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ABSTRACT

The purpose of the present study was to establish the effect of the prolonged storage of Japanese quail hatching eggs
upon the incubation performance and the quality of hatched quail chicks.

The duration of egg storage prior to their incubation had a weak negative effect on the weight loss from incubation
day 0 to day 15. Eggs stored for 1-3 days exhibited a statistically significantly higher weight loss than eggs stored for
8-11 days prior to incubation (P<0.001).

Eggs stored for up to 8 days showed a tendency towards statistically significant (P<0.05) longer period of incubation.
The relationship between incubation period length and egg storage term was moderate, curvilinear and the effect of
egg storage term was estimated at 14.3% of the total dispersion of the trait.

Despite the egg storage term prior to incubation, quails with high relative weight had a statistically significant shorter
period of incubation. The analysis of the combined effects of egg storage term and relative weight at hatching on
incubation length showed that both factors complemented each other and even enhanced their effects upon the
determination of the studied trait. The strength of these factors’ effects was estimated at 13.1% of the total dispersion
of the incubation period length (P<0.001), with a leading role of the factor relative weight of hatched quail chicks.
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PE3IOME

IlenTa Ha HACTOAIIOTO IPOYYBAHE € Aa IPOBEPH BIUSIHNUETO HA MPOABILKUTEIHOTO ChbXPAHEHNE Ha PA3IUIOJHUTE sTia
OT SIMOHCKU IBAITBIBLY BbPXY PE3YJITATUTE OT MHKYOAIMATA U Ka4€CTBOTO HAa M3TIONEHUTE IIbITBIBIIH.
[IponbioKUTENHOCTTa HAa ChbXpaHEHHE Ha sidlara npend WHKyOalmsTa okaszBa ciiad, orpuuareiieH e(ekT BbpXy
3arybara Ha Maca rpe3 HHKyOaunonuus nepuos ot 0 1o 15 auu. 3arybara Ha Maca MpH stifiara, CbxpaHsBanu 1-3 1Hu
€ IOCTOBEPHO [0-BUCOKA OT Ta3H IpH siilaTa, chxpansBanu 8-11 quu npeau nnkyodanwmsita (P<0.001).

[pu sifnara, chbxpaHsBaHU 70 8 JIHU ce HAONIONABAa TEHICHIMS KbM JJOCTOBEPHO YIbDKaBaHE HAa WHKYOAI[MOHHUS
nepuoj (P<0.05). 3aBucCHMOCTTa MEXKIY MPOABIDKUTCIHOCTTA HA WHKYOAIIMOHHHUS TIEPHOM M CPOKA HA ChXPAHCHHE
Ha siifliaTa € yMepeHa, KpMBOJIMHEHa, a cujlaTa Ha BAMSHUE Ha CPOKa Ha ChXpaHEHHE Ha ginara ce oueHs Ha 14,3%
OT o011aTa Aucnepcus Ha pU3HaKa.

HeszaBrcnmo OT cpoka Ha ChbXpaHEHHUE Ha siIaTa Mpean HHKyOalus, MbITbIBIUTE C BUCOKA OTHOCHTEIIHA Maca MpH
M3JTIONIBAHETO Ca MMAJIM JIOKa3aHO I0-KbC WHKYOAI[MOHEH MEepHoJ. AHAIU3bT Ha CHBMECTHOTO BJIMSHHE Ha CpPOKa
Ha ChXpaHEHHE Ha siliaTa 1 OTHOCUTEIHA Maca IPH MU3JIFONBAHETO BbPXY MPOJBIKUTEIHOCTTa Ha HHKYOAIIHOHHUS
Mepuo/T TIOKa3Ba, 4e JiBara (pakTopa B3aUMHO CE JIONBJIBAT M YCHJIBAT CBOETO BIMSHHE BHPXY JETEPMHHAIMATA HA
npoyuBaHus pu3Hak. Cuilara Ha BIMSHHUE Ha M3cieABaHUTe (akTopu ce onens Ha 13,1% ot obmara nucnepcust Ha
MIPOBDKUTEHOCTTa Ha MHKyOanuonHus nepuoa (P<0.001), kato Bojemo e BiIMsSHUETO Ha (hakTopa OTHOCUTEIHA
Maca Ha U3JIONICHUTE b ITbIbIIH.

KritouoBu aOymu: AnoHcku MbANbAbUX, NPOABITKUTENHOCT Ha CbXPaHEHWE Ha pasnnogHn ﬂVILla, I/IHKy6aLI|I/IOHHI/I nokasatenu,
MPOABITKUTENHOCT Ha I/IHKY6aLlI/IOHHI/IFI nepuon.
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PA3LUWPEHO PE3IOME

Yecto B OTpaciuTe C HHUCHK OTHOCHUTENEH I B
CTONAHCKaTa IPaKTHKA, CBIIECTBYBa IpodieM ¢
YHCIIEHOCTTA HAa POAUTEIICKUTE CTala, KOETO MPEMSTCTBA
HOPMAJIHOTO MPOBEXIAHE HAa BB3IPOU3BOJUTEIHHS
mpouec. OTTyK BB3HMKBAT TPYIHOCTH, 3aIlOTO
MIPOIBKUTEIHOCTTA Ha ChOMpaHe Ha siilara 4ecTo
HaJXBBPJISL IPENOPHUBAHUTE CPOKOBE OT 7 JHU, a TOBA
BJIOIIABA JIIONMMMOCTTA W MOXE Ja IOBIHIE BBPXY
KauecTBOTO HAa H3MIONCHHWTE NTHUOU. B mjmreparypara
ca M3Ka3aHM MHOTO XHUIIOTE3U 3a IMPUYUHUTE, BIUSCIIH
BBPXY JIIONMUMOCTTa, HO OCHOBHHUTE CE€ CBBP3BaT ChC
“cTapeeHeTo Ha SUIETO”, MPEIU3BUKBAHO OT 3aryodara
Ha CO, u Boza.

IlenTa Ha HACTOSIIOTO TIPOYYBaHE € Jia IPOBEPH
BIMSTHUETO Ha MPOIBIDKUTEIHOTO ChXpaHEHHE Ha
pa3IIogHUTe siina OoT SMOHCKM NBANBABLUU BBPXY
pe3ynTature OT MHKyOauusTa M KauecTBOTO Ha
U3NIONICHUTE MIBAMBABIM. [IpoydBaHeTO € MPOBEIeHO C
A1, TOIy4YeHH! OT POAUTENCKO cTajo Ha 91-102-1HeBHA
Bb3pacT, IMPOU3XOKIALIO OT MecoJaiiHara I[opojaa
®apaon. Siinara 6sxa crOUpaHy B MpoabKeHne Ha 11
THU U ChXpaHsBaHu mpu Temneparypa 8-10°C. IIpemun
3apexJiaHe B MHKyOaropa siiiara 0s1xa akiiuMaTu3upaHu
3a 12 h npu temmeparypa 20°C. Sitmara Osixa
MHKyOUpaHH B J1aDOpaTopeH HHKyOAToOp NMpH CTaHAAPTHH
ycnoBust: Temneparypa 37,7°C, OTHOCHTETHA BIaXXHOCT
55-60% u obOpbiiane 24 mbTH B JAeHOHOIMe. Slifmara
Osixa mpeteniienn ¢ TouHocT Jo 0,1 g mpu 3apexaaHeTo
B MHKyOatopa M Ha 15-1 neH OT MHKyOauusATa, a Mo
pasnukata Oemie ordyeTeHa 3arybara Ha Maca (%).
Ciiel M3JIIONBAHETO, W3CHXHAJINTE NBANBILIN Osxa
TerICHU U Oeclle W3YuciicHa oTHocHuTenHara maca (%).
[TponbKUTENHOCTTa HA MHKYOAIMOHHMS TIepuoy Oerre
OTYMTaH npe3 6-yacoBu MHTEpBaIH OoT 402* mo 462 h.
Karo u3morneHu 1 roToBH 3a M3BaXKJaHE ce 3alucBaxa
I'B/ITBABIUTE ChC 3a3PaBsUl IBIICH OTBOP M M3CHXHAIH
IJ1aBa M IUsL.

[Monyuyenute pe3yararu 6sxa 00padOTEHU BapUAI[OHHO-
CTaTHCTHYECKH 4Ype3 H3I0JI3BaHE HA KIACHYECKUTE
METOAM 32 MPOBEXKJAHE Ha CTATUCTUYECKH aHaJM3
B cpemara Ha MS Excel 2003. 3a ycraHoBsiBaHe Ha
BJIMSTHUETO Ha W3NHUTBaHUS (AKTOp BHPXY MPHU3HAIMTE,
XapakTepu3Mpamy  KayeCTBOTO  Ha  W3JIONICHUTE
IB/ITBABIN OClIe TPUIOKEH NUCIEPCHOHEH aHallu3 Ha
HOJYYSHUTE PE3yJITaTH.

Ot M3cieBaHETO Ce YCTaHOBH, Y€ MPOABIDKUTEIHOCTTA
Ha ChbXpaHEHHE Ha siflara nmpeau WHKyOanusTa oka3Ba
ciad, oTpulareneH edeKkT BbpXy 3arybara Ha mMaca mpe3
nHKyOanuonnus nepuon ot 0 mo 15 nuu. 3arybara Ha
Maca IpH sinara, CbXpaHsBaHH 1-3 JHU € JOCTOBEPHO
MI0-BHUCOKA OT Ta3M NpH sgilaTa, cbXxpaHsBaHu 8-11 nxHu
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nipean uakyOanusita (P<0.001).

[TponbKUTEIHOCTTa HA ChbXPaHEHHE Ha sIIIaTa He OKa3Ba
BIIMSIHME BBPXY OTHOCHTENIHAaTa Maca Ha W3JIONCHUTE
II'BMBABIM, HO BIIMSE BBPXY MPOABIDKUTEIHOCTTA Ha
nHKyOanuonnust rnepuoa. Ilpu siinara, cbhXpaHsSBaHH
10 8 1aHM ce HaOMIOaBa TEHJCHLUSI KbM JIOCTOBEPHO
yab/DKaBaHe Ha uWHKyOammonunus mepuon (P<0.05).
3aBUCHMOCTTa  MEXJIy  NPOABIDKUTEIHOCTTA  Ha
WHKYOAIIMOHHUS TIEPUOJA W CPOKa Ha CbXpaHEHHE Ha
siiiata € yMepeHa, KpMBOJIHMHEHHA, a cuilaTa Ha BIUSIHUE
Ha (hakTOpa CpoK Ha ChXpaHEHHE Ha slara ce OLeHs Ha
14,3% ot ob1mara qucrepcus Ha pU3HaKa.

HesaBrcnmo oT cpoka Ha ChXpaHEHHE Ha siIaTa mpeau
WHKYyOanus, IIbANBIBLIUTE C BHCOKAa OTHOCHTEIIHA
Maca IpH HW3JIIONBAHETO Ca HMMAJld JI0OKa3aHO I0-KbC
WHKYOaIMOHEH TIepuoA. AHaJIM3bT Ha CBBMECTHOTO
BIIMSTHUEHACPOKaHAChXPaHCHNEHAsHIIaTaOTHOCUTEITHA
Maca IpH HU3JIIONBAHETO BHPXY MPOJBDKHTEIHOCTTa Ha
WHKYOAIIMOHHUS TIEpHO]] TIOKa3Ba, 4e JBara (axropa
B3aUMHO C€ JIOITBJIBAT U YCHIIBAT CBOETO BIIUSIHUE BHPXY
JeTepMHUHAIMATA Ha TpoyuBaHMs mnpu3Hak. Cuiara
Ha BJIMSHHE Ha M3CleIBaHUTE (aKTOPH CE OLECHS Ha
13,1% ot obmiara aucriepcust Ha MPOIBIKUTEIHOCTTA
Ha uHKyOanmonums nepuon (P<0.001), xato Boxerro
€ BIMSHMETO Ha (akTopa OTHOCHTENIHA Maca Ha
W3JTIOTICHHUTE IB/ITBIBIIH.

INTRODUCTION

Quite often, the small size of parent flocks is a problem
in animal husbandry practices with a relatively smaller
business share. Hence, problems with reproduction are
emerging, because the terms of egg collection often
exceeds the recommended 7-day period and thus,
hatchability of eggs becomes worse [13] and the quality
of hatched chickens could be altered [22]. In cases when
the breeder flock is older, troubles could become even
more serious. The prolonged storage of eggs laid down
by old layers resulted in lower hatchability as compared
to eggs obtained from a young breeder flock [16].
Such problems are often encountered in Japanese quail
husbandry practices.

There are numerous hypotheses about the factors
influencing the hatchability, but the primary ones are
connected to “egg ageing” cause by the loss of carbon
dioxide and water.

The loss of CO, rapidly increases albumen alkalinity
at pH levels over the optimum of 8.2 for preserving
embryo vitality [19]. Depending on the stage of embryo
development by the time of egg laying, its tolerance to
increased pH values is different. Their negative impact
is further enhanced when pH approaches 9 [11]. In the
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opinion of [2], the nuclear plasmatic ratio in embryonic
cells is disturbed under these conditions and causes their
death.

Another factor that has an effect upon hatchability is the
loss of water that should be interpreted from two aspects.
On one part, the loss of water during storage is a trait of
“egg aging”. It depends on eggs’ storage conditions and
duration [24], as well as on the changes in the thickness
and porosity of eggshell related to breeder flock age [7].

On the other, the loss of weight during incubation is a main
parameter of biological control providing information
for the development of the embryo [17]. This trait is
dependent on the physical conditions in the incubator, the
thickness and porosity of shells, but also on the intensity
of embryonic metabolism.

The optimum water loss during incubation is essential
for the normal embryonic development and the problem-
free hatching of chicks ranges between 13-15% of
the initial egg weight [4]. In the view of [6] there is a
statistically significant linear correlation between storage
duration and weight loss of eggs during incubation. The
conclusions of [3] are however on the contrary opinion,
having found no correlation between both traits. The
mathematical modeling of incubation development from
the setting of eggs to the 18™ day showed that weight loss
should follow a linear pattern. During the first 3 days of
the embryogenesis, weight loss has a definite non-linear
character, explained by [18] by the intensive transfer of
water from the albumen to the yolk.

One of the quality parameters for evaluation of
embryos and one-day-old chicks is their body weight.
In the opinion of some authors, the intensity of growth,
especially in broilers, is largely influenced by the relative
weight of chicks that should be not less than 65% of
the initial egg weight [12]. Another factor influencing
the hatching weight is the duration of incubation. The
prolonged storage of eggs prior to incubation (14 days)
extends incubation period with about 13.5 h [13]. In the
opinion of [8], eggs having lost less than 9% and more
than 15% of their weight, had longer incubation times.
According to [1] late-hatched chicks are heavier by about
3.2% compared to normally hatched and by about 4.2%
than early hatched ones. There is a statistically significant
difference with regard to incubation duration between
genders, and in the view of [5], the hatching masse in
both genders was of a similar duration - 16 h (500-516 h
in males and 496-513 h in females). During this stage in
the author’s opinion, about 80% of all chicks are hatched.
This presumes that early hatched chickens lose part of
their weight during their stay in the incubator, estimated
by [15] to be about 6-6.5% for 24 h and approximately
10-10.5% for 48 h.

J. Cent. Eur. Agric. (2009) 10:2, 167-174

The purpose of the present study was to establish the
effect of the prolonged storage of Japanese quail breeder
eggs upon the incubation performance and the quality of
hatched quail chicks.

MATERIAL AND METHODS

The investigation was carried out in January 2009 with
eggs from a breeder flock (45 females and 18 males
birds) of Japanese quails at the age of 91-102 days
from the meat-type Pharaoh breed. Eggs were collected
for 11 days and stored at a temperature of 8-10°C. Prior
to setting eggs in the incubator, they were numbered,
weighed with a precision of 0.1 g and their major and
minor axis were measured. At each storage day, about
8% from daily setting eggs were randomly selected for
egg content quality evaluation — height (h) and diameters
(D and d) of albumen and yolk, shell thickness and shell
weight. The hatching eggs were arranged in incubation
trays depending on the term of their storage, and then
placed for 12 h at 20°C for acclimatization. The eggs
were incubated in laboratory incubator with capacity of
780 setting eggs under standard conditions: temperature
of 37.7°C, relative humidity 55-60% and turned 24 times
per day. On the 10% incubation day, eggs were candled,
infertile eggs and those with dead embryo were removed.
On the 15% day, the remaining eggs were weighed with a
precision of 0.1 g, then placed into incubation trays with
option for individual isolation of each egg.

Eggs were evaluated also according to shape index (Si)
by the formula: Si=d/D*100, where d is the minor axis, D
— the major axis of the egg [20]. The egg area and volume
were calculated as followed [23]: shell area (cm?):
S=d*D*y, where: d was the minor axis; D — the major
axis of the egg. The value of y was obtained according
to the equation:

The egg volume (cm?) was determined as:

y=Csgrsp
Y :

The weight loss during incubation (%) was calculated
individually for each egg by the difference between initial
weight and the weight by the 15" incubation day. The
duration of incubation was determined at 6-hour intervals
starting from the 402" up to the 462" hour. Quail chicks
with healed umbilical scar and dried head and necks were
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Table 1. Incubation parameters depending on egg storage period
Tabnuna 1. MHKyOaMoHHM TIOKA3aTeNd B 3aBUCHMOCT OT MPOIB/DKUTEHOCTTA Ha ChXPaHEHUE Ha siTaTa

Storage Number of  Infertile eggs, Embryo mortality, % Hatchability, %
period, days set eggs % 19-10" day of  11™-18™ day Set eggs Fertile eggs
incubation of incubation
1 45 4.44 2.22 8.89 82.22 86.04
2 38 5.26 7.89 13.16 73.68 77.78
3 39 2.56 10.26 7.69 79.49 81.58
Average 122 4.10 6.56 10.66 78.69 82.05
1-3 days
4 34 2.94 5.88 11.76 79.41 81.82
5 33 9.09 3.03 3.03 81.82 90.00
6 33 9.09 3.03 6.06 81.82 90.00
7 41 7.32 4.88 4.88 78.05 84.21
Average 141 7.09 4.26 8.51 80.14 86.26
4 -7 days
8 35 0 5.71 8.57 80.00 80.00
9 33 0 3.03 6.06 90.91 90.91
10 33 6.06 3.03 9.09 81.82 87.10
11 32 0 3.13 9.38 87.50 87.50
Average 133 1.50 3.76 9.77 84.96 86.26
8-11 days
Average 396 4.29 4.80 9.60 81.13 84.96
1-11 days

considered hatched and ready to be removed.

The results were processed by routine methods of
statistical analysis included in the MS Excel 2003
package. The effect of the studied factor on quality traits
of newly hatched quails was evaluated by means of
dispersion analysis [14].

RESULTS AND DISCUSSION

The incubation technology is largely dependent on the
main characteristics of hatching eggs and the detailed
knowledge of the features of embryonic development.
The eggs used in this experiment have the following
characteristics: weight — 15.2940.03 g; shape index
— 76.43£0.14%; shell area — 29.42+0.04 cm?; shell
thickness 0.23+0.001lmm; volume — 30.40+0.07 cm’.
One cm’ of shell area corresponded to 42.6+0.23 mg
shell weight and 1.034+0.001 cm?® of egg content, whereas
1.99+0.002 cm® of egg volume weighed 1 g. The thick
albumen height was 5.06+0.07 mm and albumen index
—0.118+0.002. The yolk index was 0.469+0.003.

The results from incubation in this experiment did not
allow drawing any conclusions related to egg storage
terms (Table 1). The hatchability of set eggs as well as
of fertile eggs was high which is proper for Japanese
quails in this stage of the productive cycle (end of the
second productive month). The data obtained at each day
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of egg storage period, with the exception of the 2™ day,
did not show large variations. The higher difference in
the hatchability of eggs stored for 2 days was statistically
insignificant. The average data outline the lower
hatchability of newest eggs (up to 3 days), thus opposing
to conclusions and recommendations of [10], that quails
eggs should not be stored for more than 4 days in order
to preserve a higher hatchability. The lower hatchability
in our experiment could be related to the intensity of
albumen changes occurring within the first 24 hours of
fresh egg incubation [3]. According to these authors, the
albumen of fresh eggs loses more rapidly its viscosity
and increased more quickly its pH. This, in the view of
[9] impairs the gas excange and embryo feeding during
the first hours of incubation. Depending to the degree of
embryonic development, these changes could be fatal for
some embryos [19].

The weight loss between incubation days 0 and 15 in the
Pharaoh breed ranged between 9-10.5% of initial egg
weight (Table 2). Our results showed a slight effect of
egg storage period on weight loss during the incubation.
The average values for storage term of 4 to 7 days were
by 3% lower compared to older eggs. The difference
of weight lost by fresh and old eggs was statistically
significant (P<0.01). In this connection, our results
differ from the assumption of [3] that weight loss during
incubation was not influenced by egg storage period.
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Table 2. Eggs weight (g), loss of egg weight (%), and relative weight (%) of the hatched quails
depending on egg storage period
Tabnwuma 2. Maca Ha siiiiara(g), 3aryoa Ha maca (%) u oTHocuTeHa Maca (%) Ha U3TIOTICHUTE IThATBIBIN B
3aBUCHMOCT OT MPOIb/DKUTEIHOCTTA Ha ChXPaHEHUE Ha siIaTa

Storage period, Egg weight at Egg weight by Loss of egg Weight of hatched quails
days egg setting, g 15" day of weight, % g %
incubation, g
1 15.19+0.10 13.78+0.11 9.72+0.27 11.44+0.25 71.71+£0.83
2 15.36+0.11 13.75+0.12 10.36+0.20 11.14+0.15 70.37+0.49
3 15.35+0.1 13.7240.10 10.10+0.24 11.18+0.15 70.66+0.57
Average 15.30+0.06 13.75+0.06 10.05+0.14b 11.24+0.10 70.89+0.36
1-3 days
4 15.25+0.11 13.70+0.11 9.89+0.25 11.09+0.15 70.39+0.73
5 15.23+0.12 13.79+0.13 9.96+0.31 11.20+0.18 70.234+0.60
6 15.26+0.12 13.69+0.15 9.99+0.24 11.31+£0.17 71.28+0.64
7 15.25+0.10 13.79+0.12 9.20+0.19 11.23+0.17 71.04+0.62
Average 15.2540.05 13.74+0.06 9.75+0.12 11.20+0.08 70.73+0.32
4-7 days
8 15.14+0.12 13.60+0.17 9.28+0.27 11.22+0.23 72.07+0.88
9 15.29+0.10 13.92+0.11 9.23+0.25 11.43+0.16 71.11£0.90
10 15.4240.10 13.99+0.13 9.72+0.38 11.44+0.14 72.14+0.61
11 15.4440.11 14.00+0.13 9.52+0.31 11.20+0.14 70.83+0.48
Average 15.3240.05 13.88+0.06 9.44+0.15b 11.33+0.08 71.49+0.34
8-11 days
Average 15.29+0.03 13.79+0.04 9.74+0.09 11.26+0.05 71.02+0.19
1-11 days

Note: b-b; Values within columns with common letters differ significantly P<0.01.

Our data for egg weight loss were however lower that
data of [21] and previous data of ours (unpublished data)
performed with eggs from a breeder flock at the same
age of the Manchurian Golden breed. A possible reason
for this difference could be the various egg shell quality
between Pharaoh and Manchurian Golden quails at this
age. The eggshell in Pharaoh breed was thicker by 9.6%
(P<0.001), and its density — by 4.5% higher (P<0.001)
compared to Manchurian Golden quail breed. These facts
are a sound reason for reduction of the shell permeability
to water vapours during the first 10 days of incubation,
when weight loss of Japanese quail eggs was the highest
[21].

The observed tendency towards weight loss up to the
15" day had not a serious effect on the relative weight
of hatched quail chicks. The relative weight of birds
hatched from eggs stored for 1-3 and 4-7 days was
practically equal, and the highest difference within this
period was 2.1%. The relative weight of quails hatched
from old eggs (stored for more than 8 days) was higher
compared to the other two terms. The difference however
was lower than 0.5%, that does not allow us to assume
specific reasons for this. The relative weight of hatched
quails in this study varied between 70.2-72.1% of initial
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egg weight, corresponding to earlier results of [5] in
broiler chickens. The relative weight of hatched chicks
in this study was on the average by 8% higher than data
of [21] obtained in Japanese quails. These data (about
65.4%) were probably due to the longer stay of hatched
birds in the incubator prior to being weighed [15]. The
detailed investigation of the relationship by means of
dispersion analysis showed that the correlation was
linear, weak and negative (r= -0.253). This supports the
assumptions of [6] about the type of relationship between
egg storage terms and egg weight loss during incubation.
The strength of the factor egg weight loss up to the 15"
day in the determination of the relative weight of hatched
quail chicks in this investigation is estimated at 15.9%
from the total dispersion of the trait.

The duration of egg storage had a certain influence upon
the length of the incubation period (Fig. 1). Eggs stored
for up to 8 days, with the exception of two drops, showed a
tendency towards statistically significant (P<0.05) longer
period of incubation (Table 3). For the entire period of the
study, the relative share of quails that hatched between the
408" and 438" incubation hours was the highest (Fig. 2).
During that interval, 79.6% of all quails had hatched. The
hatching peak for Pharaoh quails was the 426" hour of
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Table 3. Duration of incubation for quails with different relative weight
Tabmuna 3. TIpoABIKUTETHOCT HA HHKYOANKUsITa B 3aBUCHMOCT OT OTHOCHTETHATA Maca Ha U3JIONCHHUTE

b JUTBBLIH
Storage Relative weight, %
period, days Low Middle High Average
68.85+0.30 *** 72.3340.09 *** 74.86+0.18 *** 72.27+0.20
1-3 433.85+3.90 (1) 427.26+2.24 (2) 418.2942.95 (3) 426.39+1.85 (4)
4-7 439.76+3.39 (5) 431.574+2.08 (6) 426.40+2.38 (7) 432.10+1.57 (8)
8-11 444.00+3.53 (9) 429.00+1.63 (10) 426.00+2.29 (11) 430.34+1.48 (12)

Note: The order of presenting statistical significance is from left to right and from the top to the bottom. Statistical significance * -
P<0.05; ** - P<0.01; *** - P<0.001; 1-3%**; 3-7%; 3-11%; 4-8%; 5-6%; 5-7**; 9-10%*%*; 9-] | ¥**

h

436

434

432 —
430 /‘r

1 2 3 4 5

Storage period, days

6 7 8 9 10 11

Figure 1. Average length of incubation period depending on egg storage period

@urypa 1. Cpenna nporb/DKUTETHOCT Ha HHKYOAIMsATa B 3aBUCUMOCT OT IPOIBIDKUTEIHOCTTA HA ChXPaHEHUE Ha
sIara

incubation. The period when most eggs hatched at a time,
was between the 420™ and the 432" hour of incubation.
The shorter incubation period for fresh eggs shifts this
stage within the interval of hours 414-426. The study
of the link between incubation duration and egg storage
term showed a curvilinear relationship with a coefficient
of curvilinearity L=0.095+0.03 (P<0.01). The correlation
was moderate with 1=0.378, and the effect of the factor
egg storage term upon the determination of incubation
length in this experiment was estimated at 14.3% of the
total dispersion of the sign.

The grouping of data related to incubation duration in
a manner such as to perceive not only the egg storage
terms but also the relative weight of hatched qualils,
showed another stable relationship with statistically
significant differences (Table 3). Despite the egg storage

172

term prior to incubation, quails with high relative weight
had a statistically significant shorter period of incubation.
This correlation is particularly valid for fresh eggs. The
opposite relationship was observed in quails hatched
from older eggs and with lower relative weight, whose
incubation period was the longest. The difference between
these variants was more than 24 hours.

Under optimal conditions, the relative weight of hatched
birds could serve as a criterion in the evaluation of the
intensity and efficacy of embryos’ metabolism during the
incubation. Thus, the relationship between the relative
weight of hatched birds and incubation length is logical as
during the last days of incubation, a series of specifically
successive processes, closely dependent on embryos’
metabolism did occur and without them, the hatching
is impossible [17]. Thus, the relative weight could be
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Figure 2. Relative share of hatched quails during the control period, %
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regarded not only as a trait characterizing the quality of
hatched quail chicks, but also as a factor determining at
some extent the incubation length. The analysis by means
of the dispersion method showed that this hypothesis
is completely possible. Moreover, both factors — egg
storage term and relative weight at hatching, complement
each other and even enhance their effects upon the
determination of the trait incubation length. Evaluating
the strength of these factors’ effects, it was established
that it was 13.1% of the total dispersion of the studied
trait (P<0.001), with a leading role of the factor relative
weight of hatched quail chicks.

CONCLUSIONS

The duration of egg storage prior to their incubation had
a weak negative effect on the weight loss from incubation
day 0 to day 15. Eggs stored for 1-3 days exhibited a
statistically significantly higher weight loss than eggs
stored for 8-11 days prior to incubation (P<0.001).

The duration of egg storage had no effect on relative weight
of hatched quail chicks, but influences the incubation
length. Eggs stored for up to 8 days showed a tendency
towards statistically significant (P<0.05) longer period of
incubation. The relationship between incubation period
length and egg storage term was moderate, curvilinear
and the effect of egg storage term was estimated at 14.3%
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of the total dispersion of the trait.

Despite the egg storage term prior to incubation, quails
with high relative weight had a statistically significant
shorter period of incubation. The analysis of the
combined effects of egg storage term and relative weight
at hatching on incubation length showed that both factors
complemented each other and even enhanced their
effects upon the determination of the studied trait. The
strength of these factors’ effects was estimated at 13.1%
of the total dispersion of the incubation period length
(P<0.001), with a leading role of the factor relative
weight of hatched quail chicks.
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