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Abstract   

Under tropical and subtropical climates, global warming and climate change have a negative impact on the output of 

cattle and poultry. In hot temperature zones, heat stress is one of the most important stressors affecting chicken 

productivity, leading to huge financial losses for the poultry sector. The harmful effects of overheating have been 

reduced by the adoption of several pragmatic approaches. One of these is food manipulation, which is gaining 

popularity as a natural source of antioxidants, minerals and electrolytes in many parts of the world. According on 

size, dose, and animal, research in recent years have suggested copper nanoparticles as a possible substitute for 

antibacterial medicines and a growth booster. An essential element known as copper (Cu) is important for the 

organism's defense against oxidative stress. Nevertheless, there is little study on the application of The CuO 

nanoparticles in the poultry sector. The use of plant extracts in the synthesis of metal nanoparticles is a very 

promising green synthesis technique. One of the most significant issues in the production of poultry is heat stress. 

The copper oxide nanoparticles may improve bird performance, lower bird temperature, and increase bird tolerance 

to the harmful effects of high temperature when added to the diet, particularly at 50% of the birds' suggested 

requirement during heat stress. In the context of current perspectives and a strategic future under conditions of 

climate change, this review and case study provides an overview of the mode of action, recommended levels of 

Nano-CuO, and effects on growth performance, nutrient digestibility, carcass criteria, and blood biochemical of 

broilers.  
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1. Introduction 

An increase in environmental temperature, 

which produces heat stress in birds, is one of the 

most serious issues that could restrain the 

growth of the poultry business. According to the 

Intergovernmental Panel on Climate Change 

(IPCC, 2007), by the year 2100, the average 

world surface temperature would have risen by 

1.4°C to 5.8°C, which will have a significant 

impact on the poultry industry. This constraint is 

anticipated to be severe, especially in the tropics 

and subtropics, as weather change alleviation 

measures have failed to meet the IPCC (2014) 

recommendations. High temperature negatively 

affects homeostasis and consequently the 

endocrine system. These factors have a negative 

impact on egg production, ovulation, and 

oviposition in the ovary and reproductive tract 

(Oguntunji and Alabi, 2010) as well hatched 

broiler chicks are susceptible to various 
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infectious diseases, oxidative stress, and high 

ambient temperature, which lead to increased 

mortality and economic losses (Ghanima et al.,  

2020; Ibrahim et al., 2020). Heat stress increases 

the spread of infectious diseases and endangers 

the host's ability to grow, absorb nutrients, digest 

food, and perform other physiological processes 

(Saleh et al., 2020; Alagawany et al., 2017; 

Abdel-Moneim et al., 2020). Moreover, 

prolonged exposure to heat stress suppresses the 

innate immune response and induces immune 

disorders via altering the organs’ immune 

functions (Ghanima et al., 2020; Ma et al., 

2019) and circulating antibody levels (Tang  et 

al., 2016).Heat stress also induces oxidative 

stress by damaging the membrane of immune 

cells, leading to apoptosis (Habashy et al., 2019) 

and increased intestinal barrier permeability and 

consequently translocation of toxic agents into 

the body (Hirakawa et al.,  2020; Koch  et al.,  

2019).  As a result, it's critical to put mitigation 

techniques in place for environmental stressors 

and climate change that can lessen their negative 

impacts on broiler chicken growth performance, 

immunological functions, and antioxidant 

capacity, particularly in situations of heat stress. 

Several mitigation measures, such as feed 

additives like trace elements, have been 

employed in the past.  (Harsini et al., 2012; 

Ibrahim et al., 2020), vitamins (Khan et al., 

2012), probiotics (Abdel-Moneim et al., 2020; 

Abd El-Moneim et al., 2019; Abou-Kassem  et 

al., 2021; Elbaz, Ibrahim et al., 2021; Saleh et 

al., 2021; Abd El-Hack et al.,  2020), and herbal 

products (Ghanima et al.,  2020; Abd El-Hack et 

al.,  2019; Abd El-Hack et al.,  2020; Badran et 

al.,  2020). Previous studies demonstrated that 

high ambient temperatures may cause heat stress 

in the production environment, which may have 

a negative impact on welfare, meat quality, 

carcass features, productivity, egg mass, and egg 

quality (Fiza et al., 2021). Animal and 

veterinary sciences are now seeing the 

emergence of the field of nano-biotechnology 

for a number of useful applications, including 

nutritional, medicinal, and diagnostic ones. 

(Prasad et al.,  2018; Amlan and 

Lalhriatpuii, 2020; El-Maddawy et al., 2022). 

Nanoparticles (NPs) of essential minerals, which 

size from 1 to 100 nm, could be used as an 

alternative to conventional forms of elements in 

animal diet (Mohamed et al.,  2016; Swain et 

al.,  2016; Scott et al.,  2018; Abdollahi et 

al.,  2020; Kociova et al.,  2020; Szuba-Trznadel 

et al.,  2021). It is assumed that much smaller 

doses of nanoparticles will be required to cover 

animal requirements for elements than bulk 

minerals (Vijayakumar and Balakrishnan, 2014; 

Refaie et al.,  2015; El Basuini et al.,  2017; 

Scott et al.,  2018; Youssef et al.,  2019; 

Abdollahi et al., 2020; Szuba-Trznadel et 

al.,  2021; Ouyang et al.,  2021) and thus the 

environmental impact caused by the high 

concentration of inorganic salts will be 

alleviated (Vijayakumar and 

Balakrishnan, 2014; Ouyang et al.,  2021). 

Reduced mineral supplementation to animal 

diets may also result in lower feed costs. 

Additionally, due to their attributes like small 

size, good homogeneity, high surface area, and 

physical reactivity, nano-forms of elements can 

increase bioavailability to animals (Vijayakumar 

and Balakrishnan, 2014; Hill and Li, 2017; 

Youssef et al., 2019; Hidayat et al., 2021). 

Animals may also benefit from the biological 

features of nanoparticles like lower dose, lower 

antagonistic, greater absorption rate, and better 

tissue dispersion. The immense potential of 

nanoparticles, even at very low dosages, is well 

established related animal nutrition research on 

nanoparticles for growth efficiency, feed 

efficiency, and health status. The body weight, 

average daily gain, and feed conversion ratio 

(FCR) are regularly increased and improved by 

nano-forms of micro- and macroelements 

(Bkowski et al., 2018; Yusof et al., 2019). NPs 

are utilised to meet an animal's nutritional needs, 

increase productivity, improve immunological 

function and microbial profile, and lower the 

risk of disease. NPs are known for their 
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antibacterial, antifungal, antiviral, antiprotozoal, 

antioxidative properties, etc. Silver, copper, 

selenium, and zinc nanoparticles can constitute 

alternative health and growth promoting 

additives to antibiotics (Sawosz et al., 2007; 

Pineda et al., 2012; Bąkowski et al., 2018; 

Kumar and Bhattacharya, 2019; Yusof et al., 

2019; Nabi et al., 2020; Sheiha et al., 2020; 

Hidayat et al., 2021; Morsy et al., 2021; Ouyang 

et al., 2021; El-Maddawy et al., 2022). Cu 

nanoparticles (Nano-Cu) have received a lot of 

attention in recent years as a potential 

replacement for antibacterial drugs and a growth 

stimulant. Depending on size, shape, dose, and 

animal species, Nano-Cu can have a variety of 

impacts on animal performance. Reports have 

noted that Nano-Cu Toxicological Effects have 

growth-promoting, antimicrobial, and immune-

modulating properties in addition to being 

highly bioavailable. Animals require copper as a 

trace metal and as a cofactor for various 

biological activities. It can strengthen immunity, 

increase immunity, increase resistance to 

external diseases, and increase antioxidant 

capacity. It can also support participation in 

hematopoiesis. Furthermore, copper is involved 

in various physiological and biochemical 

processes (Gangadoo et al., 2016; Scott et 

al., 2018). Nano-Cu physical, chemical, and 

biological characteristics as well as their 

significance in animal diets have been discussed 

in reviews, such as those by (Scott et al., 2018; 

Amlan and Lalhriatpuii, 2018). When added to 

animal feed, copper nanoparticles stimulate the 

immune system, boost growth, and function as 

an antibacterial and antifungal agent. The green 

synthesis of Nano-CuO has recently also 

surfaced as a unique technique and is becoming 

increasingly significant among researchers. To 

avoid agglomeration, however, the synthesis of 

Nano-Cu requires a range of stabilizers, 

including donor ligands, polymers, and 

surfactants. The copper oxide nanoparticles may 

improve bird performance, lower bird 

temperature, and increase bird tolerance to the 

harmful effects of high temperature when added 

to the diet, particularly at 50% of the birds' 

suggested requirement during heat stress. 

Accordingly, based on their biological effects, 

the dose and duration of Nano-CuO 

supplementation for broilers must be optimised. 

Furthermore, more research is still needed to 

validate the bioavailability of Nano-CuO in 

broilers. In this review, we summarise the 

advantages, mode of actions, recommended 

level, risks, and potential applications of nano-

CuO as a feed additive for broiler chickens.  

2. Mode of action of Nano-CuO 

Numerous elements like size, shape, solubility, and 

charge affect how NPs function (Hett, 2004; Abd 

El-Ghany, 2019). The mechanisms of NPs are 

primarily exerted by increasing surface area for 

higher interaction and biological support, 

prolonging the residence time in the 

gastrointestinal tract (GIT), decreasing intestinal 

clearance mechanisms, increasing tissues' 

penetration and distribution, efficient cells uptake 

and effective delivery to target sites, and 

consequently efficient bioavailability (Chen et al., 

2006). One benefit of adding mineral NPs to 

poultry diets is that it prevents mineral 

dissociation, which reduces mineral-mineral 

antagonistic interactions in the intestine, increases 

intestinal absorption, and decreases mineral 

excretion and environmental pollution (Gopi et al., 

2017; Scott et al., 2018a; Patra and Lalhriatpuii, 

2019). It can be concluded that Cu is present 

within chicken tissues in very small and regular 

amounts, but it plays an essential role in chicken 

growth, acting as a catalyst in enzyme systems 

within cells (Prashanth et al., 2015). Schematic 

diagram of different methodologies for CuO NMs 

synthesis (Fig.1).  However, a relatively constant 

concentration of copper (Cu) in chicken bodies 

shows that the amount of Cu in the animals' bodies 

rises as their weight does. A lack of copper will 

undoubtedly hinder the growth of chickens, while 

too much copper is not advisable because it will 

either be expelled or negatively impact 

performance. At lower doses, Nano-Cu can be 

https://www.tandfonline.com/reader/content/180c117204d/10.1080/01652176.2022.2073399/format/epub/EPUB/xhtml/index.xhtml#CIT0056
https://www.tandfonline.com/reader/content/180c117204d/10.1080/01652176.2022.2073399/format/epub/EPUB/xhtml/index.xhtml#CIT0145
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more effective than bulk Cu due to their tiny size, 

which can improve GIT uptake (Civardi et al., 

2015). Due to their greater surface area, Nano-Cu 

interacts with organic and inorganic components in 

the mammalian body more effectively. The Nano-

Cu has the ability to diffuse into and traverse the 

small intestine. Sustainable green nanotechnology 

Fig. 2).  

 
Figure 1. Schematic diagram of different methodologies for CuO NMs synthesis 

The Nano-Cu will first interact with the GIT's 

defences before moving on to the target organs. As 

a result, the characteristics of the nanoparticles and 

the physiological barriers themselves play a 

significant role in determining which nanoparticles 

pass through them. Nano-Cu uptake may take 

place through one of the various kinds of 

endocytosis, with research (scoot et al., 2018) 

indicating that Nano-Cu is superior to CuSO4 in 

promoting animal development and performance. 

In general, nanoparticles can enter the GIT by a 

variety of routes, including direct ingestion from 

food and liquids, administration of therapeutic 

nanodrugs, and oral delivery.  

 
Figure 2. Sustainable green nanotechnology 
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Inhaled nanoparticles can also be eaten and enter 

the GIT after passing through the respiratory 

system. The diffusion and accessibility of particles 

through mucus and interaction with GIT cells 

determines their uptake in the GIT. The Cu is used 

as a growth promoter in the poultry feed industry, 

and immune function (Fig. 3).  

Smaller particles will more quickly diffuse through 

the GIT mucus to the intestinal lining cells before 

being absorbed through the GIT barrier to the 

circulation. According to O' Hagan (1996), uptake 

might take place intercellularly, by active transport 

processes, or passive diffusion across the mucosal 

cells.  

 
Figure 3. The Cu is used as a growth promoter in the poultry feed industry, and immune function (Sharif et al., 

2021). 

 

It has been suggested that smaller particles that are 

capable of being taken up by the villus epithelium 

may directly enter the bloodstream, thereafter, 

being predominantly scavenged by the liver and 

the spleen (Hillery et al., 1994).  Cu is involved in 

the stimulation of the immune system to combat 

infections and repair injured tissues (Failla et al., 

2003). Additionally, it encourages the 

neutralisation of free radicals that seriously harm 

cells. It has been shown that the stomach can only 

absorb a limited amount of copper; the remainder 

is taken up by the small intestine (Tapiero et al., 

2003). A little amount of Cu is reabsorbed by 

intestinal cells, while the majority of Cu is 

expelled via bile that enters the gastrointestinal 

tract (GIT) (Magaye et al., 2012). Cu has an 

impact on the control of ceruloplasmin levels, 

superoxide dismutase (SOD) activity, and dietary 

fat digestion. The SOD enzyme facilitates the 

dismutation of two superoxide radicals into 

hydrogen peroxide and oxygen, hence assisting in 

the removal of reactive oxygen species (ROS) 

induced damage (Lin et al., 2008). Finally, it 

follows the uptake of nanoparticle-derived metal 

ions into cells By depleting intracellular ATP 

production and disrupting DNA replication (Sondi 

et al., 2004; Kim et al., 2008). Nano-Cu-mediated 

depolarization of the cell membrane induces 

https://link.springer.com/article/10.1007/s12011-020-02485-1#Fig1
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filamentation, and Nano-Cu-mediated ROS 

production in cells results in lipid oxidation and 

deterioration of protein and DNA oxidation 

(Chatterjee et al., 2014).   For S. aureus, E. coli, 

and Bacillus subtilis, Nano-Cu coated with linoleic 

acid is highly bactericidal, indicating that Nano-Cu 

can be employed as efficient growth inhibitors in 

diverse Microorganisms, making it usable in a 

variety of medical devices and antimicrobial 

control systems (Das, Gang et al., 2010). 

 

3. Recommend levels of copper in 

poultry diets 

The Recommended levels of Cu sources in 

broiler chickens diets presented in table 1. 

National Research Council (NRC, 1994) 

recommended copper content in the diet of 

chickens about 4 mg/kg in the case of layers and 

8 mg/kg in the case of layers broiler chicken.  

Also, it has been demonstrated that 

supplementation with 4 mg/kg feed of Cu as a 

cupric chelate of amino acid hydrate may be 

sufficient for normal broiler growth to 29 days 

of age (Bao et al., 2007), while (Jegede et al., 

2011) demonstrated a significantly higher daily 

weight gain in broilers fed Cu proteinate 

compared to cupric sulphate supplementation. 

Additionally, supplementing with Cu glycine 

chelate (4–8 mg/kg) decreased the Cu 

concentration in broiler faeces compared to 

CuSO4 but had no effect on the Cu 

concentration in the liver (Kwiecie et al., 2015).  

On the basis of the levels of copper in the liver, 

Ledoux et al. (1991) demonstrated the relative 

bioavailability of cupric oxide, cupric carbonate, 

and cupric sulphate using supplementation levels 

of 150, 300, and 450 mg Cu/kg feed. The 

relative biological availability was calculated to 

be 88.5%, 54.3%, and 0% for the sulphate, 

carbonate, and oxide, respectively.  

Tribasic Copper Chloride (TBCC) has a relative 

value of 134% compared to CuSO4 according to 

feeding supplementation up to 390 mg/kg feed 

(Liu et al., 2005), although Miles RD et al. 

(1998) proposed a value of 112% for TBCC. 

According to Luo et al. (2005), TBCC was 

109% as valuable as sulphate in terms of hepatic 

Cu buildup, indicating that it is less detrimental 

to vitamins in both feed and the bird itself. 

When birds were provided TBCC using a 36 

IU/kg diet, their liver and plasma vitamin E 

levels were higher than when they were fed 

sulphate. Additionally, the carcass weight of 

broilers was increased similarly by TBCC and 

cupric sulphate (220 and 180 mg Cu/kg feed, 

respectively).  

Growth by intramuscular injection of a 20 mL 

solution containing nanoparticles (42.9%) and 

microparticles (37.9%) of copper in broiler 

chickens (Scott et al., 2016).  Nano-CuO also 

showed strong antibacterial activity against 

Salmonella and Campylobacter isolates from 

poultry (Duffy et al., 2018).  Supplementation of 

Nano-CuO (2, 10, and 20 ppm) in turkey hens 

significantly increased the activity of 

aminopeptidases in turkey hens fed lowest dose 

(2 ppm) of copper in thigh muscles than other 

groups. In another study, supplementation of 

Nano-CuO (5, 10, and 15 ppm) through drinking 

water revealed a dose-dependent increase serum 

Cu concentration (Ognik et al., 2016) It has also 

been reported that intestinal copper 

accumulation did not affect iron absorption but it 

reduced the absorption of Ca and Zn. 

Supplementation of Nano-CuO  increased 

weight and volume ratio of femoral bones and 

their resistance against fracture in chicken. It 

also enhanced proliferating cell nuclear antigen 

(Scott et al., 2017). The effects of feeding Nano-

CuO in ovo on hatchability, immunity, and 

performance after hatching have also been 

studied. It has been documented that broilers 

perform effectively after receiving a Nano-CuO 

injection in ovum. However, there was no 

discernible impact on the expression of immune-

related genes (Lee et al., 2016). Although nan-

Cu in ovo feeding did not affect hatchability, it 

did increase FCR and the percentage of breast 

meat in broilers (Joshua et al., 2016). To fully 

utilize the advantageous properties of copper 
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nanoparticles, additional research is needed to 

optimize the right level and form of Nano-CuO 

in both meat and egg type birds.   

 

Table 1. Recommended levels of Cu sources in broiler chickens diets 

 

 

The liver, spleen, and kidneys experience 

morphological and functional alterations as a result 

of the systemic toxic effects of copper 

nanoparticles. Cu nano-particles' overall higher 

solubility in physiological milieu and their bio-

distribution, as compared to their ionic form, are 

most likely responsible for their in vivo toxicity 

(Wang et al., 2014). Growth metrics decreased as a 

result of Nano-CuO toxicity, although 

malonaldehyde concentration—a sign of cellular 

oxidation—as well as total SOD activity, total 

GHS-Px concentration, and Na (+)/K(+)-ATPase 

activity increased (Suttle, 2010). On the brain, 

however, the opposite effects were seen. However, 

there is a lack of toxicological information 

regarding the effects of feeding Nano-CuO to 

diverse poultry species, necessitating additional 

research.  

4.  Immunological effects of Nano-CuO 

 

Future applications of Nano-CuO in animal feed 

and treatment will be influenced by its 

interactions with the immune system. 

References Effect and conclusion Concentration and 

size 

Animals and age 

 

Ognik et al. (2016) Increased content of Cu in the 

blood; decreased absorption of 

Zn and Ca; No effect on 

Fe absorption 

5, 10 and 15 mg/L 

of 

drinking water 

 (5 nm) 

Broiler chickens 

(1–7 weeks old) 

Mroczek-Sosnowska et 

al. (2015a) 

Positive effect on chicken growth 

performance and improved 

percentage of breast and 

leg muscles 

50 mg/kg 

(15–70 nm) 

Chicken embryo 

(1st day of 

incubation) 

Mroczek-Sosnowska et 

al. (2014) 

Increased accumulation of Cu in 

the liver and spleen organs 

50 mg/kg Broiler chickens 

injection 

(1st day of 

incubation) 

Sarvestani et al. (2016) No effect on the growth 

performance and digestibility 

of nutrients 

100 mg/kg Broiler chickens 

(1–32 days old) 

Scott et al. (2016) Improved metabolic rate and no 

harmful effect on embryo 

development 

50 mg/kg 

(2–15 nm) 

Chicken embryo 

injection 

(1st day 

of incubation) 

Mroczek-Sosnowska et 

al. (2015b) 

Pro-angiogenic properties at a 

systemic level to a greater 

degree than inorganic form of 

copper (CuSO4) 

50 mg/kg 

 (37.3 nm) 

Chicken embryo 

injection 

(1st day 

of incubation) 

Mroczek-Sosnowska et 

al. (2015b) 

A positive effect on broiler 

chickens’ performance (e.g., 

body weight) as compared to 

the control group 

0.3 mL of 50 mg/L 

of 

drinking water 

Broiler chickens in 

ovo 
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Nanoparticle exposure can cause immune 

stimulation or suppression; unintentional 

immunological function suppression results in 

infectious illnesses. Autoimmune illnesses, on 

the other hand, can be brought on by an 

improperly enhanced immune response 

(Shannahan et al., 2014). Due to their 

physicochemical characteristics, Nano-CuO has 

been implicated in numerous studies to date in 

triggering inflammatory reactions. Smaller 

nanoparticles (less than 70 nm) can potentially 

be translocated across capillary blood flow since 

they cannot be recognised as foreign particles, as 

has been shown (Moghimi et al., 2001) and the 

lymphatic system (Geiser et al., 2005) to the 

lymph nodes for antigen presentation (Manolova 

et al., 2008). While the recognized nanoparticles 

will be cleared by macrophage-mediated 

clearance, phagocytosed nanoparticles may be 

destroyed within the lysosomes of phagocytic 

cells (Chono et al., 2006). If the nanoparticles 

exceed the size of the engulfing phagocyte, they 

take inflammatory response, including 

cytokines, chemokines and ROS, which can 

result in inflammation (Borm et al., 2004) and 

DNA damage (Li et al., 2008).  

From the lymphatic and circulatory systems, 

nanoparticles may distribute to organs including 

the kidneys, from where partial or total clearance 

may occur. The Cu is also engaged in immune 

system activation to battle infections and heal 

wounded tissues (Failla et al., 2003). 

Furthermore, it promotes the neutralisation of 

free radicals, which cause serious cell harm 

(Tapiero et al., 2003). Cu has been demonstrated 

to be somewhat absorbed by the stomach, 

although the vast majority is absorbed in the 

small intestine. Also, Cu is primarily eliminated 

in the gastrointestinal tract (GIT) through bile, 

with just a little amount reabsorbed by intestinal 

cells (Magaye et al., 2012). Likewise Cu's 

biological roles are linked to its participation in 

metalloenzyme active sites. In addition Cu may 

be present in several metalloenzymes, including 

cytochrome oxidase, SOD, lysyl oxidase, 

dopamine hydroxylase, and tyrosinase 

(Makarski et al., 2006).   

The cu is necessary for the production of 

antioxidant enzymes, white blood cells, and 

antibodies (Sharma et al., 2005). Additionally 

Cu is transported to cells through the protein 

ceruloplasmin, which also functions as an 

oxidative enzyme (Lin et al., 2008). Also, Cu is 

essential for the body since it is a part of the 

enzyme systems involved in the creation of red 

blood cells, the metabolism of iron, and immune 

system activity. Furthermore, Cu stimulates the 

manufacture of dopamine, which helps the 

neurological system develop as well as 

connective tissues like collagen and elastin 

(Mroczek-Sosnowska et al., 2013). 

5. Effects of Nano-CuO on growth 

performance  

Animal growth and health may be impacted if 

Nano-CuO uptake in the GIT is increased.  

When added to feed for piglets, poultry, and 

fish, Nano-CuO has been shown to boost growth 

performance and feed utilisation when compared 

to CuSO4 (Gonzales et al., 2009; Mroczek-

Sosnowska et al., 2015b; El Basuini et al., 

2016). The enhancement was credited to Nano-

CuO 's superior bioavailability when compared 

to CuSO4 salts. The mechanism underlying this 

improvement is still unclear, though. Studies 

have suggested that the antimicrobial 

characteristics of Nano-CuO  may be responsible 

for their effects (Arias et al., 2006), while others 

have proposed that enhanced energy and fat 

digestion may be the cause (Gonzales et al., 

2009; Scott et al., 2016). Furthermore, some 

studies demonstrated that the activity of SOD 

was enhanced with Nano-CuO supplementation 

in animal diet (Lien et al., 2009; Refaie et al., 

2015). Nanoparticles in animal nutrition are 

explored for growth performance, feed 

utilization and health status (Abd El-Hack et al., 

2017; Amlan and Lalhriatpuii, 2020; Dawood et 

al., 2021). The most frequently observed 

increases in body weight, average daily gain, 
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and feed conversion ratio (FCR) are caused by 

nano-forms of micro- and macroelements(FCR) 

(Ba et al., 2018; Yusof et al., 2019). NPs are 

used to cover the animal’s demand for elements, 

improve their productivity. 

6. Effects Nano-CuO on physiological 

response 

 Due to its numerous biological actions, copper 

is a crucial trace metal in the diet of chickens. It 

functions as a constituent of numerous proteins 

and metalloenzymes, including as cytochrome 

oxidase, superoxide dismutase, ascorbate 

oxidase, and tyrosinase. It is essential for the 

production of erythrocytes, iron metabolism, and 

hemoglobin. Additionally, it participates in the 

biosynthesis, crosslinking, and production of 

keratin and melanin as well as collagen and 

elastin fibers (Tapiero et al., 2003). It plays key 

role in hemoglobin synthesis, iron metabolism, 

and erythrocyte formation. It is also involved in 

biosynthesis and crosslinking of elastin fibers 

and collagen and of keratin and melanin 

synthesis (Miroshnikov et al., 2015). Makarski 

et al. (2006) reported that a large number of 

metallic enzymes contain copper such as 

cytochrome oxidase, superoxide dismutase 

(SOD and tyrosinase. Furthermore Cu also aids 

in the production of connective tissues like 

collagen and elastin, as well as the development 

of the nervous system through dopamine 

synthesis Myeloid tissue and spinal cord tissue 

McDowell (1992) explained that Cu is involved 

in cellular respiration, energy generation, 

collagen synthesis, absorption and use of other 

trace minerals, antioxidant activity, heart 

function, bone growth, keratosis and 

pigmentation, and antioxidant action, among 

other things. Cu's essentiality is determined by 

the capacity of Cu atoms to gain and lose 

electrons in order to generate cuprous Cu+1 and 

cupric Cu+2 states. As a result, this change is 

critical for enzymes to support the metabolism 

of all main substrates, including proteins, lipids, 

and carbohydrates (EFSA, 2016). The Cu is 

involved in cellular respiration, energy 

production, synthesis of collagen, uptake and 

utilisation of other trace minerals, antioxidant 

activity, cardiac function, bone formation, 

keratinisation and pigmentation of tissue and 

myelination of the spinal cord (McDowell et al., 

1992). In addition, it contributes to the 

regulation of glucose and cholesterol 

metabolism (Mroczek-Sosnowska et al., 2013). 

A deficiency Cu supplementation in the diet can 

cause disturbances in reproduction and 

development of sperm, high mortality of 

embryos during hatching, poor pigmentation of 

feathers, slow growth and a reduction in body 

weight (Mroczek-Sosnowska et al., 2013).  

Furthermore, it may result in muscle weakness, 

anaemia, bone alterations that resemble scurvy, 

defective connective tissue synthesis, impaired 

myelinisation of nerve tissues and neurological 

defects, altered lipid metabolism and cardiac 

malfunction (Mroczek-Sosnowska et al., 2013). 

Numerous studies have shown that Cu plays a 

significant and erythrocyte production (Tapiero 

et al., 2003; Sharma et al., 2009; Samanta et al., 

2011), which transports about 95% of Cu 

contained in blood, also takes part in iron 

metabolism (Meyer et al., 2001; Zerounian & 

Linder, 2002; Cherukuri et al., 2004). Cu 

increased haemoglobin, decreased plasma 

cholesterol and triglyceride significantly, 

decreased plasma proteins and its fraction did 

not change due to Cu supplementation (Rahman 

et al., 2001). It can be determined that Cu 

supplementation has an effect on the blood 

levels and erythropoietic system of the chicken 

which could be used as an indicator of the 

impact of its toxicity in chickens. Furthermore, 

changes in the peripheral blood enable more 

accurate evaluation and explanation of the effect 

of Cu on the chicken’s body (scoot et al., 2018). 

Agglomerates of nano- and micro-particles not 

only promoted growth performance but also 

extended the duration of deposition of the 

minerals in the body. Nano-CuO , a day after 

injection, increased the red blood cells, 
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hemoglobin, protein, and copper in serum. 

However, non-significant effects of 

hematological parameters were observed in 

another study (Sosnowska et al., 2017). They 

investigated the effects of Nano-CuO  and 

CuSO4 injections in fertilized broiler eggs. 

Chick development was observed by weighing 

body and relative organ weights after 24 h of 

hatching. Different sources of Cu exhibited non-

significant effect on oxygen consumption but 

higher level (50 ppm) of Cu increased oxygen 

consumption.  

7. Effects Nano-CuO on antioxidant 

capacity 

Copper is one of the micronutrients considered 

essential to the growth, development and 

function of living organisms. Copper is involved 

in numerous biochemical processes as it has 

ability to easily accept and donate electrons 

which it occurs in the oxidation states Cu+ and 

Cu2+ (Angelova et al., 2011; Maltais et al., 

2013). Such as Cu is part of the active sites of 

many enzymes, including copper-zinc 

superoxide dismutase (CuZn-SOD), cytochrome 

c oxidase, L-lysine oxidase, ascorbate oxidase, 

tyrosinase and dopamine beta-hydroxylase 

(Gaetke and Chow, 2003). These enzymes play 

an important role in antioxidant defense, 

melanin synthesis, formation of connective 

tissue, dopamine metabolism and mitochondrial 

respiration (Maltais et al., 2013; Brewer, 2007; 

Angelova et al., 2011; Palumaa, 2013). 

Moreover, Cu can bind directly with thiol groups 

of sulfur-containing amino acids (cysteine), 

leading to their oxidation and the formation of 

crosslinks between proteins, which may result in 

inactivation of enzymes or damage to the cell’s 

structural proteins (Letelier et al., 2005; Wu et 

al., 2010; Dusek et al., 2012). Similarly, 

specialized proteins are involved in intracellular 

transport of Cu and incorporation of this element 

into enzyme molecules (Ognik et al., 2016). In 

the last decade numerous nutritional experiments 

have also been carried out using metal 

nanoparticles, showing that the biological 

response of the organism depended on the size 

of the particles the method by which they were 

produced, the dosage applied and the length of 

administration (Zhao and Riediger, 2014). It has 

also been shown most often in vitro using 

established cell lines (mainly murine 

macrophages and human dendritic cells) 

(Małaczewska, 2014), that Cu nanoparticles can 

exert an immunotropic effect, that is react with 

components of the immune system and thereby 

stimulate or inhibit it. The Cu affects the 

regulation of ceruloplasmin concentration, SOD 

activity and the digestion of dietary fat. The 

SOD enzyme helps in removing the damage 

caused by ROS by catalysing the dismutation of 

two superoxide radicals to hydrogen peroxide 

and oxygen (Lin et al., 2008). 

8. Conclusion  

Broiler diet should incorporate green synthesis 

of Nano-CuO at a lower risk to consumers 

because it can improve bird health and 

performance. However, a lot more research is 

still needed to prove that using green synthesis 

of Nano-CuO in poultry nutrition is safe and 

won't affect people, the environment, or animals. 

Although the usage of Nano-CuO is still in its 

early stages, promising findings from recent 

studies are motivating more research. It appears 

that the inclusion of green synthesis of Nano-

CuO supplements in chicken feed will be 

feasible in the near future. 

Authors’ Contributions  

All authors are contributed in this research.  

Funding 
There is no funding for this research.   

Institutional Review Board Statement 

All Institutional Review Board Statements are 

confirmed and approved. 

Data Availability Statement 

Data presented in this study are available on fair 

request from the respective author.  

Ethics Approval and Consent to Participate 

Not applicable  

Consent for Publication 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

213 

 

Not applicable.  

Conflicts of Interest 

The authors disclosed no conflict of interest starting 

from the conduct of the study, data analysis, and 

writing until the publication of this research work.  

9. References  

Abd El-Ghany, W.A. (2019). ‘Nanotechnology 

and Its Considerations in Poultry Field: An 

Overview’, Journal of the Hellenic 

Veterinary Medical Society, 70 (3), pp. 

1611–1616. doi:10.12681/ jhvms.21783. 

Abd El-Hack, M.E., Abdelnour, S.A., Abd El-

Moneim, A.E., Arif, M., Khafaga, A., 

Shaheen, H., Samak, D., Swelum, A.A. 

(2019). ‘Putative impacts of phytogenic 

additives to ameliorate lead toxicity in 

animal feed’, Environ. Sci. Pollut. Res., 26, 

pp. 23209–23218. 

Abd El-Hack, M.E., Alagawany, M., Abdel-

Moneim, A.-ME., Mohammed, N.G., 

Khafaga, A.F., Bin-Jumah, M., Othman, 

S.I., Allam, A.A., Elnesr, S.S. (2020). 

‘Cinnamon (Cinnamomum zeylanicum) oil 

as a potential alternative to antibiotics in 

poultry’, Antibiotics, 9, pp. 210–221. 

Abd El-Moneim, A.E., Sabic, E.M. (2019). 

‘Beneficial effect of feeding olive pulp and 

Aspergillus awamori on productive 

performance, egg quality, serum/yolk 

cholesterol and oxidative status in laying 

Japanese quails’, J. Anim. Feed Sci., 28, pp. 

52–61. 

Abdel-Moneim, A-ME, Selim, D.A., Basuony, 

H.A., Sabic, E.M, Saleh, A.A, Ebeid, T.A. 

(2020). ‘Effect of dietary supplementation of 

Bacillus subtilis spores on growth 

performance, oxidative status and digestive 

enzyme activities in Japanese quail birds’, 

Trop Anim. Health Prod., 52, pp. 671–680. 

Abdollahi, M., Rezaei, J., Fazaeli, H. (2020). 

‘Performance, rumen fermentation, blood 

minerals, leukocyte and antioxidant capacity 

of young Holstein calves receiving high-

surface ZnO instead of common ZnO’, Arch. 

Anim. Nutr., 74(3), pp. 189–205. 

Abou-Kassem, D., Elsadek, M., Abdel-Moneim, 

A., Mahgoub, S., Elaraby, G., Taha, A., 

Elshafie, M., Alkhawtani, D., Abd El-Hack, 

M., Ashour, E. (2021). ‘Growth, carcass 

characteristics, meat quality and microbial 

aspects of growing quail fed diets enriched 

with two different types of probiotics 

(Bacillus toyonensis and Bifidobacterium 

bifidum)’, Poult. Sci., 100, pp. 84–93. 

Alagawany, M., Farag, M., Abd El-Hack, M., 

Patra, A. (2017). ‘Heat stress: effects on 

productive and reproductive performance of 

quail’, World's Poultry Sci. J., 73, pp. 747–

756. 

Amlan, P., Lalhriatpuii, M. (2020). ‘Progress 

and prospect of essential mineral 

nanoparticles in poultry nutrition and 

feeding – a review’, Biol. Trace Elem. Res., 

197(1), pp. 233–253. 

Amro, N.A., Kotra, L.P., WaduMesthrige, K., 

Bulychev, A., Mobashery, S., Liu, G.Y. 

(2000). ‘Highresolution Atomic force 

microscopy studies of the Escherichia coli 

outer membrane’, structural basis for 

permeability Langmuir, 16, pp. 2789–2796. 

Angelova, M., Asenova, S., Nedkova, V., 

Kolarova-Koleva, R. (2011). ‘Copper in the 

human organism’, Trakia Journal of 

Sciences, 9, pp.  88–98. 

Applerot, G., Lellouche, J., Lipovsky, A., 

Nitzan, Y., Lubart, R., Gedanken, A., Banin, 

E. (2012). ‘Understanding the antibacterial 

mechanism of CuO nanoparticles’, revealing 

the route of induced oxidative stress Small, 

8, pp. 3326–37. 

Arias, V.J., Koutsos, E.A. (2006). ‘Effects of 

copper source and level on intestinal 

physiology and growth of broiler chickens’, 

Poult. Sci., 85, pp.  999–1007. 

Azam, A., Ahmed, A., Oves, M., Khan, M., 

Memic, A. (2012). ‘Sizedependent 

antimicrobial properties of CuO 

nanoparticles against Grampositive and 

negative bacterial strains’, Int. J. 

Nanomedicine, 7, pp.  3527–3535. 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

214 

 

Ba˛kowski, M., Kiczorowska, B., Samoli_nska, 

W., Klebaniuk, R., Lipiec, A. (2018). ‘Silver 

and zinc nanoparticles in animal nutrition – 

a review’, Ann. Anim. Sci., 18(4), pp. 879–

898. 

Badran, A.M., Basuony, A.H., Elsayed, A.M., 

Abdel-Moneim, A.-ME. (2020). ‘Effect of 

dietary curcumin and curcumin 

nanoparticles supplementation on growth 

performance, immune response and 

antioxidant of broilers chickens’, Egyptian 

Poultry Sci. J., 40, pp. 325–343. 

Bao, Y.M., Choct, M., Iji, P.A., Bruerton, K., 

(2007). ‘Effect of organically complexed 

copper, iron, manganese, and zinc on broiler 

performance, mineral excretion, and 

accumulation in tissues’, J. Appl. Poult. 

Res., 16, pp. 448–455. 

Bao, Y.M., Choct, M. (2009). ‘Trace mineral 

nutrition for broiler chickens and prospects 

of application of organically complexed 

trace minerals: a review’, Anim. Prod. Sci., 

49, pp. 269–282. 

Birben, E., Sahiner, U.M., Sackesen, C., 

Erzurum, S., Kalayci, O. (2012). ‘Oxidative 

stress and antioxidant defense’, World 

Allergy Organ. J., 5, pp.  9–19. 

Borm, P.J., Kreyling, W., (2004). ‘Toxicological 

hazards of inhaled nanoparticles potential 

implications for drug delivery’, J. Nanosci. 

Nanotechnol. 4, pp. 521–531. 

Brewer, G.J. (2007). ‘Iron and copper toxicity in 

diseases of aging, particularly 

atherosclerosis and Alzheimer’s disease’, 

Experimental Biology and Medicine, 232, 

pp. 323–335. 

Chatterjee, A.K., Chakraborty, R., Basu, T., 

(2014). ‘Mechanism of antibacterial activity 

of copper nanoparticles’, Nanotechnology, 

25, pp. 135101. 

Chen, H., Weiss, J., Shahidi, F. (2006). 

‘Nanotechnology in Nutraceuticals and 

Functional Foods’, Food Technology, 3, pp. 

30–36. 

Cherukuri, S., Tripoulas, N.A., Nurko, S., Fox, 

P.L. (2004). ‘Anemia and impaired stress-

induced erythropoiesis in 

aceruloplasminemic mice’, Blood Cells, 

Molecules and Diseases, 33, pp. 346–355. 

Chono, S., Tanino, T., Seki, T., Morimoto, K. 

(2006). ‘Influence of particle size on drug 

delivery to rat alveolar macrophages 

following pulmonary administration of 

ciprofloxacin incorporated into liposomes’, 

J. Drug Target, 14, pp. 557–566. 

Civardi, C., Schubert, M., Fey, A., Wick, P., 

Schwarze, F.W. (2015). ‘Micronized copper 

wood preservatives: efficacy of ion, nano, 

and bulk copper against the brown rot 

fungus Rhodonia placenta’, PLoS One, 10, 

e0142578. 

Das, R., Gang, S., Nath, S.S., Bhattacharjee, R. 

(2010). ‘Linoleic acid capped copper 

nanoparticles for antibacterial activity’, J. 

Bionanosci., 4, pp. 82–86. 

Dawood, M.A.O., Basuini, M.F.E., Yilmaz, S., 

Abdel-Latif, H.M.R., Kari, Z.A., Abdul 

Razab, M.K.A., Ahmed, H.A., Alagawany, 

M., Gewaily, M.S. (2021). ‘Selenium 

nanoparticles as a natural antioxidant and 

metabolic regulator in aquaculture: a 

review’, Antioxidants, 10(9), pp. 1364. 

Duffy, L.L., Osmond-McLeod, M.J., Judy, J., 

King, T. (2018). ‘Investigation into the 

antibacterial activity of silver, zinc oxide 

and copper oxide nanoparticles against 

poultry-relevant isolates of Salmonella and 

Campylobacter’, Food Control, 92, pp. 293–

300. 

Dusek, P., Jankovic, J., Le, W. (2012). ‘Iron 

dysregulation in movement disorders’, 

Neurobiology of Disease, 46, pp.  1–18. 

EFSA Panel on Additives and Products or 

Substances used in Animal Feed (FEEDAP) 

(2016). ‘Revision of the currently authorized 

maximum copper content in complete feed’, 

EFSA J., 14,4563. 

El Basuini, M.F., El-Hais, A.M., Dawood, 

M.A.O., Abou-Zeid, AE-S., EL-Damrawy, 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

215 

 

S.Z., Khalafalla, M.ME-S, Koshio, S., 

Ishikawa, M., Dossou, S. (2016). ‘Effect of 

different levels of dietary copper 

nanoparticles and copper sulfate on growth 

performance, blood biochemical profiles, 

antioxidant status and immune response of 

red sea bream (Pagrus major)’, Aquaculture, 

455, pp. 32–40.  

El Basuini, M.F., El-Hais, A.M., Dawood, 

M.A.O., Abou-Zeid, AE-S., Dossou, S. 

(2017). ‘Effects of dietary copper 

nanoparticles and vitamin C 

supplementations on growth performance, 

immune response and stress resistance of red 

sea bream Pagrus major’, Aquat Nutr., pp. 

1–12. 

Elbaz, A.M., Ibrahim, N.S., Shehata, A.M., 

Mohamed, N.G., AbdelMoneim, A-ME. 

(2021). ‘Impact of multi-strain probiotic, 

citric acid, garlic powder or their 

combination on performance, ileal 

histomorphometry, microbial enumeration 

and humoral immunity of broiler chickens’, 

Trop Anim Health Prod., 53, pp. 1–10 

Elder, A., Vidyasagar, S., DeLouise, L. (2009). 

‘Physicochemical factors that affect metal 

and metal oxide nanoparticle passage across 

epithelial barriers’, Wiley Interdiscip. Rev. 

Nanomed. Nanobiotechnol, 1, pp.  434–450. 

El-Maddawy, Z.K., El-sawy, A-EF., Ashoura, 

N.R., Aboelenin, S.M., Soliman, M.M., 

Ellakany, H.F., Elbestawy, A.R., El-Shall, 

N.A. (2022). ‘Use of zinc oxide 

nanoparticles as anticoccidial agents in 

broiler chickens along with its impact on 

growth performance, antioxidant status, and 

hematobiochemical profile’, Life, 12(1), pp. 

74. 

Failla M.L. (2003). ‘Trace elements and host 

defense: recent advances and continuing 

challenges’, J. Nutr., 133(5 Suppl 1), pp.  

1443S–1447S.   

Fang, J., Lyon, D.Y., Wiesner, M.R., Dong, J., 

Alvarez (2007). ‘Effect of a fullerene water 

suspension on bacterial phospholipids and 

membrane phase behavior’, Sci. Tot. 

Environ, 41, pp. 2636–42 

Fiza, B., Bilal, R.M., Hassan, F.U., l Nasir, 

Taquir A. Rafeeque, M. Elnesr, Shaaban, S., 

Farag, M.R., Mahgoub, H.A.M. 

Mohammed, A. E. (2015). ‘Naiel with 

reference to the negative effect of heat 

stress’, Animal 

Biotechnology, DOI: 10.1080/10495398.202

1.1951281 

Gaetke L.M., Chow, C.K. (2003). ‘Copper 

toxicity, oxidative stress, and antioxidant 

nutrients’, Toxicology, 189, pp. 147–163. 

Gangadoo, S., Stanley, D., Hughes, R.J., Moore, 

R.J., Chapman, J. (2016). ‘Nanoparticles in 

feed: progress and prospects in poultry 

research’, Trends Food Sci. Technol., 58, pp. 

115–126. 

Geiser, M., Rothen-Rutishauser, B., Kapp, N., 

Schurch, S., Kreyling, W., Schulz, H., 

Semmler, M., Hof, V.I., Heyder, J., Gehr, P. 

(2005). ‘Ultrafine particles cross cellular 

membranes by nonphagocytic mechanisms 

in lungs and in cultured cells’, Environ. 

Health Perspect., 113, pp.  1555–1560. 

Ghanima, A.M.M., Abd El-Hack, M.E., 

Othman, S.I., Taha, A.E, Allam, A.A., 

Abdel-Moneim, A-ME. (2020). ‘Impact of 

different rearing systems on growth, carcass 

traits, oxidative stress biomarkers and 

humoral immunity of broilers exposed to 

heat stress’, Poult. Sci., 99, pp.  3070–3078. 

Ghasemipoor, M., Zolghadri, S. (2014). ‘The 

effect of copper oxide nanoparticles as feed 

additive on some the blood proteins of 

broiler chickens’, Molecular Cell Biology 

Research Communications, 3, pp.  144. 

Gonzales-Eguia, A., Fu, C-M., Lu, F-Y., Lien, 

T-F. (2009). ‘Effects of nanocopper on 

copper availability and nutrients 

digestibility, growth performance and serum 

traits of piglets’, Livest. Sci., 126, pp. 122–

129.   

Gopi, M., Pearlin, B., Kumar, R.D., Shanmathy, 

M., Prabakar, G. (2017). ‘Role of 

https://doi.org/10.1080/10495398.2021.1951281
https://doi.org/10.1080/10495398.2021.1951281


Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

216 

 

Nanoparticles in Animal and Poultry 

Nutrition: Modes of Action and Applications 

in Formulating Feed Additives and Food 

Processing’, International Journal of 

Pharmacology, 13 (7), pp. 724–731. 

doi:10.3923/ijp.2017.724.731 

Grodzik, M., Sawosz, E. (2006). ‘The influence 

of silver nanoparticles on chicken embryo 

development and bursa of Fabricius 

morphology’, J. Anim. Feed Sci., 15(Suppl. 

1), pp. 111–114. 

Habashy, W.S, Milfort, M.C., Rekaya, R., 

Aggrey, S.E. (2019). ‘Cellular antioxidant 

enzyme activity and biomarkers for 

oxidative stress are affected by heat stress’, 

Int. J. Biometeorol., 63, pp. 1569–1584. 

Harsini, S.G., Habibiyan, M., Moeini, M.M., 

Abdolmohammadi, A.R. (2012). ‘Effects of 

dietary selenium, vitamin E, and their 

combination on growth, serum metabolites, 

and antioxidant defense system in skeletal 

muscle of broilers under heat stress’, Biol. 

Trace Elem. Res., 148, pp. 322–330 

Hett, A. (2004). ‘Nanotechnology: Small Matter, 

Many Unknowns’, 55. Zurich: Swiss 

Reinsurance 

Hidayat, C., Sumiati, S., Jayanegara, A., Wina, 

E. (2021). ‘Supplementation of dietary nano 

Zn-phytogenic on performance, antioxidant 

activity, and population of intestinal 

pathogenic bacteria in broiler chicken’, 

Trop. Anim. Sci. J., 44(1), pp. 90–99. 

Hill, E.K., Li, J. (2017). ‘Current and future 

prospects for nanotechnology in animal 

production’, J. Anim. Sci. Biotechnol., 8, pp. 

26. 

Hillery, A.M., Jani, P.U., Florence, A.T. (1994). 

‘Comparative, 'quantitativestudy of 

lymphoid and nonlymphoid uptake of 60 nm 

polystyrene particles’, J. Drug Target., 2, 

pp.  151–156. 

Hillyer, J.F., Albrecht, R.M. (2001). 

‘Gastrointestinal persorption and 

tissuedistribution of differently sized 

colloidal gold nanoparticles’, J. Pharm. Sci., 

90, pp.  1927–1936.   

Hirakawa, R., Nurjanah, S., Furukawa, K., 

Murai, A., Kikusato, M., Nochi, T., 

Toyomizu, M. (2020). ‘Heat stress causes 

immune abnormalities via massive damage 

to effect proliferation and differentiation of 

lymphocytes in broiler chickens’, Front. Vet. 

Sci., 7, pp. 46 

Hoet, P.H., Bruske-Hohlfeld, I., Salata, O.V. 

(2004). Nanoparticles–known and unknown 

health risks’, J. Nanobiotechnol., 2, pp. 12.   

Huang, J., Chen, C., He, N., Hong, J., Lu, Y., 

Qingbiao, L., Shao, W., Sun, D., Wang, 

X.H., Wang, Y., Yiang, X. (2007). 

‘Biosynthesis of silver and gold 

nanoparticles by novel sundried 

Cinnamomum camphora leaf’, 

Nanotechnology, 18, pp. 105–106. 

Ibrahim, N.S., Sabic, E.M., Wakwak, M.M., El-

Wardany, I.E., ElHomosany, Y.M., El-Deen, 

M.N. (2020). ‘In-ovo and dietary 

supplementation of selenium nano-particles 

influence physiological responses, 

immunological status and performance of 

broiler chicks’, J. Anim. Feed Sci., 29, pp. 

46–58. 

Ingle, A., Gade, A., Pierrat, S., Sonnichsen, C., 

Rai, M.K. (2008). ‘Mycosynthesis of silver 

nanoparticles using the fungus Fusarium 

acuminatum and its activity against some 

human pathogenic bacteria’, Curr. Nanosci., 

4, pp. 141–144. 

IPCC (Intergovernmental Panel on Climate 

Change), (2007). ‘Climate Change 2007: 

Impacts, Adaptation and Vulnerability' 

Summary for Policy Makers’, Online 

at http://www.ipcc.cg/SPM13apr07.pdf 

IPCC (Summary for policymakers), (2014). 

‘Climate Change 2014: Impacts, adaptation, 

and vulnerability. Part A: global and 

sectoral aspects’, Contribution of Working 

Group II to the Fifth Assessment Report of 

the Intergovernmental Panel on Climate 

http://www.ipcc.cg/SPM13apr07.pdf


Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

217 

 

Change. Cambridge University Press, 2014. 

pp. 1-32. 

Jegede, A.V., Oduguwa, O.O., Bamgbose, A.M., 

Fanimo, A.O., Nollet, L. (2011). ‘Growth 

response, blood characteristics and copper 

accumulation in organs of broilers fed on 

diets supplemented with organic and 

inorganic dietary copper sources’, Br. Poult. 

Sci., 52, pp. 133–139.   

Jiang, W., Mashayekhi, H., Xing, B. (2009). 

‘Bacterial toxicity comparison between 

nanoand microscaled oxide particles 

Environ’, Pollut, 157 pp.  1619–1625. 

Joshua, P.P., Valli, C., Balakrishnan, V. (2016). 

‘Effect of in ovo supplementation of nano 

forms of zinc, copper, and selenium on post-

hatch performance of broiler chicken’, Vet. 

World, 9, pp. 287–294 

Khan, R., Naz, S., Nikousefat, Z., Selvaggi, M., 

Laudadio, V., Tufarelli, V. (2012). ‘Effect of 

ascorbic acid in heat-stressed poultry’, 

World's Poultry Sci. J., 68, pp. 477–490 

Kim, B-E, Nevitt, T., Thiele, D.J. (2008). 

‘Mechanisms for copper acquisition, 

distribution and regulation’, Nat. Chem. 

Biol., 4, pp. 176–185. 

Koch, F., Thom, U., Albrecht, E., Weikard, R., 

Nolte, W., Kuhla, B., Kuehn, C. (2019). 

‘Heat stress directly impairs gut integrity 

and recruits distinct immune cell populations 

into the bovine intestine’, Proc. Natl. Acad. 

Sci., 116, pp. 10333–10338. 

Kociova, S., Dolezelikova, K., Horky, P., 

Skalickova, S., Baholet, D., Bozdechova, L., 

Vaclavkova, E., Belkova, J., Nevrkla, P., 

Skladanka, J. (2020). ‘Zinc phosphate-based 

nanoparticles as alternatives to zinc oxide in 

diet of weaned piglets’, J. Anim. Sci. 

Biotechnol, 11(1), pp. 59. 

Kwiecień, M., Winiarska-Mieczan, A., Piedra, 

J.V., Bujanowicz-Haraś, B., Chałabis-

Mazurek, A. (2015). ‘Effects of copper 

glycine chelate on liver and faecal mineral 

concentrations, and blood parameters in 

broilers'. Agric. Food Sci., 24, pp.  92–103. 

Ledoux, D.R., Henry, P.R., Ammerman, C.B., 

Rao, P.V., Miles, R.D. (1991). ‘Estimation 

of the relative bioavailability of inorganic 

copper sources for chicks using tissue 

uptake of copper’, J. Anim. Sci., 69, pp. 

215–222. 

Lee, I., K.o, J., Park, S., Lim, J., Shin, I., Moon, 

C., Kim, S., Heo, J., Kim, J. (2016). 

‘Comparative toxicity and biodistribution of 

copper nanoparticles and cupric ions in rats’, 

Intl. J. Nanomed, 11, pp. 2883–2900. 

Letelier, M.E., Lepe, A.M., Fa_undez, M., 

Salazar, J., Mar_ın, R., Aracena, P. (2005). 

‘Possible mechanisms underlying copper-

induced damage in biological membranes 

leading to cellular toxicity’, Chemico-

Biological Interactions, 151, pp. 71–82. 

Li, N, Xia, T., Nel, A. E.  (2008). ‘The role of 

oxidative stress in ambient particulate matter 

induced lung diseases and its implications in 

the toxicity of engineered nanoparticles’, 

Free Radic. Biol. Med., 44, pp. 1689–1699. 

Lien, T.F. (2009). ‘Nanosize of copper sulfate 

and effects on growth, copper availability, 

and excretion of pigs’, Int. J. Livest. Res., 1, 

pp. 30–36.  

Lin, W., Stayton, I., Huang, Y., Zhou, X.D., Ma, 

Y. (2008). ‘Cytotoxicity and cell membrane 

depolarization induced by aluminum oxide 

nanoparticles in human lung epithelial cells 

A549’, Toxicol. Environ.Chem., 90, pp.  

983–996.  

 Liu, Z., Bryant, M.M., Roland, D.A., Sr., Layer 

(2005). ‘performance and phytase retention 

as influenced by copper sulfate pentahydrate 

and tribasic copper chloride’, J. Appl. Poult. 

Res., 14, pp.  499–505.   

Luo, X.G., Ji, F., Lin, Y.X., Steward, F.A., Lu, 

L., Liu, B., Yu, S.X. (2005). ‘Effects of 

dietary supplementation with copper sulfate 

or tribasic copper chloride on broiler 

performance, relative copper bioavailability, 

and oxidation stability of vitamin E in feed’, 

Poult. Sci., 84, pp.  888–893. 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

218 

 

Ma, D., Liu, Q., Zhang, M., Feng, J., Li, X., 

Zhou, Y., Wang, X. (2019). ‘iTRAQ-based 

quantitative proteomics analysis of the 

spleen reveals innate immunity and cell 

death pathways associated with heat stress in 

broilers (Gallus gallus)’, J. Proteome, 196, 

pp. 11–21 

Magaye, J. (2012). ‘Genotoxicity and 

carcinogenicity of cobalt-, nickeland copper-

based nanoparticles (Review)’, Exp. Ther. 

Med., 4, pp. 551–561.  

Makarski, B., Zadura, A. (2006). ‘Wplyw 

chelatu miedzi z lizyna na poziom 

skladnikow hematologicznych i 

biochemicznych krwi indykow’, Annales 

Universitatis Mariae Curie-Sklodowska, 

Lublin-Polonia, 24, pp. 357–363.   

Małaczewska, J. (2014). ‘Impact of noble metal 

nanoparticles on immune system of 

animals’, Medycyna Weterynaryjna, 70, pp.  

204–208. (In Polish) 

Maltais, D., Desroches, D., Aouffen, M., 

Mateescu, M.A., Wang, R., Paquin, J. 

(2013). ‘The blue copper ceruloplasmin 

induces aggregation of newly differentiated 

neurons: A potential modulator of nervous 

system organization’, Journal of 

Neuroscience, 121, pp. 73 82. 

Manolova, V., Flace, A., Bauer, M., Schwarz, 

K., Saudan, P., Bachmann, M.F. (2008). 

‘Nanoparticles target distinct dendritic cell 

populations according to their size’, Eur. J. 

Immunol, 38, pp. 1404–1413. 

Matuszewski, A., Łukasiewicz, M., Niemiec, J. 

(2020a). ‘Calcium and phosphorus and their 

nanoparticle forms in poultry nutrition’, 

World’s Poult. Sci. J., 76(2), pp. 328–345. 

McDowell, L.R. (1992). ‘Mineral In Animal And 

Human Nutrition’, Academic Press Inc.: San 

Diego, New York, Boston, London,Sydney, 

Tokyo, Toronto, , pp. 524. 

Meyer, L.A., Durley, A.P., Prohaska, J.R., 

Harris, Z.L. (2001). ‘Copper transport and 

metabolism are normal in 

aceruloplasminemic mice’, The Journal of 

Biological Chemistry, 276, pp. 36857–

36861. 

Miles, R.D., O’keefe, S.F., Henry, P.R., 

Ammerman, C.B., Luo, X.G. (1998). ‘The 

effect of dietary supplementation with 

copper sulfate or tribasic copper chloride on 

broiler performance, relative copper 

bioavailability, and dietary prooxidant 

activity’, Poult. Sci., 77, pp. 416–425. 

Miroshnikov, S.A., Yausheva, E.V., Sizova, 

E.A., Miroshnikova, E.P., Levahin, V.I. 

(2015). ‘Comparative assessment of effect 

of copper nano- and microparticles in 

chicken’, Orient J. Chem., 31, pp. 2327–

2336 

Moghimi, S.M., Hunter, A.C. (2001). ‘Capture 

of stealth nanoparticles by the body’s 

defences’, Crit. Rev. Ther. Drug Carrier 

Syst., 18, pp.  527–550. 

Mohamed, M.A., Hassan, H., Samy, A, Abd-

Elsame, M.O., El-Sherbin, A.E. (2016). 

‘Carcass characteristics and bone 

measurements of broilers fed nano dicalcium 

phosphate containing diets’, Asian J. Anim. 

Vet. Adv., 11(8), pp. 484–490. 

Morones, J.R., Elechiguerra, J.L, Camacho, A., 

Holt, K., Kouri, J.B., Ram´ırez, J.T., 

Yacaman, M. J. (2005). ‘The bactericidal 

effect of silver nanoparticles’, 

Nanotechnology, 16 pp. 2346–53 

Morsy, E.A., Hussien, A.M., Ibrahim, M.A., 

Farroh, K.Y., Hassanen, E.I. (2021). 

‘Cytotoxicity and genotoxicity of copper 

oxide nanoparticles in chickens’, Biol. Trace 

Elem. Res., 199(12), pp. 4731–4745. 

Mroczek-Sosnowska, N., Batorska, M., 

Lukasiewicz, M., Wnuk, A., Sawosz, E., 

Jaworski, S., Niemiec, J. (2013). ‘Effect of 

nanoparticles of copper and copper sulfate 

administered in ovo on hematological and 

biochemical blood markers of broiler 

chickens’, Annals of Warsaw University of 

Life Sciences-SGGW. Anim. Sci., 52, pp. 

141–149. 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

219 

 

Mroczek-Sosnowska, N., Batorska, M., 

Łukasiewicz, M., Wnuk, A., Sawosz, E., 

Jaworski, S. (2013). ‘Effect of nanoparticles 

of copper and copper sulfate administered in 

ovo on hematological and biochemical blood 

markers of broiler chickens’, Animal Science 

Journal, 52, pp.  141–149. 

Mroczek-Sosnowska, N., Łukasiewicz, M., 

Wnuk, A., Sawosz, E., Niemiec, J., Skot, A., 

Jaworski, S., Chwalibog, A. (2015b). ‘In 

ovo administration of copper nanoparticles 

and copper sulfate positively influences 

chicken performance: effect of Cu on 

chicken performance’, J. Sci. Food Agric., 

96(9), pp. 3058–3062. 

Mroczek-Sosnowska, N., Łukasiewicz, M., 

Wnuk, A., Sawosz, E., Niemiec, J. (2014). 

‘Effect of copper nanoparticles and copper 

sulfate administered in ovo on copper 

content in breast muscle, liver and spleen of 

broiler chickens’, Ann. Warsaw Univ. Life 

Sci. – SGGW. Anim. Sci., 53, pp. 135–142. 

Mroczek-Sosnowska, N., Sawosz, E., 

Vadalasetty, K., Łukasiewicz, M., Niemiec, 

J., Wierzbicki, M., Kutwin, M., Jaworski, S., 

Chwalibog, A. (2015a). ‘Nanoparticles of 

copper stimulate angiogenesis at systemic 

and molecular level’, Int. J. Mol. Sci., 16(3), 

pp. 4838–4849. 

Nabi, F., Arain, M.A., Hassan, F., Umar, M., 

Rajput, N., Alagawany, M., Syed, S.F., 

Soomro, J., Somroo, F., Liu, J. (2020). 

‘Nutraceutical role of selenium 

nanoparticles in poultrynutrition: a review.' 

World’s Poult. Sci. J., 76(3), pp. 459–471. 

O’ Hagan, D.T. (1996). ‘The intestinal uptake of 

particles and the implications for drug and 

antigen delivery’, J. Anat., 189, pp.  477–

482. 

Ognik, K., Stepniowska, A., Cholewinska, E., 

Kozlowski, K. (2016). ‘The effect of 

administration of copper nanoparticles to 

chickens in drinking water on estimated 

intestinal absorption of iron, zinc, and 

calcium’, Poult. Sci., 95, pp. 2045–2051. 

Oguntunji, A.O., Alabi, O.M. (2010). ‘Infzlence 

of high environmental temperature on egg 

production and shell quality: a review’, 

World’s Poultry Science Journal, 66(4), pp. 

739–

750. https://doi.org/10.1017/S004393391000

070X 

Ouyang, Z., Ren, P., Zheng, D., Huang, L., Wei, 

T., Yang, C., Kong, X., Yin, Y., He, S., He, 

Q. (2021). ‘Hydrothermal synthesis of a new 

porous zinc oxide and its antimicrobial 

evaluation in weanling piglets’, Livestock 

Sci., 248, 104499. 

Palumaa, P. (2013). 'Copper chaperones. The 

concept of conformational control in the 

metabolism of copper'. FEBS Letters, 587, 

pp.  1902–1910. 

Patra, A., Lalhriatpuii, M. (2019). ‘Progress and 

Prospect of Essential Mineral Nanoparticles 

in Poultry Nutrition and Feeding—a 

Review’, Biological Trace Element 

Research, 197, pp.  233–253. 

Pineda, L., Sawosz, E., Lauridsen, C., Engberg, 

R.M., Elnif, J., Hotowy, A., Sawosz, F., 

Chwalibog, A. (2012). 'Inluence of in ovo 

injection and subsequent provision of silver 

nanoparticles on growth performance, 

microbial profile, and immune status of 

broiler chickens’, Open Access Anim. 

Physiol., 4, pp. 1–8. 

Prasad, M., Lambe, U.P., Brar, B., Shah, I., 

Manimegalai, J., Ranjan, K., Rao, R., 

Kumar, S., Mahant, S., Khurana, S.K. 

(2018). ‘Nanotherapeutics: an insight into 

healthcare and multidimensional 

applications in medical sector of the modern 

world’, Biomed Pharmacother, 97, pp. 

1521–1537. 

Prashanth, L., Kattapagari, K., Chitturi, R., 

Baddam, V.R., Prasad, L. (2015). ‘A review 

on role of essential trace elements in health 

and disease’, NTR. Univ. Health Sci., 4, pp.  

75–85. 

Rahman, Z.U., Besbasi, F., Afan, A.M., Bengali, 

E.A., Zendah, M.I., Hilmy, M., Mukhtar, 

https://doi.org/10.1017/S004393391000070X
https://doi.org/10.1017/S004393391000070X


Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

220 

 

M.R., Jaspal, S.A.S., Aslam, N. (2001). 

‘Effects of copper supplement on 

haematological profiles and broiler meat 

composition’, Int. J. Agric. Biol., 1560–

8530, pp.  203–205. 

Rajendran D, Thulasi A, Jash S, Selvaraju S, 

Rao SBN. 'Synthesis and application of nano 

minerals in livestock industry.' In Animal 

Nutrition & Reproductive Physiology 

(Recent Concepts). 

Reddy, K.M., Feris, K., Bell, J., Wingett, D.G., 

Hanley, C., Punnoose, A. (2007). ‘Selective 

toxicity of zinc oxide nanoparticles to 

prokaryotic and eukaryotic systems’, Appl. 

Phys. Lett., 90, 213902. 

Refaie, A., Ghazal, M., Barakat, S., Morsy, W., 

Meshreky, S., Younan, G., Eisa, W. (2015). 

‘Nano-copper as a new growth promoter in 

the diet of growing New Zealand white 

rabbits’, Egypt J. Rabbit Sci., 25(1), pp. 39–

57.   

Saleh, A.A., Eltantawy, M.S, Gawish, E.M., 

Younis, H.H., Amber, K.A, Abd El-

Moneim, AE-ME, Ebeid, T.A. (2020). 

‘Impact of dietary organic mineral 

supplementation on reproductive 

performance, egg quality characteristics, 

lipid oxidation, ovarian follicular 

development, and immune response in 

laying hens under high ambient 

temperature’, Biol. Trace Elem. Res., 195, 

pp. 506–514. 

Saleh, A.A., Shukry, M., Farrag, F., Soliman, 

M.M., Abdel-Moneim, A.M.E. (2021). 

‘Effect of feeding wet feed or wet feed 

fermented by Bacillus licheniformis on 

growth performance, histopathology and 

growth and lipid metabolism marker genes 

in broiler chickens’, Animals, 11, 83. 

Samanta, B., Ghosh, P.R., Biswas, A., Das, S.K. 

(2011). ‘The Effects of Copper 

Supplementation on the Performance and 

Hematological Parameters of Broiler 

Chickens’, Asian- Australasian Journal of 

Animal Sciences, 24, pp. 1001–1006. 

Sampath, K.T., Ghosh, J., Bhatta, R. (2013). 

‘Satish Serial Publishing House’, Eds., 

Delhi, pp. 517–530. 

Sarvestani, S., Rezvani, M.R., Zamiri, M.J., 

Shekarforoush, S., Atashi, H., Mosleh, N. 

(2016). ‘The effect of nanocopper and 

mannan oligosaccharide supplementation on 

nutrient digestibility and performance in 

broiler chickens’, J. Vet. Res., 71, pp. 153–

161. 

Sawosz, E., Binek, M., Grodzik, M., Zieli_nska, 

M., Sysa, P., Szmidt, M., Niemiec, T., 

Chwalibog, A. (2007). ‘Influence of 

hydrocolloidal silver nanoparticles on 

gastrointestinal microflora and morphology 

of enterocytes of quails’, Arch. Anim. Nutr., 

61(6), pp. 444–451. 

Scott, A., Vadalasetty, K.P., Chwalibog, A., 

Sawosz, E. (2018). ‘Copper nanoparticles as 

an alternative feed additive in poultry diet: a 

review’, Nanotechnol Rev., 7(1), pp. 69–93. 

Scott, A., Vadalasetty, K.P., Sawosz, E., 

Łukasiewicz, M., Vadalasetty, R.K.P., 

Jaworski, S., Chwalibog, A. (2016). ‘Effect 

of copper nanoparticles and copper sulphate 

on metabolic rate and development of 

broiler embryos’, Anim. Feed Sci. Technol., 

220, pp.  151–158. 

Scott, A., Vadalasetty, K.P., Lukasiewicz, M., 

Jaworski, S., Wierzbicki, M., Chwalibog, 

A., Sawosz, E. (2017). ‘Effect of different 

levels of copper nanoparticles and copper 

sulphate on performance, metabolism and 

blood biochemical profiles in broiler 

chicken’, J. Anim. Physiol. Anim. Nutr., pp. 

1–10 

Shannahan, J.H., Brown, J.M. (2014). 

‘Engineered nanomaterial exposure and the 

risk of allergic disease’, Curr. Opin. Allergy 

Clin. Immunol., 14, pp. 95–99. 

Sharif, M., Rahman, M.Au., Ahmed, B., Abbas, 

R.Z., Hassan F-U. (2021). ‘Copper 

Nanoparticles as Growth Promoter, 

Antioxidant and Anti-Bacterial Agents in 

Poultry Nutrition: Prospects and Future 



Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

221 

 

Implications’, Biol. Trace. Elem. Res., 199, 

pp. 3825–3836 (2021). 

https://doi.org/10.1007/s12011-020-02485-

1. 

Sharma, D., Kochar, B., Bhardwaj, A., Riyat, 

M., Sharma, P. (2009). ‘Effect of ingestion 

of copper bhasm on red cell indices, iron 

parameters and essential elements in chicks’, 

Indian Journal of Clinical Biochemistry, 24, 

pp. 245–249.  

Sharma, M.C., Joshi, C., Pathak, N.N., Kaur, H. 

(2005). ‘Copper status and enzyme, 

hormone, vitamin and immune function in 

heifers’, Res. Vet. Sci., 79, pp. 113–123.  

Sheiha, A.M., Abdelnour, S.A., Abd El-Hack, 

M.E., Khafaga, A.F., Metwally, K.A., 

Ajarem, J.S., Maodaa, S.N., Allam, A.A., 

El-Saadony, M.T. (2020). ‘Effects of dietary 

biological or chemical-synthesized nano-

selenium supplementation on growing 

rabbits exposed to thermal stress’, 

Animals,10(3), pp. 430. 

Sondi, I., Salopek-Sondi, B. (2004). ‘Silver 

nanoparticles as antimicrobial agent: a case 

study on E. coli as a model for Gram-

negative bacteria'. J. Colloid Interface Sci., 

275, pp.  177–182.  

Sosnowska, N.M., Lukasiewicz, M., Adamek, 

D., Kamaszewski, M., Niemiec, J., Wnuk-

Gnich, A., Scott, A., Chwalibog, A., 

Sawosz, E. (2017). ‘Effect of copper 

nanoparticles administered in ovo on the 

activity of proliferating cells and on the 

resistance of femoral bones in broiler 

chickens’, Arch. Anim. Nutr., 71(4), pp. 

327–

332. https://doi.org/10.1080/1745039X.2017

.1331619 

Suttle, N.F. (2010). ‘Mineral nutrition of 

livestock’, 4th edn'. CAB International, 

Oxford, pp. 334–362. 

Swain, P.S., Rao, S.B.N., Rajendran, D., 

Dominic, G., Selvaraju, S. (2016). ‘Nano 

zinc, an alternative to conventional zinc as 

VETERINARY QUARTERLY 93 animal 

feed supplement: a review’, Anim. Nutr., 

2(3), pp. 134–141. 

Szuba-Trznadel, A., Rza˛sa, A., Hikawczuk, T., 

Fuchs, B. (2021). ‘Effect of zinc source and 

level on growth performance and zinc status 

of weaned piglets’, Animals, 11(7), pp. 

2030. 

Tang, J., Chen, Z. (2016). ‘The protective effect 

of γ-aminobutyric acid on the development 

of immune function in chickens under heat 

stress’, J. Anim. Physiol. Anim. Nutr., 100, 

pp. 768–777. 

Tapiero, H., Townsend, D.M., Tew, K.D. 

(2003). ‘Trace elements in human 

physiology and pathology’, Copper Biomed 

Pharmacother, 57, pp. 386–398. 

Tapiero, H., Townsend, D.M., Tew, K.D. 

(2003). ‘Trace elements in the human 

physiology and pathology’, Copper. Biomed. 

Pharmacother, 57, pp. 386–398.   

Tran, N., Mir, A., Mallik, D. (2010). 

‘Bactericidal effect of iron oxide 

nanoparticles on Staphylococcus aureus’, 

Int'. J. Nanomedicine, 5, pp. 277–283. 

Vijayakumar, M.P., Balakrishnan, V. (2014). 

‘Effect of calcium phosphate nanoparticles 

supplementation on growth performance of 

broiler chicken’, IJST., 7(8), pp. 1149–1154. 

Wang, T., Long, X., Cheng, Y., Liu, Z., Yan, S. 

(2014). ‘The potential toxicity of copper 

nanoparticles and copper sulphate on 

juvenile epinephelus coioides’, Aquat. 

Toxicol., 152, pp. 96–104. 

Wu, X.H., Ye, L., Liu, K., Wang, W., Wei, J., 

Chen, F.P., Liu, C.S. (2009). ‘Antibacterial 

properties of mesoporous copperdoped silica 

xerogels Biomed’, Mater, 4, 045008. 

Wu, X.Z., Zhang, T.T., Guo, J.G., Liu, Z., Yang, 

F.H., Gao, X.H. (2015). ‘Copper 

bioavailability, blood parameters, and 

nutrient balance in mink’, J. Anim. Sci., 93, 

pp. 176–184. 

Wu, Z., Fernandez-Lima, F.A, Russell, D.H. 

(2010). ‘Amino acid influence on copper 

binding to peptides: Cysteine versus 

https://doi.org/10.1080/1745039X.2017.1331619
https://doi.org/10.1080/1745039X.2017.1331619


Mohamed et al.,                        SVU-International Journal of Agricultural Sciences, 4 (3): 203-222, 2022 

222 

 

arginine’, Journal of The American Society 

for Mass Spectrometry, 21, pp.  522–533. 

Youssef, F.S., El-Banna, H.A., Elzorba, H.Y., 

Galal, A.M. (2019). ‘Application of some 

nanoparticles in the field of veterinary 

medicine’, Int. J. Vet. Sci. Med., 7(1), pp. 

78–93. 

Yusof, H.M., Mohamad, R., Zaidan, U.H., 

Rahman, N.A.A. (2019). ‘Microbial 

synthesis of zinc oxide nanoparticles and 

their potential application as an 

antimicrobial agent and a feed supplement in 

animal industry: a review’, J. Anim. Sci. 

Biotechnol., 10(57). doi: 10.1186/s40104-

019-0368-z 

Zaboli, K., Aliarabi, H., Bahari, A.A., 

Abbasalipourkabir, R. (2013). ‘Role of 

dietary nano-zinc oxide on growth 

performance and blood levels of mineral: a 

study on in Iranian Angora (Markhoz) goat 

kids’, J. Pharm. Health Sci., 2, pp. 19–26. 

Zerounian, N.R., Linder, M.C. (2002). ‘Effects 

of copper and ceruloplasmin on iron 

transport in the Caco 2 cell intestinal 

model’, The Journal of Nutritional 

Biochemistry, 13, pp. 138–148. 

Zhao, F., Zhao, Y., Liu, Y., Chang, X.L., Chen, 

C.Y., Zhao, Y.L. (2011). ‘Cellular uptake, 

intracellular trafficking, and cytotoxicity of 

nanomaterials’, Small, 7, pp.  1322–1337.   

Zhao, J., Riediger, M. (2014). ‘Detecting the 

oxidative reactivity of nanoparticles: A new 

protocol for reducing artifacts’, Journal of 

Nanoparticle Research, 16, pp. 2493. 

 


