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ABSTRACT

Severe environmental pollution cause by plastic food packaging has raise considerable interest in edible and biodegradable films
made from renewable natural polymers. Several strategies have been used to produced edible films with better performances. One
of those strategies is incorporating fatty acids into edible films as film forming materials, plasticizer or additives. Lauric acid is a me-
dium-length chain fatty acid derived from natural renewable resources with numerous applications in various fields. Lauric acid has
been shown to have an antimicrobial effects and good water barrier protection for films. This review discusses the application of lau-
ric acid in the field of edible film for food protection. The properties effected by lauric acid content on the films are also discussed.
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1. INTRODUCTION

Concerns about environmental impact and exhausting natural resources caused by non-biodegradable, petrochemical-
based plastic packaging has raised interest in the use of alternatives originating from renewable sources™. In this regard, food biopo-
lymers such as proteins, polysaccharides and lipids have received considerable attention as alternatives and are frequently used to
formulate edible film and coating, thus playing a vital role to improve the shelf-life of food™. Edible films and coatings offer extra
advantages such as edibility, biocompatibility, esthetic appearance, barrier to gasses properties, non-toxic, non-polluting and its low
cost™,

Edible films are used to protect foods from unfavourable conditions while keeping them safe and fresh during shelf life. Edi-
ble films have varry usage purpose according to requirement of foods during their storage. Also, natural characteristic of film forming
materials may limit protective features due to their migration mechanisms of moisture and gases[4]. Characteristics of edible films
affected by several parameters such as the kind of film forming material composition, the condition under which films are prepared
like, type of solvent, pH of medium, temperature and the type and concentration of additives (plasticizers, antimicrobials, antioxi-
dants, cross-linking agents or emuIsifiers)[lus]w”n. Hydrocolloid films (protein and polysaccharide based) possess good gas barrier
properties (oxygen, carbon dioxide) even lower than plastic films and adequate barrier properties to lipids but not to water vapor[G].
Therefore, several strategies have been used to improve the physical properties of biopolymer based films. Among them, promising

results in increasing the hydrophobicity have been obtained by addition of neutral lipids, fatty acids waxes ! 10}

and clay

Fatty acid is an aliphatic compound having carboxyl groups. Based on its chain length, it can be divided into 3 categories.
First, is short chain fatty acid (SCFA) having less than 8 carbon atom, then medium chain fatty acid (MCFA) with 82 carbon atoms,
and long chain fatty acid (LCFA) have more than 12 carbon atoms. While based on the double bond existence, there are unsaturated
fatty acid and saturated fatty acid™. In recent years, many studies have been published reporting the effect of incorporating differ-
ent fatty acids, such as caproic, capric, lauric, myristic, palmitic, stearic, and oleic acid on edible film properties [12][13][24]025] However,
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this article will focus on lauric acid content in edible films and its effect on the properties of the films.

2. LAURIC ACID ON EDIBLE FILMS
2. 1. Lauric Acid

Lauric acid, a medium length- long chain fatty acid is found in the form of glycerides in a number of natural’s fats, coconut
oil and palm-kernel oil. It offers advantages in food processing as it acts as a kind of preservative, staving off oxidation and spoiling.
Lauric acid has been shown to have an antimicrobial effect against gram positive bacteria and yeasts (81071 | uric acid, which is the
major form of fatty acid in VCO, have recently shown to induce apoptotic changes in various colorectal cancer cells mediated by reac-

. . [18]
tive oxygen species’ .

2. 2. Edible Film

The term “edible film” has two main considerations. First part is “edible”, means that films may be consumed together with
in contact so they need to cover all properties of safe food ingredients according to Food and Drug Administration (FDA) having Gen-
erally Recognized As Save (GRAS) status™®. Second part is “films” means covering material should have packaging properties which
protect the inner part from outer environment and limit gas and water vapor transportation between food material and outside.
Formerly, edible film was used to protect food materials by functioning as a barrier to gas, and moisture migration. Recently, edible
films can be used with more functional features such as encapsulation of aroma volatiles, vitamins, flavouring agents, antimicrobials
and antioxidants™"!,

A typical edible film has three major components, film forming materials, plasticizer and additives. Proteins, polysaccha-
rides, lipids and combination or mixture of these are major film forming materials™. Functional additives such as plasticizers, antioxi-
dants, vitamins, antimicrobial agents, essential oils, pigments and chemical preservatives are used to improve protective properties

[5][19

of edible films™" . Additionally, edible films need a suitable solvent in order to prepare a film forming dispersion (FFD). Mostly water,

. e . . . . . 20
alcohol or aqueous alcohols are used as solvents according to natural solubility characteristics of film forming materials®”.

2. 3. Preparation of Edible Film Containing Lauric Acid

Hydrophobic materials such as lipid, wax and fatty acid, have been directly incorporated into gelatin-based films to improve
their water resistance and water vapor barrier properties[mm]m]. However the direct addition of hydrophobic substance to gelatin
film forming solutions might not permanently alter the properties of gelatin film since those substances could migrate from the film
matrix. Protein/lipid films can be formed using two methods. One method to form emulsions and films is to prepare an emulsion of
protein—lipid complexes by a physical treatment (for example, homogenising) and then to create the film by coating and drying.
Another method is to form an edible film under different phasesm].

In recent papers, lauric acid has been incorporated in starch for preparing the amylose-lipid inclusion complexeslzs]m]. Wang
etal. (2019)[27] has investigated different treatment methods to create potato starch-lauric acid complex and it effects on film proper-
ties. The treatment methods used on the study were simple mixing (Control), ultrasonic treatment (UT), dimethyl sulfoxide heating
(DSH), and pullulanase debranching (PD). The DSH, UT and PD methods facilitated swollen starch to release amylose molecules. The
PD method had highest complexing index, showed that the method was more effective at forming PS-LA complexes than the Control,
DSH, and UT methods. The composite films prepared by the PD method exhibited better mechanical and moisture barrier properties
than films prepared by Control, DSH and UT methods.

Lauric acid mostly incorporated into polysaccharides/protein-based films as the only fatty acid content, but several studies
have done different thing. Bertan et al. (2005)[28]
film. It is quiet interesting that lauric acid and two different fatty acids contained in one film. The film forming solution prepared by

incorporated lauric acid into gelatin, triacetin and blend of stearic and palmitic acid

hydrating 10 g gelatin for 1 h and warmed at 90°C per 10 min. Triacetin (15% w/w dry gelatin) plus stearic-palmitic acid blend (10%
each one; w/w dry gelatin) and lauric acid (1, 2.5, 5, 10% w/w dry gelatin) were heated. Then the solutions were mixed and stirred
using a magneting stirrer.

2. 4. Effect of Lauric Acid on Edible Film Properties
Fatty acids are embedded in the amylose hydrophobic cavity to form a single helical complex, which is stabilized through
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hydrophobic interactions””B%. Starch is one of the most popular film forming material. In recent papers, lauric acid has been incor-
porated in starch for preparing the amylose-lipid inclusion complexes. Lauric acid was more strongly bound with amylose than other
fatty acids with longer carbon chain Iengthm]. Meng et al. (2014)[32] found that the corn starch with long carbon chain fatty acids had
lower complexing index values than corn starch with lauric acid due to their poor dispersivity in gelatinized starch.

Several studies about incorporating lauric acid on edible films and its effects on the film properties shown in Table 1.

Table 1.Summary of research studied lauric acid on edible films

Effects

System Of Application

(Improvements/ Reducements)

Reference

Unriped banana starch

Lower water vapor permeability

Sartori&Menegalli

Higher opacity (2016)[33]
Lower luminosity
Higher tensile strength
Wheat starch, chitosan More effective antimicrobial ability Salleh& Muhamad
(2007) B4

Rice starch, \-carrageenan Smoother and uniform surface Thakur et al. (2017) ™
Lower solubility

Lower water vapor permeability

Higher opacity

Higher tensile strength

Nobrega et al. (2011)
[35]

Native cassava starch, poly (butylene . Homogenous and compact structure

adipate-co-terephthalate) (PBAT) Increase elongation

Decrease water vapor permeability

Fakhouri et al. (2018)
[12]

Gelatin, wheat gluten Lower water vapor permeability
Higher opacity

Slightly higher solubility

Lower intensity phase transition
Gelatin, triacetin, a blend of stearic - Decrease water vapor permeability Bertan et al. (2005)
and palmitic acid Decrease tensile strength

Increase elongation

Increase solubility

Increase opacity

Methyl cellulose (MC), polyethylene . Improvement of water barrier properties

glycol (PEG) - Increase CO, transmission

Ayranchi&Tunc (2001)
[13]

Main purpose of incorporating lauric acid into edible films mostly to improve moisture and water barrier properties of the

(o studying the effect of addition of fatty acids in chitosan films produced by casting method, showed that the incor-

(35]
.77,

films. Wong et a
poration of lauric acid reduced the water vapor permeability to 49% when compared to control. According to Nobrega et a who
studied how the incorporation of fatty acids affected the mechanical and barrier properties of cassava starch films, the addition of
short-chain fatty acids like lauric acid facilitates fatty acid incorporation into a polymeric film matrix and decreases the WVP consi-
derably at relative humidity values ranging from 33 to 64%. Similar results was reported on other studies that incorporation of lauric

acid into edible films could decrease water vapor permeability of the films due to hydrophobicity of the fatty acig™2zeIss]

(203128153 iy g tendency to increase with increasing concentration of

The addition of lauric acid increased the film opacity
lauric acid. This may be attributed to the physical state of the fatty acid (solid) at room temperature. The incorporation of lipids to
the hydrocolloid mixture resulted a decrease in the transparency values probably due to the differences in the refractive index of the
dispersed and continuous phase. The results of this study are similar to those reported previously which found that incorporation of
fatty acids lowered the transparency of films®.

Incorporated lauricacid into rice starch-carageeenan based films tend to reduced the solubility of films. Solubility value of LA
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films was 50.31+1.41%, lower than control films (without fatty acid) and films that contain other fatty acid (stearic, palmitic, butyric,
and fatty acid ester). Low solubility value of LA could be attributed to formation of strong stable helices formed between amylose
and lipid content whic formed an insoluble film on the starch granule surface and delayed the transportation of water into the gra-
nule ™,

Incorporating lauric acid and chitosan into starch based film showed more effective antimicrobial ability against B. subtilis

and E. coli ®

. and the film had synergistic antimicrobial effect when chitosan and lauric acid were combined. The starch-based film
incorporated with lauric acid and chitosan showed better flexibility than when purely starch-based film was formulated. The solution
of starch and chitosan with different mixing ratios (w/w) 8:2 and 9:1 were the most effective ratio with greater inhibition on both
B.subtilis and E. coli than other solution in agar plate and liquid culture test. The control (pure wheat starch) and antimicrobial (AM)
film (incorporated with chitosan and lauric acid) were produced by casting method. A wide clear zone on solid media was observed
for B. subtilis growth inhibition whereas inhibition for E. coli was not as effective as B. subtilis. From the liquid culture test, the AM

films clearly demonstrated a better inhibition against B. subtilis than E. coli.

3. CONCLUSIONS

Many researchers studied different properties of edible films affected by lauric acid (preparation methods, physical,
mechanical, water barrier, antimicrobial properties). Their results show that lauric acid is a promising material for edible films that it
tends to lower the water vapor permeability and have antimicrobial ability against food pathogen bacterial. It can be useful for
preserving and extending the shelf life of foods. However, it tends to produced more opaque films that could limit it uses as food
packaging.
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