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Abstract
There is increasing interest in the use of plant-derived additives as alternatives to synthetic
growth promoters in poultry production. Vernonia amygdalina (bitter leaf) is widely available
in tropical regions and contains bioactive compounds with potential benefits for feed
utilisation and animal performance. However, its efficacy in broiler diets at graded levels
remains insufficiently documented. A total of 120 day-old Arbour Acre broiler chicks were
randomly allocated to four dietary treatments in a completely randomised design. The diets
consisted of a control with no Vernonia amygdalina leaf meal (BLM) (T1), and diets
containing 0.15% (T2), 0.30% (T3), and 0.45% (T4) BLM. Each treatment was replicated
across groups of birds, and the feeding trial lasted seven weeks. Data were collected on
growth performance, feed intake, feed conversion ratio (FCR), carcass traits, and organ
weights. Statistical analysis was carried out using ANOVA, with significance declared at p <
0.05. BLM inclusion did not significantly (p > 0.05) influence final body weight, weight gain,
average daily gain, feed intake, or FCR. Nonetheless, numerical differences were observed:
birds on T1 and T3 recorded relatively higher body weights and gains, while T1 and T4
Received: 01/09/2025 exhibited better FCR. Carcass traits showed significant differences (p < 0.05) in live weight,
Accepted: 04/09/2025 dressed weight, and most primal cuts, except for dressing percentage and head proportion.
ILIEIESRATITZVZERE B on T4 had the highest breast yield (63.99%), whereas T1 and T2 showed superior thigh
Vol = 2 Issue -8 yields. Organ proportions were significantly (p < 0.05) affected for the proventriculus, heart,
. spleen, small intestine, and gizzard, with the largest gizzard proportion observed in T4. The
S inclusion of Vernonia amygdalina leaf meal up to 0.45% in broiler diets did not compromise
growth performance and enhanced specific carcass and organ traits. Its positive effect on
breast yield and gizzard development indicates its potential as a sustainable phytoadditive in
poultry nutrition. Adoption of BLM could reduce dependence on synthetic additives, improve
carcass quality, and support eco-friendly production systems. Further studies should focus on
optimising inclusion levels and exploring synergistic effects with other plant-based additives.
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global broiler meat production reached approximately 103
million metric tons in 2024, with projections indicating a 2%
growth in 2025 to achieve a new record, driven by increasing

Introduction
The poultry industry plays a pivotal role in global food

security, serving as a primary source of affordable, high-
quality animal protein to meet the nutritional demands of an
expanding world population. According to recent estimates,

demand in both developed and developing regions. By 2034,
poultry consumption is expected to surge to 173 million
metric tons ready-to-cook, accounting for over 60% of
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additional meat consumption worldwide. In developing
countries like Nigeria, the broiler sector is particularly crucial,
contributing to food security, employment generation, and
economic development in rural areas (Afolayan et al., 2021).
However, the industry faces substantial challenges, including
escalating feed costs, which constitute up to 70% of total
production expenses in intensive systems (Esonu et al., 2006;
Olugbemi et al., 2010).

In Nigeria and other developing nations, poultry feed costs
have skyrocketed due to multiple factors, such as shortages of
key ingredients like maize and soybean meal, exacerbated by
climate change, supply chain disruptions, insecurity in
farming regions, and rising transportation expenses, recent
reports highlight that feed shortages have forced up to 30% of
poultry farms in Nigeria to close, threatening the
sustainability of the sector. These issues are compounded by
global economic pressures, including inflation and
geopolitical tensions, which further inflate raw material prices
and hinder access to conventional feeds. As a result, there is
an urgent need for cost-effective, locally sourced alternatives
to traditional feed ingredients to enhance the resilience and
profitability of poultry production (Akinmutimi, 2004; Fasuyi,
2005).

Leaf meals derived from indigenous plants have emerged as
viable substitutes, offering nutritional benefits while reducing
reliance on imported feeds (Bvenura and Kambiz, 2024)
Vernonia amygdalina Delile, commonly known as bitter leaf,
is a perennial shrub abundant in tropical Africa, renowned for
its ethnomedicinal applications due to its antimicrobial,
antiparasitic, antioxidant, and anti-inflammatory properties
(Farombi and Owoeye, 2011). Nutritionally, V. amygdalina
leaves are rich in crude protein (approximately 20-30%),
vitamins (e.g., A, C, E), minerals (e.g., calcium, iron,
potassium), and bioactive phytochemicals, including
flavonoids, saponins, tannins, alkaloids, and glycosides,
which contribute to its potential as a non-conventional feed
additive (Fasuyi and Aletor, 2005; Esonu et al., 2006). These
compounds not only enhance nutrient digestibility and
absorption but also provide health benefits, such as improved
immunity, reduced oxidative stress, and antimicrobial effects
against pathogens in poultry.

Previous research on V. amygdalina leaf meal (VALM) in
broiler diets has yielded mixed outcomes. Low inclusion
levels (e.g., 1-5%) often support growth performance,
hematological parameters, and carcass quality without adverse
effects, attributed to its phytoadditive properties (Mohammed
and Zakariya’u, 2012; Nte et al., 2023). For example, studies
have shown that 5-7.5% VALM improves meat sensory
qualities and physical properties like pH and water-holding
capacity, while higher levels (up to 20%) may lead to growth
retardation due to anti-nutritional factors such as tannins and
saponins (Onunkwo and George, 2015). However,
discrepancies in findings may stem from variations in
processing techniques, bird strains, dietary formulations, and
experimental durations. Moreover, there is limited data on the
effects of ultra-low inclusion levels (below 1%) on a

comprehensive set of parameters, including organ
development and carcass yield.

This study aimed to evaluate the impact of graded low levels
of BLM (0%, 0.15%, 0.30%, 0.45%) on broiler growth
performance, carcass traits, and organ proportions,
hypothesizing that such inclusions would enhance feed
efficiency and carcass quality without compromising overall
performance. By addressing these gaps, the findings could
guide sustainable feed formulation practices, promoting
economic efficiency and biological productivity in poultry
systems.

Materials and Methods

Experimental Site

The feeding trial was carried out at the Poultry Unit of the
Teaching and Research Farm, Michael Okpara University of
Agriculture, Umudike, Abia State, Nigeria. The site lies
within the humid tropical rainforest agro-ecological zone of
south-eastern Nigeria, characterised by two distinct seasons: a
rainy season from March to October and a dry season from
November to February. The area has an annual rainfall of
approximately 2,177 mm, with mean ambient temperatures
ranging between 20 and 30 °C and a relative humidity of 50—
59% (NRCRI, 2020). These climatic conditions support
intensive poultry farming and facilitate the cultivation of a
wide range of leafy forages, including Vernonia amygdalina.
The experimental site is located within a secure institutional
farm environment with access to veterinary and feed
compounding facilities, making it ideal for controlled poultry
feeding experiments.

Procurement and Processing of Bitter Leaf

Fresh leaves of Vernonia amygdalina were obtained from a
smallholder farm in Igbere, Bende Local Government Area,
Abia State, Nigeria. The plant was authenticated by a botanist
at the Department of Forestry and Environmental
Management, Michael Okpara University of Agriculture,
Umudike, and wvoucher specimens were deposited in the
departmental herbarium.

Harvested leaves were washed thoroughly with clean water to
remove dirt and potential contaminants before being shade-
dried on raised platforms at room temperature (25-30 °C) for
14 days. Shade-drying was adopted in preference to direct
sun-drying to preserve heat-labile bioactive compounds and to
avoid photodegradation of essential phytochemicals. The
dried leaves were then milled using a hammer mill fitted with
a 1-mm sieve to obtain a fine, homogeneous powder. The
resultant bitter leaf meal (BLM) was stored in airtight
containers until incorporation into experimental diets.
Representative samples of BLM were subjected to proximate
analysis for crude protein, crude fibre, ether extract, ash, and
nitrogen-free extract according to the procedures of AOAC
(2005), as well as anti-nutrient screening for tannins,
saponins, and alkaloids.

Experimental Diets
A basal diet was formulated to meet the nutrient requirements
of broiler chickens according to NRC (1994)
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recommendations, targeting approximately 22% crude protein
and 2,800 kcal/kg metabolizable energy. Four dietary
treatments were prepared by incorporating BLM at graded
levels of 0% (T1, control), 0.15% (T2), 0.30% (T3), and
0.45% (T4). Palm kernel cake was slightly reduced across
treatments to maintain isonitrogenous and isocaloric
conditions. The ingredient composition of the diets is shown
in Table 1.

Table 1: Ingredient composition of experimental diets (%
of total diet)

Ingredient 'é’luig;%) 2(—)2.15% 2(—)??30% 2(—)1.145%
BLM) BLM)  BLM)
Maize 4800 4800 4800  48.00
Wheat offal 5.00  5.00 5.00 5.00
E;'(? kemel 1500 1285 1270 1255
i::ir leaf 000 0.5 0.30 0.45
Soybean 000 2700 2700 27.00
meal
Fishmeal 3.00  3.00 3.00 3.00
Bone meal  3.00 3.00 3.00 3.00
Premix 0.25 0.25 0.25 0.25
salt 025  0.25 0.25 0.25
Lysine 025  0.25 0.25 0.25
Methionine 0.25  0.25 0.25 0.25
Total 100.00 10000 10000  100.00

Experimental Birds and Management

A total of 150 day-old unsexed Anak broiler chicks were
sourced from Zartech Hatchery, Ibadan, Nigeria. On arrival,
chicks were given glucose solution and multivitamin
supplements to reduce transportation stress. Prior to stocking,
the pens were thoroughly cleaned, fumigated, and disinfected
with formaldehyde and potassium permanganate. Birds were
brooded on deep litter using wood shavings for the first week
before assignment to treatments.

The chicks were randomly distributed into four treatment
groups, each replicated three times with 10 birds per replicate,
in a completely randomised design (CRD). Feed and clean
drinking water were provided ad libitum throughout the 49-

day trial. Routine vaccinations were administered against
Newcastle disease (day 7 and 21) and infectious bursal
disease (day 14 and 28). Anticoccidial prophylaxis was also
provided. Strict biosecurity measures, including restricted
entry, footbaths, and regular disinfection, were enforced to
minimise disease outbreaks. Mortality was recorded daily.

Growth Performance Measurements

Initial body weights of the chicks were recorded at the start of
the experiment, and subsequent live weights were taken
weekly using a digital scale. Performance indices were
computed as follows:

Total Weight Gain (TWG): Final weight — Initial weight

Average Daily Feed Intake (ADFI): (Feed offered — Feed
refused) + Number of birds + Number of days

Average Daily Gain (ADG): TWG + Number of days
Feed Conversion Ratio (FCR): ADFI + ADG

Carcass and Organ Evaluation

At the end of the trial, three birds per replicate (nine per
treatment) were randomly selected for carcass and organ
evaluation. Birds were fasted for 12 hours with access to
water, weighed, and slaughtered by severing the jugular vein.
Standard dressing procedures were adopted: scalding in hot
water at 60 °C for 30 seconds, defeathering, and evisceration
(Ojewola and Longe, 1999).

Carcass traits measured included live weight, dressed weight,
dressing percentage, and primal cuts (breast, thigh, drumstick,
wing, back, neck, and head). Edible and non-edible organs
(liver, gizzard, heart, proventriculus, spleen, and intestines)
were excised, weighed, and expressed as percentages of live
weight. Gizzard contents were removed before weighing.

Statistical Analysis

All data collected were subjected to one-way analysis of
variance (ANOVA) using the General Linear Model (GLM)
procedure of SPSS version 22.0 (IBM Corp., Armonk, NY,
USA). Treatment means were separated using Duncan’s
Multiple Range Test (DMRT), and significance was declared
at p < 0.05. Results are presented as means + standard error of
mean (SEM). Assumptions of normality and homogeneity of
variance were checked prior to analysis.

Results and Discussion

Growth Performance

The growth performance of broiler chickens fed diets
containing graded levels of Vernonia amygdalina leaf meal
(VALM) is presented in Table 2. No significant differences (p
> 0.05) were observed across treatments in final body weight,
total weight gain, average daily gain (ADG), average daily
feed intake (ADFI), and feed conversion ratio (FCR).
Numerically, birds on the control diet (T1) recorded the
highest final body weight (2029.17 g) and weight gain
(1721.76 g), followed closely by birds in T3 (2010.81 g and
1677.30 g, respectively). Feed intake was highest in T2
(5235.76 g) and lowest in T4 (5075.00 g). The best FCR
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values were recorded in T1 (2.95) and T4 (2.96), indicating
efficient nutrient utilization.

These findings align with reports by Mohammed and
Zakariya’u (2012) and Olobatoke and Oloniruha (2009), who
observed no significant changes in broiler performance when
VALM was included at low dietary levels. The absence of
marked differences in growth traits suggests that VALM, even
at 0.45% inclusion, did not impair nutrient availability or
utilisation.

Slight reductions in feed intake observed at higher VALM
levels (T4) may be attributed to the inherent bitterness of V.
amygdalina leaves, which contain saponins, alkaloids, and
other antinutritional factors (Arhoghro et al., 2009). Such
compounds can reduce palatability, potentially limiting
voluntary feed intake. However, the improved FCR in T4
suggests that bioactive compounds in VALM may have
enhanced nutrient utilisation by stimulating digestive enzymes
and improving gut function. Yeap et al. (2010) reported that
phytochemicals in V. amygdalina possess antioxidant and
antimicrobial properties that may support intestinal health,
thereby promoting more efficient nutrient absorption.

Contrary to these results, Tokofai et al. (2023) documented
significant effects of VALM on FCR when higher dietary
inclusion levels (>1%) were used. This discrepancy may
reflect differences in dosage, bird genotype, and management
practices. It indicates that while VALM can be tolerated at
low levels, higher inclusions may elicit dose-dependent
responses that affect growth metrics.

Overall, the present results suggest that incorporating VALM
up to 0.45% in broiler diets does not compromise growth
performance, while offering potential efficiency benefits
through improved feed utilisation.

Table 2. Growth Performance of Broiler Chickens Fed
Bitter Leaf Meal

T1 T T3 T4
Parameters  ontrol) (0.15%) (0.30%) (0.45%) =
Initial body 500 /) 34397 33551 337.95 653
weight (g)

Final body o017 1880.83 2010.81 197556 34.82
weight (g)

Body weight -)1 76 1536.86 1677.30 1637.60 34.80
gained (9)

Totalfeed o oc 00 523576 5150.00 5075.00 49.01
intake (g)

ADFI (g) 121.07 12466 122.62 115.04 1.90
ADG (g) 40.99 36.59 39.93 38.99 0.83

FCR 2.95 3.50 3.07 2.96 0.11

Carcass Characteristics

Carcass evaluation results (Table 3) showed significant
differences (p < 0.05) in live weight, dressed weight, and
several primal cuts. The control group (T1) recorded superior
live weight (1866.67 g) and dressed weight (1216.67 g), while
T4 excelled in breast yield (63.99%). Dressing percentage did
not differ significantly among treatments, although values
ranged from 57.76% in T3 to 65.30% in T1.

The improved breast yield in T4 may be attributed to
VALM’s bioactive compounds that could enhance protein
metabolism and muscle accretion. Japhet and Godgift (2021)
similarly reported improved carcass yields in birds
supplemented with VALM, attributing this effect to the
antioxidant capacity of its phytochemicals, which may reduce
oxidative stress and promote lean tissue deposition. Ukoha et
al. (2022) further highlighted that phenolic compounds in
VALM can positively influence carcass quality by supporting
metabolic efficiency.

Interestingly, thigh yields were higher in T1 and T2 compared
to T3 and T4, while drumstick and wing proportions also
varied significantly across treatments. These variations may
reflect differential nutrient partitioning associated with
VALM inclusion. The contrasting results with Unigwe et al.
(2025), who found no effects at 2-6% inclusion, suggest that
carcass responses are not only dose-dependent but may also
vary with dietary formulation and genetic background of the
birds.

In summary, VALM inclusion appears to modulate carcass
composition selectively, improving breast yield at moderate
levels without negatively affecting overall dressing
percentage. This finding is economically important, as breast
meat represents the most valuable cut in poultry production.

Table 3. Carcass Characteristics of Broiler Chickens Fed
Bitter Leaf Meal

T2 T3 T4

T1
Parameters - ontrol) (0.15%) (0.30%) (0.45%) =

Live weight

© 1866.67a 1556.67b 1593.33b 1540.00b 51.97

Dressed

. 1216.67a 983.40b 917.03b 917.23b 42.41
weight (g)

Dressing % 65.30 6343 5776 59.63  1.65

Breast cut

43.99b  23.64c 50.13b 63.99a 4.67
(%)

Thigh (%) 15.87a 16.91a 7.79b 10.14b 1.28

Drumstick

12.41a 10.18b 7.03c  10.99ab 0.64
(%)

Wings (%) 13.72b  16.49a 7.20c 8.66¢ 1.15

Back cut

9.27ab  869b  9.89ab 12.23a 0.57
(%)
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T2 T3 T4

(Control) (0.15%) (0.30%) (0.45%) SEM

Parameters

Neck (%) 1.65b 1.96ab 1.48b 2.14a 0.10
Shank (%) 2.54a 2.36ab  1.89b 2.66a 0.12

Head (%) 1.83 187 161 166  0.07

Organ Proportions

The effects of VALM inclusion on organ proportions are
presented in Table 4. Significant differences (p < 0.05) were
observed in proventriculus, heart, spleen, small intestine, and
gizzard weights. Birds in T1 and T2 had higher proventriculus
and small intestine proportions, while T4 exhibited a
significantly enlarged gizzard (2.51%).

These findings suggest that VALM may exert a modulatory
effect on digestive organs. Enlarged gizzard weights in T4
may be linked to the fibrous nature of VALM, which
stimulates gizzard development and muscular activity. Similar
observations were made by Nodu et al. (2016), who noted that
fibrous feed additives enhance gizzard size and function,
thereby improving mechanical digestion.

The absence of pathological enlargement or reduction in vital
organs such as the liver, heart, and spleen indicates that
VALM does not exert toxic effects. This is consistent with
Akinmutimi  (2004), who demonstrated that properly
processed plant materials containing antinutritional factors
can be safely included in poultry diets without eliciting
harmful effects.

Furthermore, the reduction in spleen size at higher inclusion
levels may reflect improved immune efficiency associated
with VALM phytochemicals. Bioactive compounds such as
flavonoids and terpenoids in V. amygdalina have been
reported to possess immunomodulatory properties (Yeap et
al., 2010), which may reduce the need for compensatory organ
hypertrophy.

Conclusion

The results of this study indicate that low-level inclusion of
VALM in broiler diets supports sustainable poultry
production by enhancing certain carcass traits and modulating
organ development, without impairing growth performance.
The observed improvements in breast yield and feed
efficiency at higher inclusion levels (0.45%) suggest that
VALM may function as a natural growth promoter.

The presence of bioactive compounds, including antioxidants,
alkaloids, and saponins, likely underpins these benefits.
Antioxidants reduce oxidative stress, which can otherwise
impair growth and carcass quality, while antimicrobial
properties support gut health and nutrient absorption.

However, reductions in feed intake at higher inclusions
underscore the importance of balancing palatability with
functional benefits. Future studies should explore processing
methods such as fermentation, enzyme treatment, or heat

application to reduce bitterness and antinutritional factors,
thereby allowing higher safe inclusion levels.

From a sustainability perspective, VALM represents a
valuable feed resource in tropical regions where V.
amygdalina is abundant. Its incorporation into broiler diets
reduces reliance on conventional protein and energy sources,
lowering feed costs while supporting circular bio-economy
principles.

In conclusion, VALM inclusion up to 0.45% offers promising
benefits for broiler production, particularly in enhancing
carcass quality traits such as breast yield, while maintaining
growth performance. Adoption of VALM-based diets could
provide poultry farmers in Nigeria and similar regions with a
cost-effective, nutritionally beneficial, and environmentally
sustainable feeding strategy.
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