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Abstract 

 

The goal of this study was to investigate the effect of emulsion formulation on characteristics of oil-in-water 

emulsions. Varying concentrations of biopolymers including maltodextrin, gum arabic and pea protein were 

used in the formulation of emulsions created according to an extreme vertices design. Mean droplet size of 

oil-in-water emulsions changed between 0.9-2.5 µm and decreased with increasing pea protein 

concentration. Creaming stability ranged between 9-100% and increased as the concentration of pea protein 

increased. The results of this research suggest that pea protein can be utilized as an emulsifier for oil-in-

water emulsions with low oil concentration as it has the ability to decrease the mean droplet size and increase 

creaming stability of the emulsions. 
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1. Introduction 

 

Oil-in-water emulsions are defined as homogeneous 

dispersions of oil droplets in water stabilized by 

emulsifiers [1]. Stability of an emulsion is defined as the 

ability of an emulsion to conserve its characteristics such 

as size distribution, state of aggregation, or spatial 

arrangement of droplets over time and plays an important 

role on quality and shelf life of numerous food products 

[2]. The changes in emulsion characteristics result in an 

alteration in the distribution or organization of molecules 

or the nature of molecules [3]. The dominant 

physicochemical mechanisms which lead to 

destabilization of food emulsions include creaming, 

flocculation, coalescence, Ostwald ripening, and phase 

inversion [4]. Creaming takes place due to density 

difference between the two phases. Oil droplets move 

upward because they have a lower density than the 

aqueous phase. Homogenization technique, processing 

parameters, emulsion formulation, and storage 

conditions are the key factors in emulsion stability [3]. 

 

Amphiphilic nature of proteins allows them to be 

commonly used in emulsion systems [5, 6]. Proteins have 

the ability to adsorb at oil-water interfaces and form films 

around newly formed oil droplets [2]. Emulsifying 

properties of proteins mainly depend on their structure 

and interfacial behaviour. There has been a recent trend 

not only in the academia but also in the food industry 

towards the use of plant-based ingredients in product 

formulations. In addition to soy, wheat and corn proteins, 

pea protein is one of the most commonly investigated 

plant-based protein for its physicochemical and 

functional properties such as solubility, water/oil 

holding, emulsification, foaming and gelling [7]. 

Emulsifying properties of pea protein have been in the 

scope of several recent studies. Lam et al. [8] investigated 

emulsifying properties of pea proteins obtained from 

various different cultivars. The authors reported that pea 

proteins showed high emulsion stability (~96%) and no 

significant difference was observed among cultivars. 

Effects of homogenization method [9] and several 

treatments including pH [10, 11], heat [9, 12, 13] and 

high pressure [14] on emulsifying properties of pea 

protein were reported.  

 

Maltodextrin and gum arabic are commonly used wall 

materials in encapsulation of food ingredients. 

Maltodextrin is produced by hydrolysis of starch and 

contains linear amylose and branched amylopectin 

degradation products [15]. It is mainly used as a drying 

aid in encapsulation and has many advantages including 

high solubility, neutral taste and low cost. However, 

maltodextrin has very poor emulsifying properties and 

therefore it is used in combination with other surface-

active materials such as proteins and gum arabic [16]. 

Gum arabic is a natural hetero polysaccharide obtained 
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from acacia trees and contains ʟ-arabinose, ʟ-rhamnose, 

and ᴅ-glucuronic acid and 1,3-linked β-ᴅ-

galactopyranosyl units. Due to its surface active 

properties, it is widely used as an emulsifier and stabilizer 

in food and pharmaceutical formulations [17]. Both gum 

arabic and pea protein are reported to have good 

emulsifying properties, however they show high 

viscosity at relatively low concentrations. Therefore, a 

mixture of maltodextrin, gum arabic and pea protein were 

used in the formulation of emulsions in this study. 

Maltodextrin was used as a bulking agent and texture 

modifier whereas gum arabic and pea protein were used 

as co-surfactants. The main goal of this research was to 

examine the effect of emulsion formulation on some 

characteristics of pea protein-stabilized oil-in-water 

emulsions and to investigate whether pea protein can be 

used as an effective emulsifier. 

 

2. Materials and Methods 

2.1. Materials 

 

Bioploymer materials used (maltodextrin, gum arabic, 

and pea protein with 83% protein content) were supplied 

from Tate & Lyle PLC (London, UK), Alland & Robert 

(Paris, France), and Roquette (Lestrem, France), 

respectively. Sunflower seed oil was purchased from a 

local supplier. 

 

2.2. Emulsions Preparation 

 

Varying amounts of biopolymer materials were dissolved 

in 52 g of distilled water based on the formulations 

presented in Table1. For preparation of emulsions, 8 g of 

sunflower seed oil was added to these solutions and the 

mixture was homogenized with T18 Ultra-Turrax 

(IKA®-Werke GmbH & Co. KG, Staufen, Germany) 

homogenizer at 12,000 rpm for 7 min. 

 

Table 1. Emulsion formulations created according to 

extreme vertices design. 

Run Maltodextrin 

(%) 

Gum arabic 

(%) 

Pea protein 

(%) 

1 38.25 1.25 0.50 

2 35.00 5.00 0.00 

3 34.75 3.75 1.50 

4 40.00 0.00 0.00 

5 36.50 2.50 1.00 

6 37.25 1.25 1.50 

7 33.00 5.00 2.00 

8 38.00 0.00 2.00 

9 35.75 3.75 0.50 

 

2.3. Droplet Size 

 

A laser diffraction particle size analyzer was employed to 

characterize the droplet size distribution of oil-in-water 

emulsions (Mastersizer 3000, Malvern Instruments Ltd., 

Worcestershire, U.K.) and reported as volume-surface 

mean diameters [18]. 

2.4. Creaming Stability 

 

Creaming stability of emulsions were determined by 

monitoring the cream layer separation after 1 h of storage 

[19]. 

 

2.5. Experimental Design 

 

An extreme vertices mixture design with 9 experiments 

(Table 1) was used to investigate the effect of emulsion 

formulation on characteristics of oil-in-water emulsions. 

Mixture design was used in the study for designing 

experimental settings since the main goal of the research 

was to investigate the effect of formulation which was a 

mixture of three ingredients (maltodextrin, gum arabic 

and pea protein). The ranges of concentrations were 

selected as: 33-40% for maltodextrin, 0-5% for gum 

arabic, and 0-2% for pea protein. Measurements were 

performed in triplicate and reported as the mean ± one 

standard deviation. Minitab® software (Minitab, LLC, 

Pennsylvania, US) was used for designing experiments, 

analyzing data and creating contour plots. 

 
3. Results and Discussion 

3.1. Droplet Size 

 

Droplet size of oil-in-water emulsions play an important 

role on the physicochemical stability of emulsions and is 

affected by not only the formulation of the emulsion but 

also the processing parameters [20]. In the present study, 

all emulsions were prepared under the same 

homogenization conditions and constant oil content in 

order to investigate the effect of emulsion formulation on 

emulsion characteristics. Maltodextrin was used as a 

bulking agent and texture modifier whereas gum arabic 

and pea protein were used as co-surfactants in the oil-in-

water emulsions. 

 

The mean droplet size of oil-in-water emulsions changed 

between 0.9-2.5 µm under the experimental conditions 

used. Droplet size distributions were found to be bimodal 

as indicated in Figure 1. Concentration of maltodextrin, 

gum arabic, and pea protein were identified as the 

significant factors for predicting mean droplet size of oil-

in-water emulsions (p<0.05; Table 2). This predictive 

model was able to explain 89% of the variability in the 

data. 

 

Maltodextrin contains linear amylose and branched 

amylopectin degradation products and shows no surface-

active properties. On the other hand, presence of 

maltodextrin in the emulsion formulation has been 

reported to result in both stabilization and destabilization 

of the emulsion based on the homogenization conditions, 

emulsion formulation, and maltodextrin type [15]. Gum 

arabic contains different units and shows good 

emulsifying properties due to the amphiphilic protein 

unit in its structure [21]. Similarly, pea protein shows 

good emulsifying properties due to its amphiphilic 
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structure and ability to decrease the interfacial tension at 

the oil-water interphase. 

 

Figure 2 shows the effect of emulsion formulation on 

mean droplet size of oil-in-water emulsions. The mixture 

contour plot indicated that mean droplet size decreased 

from ~2 µm to ~1 µm as the concentration of pea protein 

increased from 0 to 2%. 

Figure 1. Droplet size distribution of oil-in-water 

emulsion # Run 8. 

 

It was observed that the emulsions containing 2% pea 

protein had the lowest droplet size. Peng et al [12] also 

reported that mean droplet size of pea protein-stabilized 

oil-in-water emulsions decreased (from ~9.9 to ~1.3 µm) 

as the protein concentration increased from 0.1% to 

0.5%. In another recent study by Aziz et al. [22], mean 

droplet size of oil-in water emulsions stabilized by acorn 

protein was reported to decrease as the protein 

concentration increased from 0.1% to 1%.  

 

An increase in protein concentration results in an 

effective reduction of interfacial tension, increased 

surface area and subsequent decrease in droplet size [23, 

24]. It has been indicated that an optimum concentration 

of protein is required to sufficiently cover the newly 

formed oil droplets during homogenization and provide 

stability by preventing aggregation in emulsions 

stabilized by proteins. 
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Figure 2. Mixture contour plot of mean droplet size of 

oil-in-water emulsions. 

 

Table 2. Predictive models for mean droplet size and creaming stability of oil-in-water emulsions. 

Dependent variable Independent variable Coefficient p value Model fit 

Droplet size Maltodextrin 0.0612 p<0.05 R2 = 0.8939 

 Gum arabic 2.2352 p<0.05 R2(adj) = 0.7878 

 Pea protein -2.3987 p<0.05 F = 8.43 

 Maltodextrin*Gum arabic -0.0641 NS p<0.05 

 Maltodextrin*Pea protein 0.0476 NS  

     

Creaming stability Maltodextrin 0.2674 p<0.05 R2 = 0.9007 

 Gum arabic -207.282 p<0.05 R2(adj) = 0.8013 

 Pea protein 261.079 p<0.05 F =  9.07 

 Maltodextrin*Gum arabic 5.9884 NS p<0.05 

 Maltodextrin*Pea protein -5.8237 NS  
* NS: not significant (p>0.05). 

 

3.2. Creaming Stability 

 

Creaming is a common instability mechanism that occurs 

in emulsions which results in phase separation. Creaming 

stability of oil-in-water emulsions changed between 9% 

and 100%. Concentration of biopolymer materials were 

identified as the significant factors for predicting 

creaming stability (p<0.05; Table 2). This predictive 

model was able to explain 90% of data variation. 

Mixture contour plot in Figure 3 presents the effect of 

emulsion formulation on creaming stability of oil-in-

water emulsions. Creaming stability increased from 

~40% to ~100% as the concentration of pea protein 

increased from 0 to 2%. Emulsions produced with 2% 

pea protein showed the highest creaming stability. 

Increase in creaming stability with increased pea protein 

concentration was found to be in accordance with the 

results observed for mean droplet size. Ye [25] also 

reported increased creaming stability with increasing 

protein concentration up to 2%. However, creaming 

stability was reported to decrease when the protein 

concentration was increased further. On the other hand, 

Hu et al [26] reported that optimum interfacial protein 

concentration and stability was achieved at 3% protein 
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concentration in soy protein-stabilized emulsions. 

Increased emulsion stability with increasing protein 

concentration observed at relatively low protein 

concentrations is attributed to increased concentration of 

interfacial adsorbed proteins, reduction of droplet size 

and increased viscosity which slow down phase 

separation [13, 23]. Interfacial protein concentration and 

droplet size are indicated to be the main factors affecting 

emulsion stability [25]. 
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Figure 3. Mixture contour plot of creaming stability of 

oil-in-water emulsions. 

4. Conclusion 

 

Emulsion formulation had a significant effect on mean 

droplet size and creaming stability of oil-in-water 

emulsions stabilized by pea protein. Droplet size 

decreased and creaming stability increased with 

increasing pea protein concentration. The findings of this 

study indicate that pea protein can be utilized as an 

effective emulsifier for oil-in-water emulsions at low oil 

concentration. Further research is required to elucidate 

the effect of other formulation parameters such as oil 

concentration and type on characteristics of pea protein-

stabilized oil-in-water emulsions. 
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