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Abstract
The aim of the study was to investigate the effects of feed withdrawal and strain on laying

performance and egg quality of White and Brown Hy-line layers. Fifty four hens for each strain
(White Hy-Line and Brown Hy-line) aged 18 weeks (point of laying stage) were used in the
investigation. Feed withdrawal had no effect (P>0.05) on laying performance, mortality rate, egg
internal and external quality, but significantly affected (P<0.01) average feed intake, body
weight, small and extra-large eggs percentages. Hens under ad libitum consumed more feed
than hens under four hours and eight hours feed withdrawal. High body weight was observed on
ad libitum fed hens, intermediate on eight hours feed withdrawn hens and lower at four hours
feed withdrawn hens. High percentage of small graded eggs was observed on four hours feed
withdrawn hens, intermediate on eight hours feed withdrawn hens and lower on ad libitum fed
hens. High percentage of extra-large graded eggs was observed on ad libitum fed hens,
intermediate on eight hours feed withdrawn hens and lower four hours feed withdrawn hens.
Strain had a significant effect on average egg weight, median egg weight, albumen weight,
extra-small, small, medium and large graded eggs percentages (P<0.01) and on body weight,
egg height , egg width, average egg shell colour (P<0.05). Strain did not affect (P>0.05)
average feed intake, body weight change, egg output, feed conversion ratio, mortality rate, egg
shell breaking force, albumen height, yolk height, yolk weight, extra-large and jumbo graded
eggs percentage. Brown Hy-Line layers had high average egg weight, median egg weight, egg
height, egg width, and average egg shell colour and albumen weight than White Hy-Line layers.
Small sized eggs percentage and body weight were high on White Hy-Line layers compared to
Brown Hy-Line layers. Medium and large sized eggs were high on Brown Hy-Line layers than
White Hy-Lines. Feed withdrawal by strain interaction effect was observed on body weight,
average egg weight and median egg weight, albumen weight and egg height, percentage of
small, medium and large graded eggs (P<0.05). Brown Hy-Line hens under eight hours feed
withdrawal had high egg weight, median egg weight, egg height, albumen weight and under
eight hours feed withdrawn White Hy-Line hens had lower albumen height compared to other
interactions. In all interactions White Hy-Line had high percentage of small graded eggs

whereas Brown Hy-line had high percentage of large and medium graded eggs.

Key words: Strain, feed withdrawal, laying performance and egg quality.
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Chapter 1: introduction

1.1  Background of the study

Chicken rearing is one of the easiest agricultural activities needing small capital to set it up which
people, mostly in rural areas, use to make a living (Ogunlade and Adebayo, 2009). Poultry eggs are
regarded as a healthy and high nutritious food, which makes them important in diet of people (Mausa,
2008). Amos (2006) indicated that a small-scale poultry enterprise has a quick monetary turnover.
Magdelaine et al. (2008) reported that poultry meat has become a mass consumer product throughout
the world regardless of the region and the level of development. Poultry production is effected by many
factors such as strain of chickens used, environmental conditions in the poultry houses, management
practices, feed and feeding management (Bell and Weaver, 2002). Introduction of feed restriction or
withdrawal in housed layers fed commercial layer diets could address challenges related to feeding and
productivity faced especially by small scale farmers (Oyedeji et al., 2007). When farming with laying
hens, good housing system, management and production efficiency is important for producers to reduce
production costs and be able to improve profitability and compete with the imported products in both
quality and price. Singh et al. (2009) reported that egg production, egg quality and production efficiency
depend on genetic makeup of the laying hens. Apart from investigating the effect of feed withdrawal of
laying performance, egg quality and body weight changes, the study will also determine if there is a

significant strain by feed withdrawal interaction that will improve the productivity of laying hens.

1.2 Problem statement
Chickens tend to consume feed whenever it is available, which lead to high abdominal fat gain,

high mortality rates, less feed conversion efficiency, less and light egg production and high body
weight gain. This affects farmer’s income as more money is spent on buying feeds and reduces
profit margins due to high production costs. There is little local literature on the effect of feed
withdrawal on the performance and egg quality of Brown and White Hy-line layers. Also a
shortage of resolution on poultry production, low performance, and high mortality in farms leads
to job cuts and security is negatively affected. This study will assist in selection of strains in
accordance to their productivity and performances and this will increase the amount of eggs on

the market.
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1.3 Justification
Since feed cost is relatively high in poultry production (contributing 60-70% of production costs,

Wilson and Beyer, 2000) and chickens consume more feed than they require for production and
maintenance, feed withdrawal and other feeding regimes may be introduced to minimize the
expenditure on feed, to enhance egg output, egg quality, to reduce mortality rate, minimize body
weight gain and abdominal fat gain (Olawumi, 2014). Having specific feed withdrawal and strain
that leads to high production, low mortality rate and profit margins that occurred locally, farmers
will be encouraged to get into egg production with no fear of income losses. Having information
published for the community to use in generating more income in poultry industry is very
important. the study aim to give back to the community create layers farming management
awareness to small scale farmers, emerging farmers and people who depend on egg production

for a living so that they can solve their challenges in production.

Knowing which strain to use for good production, less expenses in feeding, low mortality rate
and good egg quality will increase of people rearing and selling layers (point of lay). Also having
local suppliers to the farmers will cut the cost on transportation and hens will be well adaptable
to the environment. By so doing the eggs as human staple nutritious food will always be
available at a low price. Since eggs are in high consumption demand in the society, more
people will start selling eggs as their livelihood and the employment rate will increase as well as
the economy. Farmers who are currently farming with egg laying chickens will be encouraged to
extend or grow their farms therefore more hands will be needed and job creation rate increases.
Free range chickens will be saved from the predators once the households who are rearing
them get the information about feed restriction that enhances the production and reduced feed

cost in housed hens.

1.4  Objectives of the study

1.4.1 Broad objective
To determine the effects of feed withdrawal and strain on laying performance and egg quality

characteristics of White Hy-Line and Brown Hy-Line layers.

1.4.2 Specific objectives.
To determine the effects of feed withdrawal and genotype (White, Brown Hy-Line) on:

e Laying performance (egg output, egg weight).
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o Egg quality (egg shell colour, yolk height and weight, albumen height and weight, egg
shell weight, egg shell breaking strength, Haugh unit, egg shape index).
¢ Body weight and body weight change of layers.

e [Egg grade.

1.5 Null hypotheses

Feed withdrawal and strain have no significant effect on:
e Laying performance (egg output, egg weight).

e Egg quality (egg shell colour, yolk height and weight, albumen height and weight, egg
shell weight, egg shell breaking strength, Haugh unit, egg shape index).

e Body weight and body weight change of layers.

e Egg grade.

© University of Venda



Chapter 2: literature review

2.1 Introduction
Any attempt to improve egg production should include the manipulation of feeding regimes and

diets. Improving production efficiency is essential for producers to reduce production costs and
be able to improve profitability and compete with the imported products in terms of price and
quality. Feed restriction or withdrawal is the removing of feed from the feeding trough or closing
of feeders to prevent chickens from eating for a period of time to enhance feed convention ratio
and to avoid excessive feeding that leads to high body weight gain, poor performance and
increased mortality due to diseases or disorders caused by excessive abdominal fat gain.
Maintaining correct body weight during the laying period through controlled feeding will reduce
feed intake by pullets (Kostal et al., 1992). Feed Management practice of chickens includes the
restriction of feed allowance during both rearing and breeding to limit body weight gain, to
reduce incidence of obesity and improve egg production. Despite the fact that chickens
subjected to restricted feeding reach sexual maturity later than unrestricted chickens, the
advantages of restricted feeding are more beneficial regardless of the delay in the onset of
laying. These advantages include increased egg production, fertility, hatchability and egg
quality; reduced number of double-yoked or malformed eggs; and reduced hen mortality
(Robinson et al., 1978, and Bruggeman et al.,, 1999). Faulty feed and feeding methods are
sometimes responsible for reduced egg production, small egg size, reduced shell quality,

reduced growth, excess fat storage, overfeeding and high mortality (Oyedeji et al., 2007).

The internal quality of the egg begins to decline as soon as the egg is laid. Internal egg quality,
egg handling and storage practices do have a significant impact on the quality of the egg
reaching the consumer. The Haugh unit (Haugh, 1937) is a measure of egg protein quality
based on the albumen height. A minimum measurement in Haugh Units (HU) for eggs reaching
the consumer is 60. However, most eggs leaving the farm should be between 75 and 85 HU
(Coutts and Wilson, 1990). Yolk quality is determined by the colour, texture, firmness and yolk
smell (Jacob et al., 2000). Although yolk colour is a key factor in any consumer survey relating
to egg quality (Jacob et al., 2000), consumer preferences for yolk colour are highly subjective
and vary widely from country to country. Ragheb et al. (2013) reported that it is very crucial for
producers to use the best performing type of strains (Brown and White egg laying hens) in
order to improve the production level, income and quality of products for the purpose of
achieving good export pricing. Olawumi (2014) reported that severe (from 12 to 24 hours) feed

withdrawal is discouraged as it appears to badly affect birds performance. Feed withdrawal
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minimized the overall feed cost compared to standard feeding program (ad libitum), the highest
net revenue/hen and economic efficiency was recorded in 90% ad libitum ($1.19,112.26)
intermediate ($1.06, 100) in ad libitum and lowest ($1.10, 95.28) in 80% ad libitum (Olawumi
2014). The reduction in feed cost represented about 7.68% and 11.93% for laying hens fasted
about 4 and/or 8 hours per day respectively compared to those fed ad libitum during the entire
laying period (Osman et al., 2010). Increasing fasting period has insignificantly decreased total
feed cost during the production period of laying hens (Osman et al., 2010). Furthermore
reduction in total feed cost by feed restriction was a result of the negative effect of feed

restriction on total feed consumption.

2.2  Effect of week or hens age on laying performance, egg quality traits
(internal and external)

Rayan et al. (2013) found that age had a significant effect on laying performance (body eight,
feed intake, egg weights and production). Hani et al. (1999) reported an increase in egg weight
as the hen age increased of White Leghorn from 26 to 54 weeks of age. Rizzi and Chiericato
(2005) reported a significant (P<0.01) increase of egg weight as hens age increased. Osman et
al (2010) reported that feed intake, egg output, egg mass and egg weight was increasing with
an increase in hen’s age. Osman et al. (2010) results also showed that week had a significant
effect on feed conversion ratio. Osman et al. (2010) reported that egg quality (yolk index, Haugh
Units, albumen and shell strength) reduced with an increase in hen’s age. Rizzi and Chiericato
(2005) also reported a significant (P<0.01) decrease of Haugh Unit as age increased and the
current study agree with this report, on table 4 Haugh Unit was decreasing with hens age
increase. Haugh (1937) also indicated that egg shell quality reduced with hens age and storage
time increase. Albumen index, yolk index and Haugh Unit were reported to be significantly
decreasing with hen’s age (Premavalli and Viswanangthan, 2004). Egg weight, yolk weight,
Haugh Unit increased with the hen’s age, but albumen and eggshell percentage decreased,
eggshell thickness and strength improved with age (Zita et al., 2008). Baumgartner et al. (2007)
reported a significant effect of age on egg weight in the Leghorn type hens. Egg weight
influences the weight of its components as well. The correlations between the egg weight and
the albumen weight, yolk weight, egg shell weight are high and range from 0.67 to 0.97 (Zhang
et al., 2005).
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2.3 Effects of feed withdrawal on laying performance, egg quality traits
(internal and external).

Osman et al. (2010) revealed that fasting laying hens for about 4 or 8 hours per day during the
laying period decreased (P<0.05) cumulative feed intake by about 7.7% or 11.4% respectively
compared to hens fed ad libitum, but there was no significant decrease in cumulative feed
intake for increasing fasting time from 4 to 8 hours/days. Fasting laying hens for 4 to 8
hours/day improved (P<0.05) cumulative feed conversion from 3 to 7 weeks point of laying
periods, but this improvement began to decrease with the progress in laying (at 8 and 9 weeks
laying period) and disappeared at the end of laying periods (from 10 to 13 week laying periods).
Fasting laying hens for about 4 or 8 hours/day during laying decreased the cost of feed by about
7.68 and 11.39% and mortality rate by about 6.54% and 8.92% respectively compared to hens
fed ad libitum (Osman et al., 2010). Feed restriction had no significant effect on egg number,
egg weight, egg mass, hen day production and egg quality (Osman et al., 2010). According to
Summers and Robinson. (1995), feed restriction during laying period can be used to control
body weight gain and maximize egg production. Feed restriction significantly affected egg
output and hen-day egg output regardless of the hen’s strain from 54 weeks of age, (Olawumi et
al., 2014).

Olawumi et al. (2014) revealed that feed restriction had no significant effect on mortality with
hens on ad libitum feeding and hens on restricted feeding having zero mortality. Altan et al.
(2000) reported that feed restriction had an effect on egg production (reduced) and egg quality
of brown and white Hy-line, but the brown Hy-line egg production and egg quality was highly
and positively affected compared to the ones of white Hy-line. Hens on restricted feeding
exhibited significant increase in body weight loss and a decrease in egg production, feed
consumption, final body weight and abdominal fat, but no significant effects were observed on
egg weight, shell thickness and mortality (Lebbie et al., 2008). Oyedeji et al. (2007) reported
that ad libitum feeding leads to over feeding that encourages the excessive accumulation of
abdominal fat resulting in heat stress and high mortality rate in laying hens, the hens used in the
study were 40 weeks of age. Feed restriction decreased body weight and hen-day egg
production relatively to the feed withdrawal level (Oyedeji et al., 2007). Albumen height was
greater with an increased feed restriction (Scott et al., 1999). Scott et al. (1999) also reported
that feed restriction effect on egg production actually depended on the strain of laying hen.

Quantitative feed restriction reduced body weight and feed consumption without reducing egg

© University of Venda



production (Crounch et al., 2002). Nofal and Hassan (2004) reported that feed withdrawn hens
showed an insignificant better conversion ration than ad libitum fed hens. Hasnath (2002)
reported the insignificant differences in egg shape index, egg shell thickness, albumen index

and Haugh Unit between ad libitum fed hens and hens fed 80% of ad libitum.

2.4 Effects of strain on laying performance, egg quality (internal and

external traits).
According to Osman et al. (2010), Hisex Brown strain produced more (P<0.01) eggs, hen day

production, higher egg mass and feed intake, and utilized feed better (P<0.05) than Bovans
White strain during the laying period from 20 to 70 weeks of age. The Hisex Brown strain
produced eggs of higher quality than the Bovans white strain based on yolk index and Haugh
units at the first stage of egg production and higher quality based yolk index, Haugh units, yolk
color and shell strength at the mid stage (42-52 weeks) of egg production. At the late stage of
egg production (after 52 laying weeks), Hisex Brown strain recorded lower (P<0.05) yolk colour,
shell strength and the eggs tended to be rounder compared to eggs produced by Bovans white
strain. Benyi et al. (2006) found that strain had significant effect on egg production and egg
weight both at p<0.05 as well as feed per egg at p<0.01 but did not affect the other egg traits
significantly. Hy-line Brown hens laid more eggs of low weight and had lower feed intake than
Hy-line White hens, but strain had no significant effect on egg output and feed consumed per

gram of egg produced (Benyi et al., 2006).

Fairful and Gowe (1990) reported that Hy-line Brown hens gained more body weight and higher
egg production as compared to Hy-line White hens. Hens with low body weight produced more
eggs compared to hens of high body weight (Falconer and Mackay 1996). However according
to Rayan et al. (2013) strain did not affect egg production, but age had a significant effect on
laying performance. Ragheb et al. (2013) reported a highly significant egg production on Brown
Hy-Line than White Hy-Line layers between 22-69 weeks of age and Brown Hy-Line consumed
less feed, gained more weight and laid heavy eggs than White Hy-Line layers. Ragheb et al.
(2013) also found the significant (P<0.05) high feed efficiency, egg production, egg weight and
egg mass on Brown laying hens. Non-significant differences on feed intake and on Haugh Unit
were observed between the two strains. Brown laying hens had lower egg yolk weight and
better shell weight and percentage (Ragheb et al., 2013). The body weight gain was high
(P>0.05) on Brown laying hens than White laying hens. Egg production was high on Brown
laying hens than White laying hens. The albumen weight and percentage of the two strains were
the same (Ragheb et al., 2013). Rizzi and Chiericato (2005) found that egg weight of Brown Hy-
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Line was higher (P<0.01) than that of White Hy-Line layers at point of lay. Silversides et al.
(2006) reported that ISA-brown hens produced heavier eggs than Babcock hens from 19 to 74
weeks of age. Grobas et al. (2001) who found that, egg mass produced by ISA-Brown was more
than that from White strain. Also Badawe et al. (2005) found that, Brown Hy-line strain produced
higher egg mass than White Hy-line strain. Wall et al. (2010) reported a high yolk percentage on
White Hy-Line than Brown Hy-Line layers. Furthermore non-significant difference was observed
on Haugh Unit. Sigh et al. (2009) found that Lohmann brown eggs had more albumen than

Lohmann white eggs.

Regarding egg quality, it has been reported that eggs laid by Brown Hy-line had significantly
higher egg, shell, albumen weight and less yolk weight compared to White Hy-line ones, (Scott
and Silverside 2000). The White Hy-line had higher Haugh unit compared to Brown Hy-line
(Rayan et al., 2013). Eggs laid by Brown Hy-line were heavier, and had high egg shell weight
(Riczu et al., 2004). Anderson (2002) reported that egg weight of Brown Hy-line was greater
than that of White Hy-line. Vits et al. (2005) stated that percentage egg output, egg weight, shell
thickness, shell breaking strength of Brown Hy-line were high compared to those of White Hy-
line hens. Silversides et al. (2006) reported that ISA-brown hens produced heavier eggs than
Babcock hens. Al-Khalifa et al. (2013) reported that production performance and efficiency for
Brown Hy-line hens was greater than that of White Hy-line ones, and also that the overall
average of yolk weight and percentage in eggs laid by brown Hy-line were less than that of eggs
laid by White Hy-line, but the difference was non-significant. The overall albumen weight and
percentage of the Brown Hy-line eggs was greater than that of White Hy-line eggs (Al-Khalifa et
al., 2013).

Rayan et al. (2016) reported that Brown Hy line showed high mortality compared to White Hy-
line hens. Brown Hy-line had a greater eggshell quality than White Hy-line but there was no
significant difference on their egg weight (Rayan et al., 2016). Rayan et al. (2016) also reported
that White Hy-line had higher percentage of hen-day and hen housed egg production compared
to the Brown Hy-line. Strain affected the egg shell weight significantly, Brown Hy-line hen’s egg
shell weight was greater than that of White Hy-line hens, Rayan et al. (2013) also reported that
strain had a significant effect on egg output per bird, net revenue and economy efficiency. There
is a great difference between studies which shows high egg laying advantages of rearing Brown
Hy-line over White Hy-line layers, (Mutaf et al., 2009). Breed had a significant effect on egg
weight, egg length, width, breaking strength, and shape index and albumen height, the study

compared egg quality traits of the four breeds namely, Barred Plymouth Rock, White Leghorn,
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Rhode Island Red and White Rock between 31 and 37 weeks of age (Monira et al., 2003).
Jones (2006) said that strain played a major role in albumin consistency since some strains
produce eggs with thin albumin, Brown egg layers produced eggs with high Haugh Units
compared to White egg producing layers. Osman et al. (2010) revealed that Hi-sex Brown strain
recorded better (P<0.05) cumulative feed conversion ratio than Bovans white strain. The little
effect of strain on feed conversion ratio in spite of its significant effect on both egg mass and
feed intake could be attributed to the fact that, as feed intake increased, egg mass also

increased with the same level and vice versa (Osman et al., 2010).

The egg shape index of brown eggs was significantly higher than white eggs and insignificant
egg shell breaking force was reported (Badawe et al., 2005). Grabas et al. (2001) reported that
ISA- Brown hens had better feed efficiency than Dekalb white strain. Also Al-Nasser et al.
(2006) found that feed efficiency of Brown egg strain was better than that for white egg strain.
Badawe et al. (2005) also reported a significant (P<0.01) high albumin weight percentage on
Brown Hy-line layers than that of white Hy-line layers and strain did not affect egg yolk
percentage . Hassanein and Toson (2005) found that, Hi-sex Brown eggs were superior in
shape index, shell percentage, yolk index and albumin percentage than those recorded for
Bovans white eggs at 26 weeks of age However, Bovans white eggs were higher in shell

strength and yolk percentage than that of Hi-sex Brown eggs.

2.5 Effect of feed withdrawal x strain on laying performance, egg quality

(internal and external traits).
Olawumi et al. (2014) reported significant interaction between strains by short-term feed

restriction on production traits of Brown and Black plumage commercial layer strains at late
phase of egg production. The interaction between feed restriction (ad libitum, 4hours and
8hours) and strain (Hisex Brown and Bovans White) had insignificant effect on egg weight
during all productive periods, (Osman et al., 2010). The effect of interaction between strain and

feed restriction on cumulative egg mass was negligible (Osman et al., 2010).
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Chapter 3: materials and methods

3.1 Experimental site
The study was conducted at the School of Agriculture experimental farm and food chemistry

laboratory University of Venda, Thohoyandou (22°58'32” S, 30°26'45" E; 596m above sea
level). The daily temperatures in Thohoyandou vary from about 25°C to 40°C in summer and

between 12°C and 26°C in winter (Mzezewa and Gwata, 2012).

3.2 Experimental procedure

3.2.1 Experimental design and housing
A 3x2 factorial experiment (Three feed withdrawal regimes and two strains) was used in the

study. One hundred and eight layers (54 Brown and 54 White Hy-line) at 18 weeks (point of lay)
of age were used to investigate the effects of feed withdrawal and strain on laying performance
and egg quality over two months. On the first day of experimental data collection, three hens
were randomly selected, tagged for identification using cable tires, weighed and put into cages.
Birds were subsequently put on different feeding regimes namely; unrestricted feeding (ad
libitum feeding), 4hrs feed withdrawal and 8hrs feed withdrawal daily. Each strain occupied 18
cages (six replicates per treatment) measuring 44x50x37cm(WxLxH) in size giving each hen a
floor space of 733cm?. Each strain consisted of three treatments with six replicates in each
treatment. In the house hens occupied 36 cages and each cage accommodated three hens.
The 36 cages made two rows (upper row with 9 cages and lower row with 9 cages) of White Hy-
Line hens and other two rows (upper row with 9 cages and lower row with 9 cages) of Brown
Hy-Line hens as it appears on figures 3 and 4. The hens were housed in a side opening house
which was 14 meters long, 4 meters width, 4 meters high and the roofing was 2m from the
cages top. The side openings had manual curtains installed which were used to close during

windy, cold and rainy days, but in hot days they kept open.

3.2.2 Diet, feeding regimes and layer management
Layers were kept in a well-ventilated open sided layer house measuring 14m long and 5m high.

During the first week after arrival, hens were fed a commercial layer ration ad libitum. On the
evening of day 7 at 18:00hrs to the morning of day eight at 06:00hrs feed was removed to
starve the birds to get an accurate initial body weight. Weighing of birds was thereafter carried
out every morning of day eight. Clean drinking water was freely available through a nipple
drinking system. Bodyweight changes for adjacent weeks were calculated. Removable wooden

planks were used to cover the feeding troughs during feed withdrawal periods. Twelve-hour
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natural lighting plus four hours of light before sunrise were provided throughout the experiment.
Lights were switched off between 18:00hrs and 02:00hrs so that the 16 hours lighting would be
met using light timer that was programmed to meet required lighting time for layers production.
Feeds were weighed and recorded when offered and left overs at the end of each week. Hen
weight gain or weight loss was determined weekly by computing the difference in average hen
weight for the previous week and that for the current week. Feed consumption was determined
as the difference between weekly total feed offered less left overs. Daily egg collection was
carried out three times a day at 08:00hrs, 12:00hrs and 16:00hrs. Daily weighing of eggs was
carried out using a digital weighing scale. Mortality was recorded daily. Weekly removal of

droppings from underneath the layer cages was practiced keeping the layer house clean.

3.3 Measurements

3.3.1 Mortality rate per cage

Mortality rate (%) = Number of dead birds in the week X100
y ° " Total number of birds for the week

3.3.2 Eggproduction (laying performance).
The total number of eggs per day per cage was recorded. Hen-day-egg production was

calculated from weekly egg production per experimental unit (cage) divided by number of days

and number of birds. Egg weight (grams) was determined using an electronic digital scale.

3.3.3 Average egg weight.
The weekly average egg weight per cage was calculated by random sampling of seven median

(one on each day) eggs, add in their weights together and divided by seven, using the formula:

egg mass(7 eggs)
number of eggs(7)

average egg weight=

3.3.4 Eggmass.
Egg mass was determined weekly per cage by adding up egg weights of all eggs laid.

3.3.5 Body weight change.
Weekly body weight change was determined by individually weighing hens on first day (initial

body weight) and on the last day (final body weight) of the week. The following formula was

used: Body weight change= final body weight - initial body weight.

3.3.6 Egg quality (internal and external).
Weekly egg quality measurements and determinations were done using one egg per replicate
from eggs sampled for mean weight determination. Egg width and height (mm) were measured
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using a Vernier Caliper (Hussain et al., 2013). Egg shell colour was analyzed using a
Spectrophotometry and interpreted using Easy Match® (Hunter Associate Laboratory, VA, USA)
computer software. Easy Match® I* a* b* values were used to calculate the average egg shell
colour using the formula: square root of (1> +a2 +b?) (Ingram et al., 2008). The egg shell breaking
strength was measured using the Texture Analyzer machine (Spectrometer Technologies, Cape
Town, South Africa) connected to Exponent (Stable Micro Systems, Godalming, Surrey, UK)
computer software program. After taking egg shell quality measurements, the egg was broken
onto an open flat plate to enable measurements of the internal units. Egg yolk and albumen
heights were measured by dipping a cable tire into the center of egg yolk and the albumen that
showed a visible maximum height mark, subsequently the height on the cable tire was
measured using a Vernier Caliper. Albumen height was determined according to (Silversides et
al., 2010). The egg yolk was then separated from the albumen by carefully holding the egg yolk
with a glass beaker and pouring the albumen into another beaker. The egg yolk and albumen
weight were measured using a digital scale. Egg yolk colour was measured and recorded using
the Spectrophotometry as previously described for egg shell quality. The egg shell weight was
determined as the difference between the whole egg weight less the combined weights of the
egg yolk and albumen. All quality traits (egg height, egg width, egg shell breaking force, yolk
height, albumen height, albumen weight and yolk weight) measurements were carried out in the

food chemistry laboratory at the University of Venda.

3.3.7 Eggshapeindex
Egg width

X 100 (Reddy et al., 1979 and Anderson et
Egglength

Egg shape index was calculated as:
al., 2004).

3.3.8 Haugh Unit.
The Haugh unit (Haugh, 1937) was calculated as follows:

HU = 100 log (h+7.6-1.7w03")
Where h = observed albumen height in mm
w = observed weight of the egg in grams.

3.3.9 Weekly feed consumption.
Weekly feed consumption was calculated as total feed offered per week less the total feed left

overs at the end of the week. Feed consumption per hen per day per cage was calculated by

dividing weekly feed consumed by 3 (three birds per cage).

12
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3.3.10 Feed conversion ratio

Feed consumed (g)
It was calculated as: - - (Ragheb et al., 2013).
Weight gain (g)

3.3.11 Egggrading
It was determined by counting the number of extra small (33g-43g), small (43g-53g), medium

(53g-63g), large (63g-73g), extra-large (73g-83g) and jumbo (83g-93g) sized eggs. Their

percentage was calculated using the following formula: percentage of small graded eggs %

number of small eggs .
= X 100 the same procedure was repeated in all egg grades.
egg output

Table 1, Nutrient composition of the layers standard ration used

Min (g/kg) Max (g/kg)
Crude protein 280
Lysine 12
Methionine 8
Moisture 240
Crude fat 50
Crude fibre 140
Calcium 70 90
Phosphorus 10
Salt 10

Source: De Heus (Pty) Ltd, P O Box 179, Umlaas Road, 2018

3.4  Statistical Analyses
Statistical analysis for a 3x2 factorial experiment was carried out using general linear model

procedure of Minitab 16 (Minitab, 2014) to determine the effects of feed withdrawal and strain.
Where significant differences were observed, mean separation tests were carried out using

Tukey’s multiple range test. Data was analyzed using the model;

Yik= M + Wi +Sj+ Fx + (SF)ji +Eij where:

Yix is the " observation on the i week with the ji" strain and the k' feeding regime;
Y= body weight change, feed intake, egg output, egg weight and egg quality traits;
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M is the overall mean;

Wiis the effect of the i" week (i=1-8);

Sjis the effect of the jt" strain (j=1 and 2);

F« is the effect of the k' feed withdrawal (k=1, 2 and 3);

(SF)i is the interaction of the ji strain and the k" feed withdrawal;

€ii random error term assumed to be normally and independently distributed with mean 0 and

variance equal to d?2

Means were differentiated using the Tukey’s multiple range test.

3.5 Ethical clearance
This study has been approved by the Ethics Committee of the University of Venda and had

therefore been performed in accordance with the ethical standards laid down in the 1964

Declaration of Helsinki and its later amendments.
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Chapter 4: Results

4.1 Effects of week, feed withdrawal, strain and feed withdrawal by strain
interaction on average laying performance and mortality rate of White and
Brown Hy-Line layers.

Week had a significant effect (P<0.01) on body weight, body weight change, egg output, feed
conversion ratio for egg output, egg weight, egg mass, feed conversion ratio for egg mass, feed
conversion ratio for body weight change and feed intake (P<0.5), feed conversion ratio for
average egg weight (P<0.05) (Table 2). Week two and week five on feed intake were different
from each other, but they were both comparable to the rest of the weeks. Body weight increased
with an increase in hen’s age. Body weight changes during the first five weeks were high than in
the last three weeks which were low. Weeks one and two were different and the egg weight was
increasing in time throughout the investigation, but it was statistically the same from week four
to week eight. On egg output for the first two weeks was different and there was an increase
with time throughout the investigation. Feed conversion ratio for egg output was high on week
one and it decreased with time, however from week three to week eight there was no difference.
The first three weeks on egg mass differed from the last five weeks. Feed conversion ratio for
egg mass differed for two first weeks compared to the last five weeks. Week had an insignificant

effect (P>0.05) on mortality rate.

Feed withdrawal had a significant effect (P<0.01) on feed intake and (P<0.05) body weight. As
feed withdrawal period increased feed intake decreased. Ad libitum fed hens had high feed
intake and was comparable on four and eight hours feed withdrawn hens. Ad libitum fed hens
had high body weight, intermediate on eight hours feed withdrawn hens and lower on four hours
feed withdrawn hens. No significant feed withdrawal effect (P>0.05) was observed on body
weight change, feed conversion ratio for body weight change, egg output, feed conversion ratio
for egg output, egg weight, feed conversion ratio for egg weight, egg mass, feed conversion

ratio egg mass.

Strain had a significant effect (P<0.01) on body weight and egg weight. White Hy-Line layers
(1739g) had high body weight than Brown Hy-Line layers (1669g). Brown Hy-Line layers egg
weight was higher (49.4g) than that of White Hy-Line layers (45.1g). Strain showed no

significant effect (P>0.05) on feed intake, body weight change, feed conversion ratio for body
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weight change, egg output, feed conversion ratio for egg output, feed conversion ratio for egg

weight, egg mass, feed conversion ratio for egg mass and on mortality rate.

Feed withdrawal by strain interaction effect (P<0.05) was observed on body weight and average
egg weight. White Hy-Line layers had high body weight than Brown Hy-Line layers under ad
libitum feeding. Brown Hy-Line layers on eight hours feed withdrawal had high egg weight than
White Hy-Line layers on eight hours feed withdrawal. No feed withdrawal by strain interaction
effect (P>0.05) was observed on feed intake, body weight change, feed conversion ratio for
body weight change, egg output, feed conversion ratio for egg output, feed conversion ratio for

egg weight, egg mass, feed conversion ratio for egg mass and on mortality rate.
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Table 2, Effects of week, feed withdrawal, and strain and feed withdrawal by strain on average

laying performance and mortality rate percentage

Week N Fl (9) BW BWC(g) FCRBWC EW (g) FCREW EO FCREO EM(g) FRCEM MR (%)
1 36 815.92> 15304 76.22 0.112b 23.14 19.92 1.4¢ 362.12 73.4¢ 9.12 0.002
2 36 757.9°6  1605%¢  62.6%° 12.72b 40.2¢ 20.92 3.3d 291 .42 156.0d 6.420 0.002
3 36 798.92  1669bc  53.2abc 23.72 48.2b 17.42 5.2¢ 187.6° 255.6°¢ 3.8b¢ 0.932
4 36 784.63> 17223 15 7cd 4.4120 51.1ab 15.42 5.9bc 144.3¢ 302.0° 2.8be 0.002
5 36 866.72 17382  50.02ab° 0.462° 52.3ab 16.62 6.42b 136.1¢ 344.32 2.5b¢ 0.002
6 36 808.92> 17882 11.24 39.7° 53.8ab 15.12 6.72 120.8¢ 361.52 2.2¢ 0.002
7 36 821.02 17772 25.2bcd 21.82 5423 15.22 6.82 120.4¢ 368.72 2.2¢ 0.002
8 36 800.02> 18022 13.2%d 21.52 55.02 14.62 6.82 117.0¢ 375.22 2.1¢ 0.002
SEM 22.0 19.6 9.8 13.0 1.4 1.6 0.2 30.8 8.8 1.0 0.33
FW

(hrs)

Ohrs 96 885.22 17262 44,92 0.252 46.92 18.02 5.22 206.92 278.42 4.72 0.352
4hrs 96 776.7°  1683P 33.62 14.02 46.92 17.22 5.42 184.72 276.62 3.82 0.002
8hrs 96 758.36 17032  28.42 -0.982 47.92 15.42 5.42 163.32 283.82 3.22 0.002
SEM 13.5 12.1 6.0 71 0.9 1.0 0.1 18.9 5.4 0.6 0.20
Strain

w 144 811.68 17392 34.02 5.12 45.1b 16.92 5.42 170.52 276.12 4.02 0.002
B 144 801.92  1669° 37.32 3.72 49.42 16.92 5.32 199.42 283.12 3.92 0.232
SEM 11.0 9.8 4.9 6.5 0.7 0.8 0.1 15.4 4.4 0.5 0.16
FW*ST

Ohrs W 48 891.62 17832 36.42 2.82 45.9b 18.32 5.42 197.32 279.12 5.32 0.002
Ohrs B 48 878.82  1668° 53.42 3.32 47.9% 17.82 5.12 216.62 277.12 4.02 0.692
4hrs W 48 795.5°  1714b 31.32 12.42 45.0° 17.22 5.52 164.82 275.32 3.52 0.002
4hrs B 48 758.0° 1652 35.92 15.52 48.82b 17.22 5.22 204.52 277.82 4.22 0.002
8hrs W 48 747.6° 172122 3432 5.82 44 4b 15.22 5.32 149.52 273.32 3.12 0.002
8hrs B 48 769.06  1685P 22.42 7.82 51.42 15.62 542 177.12 294 .32 3.32 0.002
SEM 19.1 17.0 8.5 11.3 1.2 1.4 0.2 26.7 7.6 0.8 0.28
Week * *%k *k * *k * *% *% *%k *% nS
FW ** * ns ns ns ns ns ns ns ns ns
ST ns ** ns ns ** ns ns ns ns ns ns
FW*ST ns * ns ns’ * ns ns ns ns ns ns

N= number of observations. FI (g) = feed intake in grams. BWC (g) = body weight change in grams. FCRBWC =
Feed conversion ratio for body weight change. EW (g) = egg weight in grams. FCREW = feed conversion ratio for
average egg weight. EO = egg output. FCREO = feed conversion ratio for average egg output. EM (g) = egg mass.
FCREM = feed conversion ratio for egg mass. MR= mortality rate. SEM = Standard error of the mean. FW (hrs) =
Feed withdrawal in hours: Ohrs = No feed withdrawal, 4hrs = Four hours feed withdrawal, 8hrs = Eight hours feed
withdrawal. ST = strain: W = White Hy-Line layers. B = Brown Hy-Line layers. FW*St = Feed withdrawal by Strain
interaction. A ® ¢ = for a trait, means carrying different superscripts are significantly different. ns= not significant, ** =
P<0.01 significantly different, * = P< 0.05 significantly different.
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4.2 Effects of week, feed withdrawal, strain and feed withdrawal by strain
interaction on external egg quality traits.

Table 3 shows that week had a significant (P<0.01) effect on median egg weight, egg height,
egg width, egg shape index, egg shell weight, egg shell breaking force and average egg shell
colour. Median egg weight, egg shape index and average egg shell colour at week one were
lower and different from those observed in week two until week eight that were the same. Egg
height and egg width at week one and three were comparably low and significantly different
from the rest of the weeks that are also the same. The egg shell breaking force was high at

week six and comparable with weeks two, seven and eight.

Feed withdrawal had insignificant effect (P>0.05) on external egg quality traits ( median egg
weight, egg height, egg width, egg shape index, egg shell weight, egg shell breaking force and

on average egg shell colour.

Strain had a significant effect (P<0.01) on median egg weight, egg height and (P<0.05) on egg
width and average egg shell colour. Brown Hy-Line layers had high median egg weight, egg
height, egg width and average egg shell colour compared to White Hy-Line layers. Strain did not

affect (P>0.05) egg shape index, egg shell weight and egg shell breaking force.

There was a significant feed withdrawal by strain interaction effect (P<0.05) observed on
median egg weight and egg height. Eight hours feed withdrawn Brown Hy-Line layers had a
high median egg weight and egg height than those of White Hy-Line layers under eight hours
feed withdrawal. No significant feed withdrawal by strain interaction effects (P>0.05) were
observed on egg width, egg shape index, egg shell weight, egg shell breaking force and

average egg shell colour.
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Table 3, Effects of week, feed withdrawal, strain and feed withdrawal by strain interaction on
external egg quality traits

Week N MEW EH EW ESI ESW ESBF EGG SHELL COLOUR AESC

(9) (mm) (mm) (9) (g/cm?) | -

* a* *

1 36 31.3¢ 34.4b 27.0° 52.4b 3.1¢ 1910.7¢ 34.7° 10.2> 16.3> 39.7°
2 36 48.5° 50.72 39.72 76.42 9.52 2900.02> 51.12 16.22  23.82 58.92
3 36 49.720 38.0° 27.2° 71.72 8.2ab 2541.7b¢ 5172 16.42 23.62 59.32
4 36 51.22b 52.52 41.72 79.52 8.72b 2467.6b¢ 50.52 17.72 2552 5942
5 36 52.1ab 52.82 42.7°2 80.12 3.8¢ 1878.1¢  52.12 1712 26.92 61.5°
6 36 53.82b 53.22 42.62 80.22 7.4° 333752 50.32 1742 2582 59.32
7 36 54.1ab 53.32 42 .12 80.72 7.1° 2980.22> 50.82 1752 2532 5952
8 36 55.02 53.52 42.92 80.32 7.2b 3050.8%> 51.22 17.68 26.72 60.5°
SEM 1.5 1.6 1.2 2.4 0.4 174.0 1.7 0.6 0.9 1.9
FW
Ohrs 96 49.32 47.92 37.82 73.72 6.92 2553.78  47.82 16.32 24.02 56.1°
4hrs 96 49.52 48.82 38.82 76.72 7.02 254262 49.62 16.62 2482 57.12
8hrs 96 49.82 48.82 38.52 75.42 7.02 2803.12  49.82 16.2a  23.82 57.72
SEM 0.9 1 0.7 1.5 0.2 106.5 1 0.3 0.5 1.1
S
W 144  47.5° 47.0° 37.4° 74.52 6.72 2614.02  47.5° 16.22  23.6° 55.6°
B 144 51.62 50.12 39.32 76.12 7.22 2652.82  50.72 16.52 2492 58,92
SEM 0.7 0.8 0.6 1.2 0.2 87 0.8 0.3 0.4 0.9
FW*S
Ohrs W 48 48.630¢ 47 420 37.82 74.32 6.72 2782.6%> 46.72 16.62 23.92 5512
Ohrs B 48 50.0@be 48.5% 37.92 73.02 7.12 2324.8> 48.12 16.12 2412 57.1°
4hrs W 48 47 .5bc 47 .52 38.02 76.62 6.72 2505.72> 4822 16.62 24.22 56.6°
4hrs B 48 51.52b 50.22b 39.52 76.92 7.32 2579.4%> 50,12 16.68 25.32 5942
8hrs W 48 46.3¢ 46.0° 36.42 72.42 6.7° 2553.78> 4752 15.52 2252 55.0°
8hrs B 48 53.22 51.72 40.62 78.42 7.3 3054.32 52.12 16.92 2512 60.4°
SEM 1.3 1.3 1.1 2.1 0.32 150.7 14 0.5 0.8 1.6
Week *% ** *% *%k *% *% *% *% *% *%
FW ns ns ns ns ns ns ns ns ns ns
S *%k *% * nS ns nS *% nS * *
FW*S * * ns ns ns ns ns ns ns ns

N = number of observations. MEW (g) = median egg weight grams.EH (mm) = egg height in millimeters. EW (mm) =
egg width in millimeters. ESI = egg shape index. ESW (g) = egg shell weight in grams. ESBF (g/cm?2) = egg shell
breaking force in grams per square centimeter. AESC = average egg shell colour. SEM= standard error mean. FW
(hrs) = feed withdrawal in hours.Ohrs = zero hours feed withdrawal.4hrs = four hours feed withdrawal and 8hrs = eight
hours feed withdrawal. W = white Hy-Line layers. B = brown Hy-Line layers. FW X ST = feed withdrawal by strain

interaction. ns = not significant P>0.05. ** Significantly different P<0.01. * Significantly different P<0.05.

© University of Venda
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4.3 Effects of week, feed withdrawal, strain and feed withdrawal by strain
interaction on internal egg quality traits.

Table 4 shows that week had a significant (P<0.01) effect on median egg weight, albumen
weight, yolk weight, albumen height, yolk height and Haugh Units. Median egg weight, albumen
height, yolk height and Haugh Unit were low and different in week one than on other weeks that
were the same. Median egg weight and yolk weight increased with time. Albumen and yolk

weight on the first week were different and the rest of the weeks were comparable.

Feed withdrawal had no significant effect (P>0.05) in all internal egg quality traits (median egg

weight, albumen height, yolk height, alboumen weight, yolk weight and Haugh Unit).

Strain had a significant effect (P<0.01) on median egg weight and albumen weight. High median
egg weight and albumen weight were observed on Brown Hy-Line layers than on White Hy-Line
layers. Strain had no significant effect (P>0.05) on albumen height, yolk height, yolk weight and
Haugh Unit.

There was significant feed withdrawal by strain interaction effect (P<0.05) on median egg weight
and albumen weight. The median egg weight was high for Brown Hy-Line layers than for White
Hy-Line layers under eight hours feed withdrawal. Albumen weight was high for Brown Hy-Line
than for White Hy-Line under both four hours and eight hours feed withdrawal. There was no
significant feed withdrawal by strain effect (P>0.05) observed on albumen height, yolk height,
yolk weight and Haugh unit.
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Table 4, Effects of week, feed withdrawal, strain and feed withdrawal by strain on egg internal
quality traits

Week N MEW (g) AH (mm) YH (mm) AW (g) YW (9) HU

1 36 31.3¢ 2.6 7.1 19.84 7.54 47.0°
2 36 48.5° 4.12 13.82 29.4¢ 9.6° 70.92
3 36 49.72° 4.62 13.92 30.5%¢ 10.9¢ 68.92
4 36 51.2ab 4.2 14.72 31.3b¢ 11.3bc 63.92
5 36 52.1ab 4.42 14.72 36.22 12.920 65.72
6 36 53.8% 4.02 14.42 32.73be 13.42 61.12
7 36 54.12b 452 15.12 33.5abc 13.52 66.12
8 36 55.02 4.22 14.42 33.620 14.22 62.42
SEM 1.5 0.2 0.4 0.1 0.4 2.8
FW

Ohrs 96 49.32 4.2 13.32 30.82 11.62 62.22
4hrs 96 4952 4.2 13.62 30.62 11.92 63.82
8hrs 96 49.82 4.32 13.72 31.22 11.52 63.72
SEM 0.9 0.1 0.3 0.6 0.3 1.7
S

W 144  47.5° 4.22 13.52 28.1P 11.82 63.52
B 144 51.6° 4.2 13.52 32.82 11.52 62.12
SEM 0.7 0.1 0.2 0.5 0.2 1.4
FW*S

Ohrs W 48 48.6%¢ 4.32 13.52 30.0bcd 11.92 63.82
Ohrs B 48 50.02bc 4.02 13.02 31.73be 11.22 60.62
4hrs W 48 47 .5bc 4.02 13.62 28.8¢d 11.12 63.32
4hrs B 48 51.52b 4.32 13.62 32.4a0 11.82 64.32
8hrs W 48 46.3¢ 4.32 13.42 28.1d 11.52 63.42
8hrs B 48 53.22 4.32 13.92 34 .42 11.62 64.12
SEM 1.3 0.2 0.4 0.8 0.4 3
Week *% *% *% *k *%k *%
FW ns ns ns ns ns ns

S ** ns ns ** ns ns
FW*S * ns ns * ns ns

N= number of observations. MEW (g) = median egg weight grams. AH (mm) = albumen height in millimeters. YH
(mm) = yolk height in millimeters. AW (g) = albumen weight in grams. YW (g) = yolk weight in grams. HU= Haugh
Unit. SEM = standard error mean. FW (hrs) = feed withdrawal in hours.Ohrs = zero hours feed withdrawal, 4hrs = four
hours feed withdrawal and 8hrs = eight hours feed withdrawal. W = white Hy-Line layers. B = brown Hy-Line layers.
FW X ST= feed withdrawal by strain interaction. ns = not significant P>0.05. ** Significantly different P<0.01. *
Significantly different P<0.05.
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4.4 Effects of week, feed withdrawal, strain and feed withdrawal by strain
interaction on number of egg’s grade (%).

Week had significant effect (P<0.01) on percentage of extra small, small, medium, large and
extra-large graded eggs (P<0.05). Week two had high percentage of extra small graded eggs
percentage and in other weeks it was comparable. Whereas week one had higher percentage
which differed from low percentages observed from weeks five to eight. Weeks two to week five
small graded eggs percentage were comparable and high, weeks five to eight are comparable
and week one and eight are low and comparable. Week seven and eight had high percentage of
medium eggs which differed from percentages observed in weeks one to six, with week two
having the smallest percentage of medium eggs which differ from percentages observed in
other weeks except in week three. Week one had had higher percentage of large graded eggs
which differ from other weeks. The percentage of extra-large graded eggs was higher in week
six and differed from low percentages observed in weeks two and four, but both weeks were
comparable to the rest of the weeks. Jumbo graded eggs percentage showed no week
significant (P>0.05) difference.

Feed withdrawal had a significant effect (P<0.01) on percentage of small and extra-large graded
eggs. Hens under four hours feed withdrawal had higher percentage of small graded eggs than
hens under eight hours feed withdrawal and ad libitum fed hens, and hens under ad libitum had
higher percentage of extra-large eggs, intermediate on eight hours feed withdrawn hens and
lower on four hours feed withdrawn hens. There was no feed withdrawal significant effect

(P>0.05) observed on percentage of extra small, medium, large, and jumbo graded eggs.

Strain had a significant effect (P<0.01) on percentage of extra small, small, medium and large
graded eggs. White Hy-Line layers had high percentage of extra small and small graded eggs
and Brown Hy-Line layers had high percentage medium and large graded eggs. There was no

strain significant effect (P>0.05) observed on percentage of extra-large and jumbo graded eggs.

There was feed withdrawal by strain interaction effect observed on small and large (P<0.05) and
on medium (P<0.01) graded eggs percentage. In all feed withdrawal regimes, White Hy-Line
had high percentage of small graded eggs and Brown Hy-Line had high percentage of medium
grade eggs. Brown Hy-Line had higher percentage of large graded eggs than White Hy-Line

under eight hours feed withdrawal. There was no feed withdrawal by strain interaction effect
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Table 5, Effects of week, feed withdrawal, strain and feed withdrawal by strain on egg grade

average percentage

Week N Extra small ~ Small (%) Medium (%) Large (%) Extra-large  Jumbo (%)
(%) (%)
1 36 9.1° 23.7¢ 27.1¢f 8.92 0.720 0.0?
2 36 18.72 67.6%° 8.69 2.3° 0.0° 0.0?
3 36 4.80¢ 72.32 20.3f9 2.3v 0.6%° 0.02
4 36 1.90¢ 60.7%° 34.1de 1.10 0.4° 0.02
5 36 1.5¢ 53.7b¢ 42.6% 1.50 0.7% 0.22
6 36 0.9¢ 43.1cd 51.80¢ 0.9° 2.32 0.02
7 36 0.3¢ 40.5¢ 56.42b 1.8° 1.1 0.02
8 36 0.8¢ 29.8de 67.22 1.4° 0.7 0.32
SEM 1.2 3.6 3.2 1 0.4 0.1
FW (hrs)
Ohrs 96 412 45.3b 40.6° 2.52 1.32 0.12
4hrs 96 412 54 .52 35.32 2.6° 0.4° 0.02
8hrs 96 5.12 47.230 39.12 2.62 0.820 0.12
SEM 1.1 2.2 1.9 0.6 0.3 0.1
ST
w 144 6.92 59.12 26.3° 1.5° 0.72 0.0?
B 144 2.6° 38.9° 50.12 3.7@ 0.92 0.12
SEM 0.9 1.8 1.6 0.5 0.3 0.04
FW*ST
Ohrs W 48 7.32 52.1bc 33.6° 1.92b 1.02 0.0?
Ohrs B 48 2.72 38.5¢ 47.52 3.3 1.52 0.22
4hrs W 48 6.52 67.12 18.8° 2.18b 0.42 0.02
4hrs B 48 1.72 41.1cd 51.72 3.18b 0.42 0.02
8hrs W 48 6.12 57.120 26.3b° 0.6° 0.62 0.0@
8hrs B 48 3.42 37.39 53.72 4.7 0.92 0.1@
SEM 1.5 3.1 2.7 0.9 0.4 0.1
Week *%k *% *%k *% * ns
FW ns o ns ns ** ns
ST *%k *% *%k *% ns ns
FW*ST ns * ** * ns ns

N = number of observations. SEM = standard error of the mean. FW (hrs) = feed withdrawal in hours: Ohrs = no feed
withdrawal, 4hrs = four hours feed withdrawal and 8hrs = eight hours feed withdrawal. ST= strain: W = white Hy-Line
layers. B = brown Hy-Line layers. FW*ST = feed withdrawal by strain interaction. ns = not significant P>0.05. **
Significantly different P<0.01. * Significantly different P<0.05.
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Chapter 5: Discussion

5.1 Effect of week on laying performance, egg quality and egg grading
percentage.

Results showed that week had a significant (P<0.01) effect on feed intake, body weight, body
weight change, egg output, feed conversion ratio for egg output, egg weight, egg mass and feed
conversion ratio for egg mass, and feed conversion ratio for body weight change (P<0.05), see
table 2. Rayan et al (2013) supports that age had a significant effect on laying performance.
Feed intake was different between week two and six and they are both comparable to the rest of
the weeks. Body weight was increasing with hens age increase. Body weight change on the first
five weeks was comparable and the last three were low, and the sudden decrease in body gain
must have been caused by an increase in egg production and egg weight. Egg weight was
increasing with time throughout the investigation. Hani et al. (1999) agree with an increase in
egg weight as the hen age increased. Egg weight increased with the hen’s age (Zita et al.,
2008).Rizzi and Chiericato (2005) reported a significant (P<0.01) increase of egg weight as
hens age increased. Osman et al. (2010) investigated the effects of strain and treatment weekly
and by looking at their results the laying performances and egg quality traits were different
weekly throughout their investigation, the egg output, egg mass and egg weight was increasing
with an increase in hen’s age and the current study found the same results. Premavalli and
Viswanangthan (2004) also reported an increase of egg weight as hen’s age increased. Feed
intake was decreased with an increase in hen’s age (Osman et al., 2010). Osman et al. (2010)
results also show that week had a significant effect on feed conversion ratio as well as in the
current study. Baumgartner et al. (2007) reported a significant effect of age on egg weight in the

Leghorn type hens.

Week showed a difference on median egg weight, egg height, egg width, egg shape index, egg
shell weight, egg shell breaking force and on average egg shell colour. Osman et al. (2010)
reported a significant week effect on egg shell breaking force and egg shape index where they
were increasing with hen’s age. The current study found the same results, but the difference on
egg shell weight was observed on the first week and on the rest of the weeks the difference was
comparable. Hasnath (2002) reported an increase in egg shell colour and egg shape index as
hen’s shape increased, the same occurred in the current study (Table 3). Premavalli and

Viswanamgthan (2004) reported a significant increase in egg shape index as hen’s age
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increased, but egg shell breaking force was significantly decreased. Egg shell percentage
decreased with age increase, eggshell thickness and strength improved with age (Zita et al.,
2008).

Osman et al. (2010) reported that egg quality (yolk index, Haugh Units, albumen and shell
strength) reduced with an increase in hen’s age. Egg height and egg width increased with hen’s
age and these results corresponded to an increase in egg weight as hen’s age increase. The
age effect on egg quality was correlated to the difference that was observed on egg weight that
increased with time and egg weight is dominated by the egg yolk and albumen weight,
correlated differences are expected. Rizzi and Chiericato (2005) also reported a significant
(P<0.01) decrease of Haugh Unit as age increased and the current study agree with this report,
on table 4 Haugh Unit was decreasing with hen’s age increase, but the differences were
comparable except on first week. Haugh (1937) also indicated that egg shell quality reduced
with hen’s age. Albumen index, yolk index and Haugh Unit were reported to be significantly
decreasing with hen’s age (Premavalli and Viswanangthan, 2004). Yolk weight, Haugh Unit
increased with the hen’s age, but albumen weight improved with age increase (Zita et al., 2008).
Egg weight influences the weight of its components, the correlations between the egg weight

and the albumen weight, yolk weight, egg shell weight are high (Zhang et al., 2005).

Week had significant effect (P<0.01) on percentage of extra small, small, medium, large and
extra-large sized eggs (P<0.05). Since week showed a significant effect on egg output (number
of eggs produced) its effect is expected on the percentage of egg grades since egg grades
percentages were determined from the same egg count. Rizzi and Chiericato (2005) and many
more studies reported a significant (P<0.01) increase of egg weight as hens age increased.
Also in this study extra small and small graded eggs percentage decreased as hens age
increased and medium, large and extra-large graded eggs percentage increased as hens age
increased. Jumbo graded eggs percentage showed no week significant (P>0.05) difference, see
table 5.

5.2 Effect of feed withdrawal on laying performance, egg quality and egg
grade percentage.

High significant (P<0.01) feed intake was observed on ad libitum fed hens, whereas four hours
and eight hours feed withdrawn hens feed intake was comparable. Olawumi (2014) support that

feed withdrawal reduced feed intake. Crounch et al. (2002) support the reduction of feed
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consumption due to an increase in feed withdrawal period. Lebbie et al. (2008) also reported a
significant decrease in feed consumption with an increase in feed withdrawal level. Significant
(P<0.05) high body weight was observed on ad libitum fed hens, intermediate on eight hours
feed withdrawn hens and lower on four hours feed withdrawn hens. Feed restriction decreased
body weight and hen-day egg production relatively to the feed withdrawal level (Oyedeiji et al.,
2007). Quantitative feed restriction reduced body weight and feed consumption without reducing
egg production (Crounch et al., 2002) and the current study agree with this report, but egg
production were not affected though the means of feed intake were low and those of egg output
were high on feed withdrawn hens. Osman et al. (2010) reported that feed intake reduced as
feed withdrawal level increased. Body weight change, feed conversion ratio for body weight
change, egg output, feed conversion ratio for egg output, egg weight, feed conversion ratio for
egg weight, egg mass and on feed conversion ratio egg mass did not show a difference based
on feeding regime (Table 2). The laying performance of these hens did not show a significant
difference towards feed withdrawal since their feed intake was comparable on four and eight
hours feed withdrawn hens, but on ad libitum hens it was high together with body weight change
and less feed efficiency was observed. Similar to this study (Table 2), it was reported that feed
withdrawal had no significant effect on egg number, egg weight, egg mass, hen day egg
production and egg quality (Table 3 and 4) (Osman et al., 2010). The insignificant high egg
weight, egg output and egg mass were observed on eight hours feed withdrawn hens and
Osman et al. (2010) results also reported an insignificant high egg mass on eight hours feed
withdrawn hens. The insignificant egg mass is due to comparable egg weights in all feed
withdrawal levels. Nofal and Hassan (2004) reported that feed withdrawn hens showed an
insignificant better conversion ratio than ad libitum fed hens and the current study found the

same results (Table 2).

Feed withdrawal did not show significant differences on external egg quality traits (median egg
weight, egg height, egg width, egg shape index, egg shell weight, egg shell breaking force and
on average egg shell colour) on table 3 and on all egg internal quality traits, median egg weight,
albumen height, yolk height, alboumen weight, yolk weight and Haugh unit. Hens on restricted
feeding exhibited no significant effects on egg weight and shell thickness (Lebbie et al., 2008).
Osman et al. (2010) agree with insignificant effect (P>0.05) of feed withdrawal on egg weight,
egg shell breaking force results of the current study. Feed withdrawal had a significant effect on
egg shape index and egg shell weight, yolk quality, Haugh Units Osman et al. (2010). Osman et
al. (2010) support the current results that egg shell weight was insignificantly higher on eight
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hours feed withdrawn hens than on other treatments. Hasnath (2002) reported the insignificant
differences in egg shape index, egg shell thickness, albumen index and Haugh Unit between ad
libitum fed hens and hens fed 80% of ad libitum. The external and internal egg quality traits did
not show a significant effect of feed withdrawal since the median egg weight in all feeding
regimes were the same and egg quality traits were measured and determined from the same

median eggs.

High percentage of small eggs was observed on four hours feed withdrawn hens, intermediate
on eight hours feed withdrawn hens and lower on ad libitum fed hens. This results show that ad
libitum feeding can be replaced by feed withdrawal since eight hours feed withdrawal resulted to
comparable small graded eggs percentage and it also showed that hens under those treatments
used comparable feed in egg production. The percentages of extra small, medium, large, and
jumbo graded eggs were the same in all treatments (feeding regime). Egg grading results
correspond with the egg weight results on table 2, 3 and 4 which shows that egg weight was
comparably high on eight hours feed withdrawn hens. The results also showed that more feed
was used in egg production since the body weight change on eight hours feed withdrawn hens
was comparably low, also the egg output was comparably high. The current author did not
manage to acquire previous studies which studied the effects of feed withdrawal on egg grades
of White and Brown Hy-Line layers.

5.3  Effect of strain on laying performance, egg quality and egg grading.

Strain had a significant effect (P<0.01) on body weight and egg weight. White Hy-Line layers
had high body weight than Brown Hy-Line layers. Brown Hy-Line layers egg weight was higher
(49.49g) than that of White Hy-Line layers (45.1g). Benyi et al. (2006) also reported significant
effect (P<0.05) of strain on egg weight. Anderson (2002) reported that egg weight of Brown Hy-
line was greater than that of White Hy-line. Strain showed no difference on feed intake, body
weight change, feed conversion ratio for body weight change, egg output, feed conversion ratio
for egg output, feed conversion ratio for egg weight, egg mass and on feed conversion ratio for
egg mass, (Table 2). Osman et al. (2010) reported that Hi-sex Brown strain consumed higher
(P<0.05) cumulative feed than Bovans white strain at all production periods. Badawe et al.
(2005) showed that, feed consumption of Brown egg strains was higher than that of White egg
strains. Rayan et al. (2013) support insignificant effect of strain on egg production (egg output).
Osman et al. (2010) reported that Hi-sex Brown strain produced more (P<0.05) eggs than
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Bovans White strain and Hi-sex Brown strain produced insignificant heavy eggs than Bovans
White strains. The current results agree with findings by Riczu et al. (2004) that eggs laid by
Brown Hy-line were heavier than White Hy-Line layers. Rizzi and Chiericato (2005) found that
egg weight of Brown Hy-Line was higher (P<0.01) than that of White Hy-Line layers. Silversides
et al. (2006) reported that ISA-brown hens produced heavier eggs than Babcock hens. Contrary
to the findings on feed intake, Ragheb et al. (2013) reported significant difference on feed intake
between strains. Oyedeji et al. (2007) support the current results of comparable feed intake
between strains. Hens with low body weight produced more eggs compared to hens of high
body weight (Falconer and Mackay, 1996), the current study results shows that hens with high
body weight change produced less number of eggs than hens with low body weight change.
These results and literature suggest that heavier strains use feed to produce fewer heavier eggs
whereas lighter strains use feed to produce more of lighter eggs. On contrary, Al-Khalifa et al.
(2013) reported that egg production and efficiency for Brown Hy-line hens was greater than that

of White Hy-line ones.

Ragheb et al. (2013) reported a significantly higher egg weight, egg production and egg mass
on Brown Hy-Line layers. Ragheb et al. (2013) also reported that strain had no effect on body
weight change which supports the current study result, but Brown Hy-Line had high body weight
change than White Hy-Line layers (Table 2). The body weight change insignificance results
corresponds with feed intake insignificance difference between the two strains and it also
implies that differences in body weights between strains remained constant over time. Grobas et
al. (2001) who found that, egg mass produced by ISA-Brown was more than that from White
strain and the current study agree with those results. Also Badawe et al. (2005) found that,
Brown Hy-line strain produced higher egg mass than White Hy-line strain. Feed conversion
efficiency differences between strains occurred due to the differences in production
performance of the two strains. Osman et al. (2010) revealed that Hi-sex Brown strain recorded
better (P<0.05) cumulative feed conversion ratio than Bovans white strain. The little effect of
strain on feed conversion ratio in spite of its significant effect on both egg mass and feed intake
could be attributed to the fact that, as feed intake increased, egg mass also increased with the
same level and vice versa (Osman et al., 2010). Grobas et al. (2001) reported that ISA- Brown
hens had better feed efficiency than Dekalb white strain. Also Al-Nasser et al. (2006) found that

feed efficiency of Brown egg strain was better than that for white egg strain.

Strain effect was observed on median egg weight, egg height, egg width and average egg shell

colour. Brown Hy-Line layers had high median egg weight, egg height, egg width and average
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egg shell colour compared to White Hy-Line layers. Vits et al. (2005) support high egg weight
on Brown Hy-Line layers over White Hy-Line layers. Monira et al. (2003) also support the
significant difference between strain on egg weight, egg height and egg width. The egg shape
index, egg shell weight and egg shell breaking force were high on Brown Hy-Line layers than
White Hy-Line layers though their difference was not significant because the significant high
median egg weight was observed on Brown Hy-Line layers. Duman et al. (2016) also reported a
correlation between egg shape index and egg shell strength and it was stated that egg quality
depend on egg weight and size. The egg shape index of brown eggs was significantly higher
than white eggs and insignificant egg shell breaking force was reported (Badawe et al., 2005).
The results also showed that the external egg quality of Brown Hy-Line layers was better than
that of White Hy-Line layers. Osman et al. (2010) found the insignificant effect of strain egg
shape index, but on the later stage (62-72 weeks of age) of egg production and high egg shape
index was observed on Hi-sex Brown strain. Osman et al. (2010) reported lower (P>0.05) egg
shell strength and lower (P<0.05) egg shell weight on Hi-sex Brown strain than on Bovans
White strain. Riczu et al. (2004) reported that eggs laid by Brown Hy-line had high egg shell
weight than White Hy-Line layers and the current study found outcome, but the effect was
insignificant. Hassanein and Toson (2005) found that, Hi-sex Brown eggs were superior in egg
shape index, shell percentage than those recorded for Bovans white eggs and Bovans white

eggs were higher in shell strength than that of Hi-sex Brown eggs.

Strain had a significant (P<0.01) effect on median egg weight and albumen weight. High median
egg weight and albumen weight were observed on Brown Hy-Line layers than on White Hy-Line
layers. Since the high percentage of egg weight is on albumen, high or low corresponding
results of egg and albumen egg weight are expected on a specific strain. Badawe et al. (2005)
also reported a significant (P<0.01) high albumin weight percentage on Brown Hy-line layers
than that of white Hy-line layers and strain did not affect egg yolk percentage . There was no
significant strain effect (P>0.05) observed on albumen height, yolk height, yolk weight and
Haugh unit, (Table 4). Since Haugh unit is determined by the albumen height the same effect on
both traits should be expected as it appears on table 4 that they are both not affected by strain.
Olawumi (2014) reported no strain significant effect (P>0.05) on measured internal and external
quality traits except for albumen height and Haugh unit, so current results are in agreement of
no strain effect on egg shell weight, egg shape index, yolk weight, albumen weight and yolk
height (Table 3 and 4). Wall et al. (2010) and Ragheb et al. (2013) found that the difference

between the two strains on Haugh unit was not significant and the current study found the same

30

© University of Venda



results. Ragheb et al. (2013) also reported that the yolk weight of the White Hy-Line layers was
higher than that of Brown Hy-Line layers, but the difference was not significant (P>0.05). El-attar
and Rayan (2016) reported that Brown Hy line showed high mortality compared to White Hy-line
hens. No mortality occurred throughout the investigation of this study. The Hi-sex Brown strain
produced eggs of higher quality than the Bovans white strain based on yolk index and Haugh
units (Osman et al., 2010), the current study disagree with high Haugh units, yolk weight, and
egg shell breaking force were observed on White Hy-Line layers though the difference was not
significant. Vits et al. (2005) stated that percentage egg output, egg weight, shell thickness,
shell breaking strength of Brown Hy-line were high compared to those of White Hy-line hens,
this report support the current study based on Brown Hy-Line high egg weight and egg shell
breaking force only. Al-Khalifa et al. (2013) observed insignificant low overall average yolk
weight and percentage in eggs laid by Brown Hy-line than that of eggs laid by White Hy-line,
and the current study agree with this outcome (Table 4). The overall albumen weight and
albumen percentage of the eggs laid by Brown Hy-line eggs was greater than that of White Hy-
line eggs which was reported by Al-Khalifa et al. (2013), the current study also agree with this
results. Hassanein and Toson. (2005) found that, Hi-sex Brown eggs were superior in yolk index
and albumin percentage than those recorded for Bovans white eggs and Bovans white eggs

had high yolk percentage than that of Hi-sex Brown eggs.

White Hy-Line layers had high percentage of extra small and small graded eggs than Brown Hy-
Line layers. Brown Hy-Line layers had high percentage of medium and large graded eggs than
White Hy-Line layers, extra-large and jumbo graded eggs percentage did not show significant
difference. Current results correspond with significant high average egg weight on Brown Hy-
Line, but the grades did not show a significant difference. The insignificance might be the results
of comparable egg output and egg mass since the egg grading percentage was determined
from number of eggs of certain egg weights. There are no previous studies done on the effect of

strain on egg grading.

5.4 Effect of feed withdrawal by strain interaction on laying performance,

egg quality and egg grading.
The interaction effect (P<0.05) was observed on body weight and average egg weight. White

Hy-Line layers had high body weight than Brown Hy-Line layers under ad libitum. High average
egg weight was observed on Brown Hy-Line than White Hy-Line layers. The interaction also
caused a difference on median egg weight and egg height. The effect of interaction between

strain and feed restriction on cumulative egg mass was not significant (Osman et al., 2010).
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Eight hours feed withdrawn Brown Hy-Line had high egg weight, median egg weight and egg
height than White Hy-Line layers. These traits did not show a difference of feed withdrawal by
strain interaction effect (feed intake, body weight change, feed conversion ratio for body weight
change, egg output, feed conversion ratio for egg output, feed conversion ratio for egg weight,
egg mass, egg width, egg shape index, egg shell weight, average egg shell colour and on feed
conversion ratio for egg mass). The interaction between feed restriction (ad libitum, 4hours and
8hours) and strain (Hisex Brown and Bovans White) had insignificant effect on egg weight
(Osman et al., 2010). Osman et al. (2010) agree with this study result of no significant effect of

the interaction between feed restriction and strain on cumulative feed intake

Albumen weight was affected by interaction, (Table 4). Brown Hy-Lines had high albumen
weight than White Hy-Lines under four and eight hours and in ad libitum the albumen weight
was comparable. There was no interaction effect observed on albumen height, yolk height, yolk
weight and Haugh unit. The interaction affected small, large and medium graded eggs
percentage. High percentage of small graded eggs was observed on White Hy-Line layers
under all feeding regimes. High percentage of medium graded eggs was observed on Brown
Hy-Line layers under all feeding regimes. Brown Hy-Line layers had high percentage of large
graded eggs than White Hy-Line layers under eight hours feed withdrawal. Extra small, extra-

large and jumbo graded eggs percentages were not affected by interaction.

32

© University of Venda



Chapter 6: Conclusions and recommendations

6.1 Conclusions
Feed withdrawal had no significant effect on laying performance (egg output and average egg

weight), body weight change, mortality rate and external and internal egg quality of the two
strains. Feed withdrawal had a significant effect on feed intake, body weight and on egg grading
(small and large graded eggs). Strain had a significant effect on body weight, average egg
weight and some of internal and external egg quality traits (median egg weight, albumen weight,
egg height, egg width and average egg shell colour) and on egg grading (extra small, small,
medium and large graded eggs percentage). Strain did not affect feed intake, body weight
change, egg output, egg mass, feed conversion ratio, mortality rate, some of internal and
external egg quality (albumen height, yolk height, yolk weight and Haugh Unit and egg shape
index, egg shell weight, egg shell breaking force) and on extra-large and jumbo graded eggs
percentage. Feed withdrawal by strain interaction effect was observed on body weight, average
egg weight, median egg weight, egg height and on albumen egg weight, egg grades
percentages (small, medium and large graded eggs percentage), but not on feed intake and

mortality rate.

6.2 Recommendations
The current study recommend the use of eight hours feed withdrawal since the laying

performance and productivity of hens under this treatment were comparable to hens under ad
libitum and their egg quality traits were better than those hens on ad libitum and four hours feed
withdrawal. White Hy-Line layers are recommended for high production of small graded eggs of
good external quality. Brown Hy-Line layers appears to be economically productive based on
comparable low feed intake, low body weight, comparable high body weight change,
comparable egg output and better egg quality, high egg weight and more of high grades of
eggs. White Hy-Line layers are recommended for comparable high feed intake, comparable
high egg output of low weight. Feed intake difference between ad libitum hens and eight hours
feed withdrawn hens was 129.0g, between ad libitum hens and four hours feed withdrawn hens
was 108.5g and between four and eight hours feed withdrawn hens was comparable with 18g
difference. It was observed that eight hours feed withdrawal reduced amount of feed laying hens
require for maintenance and production. Eight hours feed withdrawal by Brown Hy-Line layers
interaction effect is recommended based on reduced feed intake, well maintained body weight

and comparable laying performance.
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Appendices

Figure 1. Layer house Figure 2 Feeder

On figure 2, during feed withdrawal time a wooden plank was put on top of the feeder to prevent
hens from feeding.

4
Figure 3. White Hy-Line layers Figure 4. Brown Hy-Line layers
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