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Gut microbiota have been shown to play a critical role in the maintenance of host health. Probiotics, which regulate gut
microbiota balance, could serve as an effective alternative to antibiotic growth promoters. Since changes in the gastrointestinal
tract, caused by a variety of different strains, groups and amounts of microorganisms, may be reflected in its histological
structure, the aim of the present study was to examine the effects of rising doses of a mixed probiotic preparation on the
structure and development of the small intestine of female turkeys. Eighty, three-day-old, healthy, female turkeys (Big-6 breed)
were used in the current (16-week) study. The turkeys were randomly allocated to four weight-matched (59.70 ± 0.83 g) groups
(n = 20), according to probiotic treatment dose (0, 107 cfu•g−1, 108 cfu•g−1 or 109 cfu•g−1, in 500 g•1000 kg−1) (cfu – a
colony-forming unit). Three, non-genetically modified strains of probiotic cultures obtained from poultry, four bacterial and one
yeast culture, were used. Histomorphometric analysis of the structure of the small intestinal wall of the duodenum and jejunum
was performed. All probiotic doses used in the current study exerted a beneficial effect on the histological structure of the small
intestine; however, the observed effect was dose and region dependent. Significant increases in villi height, crypt depth, villi and
crypt width, mucosa thickness, epithelial height, enterocyte number, absorption surface and intestinal ganglia geometric indices
were observed, specifically in the duodenum of birds receiving an intermediate dose of probiotic (108 cfu•g−1). The probiotic
doses used in the current study differed significantly in their effect on the small intestine (P < 0.01), with the intermediate dose
(108 cfu•g−1) significantly improving 58% of the parameters assessed, compared to the control. The duodenum was more
susceptible to the favourable effects of the probiotic than the jejunum (56% v. 31% improvement in the parameters assessed)
(P < 0.01). The weakest favourable effect was observed in the group that received the highest dose of probiotic.
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Implications

This study extends the available knowledge on the use of
mixed bacterial and yeast probiotic preparations in the live-
stock industry. The study is focused on identifying the optimal
dose of the mixed bacterial and yeast probiotic preparation
used, in order to improve the welfare of birds in a poultry
production setting, which may in turn reduce animal losses
and thus increase cost effectiveness. Knowledge on the exact
composition of the probiotic preparation and the areas of the
gut in which the effects of the probiotic preparation are local-
ised may contribute to the reduction of costs in a poultry
breeding/production setting.

Introduction

From 1 January 2006, the European Union banned the use of
antibiotics as growth promoters for farm animals (livestock)
as a consequence of the growing concern about the develop-
ment of antimicrobial resistance and the transference of anti-
biotic resistance genes from animal to human microbiota.
However, the removal of these compounds from livestock
diets has put tremendous pressure on livestock and poultry
producers to find an effective alternative that would perform
the same function, especially in the breeding of young ani-
mals (Agboola et al., 2014; Hanczakowska et al., 2017).
Thus there is a need to investigate the use of alternative prod-
ucts and strategies which would promote the growth of
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production animals, as well as carry out a prophylactic/thera-
peutic function, simultaneously. The abovementioned goals
may be achieved through the use of specific feed additives,
dietary raw materials or probiotics, which have been shown
to favourably affect animal performance and welfare (Soccol
et al., 2013; Agboola et al., 2014). The favourable effects of
various feed additives, dietary raw materials and probiotics
are thought to be attributed to their ability to regulate gut
microbiota balance, which in turn plays a critical role in main-
taining host health (Sekirov et al., 2010). Probiotics, which
are viable microorganisms with no pathogenic properties
consisting of either yeast or bacteria, are commonly added
to food to improve the microbial balance in the gastrointes-
tinal tract of the host. Probiotics also play a role in the inter-
mediate control of host metabolism, as well as the provision
of certain nutrients and regulatory substances, and hence,
are associated with the beneficial effects for human and
animal health (Marteau et al., 2001; Soccol et al., 2013).
Probiotics favourably alter the balance of intestinal micro-
flora by inhibiting the growth of harmful bacteria, producing
metabolic substrates (e.g. vitamins and short-chain fatty
acids) and stimulating the immune system in a non-inflam-
matory manner (Rahimi et al., 2009; Agboola et al., 2014;
Hanczakowska et al., 2017). Dietary probiotics make use
of several modes of action within the gastrointestinal tract
of animals including competition with pathogenic bacteria
for intestinal adhesion sites and nutrients, production of anti-
microbial substances including bacteriocins and microbial
enzymes, modification of environmental conditions in the
intestine by lowering pH through the increased production
of organic acids, enhancement of the intestinal immune func-
tion and the enhancement of epithelial barrier integrity
(Rahimi et al., 2009; Rawski et al., 2016). All the abovemen-
tioned probiotic-induced changes within the gastrointestinal
tract may be reflected in its histological structure. Probiotics
affect the histology and ultrastructure of the gastrointestinal
tract, as well as the synthesis and secretion of mucus
(Deplancke and Gaskins, 2001; Awad et al., 2006 and
2009; Rahimi et al., 2009). Available data on changes in
the intestinal morphology of turkeys also support the concept
that poultry gut health and function, and ultimately bird
performance, can be improved by probiotics (Rahimi et al.,
2009; Agboola et al., 2014). Gastrointestinal tract micro-
structure development has been linked to faecal microbiota
numbers. There is a large diversity of bacterial (Lactobacillus
sp. Pediococcus sp., Streptococcus sp., Bacillus sp.,
Bifidobacterium and Enterococcus faecium) and yeast
(Saccharomyces sp.) strains, which have been studied at dif-
ferent doses, and they have been found to have a stimulating
or modulating effect on structural features and the matura-
tion of the gastrointestinal tract (de los Santos et al., 2007;
Awad et al., 2009; Kabir, 2009; Aliakbarpour et al., 2012;
Soccol et al., 2013; Chamani, 2016; Rawski et al., 2016).
Therefore, the current study was designed to test the hypoth-
esis whether there is a relationship between the improve-
ment of the intestinal structure and an increase in the
dose of probiotic preparation. Thus, the aim of the present

study was to examine the effects of elevated doses of a pro-
biotic preparation on the structure of the small intestine of
female turkeys and to establish an optimal dose, if possible.

Materials and methods

Animal breeding and experimental design
The experiment was performed on 80 three-day-old, healthy,
female turkeys (Big-6 breed), randomly allocated to four
weight-matched (59.70 ± 0.83 g) groups, according to probi-
otic treatment dose. Each group consisted of 20 birds divided
into four replicates with five birds each. The animals were kept
under standard rearing conditions (litter maintenance system)
with optimal air temperature level depending on the age
of the birds. The turkeys had free access to fresh water
and appropriate feed was supplied ad libitum in accordance
with the stage of production cycle. The birds were fed with
a diet corresponding to the four periods of rearing
(Supplementary Material S1, Table S1), as previously described
(Tomaszewska et al., 2016), for a total of 16 weeks. Diets were
mixed and pelleted under temperature conditions not exceed-
ing 45°C (since high temperatures may have killed the probiotic
cells). At the age of 16 weeks, all birds were slaughtered by
cutting the carotid arteries (Tomaszewska et al., 2016).
Mean weekly body weight gain, mean daily feed intake and
average feed conversion ratio were calculated.

Probiotic culture and supplementation
The birds were administered with the probiotic culture (JHJ,
Sp. z o.o. Gizałki, Poland), including four strains of bacterial
isolates: Lactococcus lactis IBB500, Carnobacterium diver-
gens S1, Lactobacillus casei LOCK 0915 and Lactobacillus
plantarum LOCK 0862, and one yeast isolate:
Saccharomyces cerevisiae LOCK 0141, all of poultry gastro-
intestinal origin (EFSA 2015). The microorganisms were
non-genetically modified strains. The L. lactis IBB500 strain
is deposited in the Polish Collection of Microorganisms
(PCM, Wroclaw, Poland), the C. divergens S1 strain is depos-
ited in the Collection of Industrial Microorganisms (IAFB,
Warsaw, Poland) and the other three strains are deposited
in the Centre of Industrial Microorganisms Collection
(LOCK, Lodz, Poland).

Experimental groups differed according to the concentra-
tion of probiotic spores (if any) added to the diet at
every stage of fattening: Control – 0, Group 1 – 107 cfu•g−1,
Group 2 – 108 cfu•g−1, Group 3 – 109•cfu g−1, (cfu – a
colony-forming unit) in an amount of 500 g•1000 kg−1

throughout the experimental period.

Histology preparation and histomorphometric analysis
At the end of the experiment all birds were weighed and sac-
rificed, and samples of small intestine segments (duodenum
and jejunum) were obtained and processed for histology as
previously described (Dobrowolski et al., 2012). Briefly,
25-mm long segments of duodenum (1.5 cm after stomach)
and jejunum (from the middle portion of small intestine) were
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collected into a 35°C saline solution and gently cut open lon-
gitudinally, along the mesentery line. Samples were then
placed flat (not stretched) into a standard histological cas-
sette in such a way that the mucosa had no contact with
any of the cassette walls, and fixed in 4% buffered formal-
dehyde (pH 7.0) for 24 h. After dehydration in graded ethanol
solutions, samples were trimmed into three pieces (10 ×
5 mm), allowing us to cut intestinal cross sections on the
longer border of the samples. Following clearance in xylene,
samples were then embedded in paraffin using a tissue
processor (STP 120, Thermo Scientific, Waltham, MA,
USA). Twenty cross sections (with 10 mm interval between
each five-slice section), 4 mm thick, were then cut with a
microtome (Microm HM 360, Microm, Walldorf, Germany)
from every sample of the small intestine (Dobrowolski
et al., 2012). Goldner’s trichrome staining was used to differ-
entiate the small intestine wall layers (Suvarna et al., 2013;
Dobrowolski et al., 2016). Microscopic (two-dimensional)
images of bright field (magnification ×50, ×200 and
×400) were collected using a confocal microscope
(AXIOVERT 200 M, Carl Zeiss, Jena, Germany) equipped with
a colour digital camera (AxioCam HRc, Carl Zeiss, Jena,
Germany) and a halogen lamp (Dobrowolski et al., 2016).
Microscopic pictures of particular segments of small intestine
were subjected to further histomorphometric analysis. The
structure of the small intestinal wall was examined under
microscopic observation and with the use of graphic analysis
software (ImageJ 1.51, National Institutes of Health,
Bethesda, MD, USA; available at: http://rsb.info.nih.gov/ij/
index.html). The following parameters were analysed: the
thickness of the inner and outer muscle layer, mucosa and
submucosa thickness, crypt depth (defined as the depth of
the invagination between adjacent villi, from the bottom
of the crypt to the base of the villus) and width (measured
in the middle of the crypt depth), villi height (from the tip
of the villus to the villus–crypt junction) and width (measured
in the middle of the villus height), total crypt number (opened
and closed crypts), number of open (showing mitoses and an
open internal space, with access to the intestinal lumen) and
closed crypts (showing no mitoses and a closed internal
space), number of villi per millimetre of mucosa, enterocyte
height (measured as the distance from brush border mem-
brane to the basolateral membrane) and number of entero-
cytes per 100 mm of villus epithelium (Dobrowolski et al.,
2012). Only vertically oriented villi and crypts were measured.

Small intestinal absorptive surfacewas also determined accord-
ing to Kisielinski et al. (2002) (Supplementary Material S1). Villi
height to crypt depth ratio was also calculated. Meissner as
well as Auerbach plexus features includingmean sectional area
of nerve ganglia, ganglia perimeter, shape factor (where 0
refers to the rod-shaped objects and 1 refers to objects that
are round or spherical in shape), minimal radius and diameter,
mean diameter, sphericity and convexity were also analysed
(Dobrowolski et al., 2012; Tomaszewska et al., 2012).

Statistical analysis
All results are expressed as mean (SD). Differences between
means were tested with the use of one-way ANOVA and a post
hoc Tukey’s honest significant difference test as a correction
for multiple comparisons. Normal distribution of data was
examined using the W Shapiro–Wilk test and equality of vari-
ance was tested by the Brown–Forsythe test. When data were
not normally distributed and/or unequal variance of data,
the Kruskal–Wallis test was used to analyse the difference
between means and post hoc tests for mean range for every
pair of groups. The two-sided significance level (P-value)
of less than 0.05 was considered statistically significant. All
statistical analyses were carried out using STATISTICA (data
analysis software system), version 12. StatSoft, Inc. (2014).
STATISTICA Power Analysis tool was used to calculate the
sample size and the statistical power as a function of the error
and the type and size of the effect for the one-way ANOVA.
The effect size was calculated and interpreted according
to Cohen’s f, as described by Kotrlik (Kotrlik et al., 2011)
(Supplementary Material S1, Tables S2 and S3). The general
effect of probiotic dose on the small intestine parameters
was calculated as a count of improvements (compared to
the control group), compared using a χ2 test.

Results

Body weight, body weight gain, feed intake and feed
conversion ratio
No significant differences in body weight, body weight
gain, feed intake and feed conversion ratios were observed
between treatment groups (Table 1).

Histomorphometric analyses
Duodenum. Several intestinal indices were significantly
increased in the duodenum of birds receiving the lowest dose

Table 1 The effect of different doses a of dietary probiotic preparation on the body weight and rearing results of female turkeys

Parameter Control Group 1 Group 2 Group 3 Pooled SE P

Final body weight [g] 8220 ± 441a 8175 ± 491a 8160 ± 439a 8246 ± 470a 102.9 >0.05
Mean weekly body weight gain [g] 511 ± 57a 509 ± 40a 508 ± 101a 513 ± 59a 14.4 >0.05
Mean daily feed intake [g] 194 ± 4a 196 ± 5a 193 ± 6a 191 ± 5a 1.1 >0.05
Average feed conversion ratio [kg/kg BWbw] 2.6 ± 0.2a 2.7 ± 0.1a 2.7 ± 0.1a 2.6 ± 0.1a 0.03 >0.05

The results are presented as mean (SD). Control – animals not receiving probiotic preparation, Group 1 – 107 cfu•g−1, Group 2 – 108 cfu•g−1 and Group 3 – 109•cfu g−1

(cfu – a colony-forming unit).
Values with different superscripts within a single row are significantly different from one another (P < 0.05).
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of the probiotic preparation (107 cfu•g−1) (Group 1), com-
pared to the control group, namely: outer muscle thickness
(26%), submucosa (25%) and mucosa thickness (30%), villi
height (22%), crypt width (38%), number of open crypts
(50%), total number of enterocytes (94%) and villus to
crypt ratio (28%) (P< 0.01 in all cases). The number of closed
crypts and enterocyte height were significantly decreased in
Group 1 compared to the control group by 14% and 16%
(P = 0.01 and P < 0.01), respectively (Table 2). Birds in
Group 2 (receiving a higher dose of the probiotic preparation
– 108 cfu•g−1) displayed significantly increased outer (38%,
P < 0.01) and inner muscle thickness (19%, P = 0.03),
mucosa thickness (30%, P < 0.01), crypt depth (80%,
P < 0.01), villi height (29%, P < 0.01), crypt (18%,
P = 0.02) and villi width (34%, P < 0.01), total crypt number
(20%, P < 0.01), number of open crypts (61%, P < 0.01),
enterocyte height (37%, P < 0,01), total enterocyte num-
ber (29%, P < 0,01), as well as small intestine absorptive
surface (11%, P = 0.04), compared to the control group. On
the contrary, submucosa thickness (23%, P < 0.01) and
villus to crypt ratio (22%, P < 0.01) were significantly
decreased compared to that observed in the control group,
with no marked change in the number of closed crypts
(Table 2).

Interestingly, less duodenal parameters were affected by
the highest dose of the probiotic preparation (109 cfu•g−1),
since only mucosa thickness (32%), villi height (50%), crypt
(62%) and villi width (31%), number of open crypts (97%),
enterocyte height (60%) and villus to crypt ratio (48%) were
significantly elevated in birds from Group 3 compared to the
control group (P < 0.01 in all cases). Villi height, crypt width,
number of open crypts, enterocyte height and the villus
to crypt ratio in birds from Group 3 were the greatest of
all the birds studied. Submucosa thickness and the number
of closed crypts were significantly decreased in birds from

Group 3 compared to the control group by 23% and 36%
(P < 0.01), respectively (Table 2).

Birds from Group 2 had significantly thicker inner muscle
layers and significantly deeper crypts compared to birds
in Groups 1 (19% thicker and 88% deeper; P < 0.01) and
3 (12% thicker and 64% deeper; P = 0.02 – inner muscle
layer; P < 0.01 – crypts).However, submucosa thickness
was significantly decreased (by 63% (P < 0.01) in Groups
2 and 3 compared to Group 1.

Villi height was significantly increased in birds from Group
3 compared to those from Group 1 (by 22%, P < 0.01) and
Group 2 (by 16%, P = 0.03). Birds from Group 1 had 17%
(P = 0.04) wider crypts than those in Group 2, but 15%
(P = 0.04) narrower crypts than those in Group 3. Villi width
was significantly increased (P < 0.01) in birds from Groups 2
(by 41%) and 3 (by 37%) v. that observed in those from
Group 1. The total number of crypts was highest (both
P < 0.01) in birds from Group 2 compared to those from
Groups 1 (by 18%) and 3 (by 20%). Female turkeys receiving
the highest dose of the probiotic preparation (109 cfu•g−1)
had more open crypts than those from Groups 1 (by 31%,
P < 0.01) and 2 (by 22%, P = 0.02). Birds from Group 3 also
had significantly less closed crypts (by 26%, P < 0.01)
compared to those from Group 1.

The greatest enterocyte height was observed in birds from
Group 3, with enterocytes that were 16% (P = 0.04) higher
than those observed in birds from Group 2 and 90% (P <
0.01) higher than those observed in birds from Group 1.
However, enterocyte number was greatest in birds from
Group 1, with over 50%more enterocytes than that observed
in birds from Group 2 (P < 0.01), and twice as much as that
observed in birds from Group 3 (P < 0.01).

Jejunum. Over half of the histological parameters that were
analysed in the jejunum were significantly elevated in birds

Table 2 The effect of different doses of a dietary probiotic preparation on the histomorphometry of the duodenum of female turkeys

Parameter Control Group 1 Group 2 Group 3 Pooled SE P

Thickness of the outer muscle layer [μm] 52.4 ± 17.2a 65.9 ± 9.7b 72.3 ± 15.3b 47.9 ± 6.2a 1.1 <0.01
Thickness of the inner muscle layer [μm] 202.8 ± 41.4a 201.6 ± 12.1a 240.5 ± 62.6b 215.2 ± 13.8a 2.8 <0.01
Thickness of the submucosa [μm] 33.5 ± 4.3b 42.0 ± 7.4c 25.7 ± 5.0a 25.9 ± 3.2a 0.5 <0.01
Thickness of the mucosa [μm] 1699.0 ± 121.2a 2204.3 ± 119.2b 2201.5 ± 146.3b 2238.7 ± 541.3b 26.7 <0.01
Crypt depth [μm] 237.4 ± 63.9a 226.9 ± 36.9a 427.7 ± 118.8b 261.2 ± 69.6a 7.3 <0.01
Villi height [μm] 1440.6 ± 323.0a 1763.4 ± 161.2b 1862.6 ± 161.5b 2156.3 ± 311.9c 27.1 <0.01
Crypt width [μm] 47.4 ± 8.7a 65.4 ± 12.7c 55.7 ± 11.4b 76.7 ± 11.3d 1.3 <0.01
Villi width [μm] 85.8 ± 14.5a 81.7 ± 10.4a 115.3 ± 30.7b 112.2 ± 18.4b 1.7 <0.01
Total number of crypts/mm 12.9 ± 1.3a 13.1 ± 1.6a 15.5 ± 1.3b 12.9 ± 1.9a 0.1 <0.01
Number of open crypts/mm 3.6 ± 0.8a 5.4 ± 1.4b 5.8 ± 1.1b 7.1 ± 1.3c 0.1 <0.01
Number of closed crypts/mm 9.1 ± 2.2c 7.8 ± 1.5b 9.9 ± 1.8c 5.8 ± 1.12a 0.2 <0.01
Number of villi/mm 8.3 ± 1.7a 8.1±1.2a 7.8 ± 1.4a 8.2 ± 0.5a 0.1 =0.27
Enterocyte height [μm] 28.3 ± 3.3b 23.8 ± 2.4a 38.9 ± 4.3c 45.2 ± 3.9d 0.6 <0.01
Number of enterocytes/100 [μm] 18.7 ± 2.4a 36.3 ± 9.0c 24.1 ± 3.7b 16.6 ± 1.2a 0.6 <0.01
Villus/crypt ratio 6.0 ± 1.6b 7.7 ± 1.2c 4.7 ± 1.3a 8.9 ± 2.5d 0.2 <0.01
Absorption surface [μm2] 27.0 ± 5.3a 27.5 ± 5.0ab 30.0 ± 4.5b 26.4 ± 5.2a 0.4 <0.01

The results are presented as mean (SD). Control – animals not receiving the probiotic preparation, Group 1 – 107 cfu•g−1, Group 2 – 108 cfu•g−1 and Group 3 – 109•cfu g−1

(cfu – a colony-forming unit).
Values with different superscripts within a single row are significantly different from one another (P < 0.05).
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receiving the lowest dose of the probiotic preparation
(107 cfu•g−1) compared to the control group, namely: outer
(45%) and inner muscle thickness (19%), submucosa (31%)
and mucosa (14%) thickness, as well as villi height (10%),
crypt width (16%), enterocyte height (37%) and small
intestine absorptive surface (15%) (P < 0.01 in all cases).
Villi width, total crypt number and the number of closed
crypts were significantly decreased in birds from Group
1 compared to the control group, by 36%, 18% and 25%
(P < 0.01), respectively (Table 3). Birds from Group 2, which
received a higher dose of the probiotic preparation (108

cfu•g−1), displayed significantly greater outer (85%, P < 0.01)
and inner muscle thickness (48%, P < 0.01), submucosa (13%,
P = 0.03) and mucosa (7%, P = 0.04) thickness, crypt depth
(73%, P < 0.01), villi height (13%, P < 0.01), number of open
crypts (34%, P< 0.01), total villi number (69%, P< 0.01), total
number of enterocytes (21%, P < 0.01), enterocyte height
(55%, P < 0.01) and small intestine absorptive surface (28%,
P< 0.01) compared to the control group. Villi width, the number
of closed crypts, as well as the villus to crypt ratio were signifi-
cantly decreased in birds fromGroup 2 (by 35%, 23% and 30%,
respectively (all P < 0.01)) compared to the control group
(Table 3).

Less jejunal parameters were affected by the highest
dose of the probiotic preparation (109 cfu•g−1). Only seven
parameters, including outer (71%) and inner (41%) muscle
layer thickness, submucosa thickness (42%), number of open
crypts (59%), villi number (34%) and enterocyte height
(42%) (P < 0.01 in all cases), as well as the width of the
crypts (17%, P = 0.02) were all significantly elevated com-
pared to that observed in the birds from the control group.
Villi height and width, total number of crypts and the number
of closed crypts were significantly decreased in birds
from Group 3 compared to the control group, by 6%

(P = 0.04), 11% (P = 0.02), 13% (P = 0.02) and 42%
(P < 0.01), respectively (Table 3).

The thickness of the outer and inner muscle layers was
significantly higher in birds from Groups 2 (by 27% and
24%, respectively, P< 0.01) and 3 (by 17% and 19%, respec-
tively, P< 0.01 – outer muscle layer; P = 0.04 – inner muscle
layer), compared to that observed in birds from Group 1.
Birds from Group 3, which received the highest does of
the probiotic preparation, displayed significantly thicker
submucosa layers compared to those in Groups 1 (by 9%,
P = 0.04) and 2 (by 26%, P < 0.01). The submucosa
(16%, P < 0.01) and mucosa layers (6%, P = 0.03) were sig-
nificantly thicker in birds from Group 1 compared to those
from Group 2.

Birds from both Groups 1 and 2 had significantly longer
villi than those in Group 3, by an average of 20% (both
P < 0.01). Conversely, the villi width was significantly lower
in both these groups compared to those from Group 3, by an
average of 38% (P < 0.01). Crypt depth was significantly
greater in birds from Group 2 compared to that observed
in birds from Groups 1 (52%) and 3 (70%) (P < 0.01 in both
cases). Total crypt number was significantly higher in birds
from Group 2 (16%, P < 0.01) than those in Group 1.
Furthermore, the number of open crypts was higher in birds
from Group 2 (34%, P < 0.01) than those in Group 1; how-
ever, still lower (by 19%, P = 0.03) than that observed in
Group 3. Additionally, birds from Group 3 had the lowest
number of closed crypts compared to all other probiotic treat-
ment groups, by an average of 35% (P < 0.01). Birds from
Group 2 had significantly increased total villi and enterocyte
numbers, as well as enterocyte height compared to birds
from Groups 1 and 3, by an average of 37% (P < 0.01),
14% (P = 0.03) and 11% (P = 0.04), respectively. The absorp-
tive surface of the jejunum was significantly higher in Groups

Table 3 The effect of different doses of a dietary probiotic preparation on the histomorphometry of the jejunum of female turkeys

Parameter Control Group 1 Group 2 Group 3 Pooled SE P

Thickness of the outer muscle layer [μm] 40.9 ± 15.5a 59.5 ± 11.1b 75.5 ± 12.1c 69.9 ± 11.0c 1.5 <0.01
Thickness of the inner muscle layer [μm] 198.1 ± 53.8a 236.3 ± 44.1b 293.4 ± 38.7c 280.1 ± 26.6c 4.4 <0.01
Thickness of the submucosa [μm] 33.1 ± 6.5a 43.2 ± 7.4c 37.3 ± 3.8b 46.9 ± 5.8d 0.6 <0.01
Thickness of the mucosa [μm] 1685.8 ± 139.2a 1917.5 ± 131.3c 1802.4 ± 242.5b 1687.6 ± 195.0a 15.1 <0.01
Crypt depth [μm] 264.2 ± 59.9a 300.1 ± 66.0a 456.6 ± 202.3b 268.7 ± 67.2a 10.2 <0.01
Villi height [μm] 1497.6 ± 139.7b 1653.5 ± 117.7c 1696.3 ± 179.1c 1401.3 ± 155.0a 14.0 <0.01
Crypt width [μm] 44.9 ± 10.9a 52.3 ± 7.8b 49.3 ± 11.9ab 52.4 ± 11.5b 0.8 <0.01
Villi width [μm] 121.6 ± 23.2c 77.4 ± 18.9a 78.9 ± 15.9a 107.8 ± 16.4b 2.1 <0.01
Total number of crypts /mm 15.1 ± 2.7c 12.4 ± 1.5a 14.4 ± 2.6bc 13.1 ± 2.4ab 0.2 <0.01
Number of open crypts /mm 4.4 ± 1.0a 4.4 ± 1.4a 5.9 ± 1.5b 7.0 ± 1.2c 0.1 <0.01
Number of closed crypts /mm 10.6 ± 2.8c 7.9 ± 2.0b 8.5 ± 2.8b 6.1 ± 2.4a 0.2 <0.01
Number of villi /mm 5.8 ± 0.9a 6.6 ± 2.4a 9.8 ± 1.4c 7.8 ± 0.8b 0.2 <0.01
Enterocyte height [μm] 19.3 ± 3.6a 26.4 ± 4.7b 29.9 ± 2.6c 27.5 ± 4.0b 0.4 <0.01
Number of enterocytes /100 [μm] 16.9 ± 3.1a 17.9 ± 3.4a 20.4 ± 3.6b 17.9 ± 1.3a 0.2 <0.01
Villus/crypt ratio 5.7 ± 1.1b 5.4 ± 1.0b 4.0 ± 1.4a 5.1 ± 1.0b 0.1 <0.01
Absorption surface [μm2] 26.0 ± 3.9a 30.0 ± 2.7b 33.3 ± 6.2c 24.1 ± 3.9a 0.4 <0.01

The results are presented as mean (SD). Control – animals not receiving the probiotic preparation, Group 1 – 107 cfu•g−1, Group 2 – 108 cfu•g−1 and Group 3 – 109•cfu g−1

(cfu – a colony-forming unit).
Values with different superscripts within a single row are significantly different from one another (P < 0.05).
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1 and 2 compared to the birds from Group 3, by an average of
23% (P < 0.01). Villus to crypt ratio was lowest in birds from
Group 2.

Nervous innervation
Duodenum. Duodenal Meissner and Auerbach plexus ganglia
of female turkeys receiving the lowest dose of the probiotic
preparation (107 cfu•g−1) had a significantly increased shape
factor (by 63% and 65%, respectively, P < 0.01), minimal
radius (by 53% and 78%, respectively, P < 0.01), minimal
diameter (by 53% and 77%, respectively, P < 0.01), as well
as mean diameter (by 25%, P = 0.02) and 41% (P < 0.01),
respectively), compared to the control group (Table 4). Mean
sectional area of nerve ganglia and sphericity were also sig-
nificantly raised, by 135% (P < 0.01) and 47% (P = 0.02),
respectively, but only in the Meissner plexus. No significant
changes in mean sectional area of nerve ganglia, its
perimeter as well as the sphericity and convexity indices
were observed in the Auerbach plexus (Table 4). The inter-
mediate dose of the probiotic preparation (108 cfu•g−1)
exerted a similar effect on the nervous innervation of the
duodenum as that observed in the control group (with no
probiotic preparation administration). However, signifi-
cantly higher mean sectional area of nerve ganglia was
observed in birds from Group 2, in both the Meissner
and Auerbach plexuses, compared to the control group
(by 71% and 59%, respectively, both P < 0.01). Birds
from Group 2 also displayed a significant increase (by
8%, P< 0.01) in convexity in the Meissner plexus compared
to the control group. No signs of hypertrophy or hyperplasia
of neurons were observed.

Fewer changes in nervous innervation of the small intes-
tine were observed in female turkeys receiving the
highest dose of the probiotic preparation (109 cfu•g−1).
Significantly increased shape factor (50%), minimal radius
(41%) and minimal diameter (41%) were observed in the
Meissner plexus (P = 0.02 in all cases) compared to the con-
trol group (Table 4). Mean sectional area of nerve ganglia in
the Auerbach plexus was almost twice as large as that
observed in birds from the control group. However, no swol-
len ganglia were observed in any of the groups assessed.

Jejunum. Significantly fewer changes with regard to nervous
innervation were observed in jejunum compared to the duo-
denum (Table 5). The lowest does of the probiotic prepara-
tion (107 cfu•g−1) caused a significant increase in shape
factor (by 24%, P = 0.04) and sphericity (by 177%, P < 0.01)
in the Meissner plexus of birds from Group 1 compared to the
control group. The intermediate dose of the probiotic prepa-
ration (108 cfu•g−1) caused a 49% (P < 0.01) increase in the
mean sectional area of nerve ganglia in the Meissner plexus,
compared to that observed in the control group. The highest
dose of the probiotic preparation (109 cfu•g−1), surprisingly,
decreased the minimal radius (by 31%, P = 0.01) and con-
vexity (by 7%, P = 0.02) in the Auerbach plexus compared
to that observed in the control group and the remaining treat-
ment groups (Table 5).

The general effect of probiotic dose
The greatest stimulating effect was observed in animals
receiving the moderate dose (108 cfu•g−1), where over
58% of parameters were significantly improved compared
to the control, which corresponded to over 44% of all

Table 4. The effect of different doses of a dietary probiotic preparation on the morphology of duodenal Meissner and Auerbach plexuses in the small
intestine of female turkeys

Parameter Control Group 1 Group 2 Group 3 Pooled SE P

Meissner plexus
Mean sectional area of nerve ganglia [μm2] 1485 ± 399a 2188 ± 975bc 2544 ± 703c 1841 ± 342ab 97.2 <0.01
Ganglia perimeter [μm] 271 ± 86a 236 ± 61a 255 ± 121a 233 ± 48a 10.7 =0.58
Shape factor 0.30 ± 0.08a 0.49 ± 0.13b 0.56 ± 0.17b 0.45 ± 0.12b 0.02 <0.01
Minimal radius [μm] 8.7 ± 1.8a 13.3 ± 4.7b 15.5 ± 2.9b 12.3 ± 2.1b 0.5 <0.01
Minimal diameter [μm] 17.4 ± 3.7a 26.6 ± 9.4bc 30.1 ± 5.7c 24.6 ± 4.2b 1.0 <0.01
Mean diameter [μm] 36.7 ± 6.8a 46.0 ± 11.1b 50.5 ± 12.7b 43.0 ± 4.4ab 1.3 <0.01
Sphericity 0.034 ± 0.023a 0.080 ± 0.039b 0.087 ± 0.039b 0.072 ± 0.029b 0.005 <0.01
Convexity 0.88 ± 0.05a 0.94 ± 0.05ab 0.95 ± 0.04b 0.92 ± 0.06ab 0.007 <0.01

Auerbach plexus
Mean sectional area of nerve ganglia [μm2] 2878 ± 891a 4202 ± 1539ab 4586 ± 1817b 5597 ± 1440b 223 <0.01
Ganglia perimeter [μm] 377 ± 158ab 313 ± 105a 462 ± 183b 480 ± 46b 18.9 <0.01
Shape factor 0.34 ± 0.14a 0.56 ± 0.18b 0.45 ± 0.13b 0.39 ± 0.14a 0.02 <0.01
Minimal radius [μm] 13.4 ± 3.8a 23.8 ± 6.9c 22.2 ± 7.1bc 18,3 ± 2.7ab 0.9 <0.01
Minimal diameter [μm] 26.9 ± 7.5a 47.7 ± 13.8c 44.4 ± 14.1bc 36.6 ± 5.4ab 1.7 <0.01
Mean diameter [μm] 52.5 ± 10.1a 73.9 ± 26.9b 82.2 ± 26.0b 70.8 ± 9.4ab 2.9 <0.01
Sphericity 0.037 ± 0.014ab 0.037 ± 0.005ab 0.039 ± 0.001a 0.030 ± 0.001b 0.001 <0.01
Convexity 0.90 ± 0.05ab 0.95 ± 0.04b 0.91 ± 0.07ab 0.87 ± 0.08a 0.008 <0.01

The results are presented as mean (SD). Control – animals not receiving probiotic preparation, Group 1 – 107 cfu•g−1, Group 2 – 108 cfu•g−1 and Group 3 – 109•cfu g−1

(cfu – a colony-forming unit).
Values with different superscripts within a single row are significantly different from one another (P < 0.05).
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ameliorated parameters in the study. Moreover, duodenum
(56% of ameliorated parameters) turned to be significantly
(P < 0.01) more susceptible for probiotics than jejunum
(31% of ameliorated parameters). Surprisingly, the weakest
stimulating effect was observed in the highest used dose of
probiotics (109 cfu•g−1), where only 30% of all parameters
were ameliorated, especially compared to the moderate one
(P < 0.01).

Discussion

Animals develop in association with complex commensal
microbiota communities, which are essential for precise host
organ function. Gastrointestinal microbiota, in particular,
play a key role in overall host development, immunity,
nutrient conversion, maintenance of host health and they
serve as a barrier against exogenous pathogens (Sekirov
et al., 2010; Montalban-Arques et al., 2015). Alternative
products and strategies that aid in the maintenance of animal
gut health are constantly being investigated in order to pre-
vent or reduce the prevalence of pathogens in livestock. This
is specifically important nowadays, where the development
of antibiotic resistance is on the increase (Yang et al.,
2009; Soccol et al., 2013; Agboola et al., 2014). The use
of probiotics as an effective alternative approach could
improve gut microbial balance, and therefore, the natural
defence of livestock against pathogenic bacteria (Soccol et
al., 2013). The appropriate probiotic dose for use in livestock
is also becoming of importance (Yang et al., 2009).

Several aspects of host–microbiota interactions that
promote functional and structural maturation of the gastroin-
testinal tract have been examined recently, including

peristaltic motility, intestinal absorptive surface, blood supply,
nutrient acquisition, microbial balance and gut integrity. The
health-promoting effects of probiotics are dependent on the
type and number of the different strains of bacteria or yeasts
used in the probiotic preparation, especially in mixed prepara-
tions (Saarela et al., 2002; Yang et al., 2009; Soccol et al.,
2013; Agboola et al., 2014; Rawski et al., 2016). It must be
stressed that all probiotic strains are different and their iden-
tification, characteristics and host relevance are important fac-
tors to consider when extrapolating results observed in
different host species, which has to be donewith great caution
and makes the translation of data more complex (Saarela
et al., 2002; Chamani, 2016). Nevertheless, assessment of gas-
trointestinal tract morphology and histology is a broadly uti-
lised technique in the investigation of the health-promoting
effects of probiotic preparations, since intestinal morphology
may be facilitated by the gut microflora and the digestive func-
tion of the small intestine is closely related to its mucosal archi-
tecture and villi structure (Liu et al., 2008; Rahimi et al., 2009;
Sekirov et al., 2010; Agboola et al., 2014; Rawski et al., 2016).
However, studies on the structural changes and development
of the gastrointestinal tract in response to different doses of
mixed bacteria and yeast preparations are scarce, especially
in a turkey model.

Data from the detailed histomorphometric analyses per-
formed in the present study confirm the effects of probiotics
observed in previous studies. The significantly increased villi
height, crypt depth, mucosa thickness and crypt and villi
width observed in the present study, following administra-
tion of the probiotic preparation, are in agreement with
results from previous studies (Pelicano et al., 2005; Awad
et al., 2009; Rahimi et al., 2009; Agboola et al., 2014;

Table 5 The effect of different doses of a dietary probiotic preparation on the morphology of jejunal Meissner and Auerbach plexuses in the small
intestine of female turkeys

Parameter Control Group 1 Group 2 Group 3 Pooled SE P

Meissner plexus
Mean sectional area of nerve ganglia [μm2] 800 ± 207ab 597 ± 100a 1191 ± 447c 939 ± 290bc 46.1 <0.01
Ganglia perimeter [μm] 142 ± 33ab 106 ± 26b 181 ± 63a 168 ± 43a 6.6 <0.01
Shape factor 0.55 ± 0.09a 0.68 ± 0.14b 0.50 ± 0.16a 0.45 ± 0.14a 0.02 <0.01
Minimal radius [μm] 9.0 ± 2.0ab 9.7 ± 3.2ab 10.4 ± 1.8b 8.2 ± 1.8a 0.3 =0.05
Minimal diameter [μm] 18.0 ± 4.0ab 19.5 ± 6.4ab 20.8 ± 3.6b 16.3 ± 3.7a 0.6 =0.05
Mean diameter [μm] 30.5 ± 5.6ab 26.3 ± 6.3a 34.8 ± 5.3b 29.8 ± 4.6ab 0.8 <0.01
Sphericity 0.13 ± 0.06a 0.36 ± 0.25b 0.12 ± 0.08a 0.14 ± 0.24a 0.03 <0.01
Convexity 0.95 ± 0.03a 0.96 ± 0.02a 0.94 ± 0.04a 0.92 ± 0.07a 0.006 =0.06

Auerbach plexus
Mean sectional area of nerve ganglia [μm2] 2652 ± 572a 2985 ± 1677a 3336 ± 1604a 2668 ± 602a 159 =0.39
Ganglia perimeter [μm] 372 ± 183a 308 ± 156a 299 ± 112a 358 ± 91a 18.1 =0.39
Shape factor 0.41 ± 0.11ab 0.50 ± 0.18b 0.51 ± 0.18b 0.29 ± 0.08a 0.02 <0.01
Minimal radius [μm] 15.9 ± 4.7b 15.7 ± 3.9b 17.5 ± 5.5b 11.0 ± 1.8a 0.6 <0.01
Minimal diameter [μm] 31.7 ± 9.3a 31.4 ± 7.8a 34.9 ± 11.0a 22.1 ± 3.6a 1.2 <0.01
Mean diameter [μm] 60.0 ± 20.1a 53.4 ± 14.7a 56.3 ± 11.4a 46.8 ± 5.7a 1.9 =0.07
Sphericity 0.06 ± 0.04a 0.12 ± 0.09ab 0.20 ± 0.24b 0.03 ± 0.02a 0.02 <0.01
Convexity 0.92 ± 0.05b 0.94 ± 0.04b 0.92 ± 0.06b 0.86 ± 0.05a 0.007 <0.01

The results are presented as mean (SD). Control – animals not receiving probiotic preparation, Group 1 – 107 cfu•g−1, Group 2 – 108 cfu•g−1 and Group 3 – 109•cfu g−1

(cfu – a colony-forming unit).
Values with different superscripts within a single row are significantly different from one another (P < 0.05).
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Chamani, 2016; Rawski et al., 2016). Improvement in epi-
thelium features, villus to crypt ratio and small intestine
absorptive surface were also in agreement with previous
studies (de los Santos et al., 2007). However, the current
study is unique in that it is the first study which compares,
in detail, the effects of different doses of a mixed bacteria
and yeast probiotic preparation on the development and
structure of the small intestine of female turkey poults.
Moreover, the results presented here also show, for the first
time, an improvement in the nervous innervation of the small
intestine following administration of the mixed probiotic
preparation. In contrast to previous studies, more duodenal
parameters were significantly improved in birds receiving the
intermediate dose of the probiotic preparation compared to
that observed in the jejunum, which was less susceptible to
the favourable effects of the probiotic preparation (de los
Santos et al., 2007).

The probiotic preparation used in the present study did not
affect the body weight gain, feed intake or feed utilisation,
which was also observed in previous studies (Chamani, 2016;
Hanczakowska et al., 2017). However, Markovic et al. (2009)
observed an increase in body weight gain after administra-
tion of yeast additives to broilers (Markovic et al., 2009).
Alternatively, in a study by Agboola et al. (2014), supplemen-
tation with probiotics increased the body weight of turkey
poults; however, there was no influence on the performance
of the turkeys, thus feed intake, feed conversion ratio and
protein intake were not significantly changed (Agboola
et al., 2014). Intestinal bacteria have been suggested to regu-
late body weight through their effects on the host’s meta-
bolic, neuroendocrine and immune functions, with some
studies reporting a reduction in total body and abdominal
fat (Florou-Paneri et al., 2013); however, these effects may
largely depend on the variety of bacterial specific strains,
their proportions and the doses used in these preparations.
These issues still remain to be investigated. In the present
study, the specific probiotic preparation was chosen based
on the colonisation of a particular section of the intestine,
since in the turkey duodenum, Lactobacillus sp. prevails
and the rest of the bacterial strains that were used are largely
present in further parts of the small intestine. The yeasts were
used as a result of their nutritional content, their resistance to
the acidic stomach environment and their immunomodula-
tory activities, which complement those of the naturally
occurring microflora.

In conclusion, all doses of the probiotic preparation used
in the present study exerted a beneficial effect on the his-
tological structure of the small intestine; however, the
observed effects were dose and region dependent. The
structural development of particular parts of the gastroin-
testinal tract proved to be greatly accelerated by the
108 cfu•g−1 dose of the mixed probiotic preparation.
Investigations into why the highest dose (109 cfu•g−1) of
the probiotic preparation had the worst effect, as well as
the mechanism of action of the probiotic preparation, will
be carried out in future studies. Presented detailed data
on the effects of different doses of probiotics on the

histomorphometry of the small intestine, especially in tur-
key poults, may enrich poultry breeding practices.
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