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ABSTRACT
Background: Egg is a high-quality, affordable source of animal protein, but their
shelf life varies under different storage conditions. While Iran’s standards
recommend refrigerated storage for up to 30 days, most eggs are stored at room
temperature during distribution, necessitating an evaluation of shelf life under both
conditions. Traditional egg quality tests are destructive and time-consuming,
making artificial neural network (ANN) modeling a valuable tool for rapid and cost-
effective shelf-life prediction.
Aims: This study aimed to determine the shelf life of eggs stored at room
temperature and in the refrigerator by evaluating quality parameters and developing
an ANN model to predict egg quality under different conditions.
Methods: A total of 160 fresh eggs were divided into two groups: one stored at
room temperature (22.5+2.5°C, 27-32% humidity) and the other refrigerated
(6.5£2.5°C, 55-85% humidity). Over eight weeks, eggs were sampled weekly (10
replicates) to assess weight loss, Haugh unit, yolk index, and air cell depth. Visual
traits (shape index, pore count, pore area) were analyzed using ImageJ. An ANN
model with five input neurons (temperature, storage time, shape index, pore count,
pore area) and four output neurons (quality parameters) was trained using 1440 data
points.
Results: Eggs stored at room temperature degraded faster, entering lower quality
ranges (A after one week, B after two weeks) based on Haugh unit and air cell
depth, while refrigerated eggs maintained AA quality for 56 days. The optimal
ANN model (linear tangent transfer function, Levenberg-Marquardt algorithm)
achieved high correlation coefficients (0.88-0.96) for predicting quality
parameters. Temperature and storage time had the greatest impact on quality.
Conclusion: Eggs stored at room temperature retain acceptable quality for only one
week, whereas refrigeration preserves quality for over a month. ANN modeling
effectively predicts egg quality, offering a practical tool for shelf-life assessment.
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Extended Abstract

Introduction: Eggs have always been
considered as high-quality and affordable
sources of animal protein. Determining the
shelf life of eggs under different storage
conditions is crucial not only for consumer
health but also for the quality of food products
made with eggs. While the guidelines from the
country's veterinary organization and the
national standard of Iran set the refrigerator
shelf life for eggs at approximately 30 days,
most eggs in the country are stored outside the
refrigerator during distribution. Therefore, it is
necessary to evaluate the shelf life of eggs both
inside and outside the refrigerator, identify the
factors influencing it, and assess their extent of
impact. Additionally, many egg evaluation
tests are destructive and time-consuming,
requiring  significant  resources. Hence,
modeling techniques can play a significant role
in reducing costs and expediting the
determination of egg shelf life under various
conditions. This research aims to determine the
shelf life of eggs in different temperature
conditions by employing artificial neural
network modeling based on the experimental
evaluation of eggs stored at room temperature
and in the refrigerator.

Materials and methods: In this study, 160
healthy and fresh eggs were collected from a
laying hen farm. The eggs visual
characteristics, including shape index, number
of shell pores, and their respective areas, were
assessed by illuminating the eggs from behind
and capturing images at an angle of
approximately 180 degrees relative to the light
source. The obtained images were analyzed
using ImageJ software to calculate these
features. Subsequently, the eggs were
randomly divided into two groups of 80. The
first group was stored at room temperature
(22.5£2.5 degrees Celsius) and a humidity
range of 27 to 32%, while the second group
was stored in the refrigerator (6.5+£2.5 degrees
Celsius) and a humidity range of 55 to 85%.
Over an 8-week period, eggs were randomly
sampled at 7-day intervals with 10 repetitions.
The eggs' quality characteristics were then
examined based on qualitative parameters such

as weight loss, Haugh unit, yolk index, and air
sac depth. Artificial neural network modeling
was subsequently employed using the
experimental results to predict egg quality. A
multi-layer perceptron neural network was
developed, consisting of an input layer with
five neurons (temperature, storage time, shape
index, number of pores, and pore area) and an
output layer with four neurons (Haugh unit,
yolk index, weight loss, and air sac depth). A
total of 1440 data points were utilized for
training the artificial neural network, with 60%
for training, 25% for evaluation, and 15% for
validation. The artificial neural network was
trained using four transfer functions (tangent,
sigmoid, linear axon tangent, and linear
sigmoid) and two learning algorithms
(Levenberg-Marquardt and Momentum). The
network with the lowest mean squared error
was selected as the optimal network through
trial and error. Lastly, a sensitivity test was
conducted to measure the influence of each
input on the artificial neural network’s output
predictions.

Results and discussion: The research findings
indicated that the visual characteristics of eggs
in the two groups (room temperature and
refrigerator temperature) did not significantly
differ. However, the qualitative parameters of
eggs stored at room temperature and
refrigerator temperature exhibited significant
differences throughout the storage period.
Both temperature conditions showed similar
trends in parameter changes, but the rate of
change was higher for eggs stored at room
temperature. Eggs stored in the refrigerator for
56 days remained within the AA quality range
based on the Haugh unit. In contrast, eggs
stored at room temperature entered the A
quality range after one week of storage and the
B range after two weeks. Regarding air sac
depth, eggs stored at room temperature entered
the B quality range after one week, while eggs
stored in the refrigerator entered the B quality
range after three weeks. The optimal artificial
neural network consisted of a linear tangent
transfer function and the Levenberg-
Marquardt algorithm in the input layer, and a
linear tangent transfer function and the
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Momentum algorithm in the output layer, with
a single hidden layer containing four nodes.
Under this configuration, the artificial neural
network achieved a correlation coefficient of
0.96 for weight loss, 0.94 for yolk index, 0.93
for air sac depth, and 0.88 for the Haugh unit,
enabling the prediction of these quality
parameters. Temperature and storage duration
exerted the greatest influence on the quality
parameters, with the Haugh unit being strongly
affected by storage temperature.

Conclusion: The research results indicate that
eggs stored at room temperature can maintain
the desired quality for a maximum of one
week, while eggs stored in the refrigerator can
easily preserve the desired quality for up to a
month. Moreover, the use of artificial neural
network modeling can effectively predict the
quality characteristics of eggs under different
storage conditions.
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Table 1- Physical properties of the eggs used in this study**
Storage Temperature Value(px?) Number of pores Shape Index
Refrigerator 16345+77132 1024482 0.78+0.03?
Room 16301+10213? 104+65° 0.78+0.03%

* Means within each column with the same letters are not significant (P<0.05).
' Data are means * SD.
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Figure 1- Weight loss during 8 weeks of storage at room and refrigerator temperatures,
*Same letters at each temperature are not significant differences (P<0.05)
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Figure 2- Haugh unit during 8 weeks of storage at room and refrigerator temperatures,
*Same letters at each temperature are not significant differences (P<0.05)
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Figure 3- Yolk index during 8 weeks of storage at room and refrigerator temperature,
*Same letters at each temperature are not significant differences (P<0.05)
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Figure 4- Changes in the depth of the air cell during 8 weeks of storage at room and refrigerator
temperature
*Same letters at each temperature are not significant differences (P<0.05)
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Table2 - Egg grading based on Haugh unit and air cell

Grading Storage

Criteria  Temperature Storage Time (Day)

7 14 21 28 35 42 49 56
Room 68.07+£7.40 56.65+10.21 44.99+5.92 42.72+7.69 37.67+6.51 37.12+6.56 Non detected Non detected
Haugh A B B B B B C C
unit* Refrigerator 86.16+5.45 87.06+5.86 81.72+4.23  76.14+5.47 78.1+4.71 77.63+4.13 73.25+4.55 73.62+5.22
AA AA AA AA AA AA AA AA
Room 5+1 7+1 8+1 8+1 9+1 11+1 12+1 14+1
Air cell® B B B B B B B B
(mm) Refrigerator 4+1 40 5+1 5+0 7+1 7+1 7+1 9+1
A A B B B B B B

# Letters in bracket (A, B, C) are grading of eggs based on the Haugh unit
$ Letters in bracket (A, B, C) are grading of eggs based on the depth of air cell
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Figure 5- Correlation between real data and predicted data by artificial neural network in qualitative parameters
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Table 2- Correlation between real data and predicted data by artificial neural network in qualitative

parameters
Air cell (mm) Weight loss (%)  Yolk index Haugh unit
MSE 0.735802125 2.008224528  0.001519221 113.5007249
NMSE 0.123408203 0.074381023  0.109480873 0.245011029
MAE 0.715786376 1.080970187  0.029915272 7.910770733
Min Abs Error  0.129743643 0.013919401 0.00010518 0.115471464
Max Abs Error  1.998470985 3.798807288  0.091932425 34.83394848
R 0.938069888 0.962397202 0.9497323  0.884068883
1.8
1.6
1.4
1.2 A
£
B Haugh ,E 1
® Yolk £08
Weight loss ~ 0.6 -
| air cell
04 -
0.2
0 - . e
Temperature Time (day) Shape factor Pore number Area
Input Name

Figure 6 - The test of sensitivity to the inputs of the artificial neural network
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