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Abstract 

Nanotechnology is a promising avenue for innovative research and development, with recent 

applications such as the production of nutrients with enhanced bioavailability. The distinctive 

characteristics of nano metals such as their larger specific surface area, heightened surface 

activity, greater catalytic efficiency and stronger adsorption capabilities result in an enhanced 

bioavailability. Small particles are easily transported through the gastrointestinal tract and can 

be assimilated by the animal organism resulting in higher efficacy compared to larger 

particles. Nanoparticles have the potential to serve as a vehicle for the delivery of medication, 

nutrients, probiotics, supplements, and other substances to the feed of livestock and poultry. 

Iron (Fe) is an essential micronutrient that is indispensable for swine due to its critical 

function in regulating blood hemostasis and hemoglobin levels. Iron deficiency anemia (IDA) 

is a prevalent condition solely observed in swine. The susceptibility of iron deficiency in 

piglets is positively correlated with their size, owing to their increased blood volume and 

hemoglobin utilization capacity. Iron nanoparticles, also known as IONPs, have become a 

powerful tool in a variety of biomedical and environmental contexts. The enhanced surface 

area, surface activity and catalytic efficiency of nano minerals make them a promising option 

for animal mineral feed supplements, even at lower dosages relative to traditional sources. 

The objective of this review is to elucidate the effectiveness of nano iron fortification in 

piglets as a prophylactic measure against anemia. 
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Introduction: 

The nanotechnology field presents a promising avenue for innovative research and 

development, with recent applications including the production of nutrients with enhanced 

bioavailability. The field of nanotechnology pertains to materials that possess unique and 

enhanced physical, chemical, and biological characteristics as a result of their diminutive 

particle size, as stated by Wang (2000). The term "nano mineral particles" pertains to 

particles that possess a size ranging from 1-100 nm, as described by Thulasi et al. (2013) and 

Feng et al. (2009). Nanoparticles of minerals are extensively employed across a range of 

industries, encompassing agriculture, animal husbandry, and food production. The nano 

minerals exhibited noteworthy impacts even at lower dosages compared to traditional mineral 

sources. The nano minerals exhibit greater growth-promoting, immuno-modulatory, and 

antibacterial properties compared to their conventional counterparts. In addition, nano 

minerals are utilized to improve the reproductive performance of livestock and poultry. 

According to Sindhura et al. (2014) nano-sized particles exhibit greater potential than their 

conventional counterparts, resulting in a reduction in the required quantity. The potential of 

nano minerals to enhance bioavailability has been attributed to their increased surface area, 

heightened surface activity, superior catalytic efficiency, and enhanced adsorption 

capabilities. This finding has been documented in several studies, including those conducted 

by Chaudhry and Castle (2011), Albanese et al. (2012) and Rajendran et al. (2013). The 

fundamental characteristics of nano metals are primarily dictated by their dimensions, 

geometry, chemical makeup, crystal lattice arrangement, and physical form, as documented 

in various studies (Dickson et al., 2000; Zhang et al., 2001; Sheikh et al., 2016). The 

aforementioned particles exhibit stability even when subjected to elevated temperature and 

pressure. Furthermore, they can be readily transported through the gastrointestinal tract and 

assimilated by the animal organism, rendering them more efficacious than their larger 

counterparts. The particle size of nano minerals has a significant impact on their functional 

activities, including chemical, catalytic, and biological effects. According to previous studies 

conducted by Chithrani and Chan (2007), Zha et al. (2008), and Liao et al. (2010), it has been 

observed that nanoparticles exhibit unique properties in terms of transportation and 

absorption, and are capable of penetrating deeper into tissues. Additionally, nanoparticles 

have the capability to migrate through the lymphatic system and accumulate within the liver 
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and spleen. The aim of this current review is to shed light on the effectacy of nano minerals 

in piglets to prevent anaemia. 

The characteristics of nanoparticles:  

A nanoparticle is operationally defined as a particle with a diameter of less than 100 

nanometers (nm). The term "nano" originates from the Latin word "nanus," which translates 

to "dwarf." According to Buzea et al. (2004), the properties of nanoparticles exhibit 

significant differences in comparison to those present at a larger scale including physical, 

chemical, electrical, optical, mechanical, and magnetic properties. Nanoparticles exhibit 

distinct characteristics, primarily attributable to the following factors:  

1. The stability of nanoparticles is comparatively lower than that of larger structures due to 

the reduced energy required for the bonding of adjacent atoms, leading to a change in the 

fusion point of the element (Hagan, 1996).   

 2. Quantum nanostructures exhibit behavior analogous to that of individual atoms due to 

quantum effects. The spatial configuration of nano particles enables them to exhibit 

characteristics that are not inherent to the constituent element. For instance, metals like gold 

or platinum can display magnetic properties in their nano form.   

 3. According to Buzea et al. (2007), the rate of a reaction can be increased by breaking a 

material into smaller particles, which leads to a significant increase in its surface area. 

The mechanisms by which nanoparticles exert their effects. 

Chen et al. (2006) delineated the discrete mechanisms of action demonstrated by 

nanoparticles as follows: Nanoparticles exhibit a proclivity to increase their surface area, 

thereby amplifying their interaction with biological substrates. Prolonged the retention time 

of the compound in the gastrointestinal tract for better absorption. Reduce the effects of 

gastrointestinal clearance mechanisms. The presence of fine capillaries enables the efficient 

and thorough infiltration of tissues. The cross-sectional fenestration of the epithelial lining. 

Enhance cellular uptake to achieve maximum efficacy. The effective delivery of bioactive 

molecules to targeted locations, leading to enhanced pharmacokinetics. 

The process of nanoparticles being absorbed by the gastrointestinal tract (GIT) involves 

various pathways, such as ingestion and inhalation, as well as oral pathway. The 

physiological processes of nanoparticle absorption, distribution, metabolism and excretion 
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are contingent upon their physicochemical attributes such as their solubility, charge and size. 

Particles with a size smaller than approximately 300 nm are capable of entering the 

bloodstream, whereas particles with a diameter smaller than 100 nm are capable of 

penetrating diverse tissues and organs (Hett, 2004). Ultrafine particles can gain access to 

central nervous system through the inhalation pathway, circumventing the formidable barrier 

of the blood-brain barrier. However, the potential impact of their chemical reactivity with 

other substances on both human health and environment cannot be overlooked. Bio-

functionalized nanoparticles (BN) have gained significant recognition in the field of enteric 

infection treatment as well as in the pre-transport and processing stages as pathogen purging 

agents (Taylor et al., 2004).  

The utilization of conventional and biogenic metallic nanoparticles has gained 

significant global attention in recent years as a potential solution to combat the growing 

concern of antimicrobial resistance, as noted by Hemeg (2017). The unique physical and 

chemical properties of nano materials have yielded promising results, as documented by 

Pelgrift and Friedman (2013) and Beyth et al. (2015). Several studies have recognized the 

antibacterial characteristics of metal nanoparticles as demonstrated by the research (Khurana 

et al. 2016; Sportelli et al. 2016;  and Patra and Baek 2017).  

Intervention of nanotechnology in animal and poultry nutrition  

The utilization of nanotechnology in domain of animal and poultry nourishment has 

been a topic of interest. The application of nanotechnology in the field of animal nutrition 

involves utilization of diverse nanoparticles for purpose of administering medication, 

nutrients and supplements. In contemporary times, the utilization of feed additives, 

specifically trace minerals in the nanoparticle configuration, has emerged as a viable solution 

to meet the mineral requirements of livestock and poultry feed. It is anticipated that 

utilization of nano additives will confer benefits such as enhanced bioavailability, reduced 

dosage requirements, and consistent interaction with other constituents. Owing to their low 

dosage, they can function as a replacement for antibiotics as growth promoter agents, 

eliminate residual antibiotics in animal products and reduce environmental contamination 

(Hett, 2004; Schmidt, 2009). The integration of nano-additives into capsules of natural feed 

constituents, such as proteins, is a feasible strategy. 
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Effect of nano iron supplementation on the performance of piglets: 

Piglet health and nutrition are crucial factors in the swine industry. The early stages of 

a piglet's life are critical for its growth and development, and proper nutrition is essential for 

optimal health. Piglets require a balanced diet that meets their nutritional needs to ensure they 

reach their full potential. However, several factors can affect piglet health, such as disease 

outbreaks, environmental stressors, and inadequate nutrition. Therefore, it is essential to 

provide piglets with a healthy diet.  

Minerals are a vital component in the nutritional requirements of animal production. 

According to Raje et al. (2018), minerals play a crucial role in facilitating the digestive and 

reproductive processes, as well as the growth of animals. Importance of iron supplementation 

is to prevent anaemia and support their growth and development. Iron is a crucial nutrient for 

piglets, as it play a important role in the production of haemoglobin, which carries oxygen 

throughout the body. Without enough iron, piglets can develop anaemia, which can lead to 

poor growth, reduced immunity, and even death. Therefore, supplementing their diet with 

iron is critical to ensure their overall health and well-being. According to Uniyal et al. (2017), 

Iron (Fe) is a crucial trace element that is indispensable for pigs as it plays a vital role in 

maintaining appropriate blood hemostasis and hemoglobin count. Additionally, it serves as a 

constituent of vital antioxidant enzymes, including superoxide dismutase, which mitigates 

peroxide-induced damage in instances of stress (Zhao et al., 2014). The neonatal period is 

characterized by the prevalence of iron deficiency, which is the most frequently occurring 

nutritional disorder in mammals. Iron deficiency anemia (IDA), which is the most severe 

outcome of iron deficiency, is a common occurrence only in pigs (Sus scrofa domestica) 

among mammalian species (Svoboda and Drabek 2005; Kim et al., 2018; Szudzik et al., 

2018). Suckling piglets frequently experience anemia, which can be attributed to inadequate 

Fe transfer from the placenta to the fetus and the insufficient Fe levels present in sow milk, as 

noted by Rincker et al. in 2004. As a result, weaning piglets may experience the lingering 

consequences of iron deficiency that originated during the suckling phase. According to Perri 

et al. (2016), the rapid expansion of contemporary swine farms has resulted in a heightened 

vulnerability of larger piglets to iron deficiency in comparison to their smaller and medium-

sized counterparts. This is attributed to the greater blood volume and hemoglobin utilization 

capacity of the former. During the weaning period, there is a heightened need for dietary iron. 
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However, the absorption efficiency may be reduced due to the unstable intestinal microbiota 

resulting from the transition from milk to solid feed. 

The utilization of ferrous sulfate, an inorganic form of iron, has been extensively 

employed in the dietary regimens of swine. The inorganic type has been observed to exhibit 

reduced absorption or increased variability in bioavailability ratios, depending on the dietary 

source and content of ascorbic acid, pectin, phytate, protein, amino acid, and other mineral 

sources [Feng et al., 2009; Yu et al., 2000]. In order to address the issue of low absorption 

rates, researchers have introduced an organic form of mineral that exhibits higher 

bioavailability. This is due to its lower binding capacity with chelates, as noted in studies 

conducted by Feng et al. (2009) and Shinde et al. (2011). In addition to the intestinal 

interactions between minerals and chelates, the size of particles plays a crucial role in the 

absorption of nutrients through the gastrointestinal mucosa, as noted by Bunglavan et al. 

(2014). According to Desai et al. (1992), the absorption rate can be increased by at least 10 

times when consuming nutrients with a particle size of 100 nm or smaller, as compared to 

larger particles. According to Qiu et al. (2018), the enhanced availability and accessibility of 

particles in the intestinal mucosa is attributed to the reduction in particle size. 

Iron dextran (FeDex) is commonly administered to piglets in the pig industry between 

days 3-6 postpartum to prevent the onset of iron deficiency anemia, as noted by Egeli and 

Framstad (1999). However, this veterinary practice is associated with various adverse effects, 

including sudden cardiovascular collapse and respiratory failure, as reported by Ueberschar in 

1966. Conversely, the ingestion of iron through oral means may be linked to intestinal 

disorders that have the potential to be hazardous, such as diarrhea, abdominal pain, and 

constipation. Iron overdose has been widely recognized as a potential cause of significant 

corrosive lesions in the upper gastrointestinal tract, including mucosal necrosis, ulceration, 

and ischemia, as reported by Bloor et al. (2021). The administration of oral iron supplements 

has the potential to disrupt the equilibrium of the intestinal microbiota, thereby affecting the 

assimilation of various micronutrients, including iron, as well as others (Yilmaz and Li, 

2018).  

According to Raje et al. (2018), the utilization of nano minerals in livestock has been 

found to enhance the bioavailability of minerals, leading to improvements in animal growth, 

production, and health.  Numerous research studies have indicated that the bioavailability of 

materials is considerably enhanced when they are prepared in nanometer size (Thakkar et al., 

2010). It is postulated that the bioavailability of iron can be enhanced through the reduction 



 

7 | P a g e  

 

of iron-containing compounds to nanometer size, akin to the effects observed with zinc 

phosphate-based nanoparticles and zinc supplements (Hilty et al., 2010). Liposomes, which 

are small vesicles surrounded by a lipid bilayer membrane, are frequently employed as drug 

carriers to mitigate systemic toxicity and enhance drug delivery to specific sites within the 

body. This is in conjunction with the use of nanoparticles, as noted by Alavi et al. (2017).  

The effectiveness of supplements in addressing iron deficiency anemia is primarily 

influenced by the bioavailability of the iron they contain, as noted by Lopez and Martos in 

2004. The diminished bioavailability of inorganic iron in neonatal piglets is attributed to the 

absence of iron transporters in the duodenum during the initial stages of neonatal life, as per 

the findings of Lipinski et al. (2010). Rafal et al. (2021) utilized hemoglobin as a dietary 

source of haeme, which is a highly bioavailable organic iron, to effectively counteract the 

onset of iron deficiency anemia in piglets. Iron nano particles (IONPs) have emerged as a 

potent instrument in various biomedical (Krishnan, 2010) and environmental applications 

(Kohler et al., 2019). The literature extensively reports that IONPs have the potential to 

function as drugs and/or gene carriers, in addition to serving as contrast agents or 

hyperthermal mediators in anticancer therapy (Cochran et al., 2013). Nonetheless, the 

efficacy of iron oxide nanoparticles (IONPs) in addressing iron deficiency anemia (IDA) 

remains largely unexplored. The study conducted by Son et al. (2019) revealed that the 

administration of nano minerals resulted in the enhancement of piglet growth, as evidenced 

by a rise in live weight gain and a decrease in feed conversion ratio. The research findings 

indicate that the provision of nano minerals can enhance the immune system, decrease the 

occurrence of diarrhea, and stimulate the growth of pigs, particularly those that have been 

recently weaned.   

Pereira et al. (2015) conducted a study which demonstrates that nanoparticulate iron 

(III) oxo-hydroxide is a viable and secure source of iron for human consumption, given its 

high bioavailability and efficient utilisation by the human body. The authors Churio et al. 

(2019) have provided evidence that the use of iron oxide nanoparticles (IONPs) is more 

effective in treating iron deficiency anaemia in piglets compared to heme and non-heme iron 

micro particulate. This is attributed to the physicochemical properties of IONPs. The 

objective of the research carried out by Wegmuller et al. (2004) was to assess the effects of 

iron pyrophosphate size reduction and encapsulation on haemoglobin retention in rats 

suffering from anaemia. The results of the study indicate that the bioavailability of iron 
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pyrophosphate, which had an average particle size of 2.5 µm, was 43%, whereas that of iron 

pyrophosphate with a particle size of 0.5 µm was 95%, when compared to ferrous sulphate. 

The study conducted by Lee et al. (2019) revealed that the utilisation of Fe nanoparticles via 

the hot melt extrusion method led to a significant elevation in the villus height observed in 

the duodenum and jejunum of piglets. According to Hosseindoust et al. (2017) and Kim et al. 

(2017), the evaluation of intestinal morphology is utilised as a means of gauging an 

organism's capacity to effectively process nutrients. The potential for improved digestive 

capacity of nutrients in weaned piglets can be attributed to an increase in villus height. The 

study conducted by Mazgaj et al. (2021) revealed that the oral administration of iron oxide 

nanoparticles to suckling piglets for a duration of 23 days resulted in a marginal therapeutic 

impact as compared to the administration of Sucrosomial® or FeDexiron. This finding is in 

contrast to previous research and is associated with decreased parameters of piglet growth. 

Whilst the administration of iron oxide nanoparticles (IONPs) appears to be a procedure of 

low toxicity for both piglets and their microbiota, the study's utilisation of a daily dose of 6 

mg of iron does not permit the integration of this compound into supplementation strategies. 

The relatively elevated expense associated with nanoparticle and organic sources has 

limited their utilization in comparison to the more prevalent inorganic source. Not with 

standing the financial aspect, it is imperative to consider the environmental concerns. The 

utilization of highly absorbable Fe is imperative for the promotion of sustainable swine 

industry, as it aids in the reduction of environmental pollution, as noted by JunHyung Lee et 

al in 2019. 

With regard to "Regulations of Nanotechnology" authored by Gopi et al. in 2017 

discusses the regulatory framework surrounding the field of nanotechnology. The utilization 

of nanotechnology in the realm of animal nutrition necessitates particular attention to risk 

assessment, regulatory measures, and oversight. Therefore, a meticulous evaluation of 

potential, technical, societal and policy implications of these nascent applications must be 

conducted promptly. Numerous countries worldwide have accredited regulatory frameworks 

and diverse approaches to guarantee the safety of nano products in agriculture, or food. The 

Food Safety and Standards Act is primary regulatory framework governing food safety in 

India. In October of 2001, the Government initiated a program known as the Nano Science 

and Technology Initiative (NSTI), which was subsequently followed by "Nano Mission" 

program in 2007. Several research activities have been conducted within the framework of 
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this program and only recently have some measures been initiated to tackle risk-related 

concerns. The matter of standardisation continues to be a subject of apprehension, given that 

India has merely embarked upon preliminary measures to tackle standardisation concerns. 

The current state of legislation in the country regarding nano hazards is insufficient, as noted 

by Sharma and Chugh (2009). Additionally, there is a need for additional resources and 

expertise to effectively manage the risks associated with nanotechnology, as highlighted by 

Barpujari (2011). 

Conclusion:  

Nanotechnology provides innovative approaches to augment the growth and productivity of 

livestock. Nanoparticles of minerals have been found to mitigate the antagonistic effects of 

minerals in the intestine, leading to a decrease in excretion and environmental contamination. 

Nano minerals exhibit significant potential as mineral feed supplements for animals, even at 

lower doses compared to conventional sources. This is attributed to their ability to enhance 

bioavailability in biological systems, which is facilitated by their increased surface area, 

surface activity, and catalytic efficiency. The current review suggests that the administration 

of nano iron supplements may enhance the growth, digestive efficiency, and immunity of 

piglets. 

References: 

Alavi, M.; Karimi, N. and Safaei, M. 2017. Application of Various Types of Liposomes in 

Drug Delivery Systems. Adv. Pharm. Bull., 7: 3–9.  

Albanese A, Tang PS and Chan W.C. 2012. The effect of nanoparticle size, shape, and 

surface chemistry on biological systems. Annual Review of Biomedical 

Engineering. 14:1-6.  

Barpujari, I.  2011.  Attenuating  risks  through  regulation: Issues for nanotechnology in 

India. J. Biomed. Nanotechnol., 7: 85-86. 

Beyth N, Houri-Haddad Y, Domb A, Khan W and Hazan R. 2015. Alternative antimicrobial 

approach: nano-antimicrobial materials. Evid Based Complement Altern Med, 

2015: 1-16, doi: 10.1155/2015/246012 

Bloor, S.R., Schutte, R.; Hobson, A.R. Oral Iron Supplementation—Gastrointestinal Side 

Effects and the Impact on the Gut Microbiota. Microbiol. Res. 2021, 12, 33. 



 

10 | P a g e  

 

Bunglavan SJ, Garg AK, Dass RS and Sameer S. 2014. Use of nanoparticles as feed additives 

to improve digestion and absorption in livestock. Livestock Res Int. 2:36-47.  

Buzea C, Pacheco I.I, and Robbie K. 2007. Nanomaterials and nanoparticles: Sources and 

toxicity. Biointerphases. 2(4):17-71.  

Cao G. 2004. Nanostructures & nanomaterials: synthesis, properties & applications. Imperial 

college press, 2004.  

Chaudhry Q and Castle L. 2011. Food applications of nanotechnologies: an overview of 

opportunities and challenges for developing countries. Trends in Food Science & 

Technology. 22(11):595-603.  

Chen, H., Weiss J. and Shahidi, F. 2006. Nanotechnology in nutraceuticals and functional 

foods. Food Technol., 3: 30-36.  

Chithrani BD and Chan WC. 2007. Elucidating the mechanism of cellular uptake and 

removal of protein-coated gold nanoparticles of different sizes and shapes. Nano 

Letters. 7(6):1542-1550.  

Churio, O., Durán, E.; Guzman-Pino, S.A. and Valenzuela, C. 2019. Use of encapsulation 

technology to improve the efficiency of an iron oral supplement to prevent anemia 

in suckling pigs. Animals, 9:1.  

Cochran, D.B.,Wattamwar, P.P., Wydra, R., Hilt, J.Z, Anderson, K.W. Eitel, R.E. and 

Dziubla, T.D. 2013. Suppressing iron oxide nano particle toxicity by vascular 

targeted antioxidant polymer nanoparticles. Biomaterials, 34: 9615–9622.  

Desai MA, Mutlu M, Vadgama P. 1992. A study of macromolec ular diffusion through native 

porcine mucus. Experientia.1:22-6.  

Dickson R.M and Lyon L.A. 2000. Unidirectional plasmon propagation in metallic 

nanowires. The Journal of Physical Chemistry B. 104(26):6095-6098.  

Egeli, A.K. and Framstad, T. 1999. An evaluation of iron-dextran supplementation in piglets 

administered by injection on the first, third or fourth day after birth. Res. Vet. Sci. 

66, 179–184.  

Feng J, Ma W.Q, Xu Z.R, He J.X, Wang Y.Z. and Liu J.X. 2009. The effect of iron glycine 

chelate on tissue mineral levels, fecal mineral concentration, and liver antioxidant 

enzyme activity in weanling pigs. Anim Feed Sci Tech.150:106-130.  

Feng M, Wang ZS, Zhou AG and Ai DW. 2009 The effects of different sizes of nanometer 

zinc oxide on the proliferation and cell integrity of mice duodenumepithelial cells 

in primary culture. Pakistan Journal of Nutrition. 8(8):1164-1166.  



 

11 | P a g e  

 

Gopi, M.,  Pearlin,B ., Kumar, R.D.,  Shanmathy   M.  and  Prabakar G. 2017. Role of 

Nanoparticles in Animal and Poultry Nutrition: Modes of Action and Applications 

in Formulating Feed Additives and Food Processing. Int. J. Pharmacol., 13 (7): 

724-731, 2017. DOI: 10.3923/ijp.2017.724.731 

Hagan O.D.T. 1996.The intestinal uptake of particles and the implications for drug and 

antigen delivery. Journal of Anatomy.; 189:477-482. 

Hansen SL, Trakooljul N, Liu HC, Moeser AJ and Spears JW. 2009. Iron transporters are 

differentially regulated by dietary iron, and modifications are associated with 

changes in manganese metabolism in young pigs. J Nutr.139:1474-9.  

Hemeg H.A. 2017. Nanomaterials for alternative antibacterial therapy. Int J Nanomedicine, 

12: 8211-8225, doi: 10.2147/IJN.S132163 

Hett, A., 2004. Nanotechnology: Small Matter, Many Unknowns. Swiss Reinsurance Co., 

Zurich, Pages: 55.  

Hilty, F.M.; Arnold, M.; Hilbe, M.; Teleki, A.; Knijnenburg, J.T.N.; Ehrensperger, F.; 

Hurrell, R.F.; Pratsinis, S.E.; Langhans, W. and Zimmermann,M.B. 2010. Iron 

from nano compounds containing iron and zinc is highly bioavailable in rats 

without tissue accumulation. Nat. Nanotechnol. 5, 374–380.  

Hosseindoust AR, Lee SH, Kim JS, Choi YH, Noh HS and Lee JH. 2017. Dietary 

bacteriophages as an alternative for zinc oxide or organic acids to control diarrhoea 

and improve the performance of weanling piglets. Vet Med.;62:53-61.  

JunHyung Lee, Abdolreza Hosseindoust, MinJu Kim, KwangYeol Kim, YoHan Choi1, 

Joseph Moturi, ChangHyun Song, SongYi Lee, HyunJong Cho and ByungJo Chae. 

2019. Effects of hot melt extrusion processed nano-iron on growth performance, 

blood composition, and iron bioavailability in weanling pigs. J. Anim. Sci. 

Technol.61(4):216-224, https://doi.org/10.5187/jast.2019.61.4.216. 

Khurana C, Vala A.K, Andhariya N, Pandey O.P and Chudasama B. 2016. Influence of 

antibiotic adsorption on biocidal activities of silver nanoparticles. IET 

Nanobiotechnol,  10(2): 6974, doi: 10.1049/iet-nbt.2015.0005 

Kim, J.C. Wilcock,P. and Bedford,M.R. 2018. Iron status of piglets and impact of phytase 

superdosing on iron physiology: A review. Anim. Feed Sci. Technol., 235, 8–14.  

Kim J.S, Hosseindoust A, Lee S.H, Choi Y.H, Kim M.J and Lee J.H. 2017. Bacteriophage 

cocktail and multi-strain probiotics in the feed for weanling pigs: effects on 

https://doi.org/10.5187/jast.2019.61.4.216


 

12 | P a g e  

 

intestine morphology and targeted intestinal coliforms and Clostridium. 

Animal.;11:45-53. 

Kohler, J.M., Kluitmann, J. and Knauer, A. 2019. Metal Nano Networks by Potential-

Controlled In Situ Assembling of Gold/Silver Nanoparticles. Chem. Open. 8: 

1369–1374. 

Krishnan, K.M. 2010. Biomedical Nanomagnetics: A Spin Through Possibilities in Imaging, 

Diagnostics, and Therapy. IEEE Trans. Magn., 46, 2523–2558.  

Liao CD, Hung WL, Jan KC, Yeh AI, Ho CT and Hwang LS. 2010. Nano/sub-microsized 

lignan glycosides from sesame meal exhibit higher transport and absorption 

efficiency in Caco-2 cell monolayer. Food Chemistry. 119(3):896-902.  

Lipinski, P.; Starzynski, R.R.; Canonne-Hergaux, F.; Tudek, B.; Olinski, R.; Kowalczyk, P.; 

Dziaman, T.; Thibaudeau, O.; Gralak, M.A. and Smuda, E. 2010. Benefits and 

Risks of Iron Supplementation in Anemic Neonatal Pigs. Am. J. Pathol. 177: 

1233–1243.  

Lopez, M.A.A. and Martos, F.C. 2004. Iron availability: An updated review. Int. J. Food Sci. 

Nutr. 55, 597–606.  

Mazgaj, R., Lipinski, P., Szudzik, M., Jonczy, A., Kopec, Z., Stankiewicz, A.M., Kamyczek, 

M., Swinkels, D., ˙Zelazowska, B. and Starzyn´ski, R.R. 2021. Comparative 

Evaluation of Sucrosomial Iron and Iron Oxide Nanoparticles as Oral Supplements 

in Iron Deficiency Anemia in Piglets. Int. J. Mol. Sci. 22, 9930. https://doi.org/ 

10.3390/ijms22189930. 

Neuberger, T.; Schopf, B.; Hofmann, H.; Hofmann, M. and Von Rechenberg, B. 2005. Super 

paramagnetic nanoparticles for biomedical applications: Possibilities and 

limitations of a new drug delivery system. J. Magn. Magn. Mater., 293: 483–496. 

Patra J.K and Baek K.H. 2017. Antibacterial activity and synergistic antibacterial potential of 

biosynthesized silver nanoparticles against foodborne pathogenic bacteria along 

with its anticandidal and antioxidant effects. Front Microbiol, 8: 167, doi: 

10.3389/fmicb. 2017.00167 

Pelgrift R.Y and Friedman A.J, 2013. Nanotechnology as a therapeutic tool to combat 

microbial resistance. Adv Drug Deliv Rev, 65(13-14): 18031815, doi: 

10.1016/j.addr.2013.07.011 

Pereira, D.I.A.; Aslam, M.F.; Frazer, D.M.; Schmidt, A.; Walton, G.E.; Mccartney, A.L.; 

Gibson, G.R.; Anderson, G.J. and Powell, J.J. 2015. Dietary iron depletion at 



 

13 | P a g e  

 

weaning imprints low microbiome diversity and this is not recovered with oral 

nano Fe(III). Microbiologyopen, 4: 12–27.  

Perri AM, Friendship RM, Harding JCS and OSullivan TL. 2016. An investigation of iron 

deficiency and anemia in piglets and the effect of iron status at weaning on post-

weaning performance. J Swine Health Prod. 24:10-20.  

Qiu K, Durham PG and Anselmo AC. 2018. Inorganic nanoparticles and the microbiome. 

Nano Res. 11:4936-54. 

Raje K., Ojha S., Mishra A., Munde V.K., Rawat C. and Chaudhary S.K. 2018. Impact of 

supplementation of mineral nano particles on growth performance and health status 

of animals: A review. J. Entomol. Zool. Stud..6(3), 1690-1694.  

Rajendran D, Thulasi A, Jash S, Selvaraju S and Rao SB. 2013. Synthesis and application of 

nano minerals in livestock industry. Animal Nutrition and Reproductive 

Physiology (Recent Concepts). Satish Serial Publishing House, Delhi. 2013, 517-

530.  

Rincker M.J, Hill G.M, Link J.E and Rowntree J.E. 2004. Effects of dietary iron 

supplementation on growth performance, hematological status, and whole-body 

mineral concentrations of nursery pigs. J Anim Sci. 2004;82:3189-97.  

Schmidt, C.W. 2009. Nanotechnology-related environment, health and safety research: 

Examining the national strategy. Environ. Health Perspect., 117: 158-161. 

Sharma, K. and Chugh, A. 2009. Legal aspects of nanobiotehnology inventions: An Indian 

perspective. SCRIPTed, Vol. 6.  

Sheikh A.A, Aggarwal A and Aarif O. 2016. Effect of in vitro zinc supplementation on HSPs 

expression and Interleukin 10 production in heat treated peripheral blood 

mononuclear cells of transition Sahiwal and Karan Fries cows. Journal of Thermal 

Biology. 56:68-76.  

Shen, Y.; Tang, H.; Radosz, M.; Van Kirk, E.; Murdoch and W.J. 2008. pH-Responsive 

Nanoparticles for Cancer Drug Delivery. InMethodsin Molecular Biology; Humana 

Press: Totowa, NJ, USA, 437:183–216.   

Shinde P.L, Ingale S.L, Choi J.Y, Kim J.S, Pak S.I and Chae B.J. 2011. Efficiency of 

inorganic and organic iron sources under iron depleted conditions in broilers. Br 

Poult Sci. 52:578-83.  



 

14 | P a g e  

 

Sindhura KS, Prasad TN, Selvam PP and Hussain OM. 2014. Synthesis, characterization and 

evaluation of effect of phytogenic zinc nanoparticles on soil exo-enzymes. Applied 

Nanoscience. 4(7):819-827.  

Son Hoang Nghia, Thinh Nguyen Le Huy, Tram Bui Thi Mai, Cang Diep Trung and Long Le 

Thanh. 2019. Effects of Supplementation of Mineral Nano Particles on Weaned 

Piglet Growth. International journal of Horticulture, Agriculture and Food 

science(IJHAF), 3(2): 37-40. https://dx.doi.org/10.22161/ijhaf.3.2.1                                                                                                                       

ISSN: 2456-8635 

Sportelli M.C, Picca R.A, Ronco R, Bonerba E and Tantillo G. 2016. Investigation of 

industrial polyurethane foams modified with antimicrobial copper nanoparticles. 

Materials, 9(7): 544, doi: 10.3390/ma9070544 

Svoboda, M. and Drabek, J. 2005. Iron deficiency in suckling piglets: Etiology, clinical 

aspects and diagnosis. Folia Vet., 49: 104–111.  

Szudzik, M., Starzynski, R.R., Jonczy, A., Mazgaj, R., Lenartowicz, M. and  Lipinski, P. 

2018. Iron supplementation in suckling piglets: An ostensibly easy therapy of 

neonatal iron deficiency anemia. Pharmaceuticals, 11, 128.  

Taylor, S., L. Qu, A. Kitaygorodskiy, J. Teske, R.A. Latour and Y.P.   Sun,   2004.   

Synthesis   and   characterization   of peptide-functionalized   polymeric   

nanoparticles. Biomacromolecules, 5: 245-248.  

Thakkar, H., Patel, B. and Thakkar, S. 2010. A review on techniques for oral bioavailability 

enhancement of drugs. Int. J. Pharm. Sci. Rev. Res. 4: 203–223.  

Thulasi A, Rajendran D, Jash S, Selvaraju S, Lyju Jose V and Velusamy S. 2013. 

Nanobiotechnology in animal nutrition. In: Sampath, KT, Ghosh J, Bhatta R, 

editors. Satish Serial Publishing House, New Delhi. 2013, 499515.  

Ueberschar, S. 1966. Sudden death in suckling piglets following administration of iron-

dextran-preparation. Dtsch. Tierarztl. Wochenschr., 73: 145–150.  

Uniyal S., Garg A.K., Jadhav S.E., Chaturvedi V.K. and Mohanta R.K., 2017. Comparative 

efficacy of zinc supplementation from different sources on nutrient digestibility, 

hematobiochemistry and anti-oxidant activity in guinea pigs. Livest. Sci. 204, 59-

64.  

Wang C., Zhang L., Su W., Ying Z., He J., Zhang L., Zhong X. and Wang T.. 2017. Zinc 

oxide nanoparticles as a substitute for zinc oxide or colistin sulfate. Effects on 



 

15 | P a g e  

 

growth, serum enzymes, zinc deposition, intestinal morphology and epithelial 

barrier in weaned piglets. PLoS One. 1-14.  

Wang Z.L. 2000. Characterization of Nanophase Material. Wiley-VCH Verlag GmbH, 

Weinheim, 13-14.  

Wegmuller,R., Zimmermann,M.B., Moretti,D., Arnold,M. Langhans,W. and Hurrell, R.F. 

2004. Particle Size Reduction and Encapsulation Affect the Bioavailability of 

Ferric Pyrophosphate in Rats. J. Nutr., 134: 3301–3304.  

Yilmaz, B.; Li, H. Gut Microbiota and Iron: The Crucial Actors in Health and Disease. 

Pharmaceuticals 2018, 11, 98.  

Yu B, Huang W and Chiou PW. 2000. Bioavailability of iron from amino acid complex in 

weanling pigs. Anim Feed Sci Tech.86:39-52.  

Zha LY, Xu ZR, Wang MQ and Gu LY. 2008. Chromium nanoparticle exhibits higher 

absorption efficiency than chromium picolinate and chromium chloride in Caco‐ 2 

cell monolayers. Journal of Animal Physiology and Animal Nutrition. 92(2):131-

140.  

Zhang JS, Gao XY, Zhang LD and Bao Y.P. 2001. Biological effects of a nano red elemental 

selenium. Biofactors. 15(1):27-38.  

Zhao CY, Tan SX, Xiao XY, Qiu XS, Pan JQ and Tang ZX. 2014. Effects of dietary zinc 

oxide nanoparticles on growth performance and antioxidative status in broilers. 

Biological  Trace Element Research. 2014; 160(3):3617.  

 

 

 

 


