
  INTRODUCTION 
  Egg white is rich in various types of proteins, includ-

ing ovalbumin, conalbumin, ovomucoid, lysozyme, and 
so on (Mine, 2008). Several these proteins become de-
natured and form gels under heating, at extreme pH, or 
in the presence of metal ions (Mine, 1996; Croguennec 
et al., 2002; Campbell et al., 2003; Handa et al., 2008). 
Thus, egg white is widely used in surimi, meat, and 
noodle products because of its gelation property (Daw-
son et al., 1990; Liu et al., 2011; Park, 2006; Reppond 
et al., 2006). 

  Preserved egg, also known as pidan (in Chinese), 
hundred-year egg, thousand-year egg, century egg, and 
millennium egg, is a traditional Chinese egg delicacy. It 
is prepared by pickling fresh duck eggs, chicken eggs, 
or quail eggs in a mixture of alkali, salt, black tea, 
and metal ions at room temperature for 4 to 5 wk (Su 
and Lin, 1993; Wang and Fung, 1996). Without heat-

ing, both the egg white and egg yolk can form gels 
after fresh eggs are processed into preserved eggs. The 
gel properties, particularly those of the egg white gel, 
directly affect the quality of the preserved egg. The 
typical characteristic of a preserved egg is determined 
by the properties of its egg white gel (Tu et al., 2012). 
However, in the commercial process of preserved eggs, 
egg white gels cannot be formed well without the regu-
lation of metal ions, such as lead and copper (Ganasen 
and Benjakul, 2010; Ganesan and Benjakul, 2010; Tu 
et al., 2013a). Given that preserved eggs are mainly 
soaked in strong alkaline solutions, the appropriate 
amount of metal ions must be added into the pick-
ling liquid to prevent excess alkali from damaging the 
preserved egg white gel during postpickling (Zhao et 
al., 2010). During pickling, metal ions form insoluble 
sulfur compounds that can plug the shell and mem-
brane pores and mesh the corrosion holes generated 
during alkali processing (Zhao et al., 2010). Therefore, 
the addition of metal ions prevents the excessive infil-
tration of alkali. However, excessive mineral intake is 
harmful to human health. For example, Pb accumula-
tion causes damage to the human nervous, digestive, 
and circulatory systems. Excess Cu intake causes stom-
ach upset, nausea, and diarrhea and can also lead to 
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  ABSTRACT   Egg whites can undergo gelation at ex-
treme pH. In this paper, the effects of NaOH concen-
tration (1.5, 2, 2.5, and 3%), temperature (10, 20, 30, 
and 40°C), and additives (metallic compounds, carbo-
hydrates, stabilizers, and coagulants) on the strength 
of alkaline-induced egg white gel were investigated. 
Results showed that NaOH concentration and induced 
temperature significantly affected the rate of forma-
tion and peak strength of the egg white gel. Of the 6 
metallic compounds used in this experiment, CuSO4
exhibited the optimal effect on the strength of alkaline-
induced egg white gel, followed by MgCl2, ZnSO4, PbO, 

and CaCl2. When CuSO4 concentration was 0.2%, 
the gel strength increased by 31.92%. The effect of 
Fe2(SO4)3 was negligible. Of the 5 carbohydrate addi-
tives, xanthan gum (0.2%) caused the highest increase 
(54.31%) in the strength of alkaline-induced egg white 
gel, followed by sodium alginate, glucose, starch, and 
sucrose. Meanwhile, propylene glycol (0.25%) caused 
the highest improvement (15.78%) in the strength of 
alkaline-induced egg white gel among the 3 stabilizing 
agents and coagulants used, followed by Na2HPO4 and 
glucono-δ-lactone. 
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chronic copper toxicity, including cirrhosis of the liver, 
Indian childhood cirrhosis, and Tyrolean infantile cir-
rhosis (Baos et al., 2006; Uauy et al., 2008). Therefore, 
alternative pickling processes that do not require the 
addition of metal ions must be developed. However, the 
gel-forming mechanisms of egg white during preserved 
egg preparation are unclear. Moreover, studies on the 
factors affecting egg white gel properties induced by 
NaOH are currently insufficient. As a result, the devel-
opment of alternative technologies for preserving eggs 
lacks theoretical guidance.

The pickling of preserved eggs is time consuming. 
Therefore, this paper aims to investigate the factors 
affecting the strength of strong alkali-induced duck egg 
white gel outside the egg and to provide data for de-
veloping alternative pickling technologies for preserved 
eggs without the addition of metals.

MATERIALS AND METHODS

Materials
Fresh duck eggs were obtained within 1 d of laying 

from a farm in Nanchang County, Jiangxi Province, 
China. Analytically pure sodium hydroxide (NaOH), 
copper sulfate (CuSO4), zinc sulfate (ZnSO4), ferric sul-
fate [Fe2(SO4)3], magnesium chloride (MgCl2), calcium 
chloride (CaCl2), lead oxide (PbO), sodium phosphate 
dibasic (Na2HPO4), glucose, sucrose, sodium alginate, 
and propylene glycol were purchased from Sinopharm 
Chemical Reagent Co. Ltd. (Shanghai, China). Food-
grade xanthan gum and glucono-δ-lactone (GDL) were 
obtained from Shanghai Lvzhou Food Additive Co. 
Ltd. (Shanghai, China). Starch was purchased from 
Hebei Huachen Starch Sugar Co. Ltd. (Hebei, China).

Preparation of Egg White Gels
The egg white and egg yolk of fresh duck egg were 

manually separated with an egg yolk separator. The 
egg white was then uniformly stirred in a blender. The 
prepared fresh duck egg white was poured into plas-
tic beakers. Sodium hydroxide and additive solutions 
were added to the egg white, and the mixture was im-
mediately stirred with a glass rod. The beakers were 
covered with a tinfoil and then placed into constant-
temperature baths (Brookfield, Middleboro, MA). The 
gel plugs that formed in the beakers were collected, 
and the gel strength was determined using a CT3–100 
texture analyzer (Brookfield).

Determination of Gel Strength
The gel strength of the samples formed under various 

treatments was determined using a single-compression 
cycle model with a CT3–100 texture analyzer. The gel 
strength was represented by the measured hardness (g). 
The measurement parameters were as follows: pretest 

speed of 2 mm/s, test speed of 0.5 mm/s, posttest speed 
of 0.5 mm/s, target distance of 6 mm, and trigger point 
load of 3 g. The probe used was a TA10 cylindrical 
probe (12.7 mm). Data acquisition and analysis were 
completed using texture loader software (Brookfield).

Effect of NaOH Concentration on the Gel 
Strength of Duck Egg White

First, 15, 20, 25, and 30 g of sodium hydroxide was 
put into a plastic beaker, respectively. Then 1,000 mL 
of distilled water was added into each beaker to pre-
pare 1.5, 2, 2.5, and 3% of sodium hydroxide solution. 
After this cooled down, 10 mL of NaOH prepared was 
added into a plastic beaker with 20 mL of fresh duck 
egg white, respectively. They were mixed by a glass rod 
at a fast speed, then sealed with plastic wrap, and were 
placed in a water bath with a temperature of 20°C. 
After the gel was formed, strength of samples was mea-
sured at various time intervals.

Effect of Induced Temperature on the Gel 
Strength of Duck Egg White

Ten milliliters of sodium hydroxide solution (1.5%) 
was prepared and added into a plastic beaker with 20 
mL of fresh duck egg white. After mixing, they were 
placed in a water bath with a temperature of 10, 20, 
30, and 40°C, respectively. After the gel was formed, 
strength of samples was determined at set intervals.

Effects of Different Additives on the 
Strength of NaOH-Induced Egg White Gel

First, 0.8 g of copper sulfate, calcium chloride, mag-
nesium chloride, lead oxide, zinc sulfate, ferric sulfate, 
glucose, sucrose, xanthan gum, or starch, 4 g of each 
gluconolactone, sodium phosphate dibasic, or propyl-
ene glycol was added, respectively, into beakers. Then 
100 mL of distilled water was added into each beaker to 
prepare 0.8% of metal salt solution. After this, 50 mL 
of solution was added into another beaker, and then 
50 mL of distilled water was added to become the con-
centration of 0.4% solution (metallic compounds and 
carbohydrates: copper sulfate, calcium chloride, mag-
nesium chloride, lead oxide, zinc sulfate, ferric sulfate, 
glucose, sucrose, xanthan gum, and starch) and 2% 
solution (stabilizer and coagulants: gluconolactone, so-
dium phosphate dibasic, and propylene glycol). Dilut-
ing continued until a concentration of 0.05% solution 
(metallic compounds and carbohydrates) and 0.25% 
stabilizer and coagulants. Five milliliters of the above 
prepared additive solution was added in the beaker con-
taining 20 mL of egg white, and 5 mL of sodium hy-
droxide solution (5%) was added and then mixed uni-
formly. After 105 min at 20°C, the strength of samples 
was determined.
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Statistical Analysis
All experiments were replicated 6 times. The results 

were expressed as means ± SD. Statistical analysis 
was performed using the Student’s t-test by SPSS 11.5 
(SPSS Inc., Chicago, IL). Differences were considered 
significant at P < 0.05.

RESULTS AND DISCUSSION

Effect of NaOH Concentration on the Gel 
Strength of Duck Egg White

Preserved eggs are traditionally made by pickling 
fresh duck eggs in a mixture of calcined lime, sodium 
carbonate, salt, and black tea (Ma, 2007). Given that 
this method results in considerable precipitation at the 
bottom of the container, NaOH is used mainly to re-
place calcined lime and sodium carbonate in modern 
industrial processes. Therefore, NaOH was chosen to be 
used in this study.

The duck egg white gel was relatively soft during 
the preliminary experiments when the NaOH concen-
tration exceeded 3% at 20°C, the gel strength rapidly 
decreased, which resulted in low stability and large 
measurement errors. Therefore, the NaOH concentra-
tions used in this experiment were 1.5, 2.0, 2.5, and 3%.

The effect of NaOH concentration on the gel strength 
of duck egg white is shown in Figure 1. The strength 
of the 1.5% NaOH-induced egg white gel gradually 
changed over time; the value initially increased to a 
maximum of 34.20 ± 1.34 g at 9 h and then gradually 
decreased to 27.71 ± 0.85 g at 15 h (Figure 1a). The 
change in the strength of the 2% NaOH-induced egg 
white gel was about twice as fast as that of the 1.5% 
NaOH-induced gel. The value reached the maximum 
of 33.91 ± 1.47 g at 5 h and then gradually decreased 
to 26.47 ± 0.99 g at 13 h. Meanwhile, the strength of 
the 2.5% NaOH-induced gel rapidly changed over time. 
The value reached the maximum of 32.38 ± 1.66 g at 
1.75 h and then gradually decreased to 28.64 ± 1.32 g 
at 5 h. The strength of the 3% NaOH-induced egg 
white gel rapidly changed over time. The value reached 
the maximum of 28.71 ± 1.11 g at 1 h and then rapidly 
decreased to 22.25 ± 0.31 g at 3 h.

The above results showed that the strength of strong 
alkaline-induced duck egg white gel initially increased 
and then decreased with time. High NaOH concentra-
tions rapidly increased the strength of the duck egg 
white gel to the maximum value and then caused the 
value to rapidly decrease. By contrast, the strength of 
low-concentration NaOH-induced egg white gel was 
highly stable and exhibited gradual changes over time. 
As a strong alkali, NaOH can induce the denaturation 

Figure 1. Effect of NaOH concentration on the gel strength of duck egg white (20°C): (a) 1.5%, (b) 2.0%, (c) 2.5%, and (d) 3.0% NaOH. The 
data were expressed as means ± SD.
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of proteins when added to fresh egg white. In the pres-
ence of NaOH, the secondary structure of the dena-
tured proteins was destroyed, hydrogen bonds were bro-
ken, and the number of hydrophilic groups increased. 
These phenomena enhanced the hydrophilic property 
of protein molecules; interaction between these protein 
molecules resulted in the formation of a new aggregate 
(Ji et al., 2013). The liquefaction occurred when the 
amount of alkali in the egg white exceeded the opti-
mal value or treatment time exceeded the optimal time. 
Therefore, during preserved egg preparation, the exces-
sively high NaOH concentration in the pickling solution 
or the long incubation time may have caused the deg-
radation of the egg white gel, and the aggregated gel 
readily turned into liquid. This phenomenon is called 
alkali injury. However, low NaOH concentrations are 
not conducive to egg white aggregation and result in 
softer products and longer maturation time. Therefore, 
during the preparation of preserved eggs, the NaOH 
concentration should be controlled to obtain the de-
sired texture.

Effect of Temperature on the Gel Strength 
of Duck Egg White

When the NaOH concentration was 1.5%, the gel 
strength peak was 34.20 ± 1.34 g, and the gel was sig-
nificantly more stable at 20°C. Thus, the 1.5% NaOH 
concentration was used in the group experiments. The 

effects of different temperatures (10, 20, 30, and 40°C) 
on the strength of the 1.5% NaOH-induced egg white 
gel are shown in Figure 2. At 10°C, the change in the 
gel strength was slower as the induction time increased. 
The strength reached the maximum of 34.73 ± 0.43 g 
at 11 h and then gradually decreased to 21.77 ± 0.65 g 
at 23 h. At 20°C, the change in the gel strength was 
slightly faster, as shown in Figure 2b. Meanwhile, the 
gel strength rapidly changed at 30°C. It reached the 
maximum of 29.50 ± 1.43 g at 2.5 h and then gradu-
ally decreased to 26.34 ± 1.25 g at 4 h. The change in 
the gel strength was significantly rapid at 40°C. The 
strength reached the maximum of 31.76 ± 1.59 g at 
1.5 h and subsequently decreased rapidly to 28.32 ± 
0.79 g at 3 h.

These results showed that the strength of the egg 
white gels initially increased to a peak and then de-
creased over time, indicating that temperature signifi-
cantly affects the rate of NaOH permeation into the 
egg white. The permeation rate is high at high tem-
peratures, whereas the rate is low at low temperatures. 
In a similar manner, temperature is one of the most 
important pickling factors that determine the solidifi-
cation of preserved egg white and yolk. Temperature 
also affects the egg color. A high pickling temperature 
and a considerably long curing time disrupt the egg 
white gel structure and cause the liquefaction of the ag-
gregated gels, resulting in low product quality (Zhang, 
2004; Yang et al., 2012). If the pickling temperature 

Figure 2. Effect of temperature on the gel strength of duck egg white (NaOH 1.5%): (a) 10°C, (b) 20°C, (c) 30°C, and (d) 40°C. The data 
were expressed as means ± SD.
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is extremely low, the processing cycle of the preserved 
egg is lengthened; a long processing time has adverse 
effects on yolk coloring and results in the formation of 
defective yellow eggs (Lu et al., 2005). The choice of the 
pickling temperature is highly critical in obtaining pre-
served egg products with favorable textures and colors.

Effects of Different Additives on the 
Strength of NaOH-Induced Egg White Gel

The peak strength of egg white gel was obtained un-
der 2.5% NaOH and at a processing time of 105 min. 
This processing time is shorter than that of 1.5 and 
2.0% NaOH, and the gel quality obtained was better 
than that from 3% NaOH. Therefore, to save time, 
2.5% NaOH was used in the group experiments. The 
gel strength of egg white can be affected by the quality 
of the raw eggs, as well as by several external factors 
and instrumental errors during the course of the ex-
periment. Therefore, different blanks were prepared for 
different groups of additives.

Effects of Different Metallic Compounds  
on the Strength of NaOH-Induced  
Egg White Gel

Figure 3 shows the gel strength of egg white induced 
by 2.5% NaOH for 105 min at 20 °C and with or with-
out 0.025, 0.05, 0.1, 0.2, or 0.4% metallic compounds 
[CuSO4, CaCl2, MgCl2, PbO, ZnSO4, and Fe2(SO4)3]. 
The addition of 0.025 or 0.05% CaCl2 reduced the gel 
strength of the egg white. However, 0.1, 0.2, or 0.4% 
of CaCl2 increased the gel strength. The 0.1% CaCl2 
concentration exhibited the optimal effect on increasing 
gel strength by 7.19% compared with that of the con-
trol. Meanwhile, at CuSO4 concentrations below 0.2%, 
the gel strength of the egg white gradually increased as 
the CuSO4 concentration increased. When the CuSO4 
concentration was 0.2%, the gel strength increased by 
31.92%. However, when the CuSO4 concentration was 
0.4%, the gel strength decreased by 4.40% of the 0% 
CuSO4. The addition of <0.4% ZnSO4 increased the gel 
strength of the egg white. For ZnSO4, 0.05% was the 
optimal concentration, which increased the gel strength 
by 17.23% compared with that of the control. When the 
MgCl2 concentration was below 0.4%, the gel strength 
gradually increased with increasing MgCl2 concentra-
tion. When 0.4% MgCl2 was added, the gel strength 
increased by 24.06% from the control value. By con-
trast, the addition of 0.025 and 0.05% PbO reduced 
the gel strength. The addition of 0.1, 0.2, and 0.4% 
PbO improved the gel strength. For PbO, 0.4% was 
the optimal concentration, as indicated by the 7.35% 
increase in the gel strength compared with the control. 
The results also showed that the gel strength decreased 
when the Fe2(SO4)3 concentration was below 0.4%. 
When the Fe2(SO4)3 concentration was below 0.2%, the 
gel strength gradually decreased with increasing con-

centration. However, when the Fe2(SO4)3 concentration 
was 0.4%, the strength was slightly higher than the 
control.

Of the 6 metallic compounds, CuSO4 (0.2%) exhib-
ited the optimal effect on increasing the gel strength 
of alkaline-induced duck egg white, followed by MgCl2 
(0.4%), ZnSO4 (0.05%), PbO (0.4%), and CaCl2 (0.1%). 
By contrast, Fe2(SO4)3 showed negligible effects on the 
gel strength. The effects of CaCl2 and Fe2(SO4)3 were 
not ideal, possibly because the concentrations used 
were not optimal. This result requires further confirma-
tion in future experiments. The PbO is not soluble in 
water. Moreover, during gel sample preparation, yellow 
lead oxide precipitates were clearly found at the bot-
tom of the beakers. Therefore, the effect of PbO on 
improving the gel strength of egg white was limited in 
this experiment.

During the preparation of preserved eggs, adding ap-
propriate amounts of metallic compounds ensures that 
the products are of high quality. Lead oxide has tradi-
tionally been used to prepare preserved eggs. However, 
this compound is toxic. In recent years, copper, iron, 
zinc, and other metallic compounds have been used to 
replace lead. During preserved egg pickling, metallic 
compounds in the pickling solution are generally be-
lieved to form insoluble compounds that can plug egg-
shell and membrane pores and mesh the corrosion holes 
generated by alkali processing; these processes prevent 
the pickling solution from penetrating the egg, thus 
controlling the alkali content in the egg, which deter-
mine the egg white gel properties (Tu et al., 2013b). 
Several studies have shown that preserved eggs are dif-
ficult to prepare when only a ferric compound is added 
to the pickling solution (Yan and Zhu, 2006; Zhang et 
al., 2010). This finding is similar to our experiment 
result. Only the addition of zinc or copper compounds 
can yield preserved eggs with desired quality. Preserved 
eggs formed in the presence of zinc compounds have 
high yolk-hardening ratios. However, the gel properties 
of these eggs are unstable, and the gels are susceptible 
to alkali damage. By contrast, gels of preserved eggs 
prepared in the presence of copper compounds exhibit-
ed high elasticity and high stable stability but had low 

Figure 3. Effects of different metal salts on the strength of NaOH-
induced egg white gel. The data were expressed as means ± SD.
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yolk-hardening ratios. Methods involving the addition 
of copper and zinc compounds or the addition of iron 
and zinc compounds can create synergies during pre-
served egg preparation; this synergy yields preserved 
eggs with excellent protein gel characteristics (Yan and 
Zhu, 2006; Zhao et al., 2010). Solubility varies with 
the type of metallic compounds, therefore, differences 
exist in the control of preserved egg gel formation and 
gel characteristics. The solubility of iron in the pickling 
solution is initially negligible; the resulting insoluble 
material is insufficient to plug the eggshell pores. By 
contrast, the solubility of zinc in the pickling solution 
is initially higher, but the stability of its precipitate in 
the solution is also insufficient and results in low pro-
tein aggregation. The initial solubility of copper in the 
pickling solution and the stability of its precipitate lie 
between those of iron and zinc, which is beneficial for 
obtaining desirable protein gels of preserved eggs.

However, metallic compounds may serve other func-
tions in the regulation of preserved egg gels, and thus 
require further investigation. As proposed by several 
researchers, divalent or monovalent cations can form 
polymers (Hongsprabhas and Barbut, 1997; Shi et al., 
2008; Ganasen and Benjakul, 2011) with negative pro-
tein molecules via salt bridges, these polymers affect 
the gel formation of preserved eggs. The PbO2, ZnCl2, 
and CaCl2 were also experimentally proven to increase 
the cohesiveness and hardness of preserved egg white 
gels. In addition, PbO2 can stabilize several gel char-
acteristics during egg maturation (Ganasen and Ben-
jakul, 2011). This stabilization may be due to the close 
integration of lead with protein hydrolyzate cysteine 
residues through 3 thiol ligands, which results in the 
formation of polymers that are resistant to sulfhydryl 
hydrolysis.

Regardless of the mechanisms, the addition of metal-
lic compounds is vital to the formation of preserved 
egg white and egg yolk gel formation and contributes 
to excellent gel characteristics. Although PbO is gener-
ally replaced by copper, zinc, iron, and other metallic 
compounds in commercial processes, excess amounts of 
metals, such as Cu and Zn, are also harmful to human 
health. Therefore, a method of preparing preserved 
eggs without adding metallic compounds is highly ben-
eficial.

Effects of Different Carbohydrates on the 
Strength of NaOH-Induced Egg White Gel

Figure 4 shows the gel strength of egg white induced 
by 2.5% NaOH at 20°C for 105 min and with or with-
out the addition of 0.025, 0.05, 0.1, 0.2, or 0.4% of 
different carbohydrate additives (glucose, sucrose, xan-
than gum, sodium alginate, and starch). The addition 
of 0.025% and 0.05% sodium alginate reduced the gel 
strength of the egg white. When 0.1, 0.2, and 0.4% of 
sodium alginate were added, the gel strength gradu-
ally increased with increasing sodium alginate concen-

tration. When the alginate sodium concentration was 
0.4%, the gel strength increased by 40.64%. The addi-
tion of 5 concentrations of xanthan gum increased the 
gel strength. The 0.2% xanthan gum concentration was 
the optimum, and the gel strength increased by 54.31% 
compared with the control. Meanwhile, the addition of 
0.025 and 0.1% starch reduced the gel strength. The 
addition of 0.05, 0.2, and 0.4% starch improved the 
egg white gel strength. The 0.4% starch concentration 
was the optimum, as indicated by the 10.91% increase 
in the condensate gel strength compared with the con-
trol. The addition of glucose increased the egg white gel 
strength. The 0.4% glucose was the optimum and re-
sulted in 17.03% increase in the gel strength compared 
with that of the control. The addition of sucrose also 
increased the gel strength. The 0.4% sucrose concentra-
tion was the optimum and resulted in a 8.42% increase 
in the gel strength compared with the control.

Figure 4 shows that the addition of xanthan gum, 
glucose, or sucrose increased the gel strength of NaOH-
induced duck egg white at all concentrations used. 
When the sodium alginate and starch concentrations 
were below 0.05%, however, the gel strength was re-
duced. By contrast, the addition of sodium alginate 
and starch concentrations ≥0.1% gradually increased 
the gel strength as the concentration increased. Of the 
5 carbohydrate additives, xanthan gum exhibited the 
optimal effect on increasing the gel strength of duck 
egg white, followed by sodium alginate, glucose, starch, 
and sucrose.

The effects of carbohydrate additives on the gel 
strength of duck egg white are highly complicated and 
their mechanisms are unclear. Among the carbohydrate 
additives used in the study, xanthan gum, sodium algi-
nate, and starch were all polysaccharides. These 3 addi-
tives are generally used as thickeners, gelling agents, or 
film-forming agents to significantly improve the perfor-
mance and quality of food (Xu et al., 2010). The addi-
tion of starch is reported to improve the quality of fresh 
egg gels (Tu et al., 2013a). In this study, the effect of 

Figure 4. Effects of carbohydrates on the strength of NaOH-in-
duced egg white gel. The data were expressed as means ± SD.
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starch on improving the gel strength of NaOH-induced 
duck egg white was not satisfactory. The result may be 
related to the low solubility of starch in water and the 
gel preparation method. Additional studies should be 
conducted to address this issue.

Glucose is a reducing sugar, but sucrose is a non-
reducing sugar. At the same level, the gel strength of 
the glucose groups was higher than that of the sucrose 
groups. The difference in the gel strength may be due 
to the higher protein content of egg white. Glucose can 
undergo glycosylation with the egg white protein, which 
results in covalent cross-linking between the proteins.

Effects of Stabilizers and Coagulants on the 
Strength of NaOH-Induced Egg White Gel

Figure 5 shows the effects of different stabilizers 
and coagulants on the NaOH-induced egg white gel 
strength. The addition of 5 concentrations of propylene 
glycol improved the gel strength of the egg white. The 
addition of 0.125 and 0.25% propylene glycol gradu-
ally increased the gel strength as the propylene glycol 
concentration increased. When the propylene glycol 
concentration reached 0.25%, the gel strength peaked 
and showed a 15.78% increase from the control value. 
The addition of 0.5 and 1% propylene glycol gradually 
reduced the gel strength. When the propylene glycol 
concentration reached 2%, the gel strength rebounded. 
Meanwhile, the addition of sodium phosphate dibasic 
increased the gel strength of the egg white. The lowest 
concentration of 0.125% and the highest concentration 
of 2% showed better effects than the control on increas-
ing the gel strength by 11.99 and 12.35%, respectively. 
However, the addition of 0.125% GDL gel had a negli-
gible effect on the gel strength. The gel strength slight-
ly improved when 0.25% GDL was added, decreased 
when the GDL concentration reached 0.5%, and then 
rapidly increased upon the addition of 1 and 2% GDL. 
The GDL at 2% showed the highest gel strength as 
indicated by the 11.67% increase in the gel strength 
compared with the control. Of the 3 stabilizing agents 
and coagulants, propylene glycol showed the best ef-
fect on improving the gel strength of egg white pro-
tein, followed by sodium phosphate dibasic and GDL. 
These 3 additives all showed increasing trends in the 
high concentration used, suggesting that the addition 
of stabilizer/coagulant above would further improve 
the gel strength of egg white. Further studies should be 
conducted to prove this hypothesis.

Propylene glycol can reduce the dielectric constant 
of the aqueous medium and thus contribute to the hy-
drogen-bonding interaction of the proteins. Moreover, 
propylene glycol can form hydrogen bonds with pro-
tein molecules through the hydroxyl groups. Propylene 
glycol can also affect the molecular structure of water 
and prevent hydrophobic interactions, which would re-
sult in increasing egg white gel strength (Roussel and 
Cheftel, 1990). Meanwhile, sodium phosphate dibasic 

can improve the function of the protein through phos-
phorylation (in which the phosphate group bonds with 
a specific oxygen or nitrogen atom of the proteins); 
phosphorylation introduces a phosphate group, which 
increases the electronegativity of the proteins and the 
dispersibility of the protein molecules (Ptacek and 
Snyder, 2006). Glucono-δ-lactone is produced from the 
cyclization of gluconic acid, which is formed by oxi-
dized glucose molecules. Glucono-δ-lactone gradually 
hydrolyzes into gluconic acid until an equilibrium exists 
between gluconic acid and its δ-lactone and γ-lactone 
forms in aqueous solutions (Rahbar and Nadler, 1999). 
Glucono-δ-lactone is generally used as a coagulant of 
tofu and as a gelling agent and acidifier of milk. Studies 
show that the GDL-induced gelation of a soy protein 
isolate is the result of the reduction in the electrostatic 
repulsion between the negatively charged groups of the 
protein molecules (Kohyama et al., 1995). In the pres-
ent experiment, the effect of GDL on the gel strength 
of egg white protein is not significant. This result is 
inconsistent with that reported in the literature (Ko-
hyama et al., 1995), possibly due to the addition of 
NaOH during the egg white gel preparation and to the 
reaction temperature (20°C). These factors possibly di-
rectly affect the interactions between GDL and protein 
molecules. As a result, the effect of GDL on improving 
the gel strength of the egg white protein is not ideal.

Conclusions
The NaOH concentration and temperature clearly af-

fected the strength of the egg white gel of preserved 
eggs. Moreover, the addition of the appropriate amount 
of additives, such as CuSO4, xanthan gum, and pro-
panediol, can improve the gel strength of egg white 
protein. However, several additives have negligible ef-
fects or weaken the egg white gel strength. Therefore, 
in practical applications of the current results, the 
type and amount of additives should be carefully se-

Figure 5. Effects of different stabilizers and coagulants on the 
strength of NaOH-induced egg white gel. The data were expressed as 
means ± SD.
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lected. The results also suggested that xanthan gum, 
sodium alginate, glucose, and propylene glycol could 
potentially be used as additives replacing metal com-
pounds in processing of preserved egg. In our further 
work, these potential and useful additives will be added 
into pickling solution of preserved eggs to replace the 
metal compounds, and their effect on physicochemical, 
nutritional, and flavor characteristics of preserved eggs 
will be checked. At the same time, its safety also will 
be studied.

ACKNOWLEDGMENTS
This study was financially supported by the Pro-

gram of National Natural Science Foundation of China 
(no. 31360398, 31101293, and 31101321) and the Open 
Project Program of State Key Laboratory of Food Sci-
ence and Technology, Nanchang University (no. SKLF-
KF-201008).

REFERENCES
Baos, R., R. Jovani, M. Forero, J. Tella, G. Gomez, B. Jimenez, 

M. Gonzalez, and F. Hiraldo. 2006. Environmental toxicology-
relationships between T-cell-mediated immune response and Pb, 
Zn, Cu, Cd, and as concentrations in blood of nestling white 
storks and black kites.  Environ. Toxicol. Chem.  25:1153–1159.

Campbell, L., V. Raikos, and S. R. Euston. 2003. Modification 
of functional properties of egg-white proteins. Nahrung/Food 
47:369–376.

Croguennec, T., F. Nau, and G. Brule. 2002. Influence of pH and 
salts on egg white gelation.  J. Food Sci.  67:608–614.

Dawson, P., B. Sheldon, and H. Ball. 1990. Effect of washing and 
adding spray-dried egg white to mechanically deboned chicken 
meat on the quality of cooked gels.  Poult. Sci.  69:307–312.

Ganasen, P., and S. Benjakul. 2010. Physical properties and micro-
structure of pidan yolk as affected by different divalent and mon-
ovalent cations.  LWT Food Sci. Technol. (Campinas.)  43:77–85.

Ganasen, P., and S. Benjakul. 2011. Chemical composition, physi-
cal properties and microstructure of pidan white as affected by 
different divalent and monovalent cations.  J. Food Biochem.  
35:1528–1537.

Ganesan, P., and S. Benjakul. 2010. Influence of different cations 
on chemical composition and microstructure of Pidan white and 
yolk during pickling and aging.  Int. J. Food Prop.  13:1150–1160.

Handa, A., K. Takahashi, N. Kuroda, and G. W. Froning. 2008. 
Heat-induced egg white gels as affected by pH.  J. Food Sci.  
63:403–407.

Hongsprabhas, P., and S. Barbut. 1997. Structure-forming processes 
in Ca2+-induced whey protein isolate cold gelation.  Int. Dairy 
J.  7:827–834.

Ji, L., H. Liu, C. Cao, P. Liu, H. Wang, and H. Wang. 2013. Chemi-
cal and structural changes in preserved white egg during pickled 
by vacuum technology.  Food Sci. Technol. Int.  19:123–131.

Kohyama, K., Y. Sano, and E. Doi. 1995. Rheological characteristics 
and gelation mechanism of tofu (soybean curd).  J. Agric. Food 
Chem.  43:1808–1812.

Liu, L., T. J. Herald, D. Wang, J. D. Wilson, S. R. Bean, and F. 
Aramouni. 2011. Characterization of sorghum grain and evalua-

tion of sorghum flour in a Chinese egg noodle system.  J. Cereal 
Sci.  55:31–36.

Lu, F., M. F. Zheng, and L. J. Chen. 2005. Process of lead-free 
preserved eggs by gradient temperature control.  J. Fujian Agric. 
Forest. Univ.  34:527–530. (in Chinese)

Ma, M. H. 2007. Egg and egg product process. China Agriculture 
Press, Beijing. (in Chinese)

Mine, Y. 1996. Effect of pH during the dry heating on the gelling 
properties of egg white proteins.  Food Res. Int.  29:155–161.

Mine, Y. 2008. Egg Bioscience and Biotechnology. John Wiley & 
Sons, Hoboken, NJ.

Park, J. W. 2006. Functional protein additives in surimi gels.  J. 
Food Sci.  59:525–527.

Ptacek, J., and M. Snyder. 2006. Charging it up: Global analysis of 
protein phosphorylation.  Trends Genet.  22:545–554.

Rahbar, S., and J. L. Nadler. 1999. A new rapid method to detect 
inhibition of Amadori product generated by δ-gluconolactone.  
Clin. Chim. Acta  287:123–130.

Reppond, K., J. Babbitt, S. Berntsen, and M. Tsuruta. 2006. Gel 
properties of surimi from Pacific herring.  J. Food Sci.  60:707–
710.

Roussel, H., and J. Cheftel. 1990. Mechanisms of gelation of sardine 
proteins: Influence of thermal processing and of various additives 
on the texture and protein solubility of kamaboko gels.  Int. J. 
Food Sci. Technol.  25:260–280.

Shi, L., J. Zhou, and S. Gunasekaran. 2008. Low temperature fabri-
cation of ZnO–whey protein isolate nanocomposite.  Mater. Lett.  
62:4383–4385.

Su, H. P., and C. W. Lin. 1993. A new process for preparing trans-
parent alkalised duck egg and its quality.  J. Sci. Food Agric.  
61:117–120.

Tu, Y., Y. Zhao, D. Wang, M. Xu, D. Xu, J. Li, and H. Du. 2013a. 
Effect of carbohydrate on the hardness of egg white protein gel.  
Sci. Technol. Food Ind.  34:72–75. (in Chinese)

Tu, Y., Y. Zhao, M. Xu, H. Du, J. Tang, M. Zhao, and J. Li. 2012. 
Variations in rheological and gel properties of preserved eggs dur-
ing processing.  Food Sci.  33:21–24. (in Chinese)

Tu, Y., Y. Zhao, M. Xu, X. Li, and H. Du. 2013b. Simultaneous 
determination of 20 inorganic elements in preserved egg pre-
pared with different metal ions by ICP-AES.  Food Anal. Meth.  
6:667–676.

Uauy, R., A. Maass, and M. Araya. 2008. Estimating risk from cop-
per excess in human populations.  Am. J. Clin. Nutr.  88:867S–
871S.

Wang, J., and D. Y. C. Fung. 1996. Alkaline-fermented foods: A re-
view with emphasis on pidan fermentation.  Crit. Rev. Microbiol.  
22:101–138.

Xu, B., B. Li, J. Fan, Y. Xia, and M. Ma. 2010. Effect of food ad-
ditives on gel strength of hen egg white.  Sci. Technol. Food Ind.  
31:297–299. (in Chinese)

Yan, H., and D. Zhu. 2006. Study on different effect of copper, zinc 
and iron in preserved eggs processing.  Food Sci.  27:164–167. 
(in Chinese)

Yang, Y., Y. Zhao, Y. Tu, X. Huang, J. Li, X. Luo, and J. Wang. 
2012. Change of alkalinity, pH and texture properties during 
pidan pickling.  Sci. Technol. Food Ind.  33:111–114. (in Chinese)

Zhang, F. X. 2004. Changes of alkalinity during preserved chicken 
egg processing.  Food Ferment. Ind.  20:81–83. (in Chinese)

Zhang, L., Q. Liu, A. Wang, K. Zong, and X. Qian. 2010. Prepara-
tion of unlead preserved egg by the different compounding of 
metal salts and determination of the metal contents.  Sci. Tech-
nol. Food Ind.  31:189–192. (in Chinese)

Zhao, Y., M. Xu, and Y. Tu. 2010. Research progress in mechanisms 
of preserved egg processing.  Food Sci.  17:472–475. (in Chinese)

2635ALKALINE-INDUCED EGG WHITE GEL




