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Abstract 

The increased acceptance of soy proteins concentrates (SPI) is due to soybean manifold qualities, good functional 

properties however there are certain functional properties of soy protein which limits its use in food preparation. These 

limitations can be overcome by modification of soy protein One of the methods is radiation treatment. The SPI was 

treated with gamma radiation of 1kGy intensity and continuous X-rays for 15 minutes. The effect these treatments on 

protein content, solubility, water holding capacity (WHC), oil holding capacity (OHC), Emulsification Activity Index 

(EAI) Emulsion Stability Index (ESI), Foaming Capacity (FC), Foam Stability (FS), zeta potential and, molecular 

weight by SDS-PAGE was determined. FTIR analysis of the samples was also carried out. Gamma radiation while 

enhancing the protein content by 8.3%, EAI by 29.4% and FC by 29.4%, caused a decrease in the solubility by 23.5%, 

Zeta Potential by 39.9%, WHC by 25.9%, OHC by 59.8%, ESI by 55.6% and FS by 38.1%. On the other hand, X-ray 

irradiation caused an increase in the protein content by 5.5%, OHC by 78.4%, EAI by 12.8% and FC by 40.0% and 

caused a decrease in the solubility by 8.2%, Zeta Potential by18.4%, WHC by 22.2%, ESI by 11.2% and FS by 49%. 

The SDS-PAGE pattern did not show any significance difference between the treated and the untreated samples. FTIR 

analysis showed the disappearance of alcoholic hydroxyl and thiol groups in the treated samples. Therefore, the treated 

protein can application as an emulsifying agent, foaming agent. 
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1. INTRODUCTION 

 

Gamma rays are pats of the electromagnetic 

spectrum that extends from low energy long 

wavelength radio waves to high-energy short 

wavelength cosmic rays. These are 

energetically charged particles such as 

electrons or high-energy photons. Electrons are 

generated from machine sources operated a or 

below an energy level of 10 MeV. The most 

commonly used sources of gamma rays used in 

food  irradiation are Co-60 or Cs 137 (Kovács 

& Keresztes, 2002). 

There has been an extensive research on the 

implications of gamma radiation on the 

functional properties of food protein (Farkas & 

Mohácsi-Farkas, 2011, Liu et al., 2009De La 

Hoz & Netto, n.d.), however, there still exists 

considerable resistance to gamma irradiation by 

public and industry over the years and the 

mechanism is not fully understood yet (Han, 

Cai, Cheng, & Sun, 2018). 

It is accepted that protein can be irradiated in 

solution or solid state. In powder state, protein 

molecules can absorb radiation energy directly, 

causing some alterations (De La Hoz & Netto, 

n.d.), while in aqueous solution, Molins, (2001) 

proposed that radiation acts first on the water, 

which causes some hydroxyl and other radicals, 

which in turn react with amino acid, thus 

leading to protein denaturation. 

Gamma irradiation has also proven to cause 

structural changes in the milk proteins resulting 

in alteration in its allergenicity and 

antigenicity. Solubility of the proteins also 

decreased by radiation, and this decrease might 

be caused by agglomeration of the proteins (J.-

W. Lee et al., 2001).  

De La Hoz & Netto, n.d. reported that the 

tertiary and secondary structures of β-

lactoglobulin in solution changed with 

radiation using Co60 at 10 kGy. Moon & Song, 

(2001) reported the effect of gamma radiation 

on the molecular properties of ovalbumin and 

ovomucoid. They reported that Gamma-
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irradiation of protein solutions caused the 

disruption of the ordered structure of protein 

molecules and increase of radiation decreased 

the ordered structure of proteins. Liu et al. 

(2009), demonstrated that gamma ray 

irradiation could reduce viscosity and improve 

foam ability of egg white. 

Mallikarjunan et al., (2014) studied the Gamma 

radiation inactivation of phytohemagglutinin 

(PHA) of red kidney bean in purified form as 

well as in seeds in different moisture 

conditions was demonstrated at different 

doses.  Radiation inactivation of purified PHA 

was more pronounced when irradiated in 

aqueous solution form, which resulted in 

complete destruction of secondary and tertiary 

structure as well as function. Radiation of dry 

and soaked seeds of kidney bean exhibited 50% 

loss in functional activity of PHA at the doses 

of 50 and 30 kGy, respectively. 

Besides, Hassan et al., (2018) investigated the 

effect of Co60 gamma ray on protein functional 

properties of sesame seeds at various doses. 

They reported that solubility increased firstly 

and then decreased with increasing irradiation 

doses. Maximum protein solubility was 

observed in sesame flour at irradiation dose of 

1.0 kGy. Emulsification capacity also reached a 

significantly maximum value in sesame flour at 

a dose level of 1.0 kGy, which could be 

attributed to increased protein solubility, 

allowing sufficient adsorption of protein 

molecules at the oil-water interface 

Chemical changes in the proteins caused by 

gamma-irradiation include fragmentation, 

cross-linking, aggregation and oxidation by 

oxygen radicals that are generated in the 

radiolysis of water (Cho & Song,2000; Filali-

Mouhim et al., 1997; Schuessler& Schilling, 

1984). As an example, the hydroxyl and 

superoxide anion radicals that are generated by 

radiation of film-forming solutions can modify 

the molecular properties of the proteins, which 

can result in alteration of the protein films by 

covalent cross-linkages formed in the protein 

solution after irradiation (Garrison, 1987). 

 

 

2. MATERIALS AND METHODS 

 

Materials: 

SPI was purchased from Chemkart (India). 

Sunflower oil, manufactured by Fortune Foods 

(India). Rest of the chemicals were purchased 

from SRL, Sigma Aldrich and Himedia (India). 

Spectrophotometer- Shimadzu, Weighing 

balance- Conttech, Centrifuge- Pastocrafts, 

Micropipette- Thermo, Homogenizer- Remi 

motors Ltd., Monopan- Dhona 200D, -20
0
C- 

Siemens, Refrigerator- LG, Oven, Waterbath. 

Gamma Radiation: 

The samples for Gamma Irradiation were 

treated at Maharashtra State Agricultural 

Marketing Board (MSAMB) Export Facility 

Centre (India). The sample was homogenously 

spread in polyethylene bags and tightly closed. 

200g grams of the protein sample were exposed 

to gamma rays generated by Cobalt 60 radiator. 

The sample was exposed to irradiation dose of 

1 kG for 1 minute. 

Methods: 

Effect of gamma radiation treatment on 

Protein content: 

Protein content was determined by IS 

7219:1973 (RA – 2010) method and Protein 

moisture was carried out by (AOAC,1999) 

Method. 

Effect of gamma radiation treatment on 

Solubility of SPI: 

Dispersions (1 %) of the protein were prepared 

and mixed for 1 min on a Vortex. The samples 

were centrifuged for 10 min on a centrifuge at 

5800rpm for 10 minutes. Aliquot (1 ml) of the 

supernatant were taken and to this solution, 

was added to the burette reagent (1 ml). After 

30 min the absorbance of these solutions at 540 

nm was determined against a distilled 

water/burette reagent blank. The absorbance 

values of the modified protein samples were 

compared to those of the corresponding native 

protein samples to quantify the differences in 

relative solubilities. The exact amounts of 

protein in the supernatant were calculated from 

a biuret standard curve of bovine serum 

albumin (BSA) (Franzen & Kinsella, 1976). 
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Effect of gamma radiation treatment on SPI 

Water Holding Capacity and Oil Holding 

Capacity: 
Water Holding Capacity (WHC) and Oil 

Holding Capacity (OHC) were determined by 

mixing 0.5 g of pellet sample with 5 mL of 

distilled water or sunflower oil (Density=0.92 

g/mL). The mixtures were then agitated on a 

vortex for 1 min, centrifuged at 2,330g for 30 

min, and the volume of supernatant was 

determined. WHC was expressed as grams of 

water held per grams of sample, while OHC 

was expressed as grams of oil held per grams 

of sample (Franzen & Kinsella, 1976; Kinsella, 

1979; Zhao, Zhang, Liu, Zhang, & Ao, 2018). 

Effect of gamma radiation treatment on SPI 

Emulsifying Activity and Emulsifying 

Stability: 

Emulsifying activity and emulsion stability 

were determined with slight modifications. An 

emulsion of concentration 1% was prepared by 

mixing 0.5 g of samples in 5 mL distilled water 

and then vortexed for 1 min. 5 ml sunflower oil 

was then added and homogenised at 8,000 rpm 

for 3 min at 25°C. 50µl of emulsion thus 

prepared was diluted with 5 mL of 0.1% (w/v) 

Sodium Dodecyl Sulfate (SDS) solution. The 

absorbance of this solution was measured 

immediately using UV-Visible spectroscopy at 

500 nm and Emulsion Activity Index (EAI) of 

protein. To determine the Emulsion Stability 

Index (ESI), the emulsion was left at 25°C for 

10 min, and then 50 µl of emulsion was diluted 

with 5 mL of 0.1% (w/v) SDS solution and the 

absorbance at 500 nm was measured 

(Jongjareonrak, Srikok, Leksawasdi, & 

Andreotti, 2015; Li, Huang, Peng, Shan, & 

Xue, 2014; Sui et al., 2017). The EAI and ESI 

was calculated according to the following 

equation 1: 

𝐸𝐴𝐼 (𝑚2 𝑔⁄ ) =  2 × 𝑇 ×  
𝐴0×𝑁

10000×𝜃×𝐿×𝐶
     (1) 

𝐸𝑆𝐼 (𝑖𝑛 minutes) =  
𝐴0×𝑇

∆𝐴
               (2) 

Where, A0 is the absorbance at 0 minute; ΔA is 

the change in absorbance during the time 

interval;T is the time (10 min); N is the 

Dilution factor (100); 𝜃 is the proportion of oil 

phase (0.25); L is the thickness of the cuvette 

(1cm); C is the concentration of the SPI (g/ml). 

Effect of gamma radiation treatment on 

Foaming Capacity and Foaming Stability of 

SPI: 

Foaming Capacity and Foaming Stability were 

determined according to the method by Sinha, 

Radha, Prakash, & Kaul, 2007; Yu, Ahmedna, 

& Goktepe, 2007 with slight modification. 

Foaming capacity and foaming stability were 

examined for sample at 2% concentrations by 

dissolving the sample in 100ml distilled water. 

The solution was then whipped at high speed 

with hand blender and poured into 500 mL 

volumetric cylinder. FC was reported by the 

formula below (Wu et al., 2009); 

𝐹𝐶 (%) =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑎𝑔𝑖𝑡𝑎𝑡𝑖𝑜𝑛−𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑟𝑖𝑜𝑟 𝑡𝑜 𝑎𝑔𝑖𝑡𝑎𝑡𝑖𝑜𝑛

𝑉𝑜𝑙𝑢𝑚𝑒 𝑝𝑟𝑖𝑜𝑟 𝑡𝑜 𝑎𝑔𝑖𝑡𝑎𝑡𝑖𝑜𝑛
× 100 (3) 

The samples were allowed to stand for 30 min 

at room temperature to estimate the Foam 

Stability (FS) given by the formula below, 

𝐹𝑆 (%)  =  
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐹𝑜𝑎𝑚 𝑉𝑜𝑙𝑢𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐹𝑜𝑎𝑚 𝑉𝑜𝑙𝑢𝑚𝑒
× 100   (4) 

Sodium Dodecyl Sulphate – Poly 

Acrylamide Gel Electrophoresis (SDS-

PAGE): 

SDS- polyacrylamide gel electrophoresis 

(SDS–PAGE) was done using the methods of 

LAEMMLI, 1970 with 12 % acrylamide 

resolving gel and 5% acrylamide stacking gel 

containing 0.1% SDS. The protein samples 

were dissolved in a solution containing 50 mM 

Tris-HCl buffer, pH 6.8, 14.4 mM β-

mercaptoethanol, 2.0 % SDS, 20.0 % (v/v) 

glycerol, and 0.01% (w/v) Bromophenol Blue, 

and heated at 100°C for 5 min. Thereafter, 10 

µg of the total protein was loaded in the well of 

the gel in a volume of 20 µL. Electrophoresis 

was carried out until the tracking dye 

(bromophenol blue) reached the bottom of the 

gel. After separation, the gels were stained with 

0.1% Coomassie brilliant blue R-250 and 

destained several times with water: methanol 

(50:50, v/v) mixture until bright background of 

the gel appeared, and protein bands become 

visible. 
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Effect of gamma radiation treatment on 

secondary structure and functional groups 

of SPI: 

FTIR analysis was done by Analytical Chemie 

method and the transmittance was recorded in 

the wavelength range of 4000 – 650 cm
-1

. 

Effect of gamma radiation treatment on 

electric static initiation of SPI in solution 

and emulsion: 
For Zeta potential analysis, the samples were 

dispersed in demineralised water with a 

dielectric constant of 78.5 and the analysis was 

carried out at 25
o
C. 

The same analysis was carried out on with oil 

in water emulsion with 1% SPI. 

Effect of gamma radiation on SPI emulsion 

particle size: 
Particle size distribution was carried out by 

particle size analyzer (Malven) by keeping 

dispersion water at 25
o
Cwith counter plate 

168.3 for untreated (A)and 117.5 for treated 

(B)and measure position 4.65 at attenuator 10. 

Statistical analysis: 

The statistical analysis was conducted based on 

one-way ANOVA by comparing means by 

SPSS (IBM version 25) and significance in 

sample set was compared at p>0.5 by post hoc 

comparison Duncan test. 

 

3. RESULTS AND DISCUSSION 
 

Moisture Content: 

As shown in Fig. 1(a), moisture content of the 

soy protein was plotted for SPI solutions in 

untreated (control) and treated samples. The 

results demonstrated a gradual increase in 

gamma treatment SPI time from 0 to 15min. 

The 61.43% significant (p>0.05) increase in 

the moisture content was observed in 15-

minute treated sample. The same effect was 

found by gamma radiation on soya protein 

films due to aggregation of protein molecules 

(M. Lee, Lee, & Song, 2005). 

 

 

Fig. 1. Effect of gamma radiation treatment on moisture 

content of SPI and on water holding capacity and oil 

holding capacity of SPI. 

 

Solubility: 

Protein solubility is probably the most 

important functional properties of the protein. 

The study demonstrated that irradiation of SPI 

leads to a decrease in the solubility of protein. 

Irradiation induces the unfolding of the protein 

and denaturation, thus exposing non-polar 

groups that were previously blocked. Thus, 

gamma-irradiation increased hydrophobicity by 

exposing non-polar groups. On the other hand, 

when secondary and tertiary structures of a 

protein are unfolded, the hydrophobic groups 

interact and reduce water binding. Moreover, 

hydrophobic interactions precipitation(Englard 

& Seifter, 1990). 

Hassan et al., 2018, however, demonstrated 

that gamma irradiation significantly enhanced 

the protein solubility of sesame seed flour. 

Similarly, significant improvement of the 

solubility of sunflower protein isolates 

following the treatments with different doses of 

gamma rays was recently reported (Malik and 

Saini, 2017). In addition, enhancement of 

protein solubility by gamma irradiation was 

also reported Pednekar et al., 2010, for soybean 

protein isolate.  
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Water Holding Capacity (WHC) & Oil 

Holding Capacity (OHC): 

Water Holding Capacity (WHC) is important 

functional property for flours as they swell and 

impart characteristics like body thickness and 

viscosity (Pednekar, Das, Rajalakshmi, & 

Sharma, 2010). Water binding capacity of 

protein influences the texture and mouth feel of 

the product. It determines the ability of proteins 

to hold water against the gravity (Malik & 

Saini, 2017). 

The obtained result show in fig. 1(b) 

summarized the Water Holding Capacity 

untreated SPI sample and that of gamma 

treated SPI sample shows significant 

differences (p < 0.05) from time internal 0 to 

15 min, means WHC is decreased under 

processing condition.  

Malik & Saini, 2017, reported that gamma 

irradiation has a detrimental effect on water 

binding capacity of proteins. It was also 

reported, that gamma irradiation caused a 

significant reduction in water binding capacity 

of sunflower protein isolates. However, 

Pednekar et al., 2010, reported a non-

significant increase in WHC of soybean protein 

when treatment with gamma radiation. 

The decrease in water binding capacity may be 

partly due to denaturation of proteins. During 

denaturation of globular proteins, buried non 

polar sites of proteins are exposed, leading to 

increased hydrophobicity (Zayas & Zayas, 

2011) and subsequently decreased water 

binding capacity. 

The Oil Holding Capacity (OHC) is a very 

important property of proteins as it affects the 

emulsion capacity and is highly required 

characteristic in products such as mayonnaise. 

Samples treated with gamma radiation 

displayed a significant decrease in the OHC as 

shown in Fig 1(a).  

Treatment with gamma radiation processing led 

to increase in oil holding capacity of soy flours 

Pednekar et al., 2010, who attributed the 

increase to protein unfolding leading to 

exposure of certain buried functional groups 

resulting in increased oil absorption capacity. 

There was a significant increase in the OHC of 

sunflower protein isolates after gamma 

irradiation(Malik & Saini, 2017). It too, was 

attributed the increase to protein denaturation. 

The unfolding of protein during denaturation 

exposed the buried hydrophobic groups and 

subsequently enhanced the oil binding capacity 

of denatured proteins. Similarly, a decrease in 

the OHC can be attributed to disruption of 

hydrophobic regions of the protein due to 

gamma radiation. 

Emulsion Activity and Stability: 

Emulsifying activity (EA) describes the ability 

of a protein to form an emulsion (Hall, 1996), 

with the Emulsion Activity Index (EAI) 

providing an estimation of the interfacial area 

stabilized per unit weight of protein based on 

the turbidity of a diluted emulsion (Pearce & 

Kinsella, 1978). 

As shown in fig.2 (a), Emulsion activity of 

treated SPI sample compared to untreated SPI 

sample shows gradual increase in value, and as 

observed in fig.2 (b) emulsion stability of 

untreated SPI sample and treated. 0,5,10,15 

min was showed significant differences (p < 

0.05) emulsion activity and stability of SPI. 

There is increased in emulsion activity and 

stability of SPl. May be due to as protein 

maximum adsorption at the oil-water interface 

which leads to the maximum emulsifying 

ability. 

These results are in conjunction by Hassan et 

al., 2018, who reported an increase in the 

emulsion capacity of sesame seed powder 

when treated with Gamma radiation. Similar 

increase were reported after the treatment of 

soybean with gamma radiation, by Pednekar et 

al., 2010, and sunflower protein isolate, by 

Malik & Saini, 2017. Protein aggregation, 

surface hydrophobicity, molecular mass, and 

conformation. 

Foaming Capacity and Stability: 
Foaming properties (foaming capacity and 

foam stability) are critical parameters in the 

characterization of the functional properties of 

proteins that indicates their suitability for 

specific food applications.  

Results in fig. 2(c) showed the as time 

increased, the foaming capacity and stability of 
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gamma treated SPI sample were decreased 

compared to control. Those means 0 to 15 min 

time intervals were significant show 

differences (p < 0.05) in the values. This could 

be due to the production of amphiphilic 

peptides after hydrolysis. Their reduced 

molecular weight will make them more 

flexible, forming a stable interfacial layer and 

increasing the rate of diffusion to the interface, 

improving the foam ability properties. 

These findings are supported by Malik & Saini, 

2017, who reported an increase in the foaming 

capacity of sunflower protein isolate when 

treated with gamma radiation. However, 

Hassan et al., 2018, reported a decrease in the 

foaming capacity whereas, Pednekar et al., 

2010 did not find any significant difference in 

the foaming capacity of control and radiated 

soybean protein. 
 

 
 

Fig. 2 (a) Effect of gamma radiation treatment on emulsion 

activity on SPI. (b) Effect of gamma radiation treatment on 

emulsion stability. (c) Effect of gamma radiation treatment 

on foaming capacity and stability of SPI. 

Radiation of sesame seeds and soybean 

respectively, reported that gamma radiation did 

not alter the foam stability of the samples to a 

significant extent. On the contrary, Malik 

&Saini, 2017reported a significant 

improvement in the foam stability of sunflower 

protein on irradiation. Gamma radiation causes 

a change in protein nature, and this may lead to 

change in foaming properties in which native 

proteins have greater foaming capacity and 

foam stability than denatured proteins. 

(Afshari-Jouybari & Farahnaky, 2011) 

(Pednekar et al., 2010) (Malik & Saini, 2017) 

(Yasumatsu et al., 2014). 

Sodium Dodecyl Sulphate – Polyacrylamide 

Gel Electrophoresis (SDS-PAGE): 

The sodium dodecyl sulfate–polyacrylamide 

gel electrophoresis (SDS–PAGE) profile of SPI 

solutions treated with gamma radiation for 0 to 

15min is shown in Fig. 3. SDS–PAGE analysis 

suggests that SPI after treatment comprised one 

component that is conarachin proteins (> 50 

kDa). In comparison to the untreated SPI, 

treated SPIs showed no difference in their 

electrophoresis profiles. 

As expected, few bands of heavy proteins were 

observed in the untreated samples. A similar 

pattern is observed was for the treated samples. 

It can thus be concluded that no fragmentation 

of protein took place due the radiation 

treatment. At the same time no aggregation of 

protein took place. 

These reports are in agreement with studies 

conducted by Mallikarjunan et al., 2014, on 

treatement of red kidney beans with ionising 

radiation and Moon & Song, 2001, on effect of 

gamma irradiation on the molecular properties 

of ovalbumin and ovomucoid. However, Filali-

Mouhim, et al, 1997, reported gamma radiation 

induced fragmentation in lysozyme. This 

contradiction can be attributed to the dose rate, 

type of protein used, physical state of the 

protein. 
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Fig. 3. Sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) patterns of soy protein 

isolate and SPI treated by gamma radiation. 

 

Fourier Transformed Infrared Spectroscopy 

(FTIR): 

Fig.4 showed the there is decrease in the peak 

compared to untreated SPI sample peak which 

indicates there is alteration in proteins occurred 

while processing. Proteins denaturation’s take 

place which leads toincrease the β-sheet and 

random coil content and decreasing the α-helix 

and β-turn content of protein structure. This 

could be one of the reasons for the decrease 

Solubility and WHC of treated SPI 

The peaks observed that corresponds to the 

Alcoholic Hydroxyl groups present in the 

untreated samples did not appear in the SPI 

samples treated with Gamma radiation from 0 

to 15 minutes. Hence, it can be concluded that 

the hydroxyl groups present in the SPI were 

altered, chemically or physically. 

Rimdusit et al., 2012, reported a decrease in the 

water holding capacity of methyl cellulose, 

when the hydroxyl group where blocked due to 

cross linking. Also, the hydroxyl groups 

present in the molecules have a measurable 

impact on the water sorption of proteins(Leeder 

& Watt, 1974). The treatment of SPI with 

gamma radiation caused a disappearance of 

hydroxyl group from the transmittance spectra 

thus indicating a modification in the same. This 

can be stated as one of the reasons for the 

decrease in the WHC of the treated SPI 

samples. 

Water molecules form very strong and 

thermodynamically stable hydrogen bonds with 

the hydroxyl group of alcohol(Franks & Ives, 

1966). For this reason, it can be said that 

hydroxyl groups have a significant effect on the 

solubility of proteins in water, as hydroxyl 

groups of alcohol may form stable hydrogen 

bonds with water. A decrease in the hydroxyl 

groups post the radiation treatment may thus 

cause a decrease in the solubility of SPI as 

reported in this study (Fig.4). 

The peaks observed that corresponds to the 

thiol groups present in the untreated samples 

did not appear in the SPI samples treated with 

Gamma radiation. Hence, it can be concluded 

that the thiol groups present in the SPI were 

altered, chemically or physically. 

A thiol group is capable of forming disulphide 

(S-S) bonds with other thiol groups by an 

oxidation reaction. Proteins are capable of 

forming both intramolecular and intermolecular 

disulfide bonds under the suitable conditions 

(Hadley, 2006). The absence of free thiol 

groups may indicate the formation of 

disulphide bonds due to the treatment applied. 

It has been demonstrated that radiation can 

cause an to increase the Reactive Oxygen 

Species and create an oxidizing environment 

(Yoshida, Goto, Kawakatsu, Urata, & Li, n.d.). 

It can be hypothesized that radiation of the SPI 

samples caused the formation of disulfide 

bonds between the thiol groups. 

The disappearance of the thiol groups from the 

treated samples indicates that the either a 

reaction of the thiol groups has taken place 

leading to formation of disulphide bonds. This 

in turn means that the treatment has altered the 

structure of the SPI exposing the thiol groups 

for any interaction with its surrounding. 
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Fig. 4 (a) Effect of gamma radiation treatment on secondary structure and functional groups of SPI; Fig. 4 (b) Effect of 

gamma radiation treatment on secondary structure and functional groups of SPI. 

 

Zeta potential: 

As observed fig.5 (a) and (b), the zeta potential 

analysis of the samples revealed a similar trend 

as solubility. The zeta potential of samples 

treated with gamma rays is lower than the 

control; it can be conclusively said that 

treatment of SPI with gamma radiation 

decreased the protein. This could be due to 

decreased in thickness of electrical double 

layer of molecules which also indicates that a 

decreased in emulsion stability. 

Zeta potential is generated when a liquid is 

forced to flow directly through a small gap 

formed by two sample surfaces with pressure. 

Change carrier bound in double layer will be 

removed. The potential can be then measured 

between two electrodes (Cai et al., 2006). 

Losso et al, 2005,reported that the surface 

properties of most emulsions such as zeta 

potential were associated with their half-life. 

Zeta potential indicates the stability of a 

material in the surrounding medium, higher the 

zeta potential, in whichever direction positive 

or negative, indicates a higher stability of an 

emulsion (Lu & Gao, 2010). 

 

 

a) 

b) 

http://www.afst.valahia.ro/


Annals. Food Science and Technology 

2020 

 

Available on-line at www.afst.valahia.ro                               282                                 Volume 21, Issue 2, 2020 

 

 

 

 

 
 
Fig. 5 (a) Zeta potential of untreated SPI sample. (b) Effect of gamma radiation treatment on electric static initiation of 

SPI in solution and emulsion. 

 

 

 

 

 

(a) 

(b) 
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Particle size distributions: 

 

 
 
Fig. 5 (a) Effect of gamma radiation on SPI emulsion particle size distribution. (b) particle size distribution of untreated 

SPI sample. 
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