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Abstract

The objective of the present study was to determine the effect of prebiotic and synbiotic prepara-
tions injected in ovo on day 12 of embryogenesis on both development of intestinal villi and the
number of neutral goblet cells in the small intestine of male broiler chickens on day 35 of rearing.
Eggs containing live embryos were randomly separated into five experimental groups (1800 eggs
per group), and treated with different bioactive compounds by ir ovo injection. The control group
(C) was injected with physiological saline. The prebiotic groups (PI and PB) were injected with
a solution containing 1.76 mg of inulin or with a solution containing 0.528 mg of Bi’tos. The injec-
tion solution for both synbiotic groups (SI and SB) consisted of 1.76 mg Inulin + 1000 CFU of L.
lactis spp. lactis 2955 (SL1) or 0.528 mg Bi*tos + 1000 CFU of L. lactis spp. cremoris 477 (SC1).
Samples for histological analysis were taken from the three segments of the small intestine: the
duodenum, jejunum and ileum. Broiler performance increased in the prebiotic group injected
with Bi’*tos when compared to both the control group and the prebiotic group injected with inulin.
In relation to other groups, in the duodenum and ileum the highest intestinal villi were observed
in chickens with the lowest body weight, i.e. groups C and PI. The smaller surface area of villi
was found in the jejunum and ileum in group SB. As far as the jejunum and ileum are concerned,
a significantly higher number of goblet cells was noted in groups PB and SB.
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The small intestine is the place where feed nutrients are both digested and ab-
sorbed (Yamauchi et al., 2010; Yang et al., 2013). Simultaneously, the intestinal
epithelium acts as a natural immune barrier to pathogenic bacteria and toxins (Peli-
cano et al., 2005; Xiaofei and Yuming, 2008). After hatching, the digestive system
of chicks undergoes a number of morphological changes (an increase in length and
density of intestinal villi) and physiological changes (increased production of pan-
creatic and digestive enzymes) (Yadav et al., 2010). As reported by Uni et al. (1998)
and Hu et al. (2010), the intestinal epithelium of broiler chickens is responsible for
the potential growth of chickens after hatching, while the normal morphological and
functional development of the intestine leads to an increase in avian body weight
(Yamauchi and Tarachai, 2000). The small intestine develops rapidly during the post-
hatch period, between days 6 and 10 of age. Due to both the intensive proliferation
and differentiation of enterocytes — the cells responsible for absorption of nutrients
— the weight of the small intestine increases more rapidly than the body weight of
the chickens (Mateos et al., 2004). According to Noy and Sklan (1998) and Zavarize
et al. (2012), early feeding of chicks immediately after hatching not only accelerates
the morphological development of the intestine, but also contributes to the stimu-
lation and development of the digestive tract. This was supported by Geyra et al.
(2001) and Uni et al. (1998), who believed late feeding to inhibit the development of
the intestinal mucosa, and to adversely affect the production of mucins (Uni et al.,
2003 a, b), thereby playing a major role in both the absorptive and barrier functions
of the intestine.

Of the three segments of the small intestine, the duodenum develops earlier than
the jejunum or the ileum (Uni et al., 1999). The villus area and height rapidly in-
crease during the first two days of life, then the villus growth rate gradually de-
creases, reaching a plateau between days 5 and 10 post-hatch (Uni et al., 1996). In
the intestinal crypts epithelial cells are produced by mitosis. In broilers, proliferation
of intestinal epithelial cells in the crypts occurs permanently. In contrast, the cells
located along the villi solely proliferate during the first week of life (Zavarize et al.,
2012). Most nutrients are absorbed in the proximal part of the small intestine, which
results in the decreasing height and area of intestinal villi starting with the duodenum
towards the jejunum (Yamauchi et al., 2010).

Intestinal morphology and health are affected by numerous factors, the paramount
of which is the animal’s diet. Due to both the excessive use of antibiotic growth pro-
moters (AGP) in countries with intensive livestock production and the emergence of
antibiotic-resistant strains of bacteria, pharmacological substances have been banned
from use (Slizewska et al., 2006). Increasing attention has recently been paid to
a search for new dietary solutions that constitute a safe alternative to antibiotics.
The use of natural additives in the form of probiotics, prebiotics and synbiotics has
become widespread (Awad et al., 2009).

Water-soluble bioactive substances have also been used in the animal’s diet
(Sliiewska et al., 2000; Swiqtkiewicz and Koreleski, 2007; Janocha et al., 2010). An
alternative means of giving pro-, pre- and synbiotics is provided by in ovo technol-
ogy, in which a special needle is used to inject a small amount of substance directly
into the bird’s egg/embryo during incubation (Bednarczyk et al., 2010). A study by
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Villaluenga et al. (2004) displayed that the optimum time to introduce a prebiotic
was day 12 of embryogenesis, because more copious intestinal bifidobacteria were
found compared to injection on days 1, 8 or 17. Furthermore, on day 12 the chorioal-
lantoic membrane is completely developed and highly vascularized. At that time, the
embryo is surrounded by amniotic fluid, which is in contact with the embryo’s diges-
tive tract, thus guaranteeing the transfer of nutrients from the air cell to the intestine.
This commonly used method is conducive to stimulate the growth of beneficial gut
microflora in chicks, enhance embryo development, improve animal performance,
test teratogenic effects, determine embryo sex, and to inject genetically modified
cells (Ohta et al., 2001; Villaluenga et al., 2004; Bednarczyk et al., 2010; Zhai et al.,
2011 a, b).

Although many modes of action for probiotics, prebiotics and synbiotics exist,
they have been not completely understood yet, and so need much debate (Nowak et
al., 2010; Dankowiakowska et al., 2013; Khan and Naz, 2013). To date, bioactive
substances injected in ovo have been found to exert different effects on production
traits and some histological, immune and physiological indicators (Dankowiakows-
ka, 2015; Pruszynska-Oszmatek et al., 2015; Stawinska et al., 2014 a, b). Since these
processes are varied and complex, the present study is to test whether prebiotics and
synbiotics administered in ovo on day 12 of incubation can affect intestinal morphol-
ogy in broiler chickens.

Thus, the objective of the present study was to examine the effect of prebiotic
and synbiotic preparations injected in ovo on day 12 of embryogenesis on both the
development of intestinal villi and the number of neutral goblet cells in the small
intestine of male broiler chickens on day 35 of rearing.

Material and methods

In ovo treatment

Hatching eggs were obtained from a 32-week-old flock (Ross 308). Of note, the
eggs were collected from the same breeder flock, and were of approximately the
same weight of 60 g. Eggs were incubated in a commercial hatchery (Drobex, Solec
Kujawski, Poland) in a Petersime incubator. On day 12 of incubation, the eggs were
candled, and then infertile ones and those containing dead embryos were discarded.
Eggs containing live embryos were randomly separated into five experimental groups
(1800 eggs per each group), and treated with different bioactive compounds by in
ovo injection. An aqueous solution of an equal volume of 0.2 ml was injected into
the air chamber, and the hole in the egg shell was sealed with the use of a dedicated
automatic system (Bednarczyk et al., 2011). The control group (C) was injected with
physiological saline. The prebiotic groups (PI and PB) were injected with a solution
containing 1.76 mg of Inulin (Sigma-Aldrich) or with a solution containing 0.528 mg
of Bi*tos (Clasado Ltd) — commercially developed non-digestive transgalacto-oligo-
saccharides, respectively. The injection solution for both synbiotic groups (SI and
SB) consisted of 1.76 mg Inulin or 0.528 mg Bi*tos, respectively, enriched with
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different probiotic bacteria. Group SI received 1000 CFU of Lactococcus lactis spp.
lactis 2955 (SL1) while group SB received 1000 CFU of Lactococcus lactis spp.
cremoris 477 (SC1). The bacteria cultures were prepared as follows: fresh over-night
cultures of 477 and 2955 strains in GM17 liquid medium were used. The number of
bacteria was estimated at the level of 3x10® of living cells. Just before injection, the
bacterial cultures were diluted in a prebiotic solution to obtain a bacterial suspen-
sion of 1000 CFU in 20 WI. The synbiotics injected in groups SI and SB comprised
180 WI of the prebiotic solution and 20 W1 of bacterial suspension.

Animals

After hatching the chickens were sexed and 3250 males with an average initial
body weight of 42.0 g were subjected to raising. The rearing experiment was con-
ducted at the experimental farm of the University of Warmia and Mazury in Olsztyn,
and reared for 5 weeks upon the approval of the Polish Local Ethics Committee
(No 22/2012, 21.06.2012) and in accordance with the animal welfare recommen-
dations of European Union Directive 86/609/EEC, providing adequate husbandry
conditions with continuous monitoring of stocking density, litter, ventilation, and
so on. The experiment was performed in 10 reiterations within the groups, each
consisting of 650 chickens kept in collective pens (65 chickens/pen). They were
fed and watered ad libitum. All the groups received the same diets using a three-
-phase feeding programme: starter (1-14 days); grower (15-30 days); and finisher
(31-34 days). Chickens were weighed on day 34 of age. Feed intake and mortality
were monitored systematically. The feed conversion ratio (kg feed/kg gain) was cal-
culated between weighing periods. The feed conversion (kg feed/kg live birds) for
the entire rearing period was calculated. Furthermore, the European Broiler Index
(EBI) was also computed.

FCR (kg feed/kg gain) = cumulative feed intake (kg)/total weight gain (kg)
The EBI was calculated using the following formula (including FCR*):

Body weight (kg) x viability (%) x 100
Age (days) x FCR* (kg feed/kg gain)

EBI =

Viability (%) = chicks remaining at the end of the period (%).
*FCR — feed consumption/kg of live birds.

The composition and nutritive value of the diets is presented in Table 1.

Table 1. The composition and nutritive value of feed for chickens

Starter Grower Finisher
1 2 3 4
Raw materials (%)
wheat 26.73 29.19 30.66

maize 30.00 30.00 30.00
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Table 1 — contd.

1 2 | 3 4
extracted soybean meal 32.50 28.20 25.33
canola 5.00 6.00 7.00
soybean oil 2.10 1.33 1.80
lard - 2.00 2.50
feed salt 0.30 0.30 0.28
mel stern 1.09 0.95 0.85
phosphate 1-calcium 1.15 0.94 0.63
DL-methionine 0.25 0.18 0.13
L-lysine 0.32 0.32 0.27
L-threonine 0.06 0.09 0.05
vitamin-mineral premix" 0.50 0.50 0.50

The nutritional value

ME (kcal/kg) 2980 3100 3200

total protein (%) 22.00 20.50 19.50
lysine (%) 1.35 1.25 1.15
methionine (%) 0.57 0.49 0.43
methionine + cystine (%) 0.95 0.85 0.78
calcium (%) 0.90 0.80 0.70
phosphorus (%) 0.40 0.35 0.28
sodium (%) 0.14 0.14 0.13

"1 kg of premix contains: Vitamin A — 5 000 000 IU, Vitamin D, — 1 400 000 IU, Vitamin E — 18 200 mg, Vi-
tamin K, — 1200 mg, Vitamin B, — 600 mg, Vitamin B, —2000 mg, Vitamin B, — 1200 mg, Vitamin B,, — 8000 mg,
biotin (H) — 80 000 mg, Fe — 20 000 mg, Mn — 40 000 mg, Zn — 36 000 mg, Cu — 6000 mg, I — 400 mg, Se —
140 mg, calcium pantothenate — 4800 g, nicotinic acid — 20 000 mg, folic acid — 400 mg, choline chloride —
380 g, phytase — 500 FTU.

Histomorphological samples

Samples for histological analysis (ca. 2 cm) were taken immediately after slaugh-
ter (day 35) from the three segments of the small intestine: the duodenum, jejunum,
and ileum. A total of 150 samples were collected (5 groups x 10 birds x 3 intes-
tinal segments). The samples referred to the midpoint of the duodenum, the mid-
point between the entry of the common bile duct and Meckel’s diverticulum (jeju-
num), and the midpoint between Meckel’s diverticulum and the ileocecal junction
(ileum).

Histomorphological examination

Particular segments of the small intestine were rinsed with 0.9% physiologi-
cal saline, and then fixed with a 4% CaCO, buffered formalin solution. The fixed
samples were dehydrated, cleared and infiltrated with paraffin in a tissue processor
(Thermo Scientific, Waltham, USA), and consecutively embedded in paraffin blocks
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using an embedding equipment (Medite, Germany). The blocks were sectioned at
10-um thickness using a rotary microtome (Thermo Scientific, Waltham, USA), and
the sections were sequentially transferred to glass slides being coated with an egg
albumin and a glycerine mixture.

Staining methods

Before staining, the preparations were dewaxed and hydrated, followed by peri-
odic acid-Schiff (PAS) staining to perform morphometric analyses and to stain and
count neutral goblet cells.

Histomorphological measurements

A Carl Zeiss microscope (Jena, Germany) and a computer-based image analysis
system of MultiScan 18.03 (Computer Scanning Systems II, Warsaw, Poland) were
used to measure the height and width of intestinal villi and the depth of intestinal
crypts, and the number of neutral goblet cells was also counted. The height of in-
testinal villus was measured on 10 villi randomly chosen from the cross-sectional
area (CSA). This parameter was measured from the tip to the base of the villus at the
opening of the crypt. The villus width was measured at its midpoint. Next, the villus
area was calculated using the formula provided by Sakamoto et al. (2000): (2rw) x
(VW/2) x (VH), where VW = villus width, and VH = villus height. The intestinal
crypt depth was defined as the depth of the invagination between adjacent villi, this
was measured between 10 adjacent villi (Uni et al., 1998). The number of PAS-
-positive cells was counted per mm?of villi area.

Statistics

The results were subjected to one-way analysis of variance using STATISTICA
AXAP, version 10.0 MR1. Arithmetic means (X) and standard errors of the mean
(SEM) were calculated. Significant differences between groups were analysed with
the use of Duncan’s multiple range test.

Results

BW, FCR, EBI

The body weight of broiler chickens on day 34 (one day before slaughter) is
presented in Table 2. The highest body weight was found in the group of chickens
injected in ovo with the prebiotic Bi*tos, and the lowest in both the control group (C)
and the group injected with the prebiotic inulin (PI) (P<0.01).

Between days 1 and 34 of age, the feed conversion ratio (FCR) ranged
from 1.5440.05 to 1.56+0.05 while the EBI oscillated between 378435 and 389+25
(Table 2). No statistically significant differences were found between the ana-
lysed groups of chickens for either FCR or EBI (Pruszynska-Oszmatek et al.,
2015).
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Table 2. Body weight, FCR, EBI and hatchability of chickens on day 34 in relation to bioactive
substances injected in ovo on day 12 of incubation

Group | Body weight (kg) FCR | EBI | Hatchability
C 2.06 C0.21 1.56+0.05 378435 97.72 a£1.90
PI 2.06 C+0.23 1.54£0.05 379423 89.58 b+1.71
PB 2.14 A£0.23 1.5540.04 389425 91.82 ab+3.01
SI 2.12 AB0.24 1.56:0.06 387436 92.42 ab+2.76
SB 2.09 BC£0.25 1.55+0.03 380425 91.43 ab+6.68
SEM 0.006 0.007 7.711 0.811

C — Control, PI - Prebiotic 1 (inulin), PB — Prebiotic 2 (Bi’tos), SI — Synbiotic 1 (inulin + Lactococcus lactis
subsp. lactis 2955), SB — Synbiotic 2 (Bi*tos + Lactococcus lactis subsp. cremoris 477).

A, B, C — difference (P<0.01) between treatments (vertical).

a, b — difference (P<0.05) between treatments (vertical).

FCR — Feed Conversion Ratio.

EBI — European Broiler Index.

Morphology of the small intestine

Morphometric parameters

Morphometric parameters of the villi (height, width, surface area) and the depth
of crypts in the three segments of the small intestine (duodenum, jejunum and ileum)
in 35-day-old chickens have been presented in Table 3. In the duodenum, the high-
est intestinal villi in relation to the other groups were observed in chickens with the
lowest body weight, i.e. groups C and PI (P<0.01). The widest villi in the duodenum
were found in groups SI and SB, and differed significantly in relation to group C
(P<0.05). Despite the variation in the villus height, no significant differences were
found for the surface area of duodenal villi.

In the group injected in ovo with the prebiotic Bi’tos, the crypt depth was the
greatest and differed significantly in relation to the control group (P<0.01). The ana-
lysed pre- and synbiotics exerted no significant effect on the height of the jejunal
villus in the chicken. The surface area of jejunal villi showed variation due to the
differences in the villus width in the studied birds. The greatest surface area of jeju-
nal villi was found in group C, and differed significantly when compared to group
SB (P<0.01). In this segment of the small intestine, the intestinal villus depth ranged
from 156.29 pm (group PI) to 180.53 pm (group SI) (P<0.01). The highest ileal villi
(like duodenal villi) were observed in two groups of chickens with the lowest body
weight (groups PI and C). These groups differed significantly in relation to groups
PB and SB (P<0.05). In relation to the two remaining groups, the smallest height and
width of the villi in group SB contributed to a considerable decrease in their surface
area (P<0.01).

Goblet cells

On day 35 the number of goblet cells per mm? of the duodenal villus area (Figure 1)
was the highest in group C, and the lowest in group SI, though the differences were
not significant. Concerning the jejunum, a significantly higher number of goblet cells
was visualized in groups PB and SB, when compared to group C (P<0.05). In the il-
eum, significantly fewer goblet cells were observed in group SI in relation to groups
PB and SB (Figures 1-3).
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C — Control, PI — Prebiotic 1 (inulin), PB — Prebiotic 2 (Bi’tos), SI — Synbiotic 1 (inulin + Lactococcus
lactis subsp. lactis 2955), SB — Synbiotic 2 (Bi*tos + Lactococcus lactis subsp. cremoris 477).
a, b — difference (P<0.05) between treatments.

Figure 1. The number of neutral goblet cells on the surface area of 1 mm? of intestinal villi in 35-day-old
chickens in relation to bioactive substances injected in ovo on day 12 of incubation

Discussion

Chicken hatchability is influenced by numerous factors. Besides brood technol-
ogy, hatchability depends on the quality of the shell (thickness, porosity, resistance
to crushing) and the egg content, and indirectly on welfare, nutrition and health of
the herd (Krawczyk et al., 2012).

In our study, the smallest percentage of hatched chicks was characteristic of the
group injected with inulin (PI), which differed significantly from the control group
(Table 2). A similar hatchability in the prebiotic group (PB) was obtained by Bednar-
czyk et al. (2016). However, hatchability in our study was high (89.58-92.72%), and
comparable to that reported by Krawczyk et al. (2012), based on optimally equipped
hatcheries. According to research by Zhai et al. (2011 a), nutrients given in ovo did
not affect hatchability of chickens. Cox et al. (1992) found that the injection into
the egg air cell, as compared to injection into the amniotic fluid was more efficient
and did not reduce hatchability. Edens et al. (1997) reported that the site of admin-
istration of substances did not have a significant effect on chicken’s hatchability. As
compared to Bacillus subtilis, bacterium Enterococcus faecium is more effective for
injections. Furthermore, chicken’s hatchability in the control group was the high-
est, reaching even 100% (De Oliveira et al., 2014). As stated by Shashidhara and
Devegowda (2003), addition of MOS (mannanooligosaccharides) to the diet exerted
a positive impact on the hatchability of Cobb broilers. Plausible differences between
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particular results might result from numerous factors such as the site of injection,
type, properties and doses of substances, and also from technology of egg incubation
(Bednarczyk et al., 2011; De Oliveira et al., 2014).

Bioactive substances used in poultry production contribute to a general improve-
ment in both the health of birds, and an increase in meat and egg production, improve
the FCR, and exert a positive effect on intestinal histomorphology (Rahimi et al.,
2009). In the material under examination, the prebiotics and synbiotics influenced
significantly on the production parameters (body weight, FCR, EBI). The highest
body weight was found in the group injected with the prebiotic Bi*tos. The lowest
body weight was observed in control chickens and in birds from the group supple-
mented with inulin. It is noteworthy that similar results were obtained by Awad et
al. (2008, 2009). According to these authors, a dietary synbiotic was responsible for
a significant increase in body weight of chickens on day 35 of rearing. However,
these body weights were considerably lower than those obtained in our study.
Similarly to the study by Swamy and Upendra (2013), a probiotic-enriched feed
significantly contributed to the body weight of 35-day-old birds. Again, the mean
body weights were lower than those obtained in the present study. Pilarski et al.
(2005) concluded that supplemental RFO (raffinose family oligosaccharides) and
FOS (fructooligosaccharides), injected in ovo on day 12 of incubation, caused an
increase in body weight of broiler chickens on day 42. Comparable results were also
obtained by Bednarczyk et al. (2011), who found the prebiotic RFO injected in ovo
to significantly increase chicken’s body weight of Ross 708 chickens on day 42. The
higher mean body weight was also found by Kornasio et al. (2011), who injected
a carbohydrate solution into the amnion on day 18 of embryogenesis. In a study by
Maiorano et al. (2012), in groups injected in ovo with a prebiotic (RFO) and synbiot-
ics (RFO + 1,000 cfu of Lactococcus lactis ssp. lactis SL1 and RFO + 1,000 cfu of
Lactococcus lactis ssp. cremoris IBB SC1), the mean body weights of chickens were
higher than those in the control group. According to Dono et al. (2014), birds with
higher rates of growth utilized nutrients more efficiently. However, this depends on
the conditions of the intestinal environment that may promote both development and
proliferation of beneficial microflora.

In poultry production, broiler feeding accounts for about 70% of the total produc-
tion costs (Willems et al., 2013). Feed utilization and conversion efficiency by the
bird are important determinants of production profitability. In our study, the FCR val-
ue on day 34 of rearing was comparable to the findings of Shabani et al. (2012), re-
ferring to birds fed on probiotic substances. In both experiments, the FCR value was
higher in the control group than in the experimental one. Of note, disparate results
were obtained by Biernasiak and Slizewska (2009), who reported higher FCR in the
experimental group. In a study by Jang et al. (2004), who supplemented the diet with
0.1% lactic acid, the FCR in 35-day-old chickens was higher than in our study, but
its value was still highest in the control group. Bednarczyk et al. (2016) showed the
increasing trend for the FCR. This might be due to metabolic properties related to
increased activities of digestive enzymes (Pruszynska-Oszmalek et al., 2015). On
day 42 of growth, standard broiler yield is 2.5 kg of live weight and the FCR value
is 1.72 (Creswell, 2005). As reported by Nabizadeh (2012), 0.5% and 1% inulin sup-
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plements in feed reduced the FCR, whose value reached 1.76 and 1.67, respectively,
when compared to that of 1.79 in the control group. However, the effect of bioactive
substances on the feed conversion ratio is still inconsistent (Ahmad, 2006). Mohan
et al. (1996) and Chiang and Esieh (1995) reported the beneficial effect of probiotics
on both weight gains and body weight to be only noticeable between days 28 and 42,
and in the case of the FCR between days 21 and 42 (Fritts et al., 2000). This view
was shared by Jin et al. (1996), who used probiotics such as Lactobacillus (LAB) and
Bacillus subtilis in their experiment. In turn, other authors suggested that probiotics
exerted no effect on the feed conversion ratio (Panda et al., 1999; Ergun et al., 2000;
Panda et al., 2000).

Poultry rearing efficiency is evaluated using the European Broiler Index (EBI). In
our study, the EBI was the highest in the experimental groups, in which a prebiotic
(PB) and synbiotics (SI and SB) were used. The value of this indicator was consid-
erably higher than that reported by Biernasiak and Slizewska (2009) for a probiotic
preparation, and comparable to that reported by Brzdska (2007), who investigated
the effect of a synbiotic (LAB + MOS). Furthermore, similar results to ours were
observed by Janocha et al. (2010).

The effect of pro-, pre- and synbiotics on bird growth, overall yield, and carcass
yield is not fully understood. As has already been noted, there are many modes of
action of bioactive substances which are not completely obvious. In our study, we
determined the effect of bioactive substances on the microstructure of three intesti-
nal segments in 35-day-old chickens expressed by the following three parameters:
villus height, surface area, and crypt depth. Of all the groups injected with bioactive
substances, in group PI there was a significant effect of inulin on an increase in villus
height in the duodenum and ileum. In research by Nabizadeh (2012), 1% addition
of inulin to feed did not affect the height of intestinal villi, crypt depth in both the
duodenum and jejunum. In the study by Awad et al. (2009), neither probiotic nor syn-
biotic substances had a significant effect on the duodenal villus height. In the present
study, the duodenal villus height in chickens from groups injected with synbiotics
was similar to the findings reported by Awad et al. (2008, 2009) and Houshmand
et al. (2012). As regards the ileum, the villus height exceeded the values obtained
by other authors (Awad et al., 2008, 2009; Houshmand et al., 2012). As reported by
Jin et al. (1996), the lengthening of intestinal villi could be affected by an increased
concentration of pancreatic amylase. The highest concentration of this enzyme was
observed in group PI on day 21, while in groups SI and SB the high content of pan-
creatic amylase persisted until day 34 of age (Pruszynska-Oszmatek et al., 2015).
Of note, an increase in intestinal villus length is correlated to the enhanced digestive
and absorptive functions of the intestine, leading to an increased absorptive area and
an increased activity among intestinal brush border enzymes (Pluske et al., 1996). In
accordance with Awad et al. (2009), addition of bioactive substances activated the
absorptive surface area of the intestine. Prebiotic Bit?os as well as inulin and Bit?os
used in combination with a probiotic increased the depth of intestinal crypts in differ-
ent segments of the intestine. According to Awad et al. (2008, 2009), intestinal crypts
were much shallower than in the present study. Anatomical changes in intestinal
morphology, namely the shortening of the villi and the deepening of the crypts were
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influenced by the presence of toxins. It is noteworthy these changes might cause
negative effects in the form of diarrhoea, compromised resistance and yield of the
birds (Xu et al., 2003; Awad et al., 2009).

Among physical barriers that protect the organism from pathogens and toxins,
apart from low pH and proteases present in gastric and pancreatic juice, at first should
be mentioned intestinal mucus (Fisinin and Surai, 2013), which coats the mucosa in
the gastrointestinal tract from the oral cavity to the rectum, and serves as the primary
line of defence against foreign bacteria and other pathogens that penetrate the intesti-
nal lumen. The intestinal mucus is predominantly composed of mucin glycoproteins,
which are synthesized and secreted by goblet cells (Forstner and Forstner, 1994;
Uni et al., 2003 b). Goblet cells, named after their distinctive shape, are extremely
specialized and polarized intestinal epithelial cells. They are produced through mi-
tosis from pluripotent stem cells at the base of intestinal crypts (Uni et al., 2003 b).
Goblet cells are short-lived and constantly undergo replacement. They migrate from
the base of the crypt towards the villus tip where they are sloughed off. The whole
process takes 2 to 3 days (Uni et al., 2003 b). During the first 3 days post-hatch
the chicken’s intestine mainly contains acid mucins, but over subsequent days the
proportions of acid and neutral mucins equalize. As reported by Uni et al. (2003 b),
the number of goblet cells in the intestine of broiler chickens increased from the
duodenum to the jejunum. Mucin is formed from different sugar molecules; the main
glycoprotein is MUC2, whereas MUC3A and B are two membrane isoforms. Goblet
cells also produce metals cations such as iron, zinc, lithium and calcium, as well as
lectins (Dibner and Richards, 2004). As reported by Forder et al. (2007), a chemical
composition of mucus is essential for the establishment of the intestinal barrier. In
addition to defensive functions, mucins serve a major role in the transportation of
substances from the intestinal lumen to epithelial microvilli (Duritis et al., 2013).
The number of goblet cells and mucus composition are also considerably affected by
the animal’s diet (Dibner and Richards, 2004).

In the group injected with inulin (PI), the number of neutral goblet cells in the
duodenum of birds on day 35 of rearing was comparable with the findings of Baur-
hoo et al. (2009), who supplemented bird diets with 0.5% mannanoligosaccharides
(MOS). The highest number of goblet cells in the duodenum was found in group C
and the lowest in the synbiotic supplemented group SI. From proximal to distal in the
intestine, the number of goblet cells in both groups increased. However, the number
of goblet cells in the jejunum was lower, while in the ileum was higher, when com-
pared to the study by Baurhoo et al. (2009). With regard to the jejunum, a significant
effect on the increasing number of cells was exerted by the prebiotic Bi’tos and the
synbiotic with the prebiotic Bi*tos. A similar trend was observed for the ileum, in
which significantly fewer goblet cells were found in group SI in relation to groups
PB and SB. The increased number of PAS-positive cells might be typical of the pres-
ence of pathogens in the chicken’s small intestine (Forder et al., 2007). Runnels et
al. (1980) and Dean-Nystrom and Samuel (1994) reported that an increase in neutral
mucin production is a kind of defence mechanism against pathogenic bacteria.

As reported by Aliakbarpour et al. (2012), supplementation of the broiler’s diet
with the probiotics of B. subtilis and LAB influences the expression of MUC2 genes.
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In both the study of these authors and ours, PAS-positive goblet cells in the jeju-
num were more numerous in the experimental groups than in the control group. In
addition to that, in group SI which was supplemented with the probiotic LAB and
the prebiotic inulin, the number of goblet cells was similar to the results report-
ed by Aliakbarpour et al. (2012), who used the probiotic LAB. Tellez et al. (2006)
and Mountzouris et al. (2010) provided evidence that the use of probiotics exerted
a positive effect on the intestinal ecosystem and its integrity, the intestinal barrier,
digestion, and the immune functions of the intestine, which corresponded to better
health for broiler chickens. The dietary addition of prebiotic MOS resulted in better
morphological development of the intestine by both the increasing villus length and
the number of goblet cells (Baurhoo et al., 2009). Prebiotics, including inulin, had
a positive effect on the growth of intestinal bifidobacteria and lactic acid bacteria
(LAB) (Yusrizal and Chen, 2003; Xu et al., 2003). Smirnov et al. (2006) reported that
probiotics, due to their positive effects on intestinal microflora, influenced the syn-
thesis and/or degradation of mucins produced by goblet cells. LAB bacteria might
bind to enterocyte receptor sites and regulate MUC2 secretion (Mack et al., 1999;
Mattar et al., 2002).

Conclusions

It is concluded from the present study that the commercially produced trans-
galactooligosaccharide Bi’tos, injected in ovo on day 12 of embryogenesis, increased
the body weight of chickens on day 35 of rearing. No effect of the bioactive sub-
stances on the FCR and EBI was found. In addition, the prebiotics and synbiotics
exerted a significant effect on the small intestine morphology in chickens. A positive
effect on microstructural characteristics of the small intestine was exerted by inulin
as it increased the villus height in the duodenum and ileum in comparison to other
substances. The absorptive area of the duodenum increased in response to inulin
supplementation. In the jejunum and ileum, the villus surface area was negatively
affected only by the synbiotic with the Bit?os preparation, but other injected sub-
stances had a positive effect on the absorptive area of the intestine. The crypts, in
which intestinal epithelial cells are intensively regenerated, were observed to deepen
in chickens supplemented with the prebiotic Bit’os (duodenum), the synbiotic with
inulin (jejunum) and the synbiotic with Bit?os preparation (ileum). No significant ef-
fect of the prebiotics and synbiotics on the number of goblet cells in the duodenum
was observed. Both in the jejunum and ileum, the prebiotic Bit?os with the synbiotic
contributed to an increase in the number of PAS-positive goblet cells.
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