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Abstract: In order to study the quality changes and shelf life of chitosan coated eggs during storage, the quality,
gas chamber diameter, yolk coefficient and the quality change of Hough unit during storage were measured at
temperature of 5, 20 and 35 °C. The Pearson correlation between the quality indexes and the egg Hough's unit
value was analyzed, and the yolk coefficient was analyzed dynamically and the shelf life prediction model was
based on the basis of the Arrhenius equation. The results showed that the quality of eggs, egg yolk coefficient,
and Huff units all decreased with the extension of storage time, and the diameter of the air chambers of eggs
showed an increasing trend with the extension of storage time. Moreover, the storage environment at high
temperature (20 and 35 °C) had a significant effect on the quality deterioration than the low temperature (5°C)
storage environment; The correlation coefficient between egg yolk coefficient and Hough unit is the highest at
all temperatures, which can be used as an important indicator for shelf life prediction; According to the changing
rule of egg quality, the yolk coefficient can establish a first order kinetic model. According to the model
established by the egg yolk coefficient, the coefficient R? of the fitting curve of the predicted value and the
measured value is 0.9825, and the average relative error P is 9.32% and less than 10%. The kinetic relationship
between yolk coefficient and temperature is well described. At the same time, based on the dynamic model, the
shelf life prediction model of chitosan-coated eggs based on yolk coefficient was determined by the dynamic
model. The average relative error was 7.6%, less than 10%, which indicated that the egg shelf life prediction
model based on the change of egg yolk coefficient was feasible.
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INTRODUCTION

Egg is an important source of animal protein,
which contains a lot of fat, minerals, vitamins,
lecithin, betaine, zeaxanthin, lutein and so on. It
is deeply loved by the majority of consumers
(Drewnowski, 1995; Yang et al., 2018; Fu et al.,
2011). The egg is a living substance susceptible
to microbial spoilage during storage and
transport (Xue et al., 2017). Egg coating
technology is a method to prolong the storage
life of the egg (Liang et al., 2018). Chitosan is
the most widely studied polysaccharide natural
polymer. Because of its good film forming, gas
barrier and unique antibacterial properties, it
has a wide range of sources, so it has been
widely studied in the preservation of egg film
(Liu et al., 2009; Tezotto-Uliana et al., 2014).
Some experts have studied the quality changes
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of uncoated and chitosan-coated eggs and the
effects of different coating treatments on the
shelf life of eggs (Caner, 2008; Scott, 2000;
Wang, 2018; Hu, et al., 2019).

In recent years, domestic and foreign scholars
have used dynamic models to study the quality
changes of meat products, vegetables, fruits and
so on, and predict their storage period, which
has achieved good results (Lu, et al., 2014).
Singh and Ma respectively studied the
investigation of cellulosic packets impregnated
with silver nanoparticles for enhancing
shelf-life of vegetables and the shelf life
extension technologies of fresh-cut fruits and
vegetables (Singh et al., 2017; Ma et al., 2017).
Faucitano studied the shelf life of pork from
five different quality classes (Faucitano et al.,
2010). Deng and Aday respectively studied the
egg shelf life evaluation and strawberry
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shelf-life, all of which have important reference
values (Deng et al., 2018; Aday et al., 2013).
However, there are few studies on the shelf life
model of eggs during storage, only the model
based on regression equation fitting (Zhang et
al., 2011). In this study, the changes of the
quality of chitosan-coated eggs are studied in
terms of diameter, mass, egg yolk coefficient,
and Hough unit at different temperatures. The

MATERIALS AND METHODS

Materials: fresh eggs were obtained from Moor
Lake Chicken Farm (Tianjin, China). Chitosan
was produced by Jincheng Biotechnology Co.,
Ltd (Henan, China). Glycerin was produced by
the chemical reagents factory (Tianjin, China).
Glacial acetic acid was produced by Tianjin
Fengchuan Chemical Reagent Technology Co.,
Ltd. All chemical reagents were of analytical
grade.

Devices: Weight of eggs during storage was
measured by electronic analytical balance
(PL203/01, Shanghai, China). The chamber
diameter of eggs during storage was measured
by vernier calipers (Tianjin, China). A magnetic
stirrer was used to stir chitosan solution (78-1,
Jiangnan, China). An egg lamp was used for
lighting. The pH value was measured with a pH
meter (MP522, Shanghai, China). Intelligent
mould incubator was used to cultivate
chitosan-coated eggs (MHP-250, Shanghai,
China).

Experimental treatment: 2% chitosan solution
was used to coat the eggs (Chen, 2010). The
coated eggs were stored at 5, 20and 35 °C,
respectively, and the treatment was recorded as
0 days. The eggs were measured on the Oth, 5Sth,
11th, 15th, 21st, 27th, 32th, 41st, and 54th days
respectively. Each time 10 eggs were measured
and their average value was taken. Three
parallel experiments were conducted for each
result. Changes in egg quality during storage:
Each of the 10 eggs was weighed with an
accuracy of 0.001 g electronic balance.

Change in diameter of air chamber during egg
storage: The diameter of the largest part of the
egg gas chamber of different storage conditions
was measured with the egg lamp from the small
end of the egg. The average value of 10 eggs
was measured each time (Zhao et al., 2004).
Changes of egg yolk coefficient during the
storage of eggs: The contents of egg yolk were
measured with 0.2 mm vernier calipers and the

Arrhenius equation is used to establish a
mathematical model for the quality change of
these chitosan coated eggs and the storage
temperature and time. The cost of the model
established for the prediction of the shelf life of
chitosan coated eggs was low. It can be used as
a broad prediction method to know the
remaining shelf life of chitosan coated eggs.

height of egg yolk was measured with a vernier
caliper with a precision of 0.2. The average
diameter of yolk diameter (the line between
yolk and yolk between yellow and white) was
measured, and the average value of 10 eggs was
taken (Yu et al., 2012).

Egg yolk coefficient= yolk height (cm/egg yolk
diameter (cm) (1)
Change of Hough unit during the storage of
eggs: According to the regression relationship
between egg quality and protein height, the
height of egg concentrated protein was
measured with 0.2 mm vernier caliper first, then
Hough unit value was calculated according to
equation 2:

Hu=100log(H+7.57-1.7W"37) )

where Hu- Hough unit value of eggs; H-
Concentration of concentrated protein (mm);
W- Egg quality (g).

Determination of reaction rate constants K and
determinate ratio R?: The correlation analysis
between physical and chemical indexes and
Huff unit value was carried out to determine the
best quality indicators related to Huff unit
value.

Zero-order reaction model equation:
y=yo-kt (3)
First-order reaction model equation is:
Iny=Inyo+kt (4)

Arrhenius equation determining A and Ea: The
yolk coefficient of chitosan-coated eggs can be
obtained at 5, 20 and 35°C storage conditions.
The Arrhenius equation of the reaction was
obtained by plotting the reaction order and
calculating the reaction constant (AN et al.,
2006; Ma et al., 2012).

g
lnk—lnA—RT (5)

Dynamics Prediction Model: Combining with
Arrhenius equation, the first-order dynamic
prediction model of yolk coefficient was
deduced as follows (Fu et al., 2016).
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First-order dynamic prediction model:

-E
y=ygexp [Aexp(== )] (6)
Verification of dynamic model: The model is
verified by comparing the average relative
percentage error (Ketelaere et al., 2003; Boquet.,
1978). Calculation formula is (7):

=L 2 e 1002 7)

In equation 7, V,and V, are measured values
and predicted values for each test, respectively;
N is the number of tests, and when the mean
value of P is less than 10%, it is considered to
be established. The quality model conforms to
dynamic changes.

Establishment and Verification of Shelf Life
Prediction Model: Based on the dynamic

RESULTS AND DICUSSIONS

The relationship between changes of weight
of chitosan-coated eggs and storage time
under different storage temperatures

As indicated in Figure 1, the weight of the
chitosan-coated eggs decreased significantly
with the prolongation of storage time, and the
rate of decline in weight increased with
increasing temperature.
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Figure 1. The change in weight of chitosan-coated
eggs with different storage temperatures

When stored at 35 °C for 27 days, the weight of
the chitosan-coated eggs dropped by 7.1%. The
weight of eggs stored at 5 °C and 20 °C
decreased by 2.1% and 5.2% on the 27th day,
respectively. Especially for eggs stored at 5 °C,
the weight decreased by 4.6% when stored on
the 54th day, which is obviously better than the
eggs under high temperature storage. This was
similar to the weight change of uncoated eggs.
The weight loss of uncoated eggs was smaller

prediction model, the shelf-life prediction
model of egg coated with egg yolk coefficient
was established. The feasibility of the shelf-life
prediction model is verified based on the
average percentage relative error.

Shelf life model equation is (8):

£y
L= Aexp(-Ea/RT) (8)

where SL is for Shelf life, d; F;, is correspond
to the physical and chemical indexes at the end
of the shelf life of eggs; T is for storage
temperature, K.

Data processing: Using Excel to do data
collation and related data fitting and calculation,
SPSS statistical software was used to analyze
the correlation and verify the rationality of the
model.

at 5°C, while the weight loss rate increased
significantly at 20°C and 35°C. After 30 days
storage at 35 °C, the weight of eggs decreased
by about 22% (Yu et al., 2012). This indicated
that low temperature can delay the loss of
internal water in eggs and the rot of eggs (Jin et
al., 2011; Liu et al., 2011). In addition, the
decrease of weight was also related to the shell
membrane, the porosity of eggshell and the
thickness of eggshell (King’ori, 2011).

The relationship between the change of
diameter of chitosan coated egg chamber and
storage time under different storage
temperature

It can be seen from Figure 2 that the air
chamber diameter of eggs increased with the
prolongation of storage time. The higher the
storage temperature was, the faster the increase
rate of chamber diameter was. When stored at
27 days, the air chamber diameter of eggs
increased by 57% and increased faster at 35°C.
Stored at 20°Cfor 27 days, the air chamber
diameter increased by 33.3%. When stored at
54 days, the air chamber diameter increased by
11.9% at 5°C, which was significantly lower
than those of eggs stored at high temperature.
Those indicated that low temperature can
increase the diameter of the buffer chamber.
This was consistent with the change of chamber
height of uncoated eggs. As the temperature and
time increase, the height of the chamber
increases.
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Figure 2. The change in air chamber diameter of

chitosan-coated eggs at different storage
temperatures

Stored at 35 C for 30 days, the chamber height
of uncoated eggs increased from 2.0 mm to
15.0 mm (Yu et al., 2012). This may be due to
the evaporation of water in the eggs with the
prolongation of storage time, which makes the
volume of the contents of the eggs smaller and
the volume of the air chamber larger.

Effects of storage temperature on egg yolk
coefficient and storage time of chitosan
coated eggs

As Figure 3 shows, high temperature
accelerated the reduction of yolk coefficient.
When the eggs were stored at 35 °C for 27 days,
the yolk coefficient decreased by 76.5%, and
the eggs were all yellowed, reaching the end of
the shelf life. At this time, the egg yolk
coefficient at 20 °C reduced by 51%, and only a
small part of the eggs appeared yellow scattered
phenomenon.

When the eggs were stored at 5 °C for 54 d, the
yolk coefficient decreased by 21.6%, which was
significantly lower than those eggs stored at
high temperature for 27 days. The yolk
coefficient of uncoated eggs was decreased by
about 82.4% after 30 days storage at 35°C.
Those can be concluded that low temperature
storage and chitosan coating can delay the
decrease of eggs yolk coefficient.

The relationship between storage time and
change of Hough unit in chitosan coating at
different storage temperatures

As showed in Figure 4, as the storage time was
extended, the Huff unit of the egg gradually
decreased. The higher the storage temperature,
the faster the Huff unit fell.
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Figure 3. The change in yolk index of

chitosan-coated eggs with different storage
temperatures
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Figure 4. The change in Hough unit of

chitosan-coated eggs with different storage
temperatures

When the coated eggs are stored at 35 °C for 27
days, the Huff unit value is reduced by 44.5%,
and when stored at 20 °C and 5 °C for 41 days,
the Huff unit values were 51 and 72.

When the storage period reached 54 days, the
eggs of the Huff unit were decreased by 16%.
However, the Huff unit values of the eggs in the
uncoated group were decreased by 49.3% after
11 days storage at 25°C. This can be explained
by that with the prolongation of storage time,
microorganisms grow and reproduce inside
eggs through eggshell stomata and proteins are
decomposed, resulting in water-like proteins,
which resulted in the reduction of the Huff unit
value. Chitosan-coated eggs blocked the
eggshell stomata, hindered the entry of
microorganisms and delayed  protein
deterioration (Ji et al., 2018).

Hu et al., Shelf-life prediction model of chitosan coated eggs at different storage temperature 58



When the coated eggs are stored at 35 °C for 27
days, the Huff unit value is reduced by 44.5%,
and when stored at 20 °C and 5 °C for 41 days,
the Huff unit values were 51 and 72.

The correlation between Hough units and
various indicators

The Hough unit value is the index of the
inspection and expression of egg freshness
stipulated by the US Department of
agriculture's egg standard, which represents the
quality of protein (Caner, 2005) The Hough
unit value of the egg has a certain relationship
with those and can be expressed by the Pearson
correlation coefficient r. When r>0.9, it can be

considered that the correlation is significant.
According to Table 1, the Pearson coefficient of
weight, air chamber diameter and yolk
coefficient were more significant at different
temperatures, and the sigma |r| is 2.965, 2.939
and 2.975 respectively.

The Pearson system of egg yolk coefficient was
the highest, the weight was the second, and the
measurement of the egg yolk coefficient was
both simple and fast and no chemical pollution
in determining the remaining life of the shelf
life. Therefore, the yolk coefficient can be used
as the most relevant index to predict the shelf
life of eggs.

Table 1. Pearson correlation coefficient among the various indicators and Haugh

5°C 20°C 35°C S|
Quality 0.997** 0.989%** 0.979%* 2.965
Gas chamber diameter 0.992%* 0.978%** 0.969%** 2.939
Egg yolk coefficient 0.996** 0.989** 0.990** 2.975

Note: * * is significantly correlated at 0.01 level (bilateral).

Establishment of a dynamic model for egg
quality of chitosan coated eggs

The result showed that the sum of the
determination coefficient of the first-order
kinetic model of the egg yolk coefficient was
2.9036, which was greater than the
determination coefficient of 2.8047 of the
zero-order kinetic model. Therefore, the yolk
coefficient was selected by the first-order
kinetic model. The larger R? indicated a better
overall linear relationship. It was known from
the table that the coefficient of the regression
equation of the yolk coefficient at different
storage temperatures was more than 0.9,
indicating that the regression equation has a
higher fitting precision.

The activation energy of the egg yolk
coefficient of chitosan coated eggs under
different temperature conditions was calculated
by the Arrhenius equation. The activation
energy of the egg yolk coefficient was 5.32 *
10* KJ/mol and the A value was 5.65 * 107. The
kinetic prediction model of the yolk coefficient
was obtained by the equation 6.

Prediction model equation of egg yolk
coefficient:

vi=Ylgexp |(-5.65%10" exp (“222)) 1] (9)

where Y1, : Yolk values of eggs stored at t time;
Yly: Initial egg yolk system value

Table 2. Reaction rate constant k and determination coefficient R? of determination for zero and first order

regression
Zero order First order
Index Temperature (°C)  Rate constant Decisive factor Rate constant Decisive factor
k R? k R?
5 0.0024 0.9282 0.0052 0.9544
Egg yolk
. 20 0.008 0.9058 0.0218 0.9688
coefficient
35 0.015 0.9707 0.0485 0.9804
YR? 2.8047 2.9036

Note: the regression coefficient of the equation is greater than 0.9, indicating that the equation is very significant.
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Verification of the prediction model of
chitosan coated eggs

The egg yolk coefficient at 25 °C in the
validation group was calculated by using the
egg yolk coefficient prediction model equation,
which was the predicted value and compared
with the measured value. The results showed
that the predicted and measured values of the
yolk coefficient calculated by equation 9 are
based on the coefficient of determination of the
1:1 line being 0.9596, and the average relative
error P calculated from equation 7 was 9.32%,
which was less than 10%, indicating that the
model can better prediction of egg yolk
coefficient at 5~35 °C.

Establishment of Shelf-life Prediction Model
for Chitosan-coated Eggs

Based on the above theories and experimental
results, it was determined that the change in the
yolk coefficient was used to predict the shelf
life, and the equation for the shelf life
prediction model was derived from the
simplified equation 10:
In(YIy)—-In(Yly)

E|
Aexp(—R—;)

CONCLUSION

In this paper, the changes of the quality of
chitosan-coated eggs, the diameter of the air
chamber, the yolk coefficient, and the Huff unit
values were studied under different storage
temperatures. The results showed that the egg
quality, egg yolk coefficient and Huff unit
values decreased with the prolongation of
storage time, while the diameter of egg gas
chamber increased with the prolongation of
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