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SUMMARY

Demands for higher production and consumer demand for healthier food have
encouraged intensive research for alternative animal growth promoters in recent
years. Research trends are focused on the development of new products enriched
with feed additives to improve animal health and enhancing production. Many of
these compounds are unstable in the presence of light, air, water, or high tempe-
ratures and need to be protected during processing, storage, and application. By
encapsulatied in microparticles, feed additives are protected from harmful external
influences, and their stability and functionality are not diminished.

Microencapsulation technology is used to protect payload and improve bioa-
vailability by controlled and targeted delivery to the digestive tract. It is particu-
larly suitable for the addition of feed additives in ruminant’s nutrition, because the
correct choice of microparticle material allows the release of the feed additives in
the small intestine, and not in the rumen. With proper use, microparticle formulati-
ons are an effective tool in animal nutrition that delivers nutrients and/or drugs to a
specific site at the desired rate.

The paper summarizes laboratory studies on the application of microencapsu-
lation technology in feeding ruminants and monogastric animals. Numerous results
of the application of encapsulated feed additives have shown a positive effect on
animal health, increased productivity without negative effects on the final product,
and environmental protection.
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INTRODUCTION

In the last few decades, there has been expo-
nential population growth globally, accompanied
by increased demands in food production. Sin-
ce the 1960s, global milk production has doubled
while meat production tripled, reaching the amo-
unt of 340 million tons in 2018 (Ritchie, 2019). An
increase of 400 % was also reported in grain produc-

tion (Kopittke et al., 2019). According to Rds et al.,
2017) by 2050, the number of Earth’s population
is estimated to be between 9 and 11 billion. For the
growing population in the world to be qualitatively
and quantitatively supplied with food, it is necessary
to increase production in the agricultural sector by
60 % (Fréna et al., 2019). Apart from producing
enough food for a growing population with a lack of
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rural working population (Alexandratos and Bruin-
sma, 2012), agriculture is facing many other chall-
enges like conservation of plant and animal genetic
resources as the basis of selection (FAO, 2016.),
reduction of environmental pollution and decrea-
se of participation in climate change by applying
sustainable, efficient and environmentally friendly
production methods (Herrero and Thorton, 2013;
FAO, 2016). Livestock breeding, as an exceptionally
important part of agriculture, aims to increase feed
conversion, milk and meat production per animal,
egg production, the earlier achievement of target
weight, reduction of greenhouse gas emissions in
ruminants, etc. (Hume et al., 2011). Mostly, succe-
ss has been achieved through breeding selection
and the formation of adequate breeding programs
(Hume et al., 2011), genetic and genomic advances
(Chowanadisai et al., 2020), alongside precise and
sustainable animal nutrition and feeding (Muck et
al., 2018; Morais et al., 2020).

The demands faced by food production (incre-
ased production efficiency, health promotion, and
prevention of animal diseases by diet, reduction, or
prohibition of chemical additives use) have promp-
ted numerous studies of finding alternative growth
promoters in animal nutrition. Various synthetic
compounds (antibiotics, antiparasitics, coccidi-
ostats, fungicides, or anti-inflammatory drugs) are
used for better animal health and growth. Howe-
ver, certain chemicals that until recently served as
growth promoters have caused additional problems
for humans and animals. This primarily refers to an-
tibiotics and increasing the resistance of pathogenic
organisms, to the non-selective action of antibiotics
in the digestive system of animals and harmful re-
sidues in products for human consumption. Glo-
bally, the use of antibiotics and chemicals in the
diet is increasingly being abandoned (e.g. Europe
completely banned in 2006 (Regulation 1831/2003 /
EC), the USA partially restricted, etc.) and alternati-
ve additives are being used.

The animal feed industry is increasingly focu-
sing on safer and more cost-effective supplements
(phytochemicals, lipids, vitamins, peptides, fatty
acids, antioxidants, minerals, probiotics) that are
important for the metabolic needs of domestic ani-
mals. Phytochemicals are compounds of natural
origin (whole plant or parts, essential oils), contain a
broad-spectrum of bioactive ingredients (antimicro-

bial, antioxidant, antiviral, antifungal, etc.), have
a positive effect on appetite, digestion, and ani-
mal health, and increase production (Syed, 2015;
Upadhaya and Kim, 2017). Phytogenic additives are
proven to be less toxic compared to the syntheti-
cally derived antibiotics and could successfully re-
place the latter as animal growth promoters (Hengl
et al., 2011; Gregacevic et al., 2014).

Most feed additives are chemically unstable
and decompose in the presence of air, light, moistu-
re, and/or high temperatures. Losses in production
and metabolic disorders caused by environmental
factors, reduction of greenhouse emissions in rumi-
nants can be minimized by implementation of tech-
nologies such as encapsulation of feed additives.
Encapsulation protects additives without compro-
mising their stability and functionality. An additional
advantage is the possibility of controlled release and
targeted action, and therefore encapsulation tech-
nology is an important tool for adding feed additives
to food products.

Significant results were achieved by the appli-
cation of the encapsulated ingredients in the agricul-
ture, pharmacy, medicine, veterinary medicine, bio-
technology, textile, and food industry (Vincekovi¢ et
al., 2016, 2017; Ozturk and Temiz, 2018; Fathi et al.,
2019; Juri¢ et al., 2020a, 2020b, 2020c). Therefore,
the application of encapsulation in animal nutrition
to manipulate the rumen microflora, controlled rele-
ase of ingredients in the gastrointestinal tract, and
reduction of digestible energy loss is intensively in-
vestigated. This review aims to summarize current
knowledge on the use and potential application of
feed additives microencapsulation in the feeding of
ruminants and monogastric animals.

MATRIX

CAPSULE

ACTIVE
INGREDIENT

ACTIVE
INGREDIENT

Figure 1 Schematic representation of the basic
classification of matrix particles and capsules

Slika 1. Shematski prikaz osnovne
klasifikacije ¢estica matrice i kapsule
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Encapsulation technology

Encapsulation is a process of incorporating so-
lid, liquid, and gaseous ingredients into particles of
various sizes (Desai and Jin Park, 2005; Ozturk and
Temiz, 2018; Lengyel et al., 2019) to preserve the
functional properties of the encapsulated ingredient.
Particles larger than 5000 um are defined as macro-
particles, 0.2 — 5000 um as microparticles, and par-
ticles smaller than 0.2 um as nanoparticles (Texeira
da Silva et al., 2014). We distinguish two basic types
of encapsulation particles, matrix particles, and
capsules (Figure 1). Matrix particles are systems in
which the active ingredient is uniformly dispersed or
dissolved in the matrix. They can be homogeneous
or heterogeneous, depending on whether the acti-
ve ingredient is in the molecular state (dissolved) or
in the form of particles (suspended) (Shahidi and
Han, 1993). Capsules consist of an inner core that
contains the active substance and is covered with
a polymer layer (membrane). Regarding the shape,
regular and irregular particles can be distinguished
(Vasisht, 2014; Ribeiro et al., 2019), and structurally
and morphologically, the particles can be classified
as mononuclear, polynuclear, microspheres, aggre-
gates, and multilayer particles (Desai and Jin Park,

2005; Jabeen et al., 2017; Ozturk and Temiz, 2018;
Ribeiro et al., 2019; Juri¢ et al., 2020d). Preferably,
particles of spherical shapes and micron dimensi-
ons are prepared and are called microspheres or
microcapsules, and with the encapsulated active
ingredient (payload), microsphere formulations, or
microcapsule formulations.

The choice of material for a particle depends
on the physical and chemical properties of the acti-
ve ingredient, the desired characteristics of the par-
ticle, and its final application (Desai and Jin Park,
2005; Juri¢ et al., 2019). The particle, as a physical
barrier between the active ingredient and the envi-
ronment, must be chemically inert to the payload
(Jabeen et al., 2017) and stable to the action of envi-
ronmental factors (heat, light, moisture, temperatu-
re) (Desai and Jin Park, 2005). Retention within the
particle during storage protects the active ingredient
from oxidation or any other degradation processes,
i.e. stability, strength, and flexibility are maintained
(Jabeen et al., 2017). The basic requirements for
material selection are that: (i) it is permitted for food
production, (ii) it protects the payload from interacti-
on with other food ingredients, (iii) it ensures bioava-
ilability after consumption, (iv) it releases a payload

Table 1 Commonly used biopolymers for encapsulation of payload used in the food industry

Tablica 1. Biopolimeri koji se koriste za proces inkapsulacije sastojaka u prehrambenoj industriji

PROTEINS POLYSACCHARIDES LIPIDS
(PROTEINI) (POLISAHARIDI) (LIPIDI)
animal origin -, animal origin -, microbial origin
. plant origin . plant origin : waxes
(animalnog (biljnog porijekla) (animalnog (biljnog porijekla) (mikrobnog (voskovi)
porijekla) porijekla) porijekla)
* Arabic gum
¢ albumin (guma arabika)
(albumin) « cellulose
* elastin (celuloza)
(elastin) * cyclodextrin * carnauba
* casein ¢ gluten (ciklodekstrin) * alginate (karnauba)
(kazein) (gluten) * chitin * guar gum (alginat) * microcrystalline
* caseinate * soy (hitin) (guar guma) * dextran (mikrokristalni)
(kazeinat) (soja) * chitosan * hemicellulose (dekstran) * paraffin
* collagen * zein (kitozan) (hemiceluloza) | * xanthan gum (parafinski)
(kolagen) (zein) ¢ carrageenan (ksantan guma) | * bees
* whey proteins (karagenan) (pCelinii)
(whey proteini) * pectin
* gelatin (pektin)
(Zelatina) « starch
(Skrob)
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in a controlled manner, and (v) easy application in
industrial production. No material could meet all the
requirements (depending on the application of the
particle) and capsules with two or more shells are
often used.

For example, encapsulation with lipid materials
is suitable for use in animal nutrition. When desi-
gning a microparticle, the active ingredient is incor-
porated into a lipid matrix or prepared in small be-
ads and then coated with a lipid material (Gadeyne
et al., 2017). Lipids protect the particle from rumen
enzymes, and feed additives are released in the
small intestine by the action of intestinal enzymes.

Table 1 lists the most commonly used encap-
sulation materials in food products (proteins, lipids,
and polysaccharides) (Doppalapudi et al., 2014;
Namdeo, 2014; Sobel et al., 2014; Teixeira da Silva
et al., 2014; Rastogi et al. Samyn, 2015; Gadeyne et
al., 2017; Leyva-Gomez et al., 2018).

Besides patrticle properties, physical and che-
mical properties of the payload, the particle effici-
ency also depends on the method of encapsulation.
Methods can be classified into chemical (interfacial
and in situ polymerization), physical (spray drying,
centrifugal extrusion, supercritical — assisted en-
capsulation), and physicochemical (ionic gelation,
spray cooling, coacervation, solvent evaporation)
(Sobel et al., 2014; Texeira da Silva et al., 2014;
Jabeen et al., 2017). The spray encapsulation met-
hod is most often used for food products because
it is flexible, continuous, and economical (Nedovi¢
et al., 2011).

Implementation of encapsulation technology
in pharmacy, medicine, agronomy, biotechnology,
food, textile, and cosmetics industry has demon-
strated significant results so far. Encapsulation pro-
tects the active ingredient from degradation due to
the action of external (water, light, temperature, pH,
metals) and gastrointestinal influences (Desai and
Jin Park, 2005; Sobel et al., 2014; Vasisht, 2014;
Juri¢ et al., 2020a); does not lose functionality, incre-
ases its bioavailability, stability, and extends durabi-
lity (Sobel et al., 2014). At the same time, volatility,
flammability (Sobel et al., 2014), and evaporation
(Ozturk and Temiz, 2018) are reduced and interacti-
on of the active ingredient with other components is
prevented. Besides, undesirable tastes and scents
are masked (Desai and Jin Park, 2005; Sobel et al.,
2014; Ozturk and Temiz, 2018; Fathi et al., 2019).

and liquid components are converted into solids
(Sobel et al., 2014). The most important feature of
encapsulation is its ability of targeted and controlled
release (at a certain time and place) of the encapsu-
lated ingredient. The process of releasing payload
from particles occurs by diffusion, dissolution of co-
ating material, and by the action of osmotic pressu-
re initiated by physical, chemical, or microbiological
stimulants (Lengyel et al., 2019)

Application of microencapsulation in the feeding of
ruminants and monogastric animals

In animal nutrition, there are several objectives
to be achieved by microencapsulation: protection of
sensitive components during the process of feeding
and storage (mixing, pelleting, etc.), prevention of
oxidation of the encapsulated payload and its targe-
ted release in the gastrointestinal tract (Emanuele
and Putnam, 2006, Juri¢ et al., 2020a). Depending
on the encapsulated active ingredient and particle
material, a targeted release may be achieved in the
rumen or small intestine. Hence, to protect the en-
capsulated ingredient from microbial degradation in
the rumen, low pH in the abomasum, and to achieve
its release in the small intestine, the coating materi-
al should meet several conditions: (i) insolubility in
the rumen (pH greater than 6), (ii) insolubility in the
abomasum (pH 1.5 — 2), (iii) resistance to microbial
degradation and (iv) density from 1.2 to 1.7 g/cm?®
(to avoid “swimming” of microparticles at the top of
rumen fluid) (Sahraei Belvedery et al., 2019). One
of the main challenges, which microencapsulati-
on technology in animal nutrition is facing, is the
limitation of particle materials. Due to the enzyma-
tic activity of rumen microorganisms (proteolytic,
cellulolytic, pectinolytic bacteria, protozoa, etc.) a
degradation of particle materials made of proteins
and carbohydrates occurs. Therefore, lipids that un-
dergo degradation in the small intestine are often
used. Combining various coating materials is also
common, e.g. zein or caseinate as an inner coating
material, while the outer coating is made of delayed-
release materials such as Arabic gum and gelatin
(Sahraei Belvedery et al., 2019)

Numerous studies have demonstrated that
urea, as a source of non-protein nitrogen, is used
by microorganisms to synthesize their protein, to
improve exploitation, and reduce toxicity. The aim of
scientific research conducted by de Medeiros et al.
(2018) was to evaluate the efficiency of the release
mechanism in situ from microparticles of different
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carnauba ratio in the shell. The carnauba to urea
ratios in the tested formulations were 2:1, 3:1, and
4:1, respectively. Results of degradation kinetics
showed that increasing the carnauba content of the
shell reduces the release of urea, thereby reducing
toxicity and preventing the occurrence of alkalosis.
Application of honey bee wax in the urea microen-
capsulation process and sheep feeding confirmed
the prevention of ruminal alkalosis by slow release
of urea, and increase in digestibility of neutral de-
tergent fiber (NDF) (hemicellulose, cellulose, lignin)
and acid detergent fiber (ADF) (cellulose and lignin)
(Carvalho et al., 2019). Effective results in the gra-
dual release of urea in vitro, using a combination of
various envelopes, were demonstrated in the study
of Lira-Casas et al. (2018). Two formulations were
developed using an evaporation method. The first
formulation contained 69 % urea and calcium silica-
te, polymer Eudragit RS100® and dichloromethane.
The second formulation contained 71 % urea, acti-
vated coal, Eudragit RS100®, and dichloromethane.
The results of in vitro ruminal fluid release kinetics
were compared with unencapsulated urea which
increased ammonia concentration after 30 min, the-
refore the highest concentration was observed after
6 hours (~11 mg/dl). Both formulations showed an
increase in ammonia concentration (during the first
hour) of 4 mg/dl, and after gradual release, maxi-
mum ammonia concentration was recorded after
12 hours (8 mg/dl). These results suggest that
Eudragit RS100® (a polymer that consists of ethyl
acrylate, methyl methacrylate, and a smaller propor-
tion of methacrylic acid) has proven to be an effective
coating material in a gradual release of urea.

Although microbial proteins are the main sour-
ce of proteins to ruminants, highly productive ani-
mals require much higher quantities to meet their
production needs. The aim of the Neto et al. (2019)
research was to develop microparticles that will pro-
tect methionine from ruminal degradation and thus
enable its absorption in the small intestine of sheep
(bypass amino acids). Two formulations were deve-
loped in which the ratios of carnauba (shell) and the
active ingredient (methionine) were 2:1 and 4:1. The
results were compared with exposure of unencap-
sulated methionine to a rumen environment. The
first formulation (2:1) demonstrated intactness of
methionine in the amount of 91 % (at exposure in
the rumen), and the formulation with a higher car-
nauba content (4:1) resulted in the intactness of
95.8 %. The photos obtained by the SEM micros-

cope confirmed experimental data, therefore the
unencapsulated methionine was completely degra-
ded in the rumen. Significant resistance to microbial
ruminal degradation, under in vitro conditions, was
achieved by Yoshimara et al. (2000). Both formula-
tions were developed by spray drying method and
contained encapsulated L-lysine. Eudragit E100 and
AS-HF, which had been proven effective in previous
studies, were used as coating materials. The first
formulation contained, except the stated, zein and
the second formulation contained shellac. Exposing
the first formulation (with zein) to simulated rumen
conditions (pH 6.5 and temperature of 39 °C) for
48 hours resulted in a reduction of L-lysine content
by 12 %, while a reduction of 17 % was detected
for the second formulation (with shellac). Exposing
both formulations to cellulase solution (substitution
for microorganisms), less than 5 % microparticle de-
gradation was observed. After passing through the
rumen, microparticles were exposed to acidic con-
ditions of the abomasum. 85 % of the encapsulated
L-lysine in a shellac formulation was released during
the first 60 minutes, while 70 % of L-lysine was rele-
ased during the first 30 minutes from the zein formu-
lation. From these studies, it can be concluded that
Eudragit E100, AS-HF, shellac, and zein are effective
microencapsulation materials for protection against
microbial degradation of the rumen.

Looking for a more innovative solution, Yoshi-
mara et al. (1999) developed microparticles by spray
drying method and tested the resistance of selected
coating materials to microbial degradation in the
rumen and release mechanism in the abomasum.
Starch was selected as a model payload and was
encapsulated in a triple coating material (Eudragit
E100, AS-HF (hypromellose - acetate - succinate),
and shellac) and incubated in the presence of ru-
men microorganisms (ruminal fluid) which resulted
in 85 % microparticle resistance. Exposing micro-
particles to acidic conditions in the abomasum, wit-
hin 30 minutes, an effective release of starch (85 %)
was achieved.

Methane emission, as one of the challenges
which livestock production is facing, has a significant
impact on global warming and represents a loss of
2 % to 12 % of gross feed energy (Mamvura et al.,
2014). Wood et al. (2009) state that anthropogenic
sources (including livestock production) contribute to
total global warming of 14 %, while 90 % of this amo-
unt is contributed by ruminants. According to previo-
us studies, the addition of nitrate (encapsulated and
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non-encapsulated), as a source of non-protein nitro-
gen, in case of too low intake of rumen degradable
crude protein significantly decreases methane pro-
duction without symptoms of intoxication (Mamvura
et al., 2014; Silveira et al., 2018; Alemu et al., 2019).
Furthermore, in the study conducted by Silveira et al.
(2018) reduction in methane emission of 0.21 grams
per gram of microencapsulated calcium nitrate in
Saaren goats was detected. The usage of sesame
gum, as an economically and ecologically sustaina-
ble coating material in nitrate microencapsulation,
confirmed a 19 % reduction of methane production
in Hanwoo ox under in vitro conditions (Mamvura
et al., 2014). Moreover, indigestion of encapsulated
and unencapsulated nitrate reduced this emission by
76 % compared to the control group. Although the
difference between microencapsulated and unen-
capsulated nitrate was only 3%, microencapsulation
allows gradual release of nitrate that protects the ani-
mal from intoxication caused by its rapid and total
reduction to ammonia. Furthermore, the decrease in
the total concentration of volatile fatty acids (acetic,
propionic, butyric, and valerian acid) in the rumen
was observed. In addition to nitrate, the potential in
reduction of methane emission had also been shown
by fumaric acid due to the reduction of hydrogen to
succinate and its conversion to propionate. A study
by Wood et al. (2009) showed that microencapsula-
tion of fumaric acid in coconut and palm oil (coating
materials) reduced methane emission by 12 % to
20 % during 24 hours in vitro conditions. Regardle-
ss of coating material (coconut and palm oil), there
was a 45 — 46 % increase in propionate concentra-
tion, feed conversion, and consumption in Dorset
and Suffolk sheep cross-breeds. Secondary plant
metabolites, as alternative antibiotic growth promo-
ters and potential fermentation modulators in the ru-
men, are the subject of interest in ruminant nutrition
because of their binding to proteins of feed, saliva,
enzymes, tissues and microbes resulting in a re-
duction of ruminal protein degradation and metha-
ne emission. Microencapsulating tannins of Acaciae
mearnsii extract in palm oil (coating material) by do-
uble emulsification and using these microparticles
in feeding Merino sheep resulted in 19 % methane
emission reduction (compared to the control group)
(Adejoro et al., 2019).

Microencapsulation of vitamins and minerals
has also been proved effective in feeding pigs.
Vitamin A, essential for growth and reproduction,
is sensitive to heat, light, moisture, and oxygen.

Thereby, its optimal absorption and bioavailability in
the gastrointestinal tract can be achieved by selec-
ting an adequate coating material. The aim of the
Hua et al. (2020.) study was to determine the effect
of encapsulated vitamin A in the microparticles of
gelatin and starch on growth and the immune status
of suckling piglets. In the group fed with microen-
capsulated vitamin A in starch, significantly higher
final weight was observed and higher daily gain
than in the control group and those fed with micro-
encapsulated vitamin A in gelatin. Both formulations
(gelatin and starch) increased IgA and IgM levels.
The most commonly used method of preventing
anemia in suckling piglets is the intermuscular appli-
cation of iron which is not effective enough (Churio
et al., 2018). Studies by Churio et al. (2018) and
Valenzuela et al. (2016) point to microencapsulated
iron in maltodextrin as a possible solution.

The implementation of essential oils in the swi-
ne diet has a positive effect on the growth and di-
gestibility of nutrients (Cho and Kim, 2014). Due to
its sensitivity to temperature, pressure, acidity, and
digestive enzymes, the bioavailability of essential
oils decreases by passing through the gastrointe-
stinal tract (Zhang et al., 2015). Microencapsulation
of carvacrol (the main component of essential oil of
oregano, thyme, pepper, etc.) by extrusion method
into microparticles coated with alginate and whey
proteins and their exposure in the porcine gastroin-
testinal tract resulted in a targeted and gradual rele-
ase of carvacrol in the small intestine (Zhang et al.,
2015). Cho and Kim’s (2014) research also highli-
ghts the positive effect of microencapsulated essen-
tial oils on the daily growth of piglets. Furthermore,
the gradual release of thymol (essential oil) and its
stability was achieved by its microencapsulation in
the lipid matrix (Choi et al., 2019). The authors sta-
ted (in vivo conditions in piglets) that the detected
release of thymol in the stomach is 15.5 % and in the
small intestine 41.85 %.

Stamilla et al. (2020) investigated the effect of
dietary supplementation based on a blend of micro-
encapsulated organic acids (sorbic and citric) and
essential oils (thymol and vanillin) on chicken meat
quality. Commercial microcapsules (AviPlus® P)
manufactured by Vetagro S.p.A. (Reggio Emilia,
ltaly) were used. Results revealed microencapsu-
lated organic acids and essential oils as additives
in poultry feeding could represent a valid dietary
strategy to improve the quality of poultry meat. The
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profile of intramuscular fatty acid was improved,
atherogenic and thrombogenic indices were redu-
ced, and enhanced the oxidative stability of lipids in
cooked meat, with very small changes in the color
of the meat.

CONCLUSIONS

Research trends of alternative growth promo-
ters in animal nutrition are focused on the appli-
cation of feed additives. The main problem in the
application of additives is their chemical instability
in the presence of air, light, moisture and high tem-
peratures leading to degradation and loss of functi-
onality. Encapsulation is a technology that protects
feed additives and produces a stable and effective
product, a microparticle formulation. The advanta-
ges of using microparticle formulations with feed
additives are multiple from preserving the stability
and functionality of the feed additives during proce-
ssing and storage to the possibility of controlled and
targeted delivery to the digestive system of animals.
Formulations of micropatrticles with nitrate, fumaric
acid, or secondary plant metabolites (phytochemi-
cals) have shown great potential in environmental
protection because they reduce methane emissions
in livestock production.

According to the published research, it can be
concluded that microparticle formulations with feed
additives have a positive effect on the health and
growth characteristics of animals, that is, their effec-
tiveness in using them as growth promoters has
been confirmed. Numerous and positive results of
laboratory research on the impact on animal health,
increasing the quality and quantity of products, and
environmental protection are a good foundation for
the industrial production and commercialization of
encapsulated b feed additives. An important factor
in the transition from laboratory to industrial level is
the assumption of cost-effectiveness, that the eco-
nomic effects are greater than the cost of producti-
on. The preparation of microparticle formulations is
relatively expensive, and an additional limitation co-
uld be the choice of materials for the microparticle.

For example, given the complexity of the dige-
stive system of ruminants (microbial degradation in
the rumen) and the limited use of coating materials,
it is a great challenge to create microparticles with
a targeted and controlled release in a certain part of

the gastrointestinal tract. Research conducted so far
on microencapsulation sources of non-protein nitro-
gen, vitamins, minerals, and essential oils in rumi-
nants, pigs and poultry has shown great potential,
however, further research is needed on their impact
on production.

Leading animal feed companies such as Bio-
min Holding GmbH (Austria), Vetagro S.p.A. (ltaly),
and Kemin Industries (USA) have marketed formu-
lations of microparticles loaded with feed additives
(essential oils, methionine, choline chloride, lysine,
etc.) to ensure better and safer animal nutrition.
Like other food additives, microparticle formulations
must meet strict registration guidelines in terms of
safety and efficacy for animals, consumers, and the
environment. The risk of residues in animal tissues
and the development of bacterial resistance asso-
ciated with the use of feed additives is considered
to be significantly lower compared to the use of
conventional antibiotics. As the exact mechanism of
action of payload and the possible effects of over-
dose have not yet been elucidated, further research
is needed to safely and productively use and exploit
the full potential of microencapsulation of feed addi-
tives in animal nutrition.
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SAZETAK

Zahtjevi za ve¢om proizvodnjom i potraznja potro$a¢a za zdravijom hranom
potaknuli su posljednjih godina intenzivna istrazivanja alternativnih promotora rasta
zivotinja. Trendovi istrazivanja su orijentirani na razvoj novih proizvoda obogace-
nih dodacima sto¢noj hrani s ciliem pobolj$anja zdravlja Zivotinja i boljeg prirasta.
Mnogi od tih spojeva su nestabilni u prisutnosti svjetla, zraka, vode ili visokih tem-
peratura te ih je potrebno zastiti tijekom procesiranja, skladistenja i primjene. Inkap-
sulacijom u mikrocestice dodaci sto¢noj hrani se §tite od Stetnih vanjskih utjecaja,
a ne umanjuju im se stabilnost i funkcionalnost. Tehnologija mikroinkapsulacije se
koristi za zastitu dodataka i pobolj$anje biodostupnosti kontroliranom i ciljanom is-
porukom u probavni trakt. Posebno je pogodna za dodavanije u hranidbi prezivaca,
jer se pravilnim izborom materijala mikroCestice omoguéava oslobadanje dodataka
u tankom crijevu, a ne u buragu. Uz pravilno koristenje, formulacije mikroCestica
su ucinkovit alat u hranidbi zivotinja koji isporu€uje hranjive sastojke i/ili lijekove
na odredeno mjesto Zeljenom brzinom. U radu su saZeta laboratorijska istraZivanja
primjene tehnologije mikroinkapsulacije dodataka sto¢noj hrani u hranidbi prezi-
vaca i monogastri¢nih zivotinja. Brojni rezultati primjene inkapsuliranih bioaktivnih
spojeva pokazali su pozitivne ucinke na zdravlje Zivotinja, povec¢anje produktivnosti
bez stetnih ucinaka na konacni proizvod i zastitu okoli$a.

Kljuéne rijeci: inkapsulacija, hranidba, ciljana isporuka, dodaci sto¢noj hrani,

zivotinje
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