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Abstract

Food applications of biopolymers are currently one of the fields of greater interest in the
developments of macromolecules, for use as a biocoating. The polymers were included officially in
the pharmaceutical field in 1980 in the American Pharmacopoeia USP XX and since then have been
used as containers and packaging materials. This paper presents a review of trends in the use of
biopolymer to design biocoating with food applications, as well as the current trend of the use of
starches in this field required that the engineer must know to obtain a material that can be used in

the food field and aims to serve as a reference to the State of the art in this specific field of
knowledge.
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Introduction

Currently, packaging represents one of the areas
of application of synthetic polymers, of greater
consumption. In the current context relation
between to the environment and the continuous
accumulation of solid waste from industrialization
and consumption of petroleum-derived polymers
increases due to the average life time of these
materials. One of the most persistent remnant
materials is plastics, which remain in land
extension practically indestructible for thousands
of years [1-7].

According to the above, new technologies in the
development of sustainable processes has
focusses in creation of biodegradable polymers,
which have a few properties comparable with
synthetic plastics [4]. To counteract this situation,
new alternatives have been developed with
similary characteristics to traditional polymers but
being environmentally friendly. Some of these
biopolymers are mostly based in starch [8-12].

Edible films and coatings are made from
biopolymers, such as proteins, lipids and
polysaccharides derived from renewable natural
sources that are completely biodegraded in a
considerably short period of time, thus helping to
reduce environmental pollution [3,13-18]. These
new products are a subject of great interest
because they have a great potential to prevent
the deterioration of many food products besides
their biodegradability [3].

The aim of this work is to present a review on
starches as current material with a potential
source for the development of new films and
coatings.

Methods

A search for original and review articles in english
and Spanish in the last ten years was carried out
in the following databases: MedLine, Library Plus,
ProQuest, NCBI and ScienceDirect.

Results

Starch is the main source of carbohydrates in the
human diet because it is widely distributed in
nature; It is the food reserve of vegetables and is
stored in the form of granules in their different

structures, with the seeds containing the highest
concentration of this polymer, which varies
depending on the genus and species. It is found in
cereal seeds (corn, wheat, rice, sorghum), in
tubers (potatoes), in roots (yucca, sweet potato,
arrowroot), in seeds of legumes (beans, lentils,
peas), fruits (bananas, apples and green
tomatoes), trunks (palm, sago) and leaves
(tobacco) [19-23].

Physicochemical properties determine the use of
starch according to proximal composition
(content of crude protein, ether extract, crude
fiber, ash and moisture), characteristics of the
granule (size, color and shape, crystalline nature),
molecular weight and amylose content [19-23].

Depending on the properties of starch can be
used as a raw material to elaborate
pharmaceutical products because presents
absorbent and emollients properties for skin.
Some formulas are prepared in form of powders,
ointments and enemas. They form gels with
water and polyalcohols that are used in the
treatment of eczema, dermatosis, irritations, etc.
In other cases, starch is used as a lubricant,
diluent and disintegrant of capsules and tablets,
as well as for the coating of the latter [19-23].

Starch generally contains about 20% amylose
which is soluble in water and 80% amylopectin,
insoluble in water [12]. Amylose (Figure 1), it is a
linear polymer consisting of glucose molecules
linked by glycosidic bonds a-D-(1—4), the number
of units varies between the different types of
starches, but is generally between 1000 units of
glucose per molecule of amylose and It has a
spiral shape. At one end of the macromolecule,
the glucose unit contains a hydroxyl group on the
free anomeric carbon, which is why it is called the
reducing end. At the opposite end, or non-
reducing, the hydroxyl at the anomeric carbon
forms part of the glycosidic bond. The abundance
of hydroxyl groups gives hydrophilic properties to
the polymer, imparting affinity for water.
However, due to their linearity, the amylose
polymers tend to cluster very closely in parallel
through the formation of hydrogen bonds
between the hydroxyl of the adjacent polymers
thereby reducing their affinity for water. The
presence of hydrogen atoms in the interior of the
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propeller makes hydrophobic amylose and allows
it to form complexes with free fatty acids, with
glyceride components of fatty acids, iodine and
some alcohols [12,23-26].

The amylopectin chain (Figure 2) consists of
several units of D-glucose, branched in the form
of a shrub in short chains of 20-25 glucose units.
The units along the chain are a- (1,4) glycosidic
and a- (1,6) glucosidic at the branching points. Its
relative molecular mass of 200000 to 1000000
Dalton and even higher [12,27-30].

The amylopectin chains are radially arranged
within the granule with their non-reducing
terminal ends oriented towards the surface, with
alternation of crystalline structure (like a double
helix) and amorphous regions (with the regions
of the points of Branching [12].

The functionality and properties of starch, such as
mechanical strength and flexibility, related to the
character of the crystalline region, depend on the
relationship between amylose and amylopectin,
the degree of branching and the molecular
weight distribution [6,12, 26-30].

One of the main characteristics of the starch is its
granular form, which through its size allows the
identification of the type of plant that comes
from it. The starch granule is formed by
concentric crystalline structures assembled from
the radially oriented amylopectin molecules. The
percentage of crystalline area in the starches is
around 15-40% and is connected to the amorphous
zones in the granules [6,31] (Figure 3).

Biopolimers from starch

Biodegradable polymers are a new generation of
materials that are still in development. Among the
biodegradable polymers, starch is probably the
most abundant and least expensive natural
polymer available. In addition, its use reduces the
demand for petrochemicals and the negative
impact on the environment caused by non-
biodegradable plastic waste [7].

The starch is a good film former, however, it must
be solubilized in water. To increase the solubility
in water, the starch can be esterified with
propylene oxide and thus allow the gelatinization
of the starch and its subsequent formation of the

film [5,32-37]. These films can be obtained from
native starch, or from its components (amylose
and amylopectin) separated, by two different
techniques: solubilizing in hot water and
subsequent drying or with a thermoplastic drying
process [38].

The coatings formed with starch, specifically
amylose and hydroxypropyl amylose, have a
barrier capacity against oxygen and lipids, in
addition to improving the appearance, texture
and subsequent handling in the industry [39]. In
combination with other compounds that can
confer properties on the coating (antimicrobials,
emulsifiers, antioxidants, etc.) is a good material
to form edible coatings. Biocoating made from
biopolymers have numerous advantages,
including being biodegradable, recyclable, can
transport additives, have good barrier and
mechanical properties; They improve the
appearance of food and protect its properties
during storage and handling. They maintain or
improve sensory characteristics and texture in
foods [3].

Currently there are numerous studies and work
done with starch as an edible coating applied to
fruits, the results being successful.

Discussion

Recent investigations by Alvis et al, [32]
evaluated physicochemical, morphological and
viscoamylogram properties of the native starches
of yam, cassava and potato, finding differences in
the behavior of the properties between them,
attributing their difference to the amylose |/
amylopectin ratio.

Other studies like Hernandez-Medina et al., [8]
characterized the physicochemical properties of
tubular starches: makal (Xanthosoma
yucatanensis), sweet potato (Ipomea batata),
cassava (Manihot esculenta Crantz) and sago
(Marantha arundinacea) grown in Yucatan,
Mexico, showed various properties
physicochemical and functional that make them
feasible for use in various food systems or other
industrial applications. The size of the granules of
makal, sweet potato and sago starches were
12,40, 12,41, and 10,64 um, respectively. Except for
the sago (0,64%), the starches had low protein
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content (0,05+0,22%), hich makes it feasible for
use in the preparation of glucosed syrups. The
makal and the sago, due to their high
gelatinization temperatures, could be used in
products that require high temperatures, such as
canned products, baby food, etc. Cassava starch
had the highest swelling power (58,83 g water.g™'
starch), so it could be used in products that
require water to be retained, such as meat
products, such as sausages, jellies, etc. The
starches of sweet potato and cassava presented
greater clarity than those of makal and sago, so
they could be applied in confectionery products.
The firmness and elasticity, as well as the high
stability to the refrigeration and freezing of sweet
potato and yucca starches, indicate that they
could be used as thickeners and stabilizers in food
systems that need to be refrigerated and frozen.

Rodriguez et al, [14] performed the
characterization of some physicochemical and
pharmacotechnical properties of yellow arracacha
starch (Arracacia xanthorriza), showing a particle
size between 5 and 35um, the shape, evaluated is
irregular polyhedral, the temperature range of
gelatinization, is between 49 and 55 ° C; the
content of amylose, is close to 18%, the behavior
against relative humidity classifies it as a
moderately hydroscopic material and its
pharmacotechnical properties demonstrate a low
bulk, poor flow and a good performance under
compression.

Chiumarelli and Hubinger [40] formulated a
coating with cassava starch, carnauba wax,
glycerol and stearic acid to apply on apple slices,
with the results of a decrease in the respiratory
rate of the fruit, good resistance to water vapor
and better mechanical properties. and film
makers.

In the same way, Garcia et al., [41] formulated an
edible coating based on cassava starch with or
without the addition of potassium sorbate on
strawberries. They observed a decrease in the
respiratory ratio, as well as a decrease in firmness
and texture. Potassium sorbate did not have the
expected antimicrobial functions, and samples
coated with cassava starch with potassium
sorbate deteriorated faster (9 days) than those

without potassium sorbate (12 days) due to the
attack of microorganisms.

The starch of yam (Dioscorea sp) is considered a
good source for the production of films and
edible coatings, for its amylose content, its
stability at high temperatures and low pH [42].
Films made from yam starch and glycerol have
permeability to water vapor of 4.58 g mm kPa-1 d-
1 m-2 which transforms it into a material with
great potential for application in the food

industry [43].

Torrenegra et al, [18] evaluated an edible
biocoating based on modified yam starch on the
melon by  determining  sensory  and
physicochemical properties. The results showed
that all the variables are significantly influenced
by the biomolecule used "modified starch",
observing a favorable performance in edible
biorecovering.

In this same context, Saavedra and Algecira [44]
evaluated the edible cassava starch films and
isolated soy protein for conservation of
strawberries. Edible films were made by the
casting method. In the formulations containing
protein, a greater elasticity was observed,
thermal events at lower temperature compared
with those of the mixtures, a more homogeneous
surface, allowing to improve some properties of
the fruit during its storage as the loss of weight.

Meneses et al, [45] synthesized and
characterized a biodegradable polymer from
cassava starch, highlighting that it is feasible to
produce a product that does not require a very
high tensile strength and should not be exposed
to water or high humidity conditions; therefore,
the potential manufacture of plastic coatings
(such as capsules) or the manufacture of plastic
bags or plastic packaging are the uses that could
be given to the polymer to try to replace a
product whose generation of waste is massive, in
order to try to solve the non-biodegradability of
conventional plastics.

The properties conferred to starches allow their
use in the food field and one of the most
promising applications is in the improvement of
the mechanisms of biocoating of food matrices.
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The scientific and technological breakthrough
that has led to the incursion of biopolymers in the
area of food technology is evident.

Biorecoverings made from biopolymers have
numerous  advantages,  including  being
biodegradable, recyclable, can transport
additives, have good barrier and mechanical
properties; They improve the appearance of food
and protect its properties during storage and
handling. They maintain or improve sensory
characteristics and texture in foods [3].

This review is a valuable contribution to collect
current information and show a global view of the
new trends in the design and development of
biorecoverings made from starches, as well as the
characteristics of this material used for this
purpose. However, its validity could be short, to
the extent that every day there are constant
advances in science and engineering of materials
that are surprising.
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Figure 1. Chemical structure of the Amylose [19].

/% 2
HO
OH
"o OHo OH
OH

0 OH
O\_,.0H
OHo OH /gv&’
.OHo OH
o-(1—4)-glycosidic linkage
iﬁ«—\( rZ s
© /%Tx
"o o~ HO OH /%
OHo OH O

a-(1—=4)- glycc>5|d|c linkage

-(1—6)-glycaosidic linkage

Figure 2. Amylopectin Chemical structure [19].
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Figure 3. Crystalline and amorphous regions of the starch granules [31].
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