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Description
One of the renewable resources that are the intense research

right now is starch. In this cross-linking, one of the effective
methods for altering starch polymers is utilized. Cross-linking
properties of tartaric, oxalic, and citric acids are investigated as
cross-linking agents. In cross-linking starch, it was discovered
that the number of carbonyl functional groups had a greater
impact on cross-linking than the number of hydroxyl functional
groups. In terms of water resistance, tensile strength, and
dimensional stability, citric acid cross-linked starch outperforms
tartaric acid cross-linked starch, oxalic acid cross-linked starch
and thermoplastic starch. Carboxylic acids are polar and they
also participate in hydrogen bonding because they are both
acceptors of hydrogen bonds (the carbonyl-C=O) and donors of
hydrogen bonds (the hydroxyl -OH). The functional group
carboxyl is made up of the hydroxyl group and the carbonyl
group. These longer chain acids typically dissolve in less polar
solvents like ethers and alcohols. Citric, tartaric, and oxalic acids
all had the potential to cross-link starch, as the findings
demonstrated. This could be on the grounds that citrus extract
contains another carboxyl utilitarian gathering than tartaric
corrosive and oxalic corrosive. Tartaric corrosive was superior to
oxalic corrosive for the two more hydroxyl bunches accessible in
it. Starch marker arrangement comprising of water, starch and
iodide is many times utilized in redox titrations: The solution
turns blue when an oxidizing agent is present, but when a
reducing agent is present, the blue color disappears because the
starch-iodine complex is disassembled when triiodide ions break
up into three iodide ions. Starch arrangement was utilized as
pointer for picturing the occasional development and utilization
of triiodide moderate. However, the kinetics of the reaction
steps involving the triiodide ion is altered by the starch.

Starch Granules
Starch is a completely biodegradable biopolymer that can be

found in abundance and comes primarily from grains and tubers.
Starch, being Sustainable and biodegradable, has been looking
for the consideration of numerous analysts overall to supplant
naturally antagonistic regular plastics. Different physical and
compound procedures have been utilized to adjust starch. Cross
connecting, joining polymerization, oxidation, etherification and
esterification are among the synthetic change techniques for
starch. As will be discussed in detail in the two subsections of

polysaccharides, such as cellulose and starch, as well as plant
oils have a significant potential to substitute materials based on
fossil resources. Plant oils and polysaccharides, on the other
hand, can either be chemically altered to produce the desired
monomers and polymers with a wide range of readily available
and desired material properties or used directly. This is divided
into two main parts because of the chemical structures of these
renewable resources: Polymers made from plant oils and
carbohydrates. Biopolymers are normal polymers created by the
cells of living organic entities. Biopolymers, like other polymers,
are made up of monomeric units that are chained together by
covalent bonds to form larger molecules. A cross-link is a bond
or a brief sequence of bonds that connects one polymer chain to
another in chemistry and biology. The polymers can be either
synthetic polymers or natural polymers, and these links can take
the form of covalent or ionic bonds. The majority of green plants
use starch, which is packed into semi crystalline granules, to
store energy. The extra glucose is converted into starch, which is
more complex than the glucose that plants produce. Until they
can find suitable soil in which to grow, young plants rely on this
stored energy in their roots, seeds and fruits. During
photosynthesis, plants use light energy to produce glucose from
carbon dioxide the glucose is either used to make organic
compounds like nucleic acids, lipids, proteins, and structural
polysaccharides like cellulose, which require chemical energy for
general metabolism, or it is stored in amyloplasts as starch
granules. Starch builds up in the twigs of trees that are close to
the buds toward the end of the growing season. Starch is stored
in the fruit, seeds, rhizomes, and tubers in preparation for the
following growing season.

Cross-linking Agents
A catalyst is a substance that lowers activation energy by

altering the transition state; an enzyme is a catalyst that only
contains protein and, if necessary, small molecule cofactors. By
more favorably forming a transition state, a catalyst can lessen
the activation energy. By their very nature, catalysts make it
easier for a reaction's substrate to move into a transition state
this is possible because when the substrate binds to the active
site of a catalyst, energy is released. This generally indicates that
tartaric acid, oxalic acid, and citric acid have the lowest levels of
cross-linking. The esterification response annihilates the
glasslike idea of starch and structures long chains of polymers,
diminishing the diffraction tops in the changed starch. This is
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because, during the processes of cross-linking and gelatinization,
acid enters the crystalline starch granules and breaks the
hydrogen bonds between starch and water. When compared to
the film that was cross-linked with citric acid, neither the
gelatinization of starch nor the cross-linked reaction with oxalic
and tartaric acid significantly altered the crystallinity of starch.
To check for starch, a triiodide solution is made by mixing iodine
and iodide, usually potassium iodide; starch is indicated by a
dark blue color. The specifics of this reaction are still unknown,
but recent research using single crystal X-ray crystallography and
comparative Raman spectroscopy suggests that the final starch
iodine complex resembles a pyrroloperylene-iodine complex's
infinite polyiodide chain. The amount of amylose in the mixture
determines how strong the blue color. The cross-linking agents

tartaric acid, citric acid, and oxalic acid were used to prepare
starch film samples; as well as water and glycerol as plasticizers.
Water absorption, surface morphology, mechanical and thermo-
mechanical properties, structural change, and other
characteristics of the samples are determined. Due to its
abundance, low cost, and excellent film forming capabilities,
starch, the most widely used plant polysaccharide, has been
extensively utilized in the creation of edible coating films.
Starch-based films have great optical, organoleptic and gas
obstruction properties. Co-biopolymers and other secondary
additives have been added to films to improve their mechanical
and tensile properties, and numerous attempts have been made
to overcome these limitations.
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