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OPERATIONAL DEFINITION OF TERMS

An estimator: is any statistic whose value is used to obtain u(g) where u(9) is a function

of # and 4 is an unknown population parameter (White et al., 2016).

n

A biased estimator: any statistics g:é(xl,xz,---,xn)is a biased estimator for the
unknown parameter if E(é) = 0 (White et al., 2016).

An unbiased estimator: If the above expectation i.e. E(é) =@ such that its bias is zero
(White et al., 2016).

A parameter: is a characteristic of a population (Yang, 2010).

Commercial eggs: Eggs used for income purposes (Pescatore et al., 2011).

Fixed model: a model consisting of only fixed component(s) (LeMay & Robinson, 2004).

Haugh unit (HU): is a measure of the quality of protein in the egg based on the height of
the albumen (Lee et al., 2016).

Mixed model: a model with both fixed and random variables (LeMay & Robinson, 2004).

Model: a mathematical expression embodying a set of statistical assumptions concerning
the generation of sample data that can help generate information from the whole population
(Yang, 2010).
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ABSTRACT

Rearing chicken has contributed positively to global nutrition, especially egg production.
This practice attracts both large and small-scale poultry keeping within the world’s
economy. Egg storage has been a problem due to ineffective methods subjecting many
farmers and egg retailers to losses. These methods include various models involving
statistical analysis of the storage conditions on the egg quality. However, they do not
provide sufficient information. Therefore, confusion persists between the use of fixed and
mixed-effect models. The confusion is because some studies analyse randomized complete
block design as fixed while others as mixed effect models. Apparent deficiencies of the
evidenced information from the randomized complete block design model prompted this
study. The quality of the eggs was determined by the physical characterization and changes
of both external and internal properties under different temperature conditions and storage
duration. The study evaluated the effect of storage temperature at three levels (5 °C, 19.5
°C and 30 °C) and time at four levels (2", 121, 22" and 32"%) on egg quality using fixed
and mixed-effects models. This study used a total of 618 fresh and unfertilized eggs from
the ISA (Institut de Sélection Animale) brown layers. Restricted maximum likelihood and
analysis of variance methods were used to determine the efficiency of fixed and mixed
effect models. Results showed that the physical components of the egg were significantly
affected at 5 °C, 19.5 °C and 30 °C (P < 0.05). The effect was more adverse on eggs stored

at 30 °C for 32 days. However, storage temperatures of 5 °C and 19.5 °C led to an extensive
reduction in the Haugh unit, yolk index, and egg white. Contrariwise, it increased the
weight loss, the albumen diameter under storage for 2", 121" 22" and 32"-time intervals.
This study recommends a temperature of 5 °C for egg quality preservation. The eggs should
be reserved in fridge-freezers for 32 days, at 19.5 °C for fourteen days, and at 30 °C for
seven days maximal. The fixed-effect models exhibited smaller components in diameter
and height of albumen, yolk index, weight loss, and Haugh unit. This overlapped instances
where the fixed-effect models were significantly the same as the mixed-effect models. This
study proposes that the fixed effect model is the most appropriate for randomized
completely block design experiments. This study obtained G-optimal efficiency of 68% to
predict the optimal levels of egg storage for quality maintenance. This study strongly
recommends further studies to consider optimization using other classes of storage
conditions.

XVi



CHAPTER ONE
INTRODUCTION

1.0 Introduction

This chapter comprises the background of information, statement of the problem,
justification, objectives of the study, hypotheses, scope, and assumptions of the study.

1.1  Background Information

Globally, there is a tremendous and ongoing human population increase over the past few
years. Current geographical and statistical models predict a global population of
approximately 10 billion human beings by 2050 (Godfray et al., 2010; Kwasek, 2012;
Popkin et al., 2012). The world human population was about 8 billion by 2017; this is
considered overpopulation (Mottet & Tempio, 2017). Rapid population growth in Africa
contributes to at least half of the world's population growing from 1.1 billion to 2.4 billion
by 2012 (Alexandratos & Bruinsma., 2012; Latham, 2021). This growth is a result of the
densely young generation population that is capable of reproduction. Such an increase
implies an intense demand for basic human needs, which the world might find difficult to
sustain (Hall et al., 2017). Food security and "food for the stomach” are immediate
demands for human existence, such as shelter and clothing (Kwasek, 2012). Nevertheless,
food security depends on the agricultural sector in several countries worldwide (Osabohien
et al., 2018).

Poultry production is a broad area in animal keeping with an acknowledgeable contribution
to secure food in several countries (Addo, 2017). Chicken eggs are a significant source of
protein for human nutrition and are widely preferred due to their relatively low price
(Miller, 2019). Yet, chicken eggs are highly perishable food and may lose quality rapidly
if not subjected to proper care from the time of laying, collection, to consumption (Molnér
et al., 2016). Internal and external structures such as the Haugh unit, which measures
freshness, describe egg quality (Lee et al., 2016). The shell does not cover the interior part
impeccably and can be easily affected by the storage condition (Molnéar et al., 2016).
Joseph et al. (2018) observed a high rate of chicken egg consumption in Sub-Saharan



Africa. The locally produced poultry products experience various challenges in meeting
the current demand (Mottet & Tempio, 2017). That situation is not different in Kenya! As

the population increases, the need for food also increases (Omondi, 2019).

Various stakeholders have been struggling to put in place measures that could help
maintain commercial egg quality from the time laid, collection to consumption. However,
the quality has been inferior due to the extensive systems used (Manhique et al., 2017). For
many farmers and retailers, egg handling and storage have subjected them to significant
losses brought about by storage temperatures and storage duration. Egg quality for market
value deteriorates with increased storage time and extreme storage temperatures (Lee et
al., 2016). The storage temperature has a high impact on the yolk characteristics, shell
thickness and increases airspace diameter. To a considerable extent, the egg white, a

measure of protein composition, also deteriorates drastically (Osabohien et al., 2018).

However, the statistical analysis and interpretation of experiments based on commercial
egg quality using randomized complete block design may be less critical if there is a failure
to sufficiently understand the best model to be fitted. Since 1919, there is a higher rate of
development in statistical techniques and their application to design and analyze
agricultural experiments. A famous statistician Ronald A. Fisher performed statistical
analysis of field and laboratory accumulated experiments as described by (Yang, 2010).
He invented Analysis of Variance (ANOVA) and different designs in experiments
currently used in field and laboratory experiments. The invention was mainly to accurately
determine the estimators of the unknown parameter by eliminating bias and improving
precision. Modelling standard randomized complete block design (RCBD) generates a
mixed effect model (LeMay & Robinson, 2004).

Conversely, treating blocks as a fixed effect in RCBD experiments is usually the most
appropriate choice (Dixon, 2016). Failure to differentiate between fixed versus random
effects within an RCBD model has led to significant confusion and uncertainty with mixed
model analysis (Yang, 2010). Discourse has risen as to the suitable way to state the hybrid
linear model in experimental design (Bremer, 1993). According to Festing (2010), the
inability to standardize the nomenclature of RCBD can confuse when teaching the

principles of experimental design. Fitting this model gives a standard model, which is a



mixed effect model. Therefore, the choice of factors as either fixed or random in a standard

RCBD (Equation 1.1) model has a significant consequence in statistical analysis;

Yii =u+A T7i T &k (1.1)

where 2 is the grand mean, 4, is thei®™ treatment effect, 7 isthe jth block effect, and &y
residual error which is independent and associated with the observed value Yj; . Whenever
both A, and y ; are fixed, then the resulting model is fixed. On the other hand, if either 4,
or y; is random and the other fixed, then the resulting model is mixed (Dixon, 2016). This

project aims to investigate the effect of storage temperature at three levels (5°c, 19.5°C,

30°C) and storage duration at four levels (2", 12%, 22™ 32™) days on both the egg's

quality determinants using a fixed and mixed-effect model.

1.2 Problem Statement

Most scientists, researchers, and data analysts have embraced several experimental designs
such as RCBD, split-plot and completely randomized design (CRD). Studies on comparing
mixed and fixed-effect models have concentrated on unbalanced experimental designs. The
method of interest of this study was the RCBD which is used widely in both field and
laboratory experiments. The specification of factors is not precise. This is because amongst
recent researches, some of the data analysts, as well as researchers, consider the fixed effect
model Dixon, (2016); Degani et al. (2019) and Uyanga et al. (2020) for RCBD while others
use mixed effect model for the same design (Jjagwe et al., 2020; Cayleigh, 2018; Galindo
etal., 2019).

The parameter estimates from this design might be more biased to the unknown parameter
depending on the model used, which is a crucial area of poor parameter estimation in
statistics from a model worth considering for a study. Improper modelling of the egg
storage conditions may subject small or large-scale layer poultry farmers and egg retailers
to unexpected losses that are avoidable. Thus, this study sought to scrutinize the desired
storage temperatures and duration that enhance egg quality maintenance using RCBD

model analysis.



1.3 Justification of the Study

Festing (2010) insisted that the inability to standardize the nomenclature of RCBD can
confuse when applying the principles of experimental design. As a result, a study by Dixon
(2016) suggested block to be treated as a fixed effect in this design. Moreover, Dixon
(2016) used a simulated experimental method to make such a conclusion. However, White
et al. (2016) claimed that models generated by simulated experimental designs affect the
prospect of accurate parameter estimates. Yang (2010) dealt with a comparison of
procedure for the general linear model (Proc GLM) and method for mixed model (Proc
Mixed). In addition, Yang (2010) further made a comparison of sample data from split-plot
design and CRD. Most studies have concentrated on unbalanced designs such as split-plot,

split-split plots, and complete randomized designs.

This is significant because of limited research carried out to verify the best model fit for
RCBD. Further, chicken eggs, a reliable source of nutritious food and an easily affordable
source of income for low-income households in Kenya (Orungo et al., 2018). The findings
of this study enlighten egg retailers and poultry farmers on the best storage condition to
maintain egg quality. It serves as a standardized nomenclature to researchers specializing
in the design and analysis of experiments to avoid confusion when applying the principles

of experimental design.

It also enlightens different stakeholders such as the technology-based research centres and
the government to implement policies on optimal storage conditions for quality egg
storage. Such implementation is an achievement of the big four agenda of smallholder
productivity for food affordability and nutrition (RoK, 2018). In addition, data analysts can
use these findings to avoid poor parameter estimation from a model, thus deriving reliable

outputs.
1.4 Objectives

1.4.1 Broad Objectives

To model the effects of storage conditions on the egg quality using a randomized complete
block design.



1.4.2 Specific Objectives

The specific objectives were to;
I. Determine the effect of different storage conditions on the egg quality using
fixed and mixed effect models.
ii. Evaluate the efficiency of fixed and mixed effect models.
iii. Synthesize optimal levels of storage conditions for quality egg maintenance

using the response surface technique.

1.5 Research Hypotheses

This study formulated hypotheses majorly for rejection purposes based on the assignment
of a statistical test. Test in statistics is a rule that assigns each possible observation to one
of the groups that either has an element of consistency or none to the hypotheses (Massey
& Miller, 2006). The following hypotheses guided this study;

i.  There is no significant effect of storage conditions on the egg quality.
ii.  There is no significant difference between the efficiency of the models.
iii.  There are no optimal storage conditions for quality egg maintenance.

1.6 Scope of the Study

This study covered poultry farms lying within a 4KM radius from two major urban centres
within the geographical location of Embu County, Kenya; that is, Embu town and Siakago.
It experimented on the eggs obtained from ISA brown layers. This study considered ISA
Brown layers because they are dominant in the Embu county region. Further, Embu town
and Siakago urban centres are major hot spots for poultry products, particularly eggs. The
experiment evaluated the effect of different storage duration and temperature conditions
on the external and internal features of the commercial egg. The quality of the egg was
determined by the height, diameter, weight of yolk, shell weight and diameter, and albumen

weight.

1.7 Assumptions of the Study

This study assumed that the effects of confounding factors such as type of feed, layers

health, the total number of colonies, different farm managements, and monitoring routines
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on the quality of egg from the time it is laid to consumption are infinitesimal. Further, only

storage duration and temperature affect egg quality from laying, collection to consumption.



CHAPTER TWO
REVIEW OF LITERATURE

2.0 Introduction

This chapter entails the empirical review, the effects of different storage conditions on the
physical properties of the egg, model efficiency evaluation, determination of optimal

candidate points, and finally, research gap.

2.1  Empirical Review

Poultry production is a broad area in animal keeping with an acknowledgeable contribution
to food security in several countries (Addo, 2017). From poultry, chicken eggs are a
significant source of animal protein and are highly and widely preferred due to their
relatively low price. However, eggs require more careful handling to maintain their
freshness and quality (Lee et al., 2016). Egg quality is best described in terms of internal
and external structure characteristics, i.e. Haugh unit (HU), which measures freshness
should be greater than 75 (Lee et al., 2016).

After ovipositing, environmental conditions and maintenance begin affecting both internal
and external, e.g. structure. The primary influence on egg quality is storage temperatures;
storage time also plays along with temperatures in estimating or measuring egg quality.
Characteristics of eggs affected include internal and external properties (Kraus et al., 2019;
2020). The quality of the internal structure is indicated mainly by the measurements
obtained from the yolk and albumen (Molnar et al., 2016). Other features include yolk
colour, airspace diameter, and the general odour of the egg albumen. External egg
characteristics are summarized by the eggshell, including shell colour, shell thickness, shell
weight, and overall egg weight (Sirri et al., 2018).

2.2  Effects of Different Storage Conditions on the Physical Properties of the Egg

The egg's physical properties are essential in the design considerations for effective
equipment necessary for storage, utilization, transportation, and processing (Bertechini et
al., 2014). According to Sun et al. (2018), the eggshell should be resistant under natural

environmental conditions that may lead to cracking for embryo protection until hatching.
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The commercial chicken eggs are classified based on their shape. The shape index is
majorly used to classify eggs into round, standard, and sharp. This classification of eggs
into grades is also based on the shape index, whereby some eggs belonged into Grade —AA

or —A (Pescatore et al., 2011). The sharp chicken egg should have a shape index (Shp < 72),
regular have (Shp =72—76),and round ones have (Shp > 76). These eggs are regarded as

Grade AA eggs, and the category is classified as Grade —A or AB eggs respectively (Duman
et al., 2016).

A study by Balogu & Kolo (2016) shows that egg weight affects some of the physical
properties such as length, volume, density, and weight loss but has no effect on the egg
width and shape index. Although eggshell is not classified as a quality factor in the egg,
the size and thickness affect the overall quality of the egg because its length is inversely
proportional to its width. As the commercial hen ages, there is less intestinal calcium
uptake, which negatively affects the thickness of an egg, leading to increased egg size and
a decrease in production level (An et al., 2016). As per Rayan et al. (2010), a rise in the
weight of the shell as the hen gets older would be insufficient to serve as an indicator for

the weight increase of an egg.

2.3  Evaluation of Model Efficiency Using Variance Component

Computation of variability may depend on the various sources of variation and their
conceptualization in a model; different models' formulation and computation yield
estimates of variance components that are not similar. VVariance component estimation has
become an area of statistical interest for approximately more than 50 years. This interest
has only been possible since the invention of the ANOVA technique by Fisher. ANOVA
methodology assumes unbiasedness in balance data design by equating the error of the
mean square to its expectation (El-Hashash, 2017). The ANOVA method has always been
recommended over some given techniques of variance component estimation and

forgetting the proportion of confidence intervals (Shrout & Fleiss, 1979).

The restricted Maximum Likelihood (REML) estimation procedure was further developed
due to the biased nature of variance component estimation through ANOVA in unbalancing
data structure (Rodriguez-alvarez et al., 2018). REML has been used to estimate variance



components to evaluate Bovine Respiratory disease (BRD) (Buchanan et al., 2016). It came
into existence through estimating variance error in statistical analysis. Mainly obtained by
getting the difference between the error of the means square from the model and the
observed, then equating to zero. Different studies have used the method of REML to
estimate the variance components, for instance, in a genetic and animal breeding program.
A comparison between REML and Bayesian approaches of estimating variance
components shows that these two methods yield estimates which are close in value (Mandal
et al., 2020). Estimation of variance component has been applied in ensuring extremely

accurate stability in navigation Satellite systems (Li et al., 2020).

2.4  Determination of the Optimal Level

Recently, optimal designs have drawn attention to various researchers in the design and
analysis of experiments (Yu et al., 2018). Different optimality criteria exist to enable the
selection of optimal candidate points. These designs include; A- and D- optimality criteria,
which deal with high precision estimation of model parameters of the designed matrix. I-
and G- optimality criteria are considered widely for predicting the dependent variable with
high precision. A-optimality measures seek to minimize the variance of the estimated
matrix and coefficients of parameters (Jones et al., 2020). According to Herman et al.

(2020), the A-optimality criterion is most efficient in screening experiments than the D-

optimal design. A-optimal design has been used to find the subset of network p, candidates

of censoring point which could select p, levels.

Further, the A-optimal criterion is used to select the optimal design of candidate points for
the Bayesian linear inverse problem. Candidate points represent the inverse of the situation,

such that the parameter to be observed maps a f linear and normally distributed function.

That is to say, rr?grll]tr(Bpost (s)) +aP(s) where p, = Zs is the penalty function associated

with the Bayes decision (Alexanderian et al., 2016). Several studies have used the A-
optimal criterion for optimization design. However, very limited studies optimize storage
duration and temperature. Thus this study used optimal criteria to determine the optimal

storage duration and temperature to maintain egg quality from the time it is laid.



2.5 Research Gap

Studies on comparing mixed and fixed-effect models have concentrated on unbalanced
experimental designs such as split-plot, incomplete block design, and many others and have
neglected to model RCBD (Harville et al., 1984; Yang, 2010; Bell et al., 2018). In addition,
studies on RCBD modelling have used simulated experimental data set, for instance, an
experimental technique used in data analysis, supplementing intuition in mathematical
statistics (Bell et al., 2016; Dixon, 2016). Monte Carlo simulation is a scientific tool mainly
used for intractable problems analytically and whose experimentation is too costly, not
practical, and time-consuming (Cabrera-Llanos et al., 2019). Moreover, studies on fixed
versus mixed effect models for RCBD have been common in agricultural field experiments
like maize breeding. Furthermore, most experiments on egg storage duration and different
temperature conditions have been conducted elsewhere in the study area (Giampietro-
Ganeco et al., 2015).

Very limited research has been done to determine the optimal storage conditions to
maintain the quality of the egg from being laid to consumption. Therefore, there is an
evidenced need for research-based information which can create awareness to learners,
poultry farmers, statisticians, data analysts, and researchers on the model best fit or RCBD
arguments based on the variance component estimate. This study thus filled this gap by
designing an experiment on RCBD. This study used an investigation to determine the effect
of egg storage duration when fresh eggs are subjected to different temperature conditions

to formulate both fixed and mixed effect models for comparison purposes.
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CHAPTER THREE
MATERIALS AND METHODS

3.0 Introduction

This chapter entails the description of the study site, the sampling technique, study design,
and statistical techniques that were used to compute an estimate of variance component for
the models such as ANOVA and REML.

3.1  Study Site and Description of Experimental Eggs

The study was conducted in the zoology laboratory at the University of Embu (0° 35° 25°°S,
37°E 25° 31”°). This study involved eggs from ISA brown egg-laying hens of two to three
years old in approximation. According to Marzec et al. (2019), different egg storage
conditions have a significant effect on both external and internal egg quality as hens age.
The eggs from commercial hen layers of more than 80 weeks are primarily at risk of a
faster decrease in rate under storage (Peri et al., 2017). The study exempted any other type
of egg layer chicken other than ISA brown. This study excluded eggs laid by ISA brown
on any other day other than the collection day. It also disqualified the fresh and unfertilized
eggs laid by ISA brown of the specified age, but that had cracks. This study used eggs from

the University of Embu, Kirata and Rana poultry farms in Embu County, Kenya.

3.2  Sampling Design

According to Sarmah & Hazarika (2012), a fraction of the population of interest that can
be used to make a statistical inference is a sample depending on the type of study. This
study purposively sampled three farms based on the intensity of egg production from ISA
brown layers at the study time. However, the sampling units for this study were the eggs.
This study employed this method to allow each unit included in the sample to experience
the pre-assigned probability of inclusion. It is statistically evident that the random sampling
procedure gives less biased estimates of the unknown parameter than purposive sampling
(Ajay & Micah, 2014). Therefore, within a stratum, this study marked ISA brown with
labelled stickers in ascending order. The study generated a random number table of the
marked stickers with a sample of interest. Hens under trial were picked and separated from
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the rest following the random numbers generated. They were kept under laying test a day

to the actual egg collection.

3.21 Sample Size

According to Tiberious et al. (2016), a sample size between 10% and 30% of the population
size is adequate for statistical inference. This study used the Tiberious method to obtain a
sample of strata. In addition, the Neyman formula, which Yamane proposed, was used to
estimate the sample size of fresh eggs under-investigated (Baran & Gokdogan, 2016).
Thus, this formula enabled the study to use the principle of proportional allocation.
Therefore, obtaining information about the population of interest and its precision is based
on stratified sampling. The sample allocation depended on the size of samples within
different strata as illustrated by (Pandey & Verma, 2008). Further, the model used for this
study consisted of only eggs with a normal shape index (Shp) of 72-76 (Equation 3.1) as
documented by (Duman et al., 2016). This study excluded the eggs with other shapes. The
shape index is characterized by the egg's length (LE) and width (WI) dimensions. These
dimensions were measured using a digital Vernier calliper (mm) (Altuntas & Sekeroglu,
2008; Ketta & Tumova, 2018; Gali¢ et al., 2019).

Shp = (WI x100)

LE 31

Given that ISA brown has 95% laying rate, this study included 5% of the sample of interest
in catering to non-laying rates. Yamane’s formula (Equation 3.2) (Johnston et al., 2019);

Nil Ni2
n= + Vi=12,3 (3.2)
[1+Ni1ez ] [1+Ni282 ] o '

Where; N; is sample number of ISA brown layers under trial from N;and N.,. N;; is the

estimate of the targeted population size from each poultry farm with 95% laying rate while

N, is the estimate of the targeted population size with 5% non-laying rate from the same

poultry farm. 1 =1,2,3represents the University of Embu, Rana, and Karata poultry
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farms respectively, € = the error limit. At 95% level of confidence and with an error limit

of 5%. Thus, the number of layers under trial was N =0, +N, +N,.

Therefore, from (Equation 3.2), it follows that;

n=(— 229 26
1N [1+520(0.05)% ] [v260.057 ) ~ 220 4=20 @33
=2 = ~183+12=195
2" [1+338(0.05)7]  [1+12(0.05)° ] T 74T (34)
- 278 9

n,+n, +n,, =618 eggs (3.6)

3.3  Materials and Experiments

3.3.1 Experimental Design

This study collected 623 unfertilized fresh eggs from 1183 laying ISA brown chickens.
The study used a simple random sampling technique without replacement, as illustrated
above. The weight of these fresh eggs was measured and recorded within the same day of
laying and collection. However, this study excluded five eggs that cracked from the

experimental setup. Therefore, this study ended up with a sample of 618 (Equation 3.6).

This study generated a general complete factorial design with three replicates to assist in
experimentation and data collection. Two hundred and six eggs were sampled randomly
from the 618 eggs to cater for the experimental control group of room temperature (19.5
°C). The 19.5 °C was the average of the mean daily temperature for the whole experimental
duration. The room temperature was chosen as a control for this experiment since it is the
commonly used temperature by egg retailers and farmers at large. The remaining 412 eggs
were placed at random in plastic egg cartons 206 each and stored under different storage
temperature conditions (refrigerator 5 °C and incubator 30 °C). 5 °C was the lowest possible

temperature for storage while 30 °C was the highest temperature recorded in the study area.
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This study used different temperature conditions as treatments while storage duration acted

as blocks.

3.3.2 Experimental and Data Collection Procedures

After storage, a sample of 52 eggs was randomly picked from every storage temperature
condition at a time at a periodic interval of days; that is 2", 121", 22" and 50 eggs on the
32" day. Each egg was picked and cracked over a flat surface to reduce the likelihood of
shell shards breaking into the egg. The height of yolk and egg white were measured using
a spherometer. The yolk, egg weight, and shell weight were measured by electronic
sensitive digital weighing balance. This study used Vanier callipers to measure the
magnitude of yolk, shell, and white egg diameter. The average of the widest and the
narrowest horizontal circumference was measured as the yolk diameter. Moreover, the
standard of the broadest flat rim enclosed by the egg white was calculated as the albumen
diameter as documented by (Oleforuh-Okoleh & Eze, 2016; Sola-Ojo et al., 2016; Hegab
& Hanafy, 2019). Haugh unit (HU) (Equation 3.7) was determined using the following
procedure as documented by Haugh (1937) and Tran & Soottawat (2018);

HU =100 log,,(H, -1.7W,’¥' +7.56); (3.7)

HU = Haugh unit, H, = the height of the egg white (mm), and w = the weight of the

egg (9). The yolk indices were estimated using the following formula (Equation 3.8).

Y| = y(height) with) (3.8)

3.3.3 Detailed Procedure Used

This study used principle methods as documented by Haugh (1937); (Hegab & Hanafy,
2019) Oleforuh-Okoleh & Eze (2016); Sola-Ojo et al. (2016); Tran & Soottawat (2018);
Hegab & Hanafy (2019), in the determination of both internal and external components of
the egg. A petri dish was placed on a digital weighing balance (accurate at 0.01 grams (g))
and tared. The eggs were placed on the petri dish one at a time, recording the observed
weight for each. Using an electronic Vernier calliper (accuracy of 0.01 millimetre (mm)),
this study measured the length and breadth of the egg. After breaking the egg in the below
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internal measurement procedure, the eggshell weight and diameter were also measured

using a digital weighing balance and electronic Vernier callipers, respectively.

The internal quality of the egg is determined by the dimensions of the yolk and the
albumen. The measurements of the yolk were used to estimate the Y1, while those of the
egg white was used to find the HU which involves egg weight. An egg was cracked over a
flat surface using a spatula, ensuring very little likelihood that the shell shards would break
into the egg. Before prising it to open, the egg was held over a petri dish and having another
petri dish ready beside it. Two hands were used to break it into two halves. The yolk was
slipped back and forth from one half-shell to the other. Tilting it by doing so and letting
the white trickle down into the petri dish while hanging on to the yolk.

Once the white trickled in the shells, this study popped the yolk into the other petri dish.
Another petri dish was placed on a digital weighing balance (accurate at 0.01 grams) and
tared. The yolk and the white were placed on the petri dish separately and then recorded
the observed weight. This study measured the diameter of the yolk and aloumen using an
electronic Vernier calliper (accuracy of 0.01 mm). The height of the albumen and yolk was
measured using a spherometer (accuracy of 0.01 mm). A spherometer was first placed
gently on a glass slab so that its three legs rest on a flat surface. This study placed an empty
petri dish under the screw at the centre. Further, we gently turned the screw downwards till

the crew tip touches the surface of the empty petri dish.

This study used a thin rectangular white paper to ensure no gap between the end of the
screw and the flat bottom of the empty petri dish. In this case, if the paper can slide easily,
it implies a tiny gap between the tip of the screw and the Petri dish's surface. The screw
was further turned downwards till there was no gap between the screw tip and the zero
mark of the pitch scale. The screw was raised upwards so that the yolk in a petri dish can
stay inside it. The screw was further turned downwards till the screw tip touched the upper
layer of the yolk. The vertical scale reading, in line with the circular scale reading, was

recorded. This procedure was used to measure albumen height.
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34 Fixed and Mixed Effect Model

3.4.1 Model Diagnostic and Building

This study considered the following RCBD model consisting of treatment effect and block
effect (Equation 1.1).

Yik = H+ A4+ + &y (3.9)

Where Yy, is the k" observation of the i™ treatment effect and the jth block effect, 4 is
the grand mean, 4, is the i" treatment effect, 7, is the jth block effect and & residual
error which is independent and associated with the observed value Y;, . Whenever both
A; and 7 are both fixed, then the resulting model is fixed. On the other hand, if either A;

or y; is random and the other fixed, then the resulting model is random. These models

could also be associated with interaction effect (Wu et al., 2009);

Yiik =u+A4 7 +(ﬂ’7/)ij T, =1 W, j=1-,w, k=1---,w, (3.10)

i
Where &= the grand mean,4,7;,(47);and & are random variables which are

. .. . . . 2 2 2
independent and follow a normal distribution with variance as o} ,0, and 0}, . The means

of these variables are all zero (Khuri, 2000).

The matrix notation of model (equation 3.10) can be expressed as
y=Au+Al+Ay+Aldy+e¢ (3.11)

From Equation (3.11), letting A, =, which is the interaction effect between treatment

and block, we shall have that;

y=Au+Al+Ay+Ay+e (3.12)
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Where A= IZZW- .Further, given that & is a random error whose entries are in respect to
ij
i

observed values y,£~N(OZZWij,G;Wij)(Stroup & Littell, 2002). For instance, the

experiment of this study.

Ail Fil Qil
Ar, 5 Q?,
Ass I Q,
A14 Ff4 Qf4
An I Q},
In particular W; =3andW, =4 A = AEZ A, = ng A= ng
A23 1—‘23 Q23
A§4 rgtl ngl
Ay I3, Q3
Az rs, Q3
A:3 rg3 ng
A% T3, | Q;,

Thus 4,y andy have mean of,0,,0,and 0,,respectively and variance-covariance matrix

. k . .
oily,021, and o)1y, with A, k=123 a W; x 3 matrix whose column k is a vector of

1’s and the rest of 1 is a vector of zeros. [j3,q=12,3,4 a W,, x 4matrix whose column (
r

is a vector of 1’s and 1 is a vector of zeros.Q, F'=12,+12 a w, x12 matrix whose

column I is a vector of 1’s and 1 is a vector of zeros. We can therefore assume that

A
A=|4, |~ N(03,6§|3),

Ay

R

h L #!
y=|"|~N@0,,0%1,) and y =| : |~N(0y,021},).

& Vi

& | V12 |
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It follows that model (Equation 3.12) has a distribution with mean A, and a variance-

covariance matrix 2 such that;

() =0 AA "‘UyZAzAzT "‘O'.;A3A3T "‘U.,flzzwiq,

Q 4 O 4 4
T 2N 2 Vg D Waq .
Where A A = 0 - “6 i (Kline et al., 2020)
ZWZJ'JZ;WM ;”Zq

R

QW11 Wi Wag QW11W21 Wy Waoy QW11W31 Wi Wag
Wi gWig oo QW14 Wi g Wa1 QW14W24 W4 W31 QW14W34
QW21W11 Wo1Wag QW21 WaqWay QW21W31 W1 Way
AzAzT =
Wo4 Wi QW24W14 Wo4Waq QW24 Wa4 W31 QW24W34
QW31W11 W33 Wig QW31 W37 Woy QW31 W31 Wag
W3 Wi g QW34W14 Wi3qW3q QW34W24 Wi3qW3q QW34
QW11 Wi Wig Wy Wo1 Wy Wy Wy 1 W3y Wy Way
Wi W g Tt QW14 W4 Way Wi4Way W4 W3y W4 W3y
W1 Wy Wa1Wig QW21 Waq Wag Woq Waq Woq Way
A AT —
WoaWiq WoaWig WogaWoq QW24 Wo4q W3y Wogq W3y
W31 Wi W31 Wigq Way W31 Waqa QW31 W31 W3y
L WaaWig W3 Wyg W34 W3q W3q Wy W34 W3q QW34 |
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. 2 2 2 2 .
Variance components are the unknown parameters that are, 07, 0,, 0, andao; (Silva et al.,

2015). If Y € R" represents a vector of observed values, the mixed model can be expressed

w+1

further as; y=X[+ Z X pi (3.13)
i=1

Where X,,; =1, X; € A" and B € R", where X € A™"is a known designed matrix

for both block and treatment effect.
3.5  Assessing Model Adequacy of the Models

3.5.1 Assumptions of the Model

The mixed model assumes f,’s are random vectors that are mutually independent.
Regarding this assumption, the study considered E(S;) =0, and £(8,) = 51, . This can

be expressed further as, E(y) = X8, Sy =Y o7A, where A = X X!, and 67,0,

are positive parameters that are fixed and unknown. This study used these parameters as
variance-covariance components implying that O'iz >0.=1---,rwhile 6,2+l >0. The

study assumed that;
r+l
y ~N(XB,Z),Where T = Z(y) = Y o7 A (3.14)

i=1
This study performed analytical preparation on hypothetically persuasive, remote random,
and residual properties on the obtained records through the student zed residual method in
R for fixed and mixed effect models.

3.6 Determination Model of Efficiency of the Models

The efficiency of the fixed and mixed-effect model was determined through the estimation

of the variance component.
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3.6.1 Analysis of Variance Method

According to Corbeil & Searle (1976), analysis of variance procedure was considered for
the fixed effect model. In this estimation procedure, a system of linear equations was
solved. The formulated structure of the linear equation depended on RCBD.

Let V.?,i=12,---,r +1 denote the second-order moment error for the i variation source
in the model (Equation 3.8). V.’can be expressed as; V.> =y'R.y, R € R" in such a way

that;

X"RX =0, (3.15)

where XTRi is the orthogonal vector to all columns of X and thus,
r+l r+l

E(V,*) =tr(RE)+ XBTR (XB) =tr(Q_w R A) =D W tr(X R X,) (3.16)

Vizdepends only on the variance component (Heba et al., 2015).

S12 ! tr(xlTR1X1) tr(XrT+1R1Xr+1)
ButV = : |andy=| : |E(S)=2Zy,Z= : ;
Sr2+1 Vin tr(XlT Rr+1X1) tr(XrT+1Rr+1Xr+1)

3.6.2 Restricted Maximum Likelihood Procedure (REML)

This is a more general method majorly used to estimate a bias-free variance component in

a mixed-effect model. Equation (3.12) can be expressed further as;

Vi Xl Zl = 0 bl
y=XB+Zb+e Where,y=| : |, X=| ¢ |, Z=|: . : |,b=|: | Inthiscase ¢
yw Xw_ O Zw bw
ul(@) 0
~N(O0,u(®)) with u(d)=| : :  |general covariance matrix parametrized by 6.
0 UW(H)_

If (equation 3.13) is true, then y" R.y is the contrast error. It is only possible to come out
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with at most w—r such vectors which are linearly independent. It follows that
XTRX =0, and{X"Ry}=0,.This can be expressed further as A'Yy=0, where
X'R = A" Let’s define a contrast error vector by
c=A"y(XB+Zb+¢g)=A"e ~N(0,A'u(d)) which does not contain any element of
unknown parameter g and b. The absence of these unknown parameters gives sufficient

information about § when inference is made based onC rather than y (Zhang, 2015).

Therefore;

L. =(0|Ay) :—%Iogdetu —%IogdetXTu’lx —%(y—x ﬁ)Tu‘l(y—x ,é) (3.17)
- —%Iog detli:l[ui —%Iog detli:l[ X'u X, —%;(yi =X, )"y, = X, B)

_ —%ilog detu. —%ilog det X,"u X, —%Zr:(yi - X &)Tui‘l(yi - X ,é)
1=1 i=1 1=1

This study then maximized L, = (€| Ay) for U; (Equation 3.16). The detailed derivation
is found in (Lindstrom & Bates, 1988).

3.6.3 Comparison of Modelling Efficiency

This study compared estimated variance components for a fixed and mixed effect. The
model with the smallest variance component estimate was the most accurate. We compared

the significant difference of the estimated variance component through LSD.

3.7 Principal Component Analysis

Principle Component Analysis (PCA) was used to obtain cloud representation of points in
the change of egg components space with reduced dimensions optimal. PCA is a data
reduction process that condenses correlated variables into independent variables called
Principal Components (PCs), with each PC having factor loadings referred to as
Eigenvalues (Costabile et al., 2009; Jollands et al., 2004; Kourti, 2005; Rabbette &
Pilewskie, 2001; Camacho et al., 2010; Bounoua & Bakdi, 2021; Beattie & Esmonde-
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White, 2021). The rotation method enhances the loading of a smaller number of highly

correlated variables for each principal component (Mairura et al., 2007).

This study included eigenvalues above 0.5 to reduce noise following the assumption that
the largest eigenvalues contain the most meaningful information (Wold et al., 1987; Lu et
al., 2004; Yiheng et al., 2005; Andrecut, 2009). Factors such as albumen weight that were
insignificant in the first objective for both fixed and mixed-effect models were excluded
from the PCA. This study searched for the best possible changes of physical characteristics
of the egg under storage conditions, enabling excellent visualization of the shape of a cloud
with seven dimensions. Sarica et al. (2012) used PCA to determine the most actual
parameters in genotype. Further, Feddern et al. (2017) used PCA to suggest egg quality
parameters associated with seasonal layers. This study explored the best possible changes
of physical characteristics of the egg under storage conditions, enabling excellent

visualization of the shape of a cloud with seven dimensions.

3.8  Response Surface Model

For the response model, this study obtained the averages of observations for replicates as

per the designed matrix 3*4*3=36runs (Appendix). Even though this study tried its
level best to reduce variation by shape index and egg weight, variations were inevitable.
Therefore, the study used averages to reduce the margin of error. It fitted a second-order
model using the general full factorial design for the response surface of the dependent
variables, which allowed for the specification of the two used factors of different levels.
This model was used to approximate the response of the corresponding dependent variable.
From Equation (3.10);

3 4
AW EDW AR WL R (3.18)
j=1

i=1 i]

3.9  Optimality Criteria

The design prediction criterion of the response surface of the experiment for this model

was determined by the G-optimal measure. This criterion was used to minimize the

maximum entry in the diagonal of the hat matrix X (X 'X)™X". According to Wong (1992;
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Montgomery et al. (2002); Zahran et al. (2003); Moein & Pan (2016); Atitwa et al. (2016),
a design is said to be G- optimal if and only if it minimizes the minimum scaled predictive

variance over the design region.

) (3.19)
G —opt = N var[zy (x)]
(o)
k
~ (3.20)
G _eff — max(N vazr[y(x)])
o

Where y(x) is the predicted response variable, N = the design points and o* = the

estimated mean square error of the corresponding response variable.

_ (PD(p+2)
- 2 (3.21)

Such that p = the dimension of the full quadratic polynomial response surface.
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CHAPTER FOUR
RESULTS AND INTERPRETATION

4.0 Overview

This chapter presents the findings of this study. The effects of temperature and storage
duration on the quality of eggs using mixed and fixed-effect models have been presented.
The efficiencies of fixed and hybrid effect models are also demonstrated. In addition, the
results of optimal storage conditions using response surfaces are also interpreted in this
chapter.

4.1  Effects of Storage Conditions on Egg Quality Components

4.1.1 Egg Weight Loss

Table 4.1.1 displays the effect of different storage durations on egg quality for large (60-
64) g, extra-large (65-69) g and jumbo (70 and above) g sizes. R-Square (R-sq.) of the egg
weight loss (EWL) indicates that the fixed model was 93%, 85% and 83% for the egg sizes
respectively. The large (60-64) g egg size is highly explained (Table 4.1.1). The coefficient
of variation of EWL was below 30%. The jumbo (70 and above) g had the highest
coefficient of variation (18%). The effect of storage time on the egg weight was remarkable
at 95% confidence intervals with the least significant difference (LSD) 0.34, 0.34 and 0.39,
respectively (Table 4.1.1).

The mean weight losses were 1.67 g, 1.78 g, and 1.99 g, with jumbo (70 and above) g
recording the highest loss. The difference in mean weight loss could be due to different
egg sizes. Table 4.1.4 shows the effects of the interaction of storage temperature and
duration within the fixed-effect models for every category of egg size. The interaction
effect of egg weight loss indicates higher losses on the 32" day of storage in 5 °C, 19.5 °C
and 30 °C for all the egg sizes. This study realized insignificant weight loss of extra-large
(65-69) g egg size stored at 5 °C. However, jumbo (70 and more) g had a significant
difference on the 32" day. Table 4.1.2 presents the effect of storage conditions on the
physical characterization of the egg with temperature as a fixed effect.
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The weight loss increased from low (5 °C) to high (30 °C) in large (60-64) g, extra-large
(65-69) g and jumbo (70 and above) g sizes. The trend of weight loss was similar in the
mixed-effect model. This observation could imply that, EWL increases with egg size.
However, EWL increased as the egg size increases. The effect was highly significant in
general (P < 0.05) with LSD of 0.352, 0.344 and 0.35, respectively (Table 4.1.2). The

temperatures under storage influence a reduction in egg weight. Consequently, eggs
subjected to low-level temperature 5 °C; exhibited a lesser reduction in egg content than
room temperature. This observation could be due to a possible low loss of water and other
gaseous components on eggs stored under low-level temperature 5 °C compared to 19.5 °C
similar to Akter et al. (2014).

4.1.2 Eggshell Weight

Table 4.1.1 also illustrates the total variation in storage time and temperature for the fixed
RCBD model of the shell weight (SW). The results showed R-sq. of 69%, 62% and 67%
for large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g sizes, respectively.
These models explained over 50% of the SW variation. The slightest variation of the three
categories of egg sizes was explained by extra-large (65-69) g. The data collected on SW
was good at 90%, as defined by the coefficient of variation <10% for the egg sizes. The
SW model was significant for large (60-64) g P =0475and extra-large (65-69) g
P=0.0382.

Conversely, the SW model was not significant for jumbo (70 and above) g with P >0.05.
Thus, the SW of jJumbo (70 and above) g size was not significantly affected by the storage
duration. We observed the LSDs as 0.6944, 0.6781 and 0.7791, with the highest value in
jumbo (70 and above) g size. Even though the SW model was insignificant in jumbo (70
and above) g, this study realized the highest great SW of 9.079 g. The interaction effect on
SW in different storage duration was significantly different from 2", 12" 22" and 22"
(P >0.05) in large (60-64) g. It was very different on the 32" (P < 0.05). Similarly, the
effect of different storage temperatures was not significantly different from each other at 5
°C and 19.5 °C temperatures of storage, as shown in Table 4.1.4. However, we realized a

significant difference SW for the extra-large (65-69) g and jumbo (70 and above) g sizes
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(P <0.05). There was a substantial difference at 30 °C. So, egg retailers could store eggs

at room temperatures or 5 °C for 22 days with maintained SW. There was a significant
difference in SW in the mixed effect model between 19.5 °C and 30 °C. Measurements of

SW in 30 °C and 5 °C also differed significantly (P <0.05) . In contrast, the difference

between 5 °C and 19.5 °C was infinitesimal.

Table 4.1.1: Effect of Storage Time as a Fixed-Effect in the Fixed-Effect Model

Egg size Period EWL SW SD AH AD HU YI

2" 0.57 7.53 0.085 6.6 6.77 79.51  0.3507
12t 1.11 7.42 0.077 4.06 7.85 56.81 0.3258

large 22 201 738 0.073 351 803  49.82 0.2867
(60-64) g. 32 301 717 0062 184 885 17.02 0.2296
Mean 1.67 7.37 0.074 4 787  50.79 0.2982
CcVv 16.97 852 1453 1166 13.07 1414 6.117
E’/’alue 0.0002 0.0475 0.0215 0.0195 0.0018 0.0139 0.0002

LSD 0.340 0.6775 0.0041 1.102 1.050 5.074 0.186
R-Sq. 0.93 0.69 0.68 0.73 0.62 0.84 0.85

2nd 059 875 0.0845 6.45 7.88  76.83 0.3409
Extra-large 121 1.13 8.64 00765 4 9.07 53.46 0.3266
(65-69) g. 22nd 233 861 0.0725 265 9.64 31.62 0.278
32nd 3.07 8.39 0.0619 1.79 10.25 8.32 0.2115
Mean 178 859  0.0738 3.72 9.312 4256 0.2893
cVv 17.34 8895 149  9.95 11.36 1243 4.41
f/'alue 0.0001 0.0382 0.0112 0.0202 0.002 0.0141 0.0004
LSD  0.3408 0.6781 0.0047 1.1029 1.0514 5.0753 0.1866
R-Sq. 0.8542 0.6174 0.7034 0.6699 0.6185 0.7819 0.829

2" 0.62 9.23 0.084 6.51 7.96 76.07  0.3325
Jumbo 12t 1.21 9.12 0.077 4.07 9.38 52.15 0.2865

(70 and oo 575 908 0072 262 1026 2726 0.2389

more) g.
32" 3.36 8.87 0.061 1.78 12.01 3.99 0.1669
Mean 1.99 9.079 0.074 3.75 9.9025 39.87 0.2562
Cv 18.14 9.695 15.7 1148 1289 1396 5.933

0.0009 0.0561 0.0522 0.0202 0.0025 0.0146 0.0009

LSD  0.3918 0.7791 0.0057 1.1039 1.0524 5.0763 0.1876
R-Sg. 0.8322 0.5954 0.814 0.8619 0.6805 0.7739 0.92
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From Table 4.1.2, SW reduced from low (5 °C) to high (30 °C) in large (60-64) g, extra-
large (65-69) g and jumbo (70 and above) g sizes as in the mixed-effect model. This study
detected an increase in reduction in SW as the egg size increases. The inter-temperature
decrease of SW increases large (60-64) g to jJumbo (70 and above) g sizes. This indicated
that the rate of water loss and other vaporous components was higher in larger sizes of
eggs. The effect was significant P < 0.05with LSD of 0.558, 0.549, and 0.369,

respectively, as shown in Table 4.1.2. Hence, temperature significantly affected the SW

4.1.3 Eggshell Diameter

The R-Sq. of the shell diameter (SD) showed that the fixed model was 68%, 70% and 81%
for the large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g egg sizes,
respectively (Table 4.1.1). The fixed-effect models were statistically good at explaining
the variation during the storage. The variation in shell diameter was highly explained in
the jJumbo (70 and above) g while lower in large (60-64) g. The coefficient of variation of
SD was below 30%, which showed that the study data was accurate. The study found that
jumbo (70 and above) g had the highest coefficient of variation (16%). The effect of storage
time on the SD was notable at a 5% level of significance with LSD 0.0041, 0.0047 and
0.0061, respectively (Table 4.1.1). It was insignificant in jumbo (70 and above) g P >0.05.

Which pointed out that shell thickness was not necessarily affected by the storage duration.

The mean SD was 0.074 cm, 0.0738 cm and 0.074 cm with jumbo (70 and above) g, which
recorded the highest thickness value. From the results in Table 4.1.1 and Table 4.1.2, shell
thickness reduces with an increase in egg size. Table 4.1.2 shows the effect of storage
temperature on SD. The SD reduced from low (5 oC) to high (30 oC) in large (60-64) g,
extra-large (65-69) g and jumbo (70 and above) g sizes similar to the mixed-effect model.
The study detected an increase in reduction in SD with an increase in egg size. The inter-
temperature decrease of SD increases large (60-64) g to jumbo (70 and above) g sizes
revealing that the rate of water loss and other vaporous components was higher in larger
sizes of eggs. The effect was significant with LSD of 0.558, 0.549 and 0.369, respectively,

as shown in Table 4.1.2, signifying that temperature expressively affected the SD.

27



Table 4.1.2: Effect of Temperature as Fixed-Effect in the Fixed-Effect Model

Egg size Temp. EWL  SW SD AH AD HU Yl
room

large (1os¢y L7773 0071 328 793 5185 02802

(60-64)g. Ref.(5°C) 0.85 7.72 0091 611 716 70.67 0.357
(3'85'@ 237 709 0059 266 856 29.84 0.2583
P-Value 0.0006 0.0018 0.0014 0.0014 0.0086 0.0031 0.0002
LSD 0352 0558 0.0315 0926 0881 8696 0.132
var. 0.1393 0.3792 00391 1.108 0.706 67.47 0.0107
Estimate

Extra- room

jarge (l05ec) 184 867 0066 302 938 4079 0275

(65-69)g. Ref.(5°C) 0.86 975 0091 589 77 6395 0.3546
Inc.
(300) 264 736 0062 225 1087 2293 0.2314
P-Value  0.00083 2'%%5 0.0016 0.0015 0.0088 0.0033 0.0004
LSD  0.3435 05491 0.02231 09169 0.8723 8.6872 0.1234
var. 0.1306 0.3704 0.0303 1.099 0.6972 67.46 0.002
Estimate

Jumbo f00m = 1951 857 0064 321 901 3848 0.261
195y L . . . . . .

(70and oot 5ec) 0918 1218 0099 589  7.98 6317 0341

more) g.
(3:85&) 3087 646 0057 215 1273 17.95 0.166
P-Value  0.0009 0.0001 0.0017 0.0017 0.0089 0.0034 0.0005
LSD 035 056 0031 093 088 8703 0.139
Var 51293 03692 002911 1.098 0.696 67.46 0.0007
Estimate

4.1.4 Egg Albumen Height

Table 4.1.1 also illustrates the total variation explained by the conditions in the fixed
RCBD model of the aloumen height (AH). The R-Sq. of 73%, 67%, and 86% for large (60-
64) g, extra-large (65-69) g, and jumbo (70 and above) g sizes, respectively. The fixed-

effect model explained over 50% of the AH variation. The jumbo (70 and above) g egg

size model explained the highest variation. The measurements on AH were good at 85%,

as defined by the coefficient of variation <15% for the egg sizes. Storage duration
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significantly affected the albumen height for all the egg sizes P <0.05. The LSD was
observed as 1.102, 1.103 and 1.103. These LSD values were almost the same as the three

egg size classes.

The effect of storage temperature on AH exists in Table 4.1.2. The AH reduced from low
(5 °C) to high (30 °C) in large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g
sizes, similar to the mixed-effect model. This study noticed a general increase in the
reduction of AH as the egg size increases. The effect was significant P < 0.05 with LSD
of 0.926, 0.917, and 0.88, respectively, as shown in Table 4.1.2, indicating that
temperature significantly affected the AH. Albumen height decreased from 6.6 mm to 1.84
mm. The effect of AH on the 2" and 12" days was remarkably the same, recording the
highest peak. It was different from 22" and 32" (P < 0.05). The impact at 22" and 32"

periods were significantly different from those at 30 °C and 32", Jumbo (70 and above) g
sizes recorded the smallest AH. Further, this study noticed no difference in AH at 5 °C and
19.5 °C (P >0.05). However, there was a significant difference in AH at 30 °C

(P < 0.05) for all the egg sizes. The eggs stored at 5 °C recorded the highest AH on the

2" day of storage, as shown in Table 4.1.4.

4.1.5 Egg Albumen Diameter

The R-Sq. of the albumen diameter (AD) pointed out that the fixed models were 62%, 61%
and 68% for the egg sizes. The fixed-effect models were statistically good in explaining
the variation of the AD during the storage. The jumbo (70 and above) g explained the
highest value (68%), implying that most variation due to storage conditions was
experienced by jumbo (70 and above) g. The coefficient of variation of the AD fixed-effect
model was below 15%, which showed that the study was precise. They established that
jumbo (70 and above) g had the highest coefficient of variation (13%) while extra-large
(65-69) g had the lowest. The effect of time on the AD was highly significant at 95%

confidence intervals with LSD, 1.05, as shown in Table 4.1.1.
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Table 4.1.3: Effect of TRT as Fixed-Effect and DAY as a Random Effect in the Mixed-
Effect Model

Temp. EWL SW SD AH AD HU Yl

room
large  joney 188 B2l 01 469 937 6368 02717
(60-  Ref.

€ 0.67 88 012 727 817 8396 0.3631
64)g. (5°C)

Inc.

G0y 35 76 01 257 957 3715 0.2497

RE 101 0094 00000 031 0054 327 0.0287

\E’g‘tr 02325 0.3075 0.0004 1.707 0.7424 69.130 0.0542

P-Value 0.0019 0.0548 0.0091 0.0063 0.0112 0.0167 0.0004

Extra- room

large  (19.5°C) 1.908 8.2 0.1 4.69 9.36 61.35 0.2576

(65- Ref.
N 0698 879 012 727 816 8252 0.3553
69)g. (5°C)
Inc.
0y 3578 759 0079 257 956 2983 0.2466
R.E 102322 0104 00012 0321 0064 327 003
\E/Z‘tr © 02213 03713 00001 1.9074 0.9421 69.415 0.0439

P-Value 0.0019 0.0548 0.0091 0.0063 0.0112 0.0167 0.0004

Room

Jumbo (19.5°C) 192 819 0097 4685 935 5896 0.255
(70 Ref.
S 5) 071 878 0122 7265 815 8107 0.348
more) Inc.
° 350 758 0076 2565 955 2474 0.239
g. (30°C)
Random ) o6 0103 00012 0321 0064 327  0.0301
effect
Var. 35284 03578 00008 1.908 0992 6838 0.0445
Estimate

P-Value 0.0018 0.0547 0.009 0.0062 0.0111 0.016 0.0003

The means of AD were 7.87 cm, 9.31 cm, 9.9 cm, with jumbo (70 and above) g recording
the highest thickness value, inferring that the horizontal circumference covered by the
albumen generally increased with the egg size. Therefore, a small egg size covered a
smaller circumference. From the results in Table 4.1.1 and Table 4.1.2, AD rises with an
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increase in egg size. Given that a smaller egg size smaller circumference, AD increased
from the large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g egg sizes. Table
2 presents the effect of storage temperature on AD.

The AD increases from low (5 °C) to high (30 °C) in large (60-64) g, extra-large (65-69)
g, and jumbo (70 and above) g sizes, similar to the mixed-effect model. This study
witnessed an increase in AD as the egg size increases. The inter-temperature decrease of
AD increases large (60-64) g to jumbo (70 and above) g sizes. The rate of water loss and
other vaporous components was higher in larger sizes of eggs. The effect was significant
P < 0.05with LSD of 0.881, 0.8723, and 0.88 respectively, as shown in Table 4.1.2,
demonstrating that temperature significantly affected AD. The interaction effect on HU
(large (60-64) g) was insignificant at 5 °C, 19.5 °C, 30 °C for the 22" and 12'" time.

4.1.6 Haugh Unit

The effect of different storage periods on Haugh Unit (HU) for large (60-64) g, extra-large
(65-69) g, and jumbo (70 and above) g sizes was expressed in Tablel. The R-Sq. of the
HU shows that the fixed model was 85%, 78%, and 77% for the egg sizes, respectively.
These models explained 70% of the effect caused by storage conditions. The large (60-64)
g expressed the highest variation while the lowest in jumbo (70 and above) g sizes had the
lowest. The coefficient of variation of HU was below 15%, which shows that the
measurements were keenly observed. The large (60-64) g had the highest coefficient of
variation (14%). The effect of storage time on the HU was significant at 95% confidence
intervals with (LSD) of 0.19. The confidence interval was approximately similar for the

three classes of egg sizes, as shown in Table 4.1.1.

The mean values of HU were 50.79, 42.56, 39.87, with jumbo (70 and above) g recording

the lowest value. HU reduced with an increase in the egg size. The observed HU of jumbo
on the 12" and 22" days were different (P <0.05) at 5 °C, 19.5 °C, 30 °C. A significant
difference was observed on eggs stored for 32 and 2 days (P <0.05). The effect of 2"-day
storage was significantly different from the 12! and 22" days (P <0.05). The impact of the
32" period was also quite different from the 12" and 22" The HU reduced steadily from

the 2" to 32" storage period. Further, this study observed an insignificant difference
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between the effect of 5 °C and 19.5 °C on the HU. The effect of 30 °C was significantly
different at 5 °C and 19.5 °C. This study also detected that HU at 5 °C remained remarkably

the same throughout the storage period used for this study.

From the results in Table 4.1.1 and Table 4.1.2, HU decreases with egg size. Table 2 shows
the effect of storage temperature on HU. The HU declines from low (5 °C) to high (30 °C)
in large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g sizes. It signifies that
eggs with higher weight recorded lower HU, similar to the mixed-effect model. It
demonstrates that the rate of loss of HU was higher in the jumbo (70 and above) g egg size
than large and extra-large egg size. The rate of water loss and other gaseous components
was more elevated in larger size eggs. The effect was significant P < 0.05 with LSD of
8.696, 8.687, and 8.703, respectively (Table 4.1.2). Thus, indicating that temperature
significantly affected the HU.

4.1.7 Yolk Index

Table 4.1.1 also displays the total variation of the storage conditions in the fixed RCBD
model of the YI. The R-Sq. of 85%, 83%, 92% for large (60-64) g, extra-large (65-69) g
and jumbo (70 and above) g sizes, respectively. The fixed-effect model explains over 50%
of the SW variation. The slightest variation of the three categories of egg sizes was
explained by extra-large (65-69) g. The obtained values on Y1 was 93%, as described by
the coefficient of variation < 7%o for the egg sizes. The Y1 model with storage time was
highly significant for the three eggs P <0.05. Which implied that Y1 was affected by the
storage duration. The LSDs observed were 0.186, 0.187, 0.188, with the highest value in
jumbo (70 and above) g size. The significant differences between Y data points increased
with an increase in egg size. The mean values of Y| were 0.298, 0.289, 0.256, with large
(60-64) g size recording the highest. Thus, the yolk index decreases with an increase in egg

size.
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Table 4.1.4: Effect of Interaction Effect in the Fixed-Effect Model

Egg Size Temp. Fzggs;j EWL() SW(g) SD(cm) AH(@mm) AD (cm) HU YI

Extra-large 19.5°C 2nd 0.34 8.88? 0.112 8.38? 7.347 77.842 0.32?
(65-69) g 12th 0.912 7.96° 0.099? 7.61° 8.04° 67.91° 0.308?
22nd 2.12° 7.63° 0.0612 6.12° 9.58P 63.03° 0.27°

32nd 3.02¢ 6.95° 0.02° 5.22¢ 12.27° 56.27 0.23

5°C 2nd 0.112 8.91? 0.13? 8.65° 7.27° 83.63¢ 0.35

12th 0.432 8.412 0.122 7.85° 7.65° 80.23¢ 0.34

22nd 0.76° 8.012 0.112 7.55 8.19% 76.28° 0.322

32nd 1.112 7.912 0.04° 7.45° 9.11° 64.15° 0.25"

30°C 2nd 12 8.34° 0.09? 7.45° 7.42° 72.5° 0.27°
12th 1.11° 7.428 0.0542 6.01° 8.882 62.33¢ 0.263"

22nd 2.33 6.49° 0.03 5.75 10.73° 53.68% 0.24°

32nd 3.89¢ 4574 0.01° 3.62¢ 12.73¢ 31.433%d 0.2

Extra-large 19.5°C 2nd 0.38? 8.89° 0.112 8.24° 7.36° 71.76 0.312
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(65-69) g 12th 1.01° 7.63? 0.098? 6.47¢ 8.122 65.83° 0.298?
22nd 2.35% 6.21° 0.06° 5.98° 9.66" 64.95° 0.26°
32nd 3.09° 5.95° 00z 5.08° 12.35% 54.19¢ 0.22°

5°C 2nd 0.143 9.91% 0.132 8.52 7.29 84.55¢ 0.35¢
12th 0.77° 9.47% 0.12° 7.71° 7.73° 81.15¢ 0.33°
22nd 0.97° 8.81° 0.112 7.42% 8.27° 77.28 0.31%
32nd 1.81% 7.93° 0.04° 7.32% 9.19° 64.07° 0.24°
30°C 2nd 1.13° 8.34% 0.06" 8.012 7.44° 70.422 0.26"
12th 1.7% 7.22° 0.053" 6.87° 8.96° 60.25° 0.253"
22nd 3.03° 6.62° 0.03 5.61° 10.81° 52.6° 0.23°
32nd 4.1% 4.44° 0.01° 3.48° 12.81% 29.35f 0.2°
Jumbo 19.5°C 2nd 0.5 10.85° 0.112 8.022 7.47° 70.55° 0.29?
(70 and more) g 12th 12 7.63° 0.09? 7.25° 8.14? 55.62" 0.28?
22nd 2.7° 6.21° 0.06° 5.76" 9.68" 54,74 0.24°
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32nd 3.1% 5.95° 0.02° 4.86° 12.37¢ 43.98% 0.2¢
5°C 2nd 0.162 11.472 0.13¢ 8.99? 7.372 85.34¢ 0.33%®
12th 0.832 10.562 0.12¢ 7.49° 7.752 79.94°¢ 0.312
22nd 1.072 0.38? 0.112 7.19¢ 8.29? 71.992 0.29?
32nd 1.31° 6.93° 0.04° 7.09¢ 9.21P 60.86° 0.22°
30°C 2nd 1.192 10.228 0.06? 8.09? 7.528 68.212 0.24°
12th 1.9° 8.1P 0.052 6.65¢ 8.98? 50.04° 0.24°
22nd 2.73P 4.62° 0.03° 5.11P 10.83¢ 39.39¢ 0.21¢
32nd 4.4° 3.44 0.01° 3.26¢ 12.83f 19.14f 0.17¢

Different letters denote significant difference (P< 0.05) within different categories of egg size
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From the results in Table 4.1.1 and Table 4.1.2, Y1 reduced with an increase in egg size.
Table 2 shows the effect of storage temperature on Y. This study observed a related change
of Y1 in both fixed and mixed-effect models. The Y1 reduces from low (5 °C) to high (30
°C) in large (60-64) g, extra-large (65-69) g and jumbo (70 and above) g sizes. The study
observed a decrease in Y| as the egg size increases. The inter-temperature reduction of Y|
increased from large (60-64) g to jJumbo (70 and above) g sizes. The effect was significant
P <0.05with LSD of 0.132, 0.1234 and 0.1396, respectively, as shown in Table 2.
Validating that temperature significantly affected the YI.

4.2  Comparison of the Model Efficiency

In comparing the model efficiencies, the estimated variance components for the fixed-
effect model (EWL) were 0.1393, 0.1306 and 0.1293 in Table 4.1.2. Each of these values
was less than 0.2325, 0.2213, 0.2284 of the mixed-effect model in Table 4.1.3. Variance
components of the mixed effect models (EWL) were significantly different from fixed-
effect models P <0.05. Further, the estimated variance components for the fixed-effect
models (SW) were 0.379, 0.37 and 0.36, while those of the mixed-effect models were
0.3075, 0.3713 and 0.3578 in Table 4.1.3. Each of these values corresponding to the large
(60-64) g, extra-large (65-69) g and jumbo (70 and above) g egg sizes was insignificantly
different P >0.05. This was in exception of large (60-64) g size, which had a significant
difference P <0.05. The mixed-effect and fixed-effect models were significantly the same
P > 0.05.

The fixed-effect models (AH) had 1.11, 1.099 and 1.098 estimated variance components,
which were significantly lesser than those of the mixed-effect models; 1.707, 1.907 and
1.908 in Table 4.1.3, (P <0.05). Moreover, the estimated variance components for the
fixed-effect models (AD) were 0.706, 0.697 and 0.696. These values were significantly
different from those of the mixed-effect model; 0.9424, 0.9421 and 0.9922 in Table 4.1.3.
Consequently, the mixed-effect and fixed-effect model was not the same P <0.05. Fixed

effect model posted a small estimated variance component.
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Furthermore, the estimated variance components for the fixed-effect models (HU) were
67.47,67.46 and 67.46. Each of these values was significantly different from those mixed-
effect models; 69.13, 69.41 and 68.38 in Table 4.1.3 (P <0.05). Therefore, mixed and

fixed-effect models was not the same. Fixed effect model posted small estimated variance
component. Similarly, the estimated variance components for the fixed-effect models (Y1)
were 0.0107, 0.002 and 0.0007. These values were significantly different from those of the
mixed-effect models; 0.0542, 0.0439 and 0.0445 in Table 4.1.3 P <0.05. Hence mixed
and fixed-effect models were not the same. Generally, fixed-effect models resulted in
smaller estimated variance components hence more efficient. The models were

significantly the same in shell thickness P > 0.05.

4.3  PCA and Response Surface for Large Egg Size

PCA for large egg size (60-64) g was performed as shown in Table 4.3.1 and Table 4.3.2.
This made it easy to select interactive variables that were significantly affected by the
storage conditions studied.

Table 4.3.1: Eigen Analysis of the Covariance Matrix

Eigenvalue 15.773  4.767 1.187 0.652 0.304 0.039 0.009
Proportion 0.694 0.209 0.052 0.029 0.013 0.002 0.000
Cumulative 0.694 0.904 0.956 0.985 0.998 1.000 1.000

The cumulative proportion was used to establish the amount of variance explained by the
principal components. PCs that explained at least 90% were retained for response surface
analysis.

Table 4.3.2: Eigenvectors

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7
AH 0.103 0.421 -0.396 0.617 0.122 0.406 -0.016
Yl 0.515 0.345 0.073 0.607 -0.015 -0.024 -0.442
AD 0.052 -0.351 -0.582 0.282 -0529 -0.406 -0.106
HU 0980 -0.427 -0.343 -0.185 0.056 0.007 0.012
SD 0.002 0.402 0.004 -0.001 0.011 -0.014 -0.010
SW 0.586 -0.692 0.440 0.205 -0.654  0.540 0.003
ch_EW -0.701 -0.535 -0.442 -0.262 0.256 0.598 -0.125
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The study confirmed that there were no outliers. All the points were below the reference
line. Further, from Table 4.3.2, variables with strong positive-negative correlation
coefficients were identified from the first and second principal components. These
variables were Y1, HU, EWL and SW. They were subjected to further analysis for the

response surface model.

4.3.1 Weight Loss of (60-64) g Egg Size

Table 4.3.3: Model Summary of Egg Weight Loss (Large)
R-sq. R-sq.(adj.) PRESS R-sq. (pred.)

88.69% 86.80% 8.97094 82.94%
Table 4.3.3 presents a summary of the response surface model of total weight loss for the

large egg size. R-square (R-sg.) indicated that this model explained 88% variation in egg
weight loss. Sums of squares of prediction (PRESS) were used to validate the EWL model.
Since it was 8, the model predictive ability was statistically accepted with a standard error
of 0.445. Further, predicted R-square (R-sq. (pred.)) = 86% does not differ so much from
adjusted R-square = 82%. This implies that this model fits well the sample.

Table 4.3.4: ANOVA of Egg Weight Loss (Large)

Source DF SeqSS Contribution AdjSS Adj MS F-Value P-Value
Model 5 46.6308 88.69% 46.6308 9.3262  47.05 0.000
Linear 2 41.6125 79.159% 39.8487 19.9244  100.52 0.000
TRT 111.6286 22.12% 11.2683 11.2683  56.85 0.000
DAY 1 29.9839 57.03% 28.5805 28.5805 144.19 0.000
Square 2 1.7051 3.24% 1.7051 0.8526 4.30 0.023
TRT*TRT 1 0.1779 0.34% 0.1779 0.1779 0.90 0.051
DAY*DAY 1 15273 2.90% 15273 1.5273 7.70 0.009
2-Way 1 3.3131 6.30% 3.3131 3.3131 16.71 0.000
Interaction
TRT*DAY 1 3.3131 6.30% 3.3131 3.3131 16.71 0.000
Error 30 5.9466 11.31% 5.9466 0.1982
Lack-of-Fit 6 0.6679 1.27% 0.6679 0.1113 0.51 0.798
Pure Error 24 52787 10.04% 5.2787 0.2199
Total 35 52.5774 100.00%

Table 4.3.4 presents the ANOVA of the response surface for the egg weight loss (large egg
size). Storage duration (DAY), temperature (TRT), second-order factor DAY*DAY and
their interaction TRT*DAY were significant. TRT*TRT was insignificant at 95%

confidence interval P =0.051 Storage duration contributed a large percentage effect on
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the total weight loss (57%). Lack-of-Fit was highly insignificant P = 0.798, indicating

that the model was fit for optimization. The regression equation was given as;
ch_EW =0.211+0.0442TRT —0.0365 DAY —0.00098 TRT *TRT +0.00206 DAY * DAY +0.002647TRT * DAY

(4.1)
Table 4.3.5: Predictive VVariances
Run o? =5.9466 N =36
X (X' X)X F2X (X X)X NX (X' X)™ X"

1 0.2061 1.2256 7.4

12 0.2061 1.2256 7.4

13 0.1611 0.9581 5.7

18 0.1611 0.9581 5.7

19 0.125 0.7433 4.5

30 0.125 0.7433 4.5

31 0.1166 0.6937

36 0.1166 0.6937 4.2

Table 4.3.5 presents scaled and unscaled predictive variances of weight loss in large egg
sizes. This study observed two design centres. The coded control variables produced
predictive variation, the weight loss variance for the large egg size at the point of interest.
The contrast of the stationary points was 0.9581 and 0.69377, respectively. Therefore,
every moment that was equidistant from the first and second design centres had

varly, (x)] =1.2256 and var[y, (x)] = 0.7433 respectively. This showed that the design

created by this study is rotatable since the variances of the points that were equidistant from
the design centres are the same for all non-stationary runs. This study computed scaling
Predictive Variance (SPVar) for the comparison of several design runs. The SPVar was
used to achieve a measure of the precision of the estimated weight loss for the extra-large

egg size at any point in the design space.
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A steady SPVar for equidistant and stationary points for the first design centre as 7.4 and
5.7 respectively was obtained. The SPVar for the equidistant and stationary point for the
second design centre was also constant. The design had a reproducible sketch of predictive
variances with few runs. This implied that the second-order model had had a favourable
prediction of the storage conditions of interest. The design criterion prediction of the
response surface for the second-order model (EWL for large egg size) was

G —eff = 7—54 =0.675. Thus 68% efficiency was achieved. This meant that the maximum
SPVar =7.4 for this design was good.
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Figure 1: Normal Plot of Standardized Effects of EWL (Large Egg Size)

This study used Fig. 1 above to show the standardized effects of egg weight loss for the
large egg size category. From the plot, the direction of significance was seen from the
origin of the graph plot. This plot indicates the magnitude of the essential effects on
weight loss. Fig. 2 shows residual tests of the EWL. The histogram shows that the data
points of weight loss in large egg sizes were normally distributed. The standard
probability plot verified the normality assumption. Residuals versus order plots were used
to verify the belief that residuals were independent of each other. The plot displayed no
trend or pattern in time order. Thus, the pattern verified the independence assumption.
Linearity assumption was also satisfied. However, the residual plots seemed to be more

concentrated at the initial stages while widely spread at the end stages. The concentration
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resulted from slight weight loss at 5 °C and room temperature. The 30 °C had a widely

spread weight loss.
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Figure 2: Residual Plot of Ch_EW (Large Egg Size)
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Figure 3: Contour Plots of the effect of storage conditions on EWL (Large)
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Fig. 3 determined optimal levels of storage conditions. These levels were significant from
the second model in Table 4.3.4. From Fig. 3 the egg's weight loss increases towards the
contours' direction. The darker fill contour has the highest weight loss region >4. The less
dark area has the most negligible possible weight loss under the given storage conditions
<1.

4.3.2 Haugh Unit of (60-64) g Egg Size

Table 4.3.6: Model Summary of HU (Large)

R-sq. R-sq. (adj.) PRESS R-sq. (pred.)
93.41% 92.31% 13.63 90.12%

Table 4.3.6 presents a summary of the response surface model of the Haugh Unit for the
large egg size. R-sq. indicated that this model explained 93% variation in HU. PRESS
validated this model. Since PRESS was 13>3, the predictive model ability was worthy.
Further, predicted R-sq. (pred.) = 90% does not differ so much from R-sq. (adj.) = 92%.

Therefore, this model fits the sample well.

Table 4.3.7: Analysis of Variance HU (large)

Adj.
Source DF Seq.SS Contribution Adj. SS MS F-Value P-Value
Model 5 13039.9 93.41% 13039.9 2607.98 85.06  0.000
Linear 2 12367.6 88.59% 12209.5 6104.73 199.10  0.000
DAY 1 95845 68.66% 9325.1 9325.08 304.13  0.000
TRT 1 27831 19.94% 2884.4 2884.38 94.07  0.000
Square 2 370.6 2.65% 370.6 185.28 6.04  0.006
DAY*DAY 1 2075 1.49% 2075 207.49 6.77 0.014
TRT*TRT 1 1631 1.17% 163.1 163.07 532 0.028
2-Way 1 3017 2.16%  301.7 301.74 9.84 0.004
Interaction
DAY*TRT 1 3017 2.16% 301.7 301.74 9.84 0.004
Error 30 9199 6.59% 9199 30.66
Lack-of-Fit 6 1705 1.22% 1705 28.42 091 0.504
Pure Error 24  749.3 537% 749.3 31.22
Total 35 13959.8 100.00%

Table 4.3.7 presents the ANOVA of the response surface for the HU (large egg size).
Storage duration (DAY, temperature (TRT), second-order factor DAY*DAY, TRT*TRT,
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and their interaction TRT*DAY were significant P < 0.05. Lack-of-Fit was highly

insignificant P = 0.504. This model was fit for optimization. The regression equation is
therefore given as;

HU = 95.05-1.817 DAY +0.595TRT +0.02401DAY * DAY —0.0298TRT *TRT —0.02526 DAY *TRT

(4.2)

Pareto Chart of the Standardized Effects (large egg size)

(response is HU, o = 0.05)
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Figure 4: Pareto Chart of the Standardized Effects of HU (Large)

The Pareto chart of HU in Fig. 4 shows that factors A, AA, BB, B, and AB were significant
at 95% confidence interval. The effect of A was more robust than the effect of B. Moreover,
the interaction effect was resilient than of AA and BB. However, the impact of AB, AA,
and BB.
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Figure 5: Residual Plots of HU (Large Egg Size)
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Residual plots of the HU were shown in Fig 5. The histogram shows that the data points of
HU were usually distributed. The standard probability graph verified the normality
assumption. Residuals versus order plots were used to verify the hypothesis that residuals
were independent of each other. Plots displayed no trend or pattern in time order. Thus,
they were linear.

Contour plot of HU (60-64)g egg size
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Figure 6: Contour Plot of HU (Large)

Fig. 6 shows the contour plot of the response surface model of HU against storage time
(DAY) and temperature (TRT). The direction of the contour plots indicates a reduction in
HU from low to high levels of storage conditions. HU was above 90 with storage for less
than five days at 5 °C and room. The eggs stored at room temperature for 12 days had an
HU unit between 70-90. However, those stored at room temperature for 32 days had HU
between 50-70.

4.3.3 Shell Weight of (60-64) g Egg Size

Table 4.3.8: Shell Weight Model Summary (Large)

R-sq. R-sg. (adj.) PRESS R-sq. (pred.)
87.22% 85.08% 19.3479 81.29%

Table 4.3.8 displays a summary of the response surface model of shell weight. R-sq.
indicated that this model explained 87.22% variation in the SW, which was statistically
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considerable. PRESS authenticated this model. Since it was 19 >3, the predictive model
ability was. Further, R-sq. (pred.) = 81% does not differ so much from adjusted R-square

= 85%. This model does not overfit the used sample.
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Figure 7: Normal Plot of Standardized Effects of SW (Large)

Fig. 7 shows the magnitude of the standardized effects in the response surface model of
SW for the large egg size category. From the plot, the direction of significance from the
origin of the property. This plot indicates the magnitude of the significant effects on the
shell weight. Storage duration represented by B had the highest considerable impact in
this study. Fig. 8 shows residual properties of the SW. The histogram shows that the data
points of SW were approaching normal distribution. The standard probability plot
verified the linearity assumption. Residuals versus order plots were used to verify the
hypothesis that residuals were independent of each other. Fig. 8 displayed no trend or

pattern in time order.
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Fesidual Plots for SW (large egg size)
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Figure 8: Residual Plots of SW(Large Egg Size)
Table 4.3.9: ANOVA of SW for the Large Egg Size

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 5 88.894 87.61% 88.8938 17.7788  42.42 0.000
Linear 2 84.003 82.79% 82.0062 41.0031  97.84 0.000
TRT 1 18.846 18.57% 18.8594 18.8594  45.00 0.000
DAY 1 65.157 64.22% 63.1468 63.1468 150.68 0.000
Square 2 2.096 2.07% 2.0960 1.0480 2.50 0.099
TRT*TRT 1 0.047 0.05% 0.0471 0.0471 0.11 0.740
DAY*DAY 1 2.049 2.02% 2.0490 2.0490 4.89 0.035
2-Way 1 2794 2.75% 2.7944 2.7944 6.67 0.015
Interaction
TRT*DAY 1 2794 2.75% 2.7944 2.7944 6.67 0.015
Error 30 12.573 12.39% 12.5727 0.4191
Lack-of-Fit 6 2.379 2.34% 2.3787 0.3965 0.93 0.489
Pure Error 24 10.194 10.05% 10.1939 0.4247
Total 35 101.467 100.00%

Table 4.3.9 shows the ANOVA of the response surface for the egg weight loss (large egg
size). Storage duration (DAY), temperature (TRT), second-order factor DAY*DAY and
their interaction TRT*DAY were significant P < 0.05. TRT*TRT was insignificant at
95% confidence interval P > 0.05. This study observed that lack-of-Fit was highly
insignificant P = 0.489. Which implied model fitness for optimization. The regression

equation is therefore expressed as;

SW = 8.975-0.0119TRT +0.0050 DAY —-0.00051TRT *TRT —0.00239 DAY * DAY —0.002431TRT * DAY
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(4.3)

Fig. 9 shows the contour plot of the response surface model of SW against storage time
(DAY) and temperature (TRT). The direction of the contour plots indicates a reduction in
HU from low to high levels of storage conditions. Storage conditions increase from the

origin. SW was above 7.4 g when stored for less than 16 days at 5 °C.

Contour Plot of SW vs TRT, DAY large (60-64) g egg size
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Figure 9: Contour Plot of SW (Large Egg Size)
4.3.4 Yolk Index (60-64) g Egg Size
Table 4.3.10: Coded Coefficients of Y1 (Large)
Term Coef  SE Coef 95% CI T-Value P-Value VIF
Constant 27.68 1.19 (25.25, 30.10) 23.32 0.000
TRT -2.418 0.666 (-3.778, -1.058) -3.63 0.001 1.01
DAY -5.653 0.731 (-7.146, -4.160) -7.73 0.000 1.00
TRT*TRT -1.47 1.19 (-3.90, 0.96) -1.24 0.025 1.01
DAY*DAY 0.79 1.22  (-1.70, 3.29) 0.65 0.021 1.00
TRT*DAY -1.415 0.890 (-3.232,0.403) -1.59 0.032 1.00

From Table 4.3.10, temperature (TRT) and DAY had a significant effect on the yolk index
(P <0.05). TRT*TRT, DAY*DAY and their interaction TRT*DAY was insignificant
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(P >0.05). DAY, TRT, DAY*DAY and TRT*DAY negative coefficients (Coef.) of
—5.653, —2.418, —1.415and —1.47 respectively. DAY*DAY had a positive
coefficient and the T-Value of 0.79.TRT had the lowest standard error of the coefficient
0.666. VIF = 1and1.01, indicated no correlation between temperature and period of

storage. Therefore, this study proceeded to decide on which level factors are responsible
for the change in the Y.
Table 4.3.11: Model Summary of Y1 (Large)

R-sq. R-sg.(adj.) PRESS R-sq.(pred.)

72.37% 67.77% 4.55 60.63%
Table 4.3.11 presents a summary of the response surface model of the percentage yolk

index. R-sq. indicated that this model explained 85.26% variation in egg weight loss. We
further used PRESS to test the validity of this model. Since it was >3, the predictive model
ability was good. Further, R-sg. (pred.) = 60% does not differ so much from adjusted R-
sg. = 67% implies that this model fits the sample well.

Table 4.3.12: ANOVA of Y1 (Large)

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 5 836.78 72.37% 836.780 167.356  15.72  0.000
Linear 2 789.06 68.25% 776.735 388.367 36.47  0.000
TRT 1 132.79 11.49% 140.336 140.336  13.18  0.001
DAY 1 656.27 56.76% 636.399 636.399 59.77  0.000
Square 2 2081 1.80% 20.806 10.403 0.98 0.388
TRT*TRT 1 16.32 1.41% 16.318 16.318 153 0.025
DAY*DAY 1 4.49 0.39% 4.488 4.488 042 0.021
2-Way 1 2691 2.33% 26.915 26.915 253 0.022
Interaction
TRT*DAY 1 2691 2.33% 26.915 26.915 2.53 0.032
Error 30 31943 27.63% 319.433 10.648
Lack-of-Fit 6 54.32 4.70% 54.323 9.054 0.82 0.566
Pure Error 24 265.11 22.93% 265.109 11.046
Total 35 1156.21 100.00%

Table 4.3.12 exhibits the ANOVA of the response surface for the yolk index. DAY, TRT,
second-order factor TRT*TRT, DAY*DAY, and interaction TRT*DAY were significant.

Storage duration contributed a large percentage effect on the yolk index (56%). Lack-of-
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Fit was insignificant P = 0.566, inferring this model was fit for optimization. The

regression equation is therefore expressed as;

YI = 33.36 +0.265TRT —-0.365DAY —0.00942TRT *TRT +0.00353 DAY * DAY —0.00755TRT * DAY

(4.4)

Residual plots of the yolk index are shown in Fig. 10. The histogram shows that the data
points of the YI were usually distributed. Typical probability plot verified the normality
assumption. Residuals versus order plots were used to verify the belief that residuals were
independent of each other. The scatter plot displayed no trend or pattern in time, suggesting

that they were independent. Linearity assumption was also satisfied.
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Figure 10: Residual Plots for Y1 (Large Egg Size)
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Contour Plot of YI vs DAY, TRT large(60-64) g
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Figure 11: Contour Plot of Y1 (Large Egg Size)

Y1

From the contour plot of the YI of the large egg size against the storage time and

temperature, the yolk index decreases towards the direction of the contours (Fig. 11). The

darker fill contour has the highest yolk index region > 0.32.The less dark area has the

smallest possible yolk index considered for this study < 20%.

44  PCA and Response Surface for Extra-Large Egg Size

Table 4.4.1: Eigen Analysis of the Covariance Matrix (Extra-Large)

Eigenvalue 31.65 12.39 1.22 0.82 0.36 0.00
Proportion 0.988 0.006 0.003 0.002 0.001 0.000
Cumulative 0988 0.994 0997 0999 1.000 1.000

0.00
0.000
1.000

The Eigen analysis of the covariance matrix (extra-large) was presented in Table 4.4.1. The

cumulative proportion was used to establish the amount of variance explained by the

principal components. The Eigenvalues > 1explained up to 99.7%. However, this study

had an interest in main features that explained at least 90%o of the original data. Therefore,

we only retained the first principle component for response surface analysis in the extra-

large egg size.
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Table 4.4.2: Eigenvectors

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7
ch_EW -0.752 -0.160 -0.047 -0.426 0976 0.017 -0.000
SW 0.004 0101 0.629 0.757 0.144 -0.011  0.005
SD 0.001 0.007 0.004 0.003 0.001 0.050 -0.999
AD -0.352 -0458 0.716 -0.513 -0.110 0.003 -0.002
AH 0.040 0866 0.299 -0.384 0.109 -0.006  0.006
HU 0996 -0.067 0.021 -0.021 0.040 -0.001 0.000
Yl 0552 0410 0.007 0.009 -0.014 0.999 0.050

This study identified variables with a high correlation coefficient from the first principle
component. These variables were Y1, HU, and EWL. They were subjected to further
analysis for the response surface model.

4.4.1 Response Surface Model of Ch_EW

Table 4.4.3: Coded Coefficients of EWL (Extra-Large Egg Size)

Term Coef  SE Coef 95% ClI T-Value P-Value VIF
Constant 1.437 0.183 (1.064, 1.810) 7.87 0.000

DAY 1.148 0.112 (0.919, 1.378) 10.21 0.000 1.00
TRT 0.648 0.102 (0.438, 0.857) 6.32 0.000 1.01
DAY*DAY 0.582 0.188 (0.198, 0.967) 3.09 0.004 1.00
TRT*TRT -0.241 0.183 (-0.615,0.133) -1.32 0.198 1.01
DAY*TRT 0.459 0.137 (0.179, 0.738) 3.35 0.002 1.00

From the above Table 4.4.3, TRT, DAY and their interaction TRT*DAY had a significant
effect on the egg weight loss (P < 0.05). TRT*TRT was insignificant (P > 0.05). The

temperature had a moderate Coef. of 0.648. Their interaction had the Coef. of 0.459
while the storage period had the highest Coef. 1.148. VIF :]/l— R? =1, indicating that

temperature and period of storage were not correlated. Therefore, this study proceeded to
decide on which factor is responsible for the ch_ EW.
Table 4.4.4: Model Summary of EWL (Extra-Large Egg Size)

R-sq. R-sg.(adj.) PRESS R-sq.(pred.)
85.26% 82.80% 11.2399 78.09%
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Table 4.4.4 presents a summary of the response surface model of EWL. R-sq. indicated
that this model explained 85.26% variation in egg weight loss. Similarly, PRESS was used
to validate this model. Since it was 11> 3, the model productivity ability was good.

Further, R-sq. (pred.) does not differ so much from R-sg., purporting that this model fits
well the sample.

Table 4.4.5 presents the ANOVA of the response surface for the egg weight loss. DAY,
TRT, second-order factor DAY*DAY and their interaction TRT*DAY were significant.
However, TRT*TRT was insignificant to the response model of EWL. It was also clear
that lack-of-fit was negligible, which inferred that this model was fit for optimization. The
regression equation is therefore expressed as;

ch_EW =0.232-0.0542 DAY +0.0642TRT +0.002588 DAY * DAY —0.00154TRT *TRT +0.002447 DAY *TRT
(4.5)

Table 4.4.5: ANOVA of the Response Surface of EWL (Extra-Large)

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 5 46.9253 88.74% 46.9253 9.3851 47.27  0.000
Linear 2 41.9071 79.25% 40.1357 20.0679 101.07  0.000
TRT 1 11.6286 21.99% 11.2683 11.2683 56.75  0.000
DAY 1 30.2785 57.26% 28.8675 28.8675 145.39  0.000
Square 2 17051 3.22% 1.7051 0.8526 429 0.023
TRT*TRT 1 0.1779 0.34% 0.1779 0.1779 0.90 0.351
DAY*DAY 1 15273 2.89% 1.5273 1.5273 7.69  0.009
2-Way 1 3.3131 6.27% 3.3131 3.3131 16.69 0.000
Interaction
TRT*DAY 1 3.3131 6.27% 3.3131 3.3131 16.69 0.000
Error 30 5.9567 11.26% 5.9567 0.1986
Lack-of-Fit 6 0.6780 1.28% 0.6780 0.1130 051 0.792
Pure Error 24 5.2787 9.98% 5.2787 0.2199
Total 35 52.8820 100.00%
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Figure 12: Normal Plot of the Standardized Effects for EWL in Extra-Large Egg
Size

Pareto Chart of the Standardized Effects (extra-large egg size)
(response is ch. EW, o = 0.05)
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Figure 13: Pareto Chart of the Standardized Effects for EWL in Extra-Large Size
From the usual plot of the standardized effects (Fig. 12), DAY (A), TRT(B), AA and AB

were statistically significant with BB in exclusion. e Pareto chart of the student zed effects
shows the magnitude of the factors' effects (Fig. 13). Elements were necessary for
standardized results beyond the dotted line at 2.04 (A, B, AB, AA). Only (BB) remains

at the left-hand side of the dotted line, hence, insignificant.

52



Contour Plot of ch_EW vs TRT, DAY (extra-large)
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Figure 14: Contour Plot of EWL vs Storage Conditions (Extra-Large Egg Size)

From Fig. 14, EWL increases towards the direction of the contours. The darker fill

contour has the highest weight loss region > 4. The less dark part has the most negligible

possible weight loss under the given storage conditions < 1. The optimal level for

minimum loss is 20 days of storage at 8.5 °C for 14 days at 13 °C and 7 days at 30 °C.
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Figure 15: Residual Plots for the Change of Egg Weight
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Fig. 15 presents residual plots of EWL in the extra-large egg size. Even though the
histogram of the egg weight loss might not be accurate for the normality of this response
surface model, the standard probability plot verified the normality assumption. Residuals
versus order plots were used to verify the hypothesis that residuals were independent of
each other. Further, scatter plots displayed no trend or pattern in time order. Thus, they

were autonomous.

4.4.2 Response Surface Model of Haugh Unit (Extra-Large)

Table 4.4.6: Model Summary of HU (Extra-Large)

R-sq. R-sg.(adj.) PRESS R-sqg.(pred.)
94.85% 93.99% 10.88 92.39%

Table 4.4.6 presents a summary of the response surface model of the Haugh Unit for the
extra-large egg size. R-sq. indicated that this model explained 94% variation in HU. PRESS
was used to validate this model. Since it was 10 > 3, the predictive model ability was
good. Further, R-sqg. (pred.) =92% does not differ so much from R-sq. (adj.) =93%,

meaning that this model fits well the sample.

MNormal Plot of the Standardized Effects (extra-large egg size)
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Figure 16: Normal Plot of the Standardized Effects of HU (Extra-Large)

Fig. 16 shows the magnitude of the standardized effects in the HU response surface model
for the extra-large egg size category. From the plot, the direction of significance was seen
from the origin of the plot. Factors approaching the distribution line had minimal effect.

Storage duration represented by B had the most decisive significant influence in this
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study. Factor BB goes beyond the distribution line with a minimal impact on the HU;

however, it was noteworthy at 95% confidence interval.

Residual Plots for HU (extra-large egg size)
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Figure 17: Residual Plots of HU (Extra-Large)

Residual plots of the HU were shown in Fig. 17. The histogram shows that the data points
of HU were typically approaching distribution. The standard probability plot with the line
of fit verified the linearity assumption. Residuals versus order plots were used to verify the
belief that residuals were independent of each other. The dotted properties displayed no
trend or pattern in time order. Thus, they were individualistic.

Table 4.4.7: ANOVA of HU (Extra-Large)

Source DF SeqSS Contribution AdjSS Adj MS F-Value P-Value
Model 5 13564.6 94.85% 13564.6 27129 110.44  0.000
Linear 2 13112.6 91.69% 12966.4 6483.2 263.92  0.000
TRT 1 2540.3 17.76% 2627.2 2627.2 106.95 0.000
DAY 1 10572.2 73.92% 10339.2 10339.2 420.89  0.000
Square 2 250.0 1.75%  250.0 125.0 509 0.013
TRT*TRT 1 1347 0.94% 1347 1347 548 0.026
DAY*DAY 1 1153 081% 1153 115.3 469 0.038
2-Way 1 202.0 1.41% 2020 2020 8.22  0.007
Interaction
TRY*DAY 1 202.0 1.41% 2020 2020 8.22  0.007
Error 30 737.0 515%  737.0 24.6
Lack-of-Fit 6 107.2 0.75%  107.2 17.9 0.68 0.667
Pure Error 24  629.8 4.40% 629.8 26.2
Total 35 14301.5 100.00%
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Table 4.4.7 presents the ANOVA of the response surface for the HU (large egg size). DAY,
TRT, second-order factor DAY*DAY, TRT*TRT and their interaction TRT*DAY were
significant at 95% confidence interval P < 0.05. Lack-of-Fit was highly insignificant
P = 0.667 suggesting that this model was fit for optimization. The regression equation is

therefore expressed as;

HU = 95.92+0.462TRT -1.766 DAY —0.0271TRT *TRT +0.01789 DAY * DAY —0.02067TRT * DAY

extr

(4.6)

Fig. 18 presents the contour plot of the response surface model of HU against DAY and
TRT. The direction of the contour plots indicates a reduction in HU from low to high levels
of storage conditions. HU was above 90 when eggs we stored for less than five days at 5
°C and room. Past 12™" day of storage, HU reduced from 70 to 50 at room temperature. The
eggs stored at room temperature for 12 days less had an HU unit above 70. However, those
stored at room temperature for 25 days had HU between less than 50. The eggs stored at 5
°C had an HU of 50 and above for the whole study duration.

Contour Plot of HU vz DAY, TET (extra-large)
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Figure 18: Contour Plot of HU (Extra-Large)
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4.4.3 Response Surface Model of YI (Extra-Large)

Table 4.4.8: Model Summary of Y1 (extra-large)

R-sq. R-sq.(adj.) PRESS R-sq. (pred.)
95.78% 95.07% 9.490 93.73%

Table 4.4.8 presents a summary of the response surface model of the yolk index for the

extra-large egg size. R-sg. indicated that this model explained 95% variation in Y1. PRESS

was used to validate this model. Since it was 9 > 3, the predictive model ability was good.

Further, R-sq. (pred.) = 93% does not differ much from R-sq. (adj.) = 94%; accordingly,

this model fits the sample well.

Table 4.4.9: ANOVA of YI (Extra-Large)

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 51444.78 95.78% 1444.78 288.96 136.08 0.000
Linear 2 1406.99 93.27% 1391.08 695.54 327.55 0.000
TRT 1 280.31 18.58% 287.26 287.26 135.28 0.000
DAY 11126.69 74.69% 1103.82 1103.82 519.82 0.000
Square 2 20.28 1.34% 20.28 10.14 4.78 0.016
TRT*TRT 1 910 0.60%  9.10 9.10 4.28 0.047
DAY*DAY 1 11.18 0.74% 11.18 11.18 5.27 0.029
2-Way 1 1751 1.16% 1751 17.51 8.25 0.007
Interaction
TRT*DAY 1 1751 1.16% 1751 17.51 8.25 0.007
Error 30 63.70 4.22% 63.70 2.12
Lack-of-Fit 6 859 0.57%  8.59 1.43 0.62 0.710
Pure Error 24 5512 3.65% 55.12 2.30
Total 35 1508.49 100.00%

Table 4.4.9 presents the ANOVA of the response surface for the Y1 (extra-large egg size).
DAY, TRT, second-order factor TRT*TRT, DAY*DAY and their interaction TRT*DAY

were significant at95%confidence interval P < 0.05. Lack-of-Fit was highly
insignificant P = 0.710 showing that this model was fit for optimization. The regression

equation is therefore expressed as;

Yl 39.00+0.073TRT —0.2003DAY —0.00703TRT *TRT —0.00557 DAY * DAY —0.00609TRT * DAY

extra—large —

4.7)
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Fig. 19 presents the contour plot of the response surface model of percentage Y1 against
DAY and TRT. The direction of the contour plots indicates a reduction in Y1 from low to
high levels of storage conditions. The medium value of the Y1 was 30%. Yolk index above
30% was considered suitable for this study. Further, 20 days of storage duration at room
temperature demonstrated a medium value of Y1. However, eggs stored at 5 °C expressed

30 (Y1) and above for 25 days of storage duration.

Contour Plot of YT vs DAY, TRT (extra-large)
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Figure 19: Contour Plot of YI (Extra-Large)
45  PCA and Response Surface Model for (Jumbo Egg Size)
Table 4.5.1: Eigen analysis of the covariance matrix (jumbo)
Eigenvalue 35.90 21.38 8.97 1.20 0.54 0.07 0.00
Proportion 0.815 0.163 0.018 0.002 0.001 0.000 0.000
Cumulative 0.815 0978 0996 0999 1.000 1.000 1.000

The Eigen analysis of the covariance matrix (jumbo) was presented in Table 4.5.1. This
study used cumulative proportion to determine the amount of variance explained by the
principal components. The Eigenvalues > 1explained up t099.9% from the first to the

fourth PC. Nevertheless, this study had an interest in principal components that explained
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at least 90%. Therefore, only the first and second PCs were reserved for response surface
analysis in the jumbo egg size, as shown from Table 4.5.1. The total variance explained by

the two principal components is 97.8% of the original variables.

This study identified variables with strong positive or negative correlation coefficients
from the first and second PCs. These variables were Y1, HU and EWL. They were subjected
to further analysis for the response surface model (Table 4.5.2).

Table 4.5.2: Eigenvectors (Jumbo)

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7
AH 0346 0490 0.109 -0.054 -0.406 -0.585 0.014
SD -0.004 0405 0.110 0.123 0.380 0.576 -0.013
ch_EW -0.151 0.696 -0.028 0.211 0.791 -0.571 -0.013
Yl 0.662 0001 0.001 -0.006 -0.021 -0.008 -1.000
HU -0.991 -0.046 0.089 0.076 0.047 -0.001 0.000
SW 0.108 0.156 -0.976 -0.112 0.010 0.013 -0.000
AD -0.052 -0.031 -0.123 0.959 -0.249 0.020 -0.001

4.5.1 Response Surface Model of Yl
Table 4.5.3: Model summary of Yl

R-sq. R-sg.(adj.)  PRESS R-sqg.(pred.)
78.42% 72.32% 17.561 69.72%

Table 4.5.3 summarises the response surface model of the percentage YI. R-sq. indicated
that this model explained 78% variation in the YI. PRESS was used to validate the Y1
model. Since it was 17 > 3, the predictive model ability was good. Further, R-sq.(pred.) =
69% does not differ much from R-sg.(adj.) = 72%; consequently, this model fits the sample

well.
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Figure 20: Normal Plot of the Standardized Effects of Y1 (Jumbo)

Fig. 20 was used to show the direction of significant effects of the second-order model.
From the plot, the order of significance was seen from zero towards the left. Factors
approaching the distribution line had minimal impact. Storage duration represented by B
had the highest significant effect in this study. Factor AB goes beyond the distribution line
with a minimal impact on the YI. However, it was necessary at 95% confidence interval.
The effect of AA and that of BB were almost the same.
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Figure 21: Residual Plots of Y1 for the Jumbo Egg Size

Residual plots of the Y1 were shown in Fig. 21. The histogram showed that the data points
of Y1 were not skewed to either left or right. It was clear from the standard probability plot
with the line of fit that the verified the linearity assumption. Residuals versus order plots
were used to verify the homogeneity of variance assumption. From the residuals versus

observation, the dots displayed no systematic effect in time order.

60



Table 4.5.4: ANOVA of YI (Jumbo)

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 5 1595.68 93.42% 1595.68 319.14 85.12 0.000
Linear 2 1528.66 89.49% 1510.77 755.39 201.47 0.000
TRT 1 380.65 22.28% 392.30 392.30 104.63 0.000
DAY 1 1148.01 67.21% 1118.47 1118.47 298.32  0.000
Square 2 3501 2.05% 35.01 1751 467 0.017
TRT*TRT 1 16.98 0.99% 16.98 16.98 453 0.042
DAY*DAY 1 18.03 1.06% 18.03 18.03 481 0.036
2-Way 1 32.02 1.87% 32.02 32.02 8.54  0.007
Interaction
TRT*DAY 1 32.02 1.87% 32.02 32.02 8.54  0.007
Error 30 112.48 6.58% 112.48 3.75
Lack-of-Fit 6 8.30 0.49% 8.30 1.38 0.32 0.921
Pure Error 24 104.18 6.10% 104.18 4.34
Total 35 1708.16 100.00%

Table 4.5.4 presents the ANOVA of the response surface for the Y1 (jumbo egg size). DAY,
TRT, second-order factor TRT*TRT, DAY*DAY and their interaction TRT*DAY were
significant at 95% confidence interval P < 0.05. Lack-of-Fit was highly insignificant
P =0.921indicating the model was fit for optimization. The regression equation is

therefore expressed as;

Yl = 39.02 +0.153TRT —0.115DAY —0.00961TRT *TRT —0.00708 DAY * DAY —0.00823TRT * DAY

jumbo

(4.8)
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Contour Plot of ¥I vs DAY, TRT (jumbo)
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Figure 22: Contour Plots of YI (Jumbo)

Fig. 22 presents the contour plot of the response surface model of percentage Y1 against
DAY and TRT. The direction of the contour plots indicates a reduction in Y1 from low to
high levels of storage conditions. The medium value of the Y1 was 25% to 30%. However,

eggs stored at 5 °C expressed 30% and above for 27 days of storage duration.

4.5.2 Response Surface Model of Ch_EW (Jumbo)

Table 4.5.5: Model summary of egg weight loss

R-sQ. R-sg. (adj.) PRESS R-sq. (pred.)
90.73%  89.19% 7.31163  86.24%

Table 4.5.5 presents a summary of the response surface model of EWL. R-sq. indicated
that this model explained 90% variation in egg weight loss. PRESS validated ch_ EW
model. Since it was 7 > 3, the model productivity ability was considerable. Further, R-sg.
(pred.) does not differ so much from R-sq., which implies that this model fits the sample

well.

62



Residual Plots for ch EW
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Figure 23: Residual Plot of Egg Weight Loss (Jumbo)

Residual plots of the weight loss are shown in Fig. 23. The histogram shows the normal
distribution of data points of weight loss distributed. It was clear from the standard
probability plot displays verification of the normality assumption. Residuals versus order
plots were used to verify the belief that residuals were independent of each other. There

was no trend or pattern. Linearity assumption was also satisfied.
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Figure 24: Pareto Chart of the Standardized Effects of EWL (Jumbo)

The Pareto chart of the student zed effects (Fig. 24) clearly illustrates the magnitude of the
second-order factors. Factors significant for standardized results were beyond the dotted
line at 2.04 (A, B, AB, AA). Only (BB) remains at the left-hand side of the dotted line;

hence, insignificant
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Table 4.5.6: ANOVA of EWL (Jumbo)

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 5 48.2098 90.73% 48.2098 9.6420 58.73  0.000
Linear 2 43.9923 82.79% 42.4744 21.2372 129.36 0.000
DAY 1 31.5993 59.47% 30.3049 30.3049 184.59 0.000
TRT 1 12.3930 23.32% 12.1695 12.1695 74.13  0.000
Square 2 1.6258 3.06% 1.6258 0.8129 4.95 0.014
DAY*DAY 1 15918 3.00% 15918 1.5918 9.70 0.004
TRT*TRT 1 0.0340 0.06% 0.0340 0.0340 0.21 0.652
2-Way 1 25916 4.88% 2.5916 2.5916 15.79  0.000
Interaction
DAY*TRT 1 25916 4.88% 2.5916 25916 15.79  0.000
Error 30 4.9252 9.27% 49252 0.1642
Lack-of-Fit 6 0.9168 1.73% 0.9168 0.1528 0.91 0.501
Pure Error 24 4.0084 7.54% 4.0084 0.1670
Total 35 53.1350 100.00%

Table 4.5.6 displays the ANOVA of the response surface for the change in the egg weight
(Jumbo egg size). DAY, TRT, second-order factor TRT*TRT and their interaction
TRT*DAY were significant at 95% confidence interval P <0.05. DAY*DAY was
insignificant P > 0.05. Lack-of-Fit was highly insignificant P = 0.501, implying that

this model was fit for optimization. The regression equation is therefore expressed as;

ch_EW, . =0.341-0.0302 DAY +0.0322TRT +0.002103 DAY * DAY —0.000430TRT *TRT +0.002341DAY *TRT

jumbo

(4.9)
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Contour Plot of ch EW vs TRT, DAY (jumbo)
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Figure 25: Contour Plot of EWL (Jumbo)

Fig. 25 illustrates the contour plot of the response surface model (EWL) corresponding to
DAY and TRT. The direction of the contour plots indicates a reduction in EWL from low
to high levels of storage conditions. Darker regions indicate higher weight loss. From this
study, 2 g was observed as moderate weight loss. EWL was less than 2 g from the plot

when stored for the 32 days at five 5 °C.

4.5.3 Response Surface Model of HU (Jumbo)

Table 4.5.7: Regression Estimates for the Second-Order Model (HU)

Term Est. Std. error 95% CI T-Value P-Value VIF
Constant 65.03 1.71 (61.53, 68.53) 37.94 0.000

TRT -9.963 0.962 (-11.927, -7.998) -10.36 0.000 1.01
DAY -22.41 1.06 (-24.57,-20.26) -21.23 0.000 1.00
TRT*TRT -4.75 1.72 (-8.25,-1.24) -2.76 0.010 1.01
DAY*DAY 4.09 1.77  (0.48,7.70) 2.31 0.028 1.00
TRT*DAY -4.26 1.28 (-6.88,-1.64) -3.32 0.002 1.00
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From Table 4.5.7, TRT and DAY had a significant effect on the HU (P < 0.05).
TRT*TRT, DAY*DAY and their interaction TRT*DAY was insignificant (P > 0.05).
DAY, TRT, TRT*TRT and TRT*DAY negative coef. of —22.41,—-9.963, —4.75 and
—4.26 respectively. DAY*DAY had a positive coefficient and T-Value of 4.09. TRT
had the lowest standard error of the coefficient of 0.962. VIF =1 and 1.01. This
indicated that temperature and period of storage were not correlated. Therefore, this study

proceeded to decide on which level factors are responsible for the change in HU.
Table 4.5.8: Model Summary of HU (Jumbo)

R-sQ. R-sg.(adj.) PRESS R-sq.(pred.)
95.15% 94.34% 9.477 92.88%

R-sg. indicated that this model explained 95% variation in HU. PRESS was used to validate
the HU model. Since it was 9 > 3, the predictive model ability was good. Further, R-sg.
(pred.) = 92% does not differ so much from R-sg. (adj.) = 94%, implying that this model
fits the sample well. The model adequacy was verified and confirmed to be good (Table
4.5.8). DAY, TRT, second-order factor TRT*TRT, DAY*DAY and their interaction
TRT*DAY were significant at 95% confidence interval. Lack-of-Fit was highly
insignificant, implied that this model was fit for optimization (Table 4.5.9). The regression

equation is therefore expressed as;

HU = 93.57+0.652TRT —1.714DAY —0.0304TRT *TRT +0.01817 DAY *DAY —0.02272TRT * DAY

(4.10)
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Table 4.5.9: ANOVA of HU (Jumbo)

Source DF SeqSS Contribution Adj SS Adj MS F-Value P-Value
Model 513071.3 95.15% 13071.3 2614.3 117.77 0.000
Linear 2 12538.7 91.28% 12387.8 6193.9 279.03 0.000
TRT 1 2285.9 16.64% 2382.1 2382.1 107.31 0.000
DAY 110252.8 74.64% 10005.7 10005.7 450.75 0.000
Square 2 2885 2.10% 2885 144.2 6.50 0.005
TRT*TRT 1 169.6 1.23% 169.6 169.6 7.64 0.010
DAY*DAY 1 1189 0.87% 118.9 118.9 5.36 0.028
2-Way 1 2441 1.78% 2441 2441 11.00 0.002
Interaction
TRY*DAY 1 2441 1.78% 244.1 244.1 11.00 0.002
Error 30 665.9 4.85% 665.9 22.2
Lack-of-Fit 6  66.8 0.49%  66.8 11.1 0.45 0.841
Pure Error 24 599.1 4.36% 599.1 25.0
Total 35 13737.2 100.00%

The direction of the contour plots shows a reduction in HU from low to high levels of
storage conditions. Darker regions specify higher HU. The study observed a medium HU
of 60 (Fig. 26).

Contour Plot of HU vs DAY, TRT (jumbo)
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Figure 26: Contour Plot of HU (Jumbo)
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CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION

5.0 Introduction

This chapter discusses results in comparison with the available literature. A conclusion has

also been made based on the findings and recommendations given afterwards.
51  Discussion

5.1.1 Effect of Storage Conditions on Egg Quality Parameters Using Fixed and
Mixed Effect Models

The interaction effect of egg weight loss indicated higher losses on the 32" day of storage
in 5 °C, 19.5 °C and 30 °C for all the egg sizes. These findings are in agreement with
Fasenko et al. (2001); Hassan et al. (2005); Reijrink et al. (2010); Alsobayel & Albadry
(2011); Akter et al. (2014) and Yimenu et al. (2017), who attested that total egg weight
reduces with prolonged storage duration. The temperatures under storage influence a
reduction in egg weight. Consequently, eggs subjected to low-level temperature 5 °C;
exhibited an expressively lesser reduction in egg content than room temperature. Thus the
loss of water and other gaseous components was diminutive on eggs stored under low-level
temperature 5 °C compared to those under 19.5 °C. These outcomes support Samli et al.
(2005) and Hasan & Alylin (2014), who observed a decline in the egg's weight at 29 °C
with the 10" day of storage.

The SW model was significant for the large egg size (60-64) g P = 0475and extra-large
(65-69) g P =0.0382. The finding on significant levels was in line with Samli et al. (2005),
who encountered a considerable effect of storage duration and storage temperature on
eggshell weight. Conversely, this model was not significant for jumbo (70 and more) g
P > 0.05. The insignificant impact of the storage for this study was also in line with Akter
et al. (2014), who reported that there is no significant relationship between shell weight,
temperature and time of storage. The study further detected an increase in reduction of SD

as the egg size increases in the mixed-effect model. The effect was significant P < 0.05.
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The finding in the mixed effect model contradicts Saleh et al. (2020) and Akter et al.
(2014), who found an insignificant effect on SD. Further, this study observed a significant

interaction effect in the fixed-effect model.

This study noted that AD increases with an increase in egg size. This finding was in
agreement with Altuntas & Sekeroglu (2008), who argues that the egg internal components
increases with an increase in egg size. It increased albumen diameter from the large (60-
64) g, extra-large (65-69) g and jumbo (70 and more) g egg sizes. HU decreased with an
increase in egg size. This finding contradicts Emsley et al. (1977), who established that
HU increases with an increase in egg size. Nevertheless, Kinney et al. (1970), Van Tijen
& Kuit (1970) and Iposu et al. (1994) findings conformed with the current study. The HU
declined from high (5 °C) to low (30 °C) in large (60-64) g, extra-large (65-69) g and jumbo
(70 and more) g sizes. Eggs with more considerable weight recorded lower HU in both
fixed and mixed-effect models. Storage duration was highly significant for the three egg
sizesP <0.05.YI was affected by the storage duration. This finding was in line with

Yimenu et al. (2011), who realized a decrease in Y as storage duration increases.

5.1.2 Evaluation of Models’ Efficiencies

From the results in section 4.2, it was clear that the fixed-effect model exhibited a minor
variance component in yolk index, egg weight loss, Haugh unit, aloumen diameter and
albumen height. This overlapped instance where the fixed effect model was significantly
the same as the mixed-effect model. Therefore, this study proposes that treating blocks as
a static effect in the RCBD experiment is appropriate. This finding was in line with a survey
carried out by Dixon (2016), who suggested that the blocking effect in RCBD should be
treated as a fixed effect. Conversely, our study disputes recommendations by LeMay &
Robinson (2004); Festing (2010), who stressed that RCBD experiments should be analysed

as a mixed effect model.

5.1.3 Response Surface Modelling

The PCA used suggested the first and the second principal components, which explained a
cumulative variance of 90%. The variables from the main features were Y1, HU, egg weight

69



loss and shell weight with a correlation coefficient of|0.5| and above. The findings on

PCA for the three egg sizes were in line with Feddern et al. (2017), who reported that HU
was among the factors highly associated with better egg quality. This study observed that
two PCs are sufficient in explaining the interdependency in the original eggs traits for the
jumbo and large egg sizes. Such finding contradicts a study by Ukwu et al. (2017), who
claimed that three PCs explains over 90% cumulative frequency of the original egg quality
components. The G-optimality used for prediction was 68% efficient with replicated design
points. This G-eff was almost similar to Moein & Pan (2016), who obtained 67% G-

efficiency for predictive variance with two factors.

The prediction efficiency for this study was higher than Montgomery et al. (2002), who
achieved a G-efficiency of 28.8%. However, a study by Atitwa et al. (2016) performed a
G-efficiency of 89% which was higher than this study. This study predicts that HU can be
above 90 when eggs are stored for less than 5 days at 5 °C and 19.5 °C. Past 12" day of
storage, HU reduces from 70 to 50 at 19.5 °C. This finding was in line with Samli et al.
(2005), who realized that the HU unit decreases from approximately 90 to 70 at 5 °C. The
eggs stored at room temperature for 12 days less had an HU unit above 70. However, those
stored at room temperature for 25 days had HU between less than 50. The eggs stored at 5
°C had an HU of 50 and above for the whole study duration.

5.2 Conclusions

This study established that the determinants of egg quality, physical components of the
egg, were significantly affected at 5 °C, 19.5 °C and 30 °C. The effect was more adverse
on eggs stored at 30 °C within 32 days of storage. Results on model efficiency showed that
the fixed effect model was the most suitable for RCBD experiments. Given that most egg
retailers use room temperature in the study area, for the sake of cost-effectiveness, eggs
should be stored at 19.5 °C for 14 days and at 30 °C for seven days maximal. The eggs can
be stored at room temperature for ten days with very minimal weight loss. However,
keeping an egg at a lower temperature of 5 °C maintains its weight for 22 days or more.
For the extra-large egg size, the optimal level for minimum loss is 20 days of storage 8.5

°C, 14 days at 13 °C and seven days at 30 °C. From this study, 2 g was observed as moderate
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weight loss. EWL was less than 2 g for the 32 days at 5 °C. However, the storage period
was 22 days for eggs kept at room temperature. Storage duration contributed a significant
percentage effect on the HU (68%).

For extra-large, HU was above 90 for less than 5 days at 5 °C and 19.5 °C. Past 12" day of
storage, HU reduced from 70 to 50 at 19.5 °C (Fig. 18). The eggs stored at room
temperature for 12 days less had an HU unit above 70. However, those stored at 19.5 °C
for 25 days had HU between less than 50. The eggs stored at 5 °C had an HU of 50 and
above for the whole study duration. The egg stored at 19.5 °C for 20 days expressed an HU
of 60 and above. The study realized that eggs stored at 5 °C had (50) a medium HU unit
and above for 26 days of storage. Those stored at 30 °C only stayed for 12 days expressing

medium.

The eggs stored at room temperature for 22 days had an SW unit between (6-7) g. SW
below 5 g was considered low by this study. Eggs stored at 19.5 °C had low SW after 25
days (Fig. 9). Those kept at higher level temperature had low SW after the 19" day. The
optimal level for the highest Y1 was five days of storage at 19.5 °C and 5 °C (Fig. 11). The
study classified Y1 as fresh and regular. The fresh yolk was observed for 16 days at room
temperature. Y1 above 30% was considered suitable for this study. Twenty days of storage
duration at room temperature demonstrated a medium value of Y1. However, eggs stored

at 5 °C expressed 30 °C and above for 25 days of storage duration (Fig. 22).

53 Recommendations

The study recommended a 5 °C storage temperature for the excellent quality of egg
maintenance since it enables eggs to be stored for more days before they are consumed or
purchased. Such practice would enhance adequate revenue generated by egg retailers and
poultry farmers. This study recommends that eggs retailers should store eggs in fridge-
freezers for 32 days. However, this study devoutly suggests future studies consider some

other optimization criteria in experimentation.

Further, different levels of storage conditions other than the ones used by this study can

also be of much interest in concluding. This study has its limitation as the study design was
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RCBD which could only accommodate two factors. The effects of confounding factors
resulting from different farm managements such as the total number of colonies, types of
feeds and feeding habits of layers were considered trivial. The assumption of this study
includes that freshness of different egg sizes from collection to consumption was majorly
affected by storage temperature and time. Therefore, further studies should consider
determining the effect of confounding factors on egg quality from laying, collection to

consumption.
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APPENDIX

Appendix 1: Design Matrix for this Study
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