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ABSTRACT

The current work aimed to study the impacts of supplementation of Bacillus subtilis (BS) and
Saccharomyces cerevisiae (SC) on egg production of Japanese quail, blood biochemical
parameters, and the specific activity of some digestive enzymes (trypsin, chymotrypsin, and
amylase). A total of 150 female Japanese quail were randomly divided into three groups. First
group (control group) had the basal diet contained the recommended requirements; where the 2™
group fed on the basal diet enriched with BS (1x10® CFU/kg feed); and the third group, the basal
diet enriched with SC (3x10® CFU/kg feed). The group supplemented with BS showed a
significant improvement in egg production compared to the other groups (P <0.05). There was a
significant decreased in serum cholesterol, LDL, and increased in HDL in the BS and SC
supplemented groups. In the BS and SC-enriched groups, the serum levels of urea and creatinine
were significantly decreased in supplemented groups (P <0.05) than the control group. Serum
total protein, aloumin, and globulin levels were not affected. Levels of liver function markers
(AST and ALT) were decreased (P < 0.05) in the second group. BS improved the activity of
digestive enzymes, particularly a-amylase. In conclusion, adding BS and SC to the layer quail
diets has a potential effect on egg production, digestion, and general health.

Keywords: Japanese quail, Bacillus subtilis, Saccharomyces cerevisiae, egg production,
biochemical parameters, and digestive enzymes.
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INTRODUCTION

The Coturnix Coturnix japonica,
sometimes known as the Japanese quail, is a
native of Asia, Europe, and northern Africa.
As a result of the Japanese quail's rapid
growth and production cycle and high disease
resistance their production has been
characterized as being highly productive with
economically viable (Alkan et al., 2010).

As antibiotic residues in poultry products are
a crucial problem and the emergence of
antimicrobial resistance, using of probiotics
and prebiotics in the poultry production is
urged (Patterson and Burkholder 2003).
Probiotic was defined as microorganism that
exists in nature and supports the host health
when given in sufficient doses, according to
WHO/FAO (2001). Probiotics are live
cultures of microorganism (bacteria, fungi,
and yeast) that improve animal’s health and
nutritional status via enriching GIT flora
growth (Zhang and Kim, 2014)).

Probiotics as feed additives are now used in
the diets of livestock to support general
health, growth, production, and reproduction
of livestock. Using Bacillus subtilis as a feed
ingredient in poultry diets has approved by
Taiwan (The Council of Agriculture, 2015).

Bacillus subtilis is a spore-forming bacteria
that can withstand harsh environmental
conditions and is resistant to thermal, alkalis,
and acids, and it has a rapid multiply ability
in GIT. Consequently, Bacillus subtilis
possesses properties that make it an
alternative choice to other growth promoters.
Since Bacillus subtilis growth need an
aerobic condition, it absorbs the free oxygen
in the GIT, promoting and developing
intestinal function (Ramlucken et al.,
2020). It produces an exogenous digestive
enzyme, resulting in improved digestive
efficiency of nutrients (Abd EI-Moneim and
Sabic, 2019). It has been demonstrated by
Hatab et al., (2016) that feeding BS to laying
hens could greatly increase egg yield and
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quality. Forte et al. (2016) reported a
modification in the microorganism eco-
system of the gut in layer hens fed BS.

Among all yeast species, saccharomyces
cerevisiae (SC) is the most common one used
in animal production (Dama and Singh,
2010). Due to it is rich in protein,
polysaccharides, nucleotides, trace elements,
vitamins, and growth factors. Bin et al.
(2019) found that the addition of SC
improved the  production efficiency,
promotes GIT development, regulated the gut
microbiota eco-system, improved meat
quality and general health condition. Besides,
SC improved the digestive enzyme activity
and reduced the pH of GIT that decreased the
pathogenic microbe's presence via lactic acid
production (Yang et al., 2008).

The main objective of the current work was
to appraise the SC and BS supplementation in
laying quail diet, on the egg production and
quality, digestibility, digestive enzymes
activity, and the capacity of antioxidant
enzymes.

MATERIALS AND METHODS

The study was conducted at the Nutrition and
Clinical Nutrition Research Center, Faculty
of Veterinary Medicine, Sohag University,
Sohag, Egypt. The ethical approval number is
VUSC-025-1-23 of the faculty of veterinary
medicine, at Sadat City University.

Japanese quail

One hundred and fifty (150) 35-day-old
female Japanese quails (Coturnix coturnix
japonica) were obtained from a local
commercial company for quail production,
Sohag Governorate.

Feeding

The diet of laying quails was formulated from
the available ingredients, Corn, soybean
meal, and corn gluten meal, besides feed
additives. Crude protein was 20% as a
minimum and ME was 2900 Kcal/Kg for the
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quail production period according to NRC  experimental period. The general health
(1994) for quails. Mash diet was prepared and  condition was observed regularly.
allowed for birds ad libitum throughout

Table 1: Chemical composition and metabolizable energy value of feed ingredients used in
experimental diet.

Feedstuff Dry matter Crude Ether ME Crude Ash

(%) protein (%) extract (%) (Kcal/Kg) fiber (%) (%)
Egyptian Yellow corn 89 8 3.8 3350 2.2 1.5
Soyabean meal (48%o) 90 48 1 2440 3.9 6.4
Corn gluten meal 90 62 2.5 3720 1.3 3.3

Metabolizable energy (ME) from NRC (1994).

Table 2: Physical composition and proximate analysis of the laying quail diet (as-fed basis).

Ingredients %
Corn 62.00
Soybean meal; 48% CP 29.00
Corn gluten meal 1.50
Limestone 5.50
Di-calcium phosphate 1.15
NaCl 0.30
DL-Met 0.18
L-Lys HCL 0.06
Premix (Vitamin-Mineral) 0.30
Proximate analysis (Analyzed)

DM% 86.49
CP% 19.87
CF% 2.60
Ash% 2.88
EE% 2.82
ME, Kcal/kg (Estimated) 2974.4
Lysine (Estimated) 1.08
Methionine (Estimated) 0.49

Premix provides each kg of diet with; Vit.A, 12000 IU; Vit.E, 10 1U; Vit.k3,
3mg; Vit.D3, 2200 ICU; Vit.B1, 2.2 mg; Vit. B2, 10 mg; Ca pantothenate,10
mg; niacin, 20 mg; Vit.B6, 1.5 mg; Choline, 500 mg; Vit.B12, 10ug; Folic
acid, 1 mg; Biotin, 50ug; Mn, 55mg; Zn, 50mg; Fe, 30mg; Cu, 10mg; Se,
0.1 mg. Solvida company product (min.mix, SOLVIDA COMPANY
EGYPT.

Experimental groups: quail), without probiotics, 1% group (BS
One hundred and fifty, (35-day-old) group) received the basal diet plus
female Japanese quails, were divided into  Bacillus subtilis, (CLOSTAT® HC SP
three groups (50 birds per each). The dry, Kemin Industries Inc) 1x10°CFU/kg
control group received a basal diet (Table  feed; The 2" (SC group) fed on the basal
1) formulated to cover the laying quail diet with Saccharomyces cerevisiae,
requirements according to NRC (1994) of
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(Actisaf Sc 47; Phileo by Lesaffre,
France) 108CFU/kg feed.

Experimental and
measurement:

Four weeks feeding trial was started at 35
days of age. Eggs from each group were
collected and weighed daily, and egg pH
was determined. The slaughter was
carried out after the 2" and the 4™ week
of the beginning of the experiment. Serum
samples and duodenum tissue were taken
and prepared from three birds for
biochemical analysis and digestive
enzyme activity evaluation.

design

Proximate analysis of feed ingredients
and experimental diet:

The feed ingredients and diet were
analyzed using the standard analysis
methods of the AOAC, (2012). A hot air
oven at 105°C, was used to determine the
dry matter; the Micro-Kjeldahl method,
was carried out to determine the crude
protein; a muffle furnace at 660°C, was
used to detect the ash content; The crude
fiber was determined by an automated
fiber analyzer (Ankom 2000).

Productive Performance

The productive performance parameters
(egg production, egg weight, % eggshell,
and pH of whole egg) were measured
every day, throughout the experimental
period. The average egg production rate
(egg /hen per day) was calculated daily to
determine the laying percentage.

Biochemical parameters determination
During slaughtering three blood samples
per group were collected in sterile tubes
without anticoagulant (plain tubes), after
the blood clot, samples were centrifuged
for 15 minutes at 4000 rpm at room
temperature until clear serum was
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obtained. The prepared serum was saved
at -80°C till biochemical parameters
analysis.

The serum was used for the analysis of
total protein (TP) (Gornal et al., 1949),
albumin, globulin (Doumas, 1975),
creatinine (Larsen, 1972), urea (Fawcett
and Scott, 1960), AST, ALT (Reitman
and Frankel, 1957), triglycerides (Fassati
and  Prencipe, 1982), cholesterol
(Richmond, 1973), high-density
lipoprotein (HDL) (Lopez-Virella et al.,
1977), low-density lipoprotein (LDL)
(Wieland and Seidel, 1983). Biochemical
analyses were measured Dby using
commercial Kits purchased from the bio-
diagnostic company using a spectrometer
device (PG Instruments Ltd).

Digestive enzymes activity assay:
During the work, three quails were
randomly selected from each group and
slaughtered, where the duodenum tissue
was immediately collected after
evisceration. The tissue samples were
diluted 10x with monobasic and dibasic
phosphate, then homogenized via a tissue
homogenizer, and centrifuged at 10000
rpm for 30 min at 4°C. The supernatants
were stored at -80°C for further analysis.
Tissue total protein, and enzyme activities
(trypsin, chymotrypsin, and Amylase)
were determined.

Tissue protein was estimated by Folin
Reaction (Lowry et al., 1951) since the
tissue protein is estimated by reading the
absorbance, at 750 nm, against a standard
curve of a known protein solution (Bovine
Serum Albumin-BSA- solution). Trypsin
activity was determined according to
Torrissen et al. (1994); chymotrypsin
activity was determined according to
Rungruangsak-Torrissen and  Sundby
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(2000); and a-amylase activity was
determined according to Miller (1959) by
using a spectrometer.

Statistical Analysis:

The result values were expressed as mean
+ standard error of triplicate samples. The
statistical analysis was carried out by one-
way ANOVA method, whereas Ducan’s
multiple range test used for post hoc test,
with the IBM SPSS statistical package
(version 22, SPSS Inc., Chicago, IL,
USA). The statistically significant value
was considered at p < 0.05.

RESULTS

Egg production:

In the current study, the laying quail diet
enriched with BS had a significant
(P<0.05) impact on egg production from
the second week. At the end of the trial,
the egg production was (0.84+0.04
egg/hen/day) in the BS group, where it
was (0.717+0.034 and 0.649+0.032) in the
control and SC groups respectively (Table
3).

There was an insignificant increase in
eggshell  percentage in the BS
supplemented group in the second week
(15.72+0.68% of the egg weight), while it
was 15.6+£0.61 and 14.66+0.49 % in the
SC and control groups respectively (Table
3).

The diet enriched with BS had a positive
time-dependent effect on egg production
from the 2" week of production, whereas
the SC addition increased egg production
in the 2" and 39 weeks then this effect
was diminished in the 4" week (Table 3).
Both supplements had an insignificant
improvement in  egg-shell  weight
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percentage. There was a significant
increase (P<0.05) in egg weight in the BS
group (12.09+0.1) followed by the SC
group (11.901+0.085) than the control
group which came last (10.78+0.185).
However, there was no difference in egg
pH among all groups (Table 4).

Biochemical parameters:

the BS and SC supplemented groups
showed a decrease in the triglyceride,
280.85£5.19 and 262.8+3.6 mg/dl,
respectively in comparison with the
control group, 337.49+4.62 mg/dl also a

significant improvement (P<0.05) in
cholesterol, it was recorded as
221.86+17.46, 260.71+13.72 and

335.62+9.64 mg/dl, for BS, SC, and
Control group, respectively. A significant
(P<0.05) increase in HDL of the BS
group, (52.01£3.6 mg/dl) than both
control and SC groups (35.11+3.26 and
36.4+2.2 mg/dl, respectively). LDL was
lower in the BS group (140.94+3.2 mg/dl)
when compared with control and SC
groups (230.665+4.08 and 165.49+4.68
mg/dl respectively) (Table 5).

Serum total protein and albumin not
affected with the inclusion of BS and SC
(Table 5). We found that serum total
protein was (7.33£0.96, 8.24+1.19, and
8.25+0.37 g/dl) and albumin was
(4.28+0.53, 5.26+1.1, and 5.51+0.22 g/dI)
in control, BS and SC groups respectively.
In line with our findings, Hatab et al.
(2016) and Abdel Baset et al. (2020) both
reported that the addition of probiotics
had no effects on serum albumin and total
protein (Table 6).

Uric acid and creatinine are indicators of
renal function. Bacillus subtilis, as all
probiotic microorganisms could utilize,
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urea, and uric acid as nutrients for growth
(Dev et al., 2020). From our findings,
serum urea and creatinine levels were
significantly decreased in the BS and SC
groups (Table 7), where urea values were
(21.45+1.13 and 31.05+2.92,
respectively) at the end of the trial. In the
same pattern, the creatinine levels were
noticed (0.76+0.052 and 0.82+0.04) in BS
and SC groups, respectively.

In (Table 8), Serum ALT level revealed
that BS supplementation had no
significant effect on ALT as it was
(38.18+1.88) whereas the control group
was (41.56x2.78mg/dl), but there was a
significant effect of SC supplementation

on ALT (54.58+1.94). We recorded a
significant decrease (P<0.05) in AST
level in the BS group (20.87+1.78 mg/dl),
and there was no significant difference
among control and SC groups where it
was  27.7x1.29 and  28.77+£1.63
respectively.

Digestive enzyme activities:

In our investigation, the SC group showed
a significant increase in trypsin, o-
amylase, and chymotrypsin activity
during the whole period of the
experiment. On the other hand, BS
supplementation improved these
enzymes' activity, but it is time-dependent
(P<0.05) (Table 9).

Table 3: Egg production of laying quails supplemented with dietary BS and SC:

Criteria Control Bacillus subtilis SaCCharPrT‘yceS P value
cerevisiae
Egg number (%0)
1st week 0.25+0.05 0.24+0.09 0.25+0.09 0.99
2nd week 0.56+0.05° 0.72+0.042 0.63+0.03° 0.168
3rd week 0.626+0.03° 0.74+0.03? 0.635+0.03" 0.036
4th week 0.717+0.034° 0.84+0.042 0.649+0.032° 0.009
Eggshell (%)
1st week 18.81+0.71% 18.82+0.78% 17.460.54° 0.059
2nd week 15.55+0.35 16.03+0.63 15.81+0.46 0.819
3rd week 15.016+0.38° 17.34+1.41% 15.62+0.22° 0.03
4th week 14.66+0.49 15.72+0.68 15.6+0.61 0.41
pH
1st week 6.7+0.98 6.83+0.98 7.7£0.15 0.95
2nd week 7.46+0.15° 7.66+0.15P 8.07+0.21° 0.51
3rd week 7.95+0.28% 7.86+0.17% 8.42+0.22* 0.83
4th week 7.63+0.25 7.6310.13 7.12+0.21 0.24

Data are expressed as Mean + SE.

Averages in the same row with different superscripts are significantly different (P<0.05).
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Table 4: Egg weight (g) of laying quails supplemented with dietary BS and SC.

Criteria  Control Bacillus Subtilis Saccharomyces cerevisiae P value
Fresh after 10 days  Fresh after 10 days Fresh after 10 days
1stweek  7.89+0.9° 7.32+1.02° 11.29+0.632 10.26+0.332 10.15+0.42° 9.38+0.43% 0.00041
2nd week  10.279+0.24°  10.021+0.32®  11.06440.11*  10.865+0.12%  11.74+0.24° 11.41+£0.28*  <0.01
3rd week 10.89+0.18°>  10.76+0.168>  11.73+0.2° 11.55+0.222 11.87+0.13% 11.7£0.125*  <0.01
4thweek  10.78+0.185¢  10.73+0.18°  12.092+£0.10*  11.96+0.12° 11.901+0.085>  11.82+0.06>  <0.01
Data are expressed as Mean + SE.
Averages in the same row with different superscripts are significantly different (P<0.05).
Table 5: Lipid profile of laying quails supplemented with BS and SC.
Criteria Control Bacillus subtilis Saccharomyces P value
cerevisiae
Triglyceride (mg/dl)
At 46 days 260.24+5.45? 252.51+11.15° 232.72+10.70° 0.0001
At 64 days 337.49+4.62 280.85+5.19 262.80+3.60 0.023
Cholesterol, (mg/dl)
At 46 days 347+112 242.59+23.2° 228.83+9.04° 0.003
At 64 days 335.62+9.642 221.86+17.46° 260.71+13.72° 0.003
HDL, (mg/dl)
At 46 days 40.27+4.8 47.53+2.91 35.49+1.72 0.15
At 64 days 35.11+3.26° 52.01+3.62 36.40+2.20° 0.011
LDL, (mg/dl)
At 46 days 231.73+3.34% 149+5.72° 157.61+6.90° <0.01
At 64 days 230.66+4.08? 140.94+3.26" 165.49+4.68" 0.001
Data are expressed as Mean + SE.
Averages in the same row with different superscripts are significantly different (P< 0.05).
Table 6: Protein profile of laying quails supplemented with BS and SC:
Criteria Control Bacillus Saccharomyces P value
subtilis cerevisiae
Total protein, (g/dl)
At 46 days 7.43+0.61° 8.20+0.40° 8.84+0.302 <0.01
At 64 days 7.33+0.96° 8.24+1.192 8.25+0.372 0.02
Albumin, (g/dl)
At 46 days 5.32+0.62 6.93+0.87 6.19+0.43 0.308
At 64 days 4.28+0.54 5.26+1.1 5.51+0.22 0.490
Globulin, (g/dl)
At 46 days 1.10+0.12 1.26+0.48 0.65+0.20 0.400
At 64 days 3.05+0.45 3.64+0.68 3.74+0.29 0.600

Data are expressed as Mean + SE.
Averages in the same row with different superscripts are significantly different (P< 0.05).
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Table 7: Kidney function of laying quails supplemented with BS and SC:

Criteria Control Bacillus subtilis Saccharomyces P value
cerevisiae
Urea, (mg/dl)

At 46 days 52.33+2.34% 16.65+2.78° 30.72+2.08° <0.01
At 64 days 44.44+2 528 21.45+1.13° 31.05+2.92° 0.001
Creatinine, (mg/dl)

At 46 days 1.03+£0.16 0.76+0.05 0.82+0.04 0.227

At 64 days 1.00+0.0202 0.80+0.01° 0.82+0.06" 0.07

Data are expressed as Mean + SE.
Averages in the same row with different superscripts are significantly different (P< 0.05).

Table 8: Liver enzymes of laying quails supplemented with BS and SC:

Saccharomyces

Criteria Control Bacillus subtilis . P value
cerevisiae
ALT, (U/L)
At 46 days 33.75+2.61 40.01+2.06 45.92+2.69 0.117
At 64 days 41.56+2.78 38.18+1.88 40.58+1.94 0.189
AST, (U/L)
At 46 days 29.77+1.462 22.196+1.67° 27.11+1.752 0.009
At 64 days 27.70+£1.292 20.87+1.78° 25.77+£1.63% 0.015

Data are expressed as Mean + SE.
Averages in the same row with different superscripts are significantly different (P< 0.05).

Table 9: Digestive enzymes activity of laying quails supplemented with BS and SC.

Criteria Control Bacillus subtilis Saccharpr_nyces p value
cerevisiae
Trypsin (units/g wet weight)
At 46 days 12.91+0.53° 15.07+0.31° 17.41+0.432 0.001
At 64 days 15.09+0.19° 18.05+0.322 18.86+0.412 0.0004
Chymotrypsin (units/g wet weight)

At 46 days 15.18+0.64° 15.6+0.23° 18.83+0.25% 0.002
At 64 days 15.39+0.79° 18.57+0.612 19.04+0.65% 0.019
a-amylase (units/g wet weight)

At 46 days 796.25+17.99°  1157.97+55.672 1151.57+140.86% 0.044
At 64 days 709.24+41.47°  1323.24+69.722 1250.26+72.672 0.001

Data are expressed as Mean * SE.
Averages in the same row with different superscripts are significantly different (P< 0.05).
DISCUSSION Japanese quail diets enriched with probiotics

had a significant (P<0.05) increase in egg

In concurrence with different outcomes,  production and weight. They explained the
Ayasan et al. (2006) found that laying egg weight increase to the vital action of
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probiotics at higher doses (10 CFU/g).
However, Onol et al. (2003) found that there
were no beneficial results of probiotic
addition on the egg production and weight of
laying quails. Also, Tsai et al. (2023) noticed
no significant difference in egg weight and
shell weight of laying hens in response to BS
addition.

In concurrence with our results, Dizaji and
Pirmohammadi (2009) found that SC dietary
supplementation did not substantially
improve the production performance of
laying hens from 46 to 55 weeks of age. Al-
Homidan (2007) concluded that SC addition
to laying hen diets significantly improves egg
production.

Dietary BS supplementation has been shown
to increase hens' ability to produce eggs,
which has been associated to a decrease in the
pH of the gastrointestinal tract and an
inhibition of bacterial enzyme activity.
(Neijat et al., 2019).

Biochemical parameters:

In agreement with our findings, Dehkohneh
et al. (2021) found a significant decrease in
the serum triglycerides in rats that were
supplemented with BS. Also, these results are
supported by Rajput et al. (2013) result, who
reported positive effects of BS addition on the
serum triglyceride in broilers. In contrast to
these results, Ding et al. (2020) demonstrated
that diets supplemented with BS had higher
plasma triglycerides and higher LDL.

Mohamed et al. (2022) noted that broiler diet
enriched with BS reduced serum triglyceride,
cholesterol, and LDL. They explain that as a
potential method of BS in the digestion of
cholesterol. Cholesterol is the precursor of
bile acids production, the more the bile salt
produced the lower the serum cholesterol
detected (Guo and Zhang 2010).

In agreement with our findings of
biochemical  parameters, Galip  and
Seyidoglu, (2012) noted that rabbits fed diet
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supplemented with SC for 56 days
significantly decreased serum cholesterol.
The reduction of serum cholesterol level
might be attributed to its integration forming
the cellular membrane of the SC or mitigating
cholesterol synthesis (Krasowska et al.,
2007). Additionally, probiotics converted
cholesterol in the GIT to coprostanol, that
excreted with the feces (Sivamaruthi et al.,
2019), also it could inhibited the
cholesterogenesis enzyme and reduced the
activity of hydroxy-methyl-glutaryl
coenzyme-A, which is responsible in
cholesterol synthesis (Shokryazdan et al.,
2017).

In contrast to our findings, Yazhini et al.
(2018) findings showed a significant
(P<0.05) improvement in serum protein with
probiotic addition, where they explain that as
a result of BS ability to suppress pathogenic
microorganisms’ growth, and consequently
improved the efficiency of protein utilization
via lowering protein breakdown into nitrogen
besides increasing nutrient absorption due to
its effects of increase height of villi and width
of the crypts (Abd EI-Moneim et al., 2019).

Following our finding, Hatab et al. (2016)
reported that feeding probiotics reduced uric
acid, whereas Strompfova et al. (2006)
observed no impact with the addition of
probiotics on serum wuric acid. Also,
Seyidoglu and Galip (2014) reported that
rabbit serum urea and creatinine were not
affected by the addition of SC. In contrast to
these findings, Tonekabon, (2013) showed an
increased in serum uric acid with the addition
of the probiotics.

Our findings were supported by Dehkohneh
et al. (2021) and Abdel Baset et al. (2020)
who found that probiotics significantly
decrease liver enzymes. Dietary BS
supplementation reduced liver enzymes as it
has a hepatoprotective action, which results in
better ~ health and  non-pathological
metabolism of the hepatic and cardiac tissues
(Aluwong et al., 2013). According to Abu-ElI-
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Ella et al. (2014), who reported a significant
increase (P<0.05) in AST and ALT in
response to yeast supplementation, which is
consistent with our findings.

Digestive enzyme activities:

The necessity of digestive enzymes is to
breaking down food into smaller and
absorbable components. It has a direct impact
on nutrient digestion efficiency, growth, and
egg production (Pi et al., 2014). Probiotics
have the ability to produce digestive enzymes
including amylases, lipases, and proteases,
reflecting their contribution to the digestion
process (Adel et al., 2016).

At the end of the experiment, there was a
significant improvement (P<0.05) in trypsin,
chymotrypsin, and a-amylase activities in the
supplemented groups. In consistent with our
findings, El-Bab et al. (2022) found that SC
addition enhanced the digestive enzymes
secretion and improved nutrient digestibility.
Chandra and Liddle, (2009) documented that
a content of SC of B-glucan increased the
cholecystokinin production from
enteroendocrine cells, which stimulating
pancreatic juice secretion. In contrast to
theses finding, He et al. (2009), recorded no
improvement in digestion and digestive
enzyme activity.

According to Gadde et al. (2017), BS
produced endogenous enzymes and aids in
the excretion of external enzymes. In
agreement with our results, Ding et al. (2020)
showed an improvement of o amylase activity
with supplementation of BS. These findings
are in agreement with Huo et al. (2017) who
suggested the BS addition to the diet to
increase the protease and a-amylase activity.
Other research of Borda-Molina et al. (2018)

concluded a correlation between an
improvement of the GIT eco-system
(increased Bifidobacterium and

Lactobacillus) and improved digestion with
the addition of BS in chicken diets.
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Finally, we found a significant improvement
in layer quail production, biochemical
parameters, hepatic biomarkers, and renal
function markers with the addition of BS and
SC, besides improved digestion. These
probiotics have many modes of action, such
as enzyme production (Ding et al. 2020), acid
production, increased height of villi, immune
modulation, increased mucin secretion, and
decreased the pathogenic microorganism’s
growth (Patterson and Burkholder, 2003).

It can be concluded that BS supplementation
was very effective during the growth and
production stage, as it improved digestion
efficiency and immunity of the bird, that was
noticed during our work and the high egg
production that was recorded, while the use
of SC could be more effective in the growth
stage and it need more investigation to
determine its role in growth and production.
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