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Abstract

The aim of this work was to study changes of eggshell temperature (EST) during short-time egg
cooling using thermography measurements in order to monitor a course of chick embryo development.
Eggs (n = 600, broiler line ROSS 308) were incubated in Petersime setter S576 in temperature (T =
37.89C) and relative humidity (RH = 51%). The EST was measured with the infrared camera
Thermovision A20 (FLIR Company) from the first (E1) until the 19" (E19) days of embryogenesis. The
series of three EST measurements was performed outside the incubator (T =22.4°C, RH 75%), i.e.
immediately (EST-0), and then at 15 (EST-15) and 30 minutes (EST-30) following the eggs withdrawal
from the setter.

During consecutive days of incubation EST-0 of alive embryos steadily increased. At E1 it was
37.0 £ 0.45°C (mean + SE) and from ES8 it increased significantly above 38°C (i.e. to 38.1 = 0.47°C;
P<0.05). The highest value of EST-0 (39.6 £1.02°C) occurred at E16 (P<0.05). From El to E16 the
difference between EST-0 and EST-15 was about 3.0°C (P>0.05) while at E19 it was only 1.8 £ 0.43°C
(P<0.05). This observation indicates that during the hatching period the thermoregulation system of
chick embryo is already partly developed and active.

All the three ESTs of eggs with the dead embryos were always lower in comparison with ESTs
of the alive ones. These differences of ESTs exceeded 0.5°C from E8 (P< 0.05), and allowed to detect
eggs with mortalized embryos.

In conclusion, results of the experiment showed that thermography is a useful method for non-
invasive monitoring of incubation process and the proper development of the embryo.
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Introduction
It is known that in the incubation process of domestic avian eggs the development of the embryo
is mainly influenced by the physical microenvironment surrounding the egg (Van Brecht et al 2005).
But on the other hand, the temperature experienced by the developing avian embryos depends on the
three factors: 1) the air temperature, 2) the exchange of heat between the egg and its microenvironment
and 3) the time-variable heat production of the embryo (French 1997).
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The air temperature at an incubator is a very important factor for pre- and post- hatching chicken
development. The optimal air temperature for the embryo development is defined as 37.5°C to 37.8°C,
but some authors consider that an internal egg temperature is more important (embryo temperature, ET)
(Joseph et al 2006, French 1997). The first signals of heat producing by a chick embryo were observed
at the 3" day of incubation but intensive heat production begins on the 10™ day of incubation (Lourens
et al 2006 a,b). However, ET measuring is problematic because the structural integrity of shell is
damaged, which causes the risk of contamination and damage to developing embryo (French 1997).
This problem can be solved by measuring of the surface temperature of egg shell (EST) which is the
border layer between the external and internal environment of avian embryo (French 1997, Lourens et al
2005). EST is generally measured pointwise by thermistor (Lourens et al/ 2005) or infrared thermometer
(pyrometer) (Dobrzanski and Bednarczyk 1988, Joseph et al. 2006). Another method of infrared
radiation (IR) monitoring is thermovision (thermography). An infrared (thermovision) camera measures
and images the emitted infrared radiation from a whole object. The fact that radiation is a function of an
object surface temperature makes it possible for the camera to calculate and display this temperature.
This method is used in engineering, building and human and veterinary medicine. The application of
this method to monitor the changes in egg shells temperature during incubation was tested by Augustyn
et al (2006). During this experiment it was shown that the EST of developing eggs increased during the
incubation but the temperature of the shell was not identical on the whole surface. The shell of living
egg above an air chamber was significantly lower than the rest of the surface of the egg. These local
differences were more detectable in the case of undeveloped and dead eggs.

The aim of this work was to study the changes of eggshell temperature (EST) during short-time
egg cooling using thermography measurements in order to monitor a course of chick embryo
development.

Material and methods

The experiment was conducted at a commercial hatchery. Eggs (n = 600, broiler line ROSS 308, mean
weight of egg + SD: 63.2 + 5.69¢g) were individually numbered and incubated in Petersime setter S576
in temperature (T) 37.8°C and relative humidity (RH) 51%. The egg shell temperature (EST) was
measured with the infrared camera Thermovision A20 (FLIR Company) on 1* (E1), 2™ (E2), 3" (E3),
4™ (E4), 70 (E7), 8™ (ER), 9™ (E9), 11" (E11), 12" (E12), 13™ (E13), 16™ (E16) and 19" (E19) days of
incubation. The series of three EST measurements was performed outside the incubator in a setters hall
at constant air parameters: T 22.4°C, RH 75%), i.e. immediately (EST-0), and then at 15 (EST-15) and
30 minutes (EST-30) following the eggs withdrawal from the setter. The results of the measurements
were presented on the thermographs, where temperature distribution was shown in the color scale. The
EST’s values of each egg were taken from equatorial region of egg shell.

During the experiment the eggs were candled on E10 but the mortalized eggs were remained on
the trays and embryopathological analysies were made after hatching.

The data obtained were analysed statistically by three-way analysis of variance followed by
Duncan’s multiplerange test. The statistical analysies were performed with the SigmaStat 2.03 computer
program (SPSS Inc., USA).

Results and discussion

The air temperature in a setter (machine temperature, MT) amounted to 37.8 + 0,1 °C and it
seems that the egg shell temperature (EST) of incubating eggs should be similar. However, the results of
measurements show that difference between MT and EST depends on the stage of embryogenesis and
oscillates from -1.8°C to 1.9°C [Fig 1].
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Figur 1
0 1 2 3 4 7 8 9 11 12 13 16 19
living embryos 37,0 38,1 37,4 37,6 37,7 38,1 38,1 38,3 38,5 38,1 39,6 38,0
mortalizd embryos 36,5 37,9 37,2 37,5 37,6 38,0 37,6 38,0 38,1 37,9 38,3 37,0
SD 1,3 0,45 0,35 0,31 0,45 0,51 0,47 0,37 0,46 0,27 1,02 0,78
SD 1,62 0,67 0,42 0,33 0,62 0,46 0,91 0,45 0,52 0,73 1,34 0,85
37,8°C 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8
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Some authors consider that this difference can come up to 4-5°C (French 1996, Joseph et al
2006, Lorens et al 2006).

Value of EST-0 (mean + SD) on E1 was 37.0 + 1.30°C and increased by about 0.1 at each day of
incubation. The increase of EST-0 during the first 10 days of chick embryo development probably
resulted from the progress of chorio-allantois membrane (CAM) and its vascular system (Romanoff
1960). The chorion and alantois originate between 50™ and 69™ hour of incubation, on E5 these two
membranes fuse and on E8 - E10 cover the whole egg from inside (Romanoff 1960). The carried out
thermograph measurements indicated that at this moment EST-0 overstepped a border 37.8°C (Fig 1).

During the following days of incubation the EST-0 increased to 39.6 + 1.02°C on E16, but on
E19 significantly lowered to 38.0 £ 0.78°C (Fig. 1.). Keeping of EST on the level above 37.8°C is
probably caused by intensification of embryo’s metabolism (French 1997, Deming and Ferguson 2006).
It is possible because the CAM (from E10) takes over the respiration function from a yolk sack (Deming
and Ferguson 2006, Lourens et al. 2006) and the oxygen utilization rapidly increases (Vleck and Vleck
1987, Vleck and Hoyt, 2004). At this stage of chick embryogenesis the heat production is about 25-
30mW, but on E15-16 it attains the level of 137-155 mW (Romijin and Lokhorst 1960, Lorens et al
2006a). Lorens et al (2006) consider that such heat production lets the EST increase to above 5°C more
than MT. The occurred - lower of EST-0 — the E19 level [38,0°C (Tab.3, Fig.1)] may be explained by
observation of the heat production which at this period decreased to 130 mW (Romijin and Lokhorst
1960, French 1997, Deming and Ferguson 2004). However, Augustyn et al (2006) supposed that this
phenomenon results from the lost of an albumen and an amniotic fluid, high caloric capacity substances,
swallowed by chick embryo during prehatching period (E18-E19).

The incubation technology of avian eggs enjoins to candle eggs and to cull unfertilized and dead
ones. During this operation eggs stay outside the setter in T about 22-25°C and RH 65-70%. The present
study occurred that 15 minutes cooling of eggs during first two weeks of incubation resulted in lowering
of EST at about 2.7 - 3.6°C (Fig. 2.) and 30 minutes cooling at about further 1.7 - 2.5°C . These results
show that during this period the heat production was insufficient for keeping internal temperature of egg
(Romijin and Lokhorst 1960, Lorens et al.2006b). Interesting is that the highest decrease of EST (4,2 +
0,80°C after 15 minutes, P <0.05 and 2.2 £0,49°C after following 15 minutes, P <0.05) was observed at
the moment of intensification of embryo’s metabolism (E16). It seems that at this period an embryo is
particularly sensitive to the thermal manipulation and disturbance of incubation parameters. However
the decrease of EST on E19 after 15 minutes of cooling was only 1.8 £0,55°C (P<0,05) but further 2.2 +
0.78 (P>0.05) after following 15 minutes (Fig. 2. The obtained results show that the faster loosing of
heat takes place at the first quarter of cooling what is in agreement with the observation of Van Brecht et
al. (2005). Moreover it can confirm the thesis that the thermoregulation mechanisms of chick begin
work at last stage of embryogenesis (Deming i Ferguson 2004, Lorens ef al. 2006ab, French 1997).

In this study was observed that the EST of eggs with the dead embryos was subjected to the
similar alteration as EST of eggs with the living embryos but their EST was always lower. (Fig 1, 2).
Differences between EST-0 during first eight days of incubation oscillated from 0.1°C to 0.2°C
(P>0.05), but on E9 this value overstepped 0.5°C (P<0.05) and from E16 was higher than 1°C (P<0.05)
(Fig. 1.). Moreover, during cooling, only in the second half of embryogenesis the decrease of EST of
dead embryos eggs was higher about 1.5-1.7°C than living embryos eggs (P<0.05) (Fig 2.).

Similar results were found earlier by Augustyn et al (2006) - they considered that thermography
method could be used to cull the eggs with embryos mortalized in advanced stages of embryogenesis
because the embryos which were dead in the second half of incubation were not identified in standard
candling.

These decreases were only weakly correlated with the stage of embryogenesis: -0,153 (P < 0.05)
and -0.018 (P <0.05), respectively.
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Figur 1

0 1 2 3 4 7 8 9 11 12 13 16 19
living embryos 34,1 35 33,9 34 343 353 354 34,7 35,6 354 354 36,2
mortalizd embryos 33,6 34,5 33,6 33,8 34,3 34,9 34,7 34,2 35 33,7 33,8 34,7
SD 1,95 0,95 0,63 0,57 1,12 0,84 0,82 0,53 0,76 0,45 1,15 1,01

SD 2,06 1,35 0,9 0,75 1,18 0,83 0,95 0,66 0,82 1,73 1,3 1,18

37,8°C 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8
34,1* 35,05¢ 33,9% 34,0* 3434 353BF  354BF 34 7P 356F 3548 354P°F 36,2°

33,6"¢  34,5%BC 33,6" 33,80 343%BC  3498C 34 78BC 34 9ABC 35 (BC 33 7ABC 3304 34 7ABC
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Figur 1

0 1 2 3 4 7 8 9 11 12 13 16 19 20

living

embryos 34,1 35 33,9 34 34,3 35,3 35,4 34,7 35,6 35,4 35,4 36,2

mortalizd

embryos 33,6 34,5 33,6 33,8 343 34,9 34,7 34,2 35 33,7 33,8 34,7

SD 1,95 0,95 0,63 0,57 1,12 0,84 0,82 0,53 0,76 0,45 1,15 1,01

SD 2,06 1,35 0,9 0,75 1,18 0,83 0,95 0,66 0,82 1,73 1,3 1,18

37,8°C 37,8 37,8 37,8 37,8 378 37,8 37,8 37,8 37,8 37,8 37,8 37,8 37,8 378
34,14 35,05 3394 34,00 343" 353BF 354BF 347D 356%  354BF  354BF  360F
33,6"BC  34,548¢ 33 6" 33,80 343%8C  3498C 34 7°BC 34 24BC 35 0BC 33 7ABC 3384 34 7ABC

Figur 1
0 1 2 3 4 7 8 9 11 12 13 16 19

living embryos 33,9 32,5 31,8 31,5 322 334 33,6 33,1 33,4 33,5 33,1 34,1

mortalizd

embryos 33,6 32,1 31,6 31,4 32,1 329 33,1 32,4 33 32 31,6 32,7

SD 1,08 1,02 0,74 0,51 126 097 0,95 0,57 0,83 0,48 1,28 1,26

SD 1,29 1,25 1,02 0,65 1,32 0,96 1,03 0,77 0,87 1,45 1,51 1,32

érednia 33,9% 32,58 31,8%¢ 31,5 3228 3347 336%F 33,10 3340 33,5°  33,1°F 34,14F

SD

$rednia 33,6* 32,1°8¢ 31,6%¢ 314° 32,148¢ 320%  33,1% 324"FC  33,0%  32,0°%¢ 31,6 32,7%
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Conclusions

1. The egg shell temperature increases during the following stages of embryogenesis.
The increase of it is particularly high after the 10™ day of incubation.

2. In the beginning stages of incubation the egg shell temperature is lower than the machine air
temperature (37.8°C) and oversteps this board at about the 8™ day of incubation. In the last days of
incubation the surface temperature of egg shell with living embryo amount about 39.6°C.

3. A short duration (15 minutes) cooling eggs on the 19" day of incubation affected significantly
the lower decrease of egg shell temperature in comparison with the previous days. It can be supposed
that the thermoregulation mechanisms of chick begin to work at the last stage of embryogenesis

4. The thermography method can be used to monitor the chick embryo development and to
identify the mortalized embryos in advanced stages of embryogenesis.

M. Jlic, Y. Aézycmun,A. Jlicosa-Jlic, K. Top6yc, K. Tomoca, U. Heozosxa

TEPMOI'PA®IYHI BUMIPU TEMITIEPATYPHU IIKAPAJTYIIN AU
B IEPI1O/JI IHKYBAILII

Pe3zomMme

1. Temmeparypu mKapalynu sius 3pocTae M Yac HACTyMHHUX CTajiil emOpioreHesy.
Temmepatypa 3pocTae HaitOubIIe micist 10-ro aas iHKyOarii.

2. Ha mouaTkoBUX CTaisfx IHKyOaIii TemMrepaTypa MKapalyIy sSHls HIbK9a HK TeMIieparypa
imky6aropa (37,8 °C) i mepeBuIIye 1ei piBeHb MPUOIU3HO Ha 8 NeHb iHKyOarii. [IpoTsrom ocraHHiX
JHIB 1HKYyOaIlii Temreparypa MOBEpXHI MIKAPATYIH SIS 3 )KUBUM 33apOJIKOM CTaHOBWIJIA MPHOIU3HO
39,6 °C.

3. KopotkorpuBane (15 XBUIHMH) OXOJIOMKEHHS s€llb Ha 19-THi JIeHb Mano 3HAYHUI BIUIUB:
TEMIIeparypa sS€4YHOI IIKAPaTyy 3HU3WIACS MOPIBHSHO 3 MOMEPEIHIMUA THAMH. MOXXHA TPUIYCTHTH,
10 MEXaHI3MH TePMOPETYJIALIi KypuaT MOYHHAIOTh MPALFOBATH Ha OCTaHHIN CTajlli eMOpioreHesy.

4. Tepmorpadiuauii MeTo MOXke OyTH BUKOPUCTAHUM JI1 MOHITOPUHIY PO3BUTKY €MOpIOHIB
Kyp4ar Ta iieHTUudiKalii 3arudaux eMOpioHIB Ha OCTaHHIX CTalisX eMOpioreHesy.

M. Jluc, H. Aseycmun,A. Jluicosa-Jluc, K. Top6yc, K. Tomorca, H. Hedsiosxa

TEPMOI'PA®UYECKUE UBMEPEHUA TEMIIEPATYPbI
CKOPJIYIIBI IULA B IIEPUO] UHKYBALIUU

ABHoOoTaAanusga

1. Temneparypa CKOpIyIBI siilla BO3pacTaeT BO BpeMs CIEAYIOIIMX CTaJuil aMOpHoreHesa.
Bonsie Bcero temmeparypa Bo3zpactaeT mocie 10-ro qus sMOpuoreHesa.

2. Ha HavanpHBIX CcTaIusIX MHKYOAIlMy TeMIlepaTrypa CKOpJIyIHI siiilla HHXKE 4eM TeMIeparypa
uHky6aropa (37,8 °C) u mpeBblIaeT 3TOT ypOBEHb NPUOIU3UTENbHO Ha 8- JeHb MHKyOauuu. B
MocJeTHIe JHU MHKYOAIlluu TeMIlepaTypa MOBEPXHOCTH CKOPIYIBI SiIla C KMBHUM 3apoJbllieM Obuia
npubam3uTensHo 39,6 °C.

3. Kparkoctpounoe (15 MuUHYT) oxnaxaeHue suil Ha 19 neHb UMeNI0 3HAYUTEIHHOE BIIHSHHC:
TeMIeparypa SHUYHON CKOpJIYNBl IOHM3WIACH B CPAaBHEHHHM C NPEABAYIIUMH JHAMH. MOXHO
MIPEIIONI0XKNTh, YTO MEXaHU3MbI TEPMOPETYJISIIUN HBIUIAT HAYMHAIOT paboTaTh Ha MOCIEAHEH cTaauu
sMOpuoreHesa.

4. Tepmorpaduueckuii METOJ MOXET OBbIThb HCIOJB30BaH Ui MOHHMTOPHMHIA Pa3BUTHS
SMOPUOHOB IBIIIAT U UACHTH(UKAIIMY OTMEPLINX YMOPHOHOB Ha MOCJIEAHUX CTAAAX YMOPUOHOTeHE3a.
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