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ABSTRACT

Poultry accounts for more than 30 % of all animal protein consumption worldwide. It is estimated that by 2030, poultry
will account for 41 % of all animal protein consumed by people due to low income and population growth. Protein feed
sources are considered the most valuable but expensive ingredients in poultry production. High feed cost is the major
problem faced by livestock and poultry farmers, especially those in rural communities. The need to search for alternative
feed sources has triggered much interest in the use of Acacia meals including 4. karroo, A. tortilis, A. nilotica, and A.
angustissima leaf meals in poultry diets since they are readily available, grow in abundance, and cover large areas in
most parts of Africa. Acacia meals have high nutritional values due to their large amounts of crude protein, hence, can
effectively serve as an alternative protein feed source for the poultry diet. However, their utilisation is restricted by the
presence of tannins within the leaves. Previous research on the inclusion of Acacia meals in poultry species focused
mainly on broiler chicken diets. Therefore, the present review encompases the potential use of Acacia meal as a cheap
and alternative protein source in poultry diets.
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INTRODUCTION also affect the price and consumer preference.

(Tshabalala et al., 2003; Cunha et al., 2018; Mthethwa,

Poultry production worldwide contributes more 2018). Synthetic antioxidants have primarily been used to

than 30% of protein for human consumption through .retard lipid oxidatign in chickens but their continued use
meat, eggs, and their products (Hafiz er al, 2015; is, however, .cons1d.ered harmful tg hpmans as they
Motsepe et al., 2016). Rosegrant et al. (2001) reported produce carcinogenic effects (Gheisari et al, 2017,
that there is high demand for poultry meat. This is Lorenzo et al., 2018). Because of this, consumers tend to
attributed to the high nutritional value and affordability of shift their preference to meat produced naturally without
poultry meat when compared to other animal protein the use of growth hormones and chemicals (Tshabalala et
supplies (Hafiz et al, 2015). As a result, the poultry al, 2003; Shah et al, 2014; Lorenzo et al, 2018;
industry continues to grow year in and year out making it Nikmaram et al., 2018; Cunha er al, 2018). These
a significant contributor to global food security, income, problems have triggered more research interest in finding
and employment opportunities particularly for rural- possible alternative feed sources in the poultry industry.
based communities (Mbajiorgu et al, 2007). Seasonal Thus, it is important to find alternative, low-cost, and
changes including climate change and drought conditions effectlve fee.ds.mffs to reduce costs while maintaining
affect the quantity and quality of feed raw materials high productivity. It ha§ been reporteq that most fodder
which result in shortages and high poultry feed costs trees and shrubs have high crude protein on a dry matter
(Mthethwa, 2018). The hike in feed costs is mainly on basis and can be used as an alternative protein source in
protein and energy feed ingredients which adversely poultry feeds to elevate bird productivity since they are
affect poultry industries, especially commercial and affordable and readily available (Jamala et al, 2013;
smallholder poultry farmers. Poultry meat is the most Tufarelli et al., 2018). In addition, other authors observed
preferred meat by consumers because it is considered that dietary tannins inclusion from Acacia meals in diets
healthier, tastier, and cheaper than meat from other reduced fat deposition in broiler chickens (Ng’ambi et al.,
livestock (Brenes and Raura, 2010; DAFF, 2011; Hafiz et 2009; Hafeni, 2013). The most common Acacia species
al., 2015). However, chicken meat is constrained by its includes Acacia karroo, Acacia tortilis, Acacia nilotica,
high amount of unsaturated fatty acid contents, which Acacia angustissima, Acaciq saligna anfi Acacia
exposes meat to lipid oxidation, leading to microbial scaffneri. Although they have high crude protein content,
spoilage (Wapi er al, 2013). This process causes their utilisation, anti-nutritional factors (amount and types
undesirable meat with poor quality, low shelf life which of tannins), viability, and palatability need to be taken
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into consideration as they affect animal performance
(Mokoboki et al., 2005; Anon, 2009; Hassan and Abd El-
Dayem, 2019). There is limited information about the use
of various Acacia meals as alternative protein sources in
poultry feeds to improve productivity and reduce feed
costs. The aim was to report on the potential use of
Acacia meals as protein feed sources in poultry
production.

Description of various Acacia species: Acacia species
are leguminous trees and shrubs which remain green
almost throughout the year. They are known to adapt and
survive in dry, poor, and harsh environmental conditions
and they are highly distributed in most parts of the world
(Mokoboki et al., 2005; Mashamaite et al., 2009; Mapiye
et al, 2011; Mathobela, 2018). The common Acacia
species includes; Acacia karroo, Acacia tortilis, Acacia
nilotica, Acacia angustissima,  Acacia saligna and
Acacia schaffneri. Acacia karroo, also called Vachellia
karroo, is the most widespread Acacia species in
Southern Africa, where it is commonly known as sweet
thorn (Mapiye et al., 2011). It adapts well to different
environmental conditions (Mathobela, 2018). Acacia
karroo is abundant in South Africa and grows well during
the dry season, mainly in dry parts of the country
(Mokoboki et al, 2005). Acacia tortilis also called
Vachellia tortilis is the most common valuable thorned
Acacia species which falls under Leguminaceae family. It
is characterised by a twisted browny pod structure and
umbrella-shaped canopy; thus, it is called an umbrella
thorn (Orwa et al., 2009). It has a deep root system that
enables it to tolerate heavy browsing and severe droughts,
it thus adapts well to harsh conditions of arid and sub-arid
areas of Africa (Mathobela 2018). Acacia nilotica has a
deep taproot system with extensive lateral roots that helps
it to thrive in dry areas. It is observed as a weed in some
areas including some parts of South Africa. Acacia
angustissima is a thornless tree or shrub characterised by
a short trunk and belongs to Mimosaceae family. It can
grow well in harsh environments such as prolonged
drought and occasional freezing conditions. It has also
been reported to recover well from frequent cuttings
(Ncube et al., 2012). Many scientific studies are based on
the use of Acacia meals in ruminant diets. However,
information on the use of Acacia leaf meals in the poultry
diet is limited. These Acacia tree species are abundant
and readily available in most parts of Africa.

Nutritional value and chemical composition of Acacia
species: The nutrient component, digestibility,
metabolism, concentrations of essential nutrients, intake
of nutrients, and the secondary compounds determines
the feeding and economic value of forage species
consumed by animals (Adesogan et al., 2006; Gebeyew
et al., 2015). The nutritive value of tanniniferous forages
such as Acacia species is determined by the amount of
tannin content found within their leaves (Mlambo et al.,
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2009). This specifically includes; the chemical structure,
molecular weight, and concentration of tannins found in
tanniniferous forages (Mueller-Harvey, 2006: Mlambo et
al., 2009). It is, therefore, important to consider the anti-
nutritional factors such as tannin levels in Acacia leaves
when feeding animals as they affect their utilization by
the animals (Mokoboki et al., 2005; Brown et al., 2016).
Other factors influencing the variation in the nutritional
value of Acacia leaves of the same species from different
trees include; population, soil, climate, stage of growth,
browse pressure, and assay methods (Mapiye et al.,
2011). It has been reported that most tree species-rich in
natural-occurring polyphenolic compounds such as
tannins contain high crude protein contents (Mlambo et
al., 2015) compared to other forages such as grasses and
cereal grains (Chepape et al, 2011). Some authors
observed high crude protein, minerals, and fatty acids in
Acacia leaves which makes them a suitable protein
supplement for animals (Ngwa et al., 2002; Mapiye et al.,
2011). The amount of crude protein in Acacia leaves can
be utilised effectively by ruminant animals during the dry
season (Marume et al., 2012) and has been reported to be
high enough to meet protein requirements for broiler
chickens (Mthethwa, 2018). Acacia leaves have also been
reported to contain low detergent fibre which indicates a
high feeding value (Mokoboki et al., 2005; Mapiye et al.,
2011). Tables 1 and 2 below show the chemical
composition and mineral content respectively of the
leaves of selected various Acacia species.

Tannin composition of Acacia meals: Acacia species
contain high phenolic compounds in various parts of the
tree including the leaves. These compounds perform
several functions including high-level antioxidant
activities and plant protection against browsers (Sultana
et al, 2007). Some of these compounds such as tannins
are considered antinutritional. Tannins are astringent
phenolic compounds found in plants or herbs (Maudu,
2010). Other researchers define tannins as a
heterogeneous group of secondary metabolites that are
soluble in water and polar solution (Tufarelli et al., 2017;
Singh, 2017). Large and complex tannins can easily be
degraded into smaller tannins by water or dilute acids in
30 minutes at a gradual increase in temperature
(Mashamaite et al., 2009). Tannins have a high molecular
weight that is above 500Da and are characterized by their
ability to bind to form soluble or insoluble tannin-protein
complexes. Unlike other phenolic metabolites, they can
precipitate proteins from an aqueous solution (Al-
Hijazeen et al., 2016; Huang ef al., 2018). They can also
form complexes with other nutrient compounds such as
polysaccharides, alkaloids, nucleic acids, and minerals
(Singh, 2017). In plants, tannins act as chemical
defensive mechanisms to protect them against pathogens,
herbivores, insects, and harsh environmental conditions
(Mazid et al, 2011). Furthermore, they have been
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to perform biological activities such as
antioxidant, anti-microbial, anti-parasitic, anti-virus,
metal-chelating, and protein precipitation in plants
(Huang et al., 2018). Factors including; plant species,
cultivars, tissues, leafage, stage of development, and
environmental conditions such as exposure to herbivores,
nutrient stress, light intensity, and temperature determine
the type and quantity of tannins found in various plant
trees of the same species (Frutos et al, 2004; Huang et
al., 2017). Approximately 80% of woody plants such as
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Acacia species contain tannin compounds (Huang et al.,
2018). Furthermore, tannins are present in various feeds
such as fodder, legumes, browse leaves, and fruits
(Mlambo et al., 2004). They are highly concentrated in
the most vulnerable parts including new leaves and
flowers (Frutos et al., 2004). In addition, they are also
found in many poultry feedstuffs, including sorghum,
peas, and cottonseed (Nyamambi et al., 2007). According
to Moyo et al. (2012) tannins found in leguminous trees
are regarded as one natural antioxidant substance.

Table 1: Chemical composition of various selected Acacia species (g/kgDM).

Species Dry Ash Crude Protein Crude fibre Neutral Acid detergent
Matter detergent fibre fibre
A.karroo 922.0 51 154.0 259.0 450.0 300.0
A.tortilis 947.7 65.0 150.2 218 621.7 544.9
A.nilotica 951.6 56.5 151.7 6.53% 572.0 472.2
A.agustissima 979.2 23.40% 249.0 130.0 287.0 153.8
A.saligna 925.0 9.81% 165.8 178.2 336.0 209.0
A.schaffneri 925.0 - 229.0 161.0 329.0 287.0
A.robusta 950.0 82.7 160.0 - 455.0 279.0
A.xanthophloea 943.0 87.6 216.0 - 471.0 304.0
A.hockii 89.70% - 14.65% 5.71% - -
A.senegal 878.0 77 238.0 - 245.0 141.0
A.reficiencs 879.0 91 158.0 - 186.0 111.0
A.nigrescens 938.0 78.3 178.0 - 630.0 477.0
Acacia colei 92.4% 3.3% 24.8mg/g 7.06% - -
A.galpinii 944.5 - 149.6 - 509.0 454.7
A.sieberiana 926.0 - 169.0 - 427.0 323.0
A.hebeclada 971.8 - 164.9 - 570.1 428.8
A.rhemniana 957.4 - 102.7 - 487.9 441.6
A.leucophloea 95.45% 4.55% 25.81% 6.70% - -

Sources: (Ngwa et al., 2002; Mokoboki et al., 2005; Al-soqeer, 2008; Mapiye et al., 2011; Nsahlai ef al., 2011; Fuentes et al., 2012;
Mbongeni, 2013; Ng’ambu et al., 2013; Zia-Ul-Haq et al., 2013; Brown et al., 2016; Ncube ef al., 2017b; Mthethwa, 2018; Gudiso et
al., 2019; Abd El-Galil et al., 2018; Gebremeskel et al., 2019; Aruwayo et al., 2020; Otemuyiwa et al., 2020).

Table 2: Mineral content of various selected Acacia species.

Species Calcium (g) Potassium (g) Phosphorus (g) Magnesium Total condensed tannin
(2) (mg)

A.karroo 27.40 1.40 1.50 3.60 82.50g

A. tortilis 9.6 17.30 23.0 3.0 51.5

A.nilotica 14.9 16.00 15.0 4.9 67.7

A.agustissima 7.6 8.30 1.8 1.8 1.06%

A.saligna 1.52% - 0.15% 2.5% 2.69%

A.rubusta 21.4 13.00 13.0 34 64.4

A.xanthophloea 12.0 18.00 22.0 3.1 59.5

A.nigrescens 11.5 10.60 15.0 3.5 40.5

Sources: (Mapiye ef al., 2011; Fuentes et al., 2012; Mbongeni, 2013; Ncube et al., 2017b; Mthethwa, 2018; Abd El-Galil et al., 2018).

Tannins are among the important anti-nutritional
factors of various browse trees, including Acacia species
(Mlambo et al., 2009). Nutritional effects of tannins
depend on tannin concentration, molecular weight, and
structure, as well as animal factors (Mlambo et al., 2015).
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According to Sugiharto et al. (2019), low tannins
inclusion in poultry diets has a positive impact on their
health and performance. This is supported by studies that
reported that low levels of dietary tannins from Acacia
meals improved the growth performance of ruminants
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(Ng’ambu et al., 2013) and monogastric animals, more
especially broiler chickens (Huang et al, 2018). Other
studies observed that low tannins inclusion had no
adverse effect on poultry productivity (Cui et al., 2018;
Manyelo et al., 2019). However, the utilisation of tannin-
rich leaf meals can further be improved by various
techniques such as soaking feed with alkaline or water
solutions (Nawab et al, 2020), sun drying, cooking,
fermentation (Sugiharto et al, 2019), detannification
process with wood ash then store at room temperature
(Brown et al, 2016; Nawab et al, 2020), dilution,
extraction using organic solvents, biodegradation by
white-rot fungi, the use of Magadi soda containing
alkalies (sodium carbonate, sodium bicarbonate, and
sodium sesquicarbonate) (Ben Salem et al, 2005) and
the use of binding agents such as polyethylene glycol and
polyvinyl pyrrolidone to extract tannin compounds from
plants and effectively assist in reducing anti-nutritional
factors (Nsahlai et al., 2011).

There are two groups of tannins in plants, this
includes condensed tannins and hydrolysable tannins
(Maudu, 2010). They are differentiated according to their
chemical structure and characteristic properties (Singh,
2017), and they <can both precipitate proteins
(Mashamaite et al., 2009). It has been reported that
complex phenolics such as condensed and hydrolysable
tannins show greater antioxidant activities compared to
simple phenolics (Huang ef al., 2018).

Condensed tannins: Condensed tannins (CT), also
called proanthocyanidins are non-hydrolysable tannins
with a condensed chemical structure (Huang ef al., 2018).
CT is divided into polymerized products including flava-
3-ols and flava-3,4-diols or a mixture of both (Al-
Hijazeen et al, 2016). Their structure consists of
unbranched polymers having 2 to 5 or more flavonoid
units joined by carbon to carbon linkages (van Wyk and
Gericke, 2000), which can be broken by hydrolysis
(Kambashi et al., 2014). CT has no carbohydrate core,
however, they are derived from the condensation of
flavonoid precursors without the action of specific
enzymes (Ng’ambi et al., 2009). They are water-soluble
polymeric phenolics with high level of phenolic hydroxyl
group which allows them to bind to proteins (Ng’ambi et
al., 2009) and other molecules such as metal ions and
polysaccharides, thus preventing the microbial attack on
proteins (Tshabalala et al., 2013).

According to Ng’ambi et al (2009), CT
compounds are found in abundance in higher plant
species and are more active in precipitating proteins than
hydrolysable tannins. They are also found in pastures and
can be used for various purposes (Idso and Idso, 2002).
CT mainly acts as a defensive mechanism in plants
against herbivores (Tshabalala et al.,, 2013). They have a
molecular weight ranging from 1000 to 20,000 Da
(Huang et al., 2018). They are the most common complex
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phenolics found in a variety of browse sources, including
leguminous forage, trees, and shrubs, particularly in the
leaves and pods (Ashok and Upadhayaya, 2012).

CT has been identified as an anti-nutritional
factor influencing productivity in monogastric animals
(Mokoboki et al., 2005). The negative effect of high CT
forages in the diets on feed intake, nutrient digestibility,
palatability, protein metabolism, and animal performance
are due to their ability to bind to proteins (Huang et al.,
2018). Hence, CTs in Acacia leaves reduce leaf
utilization by animals (Mapiye et al., 2011; Nsahlai et al.,
2011; Brown et al, 2016). It has been reported that
Acacia leaves contain about 4.52% DM level of CT and
they tend to be beneficial at low levels when gradually
included in animal diets (Ng’ambi ef al., 2009).

Hydrolysable tannins: Hydrolysable tannins (HT) are
ester compounds of sugar made up of glucose and
phenolic acid. They consist of phenolic acids such as
hexahydroxydiphenic acid and gallic acid or
condensation products of ellagic acid which are partially
or esterified to the hydroxyl groups of glucose (Okuda
and Tto, 2011; Mlambo et al., 2015). Hydrolysable
tannins are distinguished by a central carbohydrate core
with several phenolic carboxylic acids connected by ester
linkages (Ng’ambi et al., 2009). Hydrolysable tannins are
more highly reactive to extracting solvents than CT and
can be hydrolyzed by mild acids or mild bases to yield
carbohydrates and phenolic acids (Mashamaite et al.,
2009). However, Maudu. (2010) reported that HT can
produce carbohydrates and phenolic acids through
hydrolysation by weak acids or bases. They can also be
hydrolysed by hot water or enzymes such as tannase
(Mashamaite et al., 2009). Unlike CT, HT can be broken
down in the gastrointestinal tract with ease before being
absorbed by the animal (Huang et al.,, 2018). They have
lower molecular weights (500 to 3,000 Da) and products
produced from hydrolysis of HT may be the cause of
toxicity in animals (Mlambo et al., 2015). Where HT are
not toxic, they still influence animal nutrition by
inhibiting the action of various enzymes (Yoshida ef al.,
2000). A variety of plants and trees can synthesize HT
and most of those used as animal feeds contain low HT
(Mashamaite et al., 2009).

Effect of tannins on poultry production: Tannin
compounds are strongly astringent and influence
palatability, intake, feed efficiency, growth rate, and
digestibility in animals (Hassan et al, 2003; Kim and
Miller, 2005). The responses in performance to different
tannin supplementation vary depending on the type,
source, and amount of tannins, the basal diet, and the
animal receiving the supplementation (Patra and Saxena,
2011). Getachew et al. (2000) reported that high
lignification in browse plants such as Acacia species tend
to reduce digestion along the gastrointestinal tract, thus
resulting in reduced animal performance. However, Reed
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et al. (2000) and Nawab et al. (2019) reported that high
tannin content in most browse plants is one of the main
factors leading to reduced animal performance. They
drastically reduce feed intake by binding to dietary
proteins (Mashamaite et al., 2009), cell walls, and soluble
cell adhesion molecules while increasing the bitter taste
of the feed material consumed by the animal (Mthethwa,
2018). The adverse effect of high dietary tannins on
animal performance has been well documented (Yacout,
2016; Brown et al 2016). It has, however, been reported
that tannins found in tanniniferous plants such as Acacia
species can have either positive or negative effects on
animal performance (Mashamaite et al, 2009).
Furthermore, dietary tannins from different plant species
at high, moderate, or low levels have varying effects on
both ruminant and monogastric animals (Reed et al.,
2000; Nawab et al., 2019).

According to Ng’ambi et al. (2009), tannins in
monogastric animals such as pigs and poultry, form very
complex compounds with proteins, digestive enzymes,
and starch in the digestive system. The formation of
tannin-protein complexes reduces protein breakdown and
increases amino acid loss through excretion. According to
NRC. (1994), the inclusion of high tannin in chicken
diets causes nutritional problems. Moreover, the reduced
feed intake due to the inclusion of plants containing
tannin in the diets causes growth depression in chicks
(Mashamaite et al., 2009). Other studies concluded that
high dietary condensed tannin inclusion has a negative
effect on the performance of broilers (Hidayat et al,
2021). In addition, the inclusion of feedstuff with
condensed tannins in chicken diets before the age of three
weeks has also been reported to negatively affect starch
digestibility and apparent digestibility of amino acids
depending on tannin levels consumed (Ng’ambi et al.,
2009). Mansoori and Acamovic. (2000), also observed
that dietary tannins increased the excretion of proteins,
bile acids, and hyper secretion of enzymes and
endogenous mineral losses in birds. Bento et al. (2005)
also reported that oral administration of tannin or tannin
containing material causes an increase in endogenous
mineral losses in chickens.

However, monogastric animals including pigs
and poultry can tolerate tannin containing feedstuff
differently due to a varying number of taste buds in their
mouth (Ng’ambi et al, 2009). In addition, various
methods to reduce tannins from Acacia meals hence,
improving their utilisation have been well documented
(Ben Salem et al., 2005; Nsahlai et al., 2011; Mapiye et
al., 2011; Brown et al 2016; Sugiharto et al,2019;
Nawab et al., 2020). The conclusions imposed on tannin
as the main factor reducing feed intake are unfair since
the reduction in feed intake can be caused by failure to
consume feeds rather than the feed itself (Ng’ambi et al.,
2009). Thus, studies found that the dietary intake of
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tanniniferous browse did not affect animal growth and
performance (Mashamaite et al., 2009; Mthethwa, 2018).
In addition, tannins are capable of clearing poisonous
substances in animal bodies (Gxasheka et al., 2015). The
supplementation of tannin rich Acacia leaf meal in goat
diets improved growth performance (Ng’ambu et al.,
2013). Broiler chicks can tolerate low percentage levels
of dietary tannins. This is supported by Ng’ambi et al.
(2009), who observed that the inclusion of low condensed
tannin levels from Acacia meals can be effective in
broiler diets without any harmful effects on performance,
and diet intake, digestibility, and live weight of the
chickens. Similarly, Manyelo et al. (2019) concluded that
low tannins inclusion in the broiler diet has no adverse
effect on the productivity of broiler chickens. In addition,
Huang et al. (2018) reported that low to moderate tannin
concentration  improved  health, nutrition, and
performance in non-ruminants.

Economic efficiency of using Acacia meals: Feeds
constitutes a greater proportion of poultry production
costs, hence, the price of each ingredient required has a
greater effect on the economic efficiency (Mthethwa,
2018). The low cost of feeding with readily available and
easily accessible feeds could improve both the economic
and ecological viability of livestock enterprises by
reducing total feed costs (Mapiye ef al., 2011; Mthethwa,
2018). Access to cheap and readily available alternatives
has been reported to be economically beneficial to
livestock farmers due to the reduced cost of production.
Thus, it is important to find economically valuable
alternative feed sources produced locally to replace
conventional feed ingredients, while maintaining low
feed costs (Hafeni, 2013). The economic efficiency of
utilizing Acacia meals in poultry diets has been reported
in studies mainly focusing on broiler chicken production.
Abd El-Galil et al. (2018) observed that the inclusion of
8% Acacia saligna leaf meal in Mamourah growing hens
diet resulted in higher net returns, percentage of
economical efficiency, and relative economical efficiency
of feed, and least feed cost of kg gain compared to other
inclusion levels. Hassan and Abd El-Dayem. (2019) also
found that 6% Acacia leaves meal in broiler diets
improved economic efficiency % of feed and relative
economic efficiency of feed compared to the control diet.
According to Madzimure et al. (2018), the inclusion of
50 g/kg Acacia anguistissima in broiler chickens' diet
resulted in the highest net returns, consequenctly,
yielding better economic benefits than other inclusion
levels. However, Olerede et al. (2000) observed that a
10% Acacia nilotica seed kernel meal level to replace
groundnut cake in chicken diets could be economically
beneficial as it resulted in the lowest feed cost/kg and
highest total revenue and economic efficiency.
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Table 3: Effect of tannins from Acacia meals on feed intake, digestibility, and performance in broiler chickens.

Species Inclusion Conclusions References
level
A.angustissima 5% Did not affect the weight gain, carcass yield, and meat Ncube efal. (2018).
leaves quality characteristics of broiler chickens.
A.karroo leaves 9and 12 Did not affect diet intake, digestibility, and live weight, but Ng’ambi et al
g/kg reduced fat pad weights of broiler chickens. (2009).
A.karroo leaves 20g/kg Reduce fat deposition in broiler chickens. Hafeni. (2013).
A.tortilis leaves 90 g/kg Improved storage time and antioxidant activity in broiler Mthethwa. (2018).
chickens
A.tortilis seeds 20% Had no adverse effect on carcass characteristics of broiler Ikiamba. (2020).
chickens, thus can be used as broiler feed without any effect
on the carcass.
A.saligna leaves 8% Could be used effectively in chicken diets without adversely (Abd El-Galil et al,
affecting their performance. 2018).
A.schaffneri - Did not affect FCR and could be used in poultry diets to (Fuentes ef al.,2012).
seeds partially replace commercial feed ingredients as protein and
energy sources
A.angustissima 60.77,90.14 Improved feed intake, weight gain, and FCR. Thus, it could (Gudiso et al., 2019).
leaves and 70.98  be included in broiler diets a,s a cheap alternative protein
g/kg source
A.nilotica seeds 10% Had no adverse effect on broiler organ weights. Thus could (Olerede ef al., 2000).

be included in broiler diets as a replacement for groundnut

cake

Acacia meals as a protein feed source in poultry diets:
Feeding of forages can be beneficial to poultry farmers as
they can reduce the dependence on the traditional protein
and energy feed ingredients. Hence, various forage
species, including Acacia meals can be wused as
alternative protein sources for livestock species (Tufarelli
et al., 2018). Sugiharto et al. (2019) reported that the
inclusion of leaf meals in broiler diets helps to lessen the
use of protein-rich feedstuffs by partially replacing them,
consequently, reducing feed costs. Some Acacia meals
often used in poultry diets include Acacia angustissima,
Acacia tortilis, Acacia karroo, Acacia saligna, and
Acacia schaffneri. The inclusion of Acacia angustissima
in broiler diets to improve growth and carcass
characteristics has been well documented. This species
shows a greater potential to be used as a protein feed
source to partially replace common protein sources in
broiler diets (Ncube et al., 2012; Ncube et al., 2017a;
Madzimure et al., 2018; Gudiso ef al., 2019). Ncube ef al.
(2015) also observed that Acacia angustissima meal can
be used efficiently as a crude protein source in broiler
diets when it is harvested at the mid maturity stage to
maximize crude protein and condensed tannin levels.
Other studies reported the use of Acacia tortilis meal in
broiler diets. It was concluded that the meal can help
reduce the portion of other protein ingredients in broiler
diets by partially replacing them without any detrimental
effect on performance and carcass yield (Miya, 2019;
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Ikiamba et al., 2020). Ng’ambi et al. (2009) observed that
Acacia karroo leaf meals have the potential to be used as
additives in poultry diets at lower levels. According to
Fuentes et al. (2012), Acacia schaffneri seed meal can
effectively be used in the backyard production system to
partially replace expensive protein and energy feed
sources in poultry diets. Abd El-Galil et al. (2018) also
found that Acacia saligna leaf meal can be utilised in
chicken diets without any negative effects on their
performance and further recommended its use. However,
there is limited information on the use of Acacia meals as
a protein source in the diets of other poultry species such
as indigenous chickens, ducks, turkeys, ostriches, and
guinea fowls.

Conclusion: Acacia meals have been in use for more
than a decade in broiler diets. Although they contain high
tannin levels, they have been proven to be highly
effective when partially incorporated into chicken diets.
The use of Acacia meals in poultry rations will help
farmers reduce the costs of purchasing commercially
used expensive feedstuffs such as fish and soya bean
meals. It can therefore be concluded that Acacia meals
can show greater potential to be utilised safely as a
protein source for broiler poultry as various meals were
proven to be effective in many research papers. However,
there is a need for further research on the use of Acacia
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meals in diets of other poultry species such as indigenous
chickens, ducks, turkeys, and ostriches.

Acknowledgments: None.

Conflicts of Interest: No potential conflict of interest
was reported by the authors.

Author contribution statement: S.D.K., EM., and
M.F.D.N. writing original draft preparation: J.W.N., C.T.,
and T.G.M.: review and editing. JW.N., C.T., and
T.G.M.: Conceptualization, supervision, and
visualization. All authors have read and agreed to the
published version of the manuscript.

REFERENCES

Abd El-Galil, K.A., M.M. Hassan, K.M.A. El-Soud, A.A.
Abd El-Dayem. and F.M. Salem (2018).
Utilization of Acacia saligna leaf meal as a non-
traditional feedstuff by local growing hens under
desert conditions. Egypt. J. Nutri. Feeds 22(1):
211-217.

Adesogan, A.T., L.E. Sollenbenger. and J.E. Moore
(2006). Feeding value and anti-nutritive factors
of forage tree legume. J.Agron. 7: 174-179.

Al-Hijazeen, M., E.J. Lee, A. Mendonca. and D.U. Ahn
(2016). Effects of tannic acid on lipid and
protein oxidation, colour, and volatiles of raw
and cooked chicken breast meat during storage.
Antioxidants 5(2):19.

Al-Soqeer, A.A (2008). Nutritive Value Assessment of
Acacia Species Using Their Chemical Analyses
and in Vitro Gas Production Technique. Res. J.
Agric. & Biol. Sci. 4(6): 688-694.

Anon, S (2009). Introduction of salt tolerant forage
production system to salt-affected lands in Sinai
Peninsula in Egypt: a pilot demonstration
project, Final Report, DRC, Egypt-ICBA, UAE.

Ashok, P.K. and K. Upadhyaya (2012). Tannins are
astringent. Anim. Feed Sci. Technol. 106: 3-19.

Aruwayo, A., T.M. Shehu, R.A. Adeleke, U.S. Salisu and
Y.R. Jamilu (2020). Effect of Processing
Techniques on the Degradability Characteristics
of Acacia (Acacia hockii) Leaf. J. Appl. Sci.
Environ. Manage. 24 (6): 991-996.

Ben Salem, H., A. Nefzaoui, H. P. S. Makkar, H.
Hochlef, I. Ben Salem. and L. Ben Salem
(2005). Effect of early experience and
adaptation period on voluntary intake, digestion,
and growth in Barbarine lambs given tannin-
containing (Acacia cyanophylla Lindl. foliage)
or tannin-free (oaten hay) diets. Anim. Feed.
Sci. Technol. 122(1-2): 59-77.

Bento, M.H.L., T. Acamovic. and H.P.S. Makkar (2005).
The influence of tannin, pectin and polyethylene
glycol on attachment of 15N-labelled rumen

1497

J. Anim. Plant Sci., 32 (6) 2022

microorganisms to cellulose. Anim. Feed Sci.
Technol. 122: 41-57.

Boucher, D., P. Elias, L. Goodman, C. May-Tobin, K.
Mulik. and S. Roquemore (2012). Grade A
Choice? Solutions for Deforestation-free Meat.
UCS Publications: 11.

Brenes, A and E. Roura (2010). Essential oils in poultry
nutrition: Main effects and modes of action.
Anim. Feed Sci. Technol. 158: 1-14.

Brown, D., J. W. Ng’ambi and D. Norris (2016). Feed
potential of Acacia karroo leaf meal for
communal goat production in southern africa: A
review. J. Anim. Plant Sci. 26(4): 1178-1186.

Chepape, R.M., K.R. Mbatha and D. Luseba (2011).
Local use and knowledge validation of fodder
trees and shrubs browsed by livestock in
Bushbuckridge area, South Africa. Livest.Res.
Rural. Dev. 23(6), Article #132. Accessed from:
http://www.lrrd.org/lrrd23/6/chep23132.htm
Date: 20 December 2020.

Cui, Y., J. Wang, W. Lu, H. Zhang, S. Wu and G. Qi
(2018). Effect of dietary supplementation with
Moringa oleifera leaf on performance, meat
quality, and oxidative stability of meat in
broilers. Poult. 97(8): 2836-2844.

Cunha, L.C.M., M.L.G. Monteiro, J.M. Lorenzo, P.E.S.
Munekata, V. Muchenje, F.A.L. de Carvalho
and C.A. Conte-Junior (2018). Natural
antioxidants in processing and storage stability
of sheep and goat meat products. Food Res. Int.
111: 379-390.

DAFF (2011). Broiler value chain profile 2012, retrieved
from www.daff.gov.za (Accessed on 05 March
2020).

Frutos, P., G. Hervas, F.J. Giraldez and A.R. Mantecon
(2004). Tannins and ruminant nutrition. A
review. Biol. Chem. 2(2): 20882-20888.

Fuentes, A.G., G.J.C. Lopez, P.J.M. Rodriguez, A.J.R
Rivera, J.Y. Pineda and C.S.G. Santillan (2012).
Effects of feeding the seeds of Prosopis
laevigata, Acacia schaffneri and Ceratonia
siligua on the performance of broiler chicks. S.
Afr. J. Anim. Sci. 42(4): 354-359.

Gebeyew, K., K. Beriso, A. Mohamed, G. G/silassie. and
S. Melaku. (2015). Review on the Nutritive
Value of Some Selected Acacia Species for
Livestock Production in Dryland Areas.
J.Adv.Dairy.Res. 3: 139.

Gebremeskel, K., K. Mezgebe and A. Gesesse
(2019). Chemical composition and digestibility
of Acacia species provenances in Tigray,
Northern Ethiopia. Livest.Res. Rural. Dev. 31,
Article #60. Retrieved January 13, 2022, from
http://www.lrrd.org/Irrd31/4/kienz31060.html

Getachew, G., H.P.S. Makkar and K. Becker (2000).
Effect of polyethylene glycol on in vitro



Kolobe et al.,

degradability of nitrogen and microbial protein
synthesis from tannin-rich browse and
herbaceous legumes. Br. J. Nutr.84: 73—83.

Gheisari, A., S.S.A. Saheb Fosoul, S. Pourali,
Esfahani and M. Mohammadrezaei (2017).
Blood lipid metabolites and meat lipid
peroxidation responses of broiler chickens to
dietary lecithinized palm oil. S. Afr. J. Anim.
Sci. 47(4): 526-534.

Gudiso, X., V. Hlatini, M. Chimonyo and P. Mafongoya
(2019). Response of broiler (Gallus domesticus)
performance and carcass traits to increasing
levels of Acacia angustissima leaf meal as a
partial replacement of standard protein sources.
J. Appl. Poult. Res. 28:13-22.

Gxasheka, M., T. L. Tyasi, N. Qin and Z. C. Lyu (2015).
An overview of tannins rich plants as alternative
supplementation on ruminant animals: A review.
Int. J. Agric. Res. Rev. 3(6): 343-349.

Hafeni, S (2013). Performance of broiler chickens fed
pearl millet as an energy source and Acacia
karroo leaf meal as an additive. M.Sc. thesis
(unpublished). Deptt of Anim Sci.,, Univ.
Namibia., Namibia.

Hafiz, A.O., Z. Hassan and M.N. Abd Manap (2015).

Effect of slaughtering methods on meat quality

indicators, chemical changes and

microbiological quality of broiler chicken meat
during refrigerated storage. J. Agric. Vet. Sci.

8(9): 12-17.

MM and A.A. Abd El-Dayem (2019).
Improving utilisation of Acacia leaves meal and
its effect on broilers performance. Egypt. Poult.
Sci. J. 39(3): 657-672.

Hassan, 1.A., E.A. Elzuber and H.A. Tinay (2003).
Growth and apparent absorption of minerals in
broiler chicks fed diets with low or high tannin
contents. Trop. Anim. Health. Prod. 35: 189-
196.

Hidayat, C., A. Irawan, A. Jayanegara, M.M. Sholikin,
T.R. Prihambodo Y.R. Yanza, E. Wina, S.
Sadarman, R. Krisnan and 1. Isbandi (2021).
Effect of dietary tannins on the performance,
lymphoid organ weight, and amino acid ileal
digestibility of broiler chickens: A meta-
analysis. Vet. 14(6): 1405-1411.

Huang, Q., X. Liu, G. Zhao, T. Hu and Y. Wang (2018).
Potential and challenges of tannins as an
alternative to in-feed antibiotics for farm animal
production. Anim. Nutr. 4: 137-150.

Huang, Q.Q., T.M. Hu, Z. Xu, L. Jin, T.A. McAllister
and S. Acharyaa (2017). Structural composition
and protein precipitation capacity of condensed
tannins from purple prairie clover (Dalea
purpurea Vent.). In: ASAS-CSAS joint annual
meeting. July 8- 12, 2017.

E. N.

Hassan,

1498

J. Anim. Plant Sci., 32 (6) 2022

Idso, S.B and K.E. Idso (2002). Condensed tannins in
ruminants and atmospheric CO2. A Novel
Natural Way of Reducing Methane. Emissions
5:32.

Ikiamba, L.M (2020). Response in growth performance
and yield of broilers fed on processed Acacia
tortilis seed meal as a replacement of soya bean
meal. M.Sc. thesis (unpublished). Deptt of Agric
and Rural Develop., Univ. Methodist., Kenya.

Jamala, G.Y., I.LL. Tarimbuka, D. Moris and S. Mahai
(2013). The scope and potentials of fodder trees
and shrubs in agroforestry. J. Agric. Vet. Sci.
5(4): 11-17.

Kambashi, B., P. Picron, C. Boudry, A. Thewis, H.
Kiatoko and J. Bindelle (2014). Nutritive value
of tropical forage plants fed to pigs in the
Western provinces of the Democratic Republic
of the Congo. Anim. Feed Sci. Technol. 191: 47-
56.

Kim, H. S and D.D. Miller (2005). Proline rich in
proteins moderate the inhibitory effect of tea on
iron absorption in rats. J. Nutr. 135: 532 -537.

Lorenzo, J.M., M. Pateiro, R. Dominguez, F.J. Barba, P.
Putnik, D.B. Kovacevi¢, A. Shpigelman, D.
Granato and D. Franco (2018). Berries extracts
as natural antioxidants in meat products. A
review. Food Res. Int. 106: 1095-1104.

Madzimure, J., R. Motsi, A.G. Bakare and M. Zimondi
(2018). Growth performance, economic benefits
and sensory characteristics of meat from broilers
finished on Acacia anguistissima leaf meal-
based diets. Trop. Anim. Health. Prod. 50:1485—
1491.

Manyelo, T.G., J.W. Ng’ambi and M. Mabelebele (2019).
Effects of replacing maize meal with a low
tannin white sorghum meal, macia on
productivity of Ross 308 broilers aged 1-42
days. S. Afr. J. Anim. Sci. 49(3): 478-484.

Mansoori, B and T. Acamovic (2000). The effect of
polyethylene glycol and casein tannic acid
complex on the loss of minerals in broilers. In:
Proceeding of the XXI Worlds Poultry
Congress, Montreal, Canada.

Mapiye, C., M. Chimonyo, M.C. Marufu and K. Dzama
(2011). Utility of Acacia karroo for beef
production in Southern African smallholder
farming systems. A review. Anim. Feed Sci.
Technol. 164: 135-146.

Marume, U., M. Chimonyo and K. Dzama (2012).
Influence of dietary supplementation with
Acacia karroo on experimental haemonchosis in
indigenous Xhosa lop-cared goats of South
Africa. Livest. Sci. 144:132—139.

Mashamaite, L., J.W. Ng’ambi, D. Norris, L.R. Ndlovu
and C.A. Mbajiorgu (2009). Relationship
between tannin contents and short-term



Kolobe et al.,

biological responses in  male rabbits
supplemented with leaves of different Acacia
tree species grown in Limpopo province of
South Africa. Livest.Res. Rural. Dev. 21(7): 1-
10.

Mathobela, M.M (2018). Effect of Acacia karroo leaf

meal on methane production and productivity of

boar goats. M.Sc. thesis (unpublished). Deptt of

Agric Economics and Anim Prod., Univ.

Limpopo., South Africa.

M.E (2010). Chemical profiles of bush tea

(Athrixia  phylicoides dc.) at  different

phenological stages and as influenced by

pruning and growth regulators. M.Sc. thesis

(unpublished). Deptt of Plant Prod and Soil Sci.,

Univ. Limpopo., South Africa.

Mazid, M., T. A. Khan and F. Mohammad (2011). Role
of secondary metabolites in defense mechanisms
of plants. Biology and Medicine 3(2): 232-249.

Mbajiorgu, C.A., J.W. Ng’ambi and D. Norris (2007).
Effect of time of initiation of feeding after
hatching and influence of dietary lysine
supplementation on productivity and carcass
characteristics of Ross 308 broiler chickens in
South Africa. Livest.Res. Rural. Dev. 19(10): 2-
12.

Mbongeni, K (2013). Nutritive value of Acacia species
and response of pigs fed on incremental levels of
Acacia tortilis leaf meal-based diets. M.Sc.
thesis (unpublished). Deptt of Anim Sci., Univ.
KwaZulu-Natal., South Africa.

Miya, A., AN. Sithole, N. Mthethwa, M. Khanyile and
M. Chimonyo (2019). Response in carcass yield,
organ weights and gut morphology of broiler
chickens to incremental levels of Vachellia
tortilis leaf meal. Can. J. Anim. Sci: 1-31.

Mlambo, V., U. Marume and C. S. Gajana (2015). Utility
of the browser's behavioural and physiological
strategies in coping with dietary tannins: Are
exogenous tannin-inactivating treatments
necessary? S. Afr. J. Anim. Sci.45: 441-451.

Mlambo, V., F. L. Mould, T. Smith, E. Owen, J.L.N.
Sikosana and I. Mueller-Harvey (2009). In vitro
biological activity of tannins from Acacia and
other tree fruits: Correlations with colorimetric
and gravimetric phenolic assays. S. Afr. J.
Anim. Sci. 39(2): 131-143.

Mlambo, V., T. Smith, E. Owen, F.L. Mould, J.L.N.
Sikosana and 1. Mueller-Harvey (2004).
Tanniniferous Dichrostachys cinerea fruits do
not require detoxification for goat nutrition: In
sacco and in vivo evaluations. Livest. Prod. Sci.
90: 135-144.

Mokoboki, H.K., L.R. Ndlovu, J.W. Ng'ambi, M.M.
Malatje and R.V. Nikolova (2005). Nutritive
value of Acacia tree foliages growing in the

Maudu,

1499

J. Anim. Plant Sci., 32 (6) 2022

Limpopo Province of South Africa. S. Afr. J.
Anim. Sci. 35 (4): 221-228.

Motsepe, R., M. Mabelebele, D. Norris, D. Brown, J.W.
Ngambi and M. Ginindza (2016). Carcass and
meat quality characteristics of South African
indigenous chickens. Indian J. Anim. Res. 50(4):
580-587.

Moyo, B., S. Oyedemi, P. Masika and V. Muchenje
(2012). Polyphenolic content and antioxidant
properties of Moringa oleifera leaf extracts and
enzyme aticactivity of liver from goats
supplemented with Moringa oleifera
leaves/sunflower seed cake. Meat Sci. 91(4):
441-447.

Mthethwa, N (2018). Response in antioxidant activity
and shelf life of meat from broilers fed on
incremental levels of Vachellia tortilis 1leaf meal.
M.Sc. thesis (unpublished). Deptt of Anim Sci.,
Univ. KwaZulu-Natal., South Africa.

Nawab, A., S. Tang, W. Gao, G. Li, M. Xiao, L. An, J.
Wu and W. Liu (2020). Tannin Supplementation
in Animal Feeding; Mitigation Strategies to
overcome the Toxic Effects of Tannins on
Animal Health: A review. J. Agric. Sci. 12(4):
217-230.

Ncube, S., T.E. Halimani, E.V.I. Chikosi and P.T. Saidi
(2018). Effect of Acacia angustissima leaf meal
on performance, yield of carcass components
and meat quality of broilers. S. Afr. J. Anim.
Sci. 48(2): 271-283.

Ncube, S., T.E. Halimani, M. Mwale and P.T. Saidi
(2017a). Effect of Acacia angustissima leaf meal
on the physiology of broiler intestines. J. Agric.
Sci. 9(2): 53-62.

Ncube, S., Halimani, T.E., M.T. Tivapasi, S. Dhliwayo,
E.V. I. Chikosi and P.T. Saidi (2017b). Stomach
adaptations of broilers fed Acacia angustissima
leaf meal-based diets. J. Anim. Feed Res. 7(3):
58-64.

Ncube, S., P.T. Saidi and T.E. Halimani (2015). Effect of
stage of growth and processing methods on the
nutritional content of Acacia angustissima leaf
meal harvested for broiler feeding. Livest.Res.
Rural. Dev. 27(5): 1-6.

Ncube, S., H. Hamudikuwanda and P.T. Saidi (2012).
Voluntary feed intake and growth of broilers on
Acacia angustissima leaf meal-based starter and
finisher diets. Livest.Res. Rural. Dev. 24(8): 1-6.

Ng’ambi, J.W., P.M. Nakalebe, D. Norris, M.S. Malatje
and C.A. Mbajiorgu (2009). Effects of dietary
energy level and tanniferous Acacia karroo leaf
meal level of supplementation at finisher stage
on performance and carcass characteristics of
Ross 308 broiler chickens in South Africa. Int. J.
Poult. Sci. 8(1): 40-46.



Kolobe et al.,

Ng’ambu, S., V. Muchenje and U. Marume (2013).
Effect of Acacia karroo Supplementation on
Growth, Ultimate pH, Colour and Cooking
Losses of Meat from Indigenous Xhosa
Lopeared Goats. Asian-australas. 26(1): 28-133.

Ngwa, A.T., L.V. Nsahlai and M.L.K. Bonsi (2002). The
rumen digestion of dry matter, nitrogen and cell
wall constituents of the pods of Leucaena
leucocephala and some Acacia species. J. Sci.
Food. Agric. 82: 98-106.

Nikmaram, N., S. Budaraju, F.J. Barba, J.M. Lorenzo,
R.B. Cox, K. Mallikarjunan. and S. Roohinejad.
(2018). Application of plant extracts to improve
the shelf-life, nutritional and health-related
properties of ready-to-eat meat products. A
review. Meat Sci. 145: 245-255.

NRC (1994). Poultry Nutrition and Feeding. Animal
Nutrition Handbook Section 12: 410. Accessed
on 1 December 2020.

Nsahlai, I.V., F.N. Fon and N.A.D. Basha (2011). The
effect of tannin with and without polyethylene
glycol on in vitro gas production and microbial
enzyme activity. S. Afr. J. Anim. Sci. 41 (4):
337-344.

Nyamambi, B., L.R. Ndlovu, Y.S. Naik and N.D. Kock
(2007). Intestinal growth and function of broiler
chicks fed sorghum-based diets differing in
condensed tannin levels. S. Afr. J. Anim. Sci. 37
(3): 202-214.

OECD/FAO (2021). OECD-FAO Agricultural Outlook
2021-2030. OECD Publishing. Paris: 163-176.
From: https://doi.org/10.1787/19428846-en

Okuda, T and H. Ito (2011). Tannins of constant structure
in medicinal and food plants-hydrolyzable
tannins and polyphenols. Molecules 16: 2191—
2217.

Orwa, C., A. Mutua, R. Kindt, R. Jamnadass and S.
Anthony (2009). Agroforestry database: A tree
reference and selection guide. Version 4.0.
World agroforestry centre, Kenya.

Otemuyiwa, 1.O., L. Olasunkanmi, S.R.A. Adewusi and
0.S. Falade (2020). Nutrient composition and
in-vitro starch hydrolysis of Acacia colei
(Maslin and thompson) seeds as affected by year
of harvest. Sci. Afr. 9:1-10.

Patra, A.K and J. Saxena (2011). Exploitation of dietary
tannins to improve rumen metabolism and
ruminant nutrition. J. Sci. Food Agric. 91: 24-
37.

Reed, J.D., C. Krueger, D. Rodriguez and J. Hanson
(2000). Secondary plant compounds and forage
evaluation. In: Forage Evaluation in Ruminant
Nutrition. Eds. Givens, D.I., Owen, E., Axford,

1500

J. Anim. Plant Sci., 32 (6) 2022

R.F.E. and Omed, HM., CAB International,
Wallingford: 433-448.

Rosegrant, W.M., M.S. Paisner, S. Meijer and J.

Witcover (2001). Global food projections to

2020. Emerging trends and alternatives.

Washington DC: International Food Policy

Research Institute (IFPRI).

I (2017). Antimicrobials in higher plants:

classification, mode of action and bioactivities.

Chem. Biol. Lett. 4: 48-62.

Sugiharto, S., T. Yudiarti, I. Isroli, H.I. Wahyuni and
T.A. Sartono (2019). Recent advances in the
incorporation of leaf meals in broiler diets.
Livest.Res. Rural. Dev. 31(7): 1-12.

Sultana, B., F. Anwar and R. Przybylski (2007).
Antioxidant activity of phenolic components
present in barks of Azadirachta indica,
Terminalia arjuna, Acacia nilotica, and Eugenia
Jjambolana Lam. trees. Food Chem. 104: 1106—
1114,

Tshabalala, T., J.L.N. Sikosana and E. Chivandi (2013).
Nutrient intake, digestibility and nitrogen
retention in indigenous goats fed on Acacia
nilotica fruits treated for condensed tannins. S.
Afr. J. Anim. Sci. 43: 457-463.

Tshabalala, P.A., P.E. Strydom, E.C. Webb and H.L. de
Kock (2003). Meat quality of designated South
African indigenous goat and sheep breeds P.A.
Meat Sci.65: 563-570.

Tufarelli, V., M. Ragni and V. Laudadio (2018). Feeding
forage in poultry: A promising alternative for
the future of production systems. Agriculture §:

Singh,

81. Accessed from:
www.mdpi.com/journal/agriculture Date: 10
December 2020.

Tufarelli, V., E. Casalino, A.G. D'Alessandro and V.
Laudadio (2017). Dietary phenolic compounds:
Biochemistry, metabolism and significance in
animal and human health. Curr. Drug. Metab.
18, DOLI:
10.2174/1389200218666170925124004.

Van Wyk B.E and N. Gericke (2000). People plants. A
guide to wuseful plants of Africa. Briza
Publication. Pretoria: 102.

Yacout, MHM (2016). Anti-nutritional factors and its
roles in animal nutrition. A review. J. Dairy.
Vet. Anim. Res. 4(1):237-239.

Yoshida, T., T. Hatano and H. Ito (2000). Chemistry and
function of vegetable polyphenols with high
molecular weights. Biofactors 13: 121-125.

Zia-Ul-Haq, M., S. Cavar, M. Qayum, I. Khan and S.
Ahmad (2013). Chemical composition and
antioxidant potential of Acacia leucophloea
Roxb. Acta Bot. Croat. 72 (1): 133-144.



