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ABSTRACT

Although antibiotics have considerable positive impacts on poultry production, the use of antibiotics as growth
promoters is beginning to diminish as countries continue to prohibit their use, raising concerns about food safety.
Consequently, the hunt for antibiotic alternatives is intensified to prevent antimicrobial resistance while not
jeopardizing broilers’ growth performance. Phytobiotics are of great relevance since, in addition to being derived
from plants, they possess valuable pharmacological properties that may benefit the production performances
and health status of broilers. Hence, this review will cover the use of grass or leaf meals as a feed additive in
broiler diets, as well as the impact on broiler productivity and meat quality. Locally sourced grass or leaf meals
could potentially be used as an antibiotic replacement due to bioactive compounds present, however, these very
same compounds are deemed to be detrimental if present in high amounts. Therefore, if the appropriate inclusion
level is adopted, the addition of grass or leaf meals might successfully be used as an antibiotic alternative while
also improving broiler performance and end-product quality.
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INTRODUCTION
Globally, the poultry business is one of the fastest-expanding
agricultural sectors, and it has grown in importance
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meat and eggs (Wasti et al., 2020; Kamaruzaman et al.,
2022). In 2020, the Food and Agriculture Organization (FAO)
reported that global poultry meat production reached 133
million tonnes, comprising 40% of total meat production
worldwide. Over the past decade, the consumption of poultry
meat has doubled, and projections indicate that this trend will
persist, with consumption expected to double again by 2050
(Wasti et al., 2020). To fulfill the growing demands for poultry
meat, years of commercial intensive selective breeding have
allowed the body weight increase of modern strains of broiler
chickens to be highly efficient (Zuidhof et al., 2014). Besides
genetics, the application of novel and innovative technologies
at the farm has played a key role in the vast growth of the
poultry industry to keep up with the growing market demand
for poultry meat (Chowdhury & Morey, 2019). Whilst there is
a continuing need to supply the growing demand for chicken
meat, sustainable meat production is required to offer safe
and high-quality meat for human consumption. However,
poultry producers and consumers are challenged with the
threat of antibiotic resistance as the animal industry relies on
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antibiotics to treat diseases (Alghirani et al., 2021a).

Antibiotic growth promoter in broiler health and performances

In the poultry sector, besides vaccines, antimicrobials are used as growth promoters, treatment, and
prevention of infectious diseases in livestock (Ibrahim et al., 2021). Antibiotic growth promoter (AGP)
is described as any medicine that is administered at a low, sub-therapeutic dose with the function of
destroying or inhibiting bacteria (Hughes & Heritage, 2004). The sub-therapeutic use of antibiotics
in animal feeds has been linked to higher rates of antimicrobial resistance (AMR) among pathogens
isolated from animals. Evidence suggests that antibiotic-resistance genes can and do transfer from
animal to human microbiota (Dibner & Richards, 2005). Consequently, whether it occurs directly through
antibiotic residues in meat, potentially leading to side effects; or indirectly through the selection of
antibiotic resistance determinants that could transfer to human pathogens or zoonotic bacteria, human
health may be compromised. For that reason, several developed countries such as the European
Union and the United States have banned the usage of in-feed antibiotics as growth promoters and
is to be solely used for treatment (Windisch et al., 2008; FAO, 2020; Gheisar & Kim, 2018). Similarly,
developing countries such as Malaysia have followed suit and have prohibited the use of antibiotics
colistin, erythromycin, enrofloxacin, tetracycline, ceftiofur, tylosin, and fosfomycin in livestock due to
high resistance rates to guarantee animal health and consumers’ safety (DVS, 2020). With the ban on
antibiotics despite their value as a growth promoter, there is increasing pressure on the livestock sector
to seek alternatives for antimicrobials to prevent AMR and antibiotic residue in the poultry industry
without compromising the performance of the broiler chickens. Common natural feed additives that
could be used as an antibiotic alternative are phytogenic groups which include essential oils (Reis et
al., 2018; Coles et al., 2023), enzymes (Rizwanuddin et al., 2023), prebiotics and probiotics (Fathima
et al., 2023), and herbal extracts (Galli et al., 2020). These phytogenics possess a plethora of bioactive
chemicals or phytocompounds that account for their antioxidant and antimicrobial properties. Therefore,
they could potentially be utilized to enhance the diet of broilers to establish a viable and sustainable
production cycle.

Grasses and leaves as phytobiotics in poultry

The usage of plants and their extracts have long been used in traditional and alternative medicine
to improve livestock production due to their phytogenic and phytobiotic properties (Kuralkar &
Kuralkar, 2021). Phytochemicals or phytocompounds are bioactive plant chemicals abundant in fruits,
vegetables, grains, and other plant-based foods, believed to possess protective properties for the
plant. Phytocompounds are of great interest as they have a wide range of beneficial pharmacological
properties such as antimicrobial, anti-inflammatory, antioxidant, anti-allergic, hepatoprotective, anti-
thrombotic, anti-viral, and anti-carcinogenic (Thakur et al., 2020). Compounds such as flavonoids,
tannins, and alkaloids have been discovered to contribute to antimicrobial and physiological activities
(Ojo et al., 2022). While tannins are known to be an anti-nutritional factor when present in high
amounts, this compound has been shown to increase immunological competence, intestinal microbial
ecology, and gut heath in broiler chicks when present at a modest dose (Huang et al., 2018). Similarly,
supplementation of flavonoid-rich diets may contribute to the overall improvement of broiler health and
lipid metabolism, on top of increasing immune organ indices and humoral immunity against Newcastle
disease and Avian influenza virus (Cao et al., 2012; Sugiharto et al., 2019). Saponins, on the other
hand, have been linked to ruminant intoxication; however, despite the negative effects on ruminants
(Chung et al., 2018; Muniandy et al., 2020), optimal inclusions of saponins in poultry diets have been
reported to demonstrate beneficial effects such as improved growth rate, enhanced feed efficiency,
lower cholesterol levels, reduced odor in excreta, and overall improvement in bird health (Makkar et al.,
2007; Chaudhary et al., 2018a). Additionally, saponin extracts have been shown to exhibit phytotoxic
and antibacterial effects that are particularly efficient against Gram-negative bacteria equivalent to
ampicillin, a common antibiotic (Kolawole et al., 2007). Although saponins have been noted to affect
palatability due to the bitter taste, several studies have shown interesting results that the inclusion of
dietary saponins in poultry diets at an appropriate level may prove to be a useful ingredient as a feed
additive (Alghirani et al., 2021b; Alghirani et al., 2023). Furthermore, according to the study by Kanife
and Doherty (2012), alkaloids, tannins, saponins, and flavonoids which are the principal physiologically
active constituents prevalent in Guinea grass may have antifungal effects and alkaloids present may
contribute to antimicrobial actions. Therefore, the use of grass or leaf meals as a feed additive in broiler
diets and their effects on the productivity and meat quality of broilers will be covered in this review.
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Prisma results

This systematic research was finalized according to the guidelines of “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA Statement” (PRISMA). A systematic literature
search was conducted via the electronic database of Scopus where articles were identified using those
key words related to production. Keywords included were ‘broiler’, ‘grass meal’, ‘leaf meal’, ‘growth
performance’, ‘digestibility’, ‘carcass quality’, and ‘meat quality’. Articles were then refined by restricting
the publication year to 2013 to 2023, a range of 10 years, and restricted to English-only publications.
Only full-text articles with at least one of the growth performance or productivity-related traits included in
the articles were selected to ensure the sufficiency of information obtained. A total of 36 full-text articles
were assessed for eligibility and 10 were excluded due to not meeting the relevant criteria set, which
resulted in a total of 26 articles included in this review. The highest number of papers published in a
single year was four in 2018, followed by three in 2014 and 2019. Figure 1 reveals that Africa accounted
for the majority of the studies (54%), followed by Asia (19%), Oceania (15%), the Middle East (8%),
and only one study from North America (4%). Moreover, the plants researched in the selected papers
may also be categorized into three groups: grasses, legumes, and non-legumes. Only one publication
(4%) supplemented grass meal to broilers among those studied. Non-legume made up 54% of the
publications evaluated, whereas legumes made up 42% (Figure 2). This review will further discuss
the application of grass or leaf meals as a feed additive in poultry diets and the effects on growth
performance, digestibility, carcass traits, and meat quality.

No. of Publications within the World Region

= Asia = Africa = Middle East North America = Oceania

Fig. 1. Number of included publications on grass or leaf meals as a feed additive in broiler diets and their effects on productivity
and meat quality based on the world region.

No. of Publications According to Class of Plant

u Grass = Legume =Non-legume

Fig. 2. Number of included publications on grass or leaf meals as a feed additive in broiler diets and their effects on the productivity
and meat quality based on classification of plant.

The effects of grasses or leaf meals on the growth performance of broilers
Over the past few decades, phytobiotics have emerged as a prominent alternative to antibiotics
in animal feed, owing to their capacity to offer significant advantages in poultry production, such
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as enhanced growth performance, meat quality, and egg quality (Kikusato, 2021). While the exact
mechanism of how these phytobiotics influence growth in poultry has yet to be completely understood,
Valenzuela-Grijalva et al. (2017) have outlined four key methods by which the addition of phytobiotics
may promote growth, which is: 1) increased feed status and feed intake (FI) due to improved flavor and
palatability; 2) antimicrobial effects modulating gut fermentation; 3) enhanced nutrient digestion and
absorption via modification of gut functions; and 4) anabolic action on target tissues, both direct and
indirect, through activation of endocrine and antioxidative defense systems. Supporting that, previous
studies by Jang et al. (2004) and Czech et al. (2009) proposed that these enhancements in poultry
development might be linked to the production of digestive enzymes and an increase in antimicrobial
activity, resulting in improved gut function. The beneficial effects of these phytogenics are believed to
stem from essential bioactive chemical components such as alkaloids, tannins, flavonoids, saponins,
and phenolic compounds, which elicit specific physiological responses in animal organisms (Kuralkar &
Kuralkar, 2021). These secondary metabolites play vital roles as nutritional additives, growth stimulants,
immune enhancers, fertility promoters, and contributors to the reduction of methane and ammonia
emissions. In addition, an increase in Fl and improvements in (feed conversion ratio) FCR could be
linked to the active compounds in herbs or plant extracts as the benefits include stimulation of appetite
and enhanced secretion of digestive enzymes, which in turn facilitates the digestion of nutrients and
eases absorption (Rahimi et al., 2011). Furthermore, several studies have linked an increase in Fl to the
addition of phytogenics, which may improve the flavor and palatability of the feed (Jamroz et al., 2002;
Windisch et al., 2008). Numerous studies that utilized leaf or grass meals found that they had a good
influence on chicken growth performance are discussed below.

Recently, Alghirani et al. (2022) conducted a study on the effects of Brachiaria decumbens as
a novel supplementation on the production performance of Ross308 broilers. It was discovered that
supplementing B. decumbens at a rate of 25 mg per kg of feed produced broilers with the best growth
performance. Fl (1.200-1.237 kg) was not substantially different (p>0.05) across treatment groups
during the starter phase, but BWG was significantly greater (p<0.05) in the group with 25 mg/kg of
B. decumbens (0.901 kg) compared to the other treatment groups including the antibiotic-treated
group (0.853-0.889 kg), resulting in a lower FCR. These positive effects were credited to steroidal
saponins, which are found in high concentrations in B. decumbens and have beneficial effects on the
digestive tract such as increasing nutrient absorption by increasing villi height, thus elevating nutrient
uptake that is not normally absorbed. Furthermore, other phytocompounds present, such as tannins,
flavonoids, and alkaloids, possess traits that could enhance growth performance by bolstering immunity,
preserving microbial balance, and exerting antimicrobial effects to diminish pathogenic burdens and
stabilize intestinal health (Tonda et al., 2018; Chaudhary et al., 2018b; Redondo et al., 2022). However,
supplementation of B. decumbens at higher levels showed lower feed intake which could be caused by
the bitter taste of steroidal saponins and the anti-nutritional effect of both saponins and tannins (Hassan,
2013). Besides, Abang et al. (2023) concluded that the final BW and average daily BWG of broiler
chickens increased correspondingly with those fed higher levels of dried guava (Psidium guajava) leaf
meal (DGLM) (p<0.05). Broiler chickens fed with 4.5 g of DGLM recorded an additional +200 g of the
final BW and +4.67 g average daily BWG in comparison to the control group. FCR and protein efficiency
ratio (PER) followed a similar trend whereby performances improved significantly (p<0.05) as the
inclusion level increased. Average daily Fl amongst treatment groups did not vary (p>0.05), averaging
between 97.42-97.47 g per bird indicating that the inclusion of DGLM was palatable to the chickens. In
another prior research by Daing et al. (2021), supplementing 10 g and 20 g of guava leaf meal (GLM)
per kg of basal diet to broiler chicks significantly (p<0.05) improved BWG and FCR. While the latter
study did not discuss physiological changes in broilers with GLM supplementation, Abang et al. (2023)
credited these beneficial effects in broiler gut health to DGLM's anti-inflammatory and antimicrobial
properties as there is an abundance of flavonoids present in DGLM which possess antimicrobial and
anti-oxidative properties. As demonstrated by Xue et al. (2021), flavonoid-rich extracts from Kudzu-leaf
(KLF) treatment were found to demonstrate a significant decrease (p<0.05) in FCR when compared to
the control group. Xue et al. (2021) ascribed this to the improved proliferation of bacteria and hindered
pathogens as gut flavonoid content increased; which in return promoted the substrates available for
absorption by gut microbiota, thus improving the feed efficiency. These reports are in line with previous
studies which demonstrated that phytocompounds, namely flavonoids, phenolic groups, and alkaloids
contribute to the antimicrobial effect which would improve the animals’ performance (Taraz et al., 2015).

On top of that, studies on Moringa oleifera leaf meal (MOLM), which has a wide spectrum of medicinal
importance and phytochemical value, demonstrated positive impacts on production performances as it
is believed to be an excellent source of antioxidants and anti-inflammatory compounds (Modisaojang-
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Mojanaga et al., 2019; Hussein & Jassim, 2019; Meel et al., 2021). However, the presence of phytate
and other anti-nutrients in the leaves may limit nutrient bioavailability and absorption in animal guts.
Tannins, which are found in Moringa leaves, have been shown to disrupt the biological utilization of
protein and, to a lesser extent, accessible glucose and lipids (Esonu et al., 2001). A study by Kakengi
et al. (2003) linked the decrease in Fl to the lower palatability of the MOLM-supplemented diet in broiler
chickens (Kakengi et al., 2003). Despite that, MOLM-fed chickens still managed to acquire considerably
more weight and had a better FCR (p<0.05) than control-fed broilers, suggesting that the improvement
might be related to MOLM's nutritional content and Moringa's antibacterial characteristics (Fahey et al.,
2001). Another experiment comparing the effects of MOLM, a probiotic, and an organic acid as an AGP
alternative on the growth performance suggested that the supplementation of MOLM affected the BW
similarly to an AGP and organic acid (p>0.05) (Nduku et al., 2020). Similar results were found in another
experiment, whereby the inclusion of MOLM at ranges of 2.5 g-10 g per kg of feed significantly (p<0.05)
improved the final body weight (2641 g-2750 g) and total body weight gain (2492 g-2599 g) of broiler
chicks in comparison to the control chickens (2497 g and 2349 g respectively). FI was comparable
(p>0.05) amongst all groups resulting in a lower FCR (1.59-1.69) (p<0.05) for MOLM-treated groups
compared to the control group (1.82) (Alshukri et al., 2018). The increased average daily gain (ADG) of
MOLM-fed chickens may be due to the moderating effect of phenolics found in the leaves. Given that the
major site of activity in plant extracts such as MOLM is in the gastro-intestinal tract through alterations in
gut micro-flora, phenolics found in MOLM may promote enhanced glycolysis and utilization of glucose
for energy generation (Mbikay, 2012; Nkukwana, 2012). On top of that, Moringa leaves are high in
protein, amino acids, vitamins, and minerals, with antibacterial and therapeutic qualities that may act
as a growth promoter (Alshukri et al., 2018). Nevertheless, a study by Alidou et al. (2016) attributed
the lower FI of MOLM-fed chickens to anti-nutritional components that limit nutrient absorption, hence
altering production metrics, which Alshukri et al. (2018) stated may be related to phytate, an anti-
nutritional element.

High levels of tannin-rich leaf meals in broiler diets may hurt productivity and Fl (Ncube et al., 2012;
Martens et al., 2013; Ncube et al., 2017), whereas lower and appropriate levels of tanniniferous leaf
meals in broiler diets might benefit development metrics and gut morphology (Huang et al., 2018; Miya
et al., 2019;). Tanniniferous plants, such as Acacia, have been shown to improve animal performance
due to their high quantities of natural antioxidants and possibly be employed as a phytobiotic (Jiang
et al., 2016; Huang et al., 2018; Atiba et al., 2021). However, it was discovered that the inclusion of
Acacia karroo leaf meal at 0.5-1.5 g/kg of feed did not affect (p>0.05) the FI, FCR, growth rate, and
live weight of both sexes across all treatments during the feeding trial (Kolobe et al., 2022). Likewise,
another research by Madzimure et al. (2018) reported that Acacia anguistissima as a protein source
had no effect (p>0.05) on FI in broiler chicks across all treatment diets but treatment groups with
higher inclusion levels recorded greater total Fl value. Conversely, Gudiso et al. (2019) found that
adding A. anguistissima to the broiler diets showed a linear decrease in the average daily FI and ADG.
Contradicting results from these studies show that the variations in FI and other productivity indices are
influenced by a variety of factors, including palatability, retention time in the GIT, and bioavailability of
nutrients (Madzimure et al., 2018; Gudiso et al., 2019; Kolobe et al., 2022). Elevated FI rates suggest
that the animal consumes more feed to fill its empty gut as feed moves quickly through the GIT to
balance body nutrients (Madzimure et al., 2018). Despite the disparities in findings, all three studies
on the addition of Acacia in broiler diets emphasized the effects of tannins, which are abundant in the
plant's leaves and are thought to be the most important component influencing chickens’ performance.
This is because tannins, which are natural antioxidants, have a high affinity for proteins, with which they
connect via hydrogen bonding, hydrophobic association, or covalent bonding, limiting the utilization of
proteins that are essential for chicken development (Frutos et al., 2004; Garcia et al., 2004; Kolobe et
al., 2022). A previous study by Smith et al. (2003) in rats corroborates this statement by reporting that
two mechanisms can lead to decreased feed intake: decreased palatability due to astringency (tannin
& salivary glycoprotein complexes) and aversive post-ingestive feedback due to nutrient deficiency
(tannin-protein complexes), leading to decreased protein availability. Therefore, more studies should
be conducted to determine the appropriate levels of Acacia in broiler diets to avoid the disruption of
protein digestion and absorption as tannins present may cause a retardation in growth despite a higher
feed intake.

Studies on copra meal (CM) and cassava leaf meal (CLM) supplementation at 100 g/kg and 200
g/kg to broiler chickens’ diets found that there were no effects (p>0.05) on the Fl and BWG (Diarra &
Anand, 2020; Diarra et al., 2023). In addition, the experiment conducted in 2023 found poorer (p<0.05)
FCR (1.81-2.13) in the treatment groups during the finisher phase whereas in the 2020 study, the FCR



6 Ong et al., 2024

(1.46-1.40) increased (p<0.05) during the starter phase. Bakare et al. (2020) which included CLM in
broiler diets found similar results whereby Fl was not affected (p>0.05) by the inclusion of CLM. But,
the ADG (0.97 g/kg) and FCR of chickens fed with 300 g/kg CLM decreased (p<0.05) in comparison to
the control group (1.23 g/kg ADG). While the previous two studies explored the use of enzymes as a
technique of boosting high fibrous elements like CM and CLM in broiler diets tract (Diarra, et al., 2005;
Devi and Diarra, 2017; Diarra et al., 2023). According to Bakare et al. (2020), CLM is known to contain
significant amounts of anti-nutritional substances such as hydrocyanic acid (HCN), tannin, and phytin,
which may have interfered with nutrient absorption (Wobeto et al., 2007; Oresegun et al., 2016). Lipinski
et al. (2017) have also hypothesized that polyphenols have been shown to suppress digestive enzyme
production, increase protein secretion, and decrease protein and amino acid digestibility, resulting in
opposite metabolic consequences such as lower body weight and feeding efficiency.

Table 1 summarises the favorable and harmful impacts of including leaf meals in chicken diets on
growth parameters. The differing findings might be attributed to the diversity of plant sources utilized,
which could have influenced the chickens' acceptance of the meal. Furthermore, variable quantities of
phytocompounds and their combination with nutrients in diet may impact broiler bird production indices.
Although plant-based phytobiotics may be a viable alternative to antibiotics and growth promoters,
further research is needed to discover the optimal dosage for each type of phytobiotic. Furthermore,
anti-nutritional factors, harvesting age, continuous supply, storage period, stability, and microbial
contamination must be addressed before they can be effectively used in the commercial chicken
business.

Table 1. The different effects of various leaf or grass meal supplementation on the growth performance of broilers

Source

Inclusion levels

Growth performance

References

B. decumbens
ground leaf powder

Guava (Psidium
guajava) leaf meal

Moringa oleifera
leaf meal

Acacia

Copra meal

Cassava leaf meal

25 mg/kg of basal diet
without antibiotics

1.5, 3.0, and 4.5 g of dried
guava leaf meal per kg of
basal diet

10 g and 20 g of guava
leaf meal per kg of basal
diet

1000 g of leaf meal per
ton of feed

0.25, 0.50, 0.75 and 1.0%

0.5,1.0, 1.5 g A. karroo
leaf meal

50, and 100 g of A.
anguistissima kg of feed
30, 60, 90, 120, and
150 g/kg DM of A.
anguistissima

100 and 200 g of copra
meal per kg of feed

100, 200, and 300 g of
cassava leaf meal per kg
of feed

Improved FCR, body weight gain
(BWG), and final body weight (BW)
throughout both the starter and
finisher phases.

Improved final BW, ADG, FCR, and
PER in all treatment groups.

No improvements in average daily
Fl.

Improved BWG and FCR.

Lower FI during first 7 days.

Improved final and total BWG,
comparable FI, and lower FCR.
No effect on FI, FCR, growth rate,
and live weight of male and female
broiler chickens.

No effect on FI.

Decrease in ADG and average
daily FI.

No effect on Fl and BWG.
Decreased FCR during the starter
phase.

No effect on FI.

Decreased ADG and FCR of
chickens fed with 300 g/kg.

Alghirani et al. (2022)

Abang et al. (2023)

Daing et al. (2021)

Nduku et al. (2020)

Alshukri et al. (2018)

Kolobe et al. (2022)

Madzimure et al. (2018)

Gudiso et al. (2019)

Diarra and Anand, (2020); Diarra

et al., (2023)

Bakare et al. (2020)

The effect of grasses or leaf meals on nutrient digestibility of broilers
The digestibility of nutrients with the addition of leaf meals in poultry is still highly debated due to

the fiber content and secondary metabolites present which may act as antinutritive compounds. The
amount of fiber in the diet is an important component that influences the rate at which the feed travels
through the gastrointestinal system, which in turn influences the digestion parameters (Mateos et al.,
2002). There have been inconsistencies with the data on phytocompounds as tannins, flavonoids, and
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polyphenols are said to improve digestion (Basit et al., 2020b). On one hand, phytocompounds with
antioxidant and immunomodulatory qualities are claimed to aid the breakdown and absorption in the
gastrointestinal system (Suresh et al., 2017) which is believed to improve feed intake and digestibility.
This is because they boost nutritional digestion and absorption in the colon by increasing the release
of digestive enzymes (Khan et al., 2012). Furthermore, the favorable effects of phytobiotics on the
structure of the intestine, as well as the decrease of harmful bacteria and inflammation in the gut, help to
increase nutrient uptake and absorption, as detailed further in the subsequent sections. However, other
studies claimed that digestibility is improved with the inclusion of dietary fiber but phytocompounds such
as phytate, tannins, and polyphenols reduce digestibility (Nkukwana et al., 2014). Phytate and tannins
may bind to proteins in the gastrointestinal tract, limiting protein digestibility and hence, nutritional intake
(Selle et al., 2010; Moyo et al., 2011). Polyphenols were discovered to form complexes or denature
enzymes when taken in excess, limiting digestibility (He et al., 2007). Having said that, phytocompound-
rich herbs have been shown to improve digestion by stimulating saliva secretion, increasing bile acid
synthesis in the liver and extraction in the bile, stimulating pancreatic enzyme function, increasing the
activity of digestive enzymes in the gastric mucosa, and accelerating digestion (Frankic et al., 2009).

Alghirani et al. (2022), showed that during both starter and finisher phases of Ross308, there were
significant variations (p<0.05) found in the apparent ileal digestibility (AID). CP (59.81%; 62.36%),
CF (35.24%; 32.29%), and EE (76.06%; 76.99%) were significantly greater (p<0.05) in the group
supplemented with 25 mg of B. decumbens per kg of basal diet, whereas DM (63.45%; 62.36%) and
ash (41.11%; 31.90%) were lower in comparison to the control group. Grasses and forage plants have
been shown to increase feed intake and digestibility by enhancing endogenous secretion production in
the small intestine, liver, and pancreas (Cross et al., 2007; Akande et al., 2010; Martens et al., 2012).
Yet, Alghirani et al. (2022) observed that higher levels of B. decumbens supplementation reduced
digestibility, which they attributed to anti-nutritional factors such as steroidal saponins and tannins,
which could potentially hinder broilers' growth potential by reducing nutrient digestibility (Dei et al.,
2007; Hidayat et al., 2021). Furthermore, high fiber dietary content increases feed volume and, as a
result, nutritional density, as well as increases digesta transit rate and lowers feed retention 92 times in
chickens, which may reduce intestinal size while lowering nutrient availability for development (Rahman
et al.,, 2018). Manyelo et al. (2022a) studied the effects of incorporating Amaranth leaf meal into the
diets of Ross308 broiler chicks and found that all inclusion amounts had no influence on DM and GE
digestibility (p>0.05). Although there was no linear or quadratic effect observed in the digestibility of
increasing levels of Amaranth leaf meal, those fed 50 g had higher (p<0.05) CF, CP, and ash digestibility
values, while those fed 100 g had higher (p<0.05) EE digestibility. With the above information, it should
be emphasized that the inclusion levels did not affect the broilers’ performance. In another experiment
by Manyelo et al. (2022b) which similarly provided Amaranth leaf meal to indigenous Boschveld
chickens, found that the digestibility of DM and GE were not affected (p>0.05) but CP, CF, EE, and ash
were different (p<0.05) in the group of chickens fed with 50 g of Amaranth leaf meal. Because there
are no other studies that are comparable to these, the authors can only speculate that the differences
in digestibility are related to the chickens' ability to tolerate the phytocompounds found in the leaves.
They also determined that Amaranth leaf meals may be included in the diets of indigenous Boschveld
hens at any of the experimental doses since the chickens' nutrient utilization and performance indices
were good. Additionally, a linear increase in DM, OM, CP, and EE digestibility was discovered with the
increase of Azolla leaf meals (ALM) supplementation (Abdelatty et al., 2020). The authors attributed
the improved nutrient digestibility to the interaction between the supplementation of ALM and intestinal
morphology. Similarly, increasing levels of Ginkgo biloba leaves (0 to 60 g/kg of diet) that contain bioactive
compounds such as flavonoids, bilobalides, and polyphenols improved the apparent digestibility and
true digestibility of EE, threonine, valine, leucine, histidine, and methionine linearly (p<0.05) and tended
(0.05<p<0.1) to increase the true metabolizable energy (TME), nitrogen corrected TME (TMEn) and
arginine (Ren et al., 2018).

In another experiment, Sebola et al. (2019) studied the apparent digestibility of Moringa oleifera
mature and tender leaf meals supplemented at 25-100 g/kg of feed to three different strains of chicken
(Potchefstroom koekoek (PK), Ovambo (OV) and Black Australop (BA) chickens). Results revealed
that adding MOLM at all levels had no negative impact on the nutritional digestibility of PK and OV
chickens, and for these two strains, higher inclusion levels of MOLM had better (p<0.05) CP digestibility.
However, CP digestibility in BA chickens was reduced. This might be related to the genetic differences
in each strain's ability to absorb and digest nutrients in a high-fiber diet. On the contrary, Gakuya et al.
(2014) found lower (p<0.05) feed intake and DM digestibility in those supplemented with MOLM above
750 g MOLM per kg of diet. While Gukaya et al. (2014) did not disclose the strain of broiler chickens
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used in their experiment, Nkukwana et al. (2014) recommended that MOLM be supplemented up to 25
g per kg of feed as there were no apparent (p>0.05) differences in digestibility but it improved growth
performance parameters of Cobb500 broiler chickens. Furthermore, supplementing broiler chicks with 4
g/kg Piper betle and 8 g/kg Persicaria odorata enhanced (p<0.05) digestibility of EE and DM compared
to the control group (Basit et al., 2020a). The digestibility of CP was found to be higher (p<0.05) in
the group fed 8 g/kg P. odorata, which is said to be high in flavonoids and polyphenols that improve
cellular and mucosal immunity by regulating circulatory and endocrine markers, thus improving broiler
health and digestibility (Kamboh et al., 2015). In contrast, the group fed with 8 g/kg P. betle had the
lowest (p<0.05) CP digestibility. High concentrations of tannins could have caused this reduction in the
digestion of CP (Sav'on et al., 2006).

While supplementation of grass and/or leaf meals in chicken diets has been shown to have good
effects, there are some contradicting findings, since varied amounts of phytocompounds and their
combination with nutrients may have a detrimental influence on broiler chickens’ digestibility. Besides, a
broiler bird’s digestibility may also be influenced by its genetics. Therefore, more research in this area is
essential to effectively benefit the broiler sector. Table 2 summarises the effects of different plant meal
supplementation and concentrations on the digestibility of poultry.

The effect of grasses or leaf meals on carcass and meat quality of broilers

Because of their antibacterial and antioxidant capabilities, the inclusion of phytobiotics in broiler diets
may be beneficial in improving carcass quality while adding value to the products (Adriani et al., 2019).
Including plant extracts in chicken feed has proven to enhance the eviscerated carcass breast muscle
percentage by 1.2% (Puvaca et al., 2011). Additionally, phytocompounds have been shown to exhibit
anabolic effects via two possible modes of action, by altering animal metabolism by acting similarly to
B-adrenergic agonist chemicals and/or boosting plasma norepinephrine levels by inhibiting catechol-o-
methyltransferase. These two mechanisms alter the animals' metabolism by boosting protein synthesis
and lipolysis while lowering lipogenesis, both of which favor muscle tissue growth (Valenzuela-Grijalva
et al., 2017; Oloruntola et al., 2022).

On day 21, Alghirani et al. (2022) observed significant differences (p<0.05) in the carcass
characteristics of Ross308 broilers supplemented with B. decumbens in comparison to the control groups
in final live weight, kill-out weight, de-feathered weight, carcass weight, dressing percentage, breast,
drumstick, wing, head, neck, shank, GIT, heart, and liver weight. Whereas on day 42, all parameters
showed significant differences (p<0.05). Chickens fed with 25 mg/kg of B. decumbens had the highest
values throughout the experiment, suggesting the best carcass features. These findings were attributed
to the favorable effects of saponins and other phytochemicals found in grass, since saponins have been
associated with improved nutrient absorption along the gastrointestinal system, leading to superior
body weight increase and carcass features. Diarra et al. (2022) discovered that chickens given cassava
leaf meal had significantly lower (p<0.05) abdominal fat recording (0.9%) than the other groups (1.1-
1.5%), likely owing to variations in the sources, namely micronutrients. Similar results were found in
the experiment conducted by Faria et al. (2011), whereby supplementing Pescogo Pelado broilers with
100 g/kg of cassava leaves resulted in higher (p<0.05) carcass yield, lower back and abdominal fat, as
well as better economic efficiency in comparison to other treatments which are rice bran and ground
lead tree hay. However, there were no significant (p>0.05) differences in the weight of the neck, wings,
drumstick, thighs, and feet of the broiler chickens across all treatments. Similarly, Lippia javanica leaf
meal inclusion at 5 and 12 g/kg of feed had no effect (p>0.05) on broiler breast weight, thigh weight,
carcass weight, or dressing percentage, but significantly increased (p<0.05) abdominal fat weight when
compared to those whose diets did not contain L. javanica leaf meal. Nonetheless, broilers fed 12 g/kg
L. javanica leaf meal exhibited the greatest (p<0.05) proventriculus and gizzard weights as well as the
longest small intestines (Mpofu et al., 2016).

Oloruntola et al. (2022) supplemented Arbor Acres broiler chicks with Mucuna leaf meal which is
rich in alkaloids, flavonoids, saponins, tannins, terpenoids, and other phytocompounds. They reported
a higher dressing percentage with increasing levels of Mucana leaf meal supplementations (72.30-
76.43%) in comparison to the groups supplemented with oxytetracycline (71.08%) and control diet
(70.35%) despite not showing significant differences (p=0.45). Additionally, there were no significant
(p>0.05) differences in the relative organ weights which indicates that the supplementation did not
interfere with the healthy development of the broilers. However, the supplementation of neem leaf meal
in broilers at 25 g/kg of feed resulted in a higher average giblet percentage and is cited to be attributed
to the bioactive compounds present in the leaf such as isoprenoids and polyphenolics despite not
fully understanding the mode of action (Biswas et al., 2002; Kumari et al., 2014). On the other hand,
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the addition of Kudzu and alfalfa leaf meal at 60 and 73 g per kg of starter feed over 21 days resulted
in lower (p<0.05) carcass weights (822.96-850.90 g) in comparison to the control group (894.10 Q).
Correspondingly, the whole breast weight and breast percentage yield were also lower (p<0.05) in the
treated groups. Generally, the organ weights of chickens on the control diet had a higher liver weight
percentage than the chickens fed with Kudzu and alfalfa leaf meals possibly in response to increased
fiber content that reduces liver lipid accumulation and plasma lipid content (Gulizia & Downs, 2020).
The increase in liver weight could serve the purpose of aiding the absorption of nutrients from the gut
as tannins, alkaloids and nitrates in the leaves act as anti-nutritional factors (Kagya-Agyemang et al.,
2007). The tannins present, according to the investigators, bind to enzymes and restrict the availability
of dietary proteins (Donkoh et al., 2002).

Table 2. The different effects of various leaf or grass meal supplementation on the nutrient digestibility of broilers

Source Inclusion levels Digestibility References
B. decumbens ground 25 mg/kg of basal diet without Improved digestibility of CP, Alghirani et al. (2022)
leaf powder antibiotics EE, and CF but lowered

Amaranth leaf meal

Azolla leaf meals

Ginkgo biloba leaf meal

M. oleifera leaf meal
(MOLM)
Piper betle and

Persicaria odorata leaf
meal

0, 50, 100, 150, and 200 g of
Amaranth leaf meal per kg diet

50 g and 100 g of Azolla leaf
meals per kg of diet

0, 20, 40, 60 g of Ginkgo biloba
leaves per kg diet

25, 50, and 100 g of M. oleifera
leaves per kg diet

0, 75, 150, 300 g per MOLM per
kg diet

Low (1, 3, 5 g), Medium (3, 9, 15
g), High (5, 15, 25 g) of MOLM
per kg diet
4 g P. betle, 4 g P. odorata, 8 g
P. betle, 8 g P. odorata per kg of
basal diet

digestibility of DM and ash.

All levels did not affect DM
and GE.

Ross308 broilers fed with 50
g had higher CF, CP, and ash
digestibility.

Ross308 broilers fed with 100
g had higher EE digestibility.
All levels did not affect DM and
GE in indigenous Boschveld
chickens.

Improved digestibility in CP,
CF, EE, and ash in indigenous
Boschveld chickens.

Linear increase of digestibility
in DM, OM, CP, and EE.
Increasing supplementation of
Ginkgobilobaleavesincreased
apparent digestibility and true
digestibility of EE, threonine,
valine, leucine, histidine, and
methionine linearly.

Higher inclusion levels had
better CP digestibility in
Potchefstroom koekoek and
Ovambo strain chicken.
Reduced CP digestibility in
Black Australop chicken.
Lower DM digestibility in those
supplemented with more than
750 g of MOLM.

No differences in digestibility.

4 g of P. betle and 8 g of
P.  odorata enhanced the
digestibility of EE and DM.

8 g of P. odorata leaf meal
improved CP digestibility.

8 g P. betle decreased CP
digestibility.

Manyelo et al. (2022a)

Manyelo et al. (2022b)

Abdelatty et al. (2020)

Ren et al. (2018)

Sebola et al. (2019)

Gakuya et al. (2014)

Nkukwana et al. (2014)

Basit et al. (2020a)
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The visual appeal of products, particularly the color of meat, significantly influences consumer
purchase decisions (Mancini & Hunt, 2005). Additionally, pH value, color, and cumulative drip loss are
all critical factors in evaluating meat quality (Janisch et al., 2012). According to Abdulla et al. (2017),
the pH of fresh broiler meat ranged from 6.34 to 6.47. Aside from microbial-related quality loss in meat,
oxidation is a primary cause of meat quality decline. Under stressful conditions, excess formation of free
radicals beyond what endogenous antioxidant enzymes can control results in the brownish coloration
of meat from its natural red hue (Falowo et al. 2014). The inclusion of antioxidant-rich feed additives
has been proven to promote the preservation of normal meat color (red) in chickens as well as increase
meat tenderness (Contini ef al., 2014). These secondary metabolites are thought to prevent or postpone
oxidation via two key pathways: 1) donating electrons to break or terminate the oxidation cycle at the
propagation step, preventing the formation of additional lipid and protein radicals; 2) removing free
radical (ROS) initiators to quench chain-initiating catalysts (radicals); or limiting the radicals initiators by
binding metals such as iron and copper as metal chelators to stabilize them in an inactive or insoluble
form (Falawo et al., 2014). Furthermore, it was discovered that by directly applying natural antioxidants
to meat products, the phytocompounds of these plant-based products could reduce meat spoilage
bacteria and decontaminate against Salmonella (Mani-Lépez et al., 2012; Sant'Ana et al., 2014).

The inclusion of MOLM at 1 g/kg of feed was found to improve meat quality of chicken meat, and its
effects were comparable to probiotics and organic acid. Despite not showing any significant differences
(p>0.05) in pH values among treatments, meat from chickens fed with MOLM had a higher (p<0.05)
redness (a*) value (1.43) in comparison to the other treatments (0.73-1.19) which could be attributed to
the higher levels of dietary iron in M. oleifera (Nduku et al., 2020). This may be attributed to M. oleifera
leaves’ high antioxidant activity due to the phytocompounds present such as saponins, glucosinolates,
flavonoids, and phenolic acids (Modisaojang-Mojanaga et al., 2019). In contrast, Cobb500 chickens that
were MOLM-supplemented with low, medium, and high levels had no significant differences (p>0.05) in
the meat pH measured at post-mortem. Cumulative drip loss was also significantly decreased (p<0.05)
in those fed with high MOLM, and lightness was significantly reduced (p<0.05) while increasing a*,
yellowness (b*), chroma, and the hue angle during storage over time (Nkukwana et al., 2014). Sebola
et al. (2019) studied the effects of MOLM on the meat quality of three different chicken strains (PK, OV,
BA) and found that there were no 3-way interactions (diet x strain x gender) that affected (p>0.05) a*, b*,
pH, and cooking loss but affected (p<0.05) lightness (L*) and shear force. Variations in chicken strains
within diets were detected; pH was unaffected (p>0.05), while color, shear force, and cooking loss
substantially differed (p<0.05). Because of the high carotene content in MOLM, higher inclusion levels
resulted in increased b* of breast meat in the BA strain. Male and female OV strains generated meat
with lower shear force (41.29-61.03 N*mm) than the other strains (51.06-86.82 N*mm), which might be
attributed to differences in muscle fiber size and genetic diversity across the strains.

Similarly, Ross308 broilers fed feeds containing 0 and 100 g Amaranth leaf meals (ALM) exhibited
greater (p>0.05) cooking loss than those fed diets containing 50, 150, and 200 g ALM per kg feed. All
inclusion levels had no effects (p>0.05) on the pH value (5.57-6.75) and breast meat a* (-0.99-1.05) or
b* (7.33-10.45). But, L* of breast meat from chickens fed with 50 g (51.11) and 100 g (50.16) of ALM
recorded significantly lighter (p<0.05) breast meat color than the other treatments (44.56-49.14) which
did not differ from each other (p>0.05). In addition, there were no significant differences (p>0.05) in the
meat tenderness, juiciness, flavor, and overall acceptability of the meat across all ALM inclusion levels.
Broilers fed with 50,100 and 200 g of ALM/kg feed had lower (p<0.05) cooking loss in comparison to
the other groups. ALM inclusion into the diet might be responsible for the darker breast meat color due
to higher chlorophyll and carotene levels present in the leaves (Manyelo et al., 2022a). Another study
by Ncube et al. (2017) discovered that when A. angustissima leaf meal levels increased, L* values
declined from 53.66 to 49.23, b* values increased from 12.93 to 19.97, shear force increased from
14.14 N to 14.54 N, and cooking loss increased from 5.95% to 7.64%. On the other hand, Yavas and
Malayoglu (2018) found that the addition of olive leaf meal (oleuropein) to Ross308 broiler chicks at
different levels had no effect (p>0.05) on breast meat brightness (L*), yellowness (b*), and pH after 24
hr, while redness (a*) increased significantly (p<0.05) compared to the control group.

Further investigations on the effects of different plant-based meals incorporated into broiler diets
at variable dosages may provide a better knowledge of how phytocompounds alter carcass features
and meat quality, and this information may be used to improve end-product value. Table 3 shows the
different effects of various leaf or grass meal supplementation on carcass traits and meat quality of

poultry.
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Table 3. The different effects of various leaf or grass meal supplementation on carcass traits and meat quality of broilers

11

Source Inclusion levels Carcass traits References
B. decumbens ground 25 mg/kg of basal diet Improved carcass traits across Alghirani et al. (2022)
leaf powder without antibiotics all indicators during the finisher

Cassava leaf meal

Lippia javanica leaf meal

Mucuna leaf meal

Neem leaf meal

Kudzu leaf meal

Alfafa leaf meal

100 g/kg (starter) and 200
g/kg (finisher)

100 g/kg (starter) and 200
g/kg (finisher)

5 and 12 g/kg of feed

5, 10, and 15 g/kg of feed

25 g/kg of feed

60 g/kg of feed

73 g/kg of feed

phase.
Lower abdominal fat percentage.

Lower abdominal fat percentage.

Significantly increased abdominal
fat weight, proventriculus, and
gizzard weight.

No effect on breast weight,
thigh weight, carcass weight, or
dressing percentage.

Higher dressing percentage.
No differences in relative organ
weight.

Higher average giblet
percentage.

Lower carcass weight, whole
breast weight, breast percentage
yield.

Higher liver weight.

Lower carcass weight, whole
breast weight, breast percentage
yield.

Higher liver weight.

Diarra et al. (2022)

Diarra and Anand (2020)

Mpofu et al. (2016)

Oloruntola et al. (2022)

Kumari et al. (2014)

Gulizia and Downs (2020)

Gulizia and Downs (2020)

Source

Inclusion levels

Meat quality

References

Moringa oleifera leaf meal

Amaranth leaf meals

Acacia angustissima leaf
meal

Olive leaf

1 g of MOLM per kg of
feed

low (1-5 g/kg of feed,
depending on growth
stage)

medium (3-15 g/kg feed),
and high (5-25 g/kg feed)
0, 25, 50, 100 g/kg feed

50, 100, 150, and 200 g
per kg of feed

0, 50 and 100 g/kg feed

0, 12.5, 25 and 50 g of
olive leaf (oleuropein)

No effect on pH.
Higher a* value.

No effect on pH.

Decreased cumulative drip loss in
high MOLM.

Reduced L*, a*, b*, chroma, and
hue.

No effects in a*, b*, pH, and
cooking loss.

Affected L* and shear force.
Had no effects on pH, breast

a* and b*, meat tenderness,
juiciness, flavour, and overall
acceptability.

Recorded differences in cooking
loss and L*.

L* declined as supplementation
increased.

b*, shear force and cooking loss
increased linearly along with
supplementation.

No effect on L*, b*, and pH,,
Increased a*.

Nduku et al. (2020)

Nkukwana et al. (2014)

Sebola et al. (2019)

Manyelo et al. (2022a)

Ncube et al. (2017)

Yavas & Malayoglu (2018)
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CONCLUSION

According to the information and findings of previous studies, it can be concluded that, with appropriate
dosages, grass or leaf meals could potentially be a viable alternative to antibiotics because they have
been shown to improve growth performance, carcass characteristics, and meat quality. Nevertheless,
additional research is warranted to tackle concerns surrounding optimal dosages, timing of harvest,
extraction methodologies, potential antagonistic interactions, and anti-nutritional factors, all aimed at
guaranteeing both the safety and efficacy of phytobiotic utilization in broilers. Additional investigation is
necessary as well to understand how different phytobiotic sources and their specific phytocompound
profiles affect different strains of broilers. Furthermore, for economic reasons, the antibiotic alternative
of choice should be one with the lowest feasible cost and equal effects to synthetic antibiotics at a
lower cost. Greater knowledge of the interaction and implications of these grass or leaf meals and their
phytocompounds on the broiler industry would boost industry confidence in using these phytobiotics as
an alternative to AGPs while also improving food safety for consumers.
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