ISSN 1682-8356
ansinet.org/ijps

INTERNATIONAL JOURNAL OF

POULTRY SCIENCE

ANSI|zez

308 Lasani Town, Sargodha Road, Faisalabad - Pakistan
Mob: +92 300 3008585, Fax: +92 41 8815544
E-mail: editorijps@gmail.com




International Journal of Poultry Science 14 (5): 300-304, 2015

ISSN 1682-8356
© Asian Network for Scientific Information, 2015

CrossMark

& click for updates

Egg Storage and Incubation Temperatures Alter Parthenogenetic
Development in Chinese Painted Quail Eggs
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Abstract: Parthenogenesis, embryos from unfertilized eggs, often exhibit delayed development at oviposition
and throughout incubation at standard incubational temperature. Additionally, the first egg in a clutch
sequence is more likely to exhibit parthenogenesis than subsequent eggs. Because the first egg in a clutch
sequence stays in the hen’s body longer, it is possible that the temperature of the hen’s body accelerates
parthenogenetic development. Increasing storage and incubational temperature may simulate the hen's
body temperature and increase the incidence of parthenogenesis. Therefore, the objective of this study was
to determine if storage and incubational temperatures impact parthenogenetic development in virgin
Chinese Painted quail. Daily eggs were collected, labeled and divided among 3 different storage
temperatures (20, 30 or 40°C). Eggs were incubated at 37°C for 10 d or 42°C for 48 h then returned to the
standard incubational temperature of 37°C for the remaining 8 d of incubation. After 10 d of incubation,
albumen pH and parthencgen size was measured for each egg. At an incubational temperature of 42°C,
eggs stored at 20°C yielded the highest percentage of parthenogens. Also, eggs stored at 20°C and
incubated at 42°C yielded the lowest albumen pH. As storage temperature increased, parthenogen size
increased when eggs were incubated at 37°C. Also when eggs were stored at 30°C, embryo size was larger
when incubated at 42°C for 48 h as compared to incubation at 37°C. In conclusion, elevated egg storage or
incubational temperatures alter albumen pH, the incidence of parthenogenesis and the size of

parthenogenetic embryos.
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INTRODUCTION

Parthenogenesis is defined as “the development of the
egg cell into a new individual without fertilization”
(Suomalainen, 1950). Unlike in many invertebrates,
parthenogenesis in warm-blooded vertebrates often
yields unviable embryos (Mittwoch, 1978). For example,
in some species, such as domestic avian species,
parthenogenesis can be a spontaneous and abortive
form of embryonic development (Olsen, 1975),
negatively affecting offspring production. Avian
parthenogenesis has been studied in chickens (Kosin,
1945; Sarvella, 1970), turkeys (Cassar ef af, 1998;
Olsen and Marsden, 1954) and Chinese Painted quail
(Parker and McDaniel, 2009). In a normal fertilized
chicken egg, the embryo is in the gastrula stage of
development at oviposition (Fasenko, 2009) and is
organized with an area opaca, area pellucida and
marginal zone (Etches, 19986). However,
parthenogenetic embryos have less embryonic
development at the moment of oviposition. In fact,
parthenogens are only in the early blastula stage of
development (Haney and Olsen, 1958).

In Chinese Painted quail, Parker and McDaniel (2009)
reported that the germinal disc of an egg exhibiting

parthenogenetic development after 10 d of incubation
was similar to the germinal disc of a fresh fertilized egg.
Both the parthenogen and fresh fertile egg exhibited an
area opaca, area pellucida and periblastic ring.
However, the germinal discs of fresh fertilized eggs was
slightly larger (3.93 mm) than the germinal discs of
infertile eggs exhibiting parthenogenetic development
that had been incubated for 10 d (3.73 mm). The
difference in embryo size may be explained by Olsen
(1975) who reported that parthenogens develop at a
slower rate than embryos from fertilized eggs. Olsen
(1975) stated that the slower rate of development in
parthenogens is due to a delay in cell cleavage and a
lack of cellular organization.

Parker and McDaniel (2009) also reported that the first
egg in a clutch sequence is more likely to exhibit
parthenogenesis than subsequent eggs in a clutch
sequence. Because the first egg in a clutch sequence
stays in the hen's body longer (Fasenko et a/., 1992), it
is possible that the hen's body temperature accelerates
parthenogenetic development. However, research
conducted by Parker and WMcDaniel (2009) only
examined parthenogens that developed at the standard
incubational temperature of 37°C with eggs stored from
0-3 d at 20°C prior to incubation.

Corresponding Author: C.D. McDaniel, Department of Poultry Science, Mississippi State University, Mississippi State, MS-38762, USA


http://crossmark.crossref.org/dialog/?doi=10.3923/ijps.2015.300.304&domain=pdf&date_stamp=2015-09-04

Int. J. Poult. Sci., 14 (5): 300-304, 2015

After eggs stay in the oviduct for approximately 24 h at
the hen’s body temperature, oviposition occurs and at
lay, eggs are exposed to environmental temperatures
(Etches, 1996). In fact after oviposition, egg storage is a
common practice that is used in the poultry industry. Due
to different factors, most eggs are not incubated the
same day that they are laid (Fasenko, 2007). Therefore,
to preserve the physiological functions of embryonic
cells for later incubation, fertile eggs are kept at a
temperature that is known as physiological zero. Storing
eggs at physiological zero reduces the growth rate of
embryonic cells until the eggs are incubated (Edwards,
1902).

To avoid the negative impact that egg storage has on
embryonic development, some researchers believe that
preincubation of eggs, either prior to or during storage,
will improve embryonic development and viability. For
example, Reijrink ef a/. (2010) stored eggs for 15 d at
16°C and observed that eggs which were preincubated
for 7 h prior to the 15 d storage period and eggs which
were preincubated 6 times for 30 min at 37.8°C during
storage had a higher number of embryonic cells than
eggs without preincubation treatment. Because there
was a decrease in the number of embryonic cells in
eggs without preincubation treatment during storage,
they suggested that embryonic development in the
untreated eggs was suppressed.

The practice of egg storage has also been reported to
affect the length of incubation. It has been suggested
that stored eggs extend the incubational period because
these embryos have a slower rate of development
during the first week of incubation. As a result of egg
storage, embryos are not able to begin development
immediately when normal incubational temperatures
are provided (Robinson et al,, 2003). Therefore, high
incubational temperatures have been examined to
possibly decrease the effects of egg storage. For
example, Christensen et al. (2003) hypothesized that
using high incubational temperature on stored eggs
could accelerate embryonic development, possibly
resulting in more viable embryos. Christensen et al.
(2003) stored eggs for 3 or 15 d at 12.8°C prior to
incubation at a higher incubational temperature of
37.8°C. During the first 2 wk of incubation, they reported
a 4.3% increase in embryonic livability as compared
to eggs incubated at the standard incubational
temperature of 37.5°C. They also reported that, during
the first week of the higher incubational temperature,
embryonic livability was even greater (6%). They
concluded that embryos from the stored eggs receiving
the higher incubational temperature are more likely
to survive due to an accelerated growth rate during
the early stages of development. It is possible that
some of the accelerated growth reported at the
higher incubational temperature could actually be
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parthenogenetic development because the higher
incubational temperature is closer to the hen's body
temperature.

The stage of embryonic development at oviposition has
also been reported to affect the ability of the embryo to
survive storage (Butler, 1990, Bakst and Akuffo, 2002) as
well as affect the number of embryonic cells and cell
activity (Reijrink ef af., 2010). Coleman and Siegel (1966)
examined embryonic development in two different lines
of birds during egg storage. They found that embryos
which were more advanced at the time of oviposition
could withstand storage when compared to embryos
with less cellular development.

In the research of Coleman and Siegel (1966), it may be
that some of the embryos with less cellular development
could be a type of retarded development similar to
parthenogenesis (Olsen, 1973). When examining the
influence of incubational and storage temperature on
parthenogenetic development, Sarvella (1974) cbserved
no differences for the incidence of parthenogenesis
when eggs were incubated within an hour of oviposition
as compared to eggs stored at 12.8°C for 3 d. Yet in
another study, Schom ef af. (1982) reported that storing
turkey eggs for 3 or 6 d at 17°C prior to incubation
yielded a 12.1% of incidence of parthenogenesis.
However when eggs were stored at 6°C, the incidence
of parthenogenesis was only 3.2%.

Also, research has shown that the albumen pH of fertile
eggs is altered during incubation, (Romanoff and
Romanoff, 1967) and parthenogenetic development can
also alter the albumen pH (Santa Rosa, 2014; Santa
Rosa et al., 2014). Therefore, the objective of this study
was to determine if a combination of storage and
incubational temperatures impacts the incidence and
size of parthenogenetic development as well as egg
albumen pH in Chinese Painted quail eggs.

MATERIALS AND METHODS

Housing and environment: Sexually mature virgin
Chinese Painted quail hens 78 were obtained from a
population of quail selected for parthenogenesis. Prior
to sexual maturity, females were separated from males
at 4 wk of age, based on plumage differences (Parker
and McDaniel, 2009). At 6 wk of age, virgin hens were
placed into individual cages to record egg production.
All birds were fed a commercial quail breeder diet
ad libitum and were exposed to 17 h of light. All birds
were freated in accordance to the Guide for Care and
Use of Agricultural Animals in Agricultural Research and
Teaching (NRC, 1996).

Egg storage and incubation: Daily, eggs from each
virgin hen were collected, labeled, weighed and divided
into 1 of the 3 different storage temperatures: 20, 30 and
40°C. Eggs (918) were stored from 0-3 d in one of the 3
storage temperatures. For each storage temperature,
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there were 3 egg storage chambers representing 3
replicates per storage treatment. After storage, eggs
from each group were subdivided into 2 incubational
groups. The first group of eggs were incubated at 37°C
for 10 d and the second group of eggs were incubated at
42°C for 48 h then subsequently returned to a standard
temperature of 37°C for the remaining 8 d of incubation.
There were 6 incubators {(n = 6) for eggs incubated at
37°C and 4 incubators at 42°C (n = 4). Also, storage and
incubational temperatures were recorded daily to
monitor temperature alterations. To ensure there was no
statistical bias due to hen, over time, eggs from each
hen were exposed to each storage temperature and
each incubational temperature. After incubation, eggs
were opened and egg albumen pH was measured by
placing a pH strip (VWR North American) directly into the
albumen (Santa Rosa, 2014; Santa Rosa ef a/.,, 2014).
Also, under a magnifying lamp, the incidence of
parthenogenesis and embryo size was determined as
described by Parker and McDaniel (2009).

Statistical analysis: Because eggs from every egg
storage chamber were placed in each incubator, data
were analyzed as a split plot design with incubators as
whole plots and storage temperatures as split plots.
Fisher's protected least significance differences was
used to separate means at p<0.05 (Steel and Torrie,
1980).

RESULTS

The interaction for eggs exhibiting parthenogenesis
for the 3 storage and 2 incubational temperatures is
presented in Fig. 1. When eggs were incubated at 37°C
there were no differences for the incidence of
parthenogenesis due to storage temperature. However,
when eggs were incubated at 42°C for 48 h prior to
incubation at 37°C, eggs stored at 20°C exhibited the
highest incidence of parthenocgenesis when compared
to egg stored at either 30 or 40°C. Yet when comparing
eggs stored at 30 or 40°C that were incubated at 42°C
for 48 h prior to incubation at 37°C for 8 d, there was no
difference in the incidence of parthenogenesis.

Similar to the incidence of parthenogenesis, there was
a difference in pH with storage and incubational
temperature (Fig. 2). When eggs were incubated at 37°C
there were no differences for albumen pH due to storage
temperature. However, when eggs were incubated at
42°C for 48 h prior to incubation at 37°C, eggs stored at
20°C exhibited a lower pH when compared to eggs
stored at 30°C but a similar pH to eggs stored at 40°C.
For eggs stored at 30 or 40°C and incubated at 42°C for
48 h prior to incubation at 37°C, there were no
differences for albumen pH. However, when eggs were
stored at 20°C, the pH was lower in eggs incubated at
42°C for 48 h when compared to incubation at 37°C for
10d.
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Fig. 1: Interaction of different storage and incubational
temperatures on the incidence of
parthenogenesis. Each bar represents the
average storage temperature: p = 0.004.
““Means with different letters are significantly
different at p<0.05
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Fig. 2: Interaction of different storage and incubational
temperatures on the albumen pH. Each bar
represents the average storage temperature: p =
0.10.

““Means with different letters are significantly
different at p<0.05

The interaction of the 3 storage and 2 incubational
temperatures for parthencgenetic embryc size is
presented in Fig. 3. Eggs that were stored at 40°C and
incubated at 37°C had a larger embryo size than did
eggs stored at 20°C but were similar to eggs stored at
30°C. For eggs incubated at 37°C, embryc size was
similar for eggs stored at 20°C and 30°C. However,
when eggs were incubated at 42°C for 48 h prior to
incubation at 37°C, parthenogens were larger for eggs
stored at 30°C when compared to parthenogens from
eggs stored at 40°C. There were no differences in
embryo size between eggs stored at 20°C or 30°C
and incubated at 42°C for 48 h prior to incubation
at 37°C for 8 d. When comparing eggs stored at
30°C, parthenogen size was larger for eggs
incubated at 42°C for 48 h versus eggs incubated at
37°Cfor 10 d.
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Fig. 3. Effect of different storage and incubational
temperatures on parthenogen size. Each bar
represents the average storage temperature:
p = 0.05.

*““Means with different letters are significantly
different at p<0.05

DISCUSSION

In the present study, regardless of egg storage
temperature, there were no differences in the
incidence of parthenogenesis when eggs were
incubated at 37°C. These results are similar to what
was reported in other research. For example, Sarvella
(1974) found no differences in the incidence of
parthenogenesis due to storage temperature. Even
though the incidence of parthenogenesis was not
impacted due to egg storage when eggs were incubated
at 37°C, storage temperature affected parthenogenesis
when eggs were incubated at 42°C for 48 h prior to
incubation at 37°C for 8 d. For instance, the incidence of
parthenogenesis was highest for eggs stored at 20°C
which is close to physiological zero (Edwards, 1902). In
the current study, apparently for eggs stored at 20°C,
cellular activity was arrested resulting in parthenogen
preservation. For eggs stored at 20°C, possibly the
higher incubational temperature provided an
environment similar to the hen’s body (Fasenko ef af,
1992) allowing more parthenogenetic cells to develop
and thus increasing the incidence of parthenogenesis.
Parthenogenetic development using different egg
storage and incubational temperatures did affect internal
egg components as well. According to Romanoff and
Romanoff (1967) fresh fertilized eggs exhibit low pH due
to the high concentration of CO2 concentration from the
hen's body. In the second day of incubation the CO: is
lost to the environment due to a pressure difference.
However, the pH decreases after the third day of
incubation due to CO: production by embryo respiration.
Also, in virgin quail hens, Rosa ef al. (2012), Santa Rosa
(2014) and Santa Rosa et al. (2014) reported a lower
albumen pH in eggs exhibiting parthenogenesis as
opposed to eggs with no parthenogenetic development.
In that study, Rosa ef al. (2012) only examined eggs that
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were stored at 20°C and incubated 10 d at 37°C. In the
current study, albumen pH was lower for eggs stored at
20°C and incubated at 42°C as opposed to eggs stored
at 20°C which received the Ilower incubational
temperature. Apparently, the greater development of the
parthenogen when eggs are stored at 20°C and then
incubated at the higher incubation temperature resulted
in more CO:z production and therefore a lower pH.
Additionally, for eggs exposed to the lower incubational
temperature, parthencgen size increased as storage
temperature increased. Also, it appears that when the
higher incubational temperature was applied to eggs
stored at 30°C, embryonic growth was accelerated
thereby advancing parthenogenetic development. It is
possible that this increase in parthenocgen size for eggs
stored at the higher temperature is due to preincubation
of the eggs. For example, Reijrink et af. (2010) reported
that when eggs were preincubated for 7 h at 37.8°C prior
to storage, there was an increase in the number of
embryonic cells. Because parthenogen size was greater
for eggs stored at 40°C and incubated at 37°C, possibly
the higher storage temperature allowed the parthenogen
to reach a more advanced stage of embryonic
development thus allowing the parthenogen to survive
incubation. However, when eggs were stored at 40°C
and incubated at 42°C for 48 h there was a decline in
parthenogen size as compared to eggs stored at 30°C.
When eggs were stored at 40°C prior to incubation at
37°C, parthenogen size was numerically greater as
opposed to eggs stored at 40°C and incubated at 42°C.
It is possible that the combination of higher temperature
during both storage and incubation, sequentially, inhibits
parthenogenetic development. Christensen ef af. (2003)
reported that when using a higher incubational
temperature after storage at lower temperatures,
embryonic development was accelerated resulting in an
increase in  embryonic livability. In this study,
parthenogens that received the higher incubational
temperature also exhibited accelerated growth in the
early stages of development after storage at a lower
temperature. However, for eggs exposed to both the high
storage and incubational temperature, it is possible that
the  parthenogenetic cells underwent cellular
degradation resulting in the death of the parthenogens.
In fact, the pH was approximately 9.1 for eggs stored and
incubated at the higher temperatures which is similar to
the pH Rosa et al. (2012), Santa Rosa (2014) and Santa
Rosa et al. (2014) reported for infertile eggs that did not
contain embryos.

From this study, it is concluded that storage and
incubational  temperatures alter parthenogenetic
development. Elevated storage or incubational
temperatures increase parthenogenesis and decrease
albumen pH. However, exposure to both high storage
and incubational temperatures appears to be
detrimental to parthenogenetic growth. Because the data
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has shown that storage and incubational temperature
alters parthenogenesis and albumen pH in Chinese
Painted quail, research should be conducted to study if
the manipulation of albumen pH could alter the degree
of parthenogenesis.

REFERENCES

Bakst, M.R. and V.V. Akuffo, 2002. Impact of egg storage
on embryo development. Av. and Poult. Biol. Rev.
13: 125-131.

Butler, D.E., 1990. Egg handling and storage at the farm
and hatchery, in: Tullet, 5.G. (Ed) Avian Incubation,
pp: 195-204 (Boston, Butterworth-Heinemann).

Cassar, G., M. Mohammed, T. John, R. Etches and P.
Gazdzinski, 1998. Differentiating between
parthenogenetic and ‘“positive development"
embryos in turkeys by molecular sexing. Poult. Sci.
77:1463-1468.

Christensen, V.L., J.L. Grimes, M.J. Wineland and G.S.
Davis, 2003. Accelerating embryonic growth during
incubation following prolonged egg storage 1.
Embryonic livability. Poult. Sci., 82: 1863-1868.

Coleman, JW. and P.B. Siegel, 1966. Selection for hody
weight at eight weeks of age. 5. Embryonic stage at
oviposition and its relationship to hatchability. Poult.
Sci., 45: 1008-1011.

Edwards, C.L., 1902. The physiological zero and the
index of development for the egg of the domestic
fowl, Gaffus domesticus. Am. J. Phys., 6. 352-397.

Etches, R.J., 1996. Reproduction in poultry/Robert J.
Etches. Wallingford, Oxon: CARB International, 1996.

Fasenko, G.M., R.T. Hardin and F.E. Robhinson, 1992
Relationship of hen age and egg sequence position
with fertility, hatchability, viability and preincubation,
embryonic development in broiler breeders. Poult.
Sci., 71 1374-1383.

Fasenko, G.M., 2007. Egg storage and the embryo.
Poult. Sci., 86: 1020-1024.

Fasenko, G.M., 2009. The first 48 hours of embryonic
life: development before and after oviposition. Av.
Bio. Res., 2: 7-13.

Haney, B.M. and M.W. Olsen, 1958. Parthenogenesis in
premature and newly laid turkey eggs. J. Exp. Zool,,
139: 469-478.

Kosin, I.L., 1945 Abortive parthenogenesis in the
domestic chicken. Anat. Rec., 91: 245-249.

Mittwoch, U., 1978. Parthenogenesis (review article) J.
Med. Genet., 15: 165-181.

NRC. 1996. Guide for the care and Use of Laboratory
Animals. National Academy Press Washington, DC.

Olsen, MW. and S.J. Marsden, 1954. Development in
unfertilized turkey eggs. J. Exp. Zool., 126: 337-346.

Olsen, MW., 1975, Avian parthenogenesis. Agricultural
Research Service, USDA, ARS-NE, 65: 1-82.

Parker, H.M. and C.D. McDaniel, 2008. Parthenogenesis
in unfertilized eggs of Coturnix chinensis, the
Chinese painted quail and the effect of egg clutch
position on embryonic development. Poult. Sci., 88:
784-790.

Reijrink, .A.M., R. Meijerhof, B. Kemp and B.H. van den
Brand, 2010. Influence of egg warming during
storage and hypercapnic incubation on egg
characteristics, embryonic development, hatchability
and chick quality. Poult. Sci., 89: 2470-2483.

Robinson, F., G. Fasenko and R.A. Renema, 2003.
Optimizing chick production in broiler breeders/F .E.
Robinson, G.M. Fasenko, R.A. Renema. Edmonton,
Spotted Cow Press, ¢2003.

Romancff, A. and A.J. Romancff, 1967. Biochemistry of
the avian embryo; a quantitative analysis of prenatal
development (by) Alexis L. Romanoff with the
collaboration of Anastasia J. Romanoff. New York,
Interscience Publishers.

Rosa, P.S., HM. Parker, A.S. Kiess and C.D. McDaniel,
2012. Parthenogenetic embryos from unfertilized
Chinese Painted quail eggs alter albumen pH and
ion concentrations during incubation. Poult. Sci., 91:
151.

Santa Rosa, P.5., 2014. Impact of parthenogenetic
development on egg albumen characteristics and
subsequent fertilization success in Chinese painted
quail. MS Thesis. Mississippi State University,
Mississippi State.

Santa Rosa, P.S., HM. Parker, A.S. Kiess and C.D.
McDaniel, 2014. Detection of parthenogenesis in
mated quail hens and its impact on fertilization.
Poult. Sci., 93: 3.

Sarvella, P., 1970. Sporadic occurrence of
parthenogenesis in poultry. J. Her., 8: 215-219.
Sarvella, P., 1974. Environmental effects on a
parthenogenetic line of chickens. Poult. Sci., 53:

273-279.

Schom, C.B., W.F. Krueger and R.L. Atkinson, 1982. The
relationship of parthenogenetic development in
Broad Breasted White turkey eggs to level of
production and environmental factors. Poult. Sci,
61: 2143-2148.

Steel, R.G.D. and JH. Torrie, 1980. Principles and
Procedures of Statistics: A Biometrical Approach.
McGraw-Hill, Inc., New York, NY.

Suomalainen, E., 1950. Parthenogenesis in animals.
Adv. Genet., 3: 193-253.

Approved for publication as Journal Article No. J-12690 of the Mississippi Agriculture and Forestry Experiment Station,

Mississippi State University



	300-304_Page_1
	300-304_Page_2
	300-304_Page_3
	300-304_Page_4
	300-304_Page_5
	Cover.pdf
	IJPS.pdf
	Page 1





