Macedonian Journal of Animal Science, Vol. 7, No. 1-2, pp. 31-35 (2017)

232 ISSN 1857 — 6907
Received: September 29, 2017 e-ISSN 1857 — 7709
Accepted: December 7, 2017 UDC: 637.412

Original scientific paper

EGGSHELL STRENGTH IN MOLTED AND NON-MOLTED LAYERS
UNDER SUMMER HEAT STRESS PERIOD

Dragoslav Kocevski!, Gjoko Bunevski!, Vladimir Djabirski', Vlado Vukovikj', Kocho Porchu!,
Nedeljka Nikolova?, Goran Tashev!, Danail Shutevski!

!Institute of Animal Biotechnology, Faculty of Agricultural Science and Food,
University "Ss Cyril and Methodius” in Skopje, Republic of Macedonia
?Institute of Animal Science, "Ss Cyril and Methodius” University in Skopje, Republic of Macedonia
Dragoslav.Kocevski @yahoo.com

An analysis was performed of eggs’ quality parameters in the period of the high-temperature summer (July,
August) heat-stress period (egg weight, yolk color, Hough units and eggshell strength) in two flocks of commercial
laying hens at advanced age. Each flock consisted of ISA Brown (IB) and DeKalb White (DK) mixed-genetic layers
kept in two separate hen-houses equipped with battery cages. The first flock (F1— 7334 DK and 8233 IB) was at the
72nd week of age at the start of the monitored period, and the second one (F2 — 7833 DK and 8815 IB) at the 92nd
week of age after being molted at the 70th week of age. In-house environment ventilation as well as hens’ feeding
(following technical recommendations) were approximately same for both hen-houses throughout the laying cycle.
Eggshell quality of 240 egg samples (30 eggs/month/breed F1 or F2) was analyzed in the laboratory for testing egg
quality using Eggshell Gauge (Robotmation Co. Ltd., Tokyo, Japan), a computerized equipment that gives unbiased
values. Both genotypes yielded high egg production close to the technological level. Molted ISA Brown layers produce
eggs that on average have 400 g/cm? stronger shells than the eggs of non-molted layers (mean values of 4,027.63 vs.
3,569.83 g/cm? in July and 3,748.67 vs. 3,334.70 g/cm? in August). Same tendency was registered in DeKalb White
layers’ flock (mean values of 3,743.83 vs. 3,535.67 g/cm? in July and 3,400.23 vs. 3,104.53 g/cm? in August). The data
obtained confirm that heat stress negatively influences shell strength and that molting improves layers’ shell strength
production capacity and helps mitigation of heat-stress negative effects.
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IOBPCTHUHA HA JIYIIITATA HA JAJIHATA KAJ MUTAPEHU U HEMUTAPEHHU HECHUJIKH
BO YCJIOBH HA TOINVIOTEH CTPEC BO JIETHUOT NEPHUO/|

Co OIHTOT ce peain3npaa UCTPaXKyBara Ha MapaMETPHUTE 3a KBAIMTET HA jajuaTta (TeXHHA HA jajiara, 0oja Ha
xoJukara, Xo(pOoBH €INHUIM M LBPCTUHA HA JIyIINaTa) BO HEPUOAOT CO BHCOKH JICTHU TeMIeparypu (jyJu, aBrycr),
T.e. MIEPHOJOT Ha TOIUIOTEH CTPEC Kaj JBE jaTa KOMEpIHMjaJHH HECHJIKHM BO HampenHarta Bospact. Cekoe jato ce
cocToelle 01 pa3IMYHU T'eHOTUIIOBH Ha HeCHIKH, U Toa ox ISA Brown (IB) u DeKalb White (DK), cmectenu Bo aBa
oJIeNIHU 00jeKTa onpemMeHH co barepucku kadesu. Ennoro jato (F1 — 7334 DK u 8233 IB) Gewre Bo 72-ata Hezena Ha
BO3pAcT Ha MOYETOKOT HA MOHUTOPHUHIOT, a BTopoTo (F2 — 7833 DK u 8815 IB) Bo 92-aTa Hezena Ha BO3pacT OTKAKO
Oewre Mutapeno Ha 70-HezmenHa Bo3pact. BHaTpeniHata aMOMeHTaIHa BEHTHIIALHM]a, KAKO U HCXpaHaTa ([0 TeXHUYKa
npernopaka) oeiie npubIMKHO UCTa BO [BaTa 00jeKTa BO TEKOT Ha LIMKIYCOT Ha Hecewe. Bo mabopaTopujara 3a ucmu-
TyBam€ Ha KBAJIUTET Ha jajua 6ea ucnurany 240 npumeporu Ha jajua (30 jajua / mecer / paca / F1 wm F2) co momonr
Ha MHCTPYMEHT 3a Mepere Ha IBPCTHHATA Ha JIylInaTa Kaj jajiuata (Robotmation Co. Ltd., Tokuo, Janonuja), komrjy-
TepU3MpaHa ompeMa Koja JaBa HEeNPHCTPACHHU BpEIHOCTH. J[BaTa T€HOTHIIA Janoa BHCOKO MPOM3BOJACTBO Ha jajua
OJIMCKY 10 TEXHOJIOLIKUTE MOXHOCTH. MuTapeHuTe Hecwiku o ISA Brown nmpou3sBe/oa jajua Kou BO IPOCEK HMaaT
3a 400 g/cm? nOUBPCTH YL O] jajuara 100UMEHH Ol HEMUTAPEHUTE HECUIKH (cpeanu Bpeanoct 4027,63 HacnpoTu
3569,83 g/cm? Bo jymu u 3748,67 nacnporu 3334,70 g/cm? Bo aBryct). Mcrara Tennenumja Genle 3abenexena kaj oe-
nmre necunku DeKalb (cpenau Bpemnoctu oa 3743,83 nacnporu 3535,67 g/cm? Bo jymu u 3400,23 nacnporu 3104,53
g/cm? Bo aBryct). [lofaTonuTe NOTBPYBaaT Jeka TOIIOTHHOT CTPEC HETATHBHO BIMjae BP3 IIBPCTHHATA Ha jajleBaTa
JIYIINA U eKa MUTAPEHETO Kaj HECUIIKUTE T0 MOA00pyBa MPOM3BOACTBEHHOT KaMalUTET HA jajlia Co LBPCTA JIyLINa 1
romara Bo y0Ja)yBarmbe Ha HeraTUBHHUTE €(DEKTH OJ] TOIIIOTHHOT CTpeC.

KiiyyHu 360poBH: LIBPCTHHA HA JIyIINATa Ha jajuara; TOIUIOTEH CTPEC; MUTAPCHE; HECHIKU



32 D. Kocevski, Gj. Bunevski, V. Djabirski, V. Vukovikj, K. Porchu, N. Nikolova, G. Tashev, D. Shutevski

INTRODUCTION

One of the crucial problems facing the world
egg industry in summer months is heat stress of lay-
ers causing lower feed intake, decreased body
weight, increased feed conversion and lower pro-
duction (Mashaly et al., 2004). Heat stress cause de-
creased egg quality, lower eggshell strength and el-
evated brakes and cracks on the eggshell during the
egg manipulations in the farmhouse, at the grading
and packing centers, distribution and in the markets
shelves (Lin et al., 2004; Nikolova et al. 2008). Ad-
ditionally, according Ebeid et al. (2012), heat stress
induces lower egg mass (-3,24%), eggshell thick-
ness (—1,2%), eggshell weight (-9,93%) and egg-
shell percentage out of the whole egg (—0,66%).
Layers submitted to heat stress express lower egg
production and egg mass (Njoya and Picard, 1994;
Mashaly et al., 2004) as compared to those main-
tained in thermal comfort. Star et al. (2009) reported
a reduction of 31.6% in feed conversion, 36.4% in
egg production, and 3.41% in egg weight in laying
hens subjected to heat stress. In another study (Lin
et al., 2004), heat stress caused decreased produc-
tion performance, as well as reduced eggshell thick-
ness, and increased egg breakage.

Molting is a process regulated by thyroid gland
hormones, leading the birds to rest from egg produc-
tion and regenerating the reproductive organs at the
onset of the new production cycle (Gjorgovska and
Filev, 2010), increasing the nutrients depot in the
birds, seizes the egg production and generate feather
replacements (Brake, 1993). Induced molting in
commercial hens is practiced in many parts of the
world in the last few decades aiming to improve per-
formances, egg quality parameters and profitability,
in elderly hens. Eggshell strength is rapidly declin-
ing by the end of the first production cycle because
of the high daily egg mass output (higher egg size).
This problem could be partially overcome of in-
duced molting, that is management techniques con-
sist of several sets of practices leading to stress sit-
uation for the laying hens and resulting in seize of
egg production (Roland and Brake, 1982).

There are several different methods of induced
molting in layers. One of the most practical ones is
limitation of the feed intakes. Eggs produced during
the second production cycle (after molting) usually
have higher egg mass compared to the eggs produc-
ed in the first production cycle, eggshell quality is
improved in comparison with the eggshell quality at
the end of the first cycle of production, egg produc-
tion intensity could come to 92-94% of the egg in-

tensity in the first production cycle but the feed con-
version rate (due to the lower egg production inten-
sity) is 10% higher (Gjorgovska et al., 2012).

The goal of this trial was to investigate the in-
fluence of high summer temperatures and heat stress
on the egg quality or more precisely on the eggshell
strength in molted and un-molted layers at advanced
age.

MATERIAL AND METHODS

Data for the eggshell strength of the eggs pro-
duced by two mixed flocks (white and brown) of
layers (ISA Brown — IB, and DeKalb White — DK)
housed in two separate henp-houses equipped with
battery cages were analyzed. The first flock (F1 —
7334 DK and 8233 IB) was on 72" week of age at
the beginning of the monitored period. The second
layers flock (F2 — 7833 DK and 8815 IB) was on
92" week of age at the beginning of the monitoring
period, after being molted on the age of 70™ weeks.
In-house environmental ambient and feeding regi-
mes (following technical recommendations for nu-
trient requirements of the genotypes) were approxi-
mately same for both flocks during the production
cycles. Total of 240 samples of eggs produced by
molted and non-molted layers in the months July
and August (30 eggs/month/genotype/F1 or F2)
were analyzed. Eggshell strength was analyzed in
the laboratory of control of the marketing quality of
eggs at the Institute of Animal Biotechnology on the
Faculty of Agricultural Science and Food, using
computerized equipment (Eggshell Force Gauge,
Robotmation Co. Ltd., Tokyo, Japan).

RESULTS AND DISCUSSION

Data from the analyses of the eggshell strength
in molted and non-molted layers of ISA Brown and
Dekalb White genetic provenience, collected during
the hottest period of the summer (months July and
August) are presented in the Table 1. Eggshell
strength is expressed in g/cm’.

Eggshell strength in un-molted layers in July
had approximately the same value in both geno-
types. ISA Brown had no significantly higher value
(3569.83 g/cm®) compared to Dekalb White
(3535.67 g/cm?). Average value for both genotypes
was 3552.75 g/cm?.
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Table 1

Eggshell strength in eggs of molted and non-molted layers of both genotypes
produced in July and August (g/cm’)

ISA Brown Dekalb White Average value for both genotypes
UN-MOLTED LAYERS
July 3569.83 3535.67 3552.75
August 3334.70 3104.53 3219.62
Average values for both months and both genotypes 3386.18
MOLTED LAYERS
July 4027.63 3743.83 3885.73
August 3748.67 3400.23 3574.45
Average values for both months and both genotypcs 3730.09

Molted layers values for eggshell strength in
July expressed different values compared to the un-
molted ones (Graph 1). Estimated average values of
the samples measured in ISA Brown were 4027.63
g/cm?, and 3743.83 g/cm” in Dekalb White. These
average values are higher than the values in un-
molted layers for July. ISA Brown expressed higher
average values than Dekalb White. Average value
for both genotypes for July is 3885.73 g/cm? and is
300 g/cm® higher compared to the average value of
un-molted layers.

Average values for eggshell strength in August
were higher in ISA Brown (3334.70 g/cm?*) com-
pared to Dekalb White genotype (3104.53 g/cm?).
Average value for both genotypes was 3219.62
g/cm?.

Molted layers had also higher average values
for eggshell strength in August. Average value for
eggshell strength In ISA Brown layers was 3748.67
g/cm?, and in Dekalb White 3400.23 g/cm® com-
pared to 3334.70 g/cm?* and 3104.53 in ISA Brown
and Dekalb White un-molted layers, respectively.
ISA Brown again expressed higher average values
than Dekalb White. Average eggshell strength value
for both hybrids in August is 3574.45 g/cm” and is
higher compared to un-molted (3219.62 g/cm?).

The difference in the average value for shell
strength in August is visible on the Graph 2 and it
could be noticed that molted ISA Brown layers
expressed the highest average values and un-molted
layers of Dekalb White genotype showed the weak-
est average value for eggshell strength.
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Graph 1. Average values of eggshell strength in molted
and un-molted layers of both genotypes in July
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Graph 2. Average values of eggshell strength in molted
and un-molted layers of both genotypes in August
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The management practice of "forced" or "in-
duced" molting has shown to improve eggshell
quality in all ageing flock. Following the molt, egg
specific gravity, eggshell weight, eggshell thickness
and percentage eggshell were either the same as
they had been prior to the molt, or had improved, for
all strains. Eggshell breaking strength improved in
all strains as the result of the induced molting (The
Poultry Site, 2008).

We noted that there is a difference between the
two genotypes in favorite of ISA Brown, which pro-
duce eggs with stronger eggshell strength (in line
with the genotypes standards declared by the breed-
ing companies). Other finding was that there is dif-
ference in the average value for eggshell strength in
July and August. Finally, there is noticeable ad-
vantage in the eggshell strength in molted compared
to un-molted layers. Sgavioli et al. (2011) reported
similar facts, stating that increased temperatures re-
duced egg mass, however, the evaluated forced-
molting methods and temperatures to which the
birds were submitted did not influence the other per-
formance parameters.

Generally, eggs produced in July and August
from ISA Brown (genotype that produces brown
colored eggs — eggs with brown shell) had stronger
eggshell compared to Dekalb White (genotype that
produces eggs with white shell) that is in-line with
the findings of Ledvinka et al. (2000) that brown
egg layers produce higher shell weight in compari-
son with some other hybrids of white color.

Graph 3 presents comparison of the average
values for eggshell strength in molted and un-
molted layers in both genotypes, regardless the
month of production as a fix factor.
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Graph 3. Comparative average values for eggshell strength
of molted and un-molted layers regardless the genotype

(g/em?)

It is noticeable that average value for eggshell
strength in molted layers (3730.09 g/cm?) is aproxi-
mately 400 g/cm” higher compared to average value
for eggshell strength in un-molted layers (3386.18
g/cm?). This is in line with the Gjorgovska’s et al.
(2012) conclusions. They also concluded that dur-
ing the second egg laying cycle egg weight and egg-
shell characteristics are increasing rapidly.

CONCLUSIONS

Molted ISA Brown layers produce eggs that on
average have 400 g/cm? stronger eggshell than eggs
of un-molted layers (mean values of 4027.63 vs.
3569.83 g/cm? in July and 3748.67 vs. 3334.70
g/cm? in August).

Same tendency was monitored in DeKalb
White flock of layers (mean values of 3743.83 vs.
3535.67 g/cm? in July and 3400.23 vs. 3104.53
g/cm? in August).

Data confirm that heat stresses negatively in-
fluence eggshell on strength and that molting im-
prove eggshell strength production capacity of lay-
ers and helps mitigation of heat stress negative ef-
fects.

REFERENCES

[1] Brake J.: Recents advances in induced molting. Poultry Sci-
ence, 72, 929-931 (1993).

[2] Ebeid T. A., Suzuki T., Sugiyama T.: High temperature in-
fluences eggshell quality and calbindin — D28k localization
of eggshell gland and all intestinal segments of laying
hens. Poult. Sci., 91, 22822287 (2012).

[3] Gjorgovska N., Filev K.: Morfological and productive
transformation of molted hens, Lucrari Stiintifice — Seria
Agronomie, Vol. 53 (1), 18-21 (2010).

[4] Gjorgovska N., Filev K., Levkov V., Kostadinov T., Jusufi
E.: Egg production during the artificial moulting and a new
laying cycle of aged hens. Archiva Zootechnica, 15, 1, 53—
60 (2012).

[5] Gjorgovska N., Filev K., Levkov V., Nikolova N., Kosta-
dinov T.: Eggshell quality of aged hens during the rejuve-
nation. Lucrari Stiintifice — Seria Zootehnie, Vol. §8,277—
280 (2012).

[6] Ledvinka Z., Tamova E., Arent E., Holoubek J., Klesalova
L.: Eggshell quality in some white egg and brown-egg
cross combinations of dominant hens. Czech. J. Anim. Sci.,
45, 285-288 (2000).

[7] Lin H., Mertens K., Kemps B., Govaerts T., De Ketelaere
B., De Baerdemaeker J., Decuypere E., Buyse J.: New ap-
proach of testing the effect of heat stress on eggshell qual-
ity: Mechanical and material properties of eggshell and
membrane. Br. Poult. Sci., 45, 476-482 (2004).

Maced. J. Anim. Sci., 7 (1-2) 31-35 (2017)



Eggshell strength in molted and non-molted layers under summer heat stress period 35

[8] Mashaly M. M., Hendricks G. L. III., Kalama M. A., Gehad
A. E., Abbas A. O., Patterson P. H. (2004). Effect of heat
stress on production parameters and immune responses of
commercial laying hens. Poult. Sci., 83, 889-894 (2004).

[9] Nikolova N., Pavlovski Z., Milosevic N., Wahner M.: In-
fluence of heat stress and age on the percentage of calcium
carbonate in eggshell and the percentage of broken and
cracked eggs. Arch. Tierz., Dummerstorf, 51, 4, 389-396
(2008).

[10] Njoya J, Picard M.: Climatic adaptation of laying hens.
Tropical Animal Health Production. 26, 180-186 (1994).

[11] Roland D. A., Brake J. H.: Influence of premolt production
on postmolt performance with explanation for improve-
ment in egg production due to force molting. Poultry Sci-
ence, 61 (12), 2473-2481 (1982).

Maced. J. Anim. Sci., 7 (1=2) 31=35 (2017)

[12] Sgavioli S., Filardi R. da S., Praes MFFM, Assuena V.,
Pileggi J., Andrade P. de C., Boleli I. C., Junqueira O. M.
Performance of layers submitted to different forced-molt-
ing methods and different temperatures. Rev. Bras. Cienc.
Avic., Vol. 13, No. 3 (2011).

[13] Star L., Juul-Madsen H. R., Decuypere E., Nieuwland M.
G., De Vries Reilingh G., Van den Brand H., Kemp B.,
Parmentier H. K.: Effect of early life thermal conditioning
and immune challenge on thermotolerance and humoral
immune competence in adult laying hens. Poult. Sci., 88,
2253-2261 (2009).

[14] The Poultry Site (2008): Factors Influencing Shell Quality,
http://www.thepoultrysite.com/articles/1003/factors-influ-
encing-shell-quality/






