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Objective: This study was conducted to investigate the effect of associating calcium butyrate
with tannin extract, compared to an antimicrobial on the growth performance, incidence
of diarrhea, intestinal histology, immune-expression of cyclooxygenase-2 (COX-2) and
tumor necrosis factor a (TNF-a) in piglets.

Methods: Seventy-two piglets (36 barrows and 36 gilts) weaned at 28+2 d and initial body
weight of 7.17+1.07 kg were allocated to 3 treatments in a randomized complete block
design with 8 replicates per treatment and 3 animals per experimental unit. Treatments
were composed of NC, negative control: basal diet without additives; PC, positive control:
basal diet + 40 mg/kg of colistin sulfate; or BT, basal diet + calcium butyrate + tannin
extract. The butyrate and tannin inclusion levels were 0.15% in the pre-starter phase and
0.075% in the starter phase. Incidence of diarrhea was monitored daily, and on d 14 and
35 of experiment, 1 animal from each experimental unit was slaughtered to collect intestinal
samples.

Results: No significant differences were observed for growth performance. The butyrate-
and tannin-based additive resulted in reduced (p<0.05) incidence of diarrhea in piglets
during d 1 to 14 and d 1 to 35 in comparison with the other treatments. Piglets that consumed
the diet containing the calcium-butyrate and tannin showed a lower (p<0.05) crypt depth
in the duodenum than those receiving the NC treatment at 14 d of experimentation. The
BT treatment provided a lower (p<0.05) immune-expression of COX-2 at 14 d and TNF-a
at 35 d in the duodenum.

Conclusion: Association between calcium butyrate and tannin extract resulted in a signifi-
cant decrease in the incidence of diarrhea and inflammatory process in the duodenum of
piglets. Therefore, calcium-butyrate combined with tannin could be a part of an alternative
program to reduce the use of antimicrobials in the diet of weaned piglets.

Keywords: Antimicrobial; Immune-expression; Intestinal Histology; Organic Acid;
Phytogenic; Weaning Piglets

INTRODUCTION

During the weaning period, pigs undergo several stressors such as feeding changes, sepa-
ration from the mother and litter, change of environment and exposure to new pathogens.
Those factors, coupled with insufficient enzyme activity and reduction of absorptive capacity,
with consequent alterations in intestinal histology, directly affect the performance of these
animals.

In addition to its function in the absorption and metabolization of nutrients, the intes-
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tine also plays an important role in the immune system, as it
contains about 70% of the body’s immune cells [1]. The in-
testine acts as a physical barrier that prevents the passage of
pathogens, antigens and bacterial toxins into the systemic
circulation.

Therefore, the use of antimicrobials as performance en-
hancers added to the diet of these animals is aimed at ensuring
their intestinal health, adequate maintenance of the immune
system, and consequently the guarantee of good production
performance. Regulation (EC) no. 1831/2003 of the European
Parliament of September 22/2003 banned the use of anti-
microbials as food additives throughout the EU on January
Ist, 2006. Brazil, like the EU, has been following this trend
and restricting the use of performance-enhancing antibiotics.

Thus, alternative additives to performance-enhancing
antibiotics, such as organic acids and “plant extracts” should
be investigated. Butyrate is a salt of a short-chain fatty acid
produced in the colon by the gastrointestinal microbiota
[2]. This fatty acid has antimicrobial properties, stimulates
cell epithelial proliferation, acts as an anti-inflammatory
agent and assists in intestinal motility [2,3].

In recent years, tannin extract, formerly known only for
its antinutritional factor in monogastric animals, has present-
ed antimicrobial, anthelmintic, anti-inflammatory properties
and antioxidant capacity [4]. However, there are no studies
on the association of calcium butyrate with tannin extracts
in piglet feeding.

Therefore, the objective of this study was to evaluate the
combined potential of these compounds in the replacement
of performance-enhancing antimicrobials on growth per-
formance, incidence of diarrhea, intestinal histology, and
immune-expression of the cyclooxygenase-2 (COX-2) and
tumor necrosis factor a (TNF-a) of piglets in the nursery
phase.

MATERIALS AND METHODS

The experiment was carried out at the swine research unit
located at Farm Rio Grande, Parand, Brazil (25°39°27” S,
49BB°18'29” W, 910 m above sea level).

Animal care

The present study was approved by the Ethic Committee
on the Use of Animals (Comité de Etica no Uso de Animais,
CEUA) of the Pontifical Catholic University of Parana
(Pontificia Universidade Catolica do Parand, PUCPR), Brazil
(approval no. 875A).

Animals, housing, experimental diets, and
management

Seventy-two piglets (36 barrows and 36 gilts) in the nursery
phase at an initial age of 2842 d and an initial body weight
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of 7.17+1.07 kg, were allocated to 3 treatments in a ran-
domized complete block design with 8 replicates per treatment
and 3 animals per experimental unit. The animals were
weighed at the beginning of the experiment and their weight
and sex were used to distribute them equally into the differ-
ent blocks.

The following experimental treatments were tested: negative
control (NC): basal diet without the addition of performance-
enhancing additives; positive control (PC): basal diet + 40
mg/kg of colistin sulfate; and BT: basal diet + calcium-bu-
tyrate and tannin based additive (Impextraco NV, Heist-op-
den-Berg, Belgium) (inclusion levels: pre-starter phase,
0.15%; starter phase, 0.075%). The butyrate- and tannin-
based additive combines coated calcium butyrate (90%)
with tannin extract from Castanea sativa (10%), known as
sweet chestnut. At an inclusion of 1.5 kg/ton this results in
1.35 kg coated calcium butyrate per ton of feed and 0.15 kg
tannin extract per ton of feed in the pre-starter phase. At
an inclusion of 0.75 kg/ton this results in 0.675 kg coated
calcium butyrate per ton of feed and 0.075 kg tannin ex-
tract per ton of feed in the starter phase. The additives were
microencapsulated to be added to the piglet diet. Calcium-
butyrate was microencapsulated with a coating that contains
vegetable fat and the natural extract was added to the coated
butyrate product.

Animals were housed in suspended nursery pens (1.2 m
x1.6 m) with a plastic floor, manual feeders and nipple drink-
ers. The piglets received the pre-starter diet (from the 1st
until the 14th d), the starter diet (from the 14th until the
35th d) and water ad libitum. The experimental period was
35d.

The experimental diets (Table 1) were isonutritive, differ-
ing only with regard to the inclusion of the evaluated products,
and were composed mainly of corn, soybean meal and vita-
mins-minerals, which were added to meet the nutritional
requirements of the species according to the recommenda-
tions of Rostagno et al [5].

Growth performance, incidence of diarrhea, and
intestinal health
All feed supplied, orts and wasted portions were weighed to
calculate average daily feed intake (ADFI). The animals were
weighed at 14 and 35 d of the experiment to calculate aver-
age daily gain (ADG), and gain to feed ratio (G:F).

Incidence of diarrhea (ID) was monitored daily by assign-
ing scores of 0 for normal feces; 1, pasty feces; 2, soft feces
(creamy); and 3, aqueous feces; according to the procedure
described by Salles et al [6]. Scores of 2 and 3 were consid-
ered diarrhea and the ID (%) was calculated in relation to
the total number of feces counted in the pen.

At 14 d of the experiment, one animal from each experi-
mental unit (3 piglets/pen) was slaughtered, totaling 8 piglets/
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Table 1. Composition and calculated values of the basal diets (as-
fed basis)

Pre-starter diet  Starter diet

ltems (1to 14 days) (14 to 35 days)

Ingredient
Corn (80 g/kg) 4359 513.0
Soybean meal (460 g/kg) 260.0 250.0
Vitamix" 276.8 2027
Soy ol 15.0 17.0
Limestone 9.0 9.0
Dicalcium phosphate - 3.0
L-Lys-HCI (780 g/kg) 2.0 3.8
DL-methionine (990 g/kg) 04 0.5
L-threonine (980 g/kg) 0.9 1.0

Calculated value (g/kg)
Crude protein 197.6 187.6
Ether extract 229 233
Lactose 60.3 441
Lysine 151 144
Methionine 47 4.4
Methionine+cysteine 7.5 7.0
Tryptophan 27 2.5
Threonine 9.8 9.2
Metabolizable energy (MJ/kg) 13.99 13.96

" Vitamix: quantity per kg of product: 155.7 (g/kg) crude protein, 75.9 (g/kg)
ether extract, 119.3 (g/kg) mineral material, 5.7 (g/kg) crude fiber, 217.8
(g/kg) lactose, 54.3 (g/kg) milk protein, 16.4 (g/kg) calcium, 14.9 (g/kg)
total phosphorus, 13.4 (g/kg) available phosphorus, 12.2 (g/kg) sodium,
13.9 (g/kg) potassium, 20.0 (g/kg) chlorine, 16.9 (g/kg) lysine, 7.0 (g/
kg) methionine, 9.6 (g/kg) methionine+cystine, 2.9 (g/kg) tryptophan,
10.3 (g/kg) threonine, 8.0 (g/kg) arginine, 13.0 (g/kg) leucine, 7.2 (g/kg)
isoleucine, 3.6 (g/kg) histidine, 7.5 (g/kg) valine, 6.3 (g/kg) phenylalanine,
14.12 MJ/kg of metabolizable energy, 50,000 IU of vitamin A, 10,000 1U
of vitamin D, 160 mg vitamin E, 12 mg vitamin K, 12 mg vitamin B,, 20
mg vitamin B,, 12 mg vitamin B, 0.10 mg vitamin B,,, 2.40 mg folic acid,
140 mg nicotinic acid, 88 mg pantothenic acid, 0.40 mg biotin, 1,248 mg
choline, 800 mg iron sulfate, 800 mg copper sulfate, 220 mg manganese
sulfate, 3.20 mg cobalt sulfate, 5,000 mg zinc oxide, 7.20 mg iodine, 1.20
mg sodium selenite, 1.20 mg chromium sulfate.

treatment. On d 35 of experiment, one animal from each ex-
perimental unit (2 piglets/pen) was slaughtered, that is, one
of the 2 piglets in the pen, totaling 8 animals/treatment. The
chosen animal was that whose body weight was closest to the
body weight average in each block on d 14 and 35 of experi-
ment. The animals were slaughtered (16 animals/treatment)
after a 12-h (water-only) fasting period to collect samples for
histological and morphological analyses of the intestinal epi-
thelium.

The animals were slaughtered in a commercial slaughter-
house subjected to the State Sanitary Inspection, according
to the standards of humane slaughter recommended for ani-
mal welfare, consisting of desensitization by electrocution
followed by bleeding (by sectioning the large vessels that
emerge from the heart).

/
/13
Intestinal morphology

Structural analysis - optical microscopy: Immediately after
slaughter, fragments approximately 5 cm long were collect-
ed from the duodenum (collected at 15 cm from the pyloric
sphincter) and from the jejunum at the distal part (collect-
ed approximately 150 cm from the ileocecal junction). The
samples were stored in a 10% formaldehyde solution and
subsequently processed and stained with hematoxylin and
eosin, according to the methodology of Touchette et al [7].

The stained slides were viewed and photographed using
an AxioCam MRC camera (Carl Zeiss, Gottingen, Germany)
coupled to the Axio Scope Al microscope (Carl Zeiss, Jena,
Germany). The Axionvision Se 64 software (Carl Zeiss, Thorn-
wood, NY, USA) was used to measure the height of 12 villi,
respective crypt depths and villus width and to calculate the
villus height:crypt depth ratio.

Ultrastructural analysis - scanning electron microscopy: In
the same region where fragments were collected for struc-
tural analysis, another segment (5 cm) of the duodenum
and jejunum was removed and fixed in Karnovsky solution
(2.5% glutaraldehyde and 0.1 M sodium trihydrate cacodyl-
ate) for one hour. It was then sectioned into 0.25-cm” pieces
(0.50x 0.50 cm) and maintained in the same solution until
the drying process, which was carried out with hexamethyl-
disilazane for 10 min. Subsequently, the samples were subjected
to scanning electron microscopy analysis [8]. In the images
obtained by scanning electron microscopy, villus density
was measured in an area of 1,110,619.52 pm2 using the scann-
ing electron microscope VEGA3 LMU (Tescan, Brno, Czech
Republic). To count the villi, 3 photos were selected per
replicate.

Immunohistochemistry

The same samples used for structural analysis were used to
create the blocks via the TMA technique (tissue microarray)
[9]. Paraffin blocks containing 24 sample fragments were
made to subsequently prepare the slides.

COX-2 immune expression was assessed using the poly-
clonal anti-Cox-2 antibody (Dako, Glostrup, Denmark).
Afterwards, the slides were scanned on the Axio Scan.Z1
scanner (Carl Zeiss, Jena, Germany) and analyzed using Image
Pro Plus 4 software (Media Cybernetics Inc., Rockville, MD,
USA). The percentage area immunolabeled with COX-2, in
um?, was calculated by evaluating 7 images for each replicate
according to the methodology of Costa Filho et al [10].

To identify TNF-a in the fragments, the anti-TNF-a pri-
mary antibody (ABCam, Cambridge, UK) was used in the
preparation of the slides. The TNF-a-positive cells were count-
ed using images obtained from the Olympus BX40 microscope
with a 40x objective lens. Five random fields were photo-
graphed for both segments (duodenum and jejunum) in each
replicate, and subsequently the mean count of immunolabeled
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cells was obtained.

Statistical analysis

Growth performance, intestinal morphology and immuno-
histochemical analysis data were subjected to the Shapiro-Wilk
test for normality evaluation and the Levene test to evaluate
homogeneity of variances. The statistical model included the
fixed effect of treatment (experimental diets) and block as
a random effect. When those requirements were met, the
effect of treatments on the evaluated variables was checked
by analysis of variance. For the immunohistochemistry, Tukey’s
post-hoc test was performed to compare the treatments.
To determine possible differences between the treatments
on the ID, the scores obtained during the experimental period
were subjected to the Chi-square test. Statgraphics Centu-
rion XVTI statistical software was used and the significance
level of 5% (p<0.05) was adopted for all analyzed variables.

RESULTS

Growth performance and incidence of diarrhea

There was mortality of one piglet from the NC treatment
during the entire experimental period. Body weight at 14
and 35 d, ADG, ADF], and G:F ratio were not influenced by
the treatments (Table 2). Butyrate- and tannin-based addi-
tive resulted in reduced (p<0.05) ID in piglets during the
periods from 1 to 14 d and from 1 to 35 d in comparison
with the other treatments.

Intestinal morphology
There was no difference between the treatments regarding

Maito et al (2022) Anim Biosci 35:87-95

villus height, villus height:crypt depth, villus width and villus
density in the duodenum and jejunum of piglets at 14 and
35 d of the experiment (Table 3). However, the animals from
the BT treatment showed a lower (p<0.05) crypt depth in
the duodenum than those receiving the NC treatment at 14
d of experimentation.

Immunohistochemistry

In the duodenum, the animals receiving the BT treatment
exhibited a lower (p<0.05) percentage of cells stained for
COX-2 in relation to the animals fed the NC diet at 14 d of
experimentation (Table 4). In addition, the animals in the
PC treatment group exhibited a lower percentage of cells
stained for COX-2 than the animals in the BT and NC groups
(p<0.05) at 35 d in the jejunum. For the analysis of TNF-q, a
difference was observed (p<0.05) in the duodenum at 35 d
of experimentation, in which the animals receiving the BT
treatment showed lower cellular expression when compared
to the piglets receiving the NC treatment.

DISCUSSION

Growth performance

High tannin concentrations worsen the appeal of the feed
due to its astringent taste, an event leading to lower feed in-
takes. However, in the performance analyses, there were no
significant differences among the treatments. The present
findings corroborate those described by Biagi et al [11], who
provided different concentrations of tannin (0.113%, 0.225%,
and 0.450%) to weaned piglets and observed no significant
effects on BW at 56 d of age, ADG or ADFI. Boas et al [12]

Table 2. Mean values for the experimental periods of 1to 14 and 1 to 35 days

Variabl Treatment”
ariable NC PC BT SEM p-value*
1to 14 days
BW1 (kg) 7.00 7.26 7.20 - -
BW14 (kg) 11.87 12.09 11.92 0.30 0.787
ADG (kg) 0.35 0.34 0.34 0.01 0.871
ADFI (kg) 0.47 0.48 0.45 0.01 0.304
GF 0.76 0.71 0.75 0.02 0.434
ID (%)” 11.63° 14.61° 8.35° - -
1to 35days
BW35 (kg) 25.05 26.81 25.48 0.74 0.553
ADG (kg) 0.52 0.56 0.52 0.02 0.617
ADFI (kg) 0.84 0.88 0.83 0.02 0.561
GF 0.62 0.64 0.63 0.01 0.510
ID (%)” 6.75° 8.26° 4.88° - -

SEM, standard error of the mean; BW1, body weight; BW14, body weight at 14 days; ADG, average daily gain; ADFI, average daily feed intake; G:F, gain to

feed ratio; ID, incidence of diarrhea; BW35, body weight at 35 days.

' NC, negative control: basal diet; PC, positive control: basal diet + colistin sulfate; BT, basal diet + butyrate- and tannin-based additive.

21D (%) = total number of feces counted daily in the pen.
* Diet effect.

°P Different letters in the same row are statistically different by the Chi-square test (p<0.05).
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Table 3. Mean values of intestinal morphometry in the duodenum and jejunum of piglets at 14 and 35 days of experiment

Treatment”
Variable Day 14 Day 35
NC PC BT SEM p-value* NC PC BT SEM p-value*

—————————————————————————————— Duodenum Duodenum
VH (um) 447 386 341 20.49 0.098 508 413 425 26.61 0.335
CD (um) 422° 393* 303° 20.51 0.025 460 400 417 22.66 0.595
VH:CD 1.06 1.00 1.14 0.06 0.692 1.12 1.06 1.06 0.07 0.926
VW (um) 154 152 131 6.13 0.24 173 153 216 18.99 0.390
VD (pm?) 38.35 33.35 32.00 2.72 0.667 31.70 22.75 27.70 2.75 0.451

Jejunum Jejunum

VH (um) 343 379 341 20.95 0.749 433 376 406 26.19 0.710
CD (um) 358 333 303 12.53 0.218 363 314 314 12.69 0.215
VH:CD 1.01 1.14 1.14 0.09 0.817 1.22 12 1.32 0.09 0.876
VW (um) 160 135 131 7.5 0.23 153 136 158 7.25 0.464
VD (pmz) 43.25 32.70 35.00 523 0.73 18.75 22.00 26.75 2.1 0.328

SEM, standard error of the mean; VH, villus height; CD, crypt depth; VH:CD, villus height:crypt depth; VW, villus width; VD, villus density.
'NC, negative control: basal diet; PC, positive control: basal diet + colistin sulfate; BT, basal diet + butyrate- and tannin-based additive.

* Diet effect.

2P Different letters in the same row are statistically different (p<0.05) according to Tukey's test.

also found no significant difference in BW at 66 d of age,
ADFI, ADG, and G:F in animals that received a blend of or-
ganic acids (0.5%), sodium butyrate (0.1%) and the association
of organic acids and sodium butyrate, compared to the con-
trol treatment.

Table 4. Immunohistochemistry in the duodenum and jejunum of
piglets at 14 days and 35 days of experiment

Treatment”
Variable
NC PC BT SEM  p-value*
COX-2 (%)
14 days
Duodenum  6.89° 559" 275" 065  0.011
Jejunum 3.76 1.98 3.54 0.52 0.346
35 days
Duodenum 3.30 5.05 5.28 0.42 0.097
Jejunum 1.83° 1.49° 1.86° 0.06 0.020
TNF-a (average counting)
14 days
Duodenum  65.05 53.33 27.05 8.27 0.161
Jejunum 67.47 53.50 48.34 6.51 0.508
35 days
Duodenum 76.20°  63.82*° 3249 752  0.029
Jejunum 64.96 39.74 34.86 7.95 0.273

SEM, standard error of the mean; COX-2, cyclooxygenase-2; TNF-a, tumor
necrosis factor a.

NC = negative control: basal diet, PC = positive control: basal diet +
colistin sulfate, BT = basal diet + butyrate- and tannin-based additive.

* Diet effect.

°b Different letters in the same row are statistically different (p<0.05)
according to Tukey's test.

Zeng et al [13] used a blend of essential oil containing
thymol and cinnamaldehyde (0.025%) in piglet diets and
observed better results of ADG and G:F when compared to
the NC treatment. The authors associated these results with
several factors, such as improvement of the apparent digest-
ibility of the diet, improvement of intestinal morphology in
the jejunum and composition of the intestinal microbiota.

The effect of antimicrobials is proportional to the challenges
to which animals are subjected. In this study, the animals
were housed in previously disinfected experimental facilities,
which were closed and kept empty for 50 d before receiving
the animals. These sanitary conditions may have reduced
environmental contamination and may indicate that the ani-
mals were under a low immunological challenge. It is known
that the environmental conditions of commercial farms differ
from those of experimental farms, in which the challenges
imposed on pigs are intensified by different management
strategies, microbial concentrations and population densities.

These may be possible explanations for the absence of sig-
nificant results regarding the performance of animals that
received the different additives. Costa et al [14] also com-
mented that supplying highly digestible diets may decrease
the antimicrobial potential of the additives, because these
diets result in little substrate available for bacterial growth,
thus limiting the development of microorganisms in the
gastrointestinal tract. The piglets of the present study re-
ceived complex and highly digestible diets, which may also
be an explanation for the lack of positive results regarding
animal performance.
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Incidence of diarrhea

The animals fed the BT treatment showed a significant re-
duction in ID compared to NC and PC groups. The present
data corroborate those of Zeng et al [13], who reported re-
duced ID in piglets fed diets with a blend of essential oils
containing 0.025% cinnamaldehyde and thymol. Cairo et al
[15] studied 0.05%, 0.10%, or 0.15% Brazilian red pepper es-
sential oil in the diet of weaned pigs and observed that pigs
that received the diet 0.15% of the oil showed the lowest ID.
However, Silva Junior et al [16] evaluated a blend of different
plant extracts and benzoic acid (0.3%), with or without ad-
dition of colistin sulfate (40 ppm) for weaned piglets, and
did not observe a decrease in ID among the animals.

Butyrate acts as an acid-forming agent that has anti-in-
flammatory and anticarcinogenic properties [2,17]. This
additive acts as the main source of energy for colonocytes
and enterocytes. Hamer et al [17] reported that butyrate
has an antidiarrheal effect and that its therapeutic effect on
inflammatory processes in the human colon is already known.

In vitro and in vivo studies have demonstrated that some
plant extracts—among them, tannin extract—exhibited
high anti-inflammatory and antimicrobial potential against
several gram (+) and gram (-) pathogens, preventing the
occurrence of enteritis or intestinal disorders, such as diar-
rhea [18]. Among these pathogens are Escherichia coli and
Salmonella spp. [11, 19]. Moreover, studies have demon-
strated that some herbal extracts increase digestibility and
absorption of nutrients, presenting antioxidant activity and
improving enzyme activity [13].

Therefore, the piglets that showed the lowest ID may have
benefited from the associated action mechanisms of calcium
butyrate and the tannin extract, which together may have
acted on pathogens present in the intestinal lumen.

Intestinal morphology

In the morphological analyses, the animals that consumed
the diet containing the butyrate- and tannin-based additive
treatment showed a lower crypt depth than those in the NC
treatment group. During the lactation period, piglets have
well-developed villi; however, immediately after weaning,
their small intestine undergoes gradual biochemical and his-
tological changes, such as decreased villus height, hyperplasia
of crypt cells and increased crypt depth [20]. These changes
occur due to the stress caused by separation from the mother,
change of environment, mixture with animals of other litters
and change of diet, which result in a reduction of digestive
and absorptive intestinal functions, directly influencing in-
testinal health and, consequently, animal growth.

Liu et al [21] used a blend composed of organic acids
(citric, fumaric, malic, and sorbic) and essential oils (thy-
mol, vanillin and eugenol) in the diet of broilers (0.30 g/kg)
and did not observe differences in villus height, crypt depth,
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or villus height:crypt depth ratio in the duodenum, but in-
dicated that the intestinal efficiency of digestion and nutrient
absorption is related to an adequate morphology of the in-
testinal epithelium. However, the animals that received the
mixture of essential oils and organic acids showed higher
villus height and crypt depth in the jejunum than those re-
ceiving the NC treatment, corroborating the findings of
Zeng et al [13], who tested the effects of essential oils (4.5%
cinnamaldehyde and 13.5% thymol) in diets of weanling
piglets. In discrepancy, Silva Jr. et al [16] investigated feed
additives (benzoic acid and the essential oils of eugenol,
thymus, and piperine) in piglet feeding and found no dif-
ferences compared to the NC group for intestinal histology
parameters.

Bili¢-Sobot et al [22] provided hydrolyzable tannin at the
concentrations of 1%, 2%, and 3% to male pigs in the grower
and finisher phases and did not observe differences regarding
villus height, crypt depth, villus width or villus height:crypt
depth ratio in the jejunum. However, in the duodenum, they
observed a significant difference in villus height, where the
treatment with the 3% concentration provided higher values
than the NC. The authors reinforced the idea that the greater
the villus height, the wider the absorption area, and also that
in the duodenum there occurs the actuation of pancreatic
secretions with food coming from the stomach and that the
jejunum is characterized as the site of highest nutrient ab-
sorption.

Butyrate production is reduced or even absent in the small
intestine, because this organ has reduced microbial popula-
tion and less substrate available for short-chain fatty acid
production [23]. Butyric acid is the main source of energy of
colonocytes and plays a crucial role for the intestinal barrier
through epithelial maintenance [24], inhibiting apoptosis of
the mucosa cells and acting on cell turnover [25,26].

In the digestive tract, butyrate may act directly (upper or
lower gastrointestinal tract) or indirectly (small intestine) in
tissue development and repair. When added to the diet as a
feed additive, butyrate performs the same function in the
epithelial cells of the small intestine (enterocytes) [23]. In
addition, the lipase, secreted in the duodenum, will enzy-
matically disrupt the fat coating of a coated product and the
calcium-butyrate will be gradually released in comparison
with a non-coated product. Once free, calcium-butyrate will
dissolve slowly and the butyric acid will be released gradually
along the intestinal tract.

In the present study, the treatment containing calcium
butyrate + tannin extract resulted in a lower crypt depth in
the duodenum of the piglets at 14 d of experimentation, which
may indicate less tissue damage, which would be related to a
lower inflammatory process [4], and, consequently, no need
for excessive cell divisions to replace the enterocytes present
in the intestinal villi [21], confirmed by the lower COX-2
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immunoexpression for the BT treatment (in the duodenum
of piglets at 14 d of experimentation), as discussed below.

Immunohistochemistry

The lower COX-2 immuno-expression in the BT group at 14
d of the experiment in the duodenum is indicative of reduced
tissue injury and lower inflammatory response [1]. Likewise,
the lower TNF-a immune-expression for the same group at
35 d of the experiment reveals a reduced presence of macro-
phages and a possible decrease in the presence of pathogenic
microorganisms in the segment. The TNF-a was evaluated
as a biomarker for inflammation. The concentration of this
biomarker reduced at all times and sites after supplementa-
tion of the additive with its anti-inflammatory properties
[17]. The absence of significance can be explained by the
number of replicates and the variation in the parameter, as
the tendency in concentration reduction occurs in all sites
and times.

In the jejunum, the reduced COX-2 expression at 14 d for
the PC treatment indicated lower inflammatory activity.
Rhouma et al [27] explained that colistin sulfate protects the
jejunum of piglets against inflammatory processes and in-
creases the use and absorption of available nutrients.

Free radicals are naturally produced in the body or origi-
nate due to some biological dysfunction, such as inflammatory
processes. The most important compounds are called reactive
oxygen species, which are factors for formation of ulcerative
and erosive lesions along the gastrointestinal tract [28].

According to study conducted by Barreira et al [4], tannin
extract has antioxidant capacity, aiding in the neutralization
of free radicals produced during in vivo oxidative stress, which
may indicate that the antioxidant action of tannin extract
helps prevent inflammatory events. It also has the ability to
bind to other molecules such as proteins and polysaccharides,
forming a protective layer composed of the tannin-protein
or tannin-polysaccharides complex, which is associated with
a tissue repair process in the case of wounds, burns and in-
flammation [4].

Butyrate is a product of the animal metabolism itself, pro-
duced by the intestinal microbiota, mainly in the colon [25].
It is an important source of energy for colonocytes, aiding in
the intestinal barrier function through epithelial maintenance
[24], inhibiting apoptosis of mucosal cells, acting in cell turn-
over [25,26] and contributing to its homeostasis by regulating
the expression of genes linked to cellular processes, includ-
ing cell proliferation and differentiation [2], where the same
effects are expected in enterocytes [23].

The inflammatory process occurs as a response to the tissue
cell injury, and this process involves a complex cascade of
biochemical events such as fluid overflow, enzymatic activa-
tion, cell migration, release of mediators, tissue lysis and repair
[29].
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As a consequence of acute lesion of the intestinal mucosa,
three local events take place, resulting in restoration of epithelial
continuity and normal permeability, namely, i) contraction
of the villi to reduce the exposed surface area, ii) migration
of epithelial cells to repair the exposed basal membrane,
and iii) closure of the existing spaces between the epithelial
cells, which will then be closer together [1].

The activation of the gastrointestinal immune system re-
sults in the production of several specialized cells and signaling
molecules that play an important role in the regulation of
immune and inflammatory responses. Noteworthy exam-
ples of such specialized cells and signaling molecules are
pro-inflammatory cytokines, such as COX-2 and TNF-a.
However, excessive production of those molecules may re-
sult in degraded integrity of the intestinal epithelium and
consequently affect its functions, e.g., macromolecule per-
meability and nutrient and ion transport [1,21].

Butyrate can exert immunomodulatory effects, such as
ability to suppress the nuclear factor kappa B (NF-«B) [17],
a transcription factor responsible for controlling the ex-
pression of pro-inflammatory cytokine genes. Therefore,
butyrate-induced suppression of NF-kB contributes to re-
ducing COX-2 and TNF-a concentrations [30], which is in
line with our findings. In view of the above, a joint effect
between tannin extract and calcium butyrate is perceived
whereby they act by reducing the immunoexpression of COX-
2 and TNF-a.

In conclusion, the use of colistin and the association of
calcium butyrate with tannin extracts did not alter the growth
performance of weaned piglets, but the association between
calcium butyrate and tannin extract resulted in a significant
decrease in the incidence of diarrhea and reduced the in-
flammatory process in the duodenum of piglets in the nursery
phase. Thus, butyrate- and tannin-based additive can be a
promising alternative for maintaining intestinal health post-
weaning and can possibly partly replace antimicrobials used
in piglets in the nursery phase.
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