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Abstract

The aim of the study was to evaluate the efficiency of two feeding systems for fattening pigs (wet
and dry), taking into account their sex, on performance, nutrient digestibility, and some histological
and microbiological parameters of the gut.

The study was conducted on 450 fattening pigs, divided into 6 groups (n = 75) and housed in
pens with 15 pigs per pen. The first three groups, divided according to sex, i.e. gilts, barrows and boars
subjected to immunocastration (B-I), received complete dry feed, while the next three, divided in the
same manner according to sex, were fed a fermented liquid diet. The nutritional value of the feeds,
calculated on a dry weight basis, was similar for the two feeding systems in both stages of the fattening
period. The best weight gains were observed in the group B-I pigs which received the liquid diet, and
the poorest in the gilts fed the dry feeds. The best feed conversion ratio (FCR) was observed in the
boars treated with Improvac®, especially those receiving the liquid diet. The feeding system signifi-
cantly influenced the digestibility of nutrients, with higher apparent digestibility coefficients for crude
protein, fat and fibre noted in the animals fed in the wet system. The liquid feeding system caused an
increase in crypt depth in the colon in all groups of pigs, as well as an increase in the width of the
muscular layer. A significant decrease in the total bacterial count was observed in the calcium,
especially in the animals fed in the wet system.
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Introduction

The efficiency of pig fattening, in addition to
genetic factors, is mainly determined by diet and
housing conditions in accordance with welfare re-
quirements. The choice of a suitable feeding system
for pigs depends on numerous factors, such as the
farm’s size and facilities, and the availability of fod-
der, including the distance from agro-food process-
ing plants in possession of by-products (e.g. whey).
These factors also determine the quality of the pork
produced, while consumers and animal rights advo-
cate also expect the animals to be raised by humani-
tarian methods (Lagerkvist et al. 2006, Fredriksen et
al. 2011). This mainly concerns the development of
alternative methods to the common practice of surgi-
cal castration of young male pigs, performed in order
to eliminate the unpleasant odour caused by the an-
drostenone and skatole present in pork meat and fat
(Brennan et al. 1986, Dunshea et al. 2001, Font et al.
2008). One such procedure is immunocastration of
young boars (Cronin et al. 2003, Zamaratskaia et al.
2008, Grela et al. 2013). The development of the im-
munocastration method for pigs is an unquestionable
breakthrough in animal welfare (Lagerkvist et al.
2006).

The efficiency of pig rearing is also determined
by the feeding system (wet vs dry), which significant-
ly influences the health of the animals, growth per-
formance, and pork quality (Brooks et al. 2001,
Brooks et al. 2003, Hong et al. 2009). Feeding sys-
tems for swine involve feed type and form, as well as
how it is supplied to the pigs. The main type of feed
for swine is in dry form, where the cereal grain
(wheat and barley) has been ground and mixed with
other dry ingredients to form a complete feed. An-
other way to pigs feeding is by wet feeding, which
consists of mixing the feed with water or whey or
fermenting the feed components. Feeding a liquid
diet to pigs has been shown to affect the gastrointes-
tinal tract (GIT), resulting in a decrease in pH and
an increase in concentrations of lactic acid and vol-
atile fatty acids (VFA) in the gastric digesta. Both
the feeding system and the animals’ sex, as well as
the interaction of these factors, may differentiate the
gut microbiome of pigs, the digestibility of feed nu-
trients, and growth performance.

The aim of the present study was to evaluate
the efficiency of two feeding systems for fattening
pigs (wet and dry), taking into account their sex
(gilts and boars castrated surgically or immunologi-
cally), on growth performance, nutrient digestibility,
and histological and microbiological parameters of
the gut.

Materials and Methods

The study was conducted on 450 fattening pigs of
the Pig Improvement Company (PIC) crossbred line,
divided into 6 groups (n = 75) and housed in pens
with 15 pigs per pen (5 replications). The first three
groups, divided according to sex, i.e. gilts (G), bar-
rows (B-C) and boars subjected to immunocastration
(B-I), received complete compound dry feed rations,
while the next three, divided in the same manner
according to sex, were fed fermented liquid feed.
The barrows (B-C) were surgically castrated at the
age of 5 days, while the B-I pigs received two 2-ml
doses (at days 74 and 141 of age) of Improvac®

(Pfizer Ltd.), containing 200 μg GnRH/ml, subcu-
taneously below the base of the right ear. The fatten-
ing period was divided into two feeding stages: initial
(30-70 kg body weight (BW)) and final (71-115 kg
BW). The composition and nutritional value of the
feeds given to the animals during the two stages are
presented in Table 1. Content of crude fibre, amino
acids, acid detergent fibre (ADF), neutral detergent
fibre (NDF) and minerals (Ca, P, Na) in the feed was
determined according to AOAC (2012) procedures.
The dry feed was provided ad libitum with continual
access to drinking water, and the liquid feed was
given 3 times a day in troughs in each pen. Produc-
tion of the liquid feed consisted of three stages: first
the whey, maize silage and other feed components
were placed in the fermenter; then they were heated,
mixed and fermented (about 4 hours); and finally the
feed was transported to the troughs. The dry matter
content of the feed given to the pigs was 24-26%.
Daily feed intake was recorded and body weight was
monitored by weighing the animals at the start of the
experiment, when the feed was changed (about 70 kg
BW) and before slaughter. The digestibility of the
feed nutrients was determined in metabolic cages in
5 pigs from each group, at body weights of 45-50 kg
and 90-95 kg. The adaptation period of the digesti-
bility testing lasted 6 days, after which faeces were
collected for 4 consecutive days.

At the completion of the fattening period, 50 g of
intestinal contents was collected from the jejunum
and caecum of 8 animals in each group for microbi-
ological testing, and samples of the ileum, caecum
and colon were taken for morphometric analyses.

The intestinal contents were thoroughly mixed
and then 1 g was inoculated into 9 ml of saline and
vortexed. Then 1 ml of the mixture was inoculated
into 9 ml of saline according to the decimal dilution
method. Eight dilutions were performed for each
sample of intestinal contents. The 3rd, 4th, 5th, 6th,
7th and 8th dilutions were plated on solid media.
A volume of 100 μl of each mixture was cultured on
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Table 1. Composition and nutritive value of growing (30-70 kg BW) and finishing (71-115 kg BW) pig diets.

Feeding system Dry Wet

Fattening period 30-70 kg 71-115 kg 30-70 kg 71-115 kg

Ingredients, % of air (88.0%) DM:

Wheat 4.15 4.80 – –

Corn 15.0 15.0 – –

Triticale 30.0 35.0 – –

Barley 11.62 5.0 – –

Oat 10.0 11.0 10.0 12.92

Bran of wheat 7.0 10.0 8.0 10.0

Soybean meal 18.41 15.33 20.32 15.5

Corn silage – – 40.0 40.0

Whey – – 20.0 20.0

Soya oil 1.0 1.0 – –

Limestone 1.05 1.35 0.94 1.04

Monocalcium phosphate 0.41 0.37 0.02 0.04

Salt 0.44 0.47 0.05 0.03

L-lysine 0.27 0.21 0.09 0.05

L-threonine 0.06 0.01 – –

DL-methionine 0.05 0.02 0.04 0.03

Mineral and vitamin premix1 0.5 0.4 0.50 0.35

Enzyme supplement2 0.04 0.04 0.04 0.04

Total 100.00 100.00 100.00 100.00

Content in 1 kg of DM:

Metabolizable energy3, MJ 13.25 13.11 13.21 13.11

Crude protein, g 168.7 156.5 172.8 158.7

NDF, g 256.4 278.2 221.3 228.5

ADF, g 84.2 93.4 72.5 73.2

Lysine, g 10.34 8.94 10.33 8.99

Methionine + cysteine, g 6.34 5.95 6.34 5.91

Threonine 7.02 6.48 7.13 6.51

Tryptophan 2.00 1.85 2.10 1.91

Calcium, g 7.52 7.34 8.02 7.69

Total phosphorus, g 5.23 4.95 4.93 4.70

Sodium, g 1.98 1.82 1.99 1.87
1 Mineral-vitamin premix (in 1 kg): vitamin A 2,000,000 IU, D3 400,000 IU, E 6,000 mg, K3 273 mg, B1 200 mg, B2 936 mg, niacin

4,000 mg, B6 200 mg, B12 4 mg, biotin 12 mg, chloride choline 33.75 g, folic acid 133 mg, iron 16.9 g, manganese 9.0 g, copper
5.0 g, zinc 17.0 g, iodine 242 mg, cobalt 115 mg, selenium 60 mg.

2 Enzyme supplement – 1,4-β-D-xylanase and endo-1,3(4)-β-D-glucanase (1:1)
3 Metabolizable energy was calculated according to the equation of Kirchgessner and Roth (1983).

solid media in order to determine the number of the
following:

– aerobic and facultative aerobic bacteria – the
material was plated on tryptone soya agar (TSA) and
incubated for 24 h in a thermostat (37oC ± 2oC, CO2

8% (±2%)).

– bacteria similar to Escherichia coli (coliform
bacteria) – the material was plated on MacConkey
agar and incubated for 24 h in a thermostat
(37oC ± 2oC, CO2 8% (± 2%)). Only red colonies were
counted.

– bacteria of the species Escherichia coli – the
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Table 2. Effect of feeding system and sex on performance.

Feeding groups P values

Item Dry Wet FxS

G B-C B-I G B-C B-I FxG Fx B-C FxB-I
SEM F S

Body weight, kg
at start – 74 days of age 25.52 25.31 27.04 25.56 25.30 26.98 1.43 ns ns ns ns ns
130 days of age 71.68b 74.17b 77.53ab 74.81ab 76.34ab 81.41a 0.33 * * ns ns ns
168 days of age 105.9b 110.5a 114.9ab 109.6a 114.3ab 120.2a 1.04 * * ns ns ns

Average daily gain, kg d–1

74-130 days 0.824b 0.873ab 0.902ab 0.879ab 0.911ab 0.972a 0.112 * * ns ns ns
130-168 days 0.901b 0.956ab 0.983ab 0.916b 0.999a 1.021a 0.121 * * ns ns ns
74-168 days 0.855b 0.906ab 0.935b 0.894ab 0.947ab 0.992a 0.431 * * ns ns ns

Feed intake, kg DM d–1

74-130 days 2.06 2.05 2.06 2.08 2.07 2.11 0.154 ns ns ns ns ns
130-168 days 3.04 3.04 3.05 3.10 3.11 3.14 0.122 ns ns ns ns ns
74-168 days 2.46 2.46 2.47 2.49 2.49 2.53 0.232 ns ns ns ns ns

Feed conversion ratio,
kg DM kg–1

74-130 days 2.50a 2.35ab 2.29b 2.36ab 2.27b 2.17b 0.542 * * ns ns ns
130-168 days 3.38a 3.18ab 3.10b 3.39a 3.11b 3.08b 0.347 * * ns ns ns
74-168 days 2.88a 2.71ab 2.64b 2.79ab 2.63b 2.55b 0.299 * * ns ns ns

Legend:
G – gilts; B-C – barrows (surgically castrated boars); B-I – boars subjected to immunocastration; F – feeding system – dry vs
liquid; S – sex – G vs B-C vs B-I
a, b – p≤ 0.05; ns – no statistically significant difference (p≥ 0.05); * p≤ 0.05; ** p≤ 0.01

material was plated on MBA (Methylene Blue Agar)
and incubated for 24 h in a thermostat (37oC ± 2oC,
CO2 8% (±2%)). Only colonies with a green metallic
sheen were counted (a typical characteristic of E. coli
on MBA).

– bacteria of the species Clostridium perfringens
– the material was plated on Columbia agar and incu-
bated for 24 h in an anaerostat in anaerobic condi-
tions, obtained using the GasPak Plus system for cre-
ating gaseous environments (Anaerobic System En-
velopes with Palladium Catalyst, BD BBL) at 41oC (±
1oC). Only colonies with a double zone of haemolysis
were counted (a typical characteristic of Clostridium
perfringens).

The cultures on solid media were performed in
three replications. The number of bacteria was deter-
mined on the basis of the lowest dilution of intestinal
contents whose growth on the solid medium could be
counted. The result for a single animal was expressed
as the average from three replications of the number
of colony-forming units (CFU) per ml (ileum) or per
gram (colon) of contents.

The samples of the intestines for morphometric
analysis were fixed in 10% buffered formalin, pro-
cessed in a tissue processor (TP 1020, Leica Biosys-
tems, Nussloch, Germany) and embedded in paraffin.
Sections 3 μm thick were prepared from the paraffin
blocks and subjected to standard H&E (haematoxylin

and eosin) staining. Morphometric analysis of the
slides was then performed using the NIS Elements
BR 2.20 image processing and analysis system (Nikon
Corporation, Tokyo, Japan), according to previously
described methods (Pluske et al. 1996, Hedemann et
al. 2006). The measurements were made under
40 × magnification in 6 randomly selected fields of
view. In the ileum the length of the villi and their
width at the base were measured, as well as the depth
and width of the crypts. The width of the muscular
layer was determined as well. In the caecum and colon
analogous measurements were made of the crypts and
muscular layer.

All parameters were processed statistically, and the
significance of differences between means in groups
was determined by two-way analysis of variance for or-
thogonal data using Tukey’s test, with significance
levels of 0.05 and 0.01. A two-way analysis was carried
out in order to assess the significance of sex and feed-
ing system, and was performed using the general lineal
model (GLM) procedure of StatSoft software (version
Statistica 12.5). The model of analysis was as follows:

Yijk = μ + Fi + Sj + (F × S)ij + eijk

where Fi is the feeding system (i = 1,2), Sj is the sex
(j = 1,2,3), (F × S)ij is the interaction between feeding
system and sex effects, and eijk is the residual error.
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Table 3. Average total tract digestibility coefficients (%) in growing and finishing pigs.

Feeding groups P values

Item Dry Wet FxS

G B-C B-I G B-C B-I FxG Fx B-C FxB-I
SEM F S

Fattening
period

Grower 76.34b 74.66b 80.08b 87.70a 86.69a 89.27a 1.05 * ns * * *
CP Finisher 78.35b 77.63b 81.12b 85.48a 86.15a 88.24a 0.876 * ns * * *

Mean 77.35b 76.15b 80.60b 86.59a 86.42a 88.76a 0.578 * ns * * *

Grower 60.54bc 56.54c 64.82b 85.34a 80.91a 83.09a 1.87 ** ns ** ** *
EE Finisher 69.23b 70.11b 72.31b 88.32a 86.17a 87.48a 2.01 * ns ** * *

Mean 64.89b 63.33b 68.57b 86.83a 83.54a 85.29a 1.04 ** ns ** ** *

Grower 18.08B 15.64B 17.04B 41.78A 45.24A 46.60A 2.65 ** ns ** ** **
CF Finisher 45.23b 46.12b 45.87b 55.47a 58.16a 58.72a 2.66 ** ns ** * *

Mean 31.66b 30.88b 31.46b 48.63a 51.70a 52.66a 0.999 ** ns ** ** **

Grower 87.23 85.96 89.82 92.33 93.93 93.25 4.78 ns ns ns ns ns
NfE Finisher 90.17 89.12 91.45 92.67 92.93 93.26 3.65 ns ns ns ns ns

Mean 88.70 87.54 90.64 92.50 93.43 93.26 5.11 ns ns ns ns ns

Legend: see Table 2
CP – crude protein, EE – ether extract, CF – crude fibre, NfE – nitrogen-free extract

Table 4. Villus height, crypt depth and muscularis externa width in the ileum, caecum and colon of fatteners.

Feeding groups P values

Item Dry Wet FxS

G B-C B-I G B-C B-I FxG Fx B-C FxB-I
SEM F S

Ileum

Villus, μm
height 302.4b 346.9ab 354.3ab 342.7ab 336.1ab 393.6a 5.662 ns * ns ns ns
width 158.2ab 143.3b 142.1b 176.7a 162.5ab 169.2ab 3.418 ** * ns ns ns

Crypt, μm
depth 414.3a 428.2a 423.1a 368.9b 398.4ab 369.5b 5.499 ** ns ** ns *
width 49.74b 54.93ab 55.11ab 54.45ab 59.51a 58.49a 1.030 ** ns ns ns ns

Muscularis
externa, μm

251.7c 303.3b 318.1b 376.6a 379.8a 398.8a 6.884 ** * ** ns *

Caecum

Crypt, μm
depth 483.3b 526.2a 519.7a 471.4b 479.4b 476.1b 4.633 ** ns ns * *
width 77.88a 67.90b 72.16ab 69.56b 76.38a 76.99a 0.891 ns ns * * ns

Muscularis
externa, μm

219.9a 202.2ab 208.5ab 195.3b 198.8b 199.5b 4.697 * ns * * ns

Colon

Crypt, μm
depth 488.6ab 514.4a 507.0a 449.1b 478.2ab 492.1a 4.347 * ns ns ns ns
width 55.77 60.35 58.74 59.52 57.99 62.50 0.772 ns ns ns ns ns

Muscularis
externa, μm

227.6a 224.7a 220.8a 188.5b 185.6b 207.8ab 3.805 ** ns ** ** ns

Legend: see Table 2

The experiment was approved by the local Ethics
Committee for Animal Experimentation in Lublin.

Results

The nutritional value of the compound feeds, cal-
culated on a dry weight basis, was similar for the two
feeding systems in both stages of the fattening period

(Table 1). Only the NDF and ADF content were
lower in the liquid diet, by 13-18% and 14-21%, re-
spectively. The best weight gains were observed in the
group B-I pigs which received the liquid diet, and the
poorest in the gilts (G) fed the dry feeds (Table 2).
Daily weight gains were 45 g (4.8%) higher in the
animals fed in the wet system, and the differences in
comparison with the dry feed were confirmed statisti-
cally. The highest body weight at 168 days of age was
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Table 5. Microbial analysis in selected segments of the digestive tract in fatteners.

Feeding groups P values

Item Intestine part Dry Wet FxS

G B-C B-I G B-C B-I FxG Fx B-C FxB-I
F S

TSA
(CFU/g)

Ileum 5.3×107 3.0×106 6.1×106 6.3×107 6.9×106 8.9×106 ns * ns ns ns
Caecum 3.0×107 1.0×107 1.7×107 3.1×106 4.3×106 4.5×106 * ns ns ns ns

MacConkey
(CFU/g)

Ileum 1.9×107 2.1×106 2.1×106 2.2×107 2.0×106 2.5×106 ns ns ns ns ns
Caecum 3.7×106 1.0×105 3.5×105 1.5×105 2.8×104 4.6×104 * * ns ns ns

MBA
(CFU/g)

Ileum 3.7×105 2.1×105 2.4×105 8.4×105 8.1×105 7.7×105 ns ns ns ns ns
Caecum 5.2×104 5.8×104 7.6×104 5.1×105 2.4×105 2.8×105 * ns ns ns ns

Columbia
(CFU/g)

Ileum 1.6×105 1.2×105 2.3×105 5.2×105 4.4×105 4.6×105 ns ns ns ns ns
Caecum 1.1×104 1.8×104 1.4×104 2.6×104 3.2×104 3.6×104 ns ns ns ns ns

Legend: see Table 2
MBA – Methylene Blue Agar; TSA – Tryptone Soya Agar; Columbia Agar; MacConkey Agar

attained by the boars treated with Improvac®, and the
lowest by the gilts. The difference in daily weight
gains between these groups for the entire fattening
period was 9.2%. Daily intake of dry weight of feed by
the animals of different sexes was similar, at 2.06-2.11
kg in the first stage of fattening and 3.04-3.14 in the
final stage (Table 2), with slightly higher intake noted
in the pigs receiving the liquid diet (1.6%). Significant
differences were observed for feed conversion in fa-
vour of the liquid feed (2.66 vs. 2.74 kg). The best feed
conversion ratio (FCR) (on average 2.6 kg) was noted
in the boars treated with Improvac®, especially in
those receiving the liquid diet (2.55 kg).

The feeding system significantly influenced the di-
gestibility of nutrients, with higher apparent digestibil-
ity coefficients for crude protein, fat and fibre in the
animals fed in the wet system (Table 3). The differen-
ces in favour of the liquid diet were more significant
in the first period of fattening, mainly in the case of
digestibility coefficients for crude fibre (Table 3). The
highest nutrient digestibility was noted in the boars
treated with Improvac in the liquid feed system, and
the poorest in the barrows fed dry feeds.

In the ileum of the pigs fed a liquid diet, the villi
were longer (in the gilts and immunocastrated boars)
and wider (in all groups) than in the pigs fed dry feed.
The wet feeding system also reduced crypt depth in
this part of the intestine in all groups and increased
the width of the crypts. An increase in the width of the
muscular layer was also observed in all groups of pigs
fed in this system (Table 4).

In the caecum of the pigs fed in the wet system,
the depth of the crypts was reduced in all groups and
their width was increased in both the barrows and the
boars subjected to immunocastration. The width of
the muscular layer was reduced in all groups fed in the
wet system.

The liquid feeding system caused an increase in
crypt depth in the colon in all groups of pigs, as well
as an increase in the width of the muscular layer
(Table 4).

No significant differences were observed in the to-
tal bacterial count (CFU/g) in the ileum depending on
the feeding system. An elevated total bacterial count
was noted only in the gilts (fed in both the wet and dry
systems) as compared to both groups of males (Table
5). In contrast, a significant decrease in the total bac-
terial count was observed in the calcium, especially in
the animals fed in the wet system. This reduction per-
tained to the number of bacteria of the family En-
terobacteriacea (MacConkey agar). Only in the gilts,
irrespective of the feeding system, the number of
these bacteria was higher than in the barrows (B-C)
and the boars subjected to immunocastration (B-I). In
the calcium of the animals fed the liquid feed an in-
crease was observed in the total number of Es-
cherichia (MBA). Despite the lack of statistical signifi-
cance, the number of anaerobic Clostridium perfrin-
gens in the ileum was markedly higher in the animals
fed the liquid diet. No significant differences were ob-
served in the calcium between the animals fed liquid
and dry feed (Table 5)

Discussion

The chemical analysis of nutrients in the diets
showed significantly higher NDF and ADF content in
the dry feeds than in the wet diet. This was mainly due
to the components of the diets (barley and triticale in
the dry feeds) and fermentation processes (maize si-
lage in the wet diet), and preparation of the feed be-
fore feeding. Fermentation of liquid feeds reduces
pH, increases the number of lactic acid bacteria, and
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leads to the production of certain enzymes and vit-
amins (Brooks et al. 2001, Canibe and Jensen 2012),
thereby improving nutrient digestibility and growth
performance (Hong et al. 2009). The pigs fed a fer-
mented liquid diet had higher daily weight gains (par-
ticularly in the group of boars subjected to im-
munocastration) and a better feed conversion ratio.
Similar results have been obtained in studies on pig-
lets and fattening pigs by Canibe and Jensen (2003).
According to Brooks et al. (2003), a decrease in pH of
feed to 4.0-4.5 stimulates the development of benefi-
cial gut microflora, which significantly improves ab-
sorption of nutrients.

The type of diet used has been shown to influence
the morphology of the gastrointestinal tract, particular-
ly in the small intestine (Ruckebusch and Bueno 1976,
Pluske et al. 1996). Many studies indicate that the im-
proved growth performance in pigs fed liquid diets is
closely linked to good intestinal integrity and an in-
crease in the absorptive surface of the intestines, main-
ly due to increased villi length (Scholten et al. 2002,
Thu et al. 2011). A study by Pluske et al. (1997) has
revealed that the height of the villi and depth of the
crypts correspond to body weight gains and dry matter
consumption, and that a decrease in the ratio of villi
height to crypt depth has an adverse effect on digestion
and nutrient absorption. In our study, the liquid feed-
ing system was a factor contributing to an increase in
the length and width of the villi in the ileum and to
shallower crypts, as well as to a wider muscular layer in
the gilts and immunocastrated boars fed in this system.
The liquid feeding system also significantly improved
the width of the crypts in the caecum.

An increase in the size of the intestinal villi causes
an increase in the absorptive surface of the intestine,
which in turn has a positive effect on production par-
ameters. Longer intestinal villi are linked to better
feed intake and thus increase body weight gains
(Pluske 1996, Scholten et al. 2002, Hedemann et al.
2006, Thu et al. 2011). This correlation was confirmed
by the results of the present study.

The intestinal crypts are the site of intense cell
proliferation. An increase in their depth in the small
intestine, as observed in our experiment, suggests acti-
vation of regeneration and intense production of en-
terocytes (Pluske et al. 1996). An increase in crypt
depth in the colon, observed in the group of pigs fed
the liquid diet, may indicate increased nutrient avail-
ability in this system (Święch et al. 2010).

The thickness of the muscular layer of the intes-
tine is an indicator of the body’s nutritional status and
availability of energy (Hedemann et al. 2007, Lima et
al. 2012). The results of our study indicate that the
liquid feeding system had a positive effect on this par-
ameter in the ileum and colon.

The improvement in the morphology of the intes-
tines may have been linked to the presence of lactic
acid in the fermented feed, which according to Schol-
ten et al. (2002) contributes to the growth of villi,
improvement in their shape, and a higher ratio of vil-
lus height to crypt depth. In a study by Hong et al.
(2009), piglets fed liquid fermented feed had higher
content of acetic and lactic acids in the stomach,
ileum and colon than piglets fed dry feed. An im-
proved villus/crypt ratio in pigs fed fermented feed
has also been reported by other authors (Scholten et
al. 2002, Canibe and Jensen 2003).

From their first days of life piglets are subjected to
various procedures which generate stress responses,
e.g. tail docking, disinfection of the umbilical cord,
grinding of needle teeth, and injections. In addition,
five days after birth male piglets are surgically cas-
trated. The pain arising from these procedures (par-
ticularly castration) may reduce the desire to eat, re-
sulting in poorer fattening outcomes (Rault et al.
2011). The barrows had significantly lower daily
weight gains than the boars treated with Improvac, as
well as a poorer feed conversion ratio (p≤0.05). The
differences obtained indicate poorer utilization of nu-
trients by this group of animals. Similar observations
have been made by Grela et al. (2013) and Rault et al.
(2011).

Fattening of pigs is conducted mainly on gilts and
barrows, but on young boars as well. The meat of
boars slaughtered at a body weight above 90 kg
usually has an unpleasant odour, due to the accumula-
tion of androstenone, the male sex hormone produced
by the testes of adult individuals, in the backfat and
intramuscular fat (Moya et al. 2008). Barrows are sub-
jected to physical castration, which is associated with
considerable distress, especially if the procedure is
performed later. In some countries young boars
undergo immunocastration, which makes it possible
to obtain better growth performance and significantly
reduce the unpleasant odour of the pork. In the pres-
ent study, the B-I boars had significantly higher daily
weight gains, as well as a better feed conversion index.
This was linked to the presence of male sex hormones,
which contribute to better utilization of nutrients for
muscle tissue growth (Dunshea et al. 2001, Cronin et
al. 2003). Furthermore, no aggressive behaviour typi-
cal of maturing boars was observed.

No correlation was found between sex and the
feeding system as regards performance parameters,
despite the fact the digestibility of basic nutrients, ex-
cept for NfE, was significantly dependent on these
two factors. The gilts, barrows and immunocastrated
boars fed in the liquid system had higher total tract
digestibility values for protein, fat, and crude fibre.
The highest daily weight gains from the start of the
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fattening period were observed in the boars subjected
to immunocastration and fed in the liquid system,
while the lowest weight gains were noted in the gilts
fed in the dry system.

It cannot be conclusively stated to what extent sex
or immunocastration affected the morphology of the
gastrointestinal tract. The correct functioning of the
digestive system is considered to depend largely on
maintenance of the proper balance of gut flora (Lay-
cock et al. 2012). Rapid growth of intestinal bacteria
with pathogenic potential can interfere with digestive
function and lead to diarrhoea, low weight gain and
even death. Diet has a significant effect on intestinal
function, including proliferation of pathogenic bac-
teria, and may be a source of both beneficial and
harmful microbes. According to Canibe and Jensen
(2003), a diet of fermented liquid feed for pigs im-
proves digestive tract function as compared to animals
receiving dry feed. This is due in part to a reduction in
pH and an increase in the amount of lactic acid and
other volatile fatty acids (VFA) in the intestinal con-
tents, as well as a decrease in the number of En-
terobacteriacea (Scholten et al. 2002, Canibe and
Jansen 2003). In the present study, the total number
of bacteria (Staphylococcus on TSA) colonizing the
ileum did not differ significantly depending on the
type of diet; only in the barrows fed dry feed a de-
crease in the total bacterial count was observed. In
contrast, in the colon there was a significant decrease
in the total bacterial count in the animals fed in the
liquid system. The reduction observed in the number
of microbes in this part of the gut pertained to bac-
teria of the family Enterobacteriacea (MacConkey
agar). The decrease in the bacterial count, particularly
in the colon of animals fed a liquid diet, was caused by
an increase in the number of E. coli (MBA).

Well-functioning gut microflora, which was pri-
marily observed in the pigs fed a fermented liquid
diet, is responsible for proper immune status and the
growth and development of the intestinal villi (this
was confirmed in our experiment). It is estimated that
even 60-70% of the body’s immune cells are produced
in the intestinal mucosa, which is a very important
factor reducing the incidence of colibacillosis in young
animals, particularly when their feed is changed from
liquid to solid.

It is advisable to adopt a liquid feeding system for
young boars subjected to immunocastration.
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