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ABSTRACT
Among the alternative options of antibiotics as growth promoters (AGP) to
reduce the antimicrobial resistance, probiotics are the attractive alternative
which needs to compare at different doses with AGP on the intestinal health of
Japanese quail. For this, a total 75 Japanese quails were equally assigned to five
treatment groups having three replicates in each group (n=5). In addition to
basal diet (control), four other groups were supplemented by AGP and
probiotics at the dose of 0.015 gm/bird, 0.03 gm/bird, and 0.045 gm/bird. The
results revealed, 0.03 gm/bird probiotics group had significantly (p<0.05) lower
mean on gizzard and intestine relative weights (gm/kg) of 23.68 and 35.61; and
the relative length (cm/kg) of duodenum, jejunum and ileum were 51.06, 137.30
and 101.95, respectively. Additionally, the villus height (VH) of jejunum and
ileum had significantly (p<0.01) higher mean in 0.03 gm/bird probiotics group
of 599.25 and 417.25 µm, respectively. Although, there was a quadratic
relationship in VH of jejunum (p<0.001) and ileum (p<0.01), CD (p<0.01) and
VH:CD (p<0.05) of duodenum with the probiotics dose, but only VH of jejunum
and ileum (p<0.001) showed a linear interaction. The enumeration of intestinal
bacteria was lower in AGP group but did not differ significantly (p>0.05) with
0.03 gm/bird probiotics group in which the E. coli, Salmonella, Staphylococcus and
TBC mean was 5.160 log10, 4.440 log10, 2.923 log10 and 6.972 log10 CFU/gm,
respectively. However, the highest pH was recorded in ileum in each group
without any significant differences. In a short of, probiotics are effective
substitute to AGP and having the potential effects on intestinal health especially
for 0.03 gm/bird.

INTRODUCTION

are now one of the major growing concerns [2].
Therefore, embargoes on the use of AGP in many
countries have created a gap in preventing poultry
against the common pathogens [3]. Consequently, the
poultry researchers focused on alternative approaches
to improve broiler performance and optimize
intestinal health [4]. Among the available options,
probiotics are the attractive alternatives which
markedly improve performance in comparison to diets

Quail (Coturnix coturnix japonica) farming is the
lucrative addition in the poultry industry that the
fastest growing sector across the world. During the
last few decades, antibiotics as growth promoters
(AGP) had been used in the poultry industry to
improve feed efficiency and reduce mortality [1].
However, the successive infliction of AGP has driven
towards the acquired resistance and residual agents
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without AGP [5]. Probiotics are single or mixed
cultures of live microorganisms which balance the
intestinal flora as well as leave no residues in animal
originated food therefore have no antimicrobial
resistance (AMR) properties [6]. The probiotics are
mainly composed of some beneficial microorganisms
and the most common probiotics containing microorganisms are Lactobacillus acidophilus, Lactobacillus
casei, Bifidobactuium bifidum, Aapergillus oryzae and
Torulopsis sp. [7]. Interestingly, these probiotics
bacteria prevent the colonization in the gut by
reducing the load of various harmful pathogens, such
as Escherichia coli, Salmonella spp, Streptococcus spp.
and Staphylococcus spp [8]. Besides this, probiotics
decrease the GIT pH level and release bacteriocins that
hinder the growth of these harmful pathogens [9].
Afterwards, the activity of probiotics improves
digestibility of dry and organic matters in the diets
[10] and this diet of poultry greatly enhance the
development of intestinal morphometric [11]. The
morphology of intestinal villi and epithelial cells are
related to intestinal functions and the huge villi height
indicate active intestinal functions [12]. However,
several studies also determined the impact of
probiotics on intestinal histology and also on intestinal
microbial population but limited were in Japanese
quail along with pH measurements of the small
intestine [13].

University during the period of 3rd January to 2nd
February 2019 and Microbial study was performed at
the laboratory of department of Microbiology and
Hygiene of the same university. In this study, a total
of 75 overtly healthy one-day-old Japanese quails
(Coturnix coturnix japonica) were purchased from a
local hatchery located in Mymensingh Sadar of
Bangladesh. After purchase, the birds were transferred
to the experimental house under the department of
Anatomy and Histology, Bangladesh Agricultural
University. This experimental house has 16 hours
continuous light facilities for birds both of natural and
artificial (light on from 6 a.m. to 10 p.m.). The birds
rose with ad-libitum of safe drinking water and mash
feed. The basal diet was containing the ingredients
without probiotics and antibiotics as per described by
Razee et al., in 2016 [14]. Moreover, proper hygiene
and sanitation were maintained.
Experimental design
A total of 75, day-old quail chicks irrespective of sex
were randomly assigned to 5 experimental groups
with the similar average body weight. All
experimental groups included 3 replicates with 5 quail
chicks in each. Among the five groups, the first was
control and maintained only with basal diet but the
2nd, 3rd and 4th groups were supplemented by
probiotics additionally with the basal diet at the dose
rate of 0.015 gm/bird, 0.03 gm/bird and 0.045 gm/bird,
respectively. And the last, 5th group was
supplemented by antibiotics growth promoter (AGP)
with the basal diet. The commercially available
probiotic having the strength of minimum 5×l012
colony forming units (CFU)/gm were supplemented.
This product is a freeze dried preparation containing
the following live viable strains of naturally occurring
microorganisms:

Therefore, update information is always necessary to
enhance the performance of poultry. Hence, this study
was designed to assess the effects of market available
probiotics at different doses in comparison to AGP
and basal diets on small intestinal histomorphology,
microbial counts and pH of Japanese quail.
MATERIALS AND METHODS
Ethical approval
In this study, all efforts were made to minimize the
suffering of the experimental birds in considering with
animal welfare policies. Therefore, this study was
approved by the Animal Welfare and Ethical
Committee, Faculty of Veterinary Science, Bangladesh
Agricultural University and the approval number is
AWEEC/BAU/2020(29).

Bacteria

CFU/gm

Lactobacillus plantarum

1.26×108

6.3

Lactobacillus bulgaricus
Lactobacillus acidophilus
Lactobacillus rhamnosus

2.06×108
2.06×108
2.06x108

10.3
10.3
10.3

Bifidobacterium bifidum

3.69×108

10.0

Pediococcus sp.

3.69×108

Enterococcus faecium

5.32×107

18.48
29.00

Active ingredient (%)

The AGP was sourced from commercially available broad-spectrum antibiotic
(Ciprofloxacin) @ 0.5 gm per 50 kg basal feed. At the day of 49, all birds were
weighed individually and recorded. All the birds of each replicate belong to
the different groups were maintained under similar management and housing
conditions.

Study site, experimental birds and management
This study was conducted at the Department of
Anatomy and Histology, Bangladesh Agricultural
www.bsmiab.org/jabet
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Sample collection

embedded with 62 °C melted paraffin into a block and
finally the tissues were sectioned at 6µm thickness
using sliding microtome (MIC 509, Euromex, Japan).
The sections were allowed to spread on warm water
bath (45°C). The sections were taken on the glass
slides after putting 1-2 drops adhesive (Mayer’s egg
albumin) onto the slides. After that the slides were
allowed to dry at 40°C on a slide warmer for 8 hours.
The sections were then stained using Mayer’s
Hematoxylin and Eosin (H & E). Finally, a cover slip
was mounted over the tissue samples on the slide,
using optical grade non-aqueous mounting medium
DPX. Necessary photographs were taken with light
microscope (Olympus, BX 51, Japan) under low (×10)
and high (×40) magnifications. Then the biometric
measurements of different histological structures of
the intestinal tissues were performed. Villus height
(VH) and crypt depths (CD) of the segments were
measured by using calibrated eyepiece micrometer
(Olympus, U-OCMC10/ 100XY, Japan). Then the villus
height and crypt depths ratio (VH: CD) was calculated
[17].

On the day 49 (Seven weeks) of study, two quails per
replication of each group were randomly selected and
killed by cervical dislocation. Then the digestive
organs were separated for further morphometric and
histological study. Before removing the ingesta from
the digestive tract, samples were taken from intestinal
content for microbial analysis.

Intestinal morphometric study
In order to estimate the intestinal morphometry of the
quail at 49 days of age in each treatment groups, the
gastrointestinal tracts were collected, and its contents
were removed and cleaned immediately for recording
the empty gizzard weight (without fat), intestinal
weight along with the length of small intestinal
segments (duodenum, jejunum and ileum). The
weights were expressed relative to live body weight
(BW) (gm/kg) and similarly, the relative lengths to live
BW (cm/kg) were measured [15].
𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑚/𝑘𝑔) 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑠
𝑂𝑟𝑔𝑎𝑛𝑠 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑚)
=
× 1000𝑔𝑚
𝐿𝑖𝑣𝑒 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑚)

Enumeration of intestinal bacteria
To investigate the bacteriological status, 1 gm of
intestinal content was collected immediately after
sacrificing the two quails from each replication of all
experimental groups and processed immediately for
microbiological studies. The intestinal contents were
serially diluted, whereby 0.1 ml per dilution were
inoculated on standard plate count agar for total
bacterial count (TBC), Mac Conkey agar for E. coli,
Salmonella Shigella (SS) agar for Salmonella and
Mannitol salt agar for Staphylococci. After 24 hours
incubation, the total numbers of bacterial colonies
were counted by a digital colony counter. All the
bacteriological culture was maintained according to
the methods described by Merchant and Packer in
1967 [18]. Before statistical analysis, the number of
bacteria was transferred to Log10 numbers and
expressed as arithmetical means ± SE (Log10 CFU/gm).

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚/𝑘𝑔) 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑠
𝑂𝑟𝑔𝑎𝑛𝑠 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)
=
× 1000𝑔𝑚
𝐿𝑖𝑣𝑒 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑚)

A measuring tape and RADWAG balance and scales
(Model AS 220.R2) were used to measure the lengths
and weights, respectively.

Intestinal histological analysis
Two tissue Samples approximately 2cm from the
duodenum (midpoint of the gizzard to bile duct),
jejunum (midpoint of the bile ducts to Meckel’s
diverticulum) and ileum (midway of the Meckel’s
diverticulum to the ileo–caecal junction) of each group
per replication were taken for microscopic assessment
according to the methods described by Afrin et al., in
2016 [16]. The histological indices from these segments
were prepared where the 10% formalin fixed tissues
were dehydrated in the series of ascending grade of
alcohol. The clearing was done by several changes of
xylene and immersing samples into it for 2 hours.
Then, different graded of melted paraffin (60 °C and
62 °C) were used to impregnation of the tissues at 30
minutes interval. The samples were thoroughly

Intestinal pH measurement
At the end of the study two quails from each group
per replication were randomly chosen, slaughtered
and pH values of the intestinal segments (duodenum,
jejunum, and ilium) were measured by direct probe of
pH meter (Lutron PH-208). The intestinal pH
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measurement was taken five minutes after placing the
electrode.

RESULTS
Intestinal morphometric study
Commercial strains of probiotic at different doses and
AGP were used for experimental challenges in
Japanese quails. The results (Table 1) showed that
dietary inclusion of commercial probiotic @ 0.03g/bird
had significantly increased the relative weights of
gizzard (p<0.01) and intestine (p<0.05) over the control
(16.94 and 29.09 gm/kg) and AGP (17.43 and 30.27
gm/kg) groups respectively. However, AGP and
among the probiotic groups the relative length of
intestinal segments (duodenum, jejunum, and ileum)
was not statistically significant (p˃0.01) than that of
those fed only basal diet (control). Interestinly, the
increasing dose of probiotics had a linear effect on
relative weight of intestine (p<0.01) and relative length
of the duodenum (p<0.05) of Japanese quail. On the
other hand, quadratic effect was on relative weight of
gizzard (p<0.01) and intestine (p<0.05) of Japanese
quail (Table 1).

Statistical analysis
The statistical Package for Social Sciences (SPSS)
version 25.0 was used for analysis of data. The
obtained data from the treatments were subjected to
One-Way Analysis of Variance (ANOVA) and
followed by Duncan’s multiple range tests was
applied to determine the statistically significant
differences among the treatment groups. Additionally,
the orthogonal polynomial contrast test was
considered to ascertain the linear and quadratic effects
of increasing probiotics supplementation (gm) in diets
on each parameter. The intestinal pH level was
analyzed through a boxplot to show the distribution
and the level in different treatment groups. However,
before considering the statistical test, the assumptions
of the performed statistical test were assessed and
none found violated. The significant value of the
entire test was set, p ≤ 0.05.

Table 1. Effects on digestive tract morphometric indices (Mean ± SEM) of control, probiotics and AGP groups in Japanese
Quail (Coturnix coturnix japonica).
Group (Mean ± SEM)
Parameters

Polynomial contrast

Control

Probiotics
0.015gm/Bird

Probiotics
0.03gm/Bird

Probiotics
0.045gm/Bird

AGP

Gizzard relative weight (gm)

16.94c±1.08

21.55ab±1.80

23.68a±1.31

19.94abc±1.14

17.43bc±1.57

Intestine relative weight (gm)

29.09bc±1.16

32.25ac±1.35

35.61a±0.42

34.32ab±1.06

Duodenum relative length (cm)

45.48b±1.95

48.91ab±1.96

51.06a±1.26

Jejunum relative length (cm)

124.76a±7.35

126.67a±2.57

Ileum relative length (cm)

88.45a±6.17

89.48a±5.94

F-value

Linear

Quadric

4.03**

0.082

0.006

30.27bc±2.09

3.45*

0.001

0.048

50.79a±0.99

46.94ab±1.62

2.27NS

0.020

0.262

137.30a±3.80

131.02a±9.06

131.48a±6.92

0.58NS

0.307

0.521

101.95a±2.25

96.02a±3.41

93.48a±4.22

1.377NS

0.113

0.471

Significant differences were determined using One-Way Analysis of Variance (ANOVA) with Duncan’s multiple range tests. The orthogonal polynomial contrast
test was considered to ascertain the linear and quadratic effects of increasing probiotics supplementation (gm) in diets on each parameter. Differences compared
to control and treated groups are ** Significant at 1% (p<0.01), * Significant at 5% (p<0.05); Figures in the row with similar alphabet (a,b,c) do not differ
significantly. NS= non-significant, gm= Gram, kg= Kilogram, cm= Centimetre.

significant (p<0.05) difference among all of the groups
but the highest value was noted in control group
(11.59 µm). Villus height of the jejunum in control and
treated groups, the mean had significant (p<0.01)
difference and highest was 599.25 µm in diet
containing 0.03 gm/bird of probiotics (Figure 2). The
last segments of small intestine i.e. ileum of Japanese
quails of different treatment groups had significant
(p<0.01) difference on VH where the highest was
417.25 µm recorded in group fed by 0.03 gm/bird of
probiotics (Figure 3). Although, the quadratic
relationship was observed in VH of jejunum (p<0.001)
and ileum (p<0.01), CD (p<0.01) and VH:CD (p<0.05)

Intestinal histoarchitecture study
Table 2 shows, the mean data of different treatment
groups on intestinal histology, where the villus height
(VH), Crypt depth (CD) and VH:CD were measured.
In duodenum, the CD had significant (p<0.01)
difference among the dietary treatment groups where
highest mean was 117.45 µm in group treated with
0.03 gm/bird of probiotics (Figure 1) but had no
significant difference with 0.045 gm/bird probiotics
diet. Likewise, the VH:CD of duodenum had found
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of duodenum with the probiotics dose, but a linear
interaction was found only in VH of jejunum (p<0.001)
and ileum (p<0.001).

mean of 5.160 log10, 4.440 log10, 2.923 log10 and 6.972
log10 CFU/gm respectively while significantly (p<0.01)
lower mean was also found in AGP treated group but
had no significant (p>0.05) difference to 0.03 gm/bird
supplemented probiotics group. Interestingly, the
higher reduction rate was observed in 0.03 gm/bird
probiotics treated group than the other doses of
probiotics and control groups. Nevertheless, the
highest count of this certain bacteria was in quails of
control
group,
had
no
additional
dietary
supplementation. Both linear (p<0.001) and quadratic
(p<0.05) effect of probiotics supplementation was
observed on intestinal microbial count.

Figure 1. Histological representation of duodenal mucosa of control
and 0.03 mg/bird probiotic treated groups in Japanese quails. The
yellow lines and red lines represent villus height, and crypt depth
respectively (H&E, ×10). VH: villus height; CD: crypt depth. Scale
bar = 200 µm. The blue arrow showing duodenal villi (H&E, ×40;
Scale bar = 50 µm) in control and 0.03 mg/bird probiotic treated
groups of Japanese quails.

Figure 3. Histological representation of ileum mucosa of control and
0.03 mg/bird probiotic treated groups in Japanese quails. The yellow
lines and red lines represent villus height and crypt depth
respectively (H&E, ×40). VH: villus height; CD: crypt depth. Scale
bars, 50 µm.

Intestinal pH assessment
The pH of intestinal segments (duodenum, jejunum
and ileum) is reported in boxplot and presented in
Figure 4. The boxplot indicated that a higher trend of
pH observed in the groups of ileum and lower trend
in duodenum. The highest median of pH was found in
jejunum of AGP treated quails (6.80) whereas the
lowest median was in duodenum at different doses of
probiotics supplemented quails i.e. approximately
6.10. However, the pH of duodenum, jejunum and
ileum of several groups had no significant (p>0.05)
differences.

Figure 2. Histological representation of jejunum mucosa of control
and 0.03 mg/bird probiotic treated groups in Japanese quails. The
yellow lines and red lines represent villus height and crypt depth
respectively (H&E, ×40). VH: villus height; CD: crypt depth. Scale
bars, 50 µm.

Enumeration of intestinal microbiota
The enumeration of intestinal microbial population (E.
coli, Salmonella spp and Staphylococcus spp) in Japanese
quails of different treatment groups were performed
and is presented in Table 3. The count of E. coli,
Salmonella spp Staphylococcus spp and total bacterial
count (TBC) in Japanese quails of 0.03 gm/bird
probiotics supplemented group was found lower
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Table 2. Effects on small intestine histological indices (Mean ± SEM) of control, probiotics, and AGP groups in
Japanese Quail (Coturnix coturnix japonica).

Ileum, µm

Jejunum, µm Duodenum, µm

Parameters

Control

Group (Mean ± SEM)
Probiotics
Probiotics
0.015gm/Bird
0.03gm/Bird

Probiotics
0.045gm/Bird

AGP

Polynomial Contrast
F-value

Linear

Quadric

Villus Height

838.98a±19.27

852.71a±25.75

879.38a±25.51

873a±23.03

862.71a±25.16

0.46NS

0.768

0.373

Crypt Depth

77.53 ±7.99

85.35 ±6.03

117.45 ±8.98

107.56 ±9.86

91.81 ±6.34

4.19**

0.055

0.006

VH : CD

11.59a±1.5

10.29ab±0.88

7.66b±0.47

8.42b±0.68

9.65ab±0.79

2.76*

0.062

0.023

Villus Height

462.49b±14.79

488.21b±8.85

599.25a±14.38

596.54a±14.26

563.9a±17.8

19.47**

0.00

0.00

Crypt Depth

49.02a±6.36

54.42a±6.61

67.89a±8.58

61.59a±7.45

57.4a±6.92

0.98NS

0.305

0.162

VH : CD

10.26a±1.4

9.62a±1.1

9.49a±1.13

10.8a±1.9

10.59a±1.41

0.17NS

0.685

0.669

Villus Height

347.48c±11.76

365.63bc±15.7

417.25a±9.81

408.11a±10.22

387.74ab±12.65

5.64**

0.004

0.006

Crypt Depth

45.35 ±5.95

49.58 ±7.36

58.93 ±7.21

55.92 ±7.65

52.72 ±6.61

0.58

NS

0.349

0.307

VH : CD

8.29 ±0.96

8.38 ±1.5

7.66 ±0.99

8.05 ±1.19

8.07 ±1.23

0.06

NS

0.84

0.83

c

a

a

bc

a

a

a

ab

a

a

a

a

bc

a

a

Significant differences were determined using One-Way Analysis of Variance (ANOVA) with Duncan’s multiple range tests. The orthogonal polynomial contrast
test was considered to ascertain the linear and quadratic effects of increasing probiotics supplementation (gm) in diets on each parameter. Differences compared
to control and treated groups are ** Significant at 1% (p<0.01), * Significant at 5% (p<0.05); Figures in the row with similar alphabet (a,b,c) do not differ
significantly. Villus Height and Crypt Depth ratio= VH: CD, NS= non-significant, gm= Gram, kg= Kilogram, cm= Centimeter.

Table 3. Effects on intestinal microbial populations (log10 CFU/gm of intestinal content) of control, probiotics and
AGP groups (Mean ± SEM) in Japanese Quail (Coturnix coturnix japonica).
Fvalue

Group (Mean ± SEM)
Parameters
Control

Probiotics
0.015gm/Bird

Probiotics
0.03gm/Bird

Probiotics
0.045gm/Bird

AGP

E. coli

6.400a±0.093

6.232a±0.160

5.160b±0.224

5.870a±0.263

5.149b±0.198

Salmonella spp

5.569a±0.043

5.457a±0.138

4.440b±0.154

5.395a±0.066

Staphylococcus spp

3.872a±0.215

3.557ab±0.065

2.923c±0.209

TBC

8.365a±0.222

7.949ab±0.199

6.972c±0.237

Polynomial
Contrast
Linear

Quadric

8.93**

0.007

0.036

4.330b±0.223

18.30**

0.005

0.001

3.375b±0.057

2.810c±0.122

8.69**

0.006

0.023

7.490b±0.227

6.512c±0.147

12.61**

0.002

0.048

Significant differences were determined using One-Way Analysis of Variance (ANOVA) with Duncan’s multiple range tests. The orthogonal polynomial contrast
test was considered to ascertain the linear and quadratic effects of increasing probiotics supplementation (gm) in diets on each parameter. Differences compared
to control and treated groups are ** Significant at 1% (p<0.01); Figures in the row with similar alphabet (a,b,c) do not differ significantly. CFU= Colony forming
units, NS= non-significant, gm= Gram, kg= Kilogram, cm= Centimetre.

Figure 4. The pH values of Duodenum, Jejunum and Ileum of
control, probiotics and AGP groups in Japanese quails. Data are
presented in boxplot. Each boxplot represents the average value for
all the data points (control and challenged groups, n = 30).
Significant differences were determined using One-Way Analysis of
Variance (ANOVA) with Duncan’s multiple range tests. A higher
trend of pH was observed in ileum and lower trend in duodenum of
all treated and control groups. pH level of duodenum, jejunum and
ileum of control and challenged groups had no significant (p>0.05)
differences.
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DISCUSSION

treatment had the trends to have longer villus in both
jejunum and ileum which is in accordance with
findings of Hidayat et al., in 2018 [29] who stated that
the broiler fed by probiotics can significantly increase
the VH of jejunum and ileum other than the
duodenum. Subsequently, the inreased ileal villus
height was observed with addition of E. faecium [30],
and also increased jejunal villus height was found
with addition of a probiotic containing Lactobacilli, B.
thermophilum, and E. faecium in broiler diet [31].
Longer VH reflected the better gut epithelial cell
proliferation after probiotic supplement [32].
Specifically, the longer intestinal villi indicate an
increased surface area for enhancing capability of
intestine to absorb nutrients [24] and also associated
with activated cell mitosis [33]. It is agreed that greater
villus height is a sign that the function of intestinal
villi is activated [34]. Additionally, the concentrations
of amylase in broiler intestine were increased after
supplementation of diet with either a single strain of
Lactobacillus acidophilus or a mixture of Lactobacillus
strains which is responsible for longer villi [35].
However, amylase concentrations were not estimated
in the present study and further experiments are
needed to verify this effect. In the duodenum of 0.045
gm/bird probiotics supplemented group, the
significantly higher value on crypt depth (CD) and
some extent longer VH was reflected. Deeper
intestinal villi crypts allow the renewal of the
intestinal villi by rapid metabolism of tissue when its
regeneration is required [36]. Thereafter, a decrease in
intestinal villi height or shorter CD may diminish the
absorption of nutrients and/or increase the energy
requirement to maintain the functions of the intestine
[36]. Furthermore, it is assumed that the epithelium of
intestinal villi can act as a natural barrier against
commonly existent infectious bacteria and toxic
substances in the intestinal lumen [37].

The study revealed that the dietary supplementation
of probiotics in comparison to AGP had some extent
of potential effects on intestinal properties of Japanese
quails. Although Inborr in 2000 [19] reported that
probiotics and antibiotics markedly improved the
general health status of the poultry. But the effects of
antibiotics as growth promoter have been omitted
regarding to its toxicity, residues in food and
transferable antibiotic resistance after long term
administration at low doses in Japanese quails.
The significant positive impacts of probiotics on
poultry performance and health were well established.
The main assumed health benefits of probiotic bacteria
include improving the balance of commensal and
pathogenic gut microflora, immunomodulation,
producing digestive enzymes, enhancing nutrients
bioavailability and digestibility as well as carcass yield
and quality of Japanese quails [20]
In our study, the relative weight of gizzard and GIT
were significantly higher in 0.03 gm/bird probiotics
supplemented group while Hetland et al., in 2005
claimed that the more muscular and enlarged gizzard
can improve digestion and unable to affect the digesta
movements when lacking feed stimuli [21]. The
present study is in agreement with previous studies
where the gizzard [22] and intestinal [23] weight of
broiler was higher in probiotics treated group but
without any significant differences. In contrast, Awad
et al., in 2006 [24] observed that the probiotics had no
significant effects on gizzard and intestine weight of
broiler. These variations could be for differences in
sample sizes and species. In case of, the relative length
of individual segments of the small intestine
(duodenum,
jejunum,
ileum),
Stęczny
and
Kokoszyński in 2020 [25] found no significant
differences in broiler raised with or without probiotics
supplement, which suggest our findings in Japanese
quails.

Probiotics are living bacteria having the beneficial
effects on the host body by improving the balance of
intestinal microflora [6]. In our findings, the
supplementation of 0.03 gm/bird probiotics had higher
beneficial effects on quails by increasing the reduction
of intestinal microbial population (E. coli, Salmonella
spp, Staphylococcus spp and TBC) which is in
agreement with the findings of Manafi et al., in 2016
[38] who narrated that feeding of Bacillus subtilis in
Japanese quails markedly reduced the populations of
Salmonella, coliforms and E. coli. Similarly, the other
authors Siadati et al., in 2017 [39] reported the lowest E.
coli populations in Japanese quails under the

The histological study of the intestinal mucosa and the
state of microscopic structures can be good indicators
for determining the health status of quail provided by
active substances in feed [26]. It is assumed that the
optimum development and the morphology of the
intestinal tract are dependable on the first exposure of
microbiota as long as the host matures [27]. The use of
probiotics to quail feed is one of the key strategies to
enhance the intestinal health for digestion and
absorption of nutrients can be assessed by measuring
the VH and CD [28]. In our study, the probiotics
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treatments of the native probiotics. On the other side,
though Strompfova et al., in 2012 [40] noted that there
were no significant differences in the counts of
Staphylococci spp, but the count was lower in caecal
content in probiotics treated group than control. This
is in line with some studies representing that the
administration of probiotics do appear to have only
minor and temporary measurable effects on fecal
microbiota as assessed by qPCR assays or sequencing
of 16S rRNA genes [41]. Surprisingly, the lower count
of potentially pathogenic bacteria indicated that the
probiotics suppressed the growth of several harmful
bacterial species [42]. Those effects are caused by
activating the metabolism of one or a partial number
of health-promoting bacteria or by collectively
stimulating their growth, which improved the health
of the host, or both [43]. Particularly, the probiotics
that contain Lactobacillus spp. accomplished to
produce lactic acid and antimicrobial compounds
(organic acids, hydrogen peroxide, diacetyl and
bacteriocin) that can kill pathogenic bacteria [44].
Moreover, the probiotic Lactobacillus casei hinders the
increase in paracellular permeability normally
induced by enteropathogen E. coli [45]. Subsequently,
supplementation of probiotic does favor the
enterocytes to act as phagocytic cells or as antigenpresenting cells in the same way as M-cells in higher
vertebrates that possess degraded bacteria within
phagolysosome-like vesicles in its cytoplasm [46].
Hansen and Olafsen in 1999 [47] also observed
endocytosis of bacteria by enterocytes in herring
(Clupea harengus L.) larvae. The reason behind this has
not been interpreted yet. To some extent, this might be
attributable to that the pathogen outcompeting the
probiotic bacteria due to administration of appropriate
levels of probiotic bacteria in quail diets.

The present study concerning the dose and exposure
protocol of probiotics for uttermost protective shield
on the intestine of Japanese quails. This study elicited
that supplementation of probiotics in quail’s diet can
increase the relative weight of gizzard and GIT as well
as increase the VH of Jejunum, ileum, and also
duodenum CD as well as VH:CD significantly
compared to control and AGP. Moreover, the effects of
probiotics especially at 0.03 gm/bird reflected on
pathogenic intestinal bacteria count where a decrease
count was observed in relation to AGP. Although the
lactobacillus containing probiotics were supplemented
but no significant changes appeared in intestinal pH.
However, the aforementioned findings of this study
imply that the probiotics, especially at the dose rate of
0.03 gm/bird offers a good alternative to AGP to
improve intestinal health in Japanese quail (Figure 5).
Furthermore, in future, the probiotics performance in
Japanese quails can be assessed in consideration to the
larger sample size along with haematological,
biochemical, and molecular analysis.

On the other side, in our study, the pH values of small
intestinal contents did not differ significantly.
Likewise, the authors Fonseca et al., in 2010 [48] did
not found any significant differences in intestinal pH
between the broilers of supplemented and not
supplemented with probiotics groups. Additionally,
Alam and Ferdaushi in 2019 [22] also observed that
pH values of broiler breast meat did not differ
significantly among the probiotics, antibiotics, and
control groups. However, Eizaguirre et al., in 2002 [49]
stated that probiotics reduced intestinal pH in humans,
improving the absorption of minerals by enhancing
their solubility. Probably, a quantitative proportion of
L (+) lactate isomer and D (–) lactate isomer produced
by the applied strain influence the pH values [40].
www.bsmiab.org/jabet

Figure 5. A schematic summary showing probiotics as effective
substitute to AGP in a dose dependent manner. In experiment,
Japanese quails (n=75) were randomly allocated to five treatment
groups having three replicates in each group (n=5). In addition to
basal diet (control), four other groups were supplemented by AGP
(0.5 gm/50kg) and probiotics at the dose of 0.015 gm/bird, 0.03
gm/bird, and 0.045 gm/bird. After 49 days of study, birds were
sacrificed for pH measurement, enumeration of intestinal
microbiota and intestinal histomorphometric analysis. The present
study demonstrates the alteration of intestinal pH which are not
accompanied by the probiotic supplementation, whereas dietary
inclusion of probiotics in quails can increase the VH of Jejunum,
ileum, and also CD of duodenum significantly compared to control
and AGP. Moreover, probiotics at 0.03 gm/bird decreased
pathogenic intestinal bacteria count in relation to AGP. Hence, our
findings denote that the probiotics inclusion, especially @ 0.03
gm/bird, outweigh AGP to enhance intestinal health in Japanese
quails.
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