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Abstract

The objective of the study was to evaluate the combinational effect of Bacillus subtilis strain PB6 along with vitamins (V), minerals (M), and amino acids (A) on
performance, growth, and carcass characteristics of broiler chickens during the early days and compare with commercially available combinations of V+A, and M+A
without probiotics. An in vivo trial was conducted for a period of 35 days with day 1 Cobb 430 broiler chicks, randomly allotted to one control and four treatment groups
namely T1 (PB6+VMA-1 g/L), T2 (PB6+VMA-2 g/L), T3 (V+A-1 mL/L) and T4 (M+A-2 mL/L) using a completely randomized design. Each group had 7 replicates and 12
birds per replicate. The performance parameters such as body weight (BW), and feed conversion ratio (FCR) were monitored throughout the trial. At the end of 7 days, BW
was significantly higher for T2 (174.71 g) in comparison with T1 (173.99 g), T3 (174.41 g), T4 (173.39 g), and control (173.35 g, p < 0.05). However, no difference in FCR
was observed (p > 0.05). Similarly, at the end of 35 days, T2 (1842.15 g) showed the highest BW compared to control (1818.36 g), T1 (1839.39 g), T3 (1833.20 g), and T4
(1816.73 g) and significantly least FCR (1.53, p < 0.05) in comparison with control (1.55), T1 (1.54), T3 (1.57) and T4 (1.56). At the end of 35 days, carcass characteristics
such as carcass, breast meat, and organ yield were evaluated and no significant difference between the groups was observed (p > 0.05). The gut health of the birds was
assessed by evaluating the dysbacteriosis and total mean lesion score at the end of 35 days and a score of less than one was observed for all the groups. Furthermore,
return on investment (ROI) was analyzed and T1 showed an ROI of 2.21:1, followed by T2 which showed an ROI of 1.72:1, and no ROl was seen for T3 and T4. The results
from this study suggest that supplementation of PB6 along with essential nutrients has a positive impact on the performance of broiler chickens, without affecting gut
health and helps poultry producers for profitable farming.

Introduction

The performance of broiler chickens from the chick stage
to the adult stage decides the overall health and productivity
of the birds [1]. The prime factors that govern performance
characteristics in broilers are body weight (BW), feed intake
(FI), hatchability, mortality, and carcass characteristics. In
order to achieve maximum performance in birds for better
profitability, it is essential that these factors are monitored and
maintained optimally throughout their life cycle [2].

After hatching, the chicks are pulled and processed for

various purposes, like sorting, vaccinating, and counting; and
subsequently are transported to broiler farms [3]. All these
processes lead to deprivation of feed and water in chicks,
affecting the availability of nutrition, which is known to be
detrimental to the birds’ development and health [4]. During
this period, chicks are provided with immediate energy and
protein by the yolk sac, as absorption of essential nutrients
and maternal antibodies becomes critical for the survival of the
newly hatched chick [5]. However, the nutrition provided by
the yolk sac alone remains insufficient for the birds.

After post-hatch, the first week is the most critical, because
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chicks undergo a series of morphological, physiological, and
functional changes during this period [6]. Hence, the supply
of nutrients in the early days of chicks is essential to increase
intestinal mechanical activity, faster intestinal development,
greater assimilation of feed, and development of immunity [7].

The importance of providing early nutrition has been
extensively studied over the years, which provides an elaborate
overview of the effects of early nutrient supplementation on
the growth parameters of newly hatched chicks [5]. It has
been proved that the BW of broiler chickens at a later stage is
linearly proportional to their BW in the first week [4]. Leeson,
2008 [8] suggests that nutritional intervention in the early
stages of a chick’s life shows a positive effect on the overall
growth of birds.

Pre-starter diets are usually the most expensive form of
diet, due to their complex and intense formulation containing
a higher concentration of nutrients and highly digestible
ingredients [9]. However due to the poorly developed digestive
system of chicks at this early stage, the fullest utilization of
nutrients is not achieved, therefore growth promoters are
added to nutritionally balanced diets to enhance the efficiency
of poultry production. Growth promoters are generally essential
nutrient substances, which provoke a response toward the
maximum utilization of the genetic potential of birds, in
terms of health, growth, and improvement in feed conversion
efficiency [7]. These growth promoters are of different kinds
which include probiotics, prebiotics, vitamins, minerals, oils,
and amino acids among the widely used nutrients [10-13].

Vitamins (V) are a group of organic compounds, that
are only required in small amounts for poultry birds but are
essential in several metabolic and physiological processes in
the growth of the animal. Fat-soluble vitamins like vitamin
A, E, and D3 are involved in several metabolic processes, that
positively influence birds’ performance [14-16].

One area of early nutrition that needs more attention
is the requirement of trace minerals (M) during incubation
and early performance of poultry birds [17]. Zinc is essential
for the development of young hatchlings, as it is involved
in the regulation of DNA transcription, which controls the
differentiation of many cell types like T-lymphocytes and
myeloid precursor cells [18]. Copper is also known for its role
in blood pigmentation and to withstand any mechanical stress
in cardiovascular or skeletal systems [19]. Manganese is an
essential trace mineral involved in bone formation [20] and the
activation of metalloenzymes that contribute to the metabolism
of carbohydrates, lipids, and amino acids [21]. Chromium is
an essential mineral for improving product performance and
carcass yield in poultry and also plays a major role in enhancing
the metabolic action of insulin, regulating energy production,
muscle tissue deposition, and fat metabolism [22].

Metabolic functions of dietary essential amino acids (A)
used by intestinal tissues influence their availability for growth
and their requirement. The amino acids ingested by animals are
metabolized by the intestinal mucosa to provide energy, which
reiterates their importance for intestinal epithelial cells, and
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a lower percentage is used for mucosal protein synthesis [23].
Another importance of amino acids is their role in maintaining
the intestinal integrity and health of the animals [10].

Probiotics are direct-fed microbial that when administered
in adequate amounts have a beneficial effect on the immunity
and intestinal health of the host [24]. Besides, these
microorganisms are responsible for the production of vitamins
of the B complex and digestive enzymes, for stimulation of
intestinal mucosa immunity, and for increased protection
against toxins produced by pathogenic microorganisms [25].
Along with essential nutrients like vitamins, minerals, and
amino acids, probiotics play a major role in enhancing the
performance of birds from the early stage onwards as they
are involved in several processes that positively influence
growth, along with maintaining intestinal health and integrity
[26]. Bacillus subtilis strain PB6 (PB6) is a natural probiotic
isolated from a healthy chicken gut that is known to produce
antimicrobial substances with broad activity against various
strains of Campylobacter and Clostridium species [27]. In a study
conducted on Cobb 400 birds orally infected with C. perfringens,
PB6 supplementation at 500 g/ton of feed reduced the FCR
and intestinal C. perfringens counts significantly (p < 0.05)
compared with the infected control group [28]. In addition, PB6
is known to improve overall performance in broilers compared
to antibiotics bacitracin methylene di salicylate (BMD) and
adriamycin and is a potential AGP replacement in the poultry
industry [29].

Commercially, the combination of either vitamin and amino
acids (V+A) or minerals and amino acids (M+A) in drinking
water are used as growth promoters for broiler chickens.
However, modern poultry producers realize that the potential
of broiler chickens can be further improved. Therefore, we have
hypothesized that enhancing the gut health and alleviating
the stress of the birds through supplementation of PB6+VMA
during the first week in drinking water will have a positive
effect on the performance of broiler chickens. Also, the early
supplementation effect of PB6+VMA on broiler birds has not
been studied.

The objective of the work was to evaluate the effect of
supplementation of PB6+VMA on the growth, performance, and
carcass traits of the birds given in their early days and compare
it with commercially available growth promoter formulations
like V+A and M+A combinations.

Materials and methods
Study design

An in vivo trial was conducted for a period of 35 days, using
a complete randomized design with Cobb 430 male broiler
chicks, purchased from Komarla Hatcheries, Pollachi Taluk,
India. Altum™ dry (PB6+VMA) having the combination of
Bacillus subtilis strain PB6 along with vitamins, minerals, and
amino acids (V+M+A) was received from Kemin Industries
South Asia Pvt. Ltd., India. Bacillus subtilis subsp. subtilis
(Ehrenberg), Cohn, ATCC PTA-6737 (PB6) was received in the
powder form having specifications of ~1 x 10 spores per gram
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of the material from Kemin Industries South Asia Pvt. Ltd.,
India.

Experimental setup

The trial was conducted with a total of 420 1-d old chicks,
that were allotted to five different groups. The groups were
segregated into one control and four treatment groups namely
T1,T2,T3,and T4, with seven replicates per group housed with 12
birds per replicate. The control group birds were supplemented
with normal, untreated drinking water throughout the trial
period. T1 group was supplemented with PB6+VMA at 5 grams
for 100 birds, with an effective concentration of 1 g/L based
on the birds’ water consumption from day 1 to 7. T2 was
supplemented with PB6+VMA at 10 grams for 100 birds or 2
g/L of drinking water from day 1 to 7. T3 was supplemented
with a combination of V+A at the recommended dose of 1 mL/L
of drinking water from day 1 to 7 of the birds’ age and the T4
group was supplemented with a combination of M+A at a 2
mL/L dosage on days 12 — 14, 24 — 26 and 30 — 32 based on the
usage recommendation.

Product application in drinking water

The products containing active ingredients, PB6+VMA in T1
and T2 treated groups, V+A in T3, and M+A in the T4 group
was added to drinking water at different periods of the birds’
life span based on the recommended dosage and application
periods. The water required for each replicate in different
treatment groups was collected, and the respective products
were added to the collected water at the given dosage levels.
The treated water was then placed in respective pens of the
treatment groups in bell type drinker system. This procedure
of product application in water was followed twice a day at 12-
hour intervals. At the end of 12 hours, any unconsumed water
in the bell drinker was discarded and replaced with freshly
treated water.

Feed composition and nutrient specifications

Breeder manual recommends feeding the chicken in three
different phases namely pre-starter, starter, and finisher stage
[30]. The feed components and the composition varies between
these stages are listed in Table 1. The nutrient specifications
for the diets are given in Table 2. The pre-starter, starter,
and finisher feed were given from day o to day 14, day 15 to
day 28, and day 29 to day 35 respectively. All birds were fed
with ad libitum feed, containing the base composition of corn
and soybean in mash form, according to the requirements
for the pre-starter, starter, and finisher stage of broiler birds
[30]. The ingredients such as maize, soy, rice polish, mustard
de-oiled cake, crude rice bran oil, DL-methionine, L-lysine,
L-threonine, sodium chloride, and sodium bicarbonate were
purchased from Pooja agencies, Namakkal, India. Dicalcium
phosphate was purchased from Sree Annam Chemicals Private
Limited, Namakkal, India. Calcium carbonate was purchased
from Sree Sakthi Industries, Coimbatore, India. Toxfin™ 360
Dry, Kemtrace® Broiler, AcidLAC™ Dry, and Phytase (5000
phytase unit — FTU) were received from Kemin Industries
South Asia Private Ltd., India.

Table 1: The feed composition of different phases of the feed.

el Pre starter Starter Finisher

(kg/ton) (kg/ton) (kg/ton)

Maize 572.00 613.00 703.00

Soybean meal (45 %) 347.00 295.00 214.00
Rice polish 40.00 40.00 40.00
Mustard de-oiled cake 0.00 10.00 20.00
Crude rice bran oil 3.00 8.00 14.00
Dicalcium phosphate 11.90 11.20 9.20
Calcite 10.80 9.20 7.80
DL-Methionine 2.90 2.60 2.20
L - Lysine 2.50 2.70 2.50
Sodium chloride 3.00 2.80 2.70
Sodium bicarbonate 2.40 1.80 1.40
TOXFIN™ 360 Dry 1.00 1.00 1.00
AcidLAC™ Dry 0.50 0.50 0.50
L — Threonine 0.80 0.70 0.70
Brovit® Plus* 0.50 0.50 0.50
Kemtrace® Broiler** 0.50 0.50 0.50
Phytase (5000 FTU) 0.10 0.10 0.10

*Each 500 gram contains: vitamin A — 13.5 MIU, vitamin D3 — 4.5 MIU, Vitamin E - 60
g, vitamin K — 3.5 g, vitamin B1 — 3.5 kg, vitamin B2 - 8 g, vitamin B6 — 3.5 g, vitamin
B12 - 0.02 g, niacin — 60 g, calcium D pantothenate - 14.5 g, folic acid - 2.25 g,
biotin — 0.145 g, vitamin C - 90 g;

** Each 500 gram contains: manganese — 4.55 g, zinc — 21.35 g, copper - 4.06 g,
cobalt - 1.63 g, potassium - 0.67 g, selenium - 6.39 g, iron — 33.97 g, chromium -
0.21g;

Table 2: Nutrient specifications of different phases of the feed.

Specifications Pre starter Starter Finisher
Crude Protein (%) 20.800 19.100 17.700

Energy (Kcal/kg) 2830.000 2900.000 2970.000
Digestible lysine (%) 1.200 1.100 1.150
Calcium (%) 0.880 0.800 0.700
Available phosphorous (%) 0.450 0.430 0.390
Fat (%) 3.500 4.100 4.700
Crude fiber (%) 3.700 3.700 3.600
Sodium (%) 0.200 0.180 0.165
Chloride (%) 0.260 0.250 0.240

Sodium + potassium chloride

253.000 226.000 205.000
(mEq)

Farm conditions and bird management

Temperature and ventilation conditions were monitored
throughout the trial and were appropriate to the age
as recommended by the breeder manual [31]. Standard
management and husbandry practices were followed
throughout the trial. During the study duration, birds were
provided with the following light schedule 1 — 14 days: 23 h
light and 1 h dark; 15 — 35 days: 24 h optimal light. All the birds
were vaccinated with the live freeze-dried vaccine against
Newcastle Disease (Nobilis® ND Clone 30, MSD Animal Health,
India) and live virus of intermediate strain against Infectious
Bursal Disease (IBD intermediate plus, Venky’s®, India) on
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different days of the birds’ life span through intraocular route
and drinking water. The details of the vaccination schedule
are given in Table 3. Throughout the trial, the percentage of
mortality of the birds was monitored.

Parameters studied for the trial

Water analysis: The drinking water was sourced from the
groundwater available on the farm. Water quality was analyzed
for its physical and microbial parameters, to determine the
suitability for consumption by birds according to poultry
drinking water standards [32]. The primary physical parameters
assessed were pH, total dissolved solids (TDS), and hardness.
Six samples were taken during the trial period and tested for
the physical parameters. The TDS present in the water samples
was measured using the AquaPro digital water tester AP-1,
HM Digital, USA, and the pH was measured using the Seven
Compact pH meter S220, Mettler Toledo, USA. The hardness of
the water was measured using the Aquasol total hardness test
kit 50 — 1000 mg/L, Rakira Biotech System Private Limited,
Navi Mumbai, India.

Microbial analysis: The microbial analysis was carried
out for feed from all the stages and water samples collected
during the trial. The samples were analyzed for commonly
found microbes in poultry feed and drinking water samples
[13]: Escherichia coli, Salmonella enterica, Staphylococcus aureus,
Pseudomonas aeruginosa, Clostridium perferingens, Mold, and
Enterobacteriaceae. The microbial load in the feed and water
samples was analyzed by enumeration of the samples using the
pour plate technique [33]. For the microbial enumeration of the
feed, 25 grams of the respective samples were added to 225 mL
of 0.9 % sterile saline and serially diluted till 10-5 dilution and
plated on specific media. For the water samples, one mL of the
water sample was added aseptically in a sterile tube containing
0.9% saline solution and serially diluted till 10-5 dilution and
placed on specific media for the various microbes. The selective
growth media listed in Table 4 were purchased from HiMedia
Laboratories, India. The results were expressed as colony-
forming units (CFU).

Body weight: Birds’ BW in all the groups was measured on
a weekly basis on days 7, 14, 28, and 35 [34]. The BW of birds
on day 0 was also noted, and each bird was allocated with a
wing band number, prior to their placement in the individual
pens. The weighing apparatus for measuring the BW was a
digital scale (Shimadzu UW2200H, Shimadzu Analytical Private
Limited, Mumbai, India) and was calibrated on a regular basis,
before recording the measurements. The average weight of the
birds in the individual pen determined the average weight of
the corresponding replicate group.

Table 3: Vaccination schedule administered to birds during the trial period.

Vaccine Dose Strain of Virus DLV Route

Newcastle disease Primary Clone*30 5 Intraocular

Infectious bursal disease Primary Intermediate Strain 12 Intraocular

Newcastle disease Booster Clone*30 21 Drinking water

Infectious bursal disease Booster Intermediate Strain 22 Drinking water
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Table 4: Selective media used for enumeration of the microbes.

S. No Microbes Media
1 Escherichia coli Hicrome coliform agar with SLS
2 Salmonella enterica Xylose lysine decholate agar
3 Staphylococcus aureus Mannitol salt agar base
4 Pseudomonas aeruginosa Cetrimide agar base
5 Clostridium perferingens Perferingens agar base (0.P.S.P)
6 Mold Rose Bengal chloramphenicol agar
7 Enterobacteriaceae Violet red bile glucose agar

Weight gain: The average weight gain (AWG) of birds in each
treatment group was determined from days 0 — 7, 7 — 21, and
22— 35, and the overall weight gain during the trial period was
also calculated from days 0 — 35 [34]. The AWG was determined
by measuring the difference between the average BW of the
birds in each replicate group, on the corresponding days of
weight gain measurement.

Feed consumption: The feed intake (FI) of the birds was
calculated daily, and the average FI was determined from day
0 to 7, 7 to 21, and 22 to 35 along with the overall average FI
from day 0 to 35 [34]. The FI was the cumulative value of the
feed consumed by the birds, which was averaged for each pen
from all the groups.

Feed conversion ratio: The feed conversion ratio (FCR) was
calculated on a weekly basis on days 7, 14, 28, and 35 of the
trial [34]. FCR was calculated by determining the ratio of the
average FI of the birds in each pen and the average BW by
the birds in the corresponding pen, which was done for the
individual replicates in each treatment group.

Carcass characteristics: At the end of the trial, carcass yield,
breast meat yield, and organ yield were calculated for all the
groups as per the calculations described by Van Hoeck, et al.
2020 [22]. On day 36, 2 birds were randomly selected from
each replicate, euthanized, and directly taken for weight
measurements of the total carcass, breast meat, and organ
meat (cumulative weight of heart, liver, and gizzard).

Intestinal lesion scoring: The birds that were utilized for
determining the carcass characteristics were also subjected
to lesion scoring for Eimeria tenella, E. maxima, E. acervulina,
and dysbacteriosis. The lesion scoring for Eimeria species was
performed as per the method described by Xue, et al. 2017 [35].
Briefly, the entire length of the small intestine of the sample
birds was observed for individual lesion scoring for Eimeria
tenella, Eimeria acervulina, and Eimeria maxima. The sum of the
average of the mean lesion scoring of all the three species was
determined as the Total Mean Lesion Score (TMLS) for Eimeria
species. In the same way, birds were subjected to the monitoring
of lesions for dysbacteriosis and the dysbacteriosis score was
done as per Teirlynck, et al. 2011 [36].

Return on investment (ROI): The ROI was calculated at the
end of the trial for all the treatment groups in comparison with
the control group [37]. The economics was done based on the
final body weight, total feed consumption, FCR, total chick and
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feed cost, total treatment cost of the products, and the benefit
difference between the control and treatment groups.

Statistical analysis

The Statistical Analysis System from STATGRAPHICS®
Centurion XVI software, Version 16.2.04 (Stat Graphics
Technologies, Inc., Virginia, USA) was used for performing
the statistical analyses. Mean, standard deviation, and pooled
standard errors (SEM) were calculated for each variable. Data
were analyzed with one-way ANOVA at a 95 % confidence level.
No data points were excluded from the analysis. Each replicate
was considered as the experimental unit for FCR. A p-value of
less than 0.05 was considered statistically different.

Results
Feed quality analysis

The feed samples used at different stages namely the
pre-starter, starter, and finisher stages, were assessed for
commonly found microbes, and the results are shown in
Figure 1. It was observed that the feed samples in all phases
showed < 10 CFU/g of E. coli, P. aeruginosa, C. perferingens, and S.
enterica. However, Enterobacteriaceae and mold were found to
be between 10> and 103 colonies in all phases of the feed.

Water quality analysis

The water used for birds’ consumption was tested for TDS,
hardness, and pH, and the results are given in Table 5. The
TDS, hardness, and pH were found to be 189 ppm, 150 ppm,
and 8.21, respectively. The presence of microbes in drinking
water was also evaluated and the results are shown in Figure
2. The water samples showed less than 2 log colonies for the
tested microbes.

Effect on the performance of broiler birds

Body weight: The cumulative BW of birds in all the groups
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Figure 1: Microbial analysis of the feed samples at different stages expressed as
colony forming units per gram of the feed sample (CFU/g). Each experimental data

is expressed as the mean of duplicates and the error bar denotes the standard error
from the mean. E. coli — Escherichia coli, C. perferingens — Clostridium perferingens,
P. aeruginosa — Pseudomonas aeruginosa, S. enterica — Salmonella enterica.
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Table 5: Water quality analysis of the water provided for birds’ consumption.

Hard
Samples Total dissolved solids (ppm) ardness Initial pH
(ppm)
Drinking Water 189+0.18 150 £ 0.11 8.21+0.15

Each experimental data is expressed as the mean of the value + standard error (n =
4). The drinking water sample was taken during the trial period at a different stage
of the chicks' life.

90 T

30 +

CFU/mL of drinking water

Figure 2: Microbial analysis of the water provided for birds’ consumption expressed
as colony-forming units per milliliter of the drinking water (CFU/mL). Each
experimental data is expressed as the mean of the value and the error bar denotes
the standard error from the mean (n = 4). E. coli — Escherichia coli, C. perferingens
- Clostridium perferingens, P. aeruginosa — Pseudomonas aeruginosa, S. enterica -
Salmonella enterica.

was monitored on a weekly basis and the results are given in
Table 6. At the end of the first week, T2 showed significantly
higher BW when compared to control and other treatment
groups (p = 0.009). This was also reflected at the end of the fifth
week, on day 35, where the T2 group also showed significantly
higher BW than the other groups (p = 0.021). Also, a dose-
dependent increase of BW was observed in T1 and T2 treated
groups (Table 6).

Body weight gain: The weekly BWG for all the groups was
calculated and given in Table 7. T2 showed the highest BWG
among the tested groups for the first 7 days and at different
stages of the growth period (Table 7). For the overall rearing
period (0 - 35 days), the T2 group showed significantly higher
BWG (p = 0.02) than the control and other tested groups.

Feed intake: The average weekly FI was calculated during
the trial and the results are given in Table 8. No significant
difference in FI was noticed for any of the groups (p > 0.05).

Feed conversion ratio: The FCR of all the groups was
calculated on a weekly basis and the results are given in Table
9. At the end of days 7 and 28, no significant difference was
seen in the FCR of any of the groups (Table 9, p > 0.05). At
the end of day 35, T1 and T2 showed the least FCR and were
found to be statistically different from all the tested groups (p
= 0.012).

Return on investment (ROI): The ROI for the treatment groups
was calculated in comparison with the control group, at the
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end of the trial and the calculation is shown in Table 10. Among
the groups, T1 and T2 treated groups showed a positive ROI
of 2.21:1 and 1.72:1 respectively over the control group. In this
trial, no cost-benefit was seen in T3 and T4 treatment groups
(Table 10).

Carcass characteristics: The carcass yield, breast meat yield,
and organ weight were calculated after the completion of the
trial and the results are shown in Figures 3,4. Among the tested
groups, no significant difference was seen in the carcass yield
among the groups (Figure 3, p > 0.05). No significant difference
was seen in the breast meat yield of any of the tested groups
(Figure 4, p > 0.05) and T2 showed the least organ yield among
all the tested groups (Figure 5, p = 0.022).

Intestinal lesion scoring for eimeria species and dysbacteriosis:

Table 6: Effect of supplementation of combinations on body weight.

Tt:'::;es"t Day 7 Day 14 Day 28 ED
Control ~ 173.35+0.53> 458.92 + 2.46% 1396.65 + 26.35° 1818.36 + 21.30%¢
x| 173.99 + 0.41% 457.76 + 3.49% 139671+ 18.97% 1839.30 + 22.53%
V) 17471 +0.69° 465.70 + 4.80° 1398.54+20.11° 1842.15 + 19.24°
T3 174.41 £ 0.56® 461.77 + 4.14% 1378.79 £ 12.50° 1833.20 + 21.44°
T4 173.39+0.58" 456.61+3.12° 1384.1146.16° 1816.73 + 20.51%

Each experimental data is expressed as the mean of the value + standard deviation
(n = 84). A significant difference between the groups was represented by different
alphabets in superscript (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L);
T3 - Product VA = 1 mL/L; T4 — Product MA — 2 mL/L*PB6 - Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A — Amino acids;

Table 7: Effect of supplementation on body weight gain.

Treatment DLV Day Day DLV
groups 0-7 7-21 22-35 0-35
Control ~ 132.37+1.31°>  689.46 +2.70° 955.55 + 19.06°® 1777.38 + 23.372°

T1 132.85+0.52°>  691.27 +6.65° 974.13 £18.47% 1798.25 + 25.57%
T2 134.09£1.06°  698.22+7.42* 969.22 +20.76° 1801.53 +29.332

T3 133.37 £0.99% 689.66 +3.24> 938.68 + 14.21° 1761.72 + 18.44°

T4 132.59+0.27° 687.66 +2.22° 953.40+7.80®° 1773.66 +10.30>

Each experimental data is expressed as the mean of the value + standard deviation
(n = 84). A significant difference between the groups was represented by different
alphabets in superscript (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L);
T3 - Product VA = 1 mL/L; T4 — Product MA — 2 mL/L*PB6 - Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A — Amino acids;

Table 8: Effect of the different nutritional supplements on the feed intake.

Treatment DLV Day Day DLV
groups 0-7 7-21 22-35

161.83+4.46° 1186.71+7.53° 2290.88 + 6.97¢

0-35
2824.10 £ 9.26°

Control

T1 160.65+2.392 1189.44 +3.76™ 2288.46+1.79%®* 2823.11+3.98°

T2 162.68 +3.06° 1194.39 + 5.32% 2286.96 + 3.62°°  2825.61 + 4.94°

T3 162.15+2.10° 1197.94 £5.38° 2282.04+4.30° 2824.54 + 5.80°

T4 159.37+1.31*  1196.20 £2.07* 2285.58 + 517>  2825.44+5.75°

Each experimental data is expressed as the mean of the value * standard deviation
(n = 84). A significant difference between the groups was represented by different
alphabets superscript (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 = PB6+VMA (2 g/L);
T3 - Product VA = 1 mL/L; T4 — Product MA - 2 mL/L*PB6 — Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A - Amino acids;
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Table 9: Effect of supplementation on feed conversion ratio (FCR).

Treatment groups Day 7 Day 14 Day 28 Day 35
Control 0.93+0.01* 1.16+0.02*¢ 1.38+0.03°  1.55+0.02%
T1 0.92+0.02* 1.17+0.07®*¢ 1.38+0.022 1.54 £0.02°
T2 0.93+0.01* 1.16+0.02° 1.38+0.022 1.53 £0.02°
T3 0.93+0.01* 1.16+0.01® 1.39+0.01° 1.57 £0.01°
T4 0.92+0.02* 1.17+0.01° 1.39+0.01° 1.56+0.01®

Each experimental data is expressed as the mean of the value * standard deviation
(n = 7). A significant difference between the groups was represented by different
alphabets in superscript (P < 0.05). T1 - PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L);
T3 - Product VA = 1 mL/L; T4 = Product MA - 2 mL/L*PB6 - Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A — Amino acids;

Table 10: Return on investment (ROI) details for the treatment groups.

Specification Control T1 T2 T3 T4
Total feed consumed (kg) 235.66  236.73 236.40 237.38 237.18
Total BW (kg) 152.04 153.72 154.51 151.20 152.04

Feed conversion ratio (FCR) 1.55 1.54 1.53 1.57 1.56
Livability (%) 100.00 100.00 100.00 100.00 100.00

Total cost of product** 0.00 22.05 4410 4.59 4.23

Total production cost ** 9405.52 9460.64 9472.41 9463.49 9456.89
Production cost per kg of BW**  61.86 61.54 61.31 62.59 62.20

Benefit difference per kg BW

. 0.00 0.32 0.49 -0.79 -0.40

with control group**
Total benefit** 0.00 48.81 75.97 -1.42 -0.73
ROI 2.21 1.72 -0.02 -0.01

T1 - PB6+VMA* (1 g/L); T2 = PB6+VMA (2 g/L); T3 — Product VA = 1 mL/L; T4 -
Product MA - 2 mL/L
*PB6 — Bacillus subtilis PB6; V — Vitamins; M — Minerals; A — Amino acids; ** - Cost
in Indian Rupee (INR);
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Figure 3: Carcass yield of the control and treatment groups on day 36. Each
experimental data is expressed as the mean of the carcass meat yield in percentage
and the error bar denotes the standard deviation from the mean (n = 14). A

significant difference between the groups was represented by different alphabets
in small letters (P < 0.05). T1 — PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L); T3 —
Product VA — 1 mL/L; T4 - Product MA — 2 mL/L. *PB6 — Bacillus subtilis PB6; V
— Vitamins; M — Minerals; A — Amino acids;

The intestinal lesion scores for Eimeria species represented as
TMLS was evaluated and the results are shown in Table 11. All
the groups including the control had a score of less than one,
and no significant difference was observed in T3 and T4 treated
groups (Table 11, p > 0.05). The dysbacteriosis lesion score for
all the groups was also found to be less than one (Table 12, p
= 0.031).
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Figure 4: Breast meat yield of the control and treatment groups on day 36. Each
experimental data is expressed as the mean of the breast meat yield in percentage
and the error bar denotes the standard deviation from the mean (n = 14). A
significant difference between the groups was represented by different alphabets
in small letters (P < 0.05). T1 — PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L); T3 -
Product VA — 1 mL/L; T4 — Product MA — 2 mL/L. *PB6 - Bacillus subtilis PB6; V
- Vitamins; M - Minerals; A — Amino acids;

o

Organ yield (%)
O = N W B~ i Oy 3 oo

oo

Control

Figure 5: Organs yield of the control and treatment groups on day 36. Each
experimental data is expressed as the mean of the organ yield in percentage and
the error bar denotes the standard deviation from the mean (n = 14). A significant
difference between the groups was represented by different alphabets in small
letters (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 — PB6+VMA (2 g/L); T3 - Product
VA - 1 mL/L; T4 - Product MA — 2 mL. *PB6 - Bacillus subtilis PB6; V — Vitamins;
M - Minerals; A — Amino acids.

Table 11: Total Mean Lesion Score for Eimeria species (Eimeria tenella, Eimeria
maxima, Eimeria acervulina).

Treatment groups TMLS

Control 0.36 +0.112
T1 0.36 +0.112
T2 0.71 £ 0.222
T3 0.14 £ 0.04°
T4 0.21+0.122

Each experimental data is expressed as the mean of the value * standard deviation
(n =14). A significant difference between the groups was represented by different
alphabets in superscript (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 = PB6+VMA (2 g/L);
T3 - Product VA (1 mL/L); T4 — Product MA (2 mL/L) *PB6 — Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A = Amino acids;

Table 12: Dysbacteriosis score of the different groups at the end of the rial.

Treatment groups Dysbacteriosis score

Control 0.29 + 0.04%
T1 0.07 £0.05°
T2 0.36 +£0.032
T3 xx
T4 ok

Each experimental data is expressed as the mean of the value + standard deviation
(n =14). A significant difference between the groups was represented by different
alphabets in superscript (P < 0.05). T1 = PB6+VMA* (1 g/L); T2 - PB6+VMA (2 g/L);
T3 - Product VA (1 mL/L); T4 - Product MA (2 mL/L) *PB6 - Bacillus subtilis PB6;
V - Vitamins; M — Minerals; A — Amino acids; ** No lesions
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Discussion

The presence and occurrence of the high amount of total
viable bacterial and fungal species in the feed and feed materials
indicate health hazards in terms of direct consumption of
such contaminated feed or their toxins by poultry birds [38].
The most common bacterial pathogens found in poultry
feed belong to the Enterobacteriaceae family, specifically E.
coli and Salmonella species, in addition to Staphylococcus and
Pseudomonas species. The fungal pathogens present in the
feed belong to the Mold genera [39]. In the poultry feed, the
acceptable limits of the total Enterobacteriaceae count are 103
CFU/g of feed and the Mold count should be less than 105
CFU/g of feed [40]. In the present study, the microbial content
of these specific organisms was evaluated in the pre-starter,
starter, and finisher feed (Figure 1). Overall, the microbial load
was found to be well within the acceptable limits of the total
microbial count for poultry feed [40].

The assessment and maintenance of drinking water for
poultry consumption holds as much importance as maintaining
the feed quality. The drinking water quality is primarily
assessed by measuring the physical and microbiological
parameters comprising measurement of TDS, hardness, pH,
and microbial estimation. Under ideal conditions, poultry
drinking water must contain hardness of less than 500 ppm,
neutral pH with total coliform counts of less than 100 colonies,
and absence of Mold colonies [41]. In this study, water quality
was assessed in terms of both physical parameters (Table 6)
and quantification of microbial presence (Figure 2). The tested
parameters showed that the water used in the trial had all the
values within the acceptable range [41] and that the water was
of optimum quality for poultry consumption. Since the feed
and water quality were acceptable to the standard quality,
any effects raised in the performance parameters must be
attributed to the supplementation.

The early nutritional effect of PB6 in combination with
V+M+A was studied by assessing the performance parameters
such as mortality, BW, average BWG, FI, and FCR, particularly
in the first week. Throughout the trial period, no mortality
was observed in any of the groups, indicating that the nutrient
combinations were safe for the animal. At the end of the first
week, a significant improvement was seen in the BW of the birds
in PB6+VMA supplemented groups (Table 6, p = 0.009), when
compared to the control and other nutritional supplemented
groups. A linear effect of PB6+VMA supplementation was also
seen in the BW of birds, where a significant improvement was
seen in the groups treated with 10 grams of PB6+VMA when
compared to 5 grams dosage (Table 6, p = 0.009). Jha, et al.
2019 [7] reported that the digestive system is poorly developed
in the first week of a broiler chicken’s life which could be due
to insufficient utilization of ingredients when supplemented
through the feed. Sugiharto, et al. 2018 [42] studied the effect
of multi probiotic strains (Bacillus cereus strain SIIA_Pb__
E3, Bacillus licheniformis strain FJAT-29133, Bacillus megaterium
strain F4-2-27 and Bacillus sp. 11CM31Y12) along with minerals
and vitamins on the growth parameters of broilers added in
feed as on top application. In their study, the combination of
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multi probiotics at 0.1 %, 0.5 % and 1 % along with vitamins
and minerals did not yield any significant difference in the
body weight when compared to the control group. These
results are contradictory to the results of the present study as
the combination of PB6+VMA resulted in significantly higher
BW at the end of the first week. The observed positive effect
could be correlated to the supplements which were well utilized
by birds due to the higher bioavailability of the ingredients
present in the formulation.

In this trial, improvement in the first week of BW has been
seen clearly in the PB6 + VMA groups (Table 6, p = 0.021),
indicating the positive effect of the combination of Bacillus
subtilis PB6 and essential nutrients in the early nutrition of
broiler life cycle. This improvement in the first week BW was
also seen at the end of the fifth week, which confirms that the
BW gain in the first week is very crucial to reaching maximum
BW at the end of 5 weeks and supports the findings of Simon, et
al. 2015 [4]. Also, PB6+VMA treated group showed a significant
increase in BW compared to other treated groups (Table 6, p =
0.021). Such 1% week BW translation to final BW agrees with a
study done by Selvam, et al. 2015 [13] who reported that groups
supplemented with liquid multivitamin and amino acids
through drinking water showed higher BW in the first week
and the same increase in BW was observed at the end of the
trial in broiler birds.

The average BWG from 0 - 35 days showed significantly
higher WG in T2 (PB6+VMA at 10 g dose) when compared to
the control group, T3 and T4 groups (Table 7, p = 0.02). Such a
trend in WG was observed throughout the trial. The additional
WG could be attributed to the inclusion of probiotics (PB6) in T1
and T2. These findings were similar to studies done by Zhang,
etal. 2014 [43] and Kim, et al. 2012 [44] where supplementation
of probiotics in broiler chickens showed higher BW gain when
compared to the control and antibiotics treated group.

No significant difference was seen in the overall feed
consumption in any of the groups including the control group
(Table 8, p > 0.05). These results were similar to findings
by Sugiharto, et al. 2018 [42] in which the supplementation
of probiotic preparation in combination with vitamins and
minerals did not yield a significant difference in the overall
feed intake of the broiler chickens at the end of 42 days.

At the end of the first week, no significant difference was
seen in the FCR of any of the groups (Table 9, p > 0.05). However,
on day 35, T2 showed the least FCR among the treated groups,
and T3 showed the highest FCR (Table 9, p = 0.012). A similar
finding was also reported by Yang, et al. 2016 [45] in which
chromium enriched probiotic treated group supplemented
through feed showed a significant improvement in FCR of
broiler birds. Peric, et al. 2010 [46] reported no improvement in
FCR at the end of six weeks in broiler birds supplemented with
probiotics and phytogenic compound combinations. Gajula, et
al. 2011 [47] studied the effect of zinc and manganese on the
performance of broiler chickens and reported no significant
effect of the tested compounds on the FCR of birds at 35 days
of age. Considering the reports by Yang, et al. 2016, Peric, et
al. 2010, Gajula, et al. 2011 [45-47] and the results observed in
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this study, the positive effect on FCR could be correlated to the
presence of PB6 in PB6+VMA.

Further ROI for the treatment groups was calculated in
comparison with the control group. Among the treated groups,
T1 showed an ROI of 2.21:1 over the control group, followed by
T2 which showed an ROI of 1.72:1 (Table 10). In the present
study, no cost-benefit was seen in the T3 and T4 groups which
contradicts the ROI of 24:1 reported by Selvam, et al. 2015
[13] studied with VA combination. In another study done by
Lokapirnasari, et al. 2017 [48] birds administered with 0.005
% probiotics in drinking water resulted in an ROI of 15 % over
the control group.

At the end of five weeks, on day 36, additional performance
parameters such as carcass meat yield, breast meat yield,
and organ yield were also monitored in the tested groups. No
significant difference was seen in the breast meat yield among
any of the tested groups (Figure 3, p > 0.05). Likewise, Hossain,
et al. 2015 [49] also observed no statistical difference in the
breast yield of the birds treated with probiotics (Figure 4, p >
0.05). The organ yield percentage in VA-treated groups was the
highest among the tested groups and no other groups showed
any significant difference (Figure 5, p > 0.05).

The effect of the nutritional supplements on intestinal
health in addition to performance was assessed through
dysbacteriosis and Eimeria species lesion scoring. The intestinal
lesion scoring of the birds in all the tested groups was found
to be less than one for both Eimeria species (Table 11, p > 0.05)
and dysbacteriosis lesions (Table 12, p = 0.031). Bozkurt, et
al. 2014 [50] studied the effect of multienzymes, probiotics,
prebiotics, and herbal essential oil mixture on the intestinal
lesion improvement of Eimeria species upon induced challenge.
In their study, all the treatment groups showed a reduction in
the severity of intestinal coccidial lesions induced by the mixed
Eimeria species. In the present study, no such challenge was
induced in the birds, and hence the intestinal lesion scoring was
found to be minimal for both Eimeria and dysbacteriosis. This
confirms that Eimeria and bacterial pathogens did not affect
the study results and the supplementation did not influence
the growth of Eimeria species and pathogenic bacteria.

Conclusion

Early nutritional supplementation of PB6+VMA to broiler
chicks in the first seven days of their life span can significantly
improve the overall performance of birds. This positive impact
on performance is attributed to the supplementation of these
essential nutrients through drinking water, increasing their
bioavailability without affecting the gut health of birds.
This study generates an insight that the right nutritional
intervention in the early days results in profitable farming.
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