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Abstract 

 

Beverage emulsions are systems that are composed of two liquids including oil and water 

which are prepared by homogenizing oil phase in an acidic aqueous phase. They must be 

stable in both concentrated and diluted form for a period of 6-12 months upon standing at 

room temperature. Two immiscible phases contained systems are thermodynamically unsta-

ble. In other words, they are vulnerable to break down over time by different process such as 

flocculation, coalescence, gravitational separation, phase inversion and ostwald ripening. 

The rate of destabilization depends on physicochemical properties of two phases, interfacial 

layer characteristic and the components present in both continuous and dispersed phase. 

However, beverage emulsions are thermodynamically unstable; it is possible to make it ki-

netically stable using an appropriate emulsifier with respect to emulsion properties, change 

the dispersed phase characteristic in a way that retards its upward movement. In this article, 

the most common factors affected on beverage oil-in-water emulsion stability are reviewed. 

We will also introduce some solutions to improve beverage emulsion stability. 

 
 

Introduction

 

Beverage emulsions are classified as oil-in-water (o/w) 

emulsions that are prepared in concentrated form, then it 

must be diluted in sugar solution to make final product for 

consumer's consumption. Beverage emulsions must be 

stable in both concentrated and diluted form for a period of 

6–12 months upon standing at room temperature (Rezvani 

et al., 2012).  

Oil-in-water emulsions are systems that are composed of 

two immiscible liquids including oil and water (Farzi et al., 

2013). In other words they consist of small spherical oil 

droplets in another immiscible aqueous phase  

(McClements, 2000). Generally, emulsions are called 

thermodynamically unstable systems due to the increase in 

interfacial area following emulsification. Hence, after 

enough time they will collapse, as the two phases attempt 

to minimize the contact area (Klinkesorn et al., 2004).  
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Emulsion physical breakage is mainly due to creaming, 

flocculation, coalescence, gravitational separation, phase 

inversion and ostwald ripening. It should be noted that lipid 

oxidation will also enhance emulsion physical instability 

due to oil droplet aggregation through free radical mecha-

nism (Mosca et al., 2013). However, emulsions are ther-

modynamically unstable, it is possible to form kinetically 

stable (metastable) one for a reasonable period of time, if 

their destabilization rate is adequately low in comparison 

with the expended lifespan (Mirhosseini et al., 2009), by 

adding substances known as emulsifiers and/or thickening 

agents prior to homogenization (McClements, 2000) in 

order to increase the activation energy of the system 

(Dombrowski et al., 2007). The term “emulsion stability”  

has been described as emulsion aptitude to resist changes  

in its properties over time, either chemically or physically. 

Since beverage emulsions physical stability affect  

its acceptance by the consumers and its long term
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stability depends on the rate and extent of changes occurs 

in its structure and properties, the aim of this review article 

is to determine internal factors which affect beverage 

emulsions stability. However, environmental conditions of 

an emulsion experienced during its shelf life are important, 

too. 

 

Interfacial characteristic 

Oil-in-water emulsions are generally stabilized by two 

main types of molecular emulsifying agents: small mole-

cule surfactants and water-soluble polymers  (Dickinson et 

al., 1993) which are called emulsifier and thickening agent, 

respectively (Farzi et al., 2013). Emulsifiers are compound 

absorbed to the surface of freshly formed droplets and form 

a protective membrane which prevents them from unifica-

tion. In other words, an emulsifier containing emulsion can 

be considered as three distinct sections: the continuous 

phase, the interior of dispersed phase and the interfacial 

region. The narrow region interface surrounding each 

emulsion droplet is a mixture of oil, water and emulsifier 

molecules (Mollakhalili and Mohammadifar, 2014). 

The characteristic of layer that is called “interfacial lay-

er” controls the physicochemical and functional properties 

of emulsion (Dickinson, 2003; Jeon et al., 1999; Mosca et 

al., 2013; Xu et al., 2012). These characteristics such as 

thickness, charge, packing and polarity are determined by 

selecting an appropriate emulsifier with respect to emul-

sion condition (Palazolo et al., 2005). Hydrocolloids are 

mainly chosen on the basis of their applications in oil-in-

water beverage emulsions. Generally, suitable hydrocol-

loids, are high–soluble in cold water, have low viscosity in 

solution, high emulsifying capacity and no thickening ef-

fect. Amphiphilic polysaccharides such as gum Arabic and 

modified starch are the most commonly used hydrocolloids 

in beverage emulsions (Klein et al., 2010). These hydrocol-

loids are surface active and absorb to interfaces between oil 

and water and facilitate the production of small droplets by 

lowering the interfacial tension during homogenization 

(Taherian et al., 2008). 

 

Thickness 

Immediately after emulsion formation, its stability is de-

termined by the strength/range of the repulsive interactions 

between pairs of closely approaching droplet surfaces 

(Dickinson, 2009; Dickinson et al., 1993). Except at very 

low ionic strength that long ranged electrostatic repulsion 

is important, the physical space occupied by the interfacial 

layer determines the minimum inter droplet separation. The 

thickness of absorbed monolayer also influences on the 

oxidative stability of an emulsion  (Decker et al., 2010; 

Dickinson, 2009). Lipid oxidation leads to the development 

of surface-active reaction products which may be compe-

tent to emulsifier displacing from the droplet surface with 

promoting emulsion instability. This membrane acts as a 

barrier to the penetration and diffusion of molecular spe-

cies that initiate lipid oxidation into the droplets. The rela-

tive thickness of films between pairs of droplets will be in 

the order of: 

particles>hydrocolloids>proteins>surfactants 

 

Droplet charge 

Oil droplet aggregation will be prevented in electro stati-

cally stabilized emulsions, if the droplet surface charges 

are more negative than -30 mV or more positive than +30 

mV (Surh et al., 2006). The droplet charge will also influ-

ences on the lipid oxidation. It has been shown that lipid 

oxidation rate is the highest one for negatively charged 

droplets both in metal catalyzed oxidation and in the ab-

sence of added metal  (Yi et al., 2014). However, un-

charged and positively charged are not such susceptible to 

lipid oxidation which may be due to the repulsive effect of 

positive charge and it may have different trends in a long 

time enough for a significant amount of oxidation have 

occurred (McClements and Decker, 2000; Osborn and 

Akoh, 2004). 

 

Packing 

Emulsifier packing density at the oil-water interface in 

oil-in-water emulsion is influenced by physical and chemi-

cal properties of surfactant. It can have an impact on the 

passing of oxygen, free radicals and pro oxidants through 

the interfacial layer  (Waraho et al., 2011a; Waraho et al., 

2011b). As a result, it will be an important parameter in 

determining the chemical and physical stability of oil-in-

water emulsion. Increasing the packaging degree at the 

interface also decreases the surface energy. Therefore, it 

will improve the emulsion stability (Parker et al., 2003). 

 

Dispersed phase characteristic 

Droplet size 

Droplet diameter is a key parameter in determining  

oil-in-water emulsion stability according to Stokes law. In  

fact, there is a direct correlation between oil droplet diame-

ter and emulsion stability. In an emulsion, droplet size  

presented by volume and number mean diameters which 

are sensitive to volume and number of particles in system, 

respectively (Karimi and Mohammadifar, 2014). In  

addition to droplet diameter, particle size distribution  

is also important for beverage emulsions. Since  

beverage emulsions mainly contain flavor agents  

which have small chain fatty acids, dissolvable in
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continuous aqueous phase, it is possible to pass through 

continuous phase and merge in larger droplet. This will 

increase oil-in-water emulsion instability due to ostwald 

ripening. In order to evaluate the emulsion stability, one 

way is to measure particle size distribution changes during 

time  (Dickinson et al., 1991; Drelich et al., 2010). Reduc-

ing droplets size will enhance the emulsion stability in a 

way that emulsions by droplet diameter below 100 nm are 

called micro emulsion and are thermodynamically stable 

(McClements, 2000). Higher stability of smaller dispersed 

phase diameter containing emulsion could be perceived for 

at least two reasons which the first one is destabilizing 

processes such as coalescence that cause an increase in 

droplet size, the second one is “ageing” that decreases the 

stability of some emulsions significantly  (Maia Filho et 

al., 2012).  

It should be noted that lipid oxidation is accelerated by 

reaction that take place at the surface of emulsion droplets. 

So, smaller droplet size will increase its tendency to lipid 

oxidation because of their larger surface areas per unit vol-

ume (Osborn and Akoh, 2004). It is worthy to note that 

particle size distribution mainly determined by homogeniz-

ing process and is out of our control. 

 

Dispersed phase volume fraction 

Dispersed phase volume fraction plays an important role 

in increasing emulsion viscosity and its stability toward 

creaming. Increasing the oil phase volume fraction in an 

oil-in-water emulsion promotes the emulsion stability due 

to enhanced packing fraction of oil droplets (Dickinson et 

al., 2003; Soleimanpour et al., 2013). The attractive forces 

between droplets drive the formation of flocs that can be 

inhibited using an appropriate emulsifier to enhance the 

steric and electrostatic repulsion (Intarasirisawat et al., 

2014). 

Study of the effect of oil phase volume fraction on lipid 

oxidation in an oil-in-water emulsion revealed that decreas-

ing oil phase volume fraction enhanced lipid oxidation and 

emulsion instability. This fact may be due to an increased 

generated radicals per droplet (McClements and Decker, 

2000). It should be noted that study of the effect of dis-

persed phase concentration on the auto oxidation and en-

zymatic oxidation indicated the same results (Roozen et al., 

1994). 

 

Dispersed phase physical state 

The stability of emulsion is influenced by its dispersed 

phase physical state. Solid state dispersed phase is less 

stable toward oxidation, because during crystallization, 

components putted in dispersed phase migrate to the sur-

face of droplets and make it less resistant to lipid oxidation 

(Cornacchia and Roos, 2011).  

The dispersed phase physical state in an emulsion can in-

fluence on a number of its most important bulk physico-

chemical and organoleptic properties, including appear-

ance, rheology, flavor and aroma in addition to its stability. 

 

Density 

The ingredients used to form the oil phase in beverage 

emulsions are mainly pure and deodorized oil (canola, co-

conut, and corn oils). These oils are very rich in low mo-

lecular weight fatty acids, so there is a difference between 

oil and aqueous phase density. According to Stokes law, 

the velocity at which a droplet moves is directly propor-

tional to the density difference between oil and water phas-

es. In order to prevent creaming and phase separation due 

to density difference between oil and water, weighting 

agents are added to oil phase (Mirhosseini et al., 2008; 

Paraskevopoulou et al., 2009).  

Weighting agents (density-adjusting agents) are lipo-

philic compounds with specific gravity higher than that of 

water and have a restricted use because of the perceived 

health risk disadvantages, undesirable taste, and so oxida-

tive instability (Cornacchia and Roos, 2011; Taherian et 

al., 2006).  

However, restricted concentration of weighting agents 

may enhance the gravitational separation by changes in 

average droplet size induced via the aggregation of oil 

droplets and the changes in the refractive index of oil phase 

and aqueous phase. As a result, many authors attempt to 

stabilize beverage emulsions through modification of water 

phase. 

 

Continuous phase characteristic 

The stability of many food emulsions is usually deter-

mined by the rheological properties of the two phases. The 

creaming of oil droplets in beverage emulsions is also 

strongly dependent on the rheological properties of the 

continuous aqueous phase.  

Viscosity enhancement using hydrocolloids modifies the 

texture and mouth feel of food products as well as reducing 

the rate at which particles cream or sediment. Hydrocol-

loids stabilize the emulsion through viscosity effect, steric 

hindrance, and electrostatic interactions. The concentration 

of hydrocolloid to enhance emulsion stability must be cal-

culated carefully, since at a certain concentration it will 

enhance emulsion instability via depletion flocculation 

(McClements, 2000).  

Addition of high molecular weight hydrocolloids capable 

of modifying the rheological properties of aqueous phase 

could improve the quality of beverage emulsions. For in-

stance, the addition of 0.3% (w/w) xanthan gum to the 

emulsions, stabilized by modified starch, could reduce the 
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overall average particle size and polydispersity (an index 

for the range of particle size distribution) and enhance the 

shelf stability of the beverage emulsions. This function is 

due to the formation of aggregates by xanthan gum and 

reversible shear thinning viscosity of the emulsions. 

 

Conclusion 

In this overview, the factors affecting the beverage emul-

sions stability were explained. The importance of particle 

size distribution and rheological properties of water phase 

and emulsions on stability of beverage emulsions were 

highlighted. It was revealed that the modification of rheo-

logical characteristic of continuous aqueous phase can play 

an important role in relation to the storage stability of bev-

erage emulsions. When the steric stabilization mechanism 

is dominant, the type of hydrocolloid, its concentration, 

and combination are responsible for rheological properties 

of emulsions.  

It is concluded that beverage emulsions stability depends 

on its composition and microstructure, as well as the envi-

ronmental conditions experiences during its lifetime (e.g., 

temperature variations, mechanical agitation, and storage 

conditions). It should be noted that selecting an appropriate 

emulsifier with respect to emulsion properties is important 

to create a kinetically stable emulsion. 

 

Conflicts of interest 

None declared. 

 

Acknowledgement 

   We would like to acknowledge the support of National 

Nutrition and Food Technology Research Institute, Tehran, 

Iran. 

 

References 

Cornacchia L., Roos Y.H. (2011). Lipid and water crystallization in 

protein-stabilised oil-in-water emulsions. Food Hydrocolloids. 

25: 1726-1736. 

Decker E., Alamed J., Castro I. (2010). Interaction between polar 

components and the degree of unsaturation of fatty acids on the 

oxidative stability of emulsions. Journal of the American Oil 

Chemists' Society. 87: 771-780. 

Dickinson E. (2003). Hydrocolloids at interfaces and the influence on 

the properties of dispersed systems. Food Hydrocolloids. 17: 25-

39. 

Dickinson E. (2009). Hydrocolloids as emulsifiers and emulsion stabi-

lizers. Food Hydrocolloids. 23: 1473-1482. 

Dickinson E., Galazka V.B., Anderson D.M.W. (1991). Emulsifying 

behaviour of gum arabic. Part 1: Effect of the nature of the oil 

phase on the emulsion droplet-size distribution. Carbohydrate 

Polymers. 14: 373-383. 

Dickinson E., Horne D.S., Richardson R.M. (1993). Neutron reflectiv-

ity study of the competitive adsorption of β-casein and water-

soluble surfactant at the planar air-water interface. Food Hydro-

colloids. 7: 497-505. 

Dickinson E., Radford S.J., Golding M. (2003). Stability and rheology 

of emulsions containing sodium caseinate: combined effects of 

ionic calcium and non-ionic surfactant. Food Hydrocolloids. 17: 

211-220. 

Dombrowski R.D., Litster J.D., Wagner N.J., He Y. (2007). Crystalli-

zation of alpha-lactose monohydrate in a drop-based microfluidic 

crystallizer. Chemical Engineering Science. 62: 4802-4810. 

Drelich A., Gomez F., Clausse D., Pezron I. (2010). Evolution of 

water-in-oil  emulsions  stabilized  with solid particles: Influence 

of added emulsifier. Colloids and Surfaces A: Physicochemical 

and Engineering Aspects. 365: 171-177. 

Farzi M., Emam-djomeh Z., Mohammadifar M.A. (2013). A compara-

tive study on the emulsifying properties of various species of 

gum tragacanth. International Journal of Biological Macromole-

cules. 57: 76-82. 

Intarasirisawat R., Benjakul S., Visessanguan W. (2014). Stability of 

emulsion containing skipjack roe protein hydrolysate modified 

by oxidised tannic acid. Food Hydrocolloids. 41: 146-155. 

Jeon Y.J., Byun H.G., Kim S.K. (1999). Improvement of functional 

properties of cod frame protein hydrolysates using ultrafiltration 

membranes. Process Biochemistry. 35: 471-478. 

Karimi N., Mohammadifar M.A. (2014). Role of water soluble and 

water swellable fractions of gum tragacanth on stability and 

characteristic of model oil in water emulsion. Food Hydrocol-

loids. 37:124-133. 

Klein M., Aserin A., Svitov I., Garti N. (2010). Enhanced stabilization 

of cloudy emulsions with gum Arabic and whey protein isolate. 

Colloids and Surfaces B: Biointerfaces. 77: 75-81. 

Klinkesorn U., Sophanodora P., Chinachoti P., McClements D. (2004). 

Stability and rheology of corn oil-in-water emulsions containing 

maltodextrin. Food Research International. 37: 851-859. 

Maia Filo D.C., Ramnalho J.B.V.S., Spinelly L.S., Lucas E.F. (2012). 

Aging of water-in-crude oil emulsions: Effect on water content, 

droplet size distribution, dynamic viscosity and stability. Col-

loids and Surfaces A: Physicochemical and Engineering Aspects. 

396: 208-212. 

McClements D.J. (2000). Comments on viscosity enhancement and 

depletion flocculation by polysaccharides. Food Hydrocolloids. 

14: 173-177. 

McClements D.J., Decker E.A. (2000). Lipid oxidation in oil-in-water 

emulsions: Impact of molecular environment on chemical reac-

tions in heterogeneous food systems. Journal of Food Science. 

65: 1270-1282. 

Mirhosseini H., Tan C.P., Hamid N.S.A., Yusof S. (2008). Optimiza-

tion of the contents of Arabic gum, xanthan gum and orange oil 

affecting turbidity, average particle size, polydispersity index and 

density in orange beverage emulsion. Food Hydrocolloids. 22: 

1212-1223. 

Mirhosseini H., Tan C.P., Hamid N.S.A., Yusof S., Chern B.H. 

(2009). Characterization of the influence of main emulsion com-

ponents on the physicochemical properties of orange beverage 

emulsion using response surface methodology. Food Hydrocol-

loids. 23: 271-280. 

Mollakhalili Meybodi N., Mohammadifar M.A. (2014). Effect of 

irradiated gum Tragacanth on rheological properties of oil in wa-

ter emulsion. Journal of Food Quality and Hazards Control. 2: 

46-51. 

Mosca M., Cuomo F., Lopez F., Ceglie A. (2013). Role of emulsifier 

layer, antioxidants and radical initiators in the oxidation of olive 

oil-in-water emulsions. Food Research International. 50: 377-

383. 

Osborn H.T., Akoh C.C. (2004). Effect of emulsifier type, droplet 

size, and oil concentration on lipid oxidation in structured lipid-

based oil-in-water emulsions. Food Chemistry. 84: 451-456. 

Palazolo G.G., Sorgentini D.A., Wagner J.R. (2005). Coalescence and 

flocculation in o/w emulsions of native and denatured whey soy 

proteins in comparison with soy protein isolates. Food Hydrocol-

loids. 19: 595-604. 

Paraskevopoulou A., Tsoukala A., Kiosseoglou V. (2009). Monitoring 

air/liquid partition of mastic gum oil volatiles in model alcoholic 

beverage emulsions: Effect of emulsion composition and oil 

droplet size. Food Hydrocolloids. 23: 1139-1148.  

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-0
7-

14
 ]

 

                               4 / 5

https://jfqhc.ssu.ac.ir/article-1-68-en.html


Journal of Food Quality and Hazards Control 1 (2014) 67-71 

 

71 
Journal website: http://jfqhc.ssu.ac.ir 

 

Parker S.L., Parker M.S., Buschauer A., Balasubramaniam A. (2003). 

Ligand internalization by cloned neuropeptide Y Y5 receptors 

excludes Y2 and Y4 receptor-selective peptides. European Jour-

nal of Pharmacology. 474: 31-42. 

Rezvani E., Scheining G., Taherian A.R. (2012). Assessment of physi-

cal and mechanical properties of orange oil-in-water beverage 

emulsions using response surface methodology. LWT - Food Sci-

ence and Technology. 48: 82-88. 

Roozen J.P., Frankei E.N., Kinsella J.E. (1994). Enzymic and autoxi-

dation of lipids in low fat foods: model of linoleic acid in emulsi-

fied hexadecane. Food Chemistry. 50: 33-38. 

Soleimanpour M., Koocheki A., Kadoda R. (2013). Influence of main 

emulsion components on the physical properties of corn oil in 

water emulsion: Effect of oil volume fraction, whey protein con-

centrate and Lepidium perfoliatum seed gum. Food Research In-

ternational. 5: 457-466. 

Surh J., Decker E.A., McClements D.J. (2006). Influence of pH and 

pectin type on properties and stability of sodium-caseinate stabi-

lized  oil-in-water  emulsions.  Food Hydrocolloids.  20: 607-

618. 

Taherian A.R., Fustier P., Britten Ramaswamy H.S. (2008). Rheology 

and Stability of Beverage Emulsions in the Presence and bsence 

of Weighting Agents: A Review. Food Biophysics. 3: 279-286. 

Taherian A.R., Fustier P., Ramaswamy H.S. (2006). Effect of added 

oil and modified starch on rheological properties, droplet size 

distribution, opacity and stability of beverage cloud emulsions. 

Journal of Food Engineering. 77: 687-696. 

Waraho T., McClements D.J., Decker E.A. (2011a). Impact of free 

fatty acid concentration and structure on lipid oxidation in oil-in-

water emulsions. Food Chemistry. 129: 854-859. 

Waraho T., McClements D.J., Decker E.A. (2011b). Mechanisms of 

lipid oxidation in food dispersions. Trends in Food Science & 

Technology. 22: 3-13. 

Xu D., Wang X., Jiang J., Yuan F., Gao Y. (2012). Impact of whey 

protein–Beet pectin conjugation on the physicochemical stability 

of β-carotene emulsions. Food Hydrocolloids. 28: 258-266. 

Yi J., Zhu Z., McClements D.J., Decker E.A. (2014). Influence of 

aqueous phase emulsifiers on lipid oxidation in water-in-walnut 

oil emulsions. Journal of Agricultural and Food Chemistry. 62: 

2104-2111.

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-0
7-

14
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://jfqhc.ssu.ac.ir/article-1-68-en.html
http://www.tcpdf.org

