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Abstract  

Purpose: Silver nanoparticles might have an influence on growth, hematological, biochemical and enzymatic parameters of the zebrafish if given 
in low concentrations. The present work aimed to investigate the disparate quantity of silver nanoparticles incorporated into the feed on growth, 
biochemical, hematological, and enzymatic studies on zebrafish Danio rerio. 
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Introduction

Nanotechnology is revolutionizing science and technology, 
promising solutions that were once thought to be unattainable. 
The continuous advancements in this field underscore its 
importance in shaping the future of innovation and global 
development. Nanotechnology is a multidisciplinary field that 
involves manipulating materials at the nanoscale, typically 
between 1 and 100 nanometers. The physical, chemical, and 
biological characteristics of the material at this size are distinct 
from bulk equivalents. Nanotechnology requires measurement, 
prediction, and fabrication of matter on the scale of atoms and 
molecules, and the process of creating physically, chemically, and 
physiologically stable structures of one atom or molecule at a 
time is known as nanotechnology [1]. These properties have led 
to innovative applications across various fields such as medicine, 
agriculture, aquaculture, and energy. Nanotechnology can also 
improve the food items, packaging and storage, which could 
also make food tastier, healthier, and more nutrient-dense [2].  
Nanotechnology also has the potential to improve aquaculture by 
helping in disease prevention, water purification and delivery of 

 
nutrients [3]. Nanotechnology guarantees the civilized defense of 
farmed fish against disease-causing microorganisms by offering 
innovative methods for drug management as well as vaccine 
release [4]. Nanoparticles can be categorized based on their 
composition, such as metallic, ceramic, polymeric, and biological 
nanoparticles [5]. The progress in nanotechnology has made the 
development and use of nanoparticles critical for addressing 
complex challenges in science and technology. However, increasing 
usage also necessitates careful consideration of its potential 
environmental and health impacts, highlighting the importance of 
responsible research and application [6]. 

Among various nanoparticles, silver nanoparticles (Ag NPs) 
are tiny particles with sizes typically ranging from 1 to 100 
nanometers. These particles have gained immense attention 
due to their unique properties, such as high surface area, optical 
versatility, and effective antimicrobial capabilities, sensing 
and therapeutic application, sensors, pollution degradation, 
water treatment, food, and agriculture [7]. Silver nanoparticles 
also enhance wound healing. Despite its promising potential, 
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challenges such as the environmental impact and possible toxicity 
of Ag NPs require careful study. Addressing these concerns will 
be crucial to fully unlocking its applications in various fields. 
Various methods, including physical, chemical, and biological 
techniques, are employed to synthesize Ag NPs [8]. Among these, 
the chemical co-precipitation method was used to synthesize the 
silver nanoparticles [9]. 

Aquaculture is the controlled farming of aquatic organisms, 
including fish, crustaceans, molluscs, and aquatic plants, in 
freshwater, brackish water, and marine environments. It has 
emerged as a vital component of global food production, addressing 
the increasing demand for protein-rich food while alleviating 
pressure on wild fisheries. This practice ranges from small-scale 
traditional systems to highly sophisticated industrial operations, 
employing techniques like pond culture, cage farming, and 
recirculating aquaculture systems. In addition to food production, 
aquaculture supports industries such as pharmaceuticals, 
ornamental fish trade and ecosystem restoration, including 
efforts like mangrove reforestation and breeding of endangered 
species [10]. Despite its importance, aquaculture faces numerous 
challenges, including environmental degradation, disease 
outbreaks, genetic concerns, and socio-economic implications. 
Therefore, achieving sustainable aquaculture practices is 
paramount to ensure the long-term viability of this industry.

Zebrafish Danio rerio are small, freshwater fish native to 
South Asia, commonly found in slow-moving or stagnant water 
bodies like rivers, ponds, and paddy fields. Zebrafish are widely 
recognized as an important model organism in scientific research, 
particularly in genetics, developmental biology, and toxicology. 
Key features that make zebrafish valuable for research include 
small size, rapid generation time, and optical transparency during 
early embryogenesis [11]. Zebrafish share approximately 70% 
of genes with humans, making it a valuable system for studying 
human diseases, including cancer, cardiovascular disorders, and 
neurodegenerative conditions [12]. Furthermore, zebrafish were 
widely used in genetic research and drug discovery because of their 
cost-effectiveness, small size, and prolific breeding capabilities. 
Its contribution to modern science continues to grow, providing 
insights into genetics, toxicology, and regenerative biology. Silver 
nanoparticles have improved wound healing in zebra fish [13] 
and have various antibacterial effects. It might have an influence 
on growth, enzymes, and tissues of the zebrafish if given in low 
concentrations. The work related to the disparate quantity of silver 
nanoparticles incorporated into the feed on growth, biochemical, 
hematological, and enzymatic studies on zebrafish Danio rerio. 

Materials and Methods

Materials

Analytical grade Silver Nitrate (AgNO3), Trisodium Citrate 
(Na3C6H5O7), Sodium hydroxide (NaOH) and the glassware were 
collected from the Department of Biology, The Gandhigram Rural 
Institute- Deemed to be University, Gandhigram, India. 

Zebrafish is a freshwater ray-finned fish that belongs to the 
order Cypriniformes and the family Cyprinidae. It is one of the 
popular ornamental fish natives to South Asia. Commonly found 
in freshwater rivers, streams, ponds, and paddy fields with slow-
moving or stagnant water. Its preferred temperature is around 20-
28°C, and the pH range is between 6.5 and 7.5. It is usually around 
2.5- 4cm in size but can grow up to a maximum of 5cm. It has 
blue and silver horizontal stripes along its body, which are very 
distinctive of the species. Zebrafish have become an important 
model organism in scientific research due to their numerous 
advantages, including rapid development, transparency during 
early stages, genetic tractability, and regenerative capabilities. 

Synthesis of silver nanoparticles (Ag NPs)

1mM Silver Nitrate solution was prepared by dissolving 0.017g 
of AgNO3 in 100mL of water. 1% of Trisodium citrate was prepared 
by dissolving 1g of Trisodium citrate in 100 mL of water. 20 ml of 
Trisodium citrate was added to 80ml of AgNO3 solution and kept 
stirring in the magnetic stirrer for about 2 hrs at 40°C and at an 
rpm of 300-400. The mixture is then centrifuged at 9000rpm for 
10 minutes, and the sediment is air-dried. 

Characterization of silver nanoparticles

UV-Visible Spectroscopy (Thermoscientific GENESYS 180), 
Scanning Electron Microscope (VEGA 3 TESCAN), Energy 
Dispersive X-ray Spectroscopy (EDAX) (BRUKER Flash 6130), 
Fourier Transform Infrared Spectroscopy (FT-IR) (Jasco FT-
IR-4700), and X-ray diffraction (XRD) (PANalytical Xpert 3 powder 
model) were used for characterization. 

Collection of zebrafish

Zebrafish Danio rerio (1.30±0.5g and 0-1.5 inches) were 
collected from Aqua Gardens, Kadachananthal, Madurai, Tamil 
Nadu, India and transported to the laboratory, Department 
of Biology, The Gandigram Rural Institute, Tamil Nadu, India. 
Polythene bags filled with oxygenated water were used for the 
transportation of the fish. Fishes were acclimatized in plastic trays 
for 15 days at 28°C. During the phase of acclimatization, the fish 
were fed with trainee feed containing groundnut oil cake, fish 
meal, wheat flour and rice bran in the form of dry pellets. 

 Selection of feed ingredients and experimental feed 
preparation

The materials for feed preparation were selected based on 
their capacity to supply an optimum amount of nutrients such as 
proteins, carbohydrates, vitamins, and lipids at a fair price. The 
protein sources used were Fish meal and groundnut oil cake, 
and the sources of carbohydrates were wheat flour and tapioca 
flour. The lipid source and the binding agent were the fish oil, 
Suppletive mix (Virbac Chelated Agrime ® Forte), vitamin and 
mineral source; sodium chloride and sodium benzoate were used 
as preservatives. After knowing the protein content of major 
ingredients by the Micro Kjeldahl method [14], the feed was 
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prepared using the Pearson Square method of ration formulation 
[15]. The components were dried, powdered, and sieved through 
a 450-micron sieve. The major ingredients, such as fish meal, 
groundnut oil cake, tapioca flour and wheat flour, were weighed 
and mixed with 130-150mL of distilled water. The mixed feed stuff 
was autoclaved for 30 minutes (at 121°C and 15 psi pressure) and 
cooled. Then the minor ingredients, namely fish oil, sunflower 
oil, suppletive mix and sodium chloride, sodium benzoate and 
silver nanoparticles (1, 2, 3, 4, 5mg/100) were mixed with the 
feed, and it was extruded with the help of a pelletizer. The pellets 
were dried at room temperature in the shade. The feed was stored 
in an air-tight container at -20°C until use, to prevent microbial 
contamination (Table 1).

Design for growth studies

For the growth study, uniformly sized Zebrafish Danio rerio 
(1.30±0.5g) were selected, and the fish were introduced into a 
rectangular tank with the dimensions 45cm L X 22cm B X 22cm 
H and had a capacity of 18 liters. Five fish were introduced into 
each tank. For each treatment, triplicates were maintained. During 
the study, the fish were fed an ad libitum diet of the prepared feed 
twice a day for an hour (9-10am and 4-5pm). The unfed were 
collected from the tanks after an hour without disturbing the fish. 
The unfed was dried to measure its weight. The faucal matter 
was collected daily before changing the water with minimal 
disturbance to the fish and dried in a hot air oven at 95°C. Around 
70% of the water was replaced in the tank with tap water. The 
experiment was continued for 28 days. On the 28th day, the length 
and weight of the live zebrafish were measured for the calculation 
of growth parameters.

Feed utilization parameters such as condition factor (K), feed 
consumption, feed conversion efficiency, feed conversion ratio, 
growth, percentage growth, relative growth rate, assimilation, 
metabolism, gross and net growth efficiency, hematological 
parameters such as RBC, WBC, Platelet count, Hemoglobin (Hb), 
Hematocrit (Hct), biochemical parameters such as protein, 
carbohydrate and lipid in muscle, gill, and liver of Zebrafish and 
protein metabolic enzymes such as aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) [16], and carbohydrate 
metabolic enzyme namely lactate dehydrogenase (LDH) were 
estimated from the collected fish blood serum [17].

Results and Discussion 

UV-Visible spectroscopy is a commonly used analytical tool 
to analyze the optical properties of the nanosized particle. The 
absorbance spectra of silver nanoparticles were measured in 
the range 400 to 500nm. It exhibits the strong absorption band 
at 423nm, as shown in Figure 1. Similarly, [18] reported a peak 
at 440nm, and [19] reported a peak at 400nm, which indicates 
smaller and uniformly sized nanoparticles. Scanning electron 
microscope shows that nanoparticles formed are in clusters 
with distinct boundaries, and the high contrast SEM images 

show that the particles are rectangular and cubical shaped, with 
some particles showing well-defined facets, and the particles 
seem smooth with some granular surface features, and the size 
ranges between 15-150nm (Figure 2). Similarly, [20] reported 
that the size, size distribution and morphology can be obtained 
by performing SEM imaging. The EDAX spectrum recorded on the 
silver nanoparticles is shown as 4 peaks located between 0.2keV 
and 8keV (Figure 3). The maximum is directly related to the silver 
characterized line K. The maximum peak located on the spectrum 
at 3keV clearly comes from the silver nanoparticle. 

The maximum peak located on the spectrum at 0.3keV and 
0.2keV clearly comes from oxygen and carbon, respectively. 
Similarly, [18] also reported the presence of silver using EDAX. 
The FT-IR spectrum of silver nanoparticles was analyzed at the 
wavelength range of 500-4000cm-1. The FT-IR analysis was carried 
out aiming to identify the functional groups of active compounds 
based on peak value in the region of infrared radiation. The 
peaks found were at 3431, 2995, 2336, 1523, 1323, 1081, and 
799, were associated with O-H stretching, C-H stretching, C triple 
bond stretching, COO- symmetric stretching, COO- anti-symmetric 
stretching, C=N stretching, and C=C bending respectively (Figure 
4). [21] reported the peaks at 3451, 1592, 1384is due to O-H 
stretching, symmetric and anti-symmetric stretching of COO- 
respectively. The XRD technique is used for structure and phase 
analysis of all compounds. The XRD diffraction peaks of silver 
nanoparticles are indexed as 11, 24, 28, 32, 38, 44, and 46, which 
are represented in Figure 5. The clear and sharp diffraction peaks 
confirmed that the prepared compounds are pure with a high 
degree of crystallinity. Similarly, [22] reported XRD peaks on 111, 
200, 220, 311 for silver nanoparticles, which were synthesized 
by means of inert gas condensation. [23] reported XRD peaks at 
38.23, 44.54, 64.48, 77.41, and 81.61 by silver nanoparticles. 

The condition factor is a measure used to assess the health 
of the fish. Condition factor was estimated before (initial) 
and after the study (Final) for a comparative study. The final 
condition factor value was greater for most of the fish which was 
fed with silver nanoparticle-incorporated feed (Table 2). [24] 
reported an increase in condition factor of Freshwater prawn 
Macrobrachium rosenbergii post-larvae fed with 40g/ kg-1 of 
iron oxide nanoparticles in the feed. The different feed utilization 
and growth parameters are presented in Table 3. The ANOVA 
(Analysis of Variance) of growth parameters (Feed consumption, 
Growth, Gross Growth Efficiency, Net Growth Efficiency) are 
presented in Table 4. [25] reported that selenium and zinc oxide 
supplementation enhanced growth performance in zebra fish. 
[26] reported that iron oxide-supplemented feeding at different 
concentrations resulted in higher growth performance than that 
of the control in rohu fish. [27] reported that the maximum weight 
gain (%), PER, and SGR were observed in the group fed with 
13mg/g of ZnNPs in the iridescent shark. [28] reported that there 
was a significant decrease in the growth performance of gold fish 
after being exposed to silver nanoparticles for 6 months. 
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Table 1: Composition of Different Ingredients in the Experimental Feed (g/100gm) of Zebrafish. 

S. No Ingredients Feed I  
(Control) Feed II Feed III Feed IV Feed V Feed VI

1 Fishmeal 33.75 33.75 33.75 33.75 33.75 33.75

2 GNOC* 33.75 33.75 33.75 33.75 33.75 33.75

3 Wheat flour 11.25 11.25 11.25 11.25 11.25 11.25

4 Tapioca 11.25 11.25 11.25 11.25 11.25 11.25

5 Fish oil 2 2 2 2 2 2

6 Sunflower oil 2 2 2 2 2 2

7 Supplevite-mix 1 1 1 1 1 1

8 Sodium Chloride 1 1 1 1 1 1

9 Sodium benzoate 1 1 1 1 1 1

10 Ag- Nanoparticles 0 1mg 2mg 3mg 4mg 5mg

Table 2: Condition Factor (K) of Zebra fish.

Feeds Initial Final

I 0.77±0.001 0.8±0.02

II 0.8±0.026 0.87±0.0004

III 0.6±0.032 0.67±0.001

IV 0.5±0.057 0.8±0.0072

V 0.7±0.05 0.8±0.001

VI 0.8±0.0052 0.83±0.002

Table 3: Feed Utilization and Growth parameters of Zebrafish in relation to disparate quantity of Silver Nanoparticles. (Each value is the average 
(± SD) performance of five individuals in triplicates reared for 28 days.

Parameters 

Experimental Feeds

Feed I Feed II Feed III Feed IV Feed V Feed VI

(Control) (1mg) (2mg) (3mg) (4 mg) (5 mg)

Feed consumption (g/g live wt/28 
days) 0.011±0.0025 0.004±0.0001 0.009±0.0001 0.01±0.002 0.012±0.027 0.005±0.001

Feed conversion efficiency 1.175±0.35 1.3±0.25 1.5±0.77 2.2±0.25 3.8±0.84 1.42±0.57

Feed conversion ratio 0.75±0.071 0.62±0.0023 0.45±0.04 0.85±0.07 0.26±0.09 0.7±0.023

Growth (g/g live wt/28 days) 0.23±0.2 0.23±0.2 0.33±0.08 0.64±0.01 0.5±0.1 0.1±0.02

Percentage growth 10.8±1.5 8.3±0.3 12±1.2 24±1.22 17.8±1.2 4.1±0.2

Assimilation (g/g live wt/28 days) 0.17±0.04 0.02±0.001 0.18±0.007 0.25±0.02 0.08±0.0012 0.02±0.0078

Metabolism (g/g live wt/28 days) 0.016±0.0051 0.013±0.012 0.169±0.2 0.23±0.06 0.063±0.0023 0.016±0.001

Gross Growth Efficiency (%) 11.7±0.8 13.3±1.4 15.9±2.1 21.3±1.22 38.4±2.3 14.2±0.24

Net growth efficiency (%) 12±0.2 25.6±2.5 18.5±1.25 25.6±2.2 62.5±4.2 50±5.4

Table 4: ANOVA (Analysis of Variance) of Growth parameters (Feed consumption, growth, gross growth efficiency, net growth efficiency) of 
Zebrafish (Danio rerio).

Parameters Source of Variations Sum of Squares DF Mean Squares F SIG

Feed consumption

Between groups 0 5 0 9.078 0.001

Within groups 0 12 0    

Total 0 17      

Growth

Between groups 0.722 5 0.129 48.31 0.001

Within groups 0.545 12 0.002    

Total 0.027 17      
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Gross growth efficiency

Between groups 1500.006 5 300.001 41442.99 0.001

Within groups 0.087 12 0.007    

Total 1500.093 17      

Net growth efficiency

Between group 5800.219 5 1160.044 19528.83 0.001

Within Groups 0.713 121 0.059    

Total 5800.932 17      

Table 5: Haematological Parameters of Zebrafish.

Blood Parameters Feed I Feed I Feed II Feed III Feed IV Feed V

RBC (Millions/cumm) 0.4 0.8 0.7 0.6 0.3 0.2

Haemoglobin (gm/dl) 1 1.7 1.5 1.3 0.8 0.6

Haematocrit (PCV) (%) 3 5 4.8 4.1 2.6 1.8

WBC count (Cells/cumm) 28,000 52,900 46,300 33,000 24,400 21,400

Platelets count (lakhs/cumm) 1.54 2.87 2.64 2.04 1.54 1.38

Table 6: Enzymatic Parameters of Zebrafish.

Enzyme Parameters Feed I Feed II Feed III Feed IV Feed V Feed VI

Aspirate Aminotransferase (μl) 23 36 33 28 19 12

Alanine Aminotransferase(μl) 20 32 29 24 17 16

Lactate Dehydrogenase(μl) 280 430 310 260 210 170

 Figure 1: UV-Visible Absorption Spectrum of Silver Nanoparticles.

Figure 2: SEM Image of Silver Nanoparticles.
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Figure 3: EDAX Spectrum of Silver Nanoparticles.

Figure 4: FT-IR Spectrum of Silver Nanoparticles.

Figure 5: XRD Spectrum of Silver Nanoparticles.
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Hematological parameters are important factors that help 
in understanding the health conditions of the fish species. The 
WBC and RBC count of the zebrafish gradually decreased as 
the concentration of the Ag NPs in the feed increased (Table 5). 
[29] reported that the hematological parameters of Zebrafish 
were decreased with increased quantity of biosynthesized silver 
nanoparticles. [30] reported the use of Nano-Fe as a feed additive 
to improve the hematological and immunological parameters 
of fish. [31] reported that there is a significant decrease in the 
number of RBC, Hb, and Hct due to ZnO nanoparticles.

The biochemical parameters showed a significant increase 
in the levels of protein, carbohydrate, and lipid in Feed IV (3mg) 
fed fishes compared to other feeds (Figure 6). Similarly, [32] 
reported that Quercetin nanoparticle has a positive effect on Nile 
tilapias’ biochemical parameters. [33] reported that the impact of 
magnesium oxide nanoparticles on biochemical characteristics, 
such as protein, carbohydrates, and lipids in Mrigal, is higher in T3 
and T2 compared to the control. 

Enzymatic parameters play an important role in 
understanding physiology, development, disease mechanisms 
and responses to environmental conditions in zebra fish. The 
enzymes analyzed were AST (Aspartate Aminotransferase), ALT 
(Alanine Aminotransferase), and LDH (Lactate Dehydrogenase) 
(Table 6). The maximum amount of enzyme activity was found in 
FI (1mg), and the activity decreases with an increase in the silver 
nanoparticle concentration. Similarly, Deilamy [34] reported the 
decrease of Lactate dehydrogenase and Alkaline phosphatase 
enzyme in selenium nanoparticle incorporated feed fed Asian 
sea bass. [35] reported that ALP and LDH enzymes showed a 
decreasing trend in ZnO and SeNPs-supplemented rohu fish. The 
highest activity of ALT, ALP, and AST was observed in the 48mg/l 
NiO nanoparticle-treated group of Heteropneustes fossils. [36] 
reported that ALP and LDH concentrations showed a decreasing 
trend in ZnO and SeNPs-supplemented rohu fish.

Methods

Silver nanoparticles were synthesized by the co-precipitation 
method and characterized using UV-Visible spectroscopy, SEM, 
EDAX, XRD and FT-IR. Disparate quantities of silver nanoparticles 
(1, 2, 3, 4, 5mg) were incorporated in fish meal, groundnut oil cake, 
wheat flour, and tapioca flour. Feed utilization parameters such 
as Feed Consumption, Feed Conversion Ratio, Feed Conversion 
Efficiency, Growth, Percentage Growth, Assimilation, Metabolism, 
Gross Growth Efficiency, and Net Growth Efficiency were estimated 
after 28 days. After the experimental period, hematological, 
biochemical, and enzymatic parameters were estimated. 

Results

The UV-visible adsorption spectra exhibited a strong 
adsorption peak at 418nm. The SEM image was observed at a 
wavelength range of 7.06nm. EDAX spectrum showed 4 peaks 
located between 0.2 and 3 keV. FT-IR was observed at the 

wavelength range from 500 to 4000cm-1. The XRD image showed 
that the diffracted peak is indexed as 11, 24, 28, 32, 38, 44, and 
46. The feed utilization parameters, such as feed consumption 
(0.012±0.027), feed conversion efficiency (3.8±0.84) of zebra fish, 
were higher in Feed V. Growth, percentage growth, assimilation, 
and metabolism of zebra fish were higher in Feed IV. All the 
hematological and enzymatic parameters were higher in feed II.

Conclusion

From the results, it is concluded that the growth of Zebrafish 
is higher in Feed IV, and hematological and enzymatic parameters 
are higher in Feed II.

Data Availability

The data are available from the corresponding author on 
reasonable request.
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