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Nontraditional Feedstuffs as an
Alternative in Poultry Feed
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Ubedullah Kaka and Muhammad Abdul Basit

Abstract

Soybean meal and yellow corn are conventional feedstuffs used as the main
ingredients in poultry feeds due to their high nutrients availability. On the other
hand, these two feedstuffs are high in demand by other animals (soybean meal)
and humans (yellow corn). By the year 2050, the world’s population is expected to
increase up to 9.1 billion. Global consumption of poultry products, such as meat or
eggs is increasing predominantly in developing countries. Consequently, the global
demand for poultry feedstuffs would increase. The availability of feedstuffs for poul-
try nutrition nowadays is becoming more competitive. Thus, food security, especially
in the developing countries, would be threatened. Currently, efforts are being made
to use alternative feedstuffs to substitute portion of soybean meal and yellow corn in
poultry diets. This chapter discusses the alternative feedstuffs that can be incorpo-
rated in poultry feeds. In addition, the nutritive content and availability are examined
as well as how to improve the nutritive quality of such nontraditional feedstuffs.

Keywords: alternative feedstuffs, insects, algae, poultry feed

1. Introduction

Due to their high nutrients contents, soybean meal and yellow corn are conven-
tional feedstuffs in poultry feeds. Moreover, these two feed ingredients are also high
in demand by other animals (soybean meal) and humans (yellow corn). The global
consumption of poultry products, such as meat or eggs, appears to be increasing
in the developing countries. Therefore, the global demands of the main poultry
feedstuffs would increase leading to higher cost of poultry production. Studies
have shown that the world’s population is expected to increase to 9.1 billion by the
year 2050, [1]. This tremendous increase in population would produce competition
in the available poultry feed ingredients for poultry nutrition. Furthermore, this
increase in population will increase demand for poultry products. As a result, the
availability of feed ingredients for poultry nutrition would become more competi-
tive. In addition, there is an increasing trend to produce biofuel from feedstuffs,
especially corn, to meet the demand all over the world. This further poses a serious
food security risk, especially in the developing countries.

Currently, efforts are being made worldwide to use alternative sources of protein
and energy to be substituted for soybean meal and yellow corn in monogastric
animals such as poultry and swine. It is known that some developing countries pro-
duce a huge amount of alternative feedstuffs, considered as agro waste by—products
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such as wheat bran, rice bran, cotton seed meal, copra meal and palm kernel cake.
However, many of these agro waste by—products are featuring on presence of non-
starch polysaccharides (NSPs) such as xylan and mannan as well as anti-nutritional
factors [2].

The NSPs are found to be the main reason for increasing the viscosity in the
small intestine of the birds, and hence lead to increased moisture content of the
excreta. Hence, the productivity and health status of the chickens could be affected
[2]. Therefore, the inclusion of these agro waste by—products in poultry feed are
limited. The nontraditional feedstuffs can be defined as those feed ingredients that
have not been conventionally or commercially used in poultry rations. This chapter
discusses the nontraditional feedstuffs with potential to be replaced partially or
totally with soybean meal and yellow corn in poultry feeds.

2. Alternative feed ingredients for yellow corn

It is well known that yellow corn is used as a main source of energy ingredient in
poultry diets [2]. There are some nonconventional feed ingredients that can sub-
stitute certain amount of yellow corn in poultry rations. However, there are some
limitations such as presence of anti-nutritional factors that lead to decrease feed
intake and growth performance (Table 1). The other important point to consider is
that the lack of knowledge about the composition of nutrients and their availability,
due to the lack of research centers in the developing countries limit use of these feed
ingredients.

2.1 Sorghum

Sorghum is the main food grain in Africa and parts of India and China [3].
The nutritive value of sorghum is almost 90-95% similar to that of yellow corn.
Moreover, its global price is less than yellow corn [4]. The problem of sorghum is
the high tannins content, which is water soluble polyphenolic metabolites and leads
to reduce growth performance of poultry. Tannins in higher concentration are anti-
nutritional because made chelates and reduce protein digestibility [5]. Sorghum
is usually classified as bird resistant (less than 0.5% tannin) or non-bird resistant
(1.5% tannin or higher) varieties. The negative effects of tannins are decreasing
growth, feed intake, protein digestibility, egg production and leg abnormalities
with broilers [4]. There are some procedures that can be applied to the sorghum
to minimize tannins and improve the nutritive value of such feed ingredients.
These methods include soaking in alkali solution and water. It is reported that
tannic acid can be hydrolyzed in the chicks to gallic acid which excreted in urine as

Ingredient Limitation
Sorghum High tannins content.
Wheat bran High fiber content, low metabolizable energy.
Distillers dried grains with Variability and availability of nutrients.
solubles (DDGS)
Date wastes High fiber content in the date pits, low lysine, methionine, leucine and
isoleucine.
Millets High fiber and tannins.
Table 1.

Alternative energy sources that can replace yellow corn in poultry diets.



Nontraditional Feedstuffs as an Alternative in Poultry Feed
DOI: http://dx.doi.org/10.5772/intechopen.95946

4 — O — methyl gallate [4]. Therefore, the action of methyl donors such as calcium
hydroxide or slurry of sodium carbonate could be included in poultry rations to
improve the feed intake of high tannin sorghum. As a result, low tannin sorghum
can completely replace yellow corn in poultry diets.

2.2 Wheat bran

Wheat bran is the outer seed coat from flour mills. High in fiber, low in metabo-
lizable energy (ME) and its usage in poultry nutrition is limited [4]. The ME can be
increased up to 10% by simple steam pelleting, and the availability of phosphorus
up to 20% under the same condition [6]. This by product could be beneficial for gut
health which is reported to modify the gut microflora [4]. It is reported that wheat
bran can be added in poultry diets up to 5-8% without negative effect [4]. Wheat
bran contains xylan which may lead to increase viscosity in the small intestines.
Therefore, xylanase supplementation is recommended for broilers fed more than
15% wheat bran in their diets [4].

2.3 Distillers dried grains with solubles (DDGS)

Alternative and clean sources of energy are more attractive nowadays against
fossil energy. The production of biofuel has globally increasing [7]. Therefore,
the by-product obtained from this process is known as distillers dried grain with
solubles (DDGS). It can be defined as a product obtained after ethanol extraction
by distillation from the yeast fermentation, and drying at 75% of the resultant [8].
Including DDGS in poultry diets to replace part of yellow corn and soybean meal
have shown positive results in terms of growth performance [9]. The main limita-
tion of using DDGS in monogastrics is the variability of its nutrients content and
availability [9]. This is due to the variation of growing conditions, ethanol produc-
tion method and oil extraction. Therefore, it was reported that there are two types
of DDGS; high protein and conventional DDGS (Table 2).

Nutrient High protein DDGS Conventional DDGS
Dry matter 83.10 89.80
Crude protein 34.10 2710
Crude fiber 8.35 7.85
Ether extract 791 9.63
Arginine 149 110
Cystine 0.58 0.45
Glycine 1.25 0.60
Histidine 0.88 0.62
Isoleucine 1.26 115
Leucine 4.32 240
Lysine 116 0.70
Methionine 0.74 0.50
Phenyl alanine 1.57 1.35
Serine 1.60 1.30
Threonine 131 0.93
Tryptophan 0.30 0.20
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Nutrient High protein DDGS Conventional DDGS
Tyrosine 134 0.80
Valine 1.60 1.40
Metabolizable energy (Kcal/Kg) 2628 2628

Table 2.

Nutrient composition of DDGS (% as —fed basis) [9].

Not only can DDGS provide energy in poultry diets, but also can provide protein
and available phosphorus. It was shown that DDGS can be included in broiler diets at
8% or 15% in starter and grower phase, respectively without negative effects in their
performance [8]. The supplementation of fiber-degrading enzyme could be an effi-
cient way to enable the use of increased levels of DDGS in poultry and pig diets [10].

2.4 Date wastes

Dates are rich in vitamins and minerals. Usually, dates wastes consisting on the
pulp and pits (stones). Date wastes are high in fiber, low in lysine, methionine, leu-
cine and isoleusine [11]. The limitation of using date wastes is the high crude fiber
in the date pits. Date wastes can be included in poultry diets up to 30% without
negative effects on their performance [12]. In addition, the use of 30% of date pits
(stones) with a supplementation of multi enzymes in broiler diets had no adverse
effects on the final body weight [13]. Regarding date pits meal, it could be fed to
laying hens up to 5% without adverse effects on their performance and egg quality.
In addition, broilers fed diet incorporated with 4% date pits meal showed an ability
to resist the deleterious effects of aflatoxine B1 [14].

2.5 Millets

Millets is adrought-resistant plant that produces a nutritious grain. It can be
grown successfully under environmental conditions where corn and wheat fail
to survive [15]. The nutrient content is variable, so that it contains 8-10% CP,
3395-3738 kcal/kg metabolizable energy, 3.60-5.27% fat and 1.59-2.36% fiber [15].
The limitation of using high levels of millets in poultry diets is the tannin content
and fiber [16].

3. Alternative feedstuffs for soybean meal

Routinely, soybean meal is used as a main source of protein ingredient in poultry
diets [4]. There are some nontraditional feed ingredients that can replace certain
amount of soybean meal in poultry diets. Nevertheless, there are some limitations
such as presence of anti-nutritional factors that lead to reduce feed intake and
growth performance (Table 3).

3.1 Canola meal

Canola crop is growing widely in the west of Canada as well as in other parts of
the world [4]. The production of canola was influenced by the increasing demand
for canola oil. Canola meal is the by-product of oil extraction, and lysine content is
less than that of soybean meal. However, sulfur-containing amino acids are higher
than that of soybean meal.
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Ingredient Limitation

Canola meal Presence of glucosinolates, senapine, phytate, fibers, tannins, and low
metabolizable energy.

Peanut (groundnut) meal Trypsin inhibitors, potential aflatoxin contamination.
Peas Lack of sulfur containing amino acids, and moderate energy levels
Lupins High fiber, low metabolizable energy.
Sesame meal High levels of phytate.
Blood meal Palatability and low growth rate.
Palm kernel meal High fiber, coarse texture and high NSPs.
Cottonseed meal High fiber, gossypol, dry and dusty nature, phytate, sterculic acid.
Feather meal Low in amino acids availability.
Insects and worms Microbial deterioration and lipid oxidation during storage.
Earthworms High fat (PUFA), and lipid oxidation during storage.
Algae High fat (PUFA), and lipid oxidation during storage.
Azolla High fiber content.
Single — cell protein High fat (PUFA), and lipid oxidation during storage.
Table 3.

Alternative protein sources that can replace soybean meal in poultry diets.

The problem of using canola meal in poultry feeds is the presence of glucosino-
lates, senapine, phytate, fibers, tannins as well as it has low metabolizable energy
[17]. It was found that feeding canola meal to layers led to the occurring of fishy
taint in egg and the reduction egg size [4].

There are attempts to improve the nutritional quality of canola meal by extru-
sion or solid-state fermentation using lactic acid bacteria [6, 18]. Therefore, it was
reported that canola meal can be incorporated in poultry diets up to 5-8% [4], or up
to 10% in broilers fed fermented canola meal based diet [17].

3.2 Peanut (groundnut) meal

Peanut meal is a by-product from oil extraction. It contains 0.5-1% oil and 47%
CP. The problem of using peanut meal in poultry diets is the trypsin inhibitors.
Fortunately, it can be detoxifying by heat treatment during oil extraction. The issue
to consider is that its potential aflatoxin contamination. To overcome this problem,
the feedstuff could be supplemented with sodium-calcium aluminosilicates because
these minerals bind with aflatoxin preventing its absorption [4].

3.3 Peas

Peas can be used in poultry diets depending on local economic conditions. It
contains moderate amount of energy and protein. The limitation to use peas in
poultry rations is the lack of sulfur containing amino acids, and moderate energy
levels [4].

3.4 Lupins

The use of low alkaloid lupins in poultry diets is going to be increased in
certain regions of the world [4]. The high level of fiber in the seed leads in low
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metabolizable energy compared to soybean meal. Although lupins are much lower
in methionine and lysine, many reports suggested that sweet lupins are comparable
to soybean meal in terms of protein quality [4].

3.5 Sesame meal

Sesame meal is very deficient in available lysine. It contains high level of phytate
which may cause problems with calcium absorption. Therefore, skeletal disorders or
poor egg shell quality in laying hens may be occurred. It contains 35.1-47% CP [16].
It is recommended that diet incorporated with more than 10% sesame meal should
be increased by 0.2% extra calcium [4].

3.6 Blood meal

Blood meal is high in protein (65-85%), rich in lysine, arginine, methionine,
cysteine and leucine. However, it is very poor in isoleucine [19]. The use of blood
meal is very limited in poultry diets because of its palatability and poor growth rate
[4]. It was reported that blood meal can be incorporated up to 3% in broiler diets
without negative effects in their performance [19].

3.7 Palm kernel cake

Tropical regions have an abundant amount of palm kernel cake (PKC), which
is considered an agro-industrial waste derived from the extraction process of oil
from palm fruits. It has been used in poultry diets as an alternative to soybean meal.
Nevertheless, the use of PKC is limited in monogastrics because of its high content
of fibers, coarse texture, and non-starch polysaccharides (NSPs) [2, 20-24]. The
main NSPs in the PKC are mannan, xylan, arabinoxylan, and glucoronoxylan [20].
This is considered a significant issue faced by nutritionists, and it has limited the
use of PKC for manipulation of feed formulation. It has been reported that 10% is
the maximum level of PKC that can be given to broiler chickens. However, solid-
state fermentation by cellulolytic bacteria may improve the nutritive value of PKC
to be incorporated up to 15% in the diet [2, 24].

The treated PKC by enzyme [25], cellulolytic bacteria via solid state fermenta-
tion [2, 23, 24] or extrusion [26] may contribute to improve the nutritive value and
poultry performance (Table 4). It was reported that extrusion led to 6% increase
in apparent metabolizable energy and 32% in crude protein digestibility in broiler
chickens [27].

3.8 Cottonseed meal

Cottonseed meal is a byproduct after oil extraction. Usually, this byproduct
used for poultry in cottonseed producing regions [4]. It is high in crude protein
(41%). However, the big problem for using cottonseed meal in poultry rations are
the high fiber levels (14.5%) and gossypol [4]. Gossypol is a yellow polyphenolic
pigment, and usually found at 0.1% free gossypol. The big issue with gossypol is
binding with lysine during processing, and then the lysine will be unavailable to the
chickens. The byproduct is not acceptable by poultry because of its dry and dusty
nature [3]. Gossypol may lead to decrease feed intake and growth rate in broiler
chickens [3]. The byproduct is low in calcium, and the phosphorus is chelated with
phytate. Therefore, phytase supplementation could be beneficial to release unavail-
able phosphorus. In case cottonseed meal is used for poultry, it is recommended to
supply fish meal to balance the essential amino acids and calcium [3].
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Nutrient (%) PKC [23] FPKCa' [23] FPKCb’ [23] PKC [26] Extruded PKC [26]
Crude protein 16.43 16.80 16.68 16.90 16.90
Dry matter 91.42 92.62 92.44 89.81 91.79
Ash 474 4.67 4.80 4.50 5.70
Crude fiber 16.96 14.09 14.29 17.30 14.60
NDF 82.29 71.70 73.54 75.00 75.40
ADF 51.48 4727 4745 3730 39.30

Indispensable amino acids

Lysine 0.37 041 0.38 0.5 0.46
Leucine 0.89 0.94 0.95 1.08 1.05
Isoleucine 0.50 0.59 0.53 0.60 0.55
Valine 0.69 0.78 0.72 0.90 0.87
Phenyl alanine 0.57 0.66 0.63 0.66 0.57
Threonine 041 0.51 0.46 0.54 0.50
Histidine 0.23 0.29 0.24 0.31 0.31
Methionine 0.22 0.27 0.26 0.30 0.28
Arginine 1.60 1.76 1.69 1.94 1.95
Glycine 0.60 0.78 0.71 0.80 0.81

Dispensable amino acids

Asparticacid 112 1.27 123 114 115
Glutamic acid 248 2.80 2.76 3.06 317
Proline 0.44 0.59 0.52 0.57 0.53
Serine 0.56 0.69 0.66 0.75 0.74
Tyrosine 0.25 0.24 0.24 0.30 0.31
Cysteine 0.20 0.22 0.21 0.36 0.17
Alanine 0.62 0.70 071 0.87 110

'FPKCa; fermented palm kernel cake by P. polymyxa ATCC 842.
°FPKCb; fermented palm kernel cake by P. curdlanolyticus DSMZ 10248.

Table 4.
Nutrient content of palm kernel cake and treated palm kernel cake (dry matter basis).

The other important point to consider with gossypol is that it leads to discolor-
ation of the yolk in laying hens. It causes a olive-green color in the yolk, especially
during egg storage at low temperature [3, 4]. The other problem with cottonseed
meal is the presence of sterculic acid witch found to cause a pink color in the
albumen. However, this can be avoided by using a byproduct with less residual oil
because of the content of cyclopropenoid fatty acids [5].

It has been found that iron can bind with gossypol by 1:1 ratio, and may detoxify
the gossypol. Therefore, the addition of 0.5 kg ferrous sulfate/tonne allowed the
broilers and layers to tolerate up to 200 ppm and 30 ppm free gossypol, respectively
without any negative effect in their performance [4].

In case iron was supplemented to cottonseed meal based diet, the balance
between iron and copper should be considered to be 10: 1 iron to copper, respectively.

Studies have also shown that enzyme supplementation (p-glucanase and
xylanase) may lead to increase the metabolizable energy and protein utilization in
broiler chickens [28].
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3.9 Feather meal

Feathers are considering as an industrial waste resulted during birds process-
ing in slaughter houses. Several million tons of feathers are generated from the
poultry processing industry are disposed as a waste [29, 30]. Feather meal contains
about 85% crude protein, 5% cysteine and 3000 kcal/kg metabolizable energy. The
cysteine availability is about 60% depending on the processing conditions [4].

Usually, feathers are partially dried, and hence steam-treated to introduce
hydrolysis. However, the extreme temperature will lead to destruct the amino
acids, especially lysine. Therefore, leads to reduce the amino acids digestibility. To
overcome this problem, the use of keratinase enzyme may play an important role in
improving the protein digestibility [29] and poultry performance [4]. In addition,
fermentation with bacteria-degrading keratin such as Bacillus licheniformis for five
days at 50°C can produces a fermented product comparable in nutritional value to
soybean meal [4].

Some reports mentioned that B. subtilis and Aspergillus fumigatus had an ability
to degrade keratin in feathers [30]. Feather meal can be included in poultry diets
at 2-3%. Nevertheless, the fermented feather meal may give promised results in
poultry nutrition, and therefore it would be an additional commercial benefit for
the poultry industry by replacing part of soybean meal in poultry feeds.

3.10 Insects and worms

Insects can be used to produce cheap source of protein. It is known that insects
are considered as a natural food for birds. Insects are rich in protein (40-76%) and
essential amino acids [31], particularly sulfur containing amino acids [32]. Insects
meal are usually featuring on high fat content [31]. Therefore, microbial deteriora-
tion and lipid oxidation should be considered during storage [33]. Ssepuuya et al.
[34] indicated that insects meal may replace the conventional protein sources by
10-100% without any negative growth performance whether in fish or poultry. It
was also mentioned by Kareem et al. [31] that the incorporation of black soldier fly
larvae to broiler diets up to 10% had no negative effect in their growth performance
under humid tropical environment. In addition, no adverse effects on growth
performance, carcass characteristics, hematological and serum biochemical indices
in growing Japanese quail when meat and bone meal replaced with Spodoptera
littorails in their diets [35]. It was claimed by Neumann et al. [36] that partly adding
defatted insects meal of Hermetia illucens larvae in broiler diets — 26% and 22% in
starter and grower phase, respectively — were acceptable. In terms of meat quality, it
was reported that complete substitution of soybean meal by Hermetia illucens led to
inducing lipid oxidation in broiler meat [37]. This was attributed to the high content
of poly unsaturated fatty acids (PUFA) in Hermetia illucens.

3.11 Earthworms

Earthworms are a natural source of protein for poultry raised in free-range
system. Earthworm can produced even in small-scale system. Earthworms species
require a temperature ranging from 15 to 25°C, and 60-85% soil moisture content
[38]. It can be considered as an alternative source of protein (64-76%) [39]. At
the same time, it can be degrade animal manure to clean the environment. It was
reported that the total essential amino acids in earthworms are comparable with
egg protein. Moreover, the omega — 3 PUFA are quite high and similar to that of
some fish oil [40]. It was mentioned by Parolini et al. [38] that earthworms contain
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6-11% fat, 5-21% carbohydrate, 2-3% minerals and range of vitamins, especially
niacin and cyanocobalamin. In comparison with insects meal, it has been found that
earthworm meal has no deficiencies in the essential amino acids and better fatty
acids profile with no chitin content, so that it was more acceptable and palatable

for chickens [38]. Earthworm meal could be integrated in broiler diets up to 10%
without negative effects in growth performance and meat quality [38].

3.12 Algae

Algae represent an important source of unconventional protein (50-60%),
oils, vitamins, minerals, antioxidant and colorants [41], carotenoids, omega-3 and
omega-6 PUFA [42, 43]. Some types of algae contain up to 76% crude protein [44].
In terms of nutrition, algae were used in broiler diets up to 16% without adverse
effects. On the other hand, it was a replacement for approximately 60% of soybean
meal and 40% of animal vegetable blended fat into practical broiler diets [44].

The most common species of algae used in poultry nutrition are chlorella
and Spirulina. It was reported by Moury et al. [45] that supplementation of
Spirulina platensis in broiler diets may completely replace the incorporation of
vitamin-mineral premix. Moreover, it can be substitute the antibiotic usage in
animals [46].

It is reported that algae can be a good option for 100% organic poultry feed [47].
Neumann et al. [36] reported that incorporation of Spirulina platensis at 21% and
17% in starter and grower phase, respectively was acceptable. However, nutrition-
ists have to pay attention to the presence of PUFA in algae which may affect the
meat quality of broilers and lead to lipid oxidation. Gkarane et al. [37] mentioned
that complete substitution of soybean meal in broiler diets by Arthrospira platensis
influenced the meat quality and led to lipid oxidation.

3.13 Azolla

Azolla is an aquatic and floating fern of the family Azollaceae. It contains
25-35% crude protein, 10-15% minerals and 7-10% amino acids, especially lysine
[48]. Azolla forms a symbiotic with blue green algae which lives within its leaves.
This relationship makes azolla as a beneficial source of protein, and can be fed
safely to the farm animals [49]. It is recommended that azolla (Azolla pinnata)
can be incorporated in poultry diet up to 5% with positive effect on their growth
performance [49]. The limitation of using high levels of Azolla is its high level
content [48].

3.14 Single-cell protein

The production of single-cell protein (SCP) can be done by microbial fermenta-
tion with selected strains of microorganisms. SCP also known as microbial protein
or bio-protein [50]. Bacteria such as Pseudomonas spp. can be grown in methanol,
ethanol and organic acids [3]. The protein and sulfur containing amino acids in
bacteria are higher than that of yeast. The oil content in bacteria and yeast is high
and rich in unsaturated fatty acids. Chen et al. [51] concluded that SCP produced
by Chlostridium autoethanogenum had 88.93% crude protein and most of essential
amino acids were higher than that of fish meal.

The incorporation of 15% of SCP in pigs diet exhibited a comparable results with
those group of pigs fed diet containing soybean meal [3]. It is recommended that
SCP can be included in 2-5% in broiler diets, and up to 10% in laying hens [3].
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4. Alternative ingredients for oil and vitamins sources

It is known that — ingredients mentioned above — insects, worms, earthworms,
algae, azolla and SCP contain significant amount of oil. In addition, these ingredi-
ents can provide omega-3 and omega-6 PUFA to the poultry [42, 43]. Interestingly,
these ingredients are rich in vitamins and minerals as mentioned above [46].

5. Conclusion

In conclusion, the use of alternative feedstuffs nowadays in poultry sector is
going to be increased because of their nutritive quality and as a cheap source of
protein and energy. In addition, these nontraditional feedstuffs are not competitive

with humans. At the same time, their inclusion to poultry diets can replace portions
of soybean meal and yellow corn. Therefore, reduce the cost of production.
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