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abstract
the global animal productivity should proportionally increase to meet the food needs of a growing 
population. this article presents an overview of the current and promising nano-applications in 
poultry and livestock production systems that could offer opportunities for improved efficiencies 
and productivity. some basic information on nanotechnology and the economics of nanotechnol-
ogy is provided. poultry and animal production systems, current situation and available tools and 
techniques are presented in parallel with animal health care, animal nutrition, animal shelter and 
food processing nano-applications and their advantages. these applications are directly or indi-
rectly related to the human food chain and may affect the food safety and food quality. lastly, 
the expected risks and hazards related to nano-application in poultry and livestock production 
systems that can affect animal, human and environment are described. it is concluded that nano-
applications have the potential to provide smarter solutions for various applications in the poultry 
and livestock production systems, which can help in reducing costs and enhancing the final prod-
uct quality. however, concerns over safety of some nano-applications hamper their immediate 
implementation. extensive risk assessments should be conducted to ensure the safety of the nano-
products before making them available for animal or human use. 

key words: nano-application, animal feed, health applications, food processing, housing, environ-
mental hazard

Nano-materials with at least one dimension in the 1–100 nm range (National 
Nanotechnology Initiative, 2011) may have different physical and chemical cha- 
racteristics compared to the bulk material (Scott, 2005; Duncan, 2011; The Scien-
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tific Committees, 2013; Hartemann et al., 2015). Because of the novel properties 
of nano-particles, vast socio-economic and environmental benefits have been envi-
sioned for nanotechnology (National Nanotechnology Initiative, 2011). However, 
concerns have been raised about the safety and the regulation of nano-materials due 
to uncertainty regarding their adverse effects to the consumer and the environment. 
Nonetheless, research in nano-enabled technologies increased over the past decade, 
and numerous companies specialized in the fabrication of new forms of nano-sized 
materials developed applications for medical therapeutics and diagnostics (Duncan, 
2011). Developments in these fields can be transferred to the poultry and livestock 
production systems with the goal of increasing animal welfare, enhancing produc-
tion systems efficacy and meeting the need of the humans for high quality poultry 
and animal products. In this article, some current applications, opportunities and 
risks of using nanotechnology in the poultry and livestock production systems are 
discussed. This may help the researchers and producers in the fields of poultry and 
animal production to take safer decisions about using nanotechnologies as well as 
increase the awareness of public community toward nano-enabled applications in the 
field of poultry and livestock production systems. 

Nanotechnology basics 
Materials, structures, devices and systems of controlled shape, size and morphol-

ogy at the nanometer scale have been developed purposely for medical, food, and 
military applications. Nano-particles can be divided into three categories as a func-
tion of their size; big particles if their diameter is greater than 500 nm, medium size 
ranged from 100 nm to 500 nm, and ultrafine particles if their diameter is less than 
100 nm, based on a document developed by the Scientific Committee on Emerging 
and Newly Identified Health Risks (SCENIHR, 2010). The material is considered  
a nano-material and nano-specific risk assessment has to be performed according to 
the Committee for nanoparticles with sizes smaller than 100 nm. A volume specific 
surface area (VSSA) above the threshold e.g. >60 m2/cm3 may be used as an ad-
ditional qualifier to indicate a size below 100 nm. The most important properties 
of a nano-material to characterize, from a risk assessment European Commission 
Public Health viewpoint, are: the size, size distribution, surface area, stability in 
relevant media, surface adsorption properties and water solubility (SCENIHR, 2010; 
SCENIHR, 2016).

Nanotechnology from a socio-economic perspective 
Research and development in the area of new nano-materials has been given 

high priority in the US, the EU, China, Sweden, Germany and Denmark (Zhao et 
al., 2008; de Wit, 2009; Kastenhofer, 2011). Zhao et al. (2008) and de Wit (2009) 
stated that nano-materials are an area of research that is having an enormous socio-
economic potential for developing new medicines, electronics, pesticide and fertiliz-
ers and mitigation of environmental problems.

Roco et al. (2010) reported that in 2008, over 400,000 studies and more than $15 
billion were spent worldwide in research and development of nanotechnologies. For 
example, more than 30 research organizations in China have been founded for study-
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ing the toxicological and environmental effects of nanomaterials (Zhao et al., 2008). 
In terms of nanotechnology developments around the world, food related industries 
are considered as an active area in nanotechnology research and development (Roco 
et al., 2010). In this sector, the global nano-enabled food and beverage packaging 
market was around US$ 4 million in 2006 and increased to be about US$ 4.13 bil-
lion in 2008. It is expected that nano-products will reach at least $3 trillion of global 
economy and at least 6 million workers will be employed in the nanotechnology 
enabled industries by 2020 (Innovative Research and Products Inc., 2009).

According to the Helmut Kaiser Consultancy report about nanotechnology in 
the food industry (2010), USA, Japan, and China led the nano-food area, whereas 
Asian countries could be the biggest future market for nano-food products. The EU 
confirmed its full active support of nano-sciences and nanotechnologies because na-
notechnology has promised to boost quality of life and industrial competitiveness in 
Europe. The EU plays important roles in support of nanotechnologies, as a policy 
maker and as a funding source for research and development (Sauer, 2009). 

A number of R&D departments, between 200 and 400 of companies, were re-
ported as actively working on food related applications in 2006 (Institute of Food 
Science and Technology Trust Fund, 2006). According to de Wit (2009) and FAO/
WHO the availability of nanoproducts on the market increased from 600 to 800, but 
only around 10 percent of these are foods, beverages and food packaging products 
(FAO/WHO meeting report, 2010).

Due to the current socio-economic lifestyle and consumer demands for healthy 
and high-quality food as well as the need for availability of food at reasonable prices, 
producers have to be more consistent with regards to the quality of the food, by pos-
sibly using advanced nano-techniques, which will eventually lead to an increase in 
their revenues. Despite the enthusiasm surrounding the potential use of nanotechnol-
ogy and the abundance of funds for improving its applications, the food industry has 
been slow to adapt to the new developments provided by nanotechnology. This is 
not surprising, as consumers’ preferences for natural food products has slowed the 
growing of food technologies, and nanotechnology is not an exception. Public belief 
in nano-applications has ranged from neutral to slightly positive (Satterfield et al., 
2009), which is encouraging. Consumers are more likely to embrace non-food nano-
applications than direct addition of nano-particles to foods (Siegrist et al., 2007; 
Department of Innovation, Industry, Science and Research, 2011). 

Still, poultry and livestock production systems can provide society with highly 
nutritious essential constituents such as proteins from meat, egg, milk and their pro-
cessed products by using a nano-enabled technology, as described in the following 
sections. 

Nanotechnologies in poultry and livestock production systems 
Human population will grow to an estimated 8 billion people by 2025 and  

9 billion by 2050, and it is well recognized that global agricultural productivity must 
increase to feed the growing world population (Sekhon, 2014). The following are 
some nano-applications that could give poultry and livestock production opportuni-
ties to continue to grow. 
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animal health care applications 
diagnosis of diseases
Animal diseases are divided into groups based on the causative agents. So- 

me causative agents of infectious diseases are common to humans and animals  
and others are pathogenic only for non-human animals or to specific species. Infec-
tious diseases arise in the form of individual cases or assume a widespread distribu-
tion.

In general, the traditional approaches to detect the presence of pathogens have 
several limitations: 1) working with samples directly, 2) time consuming 3) some 
microorganisms cannot grow easily, and 4) significant limitations in the identifica-
tion of viruses due to their small size (Kaittanis et al., 2010; Mungroo and Neethi-
rajan, 2014). In spite of high sensitivity and accuracy in detection of pathogen of 
the advanced techniques e.g. PCR and ELISA, these procedures have limitations of 
needing undamaged microbial DNA, being affected by the clinical sample nature 
and requiring experience and expensive facilities (Kaittanis et al., 2010).

Nanotechnology presents great opportunities to develop fast, accurate and cost- 
effective tools for pathogen detection. In 2006, avian influenza viral diseases (H5N1) 
led to a global epidemic, increased mortality rate and economic losses (El Sabry et 
al., 2012). Unique properties of nano-materials could allow advanced devices that 
are able to detect pathogenic agents and predict the outbreaks such as those due to 
avian influenza virus. For example, Emami et al. (2012) tried to enhance the ability 
of Western blot technique to detect small molecules of proteins or peptides. They 
used nanotechnology to develop a sensitive and accurate technique for detecting 
avian flu antibodies in poultry serum by coating the immobilin-polyvinylidene dif-
luoride membrane with gold nanoparticles. They found that the presence of the gold 
nanoparticles prevented diffusion of the peptides from the membrane after applying 
the voltage, which enhanced the accuracy of the test.

Also, researchers from Guelph University in Canada announced the creation of 
a portable nano-detector for avian flu (H1N1 and H5N1) outbreaks in the farms 
that uses gold nanoparticles and glowing quantum dots. The advantages of this new 
device are less volume of blood, less chemicals, shorter time, cheaper and more ac-
curacy compared to the current laboratory methods. Also, with some modifications, 
this bio-sensing technique has the potential to detect other avian influenza strains 
(Researchers Guelph University, 2015). 

 Bovine tuberculosis is a chronic bacterial disease of cattle that occasionally af-
fects other mammal species. It causes severe economic losses due to livestock deaths, 
low productivity and trade restrictions. This disease can be spread to humans through 
air or unpasteurized milk. In developed countries, control of this disease in domestic 
livestock and humans has succeeded through different approaches such as milk pas-
teurization and intensive eradication programs (De La Rua-Domenech, 2006; LoBue 
et al., 2010). However, there is still a challenge to completely eradicate diseases 
because of the unauthorized movement of infected animals and uncontrolled herds, 
and the presence of wildlife reservoirs of the disease (Humblet et al., 2009). 

In 2012, Peled et al. reported a new methodology in detecting Mycobacterium 
bovis infection in cattle based on identifying unique volatile organic compound pro-
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files in the breath of cattle. A custom-made nanotechnology-based array of sensors 
were inserted into a nano artificial nose (NA-NOSE) to detect the volatile organic 
compound patterns linked with the disease conditions. “NA-NOSE is an artificial 
olfactory system based on an array of cross-reactive, nanomaterials-based, chemical 
gas sensors which can identify and separate gaseous mixtures, even if their constitu-
ent analytes are present at very low concentrations and their differences are very sub-
tle” (Peled et al., 2012). Their results showed that NA-NOSE successfully detected 
Mycobacterium bovis-infected cattle via breath analysis. 

In the category of pathogen detection, an example of a nanosensor is that devel-
oped by Illuminaria, an engineering consulting company that specializes in nanofab-
rication and optomechanical design. The Illuminaria team with their collaborators 
at Cornell University developed a nano DETECT system for the rapid and on-site 
detection. This system is based on nanotechnology and uses the polymerase chain 
reaction (PCR) in a microchip format to detect L. monocytogenes, S. typhimuruim 
and B. anthracis cells in an hour. The company is targeting the food industry as  
a marketing niche for this system (Illuminaria, 2016). 

These recently developed nano-detectors represent opportunities for faster, 
cheaper, portable and easier to use tools as screening techniques for different patho-
gens in poultry and animal stocks. This will allow prevention of the spread of dis-
eases, which is vital for disease control worldwide. 

veterinary medicines and vaccines
Nano-medicine is defined as the application of nanotechnology in making  

a medical diagnosis or the treatment or prevention of diseases (The Scientific Com-
mittees, 2013). Nano-medicine consists of ‘smart drug’ delivery systems used in 
animals to deliver the drug to the target tissue while providing a drug-release profile 
that would insure that the drug is delivered as needed (Scott, 2005). Drug substances 
entrapped by biodegradable nano-particles can be protected against degradation by 
gastrointestinal fluids and for improved absorption of the drug across the intesti-
nal mucosa (Des Rieux et al., 2006; Cai et al., 2010; Simon et al., 2016). Also, 
more uniform drug absorption and lower risks of local irritation could be achieved 
through formulations based on polymeric nano-particles administered by oral deliv-
ery (Galindo-Rodriguez et al., 2005; Feng et al., 2009). 

Pathogens are considered one of the important challenges in animal production 
sector because they can be transferred easily from infected individuals to healthy 
ones (El Sabry et al., 2012). The ordinary treatments for controlling diseases in-
clude the combined use of vaccines and/or antibiotics. However, the disadvantages 
of live vaccines include the instability and the risk of reverting the pathogenic strain 
back to their virulent form (Lowenthal et al., 2005; Peek et al., 2008). Moreover,  
use of antibiotics and chemicals has resulted in the emergence of resistant strains 
of pathogens, as well as the potential for increasing environmental contamination  
and residual content in meat or eggs. Furthermore, a consideration in the food 
chain is the risk of transferring antibiotic resistance from animal production to hu- 
mans, which represents a public health challenge (Hilton et al., 2002; Cummings, 
2006). 
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Nano-particles showed a potential to provide novel alternatives for development 
of a new generation of drugs, including vaccines. They work as delivery carriers 
for vaccines and new adjuvants to enhance the immune response because in many 
cases the antigen itself is very weakly immunogenic (Zhao et al., 2014). Recent 
investigations have revealed higher efficiency of nano-vaccines and nano-antibiot-
ics. Biodegradable nano-particles in vaccine formulations showed advantages such 
as improved antigen stability and immunogenicity, targeted delivery and slow re-
lease (Sekhon, 2014). Therefore, it is concluded that nano-medicines could be very 
beneficial in disease prevention and treatment for animals. 

Also, the routes of vaccine administration have been developed from intrave-
nous and muscular injection to oral, nasal and transdermal nano delivery systems. 
Although some vaccines are successfully commercialized products through an oral 
route delivery system, such as Polio vaccine, the progress in commercialization of 
nano-medicine still faces technical challenges related to the mechanism of cellular 
entry and toxicity for various nano-materials (Jain et al., 2014). For example, in hu-
mans, despite the lack of knowledge on the mode of action of nano-aluminum salt 
adjuvants, vaccines containing aluminum salts have been shown to produce higher 
and longer lasting antibody titers after a single immunization (Simon and Edelman, 
2006; Peek et al., 2008). 

In a FDA report, unfortunately, it was mentioned that manufacturers usually do 
not have to submit a food additive petition if their food additive is generally recog-
nized as safe (GRAS). However, FDA is not aware of any nano-animal food ingredi-
ent for which there is generally available safety data sufficient to serve as the founda-
tion for determining that the use of such an animal food ingredient is GRAS (FDA 
report, 2016). Even though there are biological and technical challenges that face 
the nano-medicines, the nano-particles could be very helpful in delivering medicines 
efficiently by all different routes and in increasing the efficacy of vaccines especially 
during bird and animal epidemics such as avian flu.

animal feeding nano-applications
Nutrition represents a major portion (≈60–65%) of poultry and animal produc-

tion systems inputs. Nano-feed additives could help in improving the feed efficiency, 
reducing feed cost, and increasing the yield and quality of animal products. Concern-
ing the quality and safety of feedstuffs, nano-biosensors could be used for detection 
of the presence of toxin-producing insects or fungi inside bulk grain storage silos. 
Also, nano-particles engineered to protect fats in ruminant diets to minimize fermen-
tation disruption in the rumen and to protect essential amino acids and make them 
more available for the host animal might be advantageous in the future. In the present 
time, there are many successful and promising examples about the use of different 
nano-materials in poultry and livestock feeding (Table 1).

It is expected that in intensive production of poultry or ruminants, nano-feed ad-
ditives and novel detoxifying nano-materials could provide added value in feeding 
practices because of their positive effect on stimulating productivity and livability. 
In addition, in ovo feeding may be considered as a future safe nano-application for 
poultry industry.
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Table 1. Potential use of nano-materials in poultry and livestock feeding
Nano-material Use Animal Action Reference

Selenium Feed 
additive

Sheep Decreasing ammonia concentration
Increasing total volatile fatty acids 
concentration
Enhancing the digestibility
Stimulating rumen microbial activ-
ity, digestive microorganisms or 
enzyme activity

Shi et al., 2011; 
Xun et al., 
2012

Chicken Increasing productive and repro-
ductive performance
Enhancing immune response

Cai et al., 2013

Goat Enhancing semen quality Shi et al., 2010

Zinc Ruminants  
Chicken
Pig 

Encouraging growth and improving 
feed conversion ratio
Enhancing the immune response

Swain et al., 
2015

Chromium Pig Anti-diarrheal 
Improving carcass characteristics.
Enhancing antibody production

Wang and Xu, 
2004; Wang et 
al., 2007

Montmorillonite – 
composite

Chicken Reducing aflatoxin toxicity Shi et al., 2006

Nano-Polystyrene with 
polyethylene glycol linkers 
and mannose targeting 
biomolecules

All ani-
mals

Binding and removing food-borne 
pathogens in animal feed

Sekhon, 2014

Bio complex of glutamine 
and nano-diamond 

In ovo 
feeding 

Chicken Enhancing the differentiation and 
proliferation of pectoral muscle at 
the end of the embryonic life

Grodzik et al., 
2013

Copper Stimulating the metabolic rate in 
broilers during embryonic develop-
ment
Strengthening immunological 
biocompatibility

Scott et al., 
2016

 
poultry and animal shelter nano-applications
Different studies showed that nano-materials have a specific characteristic that 

may enable them to be used in farm constructions and equipment manufacture. For 
instance, Jelle (2011) and Pacheco-Torgal et al. (2016) suggested nano-materials to 
be used as efficient thermal insulation materials. In the future, this could be benefi-
cial for intensive poultry and animal production in tropical and sub-tropical areas. 
Another promising application is paints that contain a nano-photocatalyst e.g. TiO2. 
These photocatalyst materials are capable of oxidizing organic and inorganic sub-
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stances and micro-organisms under the influence of light (Chen and Poon, 2009; Pa-
checo-Torgal and Labrincha, 2013). The decontamination function may be a future 
application for providing a solution to achieve a micro-organism free environment, 
which meets the high standard hygiene needs in hatchery. 

food processing nano-applications
Processing is an essential part of both poultry and livestock production systems 

because processing adds value to the product and various products are created to 
meet consumer demands. In the food processing industries, most common uses of 
nanotechnology involve nano-enabled water treatment technologies, novel antimi-
crobial surfaces and quality monitoring of food products in the form of nano-sensors.

Water is considered the foremost nutrient for all animal species as well as a sig-
nificant commodity in food processing. Water purification using nano-filtration is 
relatively recent. A filtration membrane was developed to remove solids, bacteria 
and parasites from surface and fresh groundwater (Sekhon, 2014). This application 
could be very useful in providing a high-quality water and recycling water wastes of 
processing plants, especially in areas with limited water resources. 

Nano-sensors can accurately detect the presence of antibiotic residues in meats 
(Sekhon, 2014; Mungroo and Neethirajan, 2014). This application is very important 
for protecting live birds and animals on the farms as well as production lines from 
contamination from residues during the different phases of processing that help to 
ensure the safety and quality of the products for consumers. 

Currently, engineered nano-materials have been introduced to food packaging 
including nano-silver, nano-zinc oxide and nano-titanium dioxide because of their 
functional properties such as lighter weight with stronger packaging barriers (Bum-
budsanpharoke and Ko, 2015). Antimicrobial materials are playing a key role in pre- 
serving meats or poultry from pathogens by providing safe products and increasing 
shelf life. Several researchers suggested that nano-sized materials could result in new 
horizons in the fields of food preservation and packaging (Cruz-Romero et al., 2013; 
Bumbudsanpharoke and Ko, 2015). Cruz-Romero et al. (2013) showed that low- and 
medium-molecular weight chitosan had higher antimicrobial activity than normal 
chitosan on E. coli: (NCIMB 11943), Staphylococcus aureus: (NCIMB 13062), Ba-
cillus cereus: (NCIMB 9373) and P. fluorescens: (NCIMB 9046) isolated from raw 
chicken fillets. They suggested that nano-sized materials could result in novel appli-
cations in the fields of food preservation and packaging. 

Nano-medicinal risks
Scientific uncertainty about the harmful properties of nano-particles complicates 

and hampers the implementation of regulative measures by legislators. The Europe-
an Commission has adopted an “incremental approach”, which focuses on adapting 
existing laws to regulate nanotechnologies. Chaudhry and Castle (2011) stated that 
humans can be at risk due to nano-particles exposure. The literature indicates that 
orally delivered nano-particles have the ability to be absorbed through the intestine 
and translocated to different organs in the body (Navarro et al., 2014; Navarro et 
al., 2016). In spite of significant efforts by research groups and many companies to 
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elucidate toxicity questions surrounding nano-particles, there are no confirmations 
about the safety of the products to become available on the market across the board. 

The special physiochemical properties of nano-medicines raise several critical 
considerations: 1) nano-particles reverting live vaccines back to their virulent form 
and/ or making vaccines unstable; 2) potential transfer of antibiotic resistance to hu-
mans or animals via the food or feed supplies; 3) disposal procedures of the residual 
of nano-vaccine, bactericidal packages, vials and dead animals; 4) potential immune 
or other toxicity in consumers. 

High doses of nano-particles could affect the organs and tissue of the animal; 
the effect is a function of nano-particle composition. For example, Loghman et al. 
(2012) showed harmful effects of high doses of nano-silver on the liver cells in broil-
ers. However, it is not well known which portion of toxicity is due to the nano-form 
and what is resulting from the ionic form. So, nano-silver might be used as an anti-
microbial agent or disinfectant in the poultry industry only with caution and under 
specific conditions to avoid toxic effects in animals. Moreover, toxicity studies on 
the long-term exposure to some nano-particles showed several effects on the immune 
system and that the nano-particles could be distributed in animal and human organs 
e.g. liver and spleen (Gatti and Montanari, 2008; Nel et al., 2009; Hartemann et al., 
2015).

For improved safety and enhancing the use of nano-particles, biodegradable 
nano-particles should be designed and more effort dedicated to determining their in-
tracellular fate and biological interaction and function in order to provide safe nano-
particle drug delivery systems for use in animal systems (Nel et al., 2009). 

Nano-hazards to animal-human food chain
Scientists, stakeholders and manufacturers have already identified potential uses 

of nanotechnology in every segment of the food chain, particularly in food process-
ing. For instance, The Organization for Economic Co-operation and Development 
(OECD) reported that notifications for food nano-applications had been received by 
the Food Packaging Materials and Incidental Additives Section of Health Canada 
(OECD, 2010). On the other hand, there may be potential risks to consumers due to 
consumption of animal products nano-materials in their food (Chaudhry and Castle, 
2011; Hartemann et al., 2015). From a physiological perspective, new properties 
of nano-particles may enable them to reach those parts of the body which are pro-
tected from entry of any exogenous materials (Chaudhry and Castle, 2011). Liu et 
al. (2010) found a relationship between the size of nano-particles and its effect on 
the human cell. They reported that smaller silver nano-particles (5 and 20 nm) have  
a deleterious effect on the human cell morphology and its membrane integrity. More-
over, ultrastructural observations confirmed the presence of silver nano-particles in 
the cells. Wijnhoven et al. (2009) mentioned that when nano-silver particles pass the 
physiological barriers and reach the systemic circulation, the particles can interact 
with plasma proteins and other blood components such as red and white blood cells. 
Moreover, they may be distributed into organs such as liver, kidney, heart, brain, 
lung and testicles via the systemic circulation. Poly lactic-co-glycolic acid (PLGA) 
nano-particles have the ability to translocate from the intestine, especially to liver, 
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kidney and spleen (Navarro et al., 2014) with minimum toxic effects in these organs, 
as determined by histological evaluations of this tissue (Navarro et al., 2016).

Figure 1. Summarizing the expected negative effects of nano-particles on the animal cell

Chaudhry and Castle (2011) categorized the concerns for nano-materials in feed 
and food products: The 1st area, of least concern, is for food nano-structures which 
are either digested or are not bio-persistent. The 2nd area, of some concern, is for 
products that contain encapsulated food/feed additives in nano-carriers, which may 
not be bio-persistent, but may carry the encapsulated substances across the gastro-
intestinal tract. The 3rd area, of major concern, is for food products that contain 
insoluble, indigestible, and potentially bio-persistent nano-particles. Therefore, the 
conventional tests are not enough to assess the solubility of silver-nanoparticles to 
reflect silver ion availability (Chaudhry and Castle, 2011; Huang et al., 2015; Harte-
mann et al., 2015). 

There is a lack of information in the understanding of the properties, behavior 
and effects of nano-materials that may be used in food applications. Moreover, the 
tools and methodologies to assess the risk of using nano-particles are big challenges 
faced by the scientific community in this field. A careful consideration of the nature 
of nano-materials and nano-applications could provide a basis for a risk categoriza-
tion on a case-by-case basis. 

environment related nano-hazards 
Nano-materials will pass into the environment because of intentional or acciden-

tal releases such as emissions and solid or liquid waste from production facilities 
(Ray et al., 2009). These nano-materials have new hazard properties compared to 
their constituent parts because toxicity has been reported in multiple nano-particles 
due to size and dose, e.g. the cytotoxic effect of TiO2 has been found to relay on 
crystalline structure, size of particles and purity (Hansen, 2009). The particle’s size, 
shape and coating will influence particle’s bio-distribution in an organism or an eco-
system (Ray et al., 2009; Huang et al., 2015).

The most important problem is insufficient information to prove that nano-ma-
terials are safe or hazardous. There is some evidence that some nano-materials are 
hazardous depending on their particle characteristics. Hansen (2009) and Ray et al. 
(2009) mentioned a number of examples about the environmental hazards of nano-
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metals such as gold, silver, titanium dioxide, zinc, and iron oxide on human, rats, 
mice, zebrafish, juvenile largemouth and different strains of bacteria. 

Therefore, nano-particles need different categories of investigation before certi-
fying them for safe use. These investigations should comprehensively describe the 
hazards, find out potential concentrations, the effect threshold(s) and understand fate 
and behavior of nanomaterials case-by-case. It is important to note that in a limited 
number of previous studies, nano-particles showed a low eco-toxicity, but the majority 
of the studies demonstrated some degree of adverse effects on tested animals or cells.

promising solution for nano-hazards
Biosynthesis of metal nanoparticle method is utilizing different biological natural 

substances such as leaf extract, fungi, algae and bacteria for the reduction and stabili-
zation of nanoparticles (Allafchian et al., 2016; Li and Zhang, 2016). Biosynthesized 
nanomaterials showed superior characteristics compared to those of conventional 
physical and chemical methods, e.g. silver and gold (Allafchian et al., 2016; Li and 
Zhang, 2016). The advantages of the metal nanoparticle biosynthesis and conven-
tional synthesis methods are included in Table 2.

Table 2. The main differences between biosynthesis and conventional methods of nanoparticles  
production

Bio synthesis Physical and chemical Reference
Base Utilize natural substances 

such as bacteria, fungi, plants 
(whole, tissues or extracts), 
marine algae and micro-fluids

Reduction of solutions, 
photochemical reactions, 
electrochemical reduction, 
heat evaporation and 
radiation assisted methods

Otari et al., 2012
Muthoosamy et al., 2015 
Li and Zhang, 2016

Procedure Could be produced in one step Multi steps are needed Otari et al., 2012

Production 
time 

Rapid Takes more time Prakash et al., 2013

Cost Less expensive Expensive Allafchian et al., 2016

Stability 
of products

High Less Muthoosamy et al., 2015

Biomedical 
application

More efficient
More biocompatible 

Efficient 
Biocompatibility concerns

Prakash et al., 2013 
Muthoosamy et al., 2015

Eco-risk Eco-friendly A kind of risk may be 
found because of toxic and 
hazardous chemicals

Prakash et al., 2013
Allafchian et al., 2016

Soon, it seems that biosynthesis of nanoparticles method will be one of the fore-
most milestones in the nano-science, because of its potential to provide safer and 
more efficient metal nano-particles.

conclusion
In poultry and animal production systems, nano-particle research and potential 

applications are increasing in scale and broadening in scope. Available data substan-
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tiates that different applications of nano-particles increased productivity, livability, 
and biological activities of the animal. Also, quality, processing, packaging and com-
mercialization of poultry and animal products could be improved by using different 
nano-materials. On the other hand, the limited data on safety of the nano-materials 
to both animals and the environment is of concern to scientists, governments, non-
governmental organizations, members of the public and stakeholders. Therefore, 
components of poultry and animal production chains such as: veterinary medicine, 
animal feed additives and packaging materials that include nano-particles should go 
through risk assessment and toxicology tests before commercial-scale use. This kind 
of assessment is important to ensure the efficiency and safety of the application of 
nano-enabled technology to poultry and animal production systems. 

acknowledgements
Mohamed El Sabry is grateful for receiving a postdoctoral fellowship within the 

framework of Cairo Initiative Program (3536-2015), USAID – Ministry of Higher 
Education, Egypt. Also, he would like to thank Prof. Dr. Farid Stino, Professor of 
Poultry Breeding, Fac. of Agric., Cairo University, for his scientific contribution.

declaration of interest
To the best of our knowledge no conflict of interest exists.

references

A l l a f c h i a n  A.R., M i r a h m a d i - Z a r e  S.Z., J a l a l i  S.A.H., H a s h e m i  S.S., Va h a b i  M.R. 
(2016). Green synthesis of silver nanoparticles using phlomis leaf extract and investigation of their 
antibacterial activity. J. Nanostruct. Chem., 6: 129–135. 

B u m b u d s a n p h a r o k e  N., K o  S. (2015). Nano-food packaging: an overview of market, migration 
research, and safety regulations. J. Food Sci., 80: 910–923.

C a i  C., Q u  X.Y., We i  Y.H., Ya n g  A.Q. (2013). Nano-selenium: nutritional characteristics and 
application in chickens (In Chinese with English abstract). Chin. J. Anim. Nutr., 12: 2818–2823. 
doi:10.3969/j.issn.1006-267x.2013.12.00.

C a i  Z., Wa n g  Y., Z h u  L.J., L i u  Z.Q. (2010). Nanocarriers: a general strategy for enhancement of 
oral bioavailability of poorly absorbed or pre-systemically metabolized drugs. Curr. Drug Metab., 
11: 197–207. 

C h a u d h r y  Q., C a s t l e  L. (2011). An overview of opportunities and challenges for developing coun-
tries. Trends Food Sci. Technol., 22: 595–603.

C h e n  J., P o o n  C. (2009). Photocatalytic construction and building materials: from fundamentals to 
applications. Build. Environ., 44: 1899–1906.

C r u z - R o m e r o  M.C., M u r p h y  T., M o r r i s  M., C u m m i n s  E., K e r r y  J.P. (2013). Antimi-
crobial activity of chitosan, organic acids and nano-sized solubilisates for potential use in smart 
antimicrobially-active packaging for potential food applications. Food Control, 34: 393–397.

C u m m i n g s  T.S. (2006). Stakeholder position paper: Poultry. Preventive Vet. Med., 73: 209–212.
D e  L a  R u a - D o m e n e c h  R. (2006). Human Mycobacterium bovis infection in the United King-

dom: incidence, risks, control measures and review of the zoonotic aspects of bovine tuberculosis. 
Tuberculosis, 86: 77–109.

d e  W i t  C. (2009). New nanomaterials: environmental risks and possibilities. Environmental Comm., 
Royal Swedish Academy of Sciences.

Department of Innovation, Industry, Science and Research (DIISR) – Nanotechnology executive sum-



Nanotechnology in animal production systems 331

mary report, “Australian community attitudes held about nanotechnology – trends 2005 to 2011. 
(2011). http://www.industry.gov.au/industry/IndustrySectors/nanotechnology/Publications/Docu-
ments/NanotechnologyPublicAwareness2011.pdf

D e s  R i e u x  A., F i e v e z  V., G a r i n o t  M., S c h n e i d e r  Y.J., P r é a t  V. (2006). Nano-particles 
as potential oral delivery systems of proteins and vaccines: A mechanistic approach. J. Controlled 
Release, 116: 1–27.

D u n c a n  T.V. (2011). Applications of nanotechnology in food packaging and food safety: Barrier ma-
terials, antimicrobials and sensors. J. Colloid Interface Sci., 363: 1–24.

E l  S a b r y  M.I., A t t a  A.M.M., T z s c h e n t k e  B., G h a r i b  H.B.A., S t i n o  F.K.R. (2012). Po-
tential use of Interleukin-2-rich supernatant adjuvant in Fayoumi hens. Arch. Gefluegelkd., 76: 
162–167.

E m a m i  T., M a d a n i  R., R e z a y a t  S.M., G o l c h i n f a r  F., S a r k a r  S. (2012). Applying of gold 
nanoparticle to avoid diffusion of the conserved peptide of avian influenza nonstructural protein 
from membrane in Western blot. J. Appl. Poultry Res., 21: 563–566.

FAO/WHO (2010). Expert meeting on the application of nanotechnologies in the food and agricul-
ture sectors: potential food safety implications, Meeting report Food and Agriculture Organization 
of the United Nations and World Health Organization Rome 2010. http://apps.who.int/iris/bitstre
am/10665/44245/1/9789241563932_eng.pdf

F e n g S.S., M e i  L., A n i t h a  P., G a n  C.W., Z h o u  W. (2009). Poly (lactide)-vitamin E derivative/
montmorillonite nanoparticle formulations for the oral delivery of Docetaxel. Biomaterials, 30: 
3297–3306.

Food and Drug Administration (FDA), Department of health and human services fiscal year 2017 Re-
port, www.fda.gov/downloads/AboutFDA/ReportsManualsForms/Reports/.../UCM485237.pdf (ac-
cessed April 2016).

G a l i n d o - R o d r i g u e z  S.A., A l l e m a n n  E., F e s s i  H., D o e l k e r  E. (2005). Polymeric nano-
particles for oral delivery of drugs and vaccines: a critical evaluation of in vivo studies. Crit. Rev. 
Ther. Drug Carrier Syst., 22: 419–464.

G a t t i  A.S., M o n t a n a r i  S. (2008). Nanopathologies: The health impact of nanoparticles. PanStan-
ford Publishing, Singapore, pp. 1–298.

G r o d z i k  M., S a w o s z  F., S a w o s z  E., H o t o w y  A., W i e r z b i c k i  M., K u t w i n  M., J a -
w o r s k i  S., C h w a l i b o g  A. (2013). Nano-nutrition of chicken embryos. The effect of in ovo ad-
ministration of diamond nanoparticles and L-glutamine on molecular responses in chicken embryo 
pectoral muscles. Int. J. Mol. Sci., 20: 23033–23044.

H a n s e n  S.F. (2009). Regulation and Risk Assessment of Nanomaterials – Too Little, Too Late? PhD 
Thesis. Technical University of Denmark, Lyngby, Denmark, pp. 111.

H a r t e m a n n  P., H o e t  P., P r o y k o v a  A., F e r n a n d e s  T., B a u n  A., D e  J o n g  W., F i l s e r  J., 
H e n s t e n  A., K n e u e r  C., M a i l l a r d  J.-Y. (2015). Nanosilver: Safety, health and environmen-
tal effects and role in antimicrobial resistance. Mater. Today, 18: 122–123.

Helmut Kaiser Consultancy (2010). Study: Nanotechnology in Food and Food Processing Industry 
Worldwide 2011-2012-13-14-2015-2020-2025. http://www.hkc22.com/Nanofood.html

H i l t o n  L.S., B e a n  A.G.D., L o w e n t h a l  J.W. (2002). The emerging role of avian cytokines as im-
mune therapeutics and vaccine adjuvants. Vet. Immunol. Immunopathol., 85: 119–128.

H u a n g  S., Wa n g  L., L i u  L., H o u  Y. (2015). Nanotechnology in agriculture, livestock, and aquacul-
ture in China. A review. Agron. Sustain. Dev. 35: 369. https://doi.org/10.1007/s13593-014-0274-x.

H u m b l e t  M.F., B o s c h i r o l i  M.L., S a e g e r m a n  C. (2009). Classification of worldwide bovine 
tuberculosis risk factors in cattle: a stratified approach. Vet. Res., 40: 40–50.

Illuminaria.nanoDETECT Platform.http://illuminarialk.com//successfulprojects.html (accessed Febru-
ary 2016).

Innovative Research and Products Inc. (2010). Nano-enabled packaging for the food and beverage indus-
try – a global technology, industry and market analysis. http://www.innoresearch.net/report_sum-
mary.aspx?id=72&pg=93&pd=3/1/2010 

Institute of Food Science and Technology Trust Fund (IFST), Nanotechnology information statement. 
www.ifst.org/uploadedfiles/cms/store/attachments/nanotechnology.pdf

J a i n  A., R e d d y  V.A., M u n t i m a d u g u  E., K h a n  W. (2014). Nanotechnology in vaccine deliv-
ery. Curr. Trends Pharm. Sci., pp. 17–27.



M.I. El Sabry et al.332

J e l l e  B.P. (2011). Traditional, state-of-the-art and future thermal building insulation materials and 
solutions – Properties, requirements and possibilities. Energ. Buildings., 43: 2549–2563.

K a i t t a n i s  C., S a n t r a  S., P e r e z  J.M. (2010). Emerging nanotechnology-based strategies for the 
identification of microbial pathogenesis. Adv. Drug Delivery Rev., 62: 408–423.

K a s t e n h o f e r  K. (2011). Risk assessment of emerging technologies and post-normal science. Sci., 
Technol. & Human Values, pp. 307–333.

L i  L., Z h a n g  Z. (2016). Biosynthesis of gold nanoparticles using green alga Pithophora oedogonia 
with their electrochemical performance for determining carbendazim in soil. Int. J. Electrochem. 
Sci., 11: 4550 – 4559; DOI: 10.20964/2016.06.13.

L i u  W., W u  Y., Wa n g  C., L i  H.C., Wa n g  T., L i a o  C.Y., C u i  L., Z h o u  Q.F., Ya n  B.,  
J i a n g  G.B. (2010). Impact of silver nanoparticles on human cells: Effect of particle size. Nano-
toxicology, 4: 319–330. 

L o b u e  P.A., E n a r s o n  D.A., T h o e n  C.O. (2010). Tuberculosis in humans and animals: an over-
view. Int. J. Tuberculosis and Lung Disease, 14: 1075–1078.

L o g h m a n  A., I r a j  S.H., N a g h i  D.A., P e j m a n  M. (2012). Histopathologic and apoptotic effect 
of nanosilver in liver of broiler chickens. Afr. J. Biotechnol., 11: 6207–6211.

L o w e n t h a l  J.W., J o h n s o n  M.A., T y a c k  S.G., H i l t o n  L.S., B e a n  A.G.D. (2005). Oral de-
livery of novel therapeutics: development of a fowl adenovirus vector expressing chicken IL-2 and 
MGF. World’s Poultry Sci. J., 61: 87–94.

M u n g r o o  N.A., N e e t h i r a j a n  S. (2014). Biosensors for the detection of antibiotics in poultry 
industry (Review). Biosensors, 4: 472–493.

M u t h o o s a m y  K., B a i  R.G., A b u b a k a r  I.B., S u d h e e r  S.M., L i m  H.N., L o h  H.S.,  
H u a n g  N.M., C h i a  C.H., M a n i c k a m  S. (2015). Exceedingly biocompatible and thin-layered 
reduced graphene oxide nanosheets using an eco-friendly mushroom extract strategy. Int. J. Nano-
med., 10: 1505–1519. 

National Nanotechnology Initiative. (2011). Environmental Health and Safety Research Strategy.http://
www.nano.gov/sites/default/files/pub_resource/nni_2011 _ehs_research_strategy.pdf

N a v a r r o  S., D a r e n s b o u r g  C., C r o s s  L., S t o u t  R., C o u l o n  D., A s t e t e  C.E., M o r - 
g a n  T., S a b l i o v  C.M. (2014). Biodistribution of poly (lactic-co-glycolic) acid (PLGA) and 
PLGA/chitosan nanoparticles after repeat-dose oral delivery in F344 rats for seven days. Ther. De-
livery, 5: 1191–1201.

N a v a r r o  S., M o r g a n  T., A s t e t e  C.E., S t o u t  R., C o u l o n  D., M o t t r a m  P., S a b l i o v  C.M. 
(2016). Biodistribution and toxicity of orally administered poly (lactic-co-glycolic) acid nanopar-
ticles to F344 rats for 21 days. Nanomedicine, 11: 1653–1669; DOI: 10.2217/nnm-2016-0022.

N e l  A.E., M ä d l e r  L., Ve l e g o l  D., X i a  T., H o e k  E.M.V., S o m a s u n d a r a n  P., K l a e s - 
s i g  F., C a s t r a n o v a  V., T h o m p s o n  M. (2009). Understanding biophysicochemical interac-
tions at the nano-bio interface. Nat. Mater., 8: 543–557.

Organization for Economic Co-operation and Development OECD (2010). Environment, Health and 
Safety Publications Series on the Safety of Manufactured Nanomaterials. No. 20 Current develop-
ments/activities on the safety of manufactured nanomaterials, Tour de Table at the 6th Meeting of the 
Working Party on Manufactured Nanomaterials. Paris, France, 28–30.10. 2009, pp. 84. 

O t a r i  S.V., P a t i l  R.M., N a d a f  N.H., G h o s h  S.J., P a w a r  S.H. (2012). Green biosynthesis of 
silver nanoparticles from an Actinobacteria rhodococcus sp. Mater. Lett., 72: 92–94.

P a c h e c o - T o r g a l  F., L a b r i n c h a  J.A. (2013). The future of construction materials research and 
the seventh UN Millennium Development Goal: A few insights. Constr. Build. Maters., 40: 729–737.

P a c h e c o - T o r g a l  F., R a s m u s s e n  E.S., G r a n q v i s t  C.G., I v a n o v  V., K a k l a u - 
s k a s  H.A., M a k o n i n  S. (2016). Start-Up Creation: The Smart Eco-Efficient Built Environment: 
9 – High performance thermal insulation materials for buildings. Jelle B.P. (Eds) Academic Press 
Elsevier. pp. 129–181.

P e e k  L.J., M i d d a u g h  C.R., B e r k l a n d  C. (2008). Nanotechnology in vaccine delivery, Adv. 
Drug Delivery Rev., 60: 915–928.

P e l e d  N., I o n e s c u  R., N o l  P., B a r a s h  O., M c c o l l u m  M., Ve r c a u t e r e n  K., K o s - 
l o w  M., S t a h l  R., R h y a n  J., H a i c k  H. (2012). Detection of volatile organic compounds  
in cattle naturally infected with Mycobacterium bovis. Sensors and Actuators B., 171–172:  
588–594.



Nanotechnology in animal production systems 333

P r a k a s h  P., G n a n a p r a k a s a m a  P., E m m a n u e l  R., A r o k i y a r a j  S., S a r a v a n a n  M. 
(2013). Green synthesis of silver nanoparticles from leaf extract of Mimusops elengi, Linn. for 
enhanced antibacterial activity against multi drug resistant clinical isolates. Colloids Surf., B.,108: 
255–259.

R a y  P.C., Yu  H., F u  P.P. (2009). Toxicity and environmental risks of nanomaterials: challenges 
and future needs. J. Environ. Sci. Health C. Environ. Carcinog. Ecotoxicol. Rev., 27: 1–35; DOI: 
10.1080/10590500802708267.

Researchers Guelph University (2015). Researchers create tool to predict avian flu outbreaks. http://
phys.org/news/2015-04-tool-avian-flu-outbreaks.htm

R o c o  M.C., M i r k i n  C.A., H e r s a m  M.C. (2010). Nanotechnology research directions for societal 
needs in 2020: retrospective and outlook. National Science Foundation/World Technology Evalua-
tion Center Report. Berlin and Boston, Springer. http://www.wtec.org/nano2/Nanotechnology_Re-
search_Directions_to_2020

S a t t e r f i e l d  T., K a n d l i k a r  M., B e a u d r i e  C.E.H., C o n t i  J., H a r t h o r n  B.H. (2009). An-
ticipating the perceived risk of nanotechnologies. Nat. Nanotechnol., 4: 752–758.

S a u e r  U.G. (2009). Animal and non-animal experiments in nanotechnology –  the results of a critical 
literature survey. ALTEX, 26: 109–128.

Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) (2010). Scientific 
basis for the definition of “nanomaterial”, 46 pp. http://ec.europa.eu/health/scientific_committees/
emerging/docs/scenihr_o_032.pdf

Scientific Comittee on Energing and Newly Identified Health Risks (SCENIHR) (2016). Final Opin-
ion on Additives used in tobacco products, 131 pp. htpp://ec.europa.eu.health/scientific_comittees/
emerging/docs/scenihr_o_pdf

S c o t t  A., Va d a l a s e t t y  K.P., S a w o s z  E., Ł u k a s i e w i c z  M., Va d a l a s e t t y  R.K.P., J a -
w o r s k i  S., C h w a l i b o g  A. (2016). Effect of copper nanoparticles and copper sulphate on me- 
tabolic rate and development of broiler embryos. Anim. Feed Sci. Technol., 220: 151–158.

S c o t t  N.R. (2005). Nanotechnology and animal health. Revue scientifique et technique (International 
Office of Epizootics), 24: 425–432.

S e k h o n  B.S. (2014). Nanotechnology in agri-food production: an overview. Nanotechnol. Sci. Appl., 
7: 31–53.

S h i  L., X u n  W., Yu e  W., Z h a n g  C., R e n  Y., L i u  Q., Wa n g  Q., S h i  L. (2011). Effect of el-
emental nano-selenium on feed digestibility, rumen fermentation, and purine derivatives in sheep. 
Anim. Feed Sci. Technol., 163: 136–142.

S h i  Y.H., X u b  Z.R., F e n g  J.L., Wa n g  C.Z. (2006). Efficacy of modified montmorillonite to reduce 
the toxicity of aflatoxins in chickens. Anim. Feed Sci. Technol., 129: 138–148.

S h i  L.G., Ya n g  R.J., Yu e  W.B., X u n  W.J., Z h a n g  C.X., R e n  Y.S., S h i  L., L e i  F.L. (2010). 
Effect of elemental nano-selenium on semen quality, glutathione peroxidase activity and testis ultra-
structure in male Boer goats. Anim. Reprod. Sci., 118: 248–254.

S i e g r i s t  M., C o u s i n  M.E., K a s t e n h o l z  H., W i e k  A. (2007). Public acceptance of nanotech-
nology foods and food packaging: The influence of affect and trust. Appetite, 49: 459–466.

S i m o n  J.K., E d e l m a n  R. (2006). Clinical evaluation of adjuvants: Immunopotentiators in modern 
vaccines. Schijns V.E.J.C., O’Hagan D.T. (Eds). Academic Press Elsevier. pp. 319–342

S i m o n  L.C., S a b l i o v  C.M., S t o u t  R.W. (2016). Bioavailability of orally delivered alpha-tocoph-
erol by poly (lactic-co-glycolic) acid (PLGA) nanoparticles and chitosan covered PLGA nanopar-
ticles in F344 rats. Nanobiomedicine, 3; DOI: 10.5772/63305.

S w a i n  P.S., R a j e n d r a n  D., R a o  S.B.N., D o m i n i c  G. (2015). Preparation and effects of nano 
mineral particle feeding in livestock: A review. Vet. World, 8: 888–891. http://doi.org/10.14202/
vetworld.2015.

The Scientific Committees on Consumer Safety (2013). Health and environmental risks, emerging and 
newly identified health risks, rules of procedure, 51 pp. http://ec.europa.eu/health/scientific_com-
mittees/docs/rules_procedure_2013_en.pdf 

Wa n g  M.Q., X u  Z.R. (2004). Effect of chromium nanoparticle on growth performance, carcass char-
acteristics, pork quality and tissue chromium in finishing pigs. Asian-Austral. J. Anim. Sci., 17: 
1118–1122. 

Wa n g  M.Q., X u  Z.R., Z h a  L.Y., L i n d e m a n n  M.D. (2007). Effects of chromium nanocomposite 



M.I. El Sabry et al.334

supplementation on blood metabolites, endocrine parameters and immune traits in finishing pigs. 
Anim. Feed Sci. Technol., 139: 69–80.

W i j n h o v e n  S.W.P., W i l l i e  J.G.M., P e i j n e n b u r g  C.A., We r n e r  I., A g n e s  G., E v e - 
l y n  H.W., B o r i s  R., B i s s c h o p s  J., G o s e n s  I., D e  M e e n t  D.V., D e k k e r s  S.,  
W i m  H., D e  J., Va n  Z i j v e r d e n  M., S i p s  A.J.A.M. G e e r t s m a  R.E. (2009). Nanosilver: 
a review of available data and knowledge gaps in human and environmental risk assessment. Nano-
toxicology, 3: 109–138.

X u n  W.J., S h i  L.G., Yu e  W.B., Z h a n g  C.X., R e n  Y.S., L i u  Q. (2012). Effect of high-dose nano-
selenium and selenium-yeast on feed digestibility, rumen fermentation, and purine derivatives in 
sheep. Biol. Trace Elem. Res., 150: 130–136.

Z h a o  F., Z h a o  Y., Wa n g  C. (2008). Activities related to health, environmental and societal aspects 
of nanotechnology in China. J. Cleaner Prod., 16: 1000–1002.

Z h a o  L., S e t h  A., W i b o w o  N., Z h a o  C.X., M i t t e r  N., Yu  C., M i d d e l b e r g  A.P.J. (2014). 
Nanoparticle vaccines. Vaccine, 32: 327–337.

Received: 29 VIII 2017
Accepted: 19 XII 2017


