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ABSTRACT

A study was designed to evaluate the growth and laying performance of Japanese quails fed
roselle (Hibiscus sabdariffa L) seed cake based diets with or without Allzyme SSF®
supplementation. In experiment 1, five hundred and forty two-weeks old quails were used in a
completely randomized design (CRD) using a 5 X 2 factorial arrangement with 3 replicates
per treatment. Birds were fed control diets from day old for two weeks adjustment period prior
to data collection. Growth performance, digestibility trial and carcass characteristic indicators
were measured during the growth phase (2 to 6 weeks) while reproductive; egg production
and economics of production as well as egg quality measures were monitored at the laying
phase. Data obtained from the study were subjected to Analysis of Variance and significant
differences among treatment means were compared using the Duncan Multiple Range Test.
Proximate analysis of Roselle Seed Cake showed (RSC) with Dry matter (%) of 93.68; crude
protein (%) was 25.38, Ether extract (%) 5.78, Crude fibre (%) 10.20, Ash (%) 8.03 and
Nitrogen free extract (%) 50.61. Metabolizable Energy (ME) was determined as
2885.00Kcal/Kg. Higher final weight and weight gain were associated with diets 9 and 10
(22.50% RSC+0.01% Enzyme and 30.00% RSC+0.01% Enzyme) for growth characteristics.
Mortality ratio during the first four weeks did not follow a particular trend though it showed
significant differences. However, these differences could not be attributed to the dietary
treatments when they were compared without interaction effects. Interaction effects showed
reduction in mortality rate by enzyme supplementation with increasing RSC levels up to
22.5% and the average mortality at 30% RSC with enzyme supplementation was lower than
that of 22.5% RSC without enzyme supplementation. Nutrient retention was observed to be
better in diets with RSC but no enzyme compared to RSC with enzyme while carcass
characteristics studies indicated higher carcass proportion due to interaction between
Allzyme® and RSC compared to the absence of enzyme in the diets. Longer intestines were
observed in RSC based diets compared to the control. In experiment 2, 270 quail hens at 6
weeks of age were used in a completely randomized design (CRD) using a 5 X 2 factorial with
3 replicates arrangement to determine laying performance. Egg laying phase revealed that in
Feed cost/dozen egg (N), all RSC based diets in this study compared favorably with the

control diet; early age at sexual maturity was favoured by RSC based diets, average egg

Xiv



weight, egg number and egg mass, HDP and HHP and mortality ratio showed better
performance with diets containing RSC compared to the control group. Egg quality
characteristics showed superior performance of RSC containing diets to the control diets, no
definite impact of the presence or absence of supplemented enzyme could be established in
the study though interaction effects were established. It was concluded that RSC showed
positive merits in replacing groundnut cake at 30% RSC with or without enzyme
supplementation at all phases of production, not only in better performances but also in the
absence of any deleterious effect on health of the birds with better synergistic effect when

enzyme is supplemented.
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CHAPTER ONE

1.0 INTRODUCTION

Inadequate feed supply has remained a major constraint to the expansion and sustainability of
the livestock subsector of Agriculture in Nigeria. The Consequence of this is the low daily
animal protein consumption in the developing nations of the world including Nigeria where
animal protein intake is less than 10g compared to the FAO recommended 20g of animal
protein per person per day (FAO, 2008). Conventional protein feedstuffs for poultry such as
soybean cake, groundnut cake and fish meal are scarce and expensive because they are
competed for by humans as food and other industrial uses. This explains why feed accounts
for about 70% of the cost incurred in producing poultry. Hence, it becomes imperative to find
cheap alternative protein feedstuffs of plant origin that can be fed to livestock without
compromising their performance. This has also encouraged greater interest in the production
of fast growing micro-livestock with poultry production seen as a major strategy of bridging
the animal protein gap to the teeming populace within short-run considerations (Dafwang,
1990). Therefore, the Japanese quail as an important animal protein source has caught the

attention of scientists and researchers in recent times (Edache et al., 2005).

Japanese quail (Cortunix cortunix japonica) was introduced to Nigeria in 1992 to expand the
poultry sub-sector and help supplement the domestic chicken production through meat and
eggs (Ani et al, 2009). They are highly prolific and hardy (Anon, 1991) which make them
adaptable to the tropical environment. They come to sexual maturity between 35-40 days of
age and are usually reach peak egg production by 50 days of age, with hens laying an average

of 250 eggs under favourable conditions in their first year of lay. The meat is lean and the egg



is low in cholesterol (Okon et al., 2007) indicating its significance in public health in terms of
managing diseases such as atherosclerosis. They are very economical to maintain as
experimental birds or as commercial birds because they are fast growing poultry specie. Their
small body size (150g at maturity) permits the housing of a large number of birds in a
relatively small space. For instance, 8 tol10 Japanese quails can occupy the same space as one

chicken.

Research into the use of cheaper industrial by-products and wastes at various levels of dietary
supplementation for poultry has been intensified in recent times to determine their efficiency
of utilization in terms of growth and production (Adeniji and Balogun, 2002). The use of
unconventional feedstuff such as Roselle Seed Cake (RSC) will therefore keep the cost of
producing quails at the barest minimum without compromising their performance if well

managed.

Roselle (Hibiscus sabdariffa Linn) belongs to the malvaceae family and is a popular vegetable
in Indonesia, India and many tropical regions (Tindal, 1986). It is now widely grown in the
North, Eastern and middle belt regions of Nigeria (Akanya et al.,1997) mainly for its calyxes
used for the preparation of a local drink but the leaves are also used for soup and as a pot herb
(Adigun, 2003). It is a crop well adapted to the semi-arid environment and it is mostly grown
as a border crop. Roselle has two main varieties, of which the more important economically is
kenaf, H. sabdariffa var. altissima Wester, and the other is roselle, H. sabdariffa var.
sabdariffa Linnaeus. Both varieties are annual herbs extensively cultivated in tropical Africa,

Asia, Central America and the Caribbean for the jute-like fibre or the red calyces surrounding



the fruit; the basis of a popular red non-alcoholic drink, jams, jelly and colouring material for

foods and beverages.

The seeds of both varieties are sources of protein and lipid (Kalyane, 1986; El-Adawy and
Khalil, 1994; Rao, 1996) and are used for small-scale edible oil production. Dashak and
Nwonegbo (2002) reported that roselle seeds contain 35.91% crude protein, 7.12% crude
fibre, 10.14% ether extract and 10.09% ash. Studies showed that the seeds can be used as a
potential source of protein (El-Adawy and Khalil, 1994; Al-Wandawi et al., 1984).
Mohammed et al., (1994) studied the effects of feeding mechanically extracted roselle seed
meal (RSM) to laying hens at dietary levels up to 200 g kg—1 over a 14-week period. They
reported that RSM contains 491.1 g crude protein, 59 g ether extract, 169.6 g crude fibre,
113.5 g ash, 6.8 g calcium, 6.6 g total phosphorus and 0.6 g magnesium kg—1. From chemical
analysis, the metabolisable energy content of RSM would be expected to be 10.07 MJ kg—1
but a high value (11.63 MJ kg—1) was obtained for true metabolisable energy using chick
growth assay. As the supplementation rate of RSM increased in their experimental diets, rate
of lay, feed intake and egg weight were increased. The dietary treatments had no significant

effects on feed conversion ratio, mortality, shell thickness, albumen height, and yolk colour.

The resulting meals from this process however, contain low levels of anti-nutrients
particularly tannin, F-amylase inhibitors, protease (chymotrypsin, trypsin) inhibitors, phytic
acid, gossypol, (Liener, 1975; Abu-Tarboush and Ahmed, 1996; Abu-Tarboush et al., 1997,

Hansawadi and Kawabata, 2000).



Exogenous enzyme supplements are now widely used in poultry diets in an attempt to
improve the nutrient utilization, health and welfare of birds, product quality and to reduce
pollution as well as increase the choice and content of ingredients which are acceptable for
supplementation in diets (Acamovic, 2001). Jovanovi¢ et al. (2000) stated that all enzymes do
not have a consistent efficiency, and that enzymes of the digestive tract increase their catalytic
ability with the addition of synthetic enzymes. Allzyme SSF® is a natural complex that
improves profitability by maximizing nutrient release. Through an ancient process called
solid-state fermentation (SSF), a selected strain of non-Genetically Modified Organism (non-
GMO) Aspergillus niger is used 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. Allzyme SSF® allows for flexibility in feed formulation through the
inclusion of by-products aand alternative raw materials, or by reducing the nutrient density in
the diet. Allzyme SSF® is prepared by the company “Alltech” based in Kentucky, USA. It was
created in 1991, as a research of nutrition of non-ruminants food of vegetable origin was used.
It is an enzyme complex that has amylase, cellulase, phytase, B-glucanase, pectinase and

protease.

1.1 Justification

Improved nutrition in livestock production began by adding various additives, especially
synthetic enzymes. By better utilization of food, better results were achieved. Therefore
utilization of additives raised production to modern levels, while reducing the bulk
consumption of feed. Protein isolates or concentrates from Roselle seeds might be useful as

low cost source of protein substitute in dietary supplement in the poultry industry, thus
4



alleviating the problem of protein scarcity. Therefore the use of cheap non-conventional
feedstuff such as mechanically extracted Roselle Seed Cake (RSC) will maximize its potential
as a feedstuff and further reduce the cost of producing the Japanese quail while ensuring a
continual development of this poultry specie, perhaps without limit and without compromising

their nutritional requirements.

Roselle Seed Cake is presently cheaper than soybean meal and groundnut cake, the major
protein sources thus justifying the need to investigate its use in feeding quails. From the
standpoint of economics, availability and nutritional value, Roselle Seed Cake represents an
attractive alternative to the use of conventional protein feedstuff of plant origin (soybean meal
and groundnut cake) in quail diets. This study will evaluate the nutritive value of roselle seed

cake as an alternative to the use of conventional protein feedstuff of plant origin in quail diets.

1.2 Objectives
The broad objective of this study was to determine the effect of roselle seed (Hibiscus
sabdariffa L) cake and Allzyme SSF® supplementation on the growth and laying performance
of Japanese quails (Cortunix cortunix japonica).
The specific objectives were:
1. To determine the nutritional composition of mechanically extracted RSC.
ii.  To evaluate the effect of mechanically extracted RSC based diets supplemented with
or without Allzyme SSF® on growth and carcass characteristics of Japanese quails.
iii.  To determine the effect of mechanically extracted RSC based diets supplemented with

or without Allzyme SSF® on the digestive performance of Japanese quails.



iv.  To evaluate the effect of mechanically extracted RSC based diets supplemented with
or without Allzyme SSF® on the feeding economies, egg quality and egg laying

performance of Japanese quails.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1  The Use of Unconventional Sources of Protein in Poultry Nutrition
One of the goals of nutrition for both developing and industrialized societies is to provide the
population with adequate amounts of food proteins to meet the physiological and or
nutritional requirements of the population (Volgarev and Waggle, 1992). The same workers
classified protein sources into three groups, in the first group; they named conventional
protein sources which include products from plant growing, animal husbandry, poultry
farming, fishing and fish breeding and natural flora and fauna. Non-conventional protein
sources, the second group, includes extracted isolates from seeds of different plants, waste
from milling plants and hulling mills, biomass from leaf mass protein and non-fat milk and
whey, blood and several tissues and organs of animals; non-commercial fish and sea products
not used in food. The third group, new protein sources, examples of which are single and
multi-celled alga, mycelium of higher and lower fungi, yeasts, non-pathogenic bacteria and
protein from chemical synthesis (Volgarev and Waggle, 1992).
Plant proteins, are generally deficient in one or more amino acids; cereals in lysine, legumes
and leaf proteins in methionine which are further compounded by deficiency in secondary
amino acids such as threonine and or tryptophan. Also they possess plant secondary
metabolites which exert deleterious effect upon ingestion. In search for sustainable
alternatives for fish meal and overseas vegetable protein sources some selected protein
sources are being evaluated. These include oil seed by-products, grain legumes and their

concentrates, insects, leaf and aquatic proteins, etc. These sources differ substantially in terms
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of protein yield, environmental sustainability, nutritional value and availability. Products with
a low dry matter content, i.e. lucerne, leaves, aquatic proteins are considered to be less
sustainable due to the high energy costs for drying. Alternative plant protein sources and their
nutritional potentials in the diets of monogastrics and human in developing countries like
Nigeria have been highlighted (Kwari ef al., 2011; Ari and Ayanwale, 2012; Ari et al., 2012a
and Musa-Azara et al. 2013).

2.2 Roselle Seed Cake

Hibiscus sabdariffa L. also known as Roselle belongs to the family of Malvaceae which
includes crops such as okro and jute. The plant is widely distributed in the tropical regions,
especially in the Middle Eastern countries (Abu-Tarboush et al., 1997); Roselle is believed to
have originated from tropical Africa (Mc Clean, 1973). In Nigeria, Roselle is grown as a
border crop with the calyces used for the production of a popular non alcoholic beverage
(“Zobo) as well as sauce, jams, jelly and colouring materials for food, wines and drugs
(Kalyane, 1986; Rao, 1996; AbuTarboush et al., 1997; Tsai et al., 2002). The leaves form a
popular vegetable in most regions of the world (Ojokoh, 2006). In recent years, because of the
increased demand for the calyx in Nigeria for the commercial production of “Zobo” (local
beverage), the cultivation practice of Roselle is gradually changing from the traditional border
crop to a more integrated type with other crops. However, despite this increase in production,
Roselle seeds have little food or industrial uses in Nigeria at the moment (Aruna et al., 2007;
Kwari et al., 2011). Rosselle seeds are reported to be good sources of protein (Rao, 1996;
Tomas-Jinez et al., 1998; AFRIS, 2004; Kwari et al., 2011) but contain several toxic factors
(Morton, 1987; Aletor, 1993; Ojokoh et al., 2002; Mukhtar, 2007; Kwari et al., 2011) which

are usually absorbed intact by monogastric animals causing various harmful effects. It is
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therefore a challenge to the poultry nutritionist to devise means of reducing these factors in
sorrel seed with the view to maximizing its utilization. Hibiscus Sabdariffa is fast gaining
prominence as one of the replacement of rich plant proteins in human, livestock and
fisheries nutrition on account of cost and nutritional composition (Tounkara et al., 2011).

Based on the colour of the calyx there are three (3) commonly grown cultivars of Hibiscus
sabdariffa. These are the dark red, light red and white calyx bearing cultivars. Although, the
colour has been reported to affect the chemical composition of the calyx (Kwari et al., 2011),

chemical analyses of the seed have rarely differed between these cultivars.

2.2.1 Nutrient Composition of Roselle Seed Cake

Roselle seed is a moderate to excellent source of protein with the crude protein ranging from
21-39%. The fat (6-19%) and crude fibre (12-22%). An exceptional quality of Roselle seed is
the amino acid profile of its protein. Literature shows that Roselle seed is comparable to
soybeans with regards to the essential amino acid profile. The fat of the seed is a good source
of essential fatty acids (arachidonic, linoleic and linolenic acids) which are required to prevent
fatty acid deficiency diseases such as skin lesions and low growth rate (Kinsella, 1987). The
protein, fat and crude fibre contents and the essential amino acid composition of Roselle seed

as reported by different authors are shown in Table 2.1.



Table 2.1: Chemical and Essential Amino Acid Composition of Rosselle and Soybean

Constituents (%) Rosselle
1 2 3 4 5 6 7  ®Soybean

Crude protein 24.00 2648 3940 21.35 2220 32.28 38.57 40.00
Ether extract 2230 20.13  6.10 1743 6.00 1990 13.50 19.00
Crude fibre 15.30 1770 1198 15.00 2230 16.50 7.50
Arginine 3.60 10.65  9.60 11.69  5.18 3.69
Histidine 1.50 1.91 2.70 2.22 1.99 1.80
Isoleucine 3.00 2.96 4.70 4.24 3.30 2.20
Leucine 5.00 5.58 8.00 7.99 4.99 3.93
Lysine 3.90 5.12 5.90 4.84 2.58 3.54
Methionine 1.00 1.44 1.60 1.11 1.33 0.00
Phenylalanine 3.20 5.96 5.10 5.35 4.17 2.60
Threonine 3.00 2.67 3.40 3.34 2.83 1.93
Tryptophan 0.76 1.30 0.73 0.67
Valine 3.80 4.57 5.40 5.83 3.19 2.30

1: Morton (1987) 2: Abu-Tarboush et al.(1997) 3: Fagbenro et al.(2004) 4: Mukhtar (2007) 5: Aruna et al. (2007)
6: Abu El Gasim et al.(2008) 7: Kwari et al.(2011). 8: Olomu (1995)

As cited in Diarra et al. (2011)
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Ari et al. (2013) stated that dry matter (DM) values ranged from 90.40 to 91.39% respectively
for hydrothermal and crushed seeds while crude protein (CP) ranged from 19.54% to 23.43%
for crushed and fermented seeds respectively. Crude fibre (CF) on the other hand had
values ranging from 3.30% to 4.52% for fermented and crushed seeds respectively. The
highest value of ether extract (EE) was obtained in fermented roselle (6.58%) while the least
(5.70%) was obtained in crushed seeds. Total ash ranged from 5.39% to 6.94% while total
carbohydrates expressed as nitrogen free extract (NFE) ranged from 50.43 to 55.36%.

The highest calcium (Ca) and phosphorous (P) values were 1.12 and 0.56% in hydrothermal
and fermented Roselle seeds respectively. Roselle seeds (Karkade, local name of Roselle
seeds) has also been reported to contain 21.35% protein, 15.4% ether extract, 21.04 MJ/kg
metabolizable energy, 11.98% crude fiber and it is a good source of calcium and
phosphorus (Mukhtar, 2007; Aruna et al., 2007 and Abu Elgasim et al., (2008). Kwari et al.,
(2011) found that Roselle seeds contain 38.57% CP, 13.5% EE, 16.5% CF, 5.18%
argnine, 2.58% lysine and 1.33% Methionine. The seed oils were also reported to
contain unusual fatty acids, namely epoxy oleic and cytopropenoid (Bakheit et al., 1993).
Ojokoh et al. (2002) and Mukhtar, (2007) have reported that Rosselle seeds contains 11.98%
insoluble fiber (arabino- xylanase) which decreases feed consumption, growth rate and feed
utilization. These adverse effects could possibly be ameliorated by supplementation of dietary
enzymes. Despite the rich nutritional composition of Roselle seed, there are reports of the
presence of a number of antinutritional (toxic) factors. However, there has been conflicting
results as per the presence/concentration of these factors probably due to varietal differences.
The most commonly reported toxic factors in Rosselle seed are total phenols and tannins (Abu

El Gasim et al., 2008; Kwari et al., 2011) and phytic acid (Kwari et al., 2011). Glucosides
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such as delphinidin-3-monoglucosides and delphinidin (Ojokoh et al., 2002) and cyanogenic
glucosides (Aletor, 1993) have also been reported in Rosselle seed. Recently, Mukhtar (2007)
reported that Rosselle seed contains traces of gossypol, a phenolic compound which causes
undesirable physiological effects in poultry. Abu-Tarboush et al. (1997) and Hansawasdi and
Kawabata (2000) reported low levels of tannin, amylase inhibitors, protease inhibitors, phytic
acid and gossypol in sorrel seed. Gobley (1956) reported a high acid taste and sickly odour of

Rosselle seed.

2.2.2 Effects of Roselle Seed Cake on the Performance of Chickens

Ari et al. (2013) reported insignificant differences in initial weight, weight gain, Feed
Conversion Ratio and survival percentage for broilers fed differently processed roselle seeds
at the starter phase, while differences were observed for performance indices at the finisher
phase. The best values for body weight gain were broilers fed boiled (hydrothermal treated)
and fermented (536.36g and 990.38g) at the starter and finisher phase respectively. The
fermented presented higher feed intake values of 624.39g and 1272.67g in both the starter and
finisher phase of the feeding trials. However, the best values recorded for (1.18 and 1.41) in
the starter and finisher phases were for hydrothermal group.

The survival percentage and performance index values were better with fermented group
(94.67% and 4536.36) respectively in the starter phase while in the finisher phase
hydrothermal group presented better values of 96.5% and 85.75% respectively for
survival percentage and performance index.

Mukhtar and Bakheit (2012) reported that the addition of Xylam enzyme to 15% Roselle seed
based diet improved feed intake compared to broiler chicks fed the seed without enzyme

supplementation. An important role on feeding of sorrel seed to poultry were cited in different
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studies. Mukhtar (2007) fed graded levels (0.0, 7.5, 15.0, and 22.5%) of raw Roselle seed
meal and observed decreased feed intake, weight gain and feed conversion ratio in broiler
chickens when the level of supplementation increased above 7.5%.

In another experiment, Kwari et al. (2011) replaced the soybean meal with raw Roselle seed
meal at 0.0, 25.0, 50.0, 75.0, and 100.0% in broiler diets and reported a decreased
performance (feed intake, weight gain, and feed conversion ratio) only above 50.0%
replacement (12.0% of dietary Roselle seed). Similarly, feeding this level of Roselle seed (raw
or processed) had no significant effects on feed intake, feed conversion ratio, egg production,
and egg quality of laying hens (Kwari et al., 2011). Kwari et al. (2010) also reported no
adverse effects of feeding raw Roselle seed on feed intake, growth, feed conversion and
carcass yields of cockerels. The taste/odour rather than toxicity may be the reason for the poor
performance as the weight of organs such as the liver, heart (Mukhtar, 2007; Kwari et al.,
2011) and pancreas (Mukhtar, 2007) were not affected by the level of supplementation of the
test material in both egg and meat type chickens. Damang and Guluwa (2009) included up to
30% raw Roselle seed meal in the diet of broiler chickens and reported no adverse effects on
the performance of the birds at the starter or finisher phase. Kwari et al. (2011) however,
reported improvements in the growth performance of broiler chickens when Roselle seed was
processed by soaking, cooking, sprouting or fermentation. These processes might have
brought about an improvement in the taste of the seed probably through leaching in processing
water and enzyme activity during sprouting and fermentation as earlier observed by Yagoub

and Abdalla (2007).
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23 Enzyme Supplementation of Poultry Diets

Animal rearing practices depends on the application of feeds that are uniform in quality and
have high nutritive value. The complex plant materials that are commonly used as feed
ingredients, such as coarsely processed grains and high-fiber feedstuffs (e.g., cereal grains,
forages and crop residues) have nutritive components that are resistant to endogenously-
produced digestive enzymes. Some feed components also have antinutritive effects, for
example phytate, which reduces the 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).

The application of feed enzymes to poultry diets for the enhancement of nutrient availability
had been reported since 1926 (Munir and Magsood, 2013). Previously, the research conducted
on feed enzymes in poultry nutrition focused on non-starch polysaccharide (NSP) degrading
enzymes, especially xylanase and B-glucanase, in diets containing wheat, rye and barley
(Choct, 2006). The use of unconventional feedstuff for poultry production is however limited
due to their fibrousity and inability of birds to produce the cellulase enzyme that can digest the
fibre (Adebiyi et al., 2010).

The use of enzymes in animal feeds is becoming increasingly common. Reasons for this
include; lower costs of commercial enzyme preparations, improved enzymes for animal feeds,
and a better understanding of the composition of the anti-nutritive compounds. In order to
obtain maximal benefits from enzyme supplementation in animal feeds, it is necessary to

ensure that the enzymes are chosen on the basis of the feed composition. Simply put; the
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enzyme must be matched to the substrate. Enzyme cocktails containing more than one enzyme
will often improve the response compared to pure, single enzymes, assuming that cost
considerations are not ignored. This is due to the fact that feedstuffs are complex compounds
containing protein, fat, fiber and other complex carbohydrates. Merely targeting a specific
substrate such as Beta glucan may not provide maximal benefits since layers of other
substrates may inherently protect some of the Beta glucan. For example, Beta glucans 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 beta glucanases.

Methods commonly used to determine the effects of enzymes on feedstuffs include
determination of the non-starch polysaccharides (NSP) content of the ingredients or by
measuring changes in the viscosity of the feed with enzyme supplementation Newman (2013).
Feed enzymes are typically added to animal feed to increase the availability of nutrient by
acting on feed components prior to or after consumption, i.e., within the gastrointestinal tract
(Pariza and Cook, 2010). However, the influence of exogenous enzymes on the animal is
modulated by several factors such as 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 ef al., 1996).

Most commercial enzymes contain a spectrum of different enzymes including xylanases
and B-glucanases and therefore can be used effectively on a wide range of fibrous materials. It
is, nevertheless, essential to ensure that the enzyme preparation has the appropriate activities

of the specific enzymes that are required. Phytase, in addition to the above mentioned
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enzymes, is an enzyme, which increases the availability of phosphorus from phytate, a bound

form of phosphate found in cereals and other plant material (Marquardt et al., 1996). It has

become available for use in the feed industry and may assist in reducing phosphorus

requirements in non-ruminant animals and therefore it can solve problems associated with

environmental pollution. During the past decade, the supplementation of microbial phytase in

poultry diets has increased drastically with proven success, mainly in response to heightened

concerns over phosphorus pollution of the environment.

Slominski et al, (2006) stated that an increase in the productive value with enzyme

supplementation can be achieved by:

1.

ii.

iil.

1v.

24

Release of available phosphorus from phytate hydrolysis,

Elimination of the nutrient encapsulating effect of the cell walls and therefore improved
energy and amino acid availability,

Solubilization of cell wall, non-starch polysaccharides (NSP) for more effective hindgut
fermentation and improved overall energy utilization,

Hydrolysis of certain types of carbohydrate-protein linkages and therefore improved
availability of amino acids, and

Elimination of the anti-nutritive properties of certain dietary components, including
NSP, by their enzymatic hydrolysis to the probiotic type components which, in turn,
may facilitate gut development and health in young chickens.

Response of Birds to Enzyme Supplementation

When supplementing poultry feed with enzymes, (Marquardt et al. 1996) have cited several

factors which are important to follow:
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i.  The enzyme supplement must contain the proper spectrum of enzymes, so that anti-
nutritive effects of target substrate will be neutralized.

ii. Different cereals contain different amounts of the enzyme-sensitive anti-nutritional factor.
Therefore, the response to enzyme treatment may vary within a given cereal (i.e. barley
and probably wheat).

iii  Outcomes of the enzyme supplementation are affected by grade and age 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.

Results from several studies have shown increased phosphorus(P) digestibility and utilization,

and hence reduced P excretion into the environment due to phytase addition to poultry diets

(Applegate et al., 2003; Penn et al., 2004; Angel et al., 2006; Leytem et al., 2007).

Legume seeds such as soy contain NSP in the form of oligosaccharides, hemicellulose and
pectin. Alpha galactosides are raffinose and stachyose based oligosaccharides that accumulate
as the seed matures. Endogenous enzymes in monogastrics are specific for alpha-linked
carbohydrates such as starch but have little or no effect on beta linked carbohydrates or
galactose containing oligosaccharides. Degradation of these galactosides is accomplished by
the gut microflora yielding volatile fatty acids and gas production. The net result is less energy
and gastric disturbances in many species. Enzymatic degradation of these compounds can

produce monosaccharides and result in better energy and protein utilization.
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2.4.1 Effects of Enzymes on the Gastrointestinal Environment

Microorganisms in the gastrointestinal tract utilize the digesta for energy in a similar manner
as to the host animal. Changes in rate of passage and the type of nutrients available to the
microbes influence the different microbial populations in the GI tract. The end products of
metabolism of many of the anaerobic bacteria found in the gut are volatile fatty acids which
have been shown to be altered with enzyme supplementation (Choct et al., 1995). However,
studies examining differences in specific microbial populations such as starch or xylan-
degrading bacteria have yielded no significant effects (Persia, et al., 1999). This may be due to
lack of technology to adequately examine these populations since it stands to reason that as
the substrate changes so should the microorganisms that can use them. Gastrointestinal
histology has also been shown to be affected by barley and wheat-based diets with reductions
in villi height, increased diameter and damaged villi associated with wheat and barley diets
(Viveros et al., 1994; Jaroni et al., 1999).

Enzyme supplementation of these diets counteracted some of these effects with supplemented
birds having gut morphology more similar to birds receiving a corn/soy diet. This may also
help explain reductions in mortality that is often seen in birds receiving enzyme
supplementation. Damage to the GI tract may make the organ more susceptible to pathogenic
bacteria invasion. In addition, enzyme supplemented birds had lower gut and pancreas
weights. The strain of bird used also had a bearing on these results. Slominski ez al. (2006)
reported a 3.9% and 3.2% improvement of multi-carbohydrase over control in body weight

gain and feed conversion ratio in seven trials using broiler chickens in a 14-day trial.
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2.5 Enzymes Supplementation and Improved Poultry Health

The principal rationale for the use of enzyme technology is to improve the nutritive value of
feed stuffs (Munir and Maqsood, 2013). Since the digestive process is nowhere near 100%
efficient. For example, Swine are unable to digest 15-25% of the food they eat. 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 addition to improving diet utilization, enzyme addition can reduce the variability in
the nutritive value between feedstuffs and improve the accuracy of feed formulations.
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 fewer non-
specific digestive upsets that are frequently provoked by the fibre components in the feed
(Sheppy, 2003).

The improvements obtained by adding enzymes to the diet of poultry depends on many
factors, including the type and amount of cereal in the diet; the level of anti-nutritive factor in
the cereal, which can vary within a given cereal; the spectrum and concentration of enzymes
used; the type of bird and their age (young bird tend to respond better to enzymes than older
birds). Enzyme supplementation to field bean diets has been shown to be effective in
improving chick performance (Castanon and Marquardt, 1989). Addition of a cell-wall
degrading multi-enzymes complex and a-galactosidase improved the feed-to-gain ratio of raw
high tannin pea diets fed to chickens, whereas no improvement of chick performance was

observed for animals fed with a tannin-free pea variety (Brenes et al., 1993).
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Many enzyme supplementations are known to have a positive impact on the overall
performance of the poultry. Different feed ingredients are known to show different levels of
response to different enzyme supplementation. For example, cereal grains which are not well
digested by the poultry are more greatly influenced by enzyme addition than those which are
well digested (Lobo, 2000). Some enzymes are known to destroy anti-nutritional factors or
increase the digestibility of indigestible nutrients which can help in saving energy and
improve overall nutrition. Other health implications of exogenous enzyme supplementation

are stated below:

1. Improvement in animal hygiene and health.

il. Corrects digestive disorders especially when birds are crowded.
iii. Fattening performance is increased.

iv. Checks cellular damages caused by toxins.

V. Prevents diarrhoea due to poor fibre digestion.

Vi. Minimizes excreta, water droppings and buildup of ammonia.
vii.  Reduces viscosity and ammonia level in intestine.

2.6 Digestibility Studies

Japanese quails are hardy birds that thrive in cages. They have less feed requirement of about
20- 25g feed per day compared to chicken that requires 120-130g per day. The Japanese quail
attains market weight of 140 -180g between 5-8 weeks of age and, a high rate of egg
production between 180-250 (Garwood and Diehl, 1987; Shwartz and Allen, 1981) and 200-
300 eggs in their first year of lay (NRC, 1991).

Several reports have highlighted performance of quail and broiler birds fed different diets with

or without enzyme supplementation.
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Ngele et al. (2011) reported that feed intake increased with increasing level of spent sorghum
residue in quail diet due to lower fibre level and higher protein content, they also reported
average egg weight of 9.10g and age at sexual maturity of Sweeks, hen day production of
57.42-69.23%. Swain et al. (2013) reported that egg production, feed conversion ratio and egg
weight were significantly improved by the supplementation of 5% Brewers’ Dried Grain
(BDG) by replacing maize, soybean meal and De-oiled rice bran(DORB) in control diet. The
feed consumption and percentages of egg contents, albumen, yolk and shell and shape index
were similar across all the treatments. The net profit in quails fed 5% BDG was higher than
those fed control diet. Makinde et al. (2014) reported that Quails fed diet containing 30%BDG
and 30%PKM consumed significantly higher feed compared to those fed the control and other
diets. However, they reported no significant differences in daily weight gain, egg production
and egg weight across the treatments. They also reported that peak egg production was
significantly different, while the result of the egg quality characteristics showed no significant
difference across the treatments when compared with the control.

Alu (2012) reported improvement in the digestibility of crude protein, crude fibre, ether
extract, nitrogen free extract and fibre fraction components such as neutral detergent fibre,
acid detergent fibre, acid detergent lignin and hemicellulose due to enzyme supplementation,
supporting the general assertion that exogenous enzyme supplementation improves
digestibility of nutrient (Adeola and Olukosi, 2008). Furthermore Omole et al. (2011)
investigating the performance and nutrient digestibility of broiler birds fed diets containing
exogenous Hamecozyme™ observed significant improvement in crude protein and crude fibre
digestibility as the level of Hamecozyme increased in the diets. Similarly, Alu et al. (2009)

conducted an experiment using weaner pigs to investigate the effect of Nutrase Xyla® enzyme
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supplementation on nutrient digestibility where high and low fibre diets were fed to weaner
pigs and he also noted significant improvement in the digestibility of neutral detergent fibre
and hemicellulose. Dietary fibre significantly depressed the digestibility of nutrients except
for crude fibre, ether extract and cellulose (Atteh, 2002 and Olomu, 2011). Adeola and
Olukosi (2008) observed that high dietary fibre can only be properly digested and utilized in
monogastric animals if exogenous enzymes are added to the diets. The authors maintained that
when enzyme is added to feed, they break down the anti-nutritional factors that are present,
many of which are not susceptible to digestion by the animals endogenous enzymes.

2.7 Carcass Traits
Carcass traits such as carcass weight, dressing percentage, meat to bone ratio and chemical

analysis of meat are important factors in determining the income from meat production from
Japanese quail. This is because the profitability of a quail enterprise depends not only on the
number of birds produced per female, but also on the weight and quality of carcasses the birds
produced. Furthermore, carcass traits like any other quantitative traits are largely affected by
the interaction between genetic and non-genetic factors chief among which is nutrition.

Dressing percentage is a trait of prime interest to the poultry industry and Japanese quail may
serve a useful role in studies involving dressing percentage. This trait determines the net
output of carcass relative to either live body weight or empty body weight. The most
important factors affecting dressing percentage are breed, body size, age at slaughter, sex, and
nutrition during the growing period, time of fattening and the processing procedures (Abuol-
Seoud, 2008). Wilson et al., 1961 as cited in Abuol-Seoud, (2008) reported a higher estimate

of 69.4% for the dressing percentage of Japanese quail slaughtered at 6 weeks of age. At the
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same age, Bacon and Nestor (1983 as cited in Abuol-Seoud, 2008) and El-Fiky (1991 as cited
in Abuol-Seoud, 2008) reported that dressing percentage ranged from 59.3 to 67.3%.

Makinde (2012) reported ranges of 122.03 — 134.53 for carcass weight; 66.34 — 67.74 for
dressing %, 27.28 — 28.87, 8.18 — 8.84, 20.34 - 23.42 % for breast, thigh and back % relative
to carcass weight. Ranges of 2.18 — 2.35, 3.72 — 4.52, 1.09 — 1.19 % for liver, gizzard and

heart, while 56.19 — 62.70cm was reported for intestinal length.

2.8 Egg Quality Traits of Japanese Quail

Commercial quail breeding have become widespread (Altinel et al, 1996). Although meat
production was considered more commonly, the egg breeding became more important in some
countries such as China. Besides, the productivity and quality of the breeding eggs have an
overall significance for the continuity of the flocks and for economical breeding (Sogut et al.,
2001). Several factors have been reported to influence egg quality traits of poultry birds, chief
amongst which are genetics, nutrition and climatic conditions. The issues related to the quality
and compositions of eggs produced by domestic fowl are of primary importance. They have
received a considerable attention since the middle of 19™ century. The most detailed review
on the subject was however published in 1949 by Romanoff and Romanoff in their
fundamental research work “The Avian Egg”, which turned out to be a kind of a Bible of the
poultry industry as cited in Genechev (2012).

According to Kumar et al. (2000) egg quality is usually commented in connection with
consumers' requirements and is performed by groups of methods, which give general
characteristics of egg with intact eggshell (freshness, weight, size and shape, eggshell
appearance) and the quality of egg parts (albumen, yolk and egg shell). The evaluation of the

quality of egg parts is performed after breaking. The average weight of albumen of quail eggs
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ranges between 4.9-5.0 g while quail egg yolk weighs about 4.3-4.5 g and largely determines

the nutritive value of the egg as a whole. (Salawu et al., 2007).

The most important quality traits of the eggshell are its strength and thickness. The thickness
of quail eggs with membranes varies from 0.191 (Kostova et al, 1993) to 0.219 mm
(Gonzalez, 1995). Kul and Seker (2004) reported mean values for egg weight, egg length, egg
width, shell weight, shell thickness, albumen length, albumen width, albumen height, albumen
weight, yolk diameter, yolk height, yolk weight, yolk colour, shape index, albumen index,
yolk index and Haugh unit were 13.71g, 34.12mm, 26.98mm, 1.17g, 0 .21mm, 43.14mm,
33.81mm, 4.88mm, 7.80g, 25.19mm, 11.29mm, 4.74g, 5.37, 79.23, 0.13, 0.45 and 58.27,

respectively.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Experimental Site
This study was carried out at the Poultry Unit of the Teaching and Research Farm,
Department of Animal Science, Ahmadu Bello University, Samaru-Zaria. Zaria is located
within the Northern Guinea Savannah zone of Nigeria, latitude 11° 12’, N and longitude 7° 33’
E at an altitude of 610m above sea level. The climate is relatively dry with a mean annual

rainfall of 1100mm, (Google Earth).

3.2 Source of Experimental Materials
3.2.1 Roselle Seed Cake

Mechanically extracted RSC was purchased from an oil-extraction mill based in Sharada

Industrial Layout Kano State, Nigeria.

3.2.2 Enzyme
Allzyme SSF® was purchased at DASOLAG AGRO ENTERPRISES, Kaduna.

3.3 Experimental Procedure

Two 5 x 2 factorial trials in a Completely Randomised Design (CRD) were conducted. There
were nine (10) treatments and three (3) replications for each of the two experiments.
Experiment 1: Growth performance of Japanese Quails fed RSC based diets with or without
Allzyme® supplementation (2 to 6 weeks of age).

Experiment 2: Egg production performance of Japanese Quail hens fed RSC based diets with

or without Allzyme® supplementation (6 to 20 weeks of age).
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3.3.1 Determination of the Chemical Composition of the Feed Ingredients Used

The proximate analysis of RSC was carried out in the Biochemistry Laboratory, Department
of Animal Science, Faculty of Agriculture, Ahmadu Bello University, Zaria according to the
methods described by Association of Analytical Chemist (AOAC, 1990). Crude Protein was
determined by Kjedahl procedure, ether extract was determined by subjecting the samples to
petroleum ether extraction at 60-80°C using the Soxhlet extraction apparatus. Dry matter was
determined by oven drying the samples at 100°C over a 12-hour period. Crude fibre was
determined by boiling the sample under reflux in weak sulphuric acid (0.255N H,SO,), then in
weak sodium hydroxide (0.312N NaOH) for 1hour. The residue which consists of cellulose,
lignin and mineral matter was dried and weighed. The ash content was determined by igniting
a weighed sample in a Muffle furnace at 600°C. The nitrogen free extract (NFE) was obtained
by subtracting the percentages of the other fractions from 100%. Gross Energy (GE) was
determined by using the Ballistic Bomb Calorimeter.

3.3.2 Experiment 1: Experimental Design

3.3.2.1 Experimental animal, management and data collection

A total of Five Hundred and Forty day-old Japanese quail chicks were sourced from the
National Veterinary Research Institute (NVRI) Vom, Plateau State, Nigeria and used for this
experiment. The birds were weighed and fed the control diet shown in Table 3.1. After two-
weeks of adjustment period, the quails were allotted to pens in a completely randomized
design (CRD) using a 5 x 2 factorial with 3 replicates of 18 birds each. There were five dietary
levels of roselle seed cake (0, 7.5, 15, 22.5 and 30.0%), with or without enzyme
supplementation and they were compared to the 25%CP GNC-SBM-Maize based control

diets. The diets were isonitrogenous (25%) and isocaloric (2800kcal/kgME). The birds were
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housed in 75cm long x 75c¢cm wide x 60cm high cages and were offered feed and water ad
libitum using appropriate feeding and drinking troughs. At the beginning of the trial, the birds
were started on multivitamins (Ganaminovit) in drinking water to ameliorate transportation

stress and to boost appetite.

3.3.3 Health Management of the Experimental Birds

Wet litter was removed regularly and no antibiotic was used throughout the course of the
experiment.

Diet for Experiment 1: Nine iso-nitrogenous (25%CP) and iso-caloric (2800Kcal’kg M.E)
Quail grower diets were formulated as follows:

Treatment 1: 0.00% RSC + 0.00% Enzyme
Treatment 2: 7.50% RSC + 0.00% Enzyme
Treatment 3: 15.00% RSC + 0.00% Enzyme
Treatment 4: 22.50% RSC + 0.00% Enzyme
Treatment 5: 30.00% RSC + 0.00% Enzyme
Treatment 6: 0.00% RSC + 0.01% Enzyme
Treatment 7: 7.50% RSC + 0.01% Enzyme
Treatment 8: 15.00% RSC + 0.01% Enzyme
Treatment 9: 22.50% RSC + 0.01% Enzyme
Treatment 10: 30.00% RSC + 0.01% Enzyme

The ingredient composition of the experimental diet is presented in Table 3.1.

Diet for Experiment 2: Ten isonitrogenous (22%CP) and isocaloric (2700Kcal/kg M.E) Quail
layer diets were formulated as follows:

Treatment 1: 0.00% RSC + 0.00% Enzyme

Treatment 2: 7.50% RSC + 0.00% Enzyme

Treatment 3: 15.00% RSC + 0.00% Enzyme
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Treatment 4: 22.50% RSC + 0.00% Enzyme
Treatment 5: 30.00% RSC + 0.00% Enzyme
Treatment 6: 0.00% RSC + 0.01% Enzyme
Treatment 7: 7.50% RSC + 0.01% Enzyme
Treatment 8: 15.00% RSC + 0.01% Enzyme
Treatment 9: 22.50% RSC + 0.01% Enzyme
Treatment 10: 30.00% RSC + 0.01% Enzyme

The ingredient composition of the experimental diet is presented in Table 3.2.
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Table 3.1: Composition of RSC Based Diets Fed to Japanese Quails With or Without Allzyme SSF® Supplementation (2 to 6

Weeks)

ENZYME 0.00 0.01

RSC (%) 0 7.5 15 22.5 30 0 7.5 15 22.5 30
Maize 47.69 43.53 39.50 3543 31.36 47.68 43.54 39.51 35.44 31.37
Groundnut cake 32.66 29.22 25.75 22.32 18.89 32.66 29.22 25.75 22.32 18.89
Soybean meal 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
Roselle seed cake 0.00 7.50 15.00 22.50 30.00 0.00 7.50 15.00 22.50 30.00
Maize Offal 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25
Bone Meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Limestone 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Broiler Pmx 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Methione 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Allzyme SSF® 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
ME(KcalKg'l) 2779.43  2764.59 2768.12 2763.55 2759.23  2779.43  2764.59 2768.12 2763.55 2759.23
Crude Protein (%) 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Ether Extract (%) 6.14 6.10 6.05 6.01 5.96 6.14 6.10 6.05 6.01 5.96
Crude Fibre (%) 3.54 4.18 4.70 5.22 5.75 3.54 4.18 4.70 5.22 5.75
Calcium (%) 1.18 1.19 1.21 1.23 1.25 1.18 1.19 1.21 1.23 1.25
Total Phosphorus 0.77 0.78 0.76 0.80 0.81 0.77 0.78 0.76 0.80 0.81
Lysine (%) 1.16 1.28 1.39 1.51 1.63 1.16 1.28 1.39 1.51 1.63
Methionine (%) 0.58 0.66 0.73 0.81 0.88 0.58 0.66 0.73 0.81 0.88
Cysteine (%) 0.25 0.36 0.46 0.57 0.68 0.25 0.36 0.46 0.57 0.68
Feed Cost/Kg (3 85.34 85.17 83.07 80.98 78.88 85.34 85.17 83.07 80.98 78.88

Vitamin-mineral premix provides per kg; Vit. A, 13340i.u; Vit D;2680i.u; Vit E, 10 i.u; Vit. K, 2.68mg; Calcium pentothenate, 10.68; Vit. B}, 0.022mg; folic
acid, 0.668.mg, chloride, 400mg; Chlorotetracycline, 26.68mg; Manganese, 13mg; Iron, 66.68mg; Zinc, 53.34mg; Copper 3.2mg; lodine, 1.86mg; Cobalt,
0268mg; Selenium, 0.108mg.
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Table 3.2: Composition of RSC Based Diets Fed to Japanese quail Hens With Or Without Allzyme SSF®
Supplementation (6 to 20 Weeks)
ENZYME 0.00 0.01
RSC (%) 0 7.5 15 22.5 30 0 7.5 15 22.5 30
Maize 47.46 43.30 39.26 35.20 31.13 47.45 43.29 39.25 35.19 31.12
Groundnut cake 26.89 23.46 20.00 16.56 13.13 26.89 23.46 20.00 16.56 13.13
Soybean meal 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Roselle seed cake 0.00 7.50 15.00 22.50 30.00 0.00 7.50 15.00 22.50 30.00
Maize Offal 7.75 7.75 7.75 7.75 7.75 7.75 7.75 7.75 7.75 7.75
Bone Meal 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Limestone 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Broiler Pmx 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Methione 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Allzyme® 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00
ME(KcalKg™) 2704.38 2696.65 2692.63 2688.40 2684.08 2704.38 2696.65 2692.63 2688.40 2684.08
Crude Protein (%) 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00
Ether Extract (%) 5.48 5.44 5.39 5.35 5.30 6.14 5.44 5.39 5.35 5.30
Crude Fibre (%) 3.80 4.29 4.82 5.34 5.86 3.54 4.29 4.82 5.34 5.86
Calcium (%) 2.50 2.52 2.54 2.55 2.57 1.18 2.52 2.54 2.55 2.57
Total Phosphorus 0.51 0.52 0.52 0.53 0.54 0.77 0.52 0.52 0.53 0.54
Lysine (%) 1.05 1.16 1.27 1.38 1.49 1.16 1.16 1.27 1.38 1.49
Methionine (%) 0.56 0.63 0.71 0.79 0.86 0.58 0.63 0.71 0.79 0.86
Cysteine (%) 0.23 0.34 0.45 0.55 0.66 0.25 0.34 0.45 0.55 0.66
Feed Cost/Kg (3 79.39 79.23 77.13 75.03 72.93 85.34 79.23 77.13 75.03 72.93

Vitamin-mineral Premix provides the following per kg: Vitamin. A4000i.u; Vit. D3,8000i.u; Vit. E, 9000mg; Niacin, 12000mg; Vit.Bl, 15000mg; Vit.

B 3,4000mg;Vit. B 6,12000mg; Vit. B 1 6mg;Vit. K3,800mg; Pantothenic acid, 3000mg; Biotin, 24mg;Folic acid, 300;Choline Chloride, 120000mg;Cobalt,

80mg; Copper, 1200mg; lodine, 400mg; Iron, 8,000mg; Manganese,16000mg; Selenium, 80mg; Zinc, 12000mg; Anti-oxidant; 500mg.
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3.4 Digestibility Trial

During the last week of the experiment, three birds were selected from each replicate making
a total of nine (9) birds per treatment. Each bird was housed in 45cm long x 45cm wide X
45cm high metabolic crates during a one-week adjustment period before faecal collection
period which lasted for 7 days. Trays were placed under each cage for the collection of
droppings. Water and feed were provided ad [libitum throughout the 7-day trial. Feed
consumed was measured by weighing the left over feed daily and subtracting from amount of
feed provided. The droppings collected daily were air-dried, weighed and then stored in a
freezer for the 7-day period. Afterwards, the droppings were thawed, thoroughly mixed and
the samples obtained were assayed for proximate composition (Dry matter, Nitrogen, Ether
extract, Crude fibre and Ash) in the Department of Animal Science Laboratory, Ahmadu Bello
University, Zaria using the methods described by Association of Analytical Chemist (AOAC,

1990). The percentage digestibility was calculated using the equation below;

MNutrient intake—Nutrient output
P X100

Digestibility =
g y MNutrient Intake

Where; Nutrient intake (g) = Dry feed intake x Nutrient in diet

Nutrient output (g) = Dry faecal output x Nutrient in faeces.

3.5 Carcass Evaluation

At the end of the 4-week feeding trial, four male quail birds were selected from each replicate
based on the average weight of the group for carcass evaluation. The birds were fasted for 12
hours prior to slaughtering which was done by severing the jugular vein while allowing the

blood to drain. Thereafter, they were de-feathered, eviscerated and the carcass, primal cuts;
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breast, thigh, drumstick, wings, back, and organs; heart, liver, gizzard and intestines were
weighed and expressed as a percentage of dressed weight using 0.01g sensitive digital scale.
This evaluation was carried out at the Meat and Animal Products Laboratory, Department of

Animal Science, Ahmadu Bello University, Zaria.

3.6 Experiment 2: Experimental Design

3.6.1 Experimental animal, management, procedure and data collection

In the second experiment, two hundred and seventy six-week old quail hens were allotted in a
completely randomized design (CRD) using a 5 x 2 factorial with 3 replicates of 9 birds.
There were five dietary levels of roselle seed cake (0, 7.5, 15, 22.5 and 30.0%), with or
without enzyme supplementation and they were compared to the 22% CP GNC-SBM-Maize
based control diets. The diets were isonitrogenous (22%) and isocaloric (2700kcal’kg ME).
The birds were housed in 75c¢m long x 75c¢cm wide x 60cm high cages and were offered feed
and water ad libitum using appropriate feeding and drinking troughs.

Egg production was recorded daily and pooled to calculate hen-day egg production (HDP) and
hen-housed egg production (HHP). The 1% egg, age at peak production and egg production at
peak were also recorded. The initial and final weights were measured to calculate the
percentage change in body weight. Average daily feed intake, feed conversion ratio (gram
feed per gram egg) were calculated weekly and the feed cost per dozen eggs laid were
calculated based on the prevailing market prices of feed ingredients. All eggs laid in a
particular replicate group were weighed to determine mean egg weight. Egg quality traits (egg
weight, egg length, egg breadth, egg shape index (ESI), Haugh Unit, egg yolk width, egg yolk
height, egg yolk weight, egg yolk index, egg yolk colour, albumen height, albumen width, egg

shell thickness and egg proportion-yolk, albumen, shell and membrane) were evaluated
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weekly using 10 freshly laid eggs from each treatment. The weight of each egg and yolk was
recorded to the accuracy of 0.01g.

After weighing, the eggs were broken out one after the other into a tri-pod micrometre (Ames
S-6428, U.S.A) and with this, the albumen heights was measured for the calculation of Haugh

unit values according to the formula of Oluyemi and Roberts (2000).

Number of Eggs Collected
HHP= 58 v 100

Number 0f Birds stocked

Number of Eggs Collected
HDP= x 100

Number of Birds at time of collection

HU=100log 10 (H-1.7W*¥ + 7.6)

Where;

HU= Haugh Unit

H = Observed height of the albumen in millimetres

W = Weight of the eggs in grams

Egg length and breadth will be measured using venier callipers and the values will be used to

calculate the Egg Shape Index (ESI) using the formula reported by Sauveur (1998):

_E

ESI = L

Where;

ESI= Egg Shape Index

EB = Egg Breadth

EL = Egg Length

The egg shells were dried for three (3) days and weighed to determine the shell weight. The

Egg Shell Index was calculated according to Iposu et a/ (1994) using the formula:
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Where;

I = Egg Shell Index

SW = Shell Weight (g)

And S = Surface Area (cm?)

S was calculated from egg weight (EW) using the Equation S= K.EW %/

Where; K has a range of constants for a range of egg weights. Formula for estimating the egg

specific gravity (ESG) was based on weight of egg and shell as used by poultry adviser

(1992):
EW
ESG = - -
[0.9620 (EW-SW) + (0.4921 SW)}
Where;

ESG = Egg Specific Gravity

EW =Egg Weight

SW = Shell Weight

The shell thickness was measured using venier callipers. The yolk height and width were
measured for the calculation of the yolk index (Funk, 1948). The yolk height was measured by
placing the movable pin of the venier callipers on the centre of the yolk and pressing down the
calliper until the base touches the top of the yolk. The yolk width was measured by adjusting
the two gripping forceps of the calliper to touch both ends of the yolk.

3.7 Statistical Analysis

Data obtained from the study were subjected to Analysis of Variance (SAS, 2008). Also, the

control diet was isolated from the other diets to allow for a factorial evaluation of the diets
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containing RSC with or without enzyme supplementation. Significant differences among
treatment means were compared using the Duncan Multiple Range Test (Steel and Torrie,
1988).

Statistical model for the analysis is as follows:

Yix=p + E; +Rj + (E x R) i+ i, (=1, 2...5)

Where;

Yijx = a random variable corresponding to the observation yijk obtained from the i" replicate
of the j™ treatment.

u = Population mean.

E; = the fixed effect of enzyme supplementation

R;= the fixed effect of dietary treatment

(E x R)ij = the effect of interaction between enzyme supplementation and dietary treatment.

eijk = error component.
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CHAPTER FOUR
4.0 RESULTS

4.1 Proximate Composition of Roselle Seed Cake (RSC)

Table 4.1: Proximate Composition (%) and Metabolizable Energy (Kcal/Kg) of Roselle

Seed Cake (RSC)
Composition Quantity
Dry Matter 93.68
Crude Protein 25.38
Ether Extract 5.78
Crude Fibre 10.20
Ash 8.03
Nitrogen Free Extract 50.61
Metabolisable Energy 2885.00 (Calculated)
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4.2 Growth Performance of Japanese Quails Fed RSC Based Diets with or without
Allzyme SSF® Supplementation (2 - 6 Weeks)

Tables 4.2 and 4.2.1 show the single effect of RSC and enzyme supplementation on growth
performance. There were no significant differences ((p>0.05) observed for average daily feed
intake (g), mean values ranged from 18.26g (diet 2) to 19.05g (diet 5). Similar trend was
observed for Feed cost (N), Feed: Gain, Feed Cost: Gain, Protein intake (g) and Protein
efficiency ratio (PER) due to single effect of enzyme supplementation. However, significant
(P<0.05) differences were obtained with average daily weight gain (g/day) and average
mortality with the best performance in enzyme supplemented diet

RSC levels showed similar trend across indices as observed with enzyme supplementation, the
best weight gain were obtained with increasing levels of RSC supplementation from 15% to

30% while the 0% and 7.5% were similar with significantly lower values. Average mortality

increased with increasing levels of RSC in the diet.

4.3 Effect of the Interaction between Allzyme SSF® and RSC on Performance of
Japanese Quails Fed RSC Based Diets with or Without Allzyme® Supplementation
(2 - 6 Weeks)

Table 4.2.2 shows the interaction between test ingredients on growth and economic
characteristics of quails fed the test diet. Significant (P<0.05; 0.01) differences existed in Final
Weight, Average Daily Weight gain and Average Mortality at 1-4 Wks. The interaction of
0.01% Allzyme SSF® with 22.5% and 30% RSC had the best final weight (149.66 and
149.14) among all levels of interaction. Significant variation was however absent among the

remaining levels.
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Table 4.2.1: Growth Performance of Japanese Quails fed RSC Based Diets with or
without Allzyme SSF® Supplementation (2 - 6 Weeks)

Single Effect of Enzyme

Level of Enzyme (%) 0.00 0.01 SEM LOS
Parameters

Initial Weight (g) 29.62 29.27

Final Weight (g) 143.47 146.28 1.69 NS
Average Daily Weight Gain (g/day) 4,05 418" 0.06 *
Average Daily Feed Intake (g) 18.69 18.3 2.27 NS
Feed:Gain 4.62 4.38 0.8 NS
Feed Cost:Gain 0.28 0.25 0.04 NS
Protein Intake (g) 4.67 4.54 0.57 NS
Protein Efficiency ratio 0.91 0.88 0.11 NS
Average Mortality 0.33° 0.07° 0.13 o

¢ means within rows differ significantly at P<0.05, %= percentage, SEM= Square error of means, LOS= Level
of significance, NS= Not significant.
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Table 4.2.2: Growth Performance of Japanese Quails fed RSC Based Diets with or
without Allzyme SSF® Supplementation (2 - 6 Weeks)

Single Effect of RSC

Level of RSC (%) 0 7.5 15 22.5 30 SEM LOS
Parameters

Initial Weight (g) 29.19  29.15  30.56 28.7 29.63

Final Weight (g) 143.26 144 145.87 145.69 14557 1.50 NS

Average Daily Weight Gain (g/day)  4.07°  4.10° 4.12° 418  4.14* 004 *

Average Daily Feed Intake (g) 18375 18.26 18355 1845 19.05 227 NS
Feed:Gain 4.52 4.45 4.46 4.41 4.60 0.8 NS
Feed Cost:Gain 0.27 0.27 0.27 0.27 0.27 0.04 NS
Protein Intake (g) 4.52 4.57 4.59 4.61 4.76 0.57 NS
Protein Efficiency ratio 0.91 0.89 0.88 0.89 0.92 0.11 NS
Average Mortality 0.00°  0.17* 0.17* 034> 033" 0.10 **

*> means within rows differ significantly at P<0.05, %= percentage, RSC= Roselle seed cake, SEM= Square
error of means, LOS= Level of significance, NS= Not significant.
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Table 4.2.3: Effect of the Interaction between Allzyme SSF® and RSC on Performance of Japanese Quails fed RSC Based

Diets with or without Allzyme® Supplementation (2 - 6 Weeks)
Level of Enzyme (%) 0.00 0.01
Level of RSC (%) 000 7.5 15 225 30 0.00 7.5 15 225 30 SEM LOS
Parameters
Initial Weight (g) 2963  29.60 30.56 2870 29.63 2875 2870 30.56 2870  29.63
Final Weight (g) 142.77° 144.64° 146.24° 141.71° 141.99° 143.75° 143.36" 145.50° 149.66° 149.14* 1.53  *
Avermge DulyWEIEht ) g 411 413® 408 4008 410 410° 411" 432 427 005 ¢
Gain (g/day)
Average Daily Feed
ntake (o) 18.12 1855 1859 1881  19.40 1863 1797 1812 18.09 1869 210 NS
Feed:Gain 449 451 450 466 484 453 438 441 419 438 040 NS
Feed Cost:Gain 028 027 027 030 028 025 026 026 024 025  0.04 NS
Protein Intake (g) 453 464 465 470 485 450 449 453 452 467 052 NS
Protein Efficiency ratio  0.89 089  0.89 092 09 092 08 087 085 08 010 NS
Average Mortality 0.00° 033> 033> 067° 033>  0.00° 0.00° 0.00° 0.00° 033" 014 **

%= means within rows differ significantly at P<0.05, RSC= Roselle seed cake, %= percentage, SEM= Square error of means, LOS= Level of significance,
NS= Not significant.
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The same pattern was obtained for Average daily weight gain. The lowest mortality at 1-4
weeks was obtained with RSC (7.5, 15 and 22%) supplemented with Allzyme SSF®, but
increased with increasing levels of RSC and absence of Allzyme SSF® supplementation. The
least mean was 4.48 (0.01 Allzyme SSE® and 7.5% RSC) and the highest was 5.49 (0.00%
Allzyme SSF® and 22.5% RSC). All feed intake traits increased with increasing RSC levels

for all Allzyme SSF® levels. No specific pattern could be established for cost related indices.

4.4 Nutrient Retention of Japanese Quails Fed RSC Based Diets With or Without
Allzyme SSF® Supplementation (6 - 20 Weeks)

Tables 4.3 and 4.3.1 show the single effects of Enzyme supplementation and RSC on nutrients
retained by birds fed various diets. Significant (P<0.01) differences were observed for all
parameters across the treatments for single effect of enzyme supplementation while Nitrogen
free extract retention did not differ significantly (P>0.05) for single effect of RSC inclusion.
Dry matter, Crude protein, Crude fibre and Nitrogen free extract retention were significantly
higher with enzyme supplementation while Ether extract and Ash were better without enzyme
supplementation.

Single effect of RSC inclusion indicated that higher dry matter were retained at 0 and 22.5%
levels compared to other levels, while crude protein retention were significantly better at the
same level, crude fibre retention were significantly better at 15 and 22.5% but poorly retained
at 7.5%. The best ether extract retention was obtained 22.5% inclusion rate. Ash retention

followed the same trend as obtained with crude fibre and crude protein retention.
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Table 4.3.1: Nutrient Retention of Japanese Quails fed RSC Based Diets with or without
Allzyme SSF® Supplementation

Single Effect of Enzyme

Level of Enzyme (%) 0.00 0.01 SEM LOS
Dry Matter (%) 57.85° 64.12° 2.12 ok
Crude Protein (%) 66.51° 68.75° 1.12 ok
Crude Fibre (%) 48.19" 58.87° 1.41 ok
Ether Extract (%) 74.21° 68.47° 2.12 ok
Ash (%) 54.47° 50.07° 1.77 ok
Nitrogen Free Extract (%) 57.87° 65.75° 1.77 ok

®= means within rows differ significantly at P<0.01, %= percentage, SEM= Squre error of means,
LOS= Level of significance, NS= Not significant.
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Table 4.3.2: Nutrient Retention of Japanese Quails fed RSC Based Diets with or without
Allzyme SSF® Supplementation

Single Effect of RSC

Level of Enzyme RSC (%) 0 7.5 15 22.5 30 SEM LOS
Dry Matter (%) 64.89° 58.00° 58.64°  64.31*°  59.11°  2.12  **
Crude Protein (%) 71.04°  65.84°  66.02° 6837  66.90°  2.12  **
Crude Fibre (%) 54.67°  43.48Y 6036  60.44*  48.72° 141  **
Ether Extract (%) 72.75°  71.04°  67.07"  78.04°  67.81°¢ 2.12  **
Ash (%) 54.95*  4935° 5529  56.60°  45.16°  1.77  **
Nitrogen Free Extract (%) 63.58 60.35 62.08 61.50 61.55 1.77 NS

™~ means within rows differ significantly at P<0.05, RSC= Roselle seed cake, SEM= Square error of means,

LOS= Level of significance, NS= Not significant.
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4.5 Effect of the Interaction between Allzyme SSF® and RSC on Nutrient Retention
of Japanese Quails Fed RSC Based Diets with or without Allzyme SSF®
Supplementation

Apparent digestibility and nutrient retention by Japanese Quails fed experimental diets is
described in Table 4.3.2. All parameters showed significant differences (P<0.01) due to
interaction between enzyme and RSC levels. The highest dry matter (69.16 and 67.65%) was
retained in diets containing 22.5 and 30% RSC supplemented with Allzyme SSF® while the
least (50.56%) was in diets containing 30% RSC with no enzyme supplementation. All other
combinations were similar. Crude protein digestibility had the highest (73.20%) value with
22.5% RSC and 0.01% enzyme supplementation and it differed from all other interaction
levels which were similar. The best (68.06%) crude fibre retained was with 15% RSC and
0.01 % enzyme; the least (33.96%) was with 7.5% without enzyme supplementation. Also
Nitrogen free extract was better retained in 7.5 and 15% RSC with 0.01 enzyme
supplementation but poorly so with all levels of RSC at zero enzyme level. Only with Ether
extract and Ash retention was the absence of enzymes in diets showed better retention than
enzyme supplemented RSC based diets. The highest ether extract was 81.55% in 22.5% and
0.00% enzyme diet, while Ash was 61.73 and 62.15% (15 and 22.5% RSC with 0.00%

enzyme).

4.6 Carcass Characteristics of Japanese Quails Fed RSC Based Diets with or without
Allzyme SSF® Supplementation (2 to 6 Weeks)

Tables 4.4 and 4.4.1 show single effect of Enzyme and RSC on the carcass characteristics of
quails fed the experimental diet. The single effect of enzyme supplementation showed

significant (P<0.01) variation with %Breast and intestinal length only.
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Table 4.3.3: Effect of the Interaction between Allzyme SSF® and RSC on Nutrient Retention of Japanese Quails fed RSC
Based Diets with or without Allzyme SSF® Supplementation

Level of Enzyme (%) 0.00 0.01

Level of RSC (%) 0 7.5 15 225 30 0 7.5 15 225 30 SEM  LOS
Dry Matter (%) 65.66° 5523% 5836 59.46° 50.56° 4 p2  60.76°  5891°  69.16" 67.65' 55 s«
Crude Protein (%) 79300 64.82°  64.64° 63.53° 67.25" (gocr 6685  6741°  7320"  66.54° 55 s
Crude Fibre (%) sg.11° 3396 52660 56.17° 40.05° 5 ,ge 52997 68.06" 64.70° 5738 |, s
Ether Extract (%) 793e 6625 7587° 8155 75.08° .3, 75.83° 5827 7453 6053 515 ax
Ash (%) 55450 45497 62.15% 61.73" 47.54° 440 5320° 48.44°  5147° 42777 | L.

Nitrogen Free Extract
koK

b b
- 64.23° 52094 5519° 58.16° 58.84° 0293 6776° 6898 6483 6426° 177
0

el means within rows differ significantly at P<0.01, RSC= Roselle seed cake, %= percentage, SEM= Squre error of means, LOS= Level of significance.
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Table 4.4.1: Carcass Characteristics of Japanese Quails fed RSC Based Diets with or
without Allzyme SSF® Supplementation (2 to 6 Weeks)

Level of Enzyme (%) 0.00 0.01 SEM LOS
Live weight (g) 128.53 129.28 2.42 NS
Dressing % 76.62 79.76 1.97 NS
% Thigh 18.79 19.56 0.71 NS
% Breast 24.34° 25.93° 0.71 *o
% Back 17.46 18.62 0.71 NS
% Wings 7.69 7.98 0.55 NS
% Neck 5.79 5.43 0.55 NS
% Gizzard+Proventriculus 3.31 323 0.35 NS
% Liver 2.26 2.46 0.35 NS
% Kidney 2.70 2.53 0.35 NS
% Heart 2.47 1.83 0.35 NS
% Lungs 1.27 1.24 0.07 NS
Intestinal length (cm) 68.09° 70.98° 0.87 *

®= means within rows differ significantly at P<0.01, %= percentage, SEM= Square error of means, LOS= Level
of significance, Not significant.
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Table 4.4.2: Carcass Characteristics of Japanese Quails fed RSC Based Diets with or

without Allzyme SSF® Supplementation (2 to 6 Weeks)

Level of RSC (%) 0 7.5 15 22.5 30
SEM  LOS
Liveweight (g) 122.79° 122.79°  129.66° 130.49* 130.71* 3.42 o
Dressing % 95.91* 9591°  73.54° 73.89° 7570 2.77 **
% Thigh 18.18° 18.18°  20.78*  18.47° 1923 0.1 ok
% Breast 21.66° 21.66°  26.62° 25.81° 2528  0.71 *
% Back 1550  15.50°  19.00° 18.60°  18.33*  0.71 o
% Wings 8.02°  8.02° 8.46° 720"  7.53° 035 ok
% Neck 6.35°  6.35° 544> 507" 525" 035 *
% Gizzard+Proventriculus ~ 2.95°  2.95° 285> 3.82° 299"  0.35 *
% Liver 2850 285"  224* 238 190>  0.35 ok
% Kidney 3.70*  3.70° 201° 260> 246 0.35 ok
% Heart 1.90 1.90 2.29 2.16 2.22 0.35 NS
% Lungs 1.90 1.90 1.10 1.00 1.14 0.57 NS
Intestinal length (cm) 64.05° 64.05° 7136 69.59° 69.54° 287 *

®= means within rows differ significantly at P<0.01, %= percentage, SEM= Square error of means, LOS= Level

of significance, NS= Not significant.
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The highest breast proportion and intestine length was obtained with enzyme supplemented
diets. With the exception of %Heart and %Lungs, all other indices were significantly
influenced by RSC inclusion. Live weight, Dressing %, %Breast, %Back and intestine length
increased with increase in RSC inclusion, the highest weight were from 15-30% inclusion
levels. While %Wings, neck, liver and kidney decreased with increasing levels of RSC. The
proportion of empty gizzard+proventriculus was best at 22.5% inclusion rate while all other
levels were statistically similar.

4.7  Effect of the interaction between Allzyme SSF® And RSC on carcass

characteristics of Japanese Quails fed RSC based diets with or without Allzyme
SSF® supplementation (2 to 6 Weeks)

The relative proportion of cut carcass parts to live weight of Japanese quail fed test diets is
presented in Table 4.4.2. Interaction between enzyme and RSC showed significant variations
(p<0.01) for all parts with the exception of Live weight and % Lungs. Dressing % was
significantly superior in the diets containing enzyme where all RSC levels had similar values
for this parameter and differed from the diet without enzyme supplementation. The highest
means obtained was 78.07% (0.01% Allzyme SSF® and 30% RSM). % Thigh was highest
(22.35) with enzyme supplementation and 7.5% RSC and differed from all other diets, this
was followed by 15 and 30% RSC with Allzyme SSF® and 7.5, 15 and 22.5% without
Allzyme SSF® diets which were similar. The least thigh proportion was with 22.5% RSC with
Allzyme SSF® and 30% RSC without Allzyme SSF® respectively. Percent breast significantly
varied with the effect of enzyme supplementation providing better breast proportion than its
absence except for 7.5% RSC without enzyme supplementation.

Proportions of breast cut increased with increasing RSC levels with enzyme supplementation

but decreased without it. Back (%) was highest (21.39) at 15% RSM with enzyme
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Table 4.4.3: Effect of the Interaction between Allzyme SSF® and RSC on Carcass Characteristics of Japanese Quails fed

RSC Based Diets with or without Allzyme SSF® Supplementation (2 to 6 Weeks)

Level of Enzyme (%) 0.00 0.01

Level of RSC (%) 0.00 75 15 225 30 000 175 15 225 30 SEM LOS
Liveweight (g) 128.13  129.10 131.36 130.65 12943 129.10 13021 13045 13032 13198 242 NS
Dressing % 7304>  7228° 69.01° 72.43° 7333% 7228° 7479 74.83" 7535 7807 |77 wx
% Thigh 1800 1920° 19.33% 1899 18.42° 19.20° 2235 19.10° 17.95° 20.03° 351 #x
% Breast h100° 27020 2558° 24.09° 24.03° 27.02° 2621° 27.04" 27.53" 2653 (4 s«
% Back 15.12¢ 18.79° 16.18° 18.30° 19.05° 18.79° 1921° 21.39" 18.90° 17.60% 4,1
% Wings go3® 833" 786"  6.63° 740" 853" 838" 810" 776"  7.66° (35  #x
% Neck 633 622' 594 514° 534 622" 466° 593 500" 515" (35 s

%

Gizzard+Proventriculus
a a a b a a a a a

9% Liver 250 2.24 2.34 2.06 1.77 2.24 2.23 2.57 2.70 2.02

293> 291" 344> 342" 389" 291" 279 407"  421* 209" (35 @ #x

035

% Kidney 3172 1.88°  227° 264" 303" 1.88° 213" 239" 255 188" 135 o«
a a a a a b b b b

% Heart Lopb  245% 284" 284" 234" 2450 213° 155 148" 209" 335 s

% Lungs Lor L12° 117t 099° 117 1.12°  1.07°  112° 101" LI 4547 s

Intestinal length (cm) 63.89° 66.83° 71.67° 69.00° 69.08° 66.83° 75.89" 74.62* 70.17° 70.00° 2.87 *

= means within rows differ significantly at P<0.01, %= percentage, SEM= Square error of means, LOS= Level of significance, NS= Not significant.
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supplementation and lowest at 15% RSM without enzyme supplementation. All other means
were statistically similar. % wings cut and % neck cut were higher and similar for 7.5 and
15% RSC with or without Allzyme SSF® supplementation and differed from the other levels
which were similar with the same trend. Proportion of Giblets showed no definite trends with
the gizzard + proventriculus, while % Kidney were similar across all levels of RSC and
enzyme with the exception of 30% RSC with no enzyme supplementation which had the least
value. Percentage heart was similar for Allzyme SSF® supplemented diets and were lower
than their converses which were also similar amongst themselves. Percentage Lungs showed
almost similar pattern as % Heart with the exception of 22.5% RSC which were similar with
the diets containing Allzyme SSF®. Intestinal lengths were significantly higher with the
supplementation of Allzyme SSF® compared with diets not supplemented with it. Values
ranged from 66.83cm (0.00 Allzyme SSF® and 7.5% RSC) to 75.89cm (0.01% Allzyme SSF®
and 7.5% RSC).

4.8 Productive Performance of Laying Japanese Quails Fed RSC Based Diets with or
without Allzyme SSF® Supplementation (6 to 20 Weeks)

Tables 4.5 and 4.5.1 show growth and economic performances of laying Quails fed diets
containing RSC with or without enzyme supplementation. The single effect of both RSC and
enzyme supplementation was not significant (P>0.05) on any of the productive performance
of laying Japanese quail fed test diets. Total Feed intake and total protein intake were highest
with enzyme supplemented diets while feed cost/dozen egg increased nominally without
enzyme supplementation. Single effect of RSC did not indicate any linear trend with regards
to feed intake and protein intake. Feed cost per dozen eggs decreased nominally with

increasing RSC inclusion.
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Table 4.5.1: Productive Performance of Laying Japanese Quails fed RSC Based Diets
with or without Allzyme SSF® Supplementation (6 to 20 weeks)

Level of Enzyme (%) 0.00 0.01 SEM LOS
Total Feed Intake (g) 2127.77 2181.07 169.82 NS
Average Daily Feed intake (g) 20.32 20.76 3.57 NS
Feed Conversion Ratio 5.55 5.56 1.97 NS
Feed cost/dozen egg (N) 4191 41.89 8.53 NS
Total Protein Intake (g) 469.87 476.68 38.35 NS

SEM= Square error of means, %= percentage, LOS= Level of significance, NS= Not significant.
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Table 4.5.2: Productive Performance of Laying Japanese Quails fed RSC Based Diets
with or without Allzyme SSF® Supplementation (6 to 20 weeks)

Level of RSC (%) 0 7.5 15 225 30 SEM  LOS

Total Feed Intake (g) 1860.67 2237.77 2156.53 2262.25 225492 16692 NS

Average Daily Feed intake (g) 17.89 21.12 20.77 21.54 21.47 2.77 NS

Feed Conversion Ratio 5.80 5.64 5.31 5.61 5.42 0.97 NS
Feed cost/dozen egg (N) 43.87 43.06 40.20 4241 39.96 7.63 NS
Total Protein Intake (g) 405.87 48791 47884 49770 496.08 3739 NS

SEM= Square error of means, LOS= Level of significance, NS= Not significant
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4.9: [Effect of the interaction between Allzyme SSF® And RSC on Productive
Performance of Laying Japanese Quails Fed RSC Based Diets with or without
Allzyme SSF® Supplementation (6 to 20 Weeks)

The effect of the interaction between RSC and Allzyme® levels on growth and economic
performance is outlined in Table 4.5.2. All parameters measured indicated no significant
differences (p>0.05) across all dietary treatment levels, however the highest total feed intake
and total protein intake was with enzyme supplemented diets compared to non-enzyme diets.
was highest at 0.00% enzyme supplemented with 22.5% RSC (6.01) and the least was 4.94 in
15% RSC and 0.00% enzyme. Feed cost/dozen egg ranged from 37.30 (15% RSM and 0.00%

enzyme) to 44.81 (22.5% RSC with 0.00% enzyme).

4.10 Egg Production Performance of Japanese Quails Fed RSC based Diets with or
without Allzyme SSF® Supplementation (6 to 20 Weeks)

Tables 4.6 and 4.6.1 show Egg production performance of birds fed the experimental diets.
Age at first egg (AFE in days) and all other parameters measured were not influenced
significantly (P>0.05) by the single effect of enzyme supplementation, however nominal
differences indicated that birds fed enzyme supplemented diets reached sexual maturity faster
than those without supplementation. Similar trend were observed in average egg weight, egg

number, egg mass and average mortality.
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Table 4.5.3: Effect of the Interaction between Allzyme SSF® and RSC on Productive Performance of Laying Japanese
Quails fed RSC Based Diets with or without Allzyme SSF® Supplementation (6 to 20 weeks)

Level of Enzyme

(%) 0.00 0.01

Level of RSC (%) 0 7.5 15 22.5 30 0 7.5 15 22.5 30 SEM LOS

Total Feed Intake ¢0s¢ 55373 150,12 2245.46 2205.18 1915.54 224324 2162.93 2279.03 2304.61 16522 NS

(g)

Average — Daily 1519 5155 92081 2138 2099 1858 2099 2059 2169 2194 157 NS
Feed intake (g)

fﬁi Conversion 5.3 56 404 601 5.47 586  5.68 567 521 537 097 NS

Feed  cost/dozen
egg ()

Total Protein
Intake (g)

443 4322 373 44.81 39.9 43.43 42.9 43.1 40.01 40.01 7.3 NS

397.28 491.11 481.83 494 485.14 41445 48471 475.84 501.39 507.01 3635 NS

%=percentage, SEM= Square error of means, LOS= Level of significance, NS= Not significant
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Table 4.6.1: Egg Production Performance of Japanese Quails fed RSC Based Diets with
or without Allzyme SSF® Supplementation (6 to 20 Weeks)

Level of Enzyme (%) 0 0.01 SEM LOS
Age at first egg (days) 40.53 39.95 0.73 NS
Weight of first Egg (g) 7.87 7.59 0.46 NS
Average Egg Weight (g) 9.99 10.06 0.53 NS
Egg Number 42.76 43.12 5.53 NS
Egg Mass (g) 429.36 433.05 42.81 NS
Hen day production (%) 76.76 75.52 5.92 NS
Hen House Production (%) 74.47 73.59 5.55 NS
Average Mortality 6-20 Wks 2.21 1.47 0.42 NS

%= percentage, SEM= Square error of means, LOS= Level of significance, NS= Not significant.
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Table 4.6.2: Effect of Interaction on Egg Production Performance of Japanese Quails fed
RSC Based Diets with or without Allzyme SSF® Supplementation (6 to 20

Weeks)

Level of RSC (%) 0 75 15 22.5 30 SEM LOS
Age at first egg (days) 39.87° 39.00° 40.67° 40.00* 41.67°  0.68 *
Weight of first Egg (g) 7.17°  6.84° 806" 849° 8.11° 0.16 *
Average Egg Weight (g) 1000 976 993 10.13 1031 043 NS
Egg Number 3775 4282 4556 4550 43.10  3.53 NS
Egg Mass (g) 380.31 417.53 452.65 460.57 44497  40.81 NS
Hen day production (%) 69.12 75.00 81.66 8098 7394 512 NS
Hen House Production (%) 68.50 7496 75.03 77.05 74.63  3.55 NS
Average Mortality 6-20 Wks 3.02°  1.50°  1.00° 1.67* 2.00° 0.42 *

abc= means within rows differ significantly at P<0.05, SEM= Square error of means, LOS= Level of

significance, NS= Not significant.
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The single effect of RSC inclusion indicated significant (P<0.05) variation in AFE, WFE and
average mortality. AFE increased with increasing inclusion of RSC and birds not fed RSC
based diets reached AFE faster though comparable with other inclusion levels except 30%
with which it differed. The highest WFE was with 22.5% RSC inclusion rate and differed
from other levels, while the least were in 0 and 7.5% inclusion rate. Mortality was lowest at
15% and was similar to 7.5 and 22.5% but differed from 30% which further differed from 0%

inclusion rate.

4.11: Effect of the Interaction between Allzyme SSF® and RSC on Egg Production
Performance of Japanese Quails Fed RSC Based Diets with or without Allzyme
SSF® Supplementation (6 To 20 Weeks)

Egg production performance is outlined in Table 4.6.2. Age at first egg (AFE), Weight of first
egg (WFE) and average mortality 6-20 weeks varied significantly (p<0.05) while all other
parameters did not differ due to interaction between enzyme and RSC levels. The best (38.67,
40.00, 39.67 and 39.33 days) AFE were found in the enzyme supplemented groups with RSC
7.5 to 22.5% and 7.5% RSC without enzyme supplementation respectively. WFE were
considerably lower in enzyme supplemented diets compared to zero supplemented diets. It
ranged from 6.40g in 7.5% RSC and 0.01% enzyme to 8.60g in 22.5% RSC and 0.01%
enzyme diets. Mortality rates were better in the enzyme supplemented diets while it was
higher in the zero supplemented diets with values ranging from 0.67 (15% RSC and 0.01%
enzyme) to 2.67 (30% RSC and 0.00% enzyme) with no definite trend across interaction

levels.
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Table 4.6.3: Effect of the Interaction between Allzyme SSF® and RSC on Egg Production Performance of Japanese Quails fed

fed RSC Based Diets with or without Allzyme SSF® Supplementation (6 to 20 Weeks)

Level of Enzyme (%) 0 0.01

Level of RSC (%) 0 7.5 15 22.5 30 0 7.5 15 22.5 30 SEM LOS
Age at first egg (days)  39.67° 39.33*  41.33° 4033 42.00° 40.07° 38.67°  40.00° 39.67° 41.33° 053 *
Weight of first Egg (¢)  7.13¢ 7.28° 836 837 823" 7 20¢ 6.40¢  7.76°  8.60*°  7.99" 0l *
(Ag\)/erage Egg Weight o, 988 990  9.98 1025 0 0s 9.63 996 1028 1037 . o
Egg Number 375 4163 4663 4530 4270 o, 44.00 4449 4570 4349 o o
Egg Mass (@) 3784y 41158 46225 453.09 44144 o 42347 443.05 468.05 44849 o o
g/el)q day production oo 7436 83.62 8276 7429 .- 75.64 7970 7920 358 o g
g/el)q House Production o 7627 7676 7562 7556 oo, 73.65 7330 7848 T30 L. N
%\IfsrageMortality@ZO 3 13¢ 1.67° 1.33* 233° 267 3.03¢ 133 067" 100" 133" .,

abed__

significant.
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4.12 Egg Quality Traits of Japanese Quails Fed RSC Based Diets with or without
Allzyme SSF® Supplementation (6 to 20 Weeks)

Tables 4.7 and 4.7.1 show the egg quality characteristics of Japanese quails fed the
experimental diets. Across all internal and external egg quality characteristics, the
supplementation or not of enzyme did not significantly (P>0.05) influence performance with
the exception of egg specific gravity. The best egg specific gravity was obtained with enzyme
supplementation and differed from its control.

The single effect of RSC inclusion showed significant (P<0.05) variations in egg weight, egg
width and egg specific gravity on one hand and (P<0.01) in Albumen weight, Yolk height,
yolk depth, shell thickness, shell weight and Haugh unit on the other hand. Egg weight,
albumen weight and yolk depth increased linearly with increasing levels of RSC
supplementation, egg width were better with 0 and 30% inclusion rates. Yolk height and shell
thickness was highest with 22.5% inclusion. Shell weight showed better performance at 22.5
and 30% inclusion rates while Haugh unit were better at 0 — 15% inclusion rates but declined
at higher inclusion rates (22.5 and 30%). Egg specific gravity was best without RSC inclusion

rates and no apparent trend was observed within inclusion levels.
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Table 4.7.1: Egg Quality Traits of Japanese Quails fed RSC Based Diets with or
without Allzyme SSF® Supplementation (6 to 20 Weeks)

Level of Enzyme (%) 0.00 0.01 SEM LOS
Egg Weight (g) 10.07 10.08 0.74 NS
Egg Length (mm) 3.15 3.17 0.42 NS
Egg Width (mm) 2.49 2.46 0.17 NS
Albumen Length (mm) 4.64 4.45 0.52 NS
Albumen Height (mm) 0.40 0.38 0.02 NS
Albumen thickness (mm) 1.64 1.64 0.57 NS
Albumen Weight (g) 5.55 5.47 0.28 NS
Yolk Height (mm) 0.88 0.87 0.06 NS
Yolk Depth (mm) 2.13 2.15 0.09 NS
Yolk Weight (g) 3.11 3.17 0.24 NS
Shell Thickness (mm) 0.69 0.69 0.05 NS
Shell Weight (g) 1.15 1.18 0.07 NS
Haugh Unit 60.24 60.33 0.69 NS
Egg Shape Index 0.79 0.79 0.20 NS
Egg Specific Gravity 1.09° 1.10° 0.00 *

%= percentage, mm= mili meter, SEM= Squre error of means, LOS= Level of significance, NS= Not significant.
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Table 4.7.2: Effect of Interaction on Egg Quality Traits of Japanese Quails fed RSC
Based Diets with or  without Allzyme SSF® Supplementation (6 to 20

Weeks)
Level of RSC (%) 0.00 7.5 15 225 30 SEM  LOS
Egg Weight (g) 9.52°  9.88"  10.10° 10.22° 10.66° 0.44 *
Egg Length (mm) 3.18 3.17 3.08 3.16 3.22 0.14 NS
Egg Width (mm) 256 243° 243> 244> 252 0.06 *
Albumen Length (mm) 4.47 4.47 432 4.49 4.98 0.32 NS
Albumen Height (mm) 0.38 0.38 0.44 0.39 0.36 0.12 NS

Albumen thickness (mm) 1.59 1.61 1.62 1.57 1.81 0.57 NS

Albumen Weight (g) 517° 542° 549" 569" 580 0.8 o
Yolk Height (mm) 0.84°  0.89° 082 0.92* 090" 0.06 o
Yolk Depth (mm) 2.00° 220" 216" 208 2270  0.09 ok
Yolk Weight (g) 3.02 3.08 3.11 3.09 3.42 034 NS
Shell Thickness (mm) 0.66°  0.83° 077 084  0.79°  0.05 ok
Shell Weight (g) 1.16° 111 1.14¢ 121* 1210 0.07 ok
Haugh Unit 61.67*°  60.31° 60.61° 5994 5890° 0.69 *
Egg Shape Index 0.81 0.78 0.80 0.78 0.79 0.17 NS
Egg Specific Gravity 1.11*  1.09°  1.10°  1.10°  1.09°  0.00 *

= means within rows differ significantly (P<0.05, 0.01), %= percentage, mm= mili meter, SEM= Squre error

of means, LOS= Level of significance, NS= Not significant.
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4.13: Effect of the interaction between Allzyme SSF® and RSC on Egg Quality Traits of
Japanese Quails fed RSC Based Diets with or without Allyzme SSF®
Supplementation (6 to 20 Weeks)

Effect of interaction on egg quality parameters is described in Table 4.7.2. Egg length;

Albumen thickness and ESI were not significantly influenced by interactions. Egg Weight and

Width were significantly (p<0.05; 0.01) better in the zero enzyme RSC based diets than the

enzyme supplemented RSC based diets. The highest weight and width 10.91g and 2.53mm

were found in 0.01 Allzyme SSF®  and 30% RSC diet. Albumen length was highest

(5.06mm) with diet containing 30% RSC with no Allzyme SSF® supplement and was similar

to 7.5% RSC with no Allzyme SSE® supplementation and 4.89mm obtained in diet containing

30% RSC with Allzyme SSF®, all other diets were similar and ranked lower. Albumen weight

and Shell Weight were similar for all interactions but differed from diet containing 7.5% RSC

with Allzyme SSF® which had significantly lower value (5.19g and 1.09g), the highest mean

(5.80g and 1.25g) was obtained in 30% RSC and Allzyme SSF® containing diet.

Yolk height (mm) were significantly lower in the enzyme containing RSC diets compared to

the non-enzyme containing diet with the exception of 15% RSC with no Allzyme SSF® diet

which had the least (0.80mm) value. Yolk depth was comparatively similar for all diets but
differed from diet containing 25% RSC without enzyme supplementation with the least value

(2.02mm). Yolk Weight (g) did not indicate a clearly defined pattern of difference between

enzyme levels however, diets with no enzyme supplementation had higher number of

relatively higher weights than diets containing enzyme. Shell thickness varied across all
dietary combinations, the highest value (0.87mm) was obtained in 22.5% RSC with Allzyme

SSF® and the least (0.75) was obtained in 15% RSC with Allzyme SSF® diet. Haugh unit

ranged from 57.98 (30% RSC with Allzyme SSE®) to 61.31 (7.5% RSC with Allzyme SSF®),
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while ESG was better with Allzyme SSE® containing diet with 1.10 (15 and 22.5% RSC with

Allzyme SSF®) than without Allzyme SSF® supplementation.
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Table 4.7.3: Effect of the Interaction between Allzyme SSF® and RSC on Egg Quality Traits of Japanese Quails fed RSC
Based Diets with or without Allzyme SSF® Supplementation (6 to 20 Weeks)

Level of Enzyme (%) 0 0.01

Level of RSC (%) 0.00 7.5 15 225 30 0.00 7.5 15 225 30 SEM  LOS
Egg Weight (g) 943>  10.13* 1025 10.13* 10.40° gg® 9.62° 9.94° 1031° 1091*° (4q4 =
Egg Length (mm) 3.15 3.12 3.11 3.17 3.20 3.21 3.21 3.04 3.14 3.24 0.12 NS
Egg Width (mm) 7538 248 247" 244 251" 5500 2370 238 243" 253 507

Albumen Length (mm) ~ 4.43° 469" 446" 455" 506" 450 424" 418 442" 489" (o o«
Albumen Height (mm) 038 0.32° 046" 042° 040" 300 043" 041" 036° 031° (gp  *x

Albumen thickness (mm) 1.57 1.68 1.61 1.54 1.78 1.60 1.53 1.62 1.59 1.84 0.57 NS

Albumen Weight (g) 512b  5.64° 548 574 579 g5o9b 519" 549" 563" 580" gog =
Yolk Height (mm) 0g3® 092° 0.80" 094 0.90° gs® 086" 0.84° 0.89° 0.90° (g  **
Yolk Depth (mm) 1og°  2.25°  2.15*  2.02° 227" ,Hpb 215 216" 214 227° g9  **
Yolk Weight (g) s99bc  3.14° 319 3.00° 325 3050 3.01°  3.03° 318 359" (o4  *x
Shell Thickness (mm) 0660 081° 077" 081° 078 g77¢ 084> 075  0.87° 0.80° (o5 @ *x
Shell Weight (g) 1156 L13* L1217 1160 g7 L09°  L16* 124 125 g7 @ %+
Haugh Unit 61.06° 59.29° 60.61° 60.41° 59.81° grogr 61.31° 60.61° 59.47° 5798 (g9 @ #x
Egg Shape Index 0g0 081 080 077 079 g 074 080 079 078 (04 NS
Egg Specific Gravity 1100 1.09%  1.09°  1.09° 1.0 00 109" 1.10° 1.10°  1.09° *

W= means within rows differ significantly at P<0.01; P<0.05, %= percentage, mm= mili meter, SEM= Square error of means, LOS= Level of significance,

NS= Not significant.
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CHAPTER FIVE
5.0  DISCUSSION
5.1: Proximate Composition of Roselle Seed Cake
Crude protein value of 25.38% observed for RSC in this study agrees with the findings of
Isidahomen et al. (2006) and Kwari et al. (2011) that the seed cake of Roselle contains
between 21.40-38.57% crude protein. Observed Ether Extract value of 5.78 % differed from
the value 17.43% reported by Muhktar (2007). However, dry matter (%) of 91.80% agreed
with the value reported by this author. Crude fibre (%) value of 10.20 obtained was slightly
below that of 11.98% while Ash (%) of 8.03 was higher than 5.34 reported by Mukthar
(2007). Also the Metabolizable energy value of 2885.00 Kcal/Kg obtained agreed with the
range of 2880-3500 Kcal/Kg reported by various authors (Isidahomen et al., 2006; Muhktar,
2007; Diarra et al, 2011 and Kwari et al., 2011). Variations in values obtained could be
attributed to different sources of the seed and different post-harvest and storage conditions
such as moisture content, temperature and humidity of store house etc. that the seeds might
have undergone before procurement and handling by different investigators.

5.2:  Growth Performance of Japanese Quails Fed RSC Based Diets with or without
Allzyme SSF® Supplementation (2-6 Weeks)
The range of 141.71g — 149.66¢g for final body weight at the sixth week obtained in this study

agrees with the findings of Sezer and Tarhan (2005) and Ngele et al. (2011) who reported a
range of 134.50g to 154.80g for all sexes of white, brown and wild quails fed 24% CP diet at
36 days of age. However, it fell below the range of 152.26g — 159.45g reported by Eleftherios
et al. (2010) and 167.6g reported for Italian quails (Almeida et al., 2002). However, the range

obtained was comparatively higher than the value of 101.40g for Japanese quail in the same
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experiment at 35 days old. Final weight were also comparatively higher than the range of
98.15 - 140.59g reported for Quails (2-6 weeks) fed enzyme supplemented diet (Makinde,
2012), however differences in mean response to dietary treatments due to test ingredient
interactions obtained agreed with the findings of the same author. Differences in experimental
setup, diet composition and source of experimental animals may be chiefly responsible for
observed variations. Higher final weight and consequently average daily weight gain (g/day)
observed in birds fed diets 4 and 5 was associated with higher levels of test material
supplementation (22.50% RSC+0.01% Enzyme and 30.00% RSC+0.01% Enzyme) whereas
such levels of RSC without exogenous enzyme supplementation had the least value in these
traits along with the control group. This agrees with reports on the impact of exogenous
enzyme supplementation on growth performance of farm animals in general. Such impact as
cited includes but is not limited to improvement of the nutritive value of feed stuffs (Munir
and Magsood, 2013); reduction in the variability in nutritive value between feedstuffs and
improving the accuracy of feed formulations (Pariza and Cook, 2010). The observation in this
experiment is at variance with the negative response of dietary feeding of graded levels of
Roselle seed in broiler chicks reported by Mukthar (2007) this may be due principally to the
effect of enzyme supplementation not the specie of animal used.

Although no significant differences were noted in feed cost, feed:gain, feed-cost:gain, protein
intake and protein efficiency ratio (PER), numerically higher means were found in all RSC
based diets with or without enzyme supplementation supporting the assertion of Mukhtar and
Bakheit (2012) who reported that the addition of Xylam enzyme to 15% roselle seed based
diet improved feed intake compared to broiler chicks fed the seed without enzyme

supplementation. However, they all compared with the control diet. This summation did not
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agree with the findings of Mukthar (2007) who reported decrease in feed intake, weight gain
and feed conversion with the increase of Roselle seed in the diets but agreed with reports of
Kwari et al. (2010) who reported no adverse effects of feeding raw roselle seed on feed intake,
growth and feed conversion of cockerels and Kwari et al. (2011) who replaced soybean meal
with raw roselle seed meal at 0.0, 25.0, 50.0, 75.0, and 100.0% in broiler diets and reported a
decreased performance (feed intake, weight gain, and feed conversion ratio) only above 50.0%
replacement.

Mortality ratio during the first four weeks did not follow a particular trend though it showed
differences. However, these differences could not be attributed to the presence or absence of
RSC in the diets when they were compared without interaction effects. Interaction effects
showed reduction in mortality rate by enzyme supplementation with increasing RSC levels up
to 22.5% and the average mortality at 30% RSC with enzyme supplementation was lower than
that of 22.5% RSC without enzyme supplementation this may be due to the action of the
enzyme deactivating residual antinutritional factors that might have remained in RSC after
processing. This completely agreed with the findings of Mukthar (2007) who stated that
increasing levels of Roselle seed in the diet did not influence mortality rate in broiler chicks
and Damang and Guluwa (2009) who included up to 30% raw roselle seed meal in the diet of
broiler chickens and reported no adverse effects on the performance of the birds during starter

or finisher phase.

5.3:  Nutrient Retention Performance of Japanese Quails Fed RSC Based Diets with or
without Allzyme SSF® Supplementation

From the observation in table 4.3.2, the best performance in all retention traits were noticed

with the diets containing RSC without Allzyme®™ supplementation between levels 15% and
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22.5% while the least were obtained in RSC based diets at 30% with Allzyme® and 7.5%
without Allzyme®, this apparently does not follow any known literature pattern. It would have
been expected that the presence of the exogenous enzyme will enhance retention better than
without it (Slominski, 2006), however, unaccounted for factors could have been responsible
for this observation. However, studies on interaction showed better impact of enzyme
supplementation on nutrient retention and this agreed with the observation of Makinde (2012)
that better retention existed with enzyme supplemented diets containing two major fibre
sources as test ingredients. Further studies on the interaction between exogenous enzyme and
RSC may serve to give clearer light.

5.4: Carcass Characteristics of Japanese Quails Fed RSC Based Diets with or
without Allzyme SSF® Supplementation
Carcass Weight range of 69% - 78% despite the variability in live weight between diets

containing the test ingredients and the control agreed with the findings of Eleftherios et al.
(2010) who reported a range of 57.70% - 78.37% as carcass dressing % when Japanese quails
were fed Mannan oligosaccharides and calcium propionate as feed additives. Values ranging
from 65.20% - 77.00% have been reported by El-Fiky, 1991; Kosba ef al., (2001) and cited by
Aboul-Seoud (2008). Carlson et al., (1975) reported that the most important factors affecting
dressing percentage are breed, body size, and age at slaughter, sex, and nutrition during the
growing period, time of fattening and the processing procedures. However, there was no
difference in live weight due to factor interaction as reported by Makinde, (2012). A clear
trend of higher carcass proportion due to interaction between Allzyme SSE® and RSC was
established in this study compared to the absence of enzyme in the diets. This observation

agrees with the findings of Mukhtar and Bakheit (2012).
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Significant (p<0.01) differences in the proportion of thigh, breast and back to carcass weight
(%) among dietary treatments did not agree with the findings of Eleftherios et al. (2010),
though ranges were similar for these parameters. Most literature reports however, presents
studies on cut parts on weight basis, which makes it difficult to find basis for comparison.
However, it is observed that the primal cuts such as breast, thigh and back of treatments
containing the test ingredients were better than those observed for the control diet Also, those
diets containing RSC and Allzyme SSF® had better primal cuts than diets with no Allzyme
SSF®. Other cut up parts such as wings and neck and organs namely liver, kidney, heart and
gizzard+proventriculus with lungs varied with no particular pattern between the control and
the test diets, even among interaction levels.

Intestinal length was measured because of the fibre level of roselle seed. It is expected to
increase with the increasing level of RSC supplementation. There was no apparent trend.
However, 1 intestines were significantly longer in quails fed supplemented or unsupplemented
RSC compared to the control. This is in consonance with the plethora of reports that fibre
content of diets is related to length of intestine and also the longer the small intestine, the
larger the area available for nutrient absorption to the animal, hence better utilization is
ensured. These observations may support the assertions of Montagne et al. (2003) who
indicated that some fibre sources when used in adequate quantities may enhance intestinal
development and hence, some productivity indicators. Praes et al. (2011) in an interactive
study between varying protein and dietary fibre levels concluded that diet with no fibre
addition encouraged the best intestinal development parameter results in the duodenum; while
in the jejunum and ileum, diets with the addition of fiber resulted in better intestinal

development. Diets containing RSC and Allzyme SSF® were better for this trait compared to
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non-enzyme containing diet, this was in agreement with the findings of Makinde (2012) that
significant differences existed due to interaction effect and addition of enzyme; apparently,
this may be due to the effect of the enzyme on general nutrient utilization including but not
limited to better fibre utilization which enhances growth and hence intestinal development and
not necessarily due to raw fibre effect on the length of the small intestine.

5.5: Performance of Laying Quails Fed RSC Based Diets with and without Allzyme
SSF® Supplementation
The range of 17.19g — 21.95¢g for average daily feed intake were comparably lower than the

report of 20.94g - 27.30g (Makinde, 2012) but closer to the observations of Tuleun et al.
(2013) who reported 14.01 to 22.15 for varying protein levels, while Bawa et al. (2011)
reported higher (23.58 — 28.87) values than these. Variations in feed intake among these
studies may be attributed to differences in the prevailing maximum ambient temperatures and
relative humidity at the various locations and also the type of feeder and form of offered feeds.
However, it is noteworthy that increasing RSC level did not adversely affect feed intake in
this study and egg laying performance were commensurate with feed intake parameters.
Although there was no significant difference observed among dietary treatments for
feed:Gain, the range of 4.94 to 6.01 were better than 6.07 — 8.45 reported by Makinde (2012).
Also observation of significant differences in Feed:Gain by this author varied with what was
observed in this study, pointing to the fact that birds fed RSC based diets ate less to produce
more eggs.

Feed cost/dozen egg (N) ranged from 37.30 to 44.80. There values were higher than 30.75 -
37.81 reported by Makinde (2012) and also observation of no difference was at variance with

this author’s report probably due to the fact that he used fibrous feed stuffs which were
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cheaper than seed cakes as test ingredient. However all RSC based diets in this study
compared favorably with the control in this regard. It is therefore important to consider this
parameter in the light of the statement that the best ration from the biological point of view is
determined by the highest yield per unit feed consumed regardless of the amount of feed
consumed. This confirms the report of Oruwari et al. (2003) and Fanimo ef al. (2007) who
suggested that the unit cost of feed used in producing a dozen or crate of egg should be given
more importance rather than the least cost diet. There was no clear trend between diets due to
interaction of test ingredients.

5.6: Egg Production Performance of Laying Quails Fed RSC Based Diets with or
without Allzyme SSF® Supplementation
Age at first egg (AFE) is adjudged best as the bird that comes into lay earliest. AFE range of

38.69 days — 42 days were within range reported in literature for Japanese quails. Sezer (2007)
who had reported mean value of 39.7 days and a range of 25-69 days. Similarly Mizutani
(2003) had stated that the average normal data for Age at sexual maturity (ASM) was 38 to 42
days of age in Japanese quails. The importance of early sexual maturity in any farm animal is
that it has a longer reproductive life and hence ability to produce more offsprings. The effect
of the interaction between Allzyme SSF® supplementation and RSC as opposed to its lack is
clearly indicated in the early sexual maturity of birds fed diets containing both ingredients.

The range of Average egg weight (g) of 9.64 to 10.37 in the present study was higher than a
range of 9.07 to 9.14 reported by Ngele et al. (2011) but compared favourably well with the
result of Babangida and Ubosi (2006) who recorded 9.51g egg weight when quails were fed
20% CP diet which was not significantly different from birds fed 22% CP (10.13g). This

shows that at 20% CP, egg weight of quails is not compromised.
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The observed egg number of 37.56 to 45.60 agreed with the findings of Havenstein et al.
(1988 as cited in Aboul-Seoud, 2006) that average egg production ranged between 37.60 and
57.70 eggs during the first 60 days of production but differed from the records of 58.12 and
62.82 eggs reported by (Abdel-Mounsef, 2005).

Egg mass or total egg weight (g) is an assessment of egg weight produced during short periods
of the production curve. The range of 378.42¢g to 468.05g obtained in this study agreed with
the findings of Abdel-Mounsef (2005) who reported estimates between 451.20 and 469.30g.
The observed superiority of the RSC based diets with or without Allzyme®™ supplementation
over control diet may be a pointer to the suitability of RSC as an unconventional feed stuff for
egg production in quails.

Though Hen day production (%) (HDP) did not differ across treatments, yet it was observed
that values obtained for diets containing RSC with or without Allzyme SSF® supplementation
were numerically superior to the control diet. The value for HDP which fell between 68.78
and 78.48 were lower than the findings 73.04 to 92.18% reported by Akpodiete (2008) for
chickens when he replaced palm kernel cake for maize in layer diets with different levels of
enzyme supplementation. However, it fell within the range of 69.67 to 86.33 reported by
Tuleun et al. (2013) for quails fed varying levels of dietary protein. Observations of dietary
differences in this parameter were in consonance with the observation of these authors.

Hen House Production (%) (HHP) differed and showed the superiority of RSC based diets
with or without Allzyme SSF® supplementation over the control diets as also evidenced in the
mortality ratio where the control diet had the highest mortality accounting for reduction in

HHP. The range of 68.16 to 83.62 agreed with the report of 69.00 to 81.67 % reported by
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Tuleun et al. (2013). However, this difference was not observed on the interaction table for
this characteristic.

Makinde (2012) reported comparable performance between the control and the test ingredient
based diets for these traits though there were no significant differences. It can thus be inferred
that as long as the unconventional feedstuff does not significantly influence mortality
compared to the control diet, HHP and HDP are not likely to differ and so such ingredients
can conveniently replace conventional feed ingredients.

An overview of the dietary treatments showed that the diet containing 22.5% RSC and 0.01%
Allzyme SSF® supplementation was superior in most egg production traits measured. This and
previous observations however, did not support the findings of Kwari et al. (2011) that 12%
of dietary Roselle seed (raw or processed) did not significantly influence egg production
characteristics in chickens.

5.7: Egg Quality characteristics of Laying Quails Fed RSC Based Diets with or
without Allzyme SSF® Supplementation
Observed 9.43 — 10.91 range for egg weight (g) were higher than the values 8.25 — 9.78

reported by Tuleun et al. (2013). Also the significant differences obtained were not in
agreement with the observation of no difference reported (Akpodiete, 2008 and Tuleun et al.,
2013). However, this may just be a partial evaluation of RSC based diets on egg weight
parameter in Japanese quails as differences in experimental compositions and designs in
comparable literatures do not furnish exact bases for comparison. Ranges (2.37 — 2.53) of egg
width observed were comparatively higher than the range 2.11 - 2.18 (Tuleun et al., 2013)

while significant difference observed in this study agreed with the findings of the same author.
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Albumen height obtained in this study were higher than 0.24 — 0.27 reported by Tuleun et al.
(2013). Variations in egg quality parameters (internal and external) are influenced by plethora
of factors, hence comparing observed results with previous studies may not prove or disprove
much, however thickness of albumen is indicative of viscosity and freshness of the egg.
Albumen weight and yolk weight ranges of 5.12g — 5.80g and 2.99¢g - 3.59¢ in this study were
comparatively higher than the values of 4.84g — 5.11g and 3.11g - 3.26g reported by Makinde
(2012) and observed significant (p<0.05) difference across treatment with better performance
in RSC based diets were at variance with the observation of Makinde (2012) who reported no
significant dietary effect on egg quality traits. Observations on shell thickness (0.25 to 0.37
mm) were higher than the range 0.24 — 0.28 reported by Makinde (2012) and Tuleun et al.
(2013). Observed differences were in consonance with Tuleun et al. (2013) but differed from
the summation of Makinde (2012). Haugh Unit (HU) ranges of 57.38 to 61.31 were
comparatively lower than 69.83 to 70.11 reported by Makinde (2012). As an indicator of egg
freshness, HU values obtained in this result were low but significant dietary influences existed
contradicting the report of no significance by Makinde (2012).

Range of egg shell index (ESI) 0.74 — 0.81 was similar to the report of 0.76 — 0.79 by Tuleun
et al. (2013) and also the absence of significant (p>0.05) differences were in accord with the
observation of this author and Akpodiete (2008) who reported no difference in ESI for pullets
fed varying levels of enzyme supplemented palm kernel cake based diets as replacement for

maize.
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CHAPTER SIX

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

An experiment was conducted to evaluate the growth and laying performance of Japanese
quails fed roselle (Hibiscus sabdariffa L) seed cake based diets with or without Allzyme
SSF® supplementation by allotting 540 day old and 270 six-week old quails in a completely
randomized design (CRD) using a 5 x 2 factorial with 3 replicates arrangement. Proximate
analysis of the mechanically extracted RSC was carried out and values obtained were used in
determining the calculated analysis of feed compounded. Feeding trials were grouped into two

phases as growth (2 to 6 Weeks of age) and egg laying trial (6 to 20 Weeks of age).

The birds were weighed and fed the control diets shown in Tables 3.1 and 3.2 during a two-
week adjustment period before experimental trial. Proximate composition of RSC, growth
performance, digestibility trial and carcass characteristics indicators were measured at the
growth phase while reproductive, egg production with economics of production and egg

quality measures were monitored at the egg phase.

Data obtained from the study were subjected to Analysis of Variance and significant
differences among treatment means were compared using the Duncan Multiple Range Test.
Obtained results showed proximate composition of RSC with dry matter (%) of 93.68; crude
protein (%) was 25.38, ether extract (%) 5.78, crude fibre (%) 10.20, ash (%) 8.03 and
nitrogen free extract (%) 50.61. Metabolizable energy (ME) was determined as

2885.00Kcal/Kg.
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At the growth phase, higher final weight and consequently average daily weight gain (g/day)
observed in birds fed diets 9 and 10 was associated with higher levels of test material
supplementation (22.50% RSC+0.01% Enzyme and 30.00% RSC+0.01% Enzyme) whereas
such levels of RSC without exogenous enzyme supplementation had the least value in these
traits along with the control group. No significant differences were noted in feed cost, feed:

gain, feed-cost: gain, protein intake and protein efficiency ratio (PER).

Mortality percentage during the first four weeks did not follow a particular trend though it
showed differences. However, these differences could not be attributed to the presence or
absence of RSC in the diets when they were compared without interaction effects. Interaction
effects showed reduction in mortality rate by enzyme supplementation with increasing RSC
levels up to 22.5% and the average mortality at 30% RSC with enzyme supplementation was

lower than that of 22.5% RSC without enzyme supplementation.

Nutrient retention was observed to be better in diets with RSC but no enzyme compared to its
converse, while carcass characteristics studies indicated higher carcass proportion due to
interaction between Allzyme SSF® and RSC compared to the absence of enzyme in the diets.
Also longer intestines were confined to RSC containing diets with or without enzyme

supplementation, while the least was observed on the control diet.

Egg laying phase revealed that in Feed cost/dozen egg (}¥), all RSC based diets in this study
compared favorably with the control; early age at sexual maturity was favoured by diets
containing both RSC and enzyme, average egg weight, egg number and egg mass, HDP and
HHP and mortality ratio showed better performance of diets containing RSC compared to the

control group.
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Egg quality characteristics showed comparable to superior performance of RSC containing
diets to the control diets, no definite impact of the presence or absence of supplemented

enzyme could be established in the study though interaction effects were established.

Generally, it was observed that enzyme supplementation did not create great disparity in
performance, but the single effects of RSC without supplementation were comparable to those
supplemented. It shows therefore that RSC could be used safely in Quail nutrition. However
interaction studies indicate sublime synergistic effect from the combination of both RSC and

enzyme on all performance indices.

6.2  Conclusions
From this study, the following conclusions are drawn:

There exist practical merits for the replacement of groundnut cake with mechanically crushed
RSC in the nutrition of Japanese quails as evidenced by the comparable to superior
performance of birds fed diets containing RSC for growth, nutrient retention and carcass traits.
Enzyme supplementation also revealed synergistic effect for most studied traits at the growth

phase.

Age at sexual maturity and other egg production characteristics, feed intake parameters and
economics of egg production were superior in performance for RSC with or without enzyme
supplementation than the control group, however, significant interactive effect were

established between RSC and enzyme supplement.

The feeding of RSC with or without enzyme supplementation had no adverse effect on

survivability at the growing and laying phase. Egg quality characteristics were comparable
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across dietary groups and no adverse effect of RSC substitution for maize was established on

internal egg quality.

Mechanically crushed RSC can be safely fed with or without enzyme supplementation to

Japanese quails to reduce cost of production and improve their productivity.

The best level of RSC supplementation based on observed performances was at 22.50%

inclusion.

6.3  Recommendations
RSC inclusion at 22.50% with enzyme supplementation is recommended as the best factor
combination for Japanese quail nutrition for growth, egg production and egg quality

performance.

Contribution to Knowledge

This study has established that RSC could be used successfully with or without enzyme
supplementation as both protein and energy source replacement for conventional feed stuffs in
order to reduce cost of production without compromising productivity in Japanese quail

farming.
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