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Recet moze‘(;?%’gm Early weaning of piglets from the sow and a sharp transition to granular feeding usually leads to the development of feed stress.

Asa consequence, changes occur in the small intestine epithelium, which are associated with desquamation of the epithelium of the
villi, crypt hyperplasia and atrophy of the villi, colonization of pathogenic microflora, which leads to a decrease in digestion and absorp-
tion of nutrients. Hence the aim of this study was to evaluate the effect of various feed additives on the morphofunctional state of the
duodenal mucosa of piglets in the pre-weaning period. Forty piglets of the same age were involved in the experiment, which were
divided into four groups of 10 head each. The first group of piglets was a control one and received a standard diet and free access to
water from the 7th day of life. Additionally to their standard diet, the piglets of group Il were given a drug which included a combination
of live yeast of the genus Saccharomyces and a complex of 6 enzymes (proteases, cellulases, xylanases, o-amylases, -glucanases and
phytases) in the amount of 0.5 kg/t of feed. Piglets of group III received 0.2 kg/t of a feed additive consisting of a mixture of essential
oils from plant extracts. Piglets of group IV were given a supplement with dry yeast and egg powder enriched with immunoglobulins.
Piglets had constant access to feed and water. On the 14th and 28th day of the experiment, three piglets from each group were eutha-
nized in compliance with ethical standards for animals used in experiments. According to the results of histological studies, it was estab-
lished that the duodenum mucous membrane in piglets of all experimental groups was characterized by insignificant variability. Mostly,
the villi had a leaf-like or finger-like shape. The crypts were mostly closely adjacent to each other. The muscle layer was well devel-
oped, represented by smooth muscles that diverged in the places where the excretory ducts of Brunner’s glands pass. The lamina of the
mucous membrane was represented by a loose connective tissue made of collagen fibers and, to a lesser extent, elastic fibers and small
capillaries between which lymphoid cellular elements were located. The enterocytes of the apical surface of the villi had a well-defined
brush border and elongated nuclei that occupied a third of the cytoplasm. Morphometric studies showed that, compared to the control
group of piglets, the addition of feed additives with a mixture of essential oils increased the taste and smell of the feed, contributing to its
better consumption, thus having a positive effect on the condition of the mucous membrane. On the 14th and 28th day, a significant
increase in the height and width of the villi was noted. In piglets that received feed supplements with a combination of live yeast, posi-
tive dynamics were also observed in terms of increasing the ratio of villi height to crypt depth. Summarizing the experiment results, we
can note that various feed additives had a positive effect on the condition of the duodenum mucous membrane, but the feed additive
containing a mixture of essential oils from plant extracts was more effective.
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Introduction

The intensive pace of pig farming requires early weaning of piglets
from sows, which is usually accompanied by various stresses, primarily
changes in feeding and adaptation to a new environment. Reduced feed
intake and an increased number of piglets in a small area become the main
risk factors for disrupting the structure and function of the intestines, which
promotes the colonization of pathogenic bacteria in the intestines (Buddle
& Bolton, 1992). Therefore, the key goal is a gradual transition from
maternal milk feeding to solid feed consumption by piglets.

It is known that glucose is easily absorbed in the gastrointestinal tract
of suckling piglets, and lactose is efficiently hydrolyzed to glucose and
galactose in the small intestine with the help of lactase, which is intensive-
ly secreted in the mucous membrane in the first days after piglets are bomn.
Lactase secretion gradually decreases with age. A newbormn piglet cannot
digest sucrose and starch from ready-made feed because sucrose is not
synthesized in its organism in sufficient quantities. Suckling piglets are
unable to absorb xylose and fructose, but from the very birth, they are
capable of hydrolyzing and absorbing a large amount of fats (Zakhariv
etal., 2020; Canibe et al., 2022). That’s why during the first weeks of

piglets' lives, there is a sharp transition from sow's milk to dry feed, which,
along with the stress from separation, can lead to digestive disorders,
causing diarrhea. This, in turn, makes veterinarians use antibacterial drugs,
that negatively affect the microflora and morphology of the intestinal
mucosa. In addition, a sharp transition to granulated feed may be accom-
panied by lower consumption with the subsequent development of malab-
sorption, which leads to piglet growth retardation.

In his research (De Lange et al., 2010), the author summarized data
from many scientists who studied metabolic processes in the gastrointes-
tinal tract (GIT) of pigs when using feed additives and noted that an im-
portant factor in pig feeding is the composition of diets with optimization
and balance of proteins, amino acids, micro- and macro-elements, growth
factors, and immunoglobulins, minimizing the content of anti-nutrients.
It was noted that a deficiency of total protein in piglets caused their growth
retardation, development of anemia, and serous atrophy of fat depots.
A shortage of amino acids such as threonine, lysine, or methionine caused
fatty degeneration of the liver (Hou et al., 2016; Hasan et al., 2020).

During the suckling period, lactic acid bacteria begin to appear in
large quantities throughout the entire gastrointestinal tract of piglets, in-
cluding the stomach. Large amounts of streptococci and coliforms colo-
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nize the lower sections of the intestine. In the first week, the intestine is
colonized by Clostridium welchii microorganisms, which subsequently
decrease (Holland,1990; Buntyn et al., 2016). After 2 to 3 weeks of pig-
lets' life, the number of different types of microorganisms gradually in-
creases in the segment from the duodenum to the caecum, and during the
weaning period, their numbers reach maximum levels. Many researchers
have proved that the morphology of the small intestine’s mucous mem-
brane partly depends on the interaction between the microflora and the
diet, and metabolic adaptations associated with specific types of microor-
ganisms and the symbiosis or antagonism relationship on a particular
substrate play an important role. However, the composition of the diet has
a greater influence on the intestine’s flora than the content of microorga-
nisms in it. It should also be noted that as a result of a sharp change in
feeding, changes occur in the epithelium of the piglets” small intestine,
including villus epithelium desquamation, crypt hyperplasia, and atrophy
of villi. This leads to the colonization of pathogenic microflora, which
results in decreased digestion and absorption of nutrients. According to
Chopra et al. (2010) and Banerjee et al. (2018), there is a dynamic equili-
brium between the constant enterocyte production at the crypts’ base and
desquamation of apical enterocytes of the mucosal layer of the villi in the
small intestine of piglets until weaning. Therefore, over two to four days,
the epithelium of the mucosal layer returns to its normal conditions. When
parietal digestion is disrupted due to dystrophic changes or loss of entero-
cytes, changes in pH, osmotic pressure, or intestinal microflora changes,
and atrophy of the villi can occur, which may be a consequence of re-
duced cell renewal rate due to decreased cell division in the crypts. These
morphological changes can also be caused by changes in the small intes-
tine microflora and dietary factors, which are more noticeable at the early
stages of piglet weaning. Hampson (1986) showed that abrupt changes in
the feeding and weaning of piglets at two weeks of age led to a decrease in
villi length and an increase in crypt depth (Bontempo et al., 2006). Ac-
cording to data from Hampson, within 24 hours after weaning, a 50%
reduction in villi height was observed compared to pre-weaning levels,
with subsequent slow recovery (Hampson, 1986). In general, researchers
(Caspary, 1992; Wiese et al., 2003) claim that the digestion and absorption
in the small intestine of piglets become more efficient due to a significant
increase in the area of its epithelial surface, which is provided by the mu-
cous membrane. At the same time, villi and microvilli also increase the
surface area of absorption. In addition, the small intestine’s surface area
increases many times due to the numerous folds of the submucosal layer
(Caspary, 1992; Biagi et al., 2006). There is evidence that the small intes-
tine of a 10-day-old piglet weighing 3 kg has a total absorption area of
114 m?, which increases after weaning,

Miller et al. (1983) and Cera et al. (1988) reported in their studies a
decrease in the microvilli length three to seven days after weaning, while
in piglets that were not weaned, only a slight decrease in villi height was
observed. Such morphological changes in the structure of the mucosal
membrane of piglets’ small intestine are of great significance (Miller et al.,
1983; Ceract al., 1988).

In Ukraine, as well as in European Union countries, it is prohibited to
use growth stimulants and antibiotics to ensure a stable transition from the
pre-suckling period to weaning. Therefore, feed companies are increasing-
ly engaged in developing alternative products, phytobiotics, pre- and
probiotics, which can maintain a beneficial microflora of the gastrointes-
tinal tract and affect various aspects of the digestive system development
in piglets (Baum et al., 2002; Chen et al., 2019; FresnoRueda et al., 2021;
Holanda et al., 2021).

For over 15 years, active research has been conducted worldwide on
feeding suckling piglets with probiotics before weaning, The obtained
results had several positive effects, such as promoting digestion, reducing
pathogenic microflora while increasing positive microflora, contributing to
rapid intestinal mucosa recovery, and improving immune response (Pru-
dius & Vishchur, 2022). However, a stable effect of probiotic use was not
achieved, as there were variable factors on which the experimental results
depended (Di Giancamillo et al., 2008; Desantis et al., 2019). They in-
cluded, for example, unstable variations in microbial strains, and large
divergences in both recommended dosages and feeding periods. In addi-
tion to probiotics, natural bioactive compounds derived from plants have
been applied in pig farming, which also had a positive impact on piglet

growth and health. Extracts from various herbs have antimicrobial, anti-
inflammatory, and antioxidant properties, thus promoting nutrient absorp-
tion. However, their application in piglet diets mainly relied on their anti-
microbial properties.

Our work aims to compare the effectiveness of different feed addi-
tives on the duodenum morphology in piglets during the pre-weaning
period.

Materials and methods

During the study, ethical requirements for the use of animals in expe-
rimental research were fully respected (Strasbourg, 1986; Kyiv, 2002),
and the research methodology was approved by the Bioethics Committee
at the Institute of Animal Biology of the National Academy of Agrarian
Sciences of Ukraine (protocol No. 93-01, dated June 3,2021).

Research on the effectiveness of feed additives for piglets was con-
ducted at the Barkom farm in Lviv region. For this purpose, four groups of
piglets were formed, with ten head of the Large White breed in each
group, to which different feed additives were added from 7 to 28 days of
age along with the main diet. The piglets of the control group (I) received
a standard balanced diet throughout the study; the piglets of group II re-
ceived a standard diet with the addition of the EnzActivemixdrug — a
combination of live yeast of the genus Saccharomyces and a complex of
6 enzymes (proteases, cellulases, xylanases, a-amylases, B-glucanases,
and phytases) in the amount of 0.5 kg per 1 ton of feed; piglets of group III
received Activofeed additive with the main feed, which contains a mixture
of essential oils with extracts of plants (Thymus vulgaris, Rosmarinus
officinalis, Origanum vulgare) — 17%, and chilli pepper extract — 1.5%.
The amount of feed additive was 0.2 kg/ton. Piglets from group IV were
given GlobigenJump Start feed additive in addition to their basic feed,
which contains dry yeast and egg powder enriched with immunoglobulins
(manufacturer EW NutritionGmBH, Germany) in a quantity of 2 kg of
additive per 1 ton of feed. The basic feed used in the experiment was
given in the form of small pellets, which provided piglets with all the
necessary nutrients. Throughout the experiment, the piglets were kept
under identical conditions with free access to feed and water. Weaning
was conducted at the age of 28 days. On the 14th and 28th day, three
piglets from each group were euthanized and their material was selected
for histological examination.The duodenum fragments were fixed in a
10% neutral aqueous solution of formalin and Bouin's fluid, dehydrated
through an ascending series of alcohols, and were embedded in paraffin
blocks after I and II chloroform. From the obtained blocks, 7-pum-thick
sections were prepared using the MS-2 microtome, mounted on glass
slides, and stained with hematoxylin and eosin after drying. The following
indicators were determined on histological preparations using the Aperio
ImageScope software: the villi height and crypt depth, the villi width, and
the ratio of the villi height to the crypt depth. The statistical analysis of the
research results was performed using one-factor ANOVA analysis, taking
into account the Bonferroni correction. The StatPlus program (Analyst
Soft Inc., USA) was used for statistical analysis. The results are presented
as mean + standard deviation (x = SD). Differences between animal
groups were considered statistically significant at P < 0.05. Histological
samples were processed and photographed using a Leica DM-2500 mic-
roscope (Switzerland) with a Leica DFC450C camera and Leica Applica-
tion Suite Version 4.4 software.

Results

The duodenum mucous membrane of the control and experimental
groups of pigs showed slight variability in the histological picture, specifi-
cally, the mucous membrane’s thickness ranged from 650 to 895 um, and
this depended mainly on the villi height. The villi were mostly leaf-like in
shape, and the crypts were mainly closely adjacent to each other.
The mucous membrane’s muscular layer was composed of smooth mus-
cles, which diverged at the sites of the Brunner's glands’ ducts. The lamina
propria of the mucous membrane, which was located between the villi and
crypts, was represented by loose connective tissue. Blood vessels and
lymphatic vessels, fibroblasts, small lymphocytes, plasma cells of various
differentiation degree, and histiocytes were visualized in the lamina pro-
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pria. The number of different cell forms in the lamina propria of the expe-
rimental group was quite variable. The lympho-histiocytic apparatus of the
duodenum mucosa was represented by small lymphoid clusters.
The fibrous connective tissue of the lamina propria was mainly composed
of collagen fibers and, to a lesser extent, elastic fibers. The crypt epithe-
lium was represented by poorly differentiated goblet cells, Paneth cells,
and endocrine cells (Fig. 1). Figures of mitosis were visualized in the
middle part of the crypt cells. In the lower part of the crypts, as well as on
the lateral surfaces of the villi, tall columnar cells with brush borders were
predominant. These cells were rich in neutral and acidic mucopolysaccha-
rides, alkaline and acid phosphatases, and other enzymes. Along with the
brush border, a small number of goblet cells were located on the villi
surface, which contained mucin composed mainly of neutral and acidic
mucopolysaccharides. The mucin composition depends on the degree of
goblet cells’ differentiation. For example, young mucous cells secrete
mucin that is rich in neutral mucopolysaccharides, sialo- and sulfomucins.
As the goblet cells differentiate, they lose the ability to produce sialo- and
sulfomucins, continuing to secrete neutral mucopolysaccharides and, to a
lesser extent, carboxymucins. Paneth cells, which are located at the bottom
of intestinal crypts, also produce a peptidase-rich secret. Brunner's glands,
which are located in the submucosal layer, also produce mucin. The nuclei
of these cells are pressed against the base, and the entire apical part is filled
with secretory granules containing neutral mucopolysaccharides.
The histological picture of the piglets’ mucosal membrane on the 14th day

of the study was characterized by slight variability. Piglets of group II,
which consumed the drug with a combination of live yeast of the genus
Saccharomyces, had a pronounced polymorphism of villi. The mucosal
membrane was significantly thickened due to an increase in the villi height
and a change in their shape (Fig. 2b). In piglets of group III, to whom a
mixture of essential oils from plant extracts was added, the morphological
structure of the villi was also slightly altered, and the apical surface be-
came flat compared to the control group. In addition, there was moderate
cellular infiltration of the mucosal membrane plate (Fig. 2c). According to
morphometric studies, the average height of the villi in the small intestine
of 7-day-old piglets before feeding feed additives was 691.2 um, and the
crypt depth was 394.2 um. On day 14, after the intake of various feed
additives, slight fluctuations were observed, especially between the expe-
rimental groups. The average villi height in the small intestine of the con-
trol group’s piglets was 650.9 pm, while that of the II and III groups in-
creased slightly to 690.0 and 759.8 um, respectively. In piglets of the IV
group, the villi height slightly increased on day 14, compared to the con-
trol group, and was 651.6 pm. A significant increase in the villi height in
the duodenum of pigs in group Il may indicate an increase in the num-
ber of enterocytes in the small intestine mucosa, capable of better ab-
sorption of available nutrients. Analyzing the parameters of crypt depth,
it should be noted that on the 14th day of the experiment, the values
varied significantly for all groups and were 352.8, 326.7, 334.8, and
309.2 pm, respectively.

+ %, |
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Fig. 1. Mucous membrane of the pig duodenum at 7 days of age: a, b—mucous membrane, ¢ — base of intestinal crypts, @ — Lieberkuhn glands;

dh 7 L & ik L X e

1 —villi, 2—lamina propria of the mucous membrane, 3 — crypts, 4 — Brunner’s glands, 5 — goblet cells; hematoxylin and eosin staining

On day 28, both the experimental and control group showed pre-
served villi in the duodenum. The lamina propria of the mucosal mem-
brane showed slight changes, and the number of goblet-like cells in the

intestinal glands slightly increased. In the piglets of group II, the duode-
num villi became thicker, and the lamina propria contained dense clusters
of lymphoid cellular elements compared to the villi of the other groups
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(Fig. 3b). It should be noted that the intensity of mucin secretion by the
goblet cells in the apical part of the duodenum villi in piglets of group III,
which received a feed supplement Activo containing a mixture of essential
oils and plant extracts, was significantly higher compared to the other
groups. It probably happened due to the stimulation of the mucosal mem-

brane cells and increased mucin secretion, polymorphism of the villi, and
moderate cellular infiltration of the lamina propria (Fig. 3c). In the duode-
num of piglets that received the feed additive with dry yeast and egg
powder enriched with immunoglobulins Globigen Jump Start (group IV),
no significant changes were found compared to the 14-day-old piglets.

f

Fig. 2. Histological structure of the mucous membrane of the piglet’s duodenum on day 14:
a— control group, b— group I1, ¢ — group 111, d— group IV; the numbers on all photos represent the following structures:
1 —villi, 2—the lamina propria of the mucous membrane, 3 — crypts, 4 — Brunner's glands; hematoxylin and eosin staining

Table 1
Morphometric indicators of the piglets’ duodenum after feeding various feed additives (n= 5, x + SD)
Parameters 7" day | 14" day | 28" day
before feeding drugs control group 1I group 1II group IVgroup  control group 1I group 1II group IV group
Villi height, pm 691.2+23.5 6509+339 6900+349 7598+163* 6916163 7177101 8763+11.1 892.1+£233* 8262+142
Villi width, pm 1073+7.5 1261+55  139.1+55% 1383+63*  1179+58  1413+62  1434+52  1398+72 1396454
Crypt depth, um 3942+144 3528+189 3267+160 3348+152* 3092+122 3600+167 3477+116 331.1+17.1 331.6+153
Villi height/crypt
1.76 1.85 2.11 227 224 1.9 2.52 2.69 249
depth (V/C)

Note: group I piglets received a standard nutritionally balanced diet; group II piglets received a combination of live yeast of the genus Saccharomyces and a complex of 6 en-
zymes (EnzActivemix drug); Group III piglets received a mixture of essential oils from plant extracts (Activo); Group IV piglets received dry yeast and egg powder enriched

with immunoglobulins (GlobigenJump Start) as the main feed; * —P < 0.05 differences between the control and experimental groups.

The analysis of morphometric indicators and the condition of the
mucous membrane of the piglets” duodenum at 28 days of feeding diffe-
rent feed additives showed consistently high indicators of villi height.
The shortening of the villi height in piglets of the control group occurred
during the first days after the change in feeding due to the interaction
between the introduced feed and intestinal microflora. This usually results
from a decrease in the enterocyte number, which subsequently effects a
slight shortening of the villi. The changes in the enterocyte number during
food stress can be associated with a sharp loss of cells or due to a short-
term decrease in the rate of cell production by crypts.

Discussion

The mucous membrane of the gastrointestinal tract is the largest sur-
face where the body comes into contact with viruses, bacteria, food pro-
teins, and other metabolites. It is also the first line of defense against infec-
tions caused by pathogenic microorganisms. The barrier functions of the
intestinal mucosa include mechanical, biological, chemical, and immuno-
logical barriers, among which the mechanical and immunological barriers
play an important role (Patience et al., 2015). The integrity of the intestinal
mucosa epithelium is closely related to the mechanical barrier function,
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which protects against the invasion of pathogens and infection. In addition,
the thickness of the intestinal wall is also related to the physical barrier
function and peristalsis. When the intestinal wall becomes thin, peristalsis
slows down, and the accumulation of undigested food causes pathological
fermentation, which leads to diarrhea. In addition, a decrease in peristalsis

leads to the retention of pathogenic microorganisms in the intestine and
increases the likelihood of infection. Therefore, normal intestinal peristal-
sis is important for food digestion and absorption, as well as for the timely
removal of pathogenic microorganisms through defecation (Whitehead,
1996; Gu & She, 2002; Huting et al., 2021; Fresno Rueda et al., 2021).

Fig. 3. Histological structure of the mucous membrane of a piglet’s duodenum on day 28: @ — control group, b— group IL, ¢ — group 111, d— group IV;
2 — lumina propria of the mucous membrane, 3 — crypts, 5 — goblet cells; hematoxylin and eosin staining

One of the first problems that can arise with digestion is the sudden
change in feeding type from maternal milk to ready-made feed, especially
during the weaning period of piglets. Stress from early weaning causes
significant damage to the intestinal tract (Upadhaya & Kim, 2021).
The impact on the small intestine’s mucous membrane is particularly
strong because the morphology, structure, and function of the intestinal
epithelium change significantly during this period. Functional changes in
the small intestine manifest as a shortening of villi and an increase in crypt
depth. For piglets, the small intestine is the main organ for the absorption
and transport of nutrients, and a healthy mucous membrane is essential for
normal digestive function, as nutrient absorption is largely dependent on
the villi of the small intestine. Intestinal villi are histologically represented
by finger-like protrusions of the mucous membrane’s epithelial covering
in the direction of the intestinal lumen and are composed of enterocytes,
goblet cells, and enteroendocrine cells, which are responsible for absorp-
tion and secretion. To maintain the normal functioning of the pigs’ gastro-
intestinal tract during the transition from suckling to a fully granulated
feed, companies are looking for products to improve animal health and
growth productivity. In recent years, probiotics have been used in pig
feeding (Gu & She, 2002; Buts & DeKeyser, 2006; Biagi et al., 2010;
Wang et al., 2019; Zhu et al.,, 2022). Currently, feed additives with yeast
remain relevant. There is a lot of evidence about the direct and indirect

effects of yeast on the intestine’s microbiota and the immune system, par-
tially mitigating the negative consequences associated with stress and va-
rious diseases (Hohenshell et al., 2000; Hedemann et al., 2006; Prudius &
Vishchur, 2022). For example, Zhang et al. (2016) reports that yeast cul-
ture enhances immunity, and mannan-oligosaccharides obtained from
yeast fermentation products have a positive effect on the immune system
of weaned pigs (Zhu et al., 2022). Live yeast enhances intestine immunity
by regulating the secretion of mucosal IgA and reducing pathogen coloni-
zation, thereby improving the intestine health of weaned pigs. Other re-
searchers have reported that adding live yeast to pig diet eases the course
of diarrthea caused by Escherichia coli enterotoxins, which may be related
to improved permeability, innate immunity, and changes in the bacterial
profile (Moturi et al., 2021).

Our research showed that a feed additive containing plant extracts and
essential oils improved the intestinal mucosa integrity in piglets, with a
particularly pronounced effect on the duodenum epithelium, where the
villi were wider and longer compared to the control group, and the micro-
villi were intact and well-formed. The usefulness of using plant extracts in
the feeding of weaned piglets is confirmed by the research of other scien-
tists (Placha et al., 2013; Rabelo-Ruiz et al., 2021). We obtained a better
effect from feeding piglets a feed additive based on essential oils, as the
active ingredients of pepper increased the secretion of saliva with a high

Regul. Mech. Biosyst., 2023, 14(2)

270



content of amylase and mucopolysaccharides, which induces the synthesis
of digestive enzymes, and prevents dyspepsia naturally without the use of
enzymatic preparations. The essential oil of thyme has a significant bacte-
ricidal effect, prevents flatulence, acts as a spasmolytic, bactericidal, and
binding agent, promotes the secretion of mucopolysaccharides by goblet
endocrine cells, and improves feed intake. Rosemary essential oil stimuli-
tes digestion, acts as a good spasmolytic agent, and has a pronounced cho-
leretic effect. It also has antiviral properties. The main effect of oregano is
manifested in the stimulation of the digestive glands’ secretion, the stimu-
lation of peristalsis and gastrointestinal tract tonus. Moreover, it has an
antiviral effect, preventing inflammation of the gastrointestinal tract, pro-
moting the secretion of gastric juice, and stimulating appetite.

Thus, the complex of essential oils used in the feed additive Activo
had a positive effect on the taste receptors of pigs, which improved feed
consumption. In addition, the prevention of flatulence, diarrhea, and con-
stipation, which often occur when feeding high-protein feeds, was effec-
ted. The combination of essential oils also contributes to the prevention of
enzyme deficiencies and provides an enhanced synthesis of mucins,
which are the main barrier against aggressive microbial associations and
an important component in physiological mucosal digestion. The virucidal
effects of essential oils prevent many dangerous viral gastrointestinal
diseases in pigs. In addition, adding the above-mentioned essential oils
reduces the accumulation of peroxide compounds formed as a result of the
oxidation of some of its components.

The morphology of the intestine, especially the length and width of
the villi and the crypt depth, is one of the main indicators of the pig intes-
tine health. The cells of the apical part of the villi secrete various digestive
enzymes, so the longer the villi, the more cells, and the stronger the diges-
tive and absorptive capacity of the intestine. The depth of the crypt reflects
the speed of intestinal villi mitosis with the formation of epithelial cells.
‘When the crypt becomes smaller, it indicates the speed of cell maturation
and secretory function increases. As a result, the ratio of villi height to
crypt depth can reflect the digestive and absorptive function of the small
intestine. When the ratio of villi height/crypt depth decreases, the ability to
digest and absorb decreases too, which is often accompanied by growth
retardation. Conversely, when the number of intestinal epithelial cells in-
creases, the absorption area also increases, as well as the speed of absorp-
tion and utilization of nutrients. Impairment of intestinal barrier function is
often described as an early manifestation of systemic disorders in the
pathogenesis of various intestinal diseases. Such changes lead to increased
permeability of various substances in the intestinal tract, such as bacteria
and their products (lipopolysaccharides), into the mucosal layer, which
can cause local or systemic inflammatory reactions. Based on morpholo-
gical and structural observations, it can be concluded that the use of feed
additives capable of maintaining the intestinal mucosa integrity, impro-
ving its immune function and preserving a functionally healthy intestine,
should be applied to piglets during the period before weaning and several
weeks after weaning,

Conclusion

The histomorphology parameters of the duodenum, such as villi
height, crypt depth, and their ratio, are important and informative indica-
tors of intestine health. Higher villi provide a greater number of entero-
cytes, which increases the surface area and promotes several positive
effects such as increased production of enzymes, greater absorption area,
and improved transport system for nutrients. Proliferation and differentia-
tion of enterocytes in the crypts provide growth of the villi and play a key
role in local immunity.

Based on the conducted research, it was found that in the duodenum
of piglets that were fed with the feed additive Activo from day 7 to day 28
of life, there was a significant increase in villi height compared to the
control group of piglets. This positively affected the morphofunctional
state of the intestinal mucosa, and promoted an increase in the number of
goblet cells that induce digestive enzymes.

Our further research will be focused on studying the accumulation of
acidic and basic glycosaminoglycans in the small intestine of piglets, de-
termining the immunomodulatory effect on the population of B-lympho-
cytes in solitary tymph follicles, and the mitotic activity of enterocytes.

These studies were conducted with the financial support of manufacturers of feed
additives, + namely EW Nutrition GmbH (Germany) and PJSC Enzym Company
(Ukraine).

The author declares there is no conflict of interest regarding the authorship or publica-
tion of this article.
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