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ABSTRACT

In Georgia, poultry farms continue to use antibiotics as a food supplement to prevent poultry diseases. Given these circumstances
and the benefits of using probiotics, local market requirements, availability of resources and the lack of probiotics production in the
South Caucasus, the Agricultural University of Georgia team, with the financial support of the “Shota Rustaveli National Science
Foundation of Georgia”, has conducted research which enabled us to study the physiological mechanisms that regulate and improve
the use of Bacillus amyloliquefaciens spore forming probiotics in broiler nutrition. The growing demand to increase and improve the
quality of poultry production has put on the agenda the search for alternative methods of removing the antibiotic load in the bird’s
body. To achieve this, new strains of Bacillus amyloliquefaciens were updated in the collection, which were tested in broiler feed. A
new probiotic from spore forming Bacillus amyloliquefaciens cultivated on local agro-industrial raw materials was mixed with 0.05%,
0.04% and 0.03% of the feed in the broiler plant as a food supplement in the form of a feed additive in 3 test groups. In control group
was applied feed with antibiotic. Both broiler and control group broilers were fed a complete combined feed in appropriate phases,
which met the broiler’s demand for nutrients, minerals, and biologically active substances. Based on the experiment, it was found that
the optimal dose of the new probiotic Bacillus amyloliquefaciens, as a food additive in the first period of growth (start, grower) is 0.04-
0.03%, and in the concluding period (finish) — 0.05%.
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Urgency of the issue and immune function [2] required in the broiler,
resulting in production losses and a significant
increase [3] in overall costs. Potential transfers of
antibiotic resistance from animals to humans [4]
have been introduced. Due to this problem, the
use of antibiotics as growth stimulants has been
banned in Europe and other developed countries
[5]. It has therefore become mandatory to replace
antibiotics with other effective means. The use of
probiotics as micro-organisms that create a natural
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Due to the growing demand for broiler meat,
both the number of poultry farms and their capacity
have increased significantly. The use of antibiotics
in the production of broiler meat is accepted as a
prophylactic as well as the use of growth-promoting
[1] antibiotics. The use of antibiotics led not only to
the emergence of pathogens resistant to multibiotic
drugs but also to a reduction in the microflora
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protective barrier between the broiler organism
and pathogens has become the most realistic
natural alternative to gastrointestinal antibiotic
therapy [6], which promotes broiler productivity
and product safety [7].

The Bacillus subtilis and Bacillus amyloli-
quefaciens applicaton in broiler feed are cha-
racterized by high adaptation to environmental
conditions and high growth rate on plant raw
materials. Thermoresistant spores are stable to
long-term storage without refrigeration, moreover,
the spores have the ability to survive in the
gastrointestinal tract even at low pH levels [8-10].
Thus, the full dose of spore bacteria invariably
reaches the small intestine, which is not the case for
all species of LactoBacillus [11,12]. In addition, the
secretion of antimicrobial compounds (coagulin,
amikoumacin, and subtilizine) provides a probiotic
effect by inhibiting the growth of both competing
bacteria and enteric pathogens. Also, the vegetative
forms of Bacillus Sand Bacillus amyloliquefaciens
produce extracellular enzymes (protease, cellulase,
xylanase, pectanase and lipase) that promote the
absorption of nutrients [13]. The use of probiotics in
broiler production has made it possible to improve:
broiler maintenance, live weight, feed conversion
[14] economic efficiency [15-17].

Aim and objective of research

Probiotics produced on agro-industrial waste
raised the issue of studying the effectiveness of the
use of new probiotics from Bacillus subtilis and
Bacillus amyloliquefaciens as a dietary supplement
of antibiotic in broiler feeding, which formed the
basis of the research work.

The aim of the study was to determine the
optimal dose of Bacillus subtilis and Bacillus
amyloliquefaciens in broiler feeding.

Testing of probiotic drugs, confirmation of its
best effect was carried out in the poultry enterprise
“Roster” Ltd. The biological efficacy, feed
conversion, broiler growth and productivity of the
new probiotic drug Bacillus subtilis and Bacillus
amyloliquefaciens were evaluated. The study was
conducted on several experimental and control
groups.

Testing material and methodology

In order to study the effectiveness of new
spore forming Bacillus subtilis and Bacillus
314
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amyloliquefaciens probiotics, new strong strains
with superior antimicrobial and probiotic action
were selected in the laboratory of the Georgian
Agrarian University [18]. New nutrient cultivation
areas with unique composition have been developed,
laboratory technology for the production of one of
the highest yield spores in the world, using solid-
state fermentation (SSF), which has been tested
using a variety of plant raw materials. [19-21]. The
obtained probiotics were tested and their influence
was confirmed by the livestock and veterinary
specialists of the Agrarian University in the
production environment, in the poultry enterprise
“Roster” Ltd. The broiler was fed phased whole
food, the zootechnical analysis were carried out
in the accredited laboratory “Chirina” Ltd. For the
experimental groups broiler, probiotics of Bacillus
Subtilis and Bacillus Amyloliquefaciens were mixed
separately with feed at the required concentration
using a rotary mixer.

Research results on industrial level

The experiments were conducted at a broiler
plant where the broiler feeding was implemented
in phases: start 1-10 days, grower 11-28 days and
finish 29-35 days. Combined feed was prepared
for the control and experimental group birds in
“Roster” Ltd. In order to apply new spore forming
Bacillus subtilis and Bacillus amyloliquefaciens
and to determine the optimal dose for experiments
in “Roster” Ltd. In each experiment participated
400-400 oneday birds, 100 birds in group.

Each experiment lasted 35 days. During the
experiment we studied: broiler live weight dynamics,
individual weighing of poultry was undertaken at 1,
14, 28 and 35 days, absolute and daily increments,
maintenance, feed intake during rearing per 1 bird
and feed conversion per 1 kg weight, meat output,
meat category, morphological and biochemical
parameters of the blood, a broiler growth efficiency
index.

In both experiments, chemical analysis of the
feed showed that the starting protein content in the
starter food was 23.6%, energy 305 kcal, raw protein
content in the Grower period 20.5%, energy 309
kcal, and in the finish period 18.5% and 316 kcal,
respectively. The content of other nutrients was also
within the norm and fully met the requirements of
the broiler “Ross-308” for nutrients in all ages.

Bacillus subtilis application scheme is as follows.
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Table 1. Bacillus subtilis test scheme

Group | Feed Probiotic/Antibiotics | Quantity
Stage |
I Group (control) Comb;rrlstc)li(t)‘iiecd with Ernafloxacillin 100
II Group Comb;rrlsgi(f;iiej with B. subtilis 10® spore/gr 0.05% 100
11 Group Comb;lsgigiff with B. subtilis 107 spore/gr 0.04% 100
IV Group Comb;rlggigifcd with B. subtilis 10° spore/gr 0.03% 100

According to the experimental scheme, the first
group was the control group, during the whole period
of growth (1-35 days) they received a complete
combined feed with no probiotics and in the first
days of growth (1-3 days) they took the antibiotic
Ernafloxacillin with water. The second, third, and

fourth groups were experimental and consumed the
probiotic Bacillus subtilis in the amount of 0.05%,
0.04%, and 0.03%, respectively.

The growth dynamics of the broiler during the
experiment.

Fig. 1. Live weight growth dynamic

The live weight of a one-day trial broiler is
the same in all four groups of 40.7-40.8 g, which
indicates a high uniformity of the test chickens. The
live weight of the control broiler at age of 14 days
was 395 g, and the broiler weight of the experimental
groups with application of new probiotic Bacillus
subtilis from day one was 408.4-427.2 g, which
was 3.4-8.1% higher compared to the control
group (P>0.01-0,001). At age of 28 days, the live
weight of the experimental group broiler wighted
1322-1452 g, which is 4.0-14.3% higher than the
control group (P>0.01-0,001). The broiler of the
3rd experimental group had the highest live weight
during this period - 1452 g, which is 14.3% higher
(P>0,001) than the broiler live weight of the control

group and 9.83% higher (P>0.01) higher than the
live weight of 4th experimental group. At the age
of 35 days, at the end of growth period, the highest
live weight was observed in the 2nd experimental
broiler group - 1903 g, which is 7.3% (P>0,001)
higher than the control and 2.0% higher than in 4th
experimental group. The live weight of broilers in
the 3rd and 4th experimental groups at the age of
35 days is 5.2-6.9% higher than in control group
(P>0.01). The absolute increase (Diagram 2) over
the course of 35 days in the 2nd and 3rd test groups
is almost the same - 1869-1855g and 123-137g by
7.1-7.9% (P>0.01) but greater than in control group.

During the experiment we also studied the
daily weight gain of the broiler.
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Fig. 2. Broiler daily weight gain

In the same groups, the highest daily gain was
53.0-53.2 g, which is 3.5-3.7 g higher than in control

group.

During the experiment was studied an absolute

increase of weight in groups.

Fig. 3. Absolute increase of weight of broilers

Absolute increase of broiler weight in 0-35
days. The absolute increase in the experimental
groups was the highest in the 2nd experimental
group and amounted to 1869 g, while in the 3rd
and 4th experimental groups this figure was 1824-
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1855 g. During the growth period, the data of all
experimental groups were higher than the control
group.

Broiler survival rate during the age of 35 days
period was different in groups.
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Fig. 4. Broiler survival rate
Broiler survival rate in control group was 94%, groups, there was no bird loss due to gastrointestinal
which is 2-4% lower than in the test groups (Diagram disorders. The main reason for the decline in these
4). The reason for the bird loss in the control group, groups in late period of growth was myocardia.
even though they were given an antibiotic during During the broiler rearing period was studied
the first period of growth, was a gastrointestinal the feed consumption per 1 kg of body weight.

disorder. In the first period of growth in the test

Fig. 5. Feed consumption per 1 kg of body weight

Feed consumption per 1 kg body weight in the tendency to increase feed consumption.
four groups is practically the same in the range At the end of the experiment we calculated the
of 1.77-1.80 kg, although the control group has a European (productivity) index of the broiler.
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Fig. 6. European (productivity) index

The productivity index in the experimental
groups is almost the same and is quite high 289-299
units, which is 24-34 units higher than in control
group.

Thus, the optimal dose of the new probiotic as a
feed additive in the broiler feed is 0.04% of the new

is as follows:

probiotic Bacillus Subtilis, produced on local agro-
industrial raw materials.

In addition to Bacillus Subtilis, our goal
was to use the new spore-producing Bacillus
Amyloliquefaciens and determine its optimal dose.

Bacillus amyloliquefaciens application scheme

Table 2. Bacillus amyloliquefaciens test scheme

Group | Feed | Probiotic/Antibiotics | Quantity
Stage 11
I Group (control) Comblned. fe.ed with Ernafloxacillin 100
probiotic
Combined feed with B. amyloliquefaciens 10® spore/gr
I Group probiotic 0.05% 100
Combined feed with B. amyloliquefaciens 107 spore/gr
I Group probiotic 0.04% 100
Combined feed with B. amyloliquefaciens 10° spore/
IV Group probiotic gr 0.03% 100

According to the experimental scheme, the first
group was the control group, during the whole period
of growth (1-35 days) they received a complete
combined feed with no probiotics and in the first
days of growth (1-3 days) they took the antibiotic
Ernafloxacillin with water. The second, third, and
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fourth groups were experimental and consumed the
probiotic Bacillus amyloliquefaciens in the amount
of 0.05%, 0.04%, and 0.03%, respectively.

The growth dynamics of the broiler during the
experiment.
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Fig. 7. Broiler live weight growth dynamic

The live weight of a one-day broiler is the same
in all four groups of 39,7-40,2 g, which indicates
a high uniformity of the test chickens. The live
weight of the control broiler in forth group at age of
14 days was 420 g, Which is 7.7% higher compared
to the control group (P>0,001), as for the 2nd and
3rd experimental groups, they also exceeded the
data of the control group by 2.4-5,0% in live weight.

The difference between the 2nd and 3rd
experimental groups was 10-20 g compared to the
4th group. At 28 days of age, the live weight in the
broiler of the experimental group was 1460-1490 g
and exceeded the live weight of the broiler in the

Daily weight gain, 0-35 days (g)
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control group by 8.9-11.2% (P>0,001). However
at this age the relatively high live weight of the
2nd group broiler was 1490 g. And the difference
in live weight between the experimental groups at
this age is 0.0-1%, which is negligible. At the age of
35 days or at the end of the experiment, the highest
live weight of group 2 broilers was 1930 g, which is
7.3% higher than the control (P>0,001). As for the
3rd and 4th experimental groups, they were slightly
0.5-2.0% behind the 2nd group and exceeded the
index of the control group by 5.5-6.7% (P>0.01).

During the broiler rearing period (0-35 days) we
studied the daily weight gain of the broiler.

3 4

Broiler chicken groups

Fig. 8. Daily weight gain of the broiler
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Calculation according to the daily weight
gain in groups showed that the broiler of all
three experimental groups had the highest daily
increments of 35.1-54.0 g during the 35-day period,

Annals of Agrarian Science 19 (2021) 313-323

while the lowest control group had 50.29 g. It
should be noted, however, that the highest daily
weight gain during the growing period was in the
2nd experimental group broiler at 54.0 g.

Fig. 9. Absolute increase of weight

Absolute increase of broiler 0-35 days. The
absolute increase in the experimental groups was the
highest in the 2nd experimental group and amounted
to 1890 g, while in the 3rd and 4th experimental
groups this figure was 1880-1860 g. During the

growth period, the data of all experimental groups
are higher than those of the control group.

As for the survival rate of the broiler during the
growing period, the data in the experimental and
control groups are shown in the diagram.

Fig. 10. Broiler survival rate
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Broilersurvivalrate by groups (0-35 days). Broiler the same and amounted to 96%. The maintenance of
survival is different in the experimental and control the control group broiler was -93%, 3-4% less than
groups. The highest maintenance was observed in in the experimental groups.
the 4th trial group-97%. The maintenance of the Feed consumption during the broiler rearing
broiler of the 2nd and 3rd experimental groups was period is shown on the diagram.
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Fig. 11. Feed consumption per 1 kg of body weight

Feed consumption per 1 kg of body ranged from the control group it was 1.83 kg.

1.85 to 1.90 kg in the experimental groups and in

Feed consumption, 1 bird (kg)
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1 2 3 4

Broiler chicken groups

Fig. 12. Feed consumption, 1 bird
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Feed consumption per 1 bird ranged 3.5-3.6 kg in
the experimental groups and in the control group it
was 3.3 kg.
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At the end of the experiment we calculated the
European (productivity) index of the broiler.

3 4

Broiler chicken groups

Fig.13. Broiler productivity index

The calculation of the productivity index
showed that this indicator was the highest in
the 3rd group - 292.5 units, which is 31.1 units
higher than the control group. According to the
mentioned parameter, the control group was 16-25
units behind the data of the second and fourth test
groups.

The experiment showed that the optimal dose of
new spore-producing Bacillus amyloliquefaciens
probiotics in the first period (start, grower) of
broiler rearing is 0.04-0.03%, and in the last period
(finish) -0.05%

The application of new probiotics at a dose of
0.04% Bacillus subtilis and 0.05% dose of Bacillus
amyloliquefaciens had a positive effect on broiler
productivity.
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