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Abstract

This study evaluated the effects of treating eggs with varying concentrations of acetic acid (0%,
5%, 10%, and 15%) on internal and external egg quality traits. A total of 40 fresh chicken eggs
were divided equally among the four treatment groups. Eggs were immersed in their respective
acetic acid solutions for 10 minutes, followed by rinsing and air-drying. Quality parameters,
including weight, external dimensions, shell thickness, and internal traits, were measured before
and after treatment. External traits such as egg breadth showed significant differences (P<0.05),
with higher values observed at 5% and 10% concentrations, while egg length and shell thickness
remained unaffected. Internal traits such as yolk and albumin weights were significantly influenced
(P<0.05), with optimal values noted at 10% concentration. Egg volume and surface area also
increased significantly with acetic acid treatments, particularly at higher concentrations (10% and
15%), while the shape index remained stable. Density-related traits such as egg and yolk density
peaked at 10% and 5%, respectively, reflecting enhanced structural integrity and nutrient retention.
The shell weight per surface area was highest at 5% concentration, suggesting improved calcium
deposition. Overall, acetic acid concentrations of 5%-10% demonstrated the most favorable effects
on egg traits, indicating the potential for moderate acid treatments to enhance certain quality
parameters without compromising structural integrity. These findings provide valuable insights
for optimizing acetic acid use in egg preservation and hatchery practices, warranting further
research into extended exposure durations and alternative acids.
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Introduction

Acetic acid, present in vinegar, may
drastically alter the interior characteristics of
an egg. Soaking an egg in acetic acid
dissolves the calcium carbonate shell,
resulting in the preservation of the inner
membrane. This makes the egg's structure
more gelatinous and less protected, but the
yolk and egg white stay unaltered;
nonetheless, the overall texture becomes
more malleable and the egg appears more
translucent (1). The interior components of a
chicken egg consist of the yolk, albumen,
chalazae, and shell membrane. These
components collaborate to safeguard and
feed the growing embryo or enhance the
texture and taste of diverse cuisines (2). The
exterior characteristics of a chicken egg
include the shell, a rigid, protective outer
covering mostly composed of calcium
carbonate, serving as a barrier against
bacterial intrusion and physical harm. The
shell color varies from white to brown,
depending upon the chicken breed, and its
form is often round or slightly pointed at one
end (3). The eggshell is essential for
hatchability, influencing the development
and emergence of a chick. An undamaged
eggshell is crucial for safeguarding the
developing embryo from physical harm and
bacterial infection. Optimal  porosity
facilitates sufficient gas exchange and
moisture control, whilst appropriate shell
thickness prevents fracture and provides
suitable protection. The calcium content in
the shell enhances its strength and endurance;
inadequate calcium results in weaker shells,
adversely affecting hatchability. A well-
structured eggshell with enough strength,
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porosity, and thickness is essential for the
healthy growth and hatching of a chick (4).
This study aimed to evaluate the effects of
treating eggs with different concentrations of
acetic acid on various internal and external
egg quality traits.

Materials and Methods

This experiment was conducted in the fields
of the Animal Production Department,
Directorate of Agricultural Research in
Sulaymaniyah, fresh chicken eggs were
purchased from a local farm and randomly
allocated into four treatment groups based on
the concentration of acetic acid: T1= 0%
(control), T2= 5%, T3= 10%, and T4= 15%.
Each treatment group consisted of 10 eggs.
The eggs were cleaned using distilled water
to remove any debris and then allowed to dry
at room temperature before treatment. The
acetic acid solutions were prepared by
diluting glacial acetic acid (analytical grade)
with distilled water to achieve the desired
concentrations of 0%, 5%, 10%, and 15%.
The eggs in each group were immersed in the
respective solutions for 10 minutes at room
temperature. After immersion, the eggs were
removed from the solutions, rinsed with
distilled water, and allowed to air-dry. Egg
quality parameters were then assessed,
including both external and internal traits.
Egg Weights were weighed before and after
treatment using a digital balance with a
precision of +0.01 g. The weights were
recorded to evaluate changes due to
treatment. External Traits of the eggs,
including length, breadth, and shell
thickness, were measured using the following
methods: Length and Breadth Were
Measured using a digital caliper with an
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accuracy of +0.01 mm, Shell Thickness:
Measured at three points (top, middle, and
bottom) using a micrometer screw gauge.
The volume and Surface Area of the eggs
were determined using the Archimedes
principle by submerging the eggs in water
and measuring the displaced volume. The
surface area was calculated using an
empirical formula based on egg dimensions:

Surface Area=4.835x (Length x Breadth)
0.5

The shape index was calculated as:
Shape Index = (Breadth/Length) X100

The internal traits such as yolk weight,
albumin weight, and eggshell weight were
measured after carefully cracking the eggs.
Each component was separated and weighed
individually using the same digital balance.
The data were analyzed using one-way
analysis of variance (ANOVA) to determine
the effect of acetic acid concentration on each

parameter. Post hoc comparisons were
conducted using Tukey’s test for multiple
comparisons. Differences were considered
statistically significant at P<0.05. All
statistical analyses were performed using
SPSS (Version 25.0, IBM Corp., Armonk,
NY, USA).

Result

Table 1 demonstrates the effect of treating
eggs with different concentrations of acetic
acid on their weight. The results indicate no
significant differences in egg weight before
and after treatment across all acetic acid
concentrations (0%, 5%, 10%, and 15%).
Initial and final weights remained consistent,
as indicated by the statistical insignificance
(N.S.). For instance, eggs treated with 0%
acetic acid had an initial and final weight of
49.47+0.49 g, while eggs treated with 15%
acetic acid showed a minor decrease from
49.66+0.47 g to 49.44+0.47 g, which was not
statistically significant.

Table 1: the effect of treated the egg with different concentrations of acetic acid on egg weight.

Treatment Egg Weight Before (g) Egg Weight After (g)
0% 49.47+0.49 a 49.47+0.49 a

5% 50.58+0.52 a 50.43+0.52 a

10% 50.85+0.38 a 50.72+0.38 a

15% 49.66+£0.47 a 49.44+0.47 a

Sig. N.S. N.S.

Means not having a common letter within each column differ significantly (P<0.05).
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Table 2 shown the effect of treated the egg
with different concentrations of acetic acid
on egg external traits (length, breadth, and
shell thickness). As it shown the eggs breadth
were significantly differencing among the
treatments (P<0.05). The egg breadth was
higher in both treatment 2, and 3 (40.39, and
40.41) mm respectively, and low in treatment
1, which was (39.84) mm. Moreover the egg

length, and eggshell thickness did not shown
and significant differences among the
treatments. The results in Table 2 indicate
that acetic acid treatment had a significant
effect on egg breadth, with eggs in the 5%
and 10% treatment groups exhibiting the
highest breadth values (40.39 mm and 40.41
mm, respectively).

Table 2: the effect of treated the egg with different concentrations of acetic acid on egg external

traits
Treatment FEgg Length Egg Breadth Eggshell Thickness
0% 54.02+0.38 a 39.84+0.20 b 0.52+0.02 a
5% 54.23+0.28 a 40.39+0.16 a 0.39+0.01 a
10% 53.84+0.25a 40.41+0.15a 0.36+0.01 a
15% 53.67£0.31 a 39.94+0.18 ab 0.98+0.63 a
Sig. N.S. * N.S.

Means not having a common letter within each column differ significantly (P<0.05).

Table 3 shown the effect of treated the egg
with different concentrations of acetic acid
on egg volume, surface area, and shape index.
As it shown the egg volume, and surface area
were differing significantly among the
treatments. The egg volume was higher in
treatment 2, 3, 4 and low in treatment I
(49.30, 49.46, 50. 14, and 45.28) mm
respectively. The egg surface area was higher
in treatment 3, and low in treatment 1 (89.50,
and 85.55) respectively. But the egg shape
index did not show any significantly differing
among the treatments. Table 4 shown the effect
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of treated the egg with different concentrations of
acetic acid on internal egg traits weight (yolk,
albumin, shell). The traits were significantly
differing among the treatments. The yolk weight
was higher in both treatment 3, and 4 (15.91, and
16.20) g respectively, and lower in treatment 1
(14.80) g. The albumin weight was higher in
treatment 3, and lower in treatment 4 (30.83, and
28.70) g respectively. The eggshell weight was
higher in both treatment 2, and 3 (4.75, and 4.57)
g respectively, and lower in both treatment 1, and
4 (4.29, and 4.12) g respectively.
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Table 3: shown the effect of treated the egg with different concentrations of acetic acid on egg

volume, surface area, and shape index.

Treatment Egg Volume iffaSurface ;Engdgeihape
0% 45.28+0.52b  85.55+0.86 ¢ 73.894+0.48 a
5% 49.30+0.22a  88.33+0.68 ab  74.57+0.43 a
10% 49.46+0.13a  89.50+0.59 a 75.12+0.38 a
15% 50.14+0.17a  86.47+0.66 bc  74.47+0.32 a
Sig. ok ok N.S.

Means not having a common letter within each column differ significantly (P<0.05).

Table 4: the effect of treated the egg with different concentrations of acetic acid on internal egg traits

weight (yolk, albumin, shell).

Treatment Yolk Weight Albumin Weight Eggshell Weight
0% 14.80+0.22 ¢ 29.26+0.48 bc 4.29+0.13 b

5% 15.37+0.16 b 30.31+0.38 ab 4.75+0.07 a

10% 1591+0.18 a 30.83+0.38 a 4.57£0.07 a

15% 16.20+0.17 a 28.70+£0.37 ¢ 4.1240.07 b

Sig. *ok o ok

Means not having a common letter within each column differ significantly (P<0.05).

Table 5 shown the effect of treated the egg with
different concentrations of acetic acid on the yolk
and albumin volume. There were significant
differences among the treatments in both the
yolk, and albumin volume. The yolk volume was
higher in treatment 4, and low in table 2 (16.10,
and 14.80) mm® respectively. Albumin volume
was higher in treatment 3, and low in treatment 4
(30.94, and 29.01) mm® respectively. Table 6
shown the effect of treated the egg with different
concentrations of acetic acid on the egg traits
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density. The egg density, yolk density, and the
shell weight per surface area were significantly
differing among the treatments. The egg density
was higher in treatment 3, and low in treatment 1
(1.08, and 0.97) respectively. The yolk density
was higher in treatment 2 and low in treatment 1
(1.06, and 0.98) respectively. The shell weight
per surface area was higher in treatment 2, and
in treatment 4 (0.0537, and 0.0478)
respectively. non-significant differences were
observed in the albumin density.

low
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Table 5: the effect of treated the egg with different concentrations of acetic acid on the yolk and

albumin volume.

Treatment Yolk Volume

Albumin Volume

0% 15.3940.44 ab
5% 14.80+0.32 b
10% 15.6140.24 ab
15% 16.10+0.22 a
Sig. *

29.89+0.57 ab

29.80+0.40 ab

30.9440.49 a

29.01+0.40 b

*

Means not having a common letter within each column differ significantly (P<0.05).

Table 6: the effect of treated the egg with different concentrations of acetic acid on the egg traits

density.
Treatment Egg Density Yolk Density Albumin Density SS::fl:lcvze;f:; per
0% 0.97+0.02 c 0.98+0.02 b 0.99+0.01 a 0.0499+0.0014 be
5% 1.05+0.01 ab 1.06+0.03 a 1.02+0.01 a 0.0537+0.0005 a
10% 1.08+0.02 a 1.02+0.01 ab 1.00+£0.01 a 0.0509+0.0007 b
15% 1.06+0.01 ab 1.01£0.01 ab 0.994+0.01 a 0.0478+0.0008 ¢

Means not having a common letter within each column differ significantly (P<0.05).

Discussion

In our results, the lack of significant
differences in egg weight before and after
acetic acid treatments suggests that acetic
acid concentrations up to 15% do not
substantially alter egg mass. This stability
might be due to the minimal effect of acetic
acid on the shell and internal composition
during the treatment period. Previous studies
also reported no significant impact of mild
acid treatments on egg weight (5, 6). Acetic
acid treatments have been studied for their
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potential antimicrobial benefits (7), but
weight stability indicates that these
treatments are unlikely to compromise the
egg's structural Further
investigation could explore extended
treatment durations or higher concentrations
to determine thresholds for weight alteration
(8). This finding aligns with studies
suggesting that mild acid treatments can
influence  external egg  dimensions,
potentially due to their impact on eggshell
elasticity or structural changes (9).
Conversely, the control group (0%) exhibited
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the lowest egg breadth (39.84 mm), while the
15% group showed intermediate values. The
differences in egg breadth (P<0.05) might
reflect the interaction between acetic acid
concentration and shell structure during
treatment. Egg length and shell thickness,
however, remained statistically unaffected (P
> 0.05), consistent with prior research
suggesting that short-term treatments with
organic acids minimally affect these traits
(5). Acetic acid likely interacts more strongly
with surface features, as seen in antimicrobial
studies (7). Future work could investigate
longer exposure durations or alternate acid
types to determine their potential effects on
shell traits (8, 10). The results indicate that
treating eggs with different concentrations of
acetic acid significantly affected egg volume
and surface area but not the shape index.
Higher concentrations (5%, 10%, and 15%)
increased egg volume compared to the
control (0%), with treatment 4 (15%)
showing the highest volume (50.14 mm).
Similarly, surface area was significantly
enhanced in the 10% treatment (89.50 mm?),
suggesting that moderate acetic acid
exposure might optimize these parameters.
These changes could result from the acid's
impact on the eggshell's structural integrity,
leading to osmotic fluid absorption (11).
However, the lack of significant differences
in shape index suggests that acid treatments
did not alter the geometric proportions of the
eggs. This consistency may reflect a
biological constraint in maintaining shape for
functionality (12). The findings align with
previous studies highlighting acetic acid's
role in altering eggshell permeability and
structure (13, 7). These insights could have
applications in egg preservation and hatchery
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practices, emphasizing the need for further
research to balance volume and surface area
improvements with structural integrity. The
results demonstrate that varying
concentrations of acetic acid significantly
affected the internal egg traits, particularly
yolk, albumin, and shell weights. Higher yolk
weights in the 10% and 15% treatments
suggest enhanced nutrient retention, possibly
due to improved membrane permeability
from acid exposure (14). The highest albumin
weight in the 10% treatment indicates
optimal protein stabilization, aligning with
findings by (15). However, reduced albumin
weight at 15% may result from excessive
acid-induced protein denaturation (16). The
eggshell weight peaked at 5% and 10%,
potentially reflecting acid-driven calcium
retention (17). These findings emphasize the
nuanced effects of acetic acid on egg quality.
The results indicate that acetic acid
concentrations significantly influenced yolk
and albumin volumes. Higher yolk volume in
the 15% treatment suggests improved
osmotic balance, possibly due to membrane
permeability changes induced by acid
exposure (18). Conversely, lower yolk
volume in the 5% treatment may reflect
insufficient acid interaction to enhance water
retention (19). Albumin volume was highest
in the 10% treatment, aligning with optimal
protein hydration conditions, as reported by
(20). However, reduced albumin volume in
the 15% treatment suggests excessive acid
exposure leading to dehydration or structural
protein changes. The study reveals
significant effects of acetic acid on egg trait
densities, except albumin density. Higher egg
density at 10% concentration suggests
enhanced structural integrity and water
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retention, consistent with findings by (21).
Yolk density peaked at 5%, indicating
optimized nutrient concentration, potentially
due to moderate acid-induced
osmoregulatory changes (22). The higher
shell weight per surface area in the 5%
treatment  suggests improved calcium
deposition, aligning with (23). Lower values
for these traits in treatments 1 and 4 highlight
insufficient or excessive acid exposure
adversely = impacting
compositional

structural and

Conclusion

The study demonstrates that treating eggs
with varying concentrations of acetic acid
(0%-15%) significantly affects certain
external, internal, and density-related traits.
While egg weight remained stable, egg
breadth, volume, and surface area showed
significant differences, particularly at 5% and
10% concentrations. Internal traits like yolk
and albumin weights and densities were
influenced, with optimal values observed at
moderate concentrations (10%). Shell-related
traits also exhibited significant changes,
indicating improved calcium deposition and
structural adjustments at lower
concentrations. These findings highlight
acetic acid’s potential to modify egg
characteristics ~ without ~ compromising
integrity, providing insights for optimizing
egg treatments in preservation and hatchery
applications.
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