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Abstract: Taro (Colocasia esculenta) is an important source of carbohydrates as an energy source and is
used as a staple food throughout the world. It is rich in mucilage and starch granules, making it a
highly digestible ingredient. Mucilage can act as a matrix and a thickening, binding, emulsifying,
or foaming agent in food, pharmaceutical, and several other fields of research. Moreover, mucilage
can be extracted from several living organisms and has excellent functional properties, such as
water-holding, oil-holding, and swelling capacities. Therefore, these remarkable functional properties
make mucilage a promising ingredient with possible industrial applications. Furthermore, several
extraction techniques, including enzyme-assisted, ultrasonication, microwave-assisted, aquatic, and
solvent extraction methods, are used to obtain quantitative amounts of taro mucilage. Coldwater
extraction with ethanol precipitation can be considered an effective and cost-effective technique
to obtain high-quality mucilage with suitable industrial applications, whereas the ultrasonication
method is more expensive but results in a higher amount of mucilage than other emerging techniques.
Mucilage can also be used as a fat replacer or reducer, dye remover, coating agent, and antioxidating
agent. Therefore, in this review, we detail the key properties related to the extraction techniques,
chemical composition, and characterization of taro mucilage, along with its suitable applications and
health benefits.

Keywords: mucilage; biopolymer; polysaccharide; food applications

1. Introduction

Over the past years, the adverse effects of synthetic polymers on human health and
the environment (non-biodegradability, non-biocompatibility, and cyst formation) have
limited their usage in therapeutic and industrial applications [1,2]. Therefore, interest in
plant-derived viscous polysaccharides, including mucilage and gums, has been increasing
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in the food, pharmaceutical, and other industries due to their diverse functional properties,
such as emulsifying, binding, coating, gelling, thickening, and stabilizing properties [3].
Furthermore, mucilage is an eco-friendly, cost-effective, edible polysaccharide and is mainly
extracted from living organisms, e.g., bacteria, fungi, plants, animals, and algae [4]. Among
the plant kingdom, flaxseed, taro, chia seed, psyllium, basil seed, tamarind seeds, and
okra are the richest sources of mucilage. Moreover, mucilage has been exploited in the
human diet (as a food ingredient substitute or additive) [5-7]. Even at low concentrations,
mucilage has excellent viscosity, water-holding capacity, oil-holding capacity, and antimi-
crobial activity. Thus, these remarkable functional properties make mucilage a promising
ingredient with possible applications as a fat replacer [8], gel former [9], thickener [10], and
emulsifier [11]. Chemically, mucilage is a physiological product of plant metabolites and is
composed of polysaccharide units of L-thamnose, D-galactose, D-xylose, and L-arabinose.
It also contains organic acids and a small number of proteins [12]. The physicochemical,
functional, and chemical compositions of mucilage are highly dependent upon the origin
and the types of extraction and purification methods [9]. For example, okra mucilage is
composed of (1,2)-rhamnose and (1,4)-galacturonic acid residues with disaccharide side
chains [13]. Similarly, psyllium mucilage is composed of 3-D-1,4-linked xylo-pyranose
components substituted by &-L-arabino-furanose fractions with a xylose/arabinose ratio of
3:1[14].

Taro (Colocasia esculenta), a plant of the Araceae family, is a very important staple crop
in the human diet and is mainly grown in the humid tropical regions of the world. It has
been reported that taro is a potential source of about 3 to 19% mucilage and 70 to 80% starch,
depending upon the extraction method [15,16]. Moreover, the chemical composition of taro
mucilage comprises carbohydrates (glucose, galactose, mannose, xylose, and arabinose) and
proteins (major amino acids, e.g., leucine, isoleucine, cysteine, tryptophan, and lysine). The
presence of radicals of completely or partially hydrophobic amino acids, such as tryptophan,
isoleucine, and leucine, can improve the emulsifying properties of taro mucilage [17,18].
It also contains high amounts of arabinogalactan-proteins (AGPs). Thus, fractions of
proteins with non-polar radicals present in taro mucilage are thought to be responsible
for the hydrophobic portion, while carbohydrates contribute to the hydrophilic character.
Furthermore, several reports on taro mucilage revealed that starch was a major impurity in
mucilage that may affect its techno-economical applications [19,20].

Numerous reports have been published on the effect of taro mucilage on baked food
products. For example, Travares et al. [21] used taro mucilage in sliced bread as a stabilizing
or thickening agent, resulting in reduced fat levels in high-quality bread. Likewise, the
emulsifying properties of taro mucilage were found to be beneficial for the quality and
desirable production of bread in a study by Contado et al. [22]. Only a few reports have been
published on taro health attributes and taro starch. However, no comprehensive review is
available on taro mucilage. Therefore, this review provides comprehensive details about
the extraction techniques, chemical composition, characterization, and health attributes
of taro mucilage. Additionally, several applications of taro mucilage are discussed, along
with mechanisms and schematic diagrams.

2. Extraction Process and Compositional Properties of Taro Mucilage

Mucilage extracted from different plant parts has diverse applications and characteris-
tics based on their respective functional and structural components. In addition, several
extraction techniques, including enzyme-assisted, ultrasonication, microwave-assisted,
aquatic, and solvent extraction methods, are used to obtain quantitative amounts of mu-
cilage [23]. However, very few techniques have been adopted for the extraction of taro
mucilage (Table 1). Centrifugation and drying techniques have been used in order to
obtain dried powder or purified mucilage [24]. Additionally, it has been reported that
the oven-drying technique is more effective than the spray dryer because it operates at a
high temperature for a short time [25]. Starch present in taro mucilage can be considered a
major impurity that affects its quality and is not beneficial for emulsification [26]. Apart
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from extraction methods, various factors such as maturity stage, distribution, molecular
size, degree of branching, structural linkages, presence of hydrophobic components, and
monomeric compositions also affect the functional properties of taro mucilage [27,28]. Simi-
larly, the physiological stages of taro rhizomes showed variation in the yield of mucilage, as
observed by Tavares et al. [21]. Higher starch content was noted six months after planting
and was reduced at the eighth month, whereas a high amount of dry matter was found
at the physiological maturity stage of taro, and high protein content was found before
the maturity stage. Ultrasonication in combination with hydrodynamic forces is widely
adopted in order to increase the mechanical potential of the highly viscous medium [29].
Consequently, Lin and Huang [30] extracted high-purity (98%) mucilage from taro corms
using a low-temperature method. In this study, high-performance liquid chromatography
(HPLC) was used to analyze the acid hydrolysates of mucilage, and D-galactose (61.6%)
was determined to be a major component, followed by D-glucose (19.7%) and D-arabinose
(16.2%). Similarly, in a study by Andrade et al., taro mucilage was extracted in five different
conditions, i.e., (a) at room temperature, (b) at room temperature with ethanol precipitation,
(c) at high temperature, (d) at high temperature with ethanol precipitation, and (e) at low
temperature with ethanol precipitation [31]. Higher yield (8.05%) was obtained at room
temperature, and the highest emulsifying activity and stability were found in condition
(b), mucilage extracted at room temperature with ethanol precipitation. On the other
hand, condition (d) at high temperature with ethanol precipitation and condition (e) at
low temperature with ethanol precipitation was highly reflected in the precipitation of
mucilage with ethanol due to the solubilization of non-starch short-chain carbohydrates
and other components. In this regard, the extraction of mucilage at low temperature with
ethanol precipitation is explained in Figure 1. In this process, after cleaning, peeling, and
crushing, rhizomes are filtered by adding distilled water. Afterward, the filtered solution
is centrifuged, the supernatant is collected, and mucilage is precipitated by ethyl alcohol.
Moreover, acid- and alkali-extracted mucilage showed less viscosity and higher yield as
compared to water-extracted mucilage due to compositional differences in monosaccha-
rides in the mucilage structure [3].

(4) Addition of distilled
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Figure 1. Schematic representation diagram of the extraction of taro mucilage at low temperature
with ethanol precipitation.

Furthermore, the chemical composition, including monosaccharide units and amino
acids, and proximate composition of taro mucilage are also dependent upon the extraction
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techniques of mucilage. Taro mucilage consists of carbohydrates (arabinose, rhamnose,
arabinose, fructose, mannose, galactose, fructose, and glucose) and also contains various
amino acids, as shown in Figure 2. The high glucose content present in taro mucilage is due
to the presence of starch during the extraction. In addition, taro mucilage is a rich source of
high amounts of arabinogalactan-protein (AGP) (93-98%) and provides a high amount of
AGP, which is responsible for the improvement of the emulsifying properties of mucilage
due to the presence of hydrophilic and hydrophobic amino acids, as stated by Andrade
etal. [32] and Njintang et al. [33]. Several phenolic compounds present in taro mucilage are
esterified (bound phenolic compounds), which are interconnected to arabinose residues
or carboxyl groups via ester bonds. These esterified compounds have great potential to

inhibit enzymatic activity by polyphenol oxidases (PPO) such as laccase, which results in
the improvement of functional properties.
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Figure 2. Chemical structures of different amino acids present in taro mucilage.

Consequently, Njintang et al. [33] extracted mucilage from five different taro varieties
by solvent extraction treatment. In their work, the protein content of mucilage was found to
be higher (30-51%) due to the use of saline buffer during the extraction. Therefore, different
growth conditions of taro can affect the protein content, carbohydrate proportion, and yield
of mucilage. Similarly, taro mucilage also contains acidic glycoproteins, acidic glycans, and
natural glycans. These fractions of glycans are considered effective viscosity modifiers and
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gelling agents according to Manhivi et al. [34]. Carbohydrates, ash, fiber, moisture, lipids,
and proteins are major components constituting the proximate compositions of foods.
However, several authors have obtained different results for the proximate compositions of
taro mucilage [35]. For example, the chemical composition of mucilage extracted at low
temperature with ethanol precipitation showed an average ash content, a lower amount of
crude fiber and ethereal extract, and a higher amount of the glycosidic fraction and protein
content in the inorganic fraction of mucilage [31], whereas mucilage extracted at room
temperature without precipitation showed a decreasing trend of glycosidic fractions from
91% to 38%, and protein content was increased from 3% to 47%. These findings were caused
by the elimination of carbohydrates, including starch components, after centrifugation in
the cold treatment [32]. Moreover, several reports have revealed that bonding between
proteins and carbohydrates is responsible for the emulsifying properties of mucilage [36].

Table 1. Various extraction methods, yields, and chemical compositions of taro mucilage.

Extraction Method Extraction Condition Yield of Mucilage Chemical Composition References
Mucilage was extracted at
different five conditions (a) at Amino acids (proline,
Solvent treatment (ethyl room temperatur?, (b) at room (a) 8.05% alanine, threonmg, lysine,
. temperature with ethanol o tyrosine, valine,
alcohol), high- and D . (b) 1.65% . .
precipitation, (c) at high o phenylalanine, glycine,
low-temperature . (c) 4.09% . . [31]
. . temperature, (d) at high o serine, arginine, and
methods, filtration, and . (d) 0.55% . id
Ivophilization temperature with ethanol (e) 1.33% leucine)Monosaccharides
yop precipitation, and (e) at low ’ (galactose, arabinose, and
temperature with ethanol glucose)
precipitation
Amino acids (leucine,
isoleucine, cysteine,
tryptophan, and lysine)
Filtration and Filtrated mucilage was 9.63% and monosaccharides [32]
lyophilization lyophilized for 72 h o0 (xylose, rhamnose,
arabinose, fucose,
mannose, galactose,
fructose, and glucose.
Coldwater, filtration, and The filtrate was centrifuged at o Mogosaccharldes
. . . o 3.23% (arabinose, galactose, [37]
centrifugation 13,000 g for 10 min at 4 °C
mannose, and rhamnose)
Monosaccharides
Coldwater, filtration, and The filtrate was centrifuged at o (gluCQSe, galactose,
. . . o 4.44% arabinose, xylose, [34]
centrifugation 5000% g for 20 min at 4 °C .
mannose, and glucuronic
acid)
Six varieties were used to extract
mucilage in a saline buffer .
. . Sugars (arabinose,
containing 50 mM Tris pH 8, h p ]
supplemented with solvents rhamnose, TUcose, Xylose,
Solvent treatment ppier . ’ 3-18% galacturonic acid, [33]
The mixture was incubated . .
. o . . guluronic acid, mannose,
overnight at 4 °C with agitation alactose, and glucose)
followed by centrifugation at 8 ’ &
3000x g for 20 min.
Mucilage was extracted by using
High temperature two different solvents (a) 9.4%1.2% - [38]

methanol (b) acetone
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3. Characterization of Taro Mucilage
3.1. Fourier Transform Infrared Spectroscopy

Fourier transform infrared spectroscopy (FTIR) is an analytical method used to evalu-
ate the chemical bonds or functional groups existing in mucilage or any other molecule
by producing an infrared absorption spectrum [39]. Several authors have documented
that taro mucilage is constituted by C=0O, CH3, OH, C-O, CH, and C-O-H groups. For
instance, axial deformation of the CH bond was assigned to bands at 2955, 2934, 2916,
2943, 2935, and 2907 cm™~!. The presence of the C=O stretching of peptide groups was
confirmed by bands at 1700 and 1600 cm~1, which is known as the amide I band. Therefore,
these FTIR results revealed the presence of protein fractions in taro mucilage, as proven
by Andrade et al. [31]. In another study, axial deformation of a hydroxyl group (-OH) (at
3300 and 3200 cm 1) and a C-H bond (at 3000 and 2840 cm ') was found, which confirms
the presence of carbohydrates in taro mucilage. Moisture and N-H bonds in proteins are
responsible for amide I, amide II, and nucleic acids attributed to the region between 1750
and 1500 cm 1, according to the study of Andrade et al. [32]. Chawla et al. [4] reported
that the spectral fingerprint for AGP glycoprotein or carbohydrate is the region between
1200 and 800 cm~!. Consequently, Manhivi et al. [34] investigated the functional groups
of mucilage extracted from taro and cactus. For taro mucilage, axial deformation of the
hydroxyl group (-OH) was found with intramolecular bonding in the range between 3000
and 3600 cm~!. However, C-O stretching of carboxylic acids was confirmed between 1320
and 1210 cm~! for mucilage from both sources.

3.2. Scanning Electron Microscopy

Scanning electron microscopy (SEM) is used to characterize the microstructure of the
surface morphology of the polymer. Starch is a part of mucilage, and the gelatinization of
starch occurs at a high temperature, which results in the swelling of starch granules [40].
This phenomenon is characteristic of starch granules in a suspension at a high tempera-
ture. However, non-gelatinized starch was found in the case of mucilage extracted at high
temperature with ethanol precipitation, as confirmed by SEM by Andrade et al. [31]. The
surface morphology of taro mucilage incorporated into hydroxypropyl methylcellulose
(HPMC)-based transdermal patches were characterized by SEM by Sarkar et al. for further
application in drug delivery [38]. The results of SEM revealed that the surface morphology
of drug-loaded pure HPMC patches was smooth and uniform, whereas mucilage patches
showed a unique interconnected network structure. On the other hand, the patches retained
the skeletal backbone for drug release, which indicates that drug release is highly diffusion
controlled. Therefore, it is possible that a combination of mucilage and HPMC could be
an effective agent for sustained release in a transdermal drug delivery system. Similarly,
grafted polylactide copolymers with taro mucilage were produced using conventional
approaches and microwave irradiation and then visualized under different magnifica-
tions [41]. The resulting images of mucilage morphology indicated a rough surface and
irregular granular shapes. However, mucilage grafted with lactide appeared whiter and
rougher, but the morphology reformed from a granular structure to a flat structure after the
grafting of lactide chains onto its backbone.

3.3. Differential Scanning Calorimetry and Thermal Gravimetric Analysis

Differential scanning calorimetry (DSC) is a technique to investigate how polymers
respond to heat. The melting of a crystalline polymer or the glass transition can be studied
using DSC [42]. The difference in the amount of heat required to raise the temperature
of a sample compared to a reference is assessed as a function of temperature in the DSC
technique. Mijinyawa et al. [41] studied the DSC of taro mucilage and grafted polymer
(polylactide copolymers with taro mucilage). In comparison to grafted copolymers, taro
mucilage had higher-intensity crystalline diffraction peaks due to its high crystallinity. Fur-
thermore, in semi-crystalline polymers, the destruction of the hydrogen bonding between
the chains can result in a reduction in XRD peak intensity and therefore reduced crys-
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tallinity. Similarly, the DSC thermal profile of taro mucilage revealed a broad endothermic
transition with an onset temperature of 44 °C and a peak temperature of 111 °C because
mucilage contains heterogeneous hydrophilic carbohydrates that contain both crystalline
and amorphous polysaccharides. Since degradation is exothermic, there was no evidence
of depolymerization of taro mucilage up to 195 °C, as reported by Manhivi et al. [34].

Thermal gravimetric analysis (TGA) is a type of thermal analysis in which the mass of
a sample is measured as temperature varies over time. This measurement provides infor-
mation about physical parameters such as desorption, adsorption, absorption, and phase
transitions [42,43] and chemical parameters such as thermal decomposition, chemisorption,
and solid-gas reactions. A thermogravimetric analyzer continually measures the mass
while the temperature of a sample is changed throughout the measurement period [44].
Furthermore, there are three base measurements, namely, mass, temperature, and time,
from which numerous additional measurements can be derived in the thermogravimetric
analysis [45]. Consequently, taro mucilage was explored by TGA under a nitrogen atmo-
sphere, and due to the presence of moisture in the mucilage sample, the initial weight loss
was observed in the region of 40 to 110 °C. The highest weight loss occurred at temperatures
between 230 and 310 °C, which corresponds to the structural degradation of mucilage.
The temperature required for the mucilage to lose 50% of its weight is 293 °C, which is
higher than the temperature required for okra mucilage to lose a similar amount of water,
as reported by Sarkar et al. [38].

3.4. Rheological Properties of Taro Mucilage

Mucilage and other hydrocolloids are used in several industries (particularly in the
food industry) because of their ability to modify the functional properties of foods. How-
ever, viscosity is one of the most important parameters of mucilage [46]. Viscosity can be
affected by several factors, including shear rate, molecular weight, concentration, tempera-
ture, and salinity [22]. However, mucilage is considered a high-molecular-weight polymer.
Several authors have proven that viscosity is directly influenced by the techno-functional
properties and industrial applications (emulsifying properties, foaming capacity, and water-
holding capacity) of taro mucilage. Moreover, viscosity can be responsible for the variation
in the chemical composition (carbohydrate and amino acid profile). In this context, the
rheological properties of taro mucilage were determined at 25 °C in a rheometer by Man-
hivi et al. [34]. To measure the steady-shear viscosity as a function of shear stress, the shear
rate was measured. Taro mucilage showed Newtonian flow behavior at a low concentration
(below 10%). On the other hand, the pseudo-plastic nature increased with an increase
in concentration. Additionally, the consistency coefficient (k) revealed that viscosity was
directly proportional to the concentration at any given shear rate. In another study, the
viscosity of taro mucilage was evaluated by a rheometer equipped with a cone and plate
geometry. Only a minor difference was seen between the curves of the different varieties of
taro, which behave as power-law liquids to a very good approximation (r = 0.95-0.99) over
this range of shear rates Njintang et al. [33].

4. Techno-Functional Property of Taro Mucilage

Hydrocolloid polymers (high-molecular-weight biopolymers) are extensively used in
the food and pharmaceutical industries. A hydroxyl group in a biopolymer causes viscous
dispersions, which increases water attraction [16,47]. Hydrocolloids are also commonly
used as stabilizers, thickening agents, dietary fiber, whipping agents, and fat substitutes.
However, mucilage is water-soluble and often has remarkable functional properties, in-
cluding water-holding capacity, oil-holding or binding capacity, and emulsifying, foaming,
antioxidant, and antimicrobial properties [48]. Moreover, they also have diverse industrial
applications in edible films and coatings, crystallization inhibition, and flavor encapsula-
tion. High water-holding capacity is attributed to the presence of hydroxyl groups and
protein substituents in the gum and mucilage structure [49]. The moist polymer or sample
can hold water when exposed to an external centrifugal gravity force or compression.
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Water-holding capacity comprises the sum of linked water, physically trapped water, and
hydrodynamic water, the latter of which contributes most to this capacity. Conversely, the
inability to form a gel is due to the high solubility of mucilage, even at high concentrations,
which results in a low water-holding capacity [50,51]. Furthermore, the elastic structure
of mucilage is linked to good foaming properties. Foaming properties are influenced by
a variety of parameters, including the presence of various chemicals in carbohydrates,
structure, protein content, and molecular weight. The flexible structure of mucilage, which
can minimize surface tension, is closely linked to its excellent foaming capacity [52].

5. Application of Taro Mucilage

Plant-derived additives or polymers can be used as natural thickeners or emulsifiers
in the human diet and thus act as alternatives to synthetic polymers or additives [53].
Mucilage derived from plants can form a large number of network molecules due to their
elasticity and thus can be widely used for edible films or edible coating in food packaging
applications, thickening, encapsulation, inhibition of syneresis, control of crystallization,
suspension of particulates, and stabilization of emulsions in the food industry, while it
can act as disintegrators in tablets, tablet binders, and a variety of other pharmaceutical
applications [54,55]. Additionally, mucilage is highly capable of swelling or solubilizing
in aqueous systems, providing viscous material, similarly to the characteristics provided
by fats. However, excessive intake of fats and oils can cause obesity, several types of
cancer, cardiovascular diseases, and hypercholesterolemia [56]. Therefore, several authors
have stated that mucilage should be considered as a potential ingredient in food industry
applications, including fat replacers, emulsifiers, and dye removers [57].

5.1. Application of Mucilage as an Emulsifying Agent

The emulsifying capacity of mucilage is an important function and has a wide range
of applications in several industries. An emulsion is a homogeneous mixture of two immis-
cible liquids in which one phase is dispersed and distinct from the other [58]. Emulsifiers
aid in the formation of fine dispersions (Figure 3), whereas stabilizers improve the stability
of the dispersion of two or more ordinarily immiscible phases. A few mucilages and
gums (e.g., gum arabic) can act as stabilizers and emulsifiers at the same time [59]. Fur-
thermore, emulsifiers are amphiphilic compounds with a water-soluble polar component
(hydrophilic) and a non-polar water-insoluble component (lipophilic or hydrophobic), and
they are extensively employed in the food industry [60]. Monoglycerides, propylene glycol
monoesters, lactylate esters, acetylated monoglycerides, and ethoxylated esters are the
most common synthetic commercial emulsifiers. Natural emulsifiers include lecithin and
gum arabic, as well as guar, xanthan, locust bean, and carrageenan gums. It can be utilized
as a natural emulsifier in baking to produce sensory characteristics comparable to bread
with additional commercial synthetic emulsifiers in the food industry [61]. However, it has
been reported that taro mucilage has lower lipid content than other commercial emulsi-
fiers [62]. In this context, the emulsifying properties of taro mucilage were evaluated by
Andrande et al. [32]. The presence of a methyl group, which was observed in the infrared
spectra, and the presence of low amounts of lipids may also contribute to the emulsifying
power by providing a hydrophobic moiety. The hydrophilic portion of this emulsifier
mainly consists of hydroxyl-containing carbohydrates. Therefore, it can be concluded that
the protein content of taro mucilage, as well as weakly polar amino acids found in gumes, is
primarily responsible for its emulsifying capacity [63,64].
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Figure 3. Proposed mechanism of emulsifying action of taro mucilage.

5.2. Application of Taro Mucilage as a Fat Replacer

In recent years, consumers have become more health-conscious. As a result, demand
for low and reduced-fat foods is increasing, as customers need to change their food intake
in order to lose weight [65]. Taro mucilage is an edible polysaccharide also known for its
excellent functional properties (especially water-holding capacity) due to its several free
hydroxyl groups and fiber-rich fractions, which may form bonds with water molecules [66].
Therefore, taro mucilage can mimic the properties of fats by increasing the viscosity of a
system and promoting moisture retention in low-fat food products. This has a positive
impact on the rheological aspects of foods (baked goods, meats, and dairy products) and
is also correlated with softness and cooking loss [67]. Fat is important in baked products
because it promotes dough lubrication and air incorporation and prevents gas-bubble
coalescence during mixing. Moreover, the gelatinization of starch also reduces the presence
of fat because the retardation of water is transferred to the starch granules [68]. In a study
by Nagata et al. [69], physical, chemical, and sensory analyses of bread slices were carried
out after the addition of taro mucilage. It was observed that bread containing taro mucilage
showed excellent softness and sensorial properties. Additionally, it is believed that fat
replacers have different mechanisms in common food products. In the case of bakery
products, the interaction between fat and protein reduces the growth of the protein matrix
during the process of dough formation, which is responsible for the short structures and
softness of the bread, as shown in Figure 4. In this case, protein interaction with lipids can
have an impact on the bread volume, the firmness of the crumbs, and the destabilization of
the gas cell. Moreover, water activity can be reduced with the addition of mucilage to bakery
products due to its good water-holding or absorbing properties [21]. In general, hydrogen
bonding, steric interactions, electrostatic interactions, and covalent bonding are responsible
for the techno-functional properties and applications of mucilage as fat replacers. The
self-interactions of mucilage without competing with starchy polysaccharides and gluten
proteins for available water in the system led to an increase in moisture content in some
bakery products (e.g., eggless cake) [60].
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Figure 4. Application of taro mucilage as a fat replacer in bakery products.

5.3. Antioxidant Activity of Taro Mucilage

The hydroxyl radical is a potential oxidant that may react with all biological compo-
nents, including proteins, lipids, and carbohydrates, and oxidative stress is known to have
arole in a range of degenerative processes and diseases [70]. The damaging power of OH
radicals is very strong, and the oxidation of fatty acids in biological membranes leads to
the eventual destruction of the membrane, rearrangement of double bonds in unsaturated
lipids, uptake of oxygen, and propagation of lipid radicals [71]. Therefore, research on
antioxidants, especially plant-based polymer extracts, has become an important branch of
science. Additionally, mucilage has a wide range of therapeutic properties, has become
well known, and is widely used due to its ability to prevent oxidation [72]. The majority of
plant-derived mucilages showed the ability to scavenge different free radicals produced
and generated by various biological and chemical reactions. As a result, mucilage’s an-
tioxidant function assists in the control of oxidative stress in the circulatory system [73].
Electron donor or hydrogen donor functional groups attached to polysaccharide chains
provide polysaccharides with their antioxidant properties. These properties differ from one
functional group to another and can be easily measured using in vitro antioxidant assays.
However, very little literature is available on the antioxidant activity of taro mucilage [74].
For example, Nguimbou et al. [75] measured the antioxidant activity of mucilage from
yellow and white giant swamp taro tubers. In this study, yellow taro mucilage showed
higher antioxidant activity than white, while the chelating ability and the reducing power
of taro increased with mucilage content. Moreover, the antioxidant activity of phenolic
compounds is due to their redox characteristics, which allow them to act as singlet oxy-
gen quenchers, hydrogen donors, and reducing agents. They also have metal-chelating
potential. Therefore, they have excellent antioxidant properties [76].

5.4. Application of Taro Mucilage as Dye Remover

Dye wastewater primarily consists of residual dyes and auxiliary chemicals and can be
one of the most significant contributors to water pollution in several industries, including
textile effluent and food industries [77]. Over 50,000 tonnes of dye are discharged into
wastewater each year, with the percentage varying depending on the dye type, fiber
application, and degree of dye fixation. The proportion of dye that is lost to effluent
varies among dye—fiber application systems [78]. Several methods for removing color from
dyehouse effluent have been developed, with varying degrees of effectiveness, costs, and
environmental impacts. However, it has been proven that color removal by sorbing dye
molecules onto a substrate (adsorbent) can be a very successful and low-cost approach.
Adsorption is used in numerous procedures that change or destroy the dye chromophore
to remove color, but residual moieties are not always removed from the effluent and may
cause environmental issues [79]. In addition, naturally, polysaccharides (gums, mucilage,
and chitin) are superior to polymers for the adsorption of heavy metals and dyes due to
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the higher number of sites for possible chelation. Likewise, Mijinyawa et al. [41] proved
that taro mucilage can remove methylene blue at basic pH under ultrasonication.

6. Health Attributes of Taro Mucilage

Taro is a traditional crop with significant nutritional and medicinal potential. The
available literature indicates that different plant parts of taro contain a combination of
bioactive chemicals, such as saponins, polyphenols, and alkaloids, and therapeutic proper-
ties, including hepatoprotective, immunoprotective, neuroprotective, anti-inflammatory;,
anti-hypertensive, anti-compulsive, and anti-carcinogenic properties [80]. The identifica-
tion of several key bioactive components in mucilage has paved the way for its use as a
treatment against various diseases. Since ancient times, it has been used to treat asthma,
skin and neurological disorders, internal hemorrhaging, pneumonia, and hypertension [81].
Additionally, taro plays an effective protective role against cancer and cancer-related risk
factors, including carcinogens and biological agents, and various pathophysiological condi-
tions, such as inflammation and oxidative stress, while controlling metabolic dysfunctions
and boosting the immune system. It is a promising potential alternative staple source with
a lower glycemic index (GI) than potato; therefore, its consumption may reduce or prevent
several diseases, including certain types of cancers [15]. Furthermore, taro is a gluten-free
food that contains high calories, low fat, and low protein content. For this reason, its con-
sumption can be beneficial for allergic and gluten-intolerant people. It is also an excellent
source of vitamin B complexes, such as thiamin, pantothenic acid, riboflavin, folates, and
pyridoxine [60]. In addition, taro rhizomes are rich in essential components of cells and
body fluids, which can help to control blood pressure and also regulate heart diseases. Taro
extracts containing tarin, which is one of the active chemicals, had an antimetastatic effect
in mice after intraperitoneal injection of the highly metastatic murine breast cancer cell
line 410.4, as studied by Kundu et al. [82]. Moreover, taro is a rich source of phenolic acids
and flavonoids, which have excellent antioxidant properties due to the presence of the
hydroxyl group in their structures. Flavonoids, the largest group of phenolic compounds
found in various parts of the taro plant, have been associated with a lower risk of several
degenerative diseases. The anti-inflammatory activity of taro mucilage is due to phenols
and other antioxidants in taro that could curb the progression of cancer [83].

7. Conclusion, Future Research Perspective, and Challenges

Over the past years, plant-derived biopolymers (gums and mucilage) have received
interest in food, pharma, and other industries due to their diverse industrial applications,
including gelling, binding, emulsifying, and film coating capacities. These biopolymers
have advantages over synthetic ones since they are easily available, biodegradable, cost-
effective, and eco-friendly. Additionally, taro is a very important staple crop in the human
diet and is mainly grown in the humid tropical regions of the world. It contains a high
amount of mucilage, which is well known due to its diverse industrial applications and
remarkable therapeutic and functional properties. Moreover, taro mucilage is extensively
used as a fat replacer in bakery products, a dye remover, and an emulsifying agent. It also
contains several carbohydrates and proteins that play a significant role in the improvement
of the functional properties of foods. The majority of public and private agricultural
funding for research is directed toward improving the production of high-value crops for
high-paying markets or international trade. When taro is perceived as a “poor man’s crop”
or “marginal crop,” this unfavorable attitude may deter the research needed to maximize
several advantages of taro for small-scale farmers. Gaps in knowledge exist for numerous
plants with significant potential value as local, regional, or global sources of food, medicine,
fiber, and other uses. Moreover, research gaps on taro mucilage need to be addressed
because of its potential use in several industrial applications as an effective eco-friendly,
non-toxic, and cost-effective polymer. However, very few reports have been published on
the utilization of mucilage in particular industrial applications.



Polymers 2022, 14, 1163 12 of 15

Author Contributions: Conceptualization, A.N., P.C,, ] K., A.K. and M.M.T,; resources, A.B., P.C,,
M.S., RK. and M.M.T.; writing—original draft preparation, M.M.T., A.B., A.K. and P.C.; writing—
review and editing, A.B., A.N., J].K. and P.C,; visualization, A.B. and M.M.T.; supervision, A.N., K.S.,
S.P.G.,RK. and M.M.T. All authors have read and agreed to the published version of the manuscript.

Funding: This project was financially supported by the Minister of Education and Science un-
der the program entitled “Regional Initiative of Excellence” for the years 2019-2022, Project No.
010/RID/2018/19, amount of funding 12,000,000 PLN.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lehner, R.; Weder, C.; Petri-Fink, A.; Rothen-Rutishauser, B. Emergence of nanoplastic in the environment and possible impact on
human health. Environ. Sci. Technol. 2019, 53, 1748-1765. [CrossRef] [PubMed]

2. Lens-Pechakova, L.S. Recent studies on enzyme-catalysed recycling and biodegradation of synthetic polymers. Adv. Ind. Eng.
Polym. Res. 2021, 4, 151-158. [CrossRef]

3.  Tosif, M.M.,; Najda, A.; Bains, A.; Kaushik, R.; Dhull, S.B.; Chawla, P.; Walasek-Janusz, M. A comprehensive review on plant-
derived mucilage: Characterization, functional properties, applications, and its utilization for nanocarrier fabrication. Polymers
2021, 13, 1066. [CrossRef] [PubMed]

4. Chawla, P.; Najda, A.; Bains, A.; Nurzyniska-Wierdak, R.; Kaushik, R.; Tosif, M.M. Potential of gum arabic functionalized iron
hydroxide nanoparticles embedded cellulose paper for packaging of Paneer. Nanomaterials 2021, 11, 1308. [CrossRef]

5. Dhama, K.; Sharun, K.; Gugjoo, M.B.; Tiwari, R.; Alagawany, M.; Igbal Yatoo, M.; Thakur, P; Igbal, HM.; Chaicumpa, W.;
Michalak, I; et al. A Comprehensive review on chemical profile and pharmacological activities of Ocimum basilicum. Food Rev. Int.
2021, 1-29. [CrossRef]

6. Roy, S.; Priyadarshi, R.; Ezati, P.; Rhim, ].W. Curcumin and its uses in active and smart food packaging applications-A compre-
hensive review. Food Chem. 2021, 375, 131885. [CrossRef] [PubMed]

7. Otalora, M.C.; Wilches-Torres, A.; Gomez Castafio, J.A. Spray-Drying Microencapsulation of Pink Guava (Psidium guajava)
Carotenoids Using Mucilage from Opuntia ficus-indica Cladodes and Aloe Vera Leaves as Encapsulating Materials. Polymers
2022, 14, 310. [CrossRef]

8.  Ribes, S.; Pena, N.; Fuentes, A.; Talens, P; Barat, .M. Chia (Salvia hispanica L.) seed mucilage as a fat replacer in yogurts: Effect on
their nutritional, technological, and sensory properties. J. Dairy Sci. 2021, 104, 2822-2833. [CrossRef]

9.  Otdlora, M.C.; Wilches-Torres, A.; Castano, ].A.G. Extraction and Physicochemical Characterization of Dried Powder Mucilage
from Opuntia ficus-indica Cladodes and Aloe Vera Leaves: A Comparative Study. Polymers 2021, 13, 1689. [CrossRef]

10. Ma, F; Li, X,; Ren, Z.; Sarkka-Tirkkonen, M.; Zhang, Y.; Zhao, D.; Liu, X. Effects of concentrations, temperature, pH and co-solutes
on the rheological properties of mucilage from Dioscorea opposita Thunb. and its antioxidant activity. Food Chem. 2021, 360,
130022. [CrossRef]

11. Lise, C.C.; Marques, C.; da Cunha, M.A.A_; Mitterer-Daltoé, M.L. Alternative protein from Pereskia aculeata Miller leaf mucilage:
Technological potential as an emulsifier and fat replacement in processed mortadella meat. Eur. Food Res. Technol. 2021, 247,
851-863. [CrossRef]

12.  Fernandes, S.S,; Filipini, G.; de las Mercedes Salas-Mellado, M. Development of cake mix with reduced fat and high practicality
by adding chia mucilage. Food Biosci. 2021, 42, 101148. [CrossRef]

13. Dantas, T.L.; Alonso Buriti, F.C.; Florentino, E.R. Okra (Abelmoschus esculentus L.) as a potential functional food source of mucilage
and bioactive compounds with technological applications and health benefits. Plants 2021, 10, 1683. [CrossRef] [PubMed]

14. Neto, A.A.M.; Tomazini, L.E; Mizuta, A.G.; Corréa, R.C.G.; Madrona, G.S.; de Moraes, EF,; Peralta, R M. Direct microencapsulation
of an annatto extract by precipitation of psyllium husk mucilage polysaccharides. Food Hydrocoll. 2021, 112, 106333. [CrossRef]

15. Ribeiro Pereira, P.; Bertozzi de Aquino Mattos, E.; Nitzsche Teixeira Fernandes Corréa, A.C.; Afonso Vericimo, M.; Margaret Flosi
Paschoalin, V. Anticancer and Immunomodulatory Benefits of Taro (Colocasia esculenta) Corms, an underexploited tuber crop.
Int. J. Mol. Sci. 2021, 22, 265. [CrossRef]

16. Dereje, B. Composition, morphology and physicochemical properties of starches derived from indigenous Ethiopian tuber crops:
A review. Int. J. Biol. Macromol. 2021, 187, 911-921. [CrossRef]

17. Li, X,; Ren, Z.; Wang, R.; Liu, L.; Zhang, ].; Ma, F; Khan, M.Z.H.; Zhao, D.; Liu, X. Characterization and antibacterial activity of

edible films based on carboxymethyl cellulose, Dioscorea opposita mucilage, glycerol and ZnO nanoparticles. Food Chem. 2021,
349, 129208. [CrossRef]


http://doi.org/10.1021/acs.est.8b05512
http://www.ncbi.nlm.nih.gov/pubmed/30629421
http://doi.org/10.1016/j.aiepr.2021.06.005
http://doi.org/10.3390/polym13071066
http://www.ncbi.nlm.nih.gov/pubmed/33800613
http://doi.org/10.3390/nano11051308
http://doi.org/10.1080/87559129.2021.1900230
http://doi.org/10.1016/j.foodchem.2021.131885
http://www.ncbi.nlm.nih.gov/pubmed/34953241
http://doi.org/10.3390/polym14020310
http://doi.org/10.3168/jds.2020-19240
http://doi.org/10.3390/polym13111689
http://doi.org/10.1016/j.foodchem.2021.130022
http://doi.org/10.1007/s00217-020-03669-8
http://doi.org/10.1016/j.fbio.2021.101148
http://doi.org/10.3390/plants10081683
http://www.ncbi.nlm.nih.gov/pubmed/34451728
http://doi.org/10.1016/j.foodhyd.2020.106333
http://doi.org/10.3390/ijms22010265
http://doi.org/10.1016/j.ijbiomac.2021.07.188
http://doi.org/10.1016/j.foodchem.2021.129208

Polymers 2022, 14, 1163 13 of 15

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Anwar, M.; McConnell, M.; Bekhit, A.E.D. New freeze-thaw method for improved extraction of water-soluble non-starch
polysaccharide from taro (Colocasia esculenta): Optimization and comprehensive characterization of physico-chemical and
structural properties. Food Chem. 2021, 349, 129210. [CrossRef]

Zeng, X.; Liu, D.; Huang, L. Metabolome Profiling of Eight Chinese Yam (Dioscorea polystachya Turcz.) Varieties Reveals Metabolite
Diversity and Variety Specific Uses. Life 2021, 11, 687. [CrossRef]

Yasumatsu, K.; Sawada, K.; Moritaka, S.; Misaki, M.; Toda, J.; Wada, T.; Ishii, K. Whipping and emulsifying properties of soybean
products. Agric. Biol. Chem. 1972, 36, 719-727. [CrossRef]

Tavares, S.A.; Pereira, J.; Guerreiro, M.C.; Pimenta, C.J.; Pereira, L.; Missagia, S.V. Physical and chemical characteristics of the
mucilage of lyophilized yam. Ciéncia E Agrotecnologia 2011, 35, 973-979. [CrossRef]

Contado, EEW.N.D.E; Pereira, J.; Evangelista, S.R.; Lima Janior, FA.; Romano, L.M.; Couto, E.M. Centesimal composition of
lyophylized yam (Dioscorea spp.) mucilage compared with a commercial improver used in breadmaking and sensorial evaluation
of pan breads. Ciéncia E Agrotecnologia 2009, 33, 1813-1818. [CrossRef]

Rodriguez-Gonzalez, S.; Martinez-Flores, H.E.; Chavez-Moreno, C.K.; Macias-Rodriguez, L.I.; Zavala-Mendoza, E.; Garnica-
Romo, M.G.; Chacén-Garcia, L. Extraction and characterization of mucilage from wild species of O puntia. J. Food Process Eng.
2014, 37, 285-292. [CrossRef]

Chiang, C.F; Lai, L.S. Effect of enzyme-assisted extraction on the physicochemical properties of mucilage from the fronds of
Asplenium australasicum (J. Sm.) Hook. Int. J. Biol. Macromol. 2019, 124, 346-353. [CrossRef]

Gheribi, R.; Khwaldia, K. Cactus mucilage for food packaging applications. Coatings 2019, 9, 655. [CrossRef]

Zhao, X.; Qiao, L.; Wu, A M. Effective extraction of Arabidopsis adherent seed mucilage by ultrasonic treatment. Sci. Rep. 2017, 7,
1-8. [CrossRef]

Moreno, L.; Medina, O.; Rojas, A.L. Mucilage and cellulosic derivatives as clarifiers for the improvement of the non-centrifugal
sugar production process. Food Chem. 2022, 367, 130657. [CrossRef] [PubMed]

Rostami, H.; Gharibzahedi, S.M.T. Mathematical modeling of mucilage extraction kinetic from the waste hydrolysates of fruiting
bodies of Zizyphus jujuba mill. J. Food Processing Preserv. 2017, 41, €13064. [CrossRef]

Bayar, N.; Bouallegue, T.; Achour, M.; Kriaa, M.; Bougatef, A.; Kammoun, R. Ultrasonic extraction of pectin from Opuntia ficus
indica cladodes after mucilage removal: Optimization of experimental conditions and evaluation of chemical and functional
properties. Food Chem. 2017, 235, 275-282. [CrossRef]

Lin, H.; Huang, A.S. Chemical composition and some physical properties of a water-soluble gum in taro (Colocasia esculenta). Food
Chem. 1993, 48, 403-409. [CrossRef]

Andrade, L.A.; de Oliveira Silva, D.A.; Nunes, C.A; Pereira, ]. Experimental techniques for the extraction of taro mucilage with
enhanced emulsifier properties using chemical characterization. Food Chem. 2020, 327, 127095. [CrossRef] [PubMed]

Andrade, L.A.; Nunes, C.A.; Pereira, J. Relationship between the chemical components of taro rhizome mucilage and its
emulsifying property. Food Chem. 2015, 178, 331-338. [CrossRef] [PubMed]

Njintang, N.Y.; Boudjeko, T.; Tatsadjieu, L.N.; Nguema-Ona, E.; Scher, J.; Mbofung, C.M. Compositional, spectroscopic and
rheological analyses of mucilage isolated from taro (Colocasia esculenta L. Schott) corms. J. Food Sci. Technol. 2014, 51, 900-907.
[CrossRef] [PubMed]

Manhivi, V.E.; Venter, S.; Amonsou, E.O.; Kudanga, T. Composition, thermal and rheological properties of polysaccharides from
amadumbe (Colocasia esculenta) and cactus (Opuntia spp.). Carbohydr. Polym. 2018, 195, 163-169. [CrossRef] [PubMed]
Charles, A.L.; Huang, T.C.; Chang, Y.H. Structural analysis and characterization of a mucopolysaccharide isolated from roots of
cassava (Manihot esculenta Crantz L.). Food Hydrocoll. 2008, 22, 184-191. [CrossRef]

Wu, Y.; Eskin, N.A.M.; Cui, W.; Pokharel, B. Emulsifying properties of water soluble yellow mustard mucilage: A comparative
study with gum Arabic and citrus pectin. Food Hydrocoll. 2015, 47, 191-196. [CrossRef]

Huang, C.C.; Lai, P; Chen, LH,; Liu, Y.E; Wang, C.C. Effects of mucilage on the thermal and pasting properties of yam, taro, and
sweet potato starches. LWT-Food Sci. Technol. 2010, 43, 849-855. [CrossRef]

Sarkar, G.; Saha, N.R; Roy, I; Bhattacharyya, A.; Bose, M.; Mishra, R.; Rana, D.; Bhattacharjee, D.; Chattopadhyay, D. Taro corms
mucilage/HPMC based transdermal patch: An efficient device for delivery of diltiazem hydrochloride. Int. . Biol. Macromol.
2014, 66, 158-165. [CrossRef]

Ellerbrock, R.H.; Ahmed, M.A.; Gerke, H.H. Spectroscopic characterization of mucilage (Chia seed) and polygalacturonic acid. J.
Plant Nutr. Soil Sci. 2019, 182, 888-895. [CrossRef]

Shahid, M.; Munir, H.; Akhter, N.; Akram, N.; Anjum, F;; Igbal, Y.; Afzal, M. Nanoparticles encapsulation of Phoenix dactylifera
(Date palm) mucilage for colonic drug delivery. Int. ]. Biol. Macromol. 2021, 191, 861-871. [CrossRef]

Mijinyawa, A.H.; Durga, G.; Mishra, A. Isolation, characterization, and microwave assisted surface modification of Colocasia
esculenta (L.) Schott mucilage by grafting polylactide. Int. ]. Biol. Macromol. 2018, 119, 1090-1097. [CrossRef] [PubMed]
Ghumman, S.A.; Bashir, S.; Noreen, S.; Khan, A.M.; Malik, M.Z. Taro-corms mucilage-alginate microspheres for the sustained
release of pregabalin: In vitro & in vivo evaluation. Int. J. Biol. Macromol. 2019, 139, 1191-1202. [CrossRef] [PubMed]

Kurd, F; Fathi, M.; Shekarchizadeh, H. Basil seed mucilage as a new source for electrospinning: Production and physicochemical
characterization. Int. . Biol. Macromol. 2017, 95, 689—-695. [CrossRef] [PubMed]

Hadad, S.; Goli, S.A.H. Fabrication and characterization of electrospun nanofibers using flaxseed (Linum usitatissimumn) mucilage.
Int. J. Biol. Macromol. 2018, 114, 408-414. [CrossRef] [PubMed]


http://doi.org/10.1016/j.foodchem.2021.129210
http://doi.org/10.3390/life11070687
http://doi.org/10.1080/00021369.1972.10860321
http://doi.org/10.1590/S1413-70542011000500015
http://doi.org/10.1590/S1413-70542009000700019
http://doi.org/10.1111/jfpe.12084
http://doi.org/10.1016/j.ijbiomac.2018.11.181
http://doi.org/10.3390/coatings9100655
http://doi.org/10.1038/srep40672
http://doi.org/10.1016/j.foodchem.2021.130657
http://www.ncbi.nlm.nih.gov/pubmed/34388631
http://doi.org/10.1111/jfpp.13064
http://doi.org/10.1016/j.foodchem.2017.05.029
http://doi.org/10.1016/0308-8146(93)90325-A
http://doi.org/10.1016/j.foodchem.2020.127095
http://www.ncbi.nlm.nih.gov/pubmed/32454283
http://doi.org/10.1016/j.foodchem.2015.01.094
http://www.ncbi.nlm.nih.gov/pubmed/25704720
http://doi.org/10.1007/s13197-011-0580-0
http://www.ncbi.nlm.nih.gov/pubmed/24803696
http://doi.org/10.1016/j.carbpol.2018.04.062
http://www.ncbi.nlm.nih.gov/pubmed/29804964
http://doi.org/10.1016/j.foodhyd.2006.10.012
http://doi.org/10.1016/j.foodhyd.2015.01.020
http://doi.org/10.1016/j.lwt.2009.11.009
http://doi.org/10.1016/j.ijbiomac.2014.02.024
http://doi.org/10.1002/jpln.201800554
http://doi.org/10.1016/j.ijbiomac.2021.09.126
http://doi.org/10.1016/j.ijbiomac.2018.08.045
http://www.ncbi.nlm.nih.gov/pubmed/30099042
http://doi.org/10.1016/j.ijbiomac.2019.08.100
http://www.ncbi.nlm.nih.gov/pubmed/31415852
http://doi.org/10.1016/j.ijbiomac.2016.11.116
http://www.ncbi.nlm.nih.gov/pubmed/27919814
http://doi.org/10.1016/j.ijbiomac.2018.03.154
http://www.ncbi.nlm.nih.gov/pubmed/29596931

Polymers 2022, 14, 1163 14 of 15

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

de Alvarenga Pinto Cotrim, M.; Mottin, A.C.; Ayres, E. September. Preparation and characterization of okra mucilage (Abel-
moschus esculentus) edible films. Macromol. Symp. 2018, 367, 90-100. [CrossRef]

Capitani, M.I,; Corzo-Rios, L.J.; Chel-Guerrero, L.A.; Betancur-Ancona, D.A.; Nolasco, S.M.; Tomds, M.C. Rheological properties
of aqueous dispersions of chia (Salvia hispanica L.) mucilage. ]. Food Eng. 2015, 149, 70-77. [CrossRef]

Priyadarshi, R.; Kumar, B.; Rhim, J.W. Green and facile synthesis of carboxymethylcellulose/ZnO nanocomposite hydrogels
crosslinked with ZnZ* ions. Int. J. Biol. Macromol. 2020, 162, 229-235. [CrossRef]

Alpizar-Reyes, E.; Carrillo-Navas, H.; Gallardo-Rivera, R.; Varela-Guerrero, V.; Alvarez-Ramirez, J.; Pérez-Alonso, C. Functional
properties and physicochemical characteristics of tamarind (Tamarindus indica L.) seed mucilage powder as a novel hydrocolloid.
J. Food Eng. 2009, 2017, 68-75. [CrossRef]

Keshani-Dokht, S.; Emam-Djomeh, Z.; Yarmand, M.S.; Fathi, M. Extraction, chemical composition, rheological behavior, antioxi-
dant activity and functional properties of Cordia myxa mucilage. Int. J. Biol. Macromol. 2018, 118, 485-493. [CrossRef]

Singh, G.; Singh, S.; Kumar, B.; Gaikwad, K.K. Active barrier chitosan films containing gallic acid based oxygen scavenger. J. Food
Meas. Charact. 2021, 15, 585-593. [CrossRef]

Kumar, B.; Negi, Y.S. Water absorption and viscosity behaviour of thermally stable novel graft copolymer of carboxymethyl
cellulose and poly (sodium 1-hydroxy acrylate). Carbohydr. Polym. 2018, 181, 862-870. [CrossRef] [PubMed]

Kumar, B.; Priyadarshi, R.; Deeba, F; Kulshreshtha, A.; Gaikwad, K.K.; Kim, J.; Kumar, A.; Negi, Y.S. Nanoporous sodium
carboxymethyl cellulose-g-poly (Sodium acrylate)/fecl3 hydrogel beads: Synthesis and characterization. Gels 2020, 6, 49.
[CrossRef] [PubMed]

Jones, B.O.; John, O.0O.; Luke, C.; Ochieng, A.; Bassey, B.]. Application of mucilage from Dicerocaryum eriocarpum plant as
biosorption medium in the removal of selected heavy metal ions. ]. Environ. Manag. 2016, 177, 365-372. [CrossRef] [PubMed]
Soukoulis, C.; Gaiani, C.; Hoffmann, L. Plant seed mucilage as emerging biopolymer in food industry applications. Curr. Opin.
Food Sci. 2018, 22, 28-42. [CrossRef]

Prajapati, V.D.; Maheriya, PM.; Jani, G.K; Patil, P.D.; Patel, B.N. Lepidium sativum Linn.: A current addition to the family of
mucilage and its applications. Int. J. Biol. Macromol. 2014, 65, 72-80. [CrossRef]

Raj, V.; Shim, J.].; Lee, J. Grafting modification of okra mucilage: Recent findings, applications, and future directions. Carbohydr.
Polym. 2020, 246, 116653. [CrossRef]

Contreras-Padilla, M.; Rodriguez-Garcia, M.E.; Gutiérrez-Cortez, E.; del Carmen Valderrama-Bravo, M.; Rojas-Molina, J.I;
Rivera-Mufoz, E.M. Physicochemical and rheological characterization of Opuntia ficus mucilage at three different maturity
stages of cladode. Eur. Polym. |. 2016, 78, 226-234. [CrossRef]

Medina-Torres, L.; Nufiez-Ramirez, D.M.; Calderas, F.; Gonzalez-Laredo, R.F.; Minjares-Fuentes, R.; Valadez-Garcia, M.A;
Bernad-Bernad, M.].; Manero, O. Microencapsulation of gallic acid by spray drying with aloe vera mucilage (aloe barbadensis
miller) as wall material. Ind. Crops Prod. 2019, 138, 111461. [CrossRef]

Doost, A.S.; Nasrabadi, M.N.; Goli, S.A.H.; Van Troys, M.; Dubruel, P.; De Neve, N.; Van der Meeren, P. Maillard conjugation of
whey protein isolate with water-soluble fraction of almond gum or flaxseed mucilage by dry heat treatment. Food Res. Int. 2020,
128, 108779. [CrossRef]

Droztowska, E.; Bartkowiak, A.; Lopusiewicz, L. Characterization of flaxseed oil bimodal emulsions prepared with flaxseed oil
cake extract applied as a natural emulsifying agent. Polymers 2020, 12, 2207. [CrossRef]

Dehghani, S.; Noshad, M.; Rastegarzadeh, S.; Hojjati, M.; Fazlara, A. Electrospun chia seed mucilage/PVA encapsulated with
green cardamonmum essential oils: Antioxidant and antibacterial property. Int. J. Biol. Macromol. 2020, 161, 1-9. [CrossRef]
[PubMed]

Naji-Tabasi, S.; Razavi, S.M.A. Functional properties and applications of basil seed gum: An overview. Food Hydrocoll. 2017, 73,
313-325. [CrossRef]

Li, J.M.; Nie, S.P. The functional and nutritional aspects of hydrocolloids in foods. Food Hydrocoll. 2016, 53, 46—61. [CrossRef]
Salehi, F. Effect of common and new gums on the quality, physical, and textural properties of bakery products: A review. . Texture
Stud. 2016, 51, 361-370. [CrossRef]

Amiri Aghdaei, S.S.; Aalami, M.; Babaei Geefan, S.; Ranjbar, A. Application of Isfarzeh seed (Plantago ovate L.) mucilage as a fat
mimetic in mayonnaise. J. Food Sci. Technol. 2014, 51, 2748-2754. [CrossRef]

Saengphol, E.; Pirak, T. Hoary basil seed mucilage as fat replacer and its effect on quality characteristics of chicken meat model.
Agric. Nat. Resour. 2014, 52, 382-387. [CrossRef]

Chiang, ].H.; Ong, D.S.M.; Ng, ES.K.; Hua, X.Y.; Tay, W.L.W.; Henry, C.J. Application of chia (Salvia hispanica) mucilage as an
ingredient replacer in foods. Trends Food Sci. Technol. 2021, 115, 105-116. [CrossRef]

Felisberto, M.H.F.; Wahanik, A.L.; Gomes-Ruffi, C.R.; Clerici, M.T.P.S.; Chang, Y.K,; Steel, C.]J. Use of chia (Salvia hispanica L.)
mucilage gel to reduce fat in pound cakes. LWT-Food Sci. Technol. 2015, 63, 1049-1055. [CrossRef]

Nagata, C.L.P; Andrade, L.A.; Pereira, J. Optimization of taro mucilage and fat levels in sliced breads. J. Food Sci. Technol. 2015,
52, 5890-5897. [CrossRef]

Wu, Y,; Hui, D.; Eskin, N.A.M.; Cui, S.W. Water-soluble yellow mustard mucilage: A novel ingredient with potent antioxidant
properties. Int. J. Biol. Macromol. 2016, 91, 710-715. [CrossRef]

Beigomi, M.; Mohsenzadeh, M.; Salari, A. Characterization of a novel biodegradable edible film obtained from Dracocephalum
moldavica seed mucilage. Int. |. Biol. Macromol. 2018, 108, 874-883. [CrossRef] [PubMed]


http://doi.org/10.1002/masy.201600019
http://doi.org/10.1016/j.jfoodeng.2014.09.043
http://doi.org/10.1016/j.ijbiomac.2020.06.155
http://doi.org/10.1016/j.jfoodeng.2017.04.021
http://doi.org/10.1016/j.ijbiomac.2018.06.069
http://doi.org/10.1007/s11694-020-00669-w
http://doi.org/10.1016/j.carbpol.2017.11.066
http://www.ncbi.nlm.nih.gov/pubmed/29254047
http://doi.org/10.3390/gels6040049
http://www.ncbi.nlm.nih.gov/pubmed/33322561
http://doi.org/10.1016/j.jenvman.2016.04.011
http://www.ncbi.nlm.nih.gov/pubmed/27150318
http://doi.org/10.1016/j.cofs.2018.01.004
http://doi.org/10.1016/j.ijbiomac.2014.01.008
http://doi.org/10.1016/j.carbpol.2020.116653
http://doi.org/10.1016/j.eurpolymj.2016.03.024
http://doi.org/10.1016/j.indcrop.2019.06.024
http://doi.org/10.1016/j.foodres.2019.108779
http://doi.org/10.3390/polym12102207
http://doi.org/10.1016/j.ijbiomac.2020.06.023
http://www.ncbi.nlm.nih.gov/pubmed/32512085
http://doi.org/10.1016/j.foodhyd.2017.07.007
http://doi.org/10.1016/j.foodhyd.2015.01.035
http://doi.org/10.1111/jtxs.12482
http://doi.org/10.1007/s13197-012-0796-7
http://doi.org/10.1016/j.anres.2018.06.001
http://doi.org/10.1016/j.tifs.2021.06.039
http://doi.org/10.1016/j.lwt.2015.03.114
http://doi.org/10.1007/s13197-014-1655-5
http://doi.org/10.1016/j.ijbiomac.2016.05.088
http://doi.org/10.1016/j.ijbiomac.2017.10.184
http://www.ncbi.nlm.nih.gov/pubmed/29102793

Polymers 2022, 14, 1163 15 of 15

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

Liguori, G.; Gentile, C.; Gaglio, R.; Perrone, A.; Guarcello, R.; Francesca, N.; Fretto, S.; Inglese, P; Settanni, L. Effect of addition
of Opuntia ficus-indica mucilage on the biological leavening, physical, nutritional, antioxidant and sensory aspects of bread. J.
Biosci. Bioeng. 2020, 129, 184-191. [CrossRef] [PubMed]

Behbahani, B.A.; Fooladi, A.A.I Shirazi balangu (Lallemantia royleana) seed mucilage: Chemical composition, molecular weight,
biological activity and its evaluation as edible coating on beefs. Int. . Biol. Macromol. 2018, 114, 882-889. [CrossRef] [PubMed]
Mousavi, S.R.; Rahmati-Joneidabad, M.; Noshad, M. Effect of chia seed mucilage/bacterial cellulose edible coating on bioactive
compounds and antioxidant activity of strawberries during cold storage. Int. ]. Biol. Macromol. 2021, 190, 618-623. [CrossRef]
Nguimbou, R.M.; Boudjeko, T.; Njintang, N.Y.; Himeda, M.; Scher, J.; Mbofung, C.M. Mucilage chemical profile and antioxidant
properties of giant swamp taro tubers. J. Food Sci. Technol. 2014, 51, 3559-3567. [CrossRef]

Mohite, A.M. Formulation of edible films from fenugreek mucilage and taro starch. SN Appl. Sci. 2020, 2, 1900. [CrossRef]
Moghaddas, S.M.T.H.; Elahi, B.; Javanbakht, V. Biosynthesis of pure zinc oxide nanoparticles using Quince seed mucilage for
photocatalytic dye degradation. J. Alloy. Compd. 2020, 821, 153519. [CrossRef]

Mirzaei, S.; Javanbakht, V. Dye removal from aqueous solution by a novel dual cross-linked biocomposite obtained from mucilage
of Plantago Psyllium and eggshell membrane. Int. . Biol. Macromol. 2019, 134, 1187-1204. [CrossRef]

Hosseinzadeh, H.; Mohammadi, S. Quince seed mucilage magnetic nanocomposites as novel bioadsorbents for efficient removal
of cationic dyes from aqueous solutions. Carbohydr. Polym. 2015, 134, 213-221. [CrossRef]

Macfarlane, G.T.; Steed, H.; Macfarlane, S. Bacterial metabolism and health-related effects of galacto-oligosaccharides and other
prebiotics. |. Appl. Microbiol. 2008, 104, 305-344. [CrossRef]

Englberger, L.; Schierle, J.; Kraemer, K.; Aalbersberg, W.; Dolodolotawake, U.; Humphries, J.; Graham, R.; Reid, A.P,; Lorens, A;
Albert, K.; et al. Carotenoid and mineral content of Micronesian giant swamp taro (Cyrtosperma) cultivars. J. Food Compos. Anal.
2008, 21, 93-106. [CrossRef]

Kundu, N.; Campbell, P.; Hampton, B.; Lin, C.Y.; Ma, X.; Ambulos, N.; Zhao, X.F,; Goloubeva, O.; Holt, D.; Fulton, A.M.
Antimetastatic activity isolated from Colocasia esculenta (taro). Anti-Cancer Drugs 2012, 23, 200. [CrossRef] [PubMed]
Dybka-Stepien, K.; Otlewska, A.; G6zdz, P; Piotrowska, M. The Renaissance of Plant Mucilage in Health Promotion and Industrial
Applications: A Review. Nutrients 2021, 13, 3354. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jbiosc.2019.08.009
http://www.ncbi.nlm.nih.gov/pubmed/31591026
http://doi.org/10.1016/j.ijbiomac.2018.03.177
http://www.ncbi.nlm.nih.gov/pubmed/29625218
http://doi.org/10.1016/j.ijbiomac.2021.08.213
http://doi.org/10.1007/s13197-012-0906-6
http://doi.org/10.1007/s42452-020-03710-1
http://doi.org/10.1016/j.jallcom.2019.153519
http://doi.org/10.1016/j.ijbiomac.2019.05.119
http://doi.org/10.1016/j.carbpol.2015.08.008
http://doi.org/10.1111/j.1365-2672.2007.03520.x
http://doi.org/10.1016/j.jfca.2007.09.007
http://doi.org/10.1097/CAD.0b013e32834b85e8
http://www.ncbi.nlm.nih.gov/pubmed/21934603
http://doi.org/10.3390/nu13103354
http://www.ncbi.nlm.nih.gov/pubmed/34684354

	Introduction 
	Extraction Process and Compositional Properties of Taro Mucilage 
	Characterization of Taro Mucilage 
	Fourier Transform Infrared Spectroscopy 
	Scanning Electron Microscopy 
	Differential Scanning Calorimetry and Thermal Gravimetric Analysis 
	Rheological Properties of Taro Mucilage 

	Techno-Functional Property of Taro Mucilage 
	Application of Taro Mucilage 
	Application of Mucilage as an Emulsifying Agent 
	Application of Taro Mucilage as a Fat Replacer 
	Antioxidant Activity of Taro Mucilage 
	Application of Taro Mucilage as Dye Remover 

	Health Attributes of Taro Mucilage 
	Conclusion, Future Research Perspective, and Challenges 
	References

