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Abstract

It is believed that 100% hatchability in avian eggs incubation is not feasible due to several factors. Embryo deaths during avian eggs
incubation has been reported to be a common phenomenon. The unhatched avian eggs are always discarded not minding there are
some with death embryos that could be used in determining fertility of the incubated eggs. Various descriptions of embryonic deaths
in incubated avian eggs have been reported yet, the dichotomy between unfertile and fertile eggs physiological status is not clear.
Hence, the need to possibly classify unhatched avian eggs as either “unfertile eggs without evidence of embryo growth” or “fertile
eggs with evidence of embryo growth”. A total of 1,605 Japanese quail eggs were incubated at 36°C, 37°C, 38°C, 39°C and 40°C and the
unhatched eggs were opened for physiological status evaluation. Results showed that there was hatchability across the treatments
and a novel categorisation of the physiological status of unhatched incubated Japanese quail eggs suspected to be “infertile”, “caked”
or “not clear whether fertile or not” was proposed to be referred to as unfertile eggs without evidence of embryo growth. While those
with “early dead embryos”, “fully developed but dead embryos”, “pipped and dead embryos”, “pipped and alive embryos but not able
to emerge” and “hatched chicks” was proposed to be referred to as fertile eggs with evidence of embryo growth. These could possibly

describe the exact physiological status of unhatched incubated eggs in avian species.
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Introduction

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 to simulate environ-
mental conditions required to stimulate embryonic development
and growth until the emergence of chicks. Woodard et al. (1973)
gave 37.5°C and Musa et al. (2007) recommended 39.4°C as the op-
timum incubation temperature in poultry production. Meanwhile, a
range of 37.5 - 38°C has been given as the optimum incubation tem-

perature in poultry production (French, 2002; Ferguson, 1994). Yet,
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late hatching, low chick yield, low survivability, hatchery failure
and poor post-hatch performance have been recorded hence it be-
comes difficult to establish the optimum temperature suitable for
quail eggs incubation. Recently, French (2009) suggested that it
would be more convenient to describe optimum incubation tem-
perature 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.

These discrepancies may contribute to hatchability failure some-
times recorded in hatcheries thereby, forcing operators to believe
that 100% hatchability is impossible in poultry eggs incubation.
Fortunately, it has been reported that embryo death during eggs
incubation, is a common incidence in avian species (Yilmaz et al,,
2011; Romao et al. 2009a; Woodard et al. 1973). This phenomenon
has resulted in unhatched eggs (even when fertile) being discarded
at the end of every round of incubation period, without consider-
ing the physiological status of the incubated eggs. This would have
guided the hatchery operators to be strict on egg fertility before
incubation and optimum incubation temperature during incuba-
tion. The unhatched eggs often referred to as “residual eggs” are
occasionally opened and those with embryo growth are included
in the determination of fertility of the incubated eggs. However, it
is generally assumed that only the hatched eggs are fertile, forget-
ting that among the unhatched eggs, there are some with death em-
bryos at different stages of development. Thus, all unhatched eggs
should be opened carefully to know what went wrong in order to

improve hatchability percentage.

Woodard et al. (1973) reported that most embryonic deaths occur
during the first 3 days of incubation and at about pipping. Yilmaz et
al,, (2011) described embryonic deaths in incubated eggs as “early
embryonic death”, “middle embryonic death” and “late embryonic
death”. While Romao et al,, (2009b) expressed embryonic deaths

I

in incubated eggs as “infertile”, “early embryo death”, “interme-
diate embryo death”, “late embryo death” and “pipped egg with
dead embryo”. In all these cases, detailed classification of the un-
hatched eggs physiological statuses were not given. Consequently,
the present study attempted to evaluate the physiological status of
unhatched Japanese quail eggs and proposed the classification of
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“infertile”, “caked” or “not clear whether fertile or not” as unfertile
eggs without evidence of embryo growth. While unhatched eggs

with “early dead embryos”, “fully developed but dead embryos”,
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“pipped and dead embryos”, “pipped and alive embryos but not able
to emerge” and “hatched chicks” could be referred to as fertile eggs
with evidence of embryo growth. This novel categorisation of the
physiological status of unhatched incubated avian eggs, may guide
hatchery operators to provide accurate data on incubated avian egg
fertility and hatchability, pertinent in the growth of poultry indus-
try.

Materials and Methods

Description of study area

The study was conducted at the National Veterinary Research Insti-
tute (NVRI) Vom Jos North Plateau State, Nigeria located on latitude
9°44’ 0”N, longitude 8° 47’ 0”E with 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 an-
nually. 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 tempera-
ture 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 ex-
patriates based in Nigeria (Webster, 1983).

Experimental design and layout

A total of 1,605 Japanese quail eggs were collected from a flock in a
deep litter system in the Poultry Division, National Veterinary Re-
search Institute (NVRI), Vom, at the peak of egg production. These
eggs were gathered over a period of 5 days but were not set until
the 6th day for the last clutch to cool overnight as recommended
by ISA (2016). The eggs were randomly allotted based on weight to
five electric incubators representing the experimental treatments
designated as T,: 36°C (Very low), T,: 37°C (Low), T,: 38°C (Me-
dium), T,: 39°C (High) and T5: 40°C (Very high). In all the incuba-
tors, 107 eggs were set in each of the upper, middle and bottom
egg-trays, representing the replicates. The egg trays were turned
manually every hour and the water troughs inside the incubators

were refilled every morning. The study lasted for 22 days.

Data collection
The eggs were weighed using sensitive weighing balance to obtain
egg weight. The time interval between setting of eggs in the incuba-

tor and emergence of chicks was considered as incubation period.
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The incubation and ambient temperatures as well as relative hu-
midity were recorded daily at 9:00 am, 12:00 noon and 3:00 pm
using hygrothermometer. After 17 days of incubation when several
chicks hatched, other eggs were left in the incubators for 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 status was categorised as:

Unfertile eggs: No evidence of embryo growth

1. “infertile eggs” (without any obvious signs of growth, rather
intact yolk and albumen in a fluid form);

2. ‘“caked eggs” (with intact yolk and albumen but in a dried form)
and

3. “not clear whether fertile or not” (intact yolk and albumen but
with blood spot, blacken spot and partially dried yolk and albu-

men)

Fertile eggs: Evidence of embryo growth

1. “early dead embryos” (developed embryos with undifferenti-
ated body parts suspected to have died on embryonic days 1
-7);

2. “fully developed but dead embryos” (defined body parts and
downy feathers without pipping suspected to have died on em-
bryonic days 8 - 15);

3. “pipped and dead embryos” (fully developed embryos that
pipped but suspected to have died on embryonic days 16 -
17);

4. ‘“pipped and alive but not able to emerge embryos” (alive and
pipping on embryonic days 18 - 22, but could not complete the
pipping process) and

5. “Hatched chicks” (fully developed, pipped and emerged alive).

The hatched chicks were allowed to remain in the incubators until
fluffy dried, weighed to obtain chick weight and were transferred
to the brooding unit. The egg hatchability, fertility and chick yield

values were calculated using equations I, I and III, respectively.

Eug hatchability — Total number of hatchlings 100 don
88 hatehabIy = o al number of fertile eggs 1 s EQUATOR
Evg fertil Total number of fertile eggs 100 don I
ertility = e we wer o .. €QUAtion
68 v Total number of eggs set 1 4
o Total chicks'weight at day old 100 .
Chick yield = v wee e Equation 111

Where: Fertile eggs = the summation of “early dead embryos”, “fully developed but dead embryos”,

and dead embryos”, “
Data analysis
Data collected were subjected to analysis of variance procedure of
SPSS (2010) and mean values were separated using Duncan Mul-

tiple Range Test of the same software package.

Results

Table 1 presents the incubation and ambient temperature as well
as relative humidity values recorded during Japanese quail eggs
incubation. There were significant differences (P<0.05) in all the
parameters monitored across the treatments except the incubation

relative humidity. It was shown that the incubation temperature

Total weight of eggs at setting X 1

” o«

pipped

pipped and alive but not able to emerge embryos” and “hatched chicks”.

was within the desired values calibrated to represent the treat-
ments: 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 tempera-
ture (40°C), respectively. However, fluctuation of a 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.
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Parameters Treatments Statistics
T1 T2 T3 T4 T5 Min Max Overall SEM
36°C 37°C 38°C 39°C 40°C mean

IT (°C) 36.11° 37.20¢ 38.22¢ 39.27° 40.12° 34.45 41.06 38.37 0.08
AT (°C) 27.67° 27.61° 28.827 29.00? 28.30% 20.52 38.28 28.43 0.13
IRH (%) 27.47 27.30 27.44 27.35 27.48 27.04 38.02 26.44 0.26
ARH (%) 10.044 10.89¢ 20.14° 12.90° 20.147 10.04 22.06 14.74 0.22

abede; 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.

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

While the ambient temperature values did not differ significantly
(P>0.05) between T, (28.82°C) and T, (29.00°C), they were statis-
tically different (P<0.05) from T, (27.67°C) and T2 (27.61°C) that
were similar and T, (28.3°C) was somewhat similar to all the ob-
served values in other treatments. Incubation relative humidity
values ranged from 27.47% (T,) to 27.48% (T,) and ambient rela-
tive humidity was least (10.04%) in T, and highest (20.14%) in T,
and T..

Physiological status of Japanese quail eggs incubated at 36 to
40°C is presented in table 2. There were no statistical differences
(P>0.05) in total egg weight, average egg weight, infertile eggs,
hatched chicks, fertile eggs, average chick weight, hatchability, fer-
tility and chick yield.

Parameters Treatments SEM
T1 T2 T3 T4 T5
36°C 37°C 38°C 39°C 40°C
Total eggs set 321 321 321 321 321 -
TEW (g) 3361.18 3306.68 3238.87 3222.82 3352.13 3.11
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® 25.702 16.53° 22.64% 15.71° 1.64
NCWEFN 15.242 10.67° 16.00° 15.722 12.51° 1.35
Fertile eggs: Evidence of embryo growth
EDE 12.03° 27.702 15.13° 18.32 21.672 7.68
FDDE 28.602 8.06¢ 14.67° 12.67° 14.33 2.37
PDE 4.67° 3.57¢ 13.00° 7.67° 10.132 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
Egg fertility, chick hatchability and yield
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
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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

abe; 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.

Table 2: Incubated Japanese quail eggs physiological status.

While the average egg weight value was approximately 10g across
the treatments, the incubation period was observed to be shortest
(16 days) in T, (39°C) and as long as 20 days in T,. Infertile eggs
ranged from 7.64 (T4) to 12.31 (T,), more early dead embryos were
recorded in T, (27.70) and T, (21.67) but these values were statis-
tically similar (P>0.05) to 18.32 recorded in T4 whose value was
similar to 15.13 (T3) and 12.03 (T).

Fertile eggs ranged from 61.00 (T,) to 66.80 (T,), hatched chicks
were more in T, (24.00) slightly followed by T, (23.00), T, (22.34)
and fewer (14.67) in T,. Average chick weight value varied from
5.45g (T,) to 6.67g (T ), hatchability varied from 23.93% in T, to
36.90% in T, and fertility rate value ranged from 57.09% (T,) to
62.43% (T,). Chick yield value was lowest (53.02%) in T2 and was
as high as 66.60% in T,.

Discussion

The incubation temperatures were somewhat out of a range of 37
- 38°C reported as the optimum incubation temperatures for avian
species (Archer and Cartwright, 2018; Sartell, 2018). However, it
was apparently within 33 - 40°C, reported to be the lower and up-
per limits of incubation temperatures, required for optimal embryo
development in avian species (Pam, 2015; Mani et al., 2008; Goth
and Booth, 2005). According to Wilson (1991), deviations from this
optimum incubation temperature values could have a major impact
on hatching success. Therefore, the incubation temperatures used
in the study were probably suitable for avian embryo development.
The incubation relative humidity recorded in each of the treat-
ments was close to 36% observed in Japanese quail eggs incuba-
tion (Romao et al., 2009b). However, it was lower than a range of
45 - 55% recorded in waterfowl, 35 - 45% (parrots) and more than
65% in all avian species (Cutler and Abbott, 1991). Thus, low incu-

bation 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).

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 photo stimulated conditions during egg incubation.
This probably reflected that the hatchlings were seemingly healthy
with little or no adverse effects on their health as a result of the

incubation temperatures.

When the unhatched eggs were windowed after embryonic day 22,
it was observed that some of the incubated eggs were “infertile”,
“caked” and “not clear whether fertile or not”. The caked eggs were
probably due to cracks that led to loss of water leaving the egg yolk
and albumen in dried form. While the “infertile” eggs were proba-
bly due to the improper sex ratio of the flock, mating or fertilization
failure, 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
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 could
be due to rupture of blood vessels on the yolk surface or accidental
oviductal wall rupture during egg formation. Therefore, unhatched
incubated Japanese quail eggs with the suspicion of “infertile”,
“caked” or “not clear whether fertile or not” may be categorised as

unfertile eggs with no evidence of embryo growth.
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In some other unhatched Japanese quail eggs windowed, it was
observed that the embryos were at different physiological stages
of growth and development that were either dead or could not
emerge as hatchlings after embryonic day 22. Such developmental
stages were described in this study as “early dead embryos” [sus-
pected to have died on embryonic days 1 - 7], “fully developed but
dead embryos” [suspected to have died on embryonic days 8 - 15],
“pipped and dead embryos” [suspected to have died on embryonic
days 16 - 17] as well as “pipped and alive embryos but not able to
emerge” [still alive on embryonic days 18 - 22]. However, these
stages were similar to the conditions described earlier as “infertile”,
“early embryo death”, “intermediate embryo death”, “late embryo
death” and “pipped egg with dead embryo” (Romao et al., 2009a).
Meanwhile, Yilmaz et al. (2011) simply described similar stages as
“early”, “middle” and “late embryonic death”. Although the causes of
hatching failure were 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 be purely un-
favourable microclimatic conditions that perhaps resulted in meta-
bolic disorder. Also, it could be partly due to microbial contamina-
tion resulting in infection of the developing embryos and possibly
due to the poor nutritional plane of the hens, resulting in low qual-
ity yolk and albumen that were seemingly inadequate or probably

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 func-
tions 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 respira-
tion. It was added that there was an indication of a slight mid-incu-
bation peak of mortality, suggestive of chickens formally associated

with dietary deficits.

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 the present study. In any case, the observation was similar to 2.9
- 75.0% reported when Japanese quail eggs were incubated at dif-

ferent temperatures (Romao et al., 2009a) 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% re-
corded when Akpinar et al. (2019) evaluated growth traits in Japa-
nese quails and 67 - 68% described as optimum chick yield in poul-
try species (Aviagen, 2015). However, chick yield in T3 (38°C) and
T4 (39°C) were similar to 67% that Poultry Site (2014) reported as
an ideal target for best chick quality. Although chicks hatched in all
the 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 of 16 days in chicks hatched 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.

Conclusion

Hatchability was recorded in all the treatment incubators thus, a
range of 36 - 40°C may be recommended as the optimum incuba-
tion temperature in Japanese quails. Unhatched eggs may be left
in the incubator for extra 5 days in case of late hatchability. There-
after, all the unhatched eggs should be windowed carefully and
those with embryo growth included in the determination of the in-
cubated eggs fertility. The unhatched incubated eggs suspected to

” o«

be “infertile”, “caked” or “not clear whether fertile or not” could be
referred to as “unfertile eggs without evidence of embryo growth”.
While unhatched eggs with “early dead embryos” (embryonic days
1-7), “fully developed but dead embryos” (embryonic days 8 - 15),
“pipped and dead embryos” (embryonic days 16 - 17), “pipped and
alive embryos but notable to emerge” (embryonic days 18 - 22) and
hatched chicks could be referred to as “fertile eggs with evidence
of embryo growth”. This novel categorisation of the physiological
status of unhatched incubated eggs, may guide hatchery operators
to provide accurate data on incubated avian egg fertility and hatch-

ability, needed for growth of the poultry industry.
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