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Japanese quails in domestication lack broody tendency hence adoption of artificial
incubation for commercial production. Inappropriate Incubation Temperature-IT affects
hatchability and sex determination in quails. Conventional IT and sexing techniques used
for other poultry species cause low hatchability, survivability and inaccurate sexing.
Information on optimum IT and in ovo sex predetermination in quails is inadequate.
Therefore, optimum IT determination and effects of its alteration on sex reversal,
hatchability and post-hatch performance of Japanese quails were assessed.

Clutch of 1,605 eggs were randomly allotted to incubators at 36°C (T;), 37°C (T,), 38°C
(Ts), 39°C (T4) and 40°C (Ts) for optimum IT determination. At hatch, incubation period
and hatchability were recorded. Chicks were reared for six weeks, feed intake and survival
rate were recorded. Six chicks/treatment were randomly selected and sacrificed to obtain
carcass weight. Another clutch of 1,260 eggs were incubated at 38°C (Ta, Control)
without pausing, 36°C (Tg), 37°C (T¢), 38°C (Tp), 39°C (Tg) and 40°C (Tf) paused for
five hours on days 3, 4 and 5. Also, 612 eggs were set at 38°C (T}, Control) without
pausing, 36°C (Ty), 37°C (Twm), 38°C (Try), 39°C (Ty) and 40°C (Ty;) paused for five
hours on days 11, 12 and 13. At hatch, hatchability was recorded. At week three, the
chicks were sexed based on plumage pattern and reared separately. At week six, survival
rate was determined, six birds per treatment were sacrificed and testes/ovaries were
observed for sex confirmation. Non-conformity with the male/female plumage pattern was
considered reversed sex. Data were subjected to descriptive statistics and ANOVA at « os.
Hatching commenced on day 16 (T4), 17 (T3), 18 (T, Ts) and 20 (T;). Hatchability was
36.9£13.8% (T2), 36.6£9.8% (T4), 35.9£28.7% (T3), 30.6£19.9% (Ts) and 23.94+26.6%
(T)). Feed intake varied significantly and ranged from 10.2+5.29¢g (T,) to 19.3+0.19g (T)).
Survival rate was significantly higher in Ts (66.5£6.4%) than in T4 (46.1£10.0%), T,
(27.4£1.0%), T3 (21.5+£3.7%) and T, (14.5+0.0%). Carcass weight was significantly
higher in T; (97.4£0.1g) than in T3 (80.0+£14.2g), Ts (77.1£16.9g), T4 (74.3£9.58) and T,
(68.1£11.4g). Hatchability was higher in T (81.0+£50.9%) than in T¢ (46.0£17.7%), Ty
(43.1£14.0%), Tk (12.5+£9.2% and Tp (1.5£1.8%), while hatchability failure was recorded
in Tg. Survival rate was similar in Ta (49.2442.7%), Tc¢ (38.9£1.6%) and Tg
(22.2+14.1%), while none survived in Tp and Tg, Male/female ratio was 40:37 (Tya), 10:9
(Tg) and 10:11 (T¢) without sex reversal. Hatchability was 81.2+14.7%, 70.9+£52.3%,

Xix



68.0£18.9% and 62.7+6.6% in Ty, Try, Ty and Ty, respectively, while both Ty and Ty; had
hatchability failure. Survival rate was similar in Ty (59.2+£17.7%), Ty (55.9£5.2%) and Ty
(54.4£18.4%) but higher than 18.7+5.6% (Ty). Male/female ratio was 7:12 (Ty), 7:4 (Tn),
10:13 (Tyy) and 0:10 (Tyy) without reversed sex.

Low temperature (36°C) prolonged incubation period, enhanced feed intake and carcass
weight, while high temperature (40°C) enhanced survivability. However, 39°C at which
hatching commenced on day 16 may be recommended as optimum incubation temperature
for Japanese quails. Paused incubation temperature did not elicit sex reversal and caused
hatchability failure.

Keywords: Japanese quails, Chick embryo, Chick survivability, Incubation
temperature

Word count: 494
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Animal protein intake should not be less than 50g per caput in developing nations, but in
Nigeria, only about 6—10g per caput is consumed (FAO, 2009). This could be one of the
causes of malnutrition, stunted growth, early childhood death as well asthe low life
expectancy of55years compared to75 years in the United States of America. This
inadequacy of animal protein intake in the diets of most Nigerians is becoming more
worrisome, as it poses a threat to national development because the wealth of a nation lies
in the health of the citizenry. According to FAO (2013),malnutrition and undernutrition in
sub-Saharan Africa and South Asia, were closely associated with poverty that resulted in
depressed immunological status and high HIV/AIDS epidemic in the areas.

Inorder to ameliorate this problem, poultry production may be a better option because
FAO (2013) reported that poultry products were the best sources of high quality proteins,
vitamins and minerals needed by many people who live in abject poverty. It was
emphasized that poultry meat is the healthiest and cheapest of all livestock meats with no
major taboos on the consumption. Poultry production requires less space, water, starter-
pack and has little or no detrimental effects on the environment yet, it provides
employment and the products are widely acceptable, relatively inexpensive and available.
Increased commercial poultry production becomes imperative,in order to boost the
livestock subsector’s contributions to national and economic growth, particularly in a
developing nation like Nigeria. Poultry species include fowl, ducks, guinea fowl, geese
and turkey. Others are pheasants, swan, ostriches, emu, pigeons and quails. Among these
species,the Japanese quail has been singled out due to its short generation interval with the
ability of the hen to start laying at about 40 days old, capability of producing about 250 —
320 eggs per year, while the cock matures at about 30 to 60 days old (Deveau, 2009).

With these economic traits, Woodardet al. (1973) stated thatthree to fourgenerations



annually were possible in Japanese quail.Other attributes include requirements of little
starter-pack, land area, labour and medical attention as well as high resistance to diseases.
Essentially, Japanese quail has been reported to be a veritable source of nutrients (Randall,
2008) and the products especially egg has been speculated to be rich in minerals and
vitamins but low in cholesterol (Fah, 2009). Hence, Japanese quail production is likely
feasible in making the meat and eggs available at an affordable rate. Therefore, the best
alternative to provide adequate animal protein all year round could be the large
scaleproduction of the Japanese quail under an improved management system. More
significantly, amongst all the avian species, Japanese quail is the most preferred research
or laboratory birdin avian study(Perry, 1988; Naito et al., 1990; Ono et al., 1994a; Nakane
and Tsudzuki, 1999; Ainsworthet al., 2010).According to Nakane and Tsudzuki (1999),
whenavian embryos are needed in research, Japanese quail is always the option because of
its superiority to fowl. Also, it was stressed that Japanese quail is more prolific,
precocious and smaller in body size than the domestic fowl hence it will support efficient
performance in experimental conditions.

Japanese quailhens in captivity hardly brood and incubate theireggs. Therefore, artificial
incubators are used to simulate and mimic the role of a broody hen, in providing optimum
environmental conditions that will stimulate embryonic development and maintain the
growth until hatching (Wilson, 1991; French, 1997; Hill et al., 2001; Lourens et al.,
2005). Such artificial incubators vary in sizes, materials used and the settings or
arrangements within the incubators have resulted in manipulating the environmental
conditions. Based on this, incubation temperatures of 37.2 to 37.8°C (Wilson, 1999;
Lourens et al., 2007; Pam, 2015), as well as 38.9°C to 39.4°C (Musa et al., 2007; Mani et
al., 2008; ECQ, 2015)have been reported. These disparities may have resulted in hatchery
failures, low chick yield, late hatching that often lead to high chick mortality rate and poor
post-hatch chick performance. Consequently,a near constant incubation temperature with
little or novariability should be maintained for optimum hatchability. Incubation
temperature directly influenced hatchability, post-hatchhealth and performance in broiler
chickens (Elmehdawi, 2013), Australian brush-turkeys (Goth and Booth, 2005), domestic
fowls (Boerjan, 2002) and turkeys (Krischek et al., 2013). In each case, sex reversal was

speculated and there is paucity of information on the influence of temperature on the



hatchlings’ survival and reproductive potential of the sex-reversed chicks or poults were
not provided. Meanwhile, Hamburger and Hamilton (1951) developed an atlas showing
normal stages of fowl chick embryonic development and if such is developed in Japanese
quail, in ovo studies may be eased up.
1.2 General objective of the study
The aim of this study was to know the required optimum incubation temperature for
desirable egg hatchability, chick survivability and the effects of manipulating incubation
temperature on sex reversal and post-hatch performance in Japanese quails.
1.2.1 Specific objectives of the study
The specific objectives were to:
1. Determine optimum incubation temperature in Japanese quails production.
2. Monitorthe embryonic development in Japanese quail eggs at varying incubation
temperature.
3. Examine the role of temperature manipulation during egg incubation on Japanese
quails sex reversal.
4. Evaluatepost-hatch performance of Japanese quails subjected to different
incubation temperature regimes.
1.3 Justification of the study
The inability of Japanese quail hens to incubate their eggs as well as low chick yield,
hatchability and chick survivability often recorded even when artificial incubators are
used,warrants a determination of optimum artificial incubation temperature in order to
boost productivity. Knowledge of the Japanese quail embryonic development will provide
a clue to the stage of embryo death during residual egg breakout for better egg fertility
determination, in ovoresearch, pharmacological operations and introduction of gene
expression vectors into specific cell populations. Several undesired growers are often
culled, following sex determination at about 3 to 6 weeks old in Japanese quail hence, the
need to predetermine only the desired sex during eggs incubation. Various hormonal and
physical manipulations can somewhat result in sex reversal, but no reliable method has

been found in poultry production.



CHAPTER TWO
LITERATURE REVIEW

2.1 Origin of Japanese quails

Quails are members of Phasianoidea; Order Galliformes; Class Aves and Animal
Kingdom just like fowls, pheasants and partridges (Fah, 2009). Species or subspecies of
the Genus Coturnix are found in all the continents except the Americas. One of them
Coturnix coturnix or common quail is a migratory bird in Asia, Africa and Europe. It was
reported that many inter-crossing subspecies were known but the European quail
(Coturnix coturnix coturnix) and Japanese quail (Coturnix coturnix japonica) are more
important. Howes (1964) reported that one subspecies that regularly migratedfrom Europe
to Asia was finally domesticated in China, where they were reared as companions and
melodicanimals. The domesticated Coturnixwastaken to Japan across Korean bridge at
about the eleventh century. It was emphasized that Coturnix was originallytamed in the
Orient (Eastern part of the world: China and Japan) and not in the Middle East as being
speculated (Fah, 2009). Also, it was stated that European Coturnixroaming toward
thesouth inFall Season, through Mediterranean Sea, were in their tiredsituation caught and
tamed. Egyptian and Biblical records of domesticated quails in Japan was in the
12" century, wherethey were originallyreared for singing.

It was speculated that anEmperor in Japan was cured of tuberculosis whenhe ate quail
meat, hencethe careful selection of quails for meat and egg production in Japan,during
latter part of 19thcentury. It was reported that in 1910,Japanesequails were
extensivelyreared for meat and eggs.In 1941, the number of quailsimprovedswiftly in
Japan particularly in Tokyo, Mishima, Nagoya, Gifu as well as Toyohashi. It was given
that this era,signified a time of magnificentgrowth in Japanese quail domesticationin
Korea, China, Taiwan and Hong Kong which advanced to Southeast Asia. Japanese
quailwas called Coturnix coturnix japonica as well as Common quail, Eastern quail,

Asiatic quail, Stubble quail or Pharaoh’s quail. Other names were Red throat quail,



Japanese grey quail, Japanese migratory quail, King quail and Japanese King quail
(Howes, 1964; Fah,2009). Meanwhile, the correct commonclassification ofCoturnix
coturnixjaponica(Temminck & Schlegel, 1849 as provided in Indreswari et al., 2019)was
Japanese quail orCoturnixand notCoturnixquail because the Latin word
“Coturnix ”couldmean“quail’when interpreted.

2.2 History of Japanese quails in Nigeria

According to Haruna et al. (1997), Japanese quail (Coturnix coturnixjaponica) was
brought into Nigeria in 1992,through the Directorate of Food and Rural Infrastructure. At
the moment, Japanese quail eggs and day-old chicks could be obtained from many farms
within Nigeria but are better obtained from the Poultry Division, National Veterinary
Research Institute, Vom Plateau State. Japanese quails are reared in most farms in Nigeria,
just like other domesticated avian species, where either the litter or battery cage system is
adopted (Mohammed and Ejiofor, 2015). The same routine management practices
provided in other poultry species production should also be observed to the latter when
rearing Japanese quail. Since thedomestication of Japanese quail in Nigeria, a lot of
research findings using it as a laboratory bird have been reported (Sati et al., 2012,
Amosun, 2014; Ojo, 2014; Adeyina et al., 2015; Makinde et al., 2015).

2.2.1 Performance of Japanese quails in Nigeria

Japanese quail performance characteristics are basically feed intake, weight gain, feed
conversion ratio, protein efficiency ratio and age at first egg drop. Others are egg weight,
length and width as well as carcass quality evaluation. Meanwhile, it was speculated that
performance characteristics in poultry production could be divided into growth and
production performance considering growth and output indices.However, genetic quality
could be a major factor that influences the performance of Japanese quail. This is because
thegenetic characteristics of the parentstock, will definitely determine the proficiency of
the offspring. Such genetic characteristics include small body, small egg, growth rate or
rate of weight gain and age at sexual maturity. Other factors that could affect performance
in Japanese quail are production system, production cycle, stocking density,
environmental conditions and nutritional plane (Edache et al., 2003; Babangida and

Ubosi, 2006; Tuleun et al., 2013).



2.3  Japanese quail eggs

Fah (2009) stated that quail eggs are categorized by variation of colour forms ranging
from snow white to absolutely brown. It was however stressed that the tan and dark brown
speckled or mottled brown with a chalky blue layeris more common in Japanese quail.lt
was also stated that the normal egg from fully grown hen, weighs 10g on average (i.e.
about 8% of its body weight unlike 3% in fowl). Japanese quail egg contains 158 calories,
74.6% water, 13.1% protein, 11.2% fat and 1.1% total ash. The mineral content was
shown to be 0.59mg of calcium, 220mg of phosphorus and 3.8mg of iron. While the
vitamin content was given as 300L.U of vitamin A, 0.12mg of vitamin B1, 0.85mg of
vitamin B2 and 0.1mg nicotinic acid (Fah, 2009).

24 Japanese quail chicks

YoungJapanese quail chick has yellowwith brown stripes outlookthatsomewhat resembles
young turkey if not forbody size (Fah, 2009). Japanese quailchick at day old
weighsbetween6 and 7g yet,grows very quicklyin the first few days of life. At 72 hours
old, flight plumagesare grown and complete feathers develop at 30 days old (Fah, 2009).
At 21 days old, the sex could be identifiedpartiallyusing breast plumage pattern. In some
cases however,certain birds may notexhibit this features even when fully grown thus,
making this sex identification technique seemingly difficult (Cheng et al., 1985).

2.5 Male Japanese quail

When fully grown, the rooster (maleJapanese quail)weighsbetween 100 and 140g and it
could be known by the rusty-brown plumages at the neck and lower breast regions (Fah,
2009). In addition, the rooster has a cloacal-gland (a bulbous structure) found at the upper
edge of the vent,whichdischarges a white-foamy secretions. This distinctive gland could
be used in assessing the procreativecapability of the rooster (Cheng et al., 1985). At about
42 days of age,the rooster crows and Sanford (1957) defined the vocal soundlike a
loud,castanet-like crow makinga sound as pick-pera-wick or ko-turro-neex and at the peak
of normal reproductive cycle, the rooster crowseven at night.

2.6 Female Japanese quail

Fully grown Japanese quail henweighs between 120 and 160g,which make ita
littleweightier than the rooster. According to Krishnan (2019), Japanese quail hens are

heavier, grow faster and bigger than the rooster. The body colouration is comparable to



that of the roosterwith the exception ofthe plumage pattern at the neck and upper breast
regions whichare longer, pointy and greatlybrighter cinnamon colour(Cheng et al., 1985;
Fah, 2009).

2.7 Uses of Japanese quail

2.7.1 Food

Japanese quail eggs could be utilised in a similarway as fowleggs, just that Japanese quail
egg is so small that fivepieces are equivalent to one fowl egg (Fah, 2009). With respect to
the smallish egg nature and their beautifullook, Japanese quail eggs are usually utilised in
differentways. For instance, Japanese quailegg could be used whole or sliced in salads,
casseroles or served boiled with a sauce (Fah, 2009).

Pickled Japanese quail eggs are special delicaciesprepared by placing the eggs in hot water
and boiled for five minutes andstir occasionally. Then,the egg is drained, washed and put
in commercial white vinegar overnight. Latter, the eggs arecleaned and the eggshell
remnants, as well as the membrane are removed by hand. The eggs are packaged loosely
in jars half-filled with a solution of vinegar, water with 75g salt per litre. Other flavouring
ingredients may be added, then boil, cover the container and store at ambient temperature
prior to consumption (Fah, 2009). Quail heart, liver, gizzard, testis and carcass are
delicacies when fried or roasted or cooked in stew or fricassee for minimum yield. On
average, quail dressed carcass could weigh as much as 125g (Fah, 2009).

2.7.2 Experimental/research birds

It has been established that because Japanese quail can reproduce up to 4 generations
annually, it becomes an option for laboratory experimentation (Padgett and Ivey, 1959;
Howes and Ivey, 1961; Wilson et al., 1961; Reese and Reese, 1962; Woodard et al.,1973).
It was stated that if the day length is favourable, Japanese quail hens could commence
laying at 5 weeks old (approximately 40 days) and would be at peak of layat 7 weeks old
(Fah, 2009). Under favourable environmental conditions, Japanese quail can lay eggs for a
very long period of time, producing approximately 250 eggs per year. More significantly,
Japanese quail issomewhatcheap to keep and about 8 to 10 could live inequalland area
meant for one fowl.

According to Woodard et al. (1973), the Department of Poultry, University of California,
USA, incubated and hatched many Japanese quail eggs in 1957. Since then, several of



them have been conserved for experimental purposes.It was stressed that
Coturnixcouldcomparefavourably well with chickens and turkeys in some physiological
featureshence,Japanese quail seems to be a respectedoptionin avian research (Reese and
Reese, 1962; Woodard et al.1973). Earlier, Wilson et al. (1960) stated that the use of pilot
animals in avianstudy was not a new idea, because research works in avian species were
always limited bythe financial plan, timeand space.Thus, it wasopined that some of these
problems may be eased up, if Japanese quail (Coturnix coturnix japonica) was used as a
pilot animal in place of the more expensive chickens or turkeys experiments. Avian
developmental biology experiment was reported to be a veritable tool for the study of
embryogenesis in air space, to provide the support hardware needed for researchers to
better understand and mitigate or nullify the forces of altered gravity on embryo
development (NASA, 2017). It was further stressed that avian eggs were ideal for
studying embryo development since they are self-contained, self-sustaining and can be
nurtured without a maternal host. More so, it was expressed that the avian development
facility, allows incubation of avian eggs under controlled conditions (humidity,
temperature and gas environment), on orbit and the fixation of the eggs for research while
minimizing the effects of launch and landing (NASA, 2017).

Ravinder et al. (2014) evaluated the effect of cell phone frequency electromagnetic field
radiations on early development of chick embryos. It was concluded that exposure to
electromagnetic field radiations, induced detrimental effects on embryo growth and
development during early incubation period. Similarly, Tsybulin ef al. (2012) reported that
the effects of radiation from commercial GSM 900 MHz cell phone on developing quail
embryos signified a possibility for the non-thermal impact of magnetic waves on
embryogenesis. Thus, suggested that the facilitating effect of low doses of irradiation on
embryo development could be explained by a hormesis effect induced by reactive oxygen
species. Research findings have illustrated that electromagnetic field radiations were
found to be responsible for various harmful effects on health, development, reproduction,
immune system, growth, sleep, skin and brain (Batellier et al., 2008; Aziz et al., 2010;
Bilgici et al., 2013). It was found out that electromagnetic field radiation adversely
affected development, which was supported by the results showing additional chick

embryo mortality, significantly delayed development and induced malformations in



electromagnetic field radiations-exposed group as compared to control (Batellier et al.,
2008; Zareen and Khan, 2008). Various investigations have revealed the toxic effects of
cellphone frequency electromagnetic field radiations, on brain cells of chick embryos
including increased number of apoptotic cells, degeneration of brain tissues, severe
haemorrhages and early embryo death.

2.8  Japanese quail eggs incubation

Incubation is the process of providing optimum temperature, air circulation and relative
humidity suitable for embryo development, growth and emergence as chicks. This process
could be natural, where the broody hen sits on the eggs and covers them with the feathers
in order to provide suitable environmental conditions for hatching. Since Japanese quail
hens do not naturally incubate and hatch their eggs, artificial incubators are used
tosimulate environmental conditions required to stimulate embryonic development and
growth until the emergence of chicks. The artificial incubator could be homemade or
commercial but should typically have heating source,air circulator (fan), temperature
regulator (thermostat) as well aswater trough and egg trays. Fertile eggs stored for as long
as 7 to 10 days at room temperature (10 to 15°C) could be set for incubation (Woodardet
al., 1973). According to ISA (2016), eggs should not be incubated the same day it was
laid, in order to avoid hatching failure. Woodarder al., (1973) stated that on incubation
days 0 — 12, the temperature should be adjusted to 37.5°C, 13 — 15 days(37.2°C) and on
day 16 the temperature should be 37°C and increased to 37.6°C on day 17 when the chicks
are expected to emerge. On the other hand, Musa et al. (2007) recommended 39.4°C in the
tropics, whereas Ferguson (1994) gave a range of 37.5 — 38°C as optimum incubation
temperature in poultry production.Late hatching, low chick yield, survivability, hatchery
failure and poor post-hatch performance may have been recorded. Thus, it becomes
difficult to establish the optimum temperature suitable for quail eggs incubation and
would want to resort to natural incubation if only it is possible in commercial poultry
production.

2.9 Incubation temperature and Japanese quail embryos development

In order to mimic natural incubation, artificial incubators are simulated to provide a
temperature believed to be optimum for Japanese quail embryo development. French

(2002) gave a range of 37 to 38°C as the standard incubation temperature which controls



avian embryos development.It was stated that temperature is a critical environmental
factor that could accelerate or delay embryogenesis (Landauer, 1961; Freeman and Vince,
1974). In developmental biology experimentations, avian species (particularly Japanese
quail) have been used as models in morphogenesis studies (Ainsworth et al.,2010).Some
staging of Japanese quail embryo development has been attemptedbut incomplete and
variations in descriptions, staging and incubation processes were always difficult.
Itappeared to be a general agreement that at early stages of embryogenesis, there were
some developmental differences between fowl embryo (Hamburger and Hamilton, 1951)
and quail embryo (Ainsworth et al., 2010). Yet, the basis for these differences has not
been established experimentally hence,Ainsworth (2010) constructed a 46-stage
series,irrespective of the enhanced ontogeny observed in the Japanese quail in order to
make the staging series comparable. At the early stages of development (Stage 4 — 28),
Japanese quail stage series was identical to the Hamburger and Hamilton (HH) stage in
fowl chick series as the rate of development of both species was indistinguishable. At the
mid stages (Stage 29 — 35), the descriptions of morphological changes of each stage were
still comparable between fowl chick and Japanese quail chick series. At later stages of
development (Stage 36 — 46), the HH stage fowl chick series was no longer comparable to
the quail series with regard to incubation periods and morphological descriptions.

It has been reported that biological engineering in avian species has advanced.For
example, artificial in ovo culture of 1-celled zygote of blastoderm stage, made the
production of adult bird possible (Perry, 1988; Naito et al., 1990; Ono et al., 1994a).
Similarly, some trials to produce transgenic of chimeric birds have been conducted
(Etches et al., 1993; Love et al., 1994; Naito et al., 1994; Ono et al., 1994b) and the use of
avian embryo in teratological test has been anticipated (Hashizume et al., 1992; 1993).
Nakane and Tsudzuki (1999)established that series of normal stages in the development of
Japanese quail embryo skeleton composed of 15 stages. In that study, the time of
chondrification and calcification of the skeleton were recorded every 24hours from
incubation day 3 to 17 at 37.7°C. It was reported that the knowledge of skeletogenesis
stages in Japanese quail embryo, will be useful as a normal control not only in
experimental embryology, teratology and developmental engineering but also in

identifying mutant embryos with skeletal abnormalities. Yet, the causes of
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early,intermediate and late embryo death as well as hatching failure (Ramtekeet al., 2013)
are not clear hence, the present study examined the effects of low and high incubation
temperatures on Japanese quail embryogenesis.

2.10 Incubation temperature and Japanese quail hatchability

Myriads of incubation temperatures in some avian species have been given as shown
intable 2.1.Incubation temperature has been described as the most critical environmental
concern during hatchery operations. This is because the developing embryo can only
withstand small fluctuations in the microclimate conditions. Fertile eggs begin to develop
to the embryo when the temperature exceeds physiological zero temperature given as 26 —
36°C (Webb, 1987; Conway and Thomas, 2000). Below or within this range of
temperature, embryonic growth is believed to be halted and at above it (i.e. 36 — 40.5°C),
which is described as the lower limit of optimal development, growth is resumed. At
above 40.5°C which is the upper lethal temperature, malformations of embryos or embryo
death could occur. According to Boerjan (2016), avian embryonic growth could be halted
or slowed down and eventually arrested, if the temperaturefalls below ‘physiological
zero’. That is the level at which incubation temperature is low enoughto keep embryonic
cell activity at a greatly reduced rate but reversible level. Essentially, the embryo still has
the potential to continue its development again if normal temperature is restored.That is
why the term ‘arrested development’ should be preferred to ‘stop development’ that is
commonly used.As a result, ‘physiological zero’ should not be restricted to a specific or
particular set point temperature, instead to a range of temperature from 12 — 20°C),
depending on the milieu of egg handling and storage duration. Hence, the reasons why
different set points temperature for ‘physiological zero’ is defined in different ways
depending on the situation being described.The definition of ‘physiological zero’ was first
presented by Edwards (1902) as the set point temperature of about 21.0°C and below this
value, there was no embryonic growth. The terms of reference for ‘physiological zero’
were reviewed by Proudfoot (1969) to include a storage temperature range of 11.5 — 21°C.
More recently, Fasenko (2007) introduced the term ‘embryonic diapause’ as an alternative
to the traditional ‘physiological zero’ temperature regime. This updated definition
recognized that some cellular metabolic processes still continue, but gross morphological

changes like shape and structure are arrested.
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Table 2.1: Incubation period, transfer to hatcher day, temperature and relative

humidity levels in some common birds

Incubation
Incubation conditions Hatcher conditions
period Temp R/H Transfer Temp R/H

Common name (days) °F) (%) day °F) (%)
Canary 13-14 100.5 56-58 11 99 6674
Chicken 21 99.5 58 18 98.5 6675
Cockatiel 18-20 99.5 5862 15-18 99 6674
Cockatoo 22-30 99.5 58-62 20-27 99 6674
Conure (sun) 28 99.5 5862 25 99 6674
Conure (various) 21-30 99.5 58-62 18-27 99 6674
Dove 14 99.5 58 12 98.5 6675
Duck 28 99.5 58-62 25 98.5 6675
Muscovy duck 35-37 99.5 58-62 31-33 98.5 6675
Finch 14 99.5 58-62 12 99 6674
Domestic goose 30 99.5 62 27 98.5 66-75
Geese (various) 22-30 99.5 62 20-27 98.5 6675
Grouse 24-25 99.5 54-58 22 99 6674
Guinea 28 99.5 54-58 22 99 6674
Lovebird 22-25 99.5 58-62 20-22 99 6674
Macaw 26-28 99.5 58-62 23-25 99 6674
Mynah 14 100.5 56-58 12 99 6674
Parakeet 18-26 99.5 58-62 15-23 99 6674
Budgerigar 18 99.5 5862 15 99 6674
Parrot (various) 18-28 99.5 58-62 15-25 99 6674
Parrot (African grey) 28 99.5 58-62 25 99 6674
Chukar partridge 23-24 99.5 62 20 99 6674
Peafowl 28-29 99.5 5862 25-26 98.5 6675
Ptarmigan 21-23 99.5 58-62 18-20 99 6674
Raven 20-21 99.5 58-62 17-18 99 6674
Ring-neck pheasant  24-24 99.5 58-62 21 99 6674
Pheasant 22-28 99.5 58-62 20-25 99 6674
Pigeon 17-19 100.5 58 14 99 6674
Bobwhite quail 23 99.5 54-58 21 99 6674
Japanese quail 17-18 99.5 58-62 15 99 6674
Swan 33-37 99.5 58-62 30-33 99 6674
Turkey 28 99.5 54-58 25 98.5 6675
Emu 49-50 97.5 32-40 47 97.5 69
Ostrich 42 97.5 3240 39 97.5 69
Rhea 3642 97.5 50 34-37 97.5 69

Temp: Temperature; R/H: Relative humidity
Source: Archer and Cartwright, 2018
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‘Embryonic diapause’ has been described in many vertebrate species like turtles,
marsupials and even mammals such as Roe deer. ‘Embryonic diapause’ or ‘embryonic
dormancy’ describes a stage at which metabolic activity and cell division is down-
regulated or arrested and can be regarded as a strategy for coping with temporarily
unfavourable environmental conditions.In avian species, embryonic development could be
arrested after laying and cooling the eggs down to room temperature of between 22 —
25°C. During this cooling period under optimal conditions, the embryo develops from
gastrula stage IX — X as described by Eyal-Giladi and Kochav (1976) to stage XII — XIII
reported by Gilberter al.(2006).The definition of physiological zero temperature was
restricted specifically to stages XII — XIII of development. If the embryo has developed
beyond this stage and primitive streak development has started, reduced temperatures will
slow down development and finally result inearly mortality of the embryo. This may
explain the higher rates of early mortality often recorded, when eggs are kept too long in
the nests and when egg cooling is too slow (Fasenko, 1991; 1999).Therefore, optimum
incubation temperature could be given as 37.5 to 37.6°C but should be reduced to 36.9°C
during the last 3 days of the incubation period (Woodard et al., 1973; Scott and Steven,
1999; Lourenset al., 2005;Harb et al., 2010). According to Tullett and Burton (1982),
incubation temperature has a major impact on chick yield and low incubation temperature
(36.6°C) during the first 10 days of fowl embryogenesis increased body weight at hatch.
Whereas high incubation temperature (39.5°C) during the same period, reduced chick
weight compared to those incubated at 37.8°C. It has been established that avian embryos
lose 12 — 14% moisture at the pipping stage, in order to hatch successfully and survive
(Meir and Ar, 1991; French, 2009). Wilson (1991) gave the optimum temperature for fowl
egg incubation as 37.8°C and should not vary more than +0.3°C. Yalcin and Siegel (2003)
stated that because the developing embryo is poikilothermic, any changes in the
incubation temperature may affect embryo size, organogenesis, metabolic rate,
physiological development and hatching success. However, temperature during incubation
may influence thermoregulation in avian species after hatching thus, Nichelmann and
Tzschentke (2002) suggested that epigenetic adaptation occurrence during earlyor
postnatal ontogeny may contribute to thermoregulation control mechanism. Halberslaben

and Mussehl (1922) reported that normal weight of hatched chicks ranged from 62 to
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76%of initial egg weight. But Skewes et al. (1988) stated that chicks may hatch with the
same initial egg weight, though the residual yolk sac weight will differ due to greater
development during incubation or the chick may weigh less with larger residual yolk sac
and can survive longer without feed. According to Joseph et al. (2006), chicks that
hatched at low incubation temperature during embryogenesis differed in body weight due
to differences in yolk sac weight. Whereas, those that hatched from high incubation
temperature during late embryogenesis, varied in body weight due to differences in free-
yolk body weight.Avian egg hatchability is determined by the total number of hatched
chicks divided by the total number of set eggs or fertile eggs multiplied by 100. Deviation
from the optimum incubation temperature (37.5°C) may influence avian egg hatchability,
depending on the magnitude of temperature deviation, duration of deviation and embryo
stage during the period.In a study where broiler eggs were incubated at 36.6°C, it was
reported that hatchability was depressed, but chick yield and body weight were increased
compared to the control birds (Joseph et al., 2006).

Subsequently, an increase in incubation temperature to 39.5°C resulted in improved
hatchabilitybut was observed to reduce chick yield and body weight. Incubation
temperature manipulations during embryo development have been reported to enhance
hatchability (Elmehdawi, 2013). Collin et al. (2007) increasedoptimum incubation
temperature by 1.7°C for 3 hours per day (on days 8,10,16and 18 of incubation) and
recorded improvement in hatchability. Similarly, when the optimum incubation
temperature was increased by 1°C for 2hours onincubation days 18, 19, 20 and 21,
improved hatchability, body weight and feed conversion were recorded (Tzschentke and
Halle, 2009; Halle and Tzschentke, 2011). Piestun et al. (2013a) reported that thermal
stimulation above the normal temperature during pre-incubation and first 5days of
embryogenesis in broilers, improved hatchability. Unfortunately, there is seemingly little
information on the causes of late hatching and hatching failure in poultry species. Thus, in
the present study, Japanese quail eggs were subjectedto low, moderate and high
temperatures, in order to determine the optimum incubation temperature.

2.10.1 Factors affecting Japanese quail eggs hatchability

Age of male and female Japanese quail in a convoy was reported to affect hatchability

(Rogue and Soares, 1994; Buhr, 1995). While Gebhardt-Henrich and Merik (1991) stated
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that the mating system adopted could affect Japanese quail hatchability, Weis (1991)
observed that the husbandry system and rearing technologygreatly influenced Japanese
quail hatchability. Brah and Sandhu (1989) as well as Tarongoy et al. (1990) in separate
findings, adduced low hatchability to nature of eggs set and storage conditions. More
significantly, incubation temperature, ventilation, relative humidity and egg turning angle
were reported as a major determinant of Japanese quail eggs hatchability (Permsak, 1996;
Hill, 2001; Lourens ef al., 2005).

2.11 Incubation temperature and avian sex determination

It has been reported that in some lower vertebratessuch as reptiles, amphibians and fish,
environmental factors particularly incubation temperature influenced the sex of the
hatchlings (Deeming and Ferguson, 1989; Strussmann and Patino, 1999; Selim et al.,
2009). This phenomenon may be adopted in avian species but Pike and Petrie (2003)
stated that no convincing evidence of temperature-dependent sex determination or
manipulation of temperature to determine sex in avian has been recorded. Meanwhile, it
has been speculated that in avian species, the primary sex ratio at the time of fertilization
was almost equal (I male: 1 female), but one sex was somewhat favoured when the
environmental temperature was adjusted during embryogenesis. For instance, in
Australian brush turkey (Alectura lathami), Goth and Booth (2005) observed that more
males hatched at 31°C, more females hatched at 36°C and the sex ratio was 1:1 at 34°C,
which was the natural (control) mounds incubation temperature.

Meanwhile, Eiby ef al. (2008) adduced sex ratio skewness in A. lathami to embryonic
mortality and speculated that more male embryo mortality was recorded at higher
incubation temperature that favoured the females. On the other hand, more female embryo
mortality was observed at lower incubation temperature whereas, the embryonic mortality
at the natural (control) mounds incubation temperature was equal (I male: 1 female).
Furthermore, Tzschentke and Halle (2010) reported a possibility of temperature-dependent
sex determination in fowl, when a higher proportion of male chicks hatched at 1°C above
optimum incubation temperature (37.2°C). In a similar trend, Halle ef al. (2012) observed
sex reversal in Pekin ducks, when their eggs were subjected to lower incubation
temperature (-1°C) for 2 hours per day during the last 6 days of incubation period with

more female ducklings emerging. At day old, quail sex determination is nearly impossible
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therefore incubation temperature manipulation in order to favour the desired sex may be
appreciated in commercial quail productivity.

2.12 Incubation temperature and avian post-hatch performance

Elmehdawi (2013) stated that the goal of hatchery operation should be to produce healthy
and marketable chicks from fertile eggs. However, it was reported that high hatchability
did not often correlate positively with best post-hatchviability and performance of the
chicks. At day old, chick quality characteristics should express good health indices for
potential optimum post-hatchperformance. Therefore, a good quality chick should be
clean, fluffy-dry, dirt-free, uncontaminated with clear and bright eyes and should not be
deformed or have skin lesions. Also, the chick should have normal leg conformation, well-
formed and firm beak, straight toes, completely sealed and clean navel that is free of the
yolk sac or dried membrane. More importantly, the chick should be alert, inquisitive and
explore the environment as well as respond to sounds (Decuypere et al., 2001; Meijerhof,
2005; Tona et al., 2005).

Table 2.2 shows the recommended incubation temperature in some avian
species.Incubation temperature is the most important factor that affects chick quality.For
example, chicks hatched at high temperature, had pale colour, exhibited short feathers,
unhealed navel, cross beaks, weakness and unsteady gait (Leksrisompong et al., 2007).
However, Boerjan (2002) exposedbroilers to optimum incubation temperature increased
by 0.56°C and recorded improvement in chick quality. Increase in incubation temperature
during late embryogenesis was observed to elevate plasma blood glucose concentrations
(Christensen et al., 2003; Willemsen et al., 2011). According to Tzschentke and Halle
(2010), broiler eggs exposed to increased incubation temperature by 1°C for 2 hours per
day (on days 18 to 21 of incubation), resulted in improved hatchability and high chick
quality score. Interestingly, French (2009) stated that many researchers have attempted to
investigate if incubation temperature alteration during embryogenesis will have long-
living effects on growth and post-hatch performance.Also, Joseph ef al. (2006) observed
negative effects on chick weight when broiler eggs were exposed to low incubation

temperature during early embryogenesis.
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Table 2.2: Recommendedoptimum incubation temperature in some

poultry species

Range of temperature

Typical incubation

Avian species Celsius (°C) Fahrenheit (°F) period (days)
Fowl 37.4-37.6 99.3-99.6 21
Guinea Fowl 37.5 99.5 28
Turkey 37.2-37.5 99 -99.5 28
Pheasant 37.6-37.8 99.6 — 100 23 -27
Chukar Partridge 37.5 99.5 23
Japanese Quail 37.6 -37.8 99.6 — 100 16 —18
Bobwhite Quail 37.5 99.5 22-23
Ducks 37.4-37.6 99.3-99.6 28
Indian Runner Duck 37.5 99.5 28 -30
Mallard 37.5 99.5 28 — 30
Muscovy Duck 37.5 99.5 35-37
Swan 37.5 99.5 30-37
Geese 37.4-37.6 99.3-99.6 28 -30
Ostrich 35.8—-36.4 96.5-97.5 42
Canada Goose 37.5 99.5 28 -30
Egyptian Goose 37.5 99.5 28 -30
Emu 35.8-36.1 96.5-97 50-56
Grouse 37.5 99.5 25
Amazons 36.8-37.0 98.3 - 98.6 24 -29
Macaws 36.8—37.0 98.3 —98.6 26— 28
Love Birds 36.8-37.0 98.3 - 98.6 22 -24
Peafowl 37.5 99.5 26 - 29
Pigeon 37.5-38.2 99.5-100.5 17
Rheas 35.8—-36.4 96.5-97.5 35-40

Sources: Sartell, 2018

17



Similarly, Krischek et al., (2013) recorded negative influence on post-hatch performance
on turkey embryogenesis exposed to manipulated incubation temperature.Evidence
abounds that temperature manipulation during embryogenesis resulted in long-lasting
changes in perinatal epigenetic programming of body functions such as improved thermo-
tolerance, meat quality and body weight (Moraes et al., 2003; Collin et al., 2005;
Tzschentke and Plagemann, 2006). However, Piestun et al. (2011) reported better post-
hatchperformance in broiler eggs exposed to high incubation temperature, confirming
higher breast meat yield in treated broilers reported by Collinet al. (2007). Increased myo-
fibre diameter, body weight and absolute pectoral muscle growth have also been reported
in increased incubation temperature treated avian species (Collins et al., 2007; Tzschentke
and Halle, 2009; Piestun et al., 2009; 2011).

Nonetheless, Elmehdawi (2013) noted that some avian species showed better post-hatch
performance, when exposed to high temperature during the late phase of embryogenesis
and others showed better post-hatch performance when exposed to low incubation
temperature at the same phase of embryogenesis. For example, Halle et al. (2012)
observed reduced body weight and feed conversion in Pekin ducks, when the eggs were
exposed to high incubation temperature whereas, improvement in body weight and feed
conversion was recorded when the incubation temperature was reduced by 1°C. With all
these beneficial effects of manipulating incubation temperature on avian embryology, little
is known about the causes of poor growth rate, high mortality, late sexual maturity or age
at the point of lay in day-old chicks acquired from some commercial hatcheries. Hence,
the present study was targeted at evaluating the effects of low, moderate and high
incubation temperatures on Japanese quail feed intake, growth rate, mortality rate and age
at point of lay.

2.13  Avian haematology

Haematology is the study of blood and blood-forming tissues and should be an integral
part of clinical laboratory diagnostics in avian medicine (Bickford, 2007). Its assays rarely
provide etiological diagnosis yet, indispensable in evaluating health and disease status of
avian species. Avianspecies are well-known for their disguising clinical signs and they
often show only subtle changes to indicate illness (Samour, 2006; Bickford, 2007).

Improvements in the use of haematological assays in the differential diagnosis of
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pathologic conditions in avian species have been reported (Samour, 2006).Before now,
analysis of avian blood samples was restricted to red blood cell counts but recently, it has
attracted more attention with more comprehensive and accurate high-tech facilities
(Samour, 2006). In avian, blood samples could be collected through the jugular veins,
basilica vein or caudal tibial vein but in most cases, the medial metatarsal and jugular
veins are used (Fudge, 2000; Samour, 2006; Campbelland Ellis, 2007). In blood collection
for haematological assay, anticoagulants like ethylenediaminetetraacetic acid
(EDTA)orheparin capillary tubes could be used in order to keep the blood tissues
integrity. However, it was reported that improper use of heparin as an anticoagulant, may
cause clumping and poor cellular morphologic features, leading to inaccurate cell counts
(Bickford, 2007; Campbell and Ellis, 2007). Although EDTA has been used successfully
in avian blood collection, Latimer and Beinzle (2000) reported that it could alter cell
morphology, cause erythrolysis and viscosity changes. Generally, haematological
parameters that could be estimated in avian species include the following as given by
Lucas and Jamroz (1961), Fudge(2000)and Samour(2000).

e Total red blood cell (x 10'%/L).

e Haemoglobin (g/dL).

e Packed cell volume (%) or Haematocrit (L/L).

e Total white blood cells (x 10°/L) and the differential counts.

e Fibrinogen (g/L).
According to Bickford (2007), heterophil is the avian equivalent of the mammalian
neutrophil, though the functions of the two cell types are thought to be similar. In most
avian species, the heterophil is the most commonly seen white blood cell components.
2.13.1 Avian serum biochemistry determination
Unlike haematological assays where blood tissues integrity must be maintained, blood
samples meant for serum biochemical evaluation should be collected without
anticoagulant, in order to separate the plasma from the serum(Sakas, 2002). This is
generally preferred to whole blood or plasma for biochemical analysis. Meanwhile, some
commercial laboratories prefer to run biochemistry on plasma. According to Sakas(2002),
serology is the evaluation of the serum portion of the blood, which includes chemical test

or other specialized tests. It was stated that blood collection and storage should be done
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carefully, in order to avoid inaccurate results. Serum biochemical profile tests are

recommended for any avian species, to provide a better assessment of the health status.

Such basic tests according to Sakas (2002) include the following:

>

2.14

Serum protein whose normal value in avianspecies should range between 3.5
and5.5mg with a lower value indicating stress conditions, low nutritional plane or
disease conditions.

Creatinine with a normal value of 100 — 300IU/L in avian species.

Albumin which was reported to be the largest protein fraction, constituting up to
40% of the total serum protein. A decrease in albumin level could be due to renal
dysfunction, parasitism and disease as well as overhydration.

Cholesterol whose normal value in avian species has not been well documented
seemingly range from 100to300mg. Lower value in avian species could be an
indicator of liver and kidney dysfunction and higher level could be due to high-fat
diets, obesity and hypothyroidism.

Glucose whose normal value could be as high as 700 to 1,000mg.

Aspartate aminotransferase which is considered as the most reliable indicator of
liver dysfunction in caged birds. Serum value larger than 350IU/L is somewhat
abnormal and the upsurge could be due to liver, heart or muscle damage.

Uric acid which is the primary nitrogenous waste product of the avian kidney and
its serum level is an excellent indicator of renal function. Normal value varied
from 2 to 15mg depending on the avian species.

Alanine aminotransferase (ALT) level in the serum shows the efficiency of the
liver as well as the level of muscle and heart tissues damage. Meanwhile,
Lewandowski et al. (1986) speculated that published reference values vary,
depending on the breeding activity, sex, age and time of the year. Meanwhile,
Kraft and Durr (1999) described ALT as a cytoplasmic enzyme that catalyses
transamination biochemical pathways.

Carcass quality determination in avian species

Adult birds proposed for quality evaluation should be weighed, slaughtered and bled

properly. The dead bird should be dipped in water for scalding at about 55°C for 2 minutes

to ease defeathering (Alkan et al., 2010). The water should not be too hot to prevent
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carcass disintegration hence automated defeathering machine may be a better option if
available and affordable. Thereafter, the carcasses should be carefully eviscerated to
empty the visceral contents. Carcass weight value and the initial live weight are used to
determine carcass yield (or dressing percentage). The in-depth evaluation includes cut
parts weight like breast, drumstick, wing, neck and back (Alkan et al., 2010). Carcass
characteristics maybe influenced by age (Yannakopoulos and Tserveni-Gousi, 1986), diets

(Florou-Paneri, 1989) or sex (Alamuoye and Ojo, 2015).
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Description of study area
The study was conducted at the National Veterinary Research Institute (NVRI), Vom, Jos
North, Plateau State,Nigeria located on latitude 9° 44" 0"N,longitude 8° 47' 0"Ewith a
population of about 900,000 residents (NPC, 2006).The altitude of Jos is about 1,264.5m
above sea level with about 1,400 millimetres (55 inches) of rainfall annually. Jos enjoys a
more temperate climate than the rest parts of Nigeria. Average monthly temperature range
from 21 — 25°C (70— 77°F) and from mid-November to late January, night-time
temperature drops to as low as 11°C (52°F). Hails sometimes fall during the rainy season
because of the cooler temperature at high altitude. This cooler temperature has from
colonial times until the present day, made Jos a favourite holiday location for both tourists
and expatriates based in Nigeria (Webster, 1983). The location of Vom as shown in map
of Nigeria is presented in figure 1.
3.2 Animal use ethical clearance
Application to use Japanese quails as subjects in this research was submitted to Animal
Use and Care Committee, National Veterinary Research Institute, Vom and was approved
with Research Project Number: AEC/02/41/17 (See appendix 1).
33 Fabrication of incubators
Five electric incubators were designed and fabricated with the capacity to hold about
1,500 Japanese quail eggs, fitted with sensitive thermoregulatory devices to switch off/on
at appropriate intervals yet, maintained temperature of as low as 1°C and as high as 150°C.
The fabrication of the electric incubators was done at the Fabrication Division, Dagwom
Farm, NVRI, Vom, Plateau State. The needed materials were sourced locally and used in
fabricating five units of electric incubators strictly according to the designs and

specifications.
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Figure 1: Map of Nigeria showing Vom

Source: https://www.europa.uk.com/global-1000-atlas/map/?pid=107247
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The materials utilized included high density fibre plywood for the body and outer door,
acrylic glass for inner door to reduce heat loss during data collection and a 315W heater
inserted on the side opposite the door to generate heat. Others were three-tier wire gauze
egg-tray that was turned together at 180 degreeswith a pedal outside the incubator. Two
electric bulbs (40W and 100W) were positioned strategically for lighting system as well as
to be used as a heat source when the heater is not working and a fan was installed on the
inner top to facilitate even warm air circulation. A hygrothermometer with a sensitive
probe capable of detecting inner and outer temperature and relative humidity was inserted
at the middle of the incubator. Thermostat and relay devices were connected to the heater
for temperature regulation and four rollers were fixed on the base to ease movement. The
incubators were perforated at the top and the two opposite sides adjacent to the door for
inlet and outlet of air. A switch was connected to power the two bulbs and another switch
to operate the incubator with a plug to be inserted on the main, to power the entire
incubator’s electrical system.

3.3.1 Test run of the fabricated incubators

The fabricated incubators were test run, adjusted and amended where necessary until they
were observed to be efficient and switched off at the calibrated temperatures (36°C, 37°C,
38°C, 39°C and 40°C).The fabricated incubators were able to switch on or off
automatically, whenever the temperature was increasedor dropped by +0.26 — 0.97°C or
when it reached the calibrated temperaturewithin 2 — Sminutes, depending on the ambient
temperature and rate of heat loss through the perforations in the incubators.

3.3.2 Limitations of the fabricated incubators

The fabricated incubators were observed to be poor in conserving heat whenever there was
power outage.This shortcoming would have disrupted the study because, at physiological
zero temperature (26 — 36°C), embryogenesis may be halted. However,there was a standby
generating set that was promptly switched over to during the study. Also, the incubation
temperature values were fluctuating and did not give the exact treatment temperature
desired. Fortunately, this was similar to the imported incubator (used as control in the
study)that was not able to maintain exactly the calibrated temperature too. However, there
was a wider range of about £0.26 — 0.97°C in the fabricated incubators, compared to

maximum fluctuation range of £0.3°C in the imported incubator.
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3.3.3 Maintenance of the incubators

Plastic trays were used to keep water inside the incubators to provide moisture for the
developing embryos. The egg trays were turned mechanically by pedalling up or down
(within 180 degrees)at regular intervals daily, until when the eggs were transferred to the
hatchery compartment of the incubators. After each study, the incubators were switched
off, cleaned and turned on for 24hours prior to another round of incubation. Minor repairs
and replacement of some components were done as deemed necessary.

34 Experimental design and layout

All the eggs were weighed in batches using a sensitive weighing scale and allotted in a
completely randomised design to each of the three egg trays in each incubator. The three
egg trays in the incubatorsserved as replicates in each treatment. An automated
commercial incubator with egg holding capacity of about 15,120 Japanese quail eggs was
used as the control with the temperature adjusted to 38°C which was the standard optimum
temperature adopted at the National Veterinary Research Institute. The fabricated
incubators with egg holding capacity of about 1,500 Japanese quail eggs, were adjusted to
maintain the calibrated temperatures of 36°C, 37°C, 38°C, 39°C and 40°C representing the
treatments during the study.The treatments were Control: 38°C (imported incubator); Very
low incubation temperature: 36°C; Low incubation temperature: 37°C; Medium incubation
temperature: 38°C; High incubation temperature: 39°C and Very high incubation
temperature: 40°C. However, in experiment 1, imported incubatorwas not included to
determine the optimum incubation temperature in Japanese quails.

3.5 Egg fumigation

All the egg trays with the weighed eggs were always placed on the floor, with the
windows and door closed for fumigation using 30ml of formalin and 10g of KMnOg4
mixture at room temperature for 10 minutes as described by Cadirci (2009). Thereafter,
the egg trays holding the eggs were placed in their respective positions in the incubators
and fumigated again, using 30ml of formalin and 10g of KMnO4 mixture for 10 minutes.
The fumigation was done carefully and in two batches in order to avert the negative
consequences of using formaldehyde as fumigant reported by Banwell (2013) in poultry

eggs incubation.
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Plate 3.2: Fabricated incubator calibrated at 36°C  Plate 3.3: Fabricated incubator calibrated at
representing Very low incubation temperature 37°C representing Low incubation temperature

Plate 3.4: Fabricated incubator calibrated at 38°C Plate 3.5: Fabricated incubator calibrated at 39°C
representing Medium incubation temperature representing High incubation temperature

Plate 3.6: Fabricated incubator calibrated at 40°C
representing Very high incubation temperature

27



3.6  Experiment 1: Determination of optimum incubation temperature

A total of 1,605 Japanese quail eggs were collected from a flock in deep litter systemat
peak of egg production, over a period of 5 days but were set on the 6" day for the last
clutch to cool overnight, according to the recommendation of ISA (2016).The eggs were
randomly allotted based on weight such that 107 eggs each were set in the upper, middle
and bottom egg trays that served as the replicates in each incubator.The egg trays were
turned every hour and the water troughs inside the incubators were refilled every morning.
3.6.1 Data collection

3.6.1.1 Temperature, relative humidity and hatchability parameters

All the eggs per each egg tray were weighed together to obtain egg weight using sensitive
weighing scale and at hatch, all the chicks per each egg tray were weighed togetherin a
group of five birds to obtain chicks’ weight per group.The group weight values obtained
werelater divided by the total number of chicks per group (maximum of 5) to obtain
individual chick weight. Meanwhile, because all the eggs did not hatch, an equivalent
number of hatched eggs were used and the average egg weight of that equivalent number
and chicks’ weight were used to obtain chick yield value. Incubationand ambient
temperature as well as relative humidity values were recorded daily at 9:00am, 12:00noon
and 3:00pm using hygrothermometer during the incubation periods. The time between egg
incubation and the emergence of the first chick was considered as the incubation period.
After the emergence of the first group of chicks, other eggs were still left in the incubators
for an extra 5 days, in case of possible late hatching. Thereafter, all the unhatched eggs
were carefully windowed to evaluate the physiological status of the developing embryos
that could not emerge as chicks. Such physiological statuses wereeggs without any
obvious signs of growth, rather intact yolk and albumen were still in a fluid formand such
eggs wereconsidered as “infertile eggs”. Eggs with intact yolk and albumen but in a dried
form were designated as “caked eggs”and those with intact yolk and albumen but with
blood spot, blacken spot and partially dried yolk and albumen were considered as “not
clear whether fertileor not”. Developed embryos with undifferentiated body parts but not
alivewere termed “early dead embryos whereas, those with defined body parts and downy
feathers without pipping were referred to as “fully developed but dead embryos”. The
fully developed embryos that pipped and died in the process were called “pipped and dead
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embryos” while those that were alive andpippingbut could not complete the pipping
process were regarded to as “pipped and alive but not able to emerge embryos”. Those
that were fully developed, pipped and emergedalive were considered as “hatched
chicks”.The hatched chicks were allowed to remain in the incubators until fluffy dried,
weighed to obtain chick weight value and were transferred to the Brooding Unit, Poultry
Division, NVRI. The egg hatchability, fertility and chick yield values were calculated
using equations I, II and III respectively.

Total number of hatchlings 100
Total number of fertile eggs 1

Egg hatchability = e+ e .. €quation |

Total number of fertile eggs X 100

Egg fertility = v enwen .o €quation 11

Total number of eggs set 1

Total chicks'weight at day old X 100

Chick yield =
iexye Total weight of eggs at setting 1

ver e e €quation 111

Where:Fertile eggs = the summation of “early dead embryos”, “fully developed but dead
embryos”, “pipped and dead embryos”, “pipped and alive but not
able to emerge embryos” and “hatched chicks”.

3.6.1.2 Brooding, sex identification, feeding and growth parameters

The brooding unit was properly covered with thick cellophane to conserve heat that was

generated with electric bulbs placed in strategic locations. The temperature and relative

humidity in the brooding unit were monitored daily at 9:00 am, 12:00 noon and 3:00 pm
with two different hygrothermometers hung in strategic positions throughout the brooding
periods. The brooding unit was partitioned into 18 separate cubicles (i.e. three replicates in
six treatments), using hard cartons with good lighting system to enhance agility, drinking
and eating. Hatched chicks fromeach of the egg trays that represented the treatment
replicates in each of the treatments were housed together in each of the 18 cubicles in the
brooding unit. At the end of the brooding phase (i. e. 3 weeks old), the sex of the growers
was identified using breast plumage and were transferred to the growers unit and housed
separately based on sex and treatments. Anti-stress and other veterinary drugs were
administered by a veterinarian only when it was deemed necessary and not on a routine
schedule. The experimental birds were offered chicks, growers and layersfeedduring the

respective growth phases. The feed were supplied by the Feed Mill Unit, Dagwom Farm,
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National Veterinary Research Institute, Vom. Pebbles were placed in the drinkers to
prevent the chicks from drowningand clean drinking water was offered ad libitum. In each
growth phase, the quantity of feed offered was weighed using sensitive weighing scale and
the weight of the remnant was deducted to obtain feed intake. All the chicks were weighed
weekly in groups of a maximum of 5 birds and the recorded values were used to
obtainrelative and absolute growth rate using equations IV and V.The group weight values
obtained were later divided by the total number of chicks per group (a maximum of 5) to
obtain individual chick weight.

Total chicks’'weight
No. of chicks

Relative growth rate = ver wee e €quation IV

Absolute growth rate = Wf — Wi ... ... oo it it vt vt s vt vt e veee e o €qUAtion V
Where: Wf = Final weight value; Wi = Initial weight value.

3.6.1.3Point of lay, blood profiles determination, carcass evaluation, sex
re-examination, mortality and survival rates

The first egg drop was recorded as “the point of lay” representing sexual maturity. A week
allowance was given inorder for the late hatched chicks to equally attain sexual maturity.
At sexual maturity, 8 birds(1:1 sex ratio) were randomly picked per treatment, weighed
using a sensitive scale to obtain live weight value and tagged for sex identification. After
fasting them overnight as reported by Rajier al. (2015) and Abang et al.(2016), the
selected birds were taken to the Clinical Laboratory,Biochemistry Division NVRI Vom.
The jugular veins of the birds were carefully cut with a razor blade and blood samples
were collected in bottles with ethylenediaminetetraacetic acid (EDTA).The samples were
processed according to standard operating procedures in haematology (Fudge, 2000;
Samour, 2006; Campbell and Ellis, 2007) to obtain white bloodcells, neutrophils,
lymphocytes, monocytes, eosinophil, red blood cells, haemoglobin and packed cell
volume. Also, blood samples were collected in bottles without EDTA and left on the racks
in a slant position for anhour. Thereafter, the serum was carefully separated and processed
following Randox procedures to obtain Alanine aminotransferase (ALT), Total
protein(TP), Albumin (ALM), Creatinine (CREA) and Cholesterol (CHO) values as given
byFudge (2000) and Sakas (2002).After bleeding, the carcasseswere left for an hour

before weighing again to obtain bled weight value. Thereafter, they were all immersed in
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hot water for two minutes to ease defeathering (Alkan et al., 2010). Then the carcasses
were weighed without the heads and shanks to obtain defeathered weight. The carcasses
were cut open from the breast region through the abdomen to collect the kidneys, gizzards,
livers, heartsand testes(Yannakopoulos and Tserveni-Gousi, 1986; Florou-Paneri, 1989;
Alkan et al., 2010). Also, the developing yolk and eggs were carefully removed and
counted to obtain number of yolk and formed eggs. Thereafter, all theorgans were
weighed to obtain organ weights (Alamuoye and Ojo, 2015). The carcasses were
individually weighed to obtain carcass weight and the dressingpercentage value was
determined using equation VI.The sex was reaffirmed at slaughter by carefully observing
the testes/ovaries in the eviscerated carcasses and nonconformity with the identified sex
was considered reversed sex. Throughout the study period, every dead bird was recorded
as mortality and the mortality rate was calculated using equation VII and the survival rate
was determined using equation VIIIL.

Carcass weight 100

Dressing per centage = vt e e we €quation VI

Live weight 1
Mortality rate — Total number of dead birds X 100 tion VII
oriafity rate = Total number of chicks hatched 1 7" equation
Survival rate = 100 — mortality rate...............coeeiiiiiiiiiiiinnnne, equation VIII

3.6.1.4Data analysis
Data collected were subjected to analysis of variance procedure of SPSS (2010) and mean

values were separated using Duncan Multiple Range Test of the same software package.

3.6.2 Experiment 2: Morphological examination of embryos in Japanese quail eggs
subjectedto different incubation temperatures

A clutch of 504 eggs was collected from Japanese quail layers in a deep litter system at the

Breeders Unit, Poultry Division, NVRI, Vom, left overnight at room temperature, weighed

individually and labelled using permanent marker for easy identification. In each egg tray,

28 eggs were setamounting to 84 eggs per incubator. The egg trays were turned every hour

and the water troughs inside the incubators were refilled every morning.

3.6.2.1 Data collection and analysis

The incubation and ambient temperature, as well as relative humidity were monitored

using hygrothermometer. Eggs with evidence of embryogenesis were used and those with
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dismembered parts orsuspected to be infertile were discarded.The eggs were carefully
windowed daily, observations on embryo growth and development were recordedand
pictures of the embryo features were taken.Data collection was terminated with the
emergence of a chick in a treatment, while it continued in others until chicks emerged in
all the treatments.Data on temperature and relative humidity were subjected to analysis of
variance procedure of SPSS (2010) and meanvalues were separated using Duncan
Multiple Range Test of the same software package whereas, the observed embryo growth

was presented pictorially.

3.6.3 Experiment 3: Effects of incubation temperature manipulation during early
embryogenesis on Japanese quail sex
A total of 1,260 Japanese quail eggs were gathered within a week from layers in a deep
litter system at their peak of egg production and were stored at room temperature before
setting on the 8thday. Two hundred and ten eggs were set in each incubator such that each
egg tray held 70 eggs. The incubation temperature was paused for 5 hours between
9:00am and 2:00pm on incubation days 3, 4 and 5 by switching off the main, in order to
alter the sex of the developing embryo. The egg trays were turned every hour and the
water troughs inside the incubators were refilled every morning.
3.6.3.1 Data collection
3.6.3.1.1 Temperature, relative humidity and hatchability parameters
All the eggs per each egg tray were weighed together to obtain egg weight using sensitive
weighing scale and at hatch, all the chicks per each egg tray were weighed together (five
per group) to obtain chicks’ weight per group. The values obtained were divided by the
total number of chicks to obtain individual chick weight. Meanwhile, because all the eggs
did not hatch, an equivalent number of hatched eggs were used and the average egg
weight of that equivalent number and chicks’ weight were used to obtain chick yield
value. Incubation and ambient temperature as well as relative humidity values were
recorded daily at 9:00 am, 12:00 noon and 3:00 pm using hygrothermometer during the
incubation periods.The time between egg incubation and the emergence of the first chick
was considered as the incubation period. After the emergence of the first group of chicks,
other eggs were still left in the incubators for an extra 5 days, in case of possible late

hatching. Thereafter, all the unhatched eggs were carefully windowed to evaluate the
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physiological status of the developing embryos that could not emerge as chicks. Such
physiological statuses were eggs without any obvious signs of growth, rather intact yolk
and albumen were still in a fluid form and such eggs were considered as “infertile eggs”.
Eggs with intact yolk and albumen but in a dried form were designated as “caked eggs”
and those with intact yolk and albumen but with blood spot, blacken spot and partially
dried yolk and albumen were considered as “not clear whether fertile or not”. Developed
embryos with undifferentiated body parts but not alive were termed “early dead embryos
whereas, those with defined body parts and downy feathers without pipping were referred
to as “fully developed but dead embryos”. The fully developed embryos that pipped and
died in the process were called “pipped and dead embryos” while those that were alive and
pipping but could not complete the pipping process were regarded to as “pipped and alive
but not able to emerge embryos”. Those that were fully developed, pipped and emerged
alivewere considered as “hatched chicks”. The hatched chicks were allowed to remain in
the incubators until fluffy dried, weighed to obtain chick weight value and were
transferred to the Brooding Unit, Poultry Division, NVRI. The egg hatchability, fertility

and chick yield values were calculated using equations I, II and III respectively.

Total number of hatchlings 100

Egg hatchability =
88 Aty = o mumber of fertile eggs 1

ver e wew - €quation |

Total number of fertile eggs X 100

Egg fertility = cer ver we .- €quation 11

Total number of eggs set 1

Total chicks'weight at day old X 100

Chick yield =
iexye Total weight of eggs at setting 1

v weev e €quation 111

Where:Fertile eggs = the summation of “early dead embryos”, “fully developed but dead
embryos”, “pipped and dead embryos”, “pipped and alive but not
able to emerge embryos” and “hatched chicks”.

3.6.3.1.2  Brooding, sex identification, feeding and growth parameters

The brooding unit was properly covered with thick cellophane to conserve heat that was

generated with electric bulbs placed in strategic locations. The temperature and relative

humidity in the brooding unit were monitored daily at 9:00 am, 12:00 noon and 3:00 pm

with two different hygrothermometers hung in strategic positions throughout the brooding

periods.The brooding unit was partitioned into 18 separate cubicles (i.e. three replicates in
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six treatments), using hard cartons with a good lighting system to enhance agility,
drinking and eating. Hatched chicks from each of the egg trays that represented the
treatment replicates in each of the treatments were housed together in each of the 18
cubicles in the brooding unit. At the end of the brooding phase (i. e. 3 weeks old), the sex
of the growers was identified using breast plumage and were transferred to the growers
unit and housed separately based on sex and treatments. Anti-stress and other veterinary
drugs were administered by a veterinarian only when it was deemed necessary and not on
a routine schedule. The experimental birds were offered chicks, growers and layers feed
during the respective growth phases. The feed were supplied by the Feed Mill Unit,
Dagwom Farm, National Veterinary Research Institute, Vom. Pebbles were placed in the
drinkers to prevent the chicks from drowning and clean drinking water was offered ad
libitum.

In each growth phase, the quantity of feed offered was weighed using a sensitive weighing
scale and the weight of the remnant was deducted to obtain feed intake. All the chicks
were weighed weekly in groups of a maximum of 5 birds and the recorded values were
used to obtain relative and absolute growth rate using equations IV and V. The group
weight values obtained were later divided by the total number of chicks per group (a
maximum of 5) to obtain individual chick weight.

Total chicks'weight
No. of chicks

Relative growth rate = vr wee e .. €Quation [V

Absolute growth rate = Wf — Wi ......coi i i e e s vt vt e e e . €qUAtion V
Where: Wf = Final weight value; Wi = Initial weight value.

3.6.3.1.3 Point of Lay, blood profiles determination, carcass evaluation, sex
re-examination, mortality and survival rates

The first egg drop was recorded as a point of lay representing sexual maturity. A week
allowance was given in order for the late hatched chicks to equally attain sexual maturity.
At sexual maturity, 8 birds (1:1 sex ratio) were randomly picked per treatment, weighed
using a sensitive scale to obtain live weight value and tagged for sex identification. After
fasting them overnight as reported by Raji et al.(2015) and Abang et al.(2016), the
selected birds were taken to the Clinical Laboratory, Biochemistry Division NVRIVom.

The jugular veins of the birds were carefully cut with a razor blade and blood samples
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were collected in bottles with EDTA. The samples were processed according to standard
operating procedures in haematology (Fudge, 2000; Samour, 2006; Campbell and Ellis,
2007) to obtain white blood cells, neutrophils, lymphocytes, monocytes, eosinophil, red
blood cells, haemoglobin and packed cell volume. Also, blood samples were collected in
bottles without EDTA and left on the racks in a slant position for 1 hour. Thereafter, the
serum was carefully separated and processed following Randox procedures to obtain
Alanine aminotransferase (ALT), Total protein (TP), Albumin (ALM), Creatinine (CREA)
and Cholesterol (CHO) values as given by Fudge (2000) and Sakas (2002).After bleeding,
the carcasses were left for an hour before weighing again to obtain bled weight value.
Thereafter, they were all immersed in hot water for two minutes to ease defeathering
(Alkan et al., 2010). Then the carcasses were weighed without the heads and shanks to
obtain defeathered weight. The carcasses were cut open from the breast region through the
abdomen to collect the kidneys, gizzards, livers, hearts and testes (Yannakopoulos and
Tserveni-Gousi, 1986; Florou-Paneri, 1989; Alkan et al., 2010).

Also, the developing yolk and eggs were carefully removed and counted to obtain number
of yolk and formed eggs. Thereafter, all the organs were weighed to obtain organ weights
(Alamuoye and Ojo, 2015). The carcasses were individually weighed to obtain carcass
weight and the dressing percentage value was determined using equation VI.The sex was
reaffirmed at slaughter by carefully observing the testes/ovaries in the eviscerated
carcasses and nonconformity with the identified sex was considered reversed sex.
Throughout the study period, every dead bird was recorded and the mortality rate was
calculated using equation VII and the survival rate was determined using equation VIIL

Carcass weight X 100

Dressing percentage = ver e e €quation VI

Live weight 1
Mortalitv rate = Total number of dead birds X 100 tion VII
oMLY T = Total number of chicks hatched p o equation
Survival rate = 100 — mortality rate............c.coevviiiiiiiiiiiiii i equation VIII

3.6.3.2Data analysis
Data collected were subjected to analysis of variance procedure of SPSS (2010) and mean

values were separated using Duncan Multiple Range Test of the same software package.
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3.6.4 Experiment 4: Effects of incubation temperature alteration during late
embryogenesis on Japanese quail sex
Six hundred and twelve Japanese quail eggs were collected from layers reared in a deep
litter system over 4 days period and were cooled at room temperature before setting on the
5™ day. In each incubator, 102 eggs were randomly distributed based on weight such that
each egg tray in the incubators held 34 eggs. The incubation temperature was paused on
incubation days 11, 12 and 13 for 5 hours each day by switching off the main in order to
alter the embryo sex.The egg trays were turned every hour and the water troughs inside
the incubators were refilled every morning.
3.6.4.1 Data collection
3.6.4.1.1 Temperature, relative humidity and hatchability parameters
All the eggs per each egg tray were weighed together to obtain egg weight using sensitive
weighing scale and at hatch, all the chicks per each egg tray were weighed together (five
per group) to obtain chicks’ weight per group. The values obtained were divided by the
total number of chicks to obtain individual chick weight. Meanwhile, because all the eggs
did not hatch, an equivalent number of hatched eggs were used and the average egg
weight of that equivalent number and chicks’ weight were used to obtain chick yield
value. Incubation and ambient temperature as well as relative humidity values were
recorded daily at 9:00 am, 12:00 noon and 3:00 pm using hygrothermometer during the
incubation periods. The time between egg incubation and the emergence of the first chick
was considered as the incubation period.
After the emergence of the first group of chicks, other eggs were still left in the incubators
for an extra 5 days, in case of possible late hatching. Thereafter, all the unhatched eggs
were carefully windowed to evaluate the physiological status of the developing embryos
that could not emerge as chicks. Such physiological statuses were eggs without any
obvious signs of growth, rather intact yolk and albumen were still in a fluid form and such
eggs were considered as “infertile eggs”. Eggs with intact yolk and albumen but in a dried
form were designated as “caked eggs” and those with intact yolk and albumen but with
blood spot, blacken spot and partially dried yolk and albumen were considered as “not
clear whether fertile or not”. Developed embryos with undifferentiated body parts but not

alive were termed “‘early dead embryos whereas, those with defined body parts and downy
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feathers without pipping were referred to as “fully developed but dead embryos”. The
fully developed embryos that pipped and died in the process were called “pipped and dead
embryos” while those that were alive and pipping but could not complete the pipping
process were regarded to as “pipped and alive but not able to emerge embryos”. Those
that were fully developed, pipped and emerged alive were considered as “hatched chicks”.
The hatched chicks were allowed to remain in the incubators until fluffy dried, weighed to
obtain chick weight value and were transferred to the Brooding Unit, Poultry Division,
NVRI. The egg hatchability, fertility and chick yield values were calculated using
equations I, II and III respectively.

Total number of hatchlings 100

Egg hatchability = tion I
88 AR = Total number of fertile eggs 1 equation
Eee fertility = Total number of fertile eggs X 100 tion II
gg fertility = — ———————— eggs set e e e e e e EQUALION

) _ Total chicks'weight at day old 100 _
Chick yield = X cer wee een eeewee e €QUAtion 11

Total weight of eggs at setting 1

Where:Fertile eggs = the summation of “early dead embryos”, “fully developed but dead
embryos”, “pipped and dead embryos”, “pipped and alive but not
able to emerge embryos” and “hatched chicks”.

3.6.4.1.2  Brooding, sex identification, feeding and growth parameters

The brooding unit was properly covered with thick cellophane to conserve heat that was

generated with electric bulbs placed in strategic locations. The temperature and relative

humidity in the brooding unit were monitored daily at 9:00 am, 12:00 noon and 3:00 pm
with two different hygrothermometers hung in strategic positions throughout the brooding
periods. The brooding unit was partitioned into 18 separate cubicles (i.e. three replicates in
six treatments), using hard cartons with a good lighting system to enhance agility,
drinking and eating. Hatched chicks from each of the egg trays that represented the

treatment replicates in each of the treatments were housed together in each of the 18

cubicles in the brooding unit. At the end of the brooding phase (i. e. 3 weeks old), the sex

of the growers was identified using breast plumage and were transferred to the growers

unit and housed separately based on sex and treatments. Anti-stress and other veterinary

drugs were administered by a veterinarian only when it was deemed necessary and not on
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a routine schedule. The experimental birds were offered chicks, growers and layers feed
during the respective growth phases. The feed were supplied by the Feed Mill Unit,
Dagwom Farm, National Veterinary Research Institute, Vom. Pebbles were placed in the
drinkers to prevent the chicks from drowning and clean drinking water was offered ad
libitum. In each growth phase,the quantity of feed offered was weighed using a sensitive
weighing scale and the weight of the remnant was deducted to obtain feed intake. All the
chicks were weighed weekly in groups of a maximum of 5 birds and the recorded values
were used to obtain relative and absolute growth rate using equations IV and V. The
group weight values obtained were later divided by the total number of chicks per group (a
maximum of 5) to obtain individual chick weight.

Total chicks'weight
No. of chicks

Relative growth rate = vr wee e .. €Quation [V

Absolute growthrate = Wc — WP ... oo e e vt vt s et e e et e e e €qQUAtiON V
Where: Wt = Final weight value; Wi = Initial weight value.

3.6.4.1.3 Point of lay, blood profiles determination, carcass evaluation, sex
re-examination, mortality and survival rates

The first egg drop was recorded as point of lay representing sexual maturity. A week
allowance was given in order for the late hatched chicks to equally attain sexual maturity.
At sexual maturity, 8 birds (1:1 sex ratio) were randomly picked per treatment, weighed
using a sensitive scale to obtain live weight value and tagged for sex identification. After
fasting them overnight as reported by Raji et al.(2015) and Abang et al.(2016), the
selected birds were taken to the Clinical Laboratory, Biochemistry Division NVRI Vom.
The jugular veins of the birds were carefully cut with a razor blade and blood samples
were collected in bottles with EDTA. The samples were processed according to standard
operating procedures in haematology (Fudge, 2000; Samour, 2006; Campbell and Ellis,
2007) to obtain white blood cells, neutrophils, lymphocytes, monocytes, eosinophil, red
blood cells, haemoglobin and packed cell volume. Also, blood samples were collected in
bottles without EDTA and left on the racks in a slant position for 1 hour. Thereafter, the
serum was carefully separated and processed following Randox procedures to obtain
Alanine aminotransferase (ALT), Total protein (TP), Albumin (ALM), Creatinine (CREA)
and Cholesterol (CHO) values as given by Fudge (2000) and Sakas (2002).After bleeding,

38



the carcasses were left for an hour before weighing again to obtain bled weight value.
Thereafter, they were all immersed in hot water for two minutes to ease defeathering
(Alkan et al., 2010). Then the carcasses were weighed without the heads and shanks to
obtain defeathered weight. The carcasses were cut open from the breast region through the
abdomen to collect the kidneys, gizzards, livers, hearts and testes (Yannakopoulos and
Tserveni-Gousi, 1986; Florou-Paneri, 1989; Alkan et al., 2010). Also, the developing yolk
and eggs were carefully removed and counted to obtain number of yolk and formed eggs.
Thereafter, all the organs were weighed to obtain organ weights (Alamuoye and Ojo,
2015). The carcasses were individually weighed to obtain carcass weight and the dressing
percentage value was determined using equation VI.The sex was reaffirmed at slaughter
by carefully observing the testes/ovaries in the eviscerated carcasses and nonconformity
with the identified sex was considered reversed sex. Throughout the study period, every
dead bird was recorded as mortality and the mortality rate was calculated using equation

VII and the survival rate was determined using equation VIIL

Carcass weight X 100

Dressing per centage = Live weight 1 vt een we - €quation VI
Mortality rate = Total number of dead birds X 100 tion VII
Oty T8 = Total number of chicks hatched 1 e edquation
Survival rate = 100 — mortality rate..............coooiiiiiiiiiiii i, equation VIII

3.6.4.2 Data analysis
Data collected were subjected to analysis of variance procedure of SPSS (2010) and mean

values were separated using Duncan Multiple Range Test of the same software package.

3.6.5 Experiment 5: Efficiency test of the fabricated incubators

A total of six hundred and forty-eight Japanese quail eggs were gathered in 3 days from
layers reared ina deep litter system at the middle of egg production cycle. The eggs were
kept in the pen to cool at room temperature before setting on the 4™ day. One hundred and
eight eggs were randomly assigned to each incubator based on weight such that each egg
tray in the incubators held 36 eggs. The egg trays were turned every hour and the water
troughs inside the incubators were refilled every morning.

3.6.5.1 Data collection
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3.6.5.1.1 Temperature, relative humidity, hatchability parameters and chick
mortality
All the eggs per each egg tray were weighed together to obtain egg weight using a
sensitive weighing scale and at hatch, all the chicks per each egg tray were weighed
together (five per group) to obtain chicks’ weight per group. The values obtained were
divided by the total number of chicks to obtain individual chick weight. Meanwhile,
because all the eggs did not hatch, an equivalent number of hatched eggs were used and
the average egg weight of that equivalent number and chicks’ weight were used to obtain
chick yield value. Incubation and ambient temperature as well as relative humidity values
were recorded daily at 9:00am, 12:00noon and 3:00pm using hygrothermometer during
the incubation periods. The time between egg incubation and the emergence of the first
chick was considered as the incubation period. After the emergence of the first group of
chicks, other eggs were still left in the incubators for an extra 5 days, in case of possible
late hatching. Thereafter, all the unhatched eggs were carefully windowed to evaluate the
physiological status of the developing embryos that could not emerge as chicks. Such
physiological statuses were eggs without any obvious signs of growth, rather intact yolk
and albumen were still in a fluid form and such eggs were considered as “infertile eggs”.
Eggs with intact yolk and albumen but in a dried form were designated as “caked eggs”
and those with intact yolk and albumen but with blood spot, blacken spot and partially
dried yolk and albumen were considered as “not clear whether fertile or not”. Developed
embryos with undifferentiated body parts but not alive were termed “early dead embryos
whereas, those with defined body parts and downy feathers without pipping were referred
to as “fully developed but dead embryos”. The fully developed embryos that pipped and
died in the process were called “pipped and dead embryos” while those that were alive and
pipping but could not complete the pipping process were regarded to as “pipped and alive
but not able to emerge embryos”. Those that were fully developed, pipped and emerged
alive were considered as “hatched chicks”. The hatched chicks were allowed to remain in
the incubators until fluffy dried, weighed to obtain chick weight value and were
transferred to the Brooding Unit, Poultry Division, NVRI. The egg hatchability, fertility
and chick yield values were calculated using equations I, II and III respectively. Every

dead bird was recorded and the mortality rate was calculated using equation IV.
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Total number of hatchlings X 100

Egg hatchability =
88 NAtMADIY = Total number of fertile eggs 1

ver e e e €quation |

Total number of fertile eggs X 100

Egg fertility = cer ver e .. €quation 11

Total number of eggs set 1

Total chicks’ weight at dayold % 100

Chick yield = ces wen e . €quation 111

Total weight of eggs at setting 1
Mortalitv rate = Total number of dead birds 100 ton IV
oMLY T4 = Total number of chicks hatched p o equation

Where:Fertile eggs = the summation of “early dead embryos”, “fully developed but dead
embryos”, “pipped and dead embryos”, “pipped and alive but not
able to emerge embryos” and “hatched chicks”.

3.6.5.2 Data analysis

Data collected were subjected to analysis of variance procedure of SPSS (2010) and mean

values were separated using Duncan Multiple Range Test of the same software package.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results

4.1.1 Optimum incubation temperature determination in Japanese quail
4.1.2: Japanese quail eggs incubation temperature and relative humidity

Table 4.1 presents the incubation and ambient temperature as well as relative humidity
valuesrecorded during Japanese quail eggs incubation. There were significant differences
(P<0.05) in all the parameters monitored across the treatments except in incubation
relative humidity. It was shown that the incubation temperature was within the desired
values calibrated to represent the treatments: Very low incubation temperature(36°C), Low
incubation temperature(37°C), Medium incubation temperature(38°C), High incubation
temperature(39°C) and Very high incubation temperature(40°C), respectively. However,
fluctuation of additional range of 0.11 to 0.27°C was recorded with a minimum
temperature of 34.45°C and maximum of 41.06°C during the period. While the ambient
temperature values did not differ significantly (P>0.05) between T; (28.82°C) and T4
(29.00°C), they were statistically different (P<0.05) from T, (27.67°C) and T, (27.61°C)
that were similar and Ts (28.3°C) was somewhat similar to all the observed values in other
treatments. Incubation relative humidity values ranged from 27.47% (T) to 27.48% (Ts)
and ambient relative humidity was least (10.04%) in T, and highest (20.14%) in T; and Ts.

Table 4.1: Temperature and relative humidity during Japanese quail eggs incubation
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Treatments Statistics
T1 Tz T3 T4 T5 Overall
Parameters 36°C 37°C 38°C 39°C 40°C Min Max  mean SEM

IT(°C)  36.11° 37.20% 38.22° 3927° 40.12* 3445 41.06 3837  0.08
AT (°C)  27.67° 27.61° 28.82* 29.00° 2830 20.52 3828 2843  0.13
IRH (%) 2747 2730 2744 2735 2748  27.04 38.02 2644 026
ARH (%) 10.04° 10.89° 20.14* 12.90° 20.14* 10.04 22.06 1474 022

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;
SEM: Standard error of means; IT: Incubation temperature; AT: Ambient temperature; IRH: Incubation

relative humidity; ARH Ambient relative humidity; Min: Minimum value; Max: Maximum value.

4.1.3: Japanese quaileggs hatchability
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Physiological status of Japanese quail eggs incubated at 36 to 40°C, hatchabilityand chick
yieldare given in table 4.2. There wereno statistical differences (P>0.05) in total egg
weight, average egg weight, infertile eggs, hatched chicks, fertile eggs, averagechick
weight, hatchability,fertility and chick yield. While the average egg weight value was
approximately 10g across the treatments, the incubation period was observed to be
shortest (16 days) in T4 (39°C) and as long as 20 days in T.

Infertile eggs ranged from 7.64(T4) to 12.31 (Ts), more early dead embryos were recorded
in T, (27.70) and Ts (21.67) but these values were statistically similar (P>0.05) to 18.32
recorded in T4whose value wassimilar to 15.13 (T3) and 12.03 (T)).Fertile eggs ranged
from 61.00(T4) to 66.80 (T3), hatched chicks were more in T3 (24.00) slightly followed by
T, (23.00),T4 (22.34) and fewer(14.67) in T;. Average chick weight value varied from
5.45g (Ty) to 6.67g (T;), hatchability varied from 23.93% in Tto 36.90%in T,and fertility
rate value ranged from 57.09% (T4) to 62.43% (Ts). Chick yield value was lowest
(53.02%) in T, and was as high as 66.60% in Tj.
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Table 4.2: Physiological status of Japanese quaileggs incubated at 36 —
40°C,hatchability and chick yield

Treatments

T, T, Ts T4 Ts
Parameters 36°C 37°C 38°C 39°C 40°C SEM
Total eggs set 321 321 321 321 321 -
TEW (g) 3361.18 3306.68 3238.87  3222.82 335213 3.1l
AEW (g) 10.34 10.28 10.14 10.00 10.42 0.04
IP (days) 20 18 17 16 18 -
Unfertile eggs: No evidence of embryo growth
Infertile eggs 10.68 8.30 7.67 7.64 12.31 1.22
Caked eggs 19.78* 25.70° 16.53° 22.64 15.71° 1.64
NCWEN 15.24° 10.67° 16.00°* 15.72% 12.51° 1.35
Fertile eggs: Evidence of embryo growth
EDE 12.03° 27.70° 15.13° 18.32% 21.67° 7.68
FDDE 28.60° 8.06° 14.67° 12.67° 14.33 2.37
PDE 4.67° 3.57° 13.00° 7.67° 10.13 0.48
PAE 1.33° 0.00° 0.00° 0.00° 0.00° 0.17
Hatched chicks ~ 14.67 23.00 24.00 22.34 20.34 3.05
Fertile eggs 61.30 62.33 66.80 61.00 66.47 4.83
Fertility (%) 57.29 58.25 62.43 57.09 62.12 2.64
Hatchability and chick yield
Hatchability (%) 23.93 36.90 35.93 36.62 30.60 4.15
TCW (g) 96.89° 125.78* 183.02° 147.22%  122.89®  20.31
ACW(g) 6.67 5.45 6.64 6.66 6.10 0.17
Chick yield (%)  64.50 53.02 65.48 66.60 58.54 3.76

abcde: Mean values on the same row with different superscript differ statistically at 5% probability
test;SEM: Standard error of means; TEW: Total egg weight; AEW: Average egg weight; IP: Incubation
period; NCWFN: Not clear whether fertile eggs or not; EDE: Early dead embryos; FDDE: Fully developed
but dead embryos; PDE: Pipped and dead embryos; PAE: Pipped and alive but not able to emerge embryos;
TCW: Total chick weight; ACW: Average chick weight.
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4.1.4: Post-hatchperformance of Japanese quail chicks subjected to varied
incubation temperature

4.1.4.1: Brooding of Japanese quail chicks hatched at varied incubation temperature

Table 4.3 shows the temperature and relative humidity during brooding of Japanese quail
chicks. There were no significant differences (P>0.05) in all the parameters across the
treatments. While the brooding pen mean temperaturevaried between 34.61°C (week 2)
and 34.81°C (week 1), the ambient mean temperature ranged from 26.69°C (week 3) to
27.16°C (week 2).The brooding pen relative humidity value varied from 69.98 to
70.87%,similar to a range of 67.97 to 69.44% recorded as ambientrelative humidity
throughout the study period.
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Table 4.3: Brooding temperature and relative humidity of Japanese quail chicks

Brooding period

Week 1 Week 2 Week 3
Parameters Mean Min Max SEM Mean Min Max SEM Mean Min Max SEM
Temperature (°C)
Brooding pen 34.81 30.50 3492 043 3461 30.50 34.84 0.4l 3474 30.50 34.80 0.42
Ambient 27.12  24.00 30.80 0.35 27.16 24.00 29.40 0.35 26.69 24.00 29.40 0.33
Relative humidity (%)
Brooding pen 69.98 54.00 79.00 0.88 70.82  61.00 79.00 0.76 70.87 61.00 79.00 0.70
Ambient 67.97 50.00 79.00 1.19 68.55 50.00 79.00 1.17 69.44 50.00 79.00 1.18

SEM: Standard error of means; Min: Minimum value; Max: Maximum value
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4.1.4.2: Feed intake of Japanese quails hatched at varied incubation temperature

Daily feed intake by Japanese quail chicks hatched at 36°C, 37°C, 38°C, 39°C and 40°C is
provided in table 4.4. There were significant differences (P<0.05) in the feed intake values
across the treatments during the 6 weeks study. It was observed that the population size
was not consistent, yet feed intake was increasing with age among all the treated birds
except, in cases where population size reduced due to mortality.

It was observed that in week 2, feed intake per chicks ranged from 7.67g (T;) to 11.75¢g
(Ts), week 3 (7.26 to 13.95g), week 4 (10.61 to 16.83g), week 5 (9.34 to 14.64g) and in
week 6, it was highest (19.30g) in T, followed by 14.85g (T3, T4), 13.68g (Ts) and10.18g
(Ty), accordingly. Feed intake per group of chicks in week 2,ranged from as low as 24.67g
(T)) to as high as 553.09g(Ts), week 3 (29.14 to 632.07g), week 4 (25.28 to 540.28g),
week 5 (20.14 to 623.21g) and in week 6, it was highest (597.00g) in Ts, followed by
512.90g (T4), 386.70g (T3), 172.28g (T,) and 19.30g (T;),accordingly.
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Table 4.4: Weekly feed intake by Japanese quail chicks hatched at 36 — 40°C

Treatments
T, T, T; T4 Ts
Week  Parameters 36°C 37°C 38°C 39°C 40°C SEM
1 No. of chicks 44 69 72 67 61 -
Feed intake/group (g) ND ND ND ND ND -
Feed intake/chick (g) ND ND ND ND ND -
2 No. of chicks 3 20 26 34 44 -

Feed intake/group (g)  24.67°  209.86° 288.57° 283.43" 553.09" 8.65
Feed intake/chick (g)  7.67°  9.94°  10.84* 8.82*™ 11.75° 0.56
3 No. of chicks 3 18 26 34 44 -
Feed intake/group (g)  29.14°  128.93% 380.07° 444.00° 632.07* 13.40
Feed intake/chick (g)  9.71°  7.26°  13.93* 13.35* 13.95° 131
4 No. of chicks 2 16 26 33 44 -
Feed intake/group (g)  25.28°  171.71° 443.36° 453.93° 540.28" 11.88
Feed intake/chick (g)  12.84° 10.61° 16.83* 12.92° 12.30° 1.0l
5 No. of chicks 2 16 26 33 44 -
Feed intake/group (g)  20.14°  147.30° 369.00° 520.86° 623.21*° 13.43
Feed intake/chick (g)  9.78° 934> 1420 14.64* 13.87° 0.89
6 No. of chicks 1 16 26 33 43 -
Feed intake/group (g)  19.30°  172.28% 386.70° 512.90° 597.00* 13.09
Feed intake/chick (g)  19.30*  10.18° 14.85° 14.85° 13.68" 1.15

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;
SEM: Standard error of means, ND: Not determined due to irregular incubation periods;Group: Represent

total number of birds per treatments.
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4.1.4.3: Growth of Japanese quail chicks hatched at varied incubation temperature

Table 4.5 gives the weekly growth pattern of Japanese quail chicks hatched at 36°C, 37°C,
38°C, 39°C and 40°C. There were significant differences (P<0.05) in all the parameters
measured across the treatments during the period except in week 1, when the weight per
chick value did not vary statistically (P>0.05). In week 2, absolute growth rate varied from
14.52g in T, to 24.84g in Ts, week 3 (12.94 to 26.25g), week 4 (5.26 to 30.61g) and in
week 5, it was highest (16.61g) in T and lowest (5.26g) in Tj;.
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Table 4.5: Weekly growth pattern of Japanese quail chicks hatched at 36 — 40°C

Treatments
T, T, T; T4 Ts
Week Parameters 36°C 37°C 38°C 39°C 40°C SEM
1 No. of chicks 44 69 72 67 61 -
Weight/group (g) 290.69° 377.35°  509.14*  441.67°  368.90° 0.54
Weight/chick (g) 6.60 6.42 6.84 6.38 5.88 0.58
Absolute growth rate 0.00 0.00 0.00 0.00 0.00 0.00
No. of chicks 3 18 26 34 44 -
Weight/group (g) 71.14°  372.64%  839.99°  924.53° 124990  0.53
Relative growth rate 2321° 2094  31.10*  29.09°  30.72° 3.61
2 Absolute growth rate (g) 16.61°  14.52° 24.26" 22.71° 24.84% 2.04
No. of chicks 2 16 26 33 44 -
Weight/group (g) 109.98° 637.14°  1490.69° 1691.63° 2207.46°  15.28
Relative growth rate 36.15° 3477 53.62°  50.78°  49.72° 4.17
3 Absolute growth rate (g) 12.94°  13.83° 22.52° 26.25° 24.82° 2.34
No. of chicks 2 16 26 33 44 -
Weight/group (g) 107.98° 653.14°  1466.19° 1665.31° 2164.46°  14.71
Relative growth rate 53.56°  53.92°  5593%™ 5534  55.54% 6.99
4  Absolute growthrate (g)  30.61°  19.52°  5.26¢ 6.71¢¢ 7.84° 4.89
No. of chicks 2 16 26 33 44 -
Weight/group (g) 134.24° 1016.95¢ 1269.94° 1305.31° 1803.721* 14.71
Relative growth rate 66.56°  63.92* 6093  61.78"°  62.72° 6.99
5 Absolute growth rate (g)  16.61°  9.52° 5.26° 6.71° 6.84° 11.89

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;

SEM: Standard error of means; Group: Represent total number of birds per treatments.
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4.1.4.4:Blood profiles of Japanese quail chicks hatched at varied incubation
temperature

Table 4.6 shows the blood profiles of Japanese quail chicks hatched at 36°C, 37°C, 38°C,
39°C and 40°C. There were no significant differences (P>0.05) in all the parameters
evaluated except in packed cell volume, red blood cells and neutrophil. Packed cell volume
was superior (P<0.05) in T4 (45.21%), slightly followed by Ts (44.79%), T3 (40.48%), T,
(40.00%)and T, (35.04%). While a similar trend was observed in red blood cells, T, value
(28.52%) was highest in neutrophil, slightly followed by 28.00% in T with the least value
(17.51%) recorded in Ts. White blood cells were more (9.33 x 10°/L) in Ty, slightly
followed by Ts (9.03 x 10°/L), T, (8.36 x 10°/L), T, (5.44 x 10°/L) and T; (4.95 x 10°/L).
Even when monocytes were not detected in birds in T, (absolutely 0.00%), it was as high
as 2.50% in T4, lymphocytes value ranged between 68.67% and 81.02% and eosin was
only detected in T, (0.63%) and T4 (0.67%).
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Table 4.6: Blood profiles of Japanese quail chicks hatched at 36 — 40°C

Treatments Statistics
T, T, T; T4 Ts Overall
Parameters 36°C 37°C 38°C 39°C  40°C Min Max mean SEM
No. of birds 1 8 8 6 8 1 8 - -
PCV (%) 35.04° 40.00° 4048 4521* 44.79° 28 50 4142  0.86

RBC (x10'%/L) 0.82° 1.43  1.84™ 277 209" 08 40 192 0.15
WBC (x10°/L) 5.44 836 4.95 933  9.03 23 156 1737 0.53

HB (g/dL) 844  9.75 9.57 943  8.78 6.0 138 934 0.28
Neut (%) 28.00° 28.52*  21.12* 17.51° 22.02* 4.0 430 2122 138
Lym (%) 7200 68.67 7655  81.02 7689 49 96  76.6 1.81
Mono (%) 0.00 2.13 2.38 250  1.13 00 19.0 2.08 0.69
Eosin (%) 0.00  0.63 0.00 0.67  0.00 00 40 031 0.13

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:
Minimum value; Max: Maximum value; SEM: Standard error of means; PVC: Packed cell volume; RBC:
Red blood cells; WBC: White blood cells; HB: Haemoglobin; Neut:Neutrophils; Lym: Lymphocytes; Mono:

Monocytes; Eosin: Eosinophil.
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4.1.4.5: Serum biochemistry of Japanese quail chicks hatched at varied incubation
temperature

Serum biochemistry of Japanese quail chicks hatched at 36°C, 37°C, 38°C, 39°C and 40°C
is provided in Table 4.7. There were statistical variations (P<0.05) in all the parameters
determined except, in albumin whose value ranged from 13.89g/L (T4) to 17.53g/L (T)).
Alanine aminotransferase value varied from 6.00U/L (T;) to 26.56U/L (Ts), total protein
(26.67g/L to 53.42g/L), creatinine (39.30Umol/L to 46.57Umol/L) and cholesterol value
was lowest (162.42mg/dL) in Ts with the highest value (200.12mg/dL) recorded in Tj;.
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Table 4.7: Serum biochemistry of Japanese quail chicks hatched at 36 — 40°C

Treatments Statistics
T, T, Ts T4 Ts
Parameters 36°C 37°C 38°C 39°C 40°C Min Max Mean SEM
No. of birds 1 8 8 6 8 - - - -
ALT (U/L) 6.00°  12.56®  15.14™  14.00°°  26.56* 4.0 52.0 1567  1.36
TP (g/L) 53.42°  30.10° 3278  26.67°  31.02° 204 53.4 3133 1.36
ALB (g/L) 17.53 16.58  14.10 13.89 15.58 9.9 30.5 1559  0.77

CREAT (Umol/L) 39.30° 45.11°  42.89™  4544™ 4657 322 84.4 46.78  1.61
CHOL (mg/dL)  200.12* 183.89™ 168.78" 177.54® 16242 9990  219.90 169.73 4.85

ab: Mean values on the same row with different superscript differ statistically at 5% probability test; Min: Minimum value;
Max: Maximum value; SEM: Standard error of means; ALT: Alanine aminotransferase; TP: Total protein; ALB: Albumin;

CREAT: Creatinine; CHOL: Cholesterol.
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4.1.4.6: Sexual maturity, sex reversal, carcass quality and organs weight of
Japanese quail chicks hatched at varied incubation temperature

Sexual maturity, sex reversal, carcass quality and organs weight of Japanese quail chicks
hatched at 36°C, 37°C, 38°C, 39°C and 40°C are presented in table 4.8. There were
significant differences(P<0.05) in all the parameters measured.While the hens in T4 and
Tsstarted laying eggs at the age of 5 weeks,those in T;, Toand Tsstarted laying eggs at 6
weeks of age. Though two cases of reversed sex from female to male were observed only
in T4, the sex ratio values were 0:1, 8:9; 12:13, 1:1 and 7:16 in T, T,, T3, T4 and Ts in that
arrangement. While the live weight ranged from 99.89¢g (T,) to 134.18g (T,), carcass
weight value (97.44g) was significantly best (P<0.05) in T compared to 68.12g recorded
in T,. The dressing percentage value varied between 66.78% (Ts) and 72.52% (T)),
gizzard weight (3.23 to 4.24g), liver weight (1.88 to 3.12g) and heart weight varied
between 0.90g(T,) and 1.30g (T4). The right testis (1.84g) and left testis (1.81g) weight
values were superior in T4, compared to 1.22g (right) and 1.43g (left) recorded in Ts.
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Table 4.8: Sexual maturity, sex reversal, carcass quality and organs weight of

Japanese quail chicks hatched at 36 — 40°C

Treatments

T, T, Ts T, Ts
Parameters 36°C  37°C  38°C 39°C 40°C SEM
Sexual maturity
Age at point of lay (wks) 6 6 6 5 5 -
Yolk 6.00°  2.00°  3.67° 0.00° 2.00° 0.48
Formed eggs 0.00°®  0.00°  1.00° 0.00° 0.00° 0.00
Sex ratio (M : F) 0:1 8:9 12:13 1.1 7:16 -
Reversed M — F 0 0 0 0 0 -
sex F—>M 0 0 0 2 0 -
Carcass quality (g)
No. of birds 1 8 8 6 8 -
Live weight 134.18* 99.89°  117.12* 110.89" 115.78™ 6.79
Bled weight 128.67* 95.67° 111.67°° 105.13" 110.50™ 2.86
De-feathered weight 113.20° 8220° 97.67°  90.78  95.62°°  2.65
Carcass weight 97.44*  68.12°  80.00™  74.28™  77.12> 197
Dressing percentage (%) 72.52°  68.11°  68.42°  68.89°  66.78"  0.56
Organs weight (g)
Gizzard weight 424* 328" 323° 3.33° 3.64% 0.12
Liver weight 3.12% 255 2.09% 1.88° 2.61% 0.17
Heart 1.13*  090°  1.05® 1.30° 1.14% 0.03
Testes Right 0.00°  1.51*  1.22° 1.84° 1.56° 0.13
weight Left 0.00°  1.47° 143" 1.81° 1.58° 0.11

abc: Mean values on the same row with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.1.4.7:Mortality rate of Japanese quail chicks hatched at varied incubation
temperature

Mortality of Japanese quail chicks during the brooding and grower phases is given in table
4.9. There were significant differences (P<0.05) across the treatment mean values during
the periods.Except at 4 — 5 weeks of age, when low mortality (0.67) was recorded in
T,with absolutely zero mortality in T, T3, T4 and Ts. Meanwhile, during the brooding
phase (weeks 1 — 3), least mortality (1.89) was recorded in Ts, unlike in T; where as high
as 18.00 chicks were lost, slightly followed by 13.73 (T,),13.36 (T3)and 6.85 (T4). On the
other hand, more mortality (3.00) was observed in T4 and Ts at sexual maturity (5 — 6

weeks of age), compared to 0.67 recorded in T.
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Table 4.9: Mortality of Japanese quail chicks hatched at 36 — 40°C

Treatments Statistics
T, T, T; T4 Ts
Age (weeks) 36°C 37°C 38°C 39°C 40°C Min Max SEM

1-3 18.00° 13.73° 13.36° 6.85° 1.89° 0.00 18.00 0.41
3-4 0.00° 1.00° 2.50° 1.17° 1.00° 0.00 4.00 0.09
4-5 0.00 067 000 0.00 000 000 200 0.16
5-6 0.67> 1.25° 1.50° 3.00° 3.00° 1.00 3.00 0.18

abc: Mean values on the same row with different superscript differ statistically at 5% probability test;

Min: Minimum value; Max: Maximum value; SEM: Standard error of means.

59



4.1.4.8: Survival rate of Japanese quail chicks hatched at varied incubation
temperature

Presented in table 4.10 is the survival rate of Japanese quail chicks hatched at 36°C, 37°C,
38°C, 39°C and 40°C. Statistical variations (P<0.05) were observed in all the parameters
evaluated except in hatched chicks,whose valueranged from 20.27 in Ts to 24.00 in
T;.Whereas, the mortality rate varied from 33.50(Ts) to 85.47% (T,), the survival rate
value was statistically superior (P<0.05) in Ts (66.50%), followed by 46.10% (Ta),
27.40% (T5), 21.50% (T3) and 14.53% (T)) in that order.
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Table 4.10: Survival rate of Japanese quail chicks hatched at 36 — 40°C

Treatments Statistics
T, T, T; T4 Ts
Parameters 36°C  37°C  38°C 39°C  40°C  Min Max SEM
Hatched chicks 22.00 23.00 24.00 22.28 20.27 2.00  38.00 3.05
Chick mortality 18.50°  16.67° 18.80* 11.67° 6.67° 1.00  38.00 2.73
Mortality rate (%) 85.47°  72.60° 78.50° 53.90 33.50° 16.70 100.00 6.57
Survival rate (%)  14.53°  27.40° 21.50° 46.10° 66.50° 16.70 83.30 6.25

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;

Min: Minimum value; Max: Maximum value; SEM: Standard error of means.

61



4.1.5 Discussion
4.1.60ptimum incubation temperature in Japanese quails production

Results showed that the incubation temperature values were similar to what was reported
in imported incubators. However, some variations withina range of 0.2 — 0.4°C that
Poultry Hub (2018) reported not only to be safe for poultry eggs incubation but the
effective incubation temperature for high hatchability rate. Also, it was within variations
of up to 0.2 — 1.2°C that French (2000) found within an incubator and stated that reducing
the air temperature variation required a uniform air flow throughout the incubator. On the
other hand, it was lower than 0.4 — 3.0°C fluctuation that was reported to be dependent on
the incubator design (Mauldin and Buhr, 1995; French, 1997). It seemingly appeared that
achieving the perfect precision value of 100% of calibrated incubation temperature in
poultry eggs incubators may not be feasible. This is possible because, when the thermostat
automatically trips off the heat source at the regulated temperature value, there will still be
heat production for a while, which the thermometer responds to. Meanwhile, the recorded
treatments incubation temperature values were similar to 33 — 40°C reported to be the
lower limit of optimal embryo development in avian species (G6th and Booth, 2005;
Maniet al., 2008; ECQ, 2015; Pam, 2015). Meanwhile, a range of 37 — 38°C have been
reported as the optimum operating temperatures (Archer and Cartwright, 2018; Sartell,
2018) for avian species and it was stated that deviations from this optimum value, could
have a major impact on hatching success (Wilson, 1991). Also, it was reported that
temperature outside the optimum range could affect post-hatch performance in avian
species (Gladys et al., 2000; Hulet et al., 2000; Lourens and Middelkoop, 2000). French
(2009) suggested that it would be more convenient to describe optimum incubation
temperature in a range of values, rather than using a single value as an optimum
incubation temperature. This could be largely due to fluctuations that are bound to occur
in incubators, no matter the design and effectiveness. Nonetheless, in the present study,
the hatchability output which is the essence of artificial incubation was recorded thus, the
fabricated incubators were probably suitable for use in Japanese quail eggs incubation.

The incubation relative humidity recorded in each of the treatments was lower than a
range of 55 — 65% observed in Japanese quails incubation (Pedroso et al. 2006), 45 — 55%

in waterfowl, 40 — 50% in poultry, 35 — 45% in parrots and more than 65% in all avian
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species (Cutler and Abbott, 1991). However, the recorded values were similar to 36%
observed in quail eggs incubation with the highest hatchability rate (Romao et al., 2009a).
Thus, low incubation relative humidity may not play a vital role in Japanese quail eggs
incubation. The ambient temperature values recorded were within 20 — 34°C, but the
ambient relative humidity was less than 60 — 80% reported to be the ideal values in rearing
poultry species (Poultry CRC, 2016). These values were both close to 20 — 27°C and 50 —
90% predicted to prevail during the period (December/January) in Jos, Plateau State
(EUMETSAT, 2017). Therefore, the microclimatic conditions required for the study that
informed the conduct of the experiment in NVRI, Jos Plateau State was observed.

The average weight of the incubated eggs across the treatments was within 7.69 — 10.80g
reportedin Japanese quails (Indreswari ef al., 2019; Ajide 2011) but somewhat less than 10
— 12g speculated to be the normal size of Japanese quail eggs (FAO, 2003). Therefore, the
eggs used in this study were perhaps normal. Meanwhile, the observed incubation period
was within the range of 16 — 18 days recorded, when Japanese quail eggs were subjected
to microclimatic conditions (Sellier ef al., 2006). The shortest incubation period (16 days)
recorded in T4 (treatment incubator regulated at 39°C), probably implied economic benefit
as the total hatchery cost could be cut down. This observation agreed with the report of
Romao et al. (2009b) that higher incubation temperature at 40°C resulted in early hatching
(16 days) in Japanese quails, compared to those incubated at 35°C that hatched on day 23.
At hatch, the chicks weighed close to a range of 7.0 — 7.96g reported by Farghly et al.
(2015), when Japanese quails of similar age were subjected to photostimulated conditions
during egg incubation. This probably reflected that the treated birds were seemingly
healthy with little or no adverse effects on their health. When the unhatched eggs were
windowed after embryonic day 23, it was observed that some of the incubated eggs were
“caked”, “infertile” and “not clear whether fertile or not”. The caked eggs were probably
due to cracks that led to the loss of water, leaving the egg yolk and albumen in dried form.
While the “infertile” eggs were probably due to the improper sex ratio of the flock, mating
or fertilization failure, while the “not clear whether fertile or not” eggs were perhaps due
to failure of the zygote to cleave and differentiate. This probably resulted in the regression
or death of the zygote that left a stain (brown, black or blood) on the yolk, making it

difficult to ascertain whether the egg was fertile or not. This observation was similar to a
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condition of the tiny spot, occasionally found on egg yolk described as blood spots or egg
spots, which do not however signify fertility in poultry eggs (AEB, 2018). It was stated
that this condition was caused by rupture of blood vessels on the yolk surface or
accidental oviductal wall rupture during egg formation.

In some other unhatched eggs windowed, it was observed that the embryos were at
different physiological statuses of growth and development, which were either dead or
could not emerge as hatchlings after embryonic day 23. Such developmental stages were
described in this study as “early dead embryos” [embryonic days 1 — 7], “fully developed
but dead embryos” [embryonic days 8 — 15], “pipped and dead embryos” [embryonic days
16 — 17] as well as “pipped and alive embryos but not able to emerge” [embryonic days 17
— 24]. However, these stages were similar to the conditions described earlier (Romao et

2

al., 2009b) as “infertile”, “early embryo death”, “intermediate embryo death”, “late
embryo death” and “pipped egg with dead embryo”. Meanwhile, Yilmaz et al. (2011)
simply described similar stages as ‘“early”, “middle” and “late embryonic death”.
Although the causes of hatching failure are not clear according to Ramteke et al. (2013),
the causes of the observed different physiological statuses of the embryos that could not
emerge as hatchlings, could purely be unfavourable microclimatic conditions that perhaps
resulted in metabolic disorder. Also, it could be partly due to microbial contamination,
resulting in infection of the developing embryos and possibly due to the poor nutritional
plane of the hens, resulting in low quality yolk and albumen that were unsuitable for the
developing embryos. However, Woodard et al. (1973) reported that most embryonic
deaths occur during the first 3 days of incubation and/or just prior to hatching. Also, it was
stated that most eggs removed at the first candling (8 days of incubation) were infertile
and early embryo deaths. It was further stressed that fatal mortality was largely due to the
inability of the developing embryos to form vital organs or malfunctioning of the organs
during development. Critical functions in such conditions include a change in position of
the embryo prior to pipping, utilization of the remaining albumen, absorption of the yolk
sack and change from allantoic to pulmonary respiration. It was added that there was an
indication of a slight mid-incubation peak of mortality, suggestive of chickens formally

associated with dietary deficits.

64



It was observed that the hatchability was poor and less than a range of 78.67 — 85.56%
reported in Japanese quails (El-Kholy et al., 2019), probably due to fairly low egg fertility
of 49 — 61% recorded. In any case, the observation was similar to 2.9 — 75.0% reported
when Japanese quail eggs were incubated at different temperatures (Romao et al., 2009b)
and when Japanese quail eggs were stored for 20 days before incubating at 39°C (Mani et
al., 2008). The observed 41 — 67% chick yield was less than 72% recordedwhen Akpinar
et al. (2019) evaluated growth traits in Japanese quails and 67 — 68% described as
optimum chick yield in poultry species (Aviagen, 2015). However, chick yield in Tj
(38°C) and T4 (39°C) were similar to 67% that Poultry Site (2014a) reported as an ideal
target for best chick quality. Although chicks hatched in all the treatments incubators set
at 36°C (Very low), 37°C (Low), 38°C (Medium), 39°C (High) and 40°C (Very high)
incubation temperatures, there was reduced incubation period at 39°C, followed by 38°C,
but chick yield was best at 38°C, followed by 39°C whereas, hatchability was best at 37°C,
followed by 39°C, 38°C and 40°C in that order. Consequently, a range of 37 — 40°C may
be recommended as the optimum incubation temperature in Japanese quails.

The brooding temperature was similar to 21 — 36°C recommended by (Hyaline, 2018;
Penn State Extension, 2016; The Poultry Site, 2014b) in poultry chicks. The ambient
temperature was similar to 23 — 30°C reported by EUMETSAT (2017) to prevail during
that time of the year (December/January) in Jos, Plateau State. Yet, the brooding pen and
ambient relative humidity were maintained at similar range during the brooding period.
This probably resulted in the feed intake pattern observed, that remained increasing with
chick age, indicating that the birds were comfortable with the environmental conditions.
The observed feed intake was somewhat similar to 8g (at 0 — 2 weeks old), 19.19g (at 2 —
4 weeks old) but less than 27.37g (at 4 — 6 weeks old) reported in Japanese quails that
were administered water-soluble vitamins in ovo (El-Kholy et al., 2019). The differences
may be largely due to the strain of Japanese quails used in the studies and probably
environmental or treatment effects on the birds. Therefore, feed intake of Japanese quails
subjected to low and high incubation temperature may not be compromised. The growth
rate pattern was also increasing with the chick age, but seemingly dropped on the 3" and
4™ week of age, probably implying growth peak that Hossner (2005) described as “growth

spurt” in farm animals. This scenario was similar to the observation of El-Kholy ef al.
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(2019) who equally recorded decline in growth at 4 — 6 weeks in Japanese quails. This
possibly signified that the chicks gained more weight up to week 3 or 4 and declined,
when a seemingly stable growth rate up to week 5 or 6 was established, suggesting that
the chicks have probably attained their full growth potentials. Therefore, at this growth
phase, crude protein in the diet could be reduced to maximize profit, while the energy
level may be maintained or increased in order to meet the energy requirement.

According to Samour (2006), avian blood analysis often expresses the health status of the
birds. The observed value of packed cell volume was somewhat higher than a range of
29.42 — 37% reported to be normal in avian species (Anggraeni et al., 2016; Sturkie and
Griminger, 1976) but close to 40.9 — 55.00% reported by El-Kholy et al. (2019) in
Japanese quails at 6 weeks of age. The disparities could be due to the age of the birds,
environmental conditions of where the birds were raised and probably due to the
laboratory protocol adopted (Givens et al., 2000). The red blood cells were similar to a
normal range of 2.30 — 3.86 x 10%/mm’ reported in healthy birds of similar age (Anggraeni
et al., 2016; El-Kholy et al., 2019). Also, white blood cells, haemoglobin, neutrophils,
lymphocytes, monocytes and eosinophil were within the normal ranges reported (Sturkie
and Griminger, 1976; Anggraeni et al., 2016). This probably indicated that the treated
chicks were not stressed, as evidently provided by Tamzil et al. (2014) that there was no
depression in the haematological values, when chickens were subjected to acute heat
stress. Meanwhile, the consistent least values recorded in T (36°C), in all the parameters
evaluated except in neutrophils, could be largely due to late hatching of the chicks and
partly due to incubation temperature (36°C) of the eggs that probably led to facultative
hypothermia. Essentially, avian neutrophils have been reported to be normally higher than
white blood cells unlike in mammals. More so, it was speculated that avian neutrophils
were equivalent to heterophil in mammals (Samour, 2006).

The heart and liver weights were close to 0.95g and 2.29g but the gizzard was greater than
1.63g reported by El-Kholy et al. (2019) in Japanese quails. The organs function tests as
revealed by serum alanine aminotransferase, total protein, albumin, creatinine and
cholesterol values compared favourably well with 6.5 — 9.6U/L, 31.6 — 36.5g/L, 13.3 —
15.3g/L, 4.0 — 4.5pumol/L and 235 — 259mmol/L respectively reported by Scholtz et al.

(2009) as reference values in adult Japanese quails. Both values were similar to those
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given more recently, as normal range in avian species (Mnisi and Mlambo, 2017).
Nevertheless, there were little discrepancies in some of the parameters, probably as
influenced by the age, strains, environmental conditions, unit of measurements and the
trial the birds were subjected to in the respective studies. This probably showed that the
birds’ physiological systems were not compromised by the low or high incubation
temperatures. Consequently, Japanese quails could build thermotolerant traits during
embryogenesis in order to resist, survive and thrive well in high ambient temperature at
post-hatch growth phases. This observation corroborated the report of Piestun ez al. (2008)
that avian species could acquire thermotolerant traits during embryogenesis. To buttress
this, the hens in T4 (39°C) and Ts (40°C), started laying eggs at the same age of 5 weeks,
signifying the attainment of sexual maturity. This probably implied that the birds
developed coping strategy, in microclimate temperature close to its body temperature, in
order to thrive well at high ambient temperature (Tzschentke and Basta, 2002; Moraes et
al., 2003; Yahav et al., 2004). Although hens in T; (36°C), T, (37°C) and T3 (38°C) were
yet to start laying eggs at 5 weeks of age, yolk and formed eggs were found in utero
indicating sexual maturity. Even though two cases of reversed sex both from female to
male was recorded only in T4 (39°C), the sex ratio was uniformly 1male: 1female except
in Ty (36°C) where there was no male at all and Ts (40°C) where there was approximately
1 male: 2females.The observed sex reversal was probably a mere occurrence, which Jacob
and Mather (2000) speculated to be normally observed in a flock once in a while.
Therefore, incubation temperature ranging from 36 to 40°C may not play a vital role in sex
reversal in Japanese quails.

Interestingly, birds in T; (36°C) had the best carcass quality in all the parameters
evaluated, probably indicating a catch-up growth that Chin et al. (2013) reported in
Japanese quail and compensatory growth (Metcalfe and Monaghan, 2001; Radder et al.,
2007; Zhan et al.,2007) that was reported to be possibly gained, when there is distortion in
the physiological processes in animals. This superior growth rate recorded, seemingly
buttressed the possibility of using incubation temperature to improve breast meat, myo-
fibre aggregation and growth rate in broilers (Joseph et al., 2006; Piestun et al., 2011;
Piestun et al., 2013b). Meanwhile, the values of live weight, carcass weight and dressing

percentage compared favourably well with those reported in healthy poultry species
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(Yannakopoulos and Tserveni-Gousi, 1986; Bonos et al., 2010; ;Raji et al., 2015;
Muhammad et al., 2017; Nasr et al., 2017).

It was observed that mortality was highest during the first few days of life that gradually
reduced during the grower phase and rose again at 5 — 6 weeks of age. This may be
probably due to the nutritional plane of the birds, endemic diseases in the environment or
just a mere coincidence due to unknown factors. This observation lent more credence to
the reports of Musa et al., (2013),as well asTaskin and Karadavut (2014) that Japanese
quails mortality could be high during few days of life but will decline after the brooding
phase. Though, the cause of high mortality at this stage of growth in Japanese quails was
not provided, it could be due to physiological distortion during embryogenesis as
influenced by parental genetic makeup, the integrity of the incubated eggs and
mechanisms of the incubators. The relatively high survival rate (66.50%) of birds recorded
in Ts probably indicated efficiency of the fabricated incubators. Therefore, the fabricated
incubators were probably effective during the study period. Since mortality was recorded
in all the treated birds, Japanese quail eggs could be incubated at 36 — 40°C, with little or
no deleterious effects on the physiological processes. However, incubation period and
hatchability were best at 37 — 40°C, chick yield was best at 38 — 39°C, growth rate and
dressing percentage were best at 36°C whereas, survivability was best at 38 — 40°C.
Therefore, a wide range of 36 — 40°C may be adopted as the optimum incubation

temperature in Japanese quails production.
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4.2 Results

4.2.1 Growth and developmental stages of Japanese quail embryos in eggs incubated
at varying temperature

4.2.2: Incubation temperature of Japanese quail eggs opened on embryonicdays 1 —
20

Presented in Table 4.11 is the daily incubation temperature during Japanese quail

embryogenesis. There were significant differences (P<0.05) among the values in

control(38°C), T39°Cand T40°Ctreatments with minimum values ranging from 33.00°C to

36.30°C, compared to maximum values of between 37.20°Cand 41.00°C across

thetreatments.
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Table 4.11: Daily incubation temperature during Japanese quail embryogenesis

Treatments
Control
Embryonic day (38°C) T36°C T37°C T38°C T39°C T40°C
0 38.00° 36.10 37.77 38.37 40.13% 41.10°

36.20°  36.60 37.63  38.77  39.57%  40.63®

—

2 38.20° 36.17 37.50 3820  39.60®  40.70%
3 37.73% 36.70  37.60  38.53  38.93®  40.30°
4 38.23% 36.00 3750 3820  3837° 40.50%
5 37.80° 3643 3747  38.63  3927®  4047®
6 38.20° 3640 3790 3833  39.80®  40.67®
7 37.97° 36.83 3670  38.50  39.43%™  40.00°
8 38.17% 36.97  37.10 3857 3930  40.30%
9 38.20% 36.80  37.50 3843  39.43®  40.27®
10 33.43° 3630  37.67  38.13  39.00®  40.73%
11 37.00° 3673 3753  38.50  39.13%  40.90%
12 37.87% 36.60 37.50 3837  39.63°  40.67°
13 38.03% 36.87  37.57 3860 3977  40.50%
14 38.20% 36.97 3657 3823  39.83®  40.20%
15 37.47% 3653 3733 3843  39.10% 4050
16 38.00% 36.50  37.50  38.03  39.10®  40.27®
17 36.07°  36.17  37.40 3843  39.77®°  40.60%
18 38.13% 3693  37.00 3847  39.40°  40.40%
19 38.17% 3630 3770 3833 39.73®  40.40%

20 38.13° 3620 3770 3837  39.60°  40.43%
Minimum  34.40 33.00 3450 3510  35.70 36.30
Maximum  38.50 3720 3795 3890  40.30 41.00

SEM 0.25 0.07 0.08 0.24 0.09 0.06

ab: Mean values on the same column with different superscript differ statistically at 5% probability
test;SEM: Standard error of means.
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4.2.3: Ambient temperature of incubated Japanese quail eggs

Table 4.12 presents the daily ambient temperature during Japanese quail embryogenesis.
There were significant differences (P<0.05) in all the treatments with minimum values of
20.00°C, 18.80°C, 18.50°C, 20.10°C, 20.00°C, 19.80°C and maximum values of 32.50°C,
31.50°C, 31.50°C, 38.20°C, 32.50°C, 32.20°C in control(38°C), T36°C, T37°C, T38°C,
T39°C and T40°Ctreatments,accordingly.
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Table 4.12: Daily ambient temperature during Japanese quail embryogenesis

Treatments
Control

Embryonicday (38°C)  T36°C  T37°C T38°C T39°C T40°C
0 32.13° 30.83% 30.90°  31.57*°  32.13*  31.53°
1 2937 27.77®  2840° 31.80° 2937 28.73%
2 29.50%  27.43®  2887° 2890 2950 28.53%
3 29.13%  28.33%®  27.97° 2877 29.13® 28.40%
4 2923%  28.73%®  2850° 32.30° 29.23® 28.67%
5 30.43%  29.33%® 2047 26.77° 3043 29.73%
6 30.13%  29.00*  28.87° 29.57* 30.13*® 29.37%®
7 3023 27.90®  29.03° 29.60°° 30.23*® 29.67*
8 2830 2677  27.20° 27.83° 2830 27.57%
9 2927 28.57* 2823 2873 2027 28.83%
10 2847 2720%  27.07° 27.83° 2847® 27.70%
11 2847  27.53+™  27.30° 28.00° 2847 27.63%
12 27.90"  2633® 2647 30.77* 27.90* 27.00%
13 2753  2630%  2577¢  27.10°  27.53*® 26.73%
14 28.63"  27.63®  2593Y  28.03° 2863 27.43%
15 26.63° 25.40° 2543 2637°  26.63° 26.30°
16 2777 2683 2623 27.77°  27.77*  27.27%
17 2950  27.90®  27.73° 28.73%® 2950 28.77%
18 28.60"  27.20% 2623 27.90° 28.60" 27.73%
19 28.43%  26.93® 2630 27.83° 2843%® 27.57%
20 29.10"  27.97*  27.07° 28.60® 29.10™ 28.37%

Minimum 20.00 18.80 18.50 20.10 20.00 19.80
Maximum 32.50 31.50 31.50 38.20 32.50 32.20
SEM 0.28 0.29 0.33 0.36 0.29 0.28

ab: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.2.4: Incubation relative humidity of incubated Japanese quail eggs

Expressed in Table 4.13 is the daily incubation relative humidity during Japanese quail
embryogenesis. There were statistical differences (P<0.05) in all the mean values across
the treatments, with minimum values that varied from 17.00°C (T37°C, T38°C, T39°C,
T40°C) to 22.00°C (T36°Cand maximum values between 24.00°C (T36°C) and 38.00°C.in
T37°C, T38°C, T39°C and T40°C.
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Table 4.13: Daily incubation relative humidity during Japanese quail embryogenesis

Treatments(%)
Control
Embryonic day (38°C)  T36°C  T37°C  T38°C  T39°C  T40°C
0 2033  26.00%"  34.00°  25.67%"" 28.33F"  19.00™
1 20.33° 2633 36.0° 27.33° 26,008 25 678"
2 2033 30.00°%  20.67™  25.33" 26337 7 33cfEh
3 22,67  29.33%% 30.67%% 2367 30.00¢%" 2533
4 22,67 24338 3233 94330 99 33dfk 3 oo
5 23.67°  2733%% 35670 21.00"  24.67"% 24330
6 22.67° 2533 32330 p067™ 3233 21.004"™
7 21.67°°  33.00™ 3333 30.00°%" 3333 34,00
8 21.67°  28.33%% 2833 2833 2067™  36.00°
9 22,00 3233 26.008™  26.008"™  19.003™  20.67™
10 2433*  35.67°  2633%MW 2633 5678 30 670
11 21.00° 3233 30.00°"  34.00*  27.33°EM 3p 33
12 20.67°  20.67"  29.33%%  2933%E  p533M 3 g7
13 22,00 2467 2467 24.67"% 2367  24.67"F
14 21.33%®  23.00"  23.00"  23.00  23.00  26.00¢"
15 21.67° 2567 2433%  3567*° 2433 26.33%M
16 21.33®  2233M  21008™ 3233 21.008™  30.00%
17 21.00°  23.00™  20.67™ 3333 3400  20.67™
18 22.33%  19.33 19.00™  19.00™  20.67™  35.67°
19 21.67°  23.00™ 25678 36.00°  20.67™  32.33%
20 21.00° 3400 2733 20.67™  30.67™% 2833+
Minimum 18.00 22.00 17.00 17.00 17.00 17.00
Maximum  30.00 24.00 38.00 38.00 38.00 38.00
SEM 0.21 0.58 0.63 0.63 0.63 0.63

abcdefghijklm: Mean values on the same column with different superscript differ statistically at 5%

probability test; SEM: Standard error of means.
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4.2.5: Incubation relative humidity of incubated Japanese quail eggs

The daily ambient relative humidity during Japanese quail embryogenesis is given in
Table 4.14. There were significant differences (P<0.05) in the mean values across the
treatments. While the minimum values ranged from 10.00°C to 20.00°C, the maximum

values varied between 12.00°C and 22.0°C.
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Table 4.14: Daily ambient relative humidity during Japanese quail embryogenesis

Treatments(%)
Control
Embryonic day (T38°C) T36°C  T37°C  T38°C T39°C  T40°C
0 14.33%%  10.00° 11.33*  20.00° 1567  20.00°

12.33¢%de 12.67°  13.00®  20.00° 16.00®  20.00°

—

2 12.33¢ 14.00° 12,67 2033 17.33*  20.33%
3 13.00°%  10.00*  14.00°  20.33* 16.00®  20.67°
4 10.67% 10.00°  12.33*®  20.67* 17.00°  20.33*
5 10.00° 13.33% 12,67 2033 17.67°  20.33%
6 10.00°¢ 17.00®  13.00®  20.00°  15.00°¢ 20.00"
7 15.67" 10.00° 1033 20.33*  14.00™*  20.00°
8 17.33% 16.67°  10.00° 2033 10.67¢  20.00°
9 16.33"  20.00°  10.00°  20.67*° 1133 20.00°
10 17.00% 13.33*  10.00°  20.33™ 10.67  20.33%
11 17.00% 10.00° 10.00°  20.00° 12.33%"  20.33*
12 16.00  10.00°  10.00°  20.33* 10.00°  20.67°
13 14.67°  10.00°  10.00°  20.33*® 10.00°  20.33*
14 13.33%%  10.00" 10.00°  20.67* 10.00°  20.00°
15 10.67 10.00° 10.00°  20.33"  15.00*  20.00°
16 14.00°%  11.33*  10.00°  20.00° 1133  20.00°
17 20.00° 13.67°°  10.00°  20.33*  10.67  20.00°
18 20.00° 10.00° 10.00°  20.33"  10.67°  20.33%
19 20.00° 10.00° 1033 20.67*  12.67°"  20.67°
20 17.33% 10.00°  11.00°  20.33* 12.33%"  20.33*
Minimum 10.00 10.00 10.00 20.00  10.00 20.00
Maximum 12.00 21.00 16.00 22.00  20.00 21.00
SEM 0.45 0.42 0.22 0.07 0.37 0.05

abcdef: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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Plates 4.1 — 4.6: Freshly laid Japanese quailegg yolkon embryonicday 0
Plates 4.1 — 4.6 present freshly laid Japanese quail egg yolk. It was observed that all the
egg yolk was intact in the inner membrane with yellowish colouration and completely

submerged in the albumen that was clear, transparent and colourless.
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4.1: Control (38°C) 4.2: T36°C 4.3: T37°C

4.4: T38°C 4.5: T39°C 4.6: T40°C
™

.-"

Plates 4.1 — 4.6: Freshly laid Japanese quail egg yolk on embryonic day 0
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Plates 4.7 — 4.12: Developing blastoderm in Japanese quail egg on embryonic day 1

Plates 4.7 — 4.12show developing blastoderm on the yolk of Japanese quail eggs on day 1
of incubation. In all the treatments, there was growth on the surface of the egg yolk that
spread like “microbial growth” in two concentric layers. The yolk and albumen were still

intact but the albumen became less viscous.
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4.7: Control (38°C) 4.8: T36°C
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Plates 4.7 — 4.12:Developing blastoderm in th yolk of Japanese quail eggs on
incubation day 1

80



Plates 4.13 — 4.18: Growth of blastoderm in Japanese quail egg on embryonic day 2

Given in Plates 4.13 — 4.18 are growth of blastoderm on the yolk of Japanese quail egg on
day 2 of incubation. In all the treatments, the two concentric layers growth pattern
observed on day 1 disappeared with disintegrated yolk and albumen. The growth covered
the entire yolk surface towards the airspace in the egg. There were gel-like frames
suspected to be the endochondral ossification of the embryo structure. Although red
stream-like structure suspected to be blood vessels were observed faintly in T38°Conly,

blood-clot-like lump suspected to be the heart was observed in all the treatments.
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4.13: Control (38°C) 4.14: T36°C 4.15: T37°C

.

4 . 4.17: T39°C 4.18: T40°C
w

Plates 4.13 — 4.18: Blastoderm growth on Japanese quailyolk on incubation day 2
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Plates 4.19 — 4.24: Developing embryos in Japanese quail eggs on embryonic day 3

Plates 4.19 — 4.24 describe developing Japanese quail embryos on incubation day 3. The
yolk and albumen became inconsistent and the growth covered the entire yolk surface yet
the yellowish colouration was retained. The endochondral ossification of the embryos
structure became more obvious. Also, the blood vessels became more conspicuous in all

the treatments but the heart beat was observed only in T36°C, T37°C and T39°C.
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4.19: Control (38°C) " 4.21: T37°C

4.23: T39°C |
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Plates 4.19 — 4.24:Developing Japanese quail embryos on incubation day 3
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Plates 4.25— 4.30: Developing embryos in Japanese quail eggs on embryonic day 4

Developing Japanese quail embryos on day 4 of incubation is expressed in Plates 4.25 —
4.30. The endochondral ossification increased with the size of the embryos, indicative of
deposition of calcium salts in a matrix of osteoid tissue (true bone formation) and muscle
accretion. Black refractive ball-like structure suspected to be the eyeball was observed in
all the treatments. Blood vessels became more conspicuous in all the treatments. Obvious

heartbeat was observed in all the treatments.
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4.25: Control (38°C) 4.26: T36°C ) 4.27: T37°C

4.28 T38°C ). 4.30: T40°C

Plates 4.25 — 4.30:Developing Japanese quail embryos 0 day 4 of incubation
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Plates 4.31 — 4.36: Developing embryos in Japanese quail eggs on embryonic day 5

Shown in Plates 4.31 — 4.36 are developing embryosin Japanese quail eggs on day 5 of
incubation. Plexus of blood vessels with adequate invaginations were observed in all the
treatments. The eyeball became more conspicuous across the treatments. The yolk and
albumen became more inconsistent yet separated. While the yolk retained its yellow

colour, the albumen was seemingly stained and became yellowish.
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4.31: Control (38°C) 4.32: T36°C 4.33: T37°C

4.34: T38°C 4.36: T40°C

Plates 4.31 — 4.36: Developing embryosin Japanese quail ggs on y 5 of incubation
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Plates 4.37 — 4.42: Developing embryos in Japanese quail eggs on embryonic day 6

Developing embryos in Japanese quail eggs on incubation day 6 is presented in Plates
4.37 — 4.42. The yolk became more inconsistent yet colour was retained and albumen
surrounding the developing embryo was well reduced and very thick. The developing
embryos increased in size with a well-formed network of blood vessels,in a more complex
plexus suspected to be the allantois in all the treatments. The eyeballs became more
conspicuous in all the treatments. Embryos in T36°C andT37°C seemed to be less

developed compared to those in control (T38°C), T38°C, T39°C and T40°C.
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4.37: Control (38°C) 4.38: T36°C 4.39: T37°C ﬁ"‘--.

4.40: T38°C ﬁ." 4.41: T39°C 4.42: T40°C
| _—

Plates 4.37 — 4.42: Developing embryos in Japanese quail eggs on incubation day 6
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Plates 4.43 — 4.48: Developing embryos in Japanese quail eggs on embryonic day 7

Plates 4.43 — 4.48 show developing embryos in Japanese quail eggs on incubation day 7.
The eyeballs became more conspicuous in a structure suspected to be the head. The blood
vessels became more complex with invaginations all over a structure suspected to be the
allantois and limbs projections were observed in all the treatments. However, embryos in
T36°C and T37°C seemed to be less developed when compared with those in control

T38°C,T38°C, T39°C and T40°C.
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4.43: Control (38°C)

4.47: T39°C

v g S

X
Plates 4.43 — 4.48: Developing embryos in Japanese quail eggs on incubation day 7
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Plates 4.49 — 4.54: Developing embryos in Japanese quail eggs on embryonic day 8

Presented in plates 4.49 — 4.54 are developing embryos in Japanese quail eggs on
incubation day 8. Movement of the developing embryos was observed across the
treatments and they all appeared to be at the same rate of growth. The head became more
conspicuous, yolk and albumen formed a gel-like mass with plexus of blood vessels
connected by allantois to the developing embryo, which was transparent showing some
internal organs being formed. Projections suspected to be the beak and wings as well as

legs were observed across the treatments.
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Plates 4.49 — 4.54: Developing embryos in Japanese quail eggs on incubation day 8
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Plates 4.55 — 4.60: Developingembryos in Japanese quail eggs on embryonic day 9

Expressed in Plates 4.55 — 4.60is Japanese quailembryos developmental stages on
incubation day 9. Embryos in T39°C and T40°C developed black and white strips
suspected to be the plumage pattern but this was not observed in control(38°C), T36°C,
T37°C and T39°C. Embryos were in a coiled posture with the head bent backwards either
through the left orright. The beaks, wings and legs became more conspicuous. Yolk and
albumen formed a mass that was with plexus of invaginations attached by allantois to the

developing embryo.
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4.55: Control 38°C) [ 4.56: T36°C 4.57: T37°C
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4.58: T38°C ' 4.59: T39°C ~ 4.60: T40°C

rig .

Plates 4.55 — 4.60: Japanese quail embryos developmental stages on incubation day 9
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Plates 4.61 — 4.66: Developing embryos in Japanese quail eggs on embryonic day 10

Plates 4.61 — 4.66give the stages of Japanese quail embryos growth on incubation day 10.
The embryos in T36°C and T37°C still did not develop black strips suspected to be the
plumage, unlike in control(38°C), T38°C, T39°C and T40°C where the embryos grew
feathers on their thighs, wings, back and the head. All the embryos were in a coiled
posture with the head bent backwards either through the left or right. The yolk and
albumen appeared separately and became smaller in size, forming more viscous mass with
plexus of invaginations connected by allantois believed to be conducting materials in and

out of the developing embryos.
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4.61: Control (38°C) - 4.62: T36°C : 4.63: T37°C

4.64: T38°C _ = 4.66: T40°C

Plates 4.61 — 4.66: Stages of Japanese quail embryos growth on incubation day 10
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Plates 4.67 — 4.72: Developing embryos in Japanese quail eggs on embryonic day 11

Given in plates 4.67 — 4.72are Japanese quail embryo stages of development on incubation
day 11. The embryos in T36°C and T37°C developed black strips suspected to be the
plumage, whereas those in control(38°C), T38°C, T39°C and T40°C grew feathers on their
thighs, wings, back and the head. Embryos in a coiled posture with the head bent
backwards either through the left or right. The yolk and albumen were seemingly
separated and gradually reducing in size with more viscous gel-like mass with plexus of
invaginations of blood vessels observed only in embryos in control(38°C), T38°C, T39°C

and T40°C.
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4.67: Control (38°C) | o * 4.68: T36°C e, 4.69: T37°C

=

4.70: T38°C "

Plates 4.67 — 4.72:Japanese quail embryo developmentalstages on incubation day 11
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Plates 4.73 — 4.78: Developing embryos in Japanese quail eggs on embryonic day 12

Plates 4.73 — 4.78show the developing embryos in Japanese quail eggs on incubation day
12. Embryos in T36°C and T37°C appeared to be less developed compared to those in
control38°C, T38°C, T39°C and T40°C. While feathers grew all over the body of the
embryos in control38°C, T38°C, T39°C and T40°C, it was only observed on the thighs,
wings and back of the embryos in T36°C and T37°C. The yolk and albumen further
reduced in size becoming more viscous and formed a mass that was with plexus of
invagination of blood vessels attached by allantois to the developing embryos in all the

treatments.
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4.73: Control (38°C) | 474:136¢'C_| % 475:137°C |
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4.76: T38°C - 4.77: T39°C 4.78: T40°C | .

Plates 4.73 — 4.78: Developing embryos in Japanese quail eggs on incubation day 12
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Plates 4.79 — 4.84: Developing embryos in Japanese quail eggs on embryonic day 13

Developing embryos in Japanese quail eggs on incubation day 13 is provided in Plates
4.79 — 4.84. The embryos in T36°C and T37°C grew feathers but were fewer than what
was observed in control(38°C), T38°C, T39°C and T40°C. All the embryos were in a
coiled posture with the head bent backwards. Yolk and albumen formed a mass that was
with plexus of invagination attached by allantois to the developing embryos. But the yolk

and albumen gel-like mass in embryoin T39°Chad green and yellow colours.
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4.79: Control (38°C) ! 4.80: T36°C . 4.81: T37°C

4.82: T38°C

Plates 4.79 — 4.84: Developing embryos in Japanese quail egs on incubation day 13
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Plates 4.85 — 4.90: Developing embryos in Japanese quail eggs on embryonic day 14
Developing embryos in Japanese quail eggs on incubation day 14 are shown in Plates 4.85
— 4.90. The developing embryos in T36°C and T37°C grew feathers yet appeared less
developed compared to those in control(38°C), T38°C, T39°C and T40°C that appeared
fully grown with well reduced yolk mass. The yolk and albumen gel-like mass
(unabsorbed yolk) in embryos in T38°C and T39°C were greenish with faint yellow
patches.
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4.85: Control (38°C) . 4.86: T36°C ) 4.87: T37°C |
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4.88: T38°C o 4.89: T39°C L 4.90: T40°C

Plates 4.85 — 4.90: Developing embryos in Japanese quail eggs on incubation day 14
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Plates 4.91— 4.96: Developing embryos in Japanese quail eggs on embryonic day 15

Embryo developmental stages in Japanese quail eggs on incubation day 15 are presented
in Plates 4.91- 4.96. Embryos in all the treatments seemingly developed at equal rate,
unlike the previous incubation days, when embryos in T36°C and T37°Cobviously
appeared less developed than those in control(38°C), T38°C, T39°C and T40°C. However,
the yolk and albumen gel-like mass (unabsorbed yolk) was well reduced in control(38°C),
T38°C, T39°C and T40°C compared to those in T36°C and T37°C, where the yolk and

albumen gel-like mass were larger in size.
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4.91: Control (38°C ' ; 4.93: T37°C

4.94: T38°C = 4.95: T39°C . - 4.96: T40°C ¥

Plates 4.91 — 4.96: Japanese quail embryo developmental stages on incubation day 15
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Plates 4.97 — 4.102: Developing embryos in Japanese quail eggs on embryonic day 16
Japanese quail embryos developmental stages on incubation day 16 are provided in Plates
4.97 — 4.102. The seemingly equal development across the treatments observed on the
previous incubation day 15, was maintained with the yolk and albumen mass in all the
embryos appearing to be well reduced. Meanwhile, yolk and albumen mass of embryos in
T36°C and T37°C were still large. The yolk and albumen in T36°C, T38°C and T39°C
were greenish yet the network of blood vessels which formed plexus of invaginations

attached by allantois to the developing embryos was still visible.
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4.97: Control (38°C)

4.100: T38°C 4.101: T39°C [ 4.102: T40°C
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Plates 4.97 — 4.102: Japanese quail embryos developmental stages on incubation
day 16
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Plates4.103 — 4.108: Japanese quail developing embryos on embryonic day 17

Plates 4.103 — 4.108indicate the level of Japanese quail embryos growth on incubation day
17. The embryo in T39°C made a very audible sound (cried) like that of a hatchling and
was returned to the incubator after data collection. The yolk and albumen gel-like mass of
embryos in control(38°C), T38°C, T39°C and T40°C became smaller, without fluid and
appeared to be at the point of final withdrawal particularly in control(38°C) and T39°C.
Meanwhile, the yolk and albumen mass of embryos in T37°C, T39°C and T40°C were
greenish. Nonetheless, the network of blood vessels that formed plexus of invaginations

attached by allantois to the developing embryos was still conspicuous.
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4.103: Control (38°C)
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Plates 4.103 — 4.108: Japanese quail embryos growth on incubation day 17
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Plates 4.109— 4.112: Pipping and hatching ofJapanese quail chicks in control (38°C),
T38°C, T39°C and T40°C

Plates 4.109 — 4.112show pipping and hatching stages of Japanese quail chick on
incubation day 18. The embryos in control(38°C), T38°C, T39°C and T40°C emerged as
chicks. Interestingly, the embryo in T39°C that made anaudible sound and was returned to
the incubator on the previous incubation day (17) survived and weighed 5.59¢g on day 18.
While, all the hatched chicks in control(38°C), T38°C and T39°C were fluffy dried, some
chicks in T40°C were piping and those in T36°C and T37°C did not show any sign of
pipping or hatching. It was observed that the embryo head was bent dorsally either
through the left or right and at pipping, the chick used the egg tooth to window the

eggshell while reversing the head ventrally.
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4.109: Control (38°C) : 4.110: T38°C

4.111: T39°C 4.112: T40°C

Plates 4.109 — 4.112: Pipping and hatching stages of Japanese quail chick on
incubation day 18
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Plate4.113: Hatching of Japanese quail chicks in T37°Con incubation day 19

Plate 4.113 presents hatched chick of Japanese quail on incubation day 19. Some chicks
were observed to be emerging in T37°Con incubation day 19and those in T36°C were yet
to present any sign of pipping or hatching which probably signified delayed hatching due

to comparatively low incubation temperature.
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4.113: T37°C |

Plate 4.113:HatchedJapanese quail chick in T37°C on incubation day 19
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Plates 4.114: Hatching of Japanese quail chicks in T36°C on day 20 of Incubation
Plate 4.114 provides Japanese quail chick hatched on incubation day 20. Some chicks in
T36°Cfinally emerged on incubation day 20,displaying delayed hatching probably as

influenced by the comparatively low incubation temperature.
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4.114: T36°C

Plate 4.114: Hatched Japanese quail chick on incubation day 20
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4.2.6 Discussion
4.2.7. Growth and developmental stages of Japanese quail embryos

The incubation temperature monitored on daily basis for a period of 20 embryonic days
indicated that the calibrated values were achieved in each of the treatment incubators.
However, a fluctuation of 0.03 — 0.97°C higher than 0.03 — 0.05°C reported by Poultry
Hub (2018) to be normal was observed, suggesting that it might not be possible to achieve
perfect precision of calibrated incubation temperature value. Meanwhile, the temperature
provided in each of the treatment incubators, were within the range of 36 — 40.5°C given
to be ideal levels of incubation temperature and assumed to be the same in all avian
species (French, 1997; Pedroso et al. 2006; Romao et al. 2009b). Though, optimum
incubation temperature for poultry species has been given to be between 37.0 and 38.0°C
(Woodard et al., 1973; Ferguson 1994; Scott et al., 2015; ISA, 2016), French (1997)
stated that hatchability was also possible at between 35.0 — 40.5°C. Notably, it was stated
that embryos were more sensitive to high incubation temperature, than when it was low
and the effect of a suboptimal temperature, will depend on the degree of deviation from
optimum temperature and the length of time applied. More so, it was stated that embryos
appeared to be more sensitive to suboptimal temperature at the start of incubation than at
the completion of incubation. More significantly, it was speculated that optimum
incubation temperature depended on the poultry species or size of the eggs (Christensen et
al., 1994; Decuypere, 1994; French, 1994). Consequently, all the treatment incubators
were probably suitable for Japanese quail eggs incubation. The ambient temperature
revealed a wide range of daily fluctuation of up to 3.6°C throughout the study period. This
may be largely due to gradual rotation of the earth, resulting in gradual sunset bringing
coolness and gradual sunrise which results in hot weather condition. This phenomenon
perhaps influenced the incubators mechanisms resulting in seemingly uncontrollable
fluctuation in the incubation temperature. Although, the incubation relative humidity was
lower than 60 — 70% recommended in avian egg incubation (Romao et al., 2009a;
Brinsea, 2018), it was higher than the ambient relative humidity that varied from 10 —
20%. This may be due to the prevailing weather conditions at that time of the year
(February/March) in Jos, Plateau State that made it suitable for this study. Since the

Japanese quails were observed to be metamorphosing through different physiological
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stages, it probably showed that the water placed in the incubator was enough and the
fabricated incubators were efficient during the study period.On embryonic day 0, the egg
yolk and albumen integrity were observed to be seemingly intact with a germinal disc, on
the egg yolk where the ovum or egg is found. This perhaps suggested that the eggs used in
this study were probably normal. On day 1 of the incubation period, the suspected
germinal disc developed into two concentric layers, resembling the primitive streak,
notochord, head fold and somite described by Tyler (2006) and Ainsworth et a/.(2010),
but the growth looked more like microbial growth on the surface of a substrate. On the
following day, the concentric layers spread over the entire surface of the yolk, with a lump
of blood believed to be the heart found in the yolk around the developing embryo. At this
stage, the somite became more evident, indicating a metameric process similar to what
Ainsworth et al.(2010) described in Japanese quail embryo after 40 to 64 hours of
incubation. On embryonic day 3, there were network of blood vessels emanating from the
beating heart region, buttressing the report of Pas Reform (2010) that the heart of avian
embryo starts to beat after 72 hours of incubation. On embryonic day 4, a glittering part of
the embryo was found inside the yolk, at a little distance far away from the beating heart.
This was suspected to be the eyeball though was not pigmented and this stage was similar
to the distinct un-pigmented eye which Ainsworth et al.(2010) stated would develop on
embryonic day 3. Meanwhile, the features that look more like limbs and beak buds as well
as the maxillary process were observed to be protruding. Interestingly, on embryonic day
5, the eyeballs became more conspicuous, beak outgrowth and limb joints became
distinctive with well-formed amniotic fluid, allantois and plexus of blood vessels. This
conformed to the reports of Ainsworth et al.(2010) and Pas Reform (2010) that blood
vessels invagination of the yolk and albumen, forming a mass attached to the developing
embryo by allantois with a network of innervation became prominent on day 5 of
incubation. The observed network of the blood vessels probably showed that the
developing embryos were deriving materials required for sustenance from the yolk and
albumen mass. Between embryonic days 6 and 9, all the embryos in each of the treatment
incubators were fully formed with all the morphological features observed. In each case,
the developing embryo was found on top of the yolk and albumen mass toward the blunt

end of the egg, probably demonstrating that avian embryo normally develops close to the
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air sac region of the egg. This perhaps showed that developing Japanese quail embryo
draws in its required gases and loses its wasted substances for sustenance, through the air
sac that was widening by the day. Thus, the embryo may no longer depend on the egg
pores for sustenance rather, on the widen air sac because the created vacuum in the air sac
provides better gaseous exchange medium. Hence, the need to always keep the eggs
upright, even if egg turning inside the incubator is necessary, in order not to distort the
normal physiological processes for a well-formed chick. Meanwhile, it was observed that
the embryos in T36°C and T37°C were not as developed as the embryos in other
treatments, probably due to relatively low incubation temperatures they were subjected to.
This concurred with the report of TNAU (2015), that low temperature slows down the
growth of embryo and higher temperature (more than optimum) speeds up the embryonic
growth. It was further stressed that if irregular temperature settings persist over a long
period, hatchability would be deleteriously affected. More so, embryonic mortality,
prolonged incubation period as well as the emergence of weak and deformed chicks was
adduced to low incubation temperature (Shubber et al., 2012). On embryonic day 10,
feathers were found on the entire body of the developing embryos compared to just strips
of feather follicles observed in T36°C and T37°C. The differences in growth rate
continued until the 15™ day of incubation, when all the embryos in all the treatment
incubators, were apparently at the same growth pace. This probably demonstrated a
compensatory growth, described by Hector and Nakagawa (2012) to be observed in living
things, when there is distortion in physiological processes influenced by poor nutritional
plane or undue microclimatic conditions. It was observed in this study that Japanese quail
embryos may not yield readily to varying incubation temperatures from 36 to 40°C. This
is because, it was least expected that the embryos in T36°C, 37°C (relatively low
incubation temperature) and T39°C, T40°C (relatively high incubation temperature) will
progress up to fully developed embryos, talk more of pipping and emerging as chicks.
Consequently, the present findings contradicted the report of Wilson (1991) who gave a
range of 37 — 38°C as optimum operating temperatures for poultry species and emphasised
that any deviations from this will have a major impact on hatching success. However, the
observed disparities could be attributed to differences in the climatic conditions of the

study areas and position of the incubated eggs in the incubators. Also, it could be due to
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effectiveness and performance of the incubators to provide the required microclimatic
conditions necessary for embryo development and growth. On embryonic day 13, it was
astonishing to observe green yolk and albumen gel-like mass that continued up to day 17
in some of the developing embryos. But respite ensued when green excreta was found on
the chick crate after transportation of the hatchlings. This probably indicated embryo
maturity stage, when the unabsorbed yolk would be rapidly and completely withdrawn
into the body prior to pipping and hatching. This deviation from the normal yellow yolk
and colourless albumen could be largely due to metabolic pathway disorder resulting in
green excreta often passed out by some day-old hatchlings. Also, it could be a symptom of
microbial infection that could lead to high chick mortality often recorded during the first
few days of life.On embryonic day 15, it was observed that all the embryos apparently had
the same growth rate, contrasting the records of previous incubation days, when embryos
in T36°C and T37°C clearly seemed less developed than those in control (38°C), T38°C,
T39°C and T40°C. This observation probably suggested that there was a physiological
catch-up-growth between the embryos in T36°C and T37°C as well as those in control
(38°C), T38°C, T39°C and T40°C that were at the verge of pipping. Even at that, the
embryos in T36°C and T37°C that were comparatively less developed, eventually hatched
much later than those in control (38°C), T38°C, T39°C and T40°C, undermining the
observed seemingly catch-up growth. Therefore, incubation temperature may play a vital
role in Japanese quail embryos development and growth. On incubation day 16, the
seemingly equal development observed across the treatments on the previous incubation
day 15, was maintained with the yolk and albumen mass in all the embryos appearing to
be well reduced. This observation possibly showed that there was a gradual withdrawal of
the unabsorbed yolk into the developing chicks’ body. The growth rate was apparently
synchronized, perhaps through compensatory growth resulting in close incubation periods
that were seemingly within the range of 16 — 18 days reported to be suitable for chick
survival (Archer and Cartwright, 2018; Sartell, 2018). Similar embryo growth and
developmental pattern was observed across the treatments, suggesting that the incubators
were efficient. While the chicks in Control(38°C), T38°C and T39°C emerged on
embryonic day 18, those in T40°C were at the pipping phase and the chicks in T37°C and
T36°C hatched on days 19 and 20, respectively. Therefore, the delayed chick emergence
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in T36°C and T37°C may be purely attributed to the microclimatic conditions the embryos
were subjected to. As a result, low and high incubation temperature, could influence
embryo growth and development in Japanese quails hence, the need for optimal

incubation temperature determination.
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4.3 Results
4.3.1 Role of incubation temperature on Japanese quail sex reversal

4.3.2 Altered incubation temperature during early embryogenesis in Japanese quails
The incubation temperature altered on incubation days 3, 4 and 5 is given in table 4.15.
There were statistical differences (P<0.05) in all the daily mean values across the
treatments. However, the temperature alteration resulted in fall of the calibrated treatment
values, to physiological zero temperature (26.34 — 28.43°C) except in control that
maintained a range of 37.60 — 38.60°C. While the minimum values ranged from 26.30°C
to 37.60°C, the maximum values were between 36.40°C and 40.40°C.
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Table 4.15: Alteration of incubation temperature during early embryogenesis
inJapanese quails

Treatments
TA TB TC TD TE TF
Control
Embryonic day  (38°C) 36°C 37°C 38°C 39°C 40°C
0 38.30% 35.90° 36.50®°  38.03° 39.03° 40.23°
1 38.03% 36.27° 37.30° 37.83% 38.83®  39.50%
2 38.20% 35.96° 36.70°°  37.87° 38.43° 40.03°
3 38.07% 26.90¢ 26.34¢ 27.20° 26.62¢ 27.03¢
4 38.332 28.43° 26.534 27.52° 26.474 27.20¢
5 38.17% 27.70%  28.23° 27.10° 27.60° 28.30°
6 38.20% 35.93° 36.97®  38.30% 39.40° 40.20°
7 38.13% 35.80° 36.53®  38.77° 38.50° 40.43°
8 38.17% 35.90° 37.03° 37.93% 39.23% 39.70%°
9 38.17% 36.34° 37.17%°  38.23% 39.00° 40.03°
10 38.03% 36.00° 37.00° 37.73%  38.90% 39.60%
11 37.97% 35.97° 36.97®  37.97% 38.93% 39.70%
12 37.97% 36.47° 36.80°°  38.07° 39.07° 40.20°
13 37.97% 36.37° 36.73®  38.77° 39.40° 40.30°
14 38.07% 35.90° 37.47° 38.03% 39.30° 40.13°
15 38.00" 36.30° 37.57° 37.93% 39.13% 40.43°
16 37.93¢ 36.33° 36.90®°  38.37° 39.00° 40.30°
17 38.10% 35.70° 3727 37.60%  39.20° 39.60%°
18 38.10% 35.74° 37.43% 37.60®  38.77° 40.07°
19 38.03% 36.03? 37.20%°  38.07% 38.70° 39.73%
20 38.03% 35.90° 37.39° 38.23% 38.80° 40.27°
21 38.07% 36.30° 37.03° 37.70°°  38.60° 39.93%®
22 37.93¢ 36.37° 3727 38.33° 39.37° 40.33%
Minimum 37.60 26.90 26.30 27.2 26.40 27.00
Maximum 38.60 36.40 37.50 38.80 39.50 40.40
SEM 0.18 0.24 0.27 0.32 0.37 0.32

abcd: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.3.3: Ambient temperature during incubation temperature alteration at early
embryogenesis in Japanese quails

Table 4.16 displays the ambient temperature during incubation temperature alteration at

early embryogenesis in Japanese quails. There were significant variations (P<0.05) in all

the daily mean values across the treatments. While the minimum value varied from

23.10°C to 33.90°C, the maximum value was between 33.90°C and 39.10°C.
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Table 4.16: Ambient temperature during incubation temperature alteration at early
embryogenesis in Japanese quails(°C)
Treatments
Ta Tg Tc Tp Tk Tk
Control
Embryonic day (38°C) 36°C 37°C 38°C 39°C 40°C

0 35.40° 2880 2977 2920  32.63*® 35.007
1 35.13%¢ 2967 2827 2860 2827 28.77¢
2 34.83%¢ 2987  31.20% 2980  29.93%¢ 29.90¢
3 35.27% 2670 29.70  29.13  28.57°%  30.47%
4 344304 3240  32.70° 3233 31.33%°  34.40%
5 33.2004F 3287 3363 3243  31.03" 35.00%
6 34.00 34,13 34.23" 33.10  31.53"® 35.87%
7 32.43% 3453 3403 3330  31.70° 35.73%
8 33,107 26,13 34.37*™ 33.00  32.63" 35.60%
9 33.30%T 3437 36.67*° 3457  33.57°  37.27°
10 33.00% 3450  34.77*° 33.60  33.10° 36.10®
11 3457 3260  35.60™° 3333  32.70° 36.77°
12 33,607 3380  34.50™° 32.77 3227 36.40°
13 32.90°% 3220  3530° 32.57  31.93 35.53%
14 33.00°% 3330  34.27" 31.13  31.07* 35.53%
15 32.90°% 3183  3297°Y 3193  31.30° 35.00%
16 32.57%% 3430  34.13" 31.13  31.03" 34.03%
17 31.93¢% 3503 33.07°% 3140  31.07" 32.90™
18 31.13% 3323 35.07*° 3297  33.00° 35.63"
19 30.80¢ 33.63 3520 31.73  32.10° 35.10™
20 28.90" 3413 3447™ 3273 3273 35.13%
21 33.07°%" 3353 3533% 3320  33.17°  35.63%
22 31.07" 28.80  34.20™ 3257  31.67* 34.60™
Minimum 26.70 23.10  33.80 31.70 2540  33.90
Maximum 36.70 39.10 3450 3390 3440  35.00
SEM 1.82 0.52 0.28 0.36 0.21 0.30

abcdefg: Mean values on the same column with different superscript differ statistically at 5% probability
test;SEM: Standard error of means.

127



4.3.4: Paused incubation temperature during early embryogenesis in
Japanese quails

Showed in table 4.17 is the hourly incubation temperature pausing duration at the early
phase of Japanese quail embryogenesis. There were significant differences (P<0.05) in the
mean value of incubation temperature across the treatments whereas, the ambient mean
temperature value did not differ (P>0.05) throughout the period. At the initial hour (0
hour), the treatments temperature values were seemingly close to the calibrated values but
declined to as low as 32.07°C (Tg) and as high as 35.90°C in T6 after an hour later except
the control. At the 5™ hour, the incubation temperature dropped to as low as 26.83°C (Tg)
with the highest (27.80°C) recorded in Tc.
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Table 4.17: Hourly incubation temperature pausing duration at early embryogenesis

in Japanesequails

Treatments
Parameters
Ta Ts Tc Tp Te Tr
Pausing time Control
(hr) Temperature  (38°C) 36°C  37°C  38°C  39°C 40°C  SEM
0 Incubation 38.27% 35.97° 36.53™ 37.70™ 38.63* 39.77° 0.32
Ambient 27.07 2797 2827 2770 2923 2933 044
1 Incubation  38.00° 32.07° 34.90™ 34.50™ 32.67° 35.90® 0.59
Ambient 27.87 27.87 2790 2797  28.63 2723 027
2 Incubation 38.20° 29.93* 31.47° 29.83° 29.33" 31.10° 0.77
Ambient 27.23 26.83 27.67 27.03 2753 2753 031
3 Incubation ~ 38.20° 28.37° 28.53°  28.13° 27.47° 2857  0.93
Ambient 27.63 2740 2783 2747 2790 2773 033
4 Incubation 38.13° 27.83% 27.33°  2747°  27.10° 27.77°  0.97
Ambient 26.73 27.00 2693 2733  27.10 2667 025
5 Incubation ~ 38.17° 27.67° 27.80° 2693 26.83" 27.43° 0.99
Ambient 29.43 2943 2933 2737 2870 28.83 027

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; SEM:

Standard error of means.
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4.3.5:Incubation relative humidity during incubation temperature alteration at early
embryogenesis in Japanese quails

Given in Table 4.18 is the daily incubation relative humidity when incubation temperature

was paused during early embryogenesis in Japanese quails. All the mean values across the

treatments differ statistically (P<0.05) with minimum values ranging from 20.00% (T4,

Tc, Tr) to 36.00% (Tp) and maximum values from 34.00% (T4) to 61.00% (Tp).
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Table 4.18: Incubation relative humidity during incubation temperature alteration at

early embryogenesis in Japanese quails

Treatments (%)
Ta Tg Tc Tp Tg Tr
Control
Embryonic day (38°C) 36°C 37°C 38°C 39°C 40°C

0 21.33%M 23.00°  35.33% 45002  28.67%  26.00"

1 20.00' 28.67 3033 456780 27.67"  29.33MK

2 21.33¢%0 28.67 32.67°"  46.008"  24.67" 30.008"k

3 20.33M 29.00' 28.00"  45.008"  22.00' 28.00

4 22.00%" 30,677 27.00' 46.33%  24.67" 26.33%

5 32.67 34.00"  29.678"  44.00' 31.00""  30,33fehik

6 31.67° 35338 32.00°%"  48.00%"  32.33°h 31 00"k

7 32.00° 36.00%"  30.008"  46.67%"  30.67%"  29.00"

8 31.00% 39.33%%  30.67 51339 3500%% 33 00cdf

9 25.67°%C 4033 3833 5433%0  4133%d 4067

10 25.33%% 41,009 3567  56.00°  40.00™ 4267

11 25.67°%  40.67°  36.33%  51.67%  39.67"  39.00™

12 25.67°%  42.00%  3533% 5433 38.67%% 40.00°

13 2400 4133% 3367 52,00 35.67°T 35,000

14 26.67°% 36.00"  32.33°fEh 57 330de 39 g7efeh 3 g7fehik

15 31.33% 4033 36.33% 52,67 3567 36.67%°

16 29.00% 39,67 3333 5400°¢ 29.33fh 35 g7bedet

17 28.67%4 3933 3467% 4967  29.33%M 31 33MEhik

18 2433 4633% 42,00 53339 3533l 33 33cfEhd

19 2533%  46.00%  41.67% 5433 36.,00%"  34.330cdefeh

20 29.67% 50.00° 4567  57.33° 42.00™  39.00*°

21 27.33%% 52337 49.00°  60.33*  46.00°  42.67°

22 21.33¢&0 52.67 49.67° 60.33" 43.00*  36.33°
Minimum 20.00 21.00 20.00 36.00 21.00 20.00
Maximum 34.00 54.00 50.00 61.00 47.00 45.00

SEM 0.52 0.95 0.77 0.61 0.83 0.68

abcdefghijk: Mean values on the same column with different superscript differ statistically at 5% probability

test; SEM: Standard error of means.
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4.3.6: Ambient relative humidity during incubation temperature alteration at early

embryogenesis in Japanese quails

The daily ambient relative humidity when incubation temperature was paused during early
embryogenesis in Japanese quails is presented in table 4.19. All the mean values across
the treatments were statistically different (P<0.05). The minimum mean value was
between 20.00 (T, Tg) and 27.00% (Tp, Tr) and the maximum was between 45.00% (Tg)
and 61.00% (T¢, Tp) across the treatments.
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Table 4.19: Ambient relative humidity during incubation temperature alteration at

early embryogenesis in Japanese quails

Treatments(%)
Ta Ts Tc To Tk Ty
Control
Embryonic day (38°C) 36°C 37°C 38°C 39°C 40°C
0 26.33" 30338 48.00™" 35.008 33337 44.00®
1 30.33¢" 28.33% 26.67% 34.008 27.67  48.33%
2 31.00%" 25.67% 30.00 35.008 24.67" 34.67°
3 29.00%" 28.001% 45.00" 45.00°" 45.00™ 3433
4 33.008" 26.33* 46.338" 46.33%" 4633 4567
5 40.67° 30338 44.00' 44.00" 4400 46.33*
6 42.67%  31.00%M  48.00%"  48.00"  4833*  47.67°
7 41.33%  29.00"%  46.672" 46.67%°  34.67%  43.67°
8 44.00% 33.00%% 513390 513330l 34 334l 35 gpbd
9 48.00°¢%  40.67% 5433%4  5433% 4567 29.67¢
10 47.67¢%  42.67° 56.00* 56.00°°  46.33%  39.33%¢
11 52.67% 39.00%° 51.67%" 51.67°% 4767 46.33
12 54.67 40.00* 54,330 54330 43,67 47.67°
13 54.00% 35.00°%"  52.00% 52.00°%%"  3500%  43.67%
14 36.00' 31.67°" 52339 52.33%cdel 31 670 47.67°
15 45.67°%  36.67™ 52,67 52,67 36.67°%  46.33°
16 46.33%% 3567 5400 54.00°¢  35.67°°  46.33"
17 47.67%¢% 31,33 49 67°fE 49.67%%" 3133 4767
18 43.67%"  3333%E 5333 53.33%de 33330 43 67
19 47.67%4 34330 54 33bcd 54,33 5300° 35.00°
20 49,334 39 0 57.33% 57.33% 51.67° 33.00%
21 53.33%  42.67° 60.33" 60.33" 52.67°  40.67"
22 55.33° 43.00 60.33" 60.33" 3333 4267
Minimum 20.00 20.00 26.00 27.00 22.00 27.00
Maximum 57.00 45.00 61.00 61.00 56.00 51.00
SEM 1.12 0.68 0.98 0.99 1.11 0.84

abcdefghijk: Mean values on the same column with different superscript differ statistically at 5% probability

test; SEM: Standard error of means.
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4.3.7: Brooding temperature and relative humidity of Japanese quail chicks hatched
at manipulated temperature in early embryogenesis

The brooding temperature and relative humidity of Japanese quail chicks are showed in
table 4.20. The mean values were not significantly different (P>0.05) in all the parameters
measured across the treatments. However, the brooding pen mean temperature ranged
from 25.90°C (weeks 1 and 3) to 34.80°C (weeks 1, 2 and 3), ambient mean temperature
(26.73to 26.87°C), brooding pen and ambient relative humidity varied from 68.82 to
69.56% and 68.44 to 68.87%, respectively throughout the 3 weeks brooding period.
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Table 4.20: Pen temperature and relative humidity during brooding of Japanese quail chicks hatched at

manipulated temperature in early embryogenesis

Brooding period

Week 1 Week 2 Week 3
Parameters Mean Min Max SEM Mean Min Max SEM Mean Min Max SEM
Temperature (°C)
Brooding pen  34.72 2590 34.80 0.11 3473 2690 3480 0.13 33.83 2590 34.80 0.12
Ambient 26.80 2490 29.50 0.12 26.87 2490 2950 0.14 26773 2490 29.50 0.12
Relative humidity(%)
Broodingpen 6891 60.00 77.00 0.70 69.56 60.00 77.00 0.75 68.82 60.00 77.00 0.40
Ambient 68.87 62.00 79.00 0.56 68.64 62.00 79.00 049 68.44 62.00 79.00 0.30

SEM: Standard error of means; Min: Minimum value; Max: Maximum value.
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4.3.8: Physiological status of Japanese quail eggs incubated at manipulated
temperature during early embryogenesis
Table 4.21 gives the physiological status of Japanese quail eggs subjected to paused
incubation temperature,hatchability and chick yield. There were statistical differences
(P<0.05) in all the mean values of the parameters monitored except, total egg weight,
average egg weightand not clear whether fertile eggs or not. The incubation period was 18
days in all the treatments except the eggs in Ty that hatched on incubation day 19. Though
there was no occurrence of pipped and alive but not able to emerge embryos in any of the
treatments, pipped and dead embryos (3.34) as well as fully developed but dead embryos
(14.33) were highest in Tc.
Even when fertile eggs were more (46.33) in T, hatched chicks were more (37.00) in Ty
and the least value (0.33) was recorded in Tp. While the average egg weight ranged from
9.45¢g (TF) to 9.62¢g (T¢), average chick weight value varied from 5.46g (Tg) to 6.48g (Tg)
with superior hatchability (P<0.05) of 81.01% recorded in T,, compared to 1.52%
recorded in Tp and absolutely zero in Tr. While fertility rate was lowest (6.67%) in Trand
highest (66.18%) in T¢, chick yield value was however lowest (57.90%) in Tg and was as
high as 67.73% in T.
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Table 4.21: Physiological status of Japanese quail eggs incubated at manipulated
temperature,hatchability and chick yield

Treatments

Ta Ts Tc To Te Tr

Control
Parameters (38°C) 36°C 37°C 38°C 39°C 40°C SEM
Totaleggs set 210 210 210 210 210 210 -
TEW (g) 1993.80 2011.14 2021.34 2012.35 1994.12 1984.61 1.80
AEW (g) 9.49 9.57 9.62 9.57 9.49 9.45 0.03
IP (days) 18 19 18 18 18 - -

Unfertile eggs: No evidence of embryo growth
Infertile eggs 10.67°  14.33° 567 2233 23.67° 2667°  3.42

Caked eggs 6.33° 7.00° 10.00°  20.00*  17.33*  24.67° 1.87
NCWEN 733 7.67 8.00 6.00 7.67 9.32 0.83
Fertile eggs: Evidence of embryo growth

EDE 1.33° 7.67% 7.33% 11.34% 6.33° 4.67° 1.38
FDDE 4.67° 13.00° 14.33 9.00 9.33% 0.00° 1.63
PDE 2.67° 2.66° 3.34° 1.00% 3.00° 0.00° 0.45
PAE 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Hatched chicks ~ 37.00° 17.67° 2133 0.33¢ 2.67° 0.00¢ 4.26
Fertile eggs 45.67*  41.00°  4633*  21.67°  21.33® 467" 4.97

Fertility (%) 65.24* 5857  66.18"  30.95°  3047°  6.67° 7.10
Hatchability and chick yield

Hatchability (%) 81.01*  43.09°  46.04®  1.52° 12.52°¢  0.00° 7.57
TCW (g) 226.78* 11524  138.94°  1.95¢ 14.47¢  0.00° 26.67
ACW(g) 5.95 6.48" 6.32° 5.84° 5.46" 0.00° 0.70

Chick yield (%) 62.69" 67.73" 65.77" 60.49" 57.90° 0.00° 7.35

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; SEM:
Standard error of means; TEW: Total egg weight; AEW: Average egg weight; IP: Incubation period;
NCWEFN: Not clear whether fertile eggs or not; EDE: Early dead embryos; FDDE: Fully developed but dead
embryos; PDE: Pipped and dead embryos; PAE: Pipped and alive but not able to emerge embryos; TCW:
Total chick weight; ACW: Average chick weight.
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4.3.9: Post-hatchperformance of Japanese quail chicks subjected to paused
incubation temperature

4.3.9.1 Feed intake by Japanese quail chicks subjected to paused incubation
temperature during early embryogenesis

Daily feed intake by Japanese quail chicks subjected to paused incubation temperature

during early embryogenesis is shown in table 4.22. There were statistical variations

(P<0.05) in all the mean values of the parameters measured across the treatments. It was

observed that the population size was somewhat inconsistent throughout the 6 weeks study

period, yet feed intake value was increasing with age among all the birds.

In week 2 however, feed intake per group of chicks was highest (973.72¢g) in T and

lowest (222.04g) in Tp, but feed intake per chick was best (14.20g) in T¢ and poorest

(10.27g) in Tg. Similarly, at 3 weeks of age, the feed intake per group was highest

(1005.35¢g) in Taand feed intake per chick was best (19.59g) in T¢. In week 4, both feed

intake per group and chick werebest in T but were observed to be somewhat diminishing

in weeks 5 and 6, respectively.
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Table 4.22: Daily feed intake by Japanese quail chicks subjected to paused

incubation temperature during early embryogenesis

Treatments
Ta Tg Tc Tp Tg Tk
Control
Week Parameters 38°C 36°C 37°C 38°C  39°C 40°C SEM
1 No. of chicks 111 56 69 1 8 0 -
Feed intake/group (g) ND ND ND ND ND ND ND
Feed intake/chick (g) ND ND ND ND ND ND ND
2 No. of chicks 85 21 26 0 0 0 -

Feed intake/group (g)  973.72°  222.04° 382.86° 0.00° 0.00° 0.00° 12.77
Feed intake/chick (g)  11.36 1027 14.20°  0.00° 0.00° 0.00° 045
3 No. of chicks 79 20 26 0 0 0 -
Feed intake/group (g)  1005.35* 315.70° 503.42° 0.00° 0.00° 0.00° 23.20
Feed intake/chick (g)  12.26° 1532 19.59°  0.00° 0.00° 0.00° 0.33
4 No. of chicks 78 20 26 0 0 0 -
Feed intake/group (g)  1296.50* 282.93° 405.43° 0.00° 0.00° 0.00 25.49
Feed intake/chick (g)  16.34° 14.16*  15.93*  0.00° 0.00° 0.00° 0.34
5 No. of chicks 77 19 26 0 0 0 -
Feed intake/group (g)  1336.49* 337.73° 429.56° 0.00° 0.00° 0.00° 28.29
Feed intake/chick (g)  17.36 17.82*  16.82*  0.00° 0.00° 0.00°
6 No. of chicks 77 19 21 0 0 0 -
Feed intake/group (g)  1330.07* 291.57° 347.00° 0.00° 0.00° 0.00° 24.70
Feed intake/chick (g)  17.30° 15.12*  16.75*  0.00° 0.00° 0.00° 0.5

abcd: Mean values on the same row with different superscript differ statistically at 5% probability test;
SEM: Standard error of means; ND: Not determined due to irregular incubation periods and 100% mortality

in Tp and Tg; Group: Represent total number of birds per treatments.
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4.3.9.2: Growth rate of Japanese quail chicks subjected to paused incubation
temperature at early embryogenesis

Table 4.23 presents the weekly growth pattern of Japanese quail chicks subjected to
paused incubation temperature at early embryogenesis. The mean values of all the
parameters measured across the treatments differed significantly (P<0.05). The weight
values were increasing with age, signifying that the chicks were gaining weight except in
week 4, when the values dropped tremendously. In week 5 however, the weight values
increased again across the treatments indicative of not attaining full growth yet. In week 2,
absolute growth rate varied from 20.20g in Ty to 23.68g in Ta, week 3 (24.00 to 26.02g),
week 4 (19.68 to 21.04g) and in week 5, it was highest (26.78g) in T¢ and lowest (22.75g)

n TA.
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temperature at early embryogenesis

Table 4.23: Growth pattern of Japanese quail chicks subjected to paused incubation

Treatments
Ta Tg Tc Tp Te Tr
Control
Week Parameters 38°C 36°C 37°C 38°C 39°C 40°C SEM

1 No. of chicks 111 56 69 1 8 0 -
Weight/group (g) 680.89"  382.20°  446.07° 5.84° 43.42% 0.00° 21.02
Weight/chick (g) 6.13° 6.82° 6.46a 5.84* 538 0.00° 0.58
Absolute growth rate 0.00 0.00 0.00 0.00  0.00 0.00  0.00

2 No. of chicks 85 21 26 0 0 0 -
Weight/group (g) 2641.62* 572.77°  777.39°  0.00° 0.00°  0.00° 76.82
Relative growth rate 30.92a  27.03°  29.94°  0.00° 0.00°  0.00° 2.59
Absolute growth rate(g) ~ 23.68°  20.20°  22.52°  0.00° 0.00°  0.00° 1.66

3 No. of chicks 79 20 26 0 0 0 -
Weight/group (g) 4372.35%  1027.24° 1478.60° 0.00° 0.00°  0.00° 128.88
Relative growth rate 55.01° 5147 5631°  0.00° 0.00°  0.00° 3.99
Absolute growth rate (g)  24.02°  24.00°  26.02°  0.00° 0.00°  0.00° 0.96

4 No. of chicks 78 20 26 0 0 0 -
Weight/group (g) 5888.37° 143229 2013.45° 0.00° 0.00°  0.00° 172.49
Relative growth rate 75.44° 7158 77.49°  0.00° 0.00°  0.00 5.12
Absolute growth rate (g)  19.68" 19.83*  21.04  0.00° 0.00° 0.00° 2.06

5 No. of chicks 77 19 26 0 0 0 -
Weight/group (g) 7616.18*  1851.99° 2732.53° 0.00° 0.00°  0.00° 224.06
Relative growth rate 98.58*  97.34*  104.85°  0.00° 0.00°  0.00° 7.03
Absolute growth rate (g)  22.75°  25.95*  26.78"  0.00° 0.00°  0.00° 1.66

SEM: Standard error of means; Group: Represent total number of birds per treatments.
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4.3.9.3: Blood profiles of Japanese quail chicks subjected to paused incubation
temperature at early embryogenesis

The blood profiles of Japanese quail chicks subjected to paused incubation temperature at
early embryogenesis is shown in table 4.24. There were no significant differences
(P>0.05) in all the parameters evaluated in T», Tg and Tc¢ except, in lymphocytes where
birds in T¢ (57.83%) were statistically inferior (P<0.05) compared to those in T (84.00%).
Packed cell volume was statisticallysuperior (P<0.05) in T (40.83%), slightly followed
by Tc¢ (38.67%) and Tg (38.33%). While a similar trend was observed in red blood cells,
white blood cells were more (5.03x 10°/L) in T, and least (3.30x10°/L) in T,
haemoglobin varied from 8.07 to 9.47g/dL, neutrophil (15.83 to 40.67%) and monocytes
ranged from 0.17% in Tx to 0.67%) in Tc.
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Table 4.24: Blood profiles of Japanese quail chicks subjected to paused incubation

temperature at early embryogenesis

Treatments Statistics

Ta Ts Tc Tp Tk Ty

Control Overall
Parameters  (38°C) 36°C 37°C  38°C 39°C 40°C Min Max  mean SEM
No. of birds 6 6 6 0 0 0 -
PCV (%) 38.33"  40.83*  38.67° 0.00° 0.00° 0.00° 27.00 46.00 3927 1.34
RBC (x10'*L) 1.08* 1.33*  1.30° 0.00° 0.00° 0.00° 0.70 2.00 1.24 0.11
WBC (x10°L) 5.03*  3.30° 472 0.00° 0.00° 0.00° 1.60 1040 4.35 0.49
HB(g/dl) 9.43*  947*°  8.07° 0.00° 0.00° 0.00° 620 12.00 8.99 0.79
Neut (%) 15.83° 25.17* 40.67* 0.00° 0.00° 0.00° 4.00 75.00 2722  3.09
Lym (%) 84.00*° 74.50 57.83° 0.00° 0.00° 0.00° 22.00 96.00 7211 645
Mono (%) 0.17*  0.33*  0.67° 0.00° 0.00° 0.00° 0.00 2.00 039 0.08

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:

Minimum value; Max: Maximum value; SEM: Standard error of means; PVC: Packed cell volume; RBC:

Red blood cells; WBC: White blood cells; HB: Haemoglobin; Neut:Neutrophils; Lym: Lymphocytes; Mono:

Monocytes.
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4.3.9.4: Serum biochemistry of Japanese quail chicks subjected to paused
incubation temperature at early embryogenesis

Serum biochemistry of Japanese quail chicks subjected to paused incubation temperature
at early embryogenesis is provided in table 4.25. There were no statistical variations
(P<0.05) in all the parameters determined in T,, Tg and T¢ except, in creatinine
(51.29Umol/L) and cholesterol (211.68mg/dL) that were both superior (P<0.05) in Ta.
Alanine aminotransferase value varied from 59.00U/L (T¢) to 61.67U/L (Tp), total protein
(30.46g/L to 33.22g/L) and albumin ranged from 15.67g/L in Ty to 18.16g/L in Tc.
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Table 4.25: Serum biochemistry of Japanese quail chicks subjected to paused incubation temperature at early embryogenesis

Treatments Statistics

Ta Ts Tc Tp Te Tk

Control
Parameters 38°C 36°C 37°C 38°C 39°C  40°C Min Max Mean SEM
No. of birds 6 6 6 0 0 0 - - - -
ALT(U/L) 60.17°  61.67°  59.00°  0.00°  0.00° 0.00° 53.00 67.00  60.28 0.89
TP (g/L) 30.46°  31.25°  3322°  0.00°  0.00° 0.00° 19.74 4532  31.65 1.74
ALB (g/L) 1656 1567  18.16*  0.00°  0.00° 0.00° 10.76  27.19  16.79 1.19

CREAT (Umol/L) 51.29° 40.46" 45.72% 0.00° 0.00° 0.00° 29.14 62.52  45.82 2.47
CHOL (Mg/dL) 211.68"  193.48™ 189.08"  0.00° 0.00° 0.00° 168.50 243.00 198.08 6.02

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min: Minimum value; Max: Maximum value;

SEM: Standard error of means; ALT: Alanine aminotransferase; TP: Total protein; ALB: Albumin; CREAT: Creatinine; CHOL: Cholesterol.
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4.3.9.5:Sexual maturity, sex reversal, carcass quality and organs weight of Japanese
quail chicks subjected to paused incubation temperature at early embryogenesis

Table 4.26 presents the sexual maturity, sex reversal,carcass quality and organs weight of
Japanese quail chicks subjected to paused incubation temperature at early embryogenesis.
There were no significant differences (P>0.05) in all the parameters measured in Ta, Tp
and Tc. The hens in all the treatments started laying eggs at the age of 5 weeks and
developing yolk as well as fully formed eggs that were purely white (without
pigmentation) were found in the uteri of the sacrificed hens.

There was a case of reversed sex from male to female in T, and the sex ratio (male:
female) was 40:37, 10:9, 10:11 in T,, Tg and Tc¢ in that order. While the live weight
ranged from 120.23g in Ty to 127.58g in Ty, the carcass weight was highest (89.74g) in
Ta, followed by 85.05g (Tg) and 83.61g in T¢. The dressing percentage value varied
between 68.56 and 70.56%, gizzard weight (3.29 to 3.53g), liver weight (2.19 to 2.86g)
and heart weight varied between 1.21 and 1.43g. The right testis mean weight ranged from
0.77 to 0.87g while the left testis weight was between 0.79 and 0.98g.
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Table 4.26: Sexual maturity, sex reversal, carcass quality and organs weight of

Japanese quail chicks subjected to paused incubation temperature at early

embryogenesis
Treatments

Ta Ts Tc Tp Tx T

Control
Parameters (38°C) 36°C  37°C 38°C  39°C  40°C SEM
Sexual maturity
Age at lay (week) 5 5 5 0 0 0 -
Yolk 1.67°  1.75*  1.508*  0.00° 0.00°  0.00° 0.32
Formed eggs 0.42°  0.17° 025" 0.00°> 0.00°  0.00° 0.07
Sex ratio (M : F) 40:37 10:9 10:11 0 0 0 -
Sex M-F 1 0 0 0 0 0 -
Reversal F—M 0 0 0 0 0 0 -
Carcass quality (g)
No. of birds 12 12 12 0 0 0 -
Live weight 127.58"  120.23* 121.49°  0.00° 0.00°  0.00° 229
Bled weight 122.18* 115.06* 115.55* 0.00° 0.00°  0.00° 2.09
Def. weight 105.74* 98.97°  100.41*  0.00° 0.00°  0.00° 2.13

Carcass weight 89.74  85.05  83.61 0.00°  0.00°  0.00° 2.04
D. percentage (%) 70.19°  70.56°  68.56  0.00° 0.00°  0.00° 0.48

Organs weight (g)

Gizzard weight 335 329" 3.53° 0.00° 0.00°  0.00° 0.12
Liver weight 2.62° 219" 2.86" 0.00° 0.00°  0.00° 022
Heart 1.21° 1.22° 1.43° 0.00° 0.00°  0.00° 0.07

Testes  Right 085"  0.87°  0.77° 0.00° 0.00°  0.00° 0.15
weight  Left 0.98°  0.94*  0.79° 0.00° 0.00°  0.00° 0.16

ab: Mean values on the same row with different superscript differ statistically at 5%
probability test; SEM: Standard error of means; D. percentage: Dressing percentage; Def.
weight: Defeathered weight.
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4.3.9.6: Mortality of Japanese quail chicks subjected to paused incubation

temperature at early embryogenesis

Expressed in table 4.27 is the mortality of Japanese quail chicks that were subjected to
paused incubation temperature at early embryogenesis. There were no significant
differences (P>0.05) across the treatments mean values, except during the brooding period
(week 1 — 3) whenhighest mortality (2.07) was recorded in T4, followed by 1.58 (T¢),
1.54 (Tg), 1.14 (Tg) and 0.33 (Tp), respectively. It was observed that all the chicks in Tp
and Tg were lost before the 4™ week. At 3 — 4 weeks of age, 0.33 chick mortality was
recorded in T, and Ty with absolutely zero in T¢. At 4 — 5 weeks of age chick mortality
(0.33) was recorded only in T, whereas at 5 — 6 weeks, there was no chick mortality in

Tanevertheless, 0.67 and 0.50 were recorded in TgandT¢, accordingly.
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Table 4.27: Mortality of Japanese quail chicks subjected to paused incubation

temperature at early embryogenesis

Treatments Statistics
Ta Ts Tc To Tk Ty
Control
Age (week) (38°C) 36°C 37°C 38°C  39°C  40°C Min Max SEM
1-3 2.07° 1.54> 158" 033> 1.14 0.00° 0.00 6.00 0.14
3-4 0.33 033 0.00 0.00 000 0.00 0.00 1.00 0.09
4-5 0.33 0.00 0.00 0.00 000 0.00 0.00 1.00 0.07
5-6 0.00 0.67 050 000 000 0.00 000 200 0.15

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:

Minimum value; Max: Maximum value; SEM: Standard error of means.
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4.3.9.7 Survival rate of Japanese quail chicks subjected to paused incubation
temperature at early embryogenesis

Presented in table 4.28 is the survival rate of Japanese quail chicks subjected to paused
incubation temperature at early embryogenesis. There were significant differences
(P<0.05) in all the parameters monitored. More hatchlings (37.00) was recorded in T,
followed by 21.33 in T¢, 17.67 (Tg), 0.33 (Tp) and there was no hatching (absolutely zero)
in Tr. More chick mortality (13.33) was recorded in Tg, slightly followed by 13.00 (T¢),
9.67 (Ta), 2.67 (Tg) and 0.33 in Tp. The mortality rate was least (50.77%) in T4, followed
by 61.13% in T¢ and 77.80% in Tgcompared to absolutely 100% recorded in Tpand
Tg.The survival rate was best (49.23%) in T4, slightly followed by 38.87% and 22.20% in

Tc and T, respectively.
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Table 4.28: Survival rate of Japanese quail chicks subjected to paused incubation

temperature at early embryogenesis

Treatments Statistics

Ta Ts Tc Tp Te Ty

Control
Parameters 38°C 36°C 37°C 38°C 39°C 40°C Min Max SEM
Hatched chicks  37.00° 17.67° 2133 033> 267> 0.00° 0.00 60.00 425
Chick mortality ~ 9.67% 13.33*  13.00° 033 267 0.00° 0.00 19.00 1.67
Mortality rate (%) 50.77*  77.80*  61.13® 100  100°  0.00° 0.00 100.00 9.61
Survival rate (%)  49.23*  22.20* 38.87° 0.00° 0.00° 0.00° 0.00 76.00 6.06

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:

Minimum value; Max: Maximum value; SEM: Standard error of means.
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4.3.10 Discussion
4.3.11 Role of pausing incubation temperature during early embryogenesis on
Japanese quails on sex reversal

There were fluctuations on the daily incubation temperature ranging from 0.03 to 0.77°C
in all the treatment incubators including control, throughout the study period probably as
influenced by heat production, even after shut down by the thermostat and partly due to
ambient weather conditions. The calibrated treatment incubators temperatures (except
control) were altered to physiological zero temperature (26 — 36°C) on embryonic days 3,
4 and 5, which Boerjan (2016) described as “state of no embryo growth and
development”. Meanwhile, Conway and Thomas (2000) described this condition as
“lower limit of optimal embryo growth and development” in avian species. It was stated
that though embryo growth and development may be slow, it will not be impaired but
prolonged exposure, could cause developmental abnormalities. Meanwhile, it was
reported that this developmental abnormality could be reversed if the normal incubation
temperature is restored (Webb, 1987; Conway and Thomas, 2000; Boerjan, 2016).
However, it is possible that the gonadogenesis may not reverse rather there may be swift
development of the rudimentary sex characters resulting in sex reversal. During the
incubation temperature pausing that lasted for 5 hours on embryonic days 3, 4 and 5, it
was observed that the temperature gradually declined swiftly over time until both
incubation and ambient temperatures were at equilibrium. The recorded daily ambient
temperature value was higher than 20 — 25°C yet, relative humidity was lower than 70 —
87% respectively predicted to prevail that season (April/May) of the year in Jos, Plateau
State (EUMETSAT, 2018). The differences could be mainly due to the emission of heat
from the perforations in all the incubators and partly due to shutting of the door and
windows in the pen. In any case, the hourly incubation temperature monitored during
embryonic days 3, 4 and 5, when the incubation temperature was paused for 5 hours, was
within 26 — 36°C, described as physiological zero temperature in avian embryogenesis
(Webb, 1987; Conway and Thomas, 2000; Fasenko, 2007; Boerjan, 2016).

The relative humidity in each treatment incubator including the control as well as the
ambient relative humidity was not seemingly affected by the incubation

temperaturepausing. Incubation temperaturepausing could be described as the halting of
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heat supply to the incubator, in order to reduce theincubation temperaturebelow the
recommended optimum range of 37 to 38°C. This temperature reduction probably helped
in maintaining relative humidity range of 21 — 61% across all the incubators throughout
the incubation period. These values were however, less than 60 — 70% recommended for
successful hatching and survival of the hatchlings (Tullett, 1990; Romao et al., 2009a).
The observed fluctuations in the ambient relative humidity probably resulted in the low
values observed in the treatment incubators. Also, it could be possibly due to insufficient
air circulation in the treatment incubators and the pens, since the door and the windows
were shut. The incubation period was close to the normal range of 16 — 18 days reported
by Sellier et al. (2006) and the chick weight as well as chick yield was somewhat within 5
— 7g and 60 — 70%, respectively, purported to be a normal range in Japanese quails
(Romao et al., 2009b; Alkan et al., 2011). However, the recorded chick weight was less
than 8.20g reported in Japanese quails when in ovo Rutin injection was administered
(Genc et al., 2019). The chick yield value compared favourably well with 66.0% reported
by Akpmar and Giineng (2019) in Japanese quails. Consequently, altered incubation
temperature during early embryogenesis may not affect Japanese quail hatchling weight.
The hatchability value was less than a range of 52.4 to 69.30% reported in Japanese quail
eggs stored and transported prior to incubation (Akpinar and Giineng 2019). The observed
hatching failure in Ty and low hatchability in T}, and Tg, were probably due to the impact
of temperature alteration, on the embryos growth and developmental processes. Also, it
could be partly due to the low egg fertility recorded in Tp, T and T, that resulted in the
poor hatchability and hatching failure. This seemingly contradicted the observations of
Elmehdawi (2013), who observed no adverse effects of incubation temperature alteration
on hatchability, when broiler breeder eggs were subjected to low and high incubation
temperatures. The disparities could be possibly due to the incubation temperature
fluctuations range and probably due to the avian species used in the studies. Nonetheless,
the observation apparently buttressed the reports of Romao et al. (2009b), who recorded
poor hatchability in Japanese quail eggs incubated at different temperatures and Mani et
al. (2008), when Japanese quail eggs were stored for 20 days before incubating at high
incubation temperature. It was revealed that some of the unhatched eggs opened were

“caked”, “infertile” and “not clear whether fertile or not”. Meanwhile, some of the eggs
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were observed to have developing embryos at different stages of growth and development
described either as “early dead embryos”, “fully developed but dead embryos”, “pipped
and dead embryos” or “pipped and alive but not able to emerge embryos” in this study.
All these physiological statuses were observed in all the treatments, except “pipped and
alive but not able to emerge embryos” that was not recorded in all the treatments and in
Tr, where there was seemingly no fertile eggs at all, which probably explained the
absolute hatching failure recorded. In any case, the described physiological statuses of
either “early dead embryos”, “fully developed but dead embryos™, “pipped and dead
embryos” or “pipped and alive but not able to emerge embryos” were before now
described as early, middle and late embryonic death (Yilmaz et al., 2011) and infertile,
early embryo death, intermediate embryo death, late embryo death and pipped egg with
dead embryo (Romao et al., 2009b). Meanwhile, Woodard et al. (1973) reported that most
embryonic deaths occur during the first 3 days of incubation and at about pipping. This
was evidently shown in that study when most of the eggs removed at first 8 days of
incubation during candling were infertile and early death embryos. The observed fatal
mortality was however ascribed to the failure of the embryo to develop vital organs or a
malfunction of its development. Recently, Genc et al. (2019) described embryo death in
three distinct stages as early (1 to 6 days), intermediate (7 to 14 days) and late (15 to 18
days). The weekly brooding temperature was similar to 30 — 34°C recommended for avian
chicks(Poultry Site, 2014b; Penn State Extension, 2016; Hyaline, 2018), even when the
prevailing ambient temperature was as low as 24.9 — 29.5°C. This perhaps, indicated that
the heat emission from the electric bulbs used was able to raise the brooding temperature
which was probably suitable for the survival of the chicks at that age. During this period,
the relative humidity was close to 70 — 80% predicted by EUMETSAT (2018) to prevail
in Jos, Plateau State. The daily feed intake by the birds in all the treatments was seemingly
lower than 23.3 — 30g, 38 — 57g, 56.7 — 92g, 85 — 127.3g and 87 — 166.3g recorded in
weeks 1, 2, 3, 4 and 5, respectively, when Japanese quails were subjected to high
incubation temperature (Rashid et al., 2016). The disparities could be largely due to feed
intake result presentation per group or individual, which was however not stated in that
study. Meanwhile, the values were relatively higher than 10.56g, 10.39¢g, 8.93g and 8.87g

in weeks 3, 4, 5 and 6 in that order, reported when Japanese quails were fed varying levels
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of sundried edible frog meal (Adesina, 2013). These observations could be largely due to
the experimental treatments differences, environmental weather conditions, feed quality
and the age or sex of the treated birds. According to Ozbey and Ozcelik (2004), high
temperature has negative effects on feed consumption, feed efficiency, live weight, growth
rate as well as declined productivity and egg quality.

It was speculated that cold weather could make poultry birds eat more, in order to cope
with the necessary metabolic processes(Butler and Woakes, 2001; Cooper and Gessaman,
2005). The growth rate in all the birds across the treatments was similar to the values
reported in Japanese quails of similar age (Rabie ef al., 2015). This could be purely due to
the feed intake pattern indicative of healthy birds. Meanwhile, the highest growth rate was
attained at 3 weeks of age but declined gradually at 4 and 5 weeks of age. This probably
showed that the Japanese quails attained “growth spurt” at about 4 weeks of age.
Therefore, inclusion level of protein which is often the most expensive component of feed
formulation could be reduced, in order to cut down the total cost of production but the
energy level may be maintained or increased to meet the energy requirement at this
growth phase. Blood profiles of the birds in control, Tg and T¢ that were seemingly
uniform, were within 29.0 — 58% (packed cell volume), 1.6 — 4.9 x10'%/L (red blood
cells), 3.5 — 52.0x10°/L (white blood cells), 7.8 — 18.5g/dL (haemoglobin), 13 — 72%
(neutrophil), 27 — 83% (lymphocytes) and 0.0 — 7.0% (monocytes) given to be normal in
healthy avian species (Fudge, 2000; Samour, 2006; Bickford, 2007). Similarly, serum
alanine aminotransferase (37 — 50U/L), total protein (3.5 — 5.5mg), albumin (18 — 24g/dL),
creatinine (12 — 19Umol/L) and cholesterol (100 — 300mg) were close to the values
reported in healthy Japanese quails (Sakas, 2002; Mnisi and Mlambo, 2017). These
observations probably indicated that the birds’ physiological systems were not
compromised.Thus, agreed with the report of Sgavioli et al. (2016), that incubation
temperature may not be detrimental to poultry species and Piestun et al. (2008), who
stated that avian species could acquire thermotolerant traits during embryogenesis. The
hens in control, Ty and T¢ started laying eggs at the age of 5 weeks and yolk as well as
formed eggs was found in all the treatments, suggesting that their reproductive potentials
were not possibly hampered. The sex ratio was approximately 1 male: 1 female and there

was sex reversal from male to female only in control.Therefore, incubation temperature
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pausing for 5 hours during early embryogenesis in Japanese quails may not reverse sex.
Meanwhile, the live weightwas less than a range of 168.8 to 185.1g reported in Japanese
quails when probiotic was administered (Mahrose et al., 2019) but the carcass weight and
dressing percentage were similar to the values reported in normal healthy Japanese quails
of similar age (Lonita et al., 2008; Boni et al., 2010; Ribarski and Genchev, 2013;
Muhammad et al., 2017). The liver and heart weight values were similar to 3g and 1g,
respectively, reported in Japanese quails (Mahrose et al., 2019). Generally, the organs
weight were similar to normal values reported in healthy birds thus, all the birds across the
treatments were probably not affected by the manipulated incubation temperature during
early embryogenesis in Japanese quails. The total loss of all the hatchlings in Tp and
Tgmay be a mere coincidence and never as a result of the incubation temperature
treatments. More so, it could be purely due to very few hatchlings recorded in Tp and Tg
and possibly due to mortality rate that Nanda ef al. (2015) stated was expected to be
highest before the age of 3 weeks in poultry species. Although there was mortality across
the treatments, majority of the birds in Tg and T¢ were lost. This could be purely due to
the late hatching and low chick yield that Mallik et al. (2001) and Aviagen (2015)
reported could account for the high mortality rate in Japanese quails. However, the
survival rate was lower than 70 — 90% reported when Japanese quails at different ages
were subjected to different weather conditions (Nanda et al., 2015), but was higher than 5
— 30% annual survival rate in both hunted and unhunted quails population in Florida
(Giuliano and Selph, 2015). Meanwhile, the observation compared favourably well with
30 — 60%, speculated to be typical in avian species (MacArthur, 1972; Ricklefs, 1973;
Skutch 1985; Karr et al., 1990).

Since the number of survived birds in all the treatments was similar, it probably
impliedthat pausing incubation temperature for 5 hours during early embryogenesis may
not influence post-hatch performance in Japanese quails. However, the loss of all the
hatchlings in Tp and Tg as well as the absolute hatching failure recorded in Ty probably
showed that pausing incubation temperature during early embryogenesis for 5 hours may

not be suitable for sex reversalin Japanese quails.
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4.4 Results

4.4.1 Role of incubation temperature manipulation during late embryogenesis in

Japanese quail sex reversal

4.4.2Incubation temperature alteration during late embryogenesis in Japanese quails
The daily incubation temperature that was paused during late embryogenesis in Japanese
quails is shown in table 4.29. There were no significant differences (P>0.05) in all the
treatments except on temperature pausing days (11, 12 and 13), that statistically differed
(P<0.05) from other incubation days which were maintained throughout the incubation

period. Minimum value ranged from 26.22 to 37.70°Canda maximum of between 37.20°C

and 41.12°C was recorded.

Table 4.29: Alteration of incubation temperature during late embryogenesis in
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Japanese quails

Treatments
T T T Tiwv Tv Twvi
Control

Embryonic day (38°C) 36°C  37°C  38°C  39°C 40°C
0 38.33 35.97°  36.98" 38.13" 38.98° 40.10°

1 38.03 36.10°  37.27* 37.73" 38.97° 40.33°

2 38.17 35.87°  36.89 37.87° 38.87° 39.77°

3 38.17 36.17°  37.23* 38.37° 39.37° 40.70°

4 38.23 36.13*  37.11* 38.53* 39.47° 39.93°

5 38.27 36.20°  37.20° 37.88" 39.30° 40.27°

6 38.30 36.03°  36.90° 37.97° 39.22° 40.30°

7 38.27 36.17°  37.17% 38.30° 39.07° 40.23°

8 38.23 36.03*  37.10° 38.23" 39.62° 40.03

9 38.20 36.43*  37.37° 3837 38.97° 40.03°
10 38.10 36.17°  37.17% 3827 39.17° 40.03
11 38.20 26.77°  27.03° 26.73" 27.23" 26.83°
12 38.23 27.00°  26.77° 26.90° 27.07° 27.10°
13 38.10 26.90°  26.70° 27.53° 26.83° 26.90°
14 38.10 36.40°  36.97* 38.20° 39.03* 40.00°
15 38.07 36.47°  37.27* 38.03° 39.20° 40.03
16 38.10 35.97°  36.93% 38.37° 39.27° 40.20°
17 38.13 36.23*  37.07* 38.13* 39.30° 39.87°
18 38.10 36.30°  37.30° 38.80° 39.13* 39.90°
19 37.87 36.37°  37.13% 38.53* 39.07° 40.17°
20 38.00 36.50°  37.27° 38.73" 39.33* 39.93°
21 37.97 36.47°  37.07* 3833 39.30° 40.30°
22 38.20 36.43"  36.87° 38.43" 39.07° 40.07°
Minimum 37.70 2670 2630 2622 2640 26.70
Maximum 38.38 3720  38.09 3890 40.12 41.10
SEM 0.23 0.24 027 032 037 032

ab: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.4.3Ambient temperature during incubation temperature alteration at late
embryogenesis in Japanese quails

Given in table 4.30 is the daily ambient temperature when incubation temperature was

paused during late embryogenesis in Japanese quails. There were significant variations

(P<0.05) in all the treatments with minimum value of 28.40°C — 29.90°C and maximum

value of 35.50°C — 37.10°C recorded throughout the incubation period.
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Table 4.30: Ambient temperature during incubation temperature alteration at late

embryogenesis in Japanese quails

Treatments
T T T Tiv Tv Twvi
Control
Embryonic day  (38°C) 36°C 37°C 38°C 39°C 40°C

0 35.57% 34.67°  33.23%  31.15° 35.40° 34.87°
1 32.70° 35.57° 3427 32.43°  35.80° 35.50°
2 32.07° 32.70°  33.03*  32.07° 32.37° 35432
3 33.80° 32.07°  33.63*  3027° 31.63° 35.73%
4 33.23% 33.80° 33.67° 34.23* 33.80° 35.53%
5 33.77° 33.23*  33.93%*  3240° 32.53° 3577°
6 32.13° 36.77° 3410  33.77*°  33.43*°  36.43%
7 33.57% 32.13°  32.87°  31.57° 31.93° 34.67°
8 33.90% 33.57°  34.07*°  32.63°  33.00° 35.80%
9 31.47° 33.90°  33.93%  32.67° 33.40° 35.73%
10 31.53° 31.47°  31.33°  30.77°  31.00° 32.23°
11 29.87° 31.20°  32.00°  3037°  30.40° 32.80°
12 31.23° 29.87°  29.40° 29.57° 28.80° 30.07°
13 33.30° 31.23°  31.60° 29.10° 29.97° 32.17°
14 32.83° 33.30°  33.17%°  29.27°  30.77°  33.73°
15 33.43% 32.83°  33.07*  30.10° 31.10° 33.47°
16 34.40° 33.43°  33.07*°  31.17°  3230°  34.60°
17 32.70° 344%  3323%  31.20° 3237°  34.50°
18 31.60° 32.70°  33.33%  30.70°  31.90° 34.57°
19 32.97° 31.60° 3293  29.03° 31.20° 34.23%
20 33.60° 32.97° 3297 2997°  31.77° 34.83?%
21 33.23% 33.60°  33.40°  31.17° 32.40° 34.90%

22 35.57* 33.23°  33.17°  31.23° 3203  34.57°
Minimum 28.70 28.94 28.80 28.70 28.40 29.90
Maximum 36.70 37.10 35.50 3591 36.40 37.00

SEM 0.12 0.71 0.81 0.88 0.95 0.39

ab: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.4.4Paused incubation temperature duration at late embryogenesis in
Japanesequails

Table 4.31 shows the hourly incubation temperature pausing duration in late stages of
Japanese quails embryogenesis. There were significant differences (P<0.05) in all the
mean values of all the parameters measured across the treatments except at 0, 4™ and 5"
hour, when the ambient temperature was seemingly constant. At 0 hour, the mean values
were close to the treatments’ calibrated values but gradually dropped from the 1% hour to
the 51 hour, when as low as between 27.83(Tyy) and 29.23°C (Tv) that were similar to the
ambient temperature whichvaried from 28.57%(Ty) to 29.43°C(Ty;) were recorded.
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Table 4.31: Incubation temperature pausing duration at late embryogenesis in

Japanese quails

Treatments
Parameters Ty T T Trv Ty Tvi

Pausing Control
time (hr) Temperature (38°C) 36°C 37°C 38°C 39°C 40°C SEM
0 Incubation 38.20"°  35.87% 36.97°7 37.83" 3877 39.50° 0.32
Ambient 29.17 20.63 2883  28.83 2870 2977 0.1
1 Incubation 38.17°  35.00° 36.03" 36.13™ 37.07" 3837° 0.35
Ambient 2990  30.67° 30.27° 30.80* 29.97° 32.00° 0.23
2 Incubation 38.20°  32.67°  33.40°  33.77°  33.17° 3443 0.56
Ambient 31.10° 3242 31.07°  31.43°  31.80" 33.73* 0.32
3 Incubation 38.17°  31.00° 31.17°  31.33°  30.57° 31.30° 0.74
Ambient 32,53 3267 31.43°  31.43° 3290 34.73* 0.39
4 Incubation 38.13*  29.80° 29.70° 29.57° 29.40° 29.47° 0.83
Ambient 30.83 29.67 2993  30.00 2990  31.00 0.44
5 Incubation 38.10°  27.83° 28.97° 29.03° 28.97° 2923 0.94
Ambient 29.10 2043 2887  28.87 2857 2923 033

abcd: Mean values on the same row with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.4.5 Incubation relative humidity during incubation temperature alteration at late
embryogenesis in Japanese quails

Table 4.32 provides the daily incubation relative humidity during late embryogenesis in

Japanese quails. There were statistical differences (P<0.05) in all the mean values across

the treatments with minimum values varying from 17.00% (Ty) to 41.00% (Tyv) while the

maximum values varied between 45.00 (Ty, Tyi) and 61.00% (Tyy).
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Table 4.32:Incubation relative humidity during incubation temperature alterationat

late embryogenesis in Japanese quails

Treatments (%)
T T T Tiwv Tv Twvi
Control
Embryonic day  (38°C) 36°C 37°C 38°C 39°C 40°C

0 32.00¢ 39.00° 39.00° 51.67% 35.33° 44.33°
1 31.00¢ 39.67° 39.00° 53.67% 35.67° 42.67°
2 31.00¢ 41.00° 39.00° 49.33° 35.67° 38.67°
3 25.00° 41.67° 38.33° 49.33° 38.67° 32.67°
4 28.67¢ 39.00° 33.67° 48.33° 31.67° 31.00°
5 29.00¢ 41.67° 36.00° 49.33° 34.00° 32.33°
6 29.67¢ 44.00° 43.33? 50.67° 40.67% 36.00°
7 32.33¢ 44.00° 40.00° 52.00% 38.67° 37.00°
8 27.67¢ 44.67° 40.67° 54.33% 39.33° 36.67°
9 32.00¢ 45.67° 45.00° 54.00% 43.67° 41.00°
10 31.00¢ 47.00° 43.33° 53.67% 42.00° 41.33°
11 37.00° 46.33° 46.33° 52.33% 42.33% 39.33%
12 38.33° 48.00° 45.00° 55.00% 44.00° 45.00°
13 44.33° 44.33% 42.67 55.00% 39.33° 38.00°
14 44.33° 40.00° 33.00° 49.00° 29.334 29.33¢
15 41.33° 41.67° 38.33° 45.67° 35.67° 32.33°
16 36.67° 41.00° 35.33¢ 49.00° 31.67° 31.67°
17 29.00¢ 43.67° 40.33° 51.00% 35.33° 33.33°
18 29.33¢ 41.00° 34.00° 49.33° 20.67° 30.67°
19 48.33% 33.33¢ 28.67¢ 43.33° 17.33° 26.00°
20 36.00° 38.33° 32.33° 45.00° 28.334 29.67°
21 29.334 39.00° 34.00° 46.33° 29.67¢ 30.00°

22 24.33° 38.33° 45.00° 45.00° 29.67¢ 27.00°
Minimum 23.00 30.00 28.00 41.00 17.00 27.00
Maximum 50.00 50.00 47.00 61.00 45.00 45.00

SEM 0.49 0.54 0.62 0.77 0.73 0.18

abcde: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.4.6 Ambient relative humidity during incubation temperature alteration at late
embryogenesis in Japanese quails

The daily ambient relative humidity during late embryogenesis in Japanese quails is given

in Table 4.33. There were significant differences (P<0.05) in all the mean values across

the treatments. Meanwhile, the minimum values ranged from 27.00 (Ty) to 47.00% (Ty)

and the maximum values were between 45.00 (Ty) and 56.00% (T, T, Ty, Tvi)

throughout the incubation period.
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Table 4.33: Ambient relative humidity during incubation temperature alterationat

late embryogenesis in Japanese quails

Treatments(%)
Ty T T Tiwv Tv Twvi
Control
Embryonic day (38°C) 36°C 37°C 38°C 39°C 40°C

0 44.33% 4433*  51.67° 47.67° 51.67° 50.33°
1 42.67° 42.67°  53.67° 48.67° 53.67° 50.67°
2 38.67° 38.67° 49.33%  50.67° 49.33°  52.00°
3 38.67° 32.67°  49.33%  5133*  49.33° 54.33%
4 32.67¢ 31.00°  4833%  53.67° 4833°  54.00°
5 31.00° 32.33°  4933%  5433% 4933 53.67°
6 32.33¢ 36.00°  50.67*° 52.67* 50.67° 52.33%
7 36.00° 37.00°  52.00° 53.00° 52.00° 55.00°
8 37.00° 36.67°  54.33%  54.67*° 5433  55.00°
9 36.67° 41.00° 54.00° 55.00° 54.00° 51.67°
10 41.00° 41.33*  53.67°  52.67*° 53.67° 53.33°
11 41.33° 3933°  5233%  51.67° 5233 52.00°
12 39.33° 45.00° 55.00° 53.67* 55.00° 45.67°
13 45.00° 38.00°  55.00° 4933°  55.00° 49.00°
14 38.00° 29339 49.00° 51.00* 49.00°  51.00°
15 29.33¢ 32.33°  45.67°  50.67° 45.67° 49.33°
16 32.33¢ 31.67°  49.00° 51.33*  49.00° 43.33°
17 31.67° 33.33°  51.00°  53.67° 51.00° 45.00°
18 33.33¢ 30.67°  49.33% 5433 4933°  46.33°
19 30.67° 29339 4333° 5267 43.33°  43.00°
20 29.334 29.679  45.00° 53.00° 45.00° 42.67°
21 29.67¢ 30.00°  4633° 5467  4633° 3533°
22 30.00° 27.009  45.00° 52.67° 45.00° 32.67°
Minimum 29.00 27.00  43.00  47.00  43.00  32.00
Maximum 46.00 4500  56.00 56.00 56.00  56.00
SEM 1.37 0.57 1.03 0.88 1.43 0.92

abcd: Mean values on the same column with different superscript differ statistically at 5% probability test;

SEM: Standard error of means.
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4.4.7 Brooding temperature and relative humidity of Japanese quail chicks hatched
at manipulated incubation temperature in late embryogenesis
The brooding temperature and relative humidity of Japanese quail chicks hatched at
manipulated incubation temperature in late embryogenesis are shown in table 4.34. The
mean values were not significantly different (P>0.05) in all the parameters measured
across the treatments. However, the brooding penmean temperature ranged from 33.95
(week 3) to 34.84°C (week 1), while the ambient temperature varied from 28.38°C (week
1) to 28.54°C. Itwas observed that brooding pen and ambient relative humidity values

varied from 70.16 to 71.67% and 71.93 to 72.71% respectively.
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Table 4.34: Brooding temperature and relative humidity during brooding of Japanesequail chicks hatched at

manipulated incubation temperaturein late embryogenesis

Brooding period

Week 1 Week 2 Week 3
Parameters Mean Min Max SEM Mean Min Max SEM Mean Min Max SEM
Temperature (°C)
Brooding pen 34.84 26.20 3520 0.18 34.66 2620 3520 0.21 33.95 2620 3420 0.18
Ambient 28.38 27.60 30.10 0.14 2854 27.60 30.10 0.12 28.52  27.60 30.10 0.13
Relative humidity (%)
Brooding pen 70.16 64.00 82.00 0.86 71.09 64.00 82.00 0.88 71.67 64.00 82.00 0.87
Ambient 72.44 64.00 81.00 0.79 7193 64.00 81.00 0.78 72.71 64.00 81.00 0.76

Min: Minimum; Max: Maximum; SEM: Standard error of mean.
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4.4.8 Physiological status of Japanese quail eggs subjected to paused incubation
temperature at late embryogenesis
Presented in table 3.35 is the physiological status of Japanese quail eggs subjected to
paused incubation temperature during late embryogenesis, hatchability and chick yield.
There were statistical variations (P<0.05) in all the mean values of the parameters
monitored except in total egg weight, average egg weight, pipped and dead embryos as
well as pipped and alive but not able to emerge embryos. The incubation period was 17
days in all the treatments except the eggs in Ty that hatched on incubation day 18.
While pipped and alive but not able to emerge embryos occurred only in Ty, pipped and
dead embryos ranged from 0.67 to 1.67 and fully developed but dead embryos varied
between 0.33 and 3.67. The fertile eggs ranged from 7.00 (Tvyy) to 24.00 (Tyy), hatched
chicks (7.33 to 16.33), average egg weight (9.80 to 10.27g) and average chick weight was
between 4.83 and 6.85g. While hatchability was absolutely zero in Ty and Ty, it was as
high as 81.25% in T}, fairly followed by 70.96%,68.04%, and 62.69% in Tyy, Ty and Ty
in that order. Meanwhile, chick yield was highest (67.49%) in Ty, closely followed by
66.69% (T), 60.66% (Ty) and 47.72%(Tv).
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Table 4.35:Physiological status of Japanese quail eggs subjected to paused

incubation temperature during late embryogenesis

Treatments

Ty Ty Tm Trv Ty Twvi

Control
Parameters (38°C)  36°C 37°C 38°C 39°C 40°C SEM
Total eggs set 102 102 102 102 102 102 -
TEW (g) 1038.18  1048.61  1029.16  1033.48  1022.97 1000.40  15.99
AEW (g) 10.17 10.27 10.09 10.12 10.03 9.80 0.04
IP (days) 17 18 17 17 - - -
Unfertile eggs: No evidence of embryo growth
Infertile eggs 12.33* 333 2.66° 2.67° 9.66" 9.00° 1.17
Caked eggs 467° 6.67™ 4.67° 12.33*  8.37% 13.00° 1.11
NCWFN 6.33*  1.67° 2.67° 8.67° 2.64° 5.00° 0.67
Fertile eggs: Evidence of embryo growth
EDE 1.67° 4.00* 2.33° 2.00° 9.67" 7.00° 1.09
FDDE 0.33° 2.33° 3.67° 0.33° 3.67° 0.00° 0.53
PDE 0.00 1.67 1.67 0.67 0.00 0.00 0.29
PAE 0.00 0.33 0.00 0.00 0.00 0.00 0.05
Hatched chicks ~ 8.67° 14.00*  16.33 7.33 0.00° 0.00° 1.68
Fertile eggs 10.67°  22.33*  24.00° 10.33¢ 1333 7.00° 1.91
Fertility (%) 31.40°  65.70°  70.57° 30.37° 3920 20.59°  5.83
Hatchability and chick yield
Hatchability (%) 81.25°  62.69*°  68.04* 70.96°  0.00 0.00° 9.25
TCW (g) 5339 95.64*  110.70° 53.15°  0.00° 0.00° 11.47
ACW(g) 6.17* 6.85° 6.81° 4.83 0.00° 0.00° 0.79
Chick yield (%) 60.66°  66.69°  67.49° 47.72*  0.00° 0.00° 7.88

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; SEM:

Standard error of means; TEW: Total egg weight; AEW: Average egg weight; IP: Incubation period;
NCWEFN: Not clear whether fertile eggs or not; EDE: Early dead embryos; FDDE: Fully developed but dead

embryos; PDE: Pipped and dead embryos; PAE: Pipped and alive but not able to emerge embryos; TCW:

Total chick weight; ACW: Average chick weight.
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4.4.9 Post-hatchperformance of Japanese quail chicks subjected to paused

incubation temperature at late embryogenesis

4.4.9.1 Feed intake by Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

Daily feed intake by Japanese quail chicks subjected to paused temperature during late
embryogenesis is expressed in table 4.36. There were statistical variations (P<0.05) in all
the mean values of the parameters measured across the treatments. It was observed that the
population size was gradually reducing weekly due to consistent chick mortality across the
treatments. Nevertheless, the feed intake value was increasing with age among all the
birds across the treatments. In week 2, feed intake per group of chicks ranged from
196.67g (T1y) to 443.02g (Tyy), feed intake per chick varied from 7.89g (Ty) to 9.99¢g
(Trv). A similar trend was maintained at 3 to 6 weeks of age, when the feed intake value

per group as well as per chick was superior in Tyy.
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Table 4.36: Feed intake by Japanese quail chicks subjected to paused incubation

temperature during late embryogenesis

Treatments
T Tn T Ty Ty Tvi
Control
Week Parameters 38°C 36°C 37°C 38°C  39°C 40°C SEM
1 No. of chicks 46 44 49 22 - - -
Feed intake/group (g) ND ND ND ND ND ND ND
Feed intake/chick (g) ND ND ND ND ND ND ND
2 No. of chicks 23 31 44 18 - - -
Feed intake/group (g)  206.81°  231.05°  443.02° 196.67° 0.00c 0.00° 4.97
Feed intake/chick (g)  8.94 7.89° 9.86°  9.99°  0.00° 0.00° 1.08
3 No. of chicks 23 28 43 18 - - -
Feed intake/group (g)  210.71°  253.86°  411.00*° 199.35° 0.00° 0.00° 7.69
Feed intake/chick (g)  9.64° 9.02° 976"  10.87*  0.00° 0.00° 0.65
4 No. of chicks 23 19 43 14 - - -
Feed intake/group (g)  272.85°  218.78™  463.07° 171.07° 0.00° 0.00° 9.20
Feed intake/chick (g)  11.71° 11.49° 10.80°  9.01*  0.00° 0.00° 1.44
5 No. of chicks 22 14 37 12 - - -
Feed intake/group (g)  257.07°  204.00°  421.57* 156.71° 0.00 0.00° 9.27
Feed intake/chick (g)  11.99*  14.09*  11.88* 12.98" 0.00° 0.00° 2.11
6 No. of chicks 19 11 33 10 - - -
Feed intake/group (g)  292.00°  150.21°  453.14* 164.78° 0.00° 0.00° 8.76
Feed intake/chick (g)  15.04*  13.70*  13.69* 16.01° 0.00° 0.00° 1.08

abcd: Mean values on the same row with different superscript differ statistically at 5% probability test;
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4.4.9.2 Growth pattern of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

Table 4.37 presents the weekly growth pattern of Japanese quail chicks subjected to
paused incubation temperature at late embryogenesis. The mean values of all the
parameters measured differed significantly (P<0.05) across the treatments. The weight
values were increasing with age, indicating that the chicks were gaining weight except in
week 4, when the values dropped tremendously across the treatments, apart from Ty that
was still increasing, probably due to late hatching. In week 5, a similar trend was
maintained across the treatments, implying that the birds have seemingly attained full
growth except for Ty that was apparently higher (11.96g) compared to a range of 7.79 to
9.99¢g recorded in Tyy, Ty, and Ty.
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temperature at late embryogenesis

Table 4.37: Growth pattern of Japanese quail chicks subjected to paused incubation

Treatments
T Tn T Ty Ty Tvi
Control
Week Parameters 38°C 36°C 37°C 38°C 39°C 40°C SEM
1 No. of chicks 46 44 49 22 - - -
Weight/group (g) 304.67°  290.32°  330.11*  159.44° 0.00° 0.00° 1.98
Weight/chick (g) 6.57° 6.67° 6.77* 7.25°  0.00° 0.00° 3.87
Absolute growth rate 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 No. of chicks 23 31 44 18 - - -
Weight/group (g) 777.66°  938.06°  1601.44* 605.26° 0.00° 0.00° 92.19
Relative growth rate 3323 30.95¢ 3493 3277°  0.00° 0.00° 2.10
Absolute growth rate (g)  26.36°  24.96°  28.42°  26.00° 0.00° 0.00° 6.39
3 No. of chicks 23 28 43 18 0.00°  0.00°
Weight/group (g) 1140.61°  1214.23° 2232.06* 865.14° 0.00° 0.00° 10.48
Relative growth rate 4847°  4326° 5097  50.07°  0.00° 0.00° 2.10
Absolute growth rate (g)  15.36" 13.96° 16.42° 15.00° 0.00® 0.00° 923
4 No. of chicks 23 19 43 14 - - -
Weight/group (g) 1333.11°  1120.91° 2662.90*° 965.75° 0.00° 0.00° 14.95
Relative growth rate 57.94° 5893  61.68°  62.63° 0.00° 0.00° 7.32
Absolute growth rate (g)  10.36° 15.96" 10.42° 12.49°  0.00® 0.00 4.05
5 No. of chicks 22 14 37 12 - - -
Weight/group (g) 1589.46° 1017.17° 2977.04* 965.15% 0.00° 0.00° 22.95
Relative growth rate 69.91°  68.79°  68.88°  70.89° 0.00° 0.00° 4.11
Absolute growth rate (g)  9.99" 11.96¢*  7.79° 8.37°  0.00° 0.00° 8.44
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SEM: Standard error of means; Group: Represent total number of birds per treatments.

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;



4.4.9.3 Blood profiles of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

The blood profiles of Japanese quail chicks subjected to paused incubation temperature at
late embryogenesis is shown in table 4.38. There were significant differences (P<0.05) in
all the parameters evaluated, except in monocytes which were recorded only in Ty and
eosinophil that varied between 0.50% (Tyy) and 1.33% (Tyy). Packed cell volume ranged
from (22.83%) in Ty to 50.50% in Ty, red blood cells (1.72 to 3.42x10'%/L), white blood
cells (2.98 to 9.55x 10°/L), haemoglobin (7.22 to 16.82g/dL), neutrophil (37.83 to
79.17%) and lymphocytes was lowest (10.67%) in both Ty and Tyy, compared to 24.83%
and 19.83% recorded in Ty and Ty, respectively.
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Table 4.38: Blood profiles of Japanese quail chicks subjected to paused incubation

temperature at late embryogenesis

Treatments Statistics

TI TII TIII TIV TV TVI

Control Overall
Parameters (38°C) 36°C 37°C 38°C 39°C 40°C Min Max mean SEM
No. of birds 5 5 6 3 0 0 - - - -
PCV (%) 29.83° 50.50* 48.33* 22.83° 0.00° 0.00° 0.00 60.00 2525 @ 4.12
RBC (x10'*/L) 2.38" 3.42°  342* 172 0.00° 0.00° 0.00 430 1.82 2.30
WBC (x10°/L)  6.52% 9.10° 9.55* 298> 0.00° 0.00° 0.00 14.60 4.69 3.21
HB(g/dL) 9.87° 16.82* 16.18* 7.22° 0.00° 0.00° 0.00 2040 8.34 1.36
Neut (%) 55.33% 7500 79.17*  37.83° 0.00° 0.00° 0.00 87.00 4122  6.64
Lym (%) 10.67° 24.83" 19.83" 10.67° 0.00° 0.00° 0.00 37.00 11.00 1.94
Mono (%) 0.00 0.00 0.17 0.00 0.00 000 000 1.00 003 0.03
Eosino% 0.67 0.17  0.50 133 000 000 000 500 044 0.18

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:

Minimum value; Max: Maximum value; SEM: Standard error of means; PVC: Packed cell volume; RBC:

Red blood cells; WBC: White blood cells; HB: Haemoglobin; Neut:Neutrophils; Lym: Lymphocytes; Mono:

Monocytes; Eosin: Eosinophil.
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4.4.9.4 Serum biochemistry of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

Provided in table 4.39 is the serum biochemistry of Japanese quail chicks subjected to
paused incubation temperature at late embryogenesis. There were significant differences
(P<0.05) in all the parameters determined and it was observed that Ty values were
predominantly superior in each case. Nonetheless, the alanine aminotransferase ranged
from 4.67 to 10.17U/L, the total protein varied from 24.76 to 48.76g/L and albumin was
from 12.07 to 18.88g/L. The creatinine varied from 20.93 to 52.57Umol/L whereas,
cholesterol was 127.99mg/dL, 121.75mg/dL, 102.63mg/dL and 101.07mg/dL in Tyy, Ty,
Ty, and Tyy accordingly.
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Table 4.39: Serum biochemistry of Japanese quail chicks subjected to paused incubation temperature

at late embryogenesis

Treatments Statistics
TI TII Tlll TIV TV TVI Overall

Parameter Control 38C 36°C 37°C 38°C 39°C 40°C Min Max mean SEM
No. of birds 5 5 6 3 0 0 - - - -
ALT(U/L) 4.67° 6.17°°  10.17*  5.50° 0.00°  0.00° 0.00 15.00 4.42 0.80
TP (g/L) 31.63% 38.18" 4876 24.31°  0.00°  0.00° 0.00 5258 23.81  3.87
ALB (g/L) 14.24 14.15*  18.88*  12.07*  0.00°  0.00° 0.00 2553  9.89 1.64
CREAT (Umol/L) 40.02% 41.08"® 5257 2093  0.00°  0.00° 0.00 6648 2577  4.39
CHOL (Mg/dL)  121.75° 102.63*  127.99* 101.07°  0.00°  0.00° 0.00 240.80 75.57  13.45

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min: Minimum value;

Max: Maximum value; SEM: Standard error of means; ALT: Alanine aminotransferase; TP: Total protein; ALB: Albumin;

CREAT: Creatinine; CHOL: Cholesterol.
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4.4.9.5 Sexual maturity, sex reversal, carcass quality and organs weight of Japanese
quails subjected to paused incubation temperature at late embryogenesis

Table 4.40 shows sexual maturity, carcass quality and organs weight of Japanese quail
chicks subjected to paused incubation temperature at late embryogenesis. There were
statistical differences (P<0.05) in all the parameters measured, except the formed eggs that
were only found in Ty The hens in Ty were the first to start laying eggs at the age of 5
weeks, followed by the birds in Ty at 6 weeks old and Ty at 7 weeks old. Although there
were yolks found in the uteri of the hens sacrificed in Tyy, they did not lay any egg at the
age of 7 weeks. Fully formed eggs that were purely white (without pigmentation) were
found only in the uteri of hens in Tyy.

There was no case of reversed sex in any of the birds across the treatments and the sex
ratio (male: female) was 7:12, 7:4, 10:13 and 0:10 in Ty, Ty, Ty and Tpy in that order.
While the live weight ranged from 61.71g (Tyy) to 108.85¢g in Ty, the carcass weight was
highest (75.63g) in Ty, followed by 62.14g (Ty), 51.05g (Ty) and the dressing percentage
varied between 67.20% (Ty) and 69.21% in Tyy. The gizzard weight was highest (3.45g)
in Ty and least (2.02g) in Tyy, liver weight ranged from 1.45g (Ty) to 2.32¢g (T)) while,
the heart weight varied between 0.49 and 0.91g, the right testis mean weight ranged from
0.45 to 0.74g and the left testis weight was between 0.44 and 0.80g.
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Table 4.40: Sexual maturity, sex reversal, carcass quality and organs weight of Japanese

quail subjected to paused incubation temperature at late embryogenesis

Treatments

Ty Ty Tm Trv Tv Twi

Control
Parameters (38°C)  36°C  37°C 38°C  39°C  40°C SEM
Sexual maturity
Age at point of lay (wk) 5 6 7 - - - -
Yolk 1.17° 0.17°  0.92* 1.42°  0.00° 0.00° 0.14
Formed eggs 0.00 0.00 0.08 0.00 0.00  0.00  0.01
Sex ratio (M : F) 7:12 7:4 10:13 0:10 0 0 -
Sex M —F 0 0 0 0 0 0 -
Reversal F — M 0 0 0 0 0 0 -
Carcass quality (g)
No. of birds 10 9 12 6 - - -
Live weight 90.69 7596 108.85* 61.71° 0.00° 0.00° 6.62
Bled weight 87.11°  72.67° 104.22*  59.10° 0.00° 0.00° 6.34
Def. weight 7523 62.87°  91.62°  52.24°  0.00° 0.00° 5.57
Carcass weight 62.14*  51.05° 75.63"  43.53°  0.00° 0.00° 4.62
D. percentage (%) 68.86"  67.20° 69.05*  69.21*  0.00° 0.00° 4.08
Organs weight (g)
Gizzard weight 3.02% 234" 3.45° 2.02°  0.00° 0.00° 0.2
Liver weight 2.32° 1.62° 228 1.45°  0.00° 0.00° 0.17
Heart 0.78% 0.62™  0.91° 0.49°  0.00° 0.00° 0.06
Testes  Right 0.45% 0.52°  0.74° 0.00°>  0.00° 0.00° 0.07
weight  Left 0.44% 0.71*  0.80° 0.00°  0.00° 0.00° 0.08

abcd: Mean values on the same row with different superscript differ statistically at 5% probability test;

SEM: Standard error of means; D. percentage: Dressing percentage; Def. weight: Defeathered weight.
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4.4.9.6 Mortality of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

Presented in table 4.41 is the mortality of Japanese quail chicks that were subjected to
paused incubation temperature at late embryogenesis. There were no significant
differences (P>0.05) in the mean values across the treatments except, during the brooding
period (week 1 to 3), when mortality was highest (9.92) in Ty, followed by 8.75 (T),
5.80 (Tr) and 2.17 (T;). At 3 — 4 weeks of age, more chicks (1.60) died in Ty, slightly
followed by 1.50 in Ty and the least (0.60) was recorded in T;. At 4 — 5 weeks of age,
highest mean mortality value (1.20) was recorded in Ty with the least value (0.40) in Ty,

whereas at 5 — 6 weeks of age, the mortality varied from 0.40 in Ty to 1.00 in Tyy.
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Table 4.41: Mortality of Japanese quail chicks subjected to paused incubation

temperature at late embryogenesis

Treatments Statistics
TI TII TIII TIV TV TVI
Control
Age (week) (38°C) 36°C 37°C 38°C 39°C 40°C Min Max SEM

1-3 2.17% 9.92*  8.75® 5.80™ 0.00° 0.00° 0.00 20.00 1.08
3.4 0.60 150  1.60 133 000 000 000 7.00 038
4-5 0.40 083 120 0.67 0.00 0.00 000 400 023
5-6 0.80 083 040 1.00 0.00 0.00 000 3.00 022

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;

Min: Minimum value; Max: Maximum value; SEM: Standard error of means.
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4.4.9.7 Survival rate of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis

Table 4.42 shows the survival rate of Japanese quail chicks subjected to paused incubation
temperature at late embryogenesis. There were significant differences (P<0.05) in all the
parameters monitored. More hatchlings (16.33) were recorded in Ty, slightly followed by
14.00, 8.67 and 7.33 in Ty, T; and Ty and there was no hatching (absolutely zero
hatchability) in Ty and Ty;. More chicks (11.33) were lost in Ty, compared to a range of
3.67 to 7.00 recorded in Ty, Tyv and Ty, respectively. Highest mortality rate (81.33%) was
observed in Ty, followed by 45.57%, 44.03% and 40.00% in Tyy, Tiy and Ty, respectively.
The survival rate was best (59.20%) in Ty, slightly followed by 55.97% (Ty), 54.43%
(Twv) and 18.67% in Ty
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Table 4.42: Survival rate of Japanese quail chicks subjected to paused incubation

temperature at late embryogenesis

Treatments Statistics
TI TII Tlll TIV TV TVI
Control
Parameters 38°C 36°C 37°C  38°C 39°C 40°C Min Max SEM

Hatched chicks 8.67° 14.00® 1633 7.33°  0.00° 0.00° 0.00 22.00 1.68
Chick mortality ~ 3.67°  11.33*  7.00° 5.00° 0.00° 0.00° 0.00 12.00 1.05
Mortality rate (%) 40.80°  81.33*  44.03° 45.57° 0.00° 0.00° 0.00 8570 7.74
Survival rate (%)  59.20*  18.67°  55.97* 54.43" 0.00° 0.00° 0.00 75.00 6.18

abc: Mean values on the same row with different superscript differ statistically at 5% probability test; Min:

Minimum value;Max: Maximum value; SEM: Standard error of means.
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4.4.10 Discussion

4.4.11Incubation temperature pausing during late embryogenesis in Japanese quail

sex reversal

It was shown that incubation temperature on embryonic days 11, 12 and 13 dropped to 26
—36°C in all the treatment incubators except the Control. This waswithin the range given
by Conway and Thomas (2000) as physiological zero temperature. This observation
suggested that the embryo growth and development were only slow and not possibly
impaired. This lent more credence to the report of Fasenko (2007) that some cellular
metabolic processes still continue in the developing embryo but gross morphological
changes like shape and structure maybe arrested. Similarly, this observation conformed to
the report of Boerjan (2016) that described physiological zero temperature as
incubationtemperaturelow enough to maintain embryonic cell activity at a greatly reduced
rate yet reversible level when normalcy is restored.Thus, may not cause developmental
abnormalities rather, there might be swift development of the opposite sex features, that
were initially rudimentary leading to sex reversal. However, this was not observed in the
study possibly because of the relatively short period of 5 hours that the incubation
temperature was paused.

On other embryonic days, the incubation temperature was observed to fluctuate within a
range of 0.03 — 0.80°C across all the treatments including control, which was higher than
0.03 — 0.05°C that Poultry Hub (2018) reported as normal in avian eggs incubation. This
seemingly uncontrollable circumstance could be due to partial heat production, even when
the thermostat has shut down the heating device and partly due to ambient weather
conditions that apparently determined the rate of heat loss in the incubators. During the
incubation temperature pausing, that lasted for 5 hours on each of the embryonic days 11,
12 and 13, it was observed that the temperature gradually declined swiftly over time, until
both incubation and ambient temperatures were at equilibrium. The observed ambient
temperature range of 29.4 — 36.8°C across the treatments, was similar to the predicted
range of 20 — 21°C expected to prevail during that season of the year (June/July) in Jos,
Plateau State (EUMETSAT, 2018). Therefore, the microclimatic conditions required, that

necessitated the experimental site were apparently observed. The incubation and ambient
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relative humidity values were close, suggesting that the water supplied in the incubators
was probably insufficient and maybe there was poor air circulation within the incubators.
This observation apparently did not affect the growth and development of Japanese quails
as incubation period was still within 16 and 18 days reported to be normal (Sellier et al.,
2006; Romao et al. (2009b). The incubated egg weight was comparable to 9.62g reported
in Japanese quails by Al-Shammari et al. (2019) hence the eggs used in this study were
probably normal. Although, there was hatching failure in Ty and Ty; with very few
hatchlings in other treatments, hatchability of approximately 60 — 80% was within a range
speculated to be normal in avian species (Duman and Sekeroglu, 2017; Sousa de Aratjo et
al., 2017). However, the chick yield was relatively poor in T}y, while others were similar
to 60 — 70% reported to be normal in Japanese quails (Romao et al., 2009b; The Poultry
Site, 2014a; Aviagen 2015). The observed hatching failure in Ty and Ty; could be largely
due to the incubation temperature manipulation that eventually led to irreversible growth
and development even death of the embryos in ovo (Shubber et al., 2012). Also, it could
be partly due to low egg fertility recorded in Ty, Ty and Ty;. This evidently supported the
report of Boerjan (2016) that wide fluctuation in incubation temperature, will result in
death of embryos in Japanese quails. The unhatched eggs when opened showed that some
of them were “caked” probably due to crack leading to excessive moisture loss and
“infertile” probably due to inappropriate sex ratio in the flock, mating failure and
nutritional plane of the hens. Whereas, “not clear whether fertile or not” eggs were
perhaps due to failure of the zygote to cleave, differentiate resulting in death of the zygote
thus, difficult to determine whether the eggs were fertile or not.

In some other unhatched eggs opened, it was observed that the embryos were at different
phases of growth and development, that were described as either “early dead embryos”,
“fully developed but dead embryos”, “pipped and dead embryos” or “pipped and alive but
not able to emerge embryos”. These physiological statuses of the developing embryos,
were observed in all the treatments except “pipped and alive but not able to emerge
embryos” that was only recorded in Tj; which could be a mere coincidence. According to
Romao et al. (2009b) and Yilmaz et al. (2011), embryo death is a common incidence in
avian species during eggs incubation, thus it may not be as a result of the incubation

temperature that was manipulated during late embryogenesis in Japanese quails. This
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probably buttressed the report of Woodard et al. (1973) that most embryonic deaths
happen during the first 8 days of incubation, due to the inability of the developing embryo
to form a vital organ or a malfunction of its development.The brooding temperature was
within the range of 19 — 33°C, recommended for avian chick brooding and the relative
humidity during the brooding period was close to that of the ambient, but both values were
within 30 — 70% recommended for avian species brooding (Bourne, 2016). In any case,
the observations were within ambient temperature of 20 — 27°C and relative humidity of
66 — 83%, predicted to prevail at that time of the year (June/July) in Jos, Plateau State
((EUMETSAT, 2018)), thus, the microclimatic conditions required for this study was
probably achieved. Consequently, the unique nature of results recorded seemingly
buttressed the observation of Renwick and Washburn (1982), who revealed that brooding
broiler chicks under cool temperatures (26.7 — 32.2°C), raised mortality rate and reduced
feed efficiency. It was stated that fast-growing chicks were mainly sensitive to low
temperatures and those under low temperature conditions had limited capacity to meet
their oxygen requirements leading to the high incidence of ascites (Olkowski et al., 2005;
Druyan et al., 2007). The feed intake was increasing with the age of the birds and the
values were comparatively lower than 23.3 — 30g (week 1), 38 — 57g (week 2) and 56.7 —
92g (week 3) as well as 85 — 127.3g (week 4) and 87 — 166.3g (week 5) reported (Rashid
et al., 2016) in Japanese quails of similar age and treatment conditions. But, the recorded
values were close to 10.56g, 10.39¢g, 8.93g and 8.87g in weeks 3, 4, 5 and 6 reported
(Adesina, 2013) when Japanese quails were fed sundried edible frog meal. This
observation probably culminated in similar trend in growth rate but at 4 weeks old, it was
observed that the growth rate gradually declined, suggesting that the birds probably
attained “growth spurt” which Hossner (2005) and Versele-Laga, (2018) stated is bound to
occur in animals’ lifetime. Therefore, inclusion level of protein source may be reduced at
4 weeks of age in Japanese quails however the energy level may be maintained or
increased in order to meet the energy requirement of the birds at this growth phase.

The blood profiles of the birds subjected to incubation temperature during late
embryogenesis, revealed that values of packed cell volume, red blood cells, white blood
cells, haemoglobin, neutrophils, lymphocytes, monocytes and eosinophil were similar to

the values reported in normal healthy Japanese quails (Fudge, 2000; Samour, 2006;

187



Bickford, 2007). However, packed cell volume and red blood cells were close to 47.21%
and 3.51 x 10'%/L, respectively, but haemoglobin was lower than 20.59g/dL reported in
Japanese quails subjected to high environmental temperature (Fathi et al., 2019). The
serum alanine aminotransferase, total protein, albumin, creatinine and cholesterol values
were within a range reported to be normal in healthy avian species (Sakas, 2002; Mnisi
and Mlambo, 2017). On the other hand, cholesterol was less than 198.47mg/dL recorded
in Japanese quails reared under high environmental temperature (Fathi ef al., 2019). Since
the physiological integrity of the birds was probably intact with little or no detrimental
effects, paused incubation temperature during late embryogenesis in Japanese quails, may
not hamper vital organs functions. The hens started laying eggs later than 5 weeks of age
reported by Al-Shammari et al. (2019) as age at first egg drop thus, altered incubation
temperature during late embryogenesis in Japanese quails may influence sexual
maturity. The apparent delay in the hens in Ty and Ty to start laying eggs and no laying at
all in Ty at the age of 7 weeks may purely be as a result of the treatment, more so that
formed eggs were only found in Ty at the same age. Since yolk was found in all the
treatments, it probably indicated that their reproductive potentials were only distorted but
not impaired. This observation contradicted several reports, that egg lay commenced at 4 —
6 weeks of age in Japanese quails (Woodard et al., 1973; Randall, 2008; Al-Shammari et
al. 2019; Krishnan (2019). It was shown that there was no cock among the birds in Ty yet
there were more hens in all the other treatments except Ty. This apparently strengthened
the reports of G6th and Booth (2005) and Eiby et al. (2008) that more hens hatched in
avian species at high incubation temperature. There was no case of sex reversal in any of
the treatments, suggesting that incubation temperature paused for 5 hours during late
embryogenesis, may not reverse sex in Japanese quails. The carcass qualityindices
revealed that the live weight, carcass weight and dressing percentage were within the
values reported (Sellier et al., 2006; Romao et al., 2009a) in normal healthy Japanese
quails at a similar age. However, the live weight was less than 223.9g reported in Japanese
quails raised in high ambient temperature yet the dressing percentage, liver and heart
values were similar (Fathi et al., 2019). As a result, the organs were apparently not
affected in all the birds across the treatments, indicating that incubation temperature

alteration during embryogenesis, may probably not elicit detrimental effects on
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physiological systems in Japanese quails. The hatching failure in Ty and Ty; could be
largely due to the relatively high incubation temperature and partly due to the incubation
temperature pausing for 5 hours on embryonic days 11, 12 and 13 disagreeing with the
observation of Elmehdawi (2013), that no adverse effects of incubation temperature
alteration on hatchability was recorded when broiler breeder eggs were subjected to low
and high incubation temperatures. The disparities could be possibly due to the incubation
temperature fluctuations range and probably due to the avian species used in the studies.
Nonetheless, the observation apparently buttressed the reports of Romao e al. (2009b),
who recorded poor hatchability in Japanese quail eggs incubated at different temperatures
and Mani et al. (2008), when Japanese quail eggs were stored for 20 days before
incubating at high incubation temperature.Even with the hatching failure in Japanese quail
eggs incubated at 39°C (Ty) and 40°C (Tyi), the hatchability at other incubation
temperatures was within a range of 76 to 88.55% recorded by Abdelfattah (2019) in
Japanese quails subjected to incubation thermal manipulations. Therefore, high incubation
temperature when paused at late embryogenesis may affect Japanese quail eggs
hatchability.

Although, there was chick mortality in all the treatments except Ty and Ty; where there
was no hatching, the seemingly depressed survival rate in Ty, could be a mere coincidence
and not probably due to the treatments. Consequently, pausing incubation temperature for
5 hours during late embryogenesis may not affect post-hatch performance in Japanese
quails. But, the none hatchability in Ty and Ty; perhaps, suggested that incubation
temperature should not be paused for as long as 5 hours particularly at high incubation

temperature (39 — 40°C) in Japanese quails.
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4.5 Results
4.5.1 Efficiency test of the fabricated incubators

4.5.2 Temperature (without alteration) and relative humidity of Japanese quail
eggs incubation

Presented in table 4.43 are the temperature (without alteration) and relative humidity
during Japanese quail eggs incubation. There were statistical variations (P<0.05) across
the treatments in all the mean values of the parameters examined. It was revealed that the
incubation temperature values were within the desired calibrated treatments values. The
ambient temperature ranged between 30.43°C in Tgy and 32.88°C in Ta;. Incubation
relative humidity values varied from 43.62%% (Tap) to 60.11% (Tpry) whereas, the
ambient relative humidity was highest (60.01%) in Tcm, followed by 58.96% (Tpw),
58.88% (T5), 49.35% (T 1), 48.93% (Try1) and 48.65% in Tgy, accordingly.
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Table 4.43: Temperature without alteration and relative humidity of Japanese quail
eggs incubation

Treatments Statistics

TAI TBII TCIII TDIV TEV TFVI

Control
Parameters (38°C) 36°C 37°C  38°C 39°C 40°C Min Max Mean SEM
IT (°C) 3826°  36.22"  37.07° 38.037 3898 40.02° 35.50 40.90 38.09  0.06
AT (°C) 32.88°  32.52*  33.22° 3127° 3043° 3274 2520 37.50 32.18  0.11
IRH (%) 43.62°  53.42° 52.03° 60.11° 49.70° 48.60° 28.00 68.00 5125  0.34
ARH (%) 4935  48.65° 60.01° 58.96" 58.88" 48.93° 3200 68.00 54.13  0.33

abcd: Mean values on the same row with different superscript differ statistically at 5% probability test;

SEM: Standard error of means; IT: Incubation temperature; AT: Ambient temperature; IRH: Incubation

relative humidity; ARH Ambient relative humidity; Min: Minimum value; Max: Maximum value.
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4.5.3 Physiological status of Japanese quail eggs incubated without incubation
temperature alteration
Table 4.44 gives the physiological status of Japanese quail eggs incubated at 36°C, 37°C,
38°C, 39°C and 40°C without altering the incubation temperature, hatchability and chick
yield. There were statistical differences (P<0.05) in all the parameters measured
except,average egg weight that varied from 9.23 to 9.65g andchick yield that ranged from
43.77 to 68.95%across the treatments.
The incubation period was delayed (24 days) in Tgy yet, it was as short as 17 days in Ty
and 18 days in Tcm, Tprv, Tev and Tgyy, respectively. Infertile eggs ranged from 2.66
(Tcm) to 11.33 (Tay), early dead embryos were more (6.00) in Tgy, slightly followed by
5.00 in T¢yy and was least (3.00) in Tgpand Ty There were more fertile eggs (17.34 and
17.00) in Tajand Tpyy, followed by a range of 10.00 to 13.33 in Tgy, T, Tev andTevr.
There were more hatched chicks (6.33) in Tuyslightly followed by5.00, 3.33, 3.07, 1.67
and 0.33 recorded in Tpry, Tem, Tev, Trvi and Ty in that order.
Average chick weight varied from 4.04g (Tgy) to 6.62g (Tcm), hatchability was best
(36.51%) in Tapfollowed by 30.70% (Tgv), 29.41% (Tpiy), 24.98% (Tcm)and3% (Tei).
While fertility rate ranged from 27.77 to 48.17%, chick mortalitywas recorded in all the
treatments but the highest value (5.67%) was in T ;.
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Table 4.44: Physiological status of Japanese quail eggs incubated at 36 — 40°C without

incubation temperature alteration, hatchability andchick yield

Treatments

TAI TBII TCIII TDIV TEV TFVI

Control
Parameters (38°C)  36°C  37°C 38°C  39°C  40°C SEM
Total eggs set 108 108 108 108 108 108 -
TEW (g) 336.25%"  332.26° 345.65" 347.50° 346.79* 333.56® 16.84
AEW (g) 9.37 9.23 9.60 9.65 9.63 9.27 0.06
IP (days) 17 24 18 18 18 18 -
Unfertile eggs: No evidence of embryo growth
Infertile eggs 11.33*  9.67°  2.66 9.00°  5.67° 833" 0.67
Caked eggs 6.67° 7.67° 836" 733> 18.67°  9.00° 0.78
NCWFN 0.66° 7.66°  11.65*°  2.67° 1.66° 567 0.26
Fertile eggs: Evidence of embryo growth
EDE 3.35° 3.00°  5.00° 3.67°  6.00°  3.00° 1.26
FDDE 2.33° 533" 333" 5.00°  0.60°  6.00° 1.03
PDE 3.66" 234 1.67° 333" 033> 233" 0.24
PAE 1.67° 0.00°  0.00° 0.00°>  0.00®  0.00° 0.16
Hatched chicks 6.33° 033  3.33° 5.00°  3.07°  1.67™ 1.17
Fertile eggs 17.34*  11.00° 13.33*  17.00° 10.00° 13.00  1.37
Fertility (%) 48.17°  30.55°  37.03°  47.22°  27.77%° 36.11°  2.90

Hatchability and chick yield
Hatchability (%) 36.51°  3.00°  24.98°  2941°  30.70° 12.84°  5.03

TCW (g) 36.86°  4.04°  28.07"  31.81* 2220° 9.23° 7.98
ACW(g) 5.82° 4.04°  6.62° 633>  5.89°  5.52° 0.19
Chick yield (%) 62.11 4377  68.95 6559  61.16  59.55 6.45
PMortality (%) 5.67° 0.11°>  2.53° 093> 061>  0.56 0.31

abcde: Mean values on the same row with different superscript differ statistically at 5% probability test;
SEM: Standard error of means; TEW: Total egg weight; AEW: Average egg weight; IP: Incubation period;
NCWEFN: Not clear whether fertile eggs or not; EDE:Early dead embryos; FDDE: Fully developed but dead
embryos; PDE: Pipped and dead embryos; ACW: Average chick weight;PAE: Pipped and alive but not able
to emerge embryos; TCW: Total chick weight;?Mortality: Data collected only during the first week of

brooding.
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4.5.4 Discussion
4.5.5 Efficiency test of the fabricated incubators

When hatching failure was recorded in Tgy and Tgyy, during incubation temperature
manipulation at early or late embryogenesis, it was deemed necessary to evaluate the
efficiency of the fabricated incubators. The incubation temperature was observed to follow
similar trends as observed in the preceding experiments (particularly Tgy and Tgy;), where
fluctuations were recorded instead of precisely the calibrated treatments values of 36 —
40°C(Mauldin and Buhr, 1995; French, 1997). Also, the ambient temperature, incubation
and ambient relative humidity values were similar to the observations recorded in the
preceding experimentsas recommended by French (2000). The incubation conditions were
similar to what Hegab and Hanafy (2019) used and described as ‘““standard” in Japanese
quails production. However, the hatchability was less than 67.4% and 78.6% reported in
what were described as “small” and “large” Japanese quail eggs.Essentially, it was
observed that hatching was recorded in all the treatments including Tgy and Tgy;, where
there was absolutely zero hatchability in the preceding experiments. So, the fabricated
incubators set at 36 to 40°C and used in this study, were apparently effective in incubating
Japanese quail eggs. Although the incubation period was prolonged up to 24 days in Tgy,
it was 17 days in Txjand uniformly 18 days in Ty, Tpry, Tev and Tryiconfirming earlier
findings on poultry incubation periods (Archer and Cartwright, 2018; Sartell, 2018). In
any case, the recorded incubation periods were more than 15 — 16 days reported
byAbdelfattah (2019), when Japanese quail eggs were subjected to 41°C and sprayed with
vitamin C during incubation. Consequently, the fabricated incubators were possibly
effective in hatching Japanese quail eggs. The cause of prolonged incubation period in Ty
1S not clear, but it could be as a result of extreme fluctuations of the incubation
temperature probably due to inconsistent power supply. On this premise, unhatched eggs
on incubation days 16 — 18, should not be evacuated immediately from the incubators.
Instead, they should be left for more time up to the 5™ or 6™ day later, in order to have
more hatchlings. Nonetheless, survivability of such late hatched chicks cannot be
guaranteed because of fatigue and exhaustion of the withdrawn unabsorbed yolk that

would have supplied nutrients even without feed for up to 3 days post-hatch.
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Essentially, “caked”, “infertile” and “not clear whether fertile or not” eggs were observed
and physiological statuses “early dead embryos”, “fully developed but dead embryos”,
“pipped and dead embryos” or “pipped and alive but not able to emerge embryos” were
similar to what was recorded in the preceding experimentsthus, lent more credence to
earlier reports (Romao ef al. (2009b; Yilmaz et al., 2011; Akpmar and Giineng
2019;Hegab and Hanafy 2019). More significantly, chick mortality during the first week
of brooding was recorded in all the treatments even higher in Taj(control)confirming
earlier findings (Musa et al. 2013; Taskin and Karadavut, 2014; Hussain et al., 2019;
Abdelfattah 2019). In view of this, it could be presumed that most likely the incubation
temperature manipulation on embryonic days 3, 4, 5, 11, 12 and 13, undoubtedly resulted
in the poor hatchability and absolute hatching failure, recorded in the preceding
experiments. Since there was chick emergence in all the treatments, particularly in Tgy

and Tpy; the fabricated incubators were probably effective throughout the study period.
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CHAPTER FIVE
SUMMARY, CONCLUSION, RECOMMENDATIONSAND CONTRIBUTION TO
KNOWLEDGE
5.1 Summary
It has been established that there is inadequate animal protein intake in Nigeria and it is
believed that increased commercial poultry production, could boost animal protein
availability and intake at affordable rate. Unfortunately, poultry species in domestication
can only incubate very few eggs at a time and Japanese quail in particular lack broody
behaviour due to high degree of domestication. Therefore, artificial incubation strategies
andexpertise are required in commercial poultry production. Artificial incubator could be
home-made (backyardproduction) or industrial (commercial capacity), in any case, it
should provide the optimum microclimate that will mimic the broody hen strategy in
natural incubation.Since a range of 37.2°C — 39.4°C has been reported as incubation
temperature in different regions of the world, depending on the poultry species, facilities
available and prevailing environmental conditions.Adoption of inappropriate incubation
temperature in those regions of the world may have resulted inhigh embryo mortality,
hatchability failure, low chick yield,poor survivability and post-hatch performance in
poultry species. Japanese quail has been accepted as a laboratory bird but, the sex cannot
be identified at day old, leading to compulsory culling of undesired sex in the flock. But it
has been reported that manipulated incubation temperature determined sex in Australian
brush-turkey therefore, it could be feasible in Japanese quails. On this premise,optimum
incubation temperature in Japanese quails was determined and the effects of alteration
ofsuch incubation temperature to enhance sex reversal, hatchability and post-hatch
performance were investigated.
Five fabricated electric incubators were used to determine the optimum incubation
temperature while the sixth electric incubator (imported as control) was included in

subsequent experiments to enhance sex reversal, hatchability and post-hatch performance.
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The experimental layout was:control: 38°C (imported incubator); Very low incubation
temperature: 36°C; Low incubation temperature: 37°C; Medium incubation temperature:
38°C; High incubation temperature: 39°C and Very high incubation temperature: 40°C.
All the incubators could automatically switch on/off at the calibrated temperature + a
range of 0.26 to 0.97°C. In each incubator, there were three egg trays that served as the
replicates. A total of 4,125 eggs were used throughout the study with 1,605 for optimum
incubation temperature determination, 504 for embryo developmental stages, 1,260 for
incubation temperature manipulation during early embryogenesis, 612 for incubation
temperature manipulation during late embryogenesis and 648 were used to reconfirm
optimum incubation temperature determination vis-a-vis efficiency of the fabricated
incubators. It was observed that the calibrated incubation temperature fluctuated with a
range of 0.03 to 0.97°C, suggesting that it might not be feasible to achieve perfect
precision of calibrated incubation temperature value.However, the temperature recorded in
each of the treatment incubators, were within the range of 36 to 40.5°C given as
incubation temperature believed to be the ideal values in all avian species.

The incubation period was consistently within 16 — 19 days throughout the study period
except forVery lowincubation temperature (36°C), where the chicks emerged late even on
incubation days 20 — 24.Based on this, after the collection of hatchlings on days 16 to 18,
the remainder eggs should not be evacuated immediately, until the 5% or 6™ day later in
order to have more hatchlings. However, survivability of such late hatchlings cannot be
ascertained because of fatigueand exhaustion of the withdrawn unabsorbed yolk that
would have supplied more energy.

It was found out that the first stage of embryonic growth in Japanese quail was seemingly
in concentric layers on the surface of the yolk.During embryogenesis in Japanese quails, it
was observed that the yellow yolk could become green, yet normal development and
growth continued till term.This maypossibly result in the green excreta sometimes
voidedby some day-old chicks early in life. Also, it was noticed that the head of the
developing embryo bent dorsally either through the left or right and at pipping, the chick
uses the egg tooth to window the eggshell while reversing the head ventrally.Hatchability
and chick yield were somewhat affected by manipulating the incubation temperature

particularly at 39 and 40°C. Meanwhile, some of the residual eggs opened were observed
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to be “caked”, “infertile”, “not clear whether fertile or not” and all these made up the
entire unfertile eggs among the incubated eggs. Others residual eggs opened were
observed to havedeveloping embryos at different physiological stages described in this
study as “early dead embryos”’[embryonic days 1 — 7], “fully developed dead
embryos”[embryonic days 8 — 15], “pipped and dead embryos” [embryonic days 16 —
17]as well as “pipped and alive embryos but not able to emerge”[embryonic days 17 —
23]. All these stages including the hatched chicks were summed up to form the fertile eggs
among the entire incubated ones.Feed intake and growth pattern remained increasing with
chick age except for the growth rate that dropped on the 3™ and 4™ week of age, implying
“growth peak” that could be physiologically described as “growth spurt”. The organs and
carcass quality as well as the blood profiles were all within the reference values given as a
normal range in adult Japanese quails and other avian species. Although mortality was
recorded in all the treatments, which was consistently higher during the brooding period
but gradually reduced during the grower phase, it was absolutely 100% in chicks hatched
at 39°C and 40°C when the incubation temperature was paused at early or late
embryogenesis.

Sex ratio was approximately 1 rooster: 1 hen across the treatments except the chicks that
were hatched at40°C, where it was seemingly 1 rooster: 2 hens during the first experiment
when the optimum incubation temperature was being determined. Although three cases of
sex reversal: two from “female to male” was recorded only at 39°C and one from “male to
female” only in control (38°C)were recorded, there was no case of sex reversal when the
incubation temperature was manipulated at early or late embryogenesis. Sexual maturity
was attained at the age of Sweeks, except in chicks hatched at 36°C and 37°C, when the
incubation temperature was manipulated at early or late embryogenesis that probably
resulted in the hens laying eggs at 6 to 7 weeks of age. The eggs found in utero among the
sacrificed hens were absolutely white without pigmentation.

5.2 Conclusion

Incubation period and hatchability were best at 37 — 40°C, chick yield was best at 38 to
39°C, and dressing percentage was best at 36°C whereas, survivability was best at 38 to
40°C but at 39°C hatching commenced on incubation day 16.Therefore,39°Cmay be

recommended as optimum incubation temperature and could be adopted in Nigeria, to
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enhance Japanese quail eggs hatchability and chick performance.Incubation temperature at
36 to 40°C may influence embryo growth and development, but may not adversely reduce
chick yield in Japanese quails.
Alterationof incubation temperature at 39 and 40°C for 5 hours during early or late
embryogenesis may result in hatchability failure yet, may not bias sex ratio nor reverse
sex in Japanese quails.Since the survival rate did not follow a particular trend among the
treatments, both hens and roosters matured at 5 weeks of age, yolk and formed eggs were
found in all the sacrificed hens and testes in the roosters, incubation temperature range of
36 to 40°C may not adversely depressed post-hatch performance in Japanese quails.
5.3  Recommendations
Prototype of locally fabricated electric incubators was developed and used in this research
work.Therefore,manufacturing of efficient commercial capacity of electric poultry eggs
incubators in Nigeriacould be recommended in order to boost gross domestic products.
However, the incubators could not conserve heat for a long time therefore, use of
insulators and lagging materials in the fabricated incubators are recommended in order to
conserve heat for at least 6 hours in case of power failure. A novel categorisation of
incubated Japanese quail eggs’ physiological status could be proposed as “Unfertile:no
evidence of embryo growth” to include “infertile eggs”,“caked eggs” and “not clear
whether fertile or not eggs” and “Fertile:evidence of embryo growth” to include “early
dead embryos”, “fully developed but dead embryos”, “pipped and dead embryos”, “pipped
and alive embryos but not able to emerge”as well as hatched chicks. These could be
recommendedpossibly in all poultry species in order to describe the exact stage of embryo
growth in avian research. Assisting Japanese quail chick that is unable to complete pipping
process may be recommended to enhance more chicks’ survivability during hatching.
54 Contributions to knowledge
1. Low temperature (36°C) prolonged incubation period, enhanced feed intake and
carcass weight in Japanese quails, while high temperature (40°C) enhanced
survivability. But at 39°C, hatching commenced on day 16. Therefore,39°C may
be recommended as optimum incubation temperature for Japanese quails.

2. Incubation temperature at 36 — 40°C may affect embryo growth and development

but may not adversely reduce chick yield in Japanese quails.
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3. Paused incubation temperature at 39 — 40°C for 5 hours during early or late
embryogenesis may result in hatchability failure yet, may not bias sex ratio nor
elicit sex reversal in Japanese quails.

4. Post-hatch performance of Japanese quails subjected to incubation temperature at
36 — 40°C may not be compromised.

5. This study has established a practical basis for intensive production of Japanese
quails, thus these findings may be useful to animal production stakeholders
particularly as a guide in hatchery operations, class works and avian researches.
However, further studies on assisting chicks in pipping process, survivability of
late hatched chicks, causes of greenish yolk and pure white eggshell in utero may

be deemed necessary, in order to boost poultry productivity.
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APPENDICES

Appendix 1: Notice of research ethical approval

NATIONAL VETERINARY RESEARCH INSTITUTE

Federal Ministry of Agriculture and Water Resources
P M. B. 01, VvVOM, PLATEAU STATE

Tel: OFOSIIFRETE

Efax, +~24208 181 7080

Wehsite: www.nvrigovng

E-mail: edvridinvrl govng
muri I 924 @ vahoo. com

NOTICE OF ETHICAL APPROWVAL

AEC/02/41/17
Mame of Principal Investigater IDAHOR, KINGSLEY O
Address Department of Animal Science, Nasarawa State
University, Shabu-Lafia
Title of Project Effect of incubation and brooding on embryonic

davelopment, sex reversal and thermo-tolerance in
lapanese guail (Coturnix conurnix joponical

This is to inform you that the protocol described in the above project has been reviewed and

approved by the National WVeterinary Research Institute, Animal Use and Care Committes
(NVRIAUCC).

This praject begins Januwary 30, 2017 and terminates December 31, 2017. Please note that no
activity pertaining to this project should be conducted outside the specified dates, You are to
notify the Committee in writing if there is a delay in starting or need to extend the termination

of the project.

Mote also that, there are no changes permitted in the project without prior approwval by the NVRI,
AUCC. The Committes reserves the right to pay compliance visit to the project site without prior

notice

Good luck. = = ="
-

Chiko N'(wasuh (DM, PRD, FOWSMND

AUCC Coordinator
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Appendix 2:Fabrication of the incubatorsat Dagwom Farm, NVRI
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Appendix 3:Experimental poultry eggs incubation procedures

Collection of eggs Labelling the eggs for identification

Weighing of egg before setting Padding of eggs in upright position in the incubator

Transfer of eggs to hatcher at 3 days to pipping Pipping, hatching and drying of the hatchlings

Transﬁortation E)-t:the hathlings Brooding the hatchlings
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Appendix 4:Stages of Japanese quail chick pipping in the incubator

Stage V: Drying of chicks within the incubator Stage VI: Empty eggshell

Stage VII: Carefully windowed empty eggshell Stage VIII: Flufty dried chicks in transport crate
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Appendix 5: Brooding, rearing and sexidentification of Japanese quails

Broody Unit

Growers unit

Tagging of Japanese quail based on identified sex using breast and neck region plumage patterns

Female Japanese quail Male Japanese quail
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Appendix 6: Serendipitous discovery 1

Abnormal: Qreen unabsprbed yolk found in Normal: Yellow unabsorbed yolk found in
Japanese quail’s developing embryo Japanese quail’s developing embryo

Withdrawal of green unabsorbed yolk in Japanese Withdrawal of yellow unabsorbed yolk in
quail’s developing embryo Japanese quail’s developing embryo

Withdrawn green unabsorbed yolk resulted in Withdrawn yellow unabsorbed yolk resulted in
green excreta in Japanese quail chick brown excreta in Japanese quail chick
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Appendix 7: Serendipitous discovery 2

Intact incubated Japanese quail egg on day 15 Intact incubated Japanese quail egg on dayl6

Blastoderm development in concentric layers on incubation day 1

Un-pigmented Japanese quail eggs in utero
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Appendix 8: Serendipitous discovery 3

Possibility of assisting chickthat is unable to complete pipping process

—

Opened egg on day 17 to examine the embryo growth stage was
returned to the incubator

This chick at pipping stage was not assisted and This chick in pipping process was assisted and

was lost in the process therefore, assisted
pipping may enhance survivability

survived
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Appendix 9: Physiological status of Japanese quail incubated eggs

Not clear whether fertile or not incubated Early dead embryo
Japanese quail egg

Pipped and dead embryo Pipped and alive but not able to emergeembryos
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Appendix 10: Blood collection and biochemical analysis
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Appendix 11: Carcass quality determination

" = N
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Appendix 12:Japanese quailoffal could become delicacies

Delicious Japanese quail cooked offal
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Appendix 13: Visitation at the experimental site by a team from the Department of
Animal Science, Faculty of Agriculture, University of Ibadan, Ibadan and the Staff
of NVRI, Poultry Division, Vom
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Appendix 14: Presentation of some of the experimental results at the 8" Annual
Conference of the ASAN-NIAS Joint Annual Meeting, held at the ICC,
Umuahia, Abia State, Nigeria in September, 2019

Paper 1: Effectiveness of locally fabricated electric incubators, use of stethoscope and
sensitive weighing balance in Japanese quail incubated eggs fertility
determination. Proceedings of the 8th ASAN-NIAS Joint Annual Meeting,
Umuahia. Pp. 1 —7.

A N D %

NIGERIAN INSTITUTE OF ANIMAL SCIENCE

:“: ANIMAL SCIENCE ASSOCIATION OF NIGERIA @ , *

8TH

ASAN-NIAS Anchor For Sustainable
JOINT ANNUAL Economic And Human
MEETING Development

In Nigeria

Book of Proceedings

September 8 - 12, 2019

International Conference Centre,
Ogurube Layout, Umuahia, Abia State
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EFFECTIVENESS OF LOCALLY FABRICATED ELECTRIC INCUBATORS C
OF STETHOSCOPE AND SENSITIVE WEIGHING BALANCE IN JAPANE
QUAIL INCUBATED EGGS FERTILITY DETERMINATION

Idahor K. 0., Nwosuh C. I, Shamaki D. Sati N. M., Emennaa P.E Egbuji A. N,
Kyuku D. M., Ejidare D. A., Gyang Y. D.. Chuw ang [, Pam B. M., Pam M. D, and
Gyang H. ).

Department of Animal Science. Nasarawa State University. Kefli. Shabu-Lafia Campus
National Veterinary Research Institute. Vom. Plateau State

ABSTRACT

Japanese quails in domestication lack broody behaviour hence. the adoption of artificial
incubation for commercial production. Yet. litte is known about the possibility of fabricating
electric incubators for pouliry eggs incubation in Nigeria. More essentially. there is no
information on the possibility of using stethoscope and sensitive weighing balance to detect
viable poultry eggs i ove during incubation. Thus. this study was designed to investicate the
effectiveness of locally fabricated electric incubatars. use of stethoscope and sensitive
weighing balance in Japanese quail incubated egps fertility determination. A (ol of 300
Japanese quail cggs were used in three separate studies. 100 each o test run newls fabricated
electric poultry eggs incubators. testing incubated Japanese guail eces For auscultation and
deflection on sensitive weighing balance. It was shown that though the incubated cpus were
normal with high hatchability suggesting the fabricated incubators were probably efficient.
auscultation and deflection were not observed during the study. Therelore. ellicienm electric
incubators could be manufactured in Nigeria but stethoscope and sensitive weighing balance
muy not be practicable in determining Japanese quail incubated egps fertility in ove.

Keywords: Auscultation. ege candling. Japanese quail eggs. i ove
Corresponding author email: omokingidat yahoo.com

DESCRIPTION OF PROBLEM

There is inadequate animal protein inwmke in Nigeria thus. increased commercial pouliny
production is imperative. Intensive lapanese quails production could boost animul protein
intake due to its short generation interval with 2 potency of laying 250 — 320 epus per s eur and
the males mature at about 30 1o 60 davs old hence. the possibility of 3 to 4 generations per vear
(Woodward er af., 1973). According to Nakane and Tsudzuki (1999}, Japanese quail bods size
and the precocial nature of the chicks make it a potential research bird. Although. Fah (2009)
reported that Japanese quails originated from Eastern Asia. it was introduced into Niveria hy
NVRI in 1992 (Haruna et al.. 1997}, It has been observed that Japanese quails do not sit on the
eggs in order to hatch and brood the chicks in domestication. Thus. artificial incubation
expertise is required for commercial production. Armificial incubator could be homemade or
commercial but should typically have heating source. air circulator (fan). temperature ree
(thermostat} as well as water trough and cg trays. Unlortunately. there is no known locally
fabricated electric incubator in Nigeria. Worse still. ege candling is not practiced in some
hatcheries where imported incubators are used. probably due to the cumbersome nature of the
activities involved and partly due to inability ol the operator to recognise viable cmbri oy in the

lator
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incubated cggs when pin-hole-light source is used. Thercfore. alternative technigues perceived
o be less cumbersome with little or no expertise may be necessary hence. this study was
targeted at fabricating electric poultry ege incubator lacally. as well as using stethoscope and
sensitive weighing balance to determine viable Japanese quail embryos during incubation

MATERIALS AND METHODS

ELECTRIC INCUBATORS FABRICATION

Designed electric incubatars were invented with (he cupacity of 1500 Japancse quiil .
fitted with sensitive thermoregulatory devices 1o switch off and on at appropriate interval vel.
maintained temperature of as low as 1°C and as high as 150"C. Fabrication ol five units of
electric incubators was carried out at the Fabrication Division. Dagwom Farm. NVRL Vom.
Plateau State, strictly according to the design specifications using locally sourced materials,
The materials used were HBF plywood, acrylic glass. a 215W heater and three-tier wire aaLze
ege-tray that was turned at 1807 with a pedal vutside the incubator, Flectric bulbs (408 and
HOOW ) were placed strategically within the incubators for lighting system and heat supphy with
a fan mounted on the inner top to enable even warm-air cireulation. | Ivgrothermometer with o
sensitive probe capable of sensing inside/outside temperature and relative humidiny was placed
at the middle of the incubator. Thermostat and relay devices were connected (o the heater fur
temperature regulation and four rollers were lixed on the base to case movement ol the
incubators. The fabricated incubatars were perforated for air inlet/outlet. A switch was
connected to power the electric bulbs and another 1o operate the Tabricated incubators,

EXPERIMENTAL DESIGN AND TREATMENT LAYOUT

A total of three hundred Japanese quail cpes believed (o be Fertile were acquired from u
renowned farm in Jos. Plateau State. Sixty egus were w eighed together in a bawl using sensitive
weighing balance (KERRO. Taiwan. Electronic Compact Secale. BLS002). labelled for
individual identification, fumigated using 30ml of formalin and 10g of KMnO, mixture al
26.5°C for 30 minutes and set on the incubatjon trays padded with cotton wool to hold the cops
in pointed-end down position.

STUDY I: TEST RUN OF FABRICATED ELECTRIC INCUBATORS

The five fabricated incubators were switehed on for Tdays and the temperature was resulated
ar 38°C. The water compartment was filled all the time to maintain the required relative
humidity. The temperature and the relative humidity were monitored with a hy erothermomere
(HTC-2). A total of 100 Japanese quail eggs were set in each of the incubators such that each
incubator had 20 eggs. In this study. the eggs used were not labelled and were not towiched
throughout the incubation period.

STUDY IEl: USE OF STETHOSCOPE TO DETERMINE EGG FERTILITY DU RING
INCUBATION

One hundred separate Japanese quail eggs were labelled appropriatels for individual recopd
and were set on the middle tray within the same incubators such thar each incubator had 21
eggs. Each of the 20 eggs was picked carefully and placed on the stet hoscope for auscultation
every other day (i.e. days |. 3,5, 7.9. 1. 13, 15) during the incubation period. On cach das
all the eggs were returned to the incubatars immediately and where auscultation sound was
observed the eggs were suspected to be fertile and were proven correct or atherwise at hatch

STUDY 1I: USE OF SENSITIVE WEIGHING BALANCE TO DETERMINFE FG(
FERTILITY DURING INCUBATION
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One hundred separate Japanese quail eggs were labelled appropriately for individual record
and set on the same incubators such that each treatment had 20 egus. Bach of the 20 epps was
picked carefully. placed on the sensitive weighing balance and continuous dellection was
presumed to be due to the living embryvo. This was done every other day (i.e. davs 1. 3. 5. 7.4,
11 13. 15) during the incubation period and on each day, all the eggs were returned 10 the
incubators immediately and egg fertility was confirmed at hatch,

DATA COLLECTION AND ANALYSES

Ezg weight was taken using sensitive weighing balance (KERRO. Taiwan. lectronic ¢ ompact
Scale. BL5002) and incubation period was taken as the period between sefting the egos in the
incubators and emergence of the chicks. Chick weight was determined using sensitive weighing
balance. chick yield was estimated by dividing chick weight by egg weight multiphied by [00%,

halchability was determined by dividing the number of chicks hatched by the number of fertile
epg incubated multiplied by 100% and egg fertility was assessed by dividing the number of
fertile eggs by the number of eggs incubated multiplied by 100%. At the end of the incubation
period. all the un-hatched egps were carefully windowed to check for embryvo. coniirm ey
fertility and record the physiological status of the developing embryvo as described by Idahor o
al. (3018). All the data collected were subjected to analysis of variance procedure of SPSS
(2010) and mean values were separated using Duncan Multiple Range Test of the sam

software package.

RESULTS AND DISCUSSION

Hatchability of Japanese quail cggs incubated at 38°C in fabricated incubators. those tested
with stethoscope and sensitive weighing balance o determine epo feniling during incuba
are presented in Tables 1.2 and 3. In Table |, there were no statistical differences (1405 in
all the parameters measured except in carly dead embrvos that were signiticantly higher
(P<0.03) in incubator | and total chick weight that was superior in incubators | oamd 2
respectively, Meanwhile. there were signiticant difterences (P<0.05) in pipped and dead
enmbryos. pipped and alive but not able to emerge embryos. hatched chicks and hatchability in
Table 2. Similarly. there were statistical variations (P<0.05) in all the parameters measured in
Table 3 except chick weight. ege fertility and chick vield. In all the studies however, the ¢
weight was similar 1o 7.69 - H0.8g (Ajide. 2011) in Japanese quails but less than [0 g
speculated to be the normal size of Japanese quail eggs (FAO. 201 3). The incubation period
wus within 16 — 19 days reported to be normal in Japanese quails (Sellier er of . 2006), The
chick weight, chick yield and hatchability valucs were similar o those reported elsew here
(Farghly er af. 2015: Romao ef al.. 2009; Sellier er /.. 2006), Consequently, the eugs were
probably normal and suitable for use in the sty

There were hatched chicks in all the fabricated incubators thus they were probably efficient in
Japanese quail eggs incubation. In all the eggs tested with stethoscope during the incubation.
no one indicated auscultation. probably due o the small size of the developing Jupanese quail
embryo heart. Similarly. none ol the eggs deflected the sensitive weighing balance during the
incubation. possibly due to the size of the developing Japanese quail embryvo. Therefore, use
ol stethoscope and sensitive weighing balance may not be feasible in determining living
embryvo in Japanese guails during egg incubation.

(8141

CONCLUSIONS AND APPLICATIONS

All the fabricated incubators hatched an appreciable number of Japanese quail eggs incubated,
Therefore. poultry eggs electric incubators could be manutactured in Nigeria. Since the
incubated Japanese quail eggs did not auscultate nor deflect sensitive weighing balance, these
techniques may not be practicable in testing poultry embryo viability i ove.
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Tuable 1: Hatchability of Japanese quail eggs incubated at 38"C in fabricated incubators
Sill ) L
Fabricated incubators (£5TD)

_Parameters | 1 | 2 i el 4 3 SEM
No. of eggs
sel 20 20 20 20 20 -
2002+1.0 20613, 20096001 208.8+0.5
TEW (g) 9 14 201.6+2.14 | 5 011
102 =0, PO 2 1042404
AEW (2) 871014 14 EREES AT i ' L4
IP (days) 19 I 17 (] (] -
EO2:4] .5
Intertile egps |.68:1.36 2 | .67£0.22 P30.22 1334044 005
2.40+0.4
Caked eggs 1.74+0.58 4 1314041  Z11+0.16  1.2140.19% 011
0.67L0.7
NCWFN 1.04+0.51 2 102+ | .44 L7220017  L62+0.16 135
0:33L0:7 1.02+0.88"
EDE 2.21+0.53° 6" I, HakQ 7 7P £ 1.67:0) |8 105
135214
FI3ERE (1.55+0.38 4 0.534+0.54 1.8R+0.17 L2 E0E (6
L 12411
PIE 0.36+0.18 4 000044 0880, 19 L1606 12
10322, [
PAE 1.3320.03 8 EO3£0012 0002013 2.64+0.14 kT
18.35=1.1 12.11%1. 136901 [7.68+0.1
*Fertile eggs a 34 [6.47+40.54 1 4 (L83
Hatched 13.67+1,1 14.0011, 12,.3420,| 12 3400, |
chicks 5 a3 13,700,119 3 4 1=
93.89+2.2 Q7 78=+0, 79224001 84.89+(11
[CW (g) 41 A48 3.724().14b gt 70 12.81
6:.95+0.2
ACW(g) 65.87+0.41 3 6.44:£0.33 6.67+£0.56 T10x0.19 007
Hatchability 64.82=4. 1 69.88+0. 61 68+0.8 61.62:0.6
(%) 4 73 68.33+0.65 8 4 .35
Egg fertility 90.14+1.8 83.5140. T8.0320.5 88.68:03
(%a) 2 38 80.44£0.55 4 4 () G4
Chick yield 68.72+0.9 68,120, 66.3000L0  08.34+0.2
{%o) 8 23 650340073 7 9 Q.44

ah: Mean values on the same row with dilTerent superscript differ statistically at 5% probabilin
test; STD: Standard deviation: SEM: Standard error of means: TEW: Total egg weight: ARW:
Average egg weight: IP: Incubation period: NCWFEN: Not clear whether fertile epus or not:
EDE: Early dead embryos: FDDE: Fully developed but dead cmbreyvos: PDI Pipped and dead
embryos: PAE: Pipped and alive but not able 1o emerge embryoss TOW: Total chick weight
ACW: Average chick weight. *Fertile eggs = the sum of “early dead embrvos™, clulls
developed but dead embryos™, “pipped and dead embryos”, “pipped and alive but not able o
emerge embryos™ and “fully developed. pipped and emerged chicks™.
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Table 2: Hatchability of Japanese quail eggs tested with stethoscope to determine cag

fertility during incubation
Fabricated incubators (£51TD)

Parameters 1 2 | | + | 5 | SEM
No, of eggs
set 20 20 20 20 20 -
198.6+1.4 179,90, 188 .8:+0
FEW (&) IS E232.10 184.1=1.77 hi Q4 g9 .41
9.0040.7 942408
AEW (g) 907012 Q21+0.16 9932044 > 8 {124
1P {days) |9 I8 19 | 8 18 -
F. 3407 | 3304
Intertile egps 421111 10241.19 |67, 88 7 + 1,03
B A b F2 0. |
Caked cggs 2.08+).14 2.40: 154 13188 3 a° A B
172409 1 A2+0.3
NCWFN 2.22+40.69 0.67:0.23 1.0240.77 2 ¥ i [
1.02+0.1 1.67+0.1
EDE 0.00=0.00" 0.33+0.22% | 1620, 14" 4e 4 105
L88x0] EZ5:0.2
FDDE 2.4440.23 1.33::0.54 054048 9 3 | .Chiy
(.88} | Lotk
PDE 0.00:£0.00" L2=0.14"  0.00L0.00" i™ 2 2405
000L0.0  2.6440.5
PAE 1.00£0.72¢ 1030045 1.03:40.79* or 6" 2l
1269421 16.77+1. 14.3341,
*Fertile eggs  13.0224.16  15.32+2 84 7 74 88 144
Hatched 11.92£1.6  14.66+3. 9.65:2.9
chicks 1007022148 |2.3241,55* 6" 4 2 NI
762+ 44" 833008 978240, 6605312
ITCW (1) g 80.67+0.74" g 4490 g G s
G.OY= |8 68B+33
ACW(g) 0.06:£3.64 6.57+53.44 T.04+2 88 8 S .20
Hatchability 743714 92,5242 54244,
(%) 81.67=1.14* 71.76+2.74° 4 147 o 808
Egg fertility 6335245 80.00L2. 716022,
{%a) 65.00=6.14 75.00%3.34 4 24 Q4 s
Chick yield FUIN=3.9 743313 7301943,
%) 74.00+£3.74 7T1.42+3.14 - 82 09 0.67

ab: Mean values an the same row with different superscript differ statisticallv at 3% probability
test: STE: Standard deviation; SEM: Standard error of means: TEW: Total e weight: AEW:
Average egg weight; IP: Incubation period: NCWFN: Not clear whether fertile egus OF not:
EDE: Early dead embryos: FDDE: Fully developed but dead em bryos: PDE: Pipped and dead
embryos; PAE: Pipped and alive bui not able 10 emerge embryvos: TCW: Total chick weinhe:
AUW: Average chick weight, *Fertile eges = the sum of “early dead embrvos™. lulls
developed but dead embrvos™. “pipped and dead embryos™, “pipped and alive but net able w
etierge embryos™ and “fully developed, pipped and emerged chichs™
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Tuble 3: Hatchability of Japanese quail eggs tested with scusitive w cighing balance o
determine egg fertility during incubation

Fabricated incubators (£5TD)

Parameters 1 | 2 [ 3 [ 4 5 SEM

Mo, of eggs set 20 20 20 20 20 -
198.4+40.8  196.0:04  180.0-0.7 195.4:0.6

TEW (g) ] e 8 | 79,940,493 7 .54

AEW (g) 9.92+].36 9.82:0.77 9.01x(.99 S.7710, 14 YR L), .56

P (days) 19 I8 17 I8 I7 -

Infertile egps 221048  0.0+0.54 .67 084 | 34099 |.33+0.65 .74

Caked eggs 0.00=0.00"  0.00+0,00" Al0.014* 2,110,940 L2055 249

NCWFN 3.00=0.19*  0.00£0.24% | .02:0.66% | 72:0.98" 1620677 AiDZ

EDE 2.00+0.99¢ 36740864 |, 16:0.44"  102%0.14% 6T e0. 14" | 8%

FDDE 1672014 2 38:0.04% (,5440.550 1. 88+0.93* 1.2540), 1 8 2.43

PDE 0.000,00"  0.00=0.00"  0.00:0.00" 0,880, 14! (8 TS A

1.00

PAE = |7 267800137 1032019 0L0020.00%  2.64+044° 047
1802407 19.45+0.9 13.390.6 16.90=+0,24" 153535200 |

Fertile eggs 44 44 4 . 4 AL
14.56£0.9  12.22+0.1 [1.9240.5

Hatched chicks 43 7 4% 14.660.37"  9.65+0.73"  2.88
8§7.06+3.5 72.09+6.8 7244140 063.3044.9

TCW (g) o 8" 4k Od (18 3 94" o

ACW(g} 5.97+4. 14 60424 84 588255 Ol 149 0.65+2 14 318

Hatchability 77.78£0.9  63.1620.1  84.61=0.] 64091008

(%o} 4 4" o B2.535+0.44° 8! H4y
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Appendix 15: Presentation of some of the experimental results at the XXXV Annual
Conference of Indian Poultry Science Association, held at Port Blair,
India in November, 2018

Paper 2: Post-hatch performance of Japanese quails subjected to paused incubation
temperature during late embryogenesis. Book of Abstracts, XXXV Annual
Conference of Indian Poultry Science Association, Port Blair, India. Pp. 222.

XXXV Annual Conference of
Indian Poultry Science Association
&

National symposium

(IPSACON-2018)

November 15-17, 2018

Organised by:
Division of Animal Science
ICAR-Central Island Agricultural Research Institute
(ICAR-CIARI)
Port Blair, A& N Islands
&
Indian Poultry Science Association (IPSA),

Izatnagar (UP)

Abstract

N W e
ST o ke

243



ghCON <o,

IPSACON2018

XXXV Annual Conference of Indian Poultry Science Association

RURAL POULTRY PRODUCTION:

CHALLENGES FOR SUSTAINABLE ENTREPRENEURSHIP DEVELOPMENT

15-17, November 2018

Organised by: Indian Poultry Science Association &

ICAR-Central Isiand Agricultural Research Institute, Port Blair, A&N Islands

Patron

Dr.Trilochan Mohapatra
Secretary (DARE) &
Director General (ICAR)

National Advisory Committee
Dr.A.B.Mandal

Dr A.Kundu
Dr.R.Prabhakaran
Dr.R,M.Chatterjee
Dr.Ranada

Dr.Pankaj K.5ukhla

Dr. J.K.Pal
Mr.Soundarajan, Suguna
nMr.B.5.Yaday, Godrej
Director,AHVS,Port Blair

Organising Committee
Chairman: Dr. A. Kundu
Convener:

Organising Secretary
Dr. T. Sujatha

Joint Organising Secretaries
Dr. Arun Kumar De

Dr. P. Perumal

Dr. K. Muniswamy

Treasurer
Dr. M. S, Kundu

IPSA Office Bearers
Dr. A. Jalaludeen

Dr. 8. Majumdar

Dr. Praveen K. Tyagi

Dr. Pramod K. Tyagi

[Dr. 8. K Banja

Venue:

e,
Idahor K. O

Departiment of Animal Science, Nasarawa State University, Keffi. Shabu-
Lafia Campus, Nigeria

Dear Madam,

| am pleased to inform you that the abstract titled “Posthatch
performance of Japanese quails subjected to paused incubation
temperature during late embryogenesis’ authored by Idahor K. O,
Sokunbi O. A OmidiwuraB. R. O., Agboolaf. F., Shamaki D. and Nwosuh
C_ I. has been accepted for the oral presentation during IPSACONZ2018
to be held at ICAR-CIARI, Port Blair from 15-17 November 2018, The
details for the presentation are given below

Abstract no.: PPH-13

Theme: Poultry Physiology and Housing management: Impact of
climate change and Integrated Farming System

Mode of presentation: Oral

You are therefore invited to participate and present the work during
IPSACON 2018 conference

With Regards

Chairman

Abstract Committee

ICAR-Central Island Agricultural Research Institute, Port Blair

Email: ipsacon2018@gmail.com,
Phone: 9531818976, 9434285341, 9679515260, 8420736888, 9476025689
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Post hatch performance of Japanese quails subjected to paused incubation
temperature during late embryogenesis

K. O. Idahor, O. A. Sokunbi, B. R. O. Omidiwura, A. F. Agboola, D.
Shamaki and C. I. Nwosuh

Nasarawa State University, Keffi, Shabu-Lafia Campus. Nigeria
Faculty of Agriculture and Forestry, University of Ibadan, Ibadan, Nigeria
National Veterinary Research Institute, Vom. Nigeria

PPH -13 Oral Email: koidahor@nsuk.edu.ng

Abstract

Japanese quails in domestication do not sit on eggs in other to incubate them hence, the use of
artificial incubator that simulates broody hen strategy. Although the artificial incubator can
be regulated. it could be too low or too high for embryo growth and development, resulting in
sex reversal, early or late hatching with attendant high mortality and poor posthatch
performance. Therefore, would incubation temperature set at 36°C be too low or 40°C be too
high when paused for 5 hours during incubation days 11, 12, and 13 to reverse sex or elicit
pour posthaich performance in Japanese quails? Based on this, six incubators set at 38°C
(Control: T1). 36°C (T2), 37°C (T3). 38°C (T4), 39°C (T5) and 40°C (T6) representing the
treatments were used in this study, On incubation days 11, 12 and 13, the temperature was
paused for 5 hours except the Control. Control incubator was imported, others were locally
fabricated and in each incubator, 102 Japanese quail eggs were set and incubation period,
hatchability, daily feed intake, weekly weight gain and blood profiles were determined.
Results indicated that incubation period was 17days in Control, T3 and T4 and |1 8days in T2,
Hatchability was superior (83.20+14.70%) in Control, followed by 66.97+18.97% (T3), least
(58.974£52.35%) in T4 and absolutely zero in TS and T6. Daily feed intake and weekly
weight gain increased with age, there was mortality among all the hatchlings and no reversed
sex was recorded. Packed cell volume ranged from 22.83+25.20% to 50.50+5.24%, red blood
cells (1.72+1.88 x 10'¥1 to 3.4240.28 x 10'/1), white blood cells (2.98+3.49 x 10" 1o
9.5541.58 x 10%1) and haemoglobin (7.22+7.98g/dl to 16.82+1.71g/dl). Total protein was
highest (48.76+3.33g/l} in T3 and least (24.31+26.74g/l) in T4, creatinine varied from
201.93424.01 umol/l to 52.57=13.33pmol/l and cholesterol was highest (127.99+29 25mg/dl)
im T3 and lowest (101.07+11.08mg/d]l) in T4. Basically. values in all the parameters
measured, were within the range given in healthy Japanese quails of similar age. Therefore,
paused incubation temperature at 36°C to 40°C during late embryogenesis, may not elicit
early or late hatching, sex reversal or poor performance in Japanese quails.
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Paper 3: Role of incubation temperature on sex reversal in Japanese quails. Book of
Abstracts, XXXV Annual Conference of Indian Poultry Science Association,
Port Blair, India. Pp. 223.
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Role of incubation temperature on sex reversal in Japanese quails

K. O. Idahor, O. A. Sokunbi, A. F. Agboola, B. R. O. Omidiwura, C. L.
Nwosuh and D. Shamaki

Nasarawa State University, Keffi, Shabu-Lafia Campus. Nigeria
Faculty of Agriculture and Forestry, University of lbadan, [badan, Nigeria
MNational Veterinary Research Institute, Vom, Nigeria

PPH -14 Poster Fmail: koidahor@nsuk.edu.ng

Abstract

Japanese quail chick sex cannot be identified at day old until about 3weeks of age. resulting in
compulsory culling of undesired sex in the flock, in order to maintain the recommended sex
ratio. This may be quite disappointing and unpromising hence, the need to predetermine
lapanese quail sex during incubation by manipulating the temperature as reported in
Australian brush turkey and reptiles. If embryogenesis could be disrupted by diseases,
climatic conditions and other factors, triggering development of the rudimentary sex
characters in livestock, incubation temperature manipulation may reverse sex in Japanese
quails. Hinged on this premise. a total of 1, 260 Japanese quail eggs were set in six incubators
(210 eggs cach), adjusted to maintain 38°C (Control: T1), 36°C (T2). 37°C (T3), 38°C (T4),
39°C (T5) and 40°C (T6) representing the treatments. On incubation days 3, 4 and 5, the
temperature was paused to physiological zero temperature (26 — 28°C) for Shrs, essentially to
disrupt growth and development of the embryos, in other to reverse the destined sex.
However, the Control: Tl (imported incubator) was not paused but other locally fabricated
ones were paused. During the 6wks study, incubation period, hatchability, chick weight, chick
yield,  mortality, sex ratio and sex reversal were monitored. At 3wks of age. the sex was
identified using plumage pattern and at sexual maturity, it was re-identified painstakingly,
sacrificed and the reproductive organs carefully examined. Results showed that incubation
period was |Bdays across the treatments except 12 (19days), hatchability was best
(B63.78£50.96%) in Control, followed by T3 (46.61+17.71%) and absolutely zero in T6. Chick
weight varied between 5.46+0.12¢g and 6.48+0.82¢. chick vield was inferior (20,4935 49%)
in T4 compared to 67.73£1.79% observed in T2. Male to female ratio was 40:37, 10:9, 10:11
in Control, T2 and T3 respectively. While mortality rate was highest (2.07+2.06%) in Control,
followed by 1.58+0.93% (T3) and 1.54+0.77% (T2), it was 100% in T4 and T5. In Control,
sex reversal from male to female chick was recorded. Therefore, incubation temperature
alteration for 5 hours during early embryogenesis may not play significant role in Japanese
quail sex reversal.
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Appendix 16: Presentation of some of the experimental results at the XV™ Meeting of
the Avian Immunology Research Group held at St. Catherine’s College,
Oxford, UK in September 2018.

Paper 4: Possibility of using high incubation temperature to elicit thermo-tolerance traits
in Japanese quail chicks hatched at varied incubation temperatures in a tropical
environment.Book of Abstracts, XV" Meeting of Avian Immunology Research
Group, St Catherine’s College, Oxford, UK. Pp. 141- 142.
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AVIAN IMMUNOLOGY
RESEARCH GROUP

ABSTRACT BOOK

XV meeting of the AIRG 5'%-7' September, St
Catherine’s College, Manor Road, Oxford, OX1 3U]),
UK.
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OXFORD R

Dear Idahor K.O.,

ACCEPTANCE LETTER TO PRESENT PAPERS AT THE AIRG 2018 CONFERENCE

I am writing this email to indicate that your submissions: 1. “Possibility of using high
incubation temperature to elicit thermotolerance traits in Japanese quail chicks hatched at
varied incubation temperatures in a tropical environment™ and 2. “Haematological and serum
indices of Japanese quail chicks subjected to incubation temperature equivalent to avian
species body temperature™ to the AIRG conference have been accepted as poster
presentations. I know for some that this may be a disappointment but we have had a very
large number of submissions and it was simply not possible to schedule all that requested oral
presentations.

Many aspects of the submissions were taken into account during the selection process,
including trying to spread the geographic distribution of abstracts in oral versus poster
categories. In no way does the selection for a poster reflect the science, and I am so sorry not
to have been able to accommodate more into the schedule. There will be at least one
significant prize for best poster,

Poster boards will have a maximum size of A0 in landscape format.

Looking forward to seeing all of you in September.

Best wishes,

Adrian L. Smith

Associate Professor of Infectious Disease,
Department of Zoology,

Sir Peter Medawar Building for Pathogen Research,
University of Oxford.

South Parks Road.

Oxford,

UK

0OX1 35Y

Tel: 01865 271 195
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#68 Possibility of using high incubation
temperature to elicit thermotolerance traits
in Japanese quail chicks hatched at varied
incubation temperatures in a tropical
environment

Idahor K. O, "', Shamaki D.7, Nwosuh C. 17, and Sokunbi 0. A%,
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Paper 5: Haematological and serum indices of Japanese quail chicks subjected to
incubation temperature equivalent to avian species body temperature. Book of

Abstracts, XV™ Meeting of Avian Immunology Research Group, St Catherine’s
College, Oxford, UK. PP 142— 143.
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Dear Tdahor K.O.,

ACCEPTANCE LETTER TO PRESENT PAPERS AT THE AIRG 2018 CONFERENCE

I am writing this email to indicate that your submissions: 1. “Possibility of using high
incubation temperature to elicit thermotolerance traits in Japanese quail chicks hatched at
varied incubation temperatures in a tropical environment™ and 2. ““Haematological and serum
indices of Japanese quail chicks subjected to incubation temperature equivalent to avian
species body temperature” to the AIRG conference have been accepted as poster
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Abstract

Five electric incubators were fabricated and set at 36°C, 37°C, 38eC, 39:C and 40°C representing the treatments.
A total of 300 hundred Japanese quail eggs were divided into 60 each per incubator and embryo physiological
status, chick yield and hatchability were monitored. It was observed that the fabricated incubators were
seemingly effective but could not retain heat and maisture, possibly because lagging materials were not used.
This probably resulted in no hatching among the eggs set al 36°C, even when the eqq fertility was between 58.3
and 80.0%. Therefore, the efficiency of these fabricated incubators may depend on constant eleciricity supply.
Meanwhile, eggs incubated at 37 o 40°Chatched but the highest hatchability (66.7%) was recorded in those
incubated at 38°C. In a similar trend, the chick yield was best {55.8g) in chicks hatched at 39C, thus 3%C could
be recommended for quail chick production.

Keywords: Japanese quail, elsctric incubalors, egg

Introduction

Poullry eggs incubation temperature and relative humidity have been reported 1o affect embryo
development, hatchability and post-hatch performance (Maiva gt al, 2014; Deeming and Ferguson, 1991)
Essentially, inconsistent reports on incubation temperature for quail eggs ranging from 37.2 — 39.4°C (ECQ,
2015, Pam, 2015, Musa et al, 2007) may confuse and discourage prospective farmers Quail hens in
domestication do not sit on eggs and hatch them therefore commercial production would require artificial
incubation that simulates near perfect natural phenomenon.

Hence, this study was targeted at determining the optimum incubation temperature for efficient quail
productivity.

Materials and Methods

A total of three hundred Japanese quail eggs were collected from a clutch laid on a day, allowed to cool
at room temperature for 24 hrs and were fumnigated with 30 m| formalin + 10 g KMnQ, at 26.5°C in a fumigation
box for 30 minutes. Five locally fabricated electric incubatars with capacily of about 1,500 quail eggs per
incubator were used in this study. Water was provided in plastic trays in each incubator and refilled regularly in
order to maintain the required relative humidity, The incubators were lest-run for 7 days and the temperature set
at 36°C, 37°C, 38°C, 3%°C and 40°C respectively, representing the treatments and in each treatment G0eggs
were sef.

The temperature and relative humidity were monitored in the moming, aftemoon and evening using a
hydro-thermometer (HTC-2) to oblain the mean, minimum and maximum values during the study. Egg and chick
weight were measured using sensitive weighing balance (KERRO, Taiwan, Electronic Compact Scale, BL500Z)
and incubation period was taken as the period between day of setting the eggs in the incubators and emergence
of chicks. The chick yield was estimated by dividing chick weight by egg weight multiplied by 100%. Hatchability
was determined by dividing the number of chicks halched by the number of fertile eggs incubated multipled by
100% Egg fertiity was evaluated by dividing the number of fertile eggs by the number of eggs incubated
multiplied by 100% (Adeyina et al, 2015, Aviagen, 2015 Adeyanju et al, 2014). At the end of the incubation
period, all the unhatched eggs were carefully windowed on day 23 while still in the incubators, to check for egg or
embryo physiological status.

Al the data collected were subjected to simple descriptive statistics and analysis of variance according
to SPSS (2008)
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Results and Discussion

Table 1 shows the temperature and relative humidity values recorded during Japanese quail eggs
incubation, While the lowest incubation temperature values varied from 35.5°C — 39.3°C, the maximum were
between 36.2 and 40.0°C across the treatments. While the ambient temperature ranged from 27.3 to 29.4°C,
incubation relative humidity (284 — 30.2%), the ambient relative humidity varied from 10.3 to 21.5%. These
values were similar 1o a range of 34 to 41°C used in quail eggs incubation study, but37°C and 38°C were
recommended as the most suitable temperatures (Romao et al., 2009). Althcugh, eggs set at 34°C did net hatch
in that study, some chicks hatched at 35°Cwhereas, eggs incubated at 36°C in the present study did not hatch
probably due to inability of the incubator o retain heat and moisture hence constant power supply may be
necessary.

Table 1: Temperature and relative humidity conditions during Japanese quail eggs incubation

Parameter [ Treatment | Mean | Minimum value | Maximum value
Incubation temperature (°C)
KIS 359 355 36.2
K 36.9 36.5 373
38 379 IEH 38.3
39 388 384 382
40 396 39.3 400
Ambient temperature (“C)
36 279 273 286
37 onT 270 283
38 28.3 277 290
39 288 281 294
40 281 5 288
Incubation relative humidity (%)
36 29.2 286 299
ar 291 284 297
38 296 289 an.2
33 2886 2889 302
40 298 28.9 02
Ambient refative humidity (%)
36 10.8 10.3 114
a7 13.0 124 135
38 210 204 215
39 171 16.5 17.6
40 20.7 201 212

Embryo physiological status and hatchability of Japanese quail eggs incubated af different temperatures
are presanted in table 2. There were significant differences (p<0.05) in all the parameters measured across the
treatments. Egg fertility value varied from 58.3 — 80.0% with hatchability value as high as 66.7% among the eggs
incubated at 39.0°C yet, there was no hatching in eggs incubated at 36°C. This observaticn agrees with the
findings of Romao &f al. {2009) who reporied 46.0 lo 70.8% hatchability in quail eggs. It should be noted that
quail egg fertility does not depend on the incubation process rather it is determined by reproductive efficacy of
the hens and cocks in the same flock. Incubation period ranged from 18 to 20 days, contrary to 16 to 18 days
observed by Sellier et al. (2008) probably due to inadequate heat circulation in the incubators during the haiching
phase. When the unhatched eggs were windowed on day 22, il was observed that some were infertite (1.0 —
14.0) and for others, it was unsure whether fertile or infertile because the yolk were caked (6.0 — 15.0).
Meanwhile, embrya development was obvious in some other eggs but they died at the early, late and fully grown
stages, while others reached pipping stage but were not able lo emerge 8s chicks. These abnormalities were
also observed by Romao of al (2009), who described the condiions as infertie, eary embryo death,
intermediate embryo death, late embryo death and pipped egg with dead embryo.

Expressed in table 3 is the quail chick yield hatched at different lemperatures There were n¢ sialistical
differences (p>0.05) among the eggs incubated al 37 — 40¢C in all the paramelers across the treatments but they
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were significantly different {P<0.05) from those incubated at 389C. The egg weight vaned from 9.04 — 100 g
similar to 8.0 — 11.0 g reported by ldahor et al. {2015),

Table 2. Embryo physiological status and hatchability of Japanese quail eggs incubated at different temperatures

Treatment
Parameters 36°C Iarsc_ [3&¢C |3%C [ 40.0:C [ £STD

Incubation period (days) - 20 19 18 18 =

Infertile eggs 14.02 10,00 6.0 T.0e 1.0¢ 1.0
Fertile egas 40.0¢ 350 44 ¢ 42.0¢ 48,00 10
Fully grown and alive embryo 17.08 0.0e 0.0¢ 0.0v Q.00 1.0
Early dead embryo 20.00 5.0 4.0¢ 5.0 5.0¢ 10
Late dead embryo 3.0 14 0+ 20.00 14.0¢ 33.00 1.0
Caked eggs B.0¢ 15.02 TR0 B.0¢ 7.00 10
Dead at pipping 00 0.00 208 0.00 1.0 1.0
Alive at pipping® .00 2.00 0.0e 0.00 0.0 1.0
Hatched eggs 0.04 14.0¢ .00 2800 13.0¢ 1.0
Fertility (%) 66.72 £8.3¢ 3.3 70.0 80.0= 1.0
Halchability (%) 0.0¢ 40.0¢ 47.7 66.72 2710 1.0

abza= Neans wilh different superscripts differ significantly (p<0.03), * Alive at pipping but not able to emerge as
chick, 5T0; Standard deviation.

Table 3: Yield of Japanese quail chicks hatched at different temperaiures

Treatment (+STO)
Parameters 38°C 3rc 38:C 3%C 40.0:C
Egg weight (g) 10.0£1.0 9.99+0.26 9.97+1.0 9.94£1.0 9.97+1.0
Chick weight (g) 0.0£0.0¢ 5.94+0.53 496+1.00 5.55%1.00 5.0921.00
Chick yield (%) 0.0+0.00 45 5+34 (0 49.7+1.0° 55.8£1.00 51.1x1.00

s Standard deviation.

Chick weight value was highest (5.94g) among those halched at 37°C followed by 33°C (5.55g), 40°C
(6.09g) and 38°C (4.96g) in that order. Mevertheless, the chick yield was best (55.8%) in chicks hatched at 33°C
compared to as low as 45.5g recorded in the chicks halched at 37¢C. These values were lower than 67% (low),
67 — 58% (ideal) and >68% (high) reported by Aviagen (2015).

Conclusion

The fabricated incubators were seemingly effective in maintaining the required temperature and relative
humidity for quail eggs incubation. But they were unable {0 retain neat and moisture, possibly because lagging
materials were not used, thus constant electricity supply may be needed. Though many of the eggs incubated
were ferile, anly a few hatched and others died during embryo development This probably suggested that the
incubators were inefficient hence, required modifications before use at full scale. However, hatchability and chick
yield values seemed to be best in incubator set al 39:C therefore, it could be recommended for quail chick
production
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Abstract

A total of twenly seven Japanese quail eggs were incubated at 38°C and were used in monitoning daily egg
weight loss as well as gradual embryo metamorphosis into chick. It was observed that the egg weight value
befora incubation, varied from 8.73 - 12.28g and during incubation between 7.92 and 12.1g, resulling in egg
weight loss ranging from 0.09 - 2.55g. Meanwhile, the embryo weight was apparently independent of initial egg
weight. Growth on the yolk surface, formation of blood vessels, heart, eye ball and embryo structure wers
observed on days 1 to 4. Increase in embryo size was evidenl on day 6 and plumage sirips appeared on day 13.
On days 14 to 17, the embryo appeared fully grown with the yolk almost used up and the unabsorbed portion
gradually withdrawn into the body and on day 18, chicks pipped and emerged. These observalions may be
useful in providing the required information in in ovo study, egg ferility test and quail embryo analomical study

Keywords: Quail embryo metamorphosis, incubation period

Introduction

Domestication of quails started at about the eleventh century, when the Japanese Emperor was cured
of luberculosis after eating quail (Howes, 1964). Today, there are quail strains like Cotumix coturnix, Coturnix
cotumnix coturnix and Cotumix coturnix japonica (Fah 2008). According to Fah (2009), the Japanese quail
(Coturnix coturnix japonica) originated from Eastern Asia. In 1992, the Asiatic or Japanese quzil was introduced
into Migeria by National Veterinary Research Institute, Vom, Plateau State {Musa et al., 2007). Since then, a lot
of research findings have been reported on quail eggs as well as nulntional requirements and management
practices (Adeyina et al., 2015; Makinde et al., 2015). Yet, little is known about embryo developmental stages
hence, this study may be useful in describing the anatomical structure of quail embryo and estimating when an
embryo probably stopped developing following unhatched egg break out. The knowledge of guail chick embryo
developmen! becomes imperative due to the difficulties in candling incubated quail eggs, necessitating breaxout
of unhatched eggs to ascertain egg ferility.

Essentially, this study may serve as a guide in ovo study, pharmacological operations and introduction
of gene expression vectors into specific cell populations.

Materials and Methods

A total of 27 eggs were collected from laying Japanese quails, weighed using digital scale, labelled
using permanent ink marker on the shell, stored at room temperature for 2dhrs and incubated at 38C. An egg
was removed from the incubator daily at random, reweighed to obtain weight loss and carefully windowed at the
broader end. Photographs of the embryo developmental stages were taken using digital camera and eggs
without noticeable growth (probably infertile) were discarded. The embryo weight was collected using digital

scale on day 14, when the eggs were transferred to the hatchery component of the same incubator fill chick
emergence,

Results and Discussion

Table 1 shows weight loss of Japanese quail eggs used in the study. The egg windowed on day 12 was
the heaviest (12.29 g) followed by those on days 1, 16, 15, 6, 13, 12 and 8 that ranged from 11.57 o 11.17 g
Eggs with the least weight (8.73 and B.92 g) were used on days 9 and 3. These values were within 8.03 lo 11.36
g categorised as small, medium and large eggs by Adeyanju ef al. {2014).

The eggs used in this study were seemingly moderate in size thus probably measured up to the
prerequisite of halchability. The egg weight loss value was increasing by day, a trend similar to the repor of El-
Full and Mahmoud (2012) on stored un-incubated quail eggs, except on days 8, 12, 14 and 16 when the values
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were apparently distorted. Though the embryo weight value also decreased by day, it did not fallow a particular
trend which possibly expressed independent relationship between egg weight and chick weight when considenng
chick yield. This observation perhaps indicated normal metabolic use up of the nutrients contained in the yolk
and albumen during embryo development. Therefore, it somewhat buttressed the speculations thal egg weight
loss is an important parameter for incubation {(Adeyanju et al,, 2014) and could be used lo estimate vital gas
exchange (Paganelli et al.. 1978; Rahn ef al., 1979).

Table 1: Weight loss of Japanese quail eggs incubated at 38°C

Initial egg Final egg Egg weight Embryo
Incubation Day weight (g) weight (g) Loss (g) weight (g}
1 11.71 11.62 0.09 ND
2 12.29 121 0.19 ND
3 8.92 8.7 022 ND
4 967 9.29 0.38 ND
5 969 9.26 043 ND
6 1144 10.76 068 ND
T 10.56 9.85 0.7 ND
8 1117 10.59 0.58 ND
9 8.73 792 0.81 ND
10 10.34 922 112 ND
11 1062 9.39 123 ND
12 1132 10.59 0.73 ND
13 1135 993 142 ND
14 9.14 8.3 0.84 335
15 11.50 9.53 1.97 4:79
16 11.57 10.36 1.21 7.31
17 10.73 9.11 162 5.88
18 9.20 6.65 2.55 Hatching

ND: Not determined

Plates 1 to 18 present the daily embryo development of Japanese quail. On days 1 and 2, growth was cbserved
on the yolk surface and en day 3 network of bicod vessels and heart beal was noticeable. On day 4, growth of
eye ball was observed and the embryo struclure was formed Gradual increase in the embryo size was
noticeable on day 6 with plumage strips appearing on day 13. Growth of feathers, eyes, beak, wings and legs
became obvious on day 14 with allantois attaching the yolk to the embryo.

Plate 1: Day 1 Plate 3: Day 3
- 4 g TR

Plate 4: Day 4 Plale 5: Day 5§ Plate 6: Day &
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Plate 11: Day 11

(R T ¢
e . LI g
Plates 1 — 18: Daily development of Japanese guail embryo incubated at 38C

On days 15, 16 and 17, the embryo appeared fully grown though with attached unabsorbed yolk which
was observed 1o be gradually reducing probatly because it was being withdrawn into the body, Chick emergence
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was recorded on day 18 corroborating the report of Sellier af &l (2006) that quail incubation period varied from
16 o 18 days. The observed disparity possibly depends on the incubation conditions. The chserved embryo
developmental stages were similar to those reported by Ramteke et al. (2013) in quails.

Conclusion

The incubated eggs were seemingly moderate in size, trend of egg weight loss was almaost linear, daily
embryo developmental stages were gradual and the incubation period was normal. Therefore, this observation
could be useful in hatchery operation, because it apparently provides the reiquired information for anatomical
description of quail embryo, better egg fertility test and in ovo study
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