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Abstract. Most of the essential oils extracted from various plants has a great potential to be used
as a natural source of antimicrobial agent. These natural antimicrobials compounds are poorly
soluble or lipophilic and thus required surfactant and co-surfactant to make them stable and boost
up their efficacy as a food preservative. Regarding to these problems colloidal delivery systems
based on microemulsions or nanoemulsions are increasingly being utilized in the food and
pharmaceutical industries to encapsulate, protect, and deliver lipophilic bioactive components
affectively. Unfortunately, in major foods and pharmaceutical industry, ternary food grade
surfactant (such as tween-20, tween-80 span-80) were commonly being selected to be used along
with pH adjustments compared to another available natural surfactants such as sodium caseinate,
gelatin and lecithin. The objective of this review is to present briefly the possible applications of
these novel systems of nanoemulsion and microemulsions using recent methods and techniques.
Review on journal related on formation of emulsion systems applied in industries especially on
foods and beverages had been done. For example, review had been done on journal discussed on
application of essential oil as a flavor in beverages, application of microemulsion system as
delivery system in natural food coloring in food products as well as oil loaded microemulsion
and its potential to be used as a natural food preservative. All method used in the journal has
been reviewed, analyzed and improvised for a better further application.

1. Introduction

Processed, packaged, refined, and conveniences foods were directly related with food sustainability
issues. These strategies had been used to prolong shelf-life, freshness, improve and maintained
nutritional values of food product, assist in transportation as well as to overcoming food starving.
Because of the costing, stability and availability issues, artificial and synthetic preservatives being
highly demanded by most of the food manufactures compared to application of natural preservatives.
Nowadays, hundreds of approved additives had been listed by the U. S. Food and Drug Administration
(FDA). Unfortunately, the studies on its safety for consumption that existed were often inadequate to
assess the degree of health risks. Food toxicity and its health-related issues are becoming nearly every
day occurrences, leaving consumer to wonder if our food system is designed to kill us.

However, the main constrains in using natural food preservatives were its stability, availability and
production cost. As for example, antimicrobial properties of lemongrass essential oil increase their
potential to be use as natural preservatives for food products. Unfortunately, it will be unstable
(separation and cloudiness occur) once simply added into beverages and another water-based product.
These stability problems influenced the effectiveness of antimicrobial activities towards product system.
Furthermore, oil extraction process involved high technology machines with high electrical voltages and
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bulk raw materials required for small amount of output. These processes increased the value and market
price rate. Regarding to these issues, application of emulsion helps in delivering high-value functional
ingredients in the food system efficiently. Through encapsulation and dispersion technologies, the
optimal targeted performance at the lowest concentrations would be achieved . Thus, study on
development and application of stable food preservative for specific food product involving various
sources of natural antimicrobials were in increasing-trend.

2. Types and characteristics of emulsion applied in food products

Emulsions technology known as microemulsion, nanoemulsion, and microemulsion could be developed
into either water in oil (W/O) emulsion or oil in water (O/W) emulsion types (Refer figure 2). Figure 1
showed the specific size range for each emulsion groups. Each droplet sizes and types of emulsion will
directly affect their suitability in food application. As for example, water in oil emulsion suited for oil-
based food such as butter cream while oil in water emulsion suited for water-based product such as
beverages.

oil
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Figure 1. Types and typical droplet diameter Figure 2. Schematic representation of water in
sizes of macroemulsion, nanoemulsion and oil (left) and oil in water (right) macroemulsions.
microemulsion. Sources: [1]. Sources: [1].

2.1. Macroemulsion

Macroemulsion was characterized under the largest size range of emulsion droplet. Droplet size of
macroemulsion is larger than 400nm which make it grouped under course emulsion. Physically, it was
characterized with creamy, sticky but flowable liquid. It can be form into either water in oil (W/O) or
oil in water (O/W) types.

2.2. Nanoemulsion

Nanoemulsion was characterized under the medium size range of emulsion droplet. Droplet size of
macroemulsion was ranged from 100nm to 400nm. Physically, it was characterized with either
translucent or transparent and flowable liquid. Compared to microemulsion, nanoemulsion is
thermodynamically unstable as they would react with surrounding temperature exchanged hence affect
their cloudiness. For example, nanoemulsion might be affected by heat exchanges during heat treatment
in food preparation process. During heating and high-shear rate mixing, nanoemulsion would be
appeared slightly turbid in color hence become transparent once fully cold-down. It was completely
different with microemulsion system that able to stay transparent and static with 1 phase of liquid in
various surrounding temperature.

2.3. Microemulsion

Microemulsion was characterized under the smallest size range of emulsion droplet. Droplet size of
microemulsion was ranged from 10nm to 100nm. Physically, it was characterized as transparent and
flowable liquid. It can be form into either water in oil (W/O) or oil in water (O/W) microemulsion types.
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Microemulsion was thermodynamically stable thus make it physically stable under various temperature
conditions. Besides, compared to another emulsions, microemulsion is very easy to prepare and scale
up due to spontaneous formation ability. This system raised the absorption rate of bio-active compounds
as well as boost-up bio-availability by eliminating interfering variations. Besides, this system improved
solubility of lipophilic bio-active compounds. It thermodynamically stable characteristics make them
more stable compared to conventional and hence suitable for long term use. Unfortunately, additional
use of excess amount of surfactant and co-surfactant increases cost of preparation. Furthermore, excess
concentration of surfactants can lead to mucosal toxicity.

3. Major components of emulsion

Perfect emulsion formation might include interaction between three major components which are oil,
surfactant as well as co-surfactant. Table 1 below summarized the emulsion’s component and their
examples.

Table 1. Major components in emulsion system with their examples

Oil

Surfactant

Co-surfactant

Saturated fatty acid-lauric

acid, myristic acid, capric

acid

e Unsaturated fatty acid-
oleic acid, linoleic acid,
linolenic acid

e Fatty acid ester-ethyl or
methyl esters of lauric,
myristic and oleic acid.

o Example: (GlycerylMono-

anddicaprate,

isopropylmyristate,

sunflower o0il, soyabean

oil, ~ Labrafac  ®CC),

surfactant (Cremophor

®EL, Labrasol®)

e Polyoxyethylene/Polysorbate/Tween
20,40,60,80

e Sorbitan Monolaurate (Span)

e Soybean lecithin

e Egg lecithin

e Lyso lecithin

e Sodium dodecyl sulphate (SDS)

e Sodium bis (2—ethylhexyl)
sulphosuccinate (Aerosol OT)

e Dioctyl sodium sulphosuccinate

e Sodium deoxycholate

e Labrasol (Polyethylene
caprylic acid)

o TritonX—100

glycol-8—

e Ethanol, propanol,
Isopropanol, butanol,
pentanol, hexanol, sorbitol, n—
pentanoic acid, n—hexanoic
acid,  n—butylamine,  sec,
butylamine, 2-aminopentane,
1,2-butanediol, Propylene
glycol.

e Cremophor RH40 (polyoxyl
40 hydrogenated castrol oil)

o Plurololeique (polyglyceryl—
6—dioleate)

e Plurolisostearique (isostearic
acid of polyglycerol)

e Distearoylphosphatidyl
ethanolamine—N-poly
(ethyleneglucol)2000 (DSPE—
PEG)

e Poloxamer

o Polyoxythylene—10-oelyl
ether (Brij 96V)

e Polysorbate 80 (Tween80)

e Span 20

e Sodium monohexyl phosphate

e Sodium monooctyl phosphate

o N,N-Dimethyl
dodecylamine—N-oxide
(DDNO)

o N,N-Dimethyl
N-oxide (DONO)

e Cinnamic alcohol

o Cinnamic aldehyde

octylamine—

3.1. Oil

Sources [2], [3], [4], [5], [6] & [7]
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Oil is a lipophilic bio-active compound that completely blended in emulsion system, which then help
them to be safely and effectively delivered into a targeted food system hence act as a food preservative.
In emulsion technology for development of natural food preservative, organic and lipophilic essential
oil widely being used as a source of natural antimicrobial agent in processed foods. Through emulsion
technology, antimicrobial compound such as thymol and limonene from essential oil could be added
into beverages product by improving the oil stability. Besides, trending in using essential oil as a food
preservative was directly related to food safety and awareness. Oil loaded emulsions is being used as an
alternative of synthetic food preservative as well as to improve food safety.

3.2. Surfactant

In general, surfactant is a substance that help to reduced interfacial tension between two
immiscible liquids in colloidal system. Surfactant could be found from natural sources or
artificially produced and it has been used to promote the physicochemical stability of major
food system. Normally, industries used artificial surfactant known as tween-80, tween-20, and
span-80 in production of all oil-based liquid flavouring, coloring, and other food additives. With
these surfactant, microemulsion and nanoemulsion system would be developed with high-
stability of its physicochemical characteristics as well as increased its potential to be used as an
efficient preservative compared to solo-application of lipophilic compounds.

3.3. Co-surfactant

Co-surfactant used to support surfactant’s function and improve the stability of colloidal
system. It would help in dispersion of two immiscible liquids as well as give protection for
carried bio-active compounds from being easily degraded during food processing phases. Thus,
availability of bio-active compound would be long-lasting in food system and then efficiently
preserve the foods or beverages well. Bioactive compound such as essential oils, usually
consisted of volatile compound hence make them easily to be evaporated into the exposed air.
Thus, through microemulsion system, the oil (with natural antimicrobial compounds) can be
fully dispersed and homogenized in water-based product which then help in preservation
efficacy.

4. Application of emulsion technology as a delivery system for lipophilic and high-value
components in food and beverages.

In order to optimize preservative action of bio-active components from extracted oil, researchers studied
on various type of potential surfactants and co-surfactants used for specific food and beverages product.
They also came out with the list of preparation methods and conditions applied to develop a
physicochemically stable of macroemulsion, nanoemulsion and microemulsion. Table 2 below
summarized the recent application of emulsion technology as a delivery system for lipophilic and high-
value components in various food and beverages product.
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5. Conclusion

Microemulsion technology has been applied on laundry, cosmetic, as well as various food-
types industries. It has been well-known delivery system according to their effectiveness and
high stability when combined with another components. With microemulsion system,
lipophilic water-insoluble component and hydrophilic water-soluble components could be
well-solubilized in water-based substances as well as oil-based substances respectively. It will
lead to the development of fine combination between two immiscible substances that
complemented each other. For safety purpose and future awareness, replacement of these
ternary food grade by suitable natural emulsifier ingredients is highly recommended.
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