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of pigs than in the one that did not receive the additive in feed. The treatment did
not affect any of the other parameters which were assessed: villus height, width and
surface area, and the number of goblet cells per a hundred enterocytes.

Table 1. Effects of feed supplementation with additive on intestinal morphometric parameters

Experimental group

Item Control Treatment P value
(X % Sd)
Villus height (um) 529.30£115.20 571.20£127.20 0.0607
Villus width (pm) 187.80+48.69 172.60+42.56 0.0728
Crypt depth (um) 216.20£68.95 192.10+47.80° 0.0284
Villus height/ctypt depth ratio 2.72£0.84 3.16£0.79" 0.0040
Villus surface area (mm?) 0.099£0.034 0.098£0.030 0.7676
Goblet cells/100 enterocytes 19.17£3.19 23.60%+3.93 0.0575

“b Different lower-case superscript letters in the same row indicate significant differences (P <0.05)
between the groups

Figure 1. Microscopic changes in the ileum of the pigs in the control group, HE. a) The
image of the intestinal villi and the crypts, exudate rich in mucus and desquamated cells on the
mucosal surface; b) Proliferation of Lieberkiihn crypt cells with noticeable mitoses (arrow);
c) Hyperplasia of the lymphatic tissue of the Peyer’s patches (asterisk); d) Lamina propria
infiltrated with lymphocytes and eosinophilic granulocytes.
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Figure 2. Microscopic changes in the ileum of the pigs treated with the phytogenic additive,
HE. a) Hyperplasia of the lymphatic tissues of the Payer’s patches with a pronounced
halo around individual apoptotic lymphocytes; b) Infiltration of the lamina propria with
lymphocytes and eosinophilic granulocytes; c) Proliferation of goblet cells in the intestinal
mucosa; d) Proliferation of the epithelium cells of the Lieberkiihn crypts (asterisk).

DISCUSSION

The period of weaning and the beginning of non-maternal feeding is considered to
be a highly stressogenic time for the piglets owing to the change in diet, separation
from the mother and the transport to different ambient conditions [30]. This is also
associated with bacterial intestinal infections, such as enteritis caused by L. zntracellularis

[31].

In the current research, supplementation with a phytogenic additive exerted certain
effects on the histological morphology of the ileum in weaned pigs infected by L.
intracellularis. Changes in the intestinal morphology result in disturbances in the nutrient
digestion and absorption [30], as it has been proven that a favourable villus / crypt
ratio improves the digestibility of feed components [32].
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The positive effect of the additive tested in this experiment resulted in higher villus-
to-crypt ratio and the decrease in the average intestinal crypt depth, in comparison to
the control group pigs which were not given any additive in the feed.

The average depth of the intestinal crypts in the ileum was significantly reduced in
the pigs treated with the supplement in comparison to the control. Shallow intestinal
crypts and high villi are the indicators of the gut health [33,34]. In this research, the
villus-to-crypt ratio was higher in pigs which were provided with the phytobiotic
supplement, which is a result in line with some other reported previously [35-37].

It is shown that antibiotics and various feed additives (prebiotics and probiotics)
increase villus length with a concomitant decrease of the crypt depth [38] which is in
accordance with the results of the present study. Besides having some other functions,
the crypts are the source of multipotent stem cells that give rise to the cells of the villi.
High villus length-to-crypt depth ratio as a result of shallower crypt depths implies to
decreased cellular turnover and redirection of energy to be utilized for growth [38].

The length of the villi did not differ significantly between the pig groups, which is
in line with the findings published by Namkung et al. [39] and Nofrarias et al. [37].
However, in the research conducted by Kroismair et al. [40], there was a tendency of
shortening of the villi in the jejunum and ileum influenced by the addition of essential
oils.

The numbers of goblet cells estimated in relation to a hundred epithelial cells were
similar in both the treated and control pigs, and similar to those reported by Nofrarias
et al. [37]. By contrast, it is characteristic of the advanced stages of proliferative
enteropathy that there is a reduction in the number and even the absolute absence of

goblet cells [41].

The villus surface area did not differ significantly between the two groups of pigs,
which is in compliance with the results previously published by other authors [42].

Previous research conducted by Papatsiros etal. [16] and Draskovic etal. [17] suggested
that phytogenic additives may be a sound alternative solution to the control of the
bacterial infection in pigs caused by L. intracellularis. In addition, the results of the
present study indicate that the supplementation of feed additives containing a mixture
of different plant extracts and essential oils could improve the histomorphometric
parameters of the ileum and consequently enhance the absorption and growth
performance of the pigs. Having in mind all the threats posed by antimicrobial
resistance and the beneficial effects of the tested phytogenic additive in this study, it
can be considered that this supplementation gives the possibility of the replacement
of antibiotics used in livestock production.
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EFEKTI FITOGENOG ADITIVA NA HISTOMORFOMETRIJSKE
KARAKTERISTIKE CREVA KOD ODLUCENE PRASADI
SUPKLINICKI PRIRODNO INFICIRANE BAKTERIJOM
Lawsonia intracellularis

DRASKOVIC Vladimir, STANIMIROVIC Zoran, GLISIC Milica,
BOSNJAK-NEUMULLER Jasna, TEODOROVIC Radislava,
TEODOROVIC Vlado, KUKOLJ Vladimir

Proliferativna enteropatija poznata kao i proliferativni ileitis smatra se jednom od eko-
nomski najznacajnih bolesti u svinjarskoj proizvodniji sirom sveta. Procenjeni gubici
po obolelom tovljeniku obi¢no se kre¢u od 1 do 5 americkih dolara. Uzrocnik ovog
oboljenja je Lawsonia intracellularis, gram negativna obligatna intracelularna bakterija.
Kontrola ovog oboljenja ostvaruje se primenom vakcinacije ili antibiotika. U poslednje
vreme sve je ¢esca primena fitogenih aditiva u cilju kontolisanja odredenih patoloskih
stanja digestivnog trakta. Cilj ovog rada bio je da se ustanove efekti fitogenog aditiva na
histomorfometrijske karakteristike creva kod odlucenih prasadi supklinicki prirodno
inficiranih L. éntracellularis. Histomorfometrijska analiza pokazala je da su kripte bile
znacajno (P<0,05) plice, a koli¢nik visine vilusa i dubine kripti znacajno veéi (P<0,05)
u tretiranoj grupi prasadi nego u kontroli. Ovo poboljsanje histoloskih parametara
creva, koje se smatraju indikatorima njegovog zdravlja, dokaz je pozitivhog efekta ispi-
tivanog aditiva na digestivni sistem svinja.
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