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ABSTRACT

Two experiments were conducted to evaluate the effect of dietary inclusion level (50% or
100%), form (whole or ground), and enzyme supplementation (with or without) of pearl
millet at the expense of maize on the performance of Japanese quails. In the first
experiment (growing phase), 378 two weeks old unsexed Japanese quails were used in a 2
X 2 x 2 factorial arrangement in a completely randomized design with eight treatments and
a control all replicated thrice with 14 quails per replicate in a four-week feeding trial. Feed
intake and weight gain were measured weekly. Three quails per treatment were used for
carcass evaluation. The second experiment (laying phase) evaluated the effect of pearl
millet inclusion (50% or 100%), pearl millet form (whole or ground), and enzyme
supplementation of pearl millet diets (with or without) as replacement for maize on the
laying performance, egg quality parameters and nutrient’s digestibility of laying Japanese
quails using 162 seven weeks old female Japanese quails in the same arrangement as in the
first experiment with 6 quails per replicate. Egg production, feed intake and body weight
were measured and recorded. Egg quality analysis was also carried out. At the end,
digestibility study was conducted. In experiment 1, weight gain, age at first lay, weight at
first lay and weight of first egg were similar (P>0.05) among the treatments. Feed intake,
feed conversion ratio, total feed cost and feed cost/kg gain were significantly affected
(P<0.05) by pearl millet inclusion with the control group doing better than either of the
pearl millet inclusion levels of 50% or 100%. Dressing percentage, gizzard weight and
liver weight were not affected by dietary inclusion level, form or enzyme supplementation
of pearl millet diets. Pearl millet inclusion regardless of form or enzyme supplementation
led to increased intestinal weight relative to the control. Quails fed pearl millet without
enzyme had heavier proventriculus than those fed maize (control). In experiment 2,
inclusion level, form (whole or ground) and enzyme supplementation in pearl millet based
diets increased feed intake and feed cost/dozen eggs of quails as compared to the control.
Feeding pearl millet increased the egg weight, albumen percentage and shell thickness but
decreased the egg yolk percentage of laying Japanese quails. Feeding whole pearl millet
increased the digestibility of crude protein, ether extract and ash by laying Japanese quails.
Pearl millet inclusion increased crude protein digestibility. Enzyme supplementation in
pearl millet based diets did not improve their nutrient’s digestibility. The results of this

study showed that where the price of pearl millet is less than that of maize, whole pearl



millet can conveniently replace maize in the diet of Japanese quails without any adverse
effects.

Xi



CHAPTER ONE

INTRODUCTION

Feed is the most expensive portion (70-80%) of the cost of raising poultry and this expense
is magnified by the fact that most farmers feed ground mash or pelleted diet (Schivera,
2003). In an attempt to reduce this cost, feeding whole grains to poultry is now becoming a
common management practice used frequently in Europe, Australia, and Canada (Bennett
et al., 2002). This practice reduces feed costs and wastage due to handling, processing,
transportation and storage (Bennett et al., 2002; Schivera, 2003; Hidalgo et al., 2004;
Garcia and Dale, 2006; Biggs and Parsons, 2009; Svihus, 2010). Apart from saving costs,
many benefits attributed to feeding whole grains include increased gizzard activity
(Bennett et al.,2002; Engberg et al., 2004; Svihus and Hetland, 2004; Garcia and Dale,
2006; Biggs and Parsons, 2009; Svihus, 2010), increased pancreatic enzyme secretion
(Svihus and Hetland, 2004; Svihus, 2010), increased efficiency of exogenous enzymes
(Svihus, 2010), increased starch and amino acid digestibility (Engberg et al., 2004; Garcia
and Dale, 2006; Biggs and Parysons, 2009; Svihus, 2010), greater apparent metabolizable
energy (Biggs and Parsons, 2009), improvement in feed conversion ratio (Bennett et
al.,2002; Engberg et al., 2004; Garcia and Dale, 2006) and an indirect effect on reducing
many enteric diseases and skeletal problems in poultry (Svihus, 2001; Bennett et al.,2002;

Engberg et al., 2004; Svihus and Hetland, 2004; Biggs and Parsons, 2009).

Pearl millet (Pennisetum glaucum) is native to the western edges of the Sahara Desert
(Hidalgo et al., 2004). Pearl millet grows under difficult ecological conditions, tolerates
poor soils better than other cereal crops and it appears to be tolerant of acidic soils with
low fertility (Dozier et al., 2005; Sade, 2009). From nutritional stand point, pearl millet is

an attractive feed grain for non ruminant animals as it combines a high level of



metabolizable energy with up to 50% increase in protein compared to maize. Most
strikingly, is the level of the critical amino acids lysine and methionine, in which pearl
millet is 40% richer than maize (Abubakar et al., 2006; Dale, 2006). When compared to
maize or sorghum, pearl millet is reported to have equal or higher nutritive value (Heuze
and Tran, 2012). Pearl millet is free of condensed polyphenils such as tannins in sorghum

that can interfere or slow down digestibility (Abubakar et al., 2006).

Japanese quails (Coturnix coturnix japonica) are small-bodied birds of the Galliforme
family. They were introduced into the Nigerian poultry in 1992 and they have gained
tremendous interest among Nigerian populace especially because of their medicinal value,
short generation interval, fast growth rate and less susceptibility to common poultry
diseases (Bawa, 2006; Olatoye, 2011). They mature in about 6 weeks and are usually in
full egg production by 50 days of age, with female quails laying 200-300 eggs in their first

year of age.

1.1 Justification

Feed remains the most expensive input in poultry production with cereal grains
constituting about 40% of the feed cost (ljaiya et al., 2012). The reduction of feed particle
size is the largest user of energy in layer industry where feeds are fed as mash. Hence, any
reduction in energy consumption from grinding could significantly lower feed cost
(Amerah, 2008). Energy required for grinding comprises between 25 and 30% of feed
manufacturing (Umar Faruk et al., 2010a). Blair (2008) pointed out that the poultry
digestive system is capable of processing whole grain and it therefore seems unnecessary
to feed it a ground diet. Therefore, it is logical to think that the cost incurred in grinding
and handling of cereals will be significantly reduced if birds are fed whole grains (Umar

Faruk et al., 2010a). In addition, it allows the use of locally grown cereals in the farm


http://www.feedipedia.org/user/3
http://www.feedipedia.org/user/3
http://www.feedipedia.org/user/4

(Umar Faruk et al., 2010a). This is why in northern Europe, the feeding of whole wheat
with concentrate to broilers is practiced, as it enables the use of wheat grown on site and
this reduces feed costs (Engberg et al., 2004).This also reduces the amount of gas
emissions due to grinding and transportation and the cost of transport and diet mixing as it

may be more economical to transport only a protein concentrate.

Maize is the major source of energy in poultry production accounting for 45 — 65% of
poultry feeds (ljaiya et al., 2012). However, with the current trend of global warming,
erratic fertilizer supply and increased transport costs, the availability and affordability of
maize especially in the semi arid regions is likely to become difficult. Hence the search for
viable alternatives and way of improving their utilization becomes imperative. Millet is
one of such alternatives, as it is draught tolerant, with acceptable grain yields even on

acidic soils with low fertility (Dozier et al., 2005).

The high fibre levels of pearl millet could be a limiting factor to its use in poultry diets.
The utilization of this fibre could be improved with the use of exogenous enzymes (Singh
and Perez-Maldonado, 1999). Svihus (2010) hypothesized that a more developed gizzard
as a consequence of structural components may improve efficacy of exogenous enzymes.
This could be due to increased retention time in the gizzard and the favourable pH there.
Particle size influences retention time in the digestive tract. The larger the particle size, the
longer feed is retained, the greater its exposure to endogenous and exogenous enzymes and

subsequently the greater the nutrients utilization (Patrick, 2004).



1.2 Objectives

The objectives of this study were to determine;

1. The effect of pearl millet inclusion level as replacement for maize on performance
of Japanese quails.

2. The effect of pearl millet form as replacement for maize on performance of
Japanese quails.

3. The effect of enzyme supplementation of pearl millet diets as replacement for
maize on performance of Japanese quails.

4. The interaction between pearl millet form and enzyme supplementation on

performance of Japanese quails.

1.3 Hypotheses

The null hypotheses are:

1. The inclusion of pearl millet as replacement for maize gives similar performance
of Japanese quails

2. Feeding whole or ground pearl millet as replacement for maize gives similar
performance of Japanese quails

3. Enzyme supplementation of pearl millet diets as replacement for maize gives
similar performance of Japanese quails.

4. There is no interaction between form and enzyme supplementation of pearl millet

diets on performance of Japanese quails.

The alternate hypotheses are:
1. The inclusion of pearl millet as replacement for maize affects the performance of

Japanese quails



Feeding whole or ground pearl millet as replacement for maize affects the
performance of Japanese quails
Enzyme supplementation of pearl millet diets as replacement for maize affects the
performance of Japanese quails.
There is interaction between form and enzyme supplementation of pearl millet

diets on performance of Japanese quails.



CHAPTER TWO

LITERATURE REVIEW

2.1  Whole Grains Feeding in Poultry Nutrition

2.1.1 Introduction

The use of whole grains in feeding poultry is not new. Feeding whole cereal grains as
supplements to local poultry has been a practice of rural households in Africa (Kondombo
et al., 2005). Free choice-feeding of poultry was used commonly in the past in many
countries before commercial poultry production became intensified, the chickens were
being allowed to range free in the fields and fed mainly on scratch grains (Blair, 2008).
Adult pigeons are often fed mixtures of whole or cracked grains and protein feeds (Leeson
and Summers, 2005). Most pet birds are fed diets based on whole seeds rather than
complete feeds as pellets (Leeson and Summers, 2005). Chickens can successfully
consume 70% of their diet as whole grain when it is choice-fed (Blair, 2008). Laying hens
are able to maintain their feed intake for satisfactory egg production regardless of cereal
particle size (Blair, 2008). Chickens will readily consume whole wheat, whole oats or
whole barley, but they have difficulty with whole maize, which needs to be reduced in

particle size (Blair, 2008).

However, for intensive production involving automated feeding systems and high
producing stock the earlier feeding system of using whole grains was largely abandoned in
favour of the all-mash (complete) or pelleted diet (Blair, 2008). The use of whole grains in
commercial poultry feeding began two decades ago in Europe, Australia, and Canada
(Bennett et al., 2002). Whole grains feeding is recommended for feeding organic poultry as
it approaches the natural feeding system much more closely than other feeding systems

(Blair, 2008).



Numerous studies have been published on the effects of whole grains on bird growth
performance and cost of production. However, most of these studies were conducted with

chickens with a few conducted with Japanese quails and other poultry species.

2.2 Cereals Fed as Whole Grains to Poultry

2.2.1 Wheat
Wheat has received the greatest attention with regards to whole grain feeding in
commercial poultry production. Feeding whole wheat is a common practice in many
countries where there is high production of wheat (Amerah, 2008). Offering whole
wheat and a balancer feed with adequate minerals and vitamins provides a very
economical way for farmers to utilize home-grown wheat (Leeson and Summers,
2005). Male broilers voluntarily consumed 15% - 41% of their ration as wheat from 7-
49 days of age when offered a choice between whole wheat and crumbled broiler
starter and finisher diet (Leeson and Summers, 2005). Maize can be replaced with
wheat up to 75 per cent level as an alternative source of energy in the ration of laying
quails depending on the cost and availability of these ingredients (Seema et al.,2007).

2.2.2 Barley
Barley can be used in choice-feeding studies but due to the physical structure of the
kernel however,with its sharp spinets, birds are often reluctant to consume whole
barley grain (Leeson and Summers, 2005). Ernst et al. (1994) found that whole barley
could substitute for up to 40% of the dietary corn without a deleterious effect on weight
gain of broilers. Turkeys at least seem to readily eat whole barley in a choice-feeding
situation after 50 days of age (Leeson and Summers, 2005). Feeding whole barley to
chicks increased gizzard weights when compared with chicks fed the ground maize-
soyabean diet as observed by Biggs and Parsons (2009). They also observed that at 21

days, chicks fed part of their diet as whole barley had a significant improvement in



Nitrogen — corrected Metabolizable energy (MEn) when compared with chicks fed the
maize-soyabean diet.
2.2.3 Pearl Millet
Pearl millet is relatively small (2 to 3mm) in size. This makes it suitable to be
incorporated into broiler diets in whole form (Hidalgo et al., 2004). Production
performance of laying quails was not affected by the use of increasing levels of pearl
millet grain and pearl millet is a good maize substitute for Japanese quail, but a yolk
pigment should be used in the ration (Leandro et al.,1999). Hidalgo et al. (2004) found
that whole pearl millet seeds can be readily broken down by young broilers and thus be
incorporated into their diets. They also observed that the digestion of the whole pearl
millet, as measured by the presence of whole pearl millet seed in the excreta was 95.3 -
98.5% for diets containing 5 - 20% whole pearl millet with no differences in
digestibility values between the dietary treatments. Similarly, they reported that feeding
whole pearl millet seeds to broilers from 1 to 15 days of age resulted in performance
equivalent to that of broilers fed standard corn-soybean diet. Seema et al.(2007)
observed that maize can be replaced with millet up to 75% level as an alternative
source of energy in the ration of laying quails depending on the cost and availability of
these ingredients. Whole pearl millet seeds can be incorporated at 10% level in broiler
diets without adversely affecting broiler performance (U. K. C. A. G., 2012). Laying
hens can be fed up to 15 % dietary level for unground pearl millet as a replacement for
maize in soybean-maize based diets (Heuzé and Tran, 2012).
2.2.4 Sorghum

Sorghum whole seeds can be used for feeding geese with less breast development
compared with maize (Arroyo et al., 2012). Biggs and Parsons, (2009) reported that

chicks fed 10 and 20% whole sorghum had consistently lower weight gains and feed


http://www.feedipedia.org/user/3
http://www.feedipedia.org/user/4

efficiencies than chicks fed the maize-soyabean diet from 0 to 21days age. In contrast
they found that feeding whole sorghum to the chicks increased gizzard weights when
compared with chicks fed the maize-soyabean diet. They also reported that whole
sorghum had little positive effect on amino acids digestibility (Biggs and Parsons,
2009).
2.2.5 Oats and Triticale

Oats are difficult to grind. Ernst et al. (1994) used whole oats after 15 wk and sprinkled
grit over the feed every second day. Whole oats could substitute for up to 40% of the
dietary corn without a deleterious effect on weight gain of broilers (Ernst et al., 1994).
Jones and Taylor (2001) showed that whole triticale could be utilized successfully in
pelleted diets with broilers, giving production results similar to (or better than) those

with pelleted diets containing ground triticale.

2.3 Whole Grains Feeding: Implications on the Digestion and Performance of
Poultry

Numerous studies have been published on the effects of whole grain diets on bird growth
performance. Differences in diet composition, feed form (pelleted with or without the
whole grain or in mash form), age of birds when exposed to whole grains, and the amount
of whole grain provided make comparisons among experimental results difficult (Biggs

and Parsons, 2009).

Most studies reported that the early growth of chickens is unaffected by the inclusion of a
whole grain (Biggs and Parsons, 2009). Hidalgo et al. (2004) reported that digestion of the
whole pearl millet, as measured by the presence of whole pearl millet seed in the excreta
was 95.3 - 98.5% for diets containing 5 - 20% whole pearl millet with no differences in

digestibility values between the dietary treatments. Their results indicate that whole pearl



millet seeds can be readily broken down by young broilers and thus be incorporated into
their diets. Similarly, after incorporating the whole pearl millet seeds into broiler diets
from 1 to 15 days of age, Hidalgo et al. (2004) observed that their performance was
equivalent to broilers fed a standard maize-soybean diet. Enberg et al. (2004) reported that
the inclusion of whole grains improves broiler performance, in particular the feed gain
ratio which may be related to an increased starch digestibility. Leeson and Summers,
(2005) reported that feeding whole grains can improve starch digestibility and is not
detrimental to feed utilization, when the whole grains are incorporated into broiler diets at
low levels. Male broilers voluntarily consumed15% - 41% of their ration as wheat from 7-
49 days when offered a choice between whole wheat and crumbled broiler starter and
finisher diet with slight depressions in body weight, reduced carcass weight and breast
yield by about 10% (Leeson and Summers, 2005). Svihus et al. (2004) found that
replacement of ground wheat with whole wheat increased apparent metabolizable energy
(AME) and starch digestibility measured at ileal as well as faecal level. Also jejunal chyme
showed increased amylase activity and bile salt concentration (Svihus et al., 2004). Svihus
et al. (2004) found that replacement of ground wheat with whole wheat increased dry
matter content as well as bile content of gizzard, and stimulated an increase in gizzard as
well as pancreas weight. They posited that results from this experiment indicate that the
improved feed value sometimes observed with whole wheat may be associated with
modulation of digestive processes resulting in increased pancreas and liver secretions.
Whole grain feeding has significant effect on gizzard development and have unchanged or
improved egg production and feed efficiency equal to that of birds fed on all mash diets
where the grain has been pre-ground prior to feeding (Evans et al., 2005). In the same vein,
Biggs and Parsons, (2009) observed that at 7 days and 21 days chicks fed 10% whole

barley had an improved digestibility of most amino acids when compared with chicks fed

10
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the maize-soyabean meal diet and that at 21 days, whole sorghum had little positive effect
on amino acids digestibility. Robinson (1985) reported that diet consisting of unground
wheat, unground sorghum, limestone grit and protein concentrate resulted in a higher egg

number and egg mass than a fully ground diet.

However, generally speaking, digestibility and performance benefits attributed to feeding
whole grains include increased gizzard activity (Bennett et al.,2002; Svihus and Hetland,
2004; Garcia and Dale, 2006; Biggs and Parsons, 2009; Svihus, 2010), increased
pancreatic enzyme secretion (Svihus and Hetland, 2004; Svihus, 2010), increased
efficiency of exogenous enzymes (Svihus, 2010), increased starch and amino acid
digestibility (Garcia and Dale, 2006; Biggs and Parsons, 2009; Svihus, 2010), greater
apparent metabolizable energy (Biggs and Parsons, 2009;), improvement in feed

conversion ratio (Garcia and Dale, 2006; Bennett et al.,2002).

2.4 Implications of Feeding Whole Grains to Gastrointestinal Tract Morphology and
Physiology and Health of Poultry

The particle size of feed (e.g., coarsely ground mash vs. whole grains) has been shown to
have a strong effect on the morphological and physiological function of the poultry

gastrointestinal tract (Matthias and Hasan, 2003; Enberg et al., 2004).

In his review Blair (2008) informed that several research findings have demonstrated that
whole grain feeding has beneficial effects on the overall health of poultry. They revealed
that a better-developed gizzard has an important function as a barrier organ in preventing
pathogenic bacteria from entering the distal digestive tract. Hence, some researchers have
suggested that whole grain could be considered as an effective alternative to antibiotic

growth promoters.
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Enberg et al. (2004) reported that the inclusion of whole grains prevents proventricular
dilatation and mortality related to ascites. Feeding whole grain limits microbial growth by
stimulating gizzard activity and manipulating digesta pH (Leeson and Summers, 2005).
This reduces many enteric diseases and skeletal problems in poultry (Svihus, 2001;

Bennett et al., 2002; Svihus and Hetland, 2004; Biggs and Parsons, 2009).

Taylor and Jones (2004) reported that the incidence of proventricular dilatation and
mortality from ascites was reduced in broilers when whole grain was incorporated into
pelleted diets at 200 g/kg. Evans et al. (2005) studied the effects of feeding laying hens on
diets containing wheat in whole or ground form on coccidial oocyst output after being
challenged with coccidiosis. They found that birds fed on the diet with whole wheat had a
significantly lower (2.5 times) oocyst output than birds fed on the diet with ground wheat,
suggesting that an active functioning gizzard can play a role in resistance to coccidiosis.
Whole wheat feeding stimulates gizzard and gastric motility and the enhanced activity
within this acidic environment is thought to reduce oocyte viability and coccidiosis
(Leeson and Summers, 2005). Chickens fed free-choice on a high (420g/kg CP) protein
concentrate and whole wheat were more resistant to coccidiosis than those on complete
high-fibre diets (Blair, 2008). In male broiler chickens, oocyst output has been shown to be
negatively correlated with relative gizzard size, both with a conventional complete diet or

free choice-feeding (Blair, 2008).

Engberg et al. (2004) reported an increase in intestinal counts of some beneficial
Lactobacillus species, decrease in E. coli counts, Salmonella spp. and Clostridium
perfringens (responsible for necrotic enteritis) as a result of whole grain feeding. Bjerrum

et al. (2005) reported lower numbers of rifampicin-resistant Salmonella typhimurium strain
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in the gizzard and ileum of broiler birds receiving whole wheat compared with pellet-fed

birds.

2.5 Cost Implications of Feeding Whole Grains to Poultry

Feed remains the most expensive input in poultry production with cereal grains costing
about 40% of the feed cost (ljaiya et al., 2012). Feed processing represents a significant
portion of feed costs and likely gives the greatest opportunity for influencing animal
performance beyond nutritional adequacy (Koster, 2003). Feed processing and the costs
associated with processing include a wide range of unit operations including receiving,
grinding, proportioning, mixing, pelleting, load out, and delivery (Koster, 2003). The cost
of feed processing (grinding, mixing, pelleting, handling and transportation) increases the
original price of whole cereals by over a fifth in most compounding operations

(Kermanshahi and Classen, 2001).

Grinding is a major function of feed manufacturing and is by far the most common method
of feed processing (Koster, 2003). The process of grinding requires about 20 kW/h/t of
grain (Henuk and Dingle, 2002). The reduction of feed particle size is the largest user of
energy in layer industry where feeds are fed as mash. Hence, any reduction in energy

consumption from grinding could significantly lower feed cost (Amerah, 2008).

Feeding whole grains reduces feed costs and wastage due to handling, processing, transport
and storage (Bennett et al., 2002; Schivera, 2003; Hidalgo et al., 2004; Garcia and Dale,

2006; Biggs and Parsons, 2009; Svihus, 2010).

Blair (2008) pointed out that since the bird has a digestive system capable of processing
whole grain it seems unnecessary to feed it a pre-ground diet. The bird's gizzard is capable
of grinding whole grains, provided that hard grit is available. In this way the grinding cost

is eliminated by feeding whole grains (Kermanshahi and Classen, 2001).
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Feeding whole grain diets provide an opportunity to reduce cost through not having to
process the grain prior to feeding (Evans et al., 2005). The use of whole grains, especially
wheat and barley, in poultry production has gained favor in many European countries as a
way to reduce feed costs. Typically the whole grains are not incorporated into the pellet but
simply mixed with the pellets prior to being delivered to the flock (Hidalgo et al., 2004). In
northern Europe, the feeding of whole wheat as a supplement to a concentrated compound
feed for broilers is currently a common practice. This feeding strategy enables the broiler

producer to use wheat grown on site, which reduces feed costs (Enberg et al., 2004).

Seema et al.(2007) found that there was reduction in feeding cost by 4.73 and 7.24% when
50 and 70% of maize was replaced with millet respectively in the diet of laying quails.
Robinson (1985) reported that laying hens’ diet consisting of unground wheat, unground
sorghum, limestone grit and protein concentrate resulted in a higher financial return than a
fully ground diet. Another work with laying hens resulted in feed cost saving of 7.4 to
17.6% when whole wheat was used (Kermanshahi and Classen, 2001). Leeson and
Summers (2005) reported a saving of 10% in feed cost per kg live weight gain of male
broilers when fed 15% - 41% of their ration as whole wheat. Feeding whole grains also

presents energy savings in feed preparation.

2.6 Exogenous enzymes in poultry nutrition

Scientific studies describing the use of exogenous enzymes date back to 1920s (Bedford
and Partridge, 2001). However, the first commercial use of feed enzymes dates back to
1984 in Finland, where opportunities existed to improve significantly the nutritional
quality of barley based rations by inclusions of enzymes derived from the brewing industry
(Bedford and Partridge, 2001). The principal rationale for the use of enzymes is to improve

the nutritive value of feedstuffs (Sheppy, 2001). The supplementation of animal feeds with
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enzymes also increases the efficiency of digestion and is an extension of the animal’s own

digestive process (Sheppy, 2001).

The four main reasons for using enzymes in animal feed as outlined by Munir and

Magsood (2013) are:

To breakdown anti-nutritional factors that are present in many feed ingredients.
These substances, many of which are not susceptible to digestion by the animal’s
endogenous digestive enzymes, can interfere with the normal digestion, causing
poor performance and digestive upsets.

To increase the availability of the starches, proteins, and minerals that are either
enclosed within the fibre-rich cell wall and, therefore, not accessible to the animal’s
own digestive enzymes, or bound up in a chemical form that the animal is unable to
digest (e,g, phosphorus as phytic acid).

To break down specific chemical bonds in raw materials that are not usually broken
down by animal’s own enzymes, thus releasing more nutrients.

To supplement the enzymes produced by young animals where, because of the
immaturity of their own digestive system, endogenous enzyme production may be

inadequate.

The improvements obtained by adding enzymes to the diet of poultry depend 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) (Munir and Magsood, 2013). Improvement in feed conversion ratio (FCR)

that may be expected to be achieved via the use of currently available enzymes for wheat-

or barley-based diets (especially for carbohydrases) is higher, or at least more consistent,
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than may be anticipated via the use of enzymes for diets based on maize (Cowieson et al.,

2006).

Response to enzyme supplementation in diets of poultry depends on the type of the cereal,
with laying performance improved more in barley-based diets than for wheat and maize
based diets. Feed conversion ratio was also improved for wheat, barley and maize diets in
the same order. Enzymes allow for the use of poor quality raw materials such as wheat
bran or rye in rates of up to 45% without adverse effects on performance. Feed can
therefore be saved using enzyme (Geraert and Dalibard, 2003). To benefit from the use of
exogenous enzymes, reformulation of diets is often recommended. Decreasing the energy
value of sorghum or maize-soyabean meal based diets by 25, 50 or 75 kcal/kg could be
totally compensated by enzyme supplementation with even further improvement of feed
conversion ratio and egg mass on the sorghum based diet. Improvement in “on-top” of the
feed addition of exogenous enzyme is usually slight and might only be observed when all
the parameters are precisely recorded. Improvement in energy digestibility is not always

accompanied by reduced feed intake in layers.

Several studies have reported that the inclusion of degradative enzymes in animal
feedstuffs can increase the availability of nutrients (Kermanshahi and Classen, 2001).
Exogenic enzymes such as xylanases are currently added to commercial wheat-based
compound feed for broilers in order to improve growth and feed conversion ratio (Enberg
et al., 2004). Udeybir et al. (2009) observed no significant differences in feed intake and
feed conversion ratio in the diets they fed to broilers with or without enzyme. On the
contrary, Manwar and Mandal (2009) reported that the addition of enzymes to raw pearl-
millet based diet improved the body weight gain of broiler chickens. and hence
supplementation of the feed enzymes in pearl millet based diet may improve the utilization

of pearl millet in broiler chickens. Also Alam et al. (2003) reported that growth rate, feed
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intake, feed conversion were increased by addition of exogenous enzymes. Body weights
of birds supplemented with xylanase were higher than those of nonsupplemented birds

(Engberg et al., 2004).

Benefits linked to NSP-enzyme supplementation of layer feeds have been shown in several
trials: from energy digestibility determinations to laying performance and egg quality
measurements. Enzyme addition does not appear to affect egg quality in terms of yolk
colour, egg composition or eggshell characteristics (Geraert and Dalibard, 2003). An
improvement in yolk colour has been reported due to improved lipid digestibility by
enzyme supplementation. Such an improvement will save carotenoid supplementation. No
significant effect of enzyme supplementation was observed on egg characteristics.
Addition of enzyme in layer feeds containing either wheat barley or even maize improve

the nutritive value of the feeds and thus their efficacy (Geraert and Dalibard, 2003).

2.7  Whole Grain Feeding and Exogenous Enzyme Efficiency

Particle size influences retention time particularly in the upper digestive tract. The longer
feed is retained, the greater its exposure to phytase and phosphatase enzymes and the
greater the Phosphorus utilization (Patrick, 2004). Svihus (2010) opined that increased
retention time in the gizzard may also potentially improve efficacy of exogenous enzymes
added to the diet, especially as it is often believed that an exogenous enzyme such as
phytase exerts its main function in the gizzard due to the favourable pH there. Thus, it is a
reasonable hypothesis that a more developed gizzard as a consequence of structural
components may improve efficacy of this particular enzyme. Engberg et al. (2004)

observed an interaction between the effects of wheat form and enzyme addition.
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2.8 Pearl Millet in poultry nutrition

Literature on the use of millet as energy source for poultry (especially Japanese quails)
appears to be limited (Medugu et al., 2011). Millet is reported to have lower metabolizable
energy, higher crude protein, crude fibre and ash than maize and sorghum (Medugu et al.,
2010; Medugu et al., 2011; ljaiya et al., 2012,) (Table 2.1). Many researchers have
suggested that millet can replace maize without adverse effects on performance in both
broiler and layer diets (Hidalgo et al., 2004; Garcia and Dale, 2006; Umar Faruk et al.,

2010b; Medugu et al., 2011; Ibitoye et al., 2012).

Table 2.1: Proximate composition of millet, maize and sorghum

Composition Millet Maize Sorghum (Low tannin)
(Aduku, 1993) (Medugu et al., 2010)  (Medugu et al., 2010)

Energy (ME kcal/kg) 2984 3318.98 3308.08
Protein (%) 115 10.10 11.55
Ether extract (%) 3.6 3.25 4.25
Crude fibre (%) 6.5 5..50 5.75
Ash (%) 3.2 1.00 2.25

Experiments with broiler and layer hens have showed that pearl millet could be
incorporated in their diets without any adverse effect on their performance (Singh and
Perez-Maldonado, 1999; Faruk, 2010; Heuzé and Tran, 2012). Collins et al. (1997)
replaced maize with pearl millet in Leghorn laying hen diets during the second production

cycle and observed that dietary treatment had no effect on feed intake, body weight gain,
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egg production, feed conversion (feed per dozen eggs or feed per gram of egg), mortality,
egg weight, yolk weight, and percentage yolk but reduced yolk pigmentation. Feeding
pearl millet also produces eggs significantly enriched in n-3 fatty acids. (Collins et al.,
1997). Kumar et al. (1991) evaluated levels of 0, 30 and 60% of corn replacement by pearl
millet in laying hen diets and reported no negative effects in egg production, feed intake,
feed conversion and body weight. A later study has also shown that the inclusion of pearl
millet in broiler chicken diets at levels up to 50% resulted in performance and carcass
quality similar to or better than corn-based diets (Davis et al. , 2003). There was a linear
reduction in feed intake, egg production, egg weight and yolk pigmentation index with
increasing inclusion levels of pearl millet as observed by (Filardi et al., 2005). The
increase of pearl millet inclusion up till 51% only improved egg shell percentage and did
not result in lower production costs, but should be more viable in regions where it is less

expensive than corn (Filardi et al., 2005).
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Experimental Site

The study was conducted at the Poultry Unit of the Research and Training Farm of the
Department of Animal Science, Ahmadu Bello University Zaria, located within Northern
Guinea Savannah Zone of Nigeria at latitude 11° 09° 06"N longitude 7° 3’ 8"E with an
altitude of 706m above sea level (GPS) and having a tropical continental climate with
marked periods of rainfall ranging from 1102 mm to 1904 mm. The mean temperature
fluctuates from 31°C maximum in dry season to 18°C minimum in wet season (as reported

by Hassan et al., 2013).

3.2 Experiments
Two experiments were carried out to determine the influence of whole millet inclusion and
enzyme supplementation on performance, carcass characteristics and nutrient digestibility

of Japanese quails.

3.2.1 Experiment 1: Influence of millet inclusion level, form and enzyme supplementation

on performance and carcass characteristics of Growing Japanese quails (2-6weeks).

3.2.1.1 Experimental birds and their management

Two weeks old Japanese quails were sourced from a private farm in Jos, Plateau state. The
birds were reared in constructed cages and all routine management practices were strictly
adhered to. Feed and water were provided ad libitum. The birds were given the

experimental diets from the end of the second week until 42 days of age (growing period).
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3.2.1.2 Experimental design

378 two weeks old unsexed Japanese quails were used in 2 x 2 x 2 factorial arrangement in
a completely randomized design with two levels of millet inclusion (50 and 100%) as
replacement for maize, two forms of millet (whole or ground) and enzyme
supplementation (with or without). The birds were allocated to nine dietary treatments with

each treatment having three replicates and 14 birds per replicate.

3.2.1.3 Experimental diets

Ingredients for the experimental diets were obtained from local markets and feed millers
within Zaria. A maize based layer diet was formulated according to the NRC (1994)
recommendation (24% CP and 2900MEkcal/kg) as the control. Pearl millet replaced maize
on a weight to weight basis for the different inclusion levels and forms and each with or

without enzyme supplementation as shown in table 3.1.

Treatment 1 (control) ---------------- 0% pearl millet

Treatment 2 ----------------mmnmommmee 50% whole pearl millet

Treatment 3 --------------=-mmmmmmeeee 50% whole pearl millet with enzyme
Treatment 4 --------------m-mmmmommeee 100% whole pearl millet

Treatment 5 ------------mmmmmmmmmmm e 100% whole pearl millet with enzyme
Treatment 6 --------------=-=----=-=---- 50% pearl ground millet

Treatment 7 ---------=--mmmmmmmmmmmeeeee 50% ground pearl millet with enzyme
Treatment 8 --------------=----ommeem- 100% pearl ground millet

Treatment 9 -------------mmmmmmmmmeeee- 100% ground pearl millet with enzyme
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The exogenous enzyme used in this study was Maxigrain®. Maxigrain® enzyme is a

multi-enzyme compound of B-glucanase, xylanase, phytase, arabinoxylanase and a mixture

of yeast and minerals produced by the Bio-Organics Ltd.

3.2.1.4 Measurements

Proximate analysis
Proximate analyses of pearl millet and that of representative samples of the
experimental diets were carried out according to methods described by AOAC (2003)

at the Animal Science Biochemical Laboratory of Ahmadu Bello University, Zaria.

Mineral analysis

Mineral analysis of the millet was carried out using an Atomic Absorption
Spectrophotometer at Multi-user Scientific Research Laboratory, Faculty of Science
and a Spectrophotometer at Soil Chemistry Laboratory at the Department of Soil

Science, Ahmadu Bello University, Zaria.

Feed intake and live weight gain

A given quantity of feed was measured and fed to the birds on a weekly basis. From
which weekly feed intake was measured. Daily feed intake and total feed intake were
determined. The birds were weighed in the early morning before receiving any feed
and water using a weighing balance at weekly intervals during the experimental
period. Initial and final body weights of the Japanese quails were measured at the
beginning and end of the experiment respectively. Average daily weight gain and feed

conversion ratio were determined.

Feed conversion ratio = Feed intake (g)  x 100
Weight gain (g)
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Vi.

Mortality

Mortality was recorded as it occured.

Point of lay
Age at first lay, weight at first lay and weight of first egg were measured and recorded

immediately the first egg was laid for each treatment.

Carcass evaluation

At the end of the growing period (42 days), carcass evaluation was carried out using
three quails around the average live body weight of each treatment. The quails were
fasted, then individually weighed to the nearest gram, and slaughtered by severing the
jugular vein. Few minutes after bleeding, each bird was dipped into a hot water bath
for two minutes, and feathers were removed by hand. After the removal of head, the
carcasses were eviscerated manually, they were then weighed to obtain carcass
weight. Dressing percentage was determined. Weights of different parts of the gut

were measured using a digital scale and recorded.

Dressing percentage (%) =  Carcass weight (g) x 100
Live weight (g)

3.2.2 Experiment 2: Influence of millet inclusion level, form and enzyme supplementation

on performance, egg quality and nutrients’ digestibility of laying Japanese quails (8-20

weeks).

3.2.2.1 Experimental birds and their management

Female Japanese quails from experiment 1 above were used for this experiment. The birds

were reared in constructed cages and all routine management practices were strictly

adhered to. Feed and water were provided ad libitum. The birds were given the
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experimental diets from the 8th week until when they were 20 weeks of age (laying

period).

3.2.2.2 Experimental design

162 seven weeks old female Japanese quails were used in 2 x 2 x 2 factorial arrangement
in a completely randomized design with two levels of millet inclusion (50 and 100) as
replacement for maize, two forms of millet (whole or mash) and enzyme supplementation
(with or without). The birds were allocated to 9 dietary treatments with each treatment

having three replicates and 6 birds per replicate.

3.2.2.3 Experimental diets

Ingredients for the experimental diets were obtained from local markets and feed millers
within Zaria. A maize based layer diet was formulated according to the NRC (1994)
recommendation (20% CP and 2900MEkcal/kg) as the control. Pearl millet replaced maize
on a weight to weight basis for the different inclusion levels and forms and each with or

without enzyme supplementation as mentioned in experiment 1 and shown in table 3.2.

The exogenous enzyme used in this study was Maxigrain®.

3.2.2.4 Measurements

i.  Feed intake and live weight gain
The Japanese quails were weighed to the nearest gram in the early morning before
receiving any feed and water at weekly intervals during the experimental period.
Total feed intake, Initial body weight and final body weight were measured. Average

daily feed intake, weight change and feed conversion ratio were determined.

weight change (%) = Current body weight — previous body weight x 100
Previous body weight
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Feed conversion ratio = Feed intake (g) x 100
Number of dozen eggs produced

Mortality

Mortality was recorded as it occured.

Egg Production

Age and weight at first lay were recorded. Egg production and egg weight were
recorded daily and pooled weekly to calculate hen day production (HDP) and hen

housed production (HHP) using the formulae below:

Hen day production (%) = No. of eggs laid a day x 100
No. of birds available that day

Hen housed production (%) = _Total no. of eggs laid  x 100
Total no. of birds housed

Determination of egg quality parameters

Three fresh eggs were randomly picked from each replicate fortnightly starting from

the 10" week to determine the egg quality parameters. The parameters determined

were:

e Egg weight
The eggs were weighed using a sensitive electronic scale to the nearest 0.01g.
The values were used to calculate the average weight of an egg per replicate.

e Albumen weight, yolk weight and shell weight
Albumen weight and yolk weight were measured for individual egg to the nearest
0.01g using a sensitive electronic scale. Shell weight was also measured after sun

drying to remove moisture.
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e Shell thickness
Shell thickness was measured for individual sun dried egg shells to the nearest
0.01mm using a micrometer screw gauge.

e Egg Haugh Unit
Each egg was broken around the middle; care was taken to keep the yolk intact.
The albumen height was measured with the aid of Vernier calipers and values
obtained were used to calculate the haugh unit values for each replicate, using the

formula outlined by Haugh (1937).
HU = 100log:o (H — 1.7W%*" + 7.6)
Where HU = Haugh unit
H = observed height of the albumen in (mm)
W = weight of eggs in gram

3.2.2.5 Digestibility Trial

At the end of the experiment, 3 quails per treatment (1 bird per replicate) were randomly
picked and housed in individual cages. They were then fasted for 24hrs. After the 24hrs of
fasting, feeding for fecal collection was started immediately. A known quantity of each
diet was weighed per bird for the period of the study. The birds were fed ad libitum. All
faeces voided were collected by placing a polythene sheet on the floor of the cages. The
faeces were cleaned of wasted feed, feathers and other foreign materials to avoid
contamination. The faeces collected from each bird were labelled according to treatment
and sun dried. After four days of faecal collection, faecal samples collected were dried in
the oven at 70°C for 24hrs. The dried faecal samples were allowed to equilibrate with

atmosphere and then weighed. The faecal samples were bulked and samples were collected
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for proximate analysis. The dried samples were assayed for their proximate composition
(Dry matter, Crude Protein, Ether extract, Crude fibre and Ash) in the Animal Science
Laboratory, Ahmadu Bello University, Zaria. The percentage digestibility was calculated

using the formular below;

Nutrients Digestibility (%) = Nutrients in diet — Nutrients in feaces x 100%
Nutrients in diet

3.3 Statistical Analysis

Data from both experiments were analyzed using the general linear models (GLM)
procedure of SAS software (SAS, 1994). Data were subjected to analysis of variance.
Where the analysis of variance was significant, Duncan’s multiple range test was used to
separate treatment means other than control (0%PM) (Steel and Torrie, 1980). The control
was contrasted from each of the treatments using Dunnett test at 5%.

The model for the experiment is:

Yijw =p+Fi+Lj+ Zx+ (FZ)ik + Eiji

where:

Yij = observation | in level i of factor F, level j of factor L and k of factor Z

p = the overall mean

Fi = the effect of level i of factor F (form of millet; whole or ground millet)

L; = the effect of level j of factor L (inclusion level; 50 or 100)

Z, = the effect of level k of factor Z (enzyme supplementation; with or without enzyme)

(F2)ik = the effect of the interaction of level i of factor F with level k of factor Z

Eijk| = random error with mean 0 and variance o2
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Table 3.1: Composition (%) of Experimental Diets (Experiment 1)

Ingredients 0%PM 50%WPM 50%WPM+EN 100%WPM 100%WPM 50%GPM 50%GPM  100%GPM 100%GPM+EN
+ EN +EN
Maize 46.0 23.0 23.0 - - 23.0 23.0 - -
Pearl millet - 23.0 23.0 46.0 46.0 23.0 23.0 46.0 46.0
Soyabean meal 20 20 20 20 20 20 20 20 20
Groundnut cake 25 25 25 25 25 25 25 25 25
Maize offal 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25
Palm oil 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Limestone 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Bone meal 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vit. Premix* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Methionine 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Maxigrain - - 0.01 - 0.01 - 0.01 - 0.01
Total 100 100 100 100 100 100 100 100 100
Calculated analysis
Crude protein (%) 24.8 25.4 25.4 25.9 25.9 25.4 25.4 25.9 25.9
ME (kcal/kg) 2896 2696 2696 2495 2495 2696 2696 2495 2495
Ether extract (%) 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Crude fibre (%) 3.14 4.4 4.4 5.6 5.6 4.4 4.4 5.6 5.6
Calcium (%) 1.2 1.2 1.2 1.4 1.4 1.2 1.2 1.4 14
Phosphorus (%) 0.7 0.7 0.7 0.6 0.6 0.7 0.7 0.6 0.6
Lysine (%) 1.3 1.3 1.3 1.4 1.4 1.3 1.3 1.4 1.4
Methionine (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Feed cost(N/kg) 95.82 97.53 98.13 101.44 102.04 99.73 100.33 103.64 104.24

PM- pearl millet, WPM- whole pearl millet, GPM — ground pearl millet, EN — enzyme

*Biomix premix supplied the following per kg diet: vit. A, 10000 1.U; vit. D, 2000 I.1; vit. E, 25 mg; vit. K, 2 mg; Thiamine B1, 1.8 mg;
Riboflavin B2, 5 mg; Pyridoxine B6, 3.5 mg; Niacin, 28 mg; vit. B12 0.015 mg; Pantothenic acid, 7.5 mg; Folic acid, 0.75 mg; Biotin, 0.06 mg;
chlorine chloride, 300 mg; Manganese, 40 mg; Zinc, 30 mg; Iron, 20 mg; Copper, 3 mg; lodine, 1 mg; Selenium, 0.2 mg; Cobalt, 0.2 mg
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Table 3.2: Composition (%) of Experimental Diets (Experiment 2)

Ingredients 0%PM 50%WPM 50%WPM 100%WPM 100%WPM 50%GPM 50%GPM 100%GPM 100%GPM+EN
+EN + EN +EN
Maize 56.0 28.0 28.0 - - 28.0 28.0 - -
Pearl millet - 28.0 28.0 56.0 56.0 28.0 28.0 56.0 56.0
Soyabean meal 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0
Groundnut cake 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Maize offal 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Palm oil 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Limestone 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Bone meal 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vit. Premix* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Methionine 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Maxigrain - - 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
Calculated analysis
Crude protein (%) 19.6 20.3 20.3 21.0 21.0 20.3 20.3 21.0 21.0
ME (kcal/kg) 2889 2645 2645 2401 2401 2645 2645 2401 2401
Ether extract (%) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Crude fibre (%) 2.9 4.4 4.4 5.9 5.9 4.4 4.4 5.9 5.9
Calcium (%) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Phosphorus (%) 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lysine (%) 1.1 1.1 1.1 1.2 1.2 1.1 1.1 1.2 1.2
Methionine (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Feed cost(N/kg) 92.90 95.46 96.06 100.22 100.82 97.66 98.26 102.42 103.02

PM- pearl millet, WPM- whole pearl millet, GPM — ground pearl millet, EN — enzyme

*Biomix Layers premix supplied the following per kg diet; Vit.A, 100000iu; Vit.D3; 20000iu;Vit.E, 100iu; Vit.K, 20mg; ThiamineB1, 15mg;
RiboflavinB2, 40mg; PyridoxineB6, 15mg; Niacine, 150mg; Vit.B12, 0.01mg; Pantothenic acid, 50mg; Folic acid, 5mg; Biotin, 0.2mg; Choline
chloride, 2mg; Anti oxidant, 1.25g; Manganese, 0.8g; Zinc, 0.5g; Iron, 0.2g; Copper, 0.05g; lodine, 0.12g;Selenium, 2mg; Cobalt, 2mg.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Proximate Composition of the Experimental Diets
Tables 4.1, 4.2, 4.3 and 4.4 show the proximate composition of millet, mineral composition
of millet, proximate composition of the starter diet and proximate composition of the layer

diet respectively.

The proximate composition of the three samples of millet analyzed (table 4.1) revealed that it
has an average dry matter of 89.67% which is lower than the 96.25% reported by Medugu et
al.(2010) and 91% reported by NRC (1994). Its crude protein value (9.21%) is lower than
11.5% reported by Aduku (1993), 14% reported by NRC (1994) and 12-14% reported by
Garcia and Dale (2006) and Hidalgo et al. (2004). Its ether extract value (2.89%) less than
3.6%, 5.50% and 4% reported by Aduku (19933), Medugu et al.(2010) and NRC (1994)
respectively. Its nitrogen free extract content (79.95%) was higher than 68.40% reported by
Medugu et al.(2010). Its ash content (1.83%) is very much lower than the 3.2% reported by

Aduku (2003) and relatively close to the 2.25% reported by Medugu et al.(2010).
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Table 4.1: Proximate Chemical Compsition of Millet

Parameter Percentage
Sample 1* Sample 2* Sample 3* Average

Dry Matter 89.67 89.67 89.67 89.67
Crude Protein 9.19 8.98 9.46 9.21
Crude Fibre 6.29 6.13 5.96 6.13
Ether Extract 3.41 2.39 2.87 2.89
Ash 1.78 2.01 1.69 1.83
Nitrogen Free 79.33 80.49 80.02 79.95

Extract

* Three different samples of pearl millet were analyzed
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Table 4.2: Mineral Composition of Millet

Mineral Percentage
Calcium 0.072
Phosphorus 0.33
Potassium 0.32
Magnesium 0.095
Sodium 0.13
Manganese 0.0071
Zinc 0.016
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Table 4.3: Proximate composition (%) of feed samples (Experiment 1)

Parameter 0%PM 50%WPM  50%WPM 100%WP  100%WP  50%GPM 50%GPM 100%GPM  100%GP

50%M 50%M+EN M M+ EN 50%M 50%M+EN M+EN
Dry Matter 92.21 92.56 92.56 92.80 92.80 92.56 92.56 92.80 92.80
Crude Protein 25.04 26.25 26.25 27.45 27.45 26.25 26.25 27.45 27.45
Crude Fibre 8.65 8.94 8.94 9.75 9.75 8.94 8.94 9.75 9.75
Ether extract 5.32 5.22 5.22 5.01 5.01 5.22 5.22 5.01 5.01
Ash 9.44 111 111 11.15 11.15 111 111 11.15 11.15
Nitrogen free 51.55 48.49 48.49 46.64 46.64 48.49 48.49 46.64 46.64
extract

PM- pearl millet, WPM- whole pearl millet, GPM — ground pearl millet, EN — enzyme
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Table 4.4: Proximate composition (%) of feed samples (Experiment 2)

Parameter 0%PM  50%WPM 50%WPM  100%WPM 100%WPM  50%GPM  50%GPM 100%GPM 100%GPM+EN
50%M 50%M+EN + EN 50%M 50%M+EN

Dry Matter 92.56 91.17 91.17 92.70 92.70 91.17 91.17 92.70 92.70

Crude Protein 21.56 22.06 22.06 22.81 22.81 22.06 22.06 22.81 22.81

Crude Fibre 4.39 6.22 6.22 7.51 7.51 6.22 6.22 7.51 7.51

Ether extract 6.02 5.68 5.68 5.39 5.39 5.68 5.68 5.39 5.39

Ash 5.39 6.04 6.04 6.34 6.34 6.04 6.04 6.34 6.34

Nitrogen free extract 62.64 60.00 60.00 57.95 57.95 60.00 60.00 57.95 57.95

PM- pearl millet, WPM- whole pearl millet, GPM — ground pearl millet, EN — enzyme
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4.2.1 Effect of pearl millet inclusion level on the performance of growing Japanese quails
(2-6 weeks)

Growing Japanese quails fed 50 and 100% pearl millet had similar (P>0.05) final body
weight, weight gain, average daily weight gain, age at first lay, weight at first lay and weight
of first egg compared to the control (0% pearl millet) as shown in table 4.5. This agrees with
the findings of Davis et al. (2003) who observed that completely replacing maize with pearl
millet from 1 to 16 days and replacing 50% of maize with pearl millet from 0 to 42 days in
the diets of broilers did not had any adverse effect on their performance. The above results
also agreed with the findings of Reddy et al. (2006) who showed that when pearl millet
replaced maize part per part or isocalorically and isoproteinically the performance of chicks
was either comparable or better than that of chicks fed maize. In contrast, Hafeni (2013)
observed that broiler chickens fed pearl millet based diets gained significantly more weight
than those fed maize based diets. Tornekar et al. (2009) also reported that up to 50%
replacement of maize with pearl millet resulted in increased body weights of broilers. The
similarity of the above mean values obtained in the assessed parameters in this study could
likely be due to the level of metabolizable energy in the pearl millet which is close to that of

maize and its higher protein content compared to maize (Abubakar et al., 2006; Dale, 2006).

Total feed intake, average daily feed intake, feed conversion ratio, total feed cost and feed
cost/kg gain, were significantly affected (P<0.05) by varying levels of pearl millet inclusion.
Total feed intake and average daily feed intake were higher (P<0.05) for birds fed either of
the two levels of pearl millet (50 and 100%) when compared with that of the control group.
However, the two pearl millet inclusion levels were similar (P>0.05) with regard to these
performance parameters. The increase in total feed intake and average daily feed intake
observed in this study agrees with the findings of Tornekar et al. (2009), who observed that

broilers fed pearl millet as replacement for maize consumed more feed than those fed maize.
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The results of this study disagree with the of findings of Hafeni (2013) who observed that
replacement of maize with pearl millet had no significant effect on feed intake of broiler
chickens from 21 to 49 days of age. In the same vein, it was also observed in this study that
the feed conversion ratio of growing Japanese quails fed maize was superior (P<0.05) to that
of those fed the either levels (50% or 100%) of pearl millet. The two millet inclusion levels
had similar (P>0.05) feed conversion ratio. This agrees with the observation of Tornekar et
al. (2009) that broilers fed maize had lower feed conversion ratio than those fed pearl millet.
In contrast, Udeybir et al. (2009) reported similar feed conversion ratio both in 50% pearl
millet diet and 100% maize as fed to broilers. Hafeni (2013) also observed that replacement
of maize with pearl millet had no significant effect on feed conversion ratio of broiler
chickens from 21 to 49 days of age. The higher feed intake and feed conversion ratio with
increasing levels of pearl millet recorded in this study may be attributed to reduced energy
with increasing levels pearl millet inclusion (Tables 3.1 and 4.3). Under normal
circumstances, birds would eat to satisfy their energy needs and birds fed with low energy
diets compensate for the lower energy concentration by increasing feed intake (Akinola and
Sese, 2012). Also the results of proximate analysis of the experimental diets as showed
increase in crude fibre content with increase in pearl millet inclusion (table 4.3). Increase in
feed intake with increased levels of fibre in the diet has been reported by many researchers
(Mateos et al., 2012; Michard, 2011). Fibre usually dilutes the energy content (and other
nutrients) of diets and this increases feed intake (Michard, 2011). Apart from that, increased
dietary fibe generates physical distension of the walls of the gastro-intestinal tract, increasing
gastro-intestinal capacity and gut fill and these results in increased feed intake (Mateos et al.,

2012; Matthias and Hasan, 2003).
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Table 4.5: Main effect of Pearl Millet inclusion levels on the performance of growing Japanese quails

PEARL MILLET INCLUSION LEVEL

Control 50% 100% SEM*

PARAMETER

Initial weight (g/bird) 35.47 35.63 35.26 1.11
Final weight (g/bird) 129.49 135.66 137.54 2.86
Total weight gain (g/bird) 94.02 100.03 102.28 2.48
Average daily weight gain (g/bird) 3.36 3.57 3.65 0.09
Total feed Intake (g/bird) 307.30° 367.78° 372.53¢ 5.98
Average daily feed intake (g/bird) 10.97° 13.14° 13.30° 0.21
Feed conversion ratio 3.27° 3.68° 3.66" 0.06
Total feed cost (N/bird) 29.45° 36.38" 38.31° 0.65
Feed cost/kg gain (N) 313.31° 364.25° 376.39° 6.38
Age at first lay (days) 42.33 41.08 40.67 0.50
Weight at first lay (g/bird) 128.85 131.56 134.15 2.98
Weight of first egg (g) 7.33 7.75 7.50 0.23

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

* The SEM is for comparison between the 2 pearl millet inclusion levels. Comparison with the control was done using Dunnet’s test
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Total feed cost and feed cost/kg gain were higher (P<0.05) for birds fed either of the two
levels of pearl millet (50 and 100%) when compared with that of the control group. The two
millet inclusion levels had similar (P>0.05) total feed cost and feed cost/kg gain. The higher
total feed cost and feed cost/kg gain in the pearl millet fed groups is due to the price (as at
that time in the experimental location) of pearl millet which was higher than that of maize

(N96/kg vs. N70/kg) as well as the higher feed intake observed in the pearl millet fed groups.

4.2.2 Effect of pearl millet form on the performance of growing Japanese quails (2-6
weeks)

Results of the effect of pearl millet form on the performance of growing Japanese quails are
shown in table 4.6. Growing Japanese quails fed either ground or whole pearl millet
(unground) had similar (P>0.05) performance parameters. Hence, grinding of pearl millet had
no effect on the performance of growing Japanese quails. These results confirm the
observations of Dale (2006) which show that high levels of pearl millet can be fed in
unground form. It also agrees with the assertion of Biggs and Parsons (2009), that most
studies reported that the early growth of chickens is unaffected by the inclusion of a whole

grain.

Feeding either unground or ground pearl millet to growing Japanese quails as replacement for
maize significantly affected (P<0.05) total feed intake, average daily feed intake, feed
conversion ratio, total feed cost and feed cost/kg gain. Quails fed either unground or ground
pearl millet based diets have higher (P<0.05) total feed intake, average daily feed intake, feed
conversion ratio, total feed cost and feed cost/kg gain compared to those fed the control (0%
pearl millet). Since the two pearl millet forms (whole and ground) recorded similar (P>0.05)
performance parameters, the higher feed intake and feed conversion ratio of the pearl millet

fed groups compared to the control may as well be attributed to the reduced energy and
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higher fibre content of the pearl millet based diets which resulted in increased feed intake as
discussed earlier. These results however disagree with the findings of Hidalgo et al. (2004)
and U. K. C. A. G. (2012), who reported that feeding whole pearl millet seeds to broilers
resulted in feed conversion and weight gain equivalent to that of broilers fed standard maize-

soybean diet at the end of the starter, grower and finisher periods of age.

The higher (P<0.05) total feed cost and feed cost/kg gain is due to the higher feed intake as

well as the price of pearl millet which was higher than that of maize (N96/kg vs N70/kg).

4.2.3 Effect of enzyme supplementation of pearl millet based diets on the performance of
growing Japanese quails (2-6 weeks)

The result of the effect of enzyme supplementation on the performance of growing Japanese
quails is shown in table 4.7. Feeding pearl millet based diets with or without enzyme
supplementation to growing Japanese quails as replacement for maize affected (P<0.05) total
feed intake or average daily feed intake, feed conversion ratio, total feed cost and feed
cost/kg gain. Quails fed pearl millet based diets with or without enzyme supplementation
have higher (P<0.05) total feed intake, average daily feed intake, feed conversion ratio, total
feed cost and feed cost/kg gain compared to those fed the control (0% pearl millet). Growing
Japanese quails fed pearl millet based diets with enzyme have similar (P>0.05) performance
parameters with those fed the same diets without enzyme. Enzyme supplementation did not
improve any of the performance parameters of growing Japanese quails fed pearl millet based
diets. The results of this study show that enzyme supplementation in pearl millet based diets
may not be necessary. This agrees with the findings of Arumbackam et al. (2004) that
addition of feed enzymes to diets of growing Japanese quails did not improve growth

performance, feed intake and feed efficiency.
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Table 4.6: Main effect of Millet Form on the performance of growing Japanese quails

PEARL MILLET FORM

Control WPM GPM SEM*

PARAMETER
Initial weight (g/bird) 35.47 35.98 34.91 1.11
Final Weight (g/bird) 129.49 138.64 134.56 2.86
Total weight gain (g/bird) 94.02 102.65 99.65 2.48
Average daily Weight gain (g/bird) 3.36 3.67 3.56 0.09
Total feed Intake (g/bird) 307.30° 377.24° 363.07° 5.98
Average Daily feed intake (g/bird) 10.97° 13.47° 12.97° 0.21
Feed Conversion ratio 3.27° 3.69" 3.65" 0.06
Total Feed Cost (N/bird) 29.45° 37.65° 37.04° 0.65
Feed cost/kg gain (N) 313.31° 368.36° 372.28" 6.38
Age at first lay (days) 42.33 40.83 40.92 0.50
Weight at first lay (g/bird) 128.85 136.20 129.51 2.98
Weight of first egg (g) 7.33 7.67 7.58 0.23

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

WPM: whole pearl millet GPM: ground pearl millet

* The SEM is for comparison between the 2 pearl millet forms. Comparison with the control was done using Dunnet’s test
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Table 4.7: Main effect of Enzyme supplementation of pearl millet diets on the performance of growing Japanese quails

ENZYME
Control PM-EN PM+EN SEM*

PARAMETER
Initial weight (g/bird) 35.47 35.69 35.20 1.11
Final weight (g/bird) 129.49 136.12 137.02 2.86
Total weight gain (g/bird) 94.02 100.48 101.82 2.48
Average daily weight gain (g/bird) 3.36 3.59 3.64 0.09
Total feed Intake (g/bird) 307.30° 367.09° 373.22° 5.98
Average daily feed intake (g/bird) 10.97° 13.11° 13.33° 0.21
Feed conversion ratio 3.27° 3.66" 3.68° 0.06
Total feed cost (N/bird) 29.45° 36.92° 37.76° 0.65
Feed cost/kg gain (N) 313.31° 368.47° 372.17° 6.38
Age at firdt lay (days) 42.33 40.67 41.08 0.50
Weight at first lay (g/bird) 128.85 133.83 131.88 2.98
Weight of first egg (g) 7.33 7.50 7.75 0.23

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

PM-EN: pearl millet without enzyme PM+EN: pearl millet with enzyme

* The SEM is for comparison between the 2 pearl millet based diets. Comparison with the control was done using Dunnet’s test
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Generally, improvements obtained by the supplementation of enzymes in poultry feeds are
hinged on many factors, including the type and amount of cereal in the diet; the level of anti-
nutritional factors in the cereal (Munir and Magsood, 2013). Hence, improvement expected
and usually achieved with the use of currently available enzymes for wheat- or barley-based
diets is higher, or at least more consistent, than may be obtained with the use of same
enzymes for diets based on maize (Cowieson et al., 2006). Therefore, the pearl millet used in

this study did not respond significantly to enzyme supplementation.

Since enzyme supplementation did not affect any of the performance parameters, the higher
feed intake and feed conversion ratio of the pearl millet fed groups compared to the control
may as well be attributed to the reduced energy and higher fibre content of the pearl millet
based diets which resulted in increased feed intake as discussed earlier. The results of this
study are in conformity with the observation of Udeybir et al. (2009) who observed no
significant differences in feed intake and feed conversion ratio in the diets they fed PM to
broilers with or without enzyme. On the contrary, Manwar and Mandal (2009) reported that
the addition of enzymes to pearl-millet based diet improved the body weight gain of broiler
chickens. Also Alam et al. (2003) reported that growth rate, feed intake, feed conversion
were increased by addition of exogenous enzymes. Engberg et al. (2004) observed increased
body weights of birds fed diets supplemented with xylanase compared with birds fed non-
supplemented diets. There was no effect in body weight gain in male and female Japanese

quail due to different dietary treatments and enzyme supplementation (Attia et al., 2008).

4.2.4 Effect of the interaction between pearl millet form and enzyme supplementation on

the performance of growing Japanese quails (2-6 weeks)

There was no interaction between the forms (whole or ground) of pearl millet and enzyme

supplementation with respect to their influence on performance of growing Japanese quails.
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This finding was contrary to the observation of Engberg et al. (2004) who discovered a
significant interaction between wheat form and enzyme supplementation when whole wheat

was fed to broilers.

4.2.5 Effect of pearl millet inclusion level on the carcass characteristics of growing

Japanese quails (2-6 weeks)

Growing Japanese quails fed the two pearl millet inclusion levels had similar (P>0.05)
carcass weight, dressing percentage, gizzard weight, weight of proventriculus and liver
weight with the control (Table 4.8). However, growing Japanese quails fed 100% millet had a
heavier (P<0.05) intestine than that of quails fed maize. Both 50 and 100% millet fed groups
had similar (P>0.05) intestinal weights. The intestinal weights of quails fed 50% millet and
maize were also similar (P>0.05). Almost similar to these results is the observation of Davis
et al. (2003) who found that up to 50% pearl millet grain as replacement for maize in broiler
diets did not adversely affect carcass yields. Substituting yellow maize with pearl millet
resulted in similar dressing percentage, gizzard weights and intestinal weight but higher liver
weight (Rao et al., 2004). The higher intestinal proportion observed in this study in quails
fed the 100% pearl millet diet compared to the control (0% pearl millet) may be due to higher
fibre content of the pearl millet. Higher levels of fibre might have increased the physical
activity of digestive organs in an effort to grind and digest them resulting in hypertrophy or
hyperplacia of these organs (Rao et al., 2004). Matthias and Hasan (2003) explained that
switching from a standard diet to a high-fibre diet, increases the sizes of gizzard muscle and
small intestine of Japanese quails. In the small intestine, decreasing quality of the food may
be compensated by increasing intestinal length, circumference and surface magnification.

With increasing digestive load to the intestine we also expected the muscle layer to thicken.
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Table 4.8: Main effect of Pearl Millet inclusion level on the carcass characteristics of growing Japanese quails

PEARL MILLET INCLUSION LEVEL

Control 50% 100% SEM*
PARAMETER
Live weight (g/bird) 111.67 110.75 111.50 1.90
Carcass weight (g/bird) 78.00 76.67 75.83 1.33
Dressing percentage (%) 69.85 69.24 68.05 0.65

Weight of organs expressed as a percentage (%) of carcass weight

Gizzard 2.64 2.53 2.56 0.10
Proventriculus 0.35 0.41 0.40 0.014
Intestine 3.23P 3.68% 3.85° 0.15
Liver 1.39 1.35 1.37 0.10
b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

* The SEM is for comparison between the 2 pearl millet inclusion levels. Comparison with the control was done using Dunnet’s test
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4.2.6 Effect of pearl millet form on the carcass characteristics of growing Japanese quails

(2-6 weeks)

Growing Japanese quails fed either whole or ground pearl millet as replacement for maize
had similar carcass weight, dressing percentage, gizzard weight, weight of proventriculus and
liver weight but different intestinal weights (Table 4.9). Quails fed ground pearl millet as
replacement for maize recorded significantly higher (P<0.05) intestinal weight than quails fed
maize or whole pearl millet based diets. The intestinal weights of quails fed whole millet and
maize were statistically similar. Similar to these results, Umar Faruk et al. (2010a) reported
similar weights of duodenum and ileum, gizzard, liver pancreas and proventriculus when
whole pearl millet was fed to laying hens compared to the feeding of ground pearl millet. In
contrast to these results, Engberg et al. (2004) found that the relative weights of gizzard and
pancreas were influenced by the form of the wheat and was higher in birds fed whole wheat
compared with pellet-fed birds. Also gut development was higher when whole sorghum was
offered as a mash (loose mix) compared with a complete pelleted diet (Arroyo et al., 2012).
Dietary particle size is known to influence the avian digestive tract such that the gizzard

weight increases with increasing particle size (Garcia, 2006; Umar Faruk et al.,2010a).

4.2.7 Effect of enzyme supplementation of pearl millet based diets on the carcass

characteristics of growing Japanese quails (2-6 weeks)

Growing Japanese quails fed pearl millet with or without enzyme supplementation as
replacement for maize had similar carcass weight, dressing percentage and weights of gizzard
and liver. Enzyme supplementation affected the weights of proventriculus and intestine of
growing Japanese quails fed pearl millet as replacement for maize (Table 4.10). Quails fed
pearl millet without enzyme supplementation recorded proventricular weight higher (P<0.05)

than that of quails fed maize but similar to that of quails fed millet with enzyme
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supplementation. Quails fed either maize or millet with enzyme supplementation or maize
had similar proventricular weights. Quails fed millet with enzyme supplementation recorded
intestinal weight higher (P<0.05) than that of quails fed maize but similar to that of quails fed
millet without enzyme supplementation. Quails fed either maize or millet without enzyme
supplementation or maize had similar intestinal weights. Almost similar with the results of
this study, Rao et al. (2004) observed that enzyme supplementation of pearl millet diets as
replacement for maize did not affect the dressing percentage, gizzard, liver and intestinal
weights of broilers. Arumbackam et al. (2004) also observed no difference in carcass
characteristics as a result of enzyme supplementation. Attia et al. (2008) observed similar
percentages of dressed carcass, liver, gizzard, heart and pancreas of Japanese quails with or
without enzyme supplementation. In contrast, Engberg et al. (2004) observed that the
addition of xylanase resulted in a reduction of the weight of jejunum and ileum. Alam et al.
(2003) reported increased dressing percentage with addition of exogenous enzymes. The
higher percentages of the intestine observed in this study in quails fed the pearl millet without
enzyme supplementation compared to the control (0% pearl millet) may be due to higher
fibre content of the pearl millet based diets. Higher levels of fibre might have increased the
physical activity of digestive organs in an effort to grind and digest them resulting in
hypertrophy or hyperplacia of these organs (Rao et al., 2004). Enzyme supplementation
hence did reduce the load of increased fibre in pearl millet diets on the digestive organs as
quails fed that diet had similar gizzard, proventricular and intestinal weights. This was earlier
opined by Sheppy (2001) that the supplementation of animal feeds with enzymes is to
increase the efficiency of digestion and is an extension of the animal’s own digestive process.
Munir and Magsood (2013) advanced that one of the reasons of enzyme supplementation of
poultry diets is to increase the availability of nutrients that are enclosed within the fibre-rich

cell wall.
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Table 4.9: Main effect of Pearl Millet form on the carcass characteristics of growing Japanese quails

PEARL MILLET FORM

Control WPM GPM SEM*
PARAMETER
Live weight (g/bird) 111.67 110.17 112.08 1.90
Carcass weight (g/bird) 78.00 75.00 77.50 1.33
Dressing Percentage (%) 69.85 68.09 69.19 0.65

Weight of organs expressed as a percentage (%) of carcass weight

Gizzard 2.64 2.52 2.57 0.10
Proventriculus 0.35 0.40 0.41 0.014
Intestine 3.23 3.55% 3.97% 0.15
Liver 1.39 1.21 1.50 0.10
b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean
WPM: whole pearl millet GPM: ground pearl millet

* The SEM is for comparison between the 2 pearl millet forms. Comparison with the control was done using Dunnet’s test
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Table 4.10: Main effect of Enzyme supplementation of pearl millet diets on the carcass characteristics of growing Japanese quails

ENZYME

Control PM-EN PM+EN SEM*
PARAMETER
Live weight (g/bird) 111.67 110.50 111.75 1.90
Carcass weight (g/bird) 78.00 76.42 76.08 1.33
Dressing Percentage (%) 69.85 69.17 68.12 0.65
Weight of organs expressed as a percentage (%) of carcass weight
Gizzard 2.64 2.58 2.51 0.10
Proventriculus 0.35" 0.42? 0.39% 0.014
Intestine 3.23P 3.87° 3.65% 0.15
Liver 1.39 1.44 1.27 0.10

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

PM-EN: pearl millet without enzyme PM+EN: pearl millet with enzyme

* The SEM is for comparison between the 2 pearl millet based diets. Comparison with the control was done using Dunnet’s test
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4.2.8 Effect of pearl millet inclusion level on the performance of laying Japanese quails (8-

20 weeks)

The results of the effect of millet inclusion level on the performance of laying Japanese quails
are shown in table 4.11. Laying Japanese quails fed either 50% or 100% pearl millet had
similar (P>0.05) final weight, weight change, hen day egg production, hen housed egg
production and feed conversion ratio compared to the control (0% pearl millet). This agrees
with the observation of Seema et al. (2007) who reported that there was no significant effect
on egg production and feed conversion ratio (kg of feed/dozen eggs) in quails by replacing
maize with pearl millet. Collins et al. (1997), also found that dietary treatment had no effect
on body weight gain, egg production, feed conversion (feed per dozen eggs or feed per gram
of egg) and mortality of laying hens at different levels of maize substitution (0, 50 or 100%)
by pearl millet. Similarly, inclusion of pearl millet in the diet at the expense of maize did not
significantly influence hen-day egg production, feed efficiency and body weight of laying
hens as observed by Kumar et al. (1991). Abd-ElRazig, (1997) found that egg production,
feed consumption and feed conversion ratio were not affected by replacing maize with pearl
millet in the diets of laying hens. Faruk (2010) observed no difference in body weight with
reduced egg production and improved feed efficiency when laying hens were fed millet-based
diet in place of the maize-based diet. Also contrary to the results of this study Filardi et al.
(2005) observed linear decrease in egg production with increasing levels of pearl millet as
replacement for millet. Umar Faruk et al. (2010b) observed similar body weight gain with
increased egg production and feed efficiency when maize was replace with pearl millet in the
diet of laying hens. Diets containing up to 60% pearl millet had no effect on egg production,

feed conversion and final body weight (Singh and Perez-Maldonado, 1999).
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Table 4.11: Main effect of pearl millet inclusion level on the performance of laying Japanese quails

PEARL MILLET INCLUSION LEVEL

Control 50% 100% SEM*
PARAMETER
Initial weight (g/bird) 169.44 168.75 171.53 1.40
Final weight (g/bird) 172.22 171.53 175.69 1.62
Weight change (%) 1.47 1.35 1.62 0.49
Total Feed Intake (g/bird) 1996.67" 2144.44° 2220.14° 26.37
Daily feed intake (g/bird) 25.93 27.85° 28.83° 0.35
Hen day egg production (%) 81.53 83.21 84.69 2.24
Hen housed egg production (%) 81.53 82.97 84.46 2.25
Feed cost/dozen eggs (N) 35.69" 39.29% 41.58° 1.21
Egzgj Conversion ratio g/dozen 38421 405.77 409 34 1239
Mortality 0.00 1.39 2.78 1.50

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

* The SEM is for comparison between the 2 pearl millet inclusion levels. Comparison with the control was done using Dunnet’s
test
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The similarity of the above mean values obtained in the assessed parameters in this study
could likely be due to the level of metabolizable energy in the pearl millet which is close to
that of maize and its higher protein content compared to maize (Abubakar et al., 2006; Dale,
2006).

Total feed intake, average daily feed intake and feed cost/dozen eggs were significantly
affected (P<0.05) by pearl millet inclusion in the diet of laying Japanese quails. Laying
Japanese quails fed 100% pearl millet recorded the highest (P<0.05) total feed intake and
average daily feed intake than quails fed 50% pearl millet which were also higher than the
control (0% pearl millet). In line with this result, Singh and Perez-Maldonado (1999)
observed that laying hens consuming pearl millet (400 g/kg) had significantly higher feed
intake (P<0.05) than birds fed control diets. Contrary to these, Faruk (2010) observed that
average daily feed intake was not significantly different between the treatments fed maize-
based and those fed millet-based complete diet. Filardi et al. (2005) reported conflicting
result with regards to feed intake. They observed reduced feed intake when pearl millet
replaces maize until a replacement level of 64.18% and increased feed intake afterwards.
However, when pearl millet was not added (0%) or when maize was completely replaced by
pearl millet (100%), there were no effects on feed intake. On the contrary, Kumar et al.
(1991) and Umar Faruk et al. (2010b) observed no difference in feed intake with the
inclusion of pearl millet at the expense of maize in the diet of laying hens. Collins et al.
(1997), also found that dietary treatment had no effect on feed intake of laying hens at
different levels of maize substitution (0, 50 or 100%) by pearl millet. The higher feed intake
with increasing levels of pearl millet recorded in this study may be attributed to reduced
energy with increasing levels pearl millet inclusion (Tables 3.1 and 4.3). Under normal
circumstances, birds would eat to satisfy their energy needs and birds fed with low energy

diets compensate for the lower energy concentration by increasing feed intake (Akinola and
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Sese, 2012). Also the results of proximate analysis of the experimental diets showed increase
in crude fibre content with increase in pearl millet inclusion (table 4.4). Increase in feed
intake with increased levels of fibre in the diet has been reported by many researchers
(Michard, 2011; Mateos et al., 2012). High fibre content in the diet is usually correlated with
dietary energy depression Fibre usually dilutes the energy content and birds need to increase
intake in order to obtain enough energy to maintain production (Singh and Perez-Maldonado,
1999; Michard, 2011). Apart from that, increased dietary fibre generates physical distension
of the walls of the gastro-intestinal tract, increasing gastro-intestinal capacity and gut fill and
these results in increased feed intake (Matthias and Hasan, 2003;Mateos et al., 2012).

Laying Japanese quails fed 100% pearl millet had higher (P<0.05) feed cost/dozen eggs
compared to the control (0% pearl millet). Laying Japanese quails fed 50% pearl millet had
similar (P>0.05) feed cost/dozen eggs compared to that of both the 100% pearl millet fed
groups and the control group (0% pearl millet). This result is contrary to the observation of
Filardi et al. (2005) that pearl millet levels had no significant effect on production costs per
egg mass (kg) or per dozen eggs. Kumar et al. (1991) had a different observation that profits
from egg sales over feed cost being directly proportional to the inclusion of pearl millet in the

diet.

4.2.9 Effect of pearl millet form on the performance of laying Japanese quails

The result of the effect of pearl millet form on the performance of laying Japanese quails is
shown in table 4.12. Pearl millet form did not influence (P>0.05) final weight, weight change,
hen day egg production, hen housed egg production and feed conversion ratio of laying
Japanese quails fed either whole or ground pearl millet as replacement for maize. This
conforms to the observations of Garcia and Dale (2006) who reported that laying hens can
utilize whole pearl millet when used at moderate levels of inclusion without apparent effect

on egg production.
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Table 4.12: Main effect of pearl millet form on the performance of laying Japanese quails

PEARL MILLET FORM

Control WPM GPM SEM*

PARAMETER
Initial weight (g/bird) 169.44 171.11 170.14 1.40
Final weight (g/bird) 172.22 170.83 176.39 1.62
Weight change (%) 1.47 0.91 2.90 0.49
Total Feed Intake (g/bird) 1996.67° 2245.14° 2119.44° 26.37
Daily feed intake (g/bird) 25.93° 29.16° 27.53° 0.35
Hen day egg production (%) 81.53 83.35 84.55 2.24
Hen housed egg production (%) 81.53 83.26 84.17 295
Feed cost/dozen eggs (N) 35.69" 41.37° 39.50% 1.21
Feed Conversion ratio g/dozen eggs 384.21 421.41 393.70 12.39
Mortality 0.00 2.78 1.39 1.50

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

WPM: whole pearl millet GPM: ground pearl millet

* The SEM is for comparison between the 2 pearl millet forms. Comparison with the control was done using Dunnet’s test

53



Faruk (2010) also observed similar hen day egg production and feed efficiency between
laying hens fed whole pearl millet and ground millet based diets. He however on the contrary
observed lower body weight gain for laying hens fed whole pearl millet than those fed the
ground pearl millet diet. Bennett and Classen (2003) observed that feeding 60% whole barley
with a mash concentrate reduced egg production and feed efficiency and increased body
weight gain. Similar egg production, feed conversion ratio and body weight were observed by
Umar Faruk et al. (2010a) when they fed a whole wheat (loose-mix) diet in place of maize
based diet to laying hens.

However, total feed intake and average daily feed intake were significantly affected (P<0.05)
by pearl millet form. All the treatments have statistically different feed intakes. Laying
Japanese quails fed whole pearl millet had the highest feed intake followed by that of quails
fed ground pearl millet. Those receiving the control (0% pearl millet) had the least feed
intake. Higher pearl millet intake in whole pearl millet fed groups may be attributed to the
feed particle selection compared to ground pearl millet fed groups. Increasing particle size
increases feed intake (Umar Faruk et al., 2010a). Reduced energy and increased fibre content
of the pearl millet based diets (Tables 3.2 and 4.4) is likely the cause of their increased intake
relative to the control as explained earlier. This is contrary to the report of Faruk (2010) that
feed intake was not significantly affected when ground pearl millet was replaced by whole
pearl millet in feeding laying hens. Garcia and Dale (2006) observed no effect on feed intake
when they fed either whole or ground pearl millet to laying hens. However, they fed only
10% pearl millet as opposed to the 50% or 100% fed in this study. With respect to whole
grain feeding, Umar Faruk et al. (2010a) observed similar average total feed intake when they
fed whole wheat (loose mix) and conventional maize based diet. On the other hand, Bennett
and Classen (2003) observed that feeding 60% whole barley increased feed intake of laying

hen compared to the feeding of ground barley.
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Feed cost per dozen eggs was significantly (P<0.05) affected by pearl millet form. Laying
Japanese quails fed whole pearl millet had higher (P<0.05) feed cost per dozen eggs than that
of quails fed the control (0% pearl millet). Quails fed ground pearl millet had similar feed
cost per dozen eggs with those fed either whole pearl or the control. This is as a result of the
feed intake of whole pearl millet as well as the cost of pearl millet which were higher than
those of the control. Also the increased intake, while maintaining similar egg production and
feed conversion ratio, resulted in an increased cost of feed per dozen eggs compared to the
feeding of whole pearl millet and maize (control). This contradicts the suggestion of Garcia
and Dale (2006) that laying hen producers should use pearl millet as an alternative grain as a
strategy to reduce feed cost. It also contradicts the suggestion of Summers (1996) that the use
of larger particle size for the grain component of a diet would result in a significant saving in

the energy cost of grinding.

4.2.10 Effect of enzyme supplementation of pearl millet based diets on the performance of
laying Japanese quails (8-20 weeks)

The result of the effect of enzyme supplementation on the performance of laying Japanese
quails is shown in table 4.13. Laying Japanese quails fed pearl millet with or without enzyme
supplementation as replacement for maize had similar (P>0.05) final weight, weight change,
hen day egg production, hen housed egg production, feed cost per dozen eggs and feed
conversion ratio compared to those fed the control. Arumbackam et al. (2004) observed that
egg production did not differ because of enzyme supplementation and hence concluded that
addition of feed enzymes to conventional diets containing varying levels of maize, soyabean
meal may not be beneficial to improve growth and egg production performance of Japanese
quails. Attia et al. (2008) also observed similar feed conversion ratio with or without enzyme

supplementation in the diet of laying Japanese quails.
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Table 4.13: Main effect of enzyme supplementation of pearl millet diets on the performance of laying Japanese quails

ENZYME

Control PM-EN PM+EN SEM*
PARAMETER
Initial weight (g/bird) 169.44 168.75 171.53 1.40
Final weight (g/bird) 172.22 173.61 173.61 1.62
Weight change (%) 1.47 1.84 1.13 0.49
Total Feed Intake (g/bird) 1996.67° 2157.64° 2206.9° 26.37
Average daily feed intake (g/bird) 25.93° 28.02° 28.66° 0.35
Hen day egg production (%) 81.53 82.74 85.16 2.24
Hen housed egg production (%) 81.53 82.59 84.84 295
Feed cost/dozen eggs (N) 35.69" 40.51° 40.36° 1.21
Feed Conversion ratio g/dozen eggs 384.21 409.68 405.43 12.39
Mortality 0.00 1.39 2.78 1.50

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05)

PM-EN: pearl millet without enzyme

* The SEM is for comparison between the 2 pearl millet based diets. Comparison with the control was done using Dunnet’s test

PM+EN: pearl millet with enzyme
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A significant (P<0.05) increase in total feed intake and average daily feed intake of laying
Japanese quails fed pearl millet based diets with or without enzyme supplementation as
replacement for maize was observed in this study. Laying Japanese quails fed either pearl
millet with or without enzyme supplementation recorded higher (P<0.05) total feed intake

and average daily feed intake compared to the control (0% pearl millet).

Feed cost per dozen eggs was significantly higher (P<0.05) when laying Japanese quails were
fed pearl millet with or without enzyme supplementation compared to the feeding of the
control (0% pearl millet). This is because the feed intake of pearl millet based diets with or
without enzyme supplementation and the cost of pearl millet which were higher than those of
maize. The increased feed intake and cost, while maintaining similar egg production and feed
conversion ratio, resulted in an increased cost of feed per dozen eggs of the pearl millet (with

or without enzyme supplementation) fed groups compared the control fed groups.

Laying Japanese quails fed pearl millet based diets with enzyme have similar (P>0.05)
performance parameters with those fed the same diets without enzyme. Enzyme
supplementation did not improve any of the performance parameters of laying Japanese
quails fed pearl millet based diets. As stated earlier, 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 and the level of anti-nutritive factor in the cereal, which can vary within a
given cereal (Munir and Maqgsood, 2013). Response to enzyme supplementation in diets of
poultry depends on the type of the cereal. With laying performance more improved in barley
based diets than for wheat and maize based diets. Feed conversion ratio was also improved
for wheat, barley and maize diets in the same order. Feed cost can therefore be saved using
enzyme (Geraert and Dalibard, 2003; Cowieson et al., 2006). The results of this study show
that enzyme supplementation in pearl millet based diets may not be necessary. Since enzyme

supplementation did not affect any of the performance parameters, the higher feed intake of
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the pearl millet fed groups compared to the control may be attributed to the higher fibre

content of the pearl millet which resulted in increased feed intake as discussed earlier.

4.2.11 Effect of the interaction between pearl millet form and enzyme supplementation on
the performance of laying Japanese quails (8-20 weeks)
There was no interaction between the form (whole or ground) of pearl millet and enzyme

supplementation with respect to their influence on performance of laying Japanese quails.

4.2.12 Effect of pearl millet inclusion level on the external and internal egg quality
characteristics of laying Japanese quails (8-20 weeks)

The effect of pearl millet inclusion level on external and internal egg quality characteristics of
laying Japanese quails is shown in table 4.14. Laying Japanese quails fed 50 and 100% pearl
millet had similar (P>0.05) egg shape index, shell weight, shell percentage, aloumen weight

and yolk weight when compared to the control (0% pearl millet).

Egg weight of laying quails fed 100% pearl millet was significantly (P<0.05) higher than that
of the control group (0% pearl millet) but similar to the 50% pearl millet fed group. Quails
fed the control diet (0% pearl millet) and 50% pearl millet produced eggs with similar

(P>0.05) weights.

Albumen percentage was higher (P<0.05) for quails fed 50% pearl millet compared with the
100% pearl millet group. Quails fed either 50% or 100% pearl millet had similar (P>0.05)
albumen percentage with the control. Yolk percentage was also affected (P<0.05) by the
varying pearl millet inclusion levels. The control (0% pearl millet) diet has higher yolk
percentage than the 100% pearl millet diet. Quails fed 50% pearl millet had similar (P>0.05)
yolk percentage with either the 100% pearl millet diet or the control. Shell thickness was
lower (P<0.05) for the control diet than either of the two pearl millet inclusion levels (50% or
100%).
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Table 4.14: Main effect of Pearl Millet inclusion level on the External and Internal egg quality characteristics of laying Japanese quails

INCLUSION LEVEL

Control 50% 100% SEM*
PARAMETER
Egg weight (q) 9.16° 9.50%° 9.67° 0.08
Egg shape index 77.56 77.98 78.74 0.50
Shell weight (g) 1.20 1.35 1.23 0.60
Shell percentage 13.08 14.18 12.78 0.50
Albumen weight (g) 4.35 4.62 4.30 0.20
Albumen percentage 47.49% 48.63° 44.45° 1.14
Yolk weight (g) 2.91 2.78 2.75 0.07
Yolk percentage 31.81° 29.31% 28.46" 0.70
Shell thickness (mm) 0.103" 0.126° 0.130° 0.004
Haugh unit 61.99° 61.01° 60.84° 0.17

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

* The SEM is for comparison between the 2 pearl millet inclusion levels. Comparison with the control was done using Dunnet’s test
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The two pearl millet inclusion levels (50% or 100%) have similar (P>0.05) shell thickness.
Haugh unit was higher (P<0.05) for the control diet than either of the two pearl millet
inclusion levels (50% or 100%). The two pearl millet inclusion levels (50% or 100%) have
similar (P>0.05) Haugh unit. Earlier works on the replacement of maize with pearl millet
reported a variety of effects on egg quality parameters. Similar to these results, increase in
egg weight of laying hens was observed by Faruk (2010) when maize was replaced
completely with pearl millet. On the contrary, Faruk (2010) observed no statistical difference
between the egg yolk, egg albumen and eggshell of pearl millet and maize based diets. Also
replacing 50% or more of maize with pearl millet in the diet of laying hens increased their
eggshell percentage, decreased their egg weight and did not alter their shell thickness and
Haugh unit as observed by Filardi et al. (2005). Egg weight, yolk weight, and percentage
yolk of laying hens were unaffected by diet when maize was replaced with pearl millet
(Collins et al., 1997). Egg weight showed a tendency to improve with diets providing pearl
millet compared to maize (Kumar et al., 1991). Umar Faruk et al. (2010b) observed increased
egg weight and egg mass when maize was replaced with pearl millet in the diet of laying
hens. Diets containing up to 60% pearl millet had no effect on egg weight and egg mass
(Singh and Perez-Maldonado, 1999). Similar egg weights with increased shell thickness and
reduced albumen height was observed in eggs laid by hens fed pearl millet as replacement for
maize by Abd-EIRazig (1997). Lower egg weight was observed when maize was completely
(Amini and Ruiz-Feria, 2008) or partially (Mehran et al., 2010) replaced with pearl millet.
However in this study, it might be assumed that higher egg weight might be related to the
additional supply of protein in the pearl millet-based diet. Leeson and Summers (2005)
explained an obvious linear relationship between increased egg size and increased protein
intake. The Haugh unit of Japanese quails obtained in this study has met the minimum

requirement of Haugh unit for eggs reaching the consumer which is 60 (Roberts, 2010). The
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decrease in Haugh unit with pearl millet inclusion might be as a result of the increase in
protein content in the pearl millet based diets. This agrees with the report of Roberts (2010)
who reported that albumen quality decreases with increasing dietary protein and amino acid

content.

4.2.13 Effect of millet form on the external and internal egg quality characteristics of laying
Japanese quails (8-20 weeks)

The effect of pearl millet form on external and internal egg quality characteristics of laying
Japanese quails is shown in table 4.15. Laying Japanese quails fed either whole, ground pearl
millet or the control had similar (P>0.05) egg shape index, shell weight, shell percentage,
albumen weight, albumen percentage and yolk weight. Egg weight of quails fed either whole
or ground pearl millet was significantly (P<0.05) higher than that of the control. The egg
weights of quails fed whole or ground pearl millet were similar (P>0.05). Laying Japanese
quails fed the control had higher yolk percentage (P<0.05) than those fed ground pearl millet.
The yolk percentage of the quails fed whole pearl millet was similar (P>0.05) to that of
control and ground pearl millet group. Feeding of whole pearl millet resulted in higher
(P<0.05) shell thickness compared to feeding ground pearl millet or the control. Quails fed
ground pearl millet or the control have similar (P>0.05) shell thickness. Haugh unit was
higher (P<0.05) for the control diet than either of the two pearl millet forms (whole or

ground). The two pearl millet forms (whole or ground) have similar (P>0.05) Haugh unit.

From the above results it can be seen that there were no significant differences in egg quality
parameters considered in these study between quails fed whole pearl millet and the quails fed

ground pearl millet, except for shell thickness.
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Table 4.15: Main effect of Millet Form on the External and Internal egg quality characteristics of laying Japanese quails

PEARL MILLET FORM

Control WPM GPM SEM*
PARAMETER
Egg weight (g) 9.16 9.62° 9.55% 0.08
Egg shape index 77.56 77.86 78.86 0.50
Shell weight (g) 1.20 1.30 1.28 0.60
Shell percentage 13.08 13.52 13.44 0.50
Albumen weight (g) 4.35 4.62 4.29 0.20
Albumen percentage 47.49 48.11 44.97 1.14
Yolk weight (g) 2.91 2.79 2.74 0.07
Yolk percentage 31.81° 29.07% 28.69" 0.70
Shell thickness (mm) 0.103" 0.143° 0.113" 0.004
Haugh unit 61.99° 61.01° 60.83" 0.17
b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean
WPM: whole pearl millet GPM: ground pearl millet

* The SEM is for comparison between the 2 pearl millet forms. Comparison with the control was done using Dunnet’s test
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When comparing whole or ground pearl millet as fed to laying hens, Faruk (2010) observed
similar egg and albumen weights, but heavier yolk and eggshell for whole millet fed hens
compared to ground pearl millet. Similarly, the average egg mass, egg weight, eggshell
weight (g and %), albumen weight (both in g and %) and yolk weight of loose-mix and
control were not statistically different (Umar Faruk et al., 2010a). With reference to feeding
whole grains, Bennett and Classen (2003) found that feeding 60% whole barley increased egg
weight. Increased shell thickness in whole pearl millet compared to feeding ground pearl
millet or the control obtained in this study might be due to prolonged retention time in the
whole pearl millet fed groups. It has been ascertained that larger particles are retained in
gizzard for a prolonged period of time. This retention allows calcium to dissolve slowly and
enter the intestine at a slow rate and make calcium available during the period of shell

formation (Pavlovski et al., 2000).

4.2.14 Effect of enzyme supplementation of pearl millet based diets on the external and

internal egg quality characteristics of laying Japanese quails (8-20 weeks)

The result of the effect of enzyme supplementation on the external and internal egg quality

characteristics of laying Japanese quails is shown in table 4.16.

Laying Japanese quails fed pearl millet with or without enzyme supplementation had similar
(P>0.05) egg shape index, shell weight, shell percentage, albumen weight, albumen
percentage and yolk weight with those fed the control. Quails fed pearl millet with enzyme
had heavier (P<0.05) eggs than quails fed the control. While quails fed pearl millet without
have egg weight similar (P>0.05) to those fed either pearl millet with enzyme or the control.
Laying Japanese quails fed the control had higher yolk percentage (P<0.05) than those fed
pearl millet without enzyme. The yolk percentage of the quails fed pearl millet with enzyme

was similar (P>0.05) to that of quails fed control and quails fed pearl millet without enzyme.
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The shell thickness of laying Japanese quails fed pearl millet with or without enzyme
supplementation was higher (P<0.05) than that quails fed the control. Quails fed pearl millet
with enzyme and those fed pearl millet without enzyme have similar (P>0.05) shell thickness.
Haugh unit of quails fed the control was higher (P<0.05) than that of quails fed either pearl
millet with enzyme or without enzyme supplementation. Quails fed pearl millet with or

without enzyme supplementation had similar (P>0.05) Haugh unit.

From the above results, laying Japanese quails fed pearl millet with enzyme or without
enzyme supplementation had similar egg quality parameters. Hence the addition of enzymes
in pearl millet diet as replacement for maize might not be necessary as most of the
improvements were not significant. 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
and the level of anti-nutritive factor in the cereal, which can vary within a given cereal
(Geraert and Dalibard, 2003; Munir and Magsood, 2013). Barley and wheat based diets show
more improvement than wheat and maize based diets (Geraert and Dalibard, 2003).
Improvement expected and usually achieved via the use of currently available enzymes for
wheat- or barley-based diets is higher, or at least more consistent, than may be anticipated via
the use of same enzymes for diets based on maize (Cowieson et al., 2006). Contrary to the
findings of this study, no significant effect of enzyme supplementation was observed on egg
characteristics by Geraert and Dalibard (2003). Similar to the results of this study, Shehab et
al. (2012) reported increased egg weight, yolk weight and shell thickness of laying Japanese
quails with enzyme supplementation. Albumen weight, shell weight and egg shape index
were not affected by enzyme supplementation (Shehab et al., 2012). Attia et al. (2008)
reported that egg shape index, yolk percentage, aloumen percentage, Haugh unit score and
other shell quality criteria were not significantly affected by enzyme supplementation.

However, they observed that enzyme supplementation improved shell thickness.
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Table 4.16: Main effect of Enzyme supplementation of pearl millet diets on the External and Internal egg quality characteristics of laying

Japanese quails

ENZYME SUPPLEMENTATION

Control PM-EN PM+EN SEM*

PARAMETER
Egg weight (g) 9.16° 9.47%° 9.70° 0.08
Egg shape index 77.56 78.00 78.71 0.50
Shell weight (g) 1.20 1.27 1.31 0.60
Shell percentage 13.08 13.40 13.55 0.50
Albumen weight () 4.35 4.35 4.57 0.20
Albumen percentage 47.49 45.90 47.19 1.14
Yolk weight (g) 2.91 2.67 2.86 0.07
Yolk percentage 31.81° 28.22° 29.54% 0.70
Shell thickness (mm) 0.103" 0.129° 0.126° 0.004
Haugh unit 61.99° 61.07° 60.78" 0.17

b.¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

PM-EN: pearl millet without enzyme PM+EN: pearl millet with enzyme

* The SEM is for comparison between the 2 pearl millet based diets. Comparison with the control was done using Dunnet’s test
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The improvement in shell thickness of enzyme supplemented diet could be due to the
improvement in the utilization of mineral complexes in the cell wall (Attia et al., 2008). In
this study, addition of enzymes to pearl millet based diets did not improve shell thickness.
This was contrary to the effect of enzyme on shell thickness in wheat and barley based diets.
Addition of enzymes improved shell quality for wheat and barley based diets (Roberts, 2010).
Also a reduction in Haugh unit was not observed with the addition of enzyme as quails fed
pearl millet with or without enzyme supplementation had similar Haugh unit. However, there
were reports of reduction in Haugh unit with enzymes supplementation of wheat and barley

based diets (Roberts, 2010).

4.2.15 Effect of pearl millet inclusion level on the nutrient digestibility of laying Japanese
quails (8-20 weeks)

The effect of pearl millet inclusion level on the nutrient digestibility of laying Japanese quails
is shown in table 4.17. The crude protein digestibility of laying Japanese quails fed 50% pearl
millet was significantly higher (P<0.05) than that of the control (0% pearl millet). Quails fed
100% pearl millet had similar (P>0.05) crude protein digestibility with both the 50% pearl
millet fed group and those fed the control. Laying Japanese quails fed 50 and 100% pearl
millet had similar (P>0.05) crude fibre digestibility, ether extract digestibility, ash
digestibility and nitrogen free extract digestibility compared to the control (0% pearl millet).
As found in this study, Baurhoo et al. (2010) observed crude protein digestibility between
broilers fed pearl millet and maize. Also similar with the ash digestibility obtained in this
study, Chiripasi et al. (2013) observed that pearl millet can replace maize in guinea fowl diets

without negatively affecting mineral retention.
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Table 4.17: Main effect of Pearl Millet inclusion level on the Nutrient Digestibility (%) of Laying Japanese quails

INCLUSION LEVEL

Control 50% 100% SEM*

PARAMETER

Crude Protein (%) 79.94° 84.45° 83.38%° 1.31
Crude Fibre (%) 62.90 55.92 52.39 3.73
Ether extract (%) 91.50 92.99 91.65 0.61
Ash (%) 79.73 82.04 78.64 1.76
Nitrogen free extract (%) 70.29 73.80 71.51 2.11

b ¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean

* The SEM is for comparison between the 2 pearl millet inclusion levels. Comparison with the control was done using Dunnet’s
test
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4.2.16 Effect of pearl millet form on the nutrient digestibility of laying Japanese quails (8-20
weeks)

The effect of pearl millet form on the nutrient digestibility of laying Japanese quails is shown
in table 4.18. The crude protein digestibility of laying Japanese quails fed whole pearl millet
was higher (P<0.05) than that of the control. Quails fed ground pearl millet had similar
(P>0.05) crude protein digestibility with both the whole pearl millet and the control fed
groups. Quails fed the control digest crude fibre better (P<0.05) than those fed ground pearl
millet. While those fed whole pearl millet have similar (P>0.05) crude fibre digestibility to
those of the ground pearl millet or the control. Ether extract digestibility was highest
(P<0.05) for the whole pearl millet fed quails followed by those fed the control and the least
was for those fed ground pearl millet. Ash digestibility was higher (P<0.05) in the whole
pearl millet based diet compared to the ground pearl millet based diet. The control has similar

(P>0.05) ash digestibility with both the whole pearl millet and ground pearl millet diets.

Laying Japanese quails fed whole pearl millet and ground pearl millet had similar (P>0.05)
nitrogen free extract digestibility compared to the control. This is contrary to the report of
Garcia (2006) who observed that digestibility of starch was slightly, but significantly,
improved when whole millet was incorporated into the diet. Leeson and Summers, (2005),
Enberg et al. (2004) and Svihus et al. (2004) reported increased starch digestibility in birds
fed with whole grains. Biggs and Parsons, (2009) also observed that at 7d and 21d chicks fed
10% whole barley had an improved digestibility of most amino acids when compared with
chicks fed the maize-soyabean meal diet and that at 21d, whole sorghum had little positive
effect on amino acids digestibility. The improvement in nutrients’ digestibility was hinged to
increased gizzard size and function as reported by these authors. This stimulation might not
have occurred or was not significant in this study as feeding whole pearl millet did not affect

gizzard weight (table 4.9).
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Table 4.18: Main effect of Pearl millet form on the Nutrient Digestibility (%) of Laying Japanese quails

PEARL MILLET FORM

Control WPM GPM SEM*

PARAMETER

Crude Protein (%) 79.94° 85.81° 82.01%° 1.31

Crude Fibre (%) 62.90° 59.37% 48.94° 3.73

Ether extract (%) 91.50" 93.81° 90.84° 0.61

Ash (%) 79.73%° 84.65 76.04° 1.76

Nitrogen free extract (%) 70.29 75.09 70.22 2.11
2b.¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean
WPM: whole pearl millet GPM: ground pearl millet

* The SEM is for comparison between the 2 pearl millet forms. Comparison with the control was done using Dunnet’s test
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4.2.17 Effect of enzyme supplementation of pearl millet diets on the nutrient digestibility
(%) of laying Japanese quails (8-20 weeks)

The effect of enzyme supplementation of pearl millet diets on the nutrient digestibility (%) of
laying Japanese quails is shown in table 4.19. Laying Japanese quails fed pearl millet without
enzyme, pearl millet with enzyme or the control (0% pearl millet) had similar (P>0.05) crude
protein digestibility, crude fibre digestibility, ether extract digestibility, ash digestibility and
nitrogen free extract digestibility. In accordance with this result, Arumbackam et al. (2004)
observed that enzyme supplementation did not influence crude protein digestibility and
energy metabolizability. Contratry to the findings of this study, Baurhoo et al. (2011)
discovered supplemention of pearl millet diets with enzyme increased crude protein
digestibility in broilers chickens. Manwar and Mandal (2009) also found that enzymes

supplementation may improve the utilization of pearl millet by broiler chickens.
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Table 4.19: Main effect of Enzyme supplementation of pearl millet diets on the Nutrient Digestibility (%) of Laying Japanese quails

ENZYME
Control PM-EN PM+EN SEM*
PARAMETER
Crude Protein (%) 79.94 84.45 83.38 1.68
Crude Fibre (%) 62.90 55.92 52.39 4.68
Ether extract (%) 91.50 93.00 91.65 0.98
Ash (%) 79.73 82.03 78.64 2.89
Nitrogen free extract (%) 70.29 73.80 71.51 2.45
2b.¢ means in a row with no common superscript(s) differ significantly (P<0.05) SEM - standard error of mean
PM-EN: pearl millet without enzyme PM+EN: pearl millet with enzyme

* The SEM is for comparison between the 2 pearl millet based diets. Comparison with the control was done using Dunnet’s test
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1 Summary
This study was conducted with a view to reduce feed cost through feeding whole grains to
Japanese quails, increase the feed ingredient base of Japanese quails and also literature on the
use of pearl millet as energy source for Japanese quails. The aim of the study was to
determine the effect of pearl millet inclusion level, pearl millet form and enzyme

supplementation of pearl millet diets on the performance of Japanese quails.

Proximate analyses of pearl millet and that of different samples of the experimental diets
were carried out. Two separate experiments were conducted. In the first experiment, 378 two
weeks old unsexed Japanese quails were used in a 2 x 2 x 2 factorial arrangement in a
completely randomized design with nine treatments replicated thrice with 14 quails per
replicate in a four-week feeding trial. Feed intake and weight gain were measured weekly.
Three quails per treatment were used for carcass evaluation. The second experiment
evaluated the effect of pearl millet inclusion (50% or 100%), pearl millet form (whole or
ground), and enzyme supplementation of pearl millet diets (with or without) as replacement
for maize on the performance, egg quality parameters and nutrient’s digestibility of laying
Japanese quails using 162 seven weeks old female Japanese quails in the same arrangement
as above but 6 quails per replicate. Egg production, feed intake and weight gain were
measured and recorded. Egg quality analysis was also carried out. At the end, digestibility

study was conducted.

The results of the study show that:

i.  Pearl millet inclusion increased the total feed intake, average daily feed intake, feed

conversion ratio, total feed cost and feed cost/kg gain of growing Japanese quails.
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Performance parameters of growing Japanese quails were not affected by either pearl
millet form or enzyme supplementation.

Completely replacing maize with ground pearl millet without enzyme supplementation
increased the intestinal weight while enzyme supplementation increased the
proventricular weight of growing Japanese quails. Carcass yield, gizzard weight and liver
weight were not affected by dietary inclusion level, form or enzyme supplementation of
pearl millet diets.

Pearl millet inclusion level, form (whole or ground) and enzyme supplementation in the
diets increased feed intake and feed cost/dozen eggs of the laying Japanese quails
compared to those of quails fed maize.

Completely replacing maize with whole or ground pearl millet with or without enzyme
supplementation increased the egg weight and reduced the Haugh unit of laying Japanese
quails. Albumen and yolk percentages increased when 50% pearl millet was fed and
decreased at 100% level. Feeding ground pearl millet and feeding pearl millet without
enzyme supplementation decreased yolk percentage. The feeding whole pearl millet witrh
or without enzyme supplementation increased shell thickness. Egg shape index, shell
weight, shell percentage, albumen weight and yolk weight were not affected by these
factors.

Feeding whole pearl millet increased the digestibility of crude protein, ether extract and
ash while decreasing digestibility of crude fibre in laying Japanese quails compared to
feeding maize. Pearl millet inclusion increased only the crude protein digestibility of
laying Japanese quails compared to maize. Enzyme supplementation of pearl millet based

diets did not improve their nutrient’s digestibility.
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5.2 Conclusions

From the results of this study, it can be concluded that;

I. Pearl millet is a satisfactory cereal grain for the feeding both growing and laying
Japanese quails. However, it increased feed cost.
ii. Grinding and enzyme supplementation of pearl millet based diets were not beneficial

in the feeding of growing and laying Japanese quails.

5.3 Recommendations

Where the price of millet of pearl millet is lower than that of maize, pearl millet can
replace maize in the diets of growing and laying Japanese quails.

Whole pearl millet can be fed to Japanese quails.

Enzyme supplementation might not be necessary when feeding pearl millet based diets.
Further studies should be carried out to look at the effects of the feed particle sizes and

systems of whole pearl millet feeding on the performance of Japanese quails.
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