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Abstract
Due to their useful nutrient availability, soybean meal and yellow corn are frequently utilized as staple components in chicken feed. How-
ever, there is a huge demand for these two feedstuffs (yellow corn and soybean meal) from animals. Humanity’s numbers are expected to 
rise to 9.1 billion by 2050. The demand for poultry goods including meat and eggs is rising worldwide. As a result, the demand for poul-
try feed will rise globally. The supply of wholesome feed for chickens is getting scarcer today. Food security will be at risk, particularly 
in developing nations. Efforts are being made to replace portions of the most traditional feedstuffs, i.e., soybean meal and yellow corn, 
with alternate ones. The present review explores the nontraditional alternate feed ingredients which could be included in poultry diets. 
Moreover, the nutritional value of these alternatives and their bioavailability are explored in this review, alongside means that applied to 
enhance the nutritional value of these alternatives.
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Due to their high nutrient content, soybean meal and 
yellow corn are considered the most common tradition-
al feeds in the chicken farming industry. Moreover, they 
are highly required by farm animals. Poultry items like 
meat and eggs are being consumed more widely over 
the world. As a result, there will be a rise in demand 
for important poultry feeds worldwide, which will raise 
the price of meat and eggs. According to studies, by the 
year 2050, there will be 9.1 billion people on the planet 
(FAO, 2009). Due to the population growth, there will 
be competition for the available poultry feed ingredi-
ents. The demand for poultry products will also rise as 
the population grows (Alagawany et al., 2022; Attia et 
al., 2023). Additionally, there is a trend toward using 
animal feed, especially corn, to meet the growing need 
for biofuels. This creates yet another significant threat 
to food security, particularly in poor nations. Currently 
efforts are being made all over the world to substitute 
soybean meal and yellow corn with other supplies of 
protein and energy feedstuffs for monogastric animals 
like chicken and pigs (Alshelmani et al., 2021; Abd 
Elghafar et al., 2024). It is common knowledge that 
several nations produce considerable amounts of non-
traditional alternate feed ingredients which include ag-
ricultural waste by-products, e.g., wheat and rice bran, 
cottonseed meal, palm kernel cake, and copra meal (El-
Baz and Khidr, 2024; El-Sabrout et al., 2024). However, 

such feeds, corn, and soybean contain anti-nutritional 
components and non-starch polysaccharides (NSPs), in-
cluding xylan and mannan (Alshelmani et al., 2016; El-
Hindawy et al., 2021). NSPs were determined to be the 
primary cause. Therefore, the aim of this review article 
is to provide advanced information on non-traditional 
alternative feed ingredients that can be included in 
poultry diets. It also explores the chemical composition 
(Table 1), nutritional value and bioavailability of these 
alternatives.

Alternatives of yellow corn
Sorghum
Globally, sorghum is the fifth most important ce-

real crop (Hao et al., 2021). Total world sorghum pro-
duction in 2023 was approximately 60 million tons, but 
the United States produced approximately 23% of the 
world’s sorghum (Khalifa and Eltahir, 2023). According 
to McDonald et al. (2010), the staple grain in China, In-
dia, and Africa is sorghum. Sorghum’s nutritional value 
is roughly 90–95 percent equivalent to that of yellow 
corn. Additionally, it costs substantially less internation-
ally than yellow corn (Leeson and Summers, 2005). For 
crude protein and metabolizable energy, broilers need a 
large portion of grains in their diets. Sorghum shows a re-
markable adaptation in poor soils; thus, it may be grown 
in low-water locations and in arid climates all over the 
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world (Gualtieri and Rapaccini, 1990). Apart from tryp-
tophan concentration (0.09–0.12% in sorghum vs. 0.07% 
in corn), Rama-Rao et al. (1995) observed a comparable 
amino acid composition between sorghum and corn. Ad-
ditionally, sorghum’s average digestible lysine level is 
comparable to that of yellow corn. 

Sorghum seed serves as a copious source of vari-
ous phytochemical compounds like phenolic acids, 
phytosterols, and anthocyanins. According to Awika 
and Rooney (2004), phytochemical compounds are of 
great importance in animal health. Additionally, the 
heightened concentrations of phytochemicals found in 
sorghum seeds could be partially accountable for their 
positive effects on human and animal health (Awika 
and Rooney, 2004). On the other hand, Pour-Reza and 
Edriss (1997) found that feeding broilers high-tannin 
sorghum had a horrible impact on performance of the 
animals. Birds using high-tannin sorghum (1.8%) were 
found to consume excessive amounts of feed, according 
to Nyachoti and Atkinson (1995). Such findings contra-
dict those of Attia (1998), who noted little impact on FI 
in response to sorghum with low tannin (0.22 to 0.50%). 
Further, Torres et al. (2013) stated that substituting 50% 
sorghum for corn when feeding broilers did not yield 
any notable impact on the weights of the muscles and 
organs. Similar to this, Kumar et al. (2005) claimed that 
adding specific low tannin pink sorghum stages to broil-
er diets had no effect on relative yield of carcass and 
breast muscle. By using sorghum of low tannin content, 
Nyamambi et al. (2007) found that the digestibility of 
nutrients (crude protein, ash, and ME) were not affect-
ed. Enzymes in the intestinal membrane and epithelial 
integrity are essential for effective nutrient digestion 
and absorption from the intestine, including vitamins 
and amino acids. Therefore, any improvements to the 
gut mucosa may improve nutrition absorption and di-
gestion (Saleh et al., 2013). 

Sorghum contains phytosterols, which have a compo-
sition similar to cholesterol and are important for main-
taining cardiovascular health in both humans and ani-
mals (Fang et al., 2003). Sorghum, in addition, involves 
flavones and polyflavans, which could be important in 
lowering LDL cholesterol levels (Krueger et al., 2003). 
According to Nyamambi et al. (2007), there used to be a 
sizable negative relationship between the amount of sor-
ghum in broiler diets and plasma lipid levels (total LDL 
cholesterol and triglycerides). This shows how feeding 
sorghum grain to birds can change the level of plasma 
lipids and LDL cholesterol. Sorghum also contains an-
thocyanins, which have a number of therapeutic benefits, 
including anti-inflammatory and vasoprotective attrib-
utes (Krueger et al., 2003), anti-cancer and chemoprotec-
tive attributes (Karaivanova et al., 1990; Alzawqari et al., 
2023), and along with anti-neoplastic attributes (Kamei 
et al., 1995). According to Makled and Afifi (2001), 
sorghum fed to broilers had little to no influence on the 
blood GOT and total protein. With the help of sorghum 
replacements, plasma glucose levels tend to be reduced, 

which may also be a result of sorghum’s polyphenol con-
tent (Krueger et al., 2003). Sorghum feeding may also 
affect lipid peroxidation by lowering muscle TBARS and 
MDA levels. According to Jimenez-Ramsey et al. (1994), 
quails on diets containing sorghum as a replacement for 
yellow corn increased muscle composition of lipids and 
ash.

The polyphenols with low-tannin molecular weight 
of sorghum grains reach and spread through body tissues, 
potentially exerting an influence on lipid levels. Flavones 
and polyflavans of sorghum have been demonstrated to 
possess antioxidant properties (Krueger et al., 2003). 
According to Ouyang et al. (2016), presence of flavones 
in broiler chick diets improved their overall antioxidant 
capacity, GPX, and reduced their blood levels of malon-
dialdehyde. However, the phenolic acids present in low-
tannin sorghum, which are typically found as benzoic, 
caffeic, cinnamic acid protocatechuic, sinapic deriva-
tives, and p-coumaric acid, demonstrate enhanced anti-
oxidative properties in vitro. Consequently, these com-
pounds could contribute to improving health associated 
with the feeding on whole grains (Adom and Liu, 2002; 
Omar et al., 2024).

Furthermore, Saleh et al. (2013) discovered a marked 
enhancement in mRNA expression linked to expansion, 
antioxidation, and synthesis of fatty acid. Therefore, 
equal replacing of 50% yellow corn with sorghum (low 
tannin content) could enhance broiler performance, reg-
ulate plasma content of lipids, and improve mRNA ex-
pression linked to growth and antioxidation. Ciurescu et 
al. (2023) investigated the 100% replacement of corn by 
sorghum and found that the total substitution of corn with 
sorghum had no negative effects on growth performance, 
carcass traits and litter quality in broilers.

Wheat bran and wheat middlings
Wheat Millfeeds (Bran & Midds) are by-products of 

milling wheat for flour and consist of varying amounts 
of bran, germ and flour. Wheat bran is highest in fiber 
and phosphorus and lowest in energy. Wheat middlings 
(WM) are a by-product of the wheat-milling industry. 
Middlings comprise coarse and fine particles of bran, 
shorts, germ, flour, and the offal from the tail of the mill. 
This product contains the offal and approximately 8 to 
9% crude fiber and 30 to 44% NDF (Cromwell et al., 
2000). Wheat bran is exported worldwide and is a major 
feed commodity. However, worldwide production figures 
are difficult to assess. Wheat production for human con-
sumption (total supply minus wheat produced for animal 
feeding, seed or wasted) was estimated to be 456 mil-
lion tons in 2007. When calculated using a bran produc-
tion rate of 10–19% (see description above), worldwide 
wheat bran production is comprised between 45 and 90 
million tons. The main producers are the main users of 
milled wheat: China, India, the USA, the Russian Fed-
eration, Pakistan, Turkey and France (about 75% of the 
production) (Heuzé et al., 2020). The outer grain layer of 
wheat, known as wheat bran (WB), possesses a substan-
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tial amount of fiber and a small amount of metabolizable 
energy (ME), and its use in chicken diets is constrained 
(Leeson and Summers, 2005).

According to Apprich et al. (2013), the WB is made 
up of roughly fiber (53%) including xylans, fructans, cel-
lulose, galactan, and lignin, as well as other substances 
with biological activity (alkylresorcinols, sterols, carot-
enoids, ferulic acid, flavonoids, and lignans). Addition-
ally, according to Javed et al. (2012), WB contains a high 
stock of proteins, minerals, vitamins, lignans, bioactive 
substances, phytic acid, and antioxidants. According to 
Apprich et al. (2013), WB can be included in poultry ra-
tions at levels ranging from 5% to 8% without eliciting 
any deleterious effects. Through simple steam pelleting, 
the ME can be increased by up to 10%, and the availabil-
ity of phosphorus can be increased by up to 20% under 
the same conditions (Kraler et al., 2014). For intestine fit-
ness, which is considered to control gut microbiota, this 
by-product should be advised to not exceed 15% in diets 
(Zimonja et al., 2007). The WB contains xylan, which 
may potentially cause the small intestine to become more 
viscous. For broilers receiving a diet that contains more 
than 15% WB, xylanase supplementation is advised 
(Leeson and Summers, 2005). 

According to Laudadio and Tufarelli (2012), flour 
represents 70%–75% of the wheat grain, while the left 
amount (25%–30%) is by-products that can be utilized to 
feed hens and other farm animals. These by-products are 
commonly referred to as WM, mill feed (MF), and wheat 
mill run (WMR), with minimal consideration given to 
the variety of mill systems that influence their nutritional 
composition. According to Ahmadi and Amini (2014), 
the nutritional contents of WM consist of 2,540 Kcal 
ME/kg, 16% CP, 3.5% EE, 2.7% CF, 0.25% methionine, 
and 0.55% lysine. Additionally, the starch gelatinization 
approach is used to address the second cause (Zimonja 
et al., 2007; Yu et al., 2021). According to Tufarelli et al. 
(2011), broiler performance could be increased by feed-
ing them 4% of WM. Additionally, Ahmadi and Amini 
(2014) reported that the incorporation of WM in broil-
ers’ diets yielded negligible impact on final live weight, 
weight gain, feed utilization. On the other hand, Gheisari 
et al. (2003) claimed that using WM at 30% tiers in the 
weight loss program for broiler chicks is feasible, barring 
any unfavorable effects on their performance. Addition-
ally, by feeding 10% of WM, performance was increased 
because WM contains elevated levels of protein and 
amino acids, and its fiber content could also pose a risk 
for the production of enzymes and increase digestibility 
(Gheisarie et al., 2003; El-Gendy et al., 2023). 

Additionally, eating whole grains including WM, 
barley, and oat lowered blood plasma content of LDL 
cholesterol that contributed to a 20%–25% reduction 
in the risk of CVD (Jensen et al., 2006). According to 
Kristensen et al. (2012), WM are rich in minerals, vita-
mins, phytochemicals, and fiber, particularly viscous fib-
ers like ß-glucans that are responsible for lowering LDL 
and increasing unsaturated fatty acids in blood plasma. 

Additionally, consumption of whole grain has a dimin-
ishing effect on synthesis of LDL (Saleh et al., 2019 a; 
Wang et al., 2006).

However, limited literature exists regarding the 
utilization of fiber in layer diets over the course of the 
manufacturing length (Yao et al., 2007; Andersson et al., 
2014; Soumeh et al., 2019; Ping et al., 2020). Various 
experiments have involved the dietary utilization of fiber 
sources, like WB, rice bran, and sunflower seed meal in 
both broilers and developing laying hens’ diets. Further-
more, modern chicken meals contain ingredients that are 
high in protein and/or power but often have an excessive 
amount of bulk density. As a consequence, the addition 
of 50 kg of WM to a weight reduction program upgraded 
pellets’ quality, and the WM exhibited desirable impacts 
on the performance, vitamin digestibility, lipid peroxida-
tion, and muscle composition of fatty acids.

Corn silk meal
Corn silk (Maydis stigma) is a by-product of the corn 

cultivation (Bai et al., 2010). Corn silk is composed of 
stigma which is yellowish thread-like structures, and is 
derived from the female flower corn (Alam, 2011). Corn 
contributes 10% of total food grain in India and corn has 
numerous industrial applications involved in the produc-
tion of starch, protein, sweeteners, extruded products, 
textile, gum, pharmaceuticals, and paper. The major by-
product obtained after corn processing is corn silk which 
is collected around 123–283 kg/ha, and it is convention-
ally used as agricultural waste, manure or used as ani-
mal feed due to lack of effective utilization (Singh et al., 
2023). According to Haldar et al. (2019), the CS meal 
(CSM) originated from beneath the husk of corn grains 
and is utilized as herbal therapy for bettering human fit-
ness. According to several studies (Hu and Deng, 2011; 
Ren et al., 2013; Rahman and Wan Rosli, 2014), the 
beneficial effects of CSM are related to the presence of 
flavonoids, volatile oils, phytosterols, steroids, alkaloids, 
saponin, allantoin, and tannins, in addition to minerals 
(Na, Ca, K, Fe, Ze, and Cl), and vitamins (E and K). As 
a consequence of its antibacterial (Prajapati et al., 2009), 
anti-allergic, antiviral,  anti-inflammatory (Alam, 2011), 
anti-hyperlipidemic (Kaup et al., 2011), and anti-diabetic 
properties (Zhao et al., 2012), CS possesses the ability to 
serve as an antioxidant and contribute to improve health 
and wellbeing (Liu et al., 2011). Concerning this matter, 
incorporating hens’ diets with 15% CSM could poten-
tially contribute to the reduction of production expenses, 
enhancement of health status, and augmentation of per-
formance of broilers (Kirrella et al., 2021). The major 
concern related to its addition to poultry feeds is its high 
content of crude fiber (9.5%), which has demonstrated 
detrimental effects on the efficacy of nutrient utilization 
and subsequently, productive performance (Ren et al., 
2013). The enhancement in performance due to dietary 
addition of CS could be attributed to its nutrient compo-
sition of carbohydrates, crude protein, vitamins and min-
erals (Hasanudin et al., 2012). Furthermore, results con-
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firmed better performance by incorporating 4% and 8% 
CS in broiler diets, supporting the previous findings (Kir-
rella et al., 2021). Recently, Boeira et al. (2022) showed 
that CS can be used as a herbal antioxidant ingredient due 
to its content of bioactive compounds that possess both 
antioxidant and antibacterial properties. Additionally, the 
dietary intake of CSM (9% crude protein and 2500 kcal/
kg metabolizable energy) led to an improvement in in-
testinal morphometrical points necessary for efficient nu-
trient digestion and absorption, which in turn increased 
overall performance and antioxidative potential (Nessa 
et al., 2012). The findings are consistent with relevant 
studies that discussed the probable importance of CSM 
in bettering the wellness of certain mammals and avian 
(Arafa et al., 2012). 

Olive cake meal (OCM)
Olive cake (Olea europaea L.), a solid by-product of 

olive oil extraction composed of a mixture of skins, pulp, 
woody endocarps and seeds (Dal Bosco et al., 2007) is 
available in large quantities in producing countries. The 
quantity of oil olives produced in the 2014/2015 crop 
was 420 000 tons, and Dal Bosco et al. (2007) reported 
that olive cake represents 35% of the weight of olives 
pressed. Thus, olive cake produced during one year was 
around 147 000 tons. The by-product of olive oil extrac-
tion known as olive cake meal (OCM) is used in poultry 
feed. But because some oil cannot be extracted using cur-
rent technologies from the seeds, this waste is valuable 
because it contains fat. The OCM has an abundance of 
oil and can be exploited as a source of antioxidant chemi-
cals (Pappas et al., 2019). Additionally, one of the most 
significant challenges to OCM is the unpredictability of 
its chemical makeup (Yanez et al., 2004). In addition, the 
OCM contains too many lignins. Its usage in rooster feed 
is constrained since it involves xyloglucan, a non-starch 
polysaccharide that has been reported to have anti-nutri-
tional impacts on monogastric animals like chicken (Abd 
El-Moneim and Sabic, 2019). In addition, the presence 
of protein and carbs combined in feed with considerable 
quantities of anti-nutritional phenolic compounds such 
as tannins can potentially restrict the bioavailability of 
nutrients by inhibiting digestive enzymes (Garcia et al., 
2003; Saleh et al., 2019 a). The elevated levels of mois-
ture and fat in OCM are another disadvantage, which 
poses challenges in terms of both consumption and stor-
age (Chiofalo et al., 2004). However, some processing 
techniques utilized in the extraction of olive oil (such as 
those utilizing cutting-edge technologies like microwave, 
pulsed electric powered field, and ultrasound) could also 
enhance the OCM digestibility and lead to a decrease in 
such anti-nutritional constituents (Saleh et al., 2020 a). 

Along with the presence of non-starch polysaccharide 
(NSPs) at elevated level, OCM also has an elevated nu-
trients content (9–10% crude proteins and 13–18% crude 
fat) (Al-Harthi and Attia, 2016). The OCM also contains 
considerable levels of vitamin E, and minerals like Ca, 
Fe, K, Mn, Na, and P (Ozcan et al., 2020). The OCM 

possesses a substantial quantity of residual oil, measur-
ing 6.8%, thereby it is considered a potential supplemen-
tary energy source. Additionally, the presence of oleic, 
linoleic, and linolenic acids in the OCM has an impact on 
the fatty acid (FA) profiles of broiler tissue (Saleh et al., 
2020 b). Al-Harthi (2017) and Sateri et al. (2017) recom-
mended the utilization of OCM up to 10% of the total 
broiler feed. Furthermore, Sayehban et al. (2020) found 
that adding OCM to broiler diets up to 15% yielded no 
adverse effects on performance. However, feeding pi-
geons on diets containing 10% OCM resulted in a good 
live weight (Al-Harthi and Attia, 2015). Additionally, 
Sayehban et al. (2016) reported that adding olive pulp 
by-products in broiler feeds improved carcass yield and 
relative organ weights in comparison with control group. 
According to Papadomichelakis et al. (2019), the inclu-
sion of 5–8% dried olive pulp in broiler diet improved 
meat quality (lower oxidative balance and higher meat 
color) and augmented live body weight and feed utiliza-
tion. According to reviews by Saleh et al. (2020 a) and 
Cayan and Erener (2015), incorporating 4% OCM by-
products into hen diets boosted the serum levels of total 
protein, albumin, HDL, and HDL/LDL ratio which were 
associated with lower levels of LDL. Therefore, substi-
tuting about 4–10% of corn with OCM in broiler diets 
leads to good performance, decreased stomach fat and 
plasma cholesterol, and elevated amounts of oleic acid 
and linolenic acid as monounsaturated and polyunsatu-
rated fatty acids, respectively.

Alternatives of soybean meal
Cumin seed meal
Cumin seed meal is the principal by-product that can 

be obtained from black cumin seed (Nigella sativa L.) 
after the oil is removed from the fruit and represents 70–
75% of the fruit weight. It is extensively grown in India, 
Iran, Egypt, Morocco, China, Indonesia, Japan, Southern 
Russia, Pakistan and Turkey. Among all these countries 
Iran produced about 7000 metric tons of cumin seed meal 
as a by-product of cumin oil extraction factories, annu-
ally (Mansoori et al., 2006). Today in Egypt, cumin seed 
meal is more affordable than wheat bran (WB) as feed 
ingredient in animal diets. Egypt represents the world’s 
largest exporter of cumin seed (Cuminum cyminum). 
Cumin seeds include 2–4% of unstable oils (Lucchesi et 
al., 2004), which are mostly a combination of cuminic al-
dehyde, or cyminol (its main component) (Pradeep et al., 
1993), and cymol, also known as cymene. Cumin seeds 
consist of 6.2% moisture, 17.7–23% protein, 23.8% fat, 
9.1% fiber, 35.5% carbs, and 7.7% minerals. Eight of the 
18 amino acids were shown to be essential, with tryp-
tophan serving as the initial limiting amino acid (Joe 
and Lokesh, 1997). Cumin seeds are extremely nutrient-
dense; they include large quantities of fatty acids (par-
ticularly monounsaturated ones), crude protein, crude 
fiber, vitamins (particularly B and E), and minerals (par-
ticularly Fe) (Bettaieb et al., 2011). There are numerous 
studies concerning the nutritional importance and thera-
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peutic impacts of cumin seed and its oil on humans and 
animals (Gagandeep et al., 2003), but few studies have 
been published on its utilization in poultry (Mansoori et 
al., 2006). 

Additionally, cumin seed is frequently employed in 
conventional medicine for a variety of purposes, e.g., im-
proving digestion, appetite, and immunity (Gilani et al., 
2004). It also has antibacterial and antioxidant properties 
(Bourgou et al., 2012). Thymoquinone, thymohydroqui-
none, dithymoquinone, and thymol are among the critical 
pharmacologically energetic components of cumin seed 
oils, while selenium, all-trans-retinol, and DL-tocopherol 
are considered to be the more pivotal antioxidants (Al-
Saleh et al., 2006). According to Mansoori et al. (2006), 
dietary inclusion of 2.5 or 5% cumin seed meal in hen 
diets increased egg weight and FCR but had little effect 
on body weight or feed consumption. Cumin’s digestive-
stimulating and antibacterial properties may be responsi-
ble for the beneficial effects on performance (Galib and 
Al-Kassi, 2010). It has been evidenced that the active con-
stituents of cumin boost bile acid function and promote 
the secretion of digestive enzymes (proteases, amylases, 
and lipases) (Srinivasan, 2005), which were responsible 
for lowering liver MDA (an index of lipid peroxidation) 
and yolk LDL cholesterol content in laying hens (Saleh 
et al., 2019 b). Additionally, Platel and Srinivasan (2001) 
stated that the inclusion of cumin in the diets reduced the 
rate of passage of meal through gastrointestinal tract by 
25%, which may have been connected to its positive im-
pact on bile secretion or digestive enzymes. Saleh et al. 
(2020 b) recently came to the conclusion that replacing 
wheat bran with 100% cumin seed meal increased pro-
ductivity (egg number, weight, and mass) and egg quality 
traits (yolk color, shell thickness, and Haugh unit), and 
lowered MDA in liver of laying hens. In order to improve 
laying performance and quality, and decrease lipid per-
oxidation, cumin seed meal may be fed.

Canola meal
Rapeseed meal, called canola meal in North America, 

Australia and some other countries, is the by-product 
of the extraction of oil from rapeseed (Brassica napus 
L., Brassica rapa L. and Brassica juncea L., and their 
crosses). It is a protein-rich ingredient that is widely used 
to feed all classes of livestock. Worldwide production of 
rapeseed meal is second only to soybean meal (Doré and 
Varoquaux, 2006). Global rapeseed meal production was 
38.8 million tons in 2018 which is slightly lower than in 
2015–2016 (39.1 million tons) (USDA, 2016). In 2018, 
the main producer of rapeseed meal was the European 
Union (12.8 million tons), followed by China (9.6 mil-
lion tons), Canada (5.3 million tons) and India (4.0 mil-
lion tons) (Heuzé et al., 2020). The canola cultivation is 
expanding significantly in the western region of Canada 
as well as in other regions of the world (Leeson and Sum-
mers, 2005). The rising demand for canola oil once had 
an impact on the production of canola. Canola meal is a 
by-product during the process of extracting oil, and has a 

substantially lower lysine level than soybean meal. How-
ever, amino acids containing sulfur are more abundant 
than those in soybean meal. Due to the presence of tan-
nins, senapine, fibers, phytate, and glucosinolates, along 
with its limited metabolizable value, canola meal is prob-
lematic for use in poultry feeds (Ghosh, 2020). The ad-
ministration of canola meal in laying hen diets has been 
found to lead to small and fishy taint eggs (Leeson and 
Summers, 2005). Two techniques currently employed to 
augment the nutritive value of canola meal are extrusion 
and fermentation with lactic acid bacteria (Alyileili et al., 
2020). Canola meal can therefore be added to chicken di-
ets up to 5–8% (Leeson and Summers, 2005) and can be 
increased to 10% in broiler diets (Aljubori et al., 2017). 
However, canola seeds have a high NSP content (Meng 
et al., 2005). According to a recent study by Chegeni et 
al. (2011), broiler chicks fed 25% canola seed performed 
better when combined with ß-mannanase, a hemicellu-
lase that contributes to the degradation of NSP. Accord-
ing to Zanini et al. (2006), broilers fed a diet containing 
canola seed oil experienced an increase in body weight 
attainment. Unsaturated fatty acids, in particular, are 
abundant in canola oil. Rahimi et al. (2011) verified that 
the broiler weight loss plan’s use of canola seed caused a 
decrease in FI. Canola seeds may also reduce the amount 
of stomach fat pads in broiler chicks (Shahryar et al., 
2011). Additionally, feeding probiotics along with canola 
seeds decreased plasma levels of total LDL cholesterol 
and triglycerides while increasing plasma levels of HDL 
cholesterol (Kim et al., 2003; Zanini et al., 2006). These 
findings suggest that the phytosterols in canola seeds 
may be responsible for the reduction in total LDL cho-
lesterol caused by canola seed feeding (Ling and Jones, 
1995; Bruckert et al., 2010). Additionally, phytosterols in 
canola seed may compete with dietary and biliary LDL 
cholesterol for absorption in the brush border and dis-
place LDL cholesterol from bile salt micelles (Ntanios 
and Jones, 1999). The composition of FAs in the form 
of increasing unsaturated FAs (α-linolenic acid) in breast 
muscle was also improved by feeding canola seeds (As-
sadi et al., 2011). Therefore, when made on a foundation 
of digestible amino acids, canola meal has the potential 
to serve as a viable alternative to SBM in isocaloric feeds 
without causing any marked effects on live weight, feed 
consumption, FCR, and mortality rate. Also, soybean 
meal can be replaced by CM at levels up to 20% of the 
total diet without affecting carcass yield, composition of 
meat or the instrumental or sensory characteristics of the 
meat of broilers (Gopinger et al., 2014).

Peanut (groundnut) meal
Peanuts, also known as groundnuts, alongside rape-

seed, soybean, sunflower seed, and cottonseed, are one of 
the world’s five major oil crops with widespread cultiva-
tion and production globally. Peanuts, a type of legumi-
nous plant, are cultivated in tropical and subtropical ar-
eas. Their common utilization is to obtain oil from seeds 
and their by-product (meal) is utilized to provide protein 
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to animal diets (Sarbaz et al., 2018). According to the 
data from the website of Statista, peanut oil production 
is estimated to be around 5.86 million metric tons from 
2021 to 2022, accounting for approximately 3.14% of the 
world’s total annual output of edible vegetable oil (Statis-
ta, 2023). Based on the FAO’s enterprise statistical data-
base, China was the largest peanut producer in 2021, with 
an output of 18,307,800 tons, followed by India and Ni-
geria with outputs of 10,244,000 tons and 4,607,669.46 
tons, respectively. In 2020, the global production of 
peanut oil reached 4.61 million tons (FAOSTAT, 2021), 
which sufficiently illustrates the significance of peanuts 
in agricultural production and trade (Zhao et al., 2012). 
The end product of the process of extracting peanut oil 
is known as peanut meal (PNM). This ingredient con-
tains about 47% CP and 0.5–1% oil. Trypsin inhibitors 
are a drawback of using PNM in poultry diets. Thank-
fully, it may be cleansed with the help of warmth therapy 
during the oil extraction process. Mycotoxins including 
aflatoxins have detrimental effects on poultry productiv-
ity. It is challenging to consider the possible aflatoxin 
exposure. To solve this issue, sodium-calcium alumi-
nosilicates should be added to the feedstock since they 
bind to aflatoxin and prevent its absorption (Kana et al., 
2013). Because it contains more than one peel and shell 
remnant and 10% crude fiber, PNM is regarded as fibrous 
(Davis and Dean, 2016). The residual oil content material 
is extremely varied because of the thorough extraction 
processes; it can range from 3% or more for a meal that 
was extracted using solvent to 10% for cakes that were 
extracted regularly. Unsaturated fats, principally linoleic 
and oleic, make up more than 90% of the fats in peanut 
oil (Bera et al., 2019). Lysine, threonine, and methionine 
deficiencies are among the challenges associated with 
using PNM in broiler diets (Zhang and Parsons, 1996). 
Another issue that restricts the use of PNM in broiler 
diets is mineral insufficiency. The phytase enzyme, on 
the other hand, has been found to increase mineral avail-
ability, increasing metabolizable energy. It is important 
to remember that PNM should not be utilized as the only 
protein source in broiler feeds, however it can be uti-
lized effectively at levels up to 15% in combination with 
the other dietary sources of protein (Diaw et al., 2010; 
Ghadge et al., 2009). However, Toomer et al. (2019) 
stated that, in contrast to the other treatments, feeding 
excessive oil PNM reduced the weights of the carcass 
components. However, Sarbaz et al. (2018) found that 
feeding birds a 5% peanut pod increased carcass weight 
and decreased stomach fat pad. According to Aito Inoue 
et al. (2007), the decrease in deposited fat in the abdomen 
is possibly attributable to the augmentation in n-3 FAs 
in PNM along with AA stability (lysine in particular) in 
diets of broilers. Additionally, PNM at 5.3% and 10.6% 
of the diet decreased the concentration of LDL choles-
terol in egg yolks (Lu et al., 2013). According to Bera 
et al. (2019), the decrease in plasma concentrations of 
LDL and triglyceride could be attributed to the elevated 
amounts of unsaturated FAs in PNM. These residues also 

help to increase hepatic transformation of LDL by ex-
panding the range of hepatic LDL receptors, which low-
ers plasma LDL cholesterol levels (Fernandez and West, 
2005). PNM possess a high content of phytosterol (Han 
et al., 2015), which has a chemical construction similar 
to that cholesterol in animal and contributes to lower-
ing LDL in bloodstream (Abd El-Moneim et al., 2020). 
Feeding broilers diets containing 10% PNM, in place of 
corn and soybean meal, had no longer an impact on the 
metrics measuring their increased overall performance 
and fitness.

Linseed meal
Linseed meal is the by-product of oil production from 

linseeds. In 2020, world production of flax (linseed) was 
3.4 million tons, led by Kazakhstan with 31% of the total. 
Other major producers were Russia, Canada, and China 
(Allaby et al., 2005). Linseed, an oil crop, has a significant 
amount of crude protein (25–35%) and an abundance of 
n-3 FAs. The by-product produced during extracting oil 
from linseed is known as linseed meal (LSM). Numer-
ous factors, including low methionine and lysine content, 
excessive fiber content, and anti-nutritional components, 
prevent the inclusion of LSM in chicken diets in exces-
sive amounts (Iji et al., 2017). Anti-nutritional elements 
present in LSM, such as cyanogenic glycosides, aller-
gens, phytic acid, anti-pyridoxine, mucilage, and goi-
trogens, could bind with water molecules, consequently 
leading to an elevation in digesta viscosity. High-viscos-
ity digesta causes a biofilm to develop on the epithelial 
layer of the GIT, enhancing fermentation and the spread 
of harmful bacteria, thus raising the hazard of illnesses, 
and decreasing the productivity of the livestock (Pirmo-
hammadi et al., 2019). Very few works have researched 
how feeding LSM affects the meat composition of AA in 
broiler chicks. It is important to remember that dietary 
protein plays a vital role in supplying the essential AA, 
which are needed for maintaining basic physiological 
characteristics, repairing damaged tissues, and growing 
muscles (Toomer et al., 2020). The diets can be made 
with plant or animal protein sources; however, broiler di-
ets commonly incorporate plant-based feedstuffs because 
of their accessibility and affordability (Babatunde et al., 
2021). The conflicting results of earlier research may be 
related to dietary inclusion levels, chemical composition, 
oil percentages, and the amounts of anti-nutritional com-
ponents in each item (Mridula et al., 2011). Levels of n-3 
FAs in meat yield were increased, which concerned low-
ering lipid peroxidation and improving the humoral im-
mune response in Japanese quail, according to Mridula et 
al. (2011), who also noted that the increase in growth per-
formance of broilers was no longer impacted in response 
to including LSM in feed at the level of 10% (Ebeid et 
al., 2011). Further, Meherunnisa et al. (2017) found that, 
excluding any negative effects, water-treated LSM could 
be incorporated in broiler chick feeds up to 15%. Addi-
tionally, in order to overcome the AA deficiencies such 
as threonine, adding threonine (0.10%) to broiler chick 
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diets containing LSM caused higher live weight and feed 
utilization than control, however, there were no signifi-
cant changes observed in relative weights of carcass parts 
(Costa et al., 2001). Pekel et al. (2009) stated that broilers 
given flaxseed-based diets (10% from hatch to 21 d of 
age) undergo considerable alterations in relative weights 
of carcass and breast. Additionally, earlier studies had 
shown that the LSM might result in viscous digestion, 
inhibit reutilization of bile salts, and disrupt digestion 
lipids, all of which would lower serum levels of LDL 
cholesterol and triglycerides (Kristensen et al., 2013). 
Additionally, eating soluble fiber could decrease blood 
stream content of TC and LDL as well as triglycerides by 
enhancing the excretion of bile salts in the feces (Maki et 
al., 1999). Therefore, feeding broilers diets with 100 kg/
ton LSM as a replacement for soybean meal had no effect 
on the measures relating to their increased performance 
and fitness reputation.

Table 1. Chemical composition of the ingredients

Crude 
protein 

(%)

Metabolizable 
energy 

(kcal/kg)

Crude 
fiber
 (%)

Fat (%) Calcium 
(%)

Sorghum 8.7 3345 2.32 3.01 0.051

Wheat bran 15 1340 6.3 4.2 0.15

Wheat middlings 16 2540 2.7 3.5 0.07

Corn silk meal 12.51 2550 9.5 2.23 0.31

Olive cake meal 8.2 3675 11.55 17.8 0.021

Cumin seed meal 16 2900 20.9 2.19 0.43

Canola meal 36.5 2050 11.6 3.6 0.67

Peanut meal 23 3670 11.4 21 0.1

Linseed meal 36 1850 8.5 8.7 0.2

Poultry fat – 9150 – – –

Rice bran oil – 8954 – – –

Eggshell meal – – – – 43.16

Alternatives for oil sources
All the aforementioned ingredients (corn, sorghum, 

cumin seed, soybean, and linseed) involve considerable 
amounts of fat. Additionally, these ingredients can pro-
vide the hen with PUFAs such as omega-3 and omega-6 
(Grigorova et al., 2017; Madeira et al., 2017).

Poultry fat
After various hydrations, filtrations, and degumming 

processes, soy oil (SO) is the major source of fats utilized 
in chicken feed composition in the Middle East (Beaure-
gard et al., 1996). However, it is expected to have a lim-
ited grant and steadily rising costs. Rendered rooster fats, 
waste products of rooster abattoirs, could be used as al-
ternatives to SO because of their high bioavailability and 
incredibly low cost. Additionally, adding PF to the diet 
offers a variety of advantages on diet texture, palatability, 
and intestinal absorption by reducing food passage time 
through the digestive system (Józefiak et al., 2014; Okur, 
2020). However, risks associated with using animal fat in 
poultry diets include spoilage and limited use in young 

chick (Aardsma et al., 2017). When 50% PF was utilized 
in place of SO, no variations in performance metrics were 
found in the literature (Hu et al., 2019). However, it is im-
portant to remember that when animal fats as PF and tal-
low were coupled with vegetable oils, a synergistic effect 
was seen (Tufarelli et al., 2015). The PF is typically uti-
lized in feed mills, but the European Union’s restrictions 
and specific rules on such practice have prompted chal-
lenges for these establishments within the countries of 
the European Union (Patra et al., 2011). However, due to 
the highly nutritive composition of PF, economic consid-
erations, high manufacturing expense, and the exorbitant 
cost associated with the implementation, these by-prod-
ucts need to be reintroduced into the manufacturing and 
financial systems (Nayebpor et al., 2007). According to 
several studies, incorporating vegetable oils in hen diets 
could enhance productivity and carcass characteristics, 
along with manufacturing efficacy by raising feed power 
stage above animal fats (Zampiga et al., 2016). Others 
hypothesized that hen performance would be improved 
by a combination of 50% vegetable oils and 50% animal 
fats (Aardsma et al., 2017). However, some studies found 
no statistically significant differences between vegetable 
and animal fats (Pesti et al., 2002). An increase in fat 
weight was seen in an experiment conducted by Okur 
(2020) when animal fat was added to broiler diets. The 
dietary fat sources and panel of FA (particularly the es-
sential ones like linolenic and linoleic FA) have a signifi-
cant impact on the growth efficiency of broilers because 
their lack can also slow broiler growth (Józefiak et al., 
2014). The balance ratios of energy to protein or to AA in 
PF-based meals should also be considered when explain-
ing why there were no variations in the poultry perfor-
mance (Okur, 2020). Furthermore, Pesti et al. (2002) not-
ed that consuming fat sources (feed- and pet food-grade 
poultry greases, restaurant grease, white grease, animal/
vegetable oil blend, palm oil, yellow grease) with an ex-
cessive amount of metabolizable energy caused an exces-
sive amount of fat to be deposited. This may provide an 
explanation for the high abdomen fat of poultry which 
received meals containing increased amounts of PF. The 
digestion of nutrients is strongly influenced by the FAs 
chain size and unsaturated FA to saturated FA ratio (U/S 
ratio since the low ratio found in certain sources (like 
tallow and palm oil) have been linked to significantly un-
favorable effects on vitamin digestibility (Tancharoenrat 
et al., 2014; Viveros et al., 2009). To our knowledge, only 
a small number of studies have looked at how dietary fat 
addition affects the blood chemistry of different poultry 
species. Several of such research (Donaldson et al., 2017) 
concentrated on the influence of different fat sources on 
the quality of poultry products intended for human uti-
lization with no consideration for the changes in the fit-
ness repute of birds throughout manufacture. Hu et al. 
(2019) found that dietary PF had a negligible effect on 
the serum levels of HDL, LDL, and TC in ducks. In addi-
tion, insignificant variations in the blood content of total 
protein, albumin, and LDL, and activity of AST were ob-
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served by Donaldson et al. (2017) in quail that received 
feeds containing either PF or lard. Data on blood serum 
content of triglyceride in response to various dietary fat 
sources and amounts, have been rather conflicting. On 
the other hand, according to other studies, humans and 
birds fed excessive dietary lipids had significantly higher 
serum triglycerides (Kim et al., 2011). While some re-
searchers identified a considerable reduction in its level 
(Howe et al. 2006), others revealed non-significant modi-
fications (Donaldson et al., 2014). The limit in blood tri-
glycerides, according to Donaldson et al. (2014), may be 
due to a decrease in the liver’s ability to synthesize FAs 
from scratch, as the birds have been receiving enormous 
amounts of FAs through their diets. The inconsistent re-
sults of these studies suggest that different lipid manage-
ment pathways and multiple potential mechanisms, such 
as post-absorption lipid metabolism and liver uptake of 
HDL, may regulate circulatory levels of LDL and triglyc-
erides in many poultry species. The lipid profile of breast 
meat is generally improved when PF is added to broiler 
diets in place of soy oil (Saleh et al., 2021). As anticipat-
ed, substituting SO with PF has significantly enhanced 
the financial effectiveness and benefit-to-cost ratio, de-
pending on the substitution rate. This effect results from 
the significant disparity between the costs of SO and PF; 
under the conditions of the unusual study, the cost of SO 
was once 4.6 times that of PF. Due to the fact that SO is a 
major fat source in poultry diets and has numerous manu-
facturing applications, the price differences between SO 
and PF are reasonable. Although it has a low price, being 
a by-product of poultry abattoirs, the use of PF is more 
cost-effective and has less of an adverse impact on the 
environment. Several studies have demonstrated that us-
ing PF instead of SO has financial benefits (Donaldson et 
al., 2017; Jansen et al., 2015). As a result, feeding PF to 
broilers can be used to partially or completely replace SO 
in their diet without harming their general performance 
or health to upgrade their meat quality.

Rice bran oil
In comparison to other traditional vegetable oils, rice 

bran oil (RBO) is very popular because of its high quality, 
long shelf life, good-balanced FA content, and numerous 
antioxidant properties (Lai et al., 2019; Punia et al., 2021). 
Tocopherols, tocotrienols, and other phytoconstituents 
with biological activity, such as phytosterols, squalene, 
γ-oryzanol, and triterpene alcohols, are abundant in the 
RBO (McCaskill and Zhang, 1999). Such substances 
were recorded to have immune-stimulating, anti-inflam-
mation properties, and hypocholesterolemic activities 
(Punia et al., 2021). Due to its balanced fatty acid com-
position, which has a ratio of 1:1.1:0.6 for PUFA, MUFA, 
and SFAs, respectively (Selim et al., 2021), the RBO is 
one of the healthier edible oils. The major 3 FAs in RBO 
are oleic acid (C18:1), linoleic acid (C18:2), and palmitic 
acid (C16:0), which represent nearly 42, 32, and 20%, re-
spectively, of the total FAs content in RBO (Lai et al., 
2019; Punia et al., 2021). Although RBO only contains 

a modest amount of linolenic FA, it is adequate for de 
novo synthesizing of several 3-PUFA in tissue phospho-
lipids, including eicosapentaenoic acid and docosahexae-
noic acid (Ali and Devarajan, 2017). Due to its superior 
FA content along with the bioactive substances, including 
sterols, oryzanols, polyphenols, tocopherols, tocotrienols, 
and phenolic acids, the RBO is recognized as amongst the 
vegetable oils that have most benefits on the health status 
(Lai et al., 2019; Punia et al., 2021). In humans and ani-
mals suffering from hyperlipidemia (Zhang et al., 2020) 
these biologically active constituents have been found to 
reduce oxidative stress indicators, TC, and LDL. Further-
more, it has been postulated that RBO may also mitigate 
the risk factors associated with cardiovascular ailments. 
Consequently, RBO could serve as a great natural option 
for supplying broiler diets with PUFA and antioxidants, 
thereby augmenting productivity, health status, antioxi-
dant potential, and meat quality. Previous studies on broil-
ers fed diets supplemented with 4% RBO found improved 
performance, prolonged immunological response, and 
decreased LDL cholesterol (Purushothaman et al., 2005; 
Kang and Kim, 2016; Zaki et al., 2023). According to An-
itha et al. (2006), RBO has significant positive effects on 
the final LW, WG, and FCR. These effects were more pro-
nounced when it made up to 3% of broilers’ diets. Simi-
lar results on the improvement of broilers’ FCR and LW 
were obtained using 2% RBO (Baiao and Lara, 2005). 
However, previous studies found no appreciable differ-
ences in FI between the experimental groups (Ayed et al., 
2015). The beneficial effects of RBO on broiler perfor-
mance may also be attributed to its bioactive components 
(Anitha et al., 2006). The strong energy-producing prop-
erties of PUFA may also be responsible for the reduced 
FI seen here in broilers receiving dietary RBO (Khatun 
et al., 2017). According to Ahmed et al. (2018), RBO ad-
ministration suppressed the prolonged liver de novo lipo-
genesis of the insulin-resistant mice by downregulating 
the superoxide dismutase and catalase lipogenic genes. As  
a result, RBO’s suppressive effects may also be attribut-
able to its unsaponifiable components, which have also 
been shown to decrease sterol regulatory element-binding 
protein-1 (Ham et al., 2016). Thus, these findings proposed 
that RBO could also affect lipid metabolism in broilers. 
Additional research is needed to confirm this mechanism, 
though. At the time of the experimental groups’ 24-hour 
autopsies, the inclusion of RBO in broiler diets did not 
yield marked effects on the meat lightness (L*), redness 
(a*), or yellowness (b*) values of both breast and thigh 
flesh (Turcu et al., 2021). In the same context, Qi et al. 
(2010) added different oils to a broiler chicken’s diet and 
recorded an impact on the meat’s color, and documented 
a correlation between meat pH and the physicochemical 
traits, including color and hardness. The breast and thigh 
muscle mass pH readings in this investigation were within 
normal pH ranges (Turcu et al., 2021; Abd El-Moneim et 
al. 2022). These findings concur with those of Jankowski 
et al. (2012) and Khatun et al. (2018). Inclusion of rice 
bran (full-fat type) at 6–18% in goose diets had no long-
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er an impact on the meat’s fine characteristics, such as 
color and pH (Sun et al., 2016). According to Priolo et al. 
(2001), meat acidity (pH) is significantly influenced by 
glycogen, but there were no obvious differences in color 
of abdomen fat in broiler chicks. This is likely because 
RBO contains very little beta-carotene, lutein, and zeax-
anthin (Lamberts and Delcour, 2008). As a result, RBO 
may be employed as a prized environmentally friendly el-
ement in broiler chicken feeds to boost immune function 
and performance, improve blood lipid profiles, hepatic 
function, and antioxidant status, and augment the nutri-
tional content of the products.

Conclusions 
Yellow corn and soybean meal are conventional feed 

ingredients used as the main feedstuffs in poultry feeds be-

cause of their high nutrients availability. Currently, great 
efforts are being made worldwide to replace soybean meal 
and yellow corn with other protein- and energy-rich feeds 
for monogastric animals. The use of alternative feed in-
gredients nowadays in poultry industry is going to be in-
creased due to their nutritive quality and as a cheap source 
of energy and protein. Furthermore, these alternatives 
such as sorghum, wheat bran and wheat middlings, corn 
silk meal, olive cake meal, cumin seed meal, canola meal, 
peanut (groundnut) meal, linseed meal, poultry fat and rice 
bran oil are not competitive with human nutrition. At the 
same time, their incorporation into poultry diets has the 
potential to partially substitute soybean meal and yellow 
corn, and this would result in a reduction in production 
costs. Feed ingredients and alternatives of soybean meal in 
poultry diets were summarized in Table 2.

Table 2. Feed ingredients and alternatives of soybean meal in poultry diets

Ingredient Level (%) Results Reference

1 2 3 4

Sorghum Substituting 50% sorghum 
for maize

Did not yield any notable impact on the weights of the muscles 
and organs

Torres et al. (2013)

Sorghum 50% yellow maize with sorghum Could enhance broiler performance, regulate plasma content 
of lipids, and improve mRNA expression linked to growth and 
antioxidation

Saleh et al. (2013)

Wheat bran 15% wheat bran Xylanase supplementation is advised in broiler diets Leeson and Summers 
(2005)

Wheat bran 15% wheat bran Should be advised to not exceed 15% in diets Zimonja et al. (2007)

Wheat 
middlings (WM)

4% of WM Broiler performance could be increased with this level Tufarelli et al. (2011)

Wheat 
middlings

10% of WM Performance was increased because WM contain elevated lev-
els of protein and amino acids

Gheisarie et al. (2003); 
El-Gendy et al. (2023)

Corn silk meal 
(CSM)

15% CSM Incorporating hens’ diets with CSM could potentially contrib-
ute to the reduction of production expenses, enhancement of 
health status

Kirrella et al. (2021)

Corn silk meal 4% and 8% CS Incorporating CS in broiler diets, supporting the previous find-
ings 

Kirrella et al. (2021)

Olive cake meal 
(OCM)

15% Adding OCM to broiler diets up to 15% g yielded no adverse 
effects on performance.

Sayehban et al. (2020) 

Olive cake 
meal

10% OCM Feeding pigeons on diets containing OCM resulted in a good 
live weight 

Al-Harthi and Attia 
(2015)

Olive cake 
meal

4% Incorporating OCM by-products into hen diets boosted the se-
rum levels of total protein, albumin, HDL, and HDL/LDL ratio 
which was associated with lower levels of LDL.

Cayan and Erener (2015)

Cumin seed meal2.5 or 5 % Dietary inclusion of cumin seed meal in hen diets increased 
egg weight and FCR but had little effect on body weight or 
feed consumption

Mansoori et al. (2006)

Canola meal 
(CM)

5–10% Canola meal can therefore be added to chicken diets up to 
5–8% and can be increased to 10% in broiler diets

Leeson and Summers 
(2005); Aljubori et al. 
(2017)

Canola meal 20% Soybean meal can be replaced by CM at levels up to 20% of 
the total diet without affecting carcass yield, composition of 
meat or the instrumental or sensory characteristics of the meat 
of broilers 

Gopinger et al. (2014)
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