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This study investigated the effects of turmeric extract (TE), banana peel extract
(PE), and onion extract (OE) on the physiological health status and meat quality
of broilers. Two-week-old “Cobb 500" chicks were divided into seven treatment
groups: the control (distilled water), T1 (100 mL of TE), T2 (100 mL of PE), T3 (100 mL
of OE), T4 (100 mL of TE + 100 mL of PE), T5 (100 mL of TE + 100 mL of OE), and
T6 (100 mL of PE + 100 mL of OE). Each treatment solution (100 mL or 200 mL,
as applicable) was diluted in 4 L of water and administered to the birds in their
drinking water three times a week throughout the experiment. After the 8-week
experimental period, the birds’ body weight gain, protein content, water-holding
capacity, total lipid content, microbial loads, and the mechanical properties of
boiler offal were assessed using standard techniques. The results showed that all
supplements had significant effects on all the parameters investigated (p < 0.05).
The bodyweight gains for the control and treatments T1 through T6 were 1.87,
2.20, 2.03, 2.12, 2.34, 242, and 2.26 kg, respectively. Additionally, the extracts
substantially reduced the lipid content in broiler meat while enhancing water-
holding capacity (WHC), protein content, packed cell volume (PCV), red blood
cell (RBC) count, and white blood cell (WBC) count, antimicrobial activity, and
shear force. Moreover, the data revealed that the hybridized additive treatment
yielded better results compared to single-extract treatments. These findings
hold promising implications for the livestock industry, particularly in promoting
sustainable growth, enhancing animal performance, and improving meat quality.
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Introduction

The animal production industry is a vital component of the
economy and national development, as it provides essential
compounds required for human development. Meat is a crucial
component of a balanced diet, playing a significant role in global food
security (Ponnampalam et al., 2022). It contains substantial amounts
of high-quality essential amino acids, iron, zinc, vitamin B,,, and
selenium—nutrients critical for energy production, immune function,
enzymatic activity, and neurological health (Apata et al., 2023; Gu
et al., 2024). Modern livestock management emphasizes sustainable
practices aimed at enhancing productivity while reducing production
costs. The majority of sustainability methods focus on the application
of natural additives, primarily for their nutritional and pharmaceutical
benefits. Therefore, incorporating natural additives into livestock
production not only supports animal health and performance but also
contributes to environmental protection and reduction in production
costs (Abigarl et al., 2023).

Natural antioxidants play a vital role in enhancing the
functionality of animal tissues and promoting microstructural
development. These can be linked to their capacity to boost the
concentrations of essential minerals and bioactive compounds in the
animal’s flesh, thus reducing the infection rate and oxidative stress in
animal tissues. Poor health conditions and oxidative stress can degrade
collagen, elastin, and protein levels in the animal body, resulting in
weaker tissues and poor structural development (Ponnampalam et al,,
2022; Liu et al., 2023). Natural additives rich in antioxidants and
similar essential compounds (minerals and phytochemicals) facilitate
cell proliferation, enhancing tissue formation and development.
Antioxidants help maintain nutrient integrity and lower inflammation
rates, hence assisting in building the body systems and enhancing the
mechanical strength of tissues (Rodriguez-Negrete et al., 2024).
Additionally, certain minerals, such as calcium, zinc, and selenium,
which are present in most bio-additives, play crucial roles in bone and
muscle formation, as well as in enzymatic reactions. The
multifunctional properties of natural additives enhance cellular
functionality and vitality, thereby supporting various metabolic
processes within the animal body (Weyh et al., 2022; Ding et al., 2023).

Mechanical properties play a significant role in animal production.
These properties significantly impact the quality and quantity of
animal tissues, animal welfare, processing operations, storage
processes, and consumer preferences (Park et al., 2023; Gu et al,
2024). Tissue shear strength is primarily used to evaluate the textural
quality, structural integrity, and consumer preference of animal offal.
Shear strength is one of the major indicators of meat quality, as meat
tenderness influences consumers’ purchasing decisions (Apata et al.,
2023). Although tenderness is one of the primary benchmarks used in
meat selection, excessive tenderness can lead to undesirable texture
and shrinkage, resulting in a dry, unpleasant texture and reduced
juiciness (Jezek et al., 2019). The mechanical behaviors of animal
products are significantly dependent on the animal’s age, genetics,
climatic conditions, health status, nutrition level, and handling
practices. Different animal breeds exhibit distinct cellular architectures,
fat deposition patterns, behavioral traits, and types of muscular fibers.
Notably, an adequate understanding of these mechanical properties is
indispensable in livestock mechanization (Park et al., 2023).

Plant extracts have been widely used as natural additives in
livestock production, particularly in the poultry sector, to enhance body
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immunity and productivity (Ding et al., 2023). Turmeric (Curcuma
longa), banana (Musa x paradisiaca), and onion (Allium cepa) are some
of the tropical plants that are widely used in animal production as feed
supplements due to their potent bioactive compounds (Wang et al.,
2015; Aditya et al., 2016; Akram et al., 2022; Ashayerizadeh et al., 2023).
Khan et al. (2022) reported that administering Aloe vera (Aloe
barbadensis Miller) extract to chickens significantly increased weight
gain and improved feed efficiency. Vispute et al. (2019) studied the
influence of hemp (Cannabis sativa) and dill seed (Anethum graveolens)
extracts on chickens’ growth and development and found that these
bio-additives positively influenced the broilers’ serum lipid status and
intestinal health. Puvaca et al. (2020) investigated the utilization of
natural supplements in chicken production and reported that garlic
supplements contribute to a drop in production costs. Though intensive
research has been carried out on the use of natural additives in animal
production, most of the aforementioned investigations into the use of
plant extracts in livestock management are principally based on the
utilization of lone turmeric, banana peels, and onion extracts (Hidayat
et al,, 2017; Oyeyinka and Afolayan, 2019; Chounna et al., 2020;
Zakiyatulyaqin et al., 2020; Malematja et al., 2023; Sureshbabu et al,,
2023; Saeed et al., 2025). The related literature review revealed no clear
evidence evaluating the effects of combined multiple extracts on
chicken productivity within a single experimental design. Therefore,
this current study aimed to examine the impact of hybridized plant
extracts on the growth performance, nutritional quality, and microbial
condition of broilers. Additionally, this experimental framework
investigates the impacts of treatments with multiple extracts on the
mechanical properties of chicken muscles, which have been previously
neglected in research. The outcomes of this research will help to
understand the synergistic effects resulting from hybridizing
(combining) multiple plant extracts in animal production.

Materials and methods

Preparation of natural additives (plant
extracts)

The turmeric, banana peels, and onion bulbs were cut into small
pieces and sun-dried (31 + 6°C) for 2 weeks. These dried materials
were pulverized into a powder using a laboratory blender (produced
by Thermo Fisher Scientific Inc., America). 2 kg of the powder was
soaked in 10 L of ethanol (96% v/v purity, Merck KGaA, Germany) for
4 days at ambient room temperature (28 + 3°C), stirred for 30 min
four times daily, and sieved at the end of the 4 days using a Whatman
No. 2 strainer. Thereafter, the product (extract) was evaporated using
a rotary evaporator (model R-300, manufactured by Thermo Fisher
Scientific Inc.) at a temperature of 50°C (with the aid of a water bath)
and under reduced pressure to remove the remaining ethanol from
the extract. The turmeric extract (TE), banana peel extract (PE), and
onion extract (OE) were carefully poured into glass bottles and stored
in a dark cupboard at room temperature (28 + 3°C).

Animal of choice and experimental design

The broilers (Cobb 500 breed) were purchased at 2 weeks of age
from a certified poultry farm in Delta State, Nigeria. The birds had
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already been vaccinated with MareK’s disease vaccine, along with the
Ist and 2nd doses of the Newcastle disease vaccine and the first and
second doses of the Gumboro vaccine.

The birds were divided into seven experimental groups with the
following treatment plans: control (200 mL of distilled water), T1
(100 mL ~ TE), T2 (100 mL ~ PE), T3 (100 mL ~ OE), T4 (100 mL
TE + 100 mL PE), T5 (100 mL TE + 100 mL OE), and T6 (100 mL
PE + 100 mL OE). Each treatment involves adding 25 mL of solution
per liter of water, applied three times weekly. The dosage of these
treatments was chosen because previous literature had revealed that
high dosages (>300 mL or 300 mg/kg) of natural extracts tend to have
negative impacts on animal productivity (Wang et al., 2015; Hidayat
etal, 2017; Hafez et al., 2022; Yusuf et al.,, 2024). The treatments were
administered orally through drinking water, at a rate of three doses
per week, to enhance the bioavailability of the extract’s bioactive
compounds. Additionally, the treatments (extract supplements) were
not specific to each bird; rather, they were applied to each experimental
unit. In this study, each experimental unit (plan) consisted of six birds,
and each unit was replicated three times, resulting in a total of 126
birds used in the experiment. This comparatively high number of birds
was intentionally selected to preserve the integrity and statistical
validity of the results (sample size) in the event of mortality.

The research was conducted under the supervision of a certified
veterinary doctor affiliated with the Delta State Ministry of Agriculture
and Natural Resources in Nigeria. All operations were approved by the
Department of Agricultural Engineering at Delta State University of
Science and Technology and the Ozoro Ethics Committee. All the birds
were raised under uniform environmental conditions (31 + 8°C and
83 + 9% RH). Furthermore, the broilers were raised at a density of 10
broilers per square meter. The total experimental period lasted 8 weeks,
and the broilers were 10 weeks old (Week 2 to Week 10) when they were
randomly sampled for laboratory analyses. Only one feed type
(produced by Hybrid Feeds Ltd., Kaduna, Nigeria) was used to feed the
birds throughout the experimental period, thereby ensuring consistency
of results and minimizing the influence of confounding variables.

Laboratory analyses

Sample preparation

The birds were euthanized after 8 experimental weeks and were
10 weeks old. Each bird was gently restrained, its jugular vein cut with a
surgical knife, leading to the swift draining of its blood into a container
until the bird died. Thereafter, the breast and thigh specimens were
obtained through the carcass dissection technique. The cutting board,
stainless steel knife, hand gloves, and other tools used for the operation
were sterilized. The defeathered bird was placed on a clean platform, and
the breast and thigh sections were carefully cut away from the chicken.
All the materials used for the operation were washed and sanitized. Then,
the samples were labeled accordingly, kept inside an ice-cooled container
(9 £ 4°C), and transported immediately, without the addition of extract
preservative, to the bio-processing laboratory for laboratory analyses.

Bodyweight gain and feed conversion ratio

The broilers were weighed individually using a digital scale
(Fisherbrand, Model: 88861022, manufactured by Richmond
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Scientific, United Kingdom). Their weight was recorded at the
commencement and end of the experiment to calculate individual
body weight gain. Specifically, the amount of feed provided to each
experimental unit was adjusted according to the mortality rate (i.e.,
the number of birds remaining per unit) to ensure an accurate
calculation of the feed conversion rate. Thereafter, their feed
conversion ratio (FCR) was calculated using the total feed intake
and the weight increment, as expressed in Equation 1 (Hafez
et al., 2022).

_ Feed intake
weight gain

FCR (1)

Mechanical properties (shear force)

The specimen’s shear force was determined using the Warner-
Bratzler shear force apparatus, aided by a universal testing machine
(Testometric brand, SKU: XFS Categories, manufactured in England)
equipped with a 500 N load cell. Each meat sample was cut in
dimensions of length (0.1 m), breadth (0.05 m), and breadth (0.05 m),
placed into the apparatus, and sheared using a 1 mm stainless steel
blade at a speed of 300 mm/min. The test was performed in 10
replicates for both breast and thigh muscles.

Microbiological assessment

Twenty grams of the meat sample was crushed using a laboratory
blender. A dilution was prepared by adding 180 mL of sterile saline to
the ground meat sample. Thereafter, 1 mL of the dilution was spread
across a sterile Plate Count Agar (Merck KGaA, Germany). The plate
was incubated at 36°C for 40 h, and the bacterial colonies produced
on the plate surface were counted. The total viable bacterial count
(TBC) was computed as colony-forming units per gram (cfu/g). The
test was conducted with 10 replicates for both breast and thigh muscles.

Protein and lipid level determination

The meat sample was cut into 20 mm X 20 mm pieces, dried in a
laboratory oven (Model PR305225M, manufactured in the
United States by Thermo Fisher Scientific Inc.) at 105°C for 5 h, and
then ground using a laboratory blender (Thermo Fisher Scientific Inc.,
United States). Following this, the Kjeldahl approach was employed to
measure the protein level of the dried chicken muscles in accordance
with the Association of Official Analytical Chemists (AOAC) 981.10
guidelines (Meahre et al., 2018; Malematja et al., 2023). Additionally,
the total lipid level of the meat samples was determined using the
Soxhlet extraction method with n-hexane as the solvent. The protein
and lipid contents were computed through Equations 2 and 3.

Protient Content(%) =NxCF 2)

where N = nitrogen content and CF = the conversion factor,
which was taken to be 6.25.
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Lipid content ( % ) _ mass of lipid extracted

X100 (3)
mass of the original meat sample

Water holding capacity

The centrifugation approach was used to evaluate the water-
holding capacity (WHC) of the muscle specimens using a centrifuge
machine (Thermo Scientific, Brand, and Model: ST-8). Five grams of
the fresh sample were ground and then poured into a centrifuge tube.
The centrifuge machine was operated at a speed of 5,000 x g for
20 min at a temperature of 6 + 1°C (Katemala et al., 2021). The free
water expelled from the meat was decanted, its weight taken, and the
sample’s WHC value was computed through Equation 4.

WHC (%)= —%XIOO (4)
2

where W, ~ mass of expressed water (g) and W, ~ mass of the
meat (g).

Bioactive compound determination

The concentrations of vitamin A, vitamin B, vitamin E, curcumin,
anthocyanins, and quercetin were determined using the HPLC
approach, while vitamin C levels were quantified using UV-Vis
spectrophotometry. Similarly, total phenolic content was measured
using the Folin-Ciocalteu assay, and total flavonoid content was
measured using the AICl; colorimetric assay. The HPLC system used
for the analysis was equipped with a reverse-phase C18 column unit.

HPLC analysis

For the nonpolar bioactive compounds investigated—vitamins A
and E, as well as curcumin —20 mL of the extract was diluted with
80 mL of n-hexane and centrifuged at a speed of 5,000 x g for 10 min.
The upper layer was separated and then evaporated using a rotary
evaporator at a temperature of 40°C, followed by filtration through a

TABLE 1 HPLC operating parameters.

10.3389/fsufs.2025.1602014

0.22 pm membrane mesh. Similarly, for the polar bioactive
compounds (B vitamins, “vitamin B-complex,” anthocyanins, and
quercetin), 20 mL of the extract was added to 80 mL of a methanol-
water mixture (ratio 8:2), then mixed, centrifuged at 6,000 x g for
7 min, and sieved through a 0.22 pm membrane. The filtrate was used
for the HPLC analysis, and the HPLC injections were run separately
for each parameter to be tested (Pan et al., 2020). Specifically, the
operating parameters used to determine the concentrations of
vitamins A, B, and E, as well as curcumin, anthocyanins, and quercetin
in the extract, are presented in Table 1.

Total phenolics content (TPC) evaluation: 1 mL of the extract was
added to 5 mL of 10% Folin-Ciocalteu reagent and 4 mL of 7.5%
sodium carbonate solution. This mixture is incubated at 300C for 1 h.
The total phenolic content (TPC) was measured by ultraviolet and
visible (UV-Vis) spectrophotometry (manufactured by Thermo Fisher
Scientific Inc., America) at a wavelength of 765 nm (Lawag et al.,
2023). The TPC was calculated via Equation 5.

_ mgGAE
4

TPC (5)

Total flavonoid content (TFC) determination: 1 mL of the sample
was added to 3 mL of methanol, 0.2 mL of 10% aluminum chloride
(AICI3) solution, and 5.6 mL of distilled water. The mixture was
shaken vigorously and incubated at 27°C for 1 h. Then, the TFC was
measured using UV-Vis spectrophotometry at a wavelength of
415 nm (Sultana et al., 2024). The TFC of the extract was calculated
using Equation 6.

C— mgGQE
g

TP (6)

where QE is the quercetin equivalent.

Vitamin C determination

The vitamin C level in the extract was quantified using UV-Vis
spectrophotometry. A total of 10 mL of the extract was added to
80 mL of distilled water and sieved with Whatman No. 1 filter paper.

Parameter Vitamin A Vitamin B Vitamin E Curcumin Anthocyanins Quercetin

Detection type UV - visible FLD UV - visible UV - visible UV - visible UV - visible

IV (pL) 20 30 20 20 20 20

Column type CI18 RP CI18 RP CI8 RP CI8 RP CI8RP CI8 RP

Mobile phase Methanol: Water Phosphate buffer: Methanol Acetonitrile: water Formic acid: Acetonitrile Methanol: 0.5%
(95:5) Methanol (7:3) (5:5) Phosphoric acid (7:3)

Column temp (°C) 31 35 35 30 30 32

Flow rate (L/m) 0.001 0.001 0.001 0.001 0.001 0.001

WL (nm) 330 254-360 295 435 525 370

RT (min) 15 20 12 18 20 15

Solvent Ethanol Water Methanol Acidified methanol Methanol Methanol

Retention time (min) 11 13 15 15 15 10

IV, injection volume; WL, wavelength; FLD, fluorescence detector; RP, reverse phase; Temp, temperature; RT, run time.
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The filtrate volume was adjusted to 100 mL using 0.1 M
tetraoxosulphate (VI) acid. Then, the vitamin C concentration in the
prepared sample was measured with a UV-visible spectrophotometer
using a wavelength of 265 nm.

Hematological parameters determination

The packed cell volume (PCV), red blood cells (RBC), and white
blood cells (WBC) count of the blood specimens were performed
through an automated approach using an automated hematology
analyzer (model ~ Countess 3 FL, manufactured by Thermo Fisher
Scientific Inc., United States) in accordance with standard procedures
as explained by Hafez et al. (2022). The blood specimen was collected
from the jugular vein using a disinfected needle and syringe. Each
blood sample (30 pL) was collected into an ethylenediaminetetraacetic
acid (EDTA)-coated tube (as a blood preservative to prevent clotting),
inserted into the machine, and hematocrit (HCT), WBC and RBC
were analyzed by the machine. The results were displayed digitally on
the screen, and the PCV is equivalent to the HCT. The test was
conducted at ambient laboratory temperature (28 + 4°C), and each
analysis period lasted approximately 3 min per sample. The blood
sample analysis was conducted within 3 h after sampling in order to
ensure the accuracy and reliability of the results.

Statistical analysis

SPSS (version 22.0) was employed to analyze the laboratory data.
Then, the ANOVA test was conducted to assess the significant impact
of the treatments on the quality of broiler meat. The differentiation in
means among the groups was carried out using Duncan’s Multiple
Range Test (DMRT) at a 5% significance level (p < 0.05). The tests
were primarily conducted in five replicates.

Results and discussion

Bioactive compound concentrations of the
extracts

Table 2 presents the concentrations of the various essential
bioactive compounds detected in the three extracts used for the
experimental investigation. Curcumin was exclusive to the turmeric
extract, while the quercetin compound was also found in banana peels
and onion extracts. Additionally, vitamin A is extremely concentrated
in the turmeric extract (26.18 mg/kg) and banana peel extract
(22.74 mg/kg). The OE contains a high vitamin B level (47.03 mg/kg)
but a very low vitamin C concentration (438.21 mg/kg). Furthermore,
the TE and PE exhibited high concentrations of vitamin E and total
phenolics, whereas the OE showed a high presence of total flavonoids,
anthocyanins, and quercetin. These results indicate that the extracts
(OE, TE, and PE) contain substantial amounts of essential
phytochemical compounds, which will likely enhance their
antioxidant activity (Bhavani et al., 2023). Concentrations of the
various bioactive compounds obtained in this study are similar to
those reported by Zhao et al. (2021), Jesumirhewe et al. (2022), and
Wu et al. (2024) for turmeric, banana peels, and onion bulb extracts.
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TABLE 2 Active ingredients of the extracts.

Parameter Turmeric  Banana Onion
extract peel extract extract
Vitamin A (mg/kg) 26.18 22.74 10.96
Vitamin B (mg/kg) 22.41 34.93 47.03
Vitamin C (mg/kg) 3110.29 3060.85 438.21
Vitamin E (mg/kg) 25.77 12.42 3.05
Curcumin (mg/kg) 45.26 ND ND
Total phenolics (mg GAE/g) 264.01 173.14 132.06
Total flavonoids (mg QE/g) 65.93 92.36 117.81
Anthocyanins (mg/kg) 2.82 17.35 59.27
Quercetin (mg/kg) ND 2150.27 37190.33

ND, Not detected.

Phenolic compounds are potent antioxidants that enhance animals’
immune responses and feed efficiency, resulting in a substantial
reduction in oxidative stress and high resistance to pathogenic
microbial invasion (Beslo et al., 2023). Flavonoids play vital roles in
animal productivity and are considered natural antibiotics with anti-
inflammatory properties, which regulate immune responses, enhance
cellular function, and promote gut microbiota activity (Jomova
etal., 2025).

Productive performance and nutritional
content

The results of the growth rate and nutrient level of the chickens
from the various experimental units are presented in Tables 3, 4. It was
noted that treatments had a significant effect on the birds’ body weight
and the nutrient content of their muscles (p < 0.05). The weight
gained by the control group and Treatments 1 to 6 of the broilers were
1.87, 2.20, 2.03, 2.12, 2.34, 2.42, and 2.26 kg, respectively, while their
FCR values were 1.78,1.49, 1.62, 1.57, 1.38, 1.32, and 1.37, respectively.
Notably, the protein levels in the breast meat of the control unit and
the experimental units 1 to 6 were found to be 21.70, 23.19, 22.14,
22.63, 24.37, 26.41, and 25.05%, respectively. Similarly, the thigh
muscle protein levels were 18.54, 21.05, 19.55, 20.48, 21.94, 23.15, and
22.26%, respectively.

Additionally, the total lipid levels of the breast and thigh muscles
under the control unit, T1 to T6, were found to be 4.59, 3.44, 3.67,
4.12,2.98, 3.15, and 3.21%, respectively, for the breast meat, and 6.86,
4.475,4.70,4.96, 3.68, 4.15, and 4.28%, respectively, for the thigh meat.
Furthermore, the WHC levels for the tissues found in the breast and
thigh muscles were 63.59, 65.68, 69.35, 64.92, 73.99, 71.25, and 71.76%
for the breast meat and 60.04, 63.50, 66.55, 61.16, 69.90, 68.14, and
67.56% for the thigh tissues, respectively. The study’s outcomes
revealed that the breast tissue protein and WHC levels were higher
than those recorded for the thigh tissue. In contrast, the breast has a
lower lipid level compared to the thigh. These observations were
similar to the findings documented by Soriano-Santos (2010) and
Katemala et al. (2021) in their studies on chicken meat quality.
Malematja etal. (2023) assessed the effect of onion extract supplements
in the Ross 308 broiler breed and reported that those birds that
received the extracts had heavier breast meat compared with the
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TABLE 3 Effects of the treatments on the growth performance of Cobb
500 broilers*.

Factor 1B (kg) FB (kg) BWG (kg) FCR

Control | 044+0.02 23104020 1.87* 020 178+ 0.07
Tl 045%002 | 2.65™14026 = 220°9£025 | 149°+0.10
T2 045+002 | 2484025 2034024 1.62°+0.08
T3 0.44 £ 0.01 2.56% +0.11 2.12%¢+0.11 1.57° + 0.04
T4 045%002 | 2.79+0.14 23494015 1.38'+0.08
T5 044%001 | 2.86%%0.18 24204018 132° +0.06
T6 045+001 | 271%4012 | 2264012 137007

*Results are means of 5 replicates + standard deviation, IB, initial bodyweight; FB, final
bodyweight; BWG, bodyweight gain; FCR, feed conversion ratio, and columns with the same
small alphabet for the same treatment represent significant differences (p < 0.05).

TABLE 4 Impact of the treatments on the muscles’ nutrient level*.

Factor Animal Protein (%) Lipid (%) WHC (%)
part
Control | Breast 21.70° £ 1.95 4.59 + 1.06 63.59" £ 3.85
Thigh 18.54° + 3.02 6.86% £ 0.96 60.04° + 2.83
T1 Breast 23.19™£2.07 344%™ +0.52 65.68°+3.83
Thigh 21.05%£2.25 | 447" +0.69 63.50° £ 4.36
T2 Breast 22.14% £2.25 3.67% £ 0.39 69.35 £ 1.53
Thigh 19.55® +2.92 4.70° +0.59 66.55" + 5.41
T3 Breast 22.63% +2.61 4.12°%0.79 64.92°+3.34
Thigh 20.48" + 1.52 4.96°% 1.06 61.16°+ 2.88
T4 Breast 24.37° £1.40 2,98 +0.54 73.99°+ 3.10
Thigh 21.94%4 £ 3.15 3.68° % 1.03 69.90° % 2.99
T5 Breast 26.414+2.10 3.15% £ 0.36 71.25% + 1.90
Thigh 23154+ 1.94 4.15" + 1.06 68.14° + 5.16
T6 Breast 25.054+2.73 3.21% £ 0.61 71.76% +3.23
Thigh 22.26% £ 4.00 4280 +£0.87 | 67.56™ +3.61

*Results are means of 5 replicates + standard deviation. Means in the same column (for the
same treatment) with different superscripts reveal significant differences within the same
muscle type (p < 0.05), according to DMRT.

untreated broilers. This suggests that the essential bioactive
compounds in the supplements (the extracts) enhance feed absorption
and improve metabolism, leading to higher meat yields.

Notably, throughout the experimental phase, the weight gains and
feed conversion ratio (FCR) of the chicks placed under the hybridized
supplement groups (T4, T5, and T6) were statistically greater than
those of the other treatment groups (single treatment units). This
observation aligned with the findings reported by Ashayerizadeh et al.
(2023) during their appraisal of extract potency optimization. A
combination of supplements helps increase the concentration of
antioxidants and other essential nutrients, thereby enhancing the
animals productivity compared to a single supplement. This can
be associated with the diverse and varying concentrations of bioactive
compounds present in the plant extracts (Alem, 2024).

The control unit had the lowest body weight compared to the
treated birds, which is an indication that plant extracts considerably
influenced the birds’ weight gain. Bodyweight gain is one of the
indices used to evaluate the efficacy of a natural supplement because
it reveals the animal’s growth performance, health status, and feed
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conversion ability (Aditya et al., 2016; Yusuf et al, 2024). The
bodyweight gain and FCR patterns observed in this study are
comparable to those published by Utami et al. (2020) and Hafez et al.
(2022). These authors reported that organic supplements led to rapid
weight gains and improved feed conversion ratio (FCR) in
poultry birds.

Notably, the lower FCR values and higher FBW values recorded
in the combined treatments indicate that these treatments had better
feed utilization efficiency, resulting in reduced production costs and
optimized nutrient availability (Yusuf et al., 2024). Extracts from
onion, turmeric, and other plants enhance the workability of the
digestive system, positively influencing feed intake, digestibility, and
nutrient absorption (Aditya et al., 2016; Hidayat et al.,, 2017; Yusuf
etal,, 2024; Sanwo et al., 2020; Abidinsyah et al., 2024). Furthermore,
the weight gain can be attributed to the high concentration of
B-complex vitamins in the extracts used as the supplements. The B
vitamins have the potential to boost energy metabolism and stimulate
appetite, leading to an increase in the formation of red blood cells and
tissue development. Additionally, curcumin, phenolics, and flavonoids
possess strong antioxidant and anti-inflammatory properties, which
enhance the birds’ immune system and indirectly support tissue
growth and development, thereby contributing to overall body weight
gain (Tardy et al., 2020; Aditya et al., 2016; Malematja et al., 2023).

Interestingly, the lowest lipid content (2.98%) was recorded in the
breast muscles of broilers administered hybridized TE and PE
supplements, while the thigh meat of the birds given OE supplements
had the maximum lipid value of 4.96% (p <0.05). The high
concentrations of curcumin, anthocyanins, and quercetin present in
the TE and PE supplements could be linked to their effectiveness in
reducing lipid synthesis and limiting lipid deposition in broiler meat.
These compounds have stronger lipogenesis retardation ability and
improve lipid metabolism, hence lowering cholesterol and LDL
production rates in animals (Wang et al., 2020; Hafez et al., 2022; Li
et al, 2023). The lipid inhibition rate observed in the broilers
administered the supplements was comparable to the findings of
previous experimental frameworks (Utami et al., 2020; Sanwo et al.,
2020). According to these authors (Hidayat et al., 2017; Utami et al.,
20205 Akram et al, 2022), the reduction of fat deposits and the
increase in fat oxidation lead to greater availability of carbohydrates
and proteins, as well as higher antioxidant levels. Furthermore,
curcumin and quercetin help facilitate fat oxidation and mobilization,
thereby decreasing the rate of lipid deposition in body tissues (Sigolo
etal., 2021; Aderemi and Alabi, 2023).

In addition to these research results, these studies (Wang et al.,
2015; Sanwo et al., 2020) reported that turmeric supplementation
has the potential for retarding fat production through regulation of
the lipid metabolism and consequently increasing chicken offal’s
protein and WHC levels. Controversially, this research’s findings
contradict those of Negari et al. (2015), which indicated that
turmeric extract decreased the water-holding capacity (WHC) of
chicken flesh. Notably, this study’s outcome differed from the
findings of Yusuf et al. (2024), which showed that supplementation
with Tahongai (Kleinhovia Hospital L.) leaf extract increased chicken
abdominal fat levels. The variations noted in this research’s findings,
in comparison to those of the authors (Negari et al., 2015; Yusuf
etal,, 2024), could be attributed to differences in extract processing
techniques, bird variety, farming systems adopted, storage
conditions, and human and analytical errors. According to Bharti
et al. (2024), analytical techniques and other anthropogenic actions
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can substantially affect the concentrations of bioactive compounds
in food items.

Significantly, the highest protein value (26.41%) was found in the
breast tissues of broilers given hybridized TE and OE supplements
(p £0.05). Aditya et al. (2016) documented a similar increment of
protein levels in birds administered with OE supplements. The higher
protein levels documented in birds given supplements, primarily those
that contain OE, can be linked to higher vitamin B levels. The B
vitamins aid amino acid metabolism and improve nitrogen balance in
animals, consequently leading to protein formation (Alagawany et al.,
2020). Similarly, the higher protein concentration found in the breast,
compared to the thigh, could be linked to the distinct muscle and fat
compositions of these two meat products (Wang et al., 2015). Breast
tissue primarily consists of white muscle fibers with a lower fat
content, whereas thigh tissues, which predominantly contain red
muscle fibers, have a higher fat content and are involved in various
metabolic activities that can lead to reduced protein levels in the
muscles (Katemala et al., 2021).

Based on the unit effectiveness of the treatment plans, it was noted
that the TE-based experimental units (T'1, T4, and T7) have a superior
impact on chicken body weight increment, protein synthesis, and the
synthesis of other essential nutrients. This could be attributed to the
presence of curcumin in the TE-based treatments, which helps
enhance protein synthesis and other essential body-building
compounds in the animal’s body. Curcumin is a powerful antioxidant
that stimulates anabolic processes and promotes nitrogen retention,
both of which are essential for protein synthesis and decrease oxidative
stress (Utami et al., 2020; Hafez et al., 2022; Ashayerizadeh et al,,
2023). According to these authors (Utami et al., 2020; Awad et al.,
2022), the efficacy of natural supplements in improving animal
productivity depends on several factors, including dosage and
duration of administration, plant maturation, processing technique,
and storage conditions.

Microbiology

Tables 5, 6 present the bacteria loads and hematological
parameters of the chicken specimens. Notably, the meant TBC for the
control, T1-T6 breast tissues were 3.55 x10°, 2.81 x10°, 3.24 x10°, 3.10
x10%, 2.62 x10°, 2.25 x10° and 2.71 x10° cfu/g, respectively; while in
the thigh muscles, an average TBC amounts were 2.76 x10°, 2.45 x10°,
2.38 x10°, 2.25 x10°, 2.28 x10°, 2.14 x10° and 2.39 x10° cfu/g,
respectively. Regarding the hematological parameters, the control
group and treatment units 1 to 6 had the following mean PCV, RBC,
and WBC counts: PCV—20.02, 22.08, 23.06, 25.57, 27.08, and 25.04%,
respectively; RBC—2.05, 2.12, 2.20, 2.48, 2.51, and 2.42 x 10"/L,
respectively, and WBC (white blood cell count per liter): 21.50, 21.95
x 10, 22.20, 25.38, 26.11, and 24.66 x 10°/L, respectively. The
antimicrobial effects of these treatments, as documented in this study,
are similar to those reported by Ashayerizadeh et al. (2023) and Yusuf
etal. (2024). These researchers noted that tahongai leaf, black pepper,
and turmeric extract successfully retard bacteria performance in
broilers’ muscles and improve gut health.

The strong antimicrobial effects observed in the extracts can
be attributed to their high curcumin, quercetin, and total phenolic
contents. Curcumin is able to disrupt the bacterial membrane and
inhibit biofilm formation, resulting in reduced microbial growth.
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TABLE 5 The bacterial load of the chicken muscles*.

Factor Animal part TBC (x10° cfu/qg)
Control Breast 3.55+2.79
Thigh 2.76 +1.08
T1 Breast 2.81 +0.66
Thigh 245+ 1.14
T2 Breast 3.24+1.89
Thigh 238+1.19
T3 Breast 3.10+1.25
Thigh 2.25+1.08
T4 Breast 2.62+0.83
Thigh 228+123
T5 Breast 2.25+1.48
Thigh 2.14+0.78
T6 Breast 2.71+0.92
Thigh 2.39+0.84

*Results are means of 10 replicates + standard deviation, TBC, total bacterial count.

TABLE 6 The broiler's hematological parameters*.

Variable PCV (%) RBC WBC
(x10%2/L) (x10°/L)

Control 20,02 + 1.46 2.05° +0.15 21.50° + 2.16
T1 24.79%4 + 2,40 237%£0.15 24.42% +2.23
T2 22.08% +2.20 2124022 21.95%+ 1.59
T3 23.06% + 2.25 220" £0.13 2220 +1.95
T4 25.57%0 + 2.60 2.48°+0.10 25.38°+ 1.57
T5 27.08% + 1.07 2.51°+0.14 26.11°+1.72
T6 25.04 + 1.64 242+ 0.07 24.66°% 1.19

*Results are means of 5 replicates + standard deviation, PCV, packed cell volume; RBC, red
blood cells; WBC, white blood cells, Mean values in the same column (same treatment) with
different superscripts differ significantly (p < 0.05), according to DMRT.

Similarly, quercetin has a strong potential to retard microorganisms’
DNA gyrase and membrane reliability, while phenolic compounds
disrupt the cell structure and protein production in microorganisms.
These conditions lead to poor microbial performance and survival
(Hussain et al., 2022; Sionov and Steinberg, 2022).

Interestingly, the present study outcomes revealed that the breast
part of the bird harbored more microbial populations than the thigh
part. Similarly, research conducted by Dourou et al. (2021) and
Mussa et al. (2022) has shown that the concentrations of microbes
in chicken breasts are higher than those reported for chicken thighs.
This could be attributed to the lower fat and myoglobin levels in the
breast muscles compared to those in the thigh muscles, conditions
that may encourage microbial survival (Dourou et al., 2021). The
results revealed a significant improvement in blood PCV, RBC, and
WBC levels following the administration of the treatments. This
suggests that the essential compounds present in the three extracts
significantly contribute to blood formation and improve the animal’s
physiological performance. This is further supported by the higher
protein levels recorded in the treated chicken muscles (Table 4) and
the increased vitamin levels in the extracts (Table 3). Vitamins A and
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B have been shown to stimulate the production of packed cell
volume, red blood cells, and white blood cells in animals. These
vitamins facilitate DNA synthesis and enhance immune cell and
hemoglobin levels, resulting in improved blood cell production and
epithelial health (Ponnampalam et al., 2022).

The appreciable amounts of phenolic acids, flavonoids, and other
antioxidants present in the treatments tend to act as antibacterial,
immunomodulatory, and anti-inflammatory compounds, hence
improving the broilers’ health status and impeding free radical activity
and oxidative stress (Diniyah and Lee, 2020; Aditya et al., 2016; Yusuf
etal,, 2024). These factors result in enhanced physiological conditions,
improved nutrient utilization, and elevated growth performance.
Additionally, Ashayerizadeh et al. (2023) reported that the phenolic
and flavonoid contents found in plant extracts enhance the
performance and meat quality of poultry birds.

This study’s outcomes further highlight that natural additives have
a substantial influence on microbial survival within the chicken’s body,
which could be attributed to their potent antioxidant compounds
(Manso et al., 2021; Sigolo et al., 2021; Hafez et al., 2022). These
compounds possess strong antioxidant and antimicrobial properties,
which significantly enhance the bird’s health condition and immune
system, thereby inhibiting the reproduction of most pathogenic
bacteria within the bird’s muscle (Mudalal et al., 2021). Most herbal
supplements are potent antibiotics, having high efficacy in suppressing
bacteria growth, thereby making them vital components of livestock
management. Ingesting additives rich in antioxidants promotes the
performance of beneficial microbes while constraining the
reproduction of pathogenic microbes, particularly in the alimentary
canal (Attia et al,, 2018; Mudalal et al., 2021). Additionally, these
bioactive compound supplements enhance protein synthesis and the
production of other essential body-building compounds in the body,
resulting in effective microbial suppression through the formation of
potent antibiotics (Yusuf et al, 2024). Differences in bacterial
infestation noted in the birds’ muscles, as reported by various authors,
could be attributed to the different anti-microbial activities of the
plants (extract) used by these researchers.

Generally, the hybridized experimental units recorded higher
antimicrobial impacts than the mono agent’s experimental units (T1, T2,
and T3). Specifically, it was found that the turmeric-based supplements
(T1, T4, and T5) had more antimicrobial potency compared to the other
treatment units. This could be attributed to the high curcumin level in
the turmeric extract, which has a strong capacity for retarding
pathogenic growth (Aderemi and Alabi, 2023; Ashayerizadeh et al,
2023). It has been proven that onion extract has effective antibacterial
and hypolipidemic properties, which helps promote the growth and
development of broilers (Malematja et al., 2023); this could be linked to
the lower bacterial counts found in T3, T5, and T6 muscle samples.
Additionally, the lower bacterial loads identified in the treated samples
can be associated with the higher amounts of WBCs and proteins, as well
as the lower lipid levels present in these samples. These vital parameters
help enhance the broiler’s immune system, thereby improving gut health
and resistance mechanisms against bacterial invasion.

Textural profile

The shear force test results are given in Table 7. It was noted that
the breast muscle average shear force for the control, T1-T6 samples
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were 34.00, 44.60, 38.80, 42.10, 54.70, 57.70, and 50.10 N, respectively,
while the thigh muscle had a mean shear force of 42.40, 51.70, 45.20,
48.10, 61.30, 66.80 and 57.80 N, respectively. Additionally, the results
show that the thigh tissues absorbed a greater amount of shear force
when compared to the breast tissues. This outcome is similar to the
conclusions of Park et al. (2023) but contrasts with the observations
made by Mbaga et al. (2014) regarding the mechanical properties of
chicken parts. The control group shear force values were lower than
the values (44.30 to 51.2 N) obtained for the Ufipa chicken breed
(Mussa et al., 2022) but were within the range of results (28.00 to
35.80 N) found in Ross chicken and commercial broiler breeds
(Katemala et al., 2021; Mussa et al., 2022). Research by Chen et al.
(2016) and Katemala et al. (2021) revealed that chicken breast tissues
are generally firmer than thigh tissues, and this mechanical property
(firmness) is highly influenced by the bird’s maturity stage, nutrition,
and health conditions. Animal products with lower shear force values
tend to have better palatability but are prone to mechanical damage
during packaging, handling, and storage operations (Apata et al., 2023).

Furthermore, the study’s findings highlighted that the treatment
had a significant effect on the shear force of the chicken tissues
(p <£0.05). This aligns with the reports of Apata et al. (2023), which
indicate that various treatment options had a substantial effect on the
meat’s mechanical attributes. Malematja et al. (2023) documented that
onion extract at a dosage of 5 g/kg significantly enhanced the shear
force of chicken muscles. It can be seen from the results that the
turmeric extract-based treatments (T1, T4, and T5) demonstrated
superior results. The elevated shear force observed in treatments T1,
T4, and T5 can be linked to the curcumin and other phytochemical
content of the TE. These compounds help to improve the animal
protein structure, vigor, and performance of the animal systems,
thereby resulting in an increased shear force. Phytochemical
compounds enhance animal metabolisms and collagen formation,
thereby leading to increased body tissue strength and productivity (Lee
etal, 2016). Contrary to our findings, Ali and Zahran (2010) reported
a substantial decline in the shear force of chicken tissues administered

TABLE 7 The mechanical properties of the broiler’s tissues®.

Factor Animal part Shear force (N)
Control Breast 34.00° + 5.58
Thigh 42.40° + 8.02
T1 Breast 46.60% + 10.06
Thigh 51.70%¢ + 13.09
T2 Breast 38.80 + 8.11
Thigh 4520" +7.18
T3 Breast 42,10 + 7.01
Thigh 48.100 +9.60
T4 Breast 54.70% + 10.70
Thigh 61.30% + 13.83
T5 Breast 57.70° + 8.00
Thigh 66.80° + 7.80
T6 Breast 50.10¢ + 9.64
Thigh 57.80% + 11.18

Replication = 10, Mean values in the same column (same treatment) with different
superscripts differ significantly (p < 0.05), according to DMRT.
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2 g/kg onion and garlic extract additives, which can be attributed to
anthropogenic factors, such as the concentration of the supplement’s
active ingredient and the duration of supplement administration.

Additionally, the hybridized bio-agent treatments (T4, T5, and
T6) yielded results with greater shear force compared to the single
bio-agent treatments (T1, T2, and T3). This can be attributed to the
synergistic collaboration between the distinct essential compounds of
the various natural additives, which enhance the mechanical and
textural properties of the animal’s tissues. Vitamins B and E play a vital
role in muscle development in animals, as they enhance protein
synthesis and promote connective tissue formation. These compounds
aid in the enhancement of muscle density and cohesion, leading to
improved (increased) structural attributes of the animal flesh
(Sathyabhama et al., 2022; Malematja et al., 2023). Though natural
additives enhance tissue mechanical properties, their effectiveness
depends on factors such as bioavailability, dosage, and the specific type
of tissue (Sigolo et al., 2021). Apart from the increase in feed intake,
higher muscle protein levels can contribute to the increased body
weight and mechanical properties of the broiler muscles through the
production of myofibrils within the birds tissues.

Conclusion

This research was conducted to investigate the sustainability of
using natural additives as bio-supplements in animal production.
Broilers Cobb 500 were administered turmeric extract, banana peel
extract, and onion extract for 8 weeks. The research’s findings indicated
that adding these organic extracts as supplements in bird production
led to increased body weight, improved nutritional profiles, enhanced
mechanical properties, and better meat quality. Notably, the treatments
containing turmeric extract produced better results among the seven
experimental units. Additionally, the hybridized treatments performed
better, as the birds exhibited enhanced nutrient absorption and
improved metabolism. Specifically, these treatments (supplements) have
led to the production of animal flesh with superlative nutritive values,
shear force, and antibacterial behaviors. Though this study’s outcome
highlighted the sustainability of hybridized natural supplements, it did
not investigate the impact of the extract on individual bacterial or
fungal isolates. It is reccommended that future research examine the gut
microbes and evaluate their effect on pathogenic loads, such as
Salmonella spp., Penicillium spp., and Aspergillus spp. This will enhance
the understanding of bio-supplement strategies in animal production.
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