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Nanoparticles are commonly used in human medicine but their applications in
agriculture, animal nutrition and veterinary medicine are quite new. To meet the
increasing demands on the livestock industry, synthetic antibiotics are the major
substances that are used as growth promoters. However, the use of antibiotics as
feed additives is risky due to cross-resistance among bacterial strains and resi-
dues in tissues of the animals which could be deposited in man after consump-
tion of animal tissues. Thus, the use of most synthetic antibiotics has been
banned in many countries in the world, leading to a reduction in usage and the
search for alternative growth promoters with minimal or no residual effect has
been intense in recent times. Many reports have suggested that nanoparticles
may be good substances for animal growth promotion and antimicrobials be-
cause some nanomaterials can remove toxins and pathogens. They can also be
better absorbed by animals thereby improving their performance and the quality
of products obtained. Nanotechnology has the potential to transform the live-
stock sector because of better bioavailability, small dose rate, and stable interac-
tion of the nanomaterials with other components. Therefore, the use of nanoparti-
cles is a good alternate approach that is safe and cost-effective for the control of
pathogenic microbes and production improvement in livestock. In view of recent
developments, this review was undertaken to discuss issues relating to the use of
nanomaterials in animal feeds.

1. Introduction

noscale [3].
Nanomaterials are defined as materials

Nanotechnology is a new scientific ap-
proach that studies the control of matter on
an atomic and molecular scale [1]. Accord-
ing to Sah et al. [2], Nanotechnology in-
volves developing materials or devices on
the nanometer scale, and helps to use materi-
als and equipment at molecular levels that
are capable of showing both the physical and
chemical properties of a substance. Nano-
technology encompasses synthesis, design,
characterization, and applications of materi-
als, instruments and systems through the ma-
nipulation of shapes and sizes at the na-
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that are smaller than micrometric scales and
exhibit specific properties [4]. The size var-
ies from 1 to 100 nm with a large surface
area that gives unique features to nano-
materials and this property offers enormous
applications in various fields [5]. Nanoparti-
cles are the significant parts of nanotechnol-
ogy that play outstanding functions in
spreading the cutting-edge applications of
this budding field [6]. Nanoparticles have
been used as diagnostic and therapeutic
agents in the human medical field for some
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time but their application in agriculture espe-
cially animal nutrition is still relatively new.

Agriculture is the backbone of several
countries in the world because the majority
of the population is dependent on it for sur-
vival [7]. Therefore, there is a need to use
nanotechnology to improve animal produc-
tion and crop productivity, processing of
foods and thereby reducing food insecurity
[8]. Nanotechnology interventions as applied
to agriculture, especially animal production
fields are very important in developing coun-
tries like Nigeria because in a few years to
come, the livestock sector will face a lot of
challenges with increasing population and
reduced land area. However, these issues can
be overcome by introducing nanotechnology
to improve animal nutrition and productivity.

Nanosensors, nanomaterials, microfluid-
ics, and bioanalytical are nanotechnology
devices that are used to improve various
conditions related to animal health, produc-
tion, reproduction, treatment, and prevention
of diseases [9,10]. Trace minerals in the
form of nanoparticles are effectively used to
fulfill the requirements for minerals in poul-
try diets [11, 12]. Consequent upon better
bioavailability, small dose rate, and stable
interaction with other components [13],
some nanomaterials can serve as antitoxins
and antimicrobials.

For instance, silver nanoparticles exhibit
a strong antimicrobial effect [14, 15, 16].
Also, nano-selenium, nano-chromium and
nano-zinc improve the livestock’s perfor-
mance, their healthiness, and the quality of
products obtained from them [17]. Howev-
er, the use of antibiotics at low levels in ani-
mal production is a common practice to im-
prove feed efficiency, improve growth per-
formance, prevent some specific pathogenic
microorganisms, and increase some useful
microorganisms in intestinal microflora [18,
19].

The use of antibiotics has been banned in
some countries because of the potential de-
velopment of antibiotic-resistant bacteria and
their residues in animal products. According
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to Vinus [20], the routine use of antibiotics
in animal production systems can leave a
residue in the products that reach the final
consumer, although there is a variable with-
drawal period before the products of treated
animals can be placed into the market, but
this period is not always valued. However,
with the use of nanotechnology, the amount
of antibiotics used can be greatly reduced.

Nutritionists are therefore exploring al-
ternatives such as medicinal plants, probiot-
ics, prebiotics and organic acids as substi-
tutes for antibiotics. Additives from nano-
technology in animal nutrition are potential-
ly enhancing the production [21]. The use of
nanoparticles is a good alternate and effec-
tive approach that is safe and cost-effective
for the control of pathogenic microbes and
production improvement in livestock [22].

Nanotechnology can make livestock pro-
duction cost-effective [23]. Nanoparticle in-
corporation in animal nutrition studies great-
ly enhances the efficiency of growth and
production [24]. There is increased aware-
ness of the application of nanotechnology
with the use of various compounds in diets
(such as sodium oxide, magnesium oxide,
aluminum oxide, silicon oxide, potassium
oxide, calcium oxide, tin oxide and iron ox-
ide) as supplemental sources of trace miner-
als [25].

Nanoform supplementation increases the
surface area leading to increased absorption
and utilization of minerals with a reduction
in the quantity of supplements and ultimately
reduction in feed cost. Nanotechnology ap-
plication in animal nutrition can be used to
achieve several goals which include obtain-
ing information on a nutrient or bioactive
component, its liberation in specific sites of
action, greater availability, maintenance of
adequate levels for longer periods, and
avoiding its degradation [26], which will ul-
timately reduce stress in animal handling.

Minerals are one of the most widely used
supplements in animal nutrition but the form
in which they are presented usually influ-
ences their bioavailability. Ferrous sulphate
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is one of the most bioavailable sources of iron
but can impact a metallic taste in food and
accelerate the oxidation process of fats in ce-
reals making them rancid [27]. The alterna-
tive is ferric phosphate (FePO,) which is
more stable but less available. To solve this
problem, Rohner et al. [28] developed highly
available nanoparticles of ferric phosphate,
demonstrating that at a nanoscale this source
can increase its nutritional value without im-
pacting any metallic taste in food.

2.1 Poultry

The growing concerns about the potential
contribution of phosphorus in poultry excreta
on the eutrophication of surface waters have
led to increasing pressure to limit the quantity
of excess phosphorus in poultry diets and thus
reduce the fecal output of phosphorus. Miner-
al nanoparticles will help to reduce the excre-
tion of unutilized minerals minimizing envi-
ronmental pollution, especially in large-scale
poultry farming [19].

Tatli et al.,, [30] reported that an in-ovo-
injection of nano-silver during incubation had
shown improved bone mineral concentration
and cell-mediated immunity at the 14™ and
21* day of age, respectively. Also, the im-
mune response was higher in nano-silver-
treated eggs than in the control. In general,
injection of nano-silver, thyme and savory
extracts into eggs during embryonic develop-
ment has great potential to improve the im-
mune activities of broiler chickens without
affecting the embryo and its hatchability [46].

Nano-silver increases levels of blood al-
kaline phosphatase which is associated with
bone formation in chicken [30]. Grodzik and
Sawosz [50] considered the microbial effect
of silver nanoparticles in chicken embryos
and reported that the particles did not affect
embryo development but reduced the number
and size of lymph follicles of the bursa of
Fabricius. In broiler chicken, supplementation
of 1.20 mg/kg Nano-Se showed a wider range
between the optimal and toxic dietary levels
of Nano-Se with efficient retention in the

63

body compared to sodium selenite. Also, ad-
dition of nano-Se to the broiler diet showed
an increase in survival rate, average daily
gain and feed-to-gain ratio with 0.15-1.20
mg/kg Se concentration [51].

In layer chicks, nano-Se of 0.3 mg/kg of
diet was found to have better physiological
effects [52]. Nano zinc supplementation of
0.06 ppm in the basal diet of broiler birds im-
proved immune status and bioavailability
compared to inorganic zinc [53]. Moreover,
different concentrations of ZnO-nano-
particles inhibited the growth of mycotoxic
fungi (A4 spergillus flavus, A. ochraceus and
A. niger), hence the method can be used for
feed treatment to reduce the potential hazards
of mycotoxicosis [54]. The feed conversion
ratio was improved in broiler birds fed with
nano form of calcium phosphate by replacing
up to 50% requirement of dicalcium phos-
phate [55]. Ahmadi et al. [39] conducted an
experiment in which nano-selenium was add-
ed to the feed provided ad [libitum to 180
Ross chicks that were divided into 6 groups
with 10 birds each and 3 replicates of the
group. Supplementation has significantly (P <
0.05) improved weight gain and feed conver-
sion ratio during the entire experiment.

Mahmoud et al. [52] used nanoselenium
supplementation in feeding thirty-six 15-day-
old broiler chicks. Chickens were kept at tem-
peratures of either 22 + 1°C or 35 £ 1°C.
Chickens’ diets were supplemented for 15
days with 0.3 mg/kg of nano-selenium. The
authors reported that high ambient tempera-
ture significantly depressed body weight gain,
feed intake and feed conversion ratio, while
feeding nanoselenium significantly (P < 0.05)
reduced these negative effects of high ambi-
ent temperature; in comparison with the con-
trol group without nanoselenium supplemen-
tation.

Nanosilver as a microbicidal preparation
reduced the number of Escherichia coli,
Streptococcus bacteria, harmful Salmonella
and a total number of mesophilic bacteria in
the litter [14]. Andi et al. [56] reported im-
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Fig. 1: The uses of Nanotechnology in Animal Nutrition

provement in feed intake, weight gain and
feed efficiency of broilers fed nanosilver na-
noparticles due to the influence of ionic silver
on intestinal harmful bacteria and improved
gut health and consequently better nutrient
absorption. However, Loghman et al. [57]
observed that higher levels of nanosilver (8
and 12 ppm) may induce severe lesions in the
broiler’s liver.

2.2 Egg

Salah et al. [32] reported that egg yolk
stored at room temperature for 15 days from
hens receiving nano-selenium has higher ac-
tivity of glutathione peroxidase and lower
malondialdehyde content. The addition of
nano selenium also improved the fatty acid
profile in eggs by reducing the ratio of satu-
rated to unsaturated fatty acids and also it sig-
nificantly decreased the level of total lipids
and total cholesterol, as well as increased the
level of its high-density lipoprotein fraction
in egg yolk and plasma of laying hens.

In a study conducted by Olgun and Yildiz
[33], the effect of different doses of dietary
forms of zinc on egg production efficiency,
egg quality, and bone characteristics in laying
hens was determined. Zinc was given in four
forms; zinc sulphate, zinc oxide in inorganic
form, zinc-glycine in organic form and pow-
der of nano-zinc oxide in various doses (50,
75, and 100 mg/kg of feed). The addition of
zinc-glycine significantly reduced egg mass
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and feed conversion ratio compared with the
zinc sulphate group. Supplementation of nano
-zinc oxide in the amount of 100 mg/kg of
feed significantly reduced the thickness of the
eggshell but had the highest egg mass. This
study also showed that the addition of nano-
zinc adversely affects bone mechanical prop-
erties.

Abedini et al. [34] studied the effect of
zinc oxide (ZnO-NP) nanoparticles on yield,
egg quality, zinc content in tissues, bone pa-
rameters, superoxide dismutase activity, and
malondialdehyde content in laying hens. All
groups receiving zinc oxide nanoparticles
were characterized by a better Haugh index,
higher egg mass, thicker eggshell and higher
content of zinc in the plasma, tibia, liver, pan-
creas, and egg compared with the control
group. Supplementation of zinc oxide also
increased the activity of superoxide dismutase
in the liver, pancreas and plasma of the birds.
However, malondialdehyde content was re-
duced in the eggs of birds receiving the addi-
tion of zinc oxide. Sirirat et al [35] reported
that the use of chromium picolinate nanopar-
ticles significantly improves egg quality, and
increases the accumulation of chromium, cal-
cium, and phosphorus in the liver, yolk and
eggshell in laying birds.

In an experiment conducted on Japanese
quail by Amiri et al. [36], it was revealed that
supplementing the feed with nano-chromium
increases egg weight, yolk mass, dense pro-
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tein height, protein mass, shell thickness, and
the Haugh index. However, it did not increase
the chromium content in the egg and blood of
the birds. Sathyabama et al [37] studied the
effect of different chromium forms and levels
on egg quality, it was revealed that eggs from
chickens receiving the addition of nano-
chromium at 200 ug/kg and organic chromi-
um at 400 ug/kg of feed were characterized
with stronger shell strength than eggs of hens
from the control group and those receiving
chromium in an inorganic form. But other egg
qualities parameters were not affected.

2.3 Meat quality and composition

Meat quality is always on constant rise,
both in terms of its nutritious and organoleptic
properties [58]. Because of this, the livestock
industry is searching for new ways to improve
the overall quality of the meat. One of the re-
cently developed ways is biofortification with
the utilization of nanotechnology which has
shown positive effects on the properties of
meat. Ahmadi et al. [39] reported that breast
and drumstick percentages were significantly
higher (P < 0.05) in chicks with nano-
selenium supplementation than in the control
group. Also, abdominal fat percentage was
significantly (P < 0.05) lower in the nano-
selentum-supplemented group than in the con-
trol. Bakhshalinejad et al. [66] investigated
the effects of sodium selenite, selenium-
enriched yeast, DL-selenomethionine, and
nano-selenium addition to the feed from 0.1 to
0.4 mg/kg Se. In the case of breast muscles,
significant differences were observed in total
superoxide dismutase activity, total antioxi-
dant capacity, and malondialdehyde levels
after comparing nano-selenium with sodium
selenite. Different sources and levels of sele-
nium had no impact on major thigh muscle
composition. Selenium content of thigh mus-
cle was affected by sources of supplemental
selenium and levels (P < 0.001).

Cai et al. [42] investigated the effect of
nano-selenium on performance, meat quality,
immune function, oxidation resistance and
tissue selenium content in broilers. Nano-
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selenium supplementation was used as fol-
lows 0.0, 0.3, 0.5, 1, and 2 mg/kg. No signifi-
cant difference was observed in the meat col-
our. After 42 days, a significant effect of sup-
plementation has been observed on peroxidase
activity in serum, liver, and muscles; free rad-
ical inhibition in serum and liver. It was sug-
gested that the optimal level of supplementa-
tion lies between 0.3 and 0.5 mg/kg of nano-
selenium, and that supplementation should not
exceed 1 mg/kg nano-selenium with the worst
parameters received at 2 mg/kg of selenium
supplementation.

Li et al. [60] conducted an experiment
where three hundred and sixty-day-old Chi-
nese Subei male chickens were randomly allo-
cated into four groups. Chickens in each
group were fed with feed containing 0.3 mg
Se/kg of the following enrichments: sodium
selenite, selenium-enriched yeast, selenome-
thionine, and nano-selenium for 40 days. Die-
tary selenium-enriched yeast, selenomethio-
nine, and nano-selenium supplementation in-
creased the activity of glutathione peroxidase
in serum and breast muscles and decreased the
concentration of malondialdehyde in serum
and carbonyl in breast muscles compared with
the sodium selenite group (P < 0.05). Addi-
tionally, selenomethionine and nano-selenium
supplementation increased pH, total protein
solubility, and myofibrillar protein solubility,
as well as significantly (P < 0.05) decreased
the shear force value compared with the group
enriched with sodium selenite. Chickens in
the selenium-enriched yeast and selenomethi-
onine groups exhibited significantly (P <
0.05) lower cooking loss compared with the
sodium selenite group. In conclusion, nano-
selenium has significantly improved the quali-
ty of chicken meat.

Liu et al [61] examined the effects of corn
-soybean diet supplementation with sodium
selenite, nano-elemental selenium, and en-
riched yeast A and B on 250 chicks that were
divided into 5 groups with 5 replicates each.
The obtained results have shown that there
were no significant (P > 0.05) differences be-
tween each treatment in terms of growth per-
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formance. Selenium-enriched yeast B signifi-
cantly (P < 0.05) increased selenium concen-
tration in the liver and breast muscles in com-
parison with other diets. No significant (P >
0.66) differences were observed in the liver
and breast muscle Se concentrations between
other utilized enrichments. Selim et al [44]
have used 400 one-day-old Arbor Acres
chickens that were allocated in 10 experi-
mental treatments, with 5 sources of Se,
namely, sodium selenite, selenomethionine,
zinc-L-selenomethionine, powder form of
nano-selenium, and liquid form of nano-
selenium; additionally, two levels of supple-
mentation were used, 0.15 and 0.3 ppm.
Feeding was in three phases: 1-10, 11-24,
and 24-50 days. Results of the experiment
showed that selenomethionine, zinc-L-
selenomethionine, nano-selenium powder,
and liquid form of nano-selenium at level
0.30 ppm significantly (P < 0.05) improved
the growth performance, oxidation levels,
carcass abdominal fat %, giblets % and Se
concentrations in both muscles and the liver.
The study concluded that further researches
on Se-based feed enrichments are still need-
ed.

Zhou and Wang [46] conducted an exper-
iment to investigate the effect of feed supple-
mentation with nano-selenium on growth per-
formance, tissue Se distribution, meat quality,
and glutathione peroxidase (GSHPx) activity
in 360 Guangxi Yellow chickens. During the
experiment, 3 treatment groups with 30
chickens in each were used with 3 replicates.
Diets for the control, T1, T2, and T3 groups
consisted of unmodified feed without addition
(0.00) and enriched feeds (0.10, 0.30, and
0.50 mg/kg) of nano-selentum. Groups re-
ceiving  nanoselenium  supplementation
showed higher (P < 0.05) hepatic and muscle
Se contents, drip loss percentage, inosine 5'-
monophosphate content, and GSHPx activi-
ties in the serum and liver in comparison with
the control group. For the T2 and T3 groups,
growth, muscle Se content, breast drip loss,
and GSHPx activities in the serum and liver
were significantly improved (P < 0.05) com-
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pared with the T1 group. No significant dif-
ferences were observed in GSHPx activities
in the serum and liver between the T2 and T3
groups. It was concluded that supplementa-
tion of diet with 0.30 mg/kg of nano-Se was
the most effective in increasing the Se content
of tissues and the quality of the meat.

Liu et al. [40] performed an 8-week feed-
ing trial to investigate the effects of feed en-
richment with sodium selenite, selenium na-
noparticle (nano-Se) and selenium yeast (Se-
yeast). Sodium selenite and selenium nano-
particles were supplemented at 0.2 mg/kg Se,
and selenium yeast (Se-yeast) was supple-
mented at 0.1, 0.2, 0.4, and 0.8 mg/kg in the
basal diet; no Se was added to the control.
The following parameters were analyzed:
growth, selenium status, antioxidant activi-
ties, muscle composition, and meat quality of
blunt snout bream. The results have shown
that groups of 0.2 and 0.4 mg/kg Se-yeast had
significantly (P < 0.05) higher weight gain
and nano-Se 0.2 and 0.4 mg/kg Se-yeast had
significantly lower feed conversation ratio
when compared with the control group.

The Se concentrations of the whole body,
muscle, and liver linearly increased with in-
creasing dietary Se-yeast levels. The group of
0.4 mg/kg Se-yeast significantly increased
activities of catalase and glutathione peroxi-
dase. Muscle colour of nano-Se, 0.2 and 0.4
mg/kg. Se-yeast groups and the water holding
capacity of 0.4 and 0.8 mgkg Se-yeast
groups were significantly better (P < 0.05)
compared with the control group. The authors
concluded that supplementing Se-yeast and
nano-Se in the diet improved the meat quality
of blunt snout bream at 0.2 mg/kg Se.

2.4 Ruminants

Supplementation of nano-selenium at the
rate of 3 ppm in sheep basal diet significantly
decreased the ruminal pH, and ammonia con-
centration and increased total VFA concentra-
tion. Also, there was an improvement in nu-
trient utilization and urinary excretion of pu-
rine derivatives [45]. Similarly, dietary sup-
plementation of nano-selenium in male goats
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Table 1: Application of Nanotechnology in Animal nutrition

Nanoparticle Animal Level of Impact/Effect References
used inclusion
Calcium Laying hen  0.5-1.5g/ Improved eggshell thickness and shell weight [29]
carbonate kg percentage
Silver incubated 7.09- Reduction in the eggshell microbial count with- [30], [31]
egg 18.1nm out affecting the hatchability percentage
Selenium- Layinghen 0.3mg/kg  Increase egg mass [32]
methionine
Zinc oxide Layinghen 100mg/kg  Increase egg mass but reduce the thickness of [33]
eggshell
Zinc oxide Layinghen  40-120mg/ Better haugh index but above 80mg reduced the [34]
kg egg mass
Chromium Laying hen Improve egg quality, increase the accumulation [35]
picolinate of Cr, Ca and P in the liver, yolk and eggshell
Chromium Japanese 200- Increase egg weight, yolk mass, shell thickness [36]
quail 800ppb and haugh index
Chromium Laying hen 200pg/kg  Thicker shell strength [37]
Calcium car- Layinghen 0.126- No effect on egg weight, feed conversion rate [38§]
bonate 2.015% and haugh index but lower egg production in
group that received 0.126%
Selenium Broiler Improved weight gain, feed conversion rate, in-  [39]
crease breast and drumsticks percentage and
lowered abdominal fat percentage
Selenium Broiler 0.3mg/kg Improved growth performance, oxidation level, [40],[41],[42],
abdominal fat percentage and the meat quality. It [43]
reduced the negative effects of high ambient
temperature.
Zinc Dairy cow  40- Improved milk production [44],[17]
69.6mg/kg
Selenium Sheep 3ppm Improved nutrient utilization, decrease the rumi-  [45],[46]
nal PH and Ammonia concentration
Selenium Goat 0.3ppm Improved weight gain and fertility [47]
Selenium Cow 0.3mg/kg  Improved milk production [47]
Silver Pig 100mg Promote growth and improve health status [14]
Chromium Pig 200mg Improved growth performance, Reduced the [48]

level of glucose and cholesterol in serum

at the rate of 0.3 ppm revealed an increase in
the final body weight and average daily
weight. Whole blood, serum, tissue selenium
concentration and serum antioxidant enzyme
activity were also improved. With respect to
the fertility in male goats, supplementation of
0.3mg/kg of nano-Se (60-80 nm) improved
the testicular microstructure, testicular sper-
matozoa ultramicroscopic structure, testicular
glutathione peroxides activity and semen
quality [46].

Romero-Perez et al [45] assessed the oral
use of in vitro sodium selenite nanoparticles
in ruminants using copolymers of methacry-
late, which yielded positive results on their
performance. Nanostructures have been used
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to develop immunosensors that are capable of
detecting the concentration of progesterone in
cow milk and hence help in the detection of
ovulation in cows [62].

2.5 Milk quality and composition
In developing countries, there has been an
increase in demand for dairy products. This is
because milk is a good source of nutrients,
and its consumption affects the health and
well-being of people. Korczynski et al. [63]
stated that on average, about 88.5% of water,
11.5% of dry matter, 4.7% of lactose, 3.7% of
fat, and 3.7% of protein can be found in
cow’s milk, that is why it is so important to
use preparations with high bioavailability like
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nanominerals that will not alter the milk qual-
ity and composition.

Several studies have been carried out re-
garding the use of nanominerals in ruminant
nutrition to check how nanominerals affect
animal health, digestibility of feed ingredients
and reduction of odours [46, 44]. Rajendran
et al. [17] used nano-zinc in feeding dairy
cows. Their research has shown that the use
of nanomineral reduces the number of somat-
ic cells in cow’s milk with subclinical masti-
tis and also improves milk production com-
pared with conventional sources of zinc.

2.6 Pigs

Silver NPs and Cu-montmorillonite NPs
were used as feed additives to increase the
average daily weight gain of pigs [30, 14].
The administration of copper and zinc as
growth promoters in pigs were reported to
improve animal health status [64, 65]. The
use of nanotechnology permits a specific ad-
ministration of microminerals avoiding their
excessive use, which could lead to toxic ef-
fects for animals, consumers and the environ-
ment [14].

Dietary supplementation of chromium
(Cr) as chromium nanocomposite (CrNano) at
the rate of 200 mg in finishing pigs reduced
serum levels of glucose, urea nitrogen, tri-
glyceride, cholesterol and non-esterified fatty
acid. In contrast, serum levels of total protein,
high-density lipoprotein and lipase activity
were increased. The CrNano also had appre-
ciable effects on carcass characteristics, pork
quality, skeletal muscle mass and increased
tissue chromium concentration in selected
muscles and organs [48].

In piglets, supplementation of nano cop-
per (Cu) at the rate of 50 ppm improved
growth performance, reduced feacal copper
level and significantly improved copper avail-
ability as compared to the conventional cop-
per sulphate (CuSO,). In addition, significant
improvements in the digestibility of crude fat
and energy were observed in pigs under nano
Cu diet. Supplementation of metallic silver
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nanoparticles of 20 and 40 ppm as antimicro-
bial and growth promoters during the transi-
tion phase (5-20 kg weight) of weaned piglets
resulted in Coliform reduction in ileal con-
tents. Besides, the concentration of the patho-
gen Clostridium perfringens or Clostridium
histolyticum group in the ileum was reduced
with 20 ppm silver [30].

3. Conclusion

Nanotechnology is in constant develop-
ment and its applications are both varied and
specific, with a high potential for improving
livestock production, and animal health. Alt-
hough there may be concern about biosafety
and toxicity, immense research is still needed
to support its efficiency, avoiding any harm
to animals, humans and the environment. Fur-
ther investigations are necessary to reassure
the consumer, fill the knowledge gap about
nano-toxicity and at the same time improve
the risk assessment and evaluate their poten-
tial economic advantages, especially in ani-
mal husbandry. However, it can be concluded
that micro and macroelements in the form of
nanoparticles can be better absorbed by ani-
mals, which improves the quality of products
obtained from them and excess mineral com-
ponents can be as dangerous as their deficien-
cy.

Therefore, it should be considered wheth-
er the enrichment of animal products with the
aid of feed supplementation with various lev-
els and forms of minerals will consequently
be safe for human health and life, especially
since no concrete proposal of the optimal lev-
el of nanomaterials used in animal nutrition
has emerged. Also, it should be remembered
that their use does not always bring the in-
tended effect. Sometimes, it turns out that in-
organic and organic forms of minerals are
better absorbed and the use of nanoforms
sometimes negatively affects the production
parameters of farm animals. Therefore, de-
spite many promising results, the study on the
use of nanomaterials should be continued.
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