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ABSTRACT

Plants, especially on the leaves, have various bioactive compounds capable of becoming
natural growth promoters. Plant leaf extracts have been widely studied for their ability
as an antibiotic substitute for broiler chickens. This meta-analysis study was aimed to
assess the effectiveness of supplementations with leaf extract on the growth performance
of broiler chickens, using average daily feed intake (ADFI), average daily gain (ADG),
final body weight (FBW), and feed conversion ratio (FCR) as responses observed criteria.
The meta-analysis study was based on the articles published from 2006 to recent years as
several countries started to ban in-feed antibiotics. Databases (PubMed, Scopus, Directory
of Open Access Journals [DOAJ], and ScienceDirect) were searched for peer-reviewed
randomised controlled trials (RCTs) published in English. The meta-analysis included 19
research papers that met the criteria. Overall results showed a significant increase (P <
0.001) in ADFI by 0.56 g/day (95% confidence interval [CI] = 0.02 to 1.11), in ADG by
1.57 g/day (95% CI=0.77 to 2.36), and in FBW by 2.28 (95% CI = 1.40 to 3.16). At the

same time, the FCR was reduced (P <0.001)
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INTRODUCTION

Phytogenic feed additives (PFAs), which
are also known as herbs or phytobiotics
(Gheisar and Kim, 2018), are less toxic and
less residue natural bioactive substances
found in the organs of some plants (M. L.
Wang et al., 2008). Research by Windisch
et al. (2008) has shown that the potency
of dietary leaf extract can change with the
presence of in-feed antibiotics. Another
study (Mohamed and Hassan, 2023) showed
that dietary PFAs showed promising results
in the growth performance of broiler
chickens. Improved growth performance by
including plant materials in the diet occurs
due to the increased nutrient digestibility,
digestive enzyme activities, and reduced
intestinal pathogens, which allow increased
availability of essential nutrients in the
intestine for absorption and helps improve
growth performance (Hasemi et al., 2008).
The principal mode of action of phytobiotics
arises from the beneficial influence of the
gastrointestinal microbiota ecosystem
through controlling potential pathogens
(Meng et al., 2023; Qureshi et al., 2015),
improving immunodeficiency and intestinal
vegetation (Chen et al., 2020), as well
as enhance intestinal tract performance
associated with villus height and crypt depth
improvement (Song et al., 2023).

Several studies recommended a potential
part of phytogenic as safe growth promoters
in poultry nutrition. Phytogenic possesses
some substances that enhance dietary
palatability, gut health, growth performance,
and meat production (Mohamed and Hassan,
2023). In recent years, several researchers

from various countries have explored herbal
supplementations in poultry production.
Research in tropical countries, such as
Indonesia (Anggrain et al., 2014), Malaysia
(Basit et al., 2020), India (Kumar et al.,
2021), Nigeria (Alabi et al., 2017), and in
subtropical countries, such as China (Zhao
et al., 2019), Iran (Azimi et al., 2020), and
Japan (Nakamura et al., 2022) have shown
the beneficial effects of the in-feed herbal
additives on growth performance of poultry.

The advantageous multifunctional
effects of dietary supplementations with
phytogenic feed additives were attributed
to the presence of biologically active
constituents in plants, such as terpenoids,
phenolics, glycosides, and alkaloids
(Huyghebaert et al., 2011). In recent years,
research on natural plants that can be used
as alternative growth performance in broiler
chickens has continued to be carried out. Sun
etal. (2020) showed that the dietary addition
of Achyranthes japonica Nakai improved
nutrient utilisation, growth performance,
and meat quality of broiler chickens. S. J.
Liuetal. (2021) found that supplementation
of capsicum extract in feed improved
nutrient digestibility, immune status, meat
quality, and growth performance. Zhang et
al. (2022) reported that the dietary addition
of Glycyrrhiza uralensis Fisch improved
immune response, intestinal microflora
population, and growth performance.
Amongst the organs of plants, leaves were
the most used in plant part (38%), followed
by fruit (22%), whole plant (9%), rhizome
(8%), roots (7%), flowers and bark (4%
each), sap (3%), stem and tuber (2% each),
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and seeds (1%) (Elfrida et al., 2021). These
findings prompted researchers to explore the
beneficial effects of herbal feed additives
as alternative growth promoters for broiler
chickens, starting from leaves.

Several studies have shown that the
efficacy of herbal feed additives varied due to
several variables, such as geographical origin
(Kokkini et al., 1994), genotype (Aligiannis
etal., 2001), location (Lambert et al., 2001),
processing methods (Delespaul et al., 2000),
seasonal variations (McGimpsey et al.,
1994), and climatic variations (Salgueiro et
al., 1997). Therefore, a meta-analysis in this
study was carried out from several published
data in international journals to evaluate the
effect of giving plant leaf extracts on the
growth performance of broiler chickens.

MATERIALS AND METHODS
Literature Search and Study Selection

A comprehensive search for studies
discussing the effect of leaf extract on
broiler productivity was carried out in
several scientific web databases, namely
PubMed Central (www.ncbi.nlm.nih.gov/
pmc/), ScienceDirect (www.sciencedirect.
com), DOAJ (https://doaj/org/), and Scopus
(www.scopus.com). An article search used
the keywords ‘leaf extract’ and ‘broiler
performance’. The last search was carried
out in February 2023. The criteria for
articles to be included in the database were:
(1) reporting the use of leaf extracts as a
feed additive used to substitute antibiotics,
the article must use levels as treatment and
control (without additive supplementation),

(2) in vivo studies on broiler chickens,
which were peer-reviewed journals in
English, (3) reports at least two performance
variables: ADFI, FBW, ADG, and FCR,
with the respective variance (standard
deviation or standard error), (4) reports the
number of replications and broiler strains.
Studies using a combination of additive and
challenging studies (infection of viruses/
diseases, limited consumption, heat stress)
were not included.

The selection process reported in Figure
1 resulted in a final paper that met the
selection criteria to produce data used as
a database (Page et al., 2021), information
following the meta-analysis guidelines
adopted based on the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA). The database consisted
of 19 studies with 153 treatments, as
presented in Table 1. In tabulating data into
the database, data relating to the parameters
were converted into the same measurement
units to facilitate further analyses.

Information includes: (1) name of
authors and year of publication, (2) country
of origin of research, (3) plant species, (4)
solvent used, (5) bird strain, (6) number of
birds, (7) study durations, and (8) level of
treatments. Measures (standard deviation,
standard error, or standard error of mean) of
ADFI, ADG, FBW, and FCR were included
in the database.

Meta-analysis Procedure

The effect size was calculated as the
standardised mean difference (SMD)
according to the method of Hedges (1981) for
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Identification of studies via databases and registers

IDENTIFICATION

Article output using keywords "leaf", "extract", and "broiler
performance". Records identified from database:

o Scopus (n = 127)
« DOAJ (n=27)

o Pubmed (n = 33)

o ScienceDirect (n = 978)

Records removed before screening with criteria:
* Non research article
| @ Does not use English language
» o Published below in 2006

SCREENING !

Studies screened and imported to Mendeley for selection

purposes based on abstract (n = 137)

(n=1028)

Records excluded:
« Studies does not use leaf extract (n = 9)

ELIGIBILITY |

Studies assessed for eligibillity and exported to

Microsoft Excel (n = 67)

* Non in vivo on broiler chickens (n = 6)
 Studies used leaf extract as a subtitute for feed (n = 15)

Records not retrived:
o Studies without SD/SEM (n = 9)
* Studies without replicates and control group (n = 6)

INCLUSION l

Studies included in meta-analysis (n=19)

 Studies did not report variable of interest (n = 4)
 Studies combined with other treatments (n = 15)
« Irrelevant design study (n = 15)

Figure 1. Flow chart of the article selection process utilised for the meta-analysis

Note. SD = Standard deviation; SEM = Standard error of the mean

Table 1
Studies included in the meta-analysis
Study Reference Country  Plant species Solvent Strain  Birds Period Level
(ppm)
1 Al- Egypt Allium Ethanol  Hubbard 250 1-42 0-200
khalaifah ampeloprasum
et al.
(2020)
2 Al-Masari Iraq Cynara Not Ross 135 1-42 0-1,000
and Al- scolymus L. available
Himdany
(2022)
3 Al Salman Iraq Eucalyptus Distilled Ross 240 1-35 0-8,000
and Al- viminalis water
Gharawi
(2019)
4 Al- Iraq Petroselinum Water Ross 240 1-35 0-15,000
Musawi et sativum
al. (2019)
5 Alabiet  Nigeria Moringa Water ~ Hubbard 240 1-56  0-150,000
al. (2017) oleifera
6 Alabiet  Nigeria Moringa Water  Hubbard 240 1-42  0-120,000
al. (2020) oleifera
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Table 1 (Continue)

Study Reference Country  Plant species Solvent Strain  Birds Periods Level
(ppm)
7 Duskaev Rusia Eucalyptus Distilled ~ Abror 120 1-35 0-200
et al. viminalis water Acres
(2020)
8 Ereneret  Turkey  Olea europeae 35% Ross 375 1-42 0-600
al. (2020) L. ethanol
9 Fathi et al. Iran Ocimum 80% Ross 450 1-42 0-600
(2022) basilcum ethanol
10  Khanetal. Saudi Moringa Distilled Hubbard 350 1-35 0-12,000
(2022) Arabia oleifera water
11 Onu Nigeria Telfairia Water Marshal 200 8-28 0-16,000
(2012) occidentalis
12 Racanicci Brazil Ilex Water Cobb 100 1-25 0-1,000
et al. paraguariensis
(2011)
13 Rasouliet ~ Oman Salvia Water Ross 300 1-42 0-400
al. (2020) officinalis L.
14 Sahu et al. India Cassia tora Methanol ~ Cobb 90 1-42 0-400
(2017)
15 Sani et al. Iran Artemisia Methanol ~ Cobb 240 1-42 04,000
(2013) annua
16 Shenetal.  China Bambusoideae Not Abror 576 1-42 0-5,000
(2019) sp. available  Acres
17 Tetehetal.  Togo Moringa Ethanol Ross 615 1-28 0-2,000
(2013) oleiifera
18 Xie et al. China Olea europaea 75% Abror 720 1-35 0-5,000
(2022) L. ethanol Acres
19 Yan et al. China Eucommia Water Wen 252 1-51 0-1,000
(2022) ulmoides Tianlu

fixed effect models as well as DerSimonian
and Laird (1986) for the random effect
model. The classic meta-analysis approach
was carried out according to the studies
used, which had variables with the same
unit of measurement. The calculation was
done with the raw mean difference, which
allows the interpretation of the effect size
in the original unit of measurement (Ranga
Niroshan Appuhamy et al., 2013).
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Forest plots were made to show the
effect of giving plant leaf extracts on the
growth performance of broiler chickens,
which were represented by points and
confidence intervals. Forest reports plots
of effect sizes and weighted contributions
to the fixed-effect and random-effect study
models. The approach to random effects
meta-analysis was performed using simple
moment-based estimation of the between-
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study variance (heterogeneity) of the
true effect (0) (DerSimonian & Laird,
1986). Heterogeneity was reported with
the /? statistic, which correlates with (72)
as a percentage of the total variability. The
statistical model used in this study was
based on a P value with a significant effect
indicated by P <0.05. All statistical analysis
was performed with OpenMEE software
(Wallace et al., 2017).

RESULTS AND DISCUSSION
Study Characteristic

Atotal of 19 studies conducted in 12 countries
worldwide were aggregated, mainly shown
in Iraq (15.78%), Nigeria (15.78%), and
China (15.78%). Several broiler chicken
strains were used, with Ross being the most
common (36.84%), followed by Hubbard
(21.05%). The solvent used for the leaf
extract was water (57.89%). The range used
for the studies was 90 to 720 birds, with the
highest period 1-42 (47.36%) (Table 1). The
level of £1,000 ppm (42.11%), followed by
1,000 > 10,000 ppm (31.57%) and 10,000
> 100,000 ppm (26.31%) was included in
the experiment. Based on the statistical
description, the difference in the values of
the average observed parameters was caused
by environmental conditions, experimental
settings, and housing management reported
in meta-analysis studies.

Average Daily Feed Intake

Meta-analysis in the current study evaluated
the effects of leaves extract supplementations
as a feed additive in broiler chickens was

performed using 16 articles that had a
significant effect on increasing the average
daily feed intake (P <0.001) with SMD value
of 0.56 (0.02 to 1.11) and heterogeneity
among the studies (7= 81.95%) (Figure
2). Thus, treatment was aggregated to
identify the effects of the covariates (strain
and species of leaf extract) by using a
subgroup meta-analysis. The strain showed
an increasing effect on ADFI compared
to the control in Ross (P < 0.005). The
addition of plant extracts made from A//ium
ampeloprasum L., Petroselinum sativum,
Eucalyptus viminalis, and Bambusoideae
sp. showed increasing ADFI (P <0.001). At
the same time, Artemisia annua decreased
ADFI (P < 0.001), as shown in Table 2.
The meta-analysis results were in line with
several studies showing that plant extract
supplementations as a natural feed additive
have a trend of increasing daily feed intake
compared to controls (Ali et al., 2020;
Wallace et al., 2017). Onu (2012) reported
that broiler supplementation with Telfairia
occidentalis resulted in a decrease in ADFI
with increasing levels of supplementation.

A subgroup meta-analysis study on the
Ross strain supplemented with leaf extract
also showed increased ADFI. Supported
by the research findings of Rasouli et
al. (2020), adding 200 ppm of Salvia
officinalis L. extract increased ADFI.
However, the results differ from those
of Alabi et al. (2020), i.e., an increase in
supplementation leaf extract can affect lower
daily consumption compared to controls.
Overall, the phytochemical compound in the
leaf extract caused an improved ADFI value.
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Studies

Al-Khalaifah et al. (2020) 50.
Al-Khalaifah et al. (2020)-2 80.
Al-Khalaifah et al. (2020)-3 82.
Al-Khalaifah et al. (2020)-4 74.

Al-Masari and Al-Himdany (2022) 1.
Al-Masari and Al-Himdany (2022)-2 6.

Al-Musawi et al. (2019) 4
Al-Musawi et al. (2019)-2 7
Al-Musawi et al (2019) 10.
Al-Salman and Al-Gharawi (2019) 4
Al-Salman and Al-Gharawi (2019)-2 8
Al-Salman and Al-Gharawi (2019)-3 &
Alabi etal. (2017) 0
Alabi etal. (2017)-2 -0
Alabi etal. (2017)-3 0.
Alabi etal. (2017)-4 0
Duskaev et al. (2020) 8
Duskaev et al. (2020)-2 3
Duskaev et al. (2020)-3 7
Erener et al. (2019) -0.
Erener et al. (2019)-2 o
Erener et al. (2019)-3 1
Erener et al. (2019)-4 3
Fathi et al (2022) -0.
Fathi et al (2022)-2 -0.
Khan et al (2021) -0.
Khan et al (2021)-2 0.
Khan et al (2021)-3 0.
Onu (2012) -1.
Onu (2012)-2 -1
Onu (2012)-3 -0
Onu (2012)-4 -0.
Racanicci et al. (2011) 0.
Racanicci et al. (2011)-2 -0.
Racanicci et al. (2011)-3 -0.
Rasouli et al. (2020) -3.
Rasouli et al. (2020)-2 -1
Rasouli et al. (2020)-3 -2.
Rasouli et al. (2020)-4

Sahu et al. (2017) 0.
Sani et al. (2013) -4.
Sani et al. (2013)-2 -5.
Shen et al. (2019) 1.
Shen et al. (2019)-2 2
Shen et al. (2019)-3 1
Shen et al. (2019)-4 0
Shen et al. (2019)-5 Z.
Teteh et al. (2013) 0
Teteh et al. (2013)-2 -0
Xie et al. (2022) -0.
Xie et al. (2022)-2 0.
Xie et al. (2022)-3 0.
Xie et al. (2022)-4 -7.
Xie et al. (2022)-5 -1.
Yan et al. (2022) -0.
Yan et al. (2022)-2 -0.

Overall (12=81.95 % , P< 0.001) 0.
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Figure 2. Forest plot of the effect of feeding leaves extract on ADFI of broiler chickens
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Table 2
Subgroup analysis of the effect of leaf extract supplementation on average daily feed intake of broiler chickens
Covariates N SMD 95% CI SE P-value Heterogeneity
Lower  Upper 2 P-value
Strain
Hubbard 11 0.98 -0.79 2.75 0.90 0.29 87.55% <0.001
Ross 20 1.48 0.48 2.49 0.51 <0.01 80.96% <0.001
Arbor Acres 13 0.97 -0.13 2.07 0.56 0.08 84.45% <0.001
Marshal 6 -0.97 -1.71 -0.24 0.36 0.01 0% 0.92
Cobb -1.07 -2.46 0.32 0.71 0.13 76.18% 0.001
Wen Tialu Black 2 -0.66 -1.49 0.16 0.42 0.11 0% 0.96
Leaf extract
Allium 4 67.43  50.70  84.20 8.55 <0.001 18.13% 0.30
ampeloprasum
Cynara scolymus L. 3.70 -0.67 8.01 2.21 0.10 75.84% 0.04
Petroselinum 6.49 3.16 9.82 1.70 <0.001 45.90% 0.16
sativum
Moringa oliefera 9 0.04 -0.40 0.49 0.23 0.85 0% 0.99
Eucalyptus 6 6.01 4.22 7.80 0.91 <0.001 19.73% 0.29
viminalis
Olea europaea L. 9 -0.15 -1.24 0.95 0.56 0.79 82.32% <0.001
Ocimum bassicum 2 -0.16 -1.04 0.72 0.45 0.72 0% 0.96
Telfaria ociidentalis 4 -0.97 -1.71 -0.24 0.38 0.01 0% 0.92
llex paraguariensis 3 -0.22 -0.95 0.51 0.37 0.55 0% 0.44
Salvia officinalis L. 4 -1.50 -3.38 0.38 0.96 0.12 71.61% 0.01
Cassia tora 1 0.88 -0.80 2.55 0.86 NA NA NA
Artemisia annua 2 -4.60 -6.62 -2.59 1.03 <0.001 0% 0.58
Bambusoideae sp. 5 1.49 0.85 2.13 0.33 <0.001 17.50% 0.30
Eucommia ulmoides 2 -0.66 -1.49 0.16 0.42 0.11 0% 0.96

Note. N = Number of comparisons; SMD = Standardized mean differences between the leaves extract
treatment and controls; CI = Confidence interval; P-value = Probability value; SE = Standard error; NA =
Data non-available; SMD and P were considered significant at P<0.05

Phytogenic compounds may influence the
flavour of diets, which improves appetite
and consumption; they might increase feed
intake (Brenes & Roura, 2010). Several
bioactive substances from plants that release
scents stimulate the chicken’s appetite,
which could be the reason for the increased
appetite. On the other hand, Masyita et al.
(2022) reported that terpenes and terpenoids,

766

the secondary metabolite substances found
in plants such as eugenol, geraniol, carvone,
thymol, and menthol, are responsible for
the production of characteristic aromas.
However, the detailed explanation regarding
this matter is still very limited.

In contrast, research conducted by
Aroche et al. (2018) showed that diet
additions containing polyphenols, the
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greatest of which are tannins, can limit
feed intake due to astringent qualities,
consequently generating protein links
between saliva lubricants and hydrogen
bonds. When broiler chickens are fed herbs
containing bioactive components, their
appetites might rise or fall, depending on
the dosage supplementations. The amount
administered must be carefully monitored
to achieve the intended effects. Additionally,
research has suggested using PFAs with
nanotechnology (Baskara et al., 2021;
Ibrahim et al., 2022; Xu et al., 2024).

Average Daily Gain

A total of 14 studies consisting of 32
comparisons were eligible to evaluate the
leaf extract treatment effect on ADG, as

summarised in Table 3. The pooled effect
estimates from SMD revealed that it had a
significant effect on increasing ADG (SMD
1.57[0.77 to 2.36], shown in Figure 3). High
heterogeneity within studies was 86.47% (P
<0.001). Ross showed an increasing result
in ADG (P < 0.001) when studies using
strains in Hubbard, Arbor Acres, Marshal,
Cobb, and Wen Tialu Black showed no effect
due to leaf extract supplementation. In this
meta-analysis, increasing ADG was found
on diet supplementations with leaf extract
of Allium ampeloprasum, Cynara scolymus
L., Petroselinum sativum, Artemisia annua
(P <0.001), and Eucalyptus viminalis (P <
0.005). At the same time, Salvia officinalis
L. supplementation decreased the ADG of
broiler chickens (P < 0.001).

gzzgrjup analysis of the effect of leaf extract supplementation on average daily gain of broiler chickens
Covariates N  SMD 95% CI SE  P-value Heterogeneity
Lower  Upper 2 P-value
Strain
Hubbard 8 535 0.57 10.13  2.44 0.03 92.85% <0.001
Ross 20 3.60 1.92 5.28 0.86 <0.001 88.33% <0.001
Arbor Acres 8 0.59 -0.52 1.70 0.57 0.30 78.29% <0.001
Marshal 4 023 -0.48 0.93 0.36 0.53 0% 0.82
Cobb 6 144 -0.49 3.38 0.99 0.14 71.35% 0.02
Wen Tialu Black 2 1.04 -0.05 2.12 0.55 0.06 35.52% 0.21
Leaves extract
Allium ampeloprasum 4 5194 2586 78.01 13.30 <0.001 84.14% <0.001
Cynara scolymus L. 2 854 4.93 12.16  1.84 <0.001 0% 0.68
Petroselinum sativum 3 9.80 5.42 14.18 2.23  <0.001 3541% 0.21
Moringa oliefera 6 0.11 -2.60 2.83 1.39 0.94 89.35% <0.001
Eucalyptus viminalis 6 5.6 1.93 8.39 1.65 <0.01 81.86% <0.001
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Table 3 (Continue)

Covariates N SMD 95% CI SE  P-value Heterogeneity

Lower  Upper 2 P-value

Olea europaea L. 9 119 -0.14 2.51 0.68 0.08 81.86% <0.001
Ocimum basilicum 2 -0.18 -1.06 0.70 0.45 0.69 0% 0.99
Telfairia occidentalis 4 023 -0.48 0.93 0.36 0.53 0% 0.82
llex paraguariensis 4 -0.75 -1.50 0.00 0.38 0.05 0% 0.37
Salvia officinalis L. 4 228 -334 -1.22 0.54 <0.001 0% 0.42
Cassia tora 1 2.64 -0.45 4.83 1.26 NA NA NA
Artemisia annua 2 4.68 2.76 6.60 0.98 <0.001 0% 0.38
Eucommia ulmoides 2 1.04 -0.05 2.12 0.55 0.06 35.52% 0.21

Note. N = Number of comparisons; SMD = Standardized mean differences between the leaves extract
treatment and controls; CI = Confidence interval; P-value = Probability value; SE = Standard error; NA =

Data non-available; SMD and I? were considered significant at P<0.05

Studies

Al-khalaifah et al. (2020)
Al-khalaifah et al. (2020)-2
Al-khalaifah et al. (2020)-3
Al-khalaifah et al. (2020)-4
Al-Masari and Al-Himdany (2022)

Al-Masari and Al-Himdany (2022)-2

Al-Salman and Al-Gharawi (2019)

Al-Salman and Al-Gharawi (2019)-2
Al-Salman and Al-Gharawi (2019)-3

Al-Musawi et al. (2019)
Al-Musawi et al. (2019)-2
Al-Musawi et al. (2019)-3
Alabi et al. (20172)
Alabi et al. (2017a)-2
Alabi et al. (20172)-3
Alabi et al. (2017a)-4
Duskaev et al. (2020)
Duskaev et al. (2020)-2
Duskaev et al. (2020)-3
Erener et al. (2019)
Erener et al. (2019)-2
Erener et al. (2019)-3
Erener et al. (2019)-4
Fathi et al. (2022)

Fathi et al. (2022)-2
Onu (2012)

Onu (2012)-2

Onu (2012)-3

Onu (2012)-4

Racanicci et al. (2011)
Racanicci et al. (2011)-2
Racanicci et al. (2011)-3
Rasouli et al. (2020)
Rasouli et al. (2020)-2
Rasouli et al. (2020)-3
Rasouli et al. (2020)-4
Sahu et al. (2017)

Sani et al. (2013)

Sani et al. (2013)-2
Teteh et al. (2013)
Teteh et al. (2013)-2
Xie et al. (2022)

Xie et al. (2022)-2

Xie et al. (2022)-3

Xie et al. (2022)-4

Xie et al. (2022)-5

Yan et al. (2022)

Yan et al. (2022)-2
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Figure 3. Forest plot of feeding leaves extract effect on broiler chickens’ average daily gain
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Based on this meta-analysis study, dietary
leaf extract supplementations improved the
ADG of broiler chickens compared to that
of the control group (P <0.001). In line with
this result, several experiments showed that
dietary supplementation of plant extracts
increased the ADG of broiler chickens
(Erener et al., 2020; Yan et al., 2022). The
increased value of ADG showed a linear
relationship with ADFI, which is one of the
results of this meta-analysis study. Cheng
et al. (2021)’s study showed that lotus
leaf extract supplementation improved the
growth and population of beneficial bacteria
in the intestine and reduced the colonisation
of pathogenic bacteria, resulting in the
reduction of toxic metabolites produced by
the pathogens. Reduction of toxic substances
might reduce mucus secretion and increase
micro-nutrient absorption, which in turn will
optimise the conversion of nutrients into
meat (Aljumaah et al., 2020).

Subsequently, the increase in daily body
weight of birds might also be related to the
antioxidant attributes in secondary plant
metabolites. Platzer et al. (2022) showed
that phenolic compounds are the most
important natural antioxidants and can be
classified into subgroups based on their
structural properties. The terpene group
has activity in counteracting free radicals
and preventing oxidative stress (Luo et al.,
2022). Apart from that, plants containing
alkaloids can also reduce free radicals,
disrupting the immune system, changing
gene expression, and protecting against
degenerative diseases, which can cause
abnormal protein production (Albarrak,
2021).

Oxygen is essential for aerobic
organisms and produces reactive oxygen
species (ROS). ROS are molecules formed
sequentially, adding electrons to oxygen,
making them more reactive. However,
when present in excessive amounts, it
shows adverse effects on cells, including
deoxyribonucleic acid (DNA) changes,
lipid peroxidation, and protein degradation
(Escorcia et al., 2020). Plant-derived
supplementation can prevent various
oxidative stress-induced diseases that lead
to decreased productivity and quality in
livestock. Supporting this statement, the
study by M. Liu et al. (2023) showed that
dietary supplementation of a polyherbal
mixture containing various bioactive
compounds, e.g., flavonoids, alkaloids, and
essential oils, increased broiler chickens’
daily body weight. This increase might be
due to the presence of antioxidant properties
of the bioactive compounds in herbs.

Research findings of Yang et al.
(2015) also showed that a mixture of herbs
containing capsicum, cinnamaldehyde,
and carvacrol correlated with modifying
the Nrf2 and NF-xB pathways to protect
against oxidative stress with improved
growth performance. In another study,
the increased total antioxidant capacity in
a broiler meat-fed diet containing herbal
additives increased the activity of the
superoxide dismutase (SOD) enzyme and a
decrease in malondialdehyde (MDA) levels,
which ultimately had the effect of reducing
protein denaturation in the meat, resulting
in increased meat quality (S. Wang et al.,
2017).
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Final Body Weight

As summarised in the random effect models
(REM) analysis in Table 4. A total of 18
publications, which met the inclusion
criteria were used in the meta-analysis to
estimate the effect of supplementation leaves
extract on the FBW of broiler chickens. The
overall estimate of the SMD suggested that
the increased levels of supplementation
enhance FBW (P < 0.001) (SMD = 2.28;
95% CI = 1.40 to 3.16) and heterogeneity
among the studies (I*= 86.65%) (Figure 4).
Subgroup analysis by the strain indicated
that leaf extract supplementations increased

on FBW (P < 0.001) in Ross and Arbor
Acres (Table 3). Moreover, treatment
using leaf extracts derived from Allium
ampeloprasum, Cynara scolymus L.,
Petroselinum sativum, Eucalyptus viminalis,
and Bambusoideae sp. increased FBW of
broiler chickens (P < 0.001). The final body
weight from the current meta-analysis study
showed an increase in value at the end of the
period compared to the control (P <0.001).
This finding was similar to the result of Al
and Al-Gharawi (2019), who reported a
gradual increase in body weight gain when
the dose of Eucalyptus viminalis was 4,000
ppm or more.

Table 4
Subgroup analysis of the effect of leaves extract supplementation on final body weight of broiler chickens
Covariates N SMD Ci 95% SE P-value Heterogeneity
Lower Upper r P-value
Strain
Hubbard 15 048 -1.17 2.13 0.84 0.56 89.03% <0.001
Ross 10 9.22 6.79 11.65 1.24 <0.001 48.56% 0.04
Arbor Acres 13 3.14 229 4.00 0.44 <0.001 34.32% 0.15
Marshal 8 0.56 -0.42 1.55 0.50 0.26 43.86% 0.15
Cobb -0.08 -1.45 1.29 0.70 0.91 71.35% 0.02
Wen Tialu Black 2 1.01  -0.04 2.06 0.53 0.06 31.76% 0.23
Leaves extract

Allium 4 51.65 2578 7751 13.20 <0.001 83.98% <0.001
ampeloprasum
Cynara scolymus L. 2 8.51 4.91 12.10 1.84 <0.001 0% 0.68
Petroselinum 3 9.61 5.46 13.76 2.12 <0.001 31.17% 0.23
sativum
Moringa oliefera 13 0.12  -1.08 1.31 0.61 0.85 83.92% <0.001
Eucalyptus viminalis 6 7.20 3.48 10.91 1.90 <0.001 77.89% <0.001
Telfaria ociidentalis 4 0.56  -0.42 1.55 0.50 0.26 43.86% 0.15
llex paraguariensis 3 -0.67 -1.55 0.20 0.45 0.13 25.6% 0.26
Cassia tora 1 2.64 -045 4.83 1.12 NA NA NA
Bambusoideae sp. 5 3.11 1.99 4.23 0.57 <0.001 52.49% 0.08
Eucommia ulmoides 2 1.01  -0.04 2.06 0.53 0.11 31.76% 0.23

Note. N = Number of comparisons; SMD = Standardized mean differences between the leaves extract
treatment and controls; CI = Confidence interval; P-value = Probability value; SE = Standard error; NA =
Data non-available; SMD and I? were considered significant at P < 0.05
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Studies Estimate (95% C.I.)
Al-Khalaifah et al. (2020) 30.877 (17.288, 44,466
Al-Khalaifah et al. (2020)-2 25.801 (14.426, 37.176
Al-Khalaifah et al. (2020)-3 128.573 (72.211, 184.93

Al-Khalaifah et al. (2020)-4 73.426 (41.222, 105.62
Al-Masari and Al-Himdany (2022) 9.388 (3.840, 14.935
Al-Masari and Al-Himdany (2022)-2  7.864 (3.136,  12.592

Al-Musawi et al. (2019) 6.817 (2.641, 10.994
Al-Musawi et al. (2019)-2 11.477 (4.789, 18.165
Al-Musawi et al. (2019)-3 13.638 (5.757, 21.518

Al-Salman and Al-Gharawi (2019) ~ 11.229 (4.677,  17.781
Al-Salman and Al-Gharawi (2019)-2  18.123  (7.745,  28.501
Al-Salman and Al-Gharawi (2019)-3  22.774  (9.790,  35.758

Alabi etal. (2017a) -2.576 (-4.451, -0.701
Alabi etal. (2017a)-2 -1.855 (-3.512, -0.197
Alabi etal. (2017a)-3 0.292 (-1.101, 1.685
Alabi etal. (2017a)-4 -5.289 (-8.228, -2.350
Alabi et al. (2020) -0.722 (-2.152, 0.709
Alabi et al. (2020)-2 2.577 (0.702, 4,452
Alabi et al. (2020)-3 2.148  (0.407, 3.888
Alabi et al. (2020)-4 -3.436 (-5.617, -1.255
Duskaev et al. (2020) 4.388 (1.434, 7.342
Duskaev et al. (2020)-2 2,271 (0.219, 4.324
Duskaev et al. (2020)-3 4.357 (1.418, 7.296
Khan et al. (2021) 0.247 (-0.997, 1.491
Khan et al. (2021)-2 0.040 (-1.200,  1.27
Khan et al. (2021)-3 0.127 (-1.114, 1.368
Onu (2012) 0.705 (-0.723, 2.133
Onu (2012)-2 2.135 (0.399, 3.872
Onu (2012)-3 0.190 (-1.199, 1.579
Onu (2012)-4 -0.423 (-1.824, 0.978
Racanicci et al. (2011) -0.027 (-1.287, 1.212
Racanicci et al. (2011)-2 -1.597 (-3.021, -0.174
Racanicci et al. (2011)-3 -0.563 (-1.827, 0.701
Sahu et al. (2017) 641 (0.451, 4.830
Shen et al. (2019) 421 (1.645, 5.197
Shen et al. (2019)-2 L1220 (2.781, 7.463
Shen et al. (2019)-3 .150  (0.729, 3.572

( 3.259
Shen et al. (2019)-5 144 (2.137, 6.152

526 (3.586, 11.465
009 (2.191,  7.828
590 (0.292,  2.888
519 (-0.632,  1.669

2
3
5
2
Shen et al. (2019)-4 1.896 (0.534,
4
Teteh et al. (2013) 7
Teteh et al. (2013)-2 5
Yan et al. (2022) 1
Yan et al. (2022)-2 0

Overall (1*2=86.85 % , P< 0.001) 2.282 (1.401, 3.164)

T T 1
100 150
Standardized Mean Difference

Figure 4. Forest plot on the effect of feeding leaves extract on final body weight of broiler chickens

Supplementations of 100 to 150
ppm Ilex paraguariensis reduced the
BW of broiler chickens (Racanicci et
al., 2011). The changes in the intestinal
epithelium, resulting from poor digestion

and absorption of nutrients due to changes
in the intestinal epithelial lining and reduced
bird performance (Islam et al., 2023).
Thus, leaf extract supplementations carried
out in various studies have an impact on
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stimulating the intestinal epithelium to
work optimally. Improvement in final
body weight in broilers associated with
the supplementation of leaf extract might
be due to the increased appetite shown by
feed intake.

Furthermore, the intestine of broiler
chicken contains important bacteria,
including Firmicutes, Proteobacteria,
Bacteroidetes, and Actinobacteria (Clavijo
& Florez, 2018). In the cecum, colonised
microbiota also plays an important role
in immune function, compromising the
impact of nutrient absorption on the ultimate
heaviness of the chicken body. The mode of
action when using natural herbal additives
could be responsible for the decreased
number of hydrophobic pathogenic bacteria,
thereby affecting the surface properties
of microbial cells (Rashid et al., 2020).
Pathogenic bacteria in the intestine are
inhibited, but the growth of beneficial
bacteria is promoted, which in turn will
be important for nutrient absorption by
the wall of the intestine (Han et al., 2016).
Eventually, nutrient accumulation in the
meat could increase as intestinal absorption
increases.

Feed Conversion Ratio

Assessing the effect of leaf extract
supplementation on the FCR of broiler
chickens in 18 articles with 56 comparisons
that met the eligibility rule for inclusion
in the meta-analysis was used (Table
5). The addition of leaf extract as a feed
additive for chickens had a significant
effect on decreasing FCR (P < 0.001) with

an SMD value of -1.25 (-1.76 to -0.73)
and heterogeneity among the studies (7=
81.95%) (Figure 5). Arbor Acres and Wen
Tialu Black showed a decreasing result in
FCR (P<0.001). The decrease in FCR was
consistent in the supplementation leaf extract
of Petroselinum sativum, Olea europaea L.,
Artemisia annua, Bambusoideae sp., and
Eucommia ulmoides (P < 0.001). At the
same time, the increase in FCR was found
in Allium ampeloprasum L. (P < 0.005).
The result of dietary supplementation of
leaf extract shown a decrease in FCR (P <
0.001).

Various studies indicated that
supplementations of plant extracts reduced
FCR (Erener et al., 2020; Teteh et al., 2013;
Yan et al., 2022). The lower FCR indicated
the higher feed efficiency (Huang et al.,
2022). Better growth performance, as shown
in the lower FCR, could be attributed to the
presence of various secondary metabolites
in leaf extract, which increased the number
of lactic acid bacteria, increased crypt depth
and villus height, and hence improved
nutrient absorption (M. Liu et al., 2023).
A study performed by Parobali et al.
(2024) showed that absorption of dietary
nutrients into the body of birds through
the bloodstream leads to increased feed
utilisation efficiency, shown by increased
villus height, crypt depth, and the ratio of
villus height and crypt depth. A shorter
villus may indicate inflammation, infection,
nutritional deficiencies, and various diseases
in the walls of the digestive tract. In addition,
small villus can also be related to the small
number of secretory and absorptive cells.
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Overall, the decrease in the intestinal wall
environment could have implications on
micro-nutrient absorption and utilisation
and, therefore, must be maintained properly

(Prakatur et al., 2019). In addition, results
in the current study suggest that the low

value is closely related to the high values
of ADFI and BW.

gzz:rosup analysis of the effect of leaf extract supplementation on feed conversion ratio of broiler chickens
Covariates N SMD 95% CI SE P-value Heterogeneity
Lower  Upper 2 P-value
Strain
Hubbard 11 -0.82 -2.20 0.57 0.71 0.25 85.92%  <0.001
Ross 20 -1.65 274 -0.57 0.56 <0.01 82.06%  <0.001
Arbor Acres 13 -1.37  -1.79 -0.96 0.21 <0.001  14.19% 0.30
Marshal 4 -0.84  -1.57 -0.10 0.38 0.03 0% 0.58
Cobb 6 -239 534 0.56 1.51 0.11 89.35%  <0.001
Wen Tialu Black 2 -2.11 -3.12 -1.11 0.51 <0.001 0% 0.39
Leaves extract
Allium 4 6.81 -11.12 -2.51 2.20 0.01 89.16%  <0.001

ampeloprasum

-0.06  -4.62
-5.28  -8.20
0.12 -0.86
-5.57 3.48
-1.51 -2.24
Ocimum basilicum 0.24 -0.64

Cynara scolymus L. 2
3
9
6
9
2

Telfaria ociidentalis 4 -0.84  -1.57
3
4
1
2
5
2

Petroselinum sativum
Moringa oliefera
Eucalyptus viminalis

Olea europaea L.

-0.67  -1.55
0.82 -0.04
-5.55  -9.08
-30.71  -41.52
-1.50  -2.07
-2.11 -3.12

llex paraguariensis
Salvia officinalis L.
Cassia tora
Artemisia annua
Bambusoideae sp.

Eucommia ulmoides

4.50 233 0.98 89.66%  <0.01
-2.37 1.49 <0.001  49.26% 0.12
1.11 0.50 0.81 73.68%  <0.001
10.91 1.82 <0.01 83.38%  <0.001
-0.78 0.37 <0.001  59.13% 0.01

1.12 0.45 0.59 0% 0.86
1.10 0.38 0.03 0% 0.58
0.20 0.41 0.04 10.82% 0.33
1.67 0.44 0.06 0% 0.51
-2.03 1.80 NA NA NA
-19.90 5.51 <0.001 0% 0.40
-0.92 0.30  <0.001 0% 0.60
-1.11 0.51 <0.001 0% 0.40

Note. N = Number of comparisons; SMD = Standardized mean differences between the leaves extract
treatment and controls; CI = Confidence interval; P-value = Probability value; SE = Standard error; NA =
Data non-available; SMD and I? were considered significant at P < 0.05
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Studies Estimate (95% C.I.)

Al-Khalaifah et al. (2020) -1.574 (-2.993, -0.155)
Al-Khalaifah et al. (2020)-2 -3.272 (-5.168, ~-1.377)
Al-Khalaifah et al. (2020)-3 -11.418 (-16.574, -6.263)
Al-Khalaifah et al. (2020)-4 -17.873 (-25.803, -9.942)
Al-Masari and Al-Himdany (2022) -2.394 (-4.490, -0.297)
Al-Masari and Al-Himdany (2022)-2 2.257 (0.209,  4.304)
Al-Musawi et al. (2019) -3.192 (-5.604, -0.779)
Al-Musawi et al. (2019)-2 -7.899 (-12.646, -3.152)
Al-Musawi et al. (2019)-3 -6.383 (-10.333, -2.433)

Al-Salman and Al-Gharawi (2019)  -15.395 (-24.252, -6.539)
Al-Salman and Al-Gharawi (2019)-2 -27.926 (-43.807, -12.045)
Al-Salman and Al-Gharawi (2019)-3 -25.036 (-39.292, -10.781)

f

Alabi etal. (2017a) 2.172 (0.424, 3.919) ——
Alabi et al. (2017a)-2 0.145 (-1.243, 1.532)
Alabi et al. (2017a)-3 0.724 (-0.707, 2.154) 1
Alabi etal. (2017a)-4 3.475 (1.279, 5.670) ——
Duskaev et al. (2020) -2.415 (-4.520, -0.311) ——|
Duskaev et al. (2020)-2 -1.113  (-2.832, 0.607) —_
Duskaev et al. (2020)-3 -1.998 (-3.958, -0.039) -
Erener et al. (2019) -0.311 (-1.558, 0.936) E B
Erener et al. (2019)-2 -1.863 (-3.348, -0.379) -
Erener et al. (2019)-3 -3.105 (-4.946, -1.265) ——
Erener et al. (2019)-4 -3.105 (-4.946, -1.265) ——
Fathi et al. (2022) 0.323 (-0.925, 1.571)
Fathi et al. (2022)-2 0.161 (-1.080, 1.403)
Khan et al. (2021) -0.269 (-1.515, 0.976)
Khan et al. (2021)-2 0.150 (-1.091,  1.391)
Khan et al. (2021)-3 0.000 (-1.240, 1.240)
Onu (2012) -1.097 (-2.584, 0.389)
Onu (2012)-2 -1.692 (-3.306, -0.077)
Onu (2012)-3 -0.503 (-1.911, 0.905)
Onu (2012)-4 -0.297 (-1.691, 1.096)
Racanicci et al. (2011) 0.876 (-0.422, 2.173)
Racanicci et al. (2011)-2 1.625 (0.195, 3.054)
Racanicci et al. (2011)-3 0.181 (-1.062, 1.423)
Rasouli et al. (2020) 0.000 (-1.600, 1.600) .
Rasouli et al. (2020)-2 0.512 (-1.114, 2.138) ——
Rasouli et al. (2020)-3 1.536 (-0.285, 3.356) i
Rasouli et al. (2020)-4 1.536 (-0.285, 3.356) .
Sahu et al. (2017) -5.551 (-9.076, -2.026) — =
Sani et al. (2013) -27.275 (-40.711, -13.839)
Sani et al. (2013)-2 -37.003 (-55.188, -18.819)
Shen et al. (2019) -1.507 (-2.789, -0.225) R 3
Shen et al. (2019)-2 -2.637 (-4.184, -1.090) +
Shen et al. (2019)-3 -1.130 (-2.349, 0.088) g1
Shen et al. (2019)-4 -1.507 (-2.789, -0.225) -
Shen et al. (2019)-5 -1.130 (-2.349, 0.088) Bl
Teteh et al. (2013) -2.615 (-4.502, -0.727) 4.—37
Teteh et al. (2013)-2 -2.281 (-4.062, -0.501) +
Xie et al. (2022) -1.337 (-2.588, -0.085) -
Xie et al. (2022)-2 -1.343 (-2.595, -0.090) -
Xie et al. (2022)-3 -0.671 (-1.834, 0.492)
Xie et al. (2022)-4 -3.150 (-4.844, -1.456) +1
Xie et al. (2022)-5 -0.216 (-1.351, 0.919)
Yan et al. (2022) -2.619 (-4.161, -1.076) -
Yan et al. (2022)-2 -1.734 (-3.062, -0.407) }
Overall (1"2=79.8 % , P< 0.001) -1.245 (-1.758, =-0.732) §>

T T T T -

-40 -20 -10 0

-30
Standardized Mean Difference

Figure 5. Forest plot on the effect of feeding leaves extract on broiler chicken's feed conversion ratio

CONCLUSION

The results of this meta-analysis study
provided promising data on leaf extracts’
potency as a natural growth promoter in
broiler chickens. Future research should
focus on the proper dosages of plant extract

supplementation to change the presence of
in-feed antibiotics.
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