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 Fish nutrition is the single most important input in aquaculture production. It 
influences fish growth, quality, health, with subsequent increase in production 
and waste generation. Nanotechnology is an emerging concept with diverse   
applications including fish nutrition. It involves the use of nanoparticles within 
the scale of 1 – 100 nm. The physiological role of nanoparticles depends on their 
structural and functional characteristics. In aquaculture, nanotechnology       
techniques have been found efficient in water treatment, while nano-delivery 
system has been perceived as a safer and more efficient alternative procedure to 
fish vaccination, nutrient delivery, and effective in fish disease diagnosis and 
treatment. Fortification of fish diets with nutrient and non-nutrient bioactive 
components enhance the total nutrient profile balance of a diet and supplement 
nutrients recovery during feed processing. Administration of dietary               
nanoparticles provides an increase in surface area available for interaction with 
biological support. Incorporation of nanoparticles into the fish diet has been 
found to improve fish production and when employed as encapsulating materials, 
they serve as carriers for essential oils, flavour, antioxidants, vitamins, minerals 
and phytochemicals thereby facilitating their bioavailability to fish. The NPs of 
importance to fish nutrition include those produced from chitosan, copper (Cu), 
selenium (Se), iron (Fe), gold (Au), zinc oxide (ZnO) and silver (Ag). Various 
applications of nanoparticles in fish nutrition with their probable potential     
adverse effects are explored in this study with a view to devising fish            
management strategy that will maximize the full benefit of nanoparticles with 
little to no risk of toxicity.  

1. Introduction 

The fish production industry is the fastest 

growing food producing industry. Its            

contribution to global seafood production in 

the last few decades has been recorded to be 

higher in comparison to capture fisheries [1]. 

Fish is highly rich in protein and contains the 

needed essential amino acids for efficient body 

growth. It accounts for 17 percent of the global 

intake of animal-based protein and is the most 

traded food commodity in the world [2]. As 

human demand for the consumption of aquatic 

products increases, so also the world fisheries 

production decreases [3], which invariably  

enhances the rapid growth of the aquaculture 

industry. Fish nutrition plays an essential role 

in intensive aquaculture production. It is the 

single most important input because it          

influences the production cost, fish growth, 

quality, and health as well as waste production 

[4]. Hence, technological cum scientific       

improvements in the production of fish feed 

products that are highly nutritional as well as 

environmentally sustainable would serve as an 

important tool for the development and growth 

of the fish production industry. 

Nanotechnology is a terminology coined 

from “nanus” a Latin word, meaning “dwarf”. 

In 1959, Richard Feynman [5] developed     

nanotechnology as a concept while, in 1974, 

Norio Taniguchi [6] first used the terminology. 

In 2013, the US National Nanotechnology   

Initiative [7] defined nanotechnology as a field 

of study that deals with the understanding and 

applications of matter at the nanoscale level. It 

is a technological concept that is rapidly    

growing with application in diverse fields of 

study including the fish production industry. 

The use of nanoscale particles is increasingly 

gaining impetus in recent years as it has been 

proved to be effectively beneficial to food and 

agricultural industries including the              

aquaculture sector with feasibility in food 

packaging, processing, storage, and              

development of innovative food products. This 

review provides a comprehensive study on the 

applications and benefits of dietary nano-

particles to fish nutrition with beaming of 
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searchlight into aspects of toxicity and health 

concerns due to incorporation of nano-

particles into the fish diet.   

 

2. Nanoparticles and their properties 

Nanoparticles are very minute particles 

with dimensions less than 100 nm. They    

exhibit a large surface area to volume ratio in 

comparison to their bulk counterparts. This 

singular feature enables them to show       

physical and chemical properties totally     

different from their bulk material             

counterparts. For Instance, bulk copper is 

considered a soft material, bending when its 

atoms cluster at 50 nm scale, while copper 

nanoparticles smaller than 50 nm are        

considered very hard with drastically         

different malleability and ductility             

performance when compared to bulk copper. 

Similarly, gold nanoparticles melt at a        

significantly lower temperature (300 °C for 

2.5 nm) than bulk gold (1064 °C) [8]. 

Any physiological role played by nano-

particles is significantly dependent on their 

structural (size, shape, dispersity etc.)       

properties as well as their functional features 

(surface properties). Nanoparticles (NPs) may 

be composed of inorganic (metal, metalloids, 

metal oxides, chalcogens, carbon) and       

organic (natural or synthetic polymers and 

lipids) substances. Nanoparticles can be used 

in powder, dispersion or emulsion form     

depending on the application [9]. Organic 

NPs are manufactured for the delivery system 

in feeds without affecting the appearance or 

taste of the feed. Their ultimate purpose is to 

vaccinate aquatic animals as well as to       

improve the nutrient bioavailability in feeding 

systems. These NPs are designed to           

encapsulate essential nutrients and transport 

them through the gastrointestinal tract (GIT) 

into the fish blood stream, thereby increasing 

the nutrient bioavailability in the cultured 

fish. Examples of Organic nano-materials  

essential for nanocapsule applications include 

fat, proteins, and sugar biomolecules as well 

as plant extracts used as feed additives [10]. 

Inorganic nanoparticles are ingredients    

manufactured for use as feed additives as well 

as ultraviolet protection barriers in feed  

packaging. The most commonly applied    

inorganic nanoparticles are silver               

nanoparticles used for their antimicrobial  

activities. Some of the nanoparticles that have 

been found useful in aquaculture for         

vaccination, encapsulation for targeted      

delivery of food and feed supplements       

include chitosan, liposomes, and metal nano-

particles like gold, silver, copper, selenium, 

zinc oxides, and iron. The substrates          

employed in their preparations and probable 

routes of synthesis are as presented in        

Table 1. 

There are two main approaches used for 

nanoparticle preparation. The two techniques 

of nanomaterials preparation are termed 

“Bottom-up” and “Top-down”. The “Bottom-

up” technique is the more favoured            

production method which includes the       

following preparation methods: self-

assembly, biomass reactions, crystallization, 

microbial synthesis, solvent extraction/

evaporation, and layer-by-layer deposition. 

The “Bottom-up” preparation technique helps 

to produce molecular structures containing 

more complex designs based on the self-

organization potential of biological          

compounds [27, 28, 29]. The “Top-down” 

manufacturing technique of nanoparticles is 

achieved by breaking down bulky-sized   

matter into nano-scaled particles of few     

nanometers in dimension through the       

chemical or physical procedure. An example 

of the “top-down” manufacturing method is 

the Homogenization technique which         

involves the use of pressure to reduce the 

large-sized fat globules into nanoscale size. 

Homogenisation is a highly sort after the   

industrial technique used globally in the dairy 

industry. Another “top-down” nanoparticle 
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manufacturing technique includes the use of 

lasers and vapourization followed by cooling. 

Generally, the particle size in nanoparticles is 

the main property largely influencing its 

functional activities.  

 

3. Beneficial Applications of Nano-

particles in Aquaculture 

3.1. Water Treatment 

Water is an essential component of aqua-

culture. The success and/or failure of aqua-

culture depend on the quality of the water  

resources. Contamination of water is the most 

important health hazard globally. Water    

contamination continuously grows             

exponentially due to indiscriminate disposal 

of waste materials from anthropogenic       

activities, such as domestic, industrial,     

pharmaceutical and agricultural wastes into 

the water body. Water pollution through these 

means is not only detrimental to human 

health but also deteriorates the resources of 

groundwater thereby causing a deleterious 

effect on aquatic lives [1, 30]. 

In aquaculture, nanoparticles have been 

deployed in four major areas such as in      

nutrient delivery and vaccine delivery, water 

treatment, disease diagnosis, and treatments 

(Figure 1). Adsorption and photocatalysis 

have been endorsed as nanotechnological 

techniques with the best efficiency and      

affordability for the purification of 

wastewater [31]. Due to residue resulting 

from feeding in an aquatic environment, fish 

have been reported to be most exposed to  

pollution and hence, most susceptible aquatic 

animals are subjected to the detrimental     

effects of these pollutants [32, 33]. Studies 

have also shown that there is a high degree of 

heavy metal bioaccumulation in the tissues of 

aquatic animals as a result of anthropogenic 

activities or natural processes [34]. Manna et 

Omosanya et al.. 

Table 1: Some dietary nanoparticles with their routes of synthesis and applications 

Nanoparticles Material Synthesis Application 

ORGANIC       

Chitosan Crustaceans and Insect 
exoskeleton 

Ionic gelatination Vaccination and Encapsulation of 
targeted delivery of food / feed 
supplement [11, 12]. 

PLGA Lactic and Glycolic Acid Emulsion evaporation, 
Emulsion diffusion, 
Solvent displacement and 
Salting out 

Vaccination [1, 3] 

Liposome Lipids Mechanical dispersion Encapsulation and targeted deliv-
ery of food/ feed supplement [14, 
15]. 

INORGANIC       

Iron Metal Salts Ascorbic acid Feed supplement [16, 17]. 

Silver Metal Salts Plant extract Feed supplement, Antimicrobial 
used in feed contact surfaces [18, 
19]. 

Zinc Oxide Zinc acetate dihydrate Precipitation Feed supplement, Colourant [20, 
21]. 

Copper Metal Salts Wet Chemical reduction Feed supplement, Antimicrobial 
[22]. 

Selenium Sodium Selenite 
 (Na2SeO3), Selenium 
dioxide (SeO2) solution, 
Selenite (Se4+) solution 

Bacteria and Fungi Feed supplement, Antimicrobial 
[23, 24, 25]. 

Gold Metal Salts Chemical reduction Feed supplement [26] 
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al. [35] reported the malfunctioning of       

enzymatic actions, gastric and immune      

systems of fish due to Fluorine toxicity while 

destruction of freshwater snail (Physella 

acuta) due to habitat degradation was also  

reported [36]. However, it has been            

established that three-dimensional reduced 

graphene oxide (3D RGO) hydrogel         

manufactured by the hydrothermal technique 

can be used for Hg and F- removal from    

aqueous solution [37]. 

Global attention has been given to       

Graphenenanosheets (GNs) and Graphene 

Oxide (GO) due to the reports of the           

tremendous role they played in the removal of 

various contaminants from wastewater [38, 

39]. The fabricated hybrid of GO-TiO2 was 

also reported for energy and environmental 

applications which include adsorption and 

heavy metals and organic dyes removal from 

wastewater [40, 41].  

Titanium Oxide (TiO2) is a biologically 

and chemically stable, non-toxic nanoparticle 

with good photocatalytic efficiency which 

makes it important for wastewater treatment. 

TiO2 photocatalytic properties enable the    

inactivation of pathogenic organisms [42, 43]. 

 

3.2 Delivery of Vaccines 

Vaccination has become crucial to        

aquaculture, serving as a defensive         

mechanism against pathogenic organisms by 

protecting fish against pathogenic infections. 

Vaccine is administered in fisheries through 

injection or oral which occasionally leads to 

fish mortality [44]. Recently, the nano-

delivery system has been reported as a safer 

and more efficient alternative procedure for 

fish vaccination. Various vaccine delivery 

systems have been developed in an attempt to   

ensure effective vaccination. Joosten et al. 

[45] reported that Alginate nanoparticles were 

employed for vaccines delivery to fish via the 

oral route. Alginate particles are produced 

through the emulsification technique for fish 

application [46, 47]. Reports showed that   

alginate Nps is an important antigen adjuvant, 

immune booster, and growth promoter in   

cultured fish [48, 49, 50, 51]. Tian and Yu 

[52] reported that DNA vaccine encapsulated 

in Poly D, L-lactic-co-glycolic acid (PLGA) 

showed enhanced inducing effects on         

immunological parameters against            

lymphocystis. PLGA is a biodegradable     

polymer produced from two monomers; lactic 

and glycolic acid. According to Behera et al. 

[53], PLGA was used for the delivery of    

Aeromonas hydrophila in rohu and the       

experimental fish showed significant immune-

stimulatory effect and antibody response 

when compared to the control fish. 
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Fig. 1: Applications of Nanotechnology in Aquaculture  

Nanoparticles Applications 

Nutrients Delivery 

Water Treatment 
Vaccine Delivery 

Diagnosis and Treatment of Disease 

https://doi.org/10.48187/stnanomat.2020.1.001


  Nano Plus: Sci. Tech. Nanomat. 2 (2021) 120 – 135
          https://doi.org/10.48187/stnanomat.2021.2.010  

125 

3.3 Diagnosis and Treatment of Diseases 

Some organic nanoparticles have been 

found useful in the effective diagnosis and 

treatment of diseases. An example of such is 

Chitosan, which are natural biopolymers 

mainly found in the exoskeletons of         

crustaceans and insects. Chitosan are non-

toxic, biodegradable, bioadhesive and bio-

compatible nanoparticles. Due to their       

biological nature, chitosan-based                

formulations have been reportedly used as a 

drug carrier, edible coating, bio-nano-sensor 

etc. [11, 54]. Studies have reported chitosan 

to be very important for various disease  

treatments via oral administration or          

injection. According to Ferosekhan et al. [55], 

The Chitosan-based system was        em-

ployed in the encapsulation and delivery of 

Dietary RNA in Labeo rohita. Irie et al. [14] 

and Yasumoto et al. [15] in their        inde-

pendent studies reported improvement in im-

munity, survival rate, and skin ulcers in carp 

(Cyprinus carpio) that were incorporated 

with liposomes-encapsulated Aeromonas 

salmonicida antigen.  

 

3.4 Nutrients - Delivery 

Nutraceuticals are important in fish as 

growth and immunity promoters. However, 

their cost of incorporation in fish is high. 

Therefore, an efficient usage system must be 

employed in other to ensure maximum       

utilization and wastage elimination [56]. This 

usage system should be aimed at enhancing 

the bioavailability, bioaccessibility, and     

efficacy of the nutrients by improving        

nutrient solubility and protection against    

unfavourable gut environments.  

Ashouri et al. [23] reported that adding 

1mg of selenium (Se) Nps per kilogram of 

fish diet significantly improved growth and 

antioxidant effect in common carp (Cyprinus 

carpio). Izquierdo et al. [57]  also reported 

the supplementation of selenium (Se), zinc 

(Zn), and manganese (Mn) nanoparticles in 

the  early weaning diet of gilthead seabream 

(Sparus aurata), in which improved bone 

mineralization and stress resistance were   

observed. Supplementation of rainbow trout 

diet with iron NPs and Lactobacillus casei as 

a probiotic showed improved growth         

performance [58]. Similarly, freshwater 

prawn (Macrobrachium rosenbergii) diet sup-

plemented at 16 mg kg-1 of manganese oxide 

(MnO) NPs showed improved growth perfor-

mance and antioxidant effect [59]. Diet sup-

plemented with 20 mg kg-1 of copper (Cu) 

NPs showed significant improvement in 

growth performance, antioxidant effect, bio-

chemical constituents, metabolic enzyme        

levels, digestive enzyme activities, and non-

specific immune response in red sea bream, 

(Pagrus major) [22] and freshwater prawn, 

(Macrobrachium rosenbergii) [60].  

 

4. Importance of Nanoparticles in 

Fish Nutrition 

Fortification of fish feeds with nutrients 

or non-nutrient bioactive components is 

aimed at improving the total nutrient profile 

balance of a diet and replace lost nutrients 

due to processing. This is with a view to    

ensuring sufficient nutrient intake by cultured 

fish [61]. According to Singh [62],             

Nanoparticles diffuse more easily compared 

to their bulky counterparts and behave more 

like gas molecules in the air and like large 

molecules in solutions. Several authors have 

used NPs of different formulations in         

fortifying or accommodated in fish feed with 

significant results as shown in Table 2.      

Dietary nanoparticles in fish, provide         

increased availability of surface area for     

biological support and enhanced interactions. 

The nanoparticles diffuse through the gastro-

intestinal tract mucus lining to reach the cell 

of the intestine, followed by uptake through 

the gastrointestinal tract barrier to reach the 

blood and then relocate to the target site 

(Figure 2). The physicochemical properties of 

nanoparticles which include; size, charge, and 

solubility determine the level of absorption, 

Omosanya et al.. 
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Table 2: Benefits of Dietary Nanoparticles to Fish 

NP – Nanoparticles 
RBC – Red Blood Cell 
Hct% - Haematocrit (Proportion of red blood cell) 

Omosanya et al.. 

Dietary NP Size Functions References 

Alginate Particles Undisclosed Antigen Adjuvant 
Immunity 
Growth Promoter 

[46] 
[47] 
[48] 

Chitosan 62.4–86.5 nm, with 
the average size 
76.2 nm 

Bio-nano-sensor, Edible coating, Drug 
carrier 
Vaccination against Philasteridus 
dichentrarchi in Scophthalmus maxi-
mus, Vibrio parahaemolyticusin Acan-
thopagus schlegelii, Vibrio anguilla-
rum in Lates calcifer (Asian Sea bass) 
Improved growth performance and 
meat quality in Nile Tilapia 
(Oreochromis niloticus), Common 
Carp (Cyprinus carpio), Sea Bass 
(Dicentrarchus labrax) 
Increased total weight, average and 
number of molting in freshwater prawn 
(Macrobrachium lanchestri) 

[11, 54] 
 
[12, 63, 64] 
 
 
 
 
[65, 66, 67. 68] 
  
  
  
  
[69] 
 

PLGA Poly(D-L-
Lactic-co-Glycolic 
Acid) 

Undisclosed Vaccination of Aeromonas hydrophila 
in Rohu (Labeo rohita) 
Delivery of liposomes encapsulated 
Aeromonas salmonida antigen in Cy-
prinus carpio 

[13] 
  
 [14. 15] 

Selenium (Se) NP 30 to 45 nm Improved growth and antioxidant in 
Cyprinus carpio 
Provided protection against stress 
Increased RBC count, Haemoglobin 
(Hb), Hct%, lysosome activity and 
protein content 

[23] 
 
[24] 
 
[25] 

Copper (Cu) NP 50 nm Improved growth, health and tolerance 
against stress 

[22] 

Zinc Oxide (ZnO) NP 32 to 57 nm Increased concentration of growth hor-
mone 
Improved growth performance in Cy-
prinus idella 
Antimicrobial effect against L. momo-
cytogenes, S. enteritidis and E. coli 

[20] 
 
[21] 
  
[70, 71, 72] 

Silver (Ag) NP Undisclosed Used to incorporate Vitamin C in rain-
bow trout 
Improved intestinal microbial commu-
nity in Danio rerio 

[18] 
  
[19] 
  

Iron (Fe) NP ‹50nm Increased RBC count, Haemoglobin 
and iron content in muscle tissue of 
Labeo rohita 
Increased absorption and bioavailabity 
of iron 

[16] 
  
 
[17] 

Gold (Au)NP 25nm Increased catalase activity in gill, lipid 
peroxidation (LPO) level in liver and 
lactate dehyrogenase (LDH) in tissues 
of Oreochromis niloticus 

[26] 

Liposome Encapsula-

tion 

Undisclosed Delivery of liposomes encapsulated 
Aeromonas salmonida antigen in Cy-
prinus carpio 

  

[14, 15] 
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breakdown, distribution, and excretion in the 

fish body.  

Nanoparticles are incorporated into feed 

to improve fish production. The bio-

availability of nutrients in fish feed has been 

reported to be improved by employing 

nanocapsules, which serve as carriers for   

essential oils, flavour, antioxidants, vitamins, 

minerals, and phytochemicals [73]. Nano-

capsules of active ingredients including     

micro-nutrients, polyphenols, and minerals, 

protect against oxidation as well as prevent 

their contact with taste receptors due to their 

unpalatable taste [74]. According to Canham 

[75], preparation of feed with silicon nano-

particles by wet milling releases orthosilicic 

acid in the fish gut, which triggers and       

improves the bioavailability of silicon for 

fish. 

 

4.1 Effects of Chitosan Nanoparticles 

(CHN) in Fish Nutrition 

Wang and Li [65] reported that Chitosan 

nanoparticles fed Nile tilapia (Oreochromis 

niloticus) manifested improved growth,     

survival, and meat quality. Compounded   

experimental diet with 1% chitosan was    

reported to improve growth in Carp 

(Cyprinus carpio) [67], while diet             

supplemented with CHN recorded improved 

growth performance in experimental Indian 

major carp (Labeo rohita) [66] and Sea Bass 

(Dicentrarchus labrax) [68]. According to 

Suriya et al.{69}, CHN supplemented diet 

improved total and average weight as well as 

the number of molting in Freshwater Prawn 

(Macrobrachium lanchesteri). In the same 

vein, Udo et al. [76] reported that CHN    

supplementation improved the feed            

utilization parameters in experimental fish. 

Wang and Li [65] reported improved feed 

conversion ratio, protein efficiency ratio and 

survival rate in experimental fed CHN      

supplemented diet. Furthermore, survival rate 

and growth performance in Indian Major carp 

(Labeo rohita) and sea bass fed CHN       

Fig. 2: Schematic representation of dietary nanoparticles pathway in fsh 

Omosanya et al.. 
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supplemented diet [66, 68, 76] have also been 

greatly enhanced while the proximate      

composition of fish carcass also showed    

significantly higher crude protein than the 

those fed with basal diet. The study of Udo et 

al. [76] and Zaki et al. [68], revealed         

improvement in body chemical composition, 

crude protein, ether extract, caloric value,  

nitrogen-free extract and moisture content in 

Sea Bass (Dicentrarchus labrax) fed CHN-

based diet. 

 

4.2 Effects of Copper Nanoparticles 

(CuNP) on Fish Diet 

According to El Basuini et al. [22],     

supplementation of CuNP in the diet of red 

sea bream (Pagrus major) improved growth 

parameters, immune responses, and health 

quality of the experimental fish. Wang et al. 

[77] in a feeding trial of dietary CuNPs and 

CuSO4 on Russian sturgeon for 56 days,    

observed an increase in bioavailability of Cu 

in experimental fish fed dietary CuNP     

compared to those fed with CuSO4 based diet. 

 

4.3 Effects of Dietary Selenium Nano-

particles (Se-NP) on Fish Nutrition 

Dietary selenium is important nutrients 

for efficient animal metabolism and body 

functions [78.79]. Selenium helps in the    

catalysis of the activities of various enzymes 

associated with the immune system [80] and 

hormonal secretion [81]. Yu et al. [82]       

reported the importance of selenium in the 

formation of glutathione peroxidase (GSH-

Px) and thioredoxinreductase while Burk and 

Hill [24] documented its antioxidative stress 

property in experimental fish. In a feeding 

trial [25], juvenile Tor putitora fed dietary 

SeNP manifested a significant increase in red 

blood cell count, haematocrite percentage 

(Hct%), and Haemoglobin, while improved 

protein content and lysozyme activity were 

observed in the liver and muscle tissues. In 

addition, an improvement in GSH-Px activity, 

as well as an increase in serum growth      

hormone concentration, was recorded. 

 

4.4 Effects of Dietary Zinc Oxide Nano-

particles (ZnO-NPs) in Fish Nutrition 

A study by Tawfik et al. [20] reported an 

increase in weight gain with increasing     

concentration of ZnO-NPs in tilapia fish as 

compared to the bulk ZnO, while growth  

hormone secretion was observed to equally 

increase in the serum of fish fed dietary ZnO-

NPs compared to those fed bulk ZnO based 

diet. The concentration of serum total protein 

was significantly higher in fish-fed dietary 

ZnO-NPs compared to fish-fed bulk ZnO. 

According to Faiz et al. [21] and Alishahi et 

al. [18] , fish-fed dietary ZnO-NPs showed 

increased growth performance compared to 

those fed bulk ZnO-based diet. In another 

study, Siklar et al. [83] reported an increase 

in nutrient bioavailability, intestinal           

absorption, and catalytic activities in fish-fed 

dietary ZnO-NPs. Moreover, aquatic animals 

fed dietary ZnO-NPs have been observed to 

express improved antimicrobial activities 

against various bacteria species via destruc-

tion of the bacteria cell membrane [70, 71, 

72, 84]. 

 

4.5 Effects of Silver and Gold Nano-

particles (Ag and Au NPs) in Fish Nutrition 

According to Alishahi et al. [18], Silver 

nanoparticles were employed in vitamin C 

incorporation in the diet of rainbow trout. 

AuNPs was observed to protect the Vitamin 

C against intestinal acid and enzymatic     

conditions. Merrifield et al. [19] reported an 

efficient intestinal microbial community in 

Danio rerio fed dietary silver nanoparticles. 

Shine et al. [26] studied Oreochromis      

mossambicus fed with a chemically           

synthesized AuNPs supplemented diet and 

the report showed improvement in catalase 

activity in gills of experimental fish         

compared to fish fed with control and plant 

extracts based diets. According to Chiba et al. 

[85] and Yang et al. [86], fish fed with syn-

Omosanya et al.. 
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thetic AuNPs based diet manifested an       

increase in reduced glutathione (GSH) level, 

lipid peroxidation (LPO) level in liver, and 

lactate dehydrogenase (LDH) level in gill and 

muscle of experimental fish. 

 

4.6 Effects of Iron (Fe) Nanoparticles in 

Fish Nutrition 

One of the most important micronutrients 

is iron (Fe) because of its effects in building 

immune activities against infectious diseases 

[87, 88]. Iron is obtained from water by fish 

through the gill membrane [89, 90]. Another 

source of iron to fish is through their diet and 

according to Gatlin and Wilson [91], the iron 

status parameter as a traditional indicator in 

fish is the serum iron due to its entering and 

leaving the bloodstream of fish [17]. Behara 

et al. [16] reported the increase in iron      

content in the muscle tissues and serum of 

experimental fish-fed nano-Fe-based diet 

compared to the fish control diet. It was     

further reported that there was an increase in 

the concentration of haemoglobin and red 

blood cells in experimental fish fed with 

FeNps-based diet. In addition, fish-fed with 

FeNPs-based diet also showed an increase in 

serum bactericidal and respiratory activities. 

Therefore, the supplementation of FENPs in 

the feed of fish has improved the bio-

availability and absorption of iron in fish. 

  

5. Fish Nano Diet Associated Toxicity 

Nanotechnology application in the       

development of aquaculture comprises      

vaccine delivery, diagnosis and disease   

treatment, water treatment, and nutrient     

delivery. Though the application of nano-

technology is an important component in the 

development and sustainability of aquaculture 

production, nanoparticles pose a great threat 

to the environment and health of aquatic     

animals due to their higher vulnerability.   

According to Wang et al. [92], fish are at a 

very high risk of exposure to nanoparticle 

toxicity. Previous studies on safety evaluation 

of green synthesized nanoparticles have     

revealed the potentials to be toxic even at the 

level of chromosomes by induced various  

aberrations and also being mitodepressant 

[93, 94, 95]. It is therefore imperative to put 

the toxic and adverse effects of the NPs on 

aquatic organisms into consideration by being 

conscious of the concentrations that will have 

positive and desired impact rather than using 

overdose.  

Furthermore, toxicities of selenium nano-

particles and selenite in selenium-sufficient 

Medaka fish were reported [96]. For instance, 

increased liver accumulation of about six-

folds was observed as well as stronger       

toxicity of about five folds at LC50 in Medeka 

fish fed Se-NPs based diet compared to the 

control. An increased oxidative stress        

response due to the hyper-accumulation of Se

-NPs in experimental fish [96]. According to 

Lee et al. [97], oxidative stress and acute   

toxicity were observed in common carp 

(Cyprinus carpio) exposed to a high         

concentration of citrate-capped AgNPs. Fish 

exposed to 200 kgL-1 of AgNPs also showed 

significantly reduced enzymatic activities in 

the brain as well as a slower rate of recovery 

compared to fish exposed to lower            

concentrations of AgNPs. Johari et al. [98] 

reported that rainbow trout manifested acute 

toxicity of colloidal AgNPs at different   

phases of life. Reduced potassium and      

chloride were observed in the blood plasma, 

while increased cholinesterase and cortisol 

levels were observed in juvenile rainbow 

trout treated with colloidal AgNPs. The    

foregoing further pointed to the potential   

toxicity of silver nanoparticles. 

According to Afifi et al. [99], acute and 

sub-acute toxicity of silver nanoparticles were 

observed in the tissues of the brain of       

Oreochromis niloticus and Tilapia zillii at 2 

mgL-1 and 4 mgL-1. The biochemical and  

molecular analysis of tissue of these fish    

homogenates revealed that the exposure of 

fish to AgNPs at 4 mgL-1 dosage precipitated 
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lethal effects on the antioxidant system of the 

brain of O. niloticus and T. zillii used.        

Another study on the acute toxicity of silver 

nanoparticles (0, 0.2, 1, 2, 6, 10 and 15 mlL-1) 

on Roach (Rutilus rutilus) and Goldfish 

(Carassius auratus) recorded high fish     

mortality at 12 hours intervals in fish treated 

with silver nanoparticles [100]. Bacchetta et 

al. [101] exposed Juvenile Piaractus mesopo-

tamicus to silver nanoparticles (2.5, 10, and 

25 μgL-1) and recorded an increase in silver 

accumulation in fish organs which            

subsequently resulted in lipid peroxidation 

(LPO) and damage of the DNA. 

In another investigation, Zhu et al. [102] 

also reported the toxicity of iron oxide nano-

particles at concentration ≥10 mgL-1 in the 

embryos of zebrafish (Danio rerio) which 

caused delayed hatching, fish malformation, 

and increased fish mortality. Pathological  

effects of copper nanoparticles and CuSO4 

(copper sulphate) at a concentration of 20-

100 μgL-1 in the organs of juvenile rainbow 

trout (Oncorhynchus mykiss) compared to the 

control group have also been demonstrated 

[103]. In the study, fish treated with copper 

nanoparticles showed severe brain, liver, and 

intestinal injuries compared to their         

counterparts treated with copper sulphate at 

equivalent concentrations.  

Connolly et al. [104] observed that      

rainbow trout (Oncorhynchus mykiss) fed  

dietary supplemented ZnO nanoparticles 

manifested the distribution of Zn in their   

liver. This invoked liver biochemical         

disturbances as well as ethoxy-resorufin-O-

deethylase (EROD) activity in fish which 

were associated with oxidative stress. It was 

postulated that ZnO NPs might have altered 

metabolic processes of cytochrome P450. 

Chupani et al. [105] also investigated the 

chronic toxicity of dietary ZnO nanoparticles 

in juvenile common carp (Cyprinus carpio) 

and reported disruption in the efficient func-

tioning of the liver and kidney of the fish fed 

with diets supplemented ZnO NPs at 50-500 

mgkg-1 feed for 42 days. 

  

6. Conclusion 

Nanotechnology has a lot of roles to play 

in fish and aquatic diet formulations and    

improvement for high yield and quality     

production. Dietary Nanoparticles have     

elicited resourceful applications in nutrients 

and vaccines delivery, water treatment,      

disease diagnosis, and treatments. These    

applications if properly managed may evolve 

a new means of fish production and         

management with tremendous benefits to  

humanity. However, the inclusion of NPs in 

the fish diet must be done within the          

permissible limit with a view to avoiding  

toxicity that may gravely affect aquatic health 

and further compound aquatic pollution, the 

effects of which may be disastrous to the  

ecosystem in the long run.  
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