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The solubility of proteins from quail egg white subjected to different agitation times, pH, and NaCl at
25◦C was evaluated in this study. The greatest solubility achieved was obtained in the 0.05 mol/L of
NaCl, pH 10.0, and under agitation for 1 h. The lowest solubility was found in the NaCl 1.0 mol/L, pH
3.0, and agitated for 2 h. Under the test conditions, aqueous solutions of NaCl 1.0 mol/L, pH 3.0, and
agitated for 2 h may provide the greatest extraction index of proteins from quail egg white because these
conditions promoted the protein precipitation in a large extension.
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INTRODUCTION

The quail egg is a high quality food with important nutritional contribution at low cost. Small size,
rapid growth, and early onset of egg production enable quail enterprises to be established with a
low capital outlay, and to start generating income quite quickly, therefore making commercial quail
farming more popular.[1,2] Egg white is an essential ingredient used in the food industry due to its
excellent technological properties.[3] Of the 23.7 g of proteins found in the quail egg, 6.3 g are
proteins of high biological value, considered to be excellent in the composition of the human diet,
and contain practically all the nutrients essential to human life.[3,4]

Among the functional properties of proteins, solubility is decisive in the selection of ingredients
to be used in beverages, liquid foods, and emulsions under different processing conditions since
this property influences other protein functional characteristics, such as emulsification, gelling, and
the formation of foam, among others. Additionally, solubility data are used for the determination
of optimal protein extraction and purification conditions.[5–8] The increased commercial value of
the purified proteins allow their use, for example, in the formulation of nutritional supplements for
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athletes, infants, and patients who require enteral or parenteral feeding, or those with low immunity
resistance.

The ways in which proteins interact with a solvent is a function of the physical and chemical
properties of the protein at a given condition. A vast array of hydrophobic (protein-protein) and
hydrophilic (protein-solvent) surface reactions are involved in protein solubility.[7,9] Various factors
influence protein solubility, such as amino acid composition, protein structure (native or denatured),
pH, salt concentration, and temperature among others.[6,10] Some physical parameters can also affect
protein solubility, such as mechanical agitation, which can cause denaturation of the proteins.[10]

The pH of the solution affects the distribution of liquid charges on the surface of the protein and
consequently its solubility. In general, proteins are more soluble in either acid or alkaline solutions
due to excess of equal charges, which produce repulsion among molecules, increase water-protein
interaction and, therefore, solubility. Minimal solubility is encountered at the isoelectric point (pI),
where in an aqueous system the protein presents a charge equal to zero. However, precipitation does
not necessarily occur at the pI, making protein solubility dependant on other disturbances in the
solvent properties, such as the addition of salt.[5–7,10–13]

Salts can also affect the electrostatic interactions between macromolecules and increase protein
solubility at concentrations of 0.1 to 1.0 mol/L. However, this behavior depends on the concentration
and type of salt present in the medium, protein structure, pH, and temperature.[5] Salt ions interact
with opposing charge groups on the protein to form a double layer of ionic groups, which diminish
the electrostatic interaction between the molecules causing more protein solvation, thus increasing
solubility. Solubility decreases when there is greater competition between proteins and salt ions for
water.[5,10]

Additionally, solubility of proteins from biological systems, such as egg white, egg yolk, and
whey bovine blood plasma, is also influenced by other components present in the environment
(lipids, sugars, salts, etc.). This result was observed by Biasutti et al.[14] in previous studies of the
solubility of whole bovine plasma proteins.

Studies on solubility of proteins from chicken egg white,[9,13,15] chicken egg yolk,[8,16] and quail
egg white[17] have described the influence of the type of salt, pH, temperature, and salt concentration
on the solubility phenomenon. Due to little information referring to the solubility of quail egg white
in the literature, it was the present work that provides solubility data of quail egg white proteins
under the influence of variations in pH, NaCl concentration, and agitation time at 25◦C.

MATERIAL AND METHODS

Material

The eggs used in the experiment were obtained from the Japanese quail (Coturnix coturnix japonica)
breeding site in the Aviculture Sector of the Animal Science Department at the Universidade Federal
de Viçosa, MG, Brazil. Egg white was separated manually, frozen, and lyophilized (Edwards L5KR,
Tonawanda, NY, USA). Deionized water (Milli-Q device, Millipore Inc., Billerica, MA, USA) and
analytical grade reagents were used in all experiments. For construction of the analytical curve, an
ovalbumin standard of 98% purity was used (Sigma Chemicals, St. Louis, MO, USA).

Protein Quantification

Proteins were quantified by the Biuret reaction[18] using the analytical curve constructed with
ovabulmin (Sigma Chemicals, St. Louis, MO, USA) at the aqueous concentrations of 1.0 to
10.0 mg/mL. Biuret reaction is the addition of 4 mL of Biuret reagent and 1 mL of protein sam-
ple, followed by incubation at 37◦C for 20 min. Absorbance was read with a spectrophotometer at
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540 nm (Cary 50, Varian, Mulgrave, Australia), and the quantity of proteins (mg) in each sample
was determined with the referred analytical curve.

Solubility Determination

Solubility data were obtained according to the methodology proposed by Kakalis and Regenstein[9]

with some modifications. To a buffer solution of 20 mL, 120 mg of egg white sample was added
(6 mg protein/mL) at a predefined pH of 3.0, 4.6, 6.2, 8.0, and 10.0, a fixed NaCl concentration of
0, 0.05, 0.3, 0.5, 0.8, and 1.0 mol/L, and agitation time of 0.5, 1.0, 1.5, and 2.0 h. The buffers used
were glycine–HCl (pH 3.0), citrate–citric acid (pH 4.6 and 6.2), phosphate (pH 8.0), and carbonate-
bicarbonate (pH 10.0), in accordance with Mohan.[19] The mixtures were agitated in a device that
simulated an agitated tank under rotation of 14 rpm, at 25◦C.[13,17] Shortly after homogenization,
the samples were centrifuged at 20000× g for 20 min at 4◦C (model J2-MC, Centrifuge Beckman,
Brea, CA, USA). After centrifuging, a 1-mL sample was removed from the supernatant for pro-
tein analysis. Analysis of the soluble protein in the supernatant was determined according to the
Biuret reaction[18] with absorbance measurements at 540 nm (spectrophotometer, Cary 50, Varian,
Mulgrave, Australia). Protein solubility (P.S) (g/100 g), was calculated according to the formula
proposed by Morr et al.,[20] in accordance with Eq. (1):

P.S =
[

A.20

W.S/100

]
100, (1)

where P.S (%) is the percentage of soluble protein in the sample, A is the protein concentration in
the supernatant (mg/mL), W is the sample mass (mg), and S is the total protein concentration in the
sample (%).

Statistical Analysis

Experiments were setup in a factorial scheme of completely randomized design with five different
pH values, six salt concentrations, and four agitation times, totaling 60 treatments with two repeti-
tions. Each experimental unit was composed of 120 mg of lyophilized egg white. The experimental
data were analyzed using the PROC GLM procedure (SAS V.9.0, SAS Institute, Cary, NC, USA).[21]

Repeatability of the polynomial equation model was obtained using the coefficient of determination
R2, the result of the variance analysis (ANOVA), and significance level from the Fisher test (F, P <

0.05). The significance level of the regression coefficients was obtained by the student’s t-test (p <

0.05).

RESULTS AND DISCUSSION

The percentage of proteins in the lyophilized quail egg white used in the experiments was 98.5%
of the total proteins. Solubility data for quail egg white, as a function of agitation time, pH, and
NaCl concentration is presented in Table 1, and varied (p < 0.05) in function of these three factors.
Triple interaction (p < 0.05) was observed, indicating dependence between agitation time, NaCl
concentration, and pH values for each of the protein solubility samples studied.

At the pH levels of 3.0, 4.6, and 8.0, protein solubility diminished with the increase in agitation
time. This phenomenon may have been caused by alterations in the native structure of the protein
(secondary, tertiary, or quaternary) with the increase in agitation time of the medium. Breakdown of
the protein structure can liberate hydrophobic amino acid residues generally found inside the protein
molecules. This change in the native structure of the protein can occur during the homogenization
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TABLE 1
Protein solubility (g/100 g) of the quail egg white as a function of agitation time, pH, and salt

concentration

pH

3.0 4.6 6.2 8.0 10.0

Time 0.5 h
NaCl (mol/L)

0 96.39 ± 0.41 97.79 ± 0.18 97.68 ± 0.03 97.26 ± 0.57 97.39 ± 0.18
0.05 97.78 ± 0.62 97.01 ± 0.10 81.69 ± 0.17 87.82 ± 0.39 88.49 ± 0.26
0.3 95.99 ± 0.02 97.21 ± 0.03 88.69 ± 0.92 90.90 ± 0.60 88.34 ± 0.52
0.5 90.03 ± 0.18 97.45 ± 0.16 88.51 ± 0.61 92.18 ± 0.10 88.21 ± 0.05
0.8 82.60 ± 0.42 97.69 ± 0.18 87.79 ± 0.45 91.14 ± 0.07 87.31 ± 0.47
1 79.88 ± 1.15 97.38 ± 0.88 87.34 ± 0.38 84.39 ± 1.61 87.24 ± 0.05

Time 1.0 h
NaCl (mol/L)

0 96.70 ± 0.49 92.56 ± 1.26 96.68 ± 0.51 96.34 ± 0.59 97.43 ± 0.03
0.05 95.59 ± 0.13 94.78 ± 1.43 88.40 ± 1.28 90.25 ± 0.07 98.92 ± 0.16
0.3 90.19 ± 1.20 96.75 ± 0.10 93.83 ± 0.49 90.64 ± 0.05 97.67 ± 0.05
0.5 81.77 ± 0.76 95.92 ± 0.44 92.93 ± 0.46 91.20 ± 0.22 97.27 ± 0.26
0.8 79.32 ± 0.68 95.42 ± 0.21 88.85 ± 0.08 89.50 ± 0.26 96.42 ± 0.05
1 76.93 ± 0.78 93.65 ± 0.36 86.50 ± 0.13 85.76 ± 0.36 95.64 ± 0.10

Time 1.5 h
NaCl (mol/L)

0 95.74 ± 0.57 92.88 ± 1.21 96.79 ± 1.59 95.17 ± 0.03 96.94 ± 0.46
0.05 89.51 ± 0.14 85.43 ± 0.24 95.75 ± 0.62 89.88 ± 0.79 97.85 ± 0.21
0.3 84.92 ± 0.87 86.59 ± 0.14 96.38 ± 0.10 89.01 ± 0.77 97.01 ± 0.36
0.5 82.79 ± 0.21 85.91 ± 1.20 95.46 ± 0.31 88.84 ± 0.67 95.53 ± 0.42
0.8 74.48 ± 0.21 85.96 ± 0.12 95.07 ± 0.49 88.11 ± 0.19 95.39 ± 0.10
1 72.27 ± 0.80 85.64 ± 0.14 94.43 ± 0.62 85.09 ± 0.39 94.83 ± 0.10

Time 2.0 h
NaCl(mol/L)

0 95.44 ± 1.39 90.46 ± 0.57 95.39 ± 0.28 92.79 ± 0.67 96.74 ± 0.64
0.05 88.51 ± 0.19 81.65 ± 0.10 84.07 ± 0.14 89.68 ± 0.60 87.04 ± 0.33
0.3 84.44 ± 0.05 84.56 ± 0.12 86.56 ± 0.07 89.26 ± 0.26 86.49 ± 0.07
0.5 80.55 ± 0.35 84.16 ± 0.07 85.96 ± 0.59 88.28 ± 0.07 86.01 ± 0.09
0.8 71.95 ± 1.20 83.27 ± 0.31 84.54 ± 0.14 87.70 ± 0.17 85.81 ± 0.14
1 68.35 ± 0.40 81.64 ± 0.02 83.72 ± 0.21 84.53 ± 0.12 85.52 ± 0.31

step in the food processing process.[22,23] The exposure of these hydrophobic groups increases the
protein-protein interactions, diminishing solubility.

Maximum solubility values were obtained at pH 6.2 with an agitation time of 1.5 h, and at pH
10.0 and agitation time of 1 h (Table 1). After these agitation times, for both pH levels, protein
solubility decreased. In this case, solubility behavior can be explained by the combination of condi-
tions in the medium and agitation time. Protein solubility is influenced by the pH of the solutions,
which alters the distribution of liquid charges on the surface of the protein and, therefore, affects the
water-protein and protein-protein interactions.[5] Diverse physical parameters, such as operational
conditions, can also influence protein solubility. Therefore, attention must be paid to agitation and
other physical conditions that can denature the proteins.[10]

At the pH levels of 3.0 and 10.0 (Table 1), for all agitation times analyzed, increase in salt
concentration diminished protein solubility due to the salting-out effect. In this case, competition
between proteins and salt ions for water molecules was verified, inducing the removal of hydrating
water from the protein and, therefore, causing more hydrophobic interactions (protein-protein) then
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protein-water interactions. Therefore, this competition causes the aggregation of protein molecules
known as precipitation.[5]

At pH 4.6 for the agitation times of 1 to 2 h and salt concentrations between 0.05 and 0.3 mol/L,
protein solubility increased due to the salting-in effect (Table 1). In this phenomenon, salt ions
interact with opposite charged groups in the protein to form a double layer of ionic groups, which
diminish the electrostatic interaction between the molecules, causing greater protein solvation and,
therefore, increasing solubility.[6,10] When salt concentrations were greater than 0.3 mol/L (0.5 and
1.0 mol/L), reduction in solubility was observed (Table 1). In high salt ion concentrations, the
majority of the water molecules are strongly bonded to the salt ions, while some water molecules are
reorganized around the protein molecules, increasing the hydrophobic interactions and the protein-
protein aggregations.[10] At the same pH value of 4.6, for the agitation time of 0.5 h, increasing the
salt concentration reduced solubility due to the salting-out behavior.

At pH 6.2, for all evaluated agitation times, increase in salt concentration to 0.3 mol/L increased
protein solubility due to the salting-in effect (Table 1). At these conditions, protein-water inter-
actions, which increased due to electrostatic forces between the molecules, were greater meaning
that the repulsive forces between the molecules increased and a greater quantity of water inter-
acted with the protein molecules. At salt concentrations greater than 0.5 mol/L, protein solubility
decreased due to the salting-out effect. According to Collins,[24] an explanation for this phenomenon
is that the salt ions sequestered the water molecules, which solvate the protein surface. Consequently,
attractive forces (hydrophobic) formed between the protein molecules increasing the quantities of
protein-protein interactions and aggregations following precipitation

In the mediums in which pH was maintained at 8.0 with agitation times of 0.5 and 1 h, solubility
increased with the elevation in NaCl concentration from 0.05 to 0.5 mol/L (Table 1). Salt concentra-
tions greater than 0.8 mol/L induced a decrease in solubility. For the agitation times of 1.5 and 2 h,
solubility decreased with the increase in salt concentration. Low salt concentrations generally caused
an increase in solubility since low concentrations of salt ions tend to associate themselves with the
proteins, contributing to greater hydration and/or repulsion of the protein molecules, provoking the
salting-in effect. Contrarily, in elevated salt concentrations, salt ions form a hydration layer and
compete with the protein for water, causing hydration water loss from the protein molecules, known
as the salting-out phenomenon.[10]

Solubility profiles for each agitation time, as a function of pH and salt concentration, are shown in
Figs. 1–4. For 0.5 h of agitation (Fig. 1), it was observed that in alkaline media, total solubility was
not reached when comparing the results for the solubility profile during 1 h (Fig. 2). After 1 h of agi-
tation, maximum solubility was achieved for the pH levels of 4.6 and 10.0. An increase in agitation
time to 1.5 and 2.0 h (Figs. 3 and 4) led to a decrease in solubility for all pH levels, indicating pro-
tein denaturation since agitation time caused modifications in the protein structure. These changes in
the protein molecules release hydrophobic amino acids, which increase protein-protein interactions,
thus reducing solubility. Levels of denaturation are directly related to the physical and chemical
properties and functionality of the proteins since the disassociation of their structure interferes with
these properties.

The extent to which the experimental factors (agitation time, NaCl concentration, and pH values)
affected the solubility parameter was quantified by fitting the data to a second-order polynomial
equation for each agitation time of 0.5, 1.0, 1.5, and 2.0 h as Eqs. (2), (3), (4), and (5), respectively.

S = a − b pH − c Cs, (2)

S = a + b pH − c Cs + d pH Cs, (3)

S = a + b pH − c Cs − d pH2 + e pH Cs, (4)
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FIGURE 1 Protein solubility of quail egg white after 0.5 h of agitation time, as a function of NaCl concentration
and pH.
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FIGURE 2 Protein solubility of quail egg white after 1.0 h of agitation time, as a function of NaCl concentration
and pH.



256 SANTOS ET AL.

70

75

80

85

90

95

100

3
5

6
8

10

0.2

0.4

0.6

0.8

1.0

S
ol

ub
ili

ty
 (

g/
10

0g
)

pH

NaCl (mol/L)

FIGURE 3 Protein solubility of quail egg white after 1.5 h of agitation time, as a function of NaCl concentration
and pH.
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FIGURE 4 Protein solubility of quail egg white after 2.0 h of agitation time, as a function of NaCl concentration
and pH.
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TABLE 2
Coefficients from Eqs. (2), (3), (4), and (5)

Coefficients a b c d e R2 P

Eq. (2) 9.7471 −0.502 −6.643 0.89 <0.0001
Eq. (3) 93.661 0.244 −17.471 1.635 0.92 <0.0001
Eq. (4) 80.711 3.536 −19.061 −0.217 1.888 0.96 <0.0001
Eq. (5) 83.141 2.599 −23.061 −0.2010 2.073 0.98 <0.0001

1< 0.0001; 20.0526; 30.0002; 40.4617; 50.0072; 60.0109; 70.0397; 80.0016; 90.0415; 100.0349.

S = a + b pH − c Cs − d pH2 + e pH Cs, (5)

where Cs is the NaCl concentration (mol/L), pH is the pH level, and a–e are estimated constants for
the equation. The model proposed in Eqs. (2–5) was significant (p < 0.001) to illustrate the variation
in solubility of quail egg white in function of pH, salt concentration, and agitation time, presenting
R2 values greater than 0.89, 0.92, 0.96, and 0.98 of Eqs. (2–5), respectively. Table 2 shows the
estimated coefficients for Eqs. (2–5).

The sign and magnitude of the coefficients indicate the effect of the variable on the response.
A negative coefficient means a decrease in response when the level of the variable is increased,
whereas a positive coefficient indicates an increase in the response. A significant interaction suggests
that the level of one of the interactive variables may increase, while that of the other may decrease
for a constant value of the response.[25] A significant interaction was observed for pH-pH and pH-Cs
terms. Solubility of protein in all agitation time had a greater influence on pH parameter.

CONCLUSION

Determination of protein solubility data has shown to be relevant for the definition of food pro-
cessing conditions, which contain different protein sources, protein concentration, and purification
of proteins of high aggregated value. The solubility of proteins from quail egg white was influ-
enced by variations in agitation time, pH, and salt concentration, with a distinguished behavior
for each condition. The highest solubility value (98.92 g/100 g) was obtained for the sam-
ple containing 0.05 mol/L of NaCl, pH 10.0, and with 1 h of agitation. The lowest solubility
value (68.35 g/100 g) was exhibited in the sample containing 1.0 mol/L of NaCl, pH 3.0,
and after 2 h of agitation. These test conditions of NaCl 1.0 mol/L, pH 3.0, and 2 h of agi-
tation, appeared to indicate the best conditions for the separation of proteins from quail egg
white.
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