., 2 
(4): 287–297.  

Eya, J. C. and Lovell R. T. (1997). Available phosphorus 
requirements of food-size channel catfish Ictalurus 
punctatus fed practical diets in ponds. Aquac., 154: 
283-291. 

 



J. of Animal and Poultry Production, Mansoura Univ., Vol 11 (12),December, 2020 

501 

Galdiero S. Falanga A. Vitiello M. Cantisani M. Marra V. 
and Galdiero M. (2011). Silver nanoparticles as 
potential antiviral agents. Molecules, 16: 8894–
8918.  

Ghosh, L. and Adhikari, S. (2006). Accumulation of heavy 
metals in freshwater fish—An assessment of toxic 
interactions with calcium. Am. J. Food Technol., 1: 
139–148.  

Henry, R.J. (1964). Colorimetric Determination of Total 
Protein: Clinical Chemistry. Harper Row Publ, New 
York, USA. 

Ji L, Sun G, Li J, Wang Y, Du Y, Li X, Liu Y (2017). Effect 
of dietary β-glucan on growth, survival and 
regulation of immune processes in rainbow trout 
(Oncorhynchus mykiss) infected by Aeromonas 
salmonicida. Fish Shellfish Immunol., 64: 56–67. 

Kim E. Kuk K. Yu Kim J.H. Park S.J. Lee H.J. Kim S.H. 
Park Y.K Park Y.H.  Hwang C.Y. Kim Y.K. Lee 
Y.S. Jeong D.H and Cho M.H. (2007). 
Antimicrobial effects of silver nanoparticles. 
Nanomedicine, 3: 95–101.  

Kim, S. And Ryu, D.Y. (2013).  Silver nanoparticle-induced 
oxidative stress, genotoxicity and apoptosis in 
cultured cells and animal tissues. J. Appl. Toxicol. 
2013, 33(2), 78–89.  

Kumar, V., Sahu, N.P., Pal, A.K. and Kumar, S. (2007). 
Immunomodulation of Labeo rohita juveniles due to 
dietary gelatinized and nongelatinized starch. Fish 
Shellfish Immunology, 23: 341–353.  

Li J, Barreda DR, Zhang YA, Boshra H, Gelman AE, 
Lapatra S, (2006). B lymphocytes from early 
vertebrates have potent phagocytic and microbicidal 
abilities. Nat. Immunol., 7: 1116e24. 

Mohanty, S.; Mishra, S.; Jena, P.; Jacob, B.; Sarkar, B. and 
Sonawane, A. (2012). An investigation on the 
antibacterial, cytotoxic, and antibiofilm efficacy of 
starch-stabilized silver nanoparticles. 
Nanomedicine, 8 (6): 916–924. 

Monfared A.L. and Soltani ?? (2013). Effects of silver 
nanoparticles administration on the liver of rainbow 
trout (Oncorhynchus mykiss): histological and 
biochemical studies, Eur. J. Exp. Biol., 3: 285–289. 

nanoparticle through evaluating its effect on intestinal 
physiology of Nile tilapia (Oreochromis niloticus L.) 
Journal of Environmental Science and Health 50:8, 
814-823, DOI:10.1080/10934529.2015.1019800 

Nishikimi  M. , Roa, N.A.M.  Yogi K. (1972). Biochem. 
Bioph. Res. Common., 46: 849–854. 

Panacek A. Kolar M. Vecerova R. Prucek R. Soukupova J. 
Krystof V. Hamal P. Zboril R. and Kvitek, L. (2009). 
Antifungal activity of silver nanoparticles against 
Candida spp. Biomaterials, 30: 6333–6340.  

Pinto, V.V., Ferreira, M.J., Silva, R., Santos, H.A., Silva, F., 
Pereira, C.M. (2010). Long time effect on the 
stability of silver nanoparticles in aqueous medium: 
effect of the synthesis and storage conditions. 
Colloid Surf. A, 364: 19–25. 

Prabhu S. and Poulose EK. (2012). Silver nanoparticles: 
mechanism of antimicrobial action, synthesis, 
medical applications, and toxicity effects. 
International Nano Letters, 2 (1): 32. 67.  

Rai, M.; Yadav, A. and Gade, A. (2009). Silver 
nanoparticles as a new generation of antimicrobials. 
Biotechnol. Adv., 27 (1): 76–83. 

Rault P, Fortier M, P_edelucq J, Lacaze E, Brousseau P, 
Auffret M, Fournier M. (2013). Immunotoxicity of 
heavy metals (silver, cadmium, mercury, lead) on 
marine bivalve Mytilus edulis: In vitro exposure of 
hemocytes. J Xenobiotics. 3: 8. doi: 
0.4081/xeno.2013.s1.e8. 

Reitman, S. and Frankel, S. (1957). A colorimetric method 
for the determination of serum glutamic oxalacetic 
and glutamic pyruvic transaminases. Am. J. Clin. 
Pathol., 28: 56–63. 

Rook GAW, Steele J, Umar S, Dockrell HM (1985). A 
simple method for the solubilisation of reduced 
NBT, and its use as a colorimetric assay for 
activation of human macrophages by γ-interferon. J. 
Immunol., Methods, 82: 161–167. 

SAS (2002). SAS Institute Inc., Cary, NC, USA. NOTE: 
SAS Proprietary Software Version 9.00 (TS M0). 

Schäperclaus, W., Kulow, H. Schreckenbach, K. (1992). 
Fish Disease.Rotterdam, the Netherlands: A.A. 
Balkema,101–105. 

Schäperclaus, Wilhelm. Fish diseases. Vol. 1. CRC Press, 
1992. 

Suvarna SK, Layton C and Bancroft JD (2013). Bancroft's 
Theory and Practice of Histological Techniques. 7th 
ed., Churchill Livingstone. Elsevier, England). 

Suwannasang A, Dangwetngam M, Issaro A, 
Phromkunthong W, Suanyuk N. (2014). 
Pathological manifestations and immune responses 
of serotypes Ia and III Streptococcus agalactiae 
infections in Nile tilapia (Oreochromis niloticus). 
Songklan J. Sci. Technol., 36: 499–506. 

Watanuki, H., Ota, K., Tasaakka, A.C.M.A.R., Kato, T. and 
Sakai, M. (2006). Immunostimulant effects of 
dietary Spirulina platensis on carp, Cyprinus carpio. 
Aquaculture, 258: 157–163. 

Watanuki, H., Ota, K., Tasaakka, A.C.M.A.R., Kato, T. 
Sakai, M. (2006). Immunostimulant effects of 
dietary Spirulina platensis on carp, Cyprinus carpio. 
Aquaculture, 258: 157–163. 

Wiegertjes, G.F., Stet, R.J., Parmentier, H.K. van 
Muiswinkel, W.B. (1996). Immunogenetics of 
disease resistance in fish: a comparative approach. 
Dev. Comp. Immunol., 20: 365. 

Wotton, I.D. and Freeman, H. (1974). Microanalysis in 
Medicinal Biochemical. Churchill Livingstone, 
Edinburgh, London, pp. 1982. 

Wotton, I.D. and Freeman, H. (1974). Microanalysis in 
Medicinal Biochemical. Churchill Livingstone, 
Edinburgh, London, pp. 1982. 

لبكتريا العدوى  مقاومهلجسيمات نانو الفضة فى عليقة البلطي النيلي على النمو  و لالكسدهالتأثيرات المناعية والمضادة 

 وفالدرااليرموناس هي
 2أيوبفؤاد  و هاله   1، محمد مبروك 1   أحمد فاروق

 قسم االنتاج الحيواني، كلية الزراعة بالقاهرة، جامعة األزهر، مصر. 1
 مصر.-مركز البحوث الزراعيه-بالشرقية  –أبو حماد  –العباسه  -، المعمل المركزى لبحوث الثروه السمكيهورعايتها  قسم صحة األسماك 2

 

نانومتر( على أداء النمو ، واالستفاده من الغذاء وتكوين الجسم والمناعة واالستجابات المضادة  90صممت هذه الدراسة لمعرفة تأثير استخدام جسيمات الفضة النانوية )بحجم 

٪ بروتين خام وطاقة 30جم / سمكة( على عليقة تجارية ) 0.1±  56لألكسدة والسيطرة على العدوى ببكتريا االيرموناس في البلطي النيلى. تم تغذية البلطي النيلي بوزن ابتدائى )

  0.08،   0.04معامالت )كنترول،  3كيلو كالوري / كجم( مدعمة بمستويات مختلفة من جزيئات النانوفضه. تم توزيع األسماك عشوائياً )بثالث مكررات( على  4120.7الية إجم

٪ من وزن الجسم.  3أسابيع بمعدل 8رات في اليوم لمدة م(. تم تغذية األسماك ثالث مx   1م x  4م 1أحواض خرسانية ) 9نانوفضه مجم / كجم علف(. تم إجراء المعامالت في 

لعدوى باأليروموناس. ولذلك يوصى باستخدام أظهرت النتائج التي تم الحصول عليها تأثيًرا محسّنًا لجسيمات النانو فضة على النمو واالستجابة المناعية كمضادات لألكسدة ومقاومة ا

 في البلطي النيلي. هيدروفيال الستجابات المضادة لألكسدة والسيطرة على العدوى ببكتريا االيرموناسجزيئات النانوفضه لتحسين النمو والمناعة وا


