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ABSTRACT 

The food contains many bioactive compounds like pigments, flavours, enzymes, vitamin etc. those are susceptible to degradation 
due to light, heat and oxygen. Encapsulation is one of the best methods to extend the shelf life these bioactive components. In 
encapsulation, choosing of encapsulating or carrier materials is important step. This review paper gives insight on different carrier 
materials can be used encapsulation of bioactive components of food materials. The different encapsulation materials i.e. 
carbohydrates, protein and lipid based are discussed in the paper. This review can be useful for the researchers and industrial 
people to choose best encapsulating materials for their bioactive components. 
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INTRODUCTION 

ow a day, the awareness of consumers towards 
eating and its health benefits to maintain good 
health is increasing. Preventing illness by diet is a 

unique opportunity for innovative so-called functional 
foods1. These products often present new challenges to 
the food technologist. Existing and new ingredients need 
to be incorporated into food systems, in which they 
slowly degrade and lose their activity, or become 
hazardous, by oxidation reactions. Ingredients can also 
react with components present in the food system, which 
may limit bioavailability, or change the colour or taste of 
a product. In many cases, microencapsulation can be 
used to overcome these challenges. 

Microencapsulation is the envelopment of small solid 
particles, liquid droplets or gases in a coating2. 
Microcapsules are small (1–1000 μm) and can have many 
morphologies. In general, one can distinguish between 
mononuclear capsules, which have one core enveloped 
by a shell, and aggregates, which have many cores 
embedded in a matrix. 

The shell or matrix materials are usually polymers. These 
carrier materials are commonly referred to as the internal 
phase, the core material, the filler or the fill. The 
encapsulation material is known as the external phase, 
the shell, coating or membrane

3
. Bioactive compounds in 

foods are chemically unstable. 

These compounds are undergoes degradation, migration, 
transformation and they may lose their bioactivity during 
storage, food processing or food packaging or 
transportation4. 

Carrier materials can be made from a variety of 
polysaccharides (i.e. cellulose, starch, chitin alginates, 
pectin), proteins (i.e. gelatine, corn zein, wheat gluten, 
soy protein, casein, keratin, collagen, whey), lipids (i.e. 

wax and oil based coating, fatty acids and mono-
glycerides, reins and rosins, emulsions, composite bilayer 
coating consisting of polysaccharides, protein and lipids). 

The paper will be focused on different carrier materials 
used for encapsulation of bioactive food components. 

Carrier/Encapsulating Materials of Different Origins 

Encapsulant materials like proteins, carbohydrates and 
lipids are depicted in Table 1, which may be used in alone 
or in combination to improve efficiency. The materials 
chosen as encapsulants are typically film forming, pliable, 
odourless, tasteless and non-hygroscopic. Solubility in 
aqueous solvent or ability to exhibit a phase transition, 
such as melting or gelling, are sometimes attractive, 
depending on the processing requirements for production 
of the microencapsulated ingredient and for when it is 
incorporated into the food product. Other additives, such 
as emulsifiers, plasticisers or defoaming agents, are 
sometimes included in the formulation to tune the final 
product’s characteristics. The encapsulant materials may 
also be modified by physical or chemical means in order 
to achieve the desired functionality of the 
microencapsulation matrix. The choice of encapsulant 
materials is therefore dependent on a number of factors, 
including its physical and chemical properties, its 
compatibility with the target food application and its 
influence on the sensory and aesthetic properties of the 
final food product5-6. 

Carbohydrates Based Encapsulating Materials 

The ability of carbohydrates to form gels and glassy 
matrices has been exploited for microencapsulation of 
bioactive7-8. Starch and starch derivates have been widely 
used for the delivery of sensitive ingredients through 
food9. Chemical modification has made a number of 
starches more suitable as encapsulating for oils by 
increasing their lipophilicity and improving their 
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emulsifying properties. Starch that was hydrophobically 
modified by octenyl succinate anhydride had improved 
emulsification properties compared to the native starch

10-

11
. Acid modification of tapioca starch has been shown to 

improve its encapsulation properties for carotene, 
compared to native starch or maltodextrin

12
. Physical 

modification of starches by heat, shear and pressure has 
also been explored to alter its properties

13
, and the 

modified starch has been used in combination with 
proteins for microencapsulation of oils14. Carbohydrates 
used for microencapsulation of carotene, from sea 
buckthorn juice by ionotropic gelation using furcellaran 
beads, achieved encapsulation efficiency of 97%

15
. 

Interest in using cyclodextrins and cyclodextrin complexes 
for molecular encapsulation of lipophilic bioactive cores is 
on-going, especially in applications where other 
traditional materials do not shows good activity, or where 
the final application can accept the cost of this expensive 
material. The majority of marketable applications for 
cyclodextrins have been for flavour encapsulation and 
packaging films

16
. Proteins are used as encapsulatings 

because of their excellent solubility in water, good 
gelforming, film-forming and emulsifying properties17-18. 

Polysaccharides used for coatings food materials which 
includes cellulose, starch derivatives, pectin derivatives, 
seaweed extracts, exudates gums, microbial fermentation 
gums and chitosan. Polysaccharides are generally very 
hydrophilic resulting in poor water vapor and gas barrier 
properties. Although coatings by polysaccharide polymers 
may not provide a good water vapour barrier, these 
coatings can act as sacrificing agents retarding moisture 
loss from food products19-20. 

Cellulose and its Derivatives 

Cellulose is composed of repeating unit of D-glucose 
which are linked together by ß-1, 4 glycosidic bonds. In 
the structure of cellulose, the hydroxymethyl groups of 
anhydroglucose residues are alternatively located above 
and below the plan of the polymer backbone. The 
polymeric chains and a highly crystalline structure of 
cellulose resist salvation in aqueous media. Water 
solubility can be increased by treating cellulose with alkali 
to swell the structure, followed by reaction with 
chloroacetic acid, methyl chloride or propylene oxide to 
yield carboxymethyl cellulose (CMC), methyl cellulose 
(MC), hydroxypropyl cellulose (HPMC) or hydroxypropyl 
cellulose (HPC) (Figure 1B-1E). MC, HPMC, HPC and CMC 
film possess good film-forming characteristic; films are 
generally odourless and tasteless, flexible and are of 
moderate strength, transparent, resistance to oil and fats, 
water-soluble, moderate to moisture and oxygen 
transmission19. 

MC is the most resistant to water and it is the lowest 
hydrophilic cellulose derivatives20 however, the water 
vapour permeability of cellulose ether film is still 
relatively high. MC and HPMC have the ability to form 
thermally induced gelatinous coating; they have been 
used to retard oil absorption in deep frying food 

products20-21. MC could be applied as coating on 
confectionery products as barrier to lipid migration22. A 
number of researchers have investigated composite films 
composed of MC or HPMC and various kinds of solids, 
such as beeswax and fatty acids

20,23-27
. Many of these 

have water vapour permeability comparable to low 
density polyethylene (LDPE). These composite films were 
all polymer-lipid bilayer formed from aqueous ethanolic 
solutions of cellulose ether fatty acids

28
. 

Chitin and Chitosan 

Chitin is the second most abundant naturally occurring 
biopolymer and is found in the exoskeleton of 
crustaceans, in fungal cell walls and other biological 
materials29. It is mainly poly (ß-(1-4)-2-acetamide-D-
glucose), which is structurally identical to cellulose except 
that secondary hydroxyl on the second carbon atom of 
the hexose repeat unit is replaced by an acetamide group 
(Figure 2A). Chitosan is derived from chitin by 
deacetylation in the presence of alkali. Therefore, 
chitosan is a copolymer consisting of (ß-(1-4)-2-
acetamido-D-glucose and (ß-(1-4)-2-acetamide-D-glucose 
units with the latter usually exceeding 80% (Figure 2B). 
Chitosans are described in terms of the degree of 
deacetylation and average molecular weight and their 
importance resides in their antimicrobial properties in 
conjunction with their cationicity and their-forming 
properties30. Chitosan can form semi-permeable coatings, 
which can modify the internal atmosphere, thereby 
delaying ripening and decreasing transpiration rates in 
fruits and vegetables. Films from aqueous chitosan are 
clear, tough, flexible and good oxygen barriers31-32. 
Carbon dioxide permeability could be improved by 
methylation of polymers. Butler33 observed that films 
from chitosan were rather stable and their mechanical 
and barrier properties changed only slightly during 
storage. Chitosan coatings are usually used on fruit and 
vegetable products like strawberries, cucumbers, bell 
peppers as antimicrobial coating

34-35
, and on apples, 

pears, peaches and plums as gas barrier
36-37

. 

Starch 

Starch is a polymeric carbohydrate made up of anhydrous 
glucose units. Starch is polysaccharides composed of a 
linear chain molecule termed amylase and a branched 
polymer of glucose termed amylopecti

38
. Starches are 

mostly used in food industry. They have been used to 
produce biodegradable films to partially or entirely 
replace plastic polymers because of its low cost and 
renew ability, and it has good mechanical properties39. 
High amylose starch such as corn starch is a good source 
for films formation; free-standing films can be produced 
from aqueous solution of gelatinized amylose and drying. 
Normal corn starch consists of approximately 25% 
amylose and 75% amylopectin. Mutant varies of corn are 
produced which contain starch with up to 85% amylose 
(Whistler and Daniel, 1985). Mark40 reported that films 
produced from high amylose corn starch (71% amylose) 
had no detectable oxygen permeability at RH levels less 
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than 100%. This was true for both unplasticized and 
plasticized (16% glycerol) films41. This result is surprising 
in light of the fact that addition of plasticizers and 
absorption of water molecules by hydrophilic polymers 
increase polymer chain mobility and generally lead to 
increased gas permeability

42
. Partial etherification of 

high-amylose starch with propylene oxide, to yield the 
hydroxypropylated derivative, improves water solubility. 

Agar 

Agar is a hydrophilic colloid consisting of a mixture of 
agarose and agaropectin that have the ability to form 
reversible gels simply by cooling a hot aqueous solution. 
Agar gel melts on heating and resets on cooling. Typical 
gel temperatures of agar for 1.5% solution are in the 
range 35-45oC43 because of its ability to form very hard 
gels at very low concentrations and the simplicity of the 
extraction process

44
, agar has been used extensively as a 

gelling agent in the food industry. However, in despite its 
biodegradability and its enormous gelling power, agar has 
been few used as edible film due to a poor aging. Indeed, 
both photo-degradation and fluctuations in ambient 
temperature and humidity alter agar crystallinity, leading 
to formation of micro-fractures and polymer 
embrittlement45-46. However, it was reported that agar-
based film displays a better moisture barrier properties 
than cassava starch film47. The influence of agar on the 
structure and the functional properties of emulsified 
edible films have been recently studied by Phan48. Gelled 
agar chains can stabilize film-forming emulsion to create 
a macro network. This macro network entraps flattened 
lipid particles improving barrier performance by 
increasing tortuosity. The mechanical properties of agar-
hydrogenated vegetable oil emulsified films are 
comparable with some protein and Low-density 
polyethylene (LDPE) films. 

Alginate 

Alginate is an indigestible biomaterial produced by brown 
seaweeds (Phaeophyceae, mainly Laminaria) therefore it 
may also be viewed as a source of dietary fibre. Alginate 
has a potential to form biopolymer film or coating 
component because of its unique colloidal properties, 
which include thickening, stabilizing, suspending, film 
forming, gel producing, and emulsion stabilizing

49-50
. An 

attractive feature of alginate solutions is the gelling 
capacity in presence of Calcium. Edible films prepared 
from alginate form strong films and exhibit poor water 
resistance because of their hydrophilic nature

51-53
. The 

water permeability and mechanical attributes can be 
considered as moderate compared to synthetic films54. 

Alginate edible-films are appropriated to load additives 
and antibacterial compounds. Good results are obtained 
applying probiotics55 and oil compounds such as garlic 
oil56 and oregano oil57. 

A mixture of starch and alginate to form edible film has 
been studied by Wu58 achieving to improve the 
mechanical properties of film. 

Carrageenan 

Carrageenans are water-soluble polymers with a linear 
chain of partially sulphated galactans, which present high 
potentiality as film-forming material. These sulphated 
polysaccharides are extracted from the cell walls of 
various red seaweeds (Rhodophyceae). Different 
seaweeds produce different carrageenans. The positions 
and numbers of sulfate ester groups are important 
because they are, together with the anhydrogalactose 
bridge, responsible for carrageenan functionality and 
determine a classification in three major types: κ, ι and λ. 
κ- and ι-carrageenans contain the 3,6-anhydro units and 
are used as gelling agents because of their property to 
produce thermo-reversible gels on cooling below the 
critical temperature. λ-Carrageenan, with only 
sulfatedgalactose groups and no anhydrogalactose 
bridge, is a thickening polymer

59
. The use of carrageenan 

as edible films and coatings already covers various fields 
of the food industry such as application on fresh and 
frozen meat, poultry and fish to prevent superficial 
dehydration

60
, sausage-casings

61
, dry solids foods, oily 

foods
62

, etc. Carrageenan film formation includes this 
gelation mechanism during moderate drying, leading to a 
three-dimensional network formed by polysaccharide 
double helices and to a solid film after solvent 
evaporation

63-64
. Recently, carrageenan films were also 

found to be less opaque than those made of starch65. 

Gums 

Gums in edible-forming preparation are used for their 
texturizing capabilities. All gums are polysaccharides 
composed of sugars other than glucose. Gums are 
differentiate in three groups

66
 exudates gums (gum 

Arabic; mesquite gum), the extractive gums (come from 
endosperm of some legume seeds or extracted from the 
wood: guar gum) and the microbial fermentation gums 
(xanthan gum). In edible-forming preparations, guar gum 
is used as a water binder, stabilizer and viscosity builder. 
Gum arabic, owing to its solubility in hot or cold water, is 
the least viscous of the hydrocolloid gums. Xanthan gum 
is readily dispersed in water; hence high consistency is 
obtained rapidly in both hot and cold systems. A blend of 
guar gum, gum arabic and xanthan gum provided uniform 
coatings with good cling and improved adhesion in wet 
batters

67-68
. The coating based from mesquite gum 

preparation and applied to Persian limes provided a 
lowest physiological weight loss, best dark shade green 
colour retention and unaltered physicochemical 
parameters to Persian limes. The mesquite gum forms 
films with excellent water vapour barrier properties when 
small amounts of lipids are added in their formulation69. 
Film-forming polymers based on gum Arabic, showed to 
be an inhibitor of after-cooking darkening of potatoes70. 

Pectin 

Pectin is a heterogeneous grouping of acidic structural 
polysaccharides, found in fruit and vegetables and mainly 
prepared from citrus peel and apple pomace. This 
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complex anionic polysaccharide is composed of β-1, 4-
linked d-galacturonic acid residues, wherein the uronic 
acid carboxyls are either fully (HMP, high methoxy pectin) 
or partially (LMP, low methoxy pectin) methyl esterified. 
Commercial extraction causes extensive degradation of 
the neutral sugar-containing side chains. With Chitosan, 
HMP or LMP forms excellent films. Indeed, the cationic 
nature of chitosan offers the possibility to take advantage 
of the electrostatic interactions with anionic 
polyelectrolytes, such as pectin71-72. The effect of 
antimicrobial plant essential oils such as oregano, lemon 
grass, or cinnamon oil at different concentrations, on 
physical properties of apple puree-pectin based edible 
coatings was reported by Rojas-Grau73. It is also 
interesting to point out the application of LMP based 
edible coatings as a pre-treatment in osmotic dehydration 
for obtaining better dehydration efficiency

74-75
 finally 

recently an investigation demonstrated the prevention of 
crumb ageing of dietetic sucrose-free sponge cake when a 
pectin-containing edible film was used. This sponge cake 
had better preserved freshness, especially up to the fifth 
day of storage

76
. 

Protein Based Encapsulant Materials 

Protein-based microcapsules can be easily rehydrated or 
solubilised in water, which often results in immediate 
release of the core. Proteins are often combined with 
carbohydrates for microencapsulation of oils and oil-
soluble components. In the manufacture of encapsulated 
oil powders, encapsulation efficiency was higher when 
the encapsulation matrix was a mixture of milk proteins 
and carbohydrates, compared to when protein was used 
alone96. Soy protein-based microcapsules of fish oil have 
been cross-linked using transglutaminase to improve the 
stability of the encapsulated fish oil97. Protein-based 
hydrogels are also useful as nutraceuticals delivery 
systems98. The release properties of protein-based 
hydrogels and emulsions may be modulated by coating 
the gelled particles with carbohydrates. A model-sensitive 
core, paprika oleoresin, was encapsulated in 
microspheres of whey proteins and coated with calcium 
alginate to modify the core’s release properties

99
. Whey 

protein-based hydrogels with an alginate coating altered 
the swelling properties of the gelled particles. The 
stability of these particles was improved at neutral and 
acidic conditions both in the presence and absence of 
proteolytic enzymes

100
. Lipids are generally used as 

secondary coating materials applied to primary 
microcapsules or to powdered bioactive cores to improve 
their moisture barrier properties101. 

In their native states, proteins generally exist as either 
fibrous proteins, which are water insoluble and serve as 
the main structural materials of animal tissues, or 
globular proteins, which are soluble in water or aqueous 
solutions of acids, bases or salts and function widely in 
living systems. 

Fibrous proteins are fully extended and associated closely 
with each other in parallel structures, generally through 

hydrogen bonding, to form fibers. The globular proteins 
fold into complicated spherical structures held together 
by a combination of hydrogen, ionic, hydrophobic and 
covalent (disulfide) bonds

102
. The chemical and physical 

properties of these proteins depend on the relative 
amounts of the component amino acid residues and their 
placement along the protein polymer chain. Several 
globular proteins, including wheat gluten, corn zein, soy 
protein, and whey protein, have been investigated for 
their film properties. Protein films are generally formed 
from solutions or dispersions of the protein as the 
solvent/carrier evaporates. The solvent/carrier is 
generally limited to water, ethanol or ethanol-water 
mixtures103. Generally, proteins must be denatured by 
heat, acid, base, and/or solvent in order to form the more 
extended structures that are required for film formation. 
Once extended, protein chains can associate through 
hydrogen, ionic, hydrophobic and covalent bonding. The 
chain-to-chain interaction that produces cohesive films is 
affected by the degree of chain extension and the nature 
and sequence of amino acid residues. Uniform 
distribution of polar, hydrophobic, and/or thiol groups 
along the polymer chain increase the likelihood of the 
respective interactions. Increased polymer chain-to-chain 
interactions resulted in films that are stronger but less 
flexible and less permeable to gases, vapours and 
liquids103. Polymers containing groups that can associate 
through hydrogen or ionic bonding result in films that are 
excellent oxygen barriers but are susceptible to 
moisture104. Thus, protein films are expected to be good 
oxygen barriers at low relative humidity. Various types of 
protein have been used as edible films. These include 
gelatin, casein, whey protein, corn zein, wheat gluten, soy 
protein, mung bean protein, and peanut protein 105. 

Gelatin 

Gelatin is obtained by controlled hydrolysis from the 
fibrous insoluble protein, collagen, which is widely found 
in nature as the major constituent of skin, bones and 
connective tissue. Gelatin is composed of a unique 
sequence of amino acids. The characteristic features of 
gelatin are high content of the amino acids glycine, 
proline and hydroxyproline. Gelatin also has a mixture of 
single and double unfolded chains of hydrophilic 
character

106
. At approximately 40ᵒC, gelatin aqueous 

solutions are in the sol state and form physical, 
thermoreversible gels on cooling. 

During gelation, the chains undergo a conformational 
disorder–order transition and tend to recover the 
collagen triple-helix structure107. 

Gelatin films could be formed from 20-30% gelatin, 10-
30% plasticizer (glycerin or sorbitol) and 40-70% water 
followed by drying the gelatin gel

108
. 

Gelatin is used to encapsulate low moisture or oil phase 
food ingredients and pharmaceuticals. 

Such encapsulation provides protection against oxygen 
and light, as well as defining ingredient amount or drug 
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dosage. In addition, gelatin films have been formed as 
coatings on meats to reduce oxygen, moisture and oil 
transport

109
. 

Zein 

Zein is the most important protein in corn. It is a prolamin 
protein and therefore dissolves in 70–80% ethanol10-111-

112
. Zein is a relatively hydrophobic and thermoplastic 

material. The hydrophobic nature of zein is related to its 
high content of non-polar amino acids

113
. Zein has 

excellent film forming properties and can be used for 
fabrication of biodegradable films. The zein bio-film is 
formed through the development of hydrophobic, 
hydrogen and limited disulfide bonds between zein 
chains114. Edible films can be formed by drying aqueous 
ethanol solution of zein115. Formation of films is believed 
to involve development of hydrophobic, hydrogen and 
limited disulfide bonds between zein chains in the film 
matrix

116
. The resulting films are brittle and therefore 

require plasticizer addition for increasing flexibility117. 
Zein films are relatively good water vapor barriers 
compared to other edible films

114
. Water vapor barrier 

properties can be improved by adding fatty acids or by 
using a cross-linking reagent. But whencross-linking 
agents are used the edibility of those films is of 
concern118. Zein coating have also shown an ability to 
reduce moisture and firmness loss and delay color change 
(reduce oxygen and carbon dioxide transmission) in fresh 
tomatoes119. 

Gluten 

Gluten is a general term for water-insoluble proteins of 
wheat flour which is composed of a mixture of 
polypeptide molecules, considered to be globular 
proteins. Cohesiveness and elasticity of gluten give 
integrity to wheat dough and facilitate film formation. 
Wheat gluten contains the prolamine and glutelin 
fractions of wheat flour proteins, typically referred to as 
gliadin and glutenin, respectively. While gliadin is soluble 
in 70% ethanol, glutenin is not

120
. Although insoluble in 

natural water, wheat gluten dissolves in aqueous 
solutions of high or low pH at low ionic strength121. Edible 
films can be formed by drying aqueous ethanol solution 
of wheat gluten. Cleavage of native disulfide bonds during 
heating of film-forming solutions and then formation of 
new disulfide bonds during film drying are believed to be 
important to the formation of wheat gluten films 
structure, along with hydrogen and hydrophobic 
bonds

120
. Addition of plasticizer such as glycerin in gluten 

films is necessary to improve film flexibility (Gennadios). 
However, increasing film flexibility by increasing sorbitol 
content reduces film strength, elasticity and water vapor 
barrier properties confirmed the effect of wheat gluten 
purity on film appearance and mechanical properties, i.e., 
a greater purity gluten results in a stronger and clearer 
films122. Herald investigated the effect of plasticizer size 
of wheat gluten; films prepared from spray-dried wheat 
gluten were stronger than films from flash-dried which 
had larger sized particles123. When used as a coating on 

grade A-quality shell eggs, the egg quality was maintained 
for 30 days. Tensile strength of gluten films can be 
improved by using a cross-linking agent such as 
glutaraldehyde, or heat curing at 80

o
C (Gennadios and 

Weller, Koelsch determined the influence of relative 
humidity on carbon dioxide sorption in wheat gluten 
films. The results showed that the permeability was based 
on the rise of CO2 solubility and diffusivity with the 
increase in RH. The increase in the water content of 
wheat gluten improves the affinity between carbon 
dioxide and the protein matrix, leading to outstanding 
sorption values for high RH105-106. 

Soy Protein 

The protein content of soybeans (38-44%) is much higher 
than the protein content of cereal grain (8-15%). Most of 
the protein in soybeans is insoluble in water but soluble 
in dilute neutral salt solutions. Thus, soy protein belongs 
to the globulin classification

125
. Soy protein is globular in 

nature and is further classified into 2S, 7S, 11S and 15S 
fraction according to relative sedimentation rates125. The 
principal components are the 7S (conglycinin) and 
(glycinin) fractions, both of which have a quaternary 
(subunit) structure126. Soy protein is high in asparagine 
and glutamine residues. Both conglycinin and glycinin are 
tightly folded proteins. While the extent of disulfide 
cross-linking of conglycinin is limited due to only two to 
three cysteine groups per molecule, glycinin contains 20 
intramolecular disulfide bonds127. Alkali and heating both 
cause dissociation and subsequent unfolding of glycinin 
due to disulfide bond cleavage127. Edible films based on 
soy protein can be produced in either of two ways: 
surface film formation on heated soymilk or film 
formation from solutions of soy protein isolate (SPI)128. 
Soymilk is produced by grinding soybeans with water 
followed by separation of milk from extracted soybeans. 
To form films from both soymilk and SPI, (a) heating of 
film solutions to disrupt the protein structure, cleave 
native disulfide bonds and expose sulfhydryl groups and 
hydrophobic groups, and then (b) formation of new 
disulfide, hydrophobic and hydrogen bonds during film 
drying are believed to be important to the formation of 
soy protein film structure

129-130
. The use of soy protein in 

the formation of films or coatings on food products has 
been investigated

131-135
. 

Whey Protein 

Whey protein isolate produces totally water-soluble 
coatings but heat denatured solutions of whey protein 
isolate produce coatings in which the protein is insoluble. 
Industrially produced whey protein concentrate (WPC) 
have a protein content between 25 and 80% whereas the 
whey protein isolate (WPI) have protein content above 
90%

136-137
. Whey proteins have been the subject of 

intense investigation over the past decade or so138. Whey 
proteins can produce transparent, flexible, colourless and 
flavourless films, with poor moisture barrier139-140. 
Moreover protein-based films possess a good aroma 
barrier138-141, and low oxygen permeability142. Whey 
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protein films produced without addition of any 
plasticizers are very brittle therefore the addition of 
plasticizers provides flexibility to the films but also 
increases their water vapour permeability. Increased 
concentration of plasticizers in edible whey protein films 
will decreases tensile strength and Young’s modulus, but 
increased elongation. The water vapour permeability can 
also be improved by the incorporation of hydrophobic 
materials such as lipids

144
. However, the incorporation of 

lipid materials into edible film formulations into films 
could adversely affect the sensory characteristics of films. 
The incorporation of antimicrobial agents into edible 
coating formulations is needed to obtain stronger 
inhibitory effect against microbial growth. Optimization 
of edible whey protein films containing sorbitol, beeswax 
and potassium sorbate concentrations for mechanical and 
optical properties was reported by Ozdemir and Floros

145
. 

Recently WPI and mesquite gum (MG) are showed totally 
compatible to form solutions and films. Indeed, the 
incorporation of different amounts of MG on the WPI 
allowed to obtain composite films with improved 
flexibility without increasing plasticizer content and 
consequently without affecting negatively others 
characteristics such as water vapour permeability146. 

Lipid based Encapsulant Materials 

Lipids can also be incorporated in an emulsion 
formulation to form a matrix or film around the bioactive 
core. The increasing demand for food-grade materials 
that will perform under the different stresses 
encountered during food processing has spurred the 
development of new encapsulant materials. 
Understanding the glass transition temperature of various 
polymers (e.g. proteins and carbohydrates) and their 
mixtures is also becoming important as this can influence 
the stability of the encapsulated core. The low water 
mobility and slow oxygen dispersal rates in glassy 
matrices can improve stability of bioactives153. It is 
possible to exploit thermally induced interactions 
between proteins and polysaccharides and then to use 
the modified materials for encapsulation. Hydrogels 
formed by heat treatment of lactoglobulin chitosan have 
been investigated, and it has been suggested that under 
controlled conditions these complexes may be useful for 
microencapsulation of functional food components

154
. 

Maillard reaction products formed by 
interactionsbetween milk proteins and sugars or 
polysaccharides have been used as encapsulant matrices 
to protect sensitive oils and bioactive ingredients155. 

Lipid compounds utilized as protective coating consist of 
acetylated monoglycerides, natural wax, and surfactants. 
The most effective lipid substances are paraffin wax and 
beeswax. The primarily function of a lipid coating is to 
block transport of moisture due to their relative low 
polarity. In contrast, the hydrophobic characteristic of 
lipid forms thicker and more brittle films. 

Consequently, they must be associated with film forming 
agents such as proteins or cellulose derivatives156. 

Generally, water vapor permeability decrease when the 
concentration of hydrophobicity phase increases. Lipid-
based films are often supported on a polymer structure 
matrix, usually a polysaccharide, to provide mechanical 
strength. 

Waxes and Paraffin 

Paraffin wax is derived from distillate fraction of crude 
petroleum and consists of a mixture of solid hydrocarbon 
resulting from ethylene catalytic polymerization. Paraffin 
wax is permitted for use on raw fruit and vegetable and 
cheese. Carnauba wax is an exudate from palm tree 
leaves (Copoernicacerifera). Beewax (white wax) is 
produced from honeybees. Candelilla is obtained from 
candelilla plant. Mineral oil consists of a mixture of liquid 
paraffin and naphtheric hydrocarbon157. Waxes are used 
as barrier films to gas and moisture (skin on fresh fruits) 
and to improve the surface appearance of various foods 
(e.g., the sheen onsweet). If applied as a thick layer, they 
must be removed before consumption (certain cheese); 
when used in thin layers, they are considered edible. 
Waxes (notably paraffin, carnauba, candellila and bee 
wax) are the most efficient edible compounds providing a 
humidity barrier. 

Acetoglyceride 

Acetylation of glycerol monosterate by its reaction with 
acetic anhydride yields 1-stearodiacetin. This acetylated 
monoglyceride displays the unique characteristic of 
solidifying from the molten state into a flexible, wax-like 
solid158. Most lipids in the solid state can be stretched to 
only about 102% of their original length before fracturing. 
Acetylated glycerol monostearate, however, can be 
stretched up to 800% of its original length159, water vapor 
permeability of this film is much less than that of 
polysaccharide films with the exception of methyl 
cellulose or ethyl cellulose. Acetylated monoglyceride 
coatings have been used on poultry and meat cuts to 
retard moisture loss during storage20. 

Shellac Resins 

Shellac resins are a secretion by the insect Lacciferlacca 
and are composed of a complex mixture of aliphatic 
alicyclic hydroxyl acid polymers. This resin is soluble in 
alcohols and in alkaline solutions. Shellac is not a GRAS 
substance; it is only permitted as an indirect food additive 
in food coatings and adhesives. It is mostly used in 
coatings for the pharmaceutical industry and only few 
studies have been reported on foods (Hernandez, 1994). 
Rosins which are obtained from the oleoresins of the pine 
tree are residues left after distillation of volatiles from the 
crude resin. Resin and its derivatives are widely used in 
coating for citrus and other fruits. 

These coatings were designed primarily to impart high-
gloss at the time of inspection by the buyer, usually after 
application of the coating. 

When coatings are applied to fruit, they form an 
additional barrier through which gases must pass. 
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Because coatings differ in gas permeance and ability to 
block openings in the peel, they have different effects on 
gas exchange

160
. 

Citrus fruits with shellac and wood resin-based coatings 
generally have lower internal O2, higher internal CO2 and 

higher ethanol content than fruits with wax coatings160. 
High ethanol content, in turn, is an indication of off-
flavor

161-163
. 

Shellac- and wood resin-based coatings also tend to 
increase prevalence of post- harvest pitting

161
. 

Table 1: Encapsulating Materials for Food Application 

Encapsulant Materials 

Carbohydrates Proteins Lipid and Waxes 

Cellulose and derivatives 

Chitin and Chitosan 

Starch 

Agar 

Alginate 

Carrageenans 

Gums 

Pectins 

Gelatin 

Corn zein 

Wheat gluten 

Soy protein 

Whey Protein 

Waxes and paraffin 

Acetoglyserides 

Shellac resins 

Table 2: Carbohydrate based Encapsulating Materials and their Applications 

Encapsulant Materials Uses References 

Cellulose and its derivatives Applied on some fruits and vegetables 77 

Chitin and chitosan Encapsulation of essential oils 78 

Starch Encapsulation of pigments 

1. Anthocyanin and lycopene  

79 

Encapsulation of antimicrobials agent in 

1. Green tea extract( gram positive bacteria) 

80 

Encapsulation of flavouring compounds from 

1. Papermint 

81 

2. Limonene and β- unsaturated aldehydes 82 

3. Pandan leaf extract 83 

Agar Encapsulation of flavours  84 

Alginate Encapsulation of antioxidant agents in fruits 

1. N-acetlycystein and glutathione 

 

2. ascorbic acid and citric acid 85 

3. Tea polyphenols 86 

Encapsulation of antimicrobials agent in 

1. Cinnamon, palmarosa and lemongrass oils 

87 

2. Lemongrass, oregano oil and vanillin 88-89 

Encapsulation of flavours 

1. Linoleic acid and isoleucine 

90-92 

Encapsulation of probiotics 

1. Bifidobacterium lactis 

54 

2. Lactobacillus acidophilus 93 

3. Lactobacillus acidophilus 94 

4. Lactobacillus rhamnosus 95 

5. Lactobacillus acidophilus 96 

Carrageenans application on fresh and frozen meat 

poultry and fish, sausages-casting 

dry solid foods, oily foods 

60 

61 

62 

Gums Applied on potatoes 69 

Pectins Edible coating for fruits 70 
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Table 3: Protein based Encapsulant Materials 

Encapsulant Material Uses References 

Gelatin Protein Encapsulation of antimicrobial agents applied on fish 147 

Corn zein Protein Encapsulation of flavonoids 

1. Catechin, flavone or quercetin 

148 

Wheat Gluten protein Applied on egg shell 149 

Soy Protein Applied layer on fruits and vegetables 150 

Whey Protein Encapsulation of antioxidant agents 

1. Oregano oil in fresh beef 

151 

2. Sunflower oil, lemon and orange oil flavour 152 

Table 4: Lipids based Encapsulant Materials 

Encapsulant Material Uses References 

Waxes and Paraffin Applied on fruits 165, 166 

Acetoglyceride Coating used on poultry and meat cuts 20 

Shellac Resins Applied on fruits 160 

 

CONCLUSION 

The bioactive components of food are undergoes into 
different changes due to heat, light and oxygen. 

The decomposition of these components may be 
overcome by the encapsulation. 

Various encapsulating materials are used for 
encapsulation of bioactive components of foods. 

These materials are mainly based on carbohydrate, 
protein and lipids. 

These materials can be used for encapsulation to prevent 
oxidation and decomposition which was occurred due to 
heat and light. 

This paper will be beneficial to research scientist and R & 
D persons to find out the best encapsulating materials for 
bioactive food components. 

REFERENCES 

1. Sheehy, PJA and Morrissey PA, Functional foods: prospects and 
perspectives, In Nutritional Aspects of Food Processing and 
Ingredients, Gaithersburg, MD: Aspen Publishers, 1998, 45–65. 

2. Thies C, Mark HF, NM Bikales, Overberger CG, Menges G, and 
Kroschwitz JI, Microencapsulation: In Encyclopaedia of Polymer 
Science and Engineering, New York: John Wiley & Sons Nano 
encapsulation Definition, Techniques, Terms and Applications, 
1987, 724-745. 

3. Atmane M, Muriel J, Joe S, Stephane D, Flavour encapsulation and 
controlled release – a review, International Journal of Food 
Science and Technology, 41, 2005, 1–21. 

4. Brazel CS, Microencapsulation: offering solutions for the food 
industry, Cereal Foods, 44(6), 1999, 388–393. 

5. Gibbs BF, Kermasha S, Alli I, Mulligan CN, Encapsulation in the food 
industry: a review International Journal of Food Science and 
Nutrition, 50, 1999, 213–224. 

6. Reineccius GA, Carbohydrates for flavour encapsulation, Food 
Technology, 45(3), 1991, 144–146, 149. 

7. Kebyon MN, Risch SJ, Reineccius GA, Modified starch, 
maltodextrin, and corn syrup solids as wall materials for food 
encapsulation. In: Encapsulation and Controlled Release of Food 
Ingredients, American Chemical Society, Washington, ACS 
Symposium, 590, 1995, 42–50. 

8. Shimoni E, Garti N, Starch as an encapsulation material to control 
digestion rate in the delivery of active food components. In: 
Delivery and Controlled Release of Bioactive in Foods and 
Nutraceuticals. Woodhead, Cambridge, UK, 2008, 279–293. 

9. Bhosale R, Singhal R, Process optimization for the synthesis of 
octenyl succinyl derivative of waxy corn and amaranth starches. 
Carbohydrate Polymers, 66, 2006, 521–527. 

10. Nilsson L, Bergenstahl B, Emulsification and adsorption properties 
of hydrophobically modified potato and barley starch, Journal of 
Agricultural and Food Chemistry, 55, 2007, 1469–1474. 

11. Loksuwan J, Characteristics of microencapsulated carotene formed 
by spray drying with modified tapioca starch, native tapioca starch 
and maltodextrin, Food Hydrocolloids, 21, 2007, 928–935. 

12. Augustin MA, Sanguansri L, Aguilera JM, Lillford PJ, Encapsulation 
of bioactive In: Food Materials Science – Principles and Practice, 
Springer, New York, 2008, 577–601. 

13. Chung C, Sanguansri L, Augustin MA, Effects of modification of 
encapsulant materials on the susceptibility of fish oil 
microcapsules to lipolysis. Food Biophysics, 3, 2008, 140–145. 

14. Laos K, Lougas T, Mandmets A, Vokk R, Encapsulation of carotene 
from sea buckthorn (Hippophae rhamnoides L.) juice in furcellaran 
beads, Innovative Food Science and Emerging Technologies, 8, 
2007, 395–398. 

15. Szente L, Szejtli J, Cyclodextrins as food ingredients. Trends in Food 
Science and Technology, 15, 2004, 137–142. 

16. Kim YD, Moore CV, Encapsulating properties of several food 
proteins, IFT Annual Meeting Poster, 1995, 193. 

17. Hogan SA, McNamee BF, O Riordan ED, O Sullivan M, 
Microencapsulating properties of whey protein concentrate 75, 
Journal of Food Science, 66, 2001, 675–680. 



Int. J. Pharm. Sci. Rev. Res., 40(1), September – October 2016; Article No. 14, Pages: 62-73                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

70 

18. Krochta JM, Mulder-Johnston CD, Edible and biodegradable 
polymer films: challenges and opportunities, Food Technology, 
51(2), 1997, 61-74. 

19. Kester JJ, Fennema OR. 1986. Edible films and coatings: A review. 
Food Technology, 40(12), 1986, 47-59. 

20. Balasubramanium VM, Chinnan MS, Mallikajunan P, Phillips RD. 
The effect of edible film on oil uptake and moisture retention of a 
deep-fried poultry product, Journal of Food Processing and 
Engineering, 20, 1997, 17-29. 

21. Nelson KL, Fennema OR. Methylcellulose films to prevent lipid 
migration in confectionery products, Journal of Food Science, 56, 
1991, 504-509. 

22. Kamper SL, Fennema ON, Water vapour permeability of an edible 
fatty acid, bilayer films, Journal of Food Science, 49, 1984, 1482-
1485. 

23. Greener IK, Fennema O, Evaluation of edible, bilayer films for use 
as moisture barrier for food. Journal of Food Science, 54, 1989, 
1400–1406. 

24. Koelsch CM, Labuza IP, Functional, physical and morphological 
properties of methyl cellulose and fatty acid-based edible film 
barriers. LWT Food Science Technology, 25, 1992, 404–411. 

25. Debeaufort F, Martin-Polo M, Voilley A, Polarity homogeneity and 
structure affect water vapor permeability of model edible films. 
Journal of Food Science, 58, 1993, 426-434. 

26. Park HJ, Chinnan MS, Shewfelt RL, Edible corn-zein film coatings to 
extend storage life of tomatoes, Journal of Food Process, 18, 1994, 
317–331. 

27. Bourtoom T, Review Article Edible films and coatings: 
characteristics and properties, International Food Research 
Journal, 15(3), 2008, 237-248. 

28. Andrady AL, Xu P, Elastic behaviour of chitosan films, Journal of 
Polymer Science, 5, 1997, 307-521. 

29. Muzzarelli RAA, Chitosan-based dietary foods, Carbohydrate 
Polymer, 29, 1996, 309-316. 

30. Sandford PA, Skjak-Braek G, Anthosen T, Chitin and Chitosan: 
Source, Chemistry, Biochemistry, Physical Properties and 
Application, Elsevier Applied Science, 1989, 51-69. 

31. Kaplan DL, Mayer JM, Ball D, Mc Cassie J, Allen AL, Stenhouse P, 
Ching C, Kaplan D, Thomas E. Fundamental of biodegradable 
polymer, Biodegradable Polymers and Packaging, 1993, 1-42. 

32. Butler BL, Vergaro PJ, Testin RF, Bunn JM, Wiles JL. Mechanical and 
barrier properties of edible chitosan films as affected by 
composition and storage, Journal of Food Science, 61, 1996, 953-
961. 

33. EI Ghaouth A, Arul J, Ponnampalam R, Boulet M. Chitosan coating 
effect on stability of fresh strawberries, Journal of Food Science, 
57, 1991, 1618-1620. 

34. El Ghaouth A, Arul J, Ponnampalam R, Boulet M. Use of chitosan 
coating to reduce water loss and maintain quality of cucumber and 
bell pepper fruits, Journal of Food Processing and Preservation, 15, 
1991, 359-368. 

35. Elson CM, Hayes ER. Development of the differentially permeable 
fruit coating Nutri-Save for the modified atmosphere storage of 
fruit, 1985, 248-262. 

36. Davies DH, Elson CM, Hayes ERN, Chitin and Chitosan: Source, 
Chemistry, Biochemistry, Physical Properties and Application, 
Elsevier Applied Science, 1989, 467-472. 

37. Rodriguez M, Oses J, Ziani K, Mate JI, Combined effect of 
plasticizers and surfactants on the physical properties of starch 
based edible films, Food Research International, 39, 2006, 840-
846. 

38. Xu XY, Kim KM, Hanna MA, Chitosan-starch composite film: 
preparation and characterization, Industrial Crops and Products an 
International Journal, 21, 2005, 185-192. 

39.  Whistler RL, Daniel JR, Carbohydrate, in Fennema OR (Ed), Food 
Chemistry, 2nd Edn. Marcel Dekker, Inc, New York, 1985, 69. 

40. Mark AM, Roth WB, Mehltretter CL, Rist C E, Oxygen permeability 
of amylomaize starch films. Food Technology, 20, 1966, 75-80. 

41. Banker GS, Gore AY, Swarbrick J, Water vapor transmission 
properties of free polymer films. Journal of Pharmacy and 
Pharmacology, 18, 2000, 173-176. 

42. Armisen R, Galatas F, Phillips G, Willians P, Handbook of 
Hydrocolloids, CRC Press, 2000, 21-40. 

43. Stanley NF, Stephen AM, In Food polysaccharides and their 
applications, Stephen A. M.; Ed.; New York, Marcel Dekker, 1995, 
187-199. 

44. Freile-Pelegrin Y, Madera-Santana T, Robledo D, Veleva L, 
Quintana P, Azamar JA, Journal of Polymers Degradation and 
Stability, 92, 2007, 244-252. 

45. Geraldine RM, Soares NFF, Botrel DA, Goncalves LA, 
Characterization and effect of edible coatings on minimally 
processed garlic quality. Carbohydrates Polymers, 72, 2008, 403-
409. 

46. Phan DT, Debeaufort F, Luu D, Voilley AJ, Functional properties of 
edible agar-based and starch based films for food quality 
preservation. Agricultural Food Chemistry, 53, 2005, 973-981. 

47. Phan The, D Debeaufort, F, Voilley A, Luu D, Influence of 
hydrocolloid nature on the structure and functional properties of 
emulsified edible films. Food hydrocolloid, 23, 2009, 691-699. 

48. King AH, Brown seaweed extracts (alginates). In Glicksman M, 
Food hydrocolloids, Vol II, Boca Raton, CRC press, 88, 1982, 115. 

49. Rhim JW, Physical and Machanical properties of water resistance 
sodium alginate film. LWT-Food Science Technology, 37, 2004, 
323–330. 

50. Kester JJ, Fennema OR, Edible films and coatings: A review. Food 
Technology, 40, 1986, 47-59. 

51. Guilbert S, Bullet International, Dairy Federation, 346, 2000, 10–
16. 

52. Borchard W, Kenning A, Kapp A, Mayer C. International Journal of 
Biology and Macromolecules, 35, 2005, 247–56. 

53. Zactiti E, Kieckbusch TJ, Potassium sorbate permeability in 
biodegradable alginate films: Effect of the antimicrobial agent 
concentration and cross linking degree Food Engineering, 77, 2006, 
462–467. 

54. Tapia MS, Rojas-Grau MA, Rodrigez FJ, Ramirez J, Carmona A, 
Martin-Belloso OJ, Alginate – and gellan – based edible films for 
probiotic fresh-cut Fruits, Food Science, 72, 2007, 190-196. 

55.  Pranoto Y, Salokhe V M, Rakshit SK, Physical and antibacterial 
properties of alginate-based edible film incorporated with garlic 
oil, Food Research International, 38, 2005, 267–272. 

56. Rojas-Grau MA, Avena-bustillos RJ, Olsen C, Friedman M, Henika P, 
Martin-Belloso O, Pan Z, McHugh T H, Effects of plant essential oils 
and oil compounds on mechanical, barrier and antimicrobial 
properties of alginate–apple puree edible films, Journal of Food 
Engineering, 81, 2007, 634–641. 

57.  Wu Y, Weller CL, Hamouz F, Cuppett S, Schnepf MJ, Moisture Loss 
and Lipid Oxidation for Precooked Ground-Beef Patties Packaged 
in Edible Starch-Alginate-Based Composite Films. Food Science, 66, 
2001, 486–93. 

58. Volery P, Besson R, Schaffer-Lequart C, Characterization of 
commercial carrageenan’s by Fourier transform infrared 



Int. J. Pharm. Sci. Rev. Res., 40(1), September – October 2016; Article No. 14, Pages: 62-73                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

71 

spectroscopy using single-reflection attenuated total reflection. 
Journal of Agricultural and Food Chemistry, 52, 2004, 7457-746. 

59. Shaw C, Secrist J, Tuomy J, Method of extending the storage life in 
the frozen state of precooked foods and product produced. U.S. 
Patent, 4196219, 1980 

60. Lee JY, Park HJ, Lee CY, Choi WY. Extending shelf-life of minimally 
processed apples with edible coatings and anti-browning agents. 
LWT-Food Science Technology, 36, 2003, 323–329. 

61. Ninomiya H, Suzuki S, Ishii K. Edible film and method of making 
same. U.S. Patent 5620757, 1997. 

62. Karbowiak T, Debeaufort F, Champion D, Voilley AJ. Wetting 
properties at the surface of iotacarrageenan based edible films. 
Journal of Colloid and Interface Science, 294, 2006, 400–410. 

63. Karbowiak T, Debeaufort F, Voilley A. Influence of thermal process 
on structure and functional properties of edible films. Food 
Hydrocolloid, 21, 2007, 879–888. 

64. Ribeiro C, Vicente AA, Teixeira JA, Miranda C. Optimization of 
edible coating composition to retard strawberry fruit senescence. 
Journal of Postharvest and Biology and Technology, 44, 2007, 63–
70. 

65. Williams PA, Phillips GO. In Handbook of hydrocolloids, Phillips G, 
Willians P, Ed, CRC Press, Cambridge, England, 2000, 1-19. 

66. Subhashchandra SC, Bhaskara N, Bhandary MH, Raghunath BS. 
Journal of Food Science and Technology, 70, 1996, 453-460. 

67. Mei Y, Zhao Y, Yang J, Furr HR. Using edible coating to enhance 
nutritional and sensory qualities of baby carrots. Journal of Food 
Science, 67, 2002, 1964-1968. 

68. Diaz-Sobac R, Garcia HS, Beristain CI, Vernon-Carter EJ. 
Morphology and water vapor permeability of emulsion films based 
on mesquite gum. Journal of Food Processing, 26, 2002, 129–141. 

69. Mazza G, Qi H. Control of after-cooking darkening in potatoes with 
edible film-forming products and calcium chloride. Journal of 
Agricultural and Food Chemistry, 39, 1991, 2163–2166. 

70. Hoagland P, Parris NJ. Chitosan/Pectin Laminated Films. 
Agricultural Food Chemistry, 44, 1996, 1915–1919. 

71. Marudova M, Lang S, Brownsey GJ, Ring SG. Pectin–chitosan 
multilayer formation. Carbohydrate Research, 340, 2005, 2144–
2149. 

72. Rojas-Grau MA, Avena-Bustillos RJ, Friedman M, Henika PR, 
Martin-Belloso O, McHugh TH, IFT Annual Meeting 2006, Abstract 
389. 

73. Lenart A, Dabrowska R. Kinetics of osmotic dehydration of apples 
with pectin coatings. Drying Technology, 7–8, 1999, 1359–1373. 

74.  Lenart, A, Piotrowski D. Drying characteristics of osmotically 
dehydrated fruits coated with semipermeable edible films. Drying 
Technology, 19, 2001, 849–877. 

75. Baeva M, Panchev I. Investigation of the retaining effect of a 
pectin-containing edible film upon the crumb ageing of dietetic 
sucrose-free sponge cake. Food Chemistry, 92, 2005, 343-348. 

76. Vargas M, Pastor C, Chiralt A, McClements DJ, Gonzalez-Martinez 
C. Recent advances in edible coatings for fresh and minimally 
processed fruits. Critical Review Food Science, 48, 2008, 496-511. 

77. Maftoonazad N, Ramaswamy HS. Postharvest shelf-life extension 
of avocados using methyl cellulose-based coating. LWT-Food 
Science Technology, 38, 2005, 617–624. 

78. Ponce A, Roura S, del Valle C, Moreira M. Antimicrobial and 
antioxidant activities of edible coatings enriched with natural plant 
extracts: in vitro and in vivo studies. Postharvest Biotechnology, 
49(2), 2008, 294–300. 

79. Ranveer RC, Gatade A A, Kamble HA, Sahoo AK. 
Microencapsulation and Storage Stability of Lycopene Extracted 
from Tomato ProcessingWaste, Brazilian archives of biology and 
technology, 58 (6), 2015, 1678-4324. 

80. Chiu P, Lai L. Antimicrobial activities of tapioca starch/decolorized 
hsian-tsao leaf gum coatings containing green tea extracts in fruit-
based salads, romaine hearts and pork slices, International Journal 
of Food Microbiology, 139(1–2), 2010, 23–30. 

81. Baranauskien R, Bylait E, Zukauskait J, Venskutonis RP. Flavor 
retention of peppermint (Mentha piperita L.) essential oil spray 
dried in modified starches during encapsulation and storage, 
Journal of Agricultural Food Chemistry, 55(8), 2007, 3027–3036. 

82. Charve J, Reineccius GA. Encapsulation performance of proteins 
and traditional materials for spray dried flavors, Journal 
Agricultural Food Chemistry, 57(6), 2009, 2486–2492. 

83. Laohakunjit N, Kerdchoechuen O. Aroma enrichment and the 
change during storage of non-aromatic milled rice coated with 
extracted natural flavor, Food Chemistry, 101(1), 2007, 339–344. 

84. Oms-Oliu G, Soliva-Fortuny R, Martín-Belloso O. Edible coatings 
with anti-browning agents to maintain sensory quality and 
antioxidant properties of fresh-cut pears, Postharvest Biology 
Technology, 50(1), 2008, 87–94. 

85. Rosario Maribel Robles-Sánchez, María Alejandra Rojas-Gra, Isabel 
Odriozola-Serrano Gustavo González-Aguilar, Olga Martin-Belloso. 
Influence of alginate-based edible coating as carrier of 
antibrowning agents bioactive compounds and antioxidant activity 
in fresh-cut Kent mangoes, LWT - Food Science and Technology, 
50, 2013, 240-246. 

86. Myung SK, Bae WK, Oh SM, Kim Y, Ju W, Sung J, Lee YJ, Ko JA, Song 
JI, Choi HJ. Green tea consumption and risk of stomach cancer: a 
meta-analysis of epidemiologic studies, International Journal of 
Cancer, 124(3), 2009, 670–637. 

87. Raybaudi-Massilia RM, Rojas-Graü MA, Mosqueda-Melgar J, 
Martín-Belloso O. Comparative study on essential oils incorporated 
into an alginate-based edible coating to assure the safety and 
quality of fresh-cut Fuji apples. Journal of Food Prot., 71(6), 2008, 
1150-61. 

88. Raybaudi-Massilia RM, Mosqueda-Melgar J, Martín-Belloso O, 
Antimicrobial activity of essential oils on Salmonella enteridis, 
Escherichia coli, and Listeria innocua in fruit juices, Journal Food 
Prot. 69(7), 2006, 1579-86. 

89. Rosa M. Raybaudi-Massilia, Jonathan Mosqueda-Melgar, Olga 
Martín-Belloso. Edible alginate-based coating as carrier of 
antimicrobials to improve shelf-life and safety of fresh-cut melon, 
The International journal of Food Processing, 121(3), 2008, 313-27. 

90. Egert S1, Lindenmeier M, Harnack K, Krome K, Erbersdobler HF, 
Wahrburg U, Somoza V. Margarines fortified with α-linolenic acid, 
eicosapentaenoic acid, or docosahexaenoic acid alter the fatty acid 
composition of erythrocytes but do not affect the antioxidant 
status of healthy adults. J. Nutr., 142(9), 2012, 1638-44. 

91. Tapia MS1, Rojas-Graü MA, Rodríguez FJ, Ramírez J, Carmona A, 
Martin-Belloso O. Alginate- and gellan-based edible films for 
probiotic coatings on fresh-cut fruits. J Food Sci.; 72(4), 2007, 
E190-6. 

92. Moayednia N, Mazaheria A F. Comparative Studies in the 
Manufacturing of Acidophilus, Bifidus and Acido-bifidus Milks, 
Journal of Food Biosciences and Technology, Islamic Azad 
University, Science and Research Branch, (3), 2013, 29-36. 

93. Ahmadi A, Milani E, Madadlou A, Mortazavi S, Mokarram R, 
Salarbashi D. Synbiotic yogurt-ice cream produced via 
incorporation of microencapsulated Lactobacillus acidophilus (la-5) 
and fructooligosaccharide, Journal of Food Science and 
Technology, 2012, 1-7. 



Int. J. Pharm. Sci. Rev. Res., 40(1), September – October 2016; Article No. 14, Pages: 62-73                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

72 

94. Sohail A, Turner MS, Prabawati EK, Coombes AG, Bhandari B. 
International Journal of Food Microbiol, Evaluation of Lactobacillus 
rhamnosus GG and Lactobacillus acidophilus NCFM encapsulated 
using a novel impinging aerosol method in fruit food products, 
157(2), 2012, 162-6. 

95. Parmjit S, Panesar and Chetan Shinde. Effect of Storage on 
Syneresis, pH, Lactobacillus acidophilus Count, Bifidobacterium 
bifidum Count of Aloe vera Fortified Probioti Yoghurt, Current 
Research in Dairy Sciences, 4, 2012, 17-23. 

96. Young SL, Sarda X, Rosenberg M. Microencapsulating properties of 
whey proteins, Microencapsulation of anhydrous milk fat, Journal 
of Dairy Science, 76, 1993, 2868–2877. 

97. Cho YH, Shim HK, Park J. Encapsulation of fish oil by an enzymatic 
gelation process using transglutaminase cross-linked proteins, 
Journal of Food Science, 68, 2003, 2717–2723. 

98. Chen L, Remondetto GE, Subirade M. Food proteins-based 
materials as nutraceutical delivery systems, Trends in Food Science 
and Technology, 17, 2003, 272–283 

99. Rosenberg M, Lee SJ. Water insoluble whey protein-based 
microsphere prepared by an allaqueous process, Journal of Food 
Science, 69, 2004, 50–58. 

100. Gunasekaran S, Ko S, Xiao L. Use of whey proteins for 
encapsulation and controlled delivery Application, Journal of Food 
Engineering, 83, 2007, 31–40. 

101. Wu WH, Roe WS, Gimino VG, Seriburi V, Martin DE, Knapp SE. Low 
melt encapsulation with high laurate canola oil, 2000, US 6153236. 

102. Scope RK. Separation by precipitation, Protein purification; 
Principles and practice, New York: Springer-Verlag, 1994, 71-101. 

103. Kester J J, Fennema OR. Edible films and coatings: A review. Food 
Technology, 40(12), 1986, 47-59. 

104. Salame M. Barrier polymers In Bakker M, The Wiley Encyclopedia 
of Packaging Technology, 1986, 48-54. 

105. Gennadios A, Brandenburg A H, Weller C L, Testin RF. Effect of pH 
on properties of wheat gluten and soy protein isolate films, Journal 
of Agricultural and Food Chemistry, 41, 1993, 1835-1839. 

106. Ross PI, Gelatin In, Mark H F, Bikales NM, Overberger CG, Menges 
G, Kroschwitz JI. Fibers, optical to hydrogenation, Encyclopedia of 
polymer science and engineering, 7, 1987, 488. 

107. Ross-Murphy SB, Structure and rheology of gelatin gels-Recent 
progress, Polymers, 33(12), 1992, 2622–2627. 

108. Guilbert S. Technology and application of edible protective films, 
Mathlouthi M, Food packaging and preservation, 1986, 371–394. 

109. Gennadios A, McHugh TH, Weller CL, Krochta JM, Balwin EA, 
Niperos –Carriedo MO. Edible coating and films based on protein, 
Edible Coatings and Films to Improve Food Quality, 1994, 201-277. 

110. Dickey LC, Parris N. Ethanolic extraction of zein from maize, 
Industrial Crops and Products an International Journal, 13, 2001, 
67–76. 

111. Dickey LC, Parris N. Serial batch extraction of zein milled maize. 
Industrial Crops and Products an International Journal, 15, 2002, 
33–42. 

112. Landry J. Comparison of extraction methods for evaluating zein 
content of maize grain, Cereal Chemistry, 74(2), 1997, 188–189. 

113. Shukla R, Cheryan M, Zein: The industrial protein from corn, 
Industrial Crops and Products an International Journal, 13, 2001, 
171–192. 

114.  Guilbert S. Technology application of edible protective films, Food 
packaging and preservation, 1986, 371–394. 

115. Gennadio A, Weller CL. Edible films and coating from wheat and 
corn proteins, Food Technology, 44(10), 1990, 63-69. 

116. Gennadios A, McHugh TH, Weller CL, Krochta JM. Edible coating 
and films based on protein, In Krochta JM, Balwin EA, Niperos-
Carriedo MO, Edible Coatings and Films to Improve Food Quality, 
1994, 201-277. 

117. Park HJ. Edible coatings for fruit and vegetables: Determination of 
gas diffusivities, prediction of internal gas composition and effects 
of coating on shelf life, Journal of Food processing and 
preservation, 18(4), 1994, 317-331. 

118. Alikonis JJ, Candy Technology, AVI Publishing, Westport CT, 1979. 

119. Park HJ, Bunn JM, Weller CL, Vergano PJ, Testin RF. Water vapor 
permeability and mechanical properties of grain protein-based 
films as affected by mixtures of polyethylene glycol and glycerin 
plasticizers, Transaction of the American Society of Agricultural 
Engineers, 37, 1994, 1281-1285. 

120.  Gennadio A, Weller CL. Edible films and coating from wheat and 
corn proteins, Food Technology, 44(10), 1990, 63-69. 

121.  Krull LH, Inglett GE. Industrial uses of gluten, Cereal Science 
Today, 16(8), 1971, 232-261. 

122. Gontard, N, Guilbert S, Cuq JL. Edible wheat gluten film: Influence 
of the main process variable on film properties using response 
surface methodology, Journal of Food Science, 57, 1992, 190-195. 

123. Herald TJ, Gnanasambanadam R, Mcguire BH, Hachmeister KA. 
Degradable wheat gluten films: preparation, properties and 
applications. Journal of Food Science, 60, 1995, 1147-1156. 

124. Kinsella JE, Phillips LG, Kinsella JE, Soucie WG. Film properties of 
modified protein, Food Protein, 1979, 78-99. 

125. Gennadios A, McHugh TH, Weller CL, Krochta JM, Balwin EA, 
Niperos-Carriedo MO. Edible coating and films based on protein, 
Edible Coatings and Films to Improve Food Quality, 1994, 201-277. 

126. Kinsella JE, Damodaran S, German B, Altschul, AM WilckeHL. 
Physiochemical and functional properties of isolated proteins with 
emphasis on soy proteins. New Protein Foods, 1985, 107-179. 

127. Kinsella JE, Phillips LG, Kinsella JE, Soucie WG. Film properties of 
modified protein, Food Protein, 1979, 78-99. 

128. Gennadios A, Weller CL. Tensile strength increase of wheat gluten 
films, In International Winter Meeting American Society of 
Agricultural Engineers, 1992, 15-18. 

129. Gennadios A, McHugh TH, Weller CL, Krochta JM, Balwin EA, 
Niperos-Carriedo MO. Edible coating and films based on protein, 
Edible Coatings and Films to Improve Food Quality, 1994, 201-277. 

130. Subirade M, Kelly I, Gueguen J, Pezolet M. Molecular basis of film 
formation from a soybean protein: Comparison between the 
conformation of glycinin in aqueous solution and in films. 
International Journal of Biological Macromolecules, 23, 1998, 241-
249. 

131. Baker RA, Baldwin EA, Nisperos-Carriedo MO, Krochta JM. Edible 
coatings and films for processed foods, Edible Coatings and Films 
to Improve Food Quality, 1994, 89-104. 

132. Stuchell YM, Krochta JM. Enzymatic treatments and thermal 
effects on edible soy protein films, Journal of Food Science, 59, 
1994, 1332-1337. 

133. Kunte LA, Gennadios A, Cuppett SL, Hanna MA, Weller CL. Cast 
films from soy protein isolates and fractions, Cereal Chemistry, 74, 
1997, 115-118. 

134. Rhim JW, Gennadios A, Handa A, Weller CL, Hanna MA. Solubility 
tensile, and color properties of modified soy protein films, Journal 
of Agricultural and Food Chemistry, 48, 2000, 4937-4941. 

135. Rhim JW, Gennadios A, Weller CL, Hanna MA. Sodium dodecyl 
sulfate treatment improves properties of cast films from soy 
protein isolate, Industrial Crops and Products an International 
Journal, 15, 2002, 199–205. 



Int. J. Pharm. Sci. Rev. Res., 40(1), September – October 2016; Article No. 14, Pages: 62-73                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

73 

136. Ennis MP, Mulvihill DM, Phillips G, Willians P. In Handbook of 
hydrocolloids, 2000, 189-218. 

137. Perez-Gago MB, Krochta JM, Gennadios A. In Protein-Based Films 
and Coatings, 2002, 159–180. 

138. Krochta JM, Gennadios A, In Protein-based Films and Coatings, 
Boca Raton, 2002, 1-41. 

139. McHugh TH, Krochta JM, Milk-protein-based edible films and 
coatings. Food Technology, 48, 1994, 97–103. 

140. Fairley P, Monahan FJ, German JB, Krochta JM, J. Mechanical 
properties and water vapor permeability of edible films from whey 
protein isolate and sodium dodecyl sulfate. Agricultural Food 
Chemistry, 44, 1996, 438–443. 

141. Miller, K. S. and J. M. Krochta. Oxygen and aroma barrier 
properties of edible films: A review. Trends in Food Science and 
Tech. 8(7), 1997, 228-237. 

142. Hong SI, Krochta JM. Oxygen barrier properties of whey protein 
isolate coatings on polypropylene films. Journal of Food Science, 
68, 2003, 224–228. 

143. Shaw NB, Monahan FJ, ORiordan ED, O’Sullivan M. Physical 
properties of WPI films plasticized with glycerol, xylitol or sorbitol. 
Journal of Food Science, 67, 2002, 164–167. 

144. Perez-Gago MB, Krochta JM, Water Vapor Permeability of Whey 
Protein Emulsion Films as Affected by pH. Journal of Food Science, 
64, 1999, 695–698. 

145. Ozdemir M, Floros JD. Optimization of edible whey protein film 
containing preservative for mechanical and optical properties. 
Journal of Food Engineering, 84, 2008, 116–123. 

146. Oses J, Fabregat-Vazquez M, Pedroza-Islas R, Tomas SA, Cruz-Orea 
A, Mate JI. Development and Characterization of Composite Edible 
Films Based on Whey Protein Isolate and Mesquite Gum. Journal 
Food Engineering, 92, 2009, 56–62. 

147.  López-Caballero E, Gómez-Guillén C, Pérez-Mateos M, Montero P, 
A chitosan-gelatin blend as a coating for fish patties, Food 
Hydrocolloids, 19(2), 2005, 303-311. 

148. Arcan I, Yemeniciog˘lu A. Development of flexible zein-wax 
composite and zein-Fatty acid blend films for controlled release of 
lysozyme. Food Res. Int., 51, 2013, 208–216. 

149. Herald T J, Gnanasambandam R, McGuire B H, and Hachmeister K 
A. Degradable wheat gluten films: Preparation, properties, and 
applications. J. Food Sci. 60, 1995, 1147-1150. 

150. Hyun J Park, Si H Kim, Seung T, Lim Dong H, Shin Sang Y, Choi and 
Keum T, Hwang, JAOCS, Grease Resistance and Mechanical 
Properties of Isolated Soy Protein-Coated Paper, 77(3), 2000, 269-
273. 

151. Kyriaki G, Zinoviadou A, Konstantinos P. Koutsoumanis B, Costas G, 
Biliaderis A, Physico-chemical properties of whey protein isolate 
films containing oregano oil and their antimicrobial action against 
spoilage flora of fresh beef, Meat Science, 82, 2009, 338–345. 

152. Weinbreck F, Rollema H S, Tromp, R H, de Kruif C G, Diffusivity of 
whey protein and gum arabic in their coacervates, Considered for 
publication in Langmuir, 2004. 

153. Porzio EA, Encapsulation composition, 2003, US 6652895. 

154. Hong YH, McClements DJ. Formation of hydrogel particles by 
thermal treatment of lactoglobulin-chitosan complexes, Journal of 
Agriculture and Food Chemistry, 55, 2007, 5653–5660. 

155. Sanguansri L, Augustin MA. Encapsulation of food ingredients. PCT 
International Patent Application Number WO2001/74175, 2001. 

156. Debeaufort F, Martin-Polo M, Voilley A, Polarity homogeneity and 
structure affect water vapor permeability of model edible films, 
Journal of Food Science, 58, 1993, 426-434. 

157. Hernandez E, Krochta JM, Balwin EA, Niperos-Carriedo MO. Edible 
coating from lipids and resins, Edible Coatings and Films to 
Improve Food Quality, 1994, 279-303. 

158. Feuge RO, Vicknair EJ, Lovegren NV. Modification of vegetable oils, 
Some additional properties of acetostearin products, Journal of 
the American Oil Chemists’ Society, 30, 1993, 283. 

159. Jackson FL, Lutton ES. The polymorphism of 1-stearyl and 1-
palmityldiacetin-dibutyrin, dicaproin and 1-stearyldipropionin, 
Journal of the American Oil Chemists’ Society, 74, 1952, 4827-
4831. 

160. Hagenmaier RD, Baker RA. Reduction in gas exchange of citrus fruit 
by wax coatings, Journal of Agricultural and Food Chemistry, 41(2), 
1993, 283-287. 

161. Ahmad M, Khan I. Effect of waxing and cellophane lining on 
chemical quality indices of citrus fruit, Plant Foods Human 
Nutrition 37, 1987, 47-57. 

162. Cohen E, Shalom Y, Rosenberger I. Postharvest ethanol build-up 
and off-flavour in Murcott tangerine fruits, Journal of American 
Society of Horticultural and Science, 115(5), 1990, 775–778. 

163. Ke D, Kader AA. Tolerance of Valencia oranges to controlled 
atmospheres as determined by physiological responses and quality 
attributes, Journal of American Society of Horticultural and 
Science, 115(5), 1990, 770–783. 

164. Petracek PD, Dou H, Malik I. A post-harvest pitting of Temple 
oranges stimulated by high temperature storage and wax 
application, Florida State Horticultural Society, 110, 1997, 211–
214. 

165. Fernando Alférez, Jacqueline K. Burns. Postharvest peel pitting at 
non-chilling temperatures in grapefruit is promoted by changes 
from low to high relative humidity during storage, Postharvest 
Biology and Technology, 32, 2004, 79–87. 

166. Pimjai Seehanam1 and Danai Boonyakiat, Physiological and 
Physicochemical Responses of Sai Nam Phueng Tangerine to 
Commercial Coatings, Postharvest Biology and Technology, 
Hortiscience, 45(4), 2010, 605–609. 

 

Source of Support: Nil, Conflict of Interest: None. 


