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ABSTRACT

Nanotechnology (Nano) applications of feed additives can potentially improve feed-substrate effi-
ciency to enhance livestock productivity. The utilization of Nano in feed in ruminants still tends to 
be under-explored and reviewed, particularly the application of Nano in trace minerals to enhance 
the reproductive performance and productivity of ruminants such as selenium. Trace minerals 
are essential for animal well-being and productivity, and the bioavailability of trace minerals is 
influenced by a complex matrix of interacting variables, including the chemical form of the min-
erals used and those found in the diet, the nature of the food ingested, the total composition of 
the diet, and the health and nutrition of the livestock. Nanominerals such as selenium (nano-Se) 
have shown impressive results when used as animal feed supplements in ruminants. Nano-Se can 
significantly boost wellness and immunity, gastrointestinal system function, microbiota homeo-
stasis, metabolism, and reproductive performance in ruminants. This review aims to present the 
current knowledge on the technology of nano-Se in ruminants, ranging from the nanomanufac-
turing procedures of nano-Se, the impact of supplementation on the ruminant digestive system, 
productivity, and reproductive performance in ruminants in some dosages to find the optimized 
dosage to be provided.
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Introduction

Nanotechnology (Nano) is a field of science that is being 
developed in the agriculture sector and has potentially 
new and exciting technologies to drastically alter the live-
stock sector [1]. Initially, Nano in the livestock industry 
was often used only for medical purposes [2–4], but in its 
development, Nano began to be used as a feed additive 
to increase livestock performance [5]. The application of 
Nano in feed additives can potentially improve the effi-
ciency of active substrates and enhance livestock produc-
tivity [6]. Nano in feed additives is an approach (different 
chemical, physical, biological, and hybrid processes) [7,8] 
to fragment the target feed substrate to nanosize (1–1,000 
nm) in a stable formula to expand the substrate surface 
area and potentially improve physicochemical properties 
and catalyst function [9–11], then facilitate absorption in 
the digestive system [12].

The utilization of Nano in ruminant feed remains 
under-explored [13], particularly the application of Nano 
in micro-mineral (trace nanomineral) nutrition to enhance 
the reproductive performance and productivity of rumi-
nants, such as selenium [14,15]. Minerals are vital sub-
tracts in animal productivity and health; ruminant animals 
most often get their mineral intake from supplementation 
of additional feed given by farmers because of the natural 
lack of minerals in the feed [16–18]. Nanominerals such 
as selenium (Nano-Se) [14,19,20] have shown impressive 
results when used as a fodder supplement in small rumi-
nants. However, the number of available review articles was 
still limited. Nanominerals significantly enhance ruminant 
health, immunity, gastrointestinal function, microbiota 
balance, metabolism, and reproductive performance com-
pared to natural forms [21–23]. In addition, nanomateri-
als increase the possibility of increasing the production of 
functional and safe animal products, potentially reducing 
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the use of antibiotics and increasing the concentration 
of minerals (in a more natural form of the substrate) in 
animal products (meat and dairy), which is necessary to 
improve human well-being [11,24–26].

In general, the effect of selenium and nano-Se are 
increasing body weight [27], increasing livestock pro-
ductivity such as increasing yield weight or milk yield 
[14,28–30], increasing feed intake or total digestible nutri-
ent (TDN) [31], increasing assisted reproductive technol-
ogy ART efficiency [32] such as improving fresh or frozen 
semen quality, increasing antioxidant function in livestock 
semen, improving quality of culture media [28,33–36], 
increased pregnancy rates [14,37,38], elevated red blood 
cells [39,40], enhancing the production of protein antibody 
receptors [41], increasing immunity [42–44], anti-micro-
bial [45,46], and others.

A brief overview of the functions of nano-Se is pre-
sented in Figure 1. Scientists have attempted to optimize 
the advantages of implementing Nano by incorporating 
nano-Se into the diet of ruminants and using their benefits 
to enhance animal performance and health and benefits to 
ruminants. Therefore, in this review, we have tried to sum-
marize and conclude the beneficial effects of nano-Se on 
rumen fermentation effects, productivity, and reproduc-
tive performance and their possible use as mineral supple-
ments for different categories of ruminants.

Materials and Methods

Ethical approval

This manuscript constitutes a review paper; therefore, no 
ethical clearance is required.

Methodology of review

This research was conducted using various databases such 
as Web of Science, PubMed, MEDLINE, and Google Scholar. 
Over 1,000 scientific publications were reviewed, and the 
findings from selected research studies (original articles, 
experimental studies) were compared. Emphasis was 
placed on original articles, while more than hundreds of 
review articles were excluded, and 106 articles were suit-
able for this review. Searches were based on phrases such 
as selenium nanomineral, nanomineral manufacturing 
process, Se nanomineral activity in parameters of rumen 
effects, ruminant productivity, and reproductive enhance-
ment. Searches on recommended doses and toxic thresh-
olds were also reviewed in this paper. This review covers 
research findings from 2,000 to 2,023.

Determination and Production of Addition Nano-Se in 
Ruminants

Presently, there is substantial interest in the advance-
ment of nanotechnological procedures and approaches 
that enhance chemical synthesis efficiency. This interest 
arises from numerous benefits, including the preservation 

Figure 1. Beneficial and function on nano selenium in ruminants vaccines. The advantages of nano selenium on ruminant performance. 
Nano selenium has been known to have special functions in maintaining the rumen environment, and increasing livestock productivity, 
and has the potential to create nano minerals that are more environmentally friendly than their original form. 
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of natural resources, easy manufacturing processes, and 
long-lasting positive effects on healthcare and ecosystems 
[47]. In general, minerals like selenium exist in the form of 
inorganic salts, displaying low absorption. Addressing this 
issue, one solution is the production of minerals in nano-
size. Utilizing nanomaterials with an average size ranging 
from 1 to 1,000 nm enhances absorption by widening the 
surface area [48]. The application of nanosized minerals 
has the potential to enhance the bioavailability of each min-
eral through increased cellular uptake, mitigating mineral 
antagonism. This effectiveness depends on the specific fab-
rication process. Nevertheless, it is crucial to consider the 
metabolism of these nanominerals within the animal body 
[1]. Additionally, minerals from inorganic sources have low 
bioavailability. Supplementing them at levels 20–30 times 
the animal’s requirements may lead to environmental con-
tamination. Nanominerals enhance bioavailability due to 
their increased surface area, boosting catalyst efficiency 
and absorption. Encapsulating these nanominerals aims 
to prevent interactions among minerals or other nutri-
ents, averting reduced bioavailability [49]. Nanoparticles 
(Nano) enhance mineral utilization, conserve raw materi-
als, and decrease excreta [50]. However, research on nano-
mineral fabrication in animals is presently limited.

Nanominerals can be synthesized by physical, chemical, 
and biological processes [48]. Physical methods include 
mechanical methods, gas-phase synthesized nanomate-
rials, and physical vapor deposition. Chemical methods 
include the effect of reducing agents in the synthesis of 
Nano, green chemical synthesis, microemulsion methods, 
stability of metal Nano , synthesis of zero-valence iron, and 
stabilization by solvent molecules or ligands. Meanwhile, 

biological methods in nano-synthesis are carried out to 
reduce toxicity; the method generally carried out is the 
production with the help of microorganisms or plant-de-
rived materials through intra or extracellular processes, 
which produce nano-sized biological inorganic materials. 
Nanominerals can also be synthesized using the top-down 
method, a physical method by grinding the metal mechan-
ically, or using the bottom-up method, which depends on 
the wet chemical reduction of mineral salts [51].

Physical synthesis of nano-Se

Nano-Se are synthesized using physical methods primarily 
synthesized using ball milling, laser ablation, and pulsed 
wire discharge. The principle of making nanominerals with 
this method is to physically break mineral compounds into 
nano sizes either by friction, impact, or the use of lasers in 
breaking large compounds into Nano sizes.

Mechanical procedure or ball milling

The milling procedure modifies minerals on the nanoscale 
in multiple ways and has become the easiest method to 
produce nano-Se. In this nanomineral synthesis proce-
dure, various milling tools are among the instruments 
used. Several variables, including milling type, speed, 
temperature, time, atmosphere, and container, determine 
the method [52,53]. The chamber is filled with inert gas, 
physical ball, or air and turned at a high velocity around 
a centerline axis. Then the mineral is pressed towards the 
cylinder and against the cylinder wall. The rotation and 
grinding duration speeds were precisely controlled based 
on the size of the Nano to be synthesized [6]. Ball milling 
nano-Se procedures are presented in Figure 2.

Figure 2. Ball milling nano-Se procedures (adapted by Rane [54]). The manufacture of nano selenium is carried out by putting dry 
selenium into a ball mill machine that moves at high speed so that the mineral will be physically hit and the resulting mineral is in 
nanosize.
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Pulse laser ablation or deposition

Fundamentally laser ablation is devised to produce col-
loidal Nano in various solvents. Nano-Se are prepared in 
a hydrated form to avoid oxidation [56]. The laser pulse 
ablation technique was conducted inside an inert gas vac-
uum-sealed chamber. In this technique, the final product 
is influenced by factors such as laser type, pulse duration, 
and solvent type. Pulse laser ablation or deposition is pre-
sented in Figure 3.

Chemical synthesis of nano-Se

The manufacture of nano-Se can be performed by chem-
ical methods, which provide chemical compounds that 
are either acidic or basic to reduce minerals so that nano-
sized minerals are obtained [48]. Nano-Se can be pro-
duced through a redox reaction of ascorbic acid with a 
Nano -sodium selenite precursor dissolved in a stabilizer 
with a sodium selenite concentration ranging from 0.03 to 
0.012 molarity per liter. Ascorbic acid was then added to 
sodium selenite at a concentration of 1:1 molar-chitosan 
(3% weight) dissolved in a 2% succinic acid solution. 
UV-vis spectrophotometry at wavelengths between 250 
and 280 nm was used to observe the formation of nano-Se. 
The solution was diluted 10 times with distilled water and 
administered every 30 min. Infrared spectroscopy was 
used to observe the interactions between selenium and 
chitosan [57]. The chemical method produced nanomate-
rials is presented in Figure 4.

Biological synthesis of nano-Se

Nano-Se can also be prepared using prokaryotic microor-
ganisms, such as bacteria. Bacteria can be used as agents 
in nanomineral synthesis because they have several advan-
tages, including easy maintenance, extracellular produc-
tion, and short life cycles. The fabrication can use a group of 
Gram-negative bacteria of the genus Serratia isolated from 
the midgut of the insect Stibara sp. However, it can also use 
other bacteria, such as Morganella morganii, Morganella 
psychotolerans, Pseudomonas stutzeri, Streptomyces sp., 
Escherichia coli, and P. stutzeri. In addition, the produc-
tion of nanominerals can also use fungi such as Penicillium 
citrinum., Pseudomonas waksmanii, P. waksmanii, Fusarium 
oxysporum, and the brown algae Bifurcaria bifurcate [58]. 
The green synthesis method produced nanomaterials pre-
sented in Figure 5.

Another new alternative method for biological meth-
ods is using plant extract as a biocatalyst on nanominerals, 
more commonly known as ̀ green synthesis`. Utilizing plant 
extracts such as Aloe barbedensis, Azadirachta indica, and 
Coriandrum sativum [59], to produce nano-Se. Producing 
nano-Se using bio-catalyst such as Bougainvillea spectabi-
lis, Withania somnifera, Trigonella foenum-graecum, and 
others [60–62]. The principle of this method is utilizing 
plant secondary metabolites and phytochemicals such as 
phenols and flavonoids to break minerals. It also prevents 
the agglomeration and deformation of nanominerals and 
allows the adsorption of phytochemicals on the surface of 

Figure 3. Pulse laser ablation or deposition (adapted from Koyuncu [55]). The fabrication of selenium nano using a laser occurs by 
placing the selenium mineral under the focusing lens so that the laser will be focused on one firing spot and the nano-fine grains will 
scatter towards the outside of the target mineral.
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the nano substrate, which enhances the reaction rate of 
nanominerals [64,65].

Each nano-Se synthesis method has advantages and 
disadvantages, and its intended use determines its appli-
cability. Physical methods typically necessitate expensive 

vacuum systems or apparatus to produce Nano. On the 
other hand, biological methods are more environmentally 
friendly due to the absence of corrosive compounds, but 
they require culture medium maintenance. In addition, 
chemical processes are preferred to produce nano-Se 

Figure 4. The chemicals method produced nanomaterials (adapted from Aguilar [63]). The principle of making nano selenium 
chemically is basically by utilizing a low pH solution at a high temperature to rupture mineral bonds so that nanosize is formed, in 
addition, anti-augmentation substain is also added so that nano selenium granules are expected not to reassemble.

Figure 5. The green synthesis method produced nanomaterials (adapted from Jeevanandam [9]). The utilization of phenol in plants 
as a biocatalyst is the main principle in the preparation of nano-Se using the biosynthesis method. The phenol will break down and 
capture selenium at nano size and inhibit nano-Se from recombining by shrouding the nano selenium that has been formed.
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because they produce Nano of uniform size, are less expen-
sive, and take less time [48].

Nano-Se size distribution measurements (validation) and its 
morphological properties

Measurement using a particle size validation tool is 
required to confirm whether the particle size has reached 
nanosize. Testing of nano-Se can be done in various ways, 
including using a particle size analyzer, scanning electron 
microscope, transmission electron microscope (TEM), 
X-ray diffraction patterns, and others. The utilization of 
nanominerals could increase the bioavailability of each 
mineral by increasing cellular uptake and avoiding mineral 
antagonism. However, attention must be paid to its metab-
olism in the ruminant`s body to prevent potential toxicity 
[1]. Previous studies on nano-Se formulations as supple-
ments [65] indicated that the nano-Se produced was in the 
form of a fine powder with a yield concentration of 68%; 
observations under a TEM were spherical in diameter 
between 30 and 80 nm; a zeta potential value of −22.8 mV; 
and a mineral concentration using X-ray dispersive energy 
analysis of 98.57 ± 0.48 as the final product.

Application of Nano-Se Supplementation on Ruminant 
Digestibility and Rumen Fermentation

The efficacy or efficiency of feed supplementation to 
maximize livestock productivity requires consideration 
of the effects of supplementation on rumen activity and 
digestibility rates. The absorption and utilization of nutri-
ents from the feed ingested depend on the level of rumen 
fermentation, which is an exciting mechanism utilized by 
ruminants. Several previous studies have described the 
effect of nano-Se on rumen fermentation activity (Table 1). 
In general, nano-Se supplementation was found to elevate 
feed digestibility in the rumen, enhance the feed conver-
sion rate, and increase total rumen volatile fatty acid (VFA) 
production [29,66,67].

Conventional forms of selenium supplements often 
have low absorption and potentially high toxicity. Then, 
nano-Se represents a method or processing of selenium, 
making it easier to absorb, but the release of active com-
pounds is better controlled, especially in livestock with 
selenium deficiency, which can then be used as a booster 
agent to increase livestock productivity and reproduction 
[19].

In the rumen environment, many enzymatic structures 
and seleno-proteins, such as glutathione peroxidase-1, 
glutathione peroxidase-4, iodothyronine-5-deiodinase, 
and thioredoxin reductase-1, contained selenium as a 
significant component involved in antioxidant activity 
[14,68]. Glutathione S-transferase is known to be involved 
in enzyme activity and protects body tissues from oxida-
tive damage [69]. This mechanism, Se supplementation, 
especially in the form of nano-Se, may also influence the 

microbial activity of ruminal fluid owing to its antioxidant 
properties and modulation of the rumen cell immune sys-
tem [70]. The availability of nano-Se is known to increase 
rumen fermentation activity, feed digestibility [dry matter 
(DM), organic matter, and crude protein], and feed digest-
ibility of processed extracts [29]. According to a previous 
study [71], nano-Se supplementation (20, 40, 60, and 80 
mg nano-Se/kg DM) in wheat straw decreased the total 
amount of gas produced during fermentation along with 
increasing sodium selenite levels. By increasing the enzy-
matic activity of phenylalanine ammonium lyase, selenium 
alters the phenylpropanoid pathway in plant feed metab-
olism [72]. According to some studies, the addition of 
nano-Se increases the number of phenolic compounds in 
plant feed. The results of a study on the impact of nano-Se 
on VFA modification showed that, although it did not affect 
acetic acid formation, nano-Se addition increased the con-
centration of propionic acid and total VFA. Similar studies 
revealed that cattle diets contain a large amount of sodium 
selenite. Over time, they noticed a decrease in the ace-
tate-to-propionate ratio [73,74].

The process of selenium absorption in the digestive 
tract of ruminants and non-ruminants is very different. 
Compared to non-ruminant animals, ruminant animals 
take longer to metabolize Se and tend to have lower Se 
absorption ability. Low selenium absorption in ruminants 
was believed to be caused by the reduction of dietary sele-
nium to insoluble forms, such as elemental selenium or 
selenide in the rumen environment [20]. It is also because 
selenium is predigested by microbes in the rumen and 
reticulum before its sequestration in the abomasum and 
microbial digestion in the small intestine of ruminants so 
that selenium levels are absorbed in smaller amounts [74]. 
Thus, the administration of selenium in the form of nano-
minerals in ruminants is important [72].

High bioavailability on supplementation of nano-Se 
also affected the chemical character of nano-Se itself, espe-
cially production nano-Se using polymers having acidity 
characters (pH 4) that cannot be utilized in the rumen 
environment (pH 6) but are more easily broken down and 
utilized for absorption in the abomasum of the ruminant 
body (62% increase compared to the control) [72,75,76]. 
Other studies explain that increasing the bioavailability 
of nano-Se forms may make them safer and decrease the 
potential for toxicity, thereby reducing the potential for 
damage to livestock organs [77].

The availability of naturally absorbed nano-Se was 
altered by the presence of rumen microorganisms such as 
lactic acid bacteria, Bifidobacteria, and protozoa (ciliates) 
[78]. During the anaerobic respiration process, groups of 
bacteria and archaea use nano-Se as electron acceptors to 
produce nanospheres, which are insoluble forms of Se [71]. 
Another study stated that the addition of yeast-nano-Se also 
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enhanced dominant bacterial phyla such as Bacteroidetes, 
Firmicutes, Fibrobacteres, Euryachaeota, Actinobacteria, 
Proteobacteria, Spirochaetes, and so on, resulting in 
increased VFA production [79]. Increased rumen micro-
bia due to increased propionate rumen production, which 
enhanced the rate of utilization intake of Se by rumen 

microbiota; this mechanism also decreased methane pro-
duction and acetate production, so the pH rumen did not 
decrease rapidly [81]. Overall addition of nano-Se tends to 
increase the activity and number of rumen microbes, which 
could then increase the production of total VFA, especially 
propionate, which will then cause a direct decrease in 

Table 1.  Effect of nano-Se supplementation on rumen fermentation activity.

Treatment/element
Dosage/

treatment
Livestock Effect Reference

Bionano-Se 25 and 50 ppm Cattle (ongole cross) The pH level was unaffected by the BioNano-Se treatment 
dosage.
The overall gas values and a+b are not significantly affected by 
the dose of BioNano-Se.

[67]

Bionano-Se 25 and 50 ppm Cattle (ongole cross) The pH level was unaffected by the BioNano-Se treatment 
dosage.
The overall gas values and a+b are not significantly affected by 
the dose of BioNano-Se.

[67]

Nano-Se 0, 1.5, 3, and 4.5 
ppm

Cattle The level of nano selenium additives does not affect the pH of 
the rumen fluid.
The higher level of nano-selenium additives can increase the 
digestibility of dry matter in vitro.
Total gas and CH4 production decreased with increasing nano-
selenium levels.
The addition of nano-Se did not affect total VFA or partial VFA.

[66]

Nano-Selenium 0, 0.1, 0.3, and 
0.5 mg/Kg of DM

Dairy cow The addition of Se linearly increased total VFA concentrations 
(p < 0.05) and the molar ratios of propionate and butyrate 
(p < 0.01), but also decreased rumen pH (p < 0.05), NH3-N 
concentration, and the acetate to propionate ratio (p < 0.01). In 
comparison to the treatment control group, the treatment 0.3 
group had greater levels of propionate (p < 0.05). Acetate-to-
propionate ratio and NH3-N concentration tended to be lower 
in the 0.3 group compared to the control group (p < 0.10).
Se supplementation quadratically improved the digestibility 
of DM, OM, CP, NDF, and ADF and linearly increased the 
absorption of total Se (p < 0.05).

[80]

Nano-Se 4 gm/kg DM Sheep Increased propionate acid, total volatile fatty acids, reduced 
ammonia nitrogen, improved dry matter, and neutral detergent 
fiber digestibility

[29]

Nano-Se 0, 0.3, 3, and 6 
gm/sheep/day

Sheep • � As compared to the control and 6 g of Se treatments, the 
digestibility of DM, organic matter (OM), crude protein (CP), 
ether extract (EE), NDF, and ADF was higher for the 0.3 and 3 
of Se treatments.

• � With increasing nano-Se supplementation, mean ruminal 
pH and ammonia N concentration quadratically decreased. 
Acetate and butyrate‘s molar proportions were unaffected, 
but propionate‘s grew linearly with increasing nano-Se 
supplementation. The ratio of acetate to propionate 
therefore decreased linearly and quadratically. The amount 
of total ruminal VFA rose quadratically and linearly with 
increasing nano-Se supplementation.

[28]

Nano-Se yeast 2.4–4.8 mg/kg 
DM feed

Guizho goat Increased microbe population
Increased VFA yield

[79]
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methane gas and cause an increase in ruminant energy 
reserves to improve livestock performance but reduce the 
potential for greenhouse gas production [74,79].

High bioavailability on nano-Se is possible because 
digestive mucosa is a possible passageway for nano-Se, 
which might penetrate via either paracellularly (i.e., neigh-
boring cells) or transcellularly (between cells) pathways. 
The firm connections (pore diameter between 0.3 and 1.0 
mm) among tissue cells and the small region between cells 
(paracellular at physiological conditions) inhibit the first 
route. Transcytosis, the process by which nano-Se are trans-
ported across cell membranes, begins with endocytosis at 
the cell’s apical membrane. Once within the cell, nano-Se 
are taken to the basolateral pole for release [46,76], where 
they can do their damage. In contrast to the natural form, 
which is poorly absorbed by cells due to its huge particle 
size, Nano are rapidly absorbed because they can pene-
trate through the stomach wall and diffuse into the body’s 
cells at a much faster rate. With a far higher surface area to 
volume ratio and more extensive contact with mucosal tis-
sues and cells than the original form. The amount of time 
that nanominerals spend in the Gastro intestine tract is 
proportional to how well they are absorbed into the muco-
sal surface [1].

Application of Nano-Se Supplementation to Ruminant 
Productivity

For the use of nanominerals in ruminants, it is necessary 
to consider the results of the structural form of the nano-
mineral, to improve feed and food-derived quality from 
animals, or to otherwise enhance ruminants’ production 
and health [13]. Trace mineral nanomaterials have already 
shown impressive results when used as animal feed sup-
plements in ruminants such as selenium [1,14,76,82]. A 
brief review was conducted with the literature study pre-
sented in Table 2.

Nano-Se has functional characteristics and is essential 
in ruminant livestock production systems, especially in 
the feed digestibility system [29]. The impact of nano-Se 
supplementation in the digestive tract, as antioxidant and 
antibacterial [56], can enhance the immune system in the 
livestock body [83], which in turn could affect productivity 
both in terms of growth and reproduction [84]. In rumi-
nant production, the functions of nano-Se are increasing 
body weight [85], increasing livestock productivity such 
as increasing yield weight or milk yield [14,28–30], and 
increasing feed intake and TDN [31,86]. Also, nano-Se 
supplementation in pregnant sows was able to increase 
superoxide dismutase, catalase, and superoxide dismutase 
in serum and liver while also increasing the activity of 
Immunoglobulin A and Immunoglobulin B in serum and 
liver to increase antioxidants and immunity due to intra-
uterine growth retardation causing death in newborn pig-
lets or reduced piglet mortality [87], which is expected to 
have the same function in ruminants.

Based on the previous research, it was demonstrated 
that there was a difference in basal feed consumption in 
the presence of nano-Se supplementation, increasing feed 
consumption in non- and supplemented nano-Se by 200 
gm/day in goats [28]. However, different types of nano-Se 
supplementation did not influence the consumption in 
these groups of goats. In the grower phase (90–180 days of 
age), where goats are in weaning condition, they are highly 
dependent on feed consumption to optimize their produc-
tivity, especially on growth rate. The higher the feed con-
sumption, the better and faster the potential growth rate. 
This is evident from the final weaning weight (180 days), 
which is also in line with the level of feed consumption 
in the treatment group. Another study determined that 
there was a significant difference (p < 0.05) in the control 
group with the nano-Se supplementation group by 3–4 kg. 
However, different nano-Se consumption did not affect the 

Table 2.  Effect of nano-selenium supplementation on ruminant productivity.

Element
Dosage/

treatment
Livestock Effects References

Nano-Se Taihang black 
ram

Addition 0.32 mg/kg 
DM nano-Se
Addition Se-Yeast 0.03 
mg/kg DM
Addition nano-Se 
0.034 mg/kg DM

There is a significant increase in blood and serum Se content 
per 90 days
Significant increase in ADG
Control 49,90 gm/hari
Se 75,34 gm/hari
Se-yeast 85,66 gm/hari
Nano-Se 84,67 gm/hari

[28]

Nano-Se-Yeast Italian Apennine 
ram

0.03–0.045 mg/kg 
DM

Enhanced ADG 163.6–173.4 gm/day
Increased Se contain in meat (L. dorsi) 0.66%–0.84%

[88]

Nano-Se-Yeast Corriedale ram 0.035–0.35 ppm Enhanced final body weight 26.6% [89]

Nano-Se Taihanng black 
goat

0.1–1 mg/kg DM feed 
basa;

Enhanced ADG 86–94.5g/day [90]
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final weight in the goat group, the difference in nano-Se 
supplementation was not significantly different in final 
weight. Thus, in terms of average daily gain (ADG), there 
was also a significant difference between the control group 
and the Se supplementation group (p < 0.05) by 25–35 gm/
day, and Se-Yeast and Se-Nano supplementation resulted in 
higher ADG (p < 0.05) than regular Se supplementation SS, 
by 10 gm/day.

The results of research by Shi et al [28] showed that 
Se-nano is very effective and has great potential in efforts 
to increase goat productivity in the grower phase, namely 
accelerating the growth rate. Nano-Se supplementation 
with basic or yeast in different levels did not have a sig-
nificant effect on the production parameters of male and 
female Italian Apennine sheep, including ADG, slaughter 
weight, carcass weight, carcass percentage, and meat qual-
ity. However, the results of the selenium content test in 
meat showed a real and significant difference (p < 0.05), 
in the control group with nano-Se supplementation of 
10%–50%, and also between the forms of Se supplemen-
tation significantly different (p < 0.05) by 20%. Regular 
nano-Se supplementation compared to Se yeast signifi-
cantly reduced (p < 0.05) the concentration of fatty acids 
(ΣFAs) in meat fat (Longissimus muscle) from 14.3 to 9.3 
mg/g [89]. Thus, Se-yeast supplementation can improve 
lamb meat quality by increasing its nutritional value. In 
addition to being caused by the ability as an antioxidant, 
the increase in ruminant productivity in the addition of 
nano-Se is also facilitated by the function of selenium in 
insulin growth factor-1 metabolism, which is very influen-
tial in cell proliferation and growth factor ability and plays 
a role in insulin metabolism in the liver [91].

A recommended dietary intake of selenium for cattle 
has been estimated at 100 μg/kg DM for beef cattle and 

300 μg/kg DM for dairy cattle. For calves, the daily sele-
nium requirement is set at 100 μg/kg DM [92]. In contrast, 
the addition of selenium, both organic and inorganic, at 
a concentration of 0.3 mg/kg in feed mixtures for sheep 
and lambs has been shown to have a positive impact on 
the metabolism and immune function of lambs without 
adverse effects [93]. In addition, a selenium level of 0.4 
mg/kg DM is considered suitable for the early growth and 
development of Tibetan lambs [94].

Application of Nano-Se Supplementation to Ruminant 
Reproduction

Selenium (Se) is an essential trace mineral that plays an 
important role in reproduction and overall health, is neces-
sary for growth and fertility in animals, and is also for the 
prevention of a variety of disease conditions [95]. Many 
studies have shown that mineral nutrition has an import-
ant role in ruminants’ reproductive performance, and the 
relationship between nutrition and physiology has played 
a key role in recent years [96]. Trace element deficiencies 
in the diet have been reported to alter various aspects of 
ruminants’ reproductive physiology [97]. In recent years, 
the use of Nano has begun to dominate all scientific fields, 
including livestock reproduction, and facilitates special-
ized improvements in this regard while offering many 
innovative interventions, including the use of feed miner-
als in the improvement of livestock reproductive perfor-
mance [1]. Several previous studies have described the 
effect of nano-Se supplementation on ruminant reproduc-
tion (Table 3).

Se is involved in several important biological processes, 
including reproduction, circulation, hormone production, 
and the generation of thyroxine and thyroid hormone. Se 

Table 3.  Effect of nano selenium supplementation on ruminant reproduction. 

Element
Dosage/

treatment
Livestock Effects References

Nano-Se 0,1–0,2 mg/kg 
oral

Romanov crossbred 
ewes

Pregnant survival litter size 100% in comparison with control 
group.

[98]

Nano-Se 0.6 mg/kg/day Khalkhali goats There was a significant difference between the groups in serum 
IgG concentration, colostrum IgG, and blood IgG concentration 
of kids (p < 0.05)

[14]

Nano-Se 0.3 mg/kg DM 
intake

Goats Increased Se in testes Increased GPx and ATPase activities 
Lower abnormality ejaculate

[28]

Nano-Se 0.2 mg/kg oral Ossimi ewes had higher (p < 0.01) period in estrus (estrus duration) and 
it took a shorter (p < 0.01) period to come into estrus than 
control group in the first service and post-partum after the 
intra vaginal sponges withdrawn. the estrus signs had more (p < 
0.05) intense in the ewes treated with organic selenium (69%) 
and nano- selenium (57%) than control group (41%). While

[99]
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also passes through the placenta and milk from mother to 
fetus; therefore, the Se status of a female immediately influ-
ences the health and survival of animal offspring [14,100–
102]. According to previous research, a marginal lack of 
selenium can result in reduced fertility, silent heat, cystic 
ovaries, and the birth of sick/unhealthy offspring (kids/
lambs/calf) with inadequate immunity as a result of the 
enhancement of immunoglobin G (IgG) pathways [103]. 
Studies on reproductive performance indicated that inject-
ing ewes with selenium for a total of 8 weeks (4 weeks 
before parturition and then again during the final 4 weeks 
of gestation) resulted in a 32% increase in the percentage 
of lambs born when compared to the percentage of lambs 
born to controls [104]. When ewes were given one sele-
nium injection before the time of mating, a previous study 
reported a rise in the number of ewes that were in heat, as 
well as increased pregnancy rates, lambing rates, and twin 
rates. This was the case even though the ewes had not been 
exposed to any further selenium [105].

Nano-Se has begun to be explored in ruminants due to 
its high bioavailability, high catalytic effectiveness, high 
absorption capacity, and low toxicity. This is in comparison 
to the basic form of selenium, which has a low level of bio-
availability. Nano-Se have been utilized in many different 
investigations as anti-reactive oxygen species (ROS) agents 
to protect against oxidative damage [34]. According to 
previous research, the balance of ROS and antioxidants in 
female mammalian species is known to affect endometrial 
changes in different luteal phases, folliculogenesis, ovu-
lation, fertilization, placenta growth, embryogenesis, and 
implantation. This mechanism is expected to affect endo-
metrial changes in different luteal phases. In its activity as 
an antioxidant precursor, nano-Se will preclude damage 
from free radicals by protecting the cell nucleus (deoxyri-
bonucleic acid) from oxidative reactions, lowering the con-
centration of thiobarbituric acid reactive substances (an 
indicator of oxidative stress), reducing the potential tox-
icity of oxidative NADPH enzyme activation, and increas-
ing GPx production in the cell [91]. Some studies retriever 
that supplementation of nano-Se significantly increased 
both follicles and corpus luteum size and number which 
was caused by the follicle stimulating hormone stimulate 
mechanism after the addition of nano-Se which is repre-
sentative of the higher reproductive hormones rather than 
the control. Estrus responses and fertility rate then kid-
ding rate also increased by ewes feeding nano-Se; this is 
likely to occur by antioxidant activity from nano-Se, which 
stimulated GPx to detoxify extracellular radicals.

In another study, male ruminants fed nano-Se 0.3 mg/
kg DM for 12 weeks from the time of weaning to the time 
of puberty exhibited a significantly elevated selenium level 
in the testes, as well as GPx and adenosine triphosphate 
(ATP) ase activities in the ejaculate when compared with 

the control group. This was true even though the amount 
of nano-Se consumed was the same. The addition of sele-
nium did not change the ejaculate quality (volume, density, 
motility, or pH), but the percentage of aberrant spermato-
zoa in the control goat group was much higher than that 
in the nano-Se group. This difference was statistically sig-
nificant. TEM was used to discover that selenium-deficient 
goats had damaged sperm plasma membranes, as well as 
anomalies in the mitochondrial centers of their spermato-
zoa. Another finding stated administration of nano-Se on 
ram or buck feed could increase semen motility and intact 
membrane cells and reduce declined acromose integrity 
compared with control. This phenomenon is due to anti-
oxidant activity in nano-Se such as the GPx enzyme, which 
counters well ROS production in sperm cells [106].

Conclusion

In conclusion, the utility of using Nano in ruminant feed 
production shows a good trend and development, espe-
cially the utilization as a feed supplementation in addition 
to maximizing the bioavailability of these trace essential 
minerals. Fabrication and application of nanominerals in 
the form of Se as an effort to increase the productivity of 
ruminants have been widely carried out; the newest and 
safest was by using a biological method that produces 
nanominerals by employing plant extract as a biocatalyzer 
and prevents any reunification both in nano-Se. The addi-
tion of nano-Se in a certain level not only still maintains the 
rumen environment but also could create excellent rumen 
conditions, which then resulted in increasing VFA produc-
tion and elevated ruminant production in general. Also, the 
addition of nano-Se increased feed intake and digestibility 
of both DM, organic matter, crude protein, and total digest-
ible nutrients to increase energy reserves for livestock 
growth. It is proven that nano-Se supplementation in feed 
can increase body weight and milk yield in ruminants. In 
reproduction fields, nano-Se plays as an antioxidant agent, 
which is recently known to improve various reproduc-
tive parameters so that it can also improve reproductive 
efficiency in ruminants. The results of this review imply 
that there are wide open opportunities for the potential 
utilization of Nano in the process of supplementing Se in 
ruminant feed more comprehensively with various combi-
nations of fabrication methods, supplementation methods, 
and supplementation levels that are tested in vivo.
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