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Te relationship between protein changes and egg quality during storage is a critical area of investigation in both basic science and
egg product preservation. Viscosity changes in albumen are a sensitive sign of the deterioration process. Ovomucin, which is
present in albumen, plays an important role in the gelation of the albumen. Egg freshness indices and ovomucin concentration will
alter in response to storage time.Tis paper analyzed the correlation and gray relational degree between the Haugh unit (HU), yolk
index, albumen pH, and ovomucin concentration. We studied the diferences in the ovomucin concentration at diferent levels of
HU, yolk index, and pH during storage. We established an equivalent egg age prediction model using ovomucin concentration as
the independent variable. Te fndings indicated a correlation between the freshness indices and the ovomucin concentration.
Tere was a good, signifcantly positive relationship between HU and ovomucin concentration (r� 0.713, P< 0.01), a positive
correlation between the yolk index and ovomucin concentration (r� 0.699, P< 0.01), and a negative correlation between albumen
pH and ovomucin concentration (r� −0.683, P< 0.01). Te highest Pearson correlation coefcient (r� 0.970, P< 0.01) was
obtained between the albumen and ovomucin concentration. Signifcant diferences in ovomucin concentration were observed
when HU, yolk index, and pH were varied. Te gray relational degree between each freshness parameter and ovomucin
concentration was greater than 0.8. Between the HU and ovomucin concentration, there was a gray correlation degree of 0.885,
indicating that the HUwas the primary factor afecting ovomucin concentration variation during storage. During storage, at 22°C,
the ovomucin concentration in albumen was signifcantly and negatively related to storage time (r� −0.926, P< 0.05). Te
coefcient of determination for the equivalent egg age predictionmodel with ovomucin concentration as the independent variable
was 0.985 (P< 0.05), indicating strong reliability.Te study’s fndings show the possibility of nondestructive prediction of an egg’s
internal microscopic protein composition using its freshness index value.

1. Introduction

Eggs are a signifcant source of protein in daily life, and the
mechanism by which eggs lose quality during storage is
complex, involving an increase in egg weight loss [1],
changes in pH [2], and so on. Ovomucin accounts for
roughly 3.5 per cent of total albumen protein and is critical
for the albumen’s gelation properties [3]. Viscosity changes
are a sensitive sign of the egg deterioration process. Te
edible qualities and the rheological properties of eggs were
governed mainly by the ovomucin concentration [4].
Ovomucin is the critical component that helps albumen
retains its gelatinous shape and high viscosity. Ovomucin

has two distinct and complex glycoprotein subunits,
α-ovomucin, and β-ovomucin. Te dissociation of two
subunits of ovomucin leading to albumen dilution is one of
themost widely accepted views. During storage, β-ovomucin
in thick albumen gradually decreases while α-ovomucin
remains constant, resulting in a decrease in the pro-
portion of water-insoluble ovomucin. Ovomucin is often
present in the form of a complex in the gelatinous albumen.
Te ovomucin-lysozyme interaction is strongest at pH of 7
and weakens under alkaline conditions. As the pH of the
albumen increases during storage, the dissociation of the
lysozyme-ovomucin complex is also an important factor in
the dilution of the albumen. Tick albumen is unavoidably
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diluted during storage, with the ovomucin level pro-
gressively lower. Te relationship between variations in the
protein concentration of albumen and changes in egg quality
is critical for determining the pattern of egg quality changes.
Te study of changes in the ovomucin concentration of
albumen provides insight into the pattern of egg quality
variations. People are more concerned about the nutritional
value of eggs, such as the protein concentration level, so
fnding the relationship between changes in protein con-
centration during storage and egg freshness indicators can
provide a possible way of evaluating the internal protein
concentration of eggs by quickly knowing their freshness.
Overall, the study of the relationship between changes in
protein concentration and egg quality during storage is
a critical area of basic preservation research in egg
processing.

Te majority of current research on ovomucin has been
on its production mechanism, gel properties, biological
activity, and potential applications [5–7]. However, only
a few studies have investigated the relationship of the egg
freshness indexes on ovomucin concentration [8, 9]. In this
paper, the relation between egg quality and ovomucin
concentration in albumen during storage is investigated,
which is considered a dynamic system.Te objectives of this
study were to: (1) Explicate the correlation between egg
freshness indexes and ovomucin concentration in albumen.
(2) Elucidate the diference in the ovomucin concentration
at diferent levels of HU, yolk index, and pH during storage.
(3) Ascertain the gray relational degree between Haf value,
yolk index, and pH and ovomucin concentration. (4) De-
velop a prediction model for equivalent egg age using
ovomucin concentration as an independent variable.

2. Materials and Methods

2.1. Experimental Sample. A total of 100 brown chicken eggs
were obtained on their lay date from a farm on Jiu Feng
Mountain in Wuhan, Hubei Province, China. Te tem-
perature on the farm was kept at a constant temperature of
about 26°C. All samples were collected within two hours
after the hens have laid their eggs, and then stored in an
incubator (SPX intelligent biochemical incubator (Ningbo
Jiangnan Instrument Factory)) at 22± 1°C with a relative
humidity of 65%. Te selection of eggs on the farm was
random, as was the selection of eggs for each experiment in
the incubator. In order to have a higher reliability of the
obtained results, the eggs were selected without considering
a given range of egg weights, which would avoid the con-
sistency of egg weights leading to a poor reliability of the
fnal conclusions. Twenty eggs were randomly selected and
consecutively numbered every ten days, i.e., on days 1, 11, 21,
31, and 41. Te experiment was repeated twice, each time
with a sample of 50 eggs. In the experiment, the eggs were
detected for cracks by eye observation and simple light. If the
egg is cracked, it was not selected for the experiment. It
should be noted that on the 41st day of storage, two eggs
dispersed their yolks while separating the albumen.Te fnal
valid sample obtained was 98 eggs.

2.2. Experimental Method

2.2.1. Determination of Egg Freshness Indices. HU(Haugh
unit): Each egg was weighed (Wi) separately using an
electronic balance (Shanghai Puchun Measuring In-
struments Co., Ltd.), after breaking the egg, and the thick
albumen height in each egg was manually measured using
a digital caliper (Guilin Guanglu Digital Measurement &
Control Co., Ltd.). Each egg was measured three times and
the average was used as the fnal result (Hi). Te Haugh unit
of egg is determined by utilizing the following formula [10]:

HUi � 100∗ lg Hi + 7.57 − 1.7∗ W
∧
i 0.37(  . (1)

Yolk index: Each egg’s yolk height and diameter were
measured with a digital caliper. Tree measurements were
performed per egg yolk and the average was used to de-
termine the yolk height (hi) and diameter (di). Te yolk
index of an egg was computed using the following formula
[11]:

yolk  inde xi �
yolk height hi( 

yolk  di ameter di( 
, (2)

where i is the egg number.

2.3. Determination of Ovomucin in Albumen. Te de-
termination steps of ovomucin are as follows [12]:

(1) A simple device was used as the albumen separator to
manually separate the albumen and yolk, and then
the total mass of the albumen and the beaker was
weighted by the electronic balance. Te mass of the
albumen is equal to the total mass minus the mass of
the beaker it is in.

(2) Te albumen was stirred for 30min at 4°C using
a magnetic stirrer. Triple volume of 0.1mol/L Nacl
was added to the blended albumen mixture and
stirred for 40min at 4°C.

(3) Te pH of the mixed solution was adjusted to 6.0
with 2mol/L HCL and stirred for 1 h at 4°C, and
then left overnight. On the next day, the rested
mixture was transferred to multiple 50ml centri-
fuge tubes and then levelled so that the centrifuge
could work properly with equal masses of samples
placed on the diagonal, and then centrifuged for
15min at 4°C and 15000 rpm. Tey were repeated
several times under the same conditions of levelling
and centrifugation until all mixed solutions could
be fully centrifuged. All the sediment in the cen-
trifuge tube was transferred to the beaker. Repeat
this procedure once.

(4) Te precipitate was rinsed three times with distilled
water, and then was centrifuged for 15min at 4°C
and 15000 rpm.

(5) Te washed precipitates were transported to ly-
ophilization boxes, dried for 48 hours, weighed, and
kept at −20°C.
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2.4. Gray Relational Analysis. Gray relational analysis is
a method for determining the evolution system quantita-
tively [13]. It is a multifactor statistical method that de-
termines the closeness of the relationship by comparing the
degree of similarity of the geometry of the reference data
array and several comparison data arrays. Gray relational
analysis can represent the degree of correlation between
curves. It is diferent from Pearson correlation analysis,
which examines only the degree of linear correlation be-
tween variables [14], and its connection does not imply
causality. Gray relational analysis is comprised of the fol-
lowing steps [15].

(1) Construct a reference data series (x0) that accurately
represents the system’s behavioral characteristics:

x0 � x0(1), x0(2), . . . , x0(n) . (3)

(2) Construct a comparative data series () that is related
to the system’s behavior:

xi � xi(1), xi(2), · · · , xi(n) , i � 1, 2, · · · , m. (4)

(3) Calculate the transformation matrix of initialization
():

xi
′ �

xi(1)

xi(1)
,
xi(2)

xi(1)
, · · · ,

xi(k)

xi(1)
 

� xi(1)′, xi(2)′, · · · xi(k)′ .

(5)

(4) Calculate the diference series () using the following
formula:

∆i(k) � x1′(k) − x1′(k)


. (6)

(5) Calculate the correlation coefcient ((k)) using the
following formula:

ξi(k) �
min imin k x0(k) − xi(k)


 + φmax imax k x0(k) − xi(k)




x0(k) − xi(k)


 + φmax imax k x0(k) − xi(k)



, (7)

where ϕ is the discriminant coefcient, which assists
in improving the signifcance of the diference be-
tween the correlation coefcients, ϕ is typically 0.5
[16]. Correlation coefcients indicate the degree of
similarity between reference and comparison series
over a certain period.

(6) Compute and rank the comprehensive gray re-
lational degree (ci):

ci �
1
n



n

k�1
ξi(k). (8)

Te comprehensive gray relational degree is the average
relational degree between the reference and comparison
arrays over the system change period. Te higher the
comprehensive gray relational degree, the bigger the
comparison array’s infuence on the reference array, con-
versely. After computing the comprehensive gray relational
degree, all the correlation degrees acquired are ranked; by
comparing them, the impact of multiple factors on the
reference variable can be determined, allowing for the
identifcation of the primary factor afecting the reference
variable.

3. Results and Discussion

Te ovomucin concentration was determined using relative
quality, i.e., ovomucin concentration per gram of albumen
(Mi mg/g).

Mi �
gi

Gi

, (9)

where i is the egg number. gi is the dry weight of ovomucin,
while Gi is the egg weight.

Te experiment collected data on 98 eggs, and Table 1
summarizes the descriptive information and statistical results
for egg freshness indicators and ovomucin concentration.

3.1. Correlation between and Ovomucin Concentration Egg
Freshness Indices. Pearson correlation analysis was con-
ducted using SPSS software (version 26), and the fndings
are presented in Table 2. As shown in Table 2, a good
signifcant positive correlation between the Haugh unit
and ovomucin concentration was found (r � 0.713,
P< 0.01). Tis result corroborates Wang’s fndings [6]. A
signifcant positive correlation was found between ovo-
mucin concentration and the albumen height (r � 0.729,
P< 0.01), and egg weight was found to be irrelevant
(r � 0.139). Irrelevant could be because the ovomucin
concentration is computed by the protein concentration
per gram of albumen. A weak but signifcant positive
correlation existed between the yolk index and ovomucin
concentration (r � 0.699, P< 0.01) while a signifcant
negative correlation appeared between pH and ovomucin
concentration (r � −0.683, P< 0.01). Te results reveal that
the strongest correlation was found among the egg
freshness indicators between the albumen height and
ovomucin concentration, which may be related to the fact
that ovomucin plays a signifcant role in the gel charac-
teristics of albumen.
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3.2. Diferences in the Ovomucin Concentration at Diferent
Levels of Egg Freshness Indexes

3.2.1. Diferences in the Ovomucin Concentration at Diferent
Levels of the HU. Te HU is an indicator used to determine
the freshness of eggs as specifed by the USDA egg quality
standards (United States standards, grades, and weight
classes for shell eggs. AMS 56, USDA, 2000) and the People’s
Republic of China agricultural industry standards (fresh egg
grading, NY-T1758-2009). According to the standard, a HU
of more than 72 is an AA grade, a HU of 60 to 72 is an A
grade, and a HU of less than 60 is a B or C grade [17]. To
determine the diferences in the ovomucin concentration at
diferent levels of HU, the HU were classifed into three
categories, greater than 72, between 60 and 72, and less than
60, according to the general classifcation criteria for HU. An
ANOVA analysis using SPSS software (version 26) was used
to determine the diferences in the ovomucin concentration
at diferent levels of HU. Table 3 summarizes the results of an
analysis of variance for ovomucin concentration at various
HU values.

As shown in Table 3, when theHU value was greater than
72, a total of 35 egg samples satisfed the condition, and the
mean value of ovomucin concentration for these 35 eggs was
2.171mg/g (minimal variance, standard deviation of
0.172mg/g), 1.595mg/g (maximal variance, standard de-
viation of 1.359mg/g) for 20 eggs’ average when the HU was
between 60 and 72, and 0.737mg/g for 43 eggs’ average when
the HU was less than 60. Te resulting p value was ap-
proximately 0.000 for the three groups with equal means.
Taken together, these results suggest that there was

a signifcant diference (p≤ 0.001) between the three groups.
In other words, there was a signifcant diference in the
ovomucin concentration at diferent levels of HU.

We also found that the higher the HU value, the higher
the ovomucin concentration. Several studies have revealed
that HU is determined by thick albumen height and egg
weight, that the bigger the thick albumen height, the better
the gel characteristics of albumen, and that ovomucin is
a protein-related to the gel characteristics of fresh albumen
[6], that it is the key protein responsible for maintaining the
viscosity and height of thick albumen.

3.2.2. Diferences in the Ovomucin Concentration at Diferent
Levels of Yolk Index. Due to the lack of an industry standard
for yolk index classifcation, the international standard for
rating egg freshness is often the Haugh unit. Terefore,
a linear regression relationship was established between the
yolk index as the dependent variable (y) and the Haugh unit
as the independent variable (x), according to the data ob-
tained from the experiment.

y � 0.0029x + 0.1707 R
2

� 0.789, P< 0.05 . (10)

Table 1: Descriptive information and statistical results for egg freshness indicators and ovomucin concentration.

Minimum Maximum Mean Standard deviation
Egg weight (g) 53.390 72.140 62.329 3.890
Te albumen height (mm) 2.177 10.480 5.212 2.377
HU 24.824 101.272 64.575 20.694
Yolk height (mm) 10.650 18.740 14.805 1.816
Yolk diameter (mm) 34.3467 47.723 41.983 3.172
Yolk index 0.233 0.507 0.357 0.067
pH 7.940 9.860 9.040 0.601
Ovomucin concentration (mg/g) 0.253 4.203 1.489 0.918

Table 2: Results of Pearson correlation analysis between ovomucin concentration and each egg freshness indexes.

Egg weight
(g)

Te albumen
height
(mm)

HU
Yolk
height
(mm)

Yolk
diameter
(mm)

Yolk
index pH

Ovomucin
concentration

(mg/g)
Egg weight (g) — 0.212∗ 0.089 0.259∗ 0.021 0.158 −0.278∗∗ 0.139
Te albumen height (mm) — 0.970∗∗ 0.803∗∗ −0.844∗∗ 0.870∗∗ −0.834∗∗ 0.729∗∗
HU — 0.831∗∗ −0.873∗∗ 0.888∗∗ −0.769∗∗ 0.713∗∗
Yolk height (mm) — −0.834∗∗ 0.967∗∗ −0.643∗∗ 0.660∗∗
Yolk diameter (mm) — −0.941∗∗ 0.643∗∗ −0.666∗∗
Yolk index — −0.696∗∗ 0.699∗∗
pH — −0.683∗∗
Ovomucin concentration (mg/
g) —

∗P≤ 0.05; ∗∗P≤ 0.01.

Table 3: Results of analysis of variance for the ovomucin con-
centration at various HU values.

HU N Mean Std F p

Greater than 72 35 2.171 0.172
30.966 ≤0.001Between 60 and 72 20 1.595 1.359

Less than 60 43 0.476 0.737

4 Journal of Food Quality



Te yolk index was classifed by internationally accepted
criteria for HU categorization, namely, when x is 72, y equals
0.3795, and when x is 60, y equals 0.3447. As a result, the yolk
index can be classifed as greater than 0.380, between 0.345
and 0.380, or less than 0.345. Te ANOVA analysis was
performed, and the analysis of variance for the ovomucin
concentration at various yolk index values is shown in
Table 4.

From Table 4, we found that when the yolk index was
greater than 0.380, a total of 40 egg samples satisfed the
range, and the mean ovomucin concentration for these 40
eggs was 2.208mg/g (maximal variance, standard deviation
of 0.894mg/g), 1.212mg/g (minimal variance, standard
deviation of 0.491mg/g) for 21 eggs’ average when the yolk
index was between 0.345 and 0.380, and 0.868mg/g for 37
eggs’ average when the yolk index was less than 0.345. Te
resulting p value was approximately 0.000 for the three
groups with equal means. Terefore, a one-way ANOVA
revealed a statistically signifcant diference between the
three groups (p≤ 0.001). Specifcally, there was a signifcant
diference in the ovomucin concentration at diferent levels
of the yolk index.

We also found that a drop in the yolk index resulted in
a signifcant decrease in the ovomucin concentration
(P< 0.05). It may be because a small amount of ovomucin is
also found in the yolk membrane and egg frenulum, where it
acts as a barrier against the yolk spreading out. With an
increased storage period, the elasticity of the yolk membrane
gradually reduces, the yolk’s diameter increases, the yolk’s
height decreases, and the ovomucin partially
depolymerizes [18].

3.2.3. Diferences in the Ovomucin Concentration at Diferent
Levels of pH. Similarly, using data from the experiment,
a binomial regression relationship was built between the
pH value as the dependent variable (y) and the Haugh unit as
the independent variable (x).

y � 0.0005x
2

+ 0.043x + 8.5558 R
2

� 0.789, P< 0.05 . (11)

According to globally accepted criteria for HU classif-
cation, the pH was divided into three categories: less than
9.089, between 9.089 and 9.360, and greater than 9.360.
Table 5 provides the results of the analysis of variance in
ovomucin concentration at various pH values.

As shown in Table 5, when the pH was less than 9.089,
a total of 39 egg samples satisfy the range, and the mean
value of ovomucin concentration was 2.210mg/g (maximal
variance, standard deviation of 0.889mg/g), 0.831mg/g
(minimal variance, standard deviation of 0.523mg/g) when
the yolk index was between 9.089 and 9.360, and 1.112mg/g
when the yolk index was greater than 9.360. Tese results
were statistically signifcant at the p � 0.05 level. In con-
clusion, it was determined that pH had a signifcant impact
on the ovomucin concentration.

Te results of the study also indicate that the ovomucin
concentration does not increase in a predictable manner as
the pH increases. However, we noticed that when the pHwas
greater than 9.089, the concentration of ovomucin was

dramatically reduced. Tis is mostly due to the fact that
ovomucin is 252 times more soluble in an alkaline envi-
ronment (pH> 9) than in a neutral one [19]. Te pH of
albumen increased with storage time, and the solubility of
ovomucin steadily increased and transferred to thin albu-
men, resulting in a decrease in the ovomucin concentration
of thick albumen [20].

3.3. Gray Relational Analysis between the Egg Freshness Index
and theOvomucinConcentration. Te changes in egg quality
and ovomucin concentration during storage were consid-
ered as a dynamic system, and the major factors afecting
ovomucin concentration were determined using gray re-
lational analysis. Gray relational analysis was used to cal-
culate and analyze the gray relational degree between HU,
yolk index, pH, and ovomucin concentration. A quantitative
analysis of the relationship between several egg freshness
parameters and ovomucin concentration was then
performed.

Since each egg freshness factor has unique dimensions
and it is impossible to compare factors with diferent di-
mensions, the normalization approach was applied to make
each freshness indicator dimensionless before completing
the gray correlation analysis, which was calculated as
follows:

Mij
′ �

Mij

Mj

, (12)

where Mij
′ is the dimensionless value of in the i th row and j

th column, Mij is the value in the i th row and j th column,
and Mj is the average in the j th column.

Te reference array was the ovomucin concentration,
and the comparison array was each egg freshness index. Te
gray relational degree between egg freshness parameters and
ovomucin concentration was computed using the gray re-
lational analysis approach, as shown in Table 6.

As presented in Figure 1, the gray relational degree
between each egg’s freshness index and ovomucin con-
centration altered continuously during storage. On day 11 of
storage, the biggest gray relational degree between HU and
ovomucin concentration (with a gray relational degree larger
than 0.90) was attained; the gray relational degree between

Table 4: Results of analysis of variance for the ovomucin con-
centration at various yolk index values.

Yolk index N Mean Std F p

Greater than 0.380 40 2.208 0.894
38.397 ≤0.001Between 0.345 and 0.380 21 1.212 0.491

Less than 0.345 37 0.868 0.506

Table 5: Results of the analysis of variance in ovomucin con-
centration at various pH values.

pH N Mean Std F p

Less than 9.089 39 2.210 0.889
35.250 ≤0.001Between 9.089 and 9.360 21 0.831 0.523

Greater than 9.360 38 1.112 0.554
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the two was greatest at this time, and their changing curves
were nearly synchronous. Additionally, on day 21 of storage,
the gray relational degree between the yolk index and
pH and the ovomucin concentration were at their maximum
values.

From Table 6, we found that the comprehensive gray
relational degree between each freshness index and ovo-
mucin concentration during storage was greater than 0.8.
Tey were ranked in the following order: HU is greater than
pH, which is greater than the yolk index. By and large, the
bigger the comprehensive gray relational degree, the closer
the two are related. A comprehensive gray relational degree
of more than 0.8 indicates a strong connection between the
reference and the comparison arrays; 0.3 to 0.8 suggests
a minor relationship; and less than 0.3 implies a poor
relationship.

Taken together, these fndings indicate that the syn-
chronous variation trend between each egg freshness index
and the ovomucin concentration was strong, and the syn-
chronous variation trend between the HU and the ovomucin
concentration was greatest (a comprehensive gray relational
degree of 0.885). Tat is, of the infuential factors listed
above, the HU has the greatest impact on the variation in
ovomucin concentration. In contrast, the yolk index had the
least relation to a synchronous variation on the change in
ovomucin concentration.

3.4. Establishment of a Prediction Model for Equivalent Egg
Age. Not only do eggs provide a signifcant amount of high-
quality protein, but they are also economical and in-
dispensable in customers’ daily lives, and their freshness has
a signifcant impact on consumers’ food safety. Te

evaluation and prediction of egg quality during storage, as
well as its relationship to storage time, have been a hot topic
of research in the feld of food processing and preservation,
as egg age (i.e., the storage time of eggs) does not accurately
refect their true freshness under diferent storage conditions
[21]. Terefore, it has been proposed to determine the
freshness of eggs under various storage conditions by cal-
culating their equivalent egg age [22]. Te amount of
ovomucin in albumen from eggs held at 22°C was signif-
cantly correlated with the storage time (r� −0.926, P< 0.05).
From Figure 2, it can be found that with the increase of
storage time, the ovomucin concentration showed
a decreasing trend.

Te research explored eggs stored at 22°C and 65 percent
relative humidity, and the ovomucin concentration per gram
of albumen was used to develop a prediction model of
equivalent egg age for evaluating the freshness of com-
mercial eggs stored at this temperature and relative humidity
during their shelf life.

y � 9.42x
2

− 52.279x + 73.262 R
2

� 0.985, P< 0.05 . (13)

Te coefcient of determination for the equivalent egg
age prediction model with ovomucin concentration as the
independent variable was 0.985 (P< 0.05), it is higher than
that of the equivalent egg age model developed by Wang at
25°C [8].

4. Conclusions

Tis study investigated the link between the egg freshness
index and the ovomucin concentration in albumen using
Hyland brown eggs. Te dominant factors afecting ovo-
mucin concentration during storage were determined using
gray relational analysis, and an equivalent egg age prediction
model was developed. Te study identifed a good, signif-
cant positive correlation between HU and ovomucin con-
centration (r� 0.713, P 0.01), a positive correlation between
the yolk index and ovomucin concentration (r� 0.699,
P< 0.01), and a negative correlation between albumen
pH and ovomucin concentration (r� −0.683, P< 0.01). Te
highest Pearson correlation coefcient (r� 0.970, P< 0.01)
was found between the albumen height and egg ovomucin
concentration among the egg freshness indices. Te HU,

Table 6: Te comprehensive gray relational degree between each
egg freshness index and ovomucin concentration.

Factors HU Yolk index pH
Comprehensive gray relational degree 0.885 0.829 0.834
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Figure 1: Te changing trend in the relative gray relationship
degree between each egg freshness indicator and ovomucin con-
centration for various storage days.
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yolk index, and pH all had a signifcant efect on the ovo-
mucin concentration, with the HU having the highest in-
fuence (a comprehensive gray relational degree of 0.885)
and the most synchronous change trend with the ovomucin
concentration. In contrast, the yolk index had a minor
synchronous change trend with the change in ovomucin
concentration. Te ovomucin concentration in the albumen
of eggs held at 22°C was signifcantly correlated with storage
time (r� −0.926, P< 0.05). Te coefcient of determination
for the equivalent egg age prediction model with ovomucin
concentration as the independent variable was 0.985
(P< 0.05), indicating high reliability.Tis study provides the
possibility to reveal the mechanism of egg quality changes
from a biochemical point of view without breaking the eggs
and lays the theoretical foundation for developing a non-
destructive and rapid method for egg quality detection and
efective nondestructive monitoring of egg quality in the
future.
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