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ABSTRACT

Two feeding trials were conducted to evaluate the effect of feeding diets containing graded levels
of sunflower seed cake (SFSC) with and without maxigrain® supplementation on the growth
performance, nutrients digestibility, haematological and serum biochemical parameters, carcass
characteristics and cost benefit of producing broiler chickens. In each trial, 300 unsexed Cobb
500 day-old broiler chicks were randomly assigned to 5 dietary treatmentseach triplicated with
20 birds in a completely randomized design. SFSC was incorporated as a substitute for
groundnut cake at 0, 5, 10, 15 and 20 kg/100kg diet. In the 1% trial, birds fed 20 % SFSC based
diet performed significantly (P<0.05) better in all growth parameters measured at both starter and
finisher phases. Total feed intake ranged from 1251.17 to 1503.29 g/bird which increased with
levels of SFSC from 0 to 20 kg/100kg diet. Birds fed diets with 10 and 20 % SFSC had
significantly (P<0.05) better values for feed conversion ratio while birds fed diets with 10, 15
and 20 % SFSC had better feed cost per kg gain. At the finisher phase, birds fed 20 % SFSC
based diet had significantly (P<0.05) higher final weight (2594.66 g/bird) and total weight gain
(1509.54 g/bird) which accounts for 13.81 and 19.86%improvementinfinalweightand total
weight gain respectively. Birds fed the control diet, 10 and 20 % SFSC based diets had the best
values of 2.39, 2.67 and 2.33 for FCR and ¥&284.26, ¥307.72 and N¥264.62 for feed cost per kg
gain. Significant (P<0.05) differences were observed for % DM, % CP, % CF and % NFE
apparent digestibilities. Haematological and serum biochemical parameterswere significantly
(P<0.05) influenced by graded levels of SFSC but were within normal range values reported for
healthy birds. Carcass traits and internal organs weight were significantly (P<0.05) influenced by
graded levels of SFSC. Birds fed 20 % SFSC based diet gained ¥994.70 gross margin with a

return per Naira invested of 3¥1.92. This accounts for 11.06 % reduction in feed cost and 20.52 %
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economic gain. In the 2" trial, final weight was significantly (P<0.05) higher in birds fed the
control diet and 20 % SFSC based diet supplemented with maxigrain® while weight gain was
significantly (P<0.05) higher in birds fed the control diet, 10, 15 and 20 % SFSC based diets
supplemented with maxigrain®. Total feed intake was significantly (P<0.05) higher in birds fed
10, 15 and 20 % SFSC based diets supplemented with maxigrain®. FCR was best in birds fed
control and 20 % SFSC based diet supplemented with maxigrain® while birds fed the control
diet, 15 and 20 % SFSC supplemented with maxigrain® had better feed cost per kggain. Apparent
nutrients digestibility was better in birds fed the control diet and 20 % SFSC based diet except
for NFE while carcass traits were significantly (P<0.05) influenced by maxigrain®
supplementation on graded levels of SFSC. Birds fed 20 % SFSC based diet gained ¥712.93
gross margin while birds fed the control diet gained }689.69 gross margin with a return per
Naira invested of N1.68 and N1.65 respectively. It can be concluded that, 20 % SFSC
incorporated as a substitute for groundnut cake in broiler chickens diets reduced feed cost by
11.06 % and improved growth performance by 19.86 % and economic gain by 20.52 % without
detrimental effect on nutrients digestibility, blood parameters and carcass yield. Thus, 20 %

SFSC can be incorporated in broiler starter and finisher diets by farmers and feed millers.
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CHAPTER ONE

1.0 INTRODUCTION
1.1  Background of the Study

Sunflower seed cake (SFSC) is the by-product of the sunflower oil extraction industry. The
extraction of sunflower oil from whole or decorticated sunflower seeds can be performed by two
methods. The first and most efficient method of oil extraction uses a chemical solvent (hexane)
at high temperatures to obtain sunflower oil and sunflower meal (SFM) as a by-product. The
second method is characterized by mechanically-pressing sunflower seeds to obtain sunflower
oil resulting in a by-product known as sunflower seed cake (SFSC). The sunflower oil extraction
industry produces substantial amounts of sunflower seed cake. In terms of production, it is the 4™
most important oil seed after soybean, rapeseed and cottonseed (Oil World, 2011). Sunflower
seed cake is available worldwide with world production at 13.5 million tons in 2010-2011 (Qil

World, 2011).

Sunflower seed cake is commonly produced with 60 - 65 % protein core (kernel) and 35 - 40 %
hulls (shell). It is a valuable and safe product whose protein, fibre and oil contents are highly
variable due to the genetics of the cultivar and plant characteristics (seed composition,
hulls/kernel ratio, dehulling potential, growth and storage conditions) and on the processing
method (dehulling, mechanical and/or solvent extraction). Hence when formulating diets with
sunflower seed cake, one should always take into account the actual analytical composition of
the batch used, rather than table values (NRC, 1994; Golob et al., 2002). Its protein content

ranges from 23 % for some non-dehulled, mechanically extracted seed cake, to more than 40 %

1



for highly decorticated, solvent extracted meals. However, usual ranges for protein are 29 - 33 %
for non-dehulled seed cake and 35 - 39 % for dehulled and partially dehulled seed cake. Its
amino acid profile is rich in sulphur-containing amino acids, particularly methionine, but its
lysine content is low (1.24 % protein). Sunflower seed cake is considered to be lysine-deficient
for several monogastric species (Steen, 1989; Villamide et al., 1998; McNab, 2002; Poncet et al.,
2003). The fibre content is directly linked to the presence of hulls: crude fibre ranges from 27 -
31 % for non-dehulled seed cake and from 20 - 26 % for dehulled and partially dehulled
sunflower seed cake. The lignin content is important in the 9 - 12 % range, even for dehulled
seed cake (Sredanovic et al., 2012). As a result of such a high share of hulls in sunflower seed
cake with about 20 - 25 % cellulose and 8 - 10 % lignin, the nutritive value of sunflower seed
cake is drastically reduced in poultry nutrition (Delic et al., 1992; Attia et al., 1998; Slavica et
al., 2006; Ali et al., 2011). Solvent-extracted sunflower meal contain about 2 - 3 % residual oil,
but mechanically-extracted sunflower seed cake may contain up to 30 % oil depending on the
amount of pressing. This oil content gives expeller sunflower seed cake a higher gross energy
(22 MJ/kg or more vs. 19 MJ/kg for solvent-extracted meal), but these sunflower seed cake
contain less protein than solvent-extracted sunflower meal (Oliveira et al., 2012). Sunflower seed

cake is also a valuable source of calcium, phosphorus and B vitamins (Grompone, 2005).

The high fibre and low lysine content of sunflower seed cake tends to restrict its high
incorporation level in broiler chickens diets which may negatively influence growth
performance, nutrient digestibility and carcass quality (Smith, 1968; INRA, 2004; Biesiada-
Drzazga et al., 2010). Hence, addition of exogenous enzymes is usually proposed to be added to
poultry diets to improve the nutrients bioavailability from different feedstuffs via enzyme

supplementation (El-Deek et al., 1999). Thus, some exogenous enzymes may be added to broiler



chickens diets containing sunflower seed cake to aid fibre digestion (carbohydrases) or to
solubilize phytic phosphorus (phytase), thereby reducing their negative effects on broiler

chickens performance (Raza et al., 2009).

1.2 Justification of the Study

The spiraling cost and scarcity of conventional feed ingredients is causing a steep increase in the
prices of compounded poultry feeds leading to a corresponding rise in production costs with the
resultant low marginal profit for the poultry farmer. Hence, it is imperative to resort to other
means of alleviating the problem of high feed cost without impairing the performance of the
birds (Abeke, 2008). In this direction, the most practical and economic approach to effectively
reduce feed cost is the development of feed formulation using good quality alternative feed
ingredients that are comparatively cost effective, safe, locally available and not directly

competed for by man and the industry (Bawa et al., 2003; Ogundipe et al., 2003).

In this regards, by-products derived from the industrial processing of agricultural products have
attracted the attention of researchers (Duru and Dafwang, 2010). Thus, it is essential to ascertain
the quality and nutritive value of these alternative feed ingredients in order to diversify and
expand the feedstuff resources that can replace one another for poultry feed formulation. One of

such alternative feed ingredient is sunflower seed cake.

Sunflower seed cake is a valuable and safe product with substantial amounts of protein of
relatively cheap source and of good quality that can be used as a substitute to replace the more
conventional and expensive protein sources such as soybean meal and groundnut cake in poultry
diets (Soliman, 1997). Sunflower seed cake can be a good source of energy for broiler chickens

and as reported by Geron (2007), its use in feed formulation for animals can reduce production



costs and contribute to sustainable animal production by reducing environmental contamination

and improving the conservation of natural resources.

Major benefits of using sunflower seed cake in poultry diets is it's cheap price when compared
to soybean meal or groundnut cake. Another interesting trait of sunflower seed cake is the
absence of intrinsic anti-nutritional factors that may affect production performance and feed
utilization. Hence, it does not require heating or special attention before being fed to birds

(Gheyasuddin et al., 1970; El-Barbary, 1997).

Since, sunflower seed cake contains substantial concentrations of cell-wall material and a high
level of fibre that could affect the nutritive value of the seed cake, the use of an exogenous
enzyme may be justified to improve the accessibility of cell contents to digestive enzymes
(Brenes et al., 2008). Recently, supplementation of enzymes in poultry diets has considerably
increased, but few investigations are available on the influence of enzyme supplementation on

utilization of sunflower seed cake in broiler chicken's diets.

In many instances, the contradictory reports on the nutritive value of sunflower seed cake have
impeded its broad use as an alternative protein feedstuff even in geographical areas where
sunflower seed cake is produced cheaply and in substantial amounts. Therefore, this study was
aimed at evaluating the utilization of sunflower seed cake with and without maxigrain®

supplementation in broiler chickens diets.
1.3  Objectives of the Study

The broad objective of the study was to evaluate graded levels of sunflower seed cake as a

substitute for groundnut cake in broiler chickens diets.



The specific objectives were:
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to determine the proximate composition, anti-nutritional factors and essential amino acid
profile of sunflower seed cake.

to evaluate the effect of feeding diets containing graded levels of sunflower seed cake on
the growth performance, nutrient digestibility, haematological and serum biochemical
parameters and carcass characteristics of broiler chickens.

to evaluate the influence of feeding diets supplemented with maxigrain® on graded levels
of sunflower seed cake on the growth performance, nutrient digestibility, haematological
and serum biochemical parameters and carcass characteristics of broiler chickens.

to determine the cost benefit of production of broiler chickens fed diets containing graded

levels of sunflower seed cake with and without maxigrain® supplementation.

Research Hypothesis

The following null hypotheses were postulated to guide the study and were tested at P<<0.05

level of significance. The alternate hypothesis states the opposite.

Feeding diets containing graded levels of sunflower seed cake has no significant effect on
growth performance, nutrient digestibility, haematological and serum biochemical
parameters and carcass characteristics of broiler chickens.

Feeding diets supplemented with maxigrain® on graded levels of sunflower seed cake has no
significant effect on growth performance, nutrient digestibility, haematological and serum
biochemical parameters and carcass characteristics of broiler chickens.

Feeding diets containing graded levels of sunflower seed cake with and without maxigrain

supplementation has no significant effect on the cost benefit of broiler chicken production.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Role of Poultry in Protein Supply and the National Economy

Poultry are birds reared for their meat, eggs or both and in some cases for cock fighting, religious
rituals, show or games (Alaku, 2010). Oluyemi and Roberts (2000) also define poultry as any
bird reared or hunted for a useful purpose is a member of the bird group collectively known as
poultry. Thus, the word poultry according to Ayivor and Hellins (1982) is used us a general name
for several kinds of birds that are useful mainly as food animal to man. Alaku (2010) also pointed
out that poultry include such birds as the domestic fowl, the common duck, ostrich, pheasant,
goose, guinea fowl, pigeons, turkey and Japanese quail. The author observed that, of all these
poultry, the domestic fowl or chicken is by far the most widely raised kind of poultry as their
meat and eggs are enjoyed as food all over the world. Commercial chicken farming is of two
types; meat or broiler chicken farming and egg farming. A breed that is good for one type of
farming might not be satisfactory for the other. A poultry farmer wants a fast growing, tender,

meaty chicken that can be marketed at a younger age (Wikipedia 2013).

Poultry production is the management of birds mainly for economic and nutritional purposes
(Alaku, 2010). Therefore, in Nigeria, poultry production is an important industry that provides
the needed source of animal protein (meat and eggs) to the teeming population. Over the years,
there is an increasing shift of the poultry production to broiler chicken production (Oluyemi and
Roberts, 2000). Broiler chickens are fast growing birds which reach market weight of 1.8 kg to

2.5 kg in 6 - 8 weeks. Broiler chickens convert feed into food products quickly and efficiently.



Their high rate of productivity results in relatively high nutrient needs and their growth pattern is
expected to continue because of the inherent efficiency in feed conversion. It is therefore certain
that if this continues, it will go a long way in meeting the protein needs of the Nigerian populace

which has been on the increase.

Alaku (2010) highlighted some of the advantages of poultry in terms of nutritional and economic
or social reasons to include provision of high quality animal protein rich in amino acid, minerals
and vitamins to balance the human diet, high level of productivity, short generation interval,
major source of income, source of employment, pest control, fast return on investment, supply of
manure and fertilizer for both domestic and industrial uses and also as a good source of non-
protein nitrogen that can be incorporated into ruminants diet. They are also important in meeting
social and traditional obligations and as gift animals especially among the very poor who cannot
afford larger animals. Broiler chickens have proven to be efficient converters of feed to meat
with the most favourable feed conversion ratio compared to other animals. Layers also play an

important role in providing continuous supply of eggs which serve as food (Colin et al., 2004).

The importance of poultry to the national economy cannot be overemphasized, as it has become
the most popular livestock industry for the small to medium scale poultry farmers that have
greatly contributed to the economic development of the country. (Adebayo and Adeola, 2005).
The poultry industry has a variety of businesses such as hatchery, breeder farms, broiler chicken
production, layers/egg production, poultry equipment and feed industries. No doubt, poultry have
a significant effect on national economy. An earlier report by Okonkwo and Akubuo (2001)
shows that about 10 % of the Nigerian population are engaged in poultry production, though

mostly as subsistence farmers with small to medium-sized farms.



2.2 Constraints to Poultry Production in Nigeria

Alaku (2010) observed that Nigeria’s poultry industry could not enjoy any sustained
development for various reasons that includes; unstable government and conflicting agricultural
policies; inability of animal breeders to develop indigenous breeds and strains of birds adaptable
to our native environments; inability of animal nutritionists to give us standard rations that can
feed our animals in varying ecological conditions. As a result, Kidd (2000) opined that the main
task of poultry nutritionists is to know the best nutrients required for greater breast meat yield as
well as the best feed conversion ratio in different environmental conditions. Adebayo and Adeola
(2005) in their study had earlier observed that input, finance, infrastructure, access to veterinary

services, labour and government policy were constraints being faced by poultry farmers.

Sadly, for the past decades, many large operators in the industry have been forced out of the
business due to various problems ranging from shortage and rising cost of feed, high cost of day-
old chicks, inefficiency of veterinary services and drugs (Adebayo and Adeola, 2005). As a
result, Ojo (2003) reported that the industry has fallen short of its mandate for animal protein
supply as Nigerians consume only 15 g/caput of animal protein per day as against 35 g/caput

recommended by FAO (1997).

2.3 Poultry Nutrition

Nutrition encompasses the procurement, ingestion, digestion, transport to the cell, metabolism,
absorption of chemical elements which serve as food for their growth and development and
excretion (Dass, 1994). Nutrient is any single class of food or groups of food that aids in the
support of life and makes it possible for birds to produce meat and eggs (Parkhurst and

Mountney, 1997). Also, nutrients are those substances that are obtained from feeds that can be



used by the animal, and made available in the suitable form to its cells, organs and tissues; and
according to their function and chemical nature. Nutrients are classified into; carbohydrates,
proteins, lipids, vitamins, minerals and water (Singh, 2005). Any food consumed is used first to
provide the energy necessary to maintain a normal body temperature, to provide the body
movements necessary to survive and to provide energy for the production of body secretions and
the repair of body tissues and second for growth and finally for reproduction. Any additional

nutrients are stored in the bird as fat.

Nutrition therefore answers questions about nutrients, what is their source, what are the levels
required, their function and interaction for healthy growth and development (Aduku 2012).
Nutrition also focuses on how disease condition and problems can be prevented using diet. In
addition, nutrition involves identifying certain disease conditions or problems caused by dietary

factors such as poor diet (malnutrition), food allergies and metabolic diseases.

Therefore, the science of nutrition involves providing a balance of nutrients that can best meet
the animal’s need for growth, maintenance and production. Thus, in formulating diets for broiler
chickens, the following nutrients are essential; energy, protein, fats and oils, vitamins and
minerals while water is provided without restriction (Lesson, 2000). This implied the provision

of rations which are complete and balanced nutritionally.

2.4 Nutrient Requirements of Broiler Chickens

The requirement for any nutrient is the amount of that nutrient which must be supplied in the
ration to meet the needs of a normal healthy bird. Such level of nutrient must be capable of
meeting requirements for maintenance and productive performance of birds (Olomu, 1995). The

intake of nutrient is defined by the nutrient levels in the feed and the amount of feed consumed.



Nutrient requirement is defined as the minimal amount of nutrients that birds must have to
permit optimum performance which can be measured in terms of growth, egg production, feed
efficiency, and hatchability. According to Singh (2005), the requirement of nutrients differ
depending on the type and age of poultry being fed as well as the purpose for which they are fed.
Similarly, NRC (1994) observed that considerable variability still exist in the nutrient
requirements of birds because their needs vary for different ages, sex, productive status, genetic
background, environmental temperatures, disease and parasite, activity level, stressors,
management systems and because of variations in quality of feed ingredients, nutrient inter-

relationships, nutrient imbalance, improper mixing, and a number of other variables.

However, poultry are more sensitive to nutrient needs and balance than mammals as a result of
faster body development and digestive process, fast respiration and circulation, thereby leading
to rapid rate of growth and early maturity. Because their rapid growth makes them sensitive to
nutritional deficiencies. Poultry are frequently used as laboratory animals in nutritional

experiments (Parkhusrt and Mountney, 1997).

Broiler chickens have a nutritional requirement which must be calculated with care to ensure
maximum productivity. Turaki (2005) stressed that the nutrient requirements for broiler chickens
are mainly based on the assessment of energy and protein, which are the two major components
of diet. The author further emphasized that a number of other nutrients are required in smaller
amounts that are however, very essential to ensure optimum growth. McDonald et al. (1998)
stated that broiler chickens eat feed which gives them the elements (energy) necessary for the

functioning of their bodies.

An understanding of nutrient requirements and utilization is important in evaluating feedstuff for
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ration formulation. Thus, the nutrient requirements of poultry involves any or combination of
carbohydrates, proteins, lipids, minerals, vitamins and certain unidentified growth factors (Dass,

1994).

2.5 Broiler Chicken Production

Broiler chickens are male or female chickens reared and marketed for meat. Alaku (2010) noted
that members of this group grow rapidly and attain market weight within 6 to 8 weeks of age.
Depending on the size and age, a meat chicken can be further classified as fryer or a roaster.

However, whether a fryer or roaster all meat chickens are generally called broilers.

Feed accounts for about 60 - 70 % cost of producing broiler chickens. Mortality rate should not
exceed 5 % to minimize the cost of day-old chicks. It is important to feed broiler chickens at two
stages of their production, starting and finishing stages, and as a result, two types of broiler
chicken diets should be formulated in accordance with these stages; broiler starter and broiler
finisher diets. It has been reported by Oluyemi and Robert (2000) that broiler chickens are fed
starter diets for the first 4 weeks and finisher diets for the rest of their lives. Ideally the change of
feed should be gradual. This can be achieved by mixing the feed that is being introduced with the

one that is already fed.

Protein and energy are very important in feed to be consumed by broiler chickens. Loosli et al.
(1999) found that protein level in broiler starter diet should be from 20 % to 24 % with an energy
level of 2800 kcal ME/kg diet and 19 to 20 % with energy level of 3000 kcal ME/kg diet for
broiler finisher diet. The high protein content of broiler starter as stated by Are et al. (2010) is to
promote rapid growth rate and in order to improve the carcass quality of broiler chickens.

According to Singh (2005), birds are forced to fatten by widening the calorie/protein ratio during
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the later part of their rearing. The author also pointed out that the protein content of broiler
finisher diet is 20 % with a metabolizable energy level of 2900 kcal ME/kg diet. A calorie/protein
ration of 150 to 155 is desirable. It is however important to provide light during brooding and
early growing period of broiler chickens. Therefore, their house should not be darkened to
reduce the activities of the birds, so that the feed consumed is not wasted in roaming around and
instead, is utilized in putting up weight. Low intensity light has subduing effect on poultry. They
spend a greater proportion of their time resting and putting their feed to weight gain. In addition,

they are less prone to pecking and cannibalism (Singh, 2005)

2.6 Management Systems in Broiler Chickens Production

The key success to any broiler chicken production depends on its management system. The
system of management according to Oluyemi and Robert (2000) define the extent to which birds
are exposed to sunshine or ultraviolet rays and pasture and it also describes the housing pattern.
Jordan and Pattison (1999) observed that diseases and climatic factors are the main limitations to
modern husbandry in tropical areas. Successful poultry management therefore requires the

effective utilization of poultry husbandry skills.

Broiler chickens are reared traditionally on deep litter (Oluyemi and Roberts, 2000). The housing
used in this system is the simplest to construct and operate. Walls could be wooden or preferably
concrete. In the tropics, it is advisable to use dwarf walls of 1-1.5m height. A strong wire netting
should be placed on the wall to reach the roof. This wire should be strong enough not only to
keep the birds in but also to ward off vermin and predators (Alaku, 2010). The author however,
recommended the use of some materials as litters to include; wood shavings; chopped stalks of

maize, millets and sorghum; chopped rice straw; dried leaves, groundnut shells ; dried cow
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manure; rice husked and saw dust.

Many poultry diseases can be prevented by good management practices, including sanitation,
adequate feeding, well-ventilated houses etc. However, some poultry disease, particularly viral
and bacterial disease could easily and rapidly spread and result in a high death toll (Are et al.,
2010). The authors however, stressed that the most reasonable approach to the control of these
disease is by vaccination. Birds should be vaccinated at the appropriate time. As a result, Singh
(2005) noted that newcastle disease (lasota) strain vaccine should be given to day-old chicks
which make them resistant against this disease for their short life. IBD vaccination is done at 10
to 14 days and repeated at 20 to 24 days of age in drinking water. Vaccination schedule suitable

to Nigeria has been described by NVRI (2000).
2.7 Effect of Environmental Conditions on Broiler Chickens Production

Climatic elements contribute to the problems of animal production through their interactions
(Alaku, 2010). The author further pointed out that the variable that affect animal production
include ambient temperature, air humidity, rainfall, air movement (air velocity) or wind speed,
solar radiation (intensity), barometric pressure and ionization. Of all these, the most important
factors with direct effects on animals are the ambient temperature, relative humidity and air

movement or wind speed.

Broiler chickens reared at ambient temperature with range of 20°C to 19°C are somewhat heavier
than similar flock reared with the ambient temperature of 19°C to 35°C but with the efficiency in
feed conversion (Gama, 2002). According to Oluyemi and Roberts (2000), thermal stress is a
great economic threat to the poultry industry. Heat waves result in heavy losses through heat

prostration in some part of the world. Thus, Randall (1998) considered adverse environmental
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condition as a common cause of death 5 to 7 days of age. Consequently, Jordarn and Pattison
(1999) found that heat stress in broiler chickens may be caused by high environmental

temperatures or poor ventilation in the houses containing large number of intensive kept stock.

Oluyemi and Roberts (2000) however, reported that the adverse effects of heat stress on poultry
are well documented. According to them, egg production, egg weight, egg shell thickness, feed
intake, feed efficiency, fertility in the male, hatchability, growth rate and mortality are all liable
to be affected by heat stress. Are et al. (2010) noted that the effects of changes in climate on
growth of birds include: At high temperatures, feed intake in chicks is reduced, leading to
reduced level of growth. Conversely, at low temperatures, there is reduced feed efficiency, as

more nutrients are needed for body maintenance leading to reduced growth.

Some of the measures to combat heat stress in broiler production are concerned with the
construction of house. Others are the treatment given to the bird itself (Oluyemi and Roberts,
2000). As a result, the authors advised that a higher rate of ventilation is required in the house
because broiler chickens are stocked at a higher rate than pullet chicks. The rate of ventilation

should be at maximum

2.8 Non-Conventional Feedstuffs in Poultry Nutrition

Alternative feedstuffs are often referred to as non-conventional feedstuffs because they have not
been used traditionally in animal feed or they are not normally used in commercial animal diets
(Jakmola, 2005). These include all types of feedstuffs from animal (termite, silkworm, maggot,
grub earthworm, snail, tadpoles etc), plant by-products (jack bean, cottonseed meal, cajanus, rice
bran, palm kernel cake, brewers waste etc) and by-products from animal sources and processing

of food for human consumption such as animal dung, offal, visceral, feathers, fish silage, bone,
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blood (Devendra, 1988). However, only a narrow range of these raw materials are used in
poultry feed formulations because of the problem of collection, transportation, processing,
storage, high fibre content or low energy value, presence of certain anti-nutritional or toxic

factors, seasonal availability and irregular supply and variability in nutrient quality.

Non-conventional feedstuffs are known to sometimes contain anti-nutritional factors which
lower their biological value and poor digestion when fed raw to monogatric animals (Dublecz,
2003; Viera et al., 2003; Umar et al., 2007). The anti-nutrients contained in alternative feed
resources are known to interfere with digestion, absorption and utilization of nutrients

(Warenham et al., 1994; Ogundipe et al., 2003; Akande et al., 2010).

Added to the above constraints, more importantly there is a lack of reliable data on their nutritive
quality, feeding value and safe or effective levels of inclusion. Only conventional feed
ingredients such as maize, soybean meal, groundnut extractions and fish meal have bean
evaluated with a fair degree of accuracy and reliability but database is limited for other
ingredients. Hence, there is always an urgent need to develop database for non conventional feed
ingredients on nutrient contents, digestibility, availability of different nutrients and safe or

effective level of inclusion and the presentation form of feed for feeding (Mandal et al., 2006).

2.9  Factors Limiting the Use of Non-Conventional Feed Ingredients by Poultry

2.9.1 Feed formulation

It is widely recognized that in developing African and Asian countries, existing feed resources in
many circumstances are either under utilized and wasted or used inefficiently (Abeke et al.,

2003). Most of these alternative feedstuffs have obvious potential, but their use has been
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negligible owing to constraints imposed by certain factors that pose negative effects on poultry
performance (Bawa et al., 2003). Two major criteria in determining the regular use of non-

conventional feedstuffs in poultry diets are grouped based on nutritional and technical aspects.

2.9.2 Nutritional aspect

Most non-conventional feedstuffs contain anti-nutritional factors that interfere with the
utilization of dietary nutrients. Some of such anti-nutritional factors include tannin in sorghum,
phytic acid in sesame seed, gossypol in cottonseed, glucosinolate in Indian mustard etc. Also,
most non-conventional feedstuffs used in poultry diets contain high amounts of non-starch
polysaccharides that cannot be hydrolyzed by simple stomach animals (Morgan and Bedford,
1995). These non-starch polysaccharides (NSPs) are polymeric carbohydrates which differ in
composition and structure from starch (Morgan and Bedford, 1995). They also possess chemical
crosses that linked them together thereby making them difficult to be hydrolyzed by simple
stomach animals like poultry (Adams and Pough, 1993; Annison, 1993). Other nutritive factors
limiting the use of non-conventional feedstuffs in poultry diet include: variability or
inconsistency in nutrient quality, limited information on the availability of nutrients and the need

for nutrient supplementation to improve the nutritive value of the feedstuff used.

2.9.3 Technical aspect

Technical limitations to the use of non-conventional feedstuffs in poultry diet include seasonality
and unreliability of supply of some alternative feedstuffs. This is so because some feedstuffs are
not available all year round and as such poultry farmers may have to resort to feeding
conventional feed sources for which an ever increasing competition with humans exists. Other

technical limitations include the bulky nature of feed materials, limited research and
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development facilities for determining nutrient composition and inclusion levels in poultry diets

and the cost incurred in processing the feedstuff to enhance utilization (Velmurugu, 1990).

2.10 Strategies to Improve the Quality of Non-Conventional Feedstuffs for Incorporation

in Poultry Diets

2.10.1 Feed processing

Feed processing is important when diets containing anti-nutrients are being fed to monogastric
animals (Akande et al., 2010). Feed processing can help to reduce the level of anti-nutrients in
plant feed sources to levels that can be tolerated by animals particularly in monogastric nutrition
(Fasuyi and Aletor, 2005). According to Hossain et al. (2011), utilization of non-conventional
feed materials by birds can be improved by proper processing to enhance their nutritive values.
Huisman and Tolman (1992) and Sing and Panda (1992) reported that processing methods such
as heat treatment, autoclaving, water extraction, sun drying and cooking can be employed to
improve the utilization of non-conventional feedstuffs containing anti-nutrients when fed to
birds. Other methods include use of enzymes (Classen and Bedford, 1991), salting, blanching

and ammonia treatment (Classen, 1996) sterilization and ensiling (Leeson and Summers, 2001).

2.10.2 Nutrient supplementation

Diet formulation with non-conventional feedstuffs containing high level of tannin can inhibit
endogenous enzyme action, thereby slowing down digestibility in broiler chickens (Velmurugu,
1990); it can also bind nutrients in feed material (Narahari and Rajini, 2003). The use of
exogenous enzymes such as xylanase, glucanase, proteases, phytase etc; fats or oil to reduce

dustiness of dusty non-conventional feedstuffs and sometimes to increase the calorie value of
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low energy diets have been in practice. Some of the enzymes that have been used over the past
several years in the feed industry include cellulase (B3-glucanases), xylanases and associated
enzymes, phytases, proteases, lipases, and galactosidases (Annison and Choct, 1993). Some
commercial packages have been introduced into the Nigerian market such as Maxigrain®,
Rovabio®, Allzyme®, Vegpro 5X®, Fullzyme® etc. Enzymes in the feed industry have mostly
been used for poultry to neutralize the effects of the viscous non starch polysaccharides used in
poultry feeds (Allen et al., 1995). These anti-nutritive carbohydrates are undesirable, as they
reduce digestion and absorption of all nutrients in the diet, especially fat and protein (Adams and

Pough, 1993).

The use of fats and oil has also been explored especially when dusty non-conventional feedstuffs
are incorporated in rations; they also complement calorie value of low calorie non-conventional
feedstuffs. Synthetic amino acids like methionine and lysine, vitamin-mineral premix, growth
promoters, fishmeal and other plant protein sources such as soybean meal which has more
qualitative plant protein with better amino acid profile can help to enhance the nutritional quality

of the feed produced from non-conventional feedstuffs (Rosen, 2006).
2.11 Distribution of Sunflower Seed Cake

Sunflower seed cake is available worldwide. World production was 13.5 million tons in 2010 -
2011 (Oil World, 2011). The European Union (EU-27) is the main producer and importer: it
produced 3.3 million tons and used 5.7 million tons in 2009 - 2010. Other main producers and
exporters were Ukraine (2.5 million tons), Russia (2.3 million tons) and Argentina (1.21 million

tons). Turkey, Israel and Egypt are the main importers after EU (FAS, 2011).
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2.12  Processing Methods of Sunflower Seed

2.12.1 Dehulling

Sunflower seeds from oil types contain about 20 - 30 % hulls, which are often removed before
oil extraction. This is because of their deleterious effects on oil presses: they hinder or lower oil
extraction and reduce the quality of both oil and cake (Kartika, 2005). Reducing the hull content
by 1 % improves pressing capacity by 2.5 %. A well-managed dehulling process yields seeds
with 8 - 12 % hulls remaining on the kernels (Campbell, 1983). Dehulling is done after cleaning
the seeds and drying them down to 5 % moisture, which facilitates kernel-hull separation
(Kartika, 2005). The usual process consists of cracking the seeds by the mechanical action of
centrifugal or pneumatic shellers. It can also be done by abrasion (Carré, 2009). The resulting
blend is winnowed to separate the hulls from the kernels. Some sunflower seed varieties have
thinner hulls that are more difficult to remove. In this case, dehulling is not recommended as it
may result in oil loss, and increases extraction costs without enhancing oil and sunflower seed

cake quality (Campbell, 1983; Grompone, 2005).

2.12.2 Oil extraction

Once winnowed, the kernels undergo mechanical pressing through screw-presses (expellers),
resulting in a "cake™ containing 15 - 20 % of oil. This cake can subsequently be extracted with a
solvent (usually hexane) to yield more oil. While solvent extraction is the most common
industrial process, mechanical extraction is used by producers of specialty oils and smallholder
farmers in both developed and developing countries, for example in Zimbabwe (Mandibaya et
al., 1999). In the European Union, regulations forbid the use of solvents for the production of

feed ingredients used in organic farming (European Commission, 2007), so only mechanically-
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extracted sunflower seed cake can be used for organic animal production.

2.12.3 Conditioning

Fresh sunflower seed cake must be dried for optimal storage. It can be ground, broken into small
pieces or pelletized, for easier handling and stored by adding a suitable binder such as molasses

or fats under high pressure in pelletizer or extruder (Grompone, 2005).

2.13  Nutritional Quality of Sunflower Seed Cake

Table 2.1 shows the nutrients composition of sunflower seed cake. Solvent extraction results in a
lower fat content, while dehulling decreases the fibre content, yielding a meal richer in protein.
There are fully decorticated meals (high protein, low fibre), partially decorticated cake and non-
decorticated cake (low protein, high fibre) with no clear separation between these grades. Like
other protein feeds such as fish meal or soybean cake, sunflower seed cake is usually graded and
sold on the basis of its protein content, for example "28", "29", "37", etc. In USA, the protein
level and process of manufacture must be mentioned in order to inform users about the quality of
the sunflower seed cake (NCPA, 2008). The colour of sunflower seed cake ranges from grey to
black depending on the degree of dehulling (cakes with less hulls are lighter) and on the

extraction process (Naidu, 2008).

The fibre and lignin content of sunflower seed cake tends to reduce nutrient digestibility, and its
energy values are lower than those of soybean cake. It is suitable for ruminants and rabbits, but
only for pigs and poultry with low energy requirements (animals at maintenance, laying hens) or
specific fibre requirements (sows) (CETIOM, 2003). In other monogastrics, such as broiler

chickens or growing pigs, the cost-effectiveness of including sunflower seed cake depends on the
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Table 2.1: Nutrient Composition of Sunflower Seed Cake

Authors DM % CP% EE% CF% Ash %
Afifi (1972) 90.11 3242 1.49 23.37 5.91
Rad and Keshavarz (1976) 93.80 36.30 040  18.22 7.06
Samy (1979) 91.20 2641 7.34 29.68 5.46
Singh and Prasad (1979) 91.60 36.00 1.50 18.33 7.75
Lee and Lee (1982) 90.10 2840 7.40 20.30 6.30
Valdivie et al. (1982) 91.02 3148 16.40 16.37 6.82
Abdel Malaak (1989) 88.56  40.30 - 18.00 -
Zatari and Sell (1990) 89.32 29.72 1253 28.73 5.52
Dessouky (1996) 90.23  32.60 - 18.40 -
San Juan and Villamide (2001) - 33.14 277  25.21 7.00
Rostagno et al. (2005) 89.09 31.40 - 23.00 -
Senkoylu and Dale (2006) 90.20 32.30 18.78 11.54 6.29
Nassiri Moghaddam et al. (2012) 88.00  30.00 250 21.20 -
Liu et al. (2015) 91.48 33.52 3.11 27.23 6.85
Average 90.36 3242 6.74 21.39 6.49
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quality of the cake and on the availability and price of better sources of protein and lysine. It
must be reiterated that sunflower seed cake is a highly variable ingredient where protein, fibre

and fat cover a much larger range than in many common feeds.

2.14  Amino Acids Profile of Sunflower Seed Cake

Amino acids contents of sunflower seed cake as reported by several researchers are shown in
Table 2.2. Data of amino acid pattern in sunflower seed cake showed that although it is limiting
in lysine, methionine, cysteine, and tyrosine, it seemed to have good concentrations of arginine,
glutamic acid and aspartic acid. Corresponding investigation of many researchers (Thomas et al.,
1965; Marinov et al., 1973; Singh and Prasad, 1979) reported that lysine is considered the most
limiting amino acid in sunflower seed cake protein. Green et al. (1987) pointed out that true
digestibility of most essential amino acids in sunflower seed cake were similar to or greater than
those of soybean cake especially lysine which is more digestible in soybean cake (87.9 %) than
in sunflower seed cake (72.2 %). In this connection, Dessouky (1996) reported that sunflower
seed cake is high in some amino acids such as aspartic acid, arginine and glutamic acid contents
and low in others like lysine, tyrosine, methionine and cysteine contents. Moreover, the previous

author added that lysine seemed to be the first limiting amino acid of sunflower seed cake.

2.15 Effect of Processing on the Nutritive Value of Sunflower Seed Cake

The methods of processing of sunflower seed cake seem to be the key factor affecting its
nutritive value (Alagawany et al., 2015). Also, these authors found that treating sunflower seed
with excessive temperature reduced the protein quality. Moreover, Senkoylu and Dale (1999)
pointed out that dry heating of sunflower seed cake at 121°C caused marked destruction of some

amino acids such as lysine in the seed cake. On the contrary, methionine was unaffected by the
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Table 2.2: Amino Acids Profile of Sunflower Seed Cake

Amino acids  Valdivie et Zhang and Dessouky  San Juan Senkoylu Liu et al.
al. Parsons (1996) ar]d . and Dale (2015)
(1994) Villamide  (2006)
(2001)
Indispensable amino acids, %
Arginine 2.87 2.76 2.31 1.94 2.48 2.62
Histidine 0.99 0.83 0.78 0.78 0.77 0.93
Isoleucine 1.54 1.42 1.38 1.41 1.25 1.34
Leucine 2.31 2.35 2.31 2.03 2.02 2.09
Lysine 1.39 1.43 0.87 1.12 1.14 1.48
Methionine 0.61 0.57 0.62 0.70 0.68 0.75
Phenylalanine 1.71 1.61 0.62 1.30 1.44 1.39
Threonine 1.34 1.29 1.21 1.22 1.15 1.25
Tryptophan - - - - 0.41 0.37
Valine 1.85 1.87 0.42 1.68 1.58 1.76
Dispensable amino acids, %
Alanine 1.75 - 1.96 1.35 - 1.62
Tyrosine 0.82 0.76 0.69 0.65 0.80 0.76
Proline - 1.64 1.69 1.32 _ 1.20
Serine 151 1.48 1.71 1.28 - 1.42
Aspartate 3.40 2.28 3.21 2.87 - 3.01
Cysteine 0.61 0.56 0.59 0.53 0.66 0.56
Glutamine 6.85 7.21 7.20 6.14 - 6.80
Glycine 2.19 1.87 1.89 1.96 1.77 2.00

23



heat treatment. The nutritive value of protein in sunflower seed cake increased with decrease in
processing temperature (Senkoylu and Dale, 1999). The same authors observed that sunflower
seed cake processed at 155°C in the cooker and 144°C in the conditioner had less available
tryptophan, lysine and arginine than that produced at 111°C and 122°C in the cooker and
conditioner respectively. On the same context, Rad and Keshavarz (1976) studied the nutritional
value of sunflower seed cake which was processed at 105 - 125°C in the cooker and at 80 -
130°C in the conditioner. The authors noted that the metabolizable energy (ME), net protein
value (NPV) and available lysine in sunflower seed cake decreased with increased processing
temperature. On the other hand, Zhang and Parsons (1994) revealed that true digestion
coefficients of amino acids in sunflower seed cake decreased when autoclaving time increased.
The authors observed digestibility values of lysine in sunflower seed cake as 86, 54, 43 and 35 %

when sunflower seed cake autoclaved for 0, 30, 60 and 90 minutes respectively.

According to Ravindran and Blair (1992) and San Juan and Villamide (2000) high temperature
associated with mechanical pressing damages the protein, destroys amino acids, and decreases
their availability. Sunflower seed cake exposed to 1000W microwave irradiation for six minutes
resulted in increased in vitro gas production parameters and improvement of nutritive value such
as metabolizable energy, organic matter digestibility and short chain fatty acids content of
sunflower seed cake. This method can be used as cost effective method for improved nutritional

value of oilseed cake (Maheri-Sis et al., 2011).

2.16 Potential Constraints of Sunflower Seed Cake

A major benefit of sunflower seed cake is that it does not have anti-nutritional factors such as

those found in soybean, cottonseed and rapeseed meals. For that reason, it is considered to be a
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safe feed for all species. It's only limitations being its fibre content and amino acid deficiencies.
However, residues and contaminations from sunflower cultivation, harvest and post-harvest

operations may be of concern.

2.16.1 Contamination of sunflower seed cake during processing

Sunflower seed cake may be contaminated during harvest and post-harvest operations: risk
factors are pesticides residues, hexane residues, dioxin contamination resulting from the
utilization of anticaking agents, mycotoxin development due to poor drying before storage and

salmonella (FEDIOL, 2010).

2.16.2 Anti-nutritional factors of sunflower seed cake

Sunflower seed cake is a good source of crude protein average 32.42 %, but the presence of
polyphenolic compounds restricts its use in poultry and animal feed. Chlorogenic acid (CGA) is
the major molecule of polyphenolic compounds in sunflower seed cake as demonstrated by many
researchers (Leung et al., 1981; Pedrosa et al., 2000). Sabir et al. (1974), Lusas (1985) and
Salem (1990) reported that the percent of CGA is 70 % of total phenolic constituents in
sunflower seed cake. Irrespective of CGA, sunflower seed cake contains other phenolic
compounds such as caffeic, rosmarinic and ferulic acids, as well as myricetin and rutin, all these
compounds present in quantities of less than 0.15 ppm. De Leonardis et al. (2005; 2006) reported
that phenolic compounds of sunflower seed cake included seven molecules like chlorogenic,
caffeic, protocatechuic, o-cinnamic, ferulic and syringic acids. CGA is a phytochemical molecule
which is the ester of caffeic acid (CA) and quinic acid (QA). Also, CA and QA are found in
sunflower polyphenolic compounds with CGA. The concentrations of CGA, QA and CA isolated

from sunflower seed cake samples were 2.70, 0.38 and 0.20 %, respectively.
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CGA causes an observable reduction in the digestibility and bioavailability of the protein content
of sunflower seed, on the other hand, CGA is a vital compound of the hydroxycinnamates,
components that are ubiquitous in plants and have interesting biological properties, such as
antioxidant activities (Clifford, 2000; Zili¢ et al., 2010). But from another point of view, the
phenolic compounds including CGA which is present in sunflower seed cake were not toxic as
stated by Sosulski et al. (1972) who reported that there are no known toxic impacts for CGA in
sunflower seed cake. On the other hand, the CGA in sunflower seed cake causes a brown and
green discoloration in feeds at alkaline pH (Gonzalez-Perez et al., 2002). The phenolic
compounds in sunflower seed cake are stated till now to be not toxic for farm animals. However,
CGA could become a key barrier to its utilization in feed products as forming color factors but
not as a toxic component. Also, the average value of CGA in sunflower seed cake was found to
be 2.27 % (Dessouky, 1996). Trevino et al. (1998) did not detect any adverse effect of CGA on
the nutritive value of the diet in broiler chickens. Luckett et al. (1999) isolated from sunflower
seeds a peptide with 14 amino acids, termed sunflower trypsin inhibitor (SFTI-1), which could
also have a negative effect on the performance of birds. Methionine and choline addition are
needed to counteract the harmful effect of CGA when sunflower seed cake is used in poultry diet

(Swick, 1999).

2.17 Growth Performance of Broiler Chickens Fed Diets Containing Sunflower Seed

Cake

Several studies have been reported to evaluate the use of sunflower seed cake at different
inclusion levels in broiler chickens diets (Waldroup et al., 1970; Levic et al., 1998; Sredanovic
et al., 2005; Abbas and Yagoub, 2008; Peric et al., 2010). Feed efficiency gradually decreased

with sunflower seed cake diet compared to corn-soybean diet. Also, in their studies,
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supplementation of lysine to sunflower seed cake diet improved feed conversion ratio but did
not quite restore it to that given by the corn-soybean diet. Moreover, sunflower seed cake could
successfully replace one-third of soybean cake, while replacing two-thirds of soybean cake by

sunflower cake, slightly depressed the growth rate of broiler chickens (Afifi, 1972).

A study by Ologhobo (1991) observed decreased body weight gain when substituting sunflower
seed cake for soybean cake at 50, 75 and 100 % in broiler chickens diets during an 8 weeks
feeding trial. On the other hand, Rad and keshavarz (1976) stated that about 50 % of soybean
cake protein could be replaced by sunflower seed cake protein without drastic effect on growth
rate of broiler chicks. This is equal to the use of 17.5 % sunflower seed cake in the diet which
supplied 7 % of the dietary protein. Lee and Lee (1982) confirmed the findings by Valdivie et
al. (1982) and observed no significant difference in feed efficiency of Shaver broiler chickens
fed diets containing 50, 100, 150 or 200 g/kg of sunflower seed cake till 56 days of age.
Increasing sunflower seed cake up to 250 g/kg diet supplemented with lysine and methionine
supported equal or better weight gain of broiler chickens than the control diet. However, the
worst value of feed conversion ratio was recorded with the diet containing 250 g/kg sunflower
seed cake (Musharaf, 1991). The findings on sunflower seed cake inclusion in broiler chickens
diets are controversial. The inclusion of 10 or 20 % sunflower seed cake significantly decreased
body weight gain. Daghir et al. (1980), Lee and Lee (1982) and Abid et al. (1990) used
sunflower seed cake successfully in broiler chicken diets up to 20 % without adverse impact on

growth rate.

Jackson and Dalibard (1995) evaluated the performance of broiler chickens fed diets containing
soybean cake, sunflower seed cake and canola meal, and all diets formulated based on crude

protein or ideal protein. The same authors found that the replacement of soybean cake by
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sunflower seed cake did not compromise broiler chicken performance when the diet was
formulated on ideal protein basis. Some researchers have consistently reported positive growth
performance and feed utilization results when sunflower seed cake is added to broiler chicken
rations. Findings from an early study by Salih and Taha (1989) showed that live weight and
body weight gain as well as feed intake and feed efficiency were similar in all treatments when
broiler chickens were fed with diets containing different levels of sunflower seed cake at 0, 10,
20 or 40 %. Zatari and Sell (1990) fed broiler chickens with 0, 100 or 200 g/kg of sunflower
seed cake diets from 1 to 42 days of age. The findings of their study suggested that the inclusion
of 100 or 200g of sunflower seed cake per kg diet improved feed conversion ratio. EI-Zubeir
and lbrahim (1991) and Ibrahim and EI-Zubeir (1991) found that feed intake and feed
conversion efficiency of broiler chickens were similar in all investigated groups containing up
to 30 % sunflower seed cake. Also, growth parameters (body weight gain, feed intake, and feed
conversion ratio) revealed that sunflower seed cake can be used in broiler chickens diets up to
30 % with no adverse impact on growth rate (Rajesh et al., 2006). This difference may be
attributed to the quality and processing methods of sunflower seed cake or strain of the birds or

animal used (Campbell et al., 1989).

Studies involving the use of sunflower seed cake have confirmed, and recommended that high
levels of sunflower seed cake can be used effectively in broiler chickens diets (Senkoylu and
Dale, 1999). El-Sherif et al. (1995) demonstrated the possibility of replacing soybean cake with
sunflower seed cake up to 70 % in broiler chickens diets during growing and finishing stages
and supplemented with methionine, lysine and fat without adverse impacts on growth
performance. The treated and untreated form of sunflower seed cake in broiler chickens diets

had no drastic effects on body weight, also no significant adverse impact was observed on
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growth rate and feed conversion ratio of broiler chickens at 28 or 49 days of age (Desouky,

1996).

Kocher et al. (2000) indicated that commercial enzyme products had some effects in diets
containing high concentrations of sunflower seed cake. Birds fed sunflower seed cake based
diets had a significant (P<0.001) higher growth rate and AME and a lower feed conversion ratio
(FCR) than those fed the canola meal diets. The addition of enzymes to either canola meal or
sunflower seed cake based diets had no significant effects on growth performance and AME.
Moreover, Swain et al. (1996) reported that performance of broiler chickens was improved in
high crude fibre sunflower seed cake with multi-enzyme supplementation. Also, Cowan et al.
(1999) found an improvement in broiler chickens performance due to supplementation of
pectinase enzyme in sunflower seed cake based diets. On the contrary, Mushtaq et al. (2006)
noted that enzyme addition through 2 weeks after hatch had no remarkable impact when used in

sunflower seed cake based diets.

Sunflower seed cake can be used in broiler chickens diets at levels up to 140 g/kg without
adverse effects on performance or other parameters (Nassiri et al., 2012). Feed intake of birds
ranged from 420 to 520 g/week with increasing levels of sunflower seed cake from 0 to 75 %
respectively. Moreover, feed efficiency and body weight gain were unaffected by the dietary
sunflower seed cake inclusions during the fattening period. Thus, sunflower seed cake can
replace soybean cake and groundnut cake up to 75 % level without adverse impacts on growth

performance of broiler chickens (Adejumo and Williams, 2006).

Previous studies investigating the impacts of sunflower seed cake as a replacement for soybean

cake showed inconsistent results. The inclusion of sunflower seed cake resulted in worse broiler
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chickens performance in some studies (Abdelrahman and Saleh, 2007; Peric et al., 2010). Also,
these results are supported by Mandal et al. (2006) who found that the inclusion of sunflower
seed cake in broiler chickens diets decreased growth performance in terms of poor feed
efficiency and growth rate. However, Mandal et al. (2003) showed that inclusion of
undecorticated sunflower seed cake at 0, 50 and 100 g/kg in broiler chickens diets replacing part
of soybean cake had no significant impact on weight gain and feed consumption throughout the

fattening period (starter and finisher).

In other studies, the inclusion of sunflower seed cake up to 20 % (El-Sherif et al., 1997;
Tavernari et al., 2008) or at even higher concentrations (Rama Rao et al., 2006; Mushtaq et al.,
2009) did not have any adverse effects on live weight or body weight gain. According to Furlan
et al. (2001), sunflower seed cake as replacement of soybean cake, can be added up to 30 %,
where feed intake and body weight gain were improved by 13.17 and 12.04 % respectively, with
no detrimental effects on growth performance. On the same context, Senkoylu and Dale (2006)
did not observe any significant effect on broiler chickens performance when 28 % sunflower
seed cake was included in the diet. Also, the previous authors used the residue of sunflower seed
cake cold-pressing, which contains 32.3 % CP and 18.78 % EE compared to sunflower seed
cake. Tavernari et al. (2009) did not find body weight gain differences in broiler chickens fed
diet contained up to 20 % sunflower seed cake, while feed intake was inversely proportional to
sunflower seed cake dietary level. On the other hand, Pinheiro et al. (2002) reported that
sunflower seed cake inclusion higher than 12 % reduced body weight gain and feed intake of
broiler chickens, but the best feed intake value was achieved when sunflower seed cake was not
added to the diet. Some studies stated that high inclusions of sunflower seed cake up to 20 % in

grower and finisher broiler chickens diets had no impact on feed conversion ratio (Aftab, 2009;
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Peric et al., 2010).

The inclusion levels of sunflower seed cake at 6 and 8 % in grower diet of broiler chickens had
no effects on growth parameters, while at 10 and 16 % in finisher diet, body weight gain was
statistically affected. Body weight gain significantly (P<0.05) improved with dietary enzyme
mixture (cellulase, B-glucanase, and xylanase) at 0.01 % through the entire experimental period.
Neither sunflower seed cake nor enzyme supplementation had any effect on feed consumption

(Horvatovic et al., 2015).

2.18 Nutrients Digestibility and Intestinal Enzyme Activities of Broiler Chickens Fed

Diets Containing Sunflower Seed Cake

The digestion coefficients of DM, CP, EE and CF were not statistically different (P<0.05)
among dietary treatments due to the inclusion of sunflower seed cake. Compared with the
control group, chicks fed diets incorporated with 2.5 and 5 % sunflower seed cake showed
significantly (P<0.05) lower digestion coefficients of NFE, being 82.47 and 82.42 %
respectively (Ali, 1999). Kalmendal et al. (2011) revealed a beneficial impact of increased
dietary sunflower seed cake on ileal digestibility of CP and EE despite the lower energy

digestibility and DM.

The addition of 250 g/kg of high-oleic acid sunflower seed (HOASS) in the diets caused a
negative effect on fat and protein digestibilities. However, the inclusion of HOASS at 150 g/kg
improved some of these parameters and amino acid digestibilities. Where, the inclusion of high-
oleic acid sunflower seed (250 g/kg HOASS) in broiler diet reduced (P<0.001) fat digestibility
by 7 % and amylase and lipase activities by 22 and 19 % respectively, compared with those fed

the control diet. The addition of lipase and phospholipase enzymes at the inclusion level of 1
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g/kg to broiler chickens diets containing high-oleic acid sunflower seed at 150 g/kg diet
improved fat digestibility compared with the control diet during the period from 4 to 21 days of
age. The inclusion of enzymes in the HOASS diet increased (P<0.001) fat digestibility and
amylase and lipase activities by 5, 53, and 58 % respectively, compared with the un-
supplemented HOASS diet. The greatest response in fat digestibility and digestive enzyme

activities was obtained with the combination of lipase plus phospholipase (Brenes et al., 2008).

The reduction in the amylase and lipase pancreatic activities by the birds fed the HOASS diet
could be due to the adsorption of lipase and bile salts to the fibre present in the seed.
Schneeman (1978) reported that the availability of enzymes such as lipase could be limited by
their absorption into fibres such as xylan, cellulose, wheat bran, and rice bran. Evidence of this
effect has also been observed in vitro by Lairon et al. (1985) with wheat bran. Almirall et al.
(1995) reported the specific lipase activity to be decreased in broiler chickens after feeding
barley. In fact, Arija et al. (1998) showed a consistently greater activity of lipase in birds fed
increasing concentrations of dehulled full-fat sunflower seeds in the diets, probably because of
the reduction of fibre content in their seeds. The activities of digestive enzyme including
protease and a-amylase in chick digesta were not significantly influenced by the different levels
of full-fat sunflower seed (Salari et al., 2009). But, sunflower seed cake significantly increased
digesta viscosity in the ileum, while addition of exogenous enzyme to diet decreased viscosity
of digesta particularly in the treatments with sunflower seed cake level. The digesta viscosity
increased from the upper to the lower digestive tract (Horvatovic et al., 2015). This
phenomenon may be attributed to the impact of the concentration of compounds such as crude
fibre that produce the high viscosity through the digestion process or probably due to the

increased hydration of those compounds (Boros et al., 1998).
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In a subsequent study, Tavernari et al. (2009) observed that dry matter digestibility and
coefficients of Ca and P were improved in broiler chickens fed diets with sunflower seed cake
supplemented with exogenous enzymes. On the contrary, Kocher et al. (2000) did not observe
any influence of enzyme supplementation in diets containing sunflower seed cake. One
explanation for this discrepancy in results is that different sunflower seed varieties or cultivars
varying in chemical composition and processing methods were used in the experiments. High
sunflower seed cake concentrations in broiler chicken diets need the addition of high oil or dry
fat levels in order to compensate the low energy level of sunflower seed cake. Indeed, oil is one

of the most expensive ingredients in poultry diets (Araujo et al., 2014).

2.19 Carcass Characteristics of Broiler Chickens Fed Diets Containing Sunflower Seed

Cake

Ozen and Erdem (1992) replaced soybean cake with sunflower seed cake in young chickens
diets at levels of 0, 25, 50, 75 and 100 % during period 4 - 8 weeks of age. They did not find
any significant differences between groups in the dressing percentage, abdominal fat and edible
parts. On the contrary, Ologhobo (1991) observed that substituting sunflower seed cake for
soybean cake at levels 50, 75, and 100 % decreased the percentages of carcass, dressing and
total edible meat. On the other hand, El-Sherif et al. (1995) replaced soybean cake with 5, 10 or
15 % sunflower seed cake in broiler chickens diets during period 19 to 45 days of age and
observed that carcass percentage had significantly differed among the groups. The differences in

abdominal fat and carcass components among the groups were not significant.

Studies by Niemiec et al. (1996) observed that the slaughter performance of broiler chickens

were improved with diet containing sunflower seed cake. Contrarily, Brenes et al. (2008) found
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that the addition of 250 g/kg of high-oleic acid sunflower seed (HOASS) in the diets caused a
negative effect on digestive organ sizes of broiler chickens (relative liver weight, relative
duodenum, jejunum, ileum, and ceca lengths) compared to the control diet. Moreover, the same
authors pointed out that the addition of enzymes such as lipase and phospholipase or its
combination at the level of 1 g/kg to broiler chickens diets containing 150 g/kg HOASS diet
increased the relative weight of pancreas, liver and spleen as well as the relative lengths of
duodenum, jejunum, ileum and ceca compared with the un-supplemented HOASS diet during
the period from 4 to 21 days of age. On the contrary, the addition of 250 g/kg of HOASS in the

diets caused a negative effect on digestive organ sizes.

Salari et al. (2009) found that the percentage weight of gizzard, breast, thighs, gastrointestinal
tract and abdominal fat were not affected by dietary treatments which contained different levels
of full-fat sunflower seed; while, percent liver weight decreased significantly. Araudjo et al.
(2011) pointed out that the use of sunflower seed cake up to 15 % in broiler chickens diets did
not influence growth performance and carcass yield during period 22 to 42 days of age. The
inclusion of sunflower seed cake (0, 8, 16, and 24 %) in broiler chickens diets negatively

influenced performance and carcass parameters (Aradjo et al., 2014).

Neither sunflower seed cake nor exogenous enzymes had any effect on broiler carcass
parameters during the fattening period (Horvatovic et al., 2015). These results are in agreement
with reports from other researchers, who also did not find any response to sunflower seed cake
or exogenous enzymes on carcass parameters (Tavernari et al., 2008; Mushtaq et al., 2009). In
the work of Saleh et al. (2005), supplementation of cellulase to corn-soya diets of broiler
chickens significantly reduced abdominal fat. However, some results suggested that enzyme

addition improved carcass yield (Omojola and Adesehinwa, 2007). The use of exogenous
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enzymes in poultry diets with high inclusion level of sunflower seed cake resulted in better

carcass percentage (Khan et al., 2006).

2.20 Blood Constituents of Broiler Chickens Fed Diets Containing Sunflower Seed Cake

The inclusion of high-oleic acid sunflower seed (HOASS) in broiler chickens diet increased
plasma uric acid, cholesterol and glucose concentrations by 5, 10, and 15 % respectively, and
reduced serum lactate dehydrogenase and creatinine phosphokinase concentrations by 6 and 16
% respectively, compared with those fed the control diet. Moreover, the addition of 1 g/kg
exogenous enzymes to broiler chickens diets containing 150 g/kg HOASS diet increased blood
constituents such as plasma uric acid, calcium, serum lactate dehydrogenase, phosphokinase,
total protein concentration, plasma cholesterol and glucose compared with the un-supplemented
HOASS diet during the period from 4 to 21 days of age. On the other hand, the addition of 250

g/kg of HOASS in the diets caused a negative effect on blood parameters (Brenes et al., 2008).

Alkaline phosphatase activity, phosphorus, calcium, glucose, triglyceride, total protein, high and
low density lipoprotein concentrations were not significantly affected by inclusion of full-fat
sunflower seeds at levels of 70, 140, and 210 g/kg in broiler chickens diets (Salari et al., 2009).
A similar trend was reported by Selvaraj and Purushothaman (2004), using the inclusion of
different levels of full-fat sunflower seeds in broiler chickens diets and stated no significant
effect on blood parameters of poultry. Furthermore, Cheve-Isarakul and Tangtaweewipat (1991)
observed that the inclusion of sunflower seeds in poultry diets had no impact on serum
cholesterol concentration. However, Rama Rao et al. (2004) found that the serum levels of LDL
cholesterol decreased in broiler chickens receiving high fibre diets. While, the plasma

parameters including total protein, albumin, globulin etc. were generally stable in the diets
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which contained soybean cake replaced progressively by sunflower seed cake at 0, 25, 50 and
75 % throughout the growing period and values of these parameters were within normal bench

marks reported for healthy poultry (Adejumo and Williams, 2006).

2.21 Mortality Rate of Broiler Chickens Fed Diets Containing Sunflower Seed Cake

Early research results reported by Afifi (1972) did not found any significant trend between
different groups in mortality rate, when sunflower seed cake was used as a substitute for
soybean cake on weight basis at levels of 0, 6, 12 and 18 % in broiler chickens diets during the
growing period. Moreover, Valdivie et al. (1982) used sunflower seed cake at 0 and 20 % in
broiler chickens diets and found that mortality rate did not significantly differ between groups.
Chrappa et al. (1987) noted that feeding sunflower seed cake to broiler chickens had no adverse

effect on mortality rate.

Salih and Taha (1989) found that mortality rate was the same in all treatment groups fed diets
containing sunflower seed cake at levels of 0, 100, 200 or 400 g/kg. Also, Cheva-Isarakul and
Tangtaweewipat (1991) showed that there were no significant effect of sunflower seed cake at 0,
15, 20, 25 and 30 % on mortality rate in broiler chickens. On the same context, the inclusion of
sunflower seed cake in the raw or autoclaved form had no effect on mortality rate of broiler
chickens (Dessouky, 1996). Ali (1999) did not observe any significant (P<0.05) impact due to
the inclusion of sunflower seed cake in broiler chickens diets on mortality rate of chicks during

the fattening period.

2.22 Exogenous Enzymes in Poultry Nutrition

The complex plant materials that are commonly used as feed ingredients, such as coarsely
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processed grains and high-fibre feedstuffs (e.g cereal grains, forages, crop residues, industrial by-
products etc) have nutritive components that are resistant to endogenously-produced digestive
enzymes. Some feed components also have anti-nutritive effects, for example phytate, which
reduces bioavailability of certain minerals, and oligosaccharides and other soluble carbohydrates
that increase viscosity and reduce nutrient absorption. Hence, obtaining the maximal nutritive
value from such complex feedstuffs typically requires supplementation of autoenzymatic activity
with alloenzymatic activity (i.e exogenously produced digestive enzymes from non-host sources)

(Klasing, 1998).

Exogenous feed enzymes are typically added to animal feed to increase availability of nutrients
by acting on feed components prior to or after consumption, i.e. within the gastrointestinal tract
(Pariza and Cook, 2010). The effect of dietary enzyme on the animal is influenced by the type
and concentration of the undesirable carbohydrate present in the feedstuff and the class and age
of the livestock and poultry that consume it. Young chicks are affected to a greater degree by
anti-nutritional compounds than older birds (Marquardt et al., 1996). Enzymes that appear to be
beneficial for non-ruminant animals are the xylanases, or more specifically the endoxylanases for
the feed which contain wheat, triticale and rye and the B-glucanases or cellulases for those which

contain barley and oats (Marquardt et al., 1996).

Most commercial enzymes contain a spectrum of different enzymes including xylanases and f-
glucanases and therefore can be used effectively with the above cereals. Nevertheless, it is
essential to ensure that the enzyme preparation has the appropriate activities of the specific
enzymes that are required. While supplementing poultry feed with enzymes, it is important to
consider several factors as suggested by Marquardt et al. (1996). These factors include (i) the

enzyme supplement must contain proper spectrum of enzymes, so that anti-nutritive effects of
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target substrate will be neutralized. (ii) different cereals contain different amounts of enzyme-
sensitive anti-nutritional factor. Therefore, the response to enzyme treatment may vary within a
given cereal (i.e. barley and probably wheat). (iii) the outcome of enzyme supplementation is
affected by grade, age and strain of poultry. The responses in swine are usually less dramatic than
those of poultry and have not been clearly established. (iv) the activity of the enzymes must not
be affected by processing or by the low pH (<4) or digestive enzymes in the gastrointestinal

tract.

Ruminant animals (e.g. cattle and sheep) have the advantage of alloenzymatic digestion provided
by rumen microflora, which enables ruminants to obtain nutrients from complex feed matrices
that are not made available through autoenzymatic digestion (Pariza and Cook, 2010). Pigs,
poultry and other monogastric animals lack the alloenzymes from rumen microflora, so for these
species to derive optimal nutrient benefit from complex feed matrices, it is necessary to provide
added enzyme supplementation. Enzymes may act during feed processing, while feed is present
in storage and feeder bins, and also following ingestion by acting within the digestive system
itself (Pariza and Cook, 2010). Therefore, the main objective of exogenous enzyme
supplementation is to improve feed efficiency for monogastric animals like poultry. Some of the
enzymes that have been used over the past several years or have potential for use in the feed
industry include cellulase (B-glucanases), xylanases and associated enzymes, phytase, protease,
lipase and galactosidase (Khusheeba and Sajid, 2013). For instance the combination of xylanase
and B-glucanase has proved to be beneficial in terms of growth increment in poultry. Pettersson
and Aman (2007) tested the inclusion level of a cocktail enzyme, consisting of xylanase and f-
glucanase to an unpelleted poultry diet containing rye and wheat which resulted in a significant

increase in body-weight and feed intake.
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Recently, considerable interest has been shown in the use of phytase as a feed additive, as it not
only increases the availability of phosphate in feed but also reduces environmental pollution
(Pariza and Cook, 2010). Several other enzyme products are currently being evaluated in the feed
industry, including protease to enhance protein digestion, lipases to enhance lipid digestion, f3-
galactosidases to neutralize certain anti-nutritive factors in non cereal feedstuffs, and amylase to

assist in the digestion of starch in early-weaned animals (Marquardt, 1997).

2.22.1 Benefits of exogenous enzyme in poultry nutrition

The rationale behind the use of enzyme technology is to improve the nutritive value of
feedstuffs. All animals use enzymes in the digestion of feed; either produced by the animal itself
or by the microbes present in the digestive tract. However, the digestive process is no where near
100 % efficient. For example, swine are unable to digest 15 - 25 % of the feed they eat
(Khusheeba and Sajid, 2013). Therefore, the supplementation of the animal feed with suitable
enzymes to increase the efficiency of digestion can be seen as an extension of the animal’s own
digestion process (Pariza and Cook, 2010). In many animal production systems, feed is the
biggest single cost and profitability depends on the relative cost and nutritive value of the feeds
available. Often, the limiting factor when formulating rations is the animal’s ability to digest
different constituent parts of the feed material differently, particularly fibre (Khusheeba and

Sajid, 2013).

Despite recent advances, the nutritional value of feedstuffs is not achieved at the animal level.
The inefficiency in the utilization of nutrients will result in an extra cost to the farmer (Sheppy,
2003). Thus, the feeds need to be supplemented with exogenous enzymes. The four main reasons

for using exogenous enzymes in animal feed include (i) to breakdown anti-nutritional factors that
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are present in many feed ingredients. Many of these substances are not susceptible to digestion
by the animal’s endogenous digestive enzymes, or can interfere with the normal digestion
process, causing poor performance and digestive upsets (Sheppy, 2003). (ii) to increase the
availability of starches, proteins, and minerals that are either enclosed within the fibre-rich cell
wall or not accessible to the animal’s own digestive enzymes, or bound up in a chemical form
that the animal is unable to digest (e.g. phosphorus as phytic acid). (iii) to break down specific
chemical bonds in feed materials that are not usually broken down by animal’s own enzymes,
thus releasing more nutrients. (iv) to supplement the enzymes produced by young animals,
because endogenous enzyme production may be inadequate as a result of their immature

digestive system (Sheppy, 2003).

In addition to improving diet utilization, enzyme supplementation can reduce the variability in
nutritive value between feedstuffs and improving the accuracy of feed formulations (Khusheeba
and Sajid, 2013). Experimental trials have shown that ensuring feed consistency in this way can
increase the uniformity of groups of animals, thus aiding management and improving
profitability. The general health status of animals can also be indirectly influenced, resulting in
few non-specific digestive upsets that are frequently provoked by the fibre components in the
feed (Sheppy, 2003).The inclusion of feed enzymes in poultry diets plays an important role in
enhancing nutrient utilization and performance by counteracting the negative influence of
targeted substrates. The role of exogenous enzymes capable of degrading non starch
polysaccharides (NSP) in broiler based diets on ‘viscous’ grains, including wheat and barley has

been elucidated by Bedford and Schulze (1998).

Research work suggested that the negative effects of NSPs can be overcomed by dietary

modifications through dietary supplementation with suitable exogenous enzyme preparations
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(Creswell, 1994). The addition of enzymes to the diet to breakdown the NSPs, decreases
intestinal viscosity and eventually improve the digestibility of nutrients by improving gut
performance, feed efficiency, manure quality and increase the utilisation of cost effective
alternative feed ingredients. NSP are also linked to other compounds such as peptides and

proteins that can make the use of a purified enzyme designed to degrade NSP less effective.

In order to obtain maximum benefits of enzyme supplementation in poultry feeds, it is necessary
to ensure that the enzymes are chosen on the basis of the feed composition. Simply put; the
enzyme must be matched to the substrate. Enzyme cocktails containing more than one enzyme
often improve performance compared to pure, single enzymes, assuming that cost considerations
are not ignored (Fengler and Marquardt, 1988; Choct and Annison,1990). This is due to the fact
that feedstuffs are complex compounds containing protein, fat, fibre and other complex
carbohydrates. Merely targeting a specific substrate such as Betaglucan may not provide
maximal benefits since layers of other substrates may inherently protect some of the Betaglucan.
For example, Betaglucans and arabinoxylans may be bound to peptide or protein moieties in the
cell wall of the feedstuff. Therefore, enzymes capable of hydrolyzing protein may enhance the

activity of pentosanases and betaglucanases.

2.22.2 Maxigrain® supplementation in poultry diets

Maxigrain® is a unique blend of concentrated digestive enzymes used in premixes and animal
feed to improve profitability by maximizing nutrient release. Maxigrain® is a heat-stable dry
enzyme blend. This is of particular importance, given the more aggressive feed processing
conditions used today in many animal feedmills. Maxigrain® is a full-spectrum, highly

concentrated blend of a comprehensive range of microbial-based digestive enzymes. Its unique
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proprietary formula of enzyme blends provides supplementary feed enzymes, which help to
degrade some of the main anti-nutritional factors (e.g. phytates and non-starch polysaccharides)

present in animal feeds.

Composition: Maxigrain® contains the following high potency multiple digestive enzymes to
enhance feed digestion, maximize feed utilization and reduce animal waste: Xylanase 10000 1U,
Betaglucanase 200 IU, Cellulase10000 1U, Phytase 2500 FTU. It also contains Aspergillus
oryzae, Aspergillus niger and Bacillus subtilis fermentations extracts which were added to work
in synergy with the animal’s digestive system in breaking down layers of the feed that were
previously inaccessible through digestion. This exposes more nutrient rich layers for the animal
to digest: such as amino acids, energy, calcium, and phosphorus. The enzymes have a wide pH
range, long-term stability and high temperature tolerance with high levels of enzymes activity
enabling Maxigrain® to be successfully supplemented to animal feeds with excellent results

under wide ranging conditions around the world.
Directions for use: 100 g/ton of feed.
Packaging: 100g sachets and 25 kg bag.

Benefits: Maxigrain® help optimize the use of non conventional feed ingredients as itimproves
digestion, nutrient absorption for enhanced performance and proven economic and
environmental benefits. Maxigrain® also helps to compensate for the animal's poor diet with an

observed reduction of undigested grains in faeces.

Storage: Store in cool and dry place with no direct sunlight. Maxigrain® is stable for 2 years in a

dry and cool place.
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1  Experimental Site

Two feeding trials were conducted at the Poultry Unit of the Teaching and Research Farm of the
Department of Animal Science, Faculty of Agriculture, Ahmadu Bello University, Zaria. It is
located within the Northern Guinea Savannah Zone on latitude 11° 9'57.60"N and Longitude
7°38'3.48"E at an altitude of 671m above sea level. The minimum and maximum temperature
ranges between 26°C and 36°C depending on the season while the mean relative humidity during

the dry and wet seasons are 21 and 72 % (IARMS, 2019).
3.2 Source of Sunflower Seed Cake, Processing and Procurement of Maxigrain®

Dehulled mechanically extracted sunflower seed cake was sourced from the Product
Development Research Programme of Institute for Agricultural Research (IAR), Ahmadu Bello
University. Zaria. The test ingredient was milled using a hammer mill, packed in bags and
properly stored in a cool and dry place prior to the commencement of the two feeding trials.
Representative samples were obtained from each bag, pooled together and taken to the laboratory

for proximate and chemical analysis.

Exogenous commercial enzyme (Maxigrain®) was purchased from Animal Care feed store in

Kaduna metropolis, Kaduna State, Nigeria.
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3.3 Proximate and Chemical Analysis of Sunflower Seed Cake

Sunflower seed cake samples were analyzed for proximate composition according to the methods
described by A.O.A.C (2006) at the Product Development Research Programme of Institute for
Agricultural Research (IAR), Ahmadu Bello University. Zaria. The proximate composition
parameters that were determined include the dry matter (% DM), crude protein (% CP), crude
fibre (% CF), ether extract (% EE), ash (% Ash) and nitrogen free extract (% NFE).
Metabolizable energy (ME) content of sunflower seed cake was estimated based on the equation

described by Pauzenga (1985):

ME (kcal/kg) = 37 x % CP + 81.81 x % EE + 35.5 x % NFE,

Anti-nutritional factors were determined for the presence and levels of tannin, phenols, alkaloids,
phytates, trypsin inhibitors and flavonoids according to the methods described by Kakade et al.

(1974), Earp et al. (1981), Sutardi and Buckle (1985) and A.O.A.C (2006), .

The essential amino acid profile of sunflower seed cake sample were determined using the
methods described by Benitez (1989) and Maria et al. (2004) at theBiochemical Laboratory,
Department of Zoology, University of Jos. The samples were dried to a constant weight,
defatted, hydrolyzed, evaporated in a rotary evaporator and loaded into the Applied Biosystems

PTH Amino Acid Analyzer.

3.4  FEEDING TRIAL 1: Response of Broiler Chickens Fed Diets Containing Graded

Levels of Sunflower Seed Cake

A feeding trial was conducted to evaluate the effect of feeding diets containing graded levels

of sunflower seed cake on the growth performance, nutrients digestibility, haematological and
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serum biochemical parameters and carcass characteristics of broiler chickens. The trial was in
two phases, the starter phase which lasted for 1 - 4 weeks and the finisher phase which lasted

for 6 - 9 weeks.

3.4.1 Experimental diets

Five treatment diets were formulated with graded levels of sunflower seed cake incorporated as a
substitute for groundnut cake in broiler starter and finisher diets at 0, 5, 10, 15, and 20 kg/100kg
diet to meet the nutrient requirements of the birds according to recommendations by Aduku
(2012). The laboratory result of the proximate composition of the test ingredient was also used

for dietary formulations.

3.4.2 Experimental design and management of birds at the starter phase (1 - 4 weeks)

A total of 300 unsexed Cobb 500 day-old broiler chicks were purchased from Chikun hatchery at
Kaduna State, north-western Nigeria. The birds were randomly assigned to 5 dietary treatment
groups with 60 birds per treatment and replicated 3 times with 20 birds per replicate in a

Completely Randomized Design (CRD).

The birds were housed and managed on deep litter system with partitioned pens and heat and
light were provided throughout the brooding period using 200W bulbs and charcoal pots while
the side walls openings were covered with polythene sheets to conserve heat in the brooding
pens. The birds were fed broiler starter diets containing graded levels of sunflower seed cake at
0, 5, 10, 15, and 20 kg/100kg diet as 0 kg sunflower seed cake served as the control diet. Table
3.1 shows the ingredients composition of the broiler starter diets. All necessary routine

management, vaccinations and medications were carried out as feeds and clean drinking water
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Table 3.1:  Composition of Broiler Starter Diets Containing Graded Levels of Sunflower
Seed Cake (1-4weeks)

Dietary Levels of Sunflower Seed Cake (kg/100kg diet)

Ingredients 0 5 10 15 20
Maize 56.00 55.00 54.00 53.00 52.00
Groundnut cake 26.00 22.00 18.00 14.00 10.00
Soya bean meal 13.60 13.60 13.60 13.60 13.60
Sunflower seed cake 0.00 5.00 10.00 15.00 20.00
Bone ash 3.00 3.00 3.00 3.00 3.00
Limestone 0.30 0.30 0.30 0.30 0.30
Common salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.30 0.30 0.30 0.30 0.30
Methionine 0.30 0.30 0.30 0.30 0.30
Biomix premix’ 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100
Calculated Analysis

ME (Kcal/kg) 2911.60 2887.68 2863.76 2839.84 2815.92
Crude protein (%) 23.27 23.24 23.21 23.15 23.15
Crude fibre (%) 5.19 5.20 5.20 521 5.21
Ether extract (%) 2.43 3.10 3.79 4.90 5.15
Calcium (%) 1.24 1.26 1.27 1.28 1.29
Av phosphorus (%) 0.67 0.58 0.57 0.56 0.56
Lysine (%) 1.13 1.14 1.14 1.15 1.15
Methionine (%) 0.61 0.61 0.62 0.64 0.65
Feed cost (N/kg) 127.50 126.10 124.70 123.40 121.90

*Biomix premix supplied the following per kg of diet: Vit. A, 10000 I.U; Vit. D, 2000 I.U; Vit K, 2mg; Vit. B1
(Thiamine), 1.8mg; Vit B2 (Riboflavin), 5.5mg; Vit B6 (Pyridoxine), 0.3mg; Vit B12, 0.015mg; Pantothenic acid,
7.5mg; Folic acid, 0.75mg; Niacin, 27.5mg; Biotin, 0.6mg; Choline chloride, 300mg; Cobalt, 0.2mg; Copper, 3mg;
lodine, 1mg; Iron, 20mg; Manganese, 40mg; Selenium, 0.2mg; Zinc, 30mg; Antioxidant, 1.25mg; M.E =
Metabolisable Energy,
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were offered ad libitum during the starter phase which lasted for 4 weeks.

3.4.3 Experimental design and management of birds at the finisher phase (6 - 9 weeks)

At the end of the starter phase, all the birds were pooled together according to their treatment
groups and fed a common diet for 5 days after which birds of averagely equal weights were
randomised and re-allotted to their various replicates for the commencement of the finisher
phase. A total of 240 broiler finisher chickens were used for the finisher phase. The birds were
assigned to 5 dietary treatments groups with 48 birds per treatment and replicated 3 times with
16 birds per replicate in a Completely Randomized Design (CRD). The birds were fed broiler
finisher diets containing graded levels of sunflower seed cake at O, 5, 10, 15, and 20 kg/100kg
diet as 0 kg sunflower seed cake served as the control diet. Table 3.2 shows the ingredients
composition of the broiler finisher diets. All necessary routine management and medications
were carried out as feeds and clean drinking water were offered ad libitum during the finisher

phase which lasted for 6 - 9 weeks.

3.4.4 Growth performance parameters measured

The birds initial and final weights were taken at the beginning and at the end of both starter and
finisher phases of the feeding trial. Feed intake and body weight gain were measured on weekly
basis to obtain average weekly feed intake and average weekly body weight gain per bird. Feed
conversion ratio and feed cost per kg gain were calculated for both starter and finisher phases

while mortality was recorded as it occured.

Growth performance parameters were calculated using the formulas below;

Feed intake (g) = Feed supplied (g) — Left over (g)
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Table 3.2:  Composition of Broiler Finisher Diets Containing Graded Levels of
Sunflower Seed Cake (6 - 9 weeks)

Graded Levels of Sunflower Seed Cake (kg/100kg diet)

Ingredients 0 5 10 15 20
Maize 58.00 57.00 56.00 55.40 54.60
Groundnut cake 23.00 19.00 15.00 11.00 7.00
Soya bean meal 7.00 7.00 7.00 7.00 7.00
Sunflower seed cake 0.00 5.00 10.00 15.00 20.00
Maize offal 7.60 7.60 7.60 7.20 7.00
Bone ash 3.00 3.00 3.00 3.00 3.00
Limestone 0.30 0.30 0.30 0.30 0.30
Common salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.30 0.30 0.30 0.30 0.30
Methionine 0.30 0.30 0.30 0.30 0.30
Biomix premix” 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100
Calculated Analysis

ME (Kcal/kg) 3012.96 3009.04 3005.12 3005.34 3004.49
Crude protein (%) 20.03 20.00 20.05 20.04 20.00
Crude fibre (%) 5.21 7.54 5.22 5.19 5.18
Ether extract (%) 2.15 2.83 3.52 4.20 4.89
Calcium (%) 1.23 1.24 1.25 1.27 1.28
Av phosphorus (%) 0.65 0.65 0.64 0.63 0.62
Lysine (%) 0.95 0.96 0.96 0.97 0.97
Methionine (%) 0.57 0.58 0.60 0.61 0.62
Feed cost (N/kg) 118.80 117.40 116.00 114.70 113.40

*Biomix premix supplied the following per kg of diet: Vit. A, 10000 1.U; Vit. D, 2000 I.U; Vit K, 2mg; Vit. B1
(Thiamine), 1.8mg; Vit B2 (Riboflavin), 5.5mg; Vit B6 (Pyridoxine), 0.3mg; Vit B12, 0.015mg; Pantothenic acid,
7.5mg; Folic acid, 0.75mg; Niacin, 27.5mg; Biotin, 0.6mg; Choline chloride, 300mg; Cobalt, 0.2mg; Copper, 3mg;
lodine, 1mg; Iron, 20mg; Manganese, 40mg; Selenium, 0.2mg; Zinc, 30mg; Antioxidant, 1.25mg; M.E =
Metabolisable Energy,
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Weight gain (g) = Final weight (g) — Initial weight (g)

Feed intake (g)
Weight gained (g)

Feed Conversion Ratio =

Feed cost per kg gain (¥/kg) = Feed cost (N/kg) x Feed Conversion Ratio

Mortality (%) - Number of dead birds % 100

Total number of birds

3.4.5 Digestibility study

Digestibility study was conducted at the end of the finisher phase of the feeding trial. Three birds
were randomly selected from each treatment and kept in individual metabolic cage for faecal
collection. Three days adjustment period was observed as the birds were fasted overnight prior to
the commencement of the trial proper which lasted for 7 days. A measured quantity of the
treatment diets were offered and the leftover feed weighed to determine average feed intake
(o/bird) for each replicate while clean drinking water was provided ad libitum. Faecal droppings
were collected daily and sun dried for 72 hours. The dried faecal samples alongside the feed
samples were analyzed for proximate composition according to the method described by
A.O.A.C (2006) at the Product Development Research Programme of Institute for Agricultural

Research (IAR), Ahmadu Bello University. Zaria.

Apparent nutrient digestibility were determined for dry matter (% DM), crude protein (% CP),

crude fibre (% CF), ether extract (% EE) and nitrogen free extract (% NFE) using the formula;

Amount of nutrient intake — Amount of nutrient output

X 100

% Digestibility of Nutrient =

Amount of nutrient intake

Amount of nutrient intake (g) = feed intake x nutrient in diet
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Amount of nutrient output (g) = faecal output x nutrient in faeces

3.4.6 Haematological and serum biochemical profile

At the end of the finisher phase of the feeding trial, 2mls of blood samples were collected from 3
birds per treatment replicates into sterilised labelled sample bottles containing ethylene diamine
tetra acetic acid (EDTA) as anticoagulant for the determination of haematological parameters
which include Packed Cell Volume (PCV) which was determined by the micro haematocrit
method, haemoglobin (Hb) concentration which was determined photometrically at the
wavelength of 540nm, the erythrocytes (RBC) and leucocytes (WBC) counts were determined
using the improved Neubauer haemocytometer and their differential counts were determined by
the thin slide method (Jain, 1993). Another 2mls of blood samples were collected into sterilized
labelled sample bottles without anticoagulant. The blood samples were allowed to clot and then
centrifuged, serum was separated and stored at -20°C and analysed at the Clinical Pathology
Laboratory, Faculty of \eterinary Medicine, Ahmadu Bello University, Zaria for the
determination of parameters related to serology, lipid profile and stress markers according to the

methods described by Jain (1993).

3.4.7 Carcass evaluation

At the end of the feeding trial, 3 birds were randomly selected from each treatment group
representing the average weight of the replicates and used for carcass analysis. The birds were
fasted overnight to clear the intestinal contents thereby emptying the crop and residual ingesta
but water was provided ad-libitum. The next morning, the selected birds were weighed to obtain
live body weight before slaughtering by severing the jugular vein using a sharp knife and

allowed to bleed completely. The slaughtered birds were scalded in hot water to facilitate
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defeathering, dressing and evisceration. The head, neck, shank, and viscera were removed to get

the dressed weight while dressing percentage was calculated using the formula:

Dressed weight

Dressing percentage (D %) = x 100

Live weight

Prime cut parts weights such as back, neck, breast, wings, thighs and drumsticks were measured
and expressed as percentage of dressed weight while internal organs weights such as heart, liver,
full and empty gizzard, spleen, kidney, lungs, intestinal weight and abdominal fat were measured

and expressed as percentage of live weight.

3.4.8 Economics of production

The cost benefit of production of broiler chickens fed diets containing graded
levels of sunflower seed cake were determined using gross margin and return per
Naira invested at the end of the feeding trail. The gross margin of an enterprise is
the difference between total revenue from production and variable cost of
production and was used as a measure of profitability when fixed cost of the
enterprise is negligible (Olukosi and Erahbor, 1988). The prevailing market prices
of feed ingredients (kg) and other variables were used to calculate feed cost
(N/kg), cost of day-old chicks (N/bird), cost of vaccines and and drugs (N/dose) at

the time the feeding trial was conducted. The following formulas were used:

Gross Margin () = revenue — total variable cost

Where

Revenue () = average weight of bird (kg) x cost per kg of live bird (¥/kg) x number of birds
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Number of Birds = 300 - mortality

Total Variable Cost (I¥) = Z (cost of feeding + water + brooding + medications + wood shavings

+ labour + maintenance + transportation)

Cost of Feeding (N/kg) = feed cost (N/kg) x average feed intake (kg/bird) x number of birds

Revenue
Total Variable Cost

Return per Naira Invested =

3.4.9 Statistical analysis

All data generated were subjected to analysis of variance using the General Linear Model (GLM)
procedure of Statistical Analysis System (SAS, 2008). Significant differences between treatment
means were compared using Tukey's Studentized Range (HSD) Test. Differences between

treatment means were considered significant at P<0.05.

3.4.9.1 Experimental model
The model equation for the first' feeding trial (Response of Broiler Chickens Fed Diets

Containing Graded Levels of Sunflower Seed Cake).
Yij = H+ Si+ €

Where, Y;;= performance of the j™broiler fed the i graded level of sunflower seed cake
M = overall mean
Si = effect of the i graded levels of sunflower seed cake

ejj = random error
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35 FEEDING TRIAL 2: Influence of Maxigrain® Supplementation on Graded Levels

of Sunflower Seed Cake in Broiler Chickens Diets

The second feeding trial was conducted to evaluate the influence of Maxigrain®
supplementation on graded levels of sunflower seed cake on growth performance, nutrients
digestibility, haematological and serum biochemical parameters and carcass characteristics of
broiler chickens. The trial was in two phases, the starter phase which lasted for 1 - 4 weeks and

the finisher phase which lasted for 5 - 8 weeks.
3.5.1 Experimental diets

o Diet 1 = 0 kg/100kg inclusion of SFSC without maxigrain® supplementation
o Diet 2 = 5 kg/100kg inclusion of SFSC with maxigrain® supplementation

o Diet 3 = 10 kg/100kg inclusion of SFSC with maxigrain® supplementation

o Diet 4 = 15 kg/100kg inclusion of SFSC with maxigrain® supplementation

o Diet 5 = 20 kg/100kg inclusion of SFSC with maxigrain® supplementation
3.5.2 Experimental design and management of birds at the starter phase (1 - 4 weeks)

A total of 300 unsexed Cobb 500 day-old broiler chicks were used for the experiment. The birds
were randomly assigned to 5 dietary treatment groups with 60 birds per treatment and replicated

3 times with 20 birds per replicate in a Completely Randomized Design (CRD).

The birds were housed and managed on deep litter system with partitioned pens and heat and
light were provided throughout the brooding period using 200W bulbs and charcoal pots while
the side walls openings were covered with polythene sheets to conserve heat in the brooding

pens. The birds were fed broiler starter diets supplemented with maxigrain® at 0.01 kg/100kg
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Table3.3:  Composition of Broiler Starter Diets Supplemented with Maxigrain® on
Graded Levels of Sunflower Seed Cake (1 - 4 weeks)

Graded Levels of Sunflower Seed Cake (kg/100kg diet)

Ingredients 0 5 10 15 20
Maize 56.00 55.00 54.00 53.00 52.00
Groundnut cake 26.00 22.00 18.00 14.00 10.00
Soya bean meal 13.60 13.60 13.60 13.60 13.60
Sunflower seed cake 0.00 5.00 10.00 15.00 20.00
Bone ash 3.00 3.00 3.00 3.00 3.00
Limestone 0.30 0.30 0.30 0.30 0.30
Common salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.30 0.30 0.30 0.30 0.30
Methionine 0.30 0.30 0.30 0.30 0.30
Biomix premix’ 0.25 0.25 0.25 0.25 0.25
Maxigrain® 0.00 0.01 0.01 0.01 0.01
Total 100 100 100 100 100
Calculated Analysis

ME (Kcal/kg) 2911.60 2887.68 2863.76 2839.84 2815.92
Crude protein (%) 23.27 23.24 23.21 23.15 23.15
Crude fibre (%) 5.19 5.20 5.20 521 5.21
Ether extract (%) 2.43 3.10 3.79 4.90 5.15
Calcium (%) 1.24 1.26 1.27 1.28 1.29
Av phosphorus (%) 0.67 0.58 0.57 0.56 0.56
Lysine (%) 1.13 1.14 1.14 1.15 1.15
Methionine (%) 0.61 0.61 0.62 0.64 0.65
Feed cost (WN/kg) 128.10 126.70 125.30 123.90 122.50

*Biomix premix supplied the following per kg of diet: Vit. A, 10000 I.U; Vit. D, 2000 I.U; Vit K, 2mg; Vit. B1
(Thiamine), 1.8mg; Vit B2 (Riboflavin), 5.5mg; Vit B6 (Pyridoxine), 0.3mg; Vit B12, 0.015mg; Pantothenic acid,
7.5mg; Folic acid, 0.75mg; Niacin, 27.5mg; Biotin, 0.6mg; Choline chloride, 300mg; Cobalt, 0.2mg; Copper, 3mg;
lodine, 1mg; Iron, 20mg; Manganese, 40mg; Selenium, 0.2mg; Zinc, 30mg; Antioxidant, 1.25mg; M.E =
Metabolisable Energy,

Enzyme name: Maxigrain®

Description: Powder (Multienzyme for optimal poultry nutrition).

Dosage: 100 g/ton of feed.

Presentation: 100g sachets & 25 kg bag.

Composition: Xylanase 10000 U, Beta glucanase 200 U, Cellulase 10000 1U, Phytase 2500 FTU.
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diet as recommended by the manufacturer on graded levels of sunflower seed cake at 0, 5, 10,
15, and 20 kg/100kg diet and 0 kg sunflower seed cake without maxigrain® supplementation
served as the control diet. Table 3.3 shows the ingredients composition of the broiler starter diets.
All necessary routine management, vaccinations and medications were carried out as feeds and
clean drinking water were offered ad libitum throughout the starter phase which lasted for 4

weeks.
3.5.3 Experimental design and management of birds at the finisher phase (5 - 8 weeks)

A total of 285 broiler finisher chickens were used for the finisher phase. The birds were assigned
to 5 dietary treatments groups with 57 birds per treatment and replicated 3 times with 19 birds
per replicate in a Completely Randomized Design (CRD). The birds were fed broiler finisher
diets supplemented with maxigrain® at 0.01 kg/100kg diet as recommended by the manufacturer
on graded levels of sunflower seed cake at 0, 5, 10, 15, and 20 kg/100kg diet and 0 kg sunflower
seed cake without maxigrain® supplementation served as the control diet. Table 3.4 shows the
ingredients composition of the broiler finisher diets. All necessary routine management and
medications were carried out as feeds and clean drinking water were offered ad libitum

throughout the finisher phase which lasted for 5 - 8 weeks.
3.5.4 Growth performance parameters measured
Same as in feeding trial 1.

3.5.5 Digestibility study

Same as in feeding trial 1.
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Table3.4:  Composition of Broiler Finisher Diets Supplemented with Maxigrain® on
Graded Levels of Sunflower Seed Cake (5 - 8 weeks)

Graded Levels of Sunflower Seed Cake (kg/100kg diet)

Ingredients 0 5 10 15 20
Maize 58.00 57.00 56.00 55.40 54.60
Groundnut cake 23.00 19.00 15.00 11.00 7.00
Soya bean meal 7.00 7.00 7.00 7.00 7.00
Sunflower seed cake 0.00 5.00 10.00 15.00 20.00
Maize offal 7.60 7.60 7.60 7.20 7.00
Bone ash 3.00 3.00 3.00 3.00 3.00
Limestone 0.30 0.30 0.30 0.30 0.30
Common salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.30 0.30 0.30 0.30 0.30
Methionine 0.30 0.30 0.30 0.30 0.30
Biomix premix’ 0.25 0.25 0.25 0.25 0.25
Maxigrain® 0.00 0.01 0.01 0.01 0.01
Total 100 100 100 100 100
Calculated Analysis

ME (Kcal/kg) 3012.96 3009.04 3005.12 3005.34 3004.49
Crude protein (%) 20.03 20.00 20.05 20.04 20.00
Crude fibre (%) 5.21 7.54 5.22 5.19 5.18
Ether extract (%) 2.15 2.83 3.52 4.20 4.89
Calcium (%) 1.23 1.24 1.25 1.27 1.28
Av phosphorus (%) 0.65 0.65 0.64 0.63 0.62
Lysine (%) 0.95 0.96 0.96 0.97 0.97
Methionine (%) 0.57 0.58 0.60 0.61 0.62
Feed cost (N/kg) 119.37 117.97 116.57 115.33 114.01

*Biomix premix supplied the following per kg of diet: Vit. A, 10000 I.U; Vit. D, 2000 1.U; Vit K, 2mg; Vit. B1 (Thiamine),
1.8mg; Vit B2 (Riboflavin), 5.5mg; Vit B6 (Pyridoxine), 0.3mg; Vit B12, 0.015mg; Pantothenic acid, 7.5mg; Folic acid, 0.75mg;
Niacin, 27.5mg; Biotin, 0.6mg; Choline chloride, 300mg; Cobalt, 0.2mg; Copper, 3mg; lodine, 1mg; Iron, 20mg; Manganese,
40mg; Selenium, 0.2mg; Zinc, 30mg; Antioxidant, 1.25mg; M.E = Metabolisable Energy,

Enzyme name: Maxigrain®

Description: Powder (Multienzyme for optimal poultry nutrition).

Dosage: 100 g/ton of feed.

Presentation: 100g sachets & 25 kg bag.

Composition: Xylanase 10000 U, Beta glucanase 200 1U, Cellulase 10000 1U, Phytase 2500 FTU.
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3.5.6 Haematological and serum biochemical profile
Same as in feeding trial 1

3.5.7 Carcass evaluation

Same as in feeding trial 1.

3.5.8 Economics of production

Same as in feeding trial 1.

3.5.9 Statistical analysis:

Same as in feeding trial 1.

3.5.9.1 Experimental model

The model equation for the second feeding trial (Influence of Maxigrain® Supplementation on

Graded Levels of Sunflower Seed Cake in Broiler Chickens Diets).
Yij= MK+ Si+ Ex (S +E) + e
Where, Yj; = performance of the jMbroiler fed the i graded level of sunflower seed cake
K = overall mean
S;i = effect of the i graded levels of sunflower seed cake
Ey = fixed effect of maxigrain® supplementation

eijk = random error
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1  Proximate Composition of Sunflower Seed Cake

The result of proximate composition of sunflower seed cake is presented in Table 4.1. The result
showed that the dry matter content of sunflower seed cake(90.22 %) in this study was lower than
91.48 % reported by Liu et al. (2015) but higher than 90.20 % reported by Senkoylu and Dale
(2006). Crude protein content of sunflower seed cakewas found to be 37.19 %, which was higher
than 30.00 % reported by Nassiri et al. (2012). The result implies that sunflower seed cake is a
good source of protein. Rostagno et al. (2005) reported 23.00 % crude fibre for sunflower seed
cake, which is higher than 10.10 % obtained in this study. Fibre helps to maintain the health of
the gastrointestinal tract. The presence of an adequate level of fibre in sunflower seed cake
reveals that the seed cake can be utilized as a better source of fibre for animals. Liu et al. (2015)
also reported ether extract content of 3.11 % for sunflower seed cakewhich is lower than 19.55 %

obtained in this study.

The ash content of sunflower seed cake(6.07 %) is lower than 7.00 % reportedby San Juan and
Villamide (2000). The nitrogen free extract of 27.09 % in this study implies that sunflower seed
cake has fair energy content. Differences in the values observed in this study with works of other
researchers may be attributed to genetic differences (cultivar differences), processing methods,
time of seeds harvest, environmental factors as well as agronomic practices, i.e differences in

crop and soil management practices.
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Table 4.1: Proximate Composition of Sunflower Seed Cake

Proximate Parameters SFSC (%} GNC (%}
Dry matter 90.22+0.38 90.00
Crude protein 37.19+0.49 42.00
Crude fibre 10.10+0.42 12.00
Ether extract 19.55+0.35 7.30

Ash 6.07+0.02 5.12
Nitrogen free extract 27.09+0.18 33.58

SFSC = Sunflower Seed Cake values are mean of 2 samples + standard deviation; GNC = Groundnut Cake values
are table values by NRC (1994).
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4.2 Anti-nutritional Factors inSunflower Seed Cake

The result of anti-nutritional factors in sunflower seed cake is presented in Table 4.2. The
presence and levels of tannins (1.04 mg/100g), phenols (2.35 mg/100g), alkaloids (3.08
mg/100g), phytates (0.16 mg/100g), trypsin inhibitors (0.89 mg/100g) and flavonoids (65.56
mg/100g) observed in this study were low due to mechanical pressing of sunflower seeds at high
temperature during sunflower oil extraction. The observations agreed with the findings of
Shu'aibu (2014) who reported that heating improved the nutritional value of seeds and also
destroyed all the heat labile anti-nutrients that are inherent in the seeds. Similarly, Udensi et al.
(2008) also confirmed that processing of seeds (toasting, mechanical pressing and autoclaving)
leads to products with reduced anti-nutritional contents and consequently increase some

nutrients.

4.3  Essential Amino Acids Composition of Sunflower Seed Cake

The result of essential amino acids composition of sunflower seed cake is presented in Table 4.3.
The result shows the levels of the four commonly limiting essential amino acids to be 1.63, 2.24,
3.00, and 1.29 g/100g for lysine, methionine, threonine and tryptophan respectively. These
values were slightly higher compared to those reported by Senkoylu and Dale (2006). The lysine
and methionine contents of sunflower seed cake is less than that of groundnut cake. Thus, lysine
and methionine were supplemented in the experimental diets for this study. The same result was
reported by Liu et al. (2015) who stated that the supplementation of lysine and methione

improved the nutritive value of sunflower seed cake.

The result also revealed other essential amino acids in sunflower seed cake to include arginine

4.07 g/100g, histidine 2.24 g/100g, leucine 3.32 g/100g, and phenylalanine 2.35 g/100g which
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Table 4.2: Anti-nutritional Factors in Sunflower Seed Cake

Anti-nutrients (mg/1009)
Tannins 1.04+0.33
Phenols 2.35+0.43
Alkaloids 3.08+0.12
Phytates 0.16+0.42
Trypsin inhibitors 0.89+0.62
Flavonoids 65.56+1.02

Values are mean of 2 samples+ standard deviation
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Table 4.3: Essential Amino Acids Composition of Sunflower Seed Cake

Essential Amino Acids SFSC (g/100g) GNC (%)
Arginine 4.07 4.35
Histidine 2.24 0.87
Isoleucine 1.90 1.27
Leucine 3.32 2.42
Lysine 1.63 1.26
Methionine 2.24 0.45
Phenylalanine 2.35 1.97
Threonine 3.00 1.01
Tryptophan 1.29 0.39
Valine 1.95 1.53

SFSC = Sunflower Seed Cake; GNC = Groundnut Cake amino acid composition are table values by NRC (1994) on
as-fed basis.
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accounts for 11.98 g/100g protein as the most abundant essential amino acids in sunflower seed
cake samples while isoleucine, and valine content were 1.90 g/100g and 1.95 g/100g
respectively. Similar results have been reported by other researchers (Thomas et al., 1965;

Marinov et al., 1973; Singh and Prasad, 1979; Oshodi et al., 1998; Adeyeye, 2004).

44  FEEDING TRIAL 1: Response of Broiler Chickens Fed Diets Containing Graded

Levels of Sunflower Seed Cake

4.4.1 Growth Performance of Broiler Chickens Fed Diets Containing Graded Levels of

Sunflower Seed Cake

4.4.1.1 Starter phase (1 - 4 weeks)

The growth performance of broiler starter chicks fed diets containing graded levels of sunflower
seed cake is presented in Table 4.4. Significant (P<0.05) differences were observed in final
weight, total weight gain, total feed intake, feed conversion ratio and feed cost per kg gain across

the treatment groups.

The result shows that broiler starter chicks fed 20 % SFSC based diet significantly (P<0.05)
performed better in all the growth parameters measured compared to other birds across the
treatment groups. This performance was followed by broiler starter chicks fed 10 % SFSC based
diet which were significantly (P<0.05) better than birds fed the control diet. This result may be
attributed to improved diet quality and palatability couple with lysine and methionine contents of
sunflower seed cake. Total feed intake of broiler starter chicks ranged from 1251.17 to 1503.29
g/bird with increased levels of sunflower seed cake from 0 to 20 kg/100kg diet. The increased

feed consumption may be due to the fact that feed intake is inversely proportional to the nutrient
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Table 4.4: Growth Performance of Broiler Starter Chicks Fed Diets Containing Graded

Levels of Sunflower Seed Cake (1 - 4 weeks)

Graded Levels of SFSC (kg/100kg diet)

Growth Parameters 0 5 10 15 20 SEM
Initial Weight (g/bird) 44.16 44.20 43.97 44.10 43.17 0.62
Final Weight (g/bird) 687.82"  673.65°  849.77°  771.58°  900.48*  13.87
T. Weight Gain (g/bird) 643.66°  629.45"  805.80°  727.47°  856.50°  13.90
T. Feed Intake (g/bird) 1251.17%  1209.67" 1418.95° 1309.93° 1503.3*  37.33
Feed Conversion Ratio 1.94¢ 1.89° 1.76° 1.80° 1.75°% 0.03
Feed Cost per kg gain 247.73° 24165 21943 22249  21410*° 434
Mortality (%) 2.00 2.33 2.33 2.00 1.67 0.45

ab,c,d

of the Mean; T = Total; SFSC = Sunflower Seed Cake
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requirements of broiler starter chicks to satisfy their nutrients requirement for normal growth
when fed SFSC based diets Broiler starter chicks fed 10 and 20 % SFSC based diets significantly
(P<0.05) had better values of 1.76 and 1.75 for feed conversion ratio as a result of better feed
utilization. This result agreed with the findings of Zatari and Sell (1990) who reported that
broiler chickens fed 0, 100 or 200 g/kg of sunflower seed cake diet from 1 to 42 days of age had

improved feed conversion ratio.

Birds fed 10, 15 and 20 % SFSC based diets had better feed cost per kg meat produced. This
implied that the inclusion of SFSC up to 20 % as an alternative protein source to groundnut cake
significantly improved growth performance (final weight, total weight gain, total feed intake, and
feed conversion ratio) of broiler starter chicks and this agreed with the reports of Rajesh et al.

(2006), Abdelrahman and Saleh (2007) and Peric et al. (2010).

No significant (P>0.05) differences were observed for percent mortality of broiler starter chicks
across the treatment groups. Though mortalities were recorded as a result of hot weather during
the feeding trial. This result agreed with the findings of Cheva-lsarakul and Tangtaweewipat
(1991) who stated that there were no significant (P>0.05) effect of sunflower seed cake at 0, 15,

20, 25 and 30 % on mortality rate of broiler chickens.

4.4.1.2 Finisher phase (6 - 9 weeks)

The result of growth performance of broiler chickens fed diets containing graded levels of
sunflower seed cake (6 - 9 weeks) is presented in Table 4.5. The result shows significant
(P<0.05) differences across the treatment groups for all the growth performance parameters

measured except percent mortality. Broiler chickens fed 20 % SFSC based diet had significantly
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Table 4.5: Growth Performance of Broiler Chickens Fed Diets Containing Graded

Levels of Sunflower Seed Cake (6 - 9 weeks)

Graded Levels of SFSC (kg/100kg diet)

Growth Parameters 0 5 10 15 20 SEM
Initial Weight (g/bird) 1020.47  1010.61 105471  1033.46  1085.15  14.00
Final Weight (g/bird) 2279.85° 2055.06° 2427.28" 2333.48° 2594.66* 50.93
T. Weight Gain (g/bird) 1259.38° 1051.12" 1372.57° 1300.02° 1509.54* 51.13
T. Feed Intake (g/bird) 3014.60° 3242.80° 3623.20° 3774.80* 3636.6°  62.39
Feed Conversion Ratio 2.39° 3.12° 2.67° 2.91° 2.33° 0.20

Feed Cost per kg gain 284.26*  366.19°  307.72°  333.48°  264.62°  23.37
Mortality (%) 1.00 2.00 1.00 2.00 0.00 0.89

ab,c,d

of the Mean; T = Total; SFSC = Sunflower Seed Cake
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(P<0.05) higher values for final weight (2594.66 g/bird) and total weight gain (1509.54 g/bird)
compared to birds fed the control diet. This result revealed that the inclusion of 20 % SFSC in
broiler finisher chickens diet significantly improved final weight by 13.81 % and total weight
gain by 19.86 % respectively. This is attributed to the quality and nutritive value of sunflower
seed cake which implies better feed utilization. This result agreed with the findings of El-Sherif
et al. (1995) who observed significant (P<0.05) differences in final weight, total weight gain,
feed conversion ratio and survival percentage of broiler chickens fed up to 70 % SFSC in broiler
chickens diets during growing and finishing stages and supplemented with methionine, lysine

and fat and showed no adverse impacts on growth performance.

Total feed intake significantly increased as graded levels of sunflower seed cake increased with
broiler chickens fed 15 % SFSC based diet having significantly (P<0.05) the highest feed intake
(3774.80 g/bird) when compared to other birds across other treatment groups. This result can be
attributed to the fibre level of sunflower seed cake in the diets which tends to increase feed
intake. This result is in agreement with the trend observed by Abid et al. (1990) who reported
that the use of sunflower seed cake in broiler chickens diets up to 20 % improved feed intake

across treatment groups.

Birds fed the control diet, 10 and 20 % SFSC based diets had the best values of 2.39, 2.67 and
2.33 for feed conversion ratio and }284.26, ¥307.72 and N264.62 for feed cost per kg gain.
This result is attributed to better feed utilisation and efficiency coupled with the decreasing feed
cost with an increase in graded levels of sunflower seed cake as a cost effective substitute to
groundnut cake in broiler chickens diets. This result revealed that sunflower seed cake can be
used in broiler chickens diets up to 20 % without detrimental effect on growth performance as

supported by the reports of Rajesh et al. (2006).
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There were no significant (P<0.05) difference observed for percent mortality in birds fed the
control diet, 5, 10, 15 and 20 % SFSC based diets. Though mortalities were recorded as a result
of hot weather temperature during the feeding trial. This result concur with the reports of Salih
and Taha (1989) who observed that mortality rate was the same in all treatment groups fed diets

containing sunflower seed cake at levels of 0, 100, 200 or 400 g/kg.

4.4.2 Apparent digestibility of nutrients by broiler chickens fed diets containing graded

levels of sunflower seed cake

The result of apparent digestibility of nutrients by broiler chickens fed diets containing graded
levels of sunflower seed cake is presented in Table 4.6. Significant (P<0.05) differences were
observed for dry matter, crude protein, crude fibre and nitrogen free extract apparent digestibility
across the treatment groups. Apparent dry matter digestibility was significantly (P<0.05) higher
and similar in birds fed the control diet and 20 % SFSC based diet (89.81 and 87.25 %) and
lowest in birds fed 5 % SFSC based diet (79.25 %). The lowest % DM digestibility observed in
birds fed 5 % SFSC based diet could be associated to the digestion process of some nutrients
which could have been entrapped to varying degrees inside the fibrous structures of the cell
walls. The trend observed in this study disagreed with the report of Rama Rao (2006) who
observed that dry matter digestibility decreased with increased levels of sunflower seed cake in
the diets. Crude protein digestibility was highest in birds fed the control diet (86.58 %) and
decreased significantly (P<0.05) amongst birds fed SFSC based diets which were similar to each
other. This linear decrease with inclusion of sunflower seed cake in the diets might be linked to

the lower crude protein content of sunflower seed cake when compared to groundnut cake.
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Table 4.6: Apparent Digestibility of Nutrients by Broiler Chickens Fed Diets Containing

Graded Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Proximate Composition (%) 0 5 10 15 20 SEM
Dry matter 89.81°  79.25° 86.81° 82.83° 87.25° 2.03
Crude protein 86.58"  73.02° 81.89° 79.62° 80.11° 353
Crude fibre 69.30° 64.11° 65.26° 66.18° 66.39° 1.25
Ether extract 81.09 80.51 81.34 84.76 83.33 2.84
Nitrogen free extract 84.97*  71.15° 77.97° 80.30° 8856° 4.01

2P¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; SFSC = Sunflower Seed Cake
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Crude fibre digestibility was significantly (P<0.05) reduced by graded levels of sunflower seed
cake with the highest value observed in birds fed the control diet (69.30 %} and differed
significantly from birds fed SFSC based diets which were all similar. This is attributed to the
physiological and nutritional effect of dietary fibre which tends to reduce digestion, diffusion and
absorption of nutrients in the gut. This result agreed with the observations of Ali et al. (2011)
who reported that the digestibility of crude protein, crude fibre, crude fat and organic matter
were significantly influenced by graded levels of sunflower seed cake. Apparent digestibility of
nitrogen free extract was significantly (P<0.05) highest in birds fed the control diet (84.97 %)
and 20 % SFSC based diet (88.56 %} respectively. No significant (P>0.05) differences were
observed for apparent digestibility of ether extract across the treatment groups. This may be due
to the inability of the birds to extract oil from the intact cells during the digestion process. The
discrepancy in these results may be due to cultivar differences and processing methods of

sunflower seed cake (Alagawany, 2015).

4.4.3 Haematological parameters of broiler chickens fed diets containing graded levels of

sunflower seed cake

The result of haematological parameters of broiler chickens fed diets containing graded levels of
sunflower seed cake is presented in Table 4.7. Selvaraj and Purushothaman(2004) reported that
inclusion of different levels of full-fat sunflower seeds in broiler chickens diets did not affect
haematological parameters of poultry which agreed with the trend in this study with the
exception of PCV, RBC and heterophils. Packed cell volume was significantly (P<0.05) higher
among broiler chickens fed 5, 15 and 20 % SFSC based diets. The PCV values of 21.10 - 31.77
% observed in this study were within normal range values of 22 - 35 % for healthy broiler

chickens as reported by Schalm etal. (1975). This indicates that the diets were suitable and
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Table 4.7: Haematological Parameters of Broiler Chickens Fed Diets Containing Graded
Levels of Sunflower Seed Cake
Graded Levels of SFSC (kg/100kg diet)
Parameters 0 5 10 15 20 SEM Reference
values
PCV (%) 21.10° 31.77° 27.97° 29.96*° 31.65° 0.93 22.00-35.00"
Hb conc (g/dl) 1044  9.13 9.86 10.47 1054  0.94  7.00-15.00°
RBC (x 10*/L) 2.81° 245" 265  2.76* 2.66° 016 1.59-4.10°
WBC (x 10°/L) 5.24 5.38 4,72 459 5.08 050 1.90-9.50°
Heterophils (%) 7.62°  627° 6.70* 657* 7.70°  0.63 15.00-40.00°
Lymphocytes (%) 65.28 6750 70.13  66.99 6887  6.33 40.0-100.00*
Monocytes (%) 2.35 2.99 3.25 2.72 3.53 0.62 1.00-7.00°
Eosinophils (%) 1.75 1.99 1.86 1.84 2.04 0.19 1.50-6.00°
MCV (f1) 118.08 113.87 117.28 117.98 116.87 2.52  90.00-140.00°
MCH (pg) 46.08  46.44  46.30 4555  45.99 1.48  33.00-47.00*
MCHC (g/dl) 33.92 3448 3465 3375  34.27 1.64  26.00-85.00"

2¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; SFSC = Sunflower Seed Cake; PCV = Packed Cell Volume; HB = Haemoglobin; RBC = Red Blood
Cells; WBC = White Blood Cells; MCV = Mean Corpuscular Volume; MCH = Mean Corpuscular Haemoglobin;
MCHC = Mean Corpuscular Haemoglobin Concentration; Reference values (*Schalm etal., 1975; Mitruka and
Rawnsely, 1997; 3Simrak et al., 2004; “Jain, 1986; %Jain, 1993).

\
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adequate for broiler chickens.

The haemoglobin concentration (9.13 - 10.54 g/dl) observed in this study fall within the normal
range of 7 - 15 g/dl reported by Mitruka and Rawnsley (1997) for a healthy broiler chicken. This
indicates that the birds had sufficient blood pigment for proper transportation of oxygen. The
RBC and WBC values of 2.45 - 2.81 x10™/L and 4.59 — 5.38 x10°/L fall within the normal range
of 1.59 - 4.10x 10*¥/L and 1.90 - 9.50x 10%/L reported by Mitruka and Rawnsley (1997) and
Simrak et al. (2004) for a healthy bird. The lymphocytes values in this study were between 65.28
— 70.13 % which fall within the normal range of 40 - 100 % reported by Jain (1986). This
implies that, all the birds across the treatment groups had adequate immune response status
which implied that the inclusion of sunflower seed cake at higher levels reduced the propensity
of birds picking infection and the bird’s immune system may have produced sufficient cytokines

for combating some kind of infection as reported by Adeyemo et al. (2007).

Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) are useful in the diagnosis of anaemia in most animals
(Lamb, 1991). The observed MCV, MCH and MCHC values were within normal range values
reported by Jain (1986) and Simrak et al. (2004) for healthy birds. Ismaila et al. (2011) evaluated
the mean values of haematological parameters in relation to sex in local and exotic chickens and
reported MCV of 135.36 and 134.76fl which were higher than the range (113.87 - 118.08fl)
obtained in this study while the MCH were 45.55 - 46.44pg within the normal range of 33.00 -
47.00pg and MCHC of 34.48 and 32.44 % in male and female chickens were higher than the
33.75 - 34.65 % recorded in this study across the treatment groups. This implied that the birds

were not anaemic.
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4.4.4 Serum biochemical profile of broiler chickens fed diets containing graded levels of

sunflower seed cake

Table 4.8 shows the result of serum biochemical profile of broiler chickens fed diets containing
graded levels of sunflower seed cake. Total protein, albumin, globulin, cholesterol, triglycerides,
glucose, creatinine, uric acid, HDL and SOD were all significantly (P<0.05) affected by graded
levels of sunflower seed cake across the treatment groups. This result agrees with the

submissions that some blood components normally vary in concentration depending upon the

nature of nutritional intake (Adeyemo et al., 2007). Total protein were significantly (P<0.05)
highest in broiler chickens fed the control diet and 20 % SFSC based diets. The values obtained
in this study for total protein (4.32 - 4.96 g/dl) fall within the normal range values of 3.60 to 5.50
g/dl reported by Ross et al. (1976) for healthy birds. These values indicates good nutritional
adequacy of sunflower seed cake as an alternative feedstuff in poultry diets. Lowest level of
albumin was observed in birds fed the control diet, though the values were within normal range
values reported by Ross et al. (1976). Cholesterol and high density lipoprotein values were
significantly (P<0.05) reduced in birds fed 20 % SFSC based diet while the highest value for uric
acids was observed in birds fed 20 % SFSC based diet. Triglycerides were significantly (P<0.05)
higher in birds fed 5 and 10 % SFSC based diets while glucose value was significantly (P<0.05)
lowest in birds fed 15 % SFSC based diet. Birds fed the control diet had significantly (P<0.05)
the least superoxide dismutase value compared to other birds across the treatment groups.
Superoxide dismutase, glutathione peroxidase, malondialdehyde, catalase, globulin and uric acid
values showed no definite pattern as the inclusion of sunflower seed cake increased which may

be due to the level of fibre and energy values of sunflower seed cake.
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Table 4.8: Serum Biochemical Profile of Broiler Chickens Fed Diets Containing Graded

Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Parameters 0 5 10 15 20 SEM  Reference
values

Total protein (g/dl) ~ 4.59° 433 4.39° 4.32° 4.96° 030  3.60-5.50"

Albumin (g/dI) 1.60° 1.84° 1.86° 1.78° 1.99% 0.17  1.10-2.20'

Globulin (g/dl) 2.99 2.48 2.53 2.55 2.58 041  1.2-3.20°

Cholesterol (mg/dl) ~ 183.77° 152.33° 173.44* 146.82° 130.22° 21.20 2.23-5.17

Triglycerides mg/dl ~ 56.97°  61.50° 67.58° 52.11° 60.98° 299  <135.00

Glucose (mg/dl) 190.10° 185.33* 181.27° 174.77° 189.57* 5.32

Creatinine (mmol/l)  0.78 0.63° 0.81° 0.66° 0.78° 0.08

Uric acid (mg/dI) 2.23° 2.36° 1.75° 1.76° 4.07% 0.84

LDL (mg/dl) 1961  26.81 1816 2484  27.05 468  <130.00

HDL (mg/dl) 152.78* 113.26° 141.77* 111.56* 90.98"  23.48 >90.00

SOD 15.77° 17.83*  19.89°  20.22*  20.94*° 1.39

GPx 1822 1882 1738 1775 1823 155

MDA 2252 2252 2208 2217 2297 209

CAT 19.63  19.79  26.75 2497 2677  4.46

2P = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error of
the Mean; SFSC = Sunflower Seed Cake; LDL = Low Density Lipoprotein; HDL = High Density Lipoprotein; SOD
= Superoxide Dismutase; GPx = Glutathione Peroxidase; MDA = Malondialdehyde; CAT = Catalase; Reference
values 'Ross et al., (1976); 2LAVC, (2009).
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445 Carcass characteristics and internal organs weights of broiler chickens fed diets

containing graded levels of sunflower seed cake

4.45.1 Carcass characteristics

Table 4.9 shows the carcass characteristics of broiler chickens fed diets containing graded levels
of sunflower seed cake. The live weight and dressed weight of broiler chickens fed 20 % SFSC
based diet was significantly (P<0.05) higher than birds fed the control diet and other treatment
groups. This indicates that the inclusion of SFSC at 20 % in broiler chickens diets significantly
improved carcass characteristics of the birds compared to birds fed the control diet and other
treatment groups. This result agreed with the findings of Niemiec et al. (1996) who observed that
slaughter performance of broiler chickens was improved with diet containing sunflower seed
cake. Dressing percentage of broiler chickens processed at 9 weeks of age were not significantly
(P>0.05) affected by graded levels of sunflower seed cake across the treatment groups. This
result agreed with the findings of Valdivie, Sardinas and Garcia (1982). They reported that
dressing percentage is usually positively correlated with live weight of birds and negatively
correlated to gut size. In contrast, Afifi (1972) reported a significant difference among dietary

treatments in the dressing percentage of broiler chickens fed up to 18 % sunflower seed cake.

Dietary treatments had significant influence on prime cut parts such as back, neck, breast and
drumsticks. This result disagreed with the similarities among dietary treatments reported by
Kwari et al. (2010). The increased relative percent weights of breast cut, thighs and neck with
increments of sunflower seed cake were different from that of other segments of the prime cut
parts measured. It is possible that the breast cut, thighs and neck were forced to enlarge to

accommodate the "extra bulk™ of the diet containing 20 % sunflower seed cake. No significant
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(P>0.05) differences were observed in thighs and wings among broiler chickens across all the

treatment groups.

4.4.5.2 Internal organs parameters

Table 4.9 shows the internal organs weights of broiler chickens fed diets containing graded levels
of sunflower seed cake. Internal organs weights for heart, empty and full gizzard, spleen, kidney,
lungs, intestinal weight and abdominal fat of broiler chickens were significantly (P<0.05)
affected by graded levels of sunflower seed cake across treatment groups. The internal organs
weights of broiler chickens fed the control diet had significantly (P<0.05) higher values which
were similar to those birds on 5 and 15 % SFSC based diets in % heart, liver, full gizzard, empty
gizzard, intestinal weight and abdominal fat and 20 % SFSC based diet in % liver and abdominal

fat respectively.

The higher percent weight of liver in birds fed the control diet, 5, 15 and 20 % SFSC based diets
is possibly as a result of high levels of toxic factors and the attempt by the liver to detoxify them.
This result agreed with the findings of Ukachukwu (2000) and Akinmutini (2004) who reported
that liver is the organ involved in detoxification and leads to stress on the liver to produce more
enzymes to compensate for enzyme inactivation by anti-nutrients present. The significantly
lower percent gizzard weight in birds fed 10 and 20 % SFSC based diets may again indicate
complete elimination of anti-nutrients in the diets. Higher values for kidney in birds fed the
control diet may be linked to the increased activity of kidney enzymes to detoxify the available

anti-nutritional factors present in the ingredients.
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Table 4.9: Carcass Characteristics and Internal Organs Weights of Broiler Chickens

Fed Diets Containing Graded Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Carcass Parameters 0 5 10 15 20 SEM
Live weight (g/bird) 2233.3"  2000.0°  2366.67° 2266.67° 2533.3%  53.81
Dressed weight g/bird ~ 1600.0°  1433.3"  1666.67° 1600.00° 1800.0*  33.38
Dressing percentage 71.67 71.78 70.41 70.61 71.10 1.35
Prime cut parts weight expressed as percentages of dressed weight

Back 16.77° 13.90° 14.83° 14.95° 14.80° 0.69
Neck 6.71° 4.92° 6.43° 6.15° 6.17° 0.23
Breast 33.08° 29.74° 33.66° 33.95° 32.53° 1.65
Wings 10.63 10.18 10.61 9.77 10.09 0.52
Thighs 16.69 15.35 15.93 16.51 16.33 0.73
Drumsticks 13.17° 12.35° 13.31° 11.43 13.70° 0.96
Internal organs weights expressed as percentage of live weight

Heart 0.55° 0.47° 0.42° 0.55° 0.45° 0.05
Liver 2.34° 1.96° 1.54° 2.14° 1.83° 0.31
Full gizzard 3.42° 2.94° 2.25° 3.21° 2.33° 0.18
Empty gizzard 213 1.83° 1.33° 2.11° 1.50° 0.18
Spleen 0.13 0.08" 0.06" 0.07° 0.07° 0.01
Kidney 0.87° 0.67° 0.48° 0.61° 0.55° 0.10
Lungs 0.61° 0.48° 0.45° 0.45° 0.37° 0.08
Intestinal weight (g) 5.25% 6.22° 3.82° 5.03% 3.72° 0.84
Abdominal fat 0.51° 0.47° 0.18° 0.56° 0.51° 0.27

ab¢d = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error

of the Mean; SFSC = Sunflower Seed Cake
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4.4.6 Economics of production of broiler chickens fed diets containing graded levels of

sunflower seed cake (1 - 9 weeks)

Gross margin and return per naira invested were employed to evaluate the profitability of
producing broiler chickens fed diets containing graded levels of sunflower seed cake as shown in
Table 4.10. Feed cost (3¥/kg) was observed decreasing linearly with increasing graded levels of
sunflower seed cake in broiler starter and finisher diets across the treatment groups. This
accounts for 11.06% reduction in feed cost. This result agreed with the findings of Mohammed et
al. (2020) who reported that feed cost (3¥/kg) decreases with an increase in the inclusion level of
toasted full fat sunflower seed meal in the diets of broiler chickens. High revenue (32,072) was
generated by birds fed 20 % SFSC based diet followed by birds fed 10 % (¥1,944), 15 %
(¥1,864), and 0 % SFSC (¥1,824) while the least revenue (3¥1,648) was generated by birds fed 5
% SFSC based diet. The variation in revenue (N) generated was as a result of the significant
differences observed in the average live weight (kg/bird) between treatment groups. Birds fed the
control diet gained a gross margin of ¥825.37, while birds fed 20 % SFSC had the best
economic gain with a gross margin of ¥994.70 with a higher margin of ¥169.33 above what was
obtained for the control group. This result revealed that 20 % inclusion of SFSC accounts for
20.52 % economic gain as a cost effective alternative feed ingredient that can substitute

groundnut cake in broiler chickens diets.

Return per Naira invested were highest in birds fed 20 % SFSC based diet with %¥1.92 and lowest
in birds fed 5 % SFSC based diet with ¥1.62 while birds fed the control diet, 10 and 15 % SFSC
based diets had N1.83, N¥1.80 and N1.73 return per Naira invested. This result is supported by
the findings of Ghadeer et al. (2016) who reported that feeding broiler chickens with diets

containing sunflower seed cake improved the economic efficiency of broiler chicken production.
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Table 4.10; Economics of Production of Broiler Chickens Fed Diets Containing Graded

Levels of Sunflower Seed Cake (1 - 9 weeks)

Graded Levels of SFSC (kg/100kg diet)

Variable costs 0 5 10 15 20
Cost of day-old chick (N/bird) 300.00 300.00 300.00 300.00 300.00
Maintenance (¥/bird) 33.33 33.33 33.33 33.33 33.33
Wood shavings (N/bird) 6.67 6.67 6.67 6.67 6.67
Starter feed cost (N/kg) 127.50 126.10 124.70 123.40 121.90
Starter feed intake (kg/bird) 1.25 1.21 1.42 1.31 1.50
Cost of feeding starter (N/kg) 159.37 152.58 177.07 161.65 182.85
Finisher feed cost (N/kg) 118.80 117.40 116.00 114.70 113.40
Finisher feed intake (kg/bird) 3.01 3.24 3.62 3.77 3.64
Cost of feeding finisher (N/kg) 357.59 380.38 419.92 432.42 412.78
Total cost of feeding (¥/bird) 516.96 532.96 596.99 594.07 595.63
Water (N/bird) 6.67 6.67 6.67 6.67 6.67
Brooding (3/bird) 41.67 41.67 41.67 41.67 41.67
Vaccination & medication (3¥) 33.33 33.33 33.33 33.33 33.33
Labour (N/bird) 40.00 40.00 40.00 40.00 40.00
Transportation (¥) 20.00 20.00 20.00 20.00 20.00
Total variable cost (TVC (¥) 998.63 1,014.63 1,078.66 1,075.74 1,077.30
Revenue

Average live weight (kg/bird) 2.28 2.06 2.43 2.33 2.59
Cost of live chicken (N/kg) 800 800 800 800 800
Revenue (R (¥/bird) 1,824 1,648 1,944 1,864 2,072
Gross margin (R - TVC (N¥) 825.37 633.37 865.34 788.26 994.70
Return per ¥ Invested (R/TVC) 1.83 1.62 1.80 1.73 1.92

SFSC = Sunflower Seed Cake
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45 FEEDING TRIAL 2: Influence of Maxigrain® Supplementation on Graded Levels

of Sunflower Seed Cake in Broiler Chicken Diets

45.1 Growth Performance of Broiler Chickens Fed Diets Supplemented with Maxigrain®

on Graded Levels of Sunflower Seed Cake
4.5.1.1 Starter phase (1 - 4 weeks)

The result of growth performance of broiler starter chicks fed diets supplemented with
maxigrain® on graded levels of sunflower seed cake is presented in Table 4.11. The result shows
significant (P<0.05) differences in all the growth parameters measured. Final weight and total
weight gain were significantly (P<0.05) higher for starter chicks fed 5, 10 and 20 % SFSC based
diets with maxigrain® supplementation. This could be due to the synergy of the multi-enzyme
releasing more protein and energy for tissue synthesis. This result agreed with the findings of
Kocher et al. (2000) who reported that commercial enzyme products had some effects in diets
containing high concentrations of sunflower seed cake. Contrary to this findings, Freitas et al.
(2011) reported no improvement in final weight and total weight gain when they supplemented

protease enzyme in poultry diet.

Total feed intake was significantly (P<0.05) higher in starter chicks fed the control diet, 5, 10 and
15 % SFSC based diets than for starter chicks fed 20 % SFSC based diet supplemented with
maxigrain®. This implied that maxigrain® supplementation improved total feed intake of starter
chicks fed diets containing graded levels of sunflower seed cake up to 15 % only and thereafter
decreases. This result contradicts the findings of Ranade and Rajmane (1992) and Samarasinghe
et al. (2000) who reported that enzyme supplementation in poultry diet results in decreased feed

intake.
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Table 4.11:  Growth Performance of Broiler Starter Chicks Fed Diets Supplemented with

Maxigrain® on Graded Levels of Sunflower Seed Cake (1 - 4 weeks)

Graded Levels of SFSC (kg/100kg diet)

Growth Parameters 0 5 10 15 20 SEM
Initial Weight (g/bird) 41.15 41.49 41.32 41.35 41.13 0.89
Final Weight (g/bird) 888.49° 923.25% 900.00% 847.12° 898.812 16.38

T. Weight Gain(g/bird) 847.34° 881.76 858.68 805.76° 857.68 16.33

T. Feed Intake (g/bird) 1554.95° 1578.70° 1567.43% 1555.38° 1500.60° 38.90

Feed Conversion Ratio 1.83° 1.79° 1.82° 1.93° 1.75° 0.03
Feed Cost per kg gain 234.39°  226.76°  228.84°  238.68°  214.34*  4.09
Mortality (%) 0.00° 3.33° 0.00° 3.33° 0.00° 1.06

2b¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; T = Total; SFSC = Sunflower Seed Cake
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Better feed conversion ratio were observed in birds fed 5 and 20 % SFSC based diets
supplemented with naxigrain®. This is as a result of better feed utilization due to the disruption
of plant cell wall fraction by xylanase and B-glucanase in the enzyme. This disruption liberates
locked protein and starch for easier digestion, thus improving feed digestibility and utilization.
This result is supported by the findings of Khan et al. (2006) who reported that enzyme
supplementation improved productive performance of birds fed sunflower-corn based diets. This
also agreed with the findings of Scott et al. (1997) who reported that feed conversion ratio was
improved due to better feed utilization. Exogenous enzyme compliments the digestive enzyme of
poultry by hydrolyzing the non-starch polysaccharides (NSPs) in cereals and vegetable proteins,

thereby decreasing gut viscosity, and thus improved nutrient absorption (Creswell, 1994).

Feed cost per kg gain was significantly different across the treatment groups with starter chicks
fed 20 % SFSC based diet supplemented with maxigrain® having better feed cost per kg meat
produced which indicates a great benefit for farmers to maximise profit. This result is supported
by the reports of kwari et al. (2011). Significant (P<0.05) differences were observed for percent
mortality across the treatment groups with starter chicks fed 5 and 15 % SFSC based diets
supplemented with maxigrain® recording higher mortality than other treatment groups. These
mortalities were as a result of hot weather temperature during the feeding trial. The findings of
Ali (1999) showed no significant (P<0.05) impact due to the inclusion of sunflower seed cake in

broiler chickens diets on the mortality rate of chicks during the growing period.
4.5.1.2 Finisher phase (5 - 8 weeks)

The result of growth performance of broiler chickens fed diets supplemented with maxigrain® on

graded levels of sunflower seed cake is presented in Table 4.12. Significant (P<0.05) differences

82



Table 4.12:  Growth Performance of Broiler Chickens Fed Diets Supplemented with

Maxigrain® on Graded Levels of Sunflower Seed Cake (5 - 8 weeks)

Graded Levels of SFSC (kg/100kg diet)

Growth Parameters 0 5 10 15 20 SEM
Initial Weight (g/bird) 888.49 923.25 900.00 847.12 898.81 16.38
Final Weight (g/bird) 2183.07* 1950.27° 2068.97° 2041.86" 2211.33° 67.40
T. Weight Gain (g/bird) 129458 1027.02° 1168.97° 1194.75° 1312.52° 70.43
T. Feed Intake (g/bird) 3054.80° 2863.20° 3273.90° 3153.30 3329.60* 147.40
Feed Conversion Ratio 2.36 2.80° 2.79° 2.65" 2.56 0.12
Feed Cost per kg gain 282.11*  330.32°  326.00°  305.24°  291.49°  13.10
Mortality (%) 10.35 7.01 10.18 7.02 8.34 4.40

D¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; T = Total; SFSC = Sunflower Seed Cake
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were observed in final weight, total weight gain, total feed intake, feed conversion ratio and feed

cost per kg gain among broiler chickens across the treatment groups.

Final weight and total weight gain were significantly (P<0.05) higher in birds fed the control diet
and 20 % SFSC based diet compared to other treatment groups but similar to birds fed 10 and 15
% SFSC based diets in total weight gain. Total feed intake was significantly (P<0.05) higher in
birds fed 10, 15 and 20 % SFSC based diets supplemented with maxigrain® when compared to
other treatment groups. This result is in agreement with the findings of Atteh (2004) who
reported that enzyme supplementation improved some of the growth parameters of broiler
chickens. Furthermore, Eruvbetine et al. (2002) observed that the addition of multi-enzymes like
amylases and xylanases enhanced the utilization of non-starch polysaccharide components while

proteases enhanced the utilization of proteinous components of feed.

Feed conversion ratio and feed cost per kg gain were significantly (P<0.05) better in birds fed the
control diet and 20 % SFSC based diet compared to other treatments but similar to birds fed 15
% SFSC based diet in feed cost per kg gain. The result indicates positive influence of maxigrain®
supplementation on decreased passage rate of feed in the digestive tract by degrading the cell
wall of ingredients which enhanced nutrients availability and thus, improved feed utilization.
This translates to a great benefit for farmers to maximise profit which is in line with the reports

of kwari et al. (2011).

There were no significant (P<0.05) differences for percent mortality across the treatment groups.
Though mortalities were recorded as a result of hot weather temperature during the feeding trial.
Moreover, Valdivie et al. (1982) used sunflower seed cake at 0 and 20 % in broiler chickens diet

and reported no significant differences between treatment groups for mortality rate.
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4.5.2 Apparent digestibility of nutrients by broiler chickens fed diets supplemented with

maxigrain® on graded levels of sunflower seed cake

Maxigrain® supplementation of diets containing graded levels of sunflower seed
cakesignificantly (P<0.05) influenced all the apparent nutrients digestibility as shown in Table
4.13. Apparent digestibility was significantly (P<0.05) higher in broiler chickens fed the control
diet and 20 % SFSC based diet in all the parameters except NFE digestibility. Dry matter
digestibility was higher and similar in birds fed the control diet (84.37 %), 15 (85.01 %) and 20
% (85.58 %) SFSC based diets supplemented with maxigrain®. This result indicates that
maxigrain® supplementation improved nutrients digestibility in broiler chickens. The observed
result agreed with the findings of Tavernari et al. (2009) who observed that dry matter
digestibility coefficients of Ca and P were improved in broiler chickens fed diets containing

sunflower seed cake supplemented

with exogenous enzyme. Birds fed the control diet, 15 and 20 % SFSC based diets had higher
crude proteindigestibility values of 84.28, 80.82 and 84.34 % respectively. The observed trend
in this study agreed with the findings of Freitas et al. (2011) who used protease enzyme and
confirmed improved digestibilities of metabolizable energy and crude protein in broiler
chickens. This mechanism might have induced partial reduction in gut viscosity to decreased
retention time of digesta in the gut, thus improving feed conversion ratio and growth (Lazaro et

al., 2003).

Maxigrain® supplementation of diets containing graded levels of sunflower seed cake
significantly (P<0.05) influenced crude fibre digestibility in birds fed the control diet (62.20 %),

15 (63.48 %) and 20 % SFSC (64.94 %) based diets respectively. This result agreed with the
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Table 4.13:  Apparent Digestibility of Nutrients By Broiler Chickens Fed Diets

Supplemented with Maxigrain® on Graded Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Proximate Composition 0 5 10 15 20 SEM
Dry matter 8437 7595 7549° 85.01* 8558°  3.06
Crude protein 84.28%  73.02° 78.32° 80.82* 8434 208
Crude fibre 62.20° 54.37° 57.62° 63.48  64.94% 270
Ether extract 79.89°  66.40° 80 562 63.17° 81938 289
Nitrogen free extract 79.77°  72.75%  85.40°  83.30° 87.53* 127

0T = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error

of the Mean; SFSC = Sunflower Seed Cake
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findings of Omole et al. (2011) who investigated the performance and nutrients digestibility of
broiler chickens fed diets containing exogenous Hamecozyme® and observed significant
improvement in crude protein and crude fibre digestibility as the level of Hamecozyme®
increased in the diets. On the contrary, Kocher et al. (2000) did not observe any influence of
enzyme supplementation in diets containing sunflower seed cake. One explanation for this
discrepancy in results is that different sunflower seed varieties or cultivars varying in chemical
composition were used in the experiments. Ether extract digestibility was significantly (P<0.05)
higher in birds fed the control diet (79.89 %), 10 (80.56 %) and 20 % SFSC (81.93 %) based
diets and nitrogen free extract digestibility differed significantly (P<0.05) across the treatment
groups with birds fed 10 (83.30 %) and 20 % SFSC (87.53 %) based diets supplemented with

maxigrain® having higher nitrogen free extract digestibility.

45.3 Haematological parameters of broiler chickens fed diets supplemented with

maxigrain® on graded levels of sunflower seed cake

There were no significant (P>0.05) differences among treatmentsl groups for haematological
parameters measured when maxigrain® was supplemented in diets containing graded levels of
sunflower seed cake as shown in Table 4.14. A similar trend was reported by Selvaraj and
Purushothaman (2004) who stated that the inclusion of full-fat sunflower seeds at different levels
in broiler chickens diets did not affect haematological parameters of poultry. The non-significant
effect of dietary treatments on the haematological values indicates that the haematological
parameters did not deviate from normal bench mark values reported for healthy birds which

confirmed that the birds were not anaemic (Abu et al., 1999).

PCV with range values of 27.33 - 28.67 % obtained in this study were within normal range
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Table 4.14: Haematological Parameters of Broiler Chickens Fed Diets Supplemented

with Maxigrain® on Graded Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Parameters 0 5 10 15 20 SEM Reference
values
PCV (%) 27.33 28.00 27.67 28.00 28.67 2.28 22.00-35.00°

Hb conc (g/dl) 9.20 9.30 9.17 9.30 9.53 0.75  7.00-15.00°
RBC (x 10™/L) 2.77 3.17 3.43 3.03 3.40 0.35 1.59-4.10°
WBC (x 10%/L) 11.27  11.77 1090  9.30 1217 154 1.90-9.50°
Heterophils (%)  17.33  17.00 14.33 2067 20.67 3.13  15.00-40.00°

Lymphocytes (%) 8267 8533 8400 78.67 77.67 3.07 40.0-100.00°

MCV (fl) 100.92 91.38 8011  93.08 89.49  9.56  90.0-140.00°
MCH (pg) 3359 3035 2654 3092 2928 3.02 33.00-47.00°
MCHC (g/dl) 3329 3321 3312 3440 3052 110 26.00-85.00°

SEM = Standard Error of the Mean; SFSC = Sunflower Seed Cake; PCV = Packed Cell Volume; HB = Haemoglobin
concentration; RBC = Red Blood Cells; WBC = White Blood Cells; MCV = Mean Corpuscular Volume; MCH =
Mean Corpuscular Haemoglobin; MCHC = Mean Corpuscular Haemoglobin Concentration; Reference values
(*Schalm etal., 1975; *Mitruka and Rawnsley, 1997;%Simrak et al., 2004; “Jain, 1986).
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values of 22 - 35 % reported by Schalm etal. (1975) for healthy birds. Haemoglobin
concentration, white blood cells, red blood cells, heterophils, lymphocytes, mean corpuscular
volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration
values were all within normal range values reported for healthy birds across the treatment
groups. This result may be attributed to the influence of maxigrain® supplementation in the diets
which helped to improve utilization of nutrients in the feed. The non-significant effect of
heterophils and lymphocytes showed the effectiveness of maxigrain® in degrading fibre in SFSC

based diets.

The blood contains several metabolites which provide useful information on nutritional status
and clinical investigation. They are also the readily available and fast means of assessing clinical
and nutritional health status of animals in feeding trials because ingestion of dietary components
has measurable effects on blood composition (Egbunike and Williams, 2005). Generally, the
result showed that blood quality and health of birds were not compromised by feeding graded

levels of sunflower seed cake supplemented with maxigrain®.

45.4 Serum biochemical profile of broiler chickens fed diets supplemented with

maxigrain® on graded levels of sunflower seed cake

Maxigrain® supplementation of diets containing graded levels of sunflower seed cake
significantly (P<0.05) influenced serum biochemical parameters such as total protein, albumin,
globulin, cholesterol, creatinine and uric acid across the treatment groups as shown in Table
4.15. Total protein values were significantly (P<0.05) higher in birds fed 20 % SFSC
supplemented with maxigrain® than those birds fed 0, 5, 10 and 15 % SFSC based diets. The

observed total protein values (5.20 - 5.72 g/dl) were within normal range values of 3.60 to 5.50
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Table 4.15:  Serum Biochemical Profile of Broiler Chickens Fed Diets Supplemented with

Maxigrain® on Graded Levels of Sunflower Seed Cake

Graded Levels of SFSC (kg/100kg diet)

Parameters 0 5 10 15 20 SEM  Reference
values

Total protein (g/dl) ~ 5.42° 5.44" 5.37° 5.20° 5.72° 0.04  3.60-5.50"

Albumin (g/dI) 2.27° 2.17° 2.08¢ 2.12° 2.20° 0.03  1.10-2.20°

Globulin (g/dI) 3.25° 3.27° 3.45°% 3.51° 3.25° 0.06  1.20-3.20°

Cholesterol mg/dl 131.23° 136.04° 135.38° 140.82° 147.27° 2.06  2.23-5.17

Triglycerides mg/dl  81.37 80.14 83.58 82.42 79.88 2.42 <135.00

Glucose (g/dl) 6880  67.07 6823 6590  66.10  34.72

Creatinine mmol/I 0.54°  040°  057° 0.83 0.37° 0.40

Uric acid (mg/dI) 3.02° 2.50° 417 5.82° 3.77° 1.13

LDL (mg/dl) 81.00  79.40  79.90 8220 8180  0.62  <130.00

HDL (mg/dl) 119.04 12580 11273 13116 127.47 9.67  >90.00

2¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; SFSC = Sunflower Seed Cake; LDL = Low Density Lipoprotein; HDL = High Density Lipoprotein;
Reference values (*Ross et al., 1976; 2LAVC, 2009; ***Bounous and Stedman, 2000).
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g/dl reported for normal healthy birds reported by Ross et al. (1976). These values indicates

good nutritional balance which can enhance blood clotting for preventing haemorrhage.

Albumin values recorded were within normal range values and varied significantly (P<0.05)
across treatment groups with birds fed the control diet recording the highest value of 2.27 g/dl.
Rama Rao et al. (2004) however reported that plasma parameters including total protein,
albumin, globulin etc. were generally stable in the diets which contained soybean cake replaced
progressively by sunflower seed cake at 0, 25, 50 and 75 % throughout the growing period and
values of these parameters were within normal bench marks for poultry (Adejumo and Williams,
2006). Cholesterol concentration significantly increased with increased graded levels of
sunflower seed cake with maxigrain® supplementation. This may have been influenced by
physical and nutritional status of the birds (increased metabolizable energy and ether extract in
the diets) as opined by Sturkie (2000). Globulin and uric acid were significantly (P<0.05) higher
in birds fed 10 and 15 % SFSC based diets. Higher uric acid values were recorded in birds fed 10
(4.17 mg/dl) and 15 % SFSC (5.82 mg/dl) based diets supplemented with maxigrain®. This may

be as a result of low blood flow to the kidney caused by dehydration.

Birds fed 15 % SFSC based diet with maxigrain® supplementation had significantly (P<0.05)
higher creatinine value than other birds across the treatment groups. There were no significant
(P>0.05) differences in triglycerides, glucose, high and low density lipoprotein values across the
treatment groups. A similar trend was reported by Salari et al. (2009) who found that alkaline
phosphatase activity, phosphorus, calcium, glucose, triglyceride, high and low density
lipoprotein concentrations were not significantly affected by inclusion of full-fat sunflower seeds
at levels of 70, 140, and 210 g/kg in broiler chicken diets. The observed values recorded for these

parameters did not deviate from normal range values reported for healthy birds. Thus, the birds
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health status were not compromised by maxigrain® supplementation of diets containing graded

levels of sunflower seed cake.

455 Carcass characteristics and internal organs weights of broiler chickens fed diets

supplemented with maxigrain® on graded levels of sunflower seed cake

Live weight, dressed weight and dressing percentage were significantly (P<0.05) influenced by
maxigrain® supplementation of diets containing graded levels of sunflower seed cake as shown
in Table 4.16. Broiler chickens fed the control diet and 20 % SFSC based diet with maxigrain®
supplementation had significantly (P<0.05) higher live weight and dressed weight compared to
birds in other treatment groups. Birds fed 0, 5, 10 and 20 % SFSC based diets supplemented with
maxigrain® were statistically similar and recorded the highest (P<0.05) dressing percentage
compared to birds fed 15 % SFSC based diet. This result is attributed to the differences in body
weight and gut size as dressing percentage is usually positively correlated with live weight of
birds and negatively correlated to gut size (Valdivie, Sardinas and Garcia, 1982). This result
agreed with the findings of Afifi (1972) who reported significant differences among dietary
treatments in the dressing percentage of broiler chickens fed diets containing up to 18 %
sunflower seed cake. Prime cut parts were non-significantly different except drumsticks which
differed significantly (P<0.05) in birds fed the control diet, 10 and 20 % SFSC based diets
having higher percentages for drumsticks over birds fed 5, and 15 % SFSC based diets. This
result may be attributed to the physiological response of birds to different dietary treatments.
This result is in agreement with the reports of other researchers, who also did not find any
response of broiler chickens to sunflower seed cake diets supplemented with exogenous enzymes

on carcass parameters (Tavernari et al., 2008; Mushtaq et al., 2009).
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Table 4.16: Carcass Characteristics and Internal Organs Weights of Broiler Chickens Fed

Diets Supplemented with Maxigrain® on Graded Levels of Sunflower Seed

Cake
Graded Levels of SFSC (kg/100kg diet)

Carcass Parameters 0 5 10 15 20 SEM
Live weight (g/bird) 2133.3*  1966.7°  2033.3°  2000.0° 2133.3®  48.99
Dressed weight g/bird 1579.67*  1366.3° 1483.00° 1334.67° 1591.3° 20.26
Dressing percentage 74.16% 69.55% 72.91° 66.74° 74.59% 2.51
Prime cut parts weights expressed as percentage of dressed weight
Back 15.07 15.75 14.95 15.02 15.05 0.52
Neck 5.95 5.76 6.46 6.44 6.14 1.17
Breast 28.20 27.74 26.03 26.23 27.73 1.47
Wings 10.76 10.80 11.24 10.78 10.67 0.37
Thighs 17.02 15.58 16.49 16.19 16.13 1.03
Drumsticks 12.59% 12.12° 12.44° 12.28" 13.45° 0.36
Internal organs weights expressed as percentage of live weight
Heart 0.39 0.36 0.39 0.35 0.41 0.03
Liver 1.82° 1.54° 1.51° 1.63 1.45 0.13
Full gizzard 2.72° 2.69" 2.68" 2.56" 2.87° 0.04
Empty gizzard 1.68 1.69 1.76 1.59 1.54 0.38
Kidney 0.49 0.46 0.52 0.48 0.52 0.06
Lungs 0.46° 0.48° 0.43° 0.50° 0.47° 0.03
Intestinal weight (g) 4.25 3.64 3.77 3.80 4.02 0.44
Abdominal fat 0.86" 1.03 1.178 1.52° 1.59° 0.36

2P¢ = means on the same row with different superscripts are significantly different (P<0.05); SEM = Standard Error
of the Mean; SFSC = Sunflower Seed Cake.
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Internal organs weights were significantly (P<0.05) different across treatment groups for liver,
gizzard, lungs and abdominal fat. Percent liver weight were significantly (P<0.05) higher in birds
fed the control diet (1.82 %) and 15 % SFSC (1.63 %) based diet supplemented with maxigrain®
while others were comparable (P>0.05). The observed variations between treatment groups
agreed with the observations of Brenes etal. (1993) who reported that enzyme supplementation
affects the relative size of some organs with relative reduction in the weights of such organs. In
the work of Saleh et al. (2005), supplementation of cellulase to corn-soya diets of broiler
chickens significantly reduced abdominal fat. However, some results suggested that enzyme
supplementation improved carcass yield (Omojola and Adesehinwa, 2007). The use of
exogenous enzymes in poultry diets with high sunflower seed cake inclusion resulted in better

carcass percentage (Khan et al., 2006).

45.6 Economics of production of broiler chickens fed diets supplemented with

maxigrain® on graded levels of sunflower cake (1 - 8 weeks)

The cost benefit of producing broiler chickens fed diets supplemented with maxigrain® on
graded levels of sunflower seed cake was evaluated at the end of the 8 weeks feeding trial using
gross margin and return per Naira invested as shown in Table 4.17. Feed cost decreased with an
increase in graded levels of sunflower seed cake in the diets for both starter and finisher phases
across the treatment groups and this account for 11% reduction in feed cost. A similar trend was
observed by Mohammed et al. (2020) who reported that feed cost (N/kg) decreases with an
increase in the inclusion level of toasted full fat sunflower seed meal in the diets of broiler

chickens.

Revenue generated was high in birds fed 20 % SFSC (¥1,768) based diet with maxigrain®
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Table 4.17:  Economics of Production of Broiler Chickens Fed Diets Supplemented with

Maxigrain® on Graded Levels of Sunflower Seed Cake (1 - 8 weeks)

Dietary Levels of SFSC (kg/100kg diet)

Variable costs 0 5 10 15 20
Cost of day-old chicks (}/bird) 310.00 310.00 310.00 310.00 310.00
Maintenance (¥/bird) 33.33 33.33 33.33 33.33 33.33
Wood shavings (¥/bird) 6.67 6.67 6.67 6.67 6.67
Starter feed cost (N/kg) 128.10 126.70 125.30 123.90 122.50
Starter feed intake (kg/bird) 1.55 1.58 1.57 1.56 1.50
Cost of feeding starter (N/kg) 198.56 200.19 196.72 193.28 183.75
Finisher feed cost (N/kg) 119.37 117.97 116.57 115.33 114.01
Finisher feed intake (kg/bird) 3.05 2.86 3.27 3.15 3.33
Cost of feeding finisher (N/kg) 364.08 337.39 381.18 363.29 379.65
Total cost of feeding (¥/bird) 562.64 537.58 577.90 556.57 563.40
Water (N/bird) 6.67 6.67 6.67 6.67 6.67
Brooding (3/bird) 41.67 41.67 41.67 41.67 41.67
Vaccination & medication (3¥) 33.33 33.33 33.33 33.33 33.33
Labour (N/bird) 40.00 40.00 40.00 40.00 40.00
Transportation (¥) 20.00 20.00 20.00 20.00 20.00
Total variable cost (TVC (¥) 1,054.31 1,029.25 1,069.57 1,048.24 1,055.07
Revenue

Average live weight (kg/bird) 2.18 1.95 2.07 2.04 2.21
Cost of live chicken (N/kg) 800 800 800 800 800
Revenue (R (¥/bird) 1,744 1,560 1,656 1,632 1,768
Gross margin (R - TVC (N¥) 689.69 530.75 586.43 583.76 712.93
Return per N Invested (R/TVC) 1.65 1.52 1.55 1.56 1.68

SFSC = Sunflower Seed Cake
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supplementation which is closely followed by birds fed the control diet with ¥1,744 while birds
fed 5 % SFSC based diet supplemented with maxigrain® generated the lowest revenue of
N1,560. This is attributed to the significant differences in average live weight (kg/bird} observed
across the treatment groups. Birds fed 20 % SFSC based diet supplemented with maxigrain®
gained a superior gross margin of ¥712.93 followed by birds fed the control diet (3¥689.69), 10
(M586.43) and 15 % SFSC (¥583.76) based diets while birds fed 5 % SFSC based diet gained
the least gross margin of ¥530.75. Return per Naira invested were higher in birds fed 20 %
SFSC (¥1.68) based diet and the control diet (3¥1.65) while birds fed 15 (¥1.56), 10 (1.55),
and 5 % SFSC (¥1.52) based diets descended simultaneously in return per Naira invested. This
result revealed that 20 % inclusion of sunflower seed cake as a substitute for groundnut cake in
broiler chickens diets reduced feed cost by 11% and improved economic viability of broiler
chickens production as supported by the reports of Ghadeer et al. (2016) and Mohammed et al.

(2020).

96



CHAPTER FIVE

5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary

A laboratory study and two feeding trials were conducted to evaluate the effect of feeding diets
containing graded levels of sunflower seed cake (SFSC) with and without maxigrain®
supplementation on the growth performance, nutrients digestibility, haematological and serum
biochemical parameters, carcass characteristics and cost benefit of producing broiler chickens. In
each of the two feeding trials, 300 unsexed Cobb 500 day-old broiler chicks were randomly
assigned to 5 dietary treatment groups with 60 birds per treatment and replicated 3 times with 20
birds per replicate in a completely randomized design. Five treatment diets were formulated with
graded levels of sunflower seed cake incorporated as a substitute for groundnut cake in broiler
starter and finisher diets at 0, 5, 10, 15, and 20 kg/100kg diet. The laboratory study revealed
proximate composition of sunflower seed cake to contain 90.22 % dry matter, 37.19 % crude
protein, 10.10 % crude fibre, 19.55 % ether extract, 6.07 % ash while nitrogen free extract was

calculated as 27.09 %. The levels of the four commonly limiting essential amino acids were 1.63,

2.24, 3.00, and 1.29 g/100g for lysine, methionine, threonine and tryptophan respectively.

Result of the 1% feeding trial showed that birds fed 20 % SFSC based diet performed
significantly (P<0.05) better in all growth parameters measured at the starter phase. Total feed
intake ranged from 1251.17 to 1503.29 g/bird which increased with graded levels of sunflower
seed cake from 0 to 20 kg/100kg diet. Birds fed diets with 10 and 20 % SFSC based diets had
significantly (P<0.05) better values for feed conversion ratio while birds fed diets with 10, 15
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and 20 % SFSC had better feed cost per kg gain. At the finisher phase, birds fed 20 % SFSC
based diet had significantly (P<0.05) higher final weight (2594.66 g/bird) and total weight gain
(1509.54 g/bird) which accounts for 13.81 % improvement in final weight and 19.86 % for total
weight gain. Birds fed the control diet, 10 and 20 % SFSC based diets had the best values of
2.39, 2.67 and 2.33 for feed conversion ratio and ¥¥284.26, N¥307.72 and ¥264.62 for feed cost

per kg gain.

Significant (P<0.05) differences were observed for % DM, % CP, % CF and % NFE apparent
digestibilities. Haematological and serum biochemical parameters were significantly (P<0.05)
influenced by graded levels of sunflower seed cake but were within normal range values reported
for healthy birds. Carcass traits and internal organs weight were significantly (P<0.05)
influenced by graded levels of sunflower seed cake. Birds fed 20 % SFSC based diet gained
N994.70 gross margin with a return per Naira invested of ¥1.92. This accounts for 11.06 %

reduction in feed cost and 20.52 % economic gain.

In the 2" feeding trial, Maxigrain® was supplemented at 0.01 kg/100kg diet as recommended by
the manufacturer on graded levels of sunflower seed cake. The starter phase result showed starter
chicks fed 5, 10 and 20 % SFSC based diets with maxigrain® supplementation were significantly
(P<0.05) higher in final weight and total weight gain than birds fed the control diet. Total feed
intake was significantly (P<0.05) higher in starter chicks fed the control diet, 5, 10 and 15 %
SFSC based diets than those starter chicks fed 20 % SFSC based diet supplemented with
maxigrain®. Feed conversion ratio was better in starter chicks fed 5 and 20 % SFSC based diets
while starter chicks fed 20 % SFSC based diet supplemented with maxigrain® had the best feed
cost per kg gain. At the finisher phase, final weight and total weight gain were significantly

(P<0.05) higher in birds fed the control diet and 20 % SFSC based diet supplemented with
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maxigrain® compared to other treatment groups but similar to birds fed 10 and 15 % SFSC based
diet in total weight gain. Total feed intake was significantly (P<0.05) higher in birds fed 10, 15
and 20 % SFSC based diets supplemented with maxigrain® compared to the other treatment
groups. Feed conversion ratio and feed cost per kg gain were significantly (P<0.05) better in
birds fed control and 20 % SFSC based diet supplemented with maxigrain® compared to other

treatment groups but similar to birds fed 15 % SFSC based diet for feed cost per kg gain.

Maxigrain® supplementation of diets containing graded levels of sunflower seed cake
significantly (P<0.05) influenced apparent digestibilities of % DM, % CP, % CF, % EE and %
NFE with birds fed the control diet and 20 % SFSC based diet having higher apparent
digestibilities for all the parameters except NFE. No significant (P>0.05) difference were
observed across treatment groups for haematological parameters when maxigrain® was
supplemented. Live weight, dressed weight and dressing percentage were significantly (P<0.05)
influenced by maxigrain® supplementation of diets containing graded levels of sunflower seed
cake. Prime cut parts were not significantly different except for drumsticks which differed
significantly (P<0.05) with birds fed the control diet, 10, and 20 % SFSC based diets having
higher percentages for drumsticks over birds fed 5 and 15 % SFSC based diets. Internal organs
weights were significantly (P<0.05) different across treatment groups for liver, full gizzard, lungs
and abdominal fat. Birds fed 20 % SFSC based diet gained ¥712.93 gross margin while birds fed
the control diet gained I¥689.69 gross margin with a return per Naira invested of ¥1.68 and

N1.65 respectively.
5.2 Conclusion

Based on the findings of these research study, the following conclusions were drawn:
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5.3

Sunflower seed cake provides a rich source of crude protein (37.19 %) and essential
amino acids in broiler chickens diets. This highlights the nutritive value of sunflower

seed cake and its use as a dietary protein source in broiler chickens diets.

Sunflower seed cake incorporated up to 20 % as a substitute for groundnut cake in broiler
starter and finisher diets improved growth performance by 19.86 % without detrimental
effect on nutrients digestibility, haematological and serum biochemical parameters and

carcass characteristics of broiler chickens.

Maxigrain® supplementation of diets containing sunflower seed cake significantly
improved growth performance, nutrient digestibility, haematological parameters, serum

biochemistry and carcass traits of broiler chickens.

The performance of the birds revealed that sunflower seed cake has favourable impacts
on productivity and profitability compared with the control, with 20 % inclusion of
sunflower seed cake as a substitute for groundnut cake in broiler chickens diets

significantly reduced feed cost by 11.06 % and increased economic gain by 20.52 %.
Recommendations

Poultry farmers and feed millers can incorporate up to 20 % sunflower seed cake as a cost
effective substitute for groundnut cake in broiler starter and finisher diets for improved
performance and economic gain without adverse effect on the nutrient quality of the feed
and profitability of the enterprise.

Further research should be conducted with sunflower seed cake on other poultry species
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54  Contribution to Knowledge

The findings of this research study established that;

Sunflower seed cake incorporated up to 20 % as a substitute for groundnut cake in broiler
chickens diets improved final weight and total weight gain by 13.81 and 19.86 % compared
with the control without detrimental effects on growth performance, nutrients digestibility,
blood parameters and carcass characteristics of broiler chickens.

20 kg/100kg diet inclusion of sunflower seed cake reduced feed cost by 11.06 % in broiler
chickens diets without compromising feed quality and increased economic gain by 20.52 %

compared with the control.
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