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In this study, chitosan-coatings were prepared with acetic, lactic, propionic, gallic and caffeic acids and
used for coating chicken and quail eggs to understand their effect on the quality and shelf-life of
chicken and quail eggs. Shelf-life study of (weight loss, Haugh unit, yolk index, albumen pH, mineral
levels and shell breaking strength) the coating formulations were investigated for 4 weeks. All chitosan
coated chicken and quail egg samples showed greater interior (weight loss, Haugh unit, yolk index,
albumen pH) and exterior quality (shell breaking strength) than non-coated samples (p<0.05).
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INTRODUCTION

For the past decades, in food packaging, the
manufacturing and use of plastic films have grown quickly
resulting in serious environmental concerns as resistance
to degradation (Muscat et al., 2012). Consumers
preferred biodegradable materials in terms of reducing
the environmental difficulties related with food packaging.
Biopolymer polymers as a raw material for food
packaging and preservation have been the subject of
research (Persin et al., 2011). Because of its ability to
minimize moisture and scent loss, solute movement,
water absorption in the food matrix, and oxygen
penetration, edible and biodegradable films could be
applied as a substitute for synthetic packaging materials
(Aider, 2010).

Researches and developments in active food
packaging have been focused on bio-based functional

packaging materials incorporating natural active
compounds and ingredients (Leceta et al., 2013; van den
Broek et al., 2015; Madureira et al., 2015). Chitosan is a
cationic linear polysaccharide with a variable degree of
N-acetylation derived from chitin and is widely used in
agriculture, food, biomedicine and environmental industry
due to the positive charges on its amino groups and the
presence of other multiple functional groups (Ding et al.,
2014; Junter et al., 2016). Chitosan is the second most
abundant biopolymer in nature. It has been determined to
have significant film-forming abilities as well as other
advantageous properties such as biodegradability,
biocompatibility, low oxygen permeability coefficients,
good mechanical properties, muco adhesiveness, and
derivability from low-cost biomass (Wu et al., 2013;
Szymanska and Winnicka, 2015). In addition, chitosan
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has a great potential to be used as film material due to its
non-toxicity, low permeability to oxygen, biocompatibility
and excellent film forming ability under acidic conditions
(Bonilla et al., 2014), also antimicrobial and antifungal
properties against various groups of pathogenic and
spoilage microorganisms (Derelioglu and Turgay, 2019;
Tan et al., 2015).

The chicken egg has almost complete balance of
essential nutrients with protein, vitamins, minerals and
fatty acids with great biological value with the lowest cost
for the low-income population (Menezes et al., 2012).
The loss of moisture and carbon dioxide via the shell
pores causes quality changes in albumen and yolk as
well as weight loss of eggs during storage (Wardy et al.,
2011). Film coatings can be inhibited moisture, gas, and
aroma transfer from the shell pores. For example,
chitosan coating can be preserved the internal quality of
eggs without affecting consumer acceptance (Kim et al.,
20009).

In this study we aimed to investigate the synergistic
effect of chitosan coating prepared with acetic, lactic,
propionic, gallic and caffeic acids, on the shelf life of
chicken and quail eggs. The objective was to study the
effects of different formulations of coatings on the
physical, structural properties of chicken and quail eggs.

MATERIALS AND METHODS

In this study, chicken eggs were obtained from Kahramanmaras
Sitci  Imam  University Agricultural Faculty Research and
Application Farm, Turkey and quail eggs were obtained from a local
producer. All the eggs were obtained daily. The study was
conducted in food engineering laboratory of Kahramanmaras Sutgu
Imam University, Turkey.

Shrimp shell chitosan was obtained from the (deacetylation grade
was 75%) Sigma (C3646). Chitosan was dissolved by using acetic
acid (Sigma, 320099), lactic acid (Sigma, 69775) and propionic acid
(Sigma, 402907). Gallic acid (Merck, 1.01347.0500) and caffeic
acid (Acros, 114930250) were used in the coating formulations as
phenolic materials. Chitosan solutions were prepared by dissolving
3 g of chitosan in 100 ml distilled water that containing equally
added as 1% of organic acids (AA: acetic acid, LA: lactic acid, PA:
propionic acid) and 1 g/chitosan phenolic compounds gallic acid
(AA+GA: acetic acid with gallic acid, LA+GA: lactic acid with gallic
acid, PA+GA: propionic acid with gallic acid), caffeic acid (AA+CA:
acetic acid with caffeic acid, LA+CA: lactic acid with caffeic acid,
PA+CA: propionic acid with caffeic acid). The solution was heated
(40°C) and agitated constantly for 45 min. Finally, polyethylene
glycol added to the solution for elasticity (0.25 ml/g chitosan) and
agitated 15 min (No et al., 2002).

Coating treatment and storage of eggs

Eggs were coated in chitosan solution by dipping and allowed to
dry. Coating treatment was made two times. After coating, the eggs
were allowed to dry before being placed on cardboard egg racks
with the little end down and stored at room temperature (24+2°C)
(Kim et al., 2009). For determination of weight loss, Haugh unit, yolk
index, albumen pH, shell strength and albumen viscosity ten
replicates per each treatment were taken weekly for up to 4 weeks
at 24+2°C.

Determination of weight loss, Haugh unit, yolk index, albumen
pH, shell strength and albumen viscosity

Weight loss (%) of the eggs was calculated according to Alleoni and
Antunes (2004). The height of albumen and yolk was measured
with a tripod micrometer (Model S-6428, B.C. Ames Inc., Melrose,
MA, USA). The yolk width was measured with a digital calliper
(General Tools & Instruments, New York, NY, USA). The Haugh
unit was calculated according to described by Alleoni and Antunes
(2004). The yolk index was calculated as yolk height/yolk width
(Bhale et al., 2003). After measurement of Haugh unit and yolk
index, the albumen was separated from the yolk. The thin and thick
albumen were mixed thoroughly prior to measuring pH with a pH
meter. For each coating group, 20 chicken eggs and 60 quail eggs
were broken and the part of the albumen was separated from the
yolk and placed in the viscometer tube. Measurements were carried
out at 20°C at a speed of 30 rpm using the L62 heading. The first
measurement was recorded as 20 s and the second measurement
was recorded as millipascal seconds from 10 s rotation of the head.
Torque was applied between 10-100%.

Mineral analyses

Mineral analyses of the samples were done according to EPA
method (1994).

Shell breaking strength

Shell breaking resistance analysis, the strength of the egg, which
proved to be a criterion is resistance against breaking. Measured
with a texture analyzer (STM-1, Santam Co., Tehran, Iran), kg/m? is
expressed as (Ezazi et al., 2021).

Statistical analysis

For internal and external quality of chicken and quail eggs, mean *
standard deviation values were reported based on ten
measurements (five eggs/replicate) per treatment. One-way
analysis of variance of data was carried out using the IBM SPSS
Statistics software (v.24). The difference between pairs of means
was resolved by means of confidence intervals using Duncan’s
tests; the level of significance was set at P < 0.05.

RESULTS AND DISCUSSION
Weight loss

The weight loss of the control (non-coated) and coated of
chicken eggs with chitosan during 4-week of storage at
24+2°C was shown in Table 1. The weight loss of chicken
eggs was significantly (P<0.05) increased with storage
periods. Non-coated chicken eggs showed more weight
loss than all coated ones during of storage. This might be
due to the evaporation of water and carbon dioxide from
pores (Kumari et al., 2020).

Overall, storage periods progressively increased the
weight loss; however, the extent of coated quail eggs was
lesser than non-coated quail eggs (Table 1). For all
coated quail eggs, weight loss gradually with increase in
the storage periods. Significant variations of weight loss
existed coated and non-coated quail eggs (P<0.05).
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Table 1. Weight loss (%) of chicken and quail eggs at room temperature (24+2°C).

Weight loss of chicken eggs at 24+2°C

Coating groups

1. Week

2. Week

3. Week

4, Week

Control

1.34620.221%A

Ch-AA 0.853+0.150°#
Ch-LA 0.627+0.121%4
Ch-PA 0.789+0.114°#
Ch-AA-GA 0.756+0.083%4
Ch-LA-GA 0.708+0.152%°4
Ch-PA-GA 1.052+0.176%"
Ch-AA-CA 1.021+0.124%"
Ch-LA-CA 0.992+0.180°"
Ch-PA-CA 0.830+0.135"#

Coating Groups
Control

1. Week
4.343+0.292°4

Ch-AA 1.499+0.139%°4
Ch-LA 1.434+0.253%°4
Ch-PA 1.118+0.254%A
Ch-AA-GA 1.155+0.074%A
Ch-LA-GA 1.197+0.022%°4
Ch-PA-GA 1.445+0.277%°4
Ch-AA-CA 1.324+0.195%°4
Ch-LA-CA 1.577+0.136°"
Ch-PA-CA 1.370+0.297%°4

2.728+0.514°"®
1.573+0.213%"8
1.585+0.194"B
1.601+0.176%"®
1.490+0.126%F
1.649+0.293%"8
2.068+0.288%E
1.972+0.165°8
2.016+0.233%E
1.781+0.1998

2. Week
9.459+0.600"°
3.253+0.548%F
3.619+0.744%"8
2.714+0.650%"
2.721+0.202%F
2.928+0.179%F
3.629+0.614*F
3.168+0.455%F
3.528+0.333%F
3.125+0.499%F

3.767+0.503%¢
2.275+0.291%°
2.330+0.343%¢
2.470£0.221%°¢
2.322+0.190*¢
2.499+0.391%"¢
2.940+0.453%€
2.991+0.385%¢
3.063+0.265%¢
2.710+0.214°¢

Weight loss of quail eggs at 24+2°C

3. Week
14.540+0.687"C
6.097+0.304*¢
6.201+1.887%E¢
4.667+0.984%8
4.558+0.763%
4.805+0.244%C
6.062+1.265%C
5.204+1.038%*°
5.167+0.467%C
4.740+0.787%5°¢

5.141+0.641%°
3.218+0.292*P
3.089+0.599%°
3.419+0.184%"P
3.411+0.195%P
3.421+0.543%P
3.963+0.492°P
4.030+0.699°°
4.066+0.290°°
3.759+0.299"°P

4. Week
17.27620.695°"
8.522+0.696"°
8.195+2.191°¢
7.281+1.535"¢
6.659+0.547%°P
6.510+0.455%°P
8.312+1.427°P
7.381+1.285%°P
5.561+0.494%¢
6.231+1.505°"C

Different letters indicate significant difference (P<0.05), small letters: the difference by the treatment during the week, large letters: the difference

between the treatment during 4 weeks, +: standard deviations of 10 measurements.

Without exception, all quail eggs coated with Ch-LA-CA
had less weight loss than non-coated quail eggs
throughout 4 weeks of storage (P<0.05).

Weight loss of eggs during storage is caused by the
evaporation of water and loss of carbon dioxide from the
albumen through the shell. According to FAO (2003), a
weight loss of 2-3% is common in marketing eggs and is
hardly noticeable to consumers. This study demonstrated
that chitosan coating may be offered a protective barrier
against transfer carbon dioxide and moisture through the
eggshell even when stored at 24+2°C, thus minimizing
weight loss and extending the shelf life of eggs. Torrico et
al. (2011), stated that mineral oil coating significantly
reduced the weight loss (0.72 to 1.20%) of coated
chicken eggs, compared to (4.17%) non-coated chicken
eggs, after 5 weeks of storage at 4°C. Bhale et al. (2003)
reported that chicken eggs coated with chitosan storage
at 25°C showed a lower weight loss (6.8%) compared
with that of non-coated chicken eggs (7.84%). Eggs held
at 25°C for 8 weeks lost 14.50% of their weight,
according to Ezazi et al. (2021).

Haugh unit

The gelatinous structure of thick albumen ultimately

deteriorates during egg storage, ending in thin albumen.
The Haugh unit is a measurement of albumen quality that
is based on the weight of the egg and the thickness of the
thick albumen. The greater Haugh unit value, the better
the albumen quality of eggs. Changes in the Haugh unit
of non-coated and coated chicken eggs during 4 weeks
of storage at 24+2°C were presented in Table 2.
Compared with non-coated chicken eggs, coated chicken
eggs had significantly greater Haugh units (P<0.05)
throughout 4 weeks of storage. Generally, the Haugh unit
decreased with increasing storage periods. Non-coated
chicken eggs and coated with Ch-AA-GA and Ch-PA-GA
chicken eggs had no significant differences at first week
(P>0.05). However, at the other weeks there were
significant differences between coated and non-coated
chicken eggs. During storage Haugh unit of coated
chicken eggs were higher than non-coated chicken eggs.

The utmost drop in Haugh unit occurred during the
second week of storage for all coated quail eggs.
Significant differences were observed (P<0.05) between
coated and non-coated quail eggs, except first week. The
Haugh unit of Ch-LA after 4 weeks of storage was at the
highest level (84.499+ 1.266). Haugh unit of coated quail
eggs main effects including storage period and initial
albumen quality were significant (P<0.05) but in the third
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Table 2. Haugh unit of chicken and quail eggs at room temperature (24+2°C).

Haugh unit of chicken eggs at 24+2°C

Coating groups

0 Week

1 Week

2 Week

3 Week

4 Week

Control

93.545+6.075%

84.003+4.282%P

Ch-AA 93.545+6.075° 90.660+2.786°"°
Ch-LA 93.545+6.075° 91.275+1.953%EC
Ch-PA 93.545+6.075° 92.073+2.069%¢
Ch-AA-GA 93.545+6.075° 86.668+3.857°"C
Ch-LA-GA 93.545+6.075° 87.599+2.881"°F
Ch-PA-GA 93.545+6.075° 86.686+4.156°"8
Ch-AA-CA 93.545+6.075" 90.833+3.048%°
Ch-LA-CA 93.545+6.075" 89.442+3.853°¢¢P
Ch-PA-CA 93.545+6.075° 88.895+2.5117°%¢

Haugh unit of quail eggs at 24+2°C

Coating groups
Control

0 Week
89.247+2.108°

1 Week
76.219+1.830%8

Ch-AA 89.247+2.108° 85.823+0.753°EC
Ch-LA 89.247+2.108° 87.103+1.360"F
Ch-PA 89.247+2.108"8 90.861+0.414F

Ch-AA-GA 89.247+2.108° 88.465+2.106°"°
Ch-LA-GA 89.247+2.108° 86.603+2.995°EC
Ch-PA-GA 89.247+2.108° 83.622+2.581°4

Ch-AA-CA 89.247+2.108"° 89.253+0.959%*F
Ch-LA-CA 89.247+2.108"° 85.756+2.913"A8
Ch-PA-CA 89.247+2.108° 87.151+0.701"°F

73.550+4.112%¢
91.573+2.443°%B
83.669+5.067°
83.541+4.394"B
84.469+3.644" B¢
84.676+2.362°"8
84.050+4.376"F
86.773+4.802"5¢
85.541+3.148"5¢
86.969+2.603"5C

2 Week
78.194+2 536*F
80.891+1.497%°4
84.092+0.441°°
85.135+3.030°4
84.716+1.670%A

84.643+1.880°08
85.100+1.656°""
85.283+1.214%A
82.535+2.873°A
86.774+0.993"°

66.808+6.490*°
83.654+3.434%"
88.792+3.279%F
83.640+4.441°8
78.281+3.961°"
84.888+5.029° 8
82.983+3.444°F
82.301+5.637°8
82.133+3.971°48
84.323+4.397°8

3 Week
69.869+2.554%"
83.945+3.946"8
83.517+0.571°*
83.856+3.673"
86.672+0.323"8
84.743+2.208°48
83.388+1.396>"
83.388+2.236""
84.276+1.104°*
83.404+1.956°"

57.604+7.248%*
81.914+4.277°A
80.283+4.231°4
77.516+4.768°4
80.118+6.13448
81.171+2.543A
78.458+5.143A
78.674+5.769°4
80.518+5.419°4
80.988+5.883""

4 Week
73.53616.837%8
83.985+2.593"4B
84.499+1.266""
84.496+3.840°4
83.506+2.295""
81.681+1.069°"
83.626+2.021°A
84.341+2.0164
83.235+1.681°4
81.606+1.840°"

Different letters indicate significant difference (p<0.05), small letters: the difference by the treatment during the week, large letters: the difference
between the treatment during 4 weeks, +: standard deviations of 10 measurements.

and fourth week there were no significant differences
between coated groups of quail eggs (P>0.05).
Throughout storage of eggs, changes in albumen quality
may be occurred primarily due to storage conditions such
as time and temperature.

This study shows that all chitosan coating formulations
were effective in preserving the albumen quality of
chicken and quail eggs. Alleoni and Antunes (2004),
reported that chicken eggs coated with whey protein the
quality of Haugh unit (A> 55 HU) and non-coated chicken
eggs the quality of Haugh unit C (C <30 HU) during
storage for 4 weeks.

Several studies have shown that HU decreased as
storage duration increases, and that the usage of
coatings delayed this decline (Pires et al., 2020). Whey
protein isolate, sodium montmorillonite nanoparticles, and
sodium metabisulfite were used by Soares et al. (2021).
The results demonstrated an 18.33% difference in HU
between non-coated and coated eggs after the first week
of storage. Between the beginning (7 days) and the end
(35 days) of the experimental period, Oliveira et al.
(2020) found that HU variation in pectin-coated eggs
(86.84) was lower than in uncoated eggs (83.01).

Yolk index

A yolk index value is an indication of freshness of eggs
and calculated as yolk height/yolk width. A decrease in a
yolk index value during storage indicated a progressive
weakening of the vitelline membranes and liquefaction of
the yolk caused mainly by diffusion of water from the
albumen. Table 3 showed that the changes in yolk index
of control and chitosan coated chicken eggs during 4
weeks of storage at 24+2°C. Overall, the yolk index
decreased with increasing storage period. Compared with
the non-coated chicken eggs, chitosan coated eggs
irrespective of formulation of coating, showed significantly
higher yolk index during storage. When compared to
uncoated eggs, Pires et al. (2019), found that eggs
coated with RPC + propolis had the highest yolk indexes
(0.37) at the end of 6 weeks of storage (0.33). When
Yiuceer and Caner (2020), tested that several coatings
based on chitosan, lysozyme, and ozone on eggs stored
for 6 weeks, they found that coated eggs had higher YI
values than untreated eggs. As a result, it is certain that
the coatings enhanced in the preservation of the yolk's
integrity while storage.
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Yolk index of chicken eggs at 24+2°C

Coating groups

0 Week

1 Week

2 Week

3 Week

4 Week

Control

43.512+4.173°

30.990+1.377%¢

Ch-AA 43.512+4.173° 38.390+2.297%¢
Ch-LA 43.512+4.173° 33.624+1.926°"°B
Ch-PA 43.512+4.173° 36.876+4.459"F
Ch-AA-GA 43.512+4.173° 34.615+1.564%"°B
Ch-LA-GA 43.512+4.173° 31.367+1.008%°
Ch-PA-GA 43.512+4.173° 33.018+0.616°"®
Ch-AA-CA 43.512+4.173° 36.239+5.005%°°¢
Ch-LA-CA 43.512+4.173° 38.005+4.005"°F
Ch-PA-CA 43.512+4.173° 38.409+0.566°°

19.150+1.274%8

30.058+1.086°"®
32.007+3.738%8

27.826+2.310°"
26.232+1.925A
27.758+1.926"EC
29.731+0.878%E
29.453+1.3738
31.171+0.612%A
30.981+1.063°*

Yolk index of quail eggs at 24+2°C

Coating groups 0 Week 1 Week
Control 46.276+3.772° 47.317+3.429°°
Ch-AA 46.276+3.772° 46.391+1.477%8
Ch-LA 46.276+3.772° 45.988+1.493°8
Ch-PA 46.276+3.772° 46.870+1.517°°
Ch-AA-GA 46.276+3.772° 44.003+1.663"5¢
Ch-LA-GA 46.276+3.772° 44.166+2.666"5¢
Ch-PA-GA 46.276+3.772° 42.062+1.681*°
Ch-AA-CA 46.276+3.772° 44.485+1.735°°4¢
Ch-LA-CA 46.276+3.772° 42.907+1.834%8
Ch-PA-CA 46.276+3.772°  44.565+1.620°°*CP

2 Week
40.066+0.868%"8
45.842+1.746%°
42.997+2.710°"
42.044+2.007°8
43.175+3.233%8
42.890+2.692°8
39.505+1.415*F
40.190+1.235%8

41.502+1.991%°¢48
43.071+2.001%B¢

15.330+0.242%4
24.345+1.861°"
22.929+1.971°A
23.449+1.408°4
23.629+0.948"4
24.094+0.888" "8
24.879+0.788>A
24.530+1.89748
29.041+0.773%"
29.219+1.479%"

3 Week
37.903+2.693%F
41.772+2.777°
42.321+1.916%"

41.422+3.304°°448
40.276+1.864"°4*
39.547+1.771%%4
39.090+2.560%"8
40.286+2.178"°48
39.519+1.623%4
40.912+1.827°°448

14.118+0.554%"
20.992+2.146°
22.692+1.279°A
25.123+2.922°0A
22.685+2.546"°"
22.135+0.910°"
23.096+0.578°"
22.587+2.179bh°"
26.750+2.012%*
27.132+1.557%

4 Week
33.502+2.297%"
42.431+2.171%*
40.683+1.767%4
39.258+2.085%"
38.986+1.542°0A
40.381+2.610%*
36.701+2.453"
37.975+1.753%4
39.734+2.055%4
39.859+2.810°""

Different letters indicate significant difference (P<0.05), small letters: the difference by the treatment during the week, large letters: the difference
between the treatment during 4 weeks, +: standard deviations of 10 measurements.

Albumen pH

The albumen pH can also be used as an indicator of the
albumen quality of eggs (Wardy et al., 2011). Freshly laid
eggs have an albumen pH value of 7.6 to 8.7
(Waimaleongora-Ek et al., 2009). During storage, carbon
dioxide escapes via eggshell pores, resulting in thinning
of the thick albumen and an increased albumen pH value
up to 9.6-9.7 (Kemps et al., 2007).

In this study, albumen values of chicken eggs coated
chitosan groups were significantly (P<0.05) lower than
those of non-coated chicken eggs throughout 4 weeks of
storage at 24+2°C (Table 4). There were no significant
differences (P>0.05) in albumen pH among Ch-PA-GA
and Ch-AA-CA coated chicken eggs during 4 weeks of
storage.

Table 4 showed that the albumen pH of non -coated
quail eggs rapidly increased from initial value of 8.92 to
10.15 after 4 weeks of storage at 24+2°C. However, the
albumen pH of quail eggs of coated with chitosan
formulations the pH gradually increased from 8.92 to 9.27
(Ch-PA-CA). This implied that chitosan coated groups
could be retarded loss of carbon dioxide through eggshell
pores by acting as a gas barrier.

In the fifth week of storage at 25°C, Soares et al.
(2021) found that albumen pH values above 9 for
uncoated eggs. Uncoated eggs had an albumen pH
above 9 after 21 days of storage at 25°C, according to
Lima et al. (2020).

The release of CO, into the environment through the
eggshell pores changes the albumen pH over time
(Soares et al., 2021). Coatings are effective at delaying
this reaction because they operate as a physical barrier,
reducing gas exchange between the internal and exterior
environments.

Mineral levels

According to Table 5 the coated eggs mineral elements
values of mineral elements were higher than the control
group. The differences between the values of mineral
elements that have been used in the initial experiment
thought to be caused by the difference of mineral levels
of chicken eggs. Higher values of mineral matter in the
coated groups can be explained by the barrier formation
properties of the coating material and the reduction of
losses.
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Table 4. Albumen pH of chicken and quail eggs at room temperature (24+2°C).

Albumen pH of chicken eggs at 24+2°C

Coating group 0 Week 1 Week 2 Week 3 Week 4 Week
Control 8.80+0.082" 9.39+0.048°8 9.55+0.049%¢ 9.59+0.053%¢ 10.17+0.040%°
Ch-AA 8.80+0.082" 9.08+0.062"° 9.14+0.071°%® 9.08+0.109%°8 9.09+0.173"8
Ch-LA 8.80+0.082" 8.95+0.056*5¢ 9.05+0.104°¢ 8.99+0.252%8¢ 8.86+0.186*"%
Ch-PA 8.80+0.082" 8.97+0.145%8 9.04+0.117"8 9.16+0.084%¢ 9.02+0.105"®
Ch-AA-GA 8.80+0.082" 8.99+0.128%8 9.13+0.121%¢ 9.03+0.138%5¢ 9.01+0.161"®
Ch-LA-GA 8.80+0.082" 8.97+0.113%B¢ 8.90+0.162%*"8 9.05+0.112%°¢CP 9.11+0.104"P
Ch-PA-GA 8.80+0.082" 8.95+0.101%*8 9.08+0.084"¢ 9.14+0.061"<P 9.20+0.053%°
Ch-AA-CA 8.80+0.082" 8.96+0.099%8 9.08+0.130"° 9.11+0.070°° 9.20+0.041°°
Ch-LA-CA 8.80+0.082" 8.98+0.109%8 9.06:0.060"¢ 9.15+0.041°P 9.17+0.101°°
Ch-PA-CA 8.80+0.082" 8.92+0.171%*8 8.98+0.105*® 9.09+0.102%°¢¢ 9.18+0.062°°
Albumen pH of quail eggs at 24+2°C
Coating group 0 Week 1 Week 2 Week 3 Week 4 Week
Control 8.92+0.308" 9.17+0.030%"8 9.35:0.100%8 9.70+0.170%° 10.15+0.199°°
Ch-AA 8.92+0.308%¢ 8.36+0.045%" 8.74+0.950%"8 8.91+0.140%5¢ 9.09+0.045%-B¢
Ch-LA 8.92+0.308"° 8.51+0.083%4 8.74+0.208%A8 8.87+0.187*"8 8.90+0.185%*"
Ch-PA 8.92+0.308° 8.49+0.126%" 8.85+0.150%°%8 9.24+0.065%€ 9.26+0.085%C
Ch-AA-GA 8.92+0.308" 8.97+0.095%4 9.09+0.062°%4 9.13+0.026* 9.14+0.049"A
Ch-LA-GA 8.92+0.308"% 8.49+0.231%4 8.54+0.368%"8 8.94+0.101°°"° 9.04+0.190%8
Ch-PA-GA 8.92+0.308" 8.91+0.122°4 9.02+0.090"4 9.07+0.026"°4* 9.20+0.055"°%4
Ch-AA-CA 8.92+0.308"% 8.68+0.040" 8.95+0.141"°8 9.05+0.111°%8 9.23+0.041%8
Ch-LA-CA 8.92+0.308" 8.73+0.096"°%A 8.82+0.070%°A 8.72+0.092%* 8.99+0.062%>4
Ch-PA-CA 8.92+0.308"% 8.56+0.250%4 8.75+0.268%" 9.18+0.036%° 9.27+0.096%°

Different letters indicate significant difference (P<0.05), small letters: the difference by the treatment during the week, large letters: the difference
between the treatment during 4 weeks, +: standard deviations of 10 measurements.

Table 5. Mineral levels (%) of chicken and quail eggs at room temperature (24+2°C).

Mineral levels of chicken eggs at 24+2°C

Coating group Ca Cu Fe Mg Mn Zn
0.Day 1388+8.00' 1.132+0.00° 62.92+0.07' 136.7+0.70' 1.450+0.00 795.3+2.55
Control 960.3+0.70° 0.2189+0.00° 44.98+0.01° 92.90+1.00° 0.840+0.00% 412.6+1.10°
Ch-AA 1071+1.00° 1.361+0.02° 47.44+0.38° 98.16+0.16° 1.083+0.00° 557.3+0.70"
Ch-LA 1221+3.00° 1.295+0.00 64.93+0.35' 100.6+0.10° 1.020+0.00° 682+0.35"
Ch-PA 970.8+2.00° 1.143+0.00° 49.29+0.10° 96.29+0.54" 1.275+0.00° 533.7+1.05°
Ch-AA-GA 1129+3.00' 1.289+0.00 51.31+0.23° 105.7+0.40" 1.208+0.00" 663.1+3.30°
Ch-LA-GA 1306+9.01' 1.503+0.01" 54.1+0.07' 109.8+0.15° 1.318+0.00' 753.3+2.05'
Ch-PA-GA 1214+6.05° 2.952+0.00' 59.17+0.16" 103+0.75° 1.166+0.00° 627.9+1.15'
Ch-AA-CA 1033+5.00° 0.550+0.02° 50.39+0.14° 100.5+1.50° 1.048+0.00° 531.1+0.55°
Ch-LA-CA 1104+8.00° 0.942+0.02° 67+0.49' 101.6+0.45° 3.928+0.01 581.7+0.70°
Ch-PA-CA 1298+2.51" 1.051+0.00° 56.95+0.23° 118.7+0.25" 1.285+0.00" 433.4+1.00°

Mineral levels of quail eggs at 24+2°C

Coating group Ca Cu Fe Mg Mn Zn

0.Day 1340+7.50° 1.669+0.02° 89.25+0.21" 100.5+0.10° 0.934+0.00' 31.35+0.10°
Control 931.5+4.80° 0.990+0.00% 42.42+0.45% 87.53+0.39" 0.621+0.00° 23.69+0.00"
Ch-AA 1282+0.57' 2.064+0.01' 70.76+0.10° 105.5+1.70° 0.926+0.00' 34.61+0.25'
Ch-LA 1195+5.50° 1.395:+0.00" 66.44+0.17" 93.4620.64° 0.69420.00° 29.42+0.00'
Ch-PA 1237+5.50° 1.697:+0.00' 52.63+0.07° 100.9+0.20° 0.851+0.00° 27.99+0.01°
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Ch-AA-GA 1394+9.50" 1.361+0.00° 59.27+0.02° 96.93+0.39" 0.649+0.00° 25.68+0.03°
Ch-LA-GA 978.5+8.95" 1.297+0.00° 47.84+0.22° 87.69+1.16" 0.417+0.00° 27.38+0.15¢
Ch-PA-GA 926.9+1.35% 1.902+0.01" 60.42+0.09" 80.93+0.08% 0.385+0.00% 22.92+0.20°
Ch-AA-CA 1536+2.00' 1.276+0.00" 58.74+0.12° 113.5+1.05' 0.713+0.00 32.15+0.01"
Ch-LA-CA 1268+2.60° 1.743+0.00° 62.24+0.12° 108+1.00" 1.191+0.00 34.56+0.15'
Ch-PA-CA 1255+2.51° 1.728+0.01° 42.11+0.46% 102.4+0.95 0.8630.00" 29.34+0.08"
Different letters indicate significant difference (p<0.05), +: standard deviations of 10 measurements.
Table 6. Shell breaking strength of chicken and quail eggs at room temperature (24+2°C).
Shell breaking strength of chicken eggs at 24+2°C
Coating groups 0. Week 1. Week 2. Week 3. Week 4. Week
Control 1.34+0.241"8 1.09+0.288%# 1.360.206*° 1.34+0.295*® 1.30+0.274*"8
Ch-AA 1.34+0.241" 1.83+0.216"8 1.79+0.196%® 1.94+0.283"8 1.92+0.547"°8
Ch-LA 1.34+0.241* 1.75+0.126°"® 1.95+0.574°® 1.90+0.266"° 1.91+0.166"8
Ch-PA 1.34+0.241% 1.83+0.116"8 1.79+0.237%8 2.43+0.928%¢ 1.88+0.329"°8
Ch-AA-GA 1.34+0.241" 1.84+0.171°°8 1.93+0.4008 1.86+0.488"E 2.26+0.811"°48
Ch-LA-GA 1.34+0.241" 1.84+0.447"8 2.02+0.782"8 1.88+0.175"8 1.79+0.191°8
Ch-PA-GA 1.34+0.241" 2.06+0.236%8 2.18+0.385"8 2.1620.527"8 2.53+0.815%8
Ch-AA-CA 1.34+0.241" 1.93+0.211"°8 1.86+0.231°° 1.98+0.239"*F 2.27+0.499"C
Ch-LA-CA 1.34+0.241" 1.84+0.206"°8 2.21+0.779"8 2.14+0.592"°8 2.15+0.365"°48
Ch-PA-CA 1.34+0.241* 2.04+0.497°® 2.21+0.582"8 2.13+0.447"8 2.38+0.610°*®
Shell breaking strength of quail eggs at 24+2°C
Coating groups 0. Week 1. Week 2. Week 3. Week 4. Week

Control

7.142+1.670"

6.198+2.655"

Ch-AA 7.142+1.670" 12.861+0.660%°
Ch-LA 7.142+1.670" 13.120+0.786°E
Ch-PA 7.142+1.670" 10.648+0.945"B
Ch-AA-GA 7.142+1.670" 12.04620.809°°E
Ch-LA-GA 7.142+1.670" 13.299+0.602°F
Ch-PA-GA 7.142+1.670" 10.260+1.435>B
Ch-AA-CA 7.142+¢1.670"  11.676+1.173°EC
Ch-LA-CA 7.142+1.670" 13.754+0.793%F
Ch-PA-CA 7.142+1.670" 13.38420.504C

5.018+1.876*"
11.829+0.424°%8
12.856+0.201°%2
11.115+1.087°F
12.839+0.434°%8
12.691+1.327°%8
12.004+1.196"%2
12.664+0.611°C
14.012+0.633%®
11.749+0.953E¢

5.338+2.821*"
12.746+0.164°%¢5
13.144+0.468%5
11.865+0.982"4¢B
12.530+0.158"%2
12.307+0.470°4B

10.685+0.524"F
10.961+0.593"5¢

13.536+0.200°°
11.456+0.101°*®

5.459+1.021%"
12.353+1.241%8
12.329+0.753%8
10.226+0.910®
12.398+0.666°%
12.296+0.640%®
11.380+0.228"8
10.452+0.350"®
12.654+0.5248
11.907+0.667°5¢

Different letters indicate significant difference (P<0.05), small letters: the difference by the treatment during the week, large letters: the difference
between the treatment during 4 weeks, +: standard deviations of 10 measurements.

Shell breaking strength

Analysis of the fracture of the shell that repeated every
week for the duration of 4 weeks storage the control
group had the lowest value (p<0.05). Addition of phenolic
compounds caused higher fracture resistance (Table 6).
According to Table 6, Ch-AA, Ch-LA, Ch-PA, CH-AA-GA,
Ch-LA-GA, Ch-PA-GA and CH-LA-CA shell coating
caused the fracture resistance (p<0.05).

In the poultry industry, shell breaking has generally
been associated with significant financial loss. The

resistance of eggshells coated with RPC plus propolis
was not improved, according to Pires et al. (2019) (5 or
1%).

Pires etal. (2020), summarized that the studies
published between 1957 until 2020 that evaluated the
use of egg coating and found that coated eggs have
reduced quality loss when compared to uncoated eggs.
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