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ABSTRACT

The aim of this study was to investigate the effects of coating with chitosan film and storing at different times (from 7
days to 21 days) of Ross 308 brood broiler eggs on weight loss of the eggs and hatching performance. In this study, the
experimental treatments consisted of three different storage periods (7, 14 and 21 days) and eggs of each of these groups
were further divided in two sub groups as coating with chitosan film (group A, C and E) or not (group B, D and F). In
total, six treatment groups were formed for the study. Total number of eggs used in the study was 1800. In all groups with
chitosan coated, high early embryonic mortality (over 90%) and low mid and late embryonic mortality were observed
(2.41%-6.89%) (p<0.05). The lowest hatchability was observed in groups A, C and E, which coated with chitosan film
(0.67%, 3.00% and 0.33%, respectively). It was further observed that coating the fertilised broiler breeder eggs with
chitosan film for different storage periods significantly decreased weight losses in the eggs, both during storage and
incubation. However, the expected positive effects on hatchability of incubated eggs were not actually observed.
Conversely, the coating of eggs with chitosan film adversely affected the embryonic mortality and the hatching
performance.
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INTRODUCTION quality of the eggs was protected (Caner and Cansiz
2007).

Many methods are being studied in order to  For profitable breeding, the duration and
delay the expiry dates of nutrients, to improve their conditions of storage of the eggs used in hatching
quality and taste, and to prevent the negative effects of companies are as important as the commercial cggs used
the environment, including packaging with edible film as food for human, (Aksoy 1991). However, the increased
(Xie et al., 2002; Suyatma ef al., 2005). Among those duration of 'storage, Whlch sometimes becomes necessary
films, food covers made up of polysaccharides, including leads to weight loss in the eggs, anq the resistance of Fhe
chitine, chitosan, cellulose derivatives, alginates, algae, egg shell to breakage decreases with the effect of high
pectines, starch and starch derivatives are common temperature (McWilliams 2001; Avan and Alisarli 2002;
(Kucukoner et al., 2003). The main principle in covering Berardinelli ez al., 2003). As the egg loses moisture, the
food with edible films is to form a layer on the surface of ~ Volume of air cell increases, the late-term embryo death
the food in order to protect the food from environmental rate increases, and output power of fertilized eggs
effects, and to delay the spoilage of the food (Lee et al., reduces, the embryo development in brood decelerates

2003; Suyatma et al, 2005). Egg covering studies and hatching is delayed (Fasenko et al., 1992; Meijerhof
conducted with chitosan film in particular, have reported 1992; Walsh et al, 1995; McWilliams 2001; Senkoylu

beneficial outcomes including reduced weight loss and 20015 Altan et al, 2002). Additionally, the internal
delayed expiry date for 2-3 weeks in eggs covered with quality of the eggs decreases and the pH increases (Walsh

chitosan film (No et al, 2005). In another study the etal., 1995; Brake ez al.,, 1997).

effects of chitosan film cover materials made up using Despite all these disadvantages, the storage time
acetic acid, lactic acid and propionic acid on shelf lifes of the eggs may exceed seven days in some commercial
and shell strength of commercial eggs were observed, the chick production farms. Generally,' storage of hatching
eggs covered with chitosan film were observed to have a eggs for more than seven days is not recommended
stabilised albumen pH, reduced mass transfer, delayed because, no matter how proper the conditions of storage
freshness and related delayed prolonged shelf life are the hatchability decreases after one week (Ipek ef al.,
(Reijrink et al., 2008). Furthermore, the rates of fracture 1999). ) o )

and breakage of the eggs were reduced, and the inner Currently, different applications and various

scientific research have been conducted in order to
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prevent the disadvantages occurring during long-term
storage of commercial and hatching eggs (Otles and Hisil
1990; Caner 2005; Durmus et al., 2009; Dorosti et al.,
2019); however, we could not access any study
investigating the effects of chitosan film cover on weight
losses during incubation and hatchability of incubated
eggs in different storage conditions.

Therefore, this study was conducted to
investigate the effects of coating with chitosan film and
storing for one week or longer of Ross 308 brood broiler
eggs on weight loss of the eggs and some hatchability
characterisitcs, and to determine whether it may be used
to eliminate or reduce the storage-related negative
outcomes or not.

MATERIALS AND METHODS

The present study was conducted at the Poultry
Research Unit of the Department of Plant and Animal
Production, Inonu University Akcadag High School. The
ethics committee approval was obtained from Animal
Research at Inonu University, Malatya, Turkey (approval
no: 2017/A-15). A total of 1800 fertilized Ross 308
broiler breeder eggs, which were aged between 36-40
weeks and had a mean weight of 59.9+0.1g, were
obtained from a commercial company in Malatya,
Turkey.

High molecular weight chitosan (310000-
375000 Da, Poliglusam; Deacetylchitin; Poly-(D)
glucosamine; Sigma-Aldrich: CAS 9012-76-4) was used
to coating the eggs in study groups. In order to increase
the solubility and efficacy of the coating material
(chitosan), 1% acetic acid (Glacial acetic acid;
CH3CO,H) of 60.05 molecular weight was used. Also,
glycerol (0,25 ml/g chitosan) was used as a plasticizer to
avoid the fragility of the coating and improve the film
layer formation.

The present study was arranged for 3x2 factorial
design; three different storage periods (7, 14 and 21 days)
and two administration as coating with chitosan film of
the eggs or not. A total of 1800 hatching fertilized eggs
were divided into six groups with 100 eggs in each and
600 eggs at every independent repeat (3 times) as follows:

Group A, C and E: 7, 14 and 21 days of storing
and coated with chitosan film, Group B, D and F: 7, 14
and 21 days of storing, respectively. The experimental
design of the study was presented in Table 1.

The weights of the eggs (59.9+0.1g) were
recorded prior to storage, at the beginning of incubation
and on the 18™ day of incubation. The eggs in the study
groups with no chitosan cover (B, D and F groups) were
kept at 12-18 °C and 70-75% relative moisture.

The eggs in groups with chitosan cover (A, C
and E groups) were kept at 18-20 °C for 1-2 hours prior to
film coating, in order to avoid water condensation on
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their shells. Chitosan film was diluted with distilled water
at 1% concentration, homogenized via magnetic vortex,
and 1% acetic acid was added in order to improve the
solubility and efficacy. This solution was mixed using
magnetic vortex for 45 minutes at low temperature (37+2
°C), and plasticizer (0,25 ml gliserol/g chitosan) was

Table 1. The experimental design of the study .

Storage Chitosan film coating Amount of
period (day) Situation Groups eggs
7 1 A 300
2 B 300
1 C 300
14 2 D 300
1 E 300
21 2 F 300
Total 1800
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*: Study was independently repeated 3 times, 1 (A, C, E):
chitosan film coated, 2 (B, D, F): no chitosan film coated.

added to the solution in order to avoid fragility of the
coating and to strengthen the film layer. The solution was
mixed using a magnetic vortex for 15 minutes at low
temperature (37+2 °C) (Bhale et al, 2003; Caner and
Cansiz 2007). The eggs were covered by immerging into
the freshly prepared solution for 1 minute, waiting for
room temperature (20-21 °C) for 15 minutes, and
immerging into the solution for 1 minute again (Xie et al.,
2002). The eggs covered with chitosan were kept at
proper room conditions (20-21 °C and 50-55 % humidity)
for drying and stored at the same storage conditions
(15+0,5 °C) with the control groups until transferring into
the setter part of the incubator.

At the same time, placing all the eggs in the
same incubator and follow-up; the eggs were brought
from hatching company on day zero, and stored according
to a schedule. The eggs stored for 7 days were transferred
to the hatching incubator primarily, and a week later, 14
day-eggs were transferred, and 2 weeks later, the 21 day
stored eggs were transferred. All eggs were weighed for a
second time prior to transfer into the incubator. In this
study, eggs were incubated in an incubator (CIMUKA™,
TURKEY) with capacity of 2400 chicken eggs with
automatic regulation of temperature and relative
humidity. Eggs were automatically turned in interval of
four hours.

On the 6™, 8 and 18" day of incubation in the
hatching incubator (37.8 °C, 55-60% moisture),
fertilization control was carried out with light, and those
that were not fertilized, were removed from the incubator.
The dead embryos were categorized as early (< 7 days),
mid-term (7-14 days) and late (15-18% days + no
hatching) embryo deaths, and the rates were calculated
according to the following formulas;
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Ecrly embryonic mertaiity (%) =

i 5 i FEN
number of embryos that had disd in the mid — term

Mid — term embryonic mortality (%) =

x100

number of fertilized epgs

number of embryos that had died in the late — term

x100

Late embryonic mortality (%) =

Transfer of the eggs to hatching incubator and
follow-up: hatching was controlled from the 215t day to
the end of 22" day, and those that had not hatched were
removed and examined. In this study, the fertilization

nmumber of fertilized sggs

rate, hatching efficiency, and the hatchability were
calculated for each group according to the following
formula:

nzimmrher of forsilizied sans

Fertility (%)

Foadal

it}

== Tl e

number of hatched chicks

Hatchability (%) =

=100

total number of eggs placed into the incubator

The egg weight loss rate was calculated using the following formula;

egg weight at prior tosetting into incubateor (g) — ezg weight on the 18th day of incubator(g)

Ege weight loss (4g) =

Statistical analyses. In this study, data were analyzed by
two-way ANOVA using the General Linear Model
(GLM) procedure (SPSS, 2015). The 3 (storage period) x
2 (coating the chitosan film of the the eggs or not)
factorial research design was used to investigate the
effects of the factors (storage period and coating the
chitosan film) on pre-storage and post-storage weights
(g), 18" day weight (g) in incubation and egg weight
losses (%).The effects of the factors (storage period and
coating the chitosan film) and the interactions between
the factors were analyzed assuming the following model:
Yig= pt aitbiH(ab)ijteij

Where Yij= observed value of the investigated
parameter, | = population mean; a; = effect of storage
period (i= 1, 2 and 3), b; = chitosan film coating
(j=l:chitosan film coating, 2: none with chitosan coating
film), (ab); = effects of interaction between storage
period and chitosan film coating, ejx = random error
associated with k™ observation on j* coating during it
storage period NID, (O, ¢?).

The differences among the treatment groups
were evaluated by Duncan Multiple Range Test (DMRT).
Also, statistical significance was considered at P < 0.05
(SPSS, 2015). The Chi-square test was used to analyze
the fertility, hatchability and embryonic mortality rates
(Snedecor and Cochran 1980; Ozdamar, 2003; Akgul,
2005).

RESULTS AND DISCUSSION

The effects of chitosan film coating and different
periods storing on egg weights before storage, egg
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eEE weight at prior to setting into incubator [ g)

weights at the beginning of mcubation, egg weights at 18"
day of incubation and egg weight losses were presented in
Table 2.

According to this study, the differences between
the eggs weights before loading in the incubator and the
eggs weights before storage were found to be statistically
significant (p <0.05). Also, it was calculated that the
average eggs weight before storage were 59.9 + 0.1 g, the
end of storage (before loading the eggs into the incubator)
were 58.6 + 0.1 g. The mean weight of the eggs was
54.0+0.1 g on the 18" day of incubation. The lowest
weight loss was observed in the group A with a mean of
6.8+0.1 g, although the highest weight loss was observed
in the group D with a mean of 9.7£0.3 g. The eggs
weights were examined considering the duration of
storage, and it was observed that the degree of weight loss
increased due to prolongation of storage.

The effect of the storage period on the egg
weights at the 1%t and 18" day of incubation was
significant (p <0.05), but it’s effect on egg weight loss
was not significant (p >0.05). The eggs weight on the
18th day of incubation were also found to have significant
effects between different treatment groups (p<0.05).

On the other hands, the differences in egg weight
loss between the groups with chitosan films and the
groups without chitosan film were significant and also the
effect of chitosan film coating on the eggs weights at the
the 1%t and 18" day of incubation and eggs weight loss
was significant (p<0.05). A significant difference was
observed between the treatment groups with and without
chitosan film coating with regard to weight loss on the
18™ day of incubation. It was demonstrated that chitosan
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film reduced the weight and water losses of the eggs,
therefore, weight loss increased due to prolongation of
storage time.

In addition, the comparisons between groups
with and without chitosan film coating at each different
duration of storage (7, 14 and 21 days) revealed a not
significant reduction in weight losses (p >0.05) (Table 2).
However, the differences between storage time groups in
chitosan film coated and uncoated groups were not
significant for egg weight loses (p>0.05).

In the present study, the interaction effect
between the storage period and the chitosan film coating
on all the traits (except for the eggs weights of before
storage) was significant (p <0.05).

The pores on the surface of the egg shells are
plugged with chitosan film to a certain extent, and water
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vaporization and air transfer through the shell is
prevented, which in turn results in minimalized weight
loss from the eggs, because gas permeability through
edible film covers of polysaccharide structure is low, and
due to their hydrophillic structure, the physical moisture
barrier property is low as well (Baldwin 1994; Gontard et
al., 1996). In these cases the egg weight losses, related to
progressive deterioration of the internal quality of the
egg, is responsible for the decreased in hatchability
(Gonzalez-Redondo et al., 2010). However, maintaining
the inner moisture via such a film also demonstrates the
presence of a good barrier against water vapor pressure
(Baldwin 1994).

In this study, fertility, early-mid- and late-term
embryonic mortality, and hatchability have been
presented in Table 3.

Table 2. Effects of chitosan film coating and different periods storing on eggs weight (g) and eggs weight losses

(%), (Mean + Standard Error Mean, SEM).

. Egg weights before Egg weights before Egg weights Eggs weight
Storage period (day) storage incubation 18™ day losses
7 60.2+0.2 59.3+0.2Y 55.3+0.2Y 8.2+0.1
14 59.9+0.2 58.7+0.2% 53.7+0.2% 8.5+0.2
21 59.7+0.2 58.1+£0.2% 53.240.2¢ 8.4+0.1
Chitosan film coating Egg weights before Egg weights before Egg weights Egg weights
Situation Groups storage incubation 18™ day losses
1 A 60.2+0.2 59.2+0.2¢4 56.0+0.2¢ 6.8+0.1°
2 B 60.2+0.2 59.4+0.2¢ 54.5+0.2b 9.5+0.1°
1 C 59.9+0.2 58.940.2bcd 54.6+0.2° 7.2+0.1°
2 D 59.8+0.2 58.540.23b¢ 52.8+0.2° 9.7+0.3%
1 E 59.7+0.2 58.34+0.2% 54.0+0.2° 7.2+0.1°
2 F 59.7+0.2 57.9+£0.1° 52.3£0.2° 9.6+0.1°
Total 59.940.1¢ 58.6+0.1* 54.0+0.1 8.3£0.1
Storage period - * * -

Chitosan film coating
Storage perlod x Chitosan film coating

* * *

* * *

-:p>0.05, *:p<0.05, 1 (A, C, E): chitosan film coated, 2 (B D, F): no chitosan film coated,

a.b.c.d: Differences between values with different letters in the same column are important (p <0.05),

xy: Differences between values with different letters in the same column are important (p <0.05),

¢ ¥: Only, storage initial and storage end (at the beginning of incubation) egg weights were compared (p<0.05).

The effect of storage periods on early, mid-late
embryo mortality and hatchability were not significant
(P>0.05). The effect of chitosan film coating on early,
mid-late embryonic mortality and hatchability was
significant (p<0.05). No significant difference was
determined between the groups with regard to fertility
rates in the study (p>0.05) and very high early-term
embryonic mortality was observed in all of the chitosan
film coating groups. Also, the interaction effects between
the storage period and the chitosan film coating factors
were not significant for early, mid-late embryonic
mortality and hatchability (P>0.05) (Table 3).

In groups with no chitosan film, the early-term
embryonic mortality varied between 8.27%-17.24% was
calculated. The embryonic mortality increased because of
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storage time. This was the case in mid- and late-term
embryos as well. A shorter storage provides better
protected inner quality, better development of the embryo
and reduced weight loss.

The results of this study were similar to the
results of some researchers who reported that storing eggs
for more than 7 days adversely affected embryo
development and embryonic mortality (Fasenko er al.,
1992; Saylam 1999; Altan et al., 2002). In additonally, it
has been reported that high embryonic mortality resulting
from long-term storage of eggs may be associated with
adverse changes in egg albumin or pH (Meijerhof 1994).

In groups with chitosan film, almost all embryos
had died in the early-term, thus, very few embryos
reached mid- or long-term. Therefore, the mid- or long-
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term embryonic mortality appeared 2.41-6.89% so low. It
is obviously understood that chitosan film completely
covers the surface of the egg, plugs the pores on the shell,
forms a barrier between the inner and outer environment
of the egg, and thus, the weight loss of the egg is reduced.
The main purpose of these cover materials is to keep the
shell dry, and reduce oxygen input and carbondioxide and
moisture output of the egg (Tayyar 2005). Such film
materials provide positive effects on the inner and outer
quality parameters of the eggs for commercial use (Bhale
et al., 2003); however, for hatching, it has significant
negative effects on the embryo development due to the
need of oxygen intake and exhausting of carbondioxide
and water vapor formed within the egg, and leads to death
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of the embryo (Dorosti et al., 2019). Therefore, it is
considered that almost no embryo hatching can be
observed in all the groups with chitosan film coating.

In the study, hatchability varied between 78.33%
and 85.33% in without chitosan film coating groups. The
hatchability in the groups having eggs coating with
chitosan film changed between 40.69% and 44.48%
(Table 3). In all the groups, the hatchability was
decreased with the increase in the duration of storage
Similarly, some studies have reported that the hatchability
of incubated eggs decrease when the eggs are stored for
longer than a week (Ipek et al., 1999; Altan et al., 2002).
However, in this study, contrary to expectations, this
decrease was not statistically significant.

Table 3. Effects of chitosan film coating and different periods storing on hatchability characteristics (%)

Early embryonic

Mid-late embryonic

Storage period (day) Fertility mortality mortality Hatchability
7 96.67 52.59 2.93 44.48
14 96.50 52.16 3.45 4439
21 96.67 55.00 431 40.69
Chitosan film coating Fertili Early embryonic Mid-late embryonic Hatchability
. . ertility . .
Situation Groups mortality mortality
1 A 96.67 96.89¢ 2.4]% 0.672
2 B 96.67 8.272 3.44¢b 85.33b
1 C 96.33 92.73¢ 4.15%® 3.00°
2 D 96.67 11.728 2.75%% 82.66°
1 E 96.67 92.75¢ 6.89° 0.332
2 F 96.67 17.24% 1.722 78.33b
Total 96.61 53.25 3.56 41.72
Storage period - - - -

Chitosan film coating
Storage period x Chitosan film coating

* * *

-:p>0.05, *:p<0.05, 1 (A, C, E): chitosan film coated, 2 (B, D, F):

no chitosan film coated,

a.b.c: Differences between values with different letters in the same column are important (p <0.05)

Conclusions: In conclusion that, coating with chitosan
film which is obtained from natural chitin that has no
harmful effect on the environment, animals or human, and
storing for different storage times of brood broiler eggs,
was observed to significantly reduce weight losses of the
eggs during both storage and incubation. Conversely, the
coating of eggs with chitosan film adversely affected the
embryonic mortality and the hatching performance.
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