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An analysis of eggs’ quality parameters (egg weight, eggshell strength, eggshell thickness and egg index) was
performed in two Lohman Brown flocks of commercial laying hens at advanced age. Two farms equipped with battery
cages were the places where the experiment was performed. The first farm (F1) was small, family-owned farm equipped
with moderately efficient ventilation, and in the second farm (F2) a highly efficient tunnel ventilation with water pads
cooling equipment was installed. Egg weight and eggshell strength were analyzed in the laboratory for testing egg
quality, using Egg Multi Tester EMT 5200 and Eggshell Gauge (Robotmation Co. Ltd., Tokyo, Japan), computerized
equipment that gives unbiased values, while shell thickness and egg index were measured using a micrometer. No
significant differences in the average values of egg size (63.09; 63.33 g), shell thickness (0.38; 0.38 mm) and egg index
(75.49; 76.56) were registered between F1 and F2 farms, respectively. Average shell strength values revealed that layers
kept on F2 farm produce eggs with stronger eggshell (3,434.16 g/cm?) compared to the farm F1 (3,344.82 g/cm?),
mainly due to the fact that the drop of the eggshell quality in the first farm in the hot summer period (July) was drastic
(2,914.00 g/cm?). The other explanation of this situation could be the significant drop of egg size in the farm equipped
with cooling pads at the beginning of the hot season (May—June) which most probably helps the layers in maintaining
their Ca reserves that later help their metabolism maintain its shell-forming capacities. The conclusion is that high
summer temperatures influence the eggshell strength resulting in lower strength, but the cooling equipment mitigates
this negative effect.
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CE30HCKH BAPUJALIMU HA T'OJIEMHUHATA HA JAJHATA
N KBAJIMTETOT HA JAJIIEBATA JIYHIIIA KAJ HECUJIKUTE

AHanu3a Ha apaMeTpHUTe 3a KBJIUTET Ha jajlieBara JIyIna (Te:KHMHA Ha jajueTo, IBPCTUHA HA jajleBara JIyllna,
neOeNnHa Ha jajieBara JIyIlna 1 HHACKC Ha OOJIMKOT Ha jajiero) Oelie HarpaBeHa Kaj JBe jaTa KOMEpPLHjalHi HECHIIKH
o xubpunotr Lohman Brown Bo Hanpeanata Bo3pact. J[Bere apmu kajie € HalpaBeH EKCIIEPUMEHTOT Oea onpeMeHn
co Garepucku kadesu. [Ipsara papma (F1) Gerre mana, pamunujapHa, onpeMeHa co ymepeHo e eKTHBHA BEHTUIALIN]a,
nozeka Bo Bropara ¢apma (F2) Oeme uHCTanupaHa BHCOKOS()EKTHBHA TYHENICKa BEHTHJIALMja CO BOJHO JIaJCH-C.
TexxuHaTa Ha jajuara ¥ LBPCTHHATA Ha jajieBata Jyiina Oea aHalIM3UpaHd BO JabopaTopujara 3a TECTUpamE Ha
KBaJIMUTETOT Ha jajiara, Kaje ce KOpPHCTea MYATHHAMEHCKHOT TECTep 3a jajiia M MHCTPYMEHTOT 3a Mepeme Ha
IBpPCTHHATA Ha JymnaTta Ha jajuata (Robotmation Co. Ltd., Tokyo, Japan), koMmjyrepusupana ompeMa Koja JaBa
HEMPUCTPACHU BPEJHOCTH, A0JeKa AeOerHaTa Ha JIyLINaTa W MHAEKCOT Ha OOJMKOT Ha jajiuaTa 6ea MepeHH cO
mukpomertap (0.01 mm) u gururanen uryonep. He Gea 3abenexeHn 3Ha4ajHH pa3IMKH BO MPOCCYHHUTE BPEIHOCTH Ha
rosieMrHara Ha jajuara (63,09; 63,33 g), nebenunata Ha jajuesara aymmna (0,38; 0,38 mm) 1 HHAEKCOT Ha OOJIMKOT Ha
jajmara (75,49; 76,56 %) nomery nsete jata. [Ipoceunure BpeJHOCTH Ha IIBPCTHHATA Ha jajIieBaTa JIYIIIA Ha jajuara
npousBenieHH Ha (apmata F2 nokakaa neka, TAMOIIHUTE HECUIIKM TIPOU3BEIYBaar jajia co MOLBPCTA jajleBa JIylina
(3.434,16 g/cm?) cniopezieHo co onue Bo papmata F1 (3.344,82 g/cm?), mITO TIABHO CE TOJKU Ha (AKTOT JeKa TajgoT
Ha KBAJIUTETOT Ha jajuesara jyiina Bo papmara F13a Bpeme Ha TOIUTHOT JieTeH nepuo/ (jyau) oun apactudet (2.914,00
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g/cm?). BropoTo 00jacHyBame Ha BakBaTa cOCTOj0a GM MOXENO Ja OuJe 3HAYajHOTO OMarame Ha rOJeMUHATa Ha
jajuara Bo papMara onpemMeHa CO yMEpeHO e(peKTHBHO Jia[CHe Ha IMOYETOKOT Ha JIETHHOT mepuoj (Maj—jyHH) Koe
HELITO HajBepPOjaTHO MM IOMara Ha HECUIIKMTE 33 OAPKYBalbe Ha HUBHUTE pe3epBU Ha Ca (KaluuyMm), IITO HOJOLHA
My [IOMaraar Ha OpraHM3MOT BO KalnalUTeTOT Ha popMupame jajia. 3aKiIydoKoT € JjeKa BUCOKUTE JIETHU TeMIIepaTypu
BJIMjaaT Ha [BPCTHHATA HA jajuara, LITO Pe3yJTHpa cO IoMala LBPCTHHA, HO ONPEMaTa M JaJCHheTo To yonaxyBaar

OBOj HEraTHBEH E(EKT.

Kay4ynu 300poBH: Te)XHHA Ha jajiie; IBPCTHHA Ha jajlieBaTa Jyllna; AeOennHa Ha jajieBara JIyIlra;

MHJIEKC Ha OOJIMKOT Ha jajleTo; HECUIIKH

INTRODUCTION

The ambient temperature and relative humid-
ity, equipment in farms, the way of ventilation in the
building, are part of the important elements for
achieving good results in the production of eggs. A
solidly built object with good internal and external
isolation, with strong ventilation and air flow, as
well as an appropriately balanced diet of poultry de-
pending on its needs, are factors that can be easily
overcome problems caused by variations in temper-
atures during the seasons. It is very important to
maintain optimum microclimate for layers to give
maximum production. The zone of thermal neutral-
ity for adult birds has been reported to be in the
range of 14 to 26°C. High temperature (above 26°C)
depresses production and adversely affects shell
quality and egg size. Relative humidity of 40 to 60%
is preferred (Stadelman, 1995).

Egg production and egg quality are affected by
season. High temperature has an adverse effect on
egg production. The egg quality depends on physi-
cal make up and chemical composition of its con-
stituent which, however, ultimately depend upon
breed and type, age, nutrition, stocking density of
the laying bird, environmental factors and season of
the year (Nesheim et al., 1979).

Egg quality is one of the most important con-
tributing factors in marketing eggs, which generally
influences the price of the egg and its acceptability
to the consumers. Breed, feed, housing and possibly
other factors, like season, stocking density and
group size have also profound influence on the qual-
ity of eggs (Yeasmin, 1987).

Nikolova and Kocevski (2004) found that the
high temperatures, which on average exceeded 25°C
and reached 35—40°C, contributed to a decrease in
the weight of eggs of 2.16 g from the average weight
of a total 877 examined eggs. In the summer
months, layers were losing their appetite, the con-
sumption was smaller and could not bring in all the
necessary nutrients in general, and this deficit
caused the layng of smaller egg. Deaton et al.
(1982), in their research found a reduction in egg

masses of 1-2 g in the summer season at constant
temperatures of 15-35°C

Nikolova and Kocevski (2004), Nikolova et al.
(2008) and Kocevski et al. (2011) reported differ-
ences in egg weight and quality strength of eggshell
due to genotypes and also as influenced by season
(high summer temperature).

Most authors are agreed that shape cannot be
considered in isolation from the effect of, for exam-
ple thickness, porosity and chemical composition.
They believe that the factor shape should always be
included when discussing the strength of eggshells.
The whole of avian eggs are typical oval shaped,
however, they are different in dependence of bird
species and race (Nikolova and Kocevski, 2006).
The hen’s eggs are some elongated with more
sharpen peak usually abreast with eggs of other bird
species. It was conclusion that egg shape is im-
portant factor about packing eggs intended for mar-
ket, incubation of fertile eggs and hatching the
chicks (Romanoff and Romanoff, 1949).

MATERIAL AND METHODS

An analysis of egg quality parameters (egg
weight, eggshell strength, eggshell thickness and
egg shape index) was performed in two Lohman
Brown flocks of commercial laying hens at ad-
vanced age.

Two farms equipped with battery cages were
the places where the experiment was performed.
The first farm (F1) was small, family-owned farm
equipped with moderately efficient ventilation, and
in the second farm (F2) highly efficient tunnel ven-
tilation with water pads cooling equipment was in-
stalled. Thirty eggs were collected and examined
per month from each flock for the period from
March to October, or a total of 480 eggs were ana-
lyzed. The research period covered three seasons
(spring, summer and autumn).

Egg quality was measured in terms of egg
weight, egg shape index, eggshell strength and egg-
shell thickness. Egg weight and eggshell strength

Maced. J. Anim. Sci., 7 (1=2) 19-24 (2017)



Seasonal variation of egg size and eggshell quality characteristics in layers 21

were analyzed in the laboratory for testing egg
quality, using Egg Multi Tester EMT 5200 and
Eggshell Gauge (Robotmation Co. Ltd., Tokyo, Ja-
pan), computerized equipment that gives unbiased
values, while eggshell thickness and egg shape in-
dex were measured using a micrometer and digital
caliper.

The egg shape index was calculated for each
egg from the width and length of the egg using the
formula derived by Reddy et al. (1979). The formula
used to calculate the shape index is given below:

Mean width of egg %100

Egg shape index =
88 Shap Mean length of egg

RESULTS AND DISCUSSION

The Table 1 shows data of the parameters that
make the quality of the eggs, the egg weight, the
eggshell strenght, the eggshell thickness and the egg
shape index, of the flocks housed in Farm 1 and
Farm 2 with Lohman Brown hybrid layers whose
eggs were collected and tested in the period from
March to October. In addition to the text these pa-
rameters are given graphically for each parameter
separately.

No significant differences in the average val-
ues of egg size (63.09; 63.33 g), eggshell thickness
(0.38; 0.38 mm) and egg shape index (75.49; 76.56
%) were registered between F1 and F2 farms, re-
spectively. Average eggshell strength values re-
vealed that layers kept on F2 farm produce eggs
with stronger eggshell (3,434.16 g/cm?) compared

Table 1

to the farm F1 (3,344.82 g/cm?), mainly due to the
fact that the drop of the eggshell quality in the sfirst
farm in the hot summer period (July) was drastic
(2,914.00 g/cm?®). The average data from Table 1
indicates that the F2 flock has significantly im-
proved the eggshell, while the remaining parameters
have no major differences.

The average results of examining the quality of
the eggs, together for the two flocks are shown in
Table 2.

The smallest egg weight were in June (57.57 g,
Figure 1), the smallest eggshell strength and thick-
ness showed in July (3112.85 g/cm” and 0.37 mm,
Figures 2 and 3) and the lowest values of the egg
shape index in the months of July and August (74.73
and 74.26%, Figure 4), respectively. These data
point to the fact that in the summer months, due to
high temperatures, there is a dramatic drop in the
quality of the eggshell, especially the strength of the
eggshell, which is explained with reduced calcium
secretion, decreased calcium transport in the egg-
shell glands, or a decrease in the value of bicarbon-
ate ions under the influence of respiratory alkalosis.

The first negative effect of heat stress is re-
duced consumption, which further causes reduced
intake of calcium in the body. The inadequate amo-
unt of calcium received is affecting the drop in egg
mass, drop in shell mass, and the most significant
decline in eggshell quality (Roland et al., 1996).

The research of Samara et al. (1995) showed a
reduced total blood calcium value at the time of
forming the shell only at hens exposed to high tem-
peratures.

Egg quality parameters of Lohman Brown flocks in Farm 1 and Farm 2 by months

FARM 1 (F1) FARM 2 (F2)

Months Egg Eggshell Eggshell Egg shape Egg Eggshell  Eggshell Egg shape

weight strength thickness index weight strength  thickness  index

€3] (g/em?) (mm) (%) (g (g/em?) (mm) (%)

March 66.24 3171.57 0.39 74.58 74.29 3457.73 0.40 76.46
April 67.26 3550.70 0.39 76.30 73.42 3234.70 0.40 77.60
May 63.00 3330.03 0.38 7591 54.40 3794.16 0.41 77.05
June 61.86 3403.73 0.39 76.61 53.28 3398.40 0.37 7821
July 61.12 2914.00 0.37 73.98 64.40 3311.70 0.37 7548
August 64.31 3456.63 0.39 74.23 66.51 3276.87 0.37 74.29
September 60.50 3427.63 0.38 75.56 60.91 3372.13 0.35 75.34
October 60.45 3504.29 0.38 76.76 59.46 3627.58 0.36 78.02
AVERAGE 63.09 3344.82 0.38 75.49 63.33 3434.16 0.38 76.56
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Table 2

Average values of egg quality parameters of Lohman Brown flocks by months

Months

Egg weight Eggshell strength Eggshell thickness Egg shape index

(8 (g/em?) (mm) (%)

March 70.27 3314.65 0.39 75.52

April 70.34 3392.70 0.39 76.95

May 58.70 3562.10 0.40 76.48

June 57.57 3401.07 0.38 77.41

July 62.76 3112.85 0.37 74.73

August 65.41 3366.75 0.38 74.26

September 60.71 3399.88 0.37 75.45

October 59.96 3565.94 0.37 77.39

AVERAGE 63.21 3389.49 0.38 76.03
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Fig. 4. Index of eggs from different farms

The results of the research by Haque et al.
(2006) demonstrated that there was significant dif-
ference on egg weight under the season’s regime.
Warren (1939) observed decline egg weight during
summer mainly due to temperature.

Season significantly (P < 0.05) affected egg
production, feed intake, egg weight, egg crack and
mortality (Yakubu et al., 2007). Egg production,
egg weight and feed intake were higher in the wet
season compared with the hot-dry season. Incidence
of egg cracks and mortality was significantly higher
in summer season. The same results had been shown
in experiment by Nikolova et al. (2008). Egg laying
hybrids of Dekalb White genetic provenience and
the laying hens of ISA Brown genetic provenience
equally react to the stress caused by high tempera-
tures in the course of summer months (June, July,

Maced. J. Anim. Sci., 7 (1-2), 19-24 (2017)

August and September) when they lay eggs with
significantly decreased strength of the eggshell (Ni-
kolova et al., 2014).

Season has no significant effect (P > 0.05) on
eggshell thickness was concluded by Haque et al.
(2006). This result is dissimilar to the findings of
Izat et al. (1985) and Wilheim (1940). They reported
that there is a definite seasonal trend in eggshell
thickness which is correlated with temperature. Izat
et al. (1985) also observed the highest eggshell
thickness in summer and the lowest in spring.

According to Romanoff and Romanoff (1949),
the standard eggs from hens had egg shape index of
74% with blunt and pointed ends. The percentage of
egg shape index, which is ranging from 70 to 77%,
can be estimated as an optimal value. Other higher
and lower quantities would point out more rounded,
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more elliptic or more elongated eggs. The elongated
eggs have lower, while the rounded eggs have
higher egg shape index. In this study the eggs of the
two farms had optimal value of egg shape index,
only that the eggs obtained from farm F2 in some
months had egg shape index values above 77% in-
dicating eggs with a round shape.

The results by Haque et al. (2006) demonstra-
ted that there was no significant effect of P > 0.05

on egg shape index, except the interaction of S x
GS.

CONCLUSIONS

No significant differences in the average val-
ues of egg size (63.09; 63.33 g), eggshell thickness
(0.38; 0.38 mm) and egg shape index (75.49; 76.56
%) were registered between F1 and F2 farms, re-
spectively.

Average eggshell strength values revealed that
layers kept on F2 farm produce eggs with stronger
eggshell (3,434.16 g/cm?) compared to the farm F1
(3,344.82 g/cm?), mainly due to the fact that the
drop of the eggshell quality in the second farm in
the hot summer period (July) was drastic (2,914.00
g/cm?). The other explanation of this situation could
be the significant drop of egg size in the farm equip-
ped with cooling pads at the beginning of the hot
season (May—June) which most probably helps the
layers in maintaining their Ca reserves that later
help their metabolism maintain its shell-forming ca-
pacities.

The conclusion is that high summer tempera-
tures influence the eggshell strength resulting in
lower strength, but the cooling equipment mitigates
this negative effect.
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