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ABSTRACT The effects of storage temperature (4�C,
25�C, and 35�C) on sensory quality, physicochemical
properties, texture, molecular forces, flavor, and micro-
bial indexes of preserved eggs were studied. The results
showed that the sensory quality, weight loss rate, pH,
and color of preserved eggs were significantly different at
different storage temperatures (P , 0.05). Compared
with high temperature and normal temperature storage,
low temperature storage reduced weight loss rate by
55.15 and 64.1%, respectively, improved the sensory
score (P , 0.05), inhibited the reduction of pH and the
increase of total volatile base nitrogen (P , 0.05), and
decreased the change of color (P, 0.05). During storage,
there was no difference in the springiness of preserved egg
white stored at different temperatures (P . 0.05).
Hardness and chewiness at 3 different temperatures
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increased first and then decreased, and low temperature
significantly inhibited the progress of these changes to a
certain extent (P , 0.05). The content of ionic bond in
egg white first decreased and then increased, and content
of disulfide bond increased first and then decreased.
Content of ionic bond in yolk decreased all the time, and
high temperature could promote this change. Whatever
the temperature was, the content of free amino acids in
preserved egg white and yolk increased first and then
decreased, and the total content of amino acids stored
at different temperatures was significantly different
(P , 0.05). The content of free fatty acids in yolk
decreased. At the end of storage, nomicroorganisms were
detected in 3 temperatures during the storage period of
84 D. The results showed that low temperature storage is
more conducive for preservation of preserved eggs.
Key words: preserved egg, s
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INTRODUCTION

The preserved egg, also called Pidan, is a traditional
characteristic egg product in China. Ancient books of
traditional Chinese medicine recorded preserved eggs
possessed the effect of clearing away heat and reducing
fire, soothing the liver to improve eyesight. Modern
scientific research studies also proved the anti-
inflammatory activity of the preserved egg (Zhang
et al., 2018, 2019). Combined with its unique flavor,
taste, and nutritional value, preserved eggs are popular
with consumers (Zhao et al., 2016a). The processing of
preserved eggs has a long history. Preserved eggs were
originally prepared by wrapping fresh eggs in the
mixture of mud, plant lime, soda ash, quicklime, and
lead oxide (Wang and Fung, 1996), which was trouble-
some and unsanitary. At present, enterprises use sodium
hydroxide instead of soda ash and quicklime, heavy
metal compounds containing copper sulfate, zinc sulfate,
iron sulfate, and other metal compounds instead of lead
oxide and soak preserved eggs with the method of feed
liquid (Chang et al., 1999; Ganesan and Benjakul,
2010). When the preserved eggs are pickled,
microorganisms, temperature, humidity, oxygen, and
other factors in the environment might lead to a series
of quality problems such as drying shrinkage,
darkening the color, and mildew taste during storage
without packaging, which result in a shorter shelf life,
thus affecting the sales of the produce at home and
abroad.
At present, the storage methods adopted by most do-

mestic enterprises are not effective. For example,
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traditional preserved eggs usually use the method of
“mud wrapped bran,” which can prevent the damage
and extend the shelf life, but it is easy to affect the
appearance, pollute the environment (Yin et al., 2012),
and the cost of packaging and transportation is rela-
tively high. Nowadays, more preserved eggs are sold
directly without packaging. The moisture and flavor
substances of preserved eggs are easy to be lost and even-
tually dried up, finally be deteriorated (Ma et al., 2015).
In addition, liquid paraffin is still used for preservation of
preserved eggs, but the cost of paraffin coating is high
and oil stain is produced, which is not conducive to
sale. At the same time, the academic research on the
storage of preserved eggs is mainly focused on the
coating preservation of preserved eggs (Hu and Meihu,
2012; Yin et al., 2012; Ma et al., 2015). Studies on the
effect of temperature on storage of preserved eggs are
rarely reported in the literature. The storage
temperature is the main factor affecting the quality of
food; the biochemical reaction, enzyme activity,
microbial growth and reproduction, moisture content
and activity are all without exception restricted by
temperature (Quan and Benjakul, 2017), so the signifi-
cance of storage and preservation of preserved eggs is
obvious. In this article, the sensory quality, weight loss
rate, pH, color, total volatile base nitrogen, texture,
intermolecular force, free fatty acids, free amino acids,
and microorganisms of preserved eggs stored at different
temperatures were determined periodically to monitor
the quality changes of preserved eggs and to find the
suitable storage temperature for preserved eggs. This
research also can provide a reference for future research
on preservation of preserved eggs.
MATERIALS AND METHODS

Materials

Fresh duck eggs were obtained from a farm in Nan-
chang County, Jiangxi Province, China. Standard com-
pounds were purchased from Shanghai Institute of
Metrology and Testing Technology. The other reagents
used were of analytical grade and purchased from Xilong
Scientific Co., Ltd.
Pickling and Storage of Preserved Eggs

A certain amount of water is boiled and then cooled.
Pickling solutions was prepared, which contained 4.5%
(m/v) NaOH and 4.0% (m/v) NaCl, then cooled to
room temperature, followed by adding 0.4% (m/v)
Table 1. Sensory evaluation.

Index 3 points 2 points

Color Brown transparent Yellow transparent
Appearance Full and complete form slightly defective
Texture Elasticity Hardness increases
Flavor Rich fragrance The fragrance fade
Taste Normal, odorless Taste light
CuSO4 which is completely dissolved in a small amount
of water in advance (Tu, et al., 2013), and stirred well.
The fresh duck eggs purchased from the farm were
washed, graded, and then placed in the pickling barrel.
The aforementioned pickling liquid was added to the
pickling barrel. The eggs were pickled at 25�C for 40 D.

After pickling of the preserved eggs, 600 elastic eggs
were picked out, next divided into 3 equal portions,
and then stored at 4�C, 25�C, and 35�C, respectively.
The humidity was controlled at 40% 6 5%. The elastic
eggs were taken out on days 0, 14, 28, 42, 56, 70, and
84 D, and the indexes were determined.
Sensory Evaluation

According to Chinese standard GB/T 5009.47-2003
and GB 2749-2015 (China, 2015), the sensory evaluation
(Table 1) of preserved egg was set. Six food professional
researchers scored the samples, with a full score of 15 and
a corruption score of 0.
Determination of Moisture and Weight Loss
Rate

The water content was determined by direct measure-
ment of Chinese standard GB 5009.3-2016 (China,
2016c). The experiment was performed in triplicate.
The weight loss rate is the degree of water loss in pre-
served eggs after a certain period of time. The weight
of 10 preserved eggs was measured regularly, and the for-
mula for calculating weight loss rate is as follows:

Weight loss rate 5
ðM12M2Þ

M1
! 100%

where M1 is the weight of preserved eggs before storage, g;
M2 is the weight of preserved eggs after storage, g.
Determination of pH

As per the analysis method of Chinese standard GB/T
5009.47-2003 (China, 2003), 5 preserved eggs were
washed and shelled, then the preserved egg white or
yolk was added to water in a ratio of 2:1 to form a ho-
mogenate by using a homogenizer. About 15.00 g ho-
mogenate (equivalent to 10.00 g sample) was weighed,
mixed with water, diluted to 150 mL, filtered with
double-layer gauze, and measured the pH value. The
experiment was performed in triplicate.
1 points 0 points

Dark brown opaque Brown-black opacity
Large defect Severe defect or liquefaction
Hardness is very high Shrinkage

s No fragrance Mildew taste heavier
A slight odor Heavy odor
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Determination of the Color

The color of the preserved egg white/yolk was
measured using colorimeter (NS810, Shenzhen 3nh
Technology Co., Ltd., China). The preserved egg white
was cut into cubes with a height of 1 cm. A white A4 pa-
per was placed at the bottom of the test. The surface co-
lor of the egg yolk was measured. The data were
expressed as L* (brightness), a* (red/green), and b*
(yellow/blue). The experiment was repeated 10 times.
Determination of Texture Characteristics

Texture profile analysis was performed using a TEE
32 texture analyzer (Stable Micro Systems, Surrey,
UK). The tip part of the preserved egg white was cut
into cubes with a width and height of 1 cm. The hard-
ness, springiness, and chewiness of the preserved egg
white were measured by using P/36R probe. Texture
profile analysis model was selected. The measured pa-
rameters are as follows: the pretest speed was 5.0 mm/
s, the test speed was 2.0 mm/s, and the post-test speed
was 2.0 mm/s; the compression ratio 60%, the recovery
time 5s, and the trigger force 5g. The experiment was
repeated 6 times.
Selective Protein Solubility of Preserved
Eggs

Selective protein solubility was determined as per the
method described by P�erez-Mateos et al. (P�erez-Mateos
et al., 1997), with a slight modification. Samples were
successively solubilized in 4 solvents: 0.6 mol/L NaCl
(S1), 0.6 mol/L NaCl 1 1.5 mol/L urea (S2), 0.6 mol/
L NaCl 1 8 mol/L urea (S3), and 0.6 mol/L NaCl 1
8 mol/L urea 1 0.5 mol/L b-mercaptoethanol (S4).
The protein content dissolved in each combination sol-
vent represents the destructive force, that is, the propor-
tion of the intermolecular interaction of the gel is
maintained.

The evenly crushed 0.6 g sample was accurately
weighed and placed in a 15-mL centrifuge tube; 5.4 mL
S1 was added and treated by using a homogenizer (Ultra
Turrax homogenizer, IKA T18 digital, IKA Works
Guangzhou Co., Ltd., China) for 2 min (12,000 r/min).
The mixture was centrifuged at 10,000 r/min for
20 min, and carefully the supernatant and precipitation
were separated. A total of 5.4 mL of S2 (0.6 mol/L NaCl
1 1.5 mol/L urea) was added to the precipitate part, and
the operation of S1 was repeated, followed by S3 and S4.
The protein content of the supernatant was determined
by the bicinchoninic acid method. Part S4 was dialyzed
overnight with S1 to remove the interference of b-mer-
captoethanol on protein determination. The experiment
was performed in triplicate.
Determination of Free Fatty Acids

Fat Extraction Ten grams of yolk homogenate was
taken in a triangular bottle, 140 mL CM solution
(V trichloromethane: V methanol 5 2:1) was added,
and was shaken well. The mixture was extracted for 3
h and then was filtered. After filtration, NaCl solution
was added. After the mixture was stratified, the lower
layer of the extract was collected, dried with anhydrous
Na2SO4, and concentrated using a rotary evaporation in
a water bath at 40�C to get fat.
Extraction and Methylation of Free Fatty Acids
Hundred milligrams of fat that had been extracted was
taken in a beaker to which 15 mL acetone–methanol
solution (V acetone: V methanol 5 2:1) was added.
Then, about 200 mg resin was added. The mixture was
allowed to stand after being shaken well, and the
mixture was washed with acetone–methanol solution
and then blow-dried with N2 to remove resin; finally, free
fatty acid was obtained. After that, 5 mL sodium
hydroxide–methanol solution was added and evaporated
in a water bath at 60�C for 10–15 min. Then, 5 mL of the
methylation reagent was added from the upper part of
the condensing tube using a pipette and was evaporated
in a water bath at 60�C for 30 min. After cooling, 2 mL n-
hexane and 2 mL saturated saline were added. The
mixture was shaken, and the upper layer (n-hexane
layer) was collected, filtered through the organic phase
membrane, and filled in a gas bottle for measurement.
Gas Chromatographic Conditions Chromatographic
column CP-Sil88 for FAME (100m*0.25 mm, 0.2 ms)
(6890N, Agilent Technologies, Inc., Santa Clara, CA):
the injection port temperature was 230�C, the temper-
ature of the detector was 240�C, and the temperature
was programmed to rise to 45�C from the initial tem-
perature, which was maintained for 4 min; 13 C/min to
175�C, which was maintained for 27 min; and 4�C to
215�C, which was maintained at 35 min. The carrier gas
was N2, column flow rate was 1.8 mL/min, injection time
was 1 min, and injection volume was 1.0 mL, and there
was no shunt injection.

Determination of Free Amino Acids

The egg whites were separated from the yolks and
mashed separately. Five grams of the egg white (yolk)
was weighed and 20 mL ultrapure water was added.
This mixture was homogenized in an ice bath and was
filled in a 50-mL beaker. Twenty milliliter of sulfosali-
cylic acid was added, shaken well, and stored in a refrig-
erator at 4�C for 17 h. Then, the mixture was filtered
using a medium-speed filter paper. The pH was adjusted
to higher than 6.0 with NaOH solution; the volume was
made up to 50 mL using a volumetric flask, and finally,
free amino acid content in the mixture was measured us-
ing an amino acid analyzer (L-8900, Hitachi, Ltd.,
Japan).

Determination of Total Volatile Base
Nitrogen

As per the analysis method of Chinese GB 5009.228-
2016 (China, 2016d), the trace diffusion method was
adopted. The experiment was performed in triplicate.



Figure 1. Effects of storage temperatures on sensory quality of pre-
served eggs.
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Determination of Microbial Indicators

The total number of bacterial colonies was determined
according to Chinese standard GB 4789.2-2016 (China,
2016a). Coliform group count for food microbiology in-
spection was determined according to Chinese standard
GB 4789.3-2016 (China, 2016b).
Statistical Analysis

All the data were expressed as mean and standard de-
viation. Statistical analysis was performed using SPSS
25. Significance test was carried out by repeated mea-
surement of variance analysis. The significance level
was P , 0.05. The experimental results were plotted
by using Origin 2018 software.
RESULTS AND DISCUSSION

Effects of Different Storage Temperatures
on Sensory Quality of Preserved Eggs

As shown in Figure 1, the sensory scores of preserved
eggs at different storage temperatures were significantly
different (P , 0.05). During the whole storage process,
the sensory scores of the low-temperature group were al-
ways the highest, whereas those of the high-temperature
group were the lowest at the end of storage. In the first
56 D of the storage period, there was no significant differ-
ence in sensory scores among the treatment groups (P.
0.05), but there was significant difference in sensory
scores between the treatment groups at 70 D and
84 D (P , 0.05). The final sensory scores at 4�C, 25�C
and 35�C were 9.83, 7.17, and 5, respectively at 84 D.
The experimental selection was fresh and selected runny
preserved eggs with high sensory score; the preserved
eggs have a little alkaline taste when they are out of
the pickling container, so the taste score is not high.
With the extension of storage time, the alkali taste grad-
ually disappeared, and the taste score increased. Howev-
er, the color score gradually decreased, and the color of
the low-temperature group became bright and yellow.
At the later stage of storage, all 3 groups of preserved
egg whites showed darker color, greater hardness, even
drying shrinkage, and mildew taste. The deepening of
the color is mainly due to the Maillard reaction that
leads to accumulation of pigments (Ganasen and
Benjakul, 2011a). The decrease in alkaline taste is
related to the decrease of free alkalinity of preserved
eggs, and the decrease in free alkalinity is related to
the loss of volatile alkaline nitrogen–containing sub-
stances (Ganasen and Benjakul, 2011b). The hardness
of the protein becomes more and even shrinkage is
related to the loss of water dispersion, and storage at
different temperatures will also affect the rate of water
loss (Ma et al., 2015). The mildew taste is related to pro-
tein degradation, changes in free amino acids and free
fatty acids; fatty acids are easily oxidized during storage,
producing a mildew taste and deteriorating amino acids
(Dong et al., 2017).
Effects of Different Storage Temperatures
on Weight Loss Rate and Moisture of
Preserved Eggs

The weight loss rate is an important index for the
quality change of eggs during storage. The main reason
for the loss of egg weight is that the inner structure of
the duck eggshell became loose during the process
of soaking in alkali solution, which exposed the pores of
the eggshell surface and promoted the gas emission
of gas generated by biochemical reactions inside the
eggs (Ruan, 2014). The weight loss rate of preserved
eggs is related to the porosity and the thickness of
eggshell, and the chemical composition of the egg white
and yolk inside the egg also plays an important role
(Ruan, 2014).

As shown in Figure 2, the weight loss rate of preserved
eggs increased with the extension of storage time (P ,
0.05), and the higher the temperature was, the greater
the weight loss rate was (P , 0.05), which was similar
to the research results of the study carried out by Ma
Lei et al. (Ma et al., 2015). Increasing storage tempera-
ture can promote the decomposition of proteins in the
egg white and yolk and produce a series of volatile alka-
line nitrogen–containing substances. Meanwhile, inter-
nal water vapor is easier to volatilize, so the higher the
temperature, the greater the weight loss rate. At the
same time, it can also be considered that the weight
loss rate of preserved eggs may be related to the specific
surface area of the egg itself. The larger the specific sur-
face area, the more volatile substances from the eggshell.

Water is the main component of egg products. The
moisture in egg products has a great influence on the co-
lor, flavor and texture of egg products (Miranda et al.,
2014). As shown in Figure 2, the moisture of preserved
eggs white decreased with the storage time prolonged,



Figure 2. Effects of different storage temperatures on the preserved egg rate of weight loss (A) and the moisture of egg white (B) and yolk (C).
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and there was a significant difference between different
temperatures (P , 0.05), and the higher the tempera-
ture, the faster the moisture loss; whereas the moisture
of the egg yolk showed a "rising and falling" cycle state.
Coincidentally, it was found that the egg white was in
the state of moisture loss, whereas the yolk was in the
state of moisture increase during storage at 25�C for
the first 28 D, and more egg white dehydration corre-
sponded to more increase in yolk moisture. Similarly,
the same rule was observed from 28 to 42 D. It can be
inferred that during the storage process, the cause of
egg white dehydration is not only the escape of water
through the eggshell but also the infiltration of some wa-
ter into the yolk. The dehydration of preserved egg
whites leads to different trends of moisture in preserved
egg yolks. Similarly, water in the egg yolk can also enter
into the egg white, and further research is needed on why
such water migration occurred. The higher the storage
temperature, the faster the loss of water may be due to
the faster evaporation rate of water in the higher temper-
ature preserved eggs, which was similar to the result of
weight loss rate.

Effect of Storage Temperature on pH Value
of the Preserved Egg White and Yolk

As can be observed from Figure 3, the pH values of
the preserved egg white and yolk just out of the pickling
container in this study were 10.99 and 10.39, respec-
tively; after storage for 84 D, the pH values of the egg
white and yolk were 10.24 and 9.69, 9.47 and 10.3,
and 9.77 and 9.64 at 4�C, 25�C, and 35�C, respectively.
The results showed that the pH values of the preserved
egg white and egg yolk at different storage tempera-
tures were significantly different (P , 0.05). During
storage, the pH values of the preserved egg white gener-
ally showed downward trend and decreased signifi-
cantly in the early stage (P , 0.05), whereas the later
changes were slow. The pH of preserved egg yolks stored
at 35�C decreased first and then increased during the
whole storage period, and the decrease was greater
than that at 4�C and 25�C (P , 0.05). It can be
concluded that the higher the storage temperature,
the faster the pH value of the preserved egg white
decreased (P , 0.05).
The pH value of the preserved egg yolk just out of the

pickling container was lower than that of the egg white,
which is related to the sequence of alkali infiltration in
the process of pickled penetration. During the pickling
process, the alkali solution must enter the egg white first
and then penetrate into the egg yolk. It is more difficult
for the egg yolk to have a contact with the alkali solution
than the egg white. In addition, the fresh duck egg yolk is
acidic (pH 5 6.50), and the egg white is alkaline
(pH 5 8.94) (Xu et al., 2017), which made the pH of
the egg white increase more easily than that of yolk un-
der the action of alkali solution. One of the reasons why
the pH of the preserved egg white and yolk decreased
with time might be that a series of biochemical reactions
will occur in the preserved eggs during the pickling pro-
cess, producing substances such as alcohols, aromatics,
and heterocyclic compounds (Chen et al., 2015; Zhang
et al., 2015), which contain some volatile basic
nitrogenous substances, then dissipated to the outside
through the pores of the eggshell, which eventually
leads to a decrease in pH. This kind of speculation also
appeared in previous studies (Ganasen and Benjakul,
2011a; Ganasen and Benjakul, 2011c). Compared with
low temperature, the reason why the pH value of the
preserved egg white and yolk decreased faster under
high temperature storage may be that high
temperature can accelerate the rate of free alkaline
volatile substances passing through the pores of the
eggshell.
Interestingly, it was found that pH change curve of the

preserved egg white and yolk in each storage period basi-
cally maintained the same change trend. It can be
inferred that the change of preserved egg white and
yolk pH was not independent of each other and did not
interfere with each other but was related to each other.



Figure 3. Effects of storage temperatures on pH value of preserved egg white (A) and yolk (B).

EFFECTS OF TEMPERATURE ON PRESERVED EGGS 3149
It can be speculated that the basic ions inside preserved
eggs were in a state of dynamic migration between the
egg white and yolk all the time.
Effects of Different Storage Temperatures
on the Color of the Preserved EggWhite and
Yolk

Color is an important sensory index of preserved eggs.
At present, there are 2 common reasons for the forma-
tion of color of preserved eggs: one is that H2S and
NH3 produced by strong alkali–acting proteins react
with metal compounds and proteins to form various
pigment substances; and the other is that the Maillard
reaction occurs inside the eggs to produce brown sub-
stances (Shao et al., 2017). Table 2 showed that during
storage, the L* and b* values of the preserved egg white
that was stored at high temperature and normal temper-
ature were characterized by downward trend (P, 0.05),
that is, the color of the egg white gradually deepened and
darkened, and the higher the storage temperature, the
faster the value decreased (P , 0.05). However, the L*
and b* values of the preserved egg white that was stored
at high temperature increased first and then decreased
(P , 0.05) and the phenomenon of "yellowing"
appeared. On the other hand, during storage, the L*
value of the preserved egg yolk showed a downward
trend (P , 0.05), whereas the a* and b* values showed
an upward trend (P , 0.05), and the higher the temper-
ature, the greater the change.
Under the condition of normal temperature and high

temperature, the L* value of the egg white and yolk
showed a decreasing trend, and the decreasing trend of
high temperature was more obvious. The possible reason
was that the Maillard reaction occurred during storage,
producing brown or even blackmelanoids, which reduced
the L* value. High temperature could promote and low
temperature could significantly slow down the Maillard
reaction (Bakry et al., 2019). In addition, the color
change of the preserved egg white is also related to the
decrease of moisture content in the egg white. The loss
of moisture will lead to the accumulation of pigment con-
tent. High temperature accelerates the loss of moisture in
preserved eggs, which will further lead to the increase of
preserved egg white pigment (Ganasen and Benjakul,
2011a). The content of free amino acids is also related
toMaillard reactions, and the content of free amino acids
participating in Maillard reactions decreases, the reac-
tion products also decrease (Ganesan and Benjakul,
2010). Therefore, under the condition of low tempera-
ture, L* value decreasedmore slowly. It can also be found
that the change in the trend of a* and b* values of the egg
white and yolk is different, which indicated that the
biochemical reactions affecting the color change in the
egg white and yolk were different. It might be that lipids
(such as triglyceride or lecithin) in the egg yolk partici-
pated in the formation of volatile flavor substances in
the Maillard reaction and then affected the color change
of the egg yolk (Farmer and Mottram, 2010).
Effects of Different Storage Temperatures
on Texture Characteristics of Preserved
Eggs

Texture properties of the preserved egg white at
different storage temperatures were measured at
different storage times, including hardness, springiness,
and chewiness. These parameters can reflect the changes
in texture properties of food gels. The results were shown
in Figure 4.

The hardness values of the preserved egg white at
different storage temperatures were increased first and
then decreased with the prolongation of storage time
(P , 0.05), and the hardness values under low tempera-
ture storage conditions were significantly lower than
normal temperature and high temperature storage (P
, 0.05). The reason for the increase in hardness might
be that the egg white was dehydrated gradually during
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storage; and the increasing of disulfide bonds made the
proteins structure stable and the binding rigid
(Dombkowski et al., 2014; Liu et al., 2016). At low
temperature, the egg white lost less water and the
disulfide bond content was not increased as much as at
normal temperature and high temperature (P , 0.05)
hence, the hardness is lower.
Springiness is an important parameter to characterize

the binding state of the internal structure of protein gels
(Xiong et al., 2015), and high springiness indicates that
the gel has a superior ability to maintain a complete
network structure (Juana Fernandez-Lopez1 et al.,
2006). The results showed that the springiness of the pre-
served egg white remained at about 1.0 during the stor-
age period. There was no significant change in the
springiness of the preserved egg white with the extension
of storage time under 3 storage temperatures (P. 0.05)
and no significant difference between diverse tempera-
tures (P. 0.05). The reason for this phenomenon might
be that the moisture content of the preserved egg white
during the storage process still remained more than 80%
and has not been seriously decreased. Meanwhile, there
was no significant change in the net charge number on
the protein surface owing to the influence of external fac-
tors. Therefore, the network structure of egg white gel
would not change significantly, and the springiness
would not change significantly (Qun et al., 2014).
The chewiness is a comprehensive index of sensory

texture of food, which is directly related to food taste
and closely related to hardness, springiness, and cohe-
siveness. As can be seen from the Figure 4, the change
trend of chewiness and hardness was approximately
the same, both of which increased first and then
decreased (P , 0.05), which was related to the change
rule of egg white gel hardness.

Effects of Different Storage Temperatures
on the Selective Protein Solubility of the
Preserved Egg

Preserved egg whites and egg yolks are special gels
formed by strong alkali, and the texture of the preserved
egg white and egg yolk gel changed greatly during stor-
age. To explore the reason, different denaturants are
used to treat preserved egg white and egg yolk samples:
0.6 M NaCl (ion bond), 1.5 M urea (hydrogen bond), 8M
urea (hydrogen bond, hydrophobic interaction), 0.5 M b-
mercaptoethanol (disulfide bond) (P�erez-Mateos et al.,
1997). The continuous solubility of proteins in denatur-
ants with different ratios represents the corresponding
proportion of forces, thereby analyzing the role of
different forces in the storage of preserved eggs.
As shown in Figure 5, the distribution of preserved egg

white proteins and egg yolk proteins at different temper-
atures in different solvents was significantly different,
and it also changed with the prolongation of storage
time (P , 0.05). The results showed that proteins of
the preserved egg white were mainly dissolved in S1,
S3, and S4, accounting for about 20, 15, and 60%, respec-
tively, indicating that the main forces were ionic bond,



Figure 4. Effects of storage temperatures on protein structure properties of preserved eggs.
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hydrophobic bond, and disulfide bond. The remaining S2
accounted for about 5%, indicating that there were few
hydrogen bonds. The proteins of the preserved egg
yolk were mainly dissolved in S1, S2, and S4, accounting
for 65, 10, and 10%, respectively, indicating that the
main forces were ionic bond, hydrogen bond, and disul-
fide bond. In addition, no insoluble precipitates were
observed after proteins were treated with S4, indicating
that there were no other forms of covalent bonds in the
proteins; conversely, some undissolved precipitates
were observed in the egg yolk after the S4 treatment,
indicating the presence of chemical bonds in the egg
yolk that were not easily destroyed by b-
mercaptoethanol.
With the prolongation of storage time, the solubility

of preserved egg white gel at 3 storage temperatures
showed a trend of first decreasing and then increasing
Figure 5. Protein fraction (%) of preserved egg gels in different solutions:
M sodium chloride 1 8 M urea (S3); and 0.6 M sodium chloride 1 8 M urea
in S1 (P , 0.05), the solubility in S4 increased first
and then decreased (P , 0.05), and there was no
obvious change trend in S2 and S3 parts. This indicated
that the proportion of ionic and disulfide bonds in the
preserved egg white gel presented a "complementary"
dynamic balance during storage. Compared with
normal temperature and high temperature, the differ-
ence of S1 at low temperature was significant (P ,
0.05). The decrease of ionic bond contents might be
related to the bonding and aggregation of protein mol-
ecules under the conditions of decreased pH (Yang
et al., 2019), 3 types of ionic bonds, electrostatic attrac-
tions within zwitterions, “salt bridges,” and “water ionic
bonds” (Zhao et al., 2016b). The free alkali ions in pre-
served egg gel were flowing and decreasing in preserved
egg whites and yolks after preserved eggs were taken out
of the pickling container, resulting in an unstable state
0.6 M sodium chloride (S1); 0.6 M sodium chloride1 1.5 M urea (S2); 0.6
1 0.5 M b-mercaptoethanol (S4).



Figure 6. Effects of storage temperatures on free fatty acid content of preserved egg yolk.
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of total electric charge inside the preserved egg. The
forming condition of an ionic bond is that the electro-
static repulsion and electrostatic attraction must be
balanced, and the unstable state of the net charge
may destroy the balance of electrostatic repulsion and
electrostatic attraction, thus further influencing the
stability of ionic bond content, and the decrease of pH
may be related to the decrease of ion bond content.
The decrease in pH leads to a decrease in the net nega-
tive charge on the surface of the protein molecule,
further reducing the electrostatic repulsion, which is
beneficial to the stability of the protein molecule
(Zhao et al., 2016a). Low temperature can reduce the
loss of free alkali ions to a certain extent; hence, the
rate of S1 decrease at low temperature was slower
than that at normal temperature and high temperature.
Because of the large amounts of sulfhydryl (SH) group
and disulfide bond in proteins of preserved egg whites
and the alkaline environment, the whole preserved egg
white was negatively charged, and the repulsion be-
tween charges prompted the protein molecules to
expand and expose their internal groups; hence, it can
provide good conditions for SH oxidation and SH-SS
exchange reaction (Ganesan et al., 2014; Zhao et al.,
2016b). At the same time, a decrease in pH during
storage will reduce the electrostatic interaction and
promote the formation of disulfide bonds (Felix et al.,
2017). Therefore, part S4 was in a rising state during
the first 8 wk, and the cross-linking between protein
molecules or polypeptide chains through disulfide bonds
would promote the protein structure to be more stable,
which may also be one of the reasons for the hardness
enhancement of preserved egg whites.
The solubility of the egg yolk gel in S1 at the 3 storage

temperatures during the storage period decreased over-
all, the main reason may be similar to the decrease of
egg white gel in S1, and the low temperature storage
also significantly reduced the degree of this change
(P , 0.05). A high proportion of ionic bonds indicated
that noncovalent bonds dominate, and electrostatic
repulsion may occur between negatively charged groups
and water ionic bonds. The higher pH value also leads to
greater electrostatic repulsion, which will hinder the
interaction between protein molecules in the system
and affect the formation of gel structure (Chen, et al.,
2015). Treatment S2 and S3 showed a slow upward



Figure 7. Effects of storage temperatures on free amino acid of preserved egg white and yolk.
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trend compared with 0 D. The infiltration of a large
amount of alkali solution during the pickling process of
the preserved eggs, coupled with water migration, led
to the difficulty in the stable existence of hydrogen
bond and hydrophobic effect. However, during storage,
the environment of a large amount of OH2 aqueous so-
lution gradually changed as the free alkali solution was
gradually lost; hence, the hydrogen bond and hydropho-
bic interaction gradually increased.

Effects of Different Storage Temperatures
on Free Fatty Acid Content in the Preserved
Egg Yolk

Free fatty acids are precursors of flavor to make a
certain contribution to the unique flavor of food. Simi-
larly, the formation of special flavor of preserved eggs
is also inseparable from the role of free fatty acids
(Zhao et al., 2014). During the storage process, as seen
in Figure 6, a total of 9 free fatty acids were detected,
including palmitic acid, palmitoleic acid, stearic acid,
oleinic acid, linoleic acid, cis-11-eicosenoic acid, arachi-
donic acid, docosahexaenoic acid (DHA), and nervonic
acid. Except for arachidonic acid, DHA, and nervonic
acid, the changes of other fatty acids during storage
were small, indicating that there was no significant
degradation during storage. Research studies (Yu
et al., 2019) have found that fat degradation was mainly
caused by endogenous lipase. For example, triglycerides
or phospholipids in lipids can be hydrolyzed into free
fatty acids, and phospholipids hydrolysis was the main
factor for the production of free fatty acids (He et al.,
2012; Li et al., 2019), and the hydrolysis process was
mainly produced by lipase (Plagemann et al., 2011).
On the other hand, fat contains acidic lipase (Alami
et al., 2017); alkaline conditions can inhibit the activity
of acidic lipase, At the same time, during the pickling
period of up to 40 days, the lipase activity gradually
weakened, and its ability to degrade triglycerides and
phospholipids also gradually weakened (Deng, 2013).
In addition, the content of triglycerides and phospho-
lipids in preserved eggs was also limited, The 40-D



Figure 7. Continued

LUO ET AL.3154
pickling cycle has caused the triglyceride and phospho-
lipid content to be consumed more, and the content of
free fatty acids that can be decomposed during storage
also gradually decreased (Deng, 2013). Based on the 2
aforementioned factors, the production of free fatty acids
during storage was severely affected. Inhibition might be
the reason why free fatty acids in preserved eggs no
longer increase. Second, owing to the action of oxygen
in the external environment, free fatty acids, especially
unsaturated fatty acids in food, are easily oxidatively
degraded without light and catalysts (Nielsen et al.,
2017; Xie et al., 2018). The decrease of arachidonic
acid, DHA, and nervonic acid also fits this idea. These
reasons were the main cause of the change of free fatty
acids. With the exception of DHA, temperature did
not significantly change the content of the other 8
fatty acids at the end of storage. The possible reason
was that temperature can affect the activity of lipase
and the hydrolysis of phospholipids, but the alkaline
conditions reduced the activity of lipase in preserved
eggs that were stored at 3 different temperatures.
Therefore, the activity of the internal acidic lipases
could hardly be significantly affected by different
temperatures, which eventually resulted in little
difference between most free fatty acids.
Effects of Different Storage Temperatures
on Free Amino Acids in Preserved Eggs

Amino acids are not only an important source of food
flavor but also can produce a series of volatile substances
through decarboxylation, deamination, transamination,
Maillard reaction with reducing sugar, thus affecting the
overall flavor of food (Liu, 2013). During the storage
period of preserved eggs, as seen in Figure 7, 15 kinds
of free amino acids were detected in the egg white and



Figure 8. Effects of different storage temperatures on volatile salt nitrogen in preserved egg white (A) and yolk (B).
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yolk, and the overall trend of free amino acids content in
the egg white and yolk at 3 storage temperatures showed
a trend of first rising and then declining. Among them,
content of free amino acids in egg whites changed from
1,425.81 mg/kg to 1,338.58 mg/kg, 1,423.24 mg/kg,
and 1,724.38 mg/kg after storage at 4�C, 25�C, and
35�C, respectively. The free amino acid content of egg
yolks changed from 1,122.12 mg/kg to 1,685.48 mg/kg,
1,138.55 mg/kg, and 1,219.59 mg/kg after storage at
4�C, 25�C, and 35�C, which indicated that different stor-
age temperatures had significant effects on the free
amino acid content of preserved eggs (P , 0.05).
During storage, proteins, polypeptides, and proteases

degrade to produce free amino acids. Therefore, the con-
tent of free amino acids presented an increasing trend.
Meanwhile, free amino acids will undergo decarboxyl-
ation, deamination, and Maillard reaction with reducing
sugar to decrease their contents (Poulsen et al., 2013). It
has been found that polypeptides were produced by pro-
teinase acting on proteins and then were further decom-
posed into amino acid by the peptidase (Zhou et al.,
2017). However, the action of alkali inside the preserved
egg can inhibit the activity of protease or peptidase,
which indirectly affects the content of amino acids.
Therefore, the change of free amino acids is a compli-
cated process. The increase of free amino acids content
in preserved eggs may be attributed to the fact that
the preserved eggs were still affected by alkali, even
though they were removed from the alkaline pickling so-
lution, that the proteins continued to be degraded into
amino acids (Chen et al., 2015). The possible reason
for the decline in the later stage is that, with the prolon-
gation of storage time, polypeptides and amino acids
were decomposed into ammonia and amines (Figure 8),
and the rate was faster than that of polypeptides into
amino acids.
The content of free amino acids in preserved eggs was

significantly affected by different storage temperatures.
Figure 7 shows that high temperature storage increased
the content of free amino acids in egg whites, further
may also promote the Maillard reaction, and the final re-
action products increase and the color darkens. On the
one hand, at the end of storage, the content of free amino
acids in yolk stored at low temperature is higher than
that stored at high temperatures. The possible reason
was that amino acids were more easily degraded to
amines at high temperature than those stored at low
temperature (Kadidlova et al., 2010). At the same
time, the Maillard reaction can be slowed down at low
temperature; hence, the consumption of free amino acids
was less (Bakry et al., 2019), which was related to the co-
lor change. On the other hand, the content of free amino
acids in preserved egg whites stored at low temperature
is lower than that stored at high temperature. Although
low temperature can slowe down the degradation of
amino acids to amines and other substances to some
extent, the phenomenon of "yellowing" occurred in pre-
served egg whites stored at low temperature, which may
be related to this result.
Effects of Different Storage Temperatures
on Total Volatile Basic Nitrogen in the
Preserved Egg White and Yolk

The content of total volatile basic nitrogen (TVB-N)
in high-protein foods represents the rate at which amino
acids are destroyed and is negatively related to their
freshness (negative correlation). As can be seen from
Figure 8, the TVB-N values of the preserved egg white
and egg yolk increased significantly during storage (P
, 0.05). Within 84 D of storage, the TVB-N value of
the preserved egg white increased from 6.96 to 17.64
(4�C), 33.43 (25�C), and 37.6 (35�C), and those of the
yolk increased from 10.21 to 17.64 (4�C), 23.21 (25�C),
and 35.28 (35�C). The TVB-N value of freshly pickled
preserved egg yolks was higher than that of preserved
egg whites. The possible reason was that the strong
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alkali could degrade the preserved egg white and yolk
(Chen et al., 2015; Yang et al., 2019). It was also
reported that amino acids in preserved egg whites
decreased by 16.065 g/mg and by 42.066 mg/g in
preserved egg yolks during pickling (Deng, 2013). The
more amino acids in the egg yolk were reduced, and
the more basic nitrogen-containing substances such as
ammonia and amines were produced, thus the higher
TVB-N value (Wu et al., 2016). The TVB-N values of
preserved egg whites stored at different temperatures
all showed an upward trend, whereas the trend of egg
yolks increased first, then decreased, and then increased,
and the changes were more complicated. Regardless of
the egg yolk or egg white, the TVB-N value was the
lowest when stored at 4�C. The increase of TVB-N value
is due to the continued decomposition of proteins during
storage (Yang et al., 2017), and the low temperature can
still inhibit this change to a certain extent.
Effect of Storage Temperature on
Microbiological Indexes of Preserved Egg
White and Yolk

The total number of bacterial colonies and the num-
ber of coliforms in preserved eggs were regularly
measured by GB/T 4789-2016. The results showed
that neither of them was detected during storage. The
possible reason was that compared with the fresh
duck eggs before pickling, the preserved egg shells
with metal ions possessed a denser structure, which
could better isolate from the outside and prevent the in-
vasion of spoilage microorganisms. Second, during stor-
age, the pH of preserved eggs remained higher than 9.4,
which exceeded the highest tolerable pH of bacteria,
yeasts, and most fungi (Tucker and Featherstone,
2010). Excessive pH could affect the uptake of microbial
enzymes and cellular nutrients, thus affecting the
normal metabolism of microorganisms. Therefore, dur-
ing the whole storage period, preserved eggs were not
infected by microorganisms.
CONCLUSIONS

During the 12-wk storage period, the sensory quality
of the preserved eggs gradually decreased. It was mani-
fested that as the storage time prolongs, the internal
moisture of the preserved eggs was gradually lost to
the outside of the shell, the proteinaceous substances
were degraded, and the free amino acid content was
slowly increased. At the same time, volatile basic
nitrogen-containing substances were also generated,
which caused the pH value to decrease. It further
affected the internal Maillard reaction, which eventually
results in deeper brown eggs; on the other hand, the
reduction of ionic bonds, the increase of disulfide bonds,
and the loss of moisture cause the hardness and chewi-
ness of the preserved eggs to increase. During storage,
free amino acids in the egg white/yolk mostly increased
first and then decreased, which indicated that preserved
eggs stored for a certain period of time were more easily
digested and absorbed and have a higher nutritional
value. However, the total amount of free fatty acids
decreased during storage time. Saturated fatty acids
were oxidatively degraded. Compared with normal tem-
perature and high temperature storage, low temperature
can significantly inhibit the occurrence of this series of
changes. Finally, during storage, the sensory score of
low temperature storage was better than normal temper-
ature and high temperature storage. Therefore, it was
concluded that low temperature storage is more condu-
cive to the preservation of preserved eggs.
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