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ABSTRACT

In tropical regions, heat stress reduces broiler chicken productivity, highlighting the need for developing
alternative growth promoters to replace antibiotics. The present study aimed to evaluate the effects of dietary
phytase (Axtra® Phytase) and the probiotic Bacillus amyloliquefaciens (B. amyloliquefaciens) on the growth
performance and feed intake in broiler chickens during the hot-humid season in Jos, Plateau State, Nigeria. A
total of 180 broiler chickens, 15 days old, were randomly allocated to four experimental groups. Each group
consisted of 45 chickens with three replicates per group and 15 chickens per replicate. The dietary groups
included a control group fed the basal diet without additives (Ctrl), a probiotic group supplemented with B.
amyloliquefaciens at 1 x 10° CFU/kg (Prob), a phytase group supplemented with Axtra® Phytase enzyme at
200 FTU/kg (Phy), and a combined group that received probiotic and phytase (Phy + Prob). The broiler
chickens experienced challenging environmental conditions throughout the study, with average measurements
of 29.00 + 0.40°C for dry-bulb temperature, 68 + 1.54% for relative humidity, and 27.99 + 0.50°C for the
temperature-humidity index. All these factors were higher than the optimal range for broiler thermal comfort.
The live weight, weight gain, feed intake, organ weight, and feed conversion ratio were assessed. On day 42,
live and organ weights in the treated groups were significantly higher than those in Ctrl. All supplemented
groups indicated increased weight gain. Feed intake was higher in the Ctrl and Prob groups compared to the
Phy and Phy + Prob groups. These findings indicated that supplementation with phytase, alone or in
combination with B. amyloliquefaciens, improved growth performance, feed efficiency, and organ
development while modulating feed intake during heat stress. The present results demonstrated that B.
amyloliquefaciens, phytase, or their combination enhanced growth performance, organ weights, feed
efficiency, and overall productivity in broiler chickens subjected to heat stress during the hot-humid season in
Nigeria. The current results supported the use of phytase and B. amyloliquefaciens in tropical poultry
production.
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INTRODUCTION

Poultry production is one of the fastest-growing livestock
sectors in Nigeria, driven by increasing demand for
affordable and nutritious animal protein (USDA, 2013;
Moreki et al.,, 2025). Over recent decades, the
consumption of poultry meat has increased due to

Nigeria’s growing population and rising per capita income
(Heise et al., 2015; Akpan et al., 2024). However,
challenges such as heat stress and antibiotic resistance
threaten the sustainability and safety of the production
process. Prolonged, low-dose inclusion of antibiotics in
broiler chickens’ diets promotes the development of
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antibiotic-resistant bacteria (Abreu et al., 2023; Abou-
Jaoudeh et al., 2024). These resistant strains can transfer to
humans through poultry products, creating a significant
global health risk that leads to thousands of deaths
annually (Tedersoo et al., 2022; Abreu et al., 2023;
Mwansa et al.,, 2023). Consequently, strategies to
minimize antibiotic use in poultry are being developed,
with a focus on alternatives such as probiotics and
enzymes as growth promoters (Rashid et al., 2023;
Shakeri,  2025). Bacillus amyloliquefaciens  (B.
amyloliquefaciens) is a spore-forming probiotic bacterium
capable of producing multiple extracellular enzymes, such
as a-amylases, cellulases, metalloproteases, and proteases
(Ngalimat et al., 2021). These enzymes improve nutrient
digestibility and absorption while modulating gut immune
function (Su et al., 2019; Zhang et al., 2020; Zalila-Kolsi
et al, 2023). Additionally, B. amyloliquefaciens
synthesizes bacteriocins such as subtilin and barnase,
which exhibit bactericidal effects by disrupting cell walls
and pathogens' metabolic pathways, targeting species such
as Clostridium perfringens, Escherichia coli, and Yersinia
spp. (Palacios-Rodriguez et al., 2024; Deng et al., 2025;
Jiang et al., 2025). Furthermore, B. amyloliquefaciens
produces antimicrobial compounds, including Iturin,
Fengycin, and Surfactin, which inhibit fungal and bacterial
growth, thereby improving intestinal microflora balance
and enhancing growth performance in broiler chickens
(Lin et al., 2020; Wang et al., 2022). Phytases are enzymes
responsible for hydrolyzing phytic acid (myo-inositol
hexakisphosphate), releasing inositol and six inorganic
phosphate molecules (Yao et al., 2012). Hydrolysis of
phytate eliminates its anti-nutritive effects, significantly
increasing phosphorus retention, weight gain, feed intake,
feed efficiency, metabolizable energy, and calcium
retention in poultry, particularly at higher dietary phytase
inclusion levels (Kornegay, 2001; Selle and Ravindran,
2007).

The hot and humid seasons, characterized by elevated
temperature and humidity, impose considerable stress on
livestock, thereby reducing productivity and growth
performance (Oke et al., 2021). These environmental
factors impose thermal stress on broiler chickens,
negatively impacting their productivity by reducing feed
intake, feed digestibility, and overall growth performance,
while increasing the risk of mortality (Sinha et al., 2017;
Goo et al., 2019; Kim et al., 2025). Chronic heat stress
disrupts nutrient utilization and energy balance, thereby
exacerbating financial losses in the poultry industry
(Lagana et al., 2007; Osuji et al., 2024). Moreover,
elevated temperatures promote the proliferation of
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pathogenic bacteria and parasites in the environment and
predispose broiler chickens to diseases (Sohail et al., 2012;
Wasti et al., 2020; Ghareeb et al., 2022). A temperature-
humidity index (THI) above critical thresholds
(approximately 26-28°C) leads to reduced feed
consumption, body weight, and feed conversion efficiency
in broiler chickens (Abu-Dieyeh, 2006; Purswell et al.,
2012).

The present study aimed to evaluate the effects of
dietary B. amyloliquefaciens and phytase supplementation,
individually and in combination, on growth performance
parameters (feed intake, live body weight, weight gain,
and feed conversion ratio [FCR]) and organ weights under
the heat stress conditions of the hot-humid season, without
the use of antibiotics.

MATERIALS AND METHODS

Ethical approval

The present study was approved by the University of
Jos Animal Care and Use Committee (approval number:
UJ/FPS/F19-00369), Jos, Nigeria. All experimental
procedures involving animals were conducted in strict
accordance with the guidelines for the care and use of
laboratory and research animals prescribed by the National
Institutes of Health (NIH), Bethesda, USA.

Study location and time

The present study was carried out at the Poultry
Division of the National Veterinary Research Institute
(NVRI) in Vom, Plateau State, Nigeria (9.7301°N,
8.7876°E), located in the Northern Guinea Savannah zone
at an elevation of approximately 1,285 m above sea level.
The study was conducted during the hot-dry season, from
March to April, 2020.

Poultry management

A total of 180 one-day-old Arbor Acre broiler
chickens, obtained from Agritec Nigeria Limited (Ibadan,
Nigeria), were raised in an intensive deep litter system.
This system housed broiler chickens indoors on litter
floors, without outdoor access, in a concrete-floored pen
measuring 25 m x 19 m x 9 m, which provided sufficient
ventilation. Broiler chickens were fed a commercial starter
feed for four weeks, followed by a finisher feed until day
42 (Table 1). Broiler chickens had ad libitum access to
feed and water.

Broiler chickens were vaccinated against Marek’s
disease after hatching via a subcutaneous injection. Live
vaccines against Newcastle disease (LaSota strain) on days
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7 and 21 and a primary vaccination for infectious bursal
disease (Gumboro) on day 14, followed by a booster on
day 17, all administered through drinking water to
minimize stress and ensure widespread application during
their early growth, following the protocols of the National
Veterinary Research Institute (NVRI), Nigeria. The
vaccines used in the study were manufactured at NVRI,
Nigeria. This schedule follows common poultry health
guidelines aimed at providing early and continuous
protection against major viral infections. Therapeutic
antibiotics were not required during the trial. Biosecurity
measures were ensured by providing foot baths, footwear,
and clothing for all individuals assisting with the
experiment. The pen was inaccessible to non-essential
personnel, animals, other birds, and rodents.

Table 1. Ingredients and nutrient composition of the
starter and finisher diets during the 42 days of study

. Starter Finisher
0,

Ingredient (%) (1-35 days) (42 days)
Maize 61.25 67.78
Soybean meal 28 22
Groundnut cake 3 3
Vegetable oil 3 25
Fishmeal 1 0.5
Limestone 1.2 0.8
Dicalcium phosphate 15 1
Salt 0.3 0.3
Methionine 0.15 0.12
Lysine 0.1 0.08
*Premix (vit/min) 0.5 0.5

- - Starter Finisher
Nutrient composition (days 1-35) (days 35-42)
Moisture (%) 11.7 9.20
Crude protein () 15.9 16.51
Crude fibre (g) 8.81 9.01
Lipids (g) 2.45 3.40
Ash (g) 7.25 8.35
Nitrogen fibre extract (g) 54.09 53.53
Calcium (g) 0.93 1.55
Phosphorus (g) 0.06 0.42
Metabolizable energy
(keallkg) 3,308 3,250

Analyzed in the biochemistry laboratory, National Veterinary Research
Institute, Vom, Jos, Nigeria. *Premix contains vitamin A: 2.0 mg (=
6,000 1U), vitamin D3: 0.5 mg (= 200 IU), vitamin E: 5.0 mg (= 7-10 1U),
vitamin K: 0.5 mg, thiamine (B1): 0.2 mg, riboflavin (B2): 0.5 mg,
pyridoxine (B6): 0.2 mg, niacin: 6.0 mg, pantothenic acid: 2.0 mg, folic
acid: 0.1 mg, biotin: 0.02 mg, vitamin B1: 20.003 mg, choline chloride:
1000 mg (1.00 g), and zinc (Zn, as sulfate): 60 mg.

Thermal environmental parameters
Thermal conditions in the pen were recorded every 2
hours between 07:00 and 19:00 using a Brannan dry-bulb
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and wet-bulb thermometer (Cumbria, England). Relative
humidity (RH) was derived from the dry-bulb and
wet-bulb readings, and the temperature-humidity index
(THI) was computed according to the method described by
Tao and Xin (2003).

THI =0.85 x DBT +0.15 x WBT

where DBT is the dry-bulb thermometer, and WBT is
the wet-bulb thermometer in °C.

Experimental design and treatments

A total of 180 broiler chickens were randomly
assigned to four treatment groups, each consisting of three
replicates of 15 chickens. The groups received the
following dietary treatments from day 1 to day 42. The
first received the basal commercial diet without
supplementation (control). From day 1 to day 42, broilers
were assigned to four dietary treatments. The first group
received the basal commercial diet without
supplementation (control). The second group was fed the
basal diet supplemented with B. amyloliquefaciens
(BPD 1; Vetnostrum Animal Health Co., Ltd., Xinfeng
Township, Hsinchu County 304, Taiwan) at 1 x 10° CFU/g
of feed, consistent with the standardized concentration
reported by Diaz (2007). The probiotic product
(1 x10° CFU/g) was incorporated at 1 kg/ton of complete
feed (1 g/kg), delivering 1 x 10° CFU/kg of finished diet.
The third group received the basal diet containing Axtra®
phytase (Danisco Animal Nutrition, PO Box 777,
Marlborough, Wiltshire, SN8 1XN, United Kingdom) at
200 FTU/kg of feed. This enzyme preparation, with a
specific activity of approximately 10,000 FTU/g, was
administered at a dosage designed to deliver 200 FTU per
kilogram of the final feed mix (approximately 0.02 g/kg).
This dosage aligned with the enzyme activity and
inclusion recommendations provided by Coppedge et al.
(2011). This phytase level (200 FTU/kg) has previously
been shown to enhance growth performance, feed
efficiency, and bone mineralization. The fourth group was
fed the basal diet containing probiotic and phytase (Phy +
Prab).

Production performance parameters

Feed intake and body weight were recorded weekly
over a 6-week period using a digital weighing scale
(Model WT20001KF, Changzhou, China). Carcass weight
and the weights of internal organs were measured using
the same methods described above. Body weight gain and
FCR were calculated according to the procedures
described by Avci et al. (2005). The number of broiler
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chickens that died or were humanely euthanized
throughout the experimental period was recorded.

Statistical analysis

All statistical analyses were performed using R
software (R Core Team, 2025). Values were presented as
mean * standard error of the mean (SEM). Live weight,
weight gain, feed intake, and FCR were analyzed using a
two-way repeated-measures ANOVA to evaluate the main
effects of day, dietary treatment, and their interaction (day
x treatment). Organ weights and carcass component traits
(kidney, breast muscle, back muscle, neck, drumstick,
thigh, shank, lung, heart, spleen, liver, gall bladder,
abdominal fat, gizzard, proventriculus, and crop) were
analyzed using one-way analysis of variance (ANOVA)
with dietary treatment as the fixed effect. Significant
treatment effects were followed by Tukey’s honest
significant difference (HSD) post hoc test. Mortality was
analyzed using the Chi-square test (dead/total broiler
chickens), with statistical significance set at a p-value less
than 5% (p < 0.05).

RESULTS

Thermal environmental parameters

The mean dry-bulb temperature, RH, and THI during
the study were 29.00 + 0.40°C, 68 + 1.54%, and 27.99 +
0.50°C, respectively (Figure 1). Dry-bulb temperature
ranged from 25 to 33°C, RH from 49.00 to 85.00%, and
THI from 22.10 to 32.38°C.

DBT (°C)

RH (%) THI (°C)

Environmental parameters

Figure 1. Environmental parameters of the poultry pen during a
42-day hot-humid season. DBT: Dry-bulb temperature, RH: Relative
humidity, and THI: Temperature-humidity index

Live weights and weight gain

The present results indicated highly significant effects
of experimental days, dietary treatments, and their
interaction on live body weight (p < 0.05; Figure 2; Table
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2). On day 14, broiler chickens in the Prob, Phy, and Prob
+ Phy groups had significantly higher live weights than the
Ctrl group (p < 0.05). From days 21 to 42, Prob, Phy, and
the Prob + Phy groups had significantly higher live
weights than the Ctrl group (p < 0.05). On days 21 and 28,
broiler chickens in the Phy and Prob + Phy groups had
significantly higher live weights than the Ctrl group (p <
0.05). Live weights on days 35 and 42 in the Prob, Phy,
and Prob + Phy groups remained significantly higher than
those in the Ctrl group (p < 0.05).

The present results revealed highly significant effects
of days, treatment, and their interaction on weight gain in
broiler chickens (p < 0.05; Figure 2; Table 3). Weight gain
significantly increased from day 14 to 42 in the Prob, Phy,
and Prob + Phy groups (p < 0.05), with the highest weight
gains observed in broiler chickens in the Prob + Phy group
(p < 0.05). On day 42, weight gain in the Prob group
(590.10 + 30.66 g), the Phy group (549.00 + 29.88 g), and
the Prob + Phy group (629.40 + 36.28 g) was significantly
higher than in the Ctrl group (404.50 + 39.95 g; p < 0.05).

Production performance parameters

The present results revealed highly significant effects
of day, treatment, and their interaction on feed intake
in broiler chickens (p < 0.05). On days 21, 28, 35, and 42,
feed intake was significantly higher in the Ctrl group than
in the Prob and Phy groups (p < 0.05; Table 4). Overall,
broiler chickens in the Phy group (994.80 + 42.50 g) and
Prob + Phy group (976.10 = 42.78 g) significantly
consumed less feed than those in the Ctrl group at
1,106.00 = 50.90 g (p < 0.05; Table 4; Figure 2). The
current results indicated a strong effect of day on FCR
(Table 5). While treatment groups significantly affected
FCR compared to the control group (p < 0.05), the
interaction between day and treatment was not significant
(p > 0.05). The present results demonstrated that the
impact of treatments on FCR remained relatively
consistent across different ages.

Carcass weight

Dietary treatment significantly affected carcass weight
compared to the control group (p < 0.05). Broiler chickens
fed the Phy + Prob diet had the highest carcass weight
(1,590.96 g), followed by Phy (1,481.20 g) and Prob
(1,365.57 g) groups. The control group exhibited the
lowest carcass weight (1,299.24 g). The current results
indicated that carcass weight was significantly higher in
Phy and Phy + Prob groups than in the control group (p <
0.05). Furthermore, the carcass weight in the Phy + Prob
group was significantly higher than that in the Prob group
(p < 0.05; Table 6).



Table 2. Weekly live weights of broiler chickens administered probiotic (Bacillus amyloliquefaciens) and Axtra phytase

during a 42 days of hot-humid season
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Age (days) Ctrl (g) Prob (g) Phy (g) Phy+Prob (g)
1 39.07 £0.672 39.24 +£0.56 39.78 £0.632 39.49 £0.63¢

7 93.91 £1.822 94.42 +1.99 97.73 £1.902 98.24 £ 2,128
14 218.70 +£6.212 242.80 +4.022 243.10 +4.18 245.60 + 3.872
21 439.50 +9.922 468.00 £ 6.27° 479.10 + 6.69° 490.50 £7.07°
28 714.80 £ 16.56* 761.50 £ 11.12° 820.80 £ 14.49¢ 856.50 £ 14.46¢
35 1,105.00 & 23.802 1,184.00 + 18.17> 1,269.00 + 18.28¢ 1,306.00 + 22.69¢
42 1,509.00 + 31.94# 1,774.00 + 23.06° 1,818.00 = 28.51¢ 1,932.00 + 34.65¢

Values are presented as mean = SEM. **Means within a row with different superscript letters differ significantly (p < 0.05). Ctrl: Control, Prob: Probiotic,

Phy: Phytase, Prob + Phy: Combined supplementation of probiotic and phytase

Table 3. Weekly weight gain of broiler chickens given probiotic (Bacillus amyloliquefaciens) and Axtra phytase during a 42-

day hot-humid season

Age (Days) Ctrl () Prob (g) Phy (g) Phy+Prob (g)
1 NA NA NA NA

7 54.84 +2.042 55.18 +£2.192 57.96 +2.09° 58.76 +£2.132
14 124.80 = 5.85° 148.40 = 3.95° 145.40 + 4.75° 147.30 £ 4.08>
21 220.80 = 13.172 225.20 = 8.03" 236.00 = 7.56° 244,90 + 8.09°
28 275.40 £ 16.932 293.60 +13.01° 341.70 £ 14.76° 366.00 = 13.99b
35 389.70 £26.712 422.10 £ 19.86° 447.90 £22.58b 450.80 +25.27°
42 404.50 +39.95* 590.10 = 30.66° 549.00 +29.88° 629.40 + 36.28°

%> Means within a row with different superscript letters differ significantly (p < 0.05). Ctrl: Control, Prob: Probiotic (Bacillus amyloliquefaciens), Phy:
Phytase, Prob + Phy: Combined supplementation of probiotic and phytase, NA: Not applicable.

Table 4. Weekly feed intake of broiler chickens administered with Probiotic (Bacillus amyloliquefaciens) and Axtraphytase

during a 42-day hot-humid season

Age (Days) Ctrl (g) Prob (g) Phy (g) Phy+Prob (g)
7 226.00 + 18.282 221.50 +18.242 209.10 + 16.872 202.10 +17.142
14 628.10 £25.782 618.50 £25.58 627.40+21.012 582.00 £ 25.772
21 1061.00 + 38.822 1029.00 + 39.87° 985.20 + 31.36° 962.70 + 32.68°
28 1320.00 £ 41.442 1291.00 +48.25b 1180.00 +48.25 1196.00 + 15.73®
35 1682.00 + 46.682 1712.00 +£49.32b 1424.00 £ 37.02° 1399.00 £ 36.57°
42 1721.00 £ 52.562 1769.00 £ 52.56° 1543.00 £ 26.64°> 1515.00 £ 26.64>

> Means within a row with different superscript letters differ significantly (p < 0.05). Ctrl: Control, Prob: Prob (Bacillus amyloliquefaciens), Phy: Phytase,
Prob + Phy: Probiotic + phytase
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Figure 2. Growth performance parameters (live weight, weight gain, feed intake, and feed conversion ratio) of Arbor Acre broilers fed
different dietary treatments over a 42-day period. Values are means = SEM (n = 45 per treatment). * ® Means with different superscript letters differ
significantly (p < 0.05)

Table 5. Weekly feed conversion ratio of broiler chickens administered with probiotic (Bacillus amyloliquefaciens) and
axtraphytase during a 42-day hot-humid season.

Age (Days) Ctrl (g) Prob (g) Phy (g) Phy+Prob (g)
7 4.01 £0.132 3.99+0.18 3.58+0.07» 3.62+0.18
14 4.47 £0.45° 4.58 £0.412 4.43 +0.25 3.93+0.132
21 4.63 £0.24¢ 4.52£0.16 429 £0.142 3.99 +0.18
28 4.07 £0.332 4.50 £ 0.66* 3.87+£0.08 3.49+0.31»
35 4.05+£0.36 3.95+0.342 3.41+0.37» 3.30 £ 0.242
42 3.48 £0.66* 3.43+0.63 3.06 +0.28¢ 2.53 £0.340

*Means within a row with the same superscript letter are not significantly different (p > 0.05). Ctrl: Control, Prob: Prob (Bacillus amyloliquefaciens), Phy:
Phytase, Prob + Phy: Probiotic + phytase
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Table 6. Effects of probiotic (Bacillus amyloliquefaciens) and axtraphytase on carcass weight of broiler chickens and different

body parts during a 42-day hot-humid season

Organ weight (g) Ctrl Prob Phy Phy + Prob
Kidney 12.66 £0.37 10.64 £ 0.81¢ 13.29 £ 0.51° 14.46 £ 0.52¢
Breast muscle 426.90 + 19.59¢ 436.94 + 12.57¢ 485.28 + 37.05° 517.13 £ 20.32:
Back muscle 21427 £4.02 ¢ 231.31+ 4.66° 256.61 + 9.662 268.71+£13.72=
Neck 83.80 + 2.00¢ 91.33 +£2.11° 104.01 + 3.48¢ 11156 £2.952
Carcass weight 1,299.24 + 40.48¢ 1,365.57 + 21.53° 1,481.20 + 48.452 1,590.96 + 58.372
Drumstick 182.27 + 4.65¢ 186.13 £ 4.21¢ 206.53 = 9.05° 22431 £11.18
Thigh 215.63 £5.93¢ 220.86 + 4.86° 233.87 £ 9.17° 264.22 £12.70 =
Shank 73.23 £ 2.96° 70.12 + 1.80° 76.98 +2.68 82.42 +3.00°
Lung 10.46 £ 1.05° 12.14 £ 0.54 11.18 £ 0.53° 13.40+0.642
Heart 9.18 £0.38" 8.99 + 0.65° 11.67 £0.85 11.37 £0.48
Spleen 2.78 £ 0.26° 2.23+0.31° 3.63 £0.45* 3.57+0.34
Liver 43.38 £1.69¢ 45.58 £ 2.34¢ 59.20 £ 3.44» 47.79 £ 2.00°
Gall bladder 1.70 £ 0.08> 1.31+£0.14¢ 193 +0.12 2.02+0.15¢
Abdominal fat 21.60 £1.08¢ 28.13 £3.10° 35.56 £3.87 ¢ 25.28 £4.09 b
Gizzard 28.70 £ 1.50° 30.34 £1.28 31.82 £1.60* 32.09 £1.00
Proventriculus 8.83 £ 0.422 9.30 £1.03* 10.93 £ 0.60° 10.39£0.512
Crop 7.12 £0.83° 6.39 = 0.96° 9.47 +£0.802 9.47 £0.75*

ab¢ Means within a row with different superscript letters are significantly different (p < 0.05). Ctrl: control, Prob: probiotic (Bacillus amyloliquefaciens), Phy:

Phytase, Prob + Phy: Probiotic and Xtrap phytase

Organ weight

Mean breast muscle weights significantly differed by
dietary treatment (p < 0.05), ranging from 426.90 g in the
Ctrl group to 517.13 g in the Phy + Prob group, 436.94 g
in the Prob group, and 485.28 g in the Phy group. Broiler
chickens fed Phy and Phy + Prop diets had significantly
higher breast muscle weights than the Ctrl group, with Phy
+ Prob producing the greatest increase (p < 0.05; Table 6).

The Phy + Prob group indicated the highest drumstick
weight (224.31 g), followed by Phy (206.53 g), Prob
(186.13 g), and Ctrl (182.27 g) groups. Drumstick weights
were significantly higher in broiler chickens fed Phy and
Phy + Prob diets compared to those fed Ctrl and Prob diets
(p < 0.05; Table 6).

Abdominal fat weight was significantly affected by
diet (p < 0.05). Broiler chickens fed Phy had the highest
abdominal fat weight (35.56 g), followed by Prob (28.13
g), Phy + Prob (25.28 g), and Ctrl (21.60 g) groups. The
current results indicated significant differences between
the Phy and Ctrl groups (p < 0.05). Furthermore, the Phy +
Prob group demonstrated significantly lower abdominal
fat deposition compared to the Phy group (p < 0.05; Table
6).

Spleen weight varied significantly among treatments
(p < 0.05), ranging from 2.78 g in the Ctrl group, 2.23 g in
the Prob group, 3.63 g in the Phy group, and 3.57 g in the
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Phy + Prob group. Spleen weight was significantly greater
in broiler chickens fed Phy and Phy + Prob diets compared
to the Ctrl groups (p < 0.05), while no difference in spleen
weight was observed between Phy and Phy + Prob
treatment groups (p > 0.05; Table 6).

Dietary treatments significantly influenced liver
weight (p < 0.05). Broiler chickens that received the Phy
diet exhibited the highest liver weight (59.20 g), followed
by those on Phy + Prob (47.79 g), Prob (45.58 g), and Ctrl
(43.38 g) diets. Liver weight was significantly higher in
the Phy than in the Ctrl and Prob group (p < 0.05). In
contrast, the weight of the proventriculus was not
significantly affected by dietary treatments (p < 0.05),
ranging from 8.83 g in the Ctrl group to 10.93 g in the Phy
group, with no significant differences among treatment
groups (p > 0.05; Table 6).

Mortality rate

Mortality rates in broiler chickens were not
significantly affected by supplementation with Prob, Phy,
or their combination compared to the control group (p <
0.05). In the 42-day trial with 45 broiler chickens per
treatment, the mortality counts were 6 in the Ctrl group, 2
in the Prob group, 2 in the Prob + Phy group, and 4 in the
Phy group. These numerical differences were not
statistically significant (p < 0.05; Table 7).
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Table 7. The mortality rate of broiler chickens administered with probiotic and Axtraphytase during a 42-day hot-humid

season
Age (Days) Ctrl Prob Prob + Phy Phy
7 1 1 1 1
14 2 1 0 1
21 1 0 1 1
28 1 0 0 0
35 1 0 0 0
42 0 0 0 0
Treatment Deaths (O) Survivors (O) Deaths (E) Survivors (E) (o)
Ctrl 6 39 35 415 1.945
Prob 2 43 35 415 1.166
Prob + Phy 2 43 35 415 1.166
Phy 4 41 35 415 0.077

Crtl: Control, Prob: Probiotic, Phy: Phytase, Prob + Phy: Probiotic and phytase, O: Observed, E: Expected, x?: Chi-squared distribution

DISCUSSION

Thermal environment and growth performance of
broiler chickens under heat stress

The mean dry-bulb temperatures recorded during the
present study were largely outside the recommended
thermoneutral range of 18-24°C for mature broiler
chickens aged 28-42 days reared under tropical conditions
(Dei and Bumbie, 2011). While these temperatures were
consistent with the 29-33°C range for broiler chickens
aged 1-3 weeks, as described by Meltzer (1983), the high
THI and different RH during the finishing phase indicated
persistent heat stress (Purswell etal., 2012). Prolonged
exposure to such thermal loads typically impairs metabolic
efficiency, nutrient digestibility, and body weight gain, as
chickens expend more energy on thermoregulation instead
of growth.

Growth and feed efficiency responses

Live weight, weight gain, and FCR indicated that
although dietary probiotic, phytase, and their combination
improved growth performance, the overall efficiency of
the flock remained below the commercial standards for
Ross 308/Arbor Acres broiler chickens (Derakhshan
etal., 2023). Typically, FCR for Ross 308/Arbor Acres
broiler chickens aged 21-42 days is between 1.2 and 1.7
(Derakhshan et al., 2023). Supplementation with
AxtraPhytase, either alone or combined with B.
amyloliquefaciens, notably improved live weight and
weight gain compared to the probiotic-only and control
groups. These findings align with those reported by Flores
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etal. (2019) and Maas etal.(2021), who found that
enzyme-probiotic  combinations  enhanced  nutrient
utilization and broiler chickens’ performance. Similarly,
Selle et al. (2003) and Singh and Kim (2021) observed that
multienzyme preparations containing phytase (500
FTU/kg) and xylanase (4,400 EXU/kg) improved weight
gain and nutrient availability. These improvements might
be due to efficient phytate hydrolysis, increased
phosphorus release, and enhanced amino acid and energy
absorption (Yao et al., 2012; Scholey et al., 2018).

Dietary supplementation with B.
amyloliquefaciens TL106 (7.5 x 10° CFU/kg) improved
growth, immune response, gut health, and microbiota
balance in broiler chickens, suggesting its potential as an
antibiotic alternative (Bao etal., 2022). Similarly, Ahmat
et al. (2021) indicated that the inclusion of B.
amyloliquefaciens LFB112 at 5 x 10® CFU/kg remarkably
increased body weight and daily weight gain, especially by
day 39, in comparison to both control and antibiotic-
treated groups. Several studies reported that
multiple Bacillus strains or B. coagulans supplementation
considerably improved live weight and weight gain
between days 1 and 42 of production (Khajeh Bami et al.,
2020). Furthermore, Zhang etal.(2013) reported that
Bacillus-based probiotics at 10°-10® CFU/kg enhanced
body weight gain in broiler chickens.

Despite these relative improvements, overall FCR
values remained above commercial Ross 308 benchmarks,
likely due to chronic thermal stress. Elevated
environmental temperatures increased maintenance energy
requirements and reduced feed efficiency, as broiler
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chickens limit voluntary intake to minimize metabolic heat
production (Herd and Arthur, 2009; Vale et al., 2010).
Additionally, heat stress elevates oxidative stress and
corticosterone levels, impairing protein synthesis and
nutrient utilization (Caffrey etal.,2017; Quinteiro-Filho
etal.,2017). Due to these physiological limitations, the
dietary additives may not have achieved their maximum
effectiveness.

Role of phytase supplementation
In-feed supplementation with novel phytase improved
growth and reduced woody breast severity by enhancing

glucose uptake, glycolysis, and intracellular ATP
generation, thereby supporting muscle glycogenesis and
protein  synthesis  (Walk  etal.,2024).  Broader

physiological benefits include improved digestion and
absorption of phytate-bound phosphorus (Ma et al., 2025),
enhanced amino acid absorption (Martinez-Vallespin

etal.,2022), improved energy utilization (Bernardes
etal.,2022), strengthened intestinal integrity (Nari
etal.,,2020), and reduced oxidative stress (Lee
etal.,,2019). Moreover, phytase supported bone

development by controlling the release of phosphorus (P),
calcium (Ca), zinc (Zn), and magnesium (Mg; Moradi et
al., 2023; Philippi et al., 2023). Consistent with these
findings, the inclusion of 500-1000 FTU of phytase in
broiler chicken (Cobb 500) diets led to notable
improvements in weight gain and final body weight
(Borges etal.,2025). Similar to the progressive weight
gain trends observed from day 14 onward in the present
study, Derakhshan et al. (2023) found that Ross 308
broiler chickens receiving phytase (5000 FTU) or a
combination of probiotic (2 x 10° CFU/g) and phytase
exhibited remarkably higher weight gain and feed intake at
days 21 and 42, compared to control and probiotic-only
groups after a 42-day trial. The present study demonstrated
that dietary supplementation with phytase, either alone or
in combination with a probiotic, notably enhanced carcass
yield and muscle accretion. Broiler chickens fed phytase
with probiotics exhibited the greatest carcass weight and
muscle yields, particularly in the breast and drumstick,
indicating a synergistic enzyme-probiotic interaction. The
superior muscle deposition reflected enhanced protein
utilization and nutrient bioavailability. Phytase-mediated
hydrolysis of phytate complexes increased the
accessibility of phosphorus, amino acids, and energy, key
nutrients for muscle protein synthesis (Kriseldi et al.,
2021; Bernardes et al., 2022; Walk et al., 2024). The
probiotic component likely enhanced this process by
optimizing gut microbial balance and intestinal function,
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leading to more effective nutrient uptake and a greater
allocation towards lean tissue growth.

Abdominal fat deposition was strongly influenced by
dietary treatment. Broiler chickens supplemented with
phytase had the highest abdominal fat weight, whereas
those fed the combination of phytase and probiotic had
lower fat accumulation, suggesting that probiotic inclusion
redirected nutrients toward lean tissue accretion by
improving metabolic efficiency. Spleen weight, indicative
of immune organ health, was notably higher in broiler
chickens receiving phytase or a phytase-probiotic
combination compared to control and probiotic diets. This
splenomegaly likely signified heightened immune
competence, potentially due to improved nutrient
availability, especially P and essential amino acids vital
for lymphoid tissue development. The absence of
differences between phytase and phytase-probiotic
combination suggested that phytase is the primary

contributor to immune organ development. Previous
studies  confirmed  that Bacillus-based probiotics
modulated immune function, as B.

subtilis supplementation increased spleen size (Zhang
etal.,,2013) and bursa weight (Hossain etal.,2016),
while B. amyloliquefaciens similarly improved spleen and
bursa indices (Luan etal.,2019). Additionally, Soliman et
al. (2021) indicated that B. subtilis supplementation, at
doses of 5 x 10° CFU/g per liter of water, led to higher
carcass and immune organ weights. Furthermore, B.
amyloliquefaciens LFB112 notably improved thymus and
spleen indices, which were comparable to mechanisms
involving B-cell stimulation and increased
immunoglobulin production.

CONCLUSION

Phytase, particularly when combined with a Bacillus-
based probiotic, improved body weight, carcass yield,
nutrient digestibility, muscle growth, and immune organ
development in broiler chickens under tropical heat stress,
thereby partially mitigating the detrimental effects of high
temperatures. However, the persistence of poor feed
conversion across all treatment groups highlighted that
severe chronic heat stress and suboptimal environmental
factors remained significant constraints on overall
production efficiency. Future studies should evaluate
higher phytase doses, optimized Bacillus strains, and
improved housing such as cooling systems or enhanced
ventilation to further mitigate heat-stress-induced
reductions in feed efficiency. Growth performance was
suboptimal compared to Arbor Acre standards due to heat



J. World Poult. Res., 16(2): 168-180, 2026

stress and management factors, so the observed
improvements represent relative gains under challenging
conditions rather than absolute benchmarks.
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