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Abstract  

BACKGROUND: Hen's egg is widely used in food industry due to its excellent 

nutritional and processing properties, and Ovalbumin (OVA) is the major allergen of 

hen's egg white. Ultrasound has been widely used in food processing industry, but effect 

of high intensity ultrasound on the immunoglobulin G (IgG) binding, immunoglobulin E 

(IgE) binding and conformational structure of OVA remains unclear.  
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RESULTS: Ultrasound treatment at 600 - 800 W dramatically increased the IgG and IgE 

binding of OVA with the highest values observed at 600 W. The free sulphydryl content, 

surface hydrophobicity and UV absorption were gradually increased when the power was 

improved from 200 to 600 W, implying the occurrence of molecule unfolding. When the 

power was 800 W, the binding ability was slightly decreased associated with the 

aggregation of OVA molecule. Polyacrylamide gel electrophoresis analysis implied that 

ultrasound treatment at 800 W could induce the aggregation of OVA molecule through 

disulfide bonds and/or hydrophobic interaction.  

CONCLUSION: High intensity ultrasound can increase the potential allergenicity of 

OVA. Therefore, high intensity ultrasound processing of some egg products alone may 

improve the risk of allergenic reaction of egg allergy patients to some extend.  

Keywords: ovalbumin; egg allergy; IgG binding; IgE binding; ultrasound; structural 

change
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INTRODUCTION  

Food allergy is an increasingly recognized problem due to its prevalence in general 

population.1 During the past decade, the number of people with food allergy and the 

severity of these symptoms has continuously increased, this attracts a growing attention 

on the allergenicity of food allergy.2, 3  

Hen's egg, one of essential food processing ingredients, is widely used in the food 

industry due to its excellent nutritional value and processing properties. However, it can 

cause anaphylaxis by ingestion, inhalation or skin contact, which accounts for 1.6 - 8.0% 

of food allergy in infants and young children, and ranks among the top allergic foods.4 

Currently, many processing methods have been applied to investigate the effect of 

processing on the allergenicity of egg allergens, such as thermal processing, glycation, 

fermentation, hydrolysis, γ-irradiation and high pressure.3, 5-7 Lee et al. 5 revealed that the 

antigenicity and allergenicity of OVA were significantly decreased by γ-irradiation 

treatment at 3 ~ 10 kGy. Lopez-Exposito et al. 6 described that enzymatic hydrolysis 

combined with high pressure treatment could significantly reduced the IgG and IgE 

binding ability of OVA. Ma et al. 7 reported the glycation and heating at 60 °C for 

30-120 min decreased the IgE reactivity. However, the great majority of researches focus 

on exploring methods reducing the allergenicity of food allergies, whether the commonly 

used processing technology will increase the allergenicity of egg white or not is usually 

ignored. 

High intensity ultrasound, with a frequency of 16 - 100 kHz and intensity of 10 - 1,000 

W cm–2, is a non-thermal technology for food production.8 The main effect of ultrasound 
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is owed to the cavitation phenomenon, which could generate chemical reactions and 

violent physical forces, including extreme high temperature, high pressure, microjet, 

shear force, shock wave and turbulence.9 Compared with conventional thermal 

approaches, high intensity ultrasound has been considered as a promising processing in 

the food industry due to its potential in the development of green, relatively mild, 

time-saving, energy saving and targeted processes to improve the quality and safety of 

foods.10 

Recently, high intensity ultrasound has been used in various food processing areas, 

including freezing, substance extraction, homogenizing, crystallization, bacterial 

inactivation, etc.11 It is employed to improve food properties, such as emulsibility, 

gelation, antioxidation, foamability, etc. Most researches about high intensity ultrasound 

are mainly aimed to inactivate microbe and improve functional properties,12 literatures 

about the effect of high intensity ultrasound on the allergenic property of food proteins 

are limited. Li et al. 13 showed that high intensity ultrasound (20 kHz, 300 W for 15 min) 

decreased by 18.7% of the allergenicity of soybean protein isolate (SPI). However, 

Stanic-Vucinic et al. 14 discovered that high intensity ultrasound (135 W cm–1 for 5 ~ 60 

min) had a minor effect on the IgE-binding properties of β-lactoglobulin. Tammineedi et 

al. 15 found that high intensity ultrasound (20 kHz, 500 W for 5 ~ 15 min) had no 

noticeable influence on IgE-binding capacity of α-casein, β-lactoglobulin and 

α-lactalbumin. Therefore, the effect of high intensity ultrasound is varied with different 

food proteins. it is hereby necessary to explore the immunoactivity alternation of egg 

proteins induced by high intensity ultrasound.  

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
Egg allergens mainly exist in egg white, including ovomucoid, ovalbumin (OVA), 

ovotransferrin and lysozyme.16 OVA, the main allergen (ca. 54% of the egg white protein) 

in egg, is a glycoprotein with 385 amino acids with molecular weight of about 45 kDa, 

about half of the amino acids are hydrophobic and nearly one-quarter are charged.17 It 

becomes an ideal experimental model of allergy due to its availability. Therefore, in this 

study, high intensity ultrasound was used to treat OVA to assess the effect of high 

intensity ultrasound treatment on the IgG and IgE binding ability, along with structural 

properties of OVA , and to expound their relationship. 

MATERIALS AND METHODS 

Preparation of OVA  

The crude OVA was isolated from fresh chicken egg white by ammonium sulfate 

precipitation and isoelectric precipitation.18 Then it was subjected to ion exchange 

chromatography on a QAE-Sepharose fast flow column (1.6 × 20 cm) using a protein 

purifier explorer QT-1D (Qite, Shanghai, China). Phosphate buffer (PB, 50 mM, pH 6.0) 

was used as the buffer, and PB (50 mM, pH 6.0) containing 0.5 M NaCl was used as 

eluant. The eluting peaks were collected, and determined by polyacrylamide gel 

electrophoresis (PAGE). After determination and collection, OVA was dialyzed over 

water for 24 h, freeze-dried and stored at -20 °C until used. 

Ultrasound treatment 

A Scientz JY98-�DN ultrasound producer (20 kHz, 15 mm diameter titanium probe, 

NingBo Scientz Biotechnology Co. Ltd., Ningbo, China) was used to process OVA 
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solution (10 mg mL−1). Samples were treated at different power (0, 200, 400, 600 and 

800 W) for 15 min with 3 s of on-time and 7 s of off-time. To avoid the effect of high 

temperature, the real-time temperature of all samples were measured and kept below 

20 °C by placing the glass beaker in ice bath. In this experiment, the temperature of all 

samples after ultrasound were 15-20 °C. After ultrasound treatment, all samples were 

stored at 4 °C for less than 24 h or stored at -20 °C until analyzed. The ultrasonic 

intensity at 200 W, 400 W, 600 W and 800W was 37 - 41, 55 - 58, 65 - 70, and 80 - 86 W 

cm−1, respectively. 

Preparation of antisera against OVA 

Animal polyclonal antisera against OVA were obtained from young (3 months old, 

about 2.0 kg) Japanese male rabbits (Permission No. SCXK(Gan)-2014-0005). Rabbits 

were immunized by ear venous injection with 1 mL purified OVA (1 mg mL−1, pH 7.4), 

which was emulsified with an equal volume of Freund's complete adjuvant for first 

injection while Freund's incomplete adjuvant for remaining injections. Antisera titer was 

monitored by indirect ELISA (enzyme-linked immunosorbent assay). Serum from an 

non-immunized rabbit was used as negative control. The rabbits were bled when the titer 

value was over 10,000, the antisera were obtained by centrifugation and stored at -80 °C. 

Human sera was collected from four patients (numbered P1–P4) with documented 

clinical history and a positive skin prick test (SPT) to hen's egg. The specific IgE levels 

was 15.4, 22.5, 29.8 and 64.6 kUA L−1 (determined by ImmunoCAP), respectively. 

According to clinical record, all patients had atopic allergy (such as hives) to hen's egg. 

Serum from a patient with no allergy to hen's egg was used as negative control. All serum 
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samples were supplied by PlasmaLab International (Everett, W.A., USA) and stored at 

-80 °C. 

IgG binding ability of OVA 

The IgG binding to OVA was measured by the indirect competitive ELISA with rabbit 

polyclonal antisera.19 Firstly, 96-well microplate (Corning, NY, USA) was coated with 

100 μL of 2 μg mL−1 OVA, and incubated overnight at 4 °C. Then it was blocked by 50 

mg mL−1 skimmed milk in PBS (10 mmol L−1, pH 7.4) at 37 °C for 1 h. After five times 

of washing with PBST (PBS with 0.5 mL L–1 Tween-20), 50 μL of either standard OVA 

(0.5 - 32 μg mL−1) or diluted OVA samples and 50 μL of IgG antisera (diluted to 1:12,800) 

were added and incubated at 37 °C for 1 h. Then 100 μL of goat anti-rabbit IgG-HRP 

conjugate (diluted to 1:10,000 in PBST) was added, and incubated at 37 °C for 1 h. After 

washing, 100 μL of TMB solution was added, and incubated at 37 °C for 15 min. Then 

50 μL of 2 mol L−1 sulfuric acid was added to stop the reaction. Finally, absorbance at 

450 nm was measured using a HF2000 microplate reader (Huaan Magnech, Beijing, 

China). The IgG binding ability of OVA was calculated from a standard curve of OVA 

with linear logarithmic correlation in the range of 0.5 - 32 μg mL−1. All analyses were 

carried out in triplicate, the averaged values were finally converted to mg mL−1 through 

multiplying by dilution factor. 

IgE binding ability of OVA 

The IgE binding to OVA was determined by indirect ELISA with egg allergic patients' 

sera.20 Firstly, the polystyrene microplate was coated with 100 μL of 2 μg mL−1 OVA 
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samples (including untreated and ultrasound treated OVA) and incubated overnight at 

4 °C, followed by blocking with 50 mg mL−1 skimmed milk at 37 °C for 1 h. After five 

times of washing with PBST, 100 μL of IgE antisera (diluted 1:32) was added and 

incubated at 37 °C for 30 min. Then 100 μL of goat anti-human IgE-HRP conjugate was 

added and incubated at 37 °C for 30 min. Then, the color development, reaction 

termination and absorbance measurement were performed following the steps of indirect 

competitive ELISA protocol described above. The absorbance at 450 nm reflects the IgE 

binding ability of OVA. 

Determination of free sulphydryl content 

Free sulphydryl content was determined by the Ellman's method.12 Ellman's reagent 

was prepared by dissolving 4 mg of 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) reagent in 

1 mL of Tris-glycine buffer (0.086 mol L−1 Tris, 0.09 mol L−1 glycine, 4 mmol L−1 EDTA, 

pH 8.0) and centrifuged at 10,000 × g for 15 min before used. Then 0.4 mL of OVA 

samples were added to 0.6 mL of phosphate buffer (0.1 mol L−1, pH 8.0) containing 0.01 

mL of Ellman's reagent. After incubation at 25 °C for 20 min, absorbance at 412 nm was 

measured against a blank. The micromoles of free SH contents per gram soluble protein 

were calculated using the extinction coefficient of 13, 600 M−1 cm−1.  

Measurement of surface hydrophobicity 

ANS was used as probe to measure the surface hydrophobicity of OVA.21 The ratio of 

sample (1mg mL−1) and ANS solution (8 mmol L−1) was 400:1 (V/V). The relative 

fluorescence intensity was determined by Hitachi F-7000 spectrofluorimeter (Tokyo, 
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Japan) using a quartz cuvette with path length of 10 mm. The excitation wavelength was 

390 nm and the emission spectrum was scanned from 420 to 600 nm at a scan speed of 

240 nm min−1. The bandwidth was 5 nm, and the excitation and emission slits were 2.5 

nm. 

UV absorption spectrum analysis 

UV absorption spectrum analysis was performed by UV-2910 spectrophotometer 

(Hitachi, Tokyo, Japan). The concentration of OVA was 1 mg mL−1. The UV absorption 

spectra were scanned from 240 to 400 nm at a scan speed of 800 nm min−1.  

Gel electrophoresis 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was 

performed to estimate the change of the molecular weight of OVA. The concentration of 

stacking gel and separating gel was 50 g L−1 and 12 g L−1, respectively. Proteins were 

stained with Coomassie Brilliant Blue R-250, and the molecular weights were 

determined by using Thermo middle molecular weight protein marker (10 - 180 kDa) as 

standard. Native PAGE was done without SDS and β-mercaptoethanol in gels and sample 

buffer. 

Secondary structure analysis 

Far-UV (190–250 nm) circular dichroism (CD) spectroscopy was performed to define 

the secondary structure of OVA treated with ultrasound. The CD spectra of OVA (0.1 mg 

mL−1) were collected using a MOS-450 spectropolarimeter (French Bio-Logic SAS, 
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Claix, French) with the path length of cylindrical quartz cuvette of 1 mm. The bandwidth 

and step resolution were set at 1 nm. Every sample was scanned for 3 times at a scan rate 

of 100 nm min−1. The data was shown in terms of molar residue ellipticity ([θ], deg.cm2 

dmol–1), and the content of different secondary structures were analyzed with 

DichroWeb. 

Statistical analysis 

The statistical analysis was measured by Analysis of Variance (ANOVA) with SPSS 

19.0 (SPSS Inc., Chicago, USA). A value of p < 0.05 was considered significant. All tests 

were done in triplicate and data were expressed as mean ± SD (standard deviation). 

RESULTS AND DISCUSSION 

Effect of ultrasound treatment on the IgG and IgE binding abilities of OVA 

The IgG and IgE binding abilities were assessed by ELISA with rabbit polyclonal 

antibodies and egg allergy patients' sera, respectively. As shown in Fig. 1(a), the IgG 

binding ability of OVA were gradually enhanced with ultrasound power increasing from 

200 W to 600 W. However, it was slightly decreased when ultrasonicated at 800 W, but it 

was still much higher than that of native OVA. The effect trends of ultrasound on the IgE 

binding ability was similar to that of IgG, shown in Fig. 1(b). The highest IgE binding 

ability of OVA was detected at 600 W, whereas it was slightly decreased when the power 

was increased to 800 W. Fig. 1(b) showed that the influence of ultrasound treatment on 

the interaction of OVA and IgE from different patients was similar although the binding 

ability of IgE from different patients was different. Above results indicated that 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
ultrasound treatment could enhance the IgG and IgE binding abilities of OVA.  

The results were inconsistent with that reported in some previous studies, for example, 

Li et al.13, 22 found that high intensity ultrasound at 300 W for 15 min or 800 W for 30 ~ 

180 min could significantly decrease the allergenicity of shrimp and SPI. While, 

Stanic-Vucinic et al. 14 indicated that β-lactoglobulin ultrasonicated at 135 W cm-1 for 

5-60 min had a minor change on the IgE binding ability because the sequential allergenic 

epitopes of β-lactoglobulin might be sonication resistant and more important than 

conformational epitopes. Tammineedi et al. 15 found ultrasound treatment (500 W for 

5-15 min) with 60 °C preheating had no significant influence in IgE binding ability of 

α-casein, β-lactoglobulin and α-lactalbumin. The different results might be resulted from 

the difference in molecular weight, stability of conformational structures, the exposure of 

IgG and IgE epitopes, as well as the different processing temperature.23 Ultrasound could 

produce extreme high pressure and shear force, which might influence the 

conformational structure and finally result in the alternations of IgG and IgE binding.20, 24 

Therefore, in order to show the relationship between structure and IgG and IgE binding 

abilities of OVA, the corresponding conformational alternations of OVA induced by 

ultrasound treatment were investigated in subsequent experiments. 

Free SH content analysis 

Sulphydryl groups are considered to be the most reactive functional group in proteins. 

OVA contains six cysteines with a single disulfide bond between Cys73 and Cys120.25 

The free SH contents of OVA induced by different ultrasound treatments are shown in 

Fig. 2. The free SH content increased with increasing ultrasound power in the range of 0 - 
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600 W, with the value ranged from 3.3 μmol g−1 (untreated OVA) to 10.8 μmol g−1 (600 

W, 15 min). The increase of free sulphydryl content might be attributed to the exposure 

of sulphydryl groups to the surface of OVA molecules resulting from the unfolding of 

molecular structure.23 It is also possible that ultrasound treatment breaks disulfide bonds, 

leading to the formation of SH groups and improvement of free sulphydryl as a 

consequence of cavitation phenomenon (turbulent flow, high pressure and shear force, et 

al.).26 In addition, the maximum free SH content in OVA samples was lower than the 

reported value of 40 μmol g−1,27 indicating the partial unfolding of OVA molecule 

induced by ultrasound. Molecular unfolding and increased free SH groups content caused 

by ultrasound treatment were also detected on SPI. 26 

However, when treated at 800 W for 15 min, the free SH content of OVA was 

decreased to 9.6 μmol g−1, this may be explained by the susceptible oxidization of free 

SH groups resulted from the cavitation-generated hydrogen peroxide.28 Furthermore, 

instantaneous high pressure and high temperature produced by ultrasound might induce 

the aggregation of protein through forming new S-S bonds caused by SH/S-S interchange 

reactions.24 Therefore, the content of free SH groups of OVA ultrasonicated at 800 W for 

15 min was decreased. 

Surface hydrophobicity analysis 

The surface hydrophobicity is generally used to reflect the number of hydrophobic 

groups exist on the surface of protein molecule, and to characterize the molten globule 

state and aggregates of proteins. Effect of ultrasound treatment on the surface 

hydrophobicity of OVA is shown in Fig. 3(a), which gives the same change trend with 
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that of free SH content, and the surface hydrophobicity of ultrasonicated samples were 

largely enhanced compared to the native OVA. The fluorescence intensity of OVA was 

gradually improved as the ultrasonic power was increased from 200 to 600 W, indicating 

an increasing surface hydrophobicity. This suggests that ultrasonic treatment could cause 

the unfolding of OVA molecular, and thereby resulted to the exposure of hydrophobic 

groups and regions that were originally buried inside the molecules. Higher surface 

hydrophobicity induced by high intensity ultrasound was also detected on soy protein 

isolate and BSA.26, 28 However, the fluorescence intensity started to decrease when the 

power was over 800 W. This may be that prolonged ultrasound treatment induces the 

aggregation of OVA, this aggregation protects the hydrophobic regions of protein 

molecules and results to the reduced surface hydrophobicity.29  

UV absorption spectrum analysis 

The UV absorbance of protein in the near-UV region depends on the residues of 

aromatic amino acid, including tryptophan, tyrosine and phenylalanine, tryptophan is 

mainly responsible for the near-UV region.30 Effect of ultrasound treatment on the UV 

absorption spectra of OVA is shown in Fig. 3(b). Compared with untreated OVA, the 

absorption intensity of OVA treated from 200 W to 600 W was gradually increased with 

increasing ultrasound power, suggested that tryptophan residues were gradually exposed 

to the surface of protein molecule.20 This may be explained by the partial unfolding of 

OVA, it was also revealed by the increased surface hydrophobicity (Fig. 3(a)). However, 

when OVA was treated at 800 W for 15 min, the absorption intensity of OVA was slightly 

decreased, implying the followed burying of some tryptophan residues resulted from the 
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aggregation of protein. Yang M, et al. indicated that the aggregation through hydrophobic 

and thiol/disulfide interactions could make the tryptophan residues buried between the 

molecules.31 Thus, the decrease of UV absorption intensity of OVA treated at 800 W for 

15 min was possibly due to the aggregation of OVA molecule.  

Secondary structure analysis 

Far-UV CD spectroscopy was used to determine the content of secondary structure of 

OVA. The far-UV CD spectra of ultrasound treated OVA samples are shown in Fig. 5 and 

the proportions of secondary structure are shown in Table 3. The CD spectrum of OVA 

treated at 200 W was almost identical to that of the unheated protein. It indicated that 

ultrasound treatment at 200 W had insignificant effect on the secondary structure of OVA 

because of low output intensity, but it could change the tertiary structure of OVA. Similar 

result was found by Xiong et al. 32, who found that ultrasound with low intensity (34–48 

W cm−2) could not alter the secondary structure of OVA but changed the tertiary structure 

of OVA. 

When ultrasound power was increased from 400 W to 600 W, the values of negative 

peak at 222 nm were gradually decreased, which implied that the α-helix content of OVA 

was progressively increased. Since the secondary structure of protein not only depends 

on the local sequence of amino acids but also on the interactions between different parts 

of molecule, the above results might indicate that ultrasound treatment can disrupt these 

interactions, leading to the changes of secondary structure.29 Similar phenomenon has 

also been found in soy protein isolate and whey protein concentrate ultrasonicated at 400 

- 600 W.26, 33 However, when ultrasound power was increased to 800 W, the α-helix 
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content was significantly decreased and the β-strand content was increased. It might be 

owe to the aggregation of OVA treated at 800 W. Sonication-induced aggregates had high 

β-content, and proteins with more native α-helical structure showed more β-structure 

with a concomitant decrease in α-helix structure in the aggregates.34 Therefore, the 

far-CD results indicated that ultrasound treatment at low power (200 W) could not 

change the secondary structure of OVA, and middle power (400 W and 600 W) would 

increase the α-helix component, decrease the β-stand and random coil component, 

however, ultrasound at high power (800 W) resulted to increased β-stand content, but 

decreased α-helix content. 

Molecular weight distribution analysis 

The native-PAGE of OVA upon exposure to ultrasound at 0 - 800 W for 15 min is 

shown in Fig. 4(a). There was no significant difference between untreated OVA (lane 1) 

and OVA treated at 200 - 600 W (Lane 2 - 4). However, some bands in the stacking gel 

and the beginning of separating gel in lane 5 (OVA treated at 800 W) were observed. The 

result implied that OVA was aggregated after sonication at 800 W. The SDS-PAGE was 

also performed to assess the effect of ultrasound on the molecular weight of OVA. As 

shown in Fig. 4(b), insignificant difference between the bands of untreated and treated 

OVA samples was observed, suggesting that ultrasound treatment could not alter the 

molecular weight. In addition, OVA ultrasonicated at higher intensity might aggregate 

through hydrophobic interaction and/or covalent bonds that could be disrupted by 

denaturants, such as SDS and β-mercaptoethanol.35 Jiang et al. 29 found that higher 

intensity ultrasound treatment at 150 and 300 W for 12 min could induce the aggregation 
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of black bean protein isolate.29 The results further explain why free SH groups and 

surface hydrophobicity of OVA ultrasonicated at 800 W were decreased. 

Relationship between IgG binding, IgE binding and structure of OVA 

The antigenicity and allergenicity of protein is related to the integrity of antigenic and 

allergenic determinant, namely, epitopes, which depends on the structure of protein. The 

epitopes consist of sequential and conformational epitopes. Only epitopes on the protein 

surface could be recognized by the specific antibody. OVA was the dominant allergen for 

the IgE antibodies from atopic patients, and IgE antibodies preferred to recognizing 

sequential epitopes of OVA.36 In this study, the IgE sera were obtained from atopic 

patients. The results in Fig. 4(b) showed that ultrasound did not change the molecular 

weight of OVA, indicating the sequential epitopes of OVA were not destroyed. Therefore, 

the changes of IgE binding to OVA induced by ultrasound treatment were mainly related 

to the exposure or hide of sequential epitopes.  

The IgG and IgE epitopes are widely spread along the whole sequence and 

conformation of OVA, and were composed primarily of hydrophobic amino acids 

consisted of β-sheet and β-turn structures containing polar and charged residues. Thus, 

the allergenicity of OVA was determined by the conformational structure. When OVA 

ultrasonicated below 600 W, the free SH content, surface hydrophobicity, UV absorbance 

and α-helix content were increased with the increase of ultrasound intensity, indicating 

the partially unfolding of the conformational structure of OVA. The unfolding of protein 

could make more epitopes buried inside the native molecule exposed on the surface of 

the molecule, and finally led to the increase of IgG and IgE binding abilities.20, 36 
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However, when OVA was treated at 800 W, the decrease of free SH content, surface 

hydrophobicity, UV absorbance, α-helix content and a concomitant increase of β-strand 

content suggested that OVA was aggregated. In addition, the results in Fig. 4 proved that 

OVA were aggregated through hydrophobic interaction and/or thiol/disulfide 

interaction.29 The aggregation of OVA might make some epitopes reburied inside the 

inter-molecules and finally resulted in the decrease of allergenicity. Therefore, the 

alternations of allergenicity were closely related to the molecular unfolding and 

aggregation, exposure of free sulphydryl groups and hydrophobic groups, et al.. 

CONCLUSION 

High intensity ultrasound could significantly enhance the IgG and IgE binding of OVA, 

which had a close relation to the conformational structure of OVA. The IgG and IgE 

binding ability was enhanced with increasing ultrasound power at the range of 200 ~ 600 

W due to the partially unfolding of OVA. While the binding ability was slightly 

decreased as a consequence of the aggregation of OVA when the power was at 800 W. 

Therefore, high intensity ultrasound processing of some egg products alone might 

improve the risk of allergenic reaction of egg allergy patients. However, the unfolding of 

OVA molecules and exposure of IgG and IgE epitopes, may give us a chance to modify 

the epitopes and reduce the potential allergenicity of OVA by combining other methods 

with high intensity ultrasound. 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the financial support of the National High 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
Technology Research and Development Program of China (863 Program) 

(No.2013AA102205), the Freedom Explore Program of State Key Laboratory of Food 

Science and Technology of Nanchang University (No. SKLF-ZZB-201310) and the 

Science Foundation of Jiangxi Province (No. 20132BAB204035).  

REFERENCES 

1. Macchia D, Melioli G, Pravettoni V, Nucera E, Piantanida M, Caminati M, et al., 

Guidelines for the use and interpretation of diagnostic methods in adult food allergy. Clin 

Mol Allergy 13:1-12 (2015). 

2. Jiménez-Saiz R, Benedé S, Molina E and López-Expósito I, Effect of processing 

technologies on the allergenicity of food products. Crit Rev Food Sci Nutr 55:1902-1917 

(2015). 

3. Verhoeckx KCM, Vissers YM, Baumert JL, Faludi R, Feys M, Flanagan S, et al., 

Food processing and allergenicity. Food Chem Toxicol 80:223-240 (2015). 

4. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ, Matheson MC, et al., 

Prevalence of challenge-proven IgE-mediated food allergy using population-based 

sampling and predetermined challenge criteria in infants. J Allergy Clin Immunol 

127:668-U188 (2011). 

5. Lee J-W, Seo J-H, Kim J-H, Lee S-Y and Byun M-W, Comparison of the changes of 

the antigenicities of a hen's egg albumin by a gamma and an electron beam irradiation. 

Radiat Phys Chem 76:879-885 (2007). 

6. Lopez-Exposito I, Chicon R, Belloque J, Recio I, Alonso E and Lopez-Fandino R, 

Changes in the ovalbumin proteolysis profile by high pressure and its effect on IgG and 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
IgE binding. J Agric Food Chem 56:11809-11816 (2008). 

7. Ma XJ, Chen HB, Gao JY, Hu CQ and Li X, Conformation affects the potential 

allergenicity of ovalbumin after heating and glycation. Food Addit Contam Part A Chem 

Anal Control Expo Risk Assess 30:1684-1692 (2013). 

8. Caner C and Yuceer M, Maintaining functional properties of shell eggs by ultrasound 

treatment. J Sci Food Agric 95:2880-2891 (2015). 

9. O'Sullivan J, Murray B, Flynn C and Norton I, The effect of ultrasound treatment on 

the structural, physical and emulsifying properties of animal and vegetable proteins. 

Food Hydrocolloids 53:141-154 (2016). 

10. Tao Y and Sun D-W, Enhancement of food processes by ultrasound: a review. Crit 

Rev Food Sci Nutr 55:570-594 (2015). 

11. Ozuna C, Paniagua-Martínez I, Castaño-Tostado E, Ozimek L and Amaya-Llano SL, 

Innovative applications of high-intensity ultrasound in the development of functional 

food ingredients: Production of protein hydrolysates and bioactive peptides. Food Res Int 

77, Part 4:685-696 (2015). 

12. Ellman GL, Tissue sulfhydryl groups. Arch Biochem Biophys 82:70-77 (1959). 

13. Li H, Zhu K, Zhou H, Peng W and Guo X, Comparative study of four physical 

approaches about allergenicity of soybean protein isolate for infant formula. Food Agric 

Immunol:1-20 (2016). 

14. Stanic-Vucinic D, Stojadinovic M, Atanaskovic-Markovic M, Ognjenovic J, 

Grönlund H, van Hage M, et al., Structural changes and allergenic properties of 

β-lactoglobulin upon exposure to high-intensity ultrasound. Mol Nutr Food Res 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
56:1894-1905 (2012). 

15. Tammineedi CVRK, Choudhary R, Perez-Alvarado GC and Watson DG, 

Determining the effect of UV-C, high intensity ultrasound and nonthermal atmospheric 

plasma treatments on reducing the allergenicity of α-casein and whey proteins. 

LWT-Food Sci Technol 54:35-41 (2013). 

16. Anet J, Back JF, Baker RS, Barnett D, Burley RW and Howden MEH, Allergens in 

the white and yolk of hens egg. Int Arch Allergy Immunol 77:364-371 (1985). 

17. Nisbet AD, Saundry RH, Moir AJG, Fothergill LA and Fothergill JE, The complete 

amino-acid-sequence of hen ovalbumin. Eur J Biochem 115:335-345 (1981). 

18. Roy I, Rao MVS and Gupta MN, An integrated process for purification of lysozyme, 

ovalbumin, and ovomucoid from hen egg white. Appl Biochem Biotechnol 111:55-63 

(2003). 

19. Ma XJ, Gao JY and Chen HB, Combined effect of glycation and sodium 

carbonate-bicarbonate buffer concentration on IgG binding, IgE binding and 

conformation of ovalbumin. J Sci Food Agric 93:3209-3215 (2013). 

20. Tong P, Gao JY, Chen HB, Li X, Zhang Y, Jian S, et al., Effect of heat treatment on 

the potential allergenicity and conformational structure of egg allergen ovotransferrin. 

Food Chem 131:603-610 (2012). 

21. Matulis D and Lovrien R, 1-anilino-8-naphthalene sulfonate anion-protein binding 

depends primarily on ion pair formation. Biophys J 74:422-429 (1998). 

22. Li Z-X, Lin H, Cao L-M and Jameel K, Effect of high intensity ultrasound on the 

allergenicity of shrimp. J Zhejiang Univ Sci B 7:251-256 (2006). 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
23. Rahaman T, Vasiljevic T and Ramchandran L, Effect of processing on 

conformational changes of food proteins related to allergenicity. Trends Food Sci Technol 

49:24-34 (2016). 

24. Li H, Zhu K, Zhou H and Peng W, Effects of high hydrostatic pressure treatment on 

allergenicity and structural properties of soybean protein isolate for infant formula. Food 

Chem 132:808-814 (2012). 

25. Huntington JA and Stein PE, Structure and properties of ovalbumin. J Chromatogr B 

756:189-198 (2001). 

26. Hu H, Wu JH, Li-Chan ECY, Zhu L, Zhang F, Xu XY, et al., Effects of ultrasound 

on structural and physical properties of soy protein isolate (SPI) dispersions. Food 

Hydrocolloids 30:647-655 (2013). 

27. Fernandez-Diaz MD, Barsotti L, Dumay E and Cheftel JC, Effects of pulsed electric 

fields on ovalbumin solutions and dialyzed egg white. J Agric Food Chem 48:2332-2339 

(2000). 

28. Gulseren I, Guzey D, Bruce BD and Weiss J, Structural and functional changes in 

ultrasonicated bovine serum albumin solutions. Ultrason Sonochem 14:173-183 (2007). 

29. Jiang L, Wang J, Li Y, Wang Z, Liang J, Wang R, et al., Effects of ultrasound on the 

structure and physical properties of black bean protein isolates. Food Res Int 62:595-601 

(2014). 

30. Divsalar A, Saboury AA, Ahmad F and Moosavi-Movahedi AA, Effects of 

temperature and chromium (III) ion on the structure of bovine beta-lactoglobulin-A. J 

Braz Chem Soc 20:1782-1789 (2009). 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
31. Yang M, Dutta C and Tiwari A, Disulfide-bond scrambling promotes amorphous 

aggregates in lysozyme and bovine serum albumin. J Phys Chem B 119:3969-3981 

(2015). 

32. Xiong W, Wang Y, Zhang C, Wan J, Shah BR, Pei Y, et al., High intensity ultrasound 

modified ovalbumin: Structure, interface and gelation properties. Ultrason Sonochem 

31:302-309 (2016). 

33. Chandrapala J, Zisu B, Palmer M, Kentish S and Ashokkumar M, Effects of 

ultrasound on the thermal and structural characteristics of proteins in reconstituted whey 

protein concentrate. Ultrason Sonochem 18:951-957 (2011). 

34. Stathopulos PB, Scholz GA, Hwang YM, Rumfeldt JA, Lepock JR and Meiering EM, 

Sonication of proteins causes formation of aggregates that resemble amyloid. Protein Sci 

13:3017-3027 (2004). 

35. Arzeni C, Martinez K, Zema P, Arias A, Perez OE and Pilosof AMR, Comparative 

study of high intensity ultrasound effects on food proteins functionality. J Food Eng 

108:463-472 (2012). 

36. Mine Y and Zhang JW, Comparative studies on antigenicity and allergenicity of 

native and denatured egg white proteins. J Agric Food Chem 50:2679-2683 (2002). 

 
 

 

 

 

 

 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e

untreated 200 W 400 W 600 W 800 W

Ig
G
 b
in
di
ng

 a
bi
lit
y 
(m

g 
m
L‐
1 )

0.80

1.00

1.20

1.40

1.60

1.80

2.00

a

b

c

d

c

(a)

 

P1 P2 P3 P4

Ig
G
 b
in
di
ng

 a
bi
lit
y 
(O
D 4

50
)

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70 untreated 
200 W 
400 W 
600 W 
800 W 

(b)

a

a
b

bb
b,c

b

c

d

c

a

b

c

d

c

a

b

c

d
c

 
Figure 1. Effect of high intensity ultrasound on IgG binding ability (a) and  IgE 

binding ability (b) of OVA. P1–P4 refers to the egg allergy patients numbered 1, 2, 

3 and 4, respectively. Means with different letters (a-d) on the same patients are 

significantly different (p < 0.05).  
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Figure 2. Effect of high intensity ultrasound on the content of free SH groups of 

OVA. 0 W represents the untreated sample, all other samples were treated for 15 

min. Different letters in the bars mean significantly different (p < 0.05). 
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Figure 3. Effect of high intensity ultrasound on surface hydrophobicity (a) and 

UV absorption (b) of OVA. 1 to 5 represents OVA treated at 0, 200, 400, 600 and 

800 W, respectively. 
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Figure 4. Effect of high intensity ultrasound on the molecular weight of OVA. 

Native-PAGE (a) and SDS-PAGE (b) of OVA treated at different ultrasound 

intensity for 15 min. Lane 1-5 represents OVA treated at 0, 200, 400, 600 and 800 

W, respectively. The molecule weight of Marker (represented by M) ranges from 

11 kDa to 180 kDa. 
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Figure 5. Effect of high intensity ultrasound on far-UV CD spectra of OVA. 1 to 5 

represents OVA treated at 0, 200, 400, 600 and 800 W, respectively. 
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Table 1. Effect of high intensity ultrasound on the content (%) of secondary 

structures of OVA   

Values followed by different letter (a-c) in the same column mean significantly 

different (p < 0.05). 
 

 

Power(W) α-Helix β-Strand β-Turn Random Coil 

0 22.2 ± 0.5a 26.5 ± 0.5a 22.6 ± 0.8a 28.8 ±0.1a 

200 22.5 ± 0.9a 25.3 ± 0.4a,b 24.0 ± 0.5a,b 28.0 ± 0.1a 

400 26.1 ± 0.7b 25.6 ± 0.2a 24.1 ± 0.7a,b 24.3 ± 0.5b 

600 29.6 ± 0.4c 24.4 ± 0.4b 23.0 ± 0.5a 23.0 ± 0.6b 

800 16.6 ± 0.4d 35.4 ± 0.3c 22.1 ± 0.3a 25.9 ± 0.5c 
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