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PREFACE

As the global concern over plastic pollution continues to escalate, the need for sustainable
alternatives in various industries becomes increasingly urgent. One such industry is agriculture,
where packaging and preservation methods often contribute significantly to environmental

degradation.

During the rainy season, while observing the robust growth and unique properties of the Taro
plant, a thought emerged: why not harness these qualities to develop an innovative solution for
coating perishable fruits? Taro leaves possess remarkable attributes that make them ideal
candidates for crafting edible coatings, offering a natural and eco-friendly alternative to

conventional packaging materials.

This idea stems from a deep-seated desire to address the pressing issue of plastic waste while
leveraging the untapped potential of indigenous resources. By exploring the feasibility of
utilizing Taro leaves as an edible coating for fruits, we not only aim to extend the shelf life of
produce but also to reduce the environmental footprint associated with packaging and

preservation practices in the agricultural sector.

This preface sets the stage for an exploration into the concept of utilizing Taro leaves as an

edible coating for perishable fruits, driven by a vision of sustainability and innovation.
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ABSTRACT

Fruits are highly nutritious and provide us with vitamins, minerals, etc, however, they are
highly perishable and they get easily spoiled with change in temperature, pH and environmental
conditions. This Research focuses on how the shelf life of fruits can be improvised and prevent
loss to the food industry. At the same time reducing the burden of plastics by using edible
coating from plants are found to be a novel and efficient way to preserve the perishable fruits
as plastic bags only cause more harm to the environment. The coating solution was made from
Taro (Colocasia esculenta) leaves and characterized for physico-chemical characteristics. The
study showed that the coating of strawberries with Taro leaves extract increased the shelf life
of the strawberries significantly by more than fifty percent. The antimicrobial study was also
conducted using Taro leaves extract, and it observed that Taro leaves extract showed
antimicrobial activity that preserve fruits from spoilage, thus increasing the shelf life of the

perishable fruits.

KEYWORDS: Edible coating, Colocasia esculenta, strawberries, antimicrobial



CHAPTER ONE

INTRODUCTION

1.1 Background

Fruits are highly nutritious and provide us with vitamins, minerals, etc, however, they are
highly perishable and they get easily spoiled with change in temperature, pH and environmental
conditions. Every year farmers get a loss of 25%-50% of fruits due to physical or chemical or
microbial contamination (Bancal and Ray, 2022). Food packaging is an essential field of food
research because of its critical function in food protection and confinement and thus increasing
the shelf life of these fruits and vegetables. Plastic packaging is most commonly used in the
food industry (Corradini et al. 2013). Packaging made of plastic is used to protect food before
consumption (Ozcalik and Tihminlioglu, 2013).

To prevent the degradation or spoilage of the fruits we use plastic bags or plastic airtight
containers and then discard them after their purpose is fulfilled. For example, the apples
produced in a particular area are packed fully with netted plastic wraps to prevent them from
all types of possible damages during transportation to different parts. These plastic wraps are
thrown out as soon as the fruits are purchased by the consumer. As of 2023, according to the
Indian Institute of Science (11Sc) and Praxis Global Alliance, Maharashtra, Gujarat and Tamil
Nadu, is contributing thirty eight percent packaging material to the total plastic waste that is
generated in India. Plastics derived polymers are difficult to decompose using abiotic as well
as biotic elements (Ozcalik and Tihminlioglu, 2013; Akbar et al. 2013); thus, plastics are
considered environmental polluters.

Currently, petroleum-derived materials control the food and beverage packaging field. These
materials have increased the convenience and appeal of the agro, food, and packaging

industries. Traditionally, petroleum-derived polymers have met the majority of packaging



material requirements. Petrochemical-based with excellent mechanical and barrier attributes
such as tension and tear resilience, oxygen flexibility, carbon dioxide permeability, and aroma
transmission include polystyrene, polypropylene, and polyvinyl chloride. These substances
also brought with them challenges connected to the safe-disposal and sustainable use of these
materials. Due to poor recyclability, derivability from non-renewable resources, and non-
biodegradable nature of plastic packaging material, such polymers impose significant
environmental constraints, resulting in serious ecological problems (Saurabh CK, Sharma et
al. 2013).

Today's consumers are more worried about the environmental effect and health risks posed by
these synthetic polymers. Because of growing concern about the impact on the environment of
these materials, attention has shifted to the creation of better alternatives and promotion of eco-
friendly packaging (Westlake et al. 2023; Skinner, 2015). In addition, the technology currently
in use cannot preserve the fruits and vegetables for a longer period of time because fruits are
living tissue which need oxygen for respiration Any changes in environment directly affect the
fruits and vegetables. The use of alternative packaging materials with distinct biodegradable
and renewable properties are more preferred. The edible film is seen to be a viable alternative
for replacing plastic packaging and has received increased attention in this regard.

Edible coating or films are a thin layer of edible and environmentally friendly polymers that
could be consumed and at the same time act as a barrier to gases, microbes and moisture to
food products (Owusu-Akyaw Oduro, K., 2022). They are tasteless, can be colourless and also
odourless they should have good mechanical properties. Edible coating is material used for
packing of the item which will prevent or delay the deformation or spoilage of goods. Edible
coatings are trending today due to their highly biodegradable characteristics, ease in process,
and eco-friendly. Edible coatings/ films are fragile substances used for encasing or coating

foods to boost their lifespans, which can be ingested either simultaneously or separately. The



edible means they can be consumable hence they must have the characteristic of safe-food
components as defined by the Food and Drug Administration (FDA) as having Generally
Recognized as Safe (GRAS) status. Edible coating helps in improving shelf life and looks. It
also helps in maintaining the firmness of the fruits. Edible Packing (Film/coating) is easily
biodegradable and the best sustainable solution for the future (Trajkovska Petkoska, A. T.,
2021).

The edible coating manufacturing cost is readily reduced at certain levels due easy source of
biomaterial and no requirement of sophisticated instruments. Edible coatings are used to reduce
the loss to the farmers and keep the satisfaction in quality of fruits for consumers. Edible
coating contains natural substances that increase the shelf life by preventing microbial spoilage.
Various different kinds of environmentally friendly edible coatings, derived from renewable
sources such as cellulose, starch, proteins, and fats are available to make biodegradable films
which are safe to use in food applications (Benbettaeb et al. 2019).

Researchers are continuously studying novel materials and polymers for making edible
films/coatings which may offer unique properties in terms of water barrier properties, sensory
and organoleptic properties, adhesion, cohesion, stability, transparency, presence of
phytochemical compounds, antimicrobial, antioxidants film, increasing shelf life of the
product, providing mechanical strength, and reducing manufacturing cost (Erkmen O et al.
2018; Mir et al. 2018). This study was aimed at looking into the possibilities of using Taro

leaves to make edible film to increase the shelf life of the highly perishable fruits.



1.2 Aim and Objective
Aim: The aim of research is to make edible coating from Taro leaves to increase the shelf life

of highly perishable fruits.
Objective:

e Preparation of edible coating using Taro leaves.
e Characterization of prepared edible coating material from Taro leaves.
e To study the effect of prepared edible coating material from Taro leaves on shelf life of

fruits.
1.3 Hypothesis

Hypotheses of study is that the coating made from Taro leaves extract increases the shelf life

of perishable fruit (strawberry) due to its antimicrobial properties.
1.3 Scope

This study will provide an alternative method of edible coating on perishable fruits. It will
increase the shelf life of fruits. The scope of this study will help to reduce the wastage of

perishable fruits in markets which are at high demand.



CHAPTER TWO

LITERATURE REVIEW

Plant-based packaging is absolutely safe because it contains no dangerous chemicals or toxins;
additionally, because it is biodegradable, it may simply be consumed alongside food without
waste (Bajaj et al. 2023). Edible coating/film is the most advanced and trendy technology for
coating fruits and vegetables (Raghav et al. 2016). This would not only reduce the plastic use
but also improve the quality of the item coated by increasing the property of fruits such as look,
texture colour, moisture content (Salgado P.R., 2015). Edible coatings have been used for a
very long time since the 12th century Food (CPMA,2014). Industry applied wax coating on
fruits and cellulose coating on meat casing (Jamie,2012). Edible coatings main advantage is
that they are natural and cost effective free from toxic synthetic components and edibility
(Prasad and Batra, 2015). Edible coatings are thin layers of material which provide protection
from various materials. Edible coatings like semi permeable barriers help in extension of shelf
life by reducing the gas exchange, and damage by contamination as well as free radicals by
reducing oxidation reaction rate (Baldwin et al.1996). Edible coating film performance depends
on the barrier strength and oxidative barrier and mechanical barrier (Lin and Zhao, 2007).

There are various advantages of edible coating film: it maintains the natural quality of the fruits
(Nunes C. et al.2023). Farmers and consumers are also benefited due to the increase in shelf
life and appealing quality of fruits (Cabo, maria et al. 2015). There are several methods for
coating or applying the coating substance, including the Dipping method, which involves
simply dipping the fruits and then removing them. Then, using a brush, apply the solution to
the fruits. Other processes include extrusion, spraying, Spray coating is a widely used method
for putting edible coatings to food products (Owusu- Akyaw oduro et al. 2022). This method
involves spraying a solution or dispersion of edible materials onto the surface of the food using

specialized equipment such as spray guns or atomizers, spray bottles. Spray coating offers



several advantages, including uniform coverage, ease of application, and the ability to coat
irregularly shaped or delicate food items (Owusu- Akyaw oduro et al. 2022). Dip coating is
another widely used method for applying edible coatings to food products. In this method, the
food item is immersed in a solution or dispersion of edible materials for a certain period,
allowing the coating to adhere to the surface of the food (Owusu- Akyaw oduro et al. 2022)
Brush coating involves manually applying an edible coating to the surface of food products
using a brush or similar applicator. This method is often used for small-scale production or for
coating food items with complex shapes or uneven surfaces (Owusu- Akyaw oduro et al. 2022).
Extrusion coating is a more specialized method that involves extruding a molten or viscous
edible material onto the surface of food products (Owusu- Akyaw Oduro et al. 2022).
Electrostatic coating is a relatively new method of applying an edible coating to food products
via electrostatic forces. According to this technique involves charging the coating material
electrostatically before spraying it onto the food's surface, where electrostatic attraction causes
it to stick (Oduro et al. 2022). Benefits of electrostatic coating include better adhesion, less
overspray, and the capacity to coat porous or irregularly shaped food items. But compared to
conventional coating techniques, this process might be more complicated and call for
specialized equipment (Owusu—Akyaw Oduro et al. 2022). The choice of method depends on
factors such as the type of food product, desired coating properties, production scale, and
equipment availability. By understanding the different methods for preparing edible coatings,
food manufacturers can select the most suitable approach to enhance the quality, safety, and
shelf life of their products further research and innovation in this field are expected to drive the
development of new and improved coating technologies for the food industry (Pinto et al.,
2023; J.M. Valverde, at el. 2005). These were a few commonly used different methods for the

preparation of edible coatings.



Edible coatings are classified based on Hydrocolloids: such as polysaccharides, proteins and
alginate. Film-forming solutions are made from natural materials such as hydrocolloids
(polysaccharides and proteins), lipids, or a combination of these. Lipids: e.g., fatty acids,
triglycerides and waxes. Composites: e.g., protein/protein, polysaccharides/protein,
lipid/polysaccharides (Pramod Kumar et al. 2016). Edible coatings serve as a protective layer
on various food products, enhancing their shelf life and quality. They can be sourced from
natural materials such as polysaccharides (like starches, cellulose, and gums), proteins (such
as gelatine, wheat protein, and soy protein), lipids (including waxes and fatty acids), and
composite materials combining these components. Polysaccharide-based coatings, derived
from sources like fruits (pectin from citrus fruits), vegetables (pectin from apple pomace), and
seeds (chia and flaxseed mucilage), offer biodegradability and sustainability. Proteins from
milk, eggs, and soybeans contribute to film-forming properties, while lipids from sources like
beeswax and shellac provide moisture barrier and glossiness. These diverse sources offer a
range of functional properties and enable the development of edible coatings tailored to specific
food applications, contributing to both food preservation and sustainability efforts (Priya and
Thirunavukkarasu et al. 2023).

Taro (C. esculenta) is a member of the Araneae family. Taro has similarity to Xanthosoma and
Caladium. Taro can be referred to as elephant ear. Taro has more than 1500 species and at least
100 different taxa (Mandal, 2013). Taro plant grows to a height of 1 to 2 m consisting of a
central corm, lying just below the soil surface, from which leaves grow upwards, roots grow
downwards, while cormel, daughter corms and runners grow laterally (Ubalua, 2016). Taro
plant has different vitamins such as B complex vitamin C and various metals such as iron and
zinc, copper and manganese (Quach, 2003). Taro shelf-life remains for months if kept properly
(Lebot, 2009). This property aids values for using it for edible Packing. It also consists of wax

(Kalita and Talukdar, 2018). Taro leaves contain bio wax which stables at even higher



temperatures. The bio-wax also possesses antibacterial properties (Kalita and Talukdar, 2018).
When heated to 95-100 degrees Celsius, the extracted bio-wax maintains its hydrophobic
characteristics (Kalita and Talukdar, 2018). Edible packing materials must have the following
characteristics: They must be devoid of harmful compounds and suitable for human
consumption; they must also have strong barriers against liquid, moisture, 02, CO2, and
ethylene gas, as well as improve their visual and physical qualities in order to retain texture
and structure (Otoni et al. 2017). Taro leaves are a promising raw material since they offer
desirable qualities that can be used to create edible coatings. In this research paper, we will use
Taro leaves to make edible packaging and investigate the physical properties of film. Taro
(Colocasia), which thrives in tropical and subtropical climates, has heart-shaped leaves. Taro
(Colocasia) is a plant species from the Araceae family that grows in Africa, the Pacific, South
America, and India. Taro's other names include Kochai in Chhattisgarhi, Aravi in Hindi,
Alupam in Sanskrit, Alavi in Gujarati, Alu in Marathi (Rashmi et al. 2018). Taro corms are
widely cultivated as a food staple in Asian countries (Ahmed et al. 2013). The hydrophobic
surfaces in biological form can be found in leaf surfaces such as the bio-wax extracted from
Taro leaves, which contains 1-octacosanol, a common epicuticular component, and is
responsible for the bio-wax's hydrophobicity properties (Ahmed et al. 2013). This property can
be used to make better water-resistant film. High concentrations of antioxidants found in Taro
leaves considerably lesser dangerous compounds for the body, particularly free radicals. If free
radicals are not controlled, they can lead to a variety of harmful ailments like cancer,
autoimmune disorders, and heart disease in addition to promoting inflammatory symptoms in
the body (Shehata, Mehany et al. 2023). Taro leaves are a low-calorie green vegetable high in
vitamins A and C, potassium, and folate. Taro leaves are essential since they are high in fibre
and low in calories act as a crucial part in providing nutritional supplements for a diet that is

balanced (Mitharwal, S., Kumar et al. 2022). Taro leaves also show antimicrobial properties
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against Escherichia coli due to the presence of flavonoids and saponins (Ahmad Shafwan S.
Pulungan, 2018; Cazarolli, L. H. et al 2008).

The extract's antibacterial qualities will be strengthened by the flavonoid content (Badra et al,
2016). Vicenin-2, iso-vitexin, isovitexin 3'-O-glucoside, vitexin X"-O'Glucoside, iso-orientin,
orientin, orientin7-O-glucoside, and luteolin 7-O'Glucoside are among the flavonoids present
in the C. esculenta plant leaves extracts (Iwashina T, Konishi et al. 1999). FTIR can be used to
detect the hydrophobicity of Taro leaves due to the presence of n-octacosanol (Noor s. Nasri et
al. 2014).

Purpose of this research is to use such valuable plant sources to produce edible coating film.
The properties of Colocasia make it suitable for coating any edible item or to make them
hydrophobic. These characteristics can be used to fill the gap in research of finding novel edible
coating. The use of paper bags is recommended and to make paper bags more water resistant,
hydrophobic components are used from the leaves of Taro (Castillo & Otoma, 2013). Similar
principles can be our solution to growing food product packing manufacturing. We can make
edible packaging out of it. Taro leaves also inspired the structural design of leaf imprinting
(Kumar M. et. al 2020). The research on Taro making edible film will contribute to the
environment as well as the food industry. It will help to reduce the loss after post-harvest of
farmers. Edible coatings are significantly important to increase the appeal of fruits for
customers.

Plasticizers are used in combination with edible coatings to improve film strength. Water can
also be used as a blending solution. Coating film is used to improve the material's structural
ability. Glycerol, fatty acids, sorbitol, propylene glycol, sucrose, polyethylene glycol, and
monoglycerides are the most often used plasticizers (Pramod K. Raghav et al. 2016). Food
packaging is important for food preservation across the food chain. Edible coatings have

emerged as a promising technology in the food industry for enhancing food quality, extending
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shelf life, and reducing food waste (Popovic et al. 2018). The coatings are applied directly to
the surface of food products to provide a protective barrier against moisture loss, oxygen,
microbial contamination, and other environmental factors.

Edible coatings are made using a variety of techniques, each with specific benefits and
drawbacks. A variety of edible coatings have been tested on highly perishable fruits, including
peaches, blackberries, raspberries, cherries, and strawberries, in an effort to prolong their shelf
life. Typical edible coatings for these fruits include the following: Chitosan Chitosan coatings,
which are made from chitin, a naturally occurring polymer present in the shells of crustaceans
like shrimp and crabs, have antimicrobial qualities that can stop bacteria and fungi from
growing on fruits (Nunes et al. 2023).

Alginate: Obtained from brown algae, alginate coatings form a gel-like layer on the fruit
surface, providing a barrier against moisture loss and microbial contamination (Senturk et al.
2018). Biowax natural waxes like carnauba wax, beeswax, and shellac are commonly used to
coat fruits, creating a protective layer that reduces water loss and slows down decay. Starch-
based coatings: Starches from sources such as corn, potato, and tapioca can be used to form
edible films on fruit surfaces, offering protection against physical damage and microbial
growth (Pashova et al. 2023). Protein-based coatings: Proteins like gelatine or soy protein
isolate can be used to create edible coatings that provide a barrier against oxygen and moisture,
thus extending the shelf life of fruits (Biswajit M. et al. 2020). Lipid-based coatings: Lipids
such as edible oils or fatty acids can be applied as coatings to fruits, forming a protective layer
that slows down deterioration processes (Milani and Nemati 2022). These coatings have been
researched and tested for their effectiveness in prolonging the shelf life of fruits by reducing
moisture loss, inhibiting microbial growth, and preventing physical damage. Many of these
coatings are derived from natural sources, making them environmentally friendly and safe for

consumption (Owusu-Akyaw Oduro, K. 2022). Research for novel edible coating from
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biological sources is still going on hence study on Taro leaves is important as it has various

properties which can be beneficial to prepare the edible coating solution at commercial scale.
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CHAPTER THREE

METHODOLOGY

3.1 Collection of Taro leaves

Taro leaves were plucked from Majorda, (Latitude 15.297495°, Longitude 73.951188°)

Goa 403601, India.

3.2 Preparation of Taro leaves extract

3.2.1 Preparation of Taro leaves Aqueous extract

The fifteen Taro leaves were brought to the laboratory and washed with tap water and then it
was washed again with distilled water. The leaves were homogenised properly with the help of
a blender. The homogenised leaves paste was then measured and accordingly mixed with
hundred millilitre warm autoclaved distilled water in the flask. The flask was kept overnight.
The extract was heated 60°C for one hour with the help of mantel. The extract was centrifuged
(Sorvall ST 8 R, Thermofisher, Germany) at 9000 rpm for 5 min at 4°C and supernatant was

collected (Shekhar. Kadam et al, 2016).

3.2.2 Preparation of Taro leaves extract using solvents.

a. The fifteen Taro leaves were washed with tap water and then it was washed again
with distilled water. The leaves were homogenised properly using a blender. The homogenised
leaves paste is measured. The twenty-five leaves paste was added to a hundred millilitre of
ethanol and kept for incubation overnight . The plant extract was transferred in a beaker heated
at 60°C for one hour with the help of a mantel. Then the extract was centrifuged at 9000 rpm

for 5 min at 4°C the pellet was collected in that 0.4 N NaOH was added and again it was
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centrifuged later the NaOH extract supernatant was collected and kept for later use. This extract

was called alkaline extract.

b. Similarly sample preparation steps repeated and instead of NaOH the extract was
suspended with 0.4N HCI then tubes centrifuged at 9000 RPM for 10 min at 4°C HCI Extract

supernatant was collected and stored for later use. This extract was called an acid extract.

c. Another extract was prepared using equal volume of 0.4 NaOH and 0.4 HCI and
extract was obtained in the same fashion explained above. The supernatant was called a mixed

extract.

3.3 Collection of strawberry

The hundred strawberries were purchased from organic verelem strawberry farm which is
located in Netravali. The Strawberry was selectively hand plucked. Only fresh and larger

strawberries were chosen for the experiment. .

The strawberries were collected from Verlem farm. (Latitude: 15.045568218538495,
Longitude:74.24800466931535). This farm (fig.1) is situated in Netravali south Goa. Netravali
is 44.4 kilometres from Margao. The farm is taken care by Bhumika self-help group. The
hundreds of strawberries were hand plucked from the farm and sorted with help of a local
worker. The firm and healthy strawberries were selected for the experiment. The strawberries
were packed properly and brought to the laboratory for further experiment. The strawberries
were packed properly in boxes and brought to the laboratory. The strawberry which was
brought from the farm was cleaned, washed with tap water firstly further with autoclaved

distilled water and air dried and used for experiment.
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Fig 1: Collection of strawberries from farm and sorting of strawberries

3.4 Coating Method

3.4.1 Effect of different Taro leaves extract on shelf life of highly perishable fruits

(strawberry) at 25+2°C.

Dip method was followed in this experiment for coating the strawberries. Different extract
concentration was used under each extract category: 1. Hundred percent extract concentration
(aqueous extract, alkaline extract, acid extract, and mixed extract samples). 2. ninety eight
percent extract with two percent glycerol. 3. 2% glycerol in distilled water. All coated
strawberries were kept at 25+2C and observed until visual spoilage of fruits was noticed.
Controls without coating were also maintained. Shelf life of strawberries of sample coated and

non-sample coated strawberries was analysed. This experiment set was performed in Triplicate.
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3.4.2 Effect of different Taro leaves extract on shelf life of strawberries at 4 °C .

As similar to section 3.4.1, the sample was coated with different plant extracts and stored at 4
°C. Control samples without coating were also kept at 4 °C. The samples were kept at 4 °C

temperature till noticeable spoilage was seen.

3.4.3 Shelf life of Taro leaves extract and estimation of quantity requirement of extract.

The shelf life of different extracts was analysed by keeping the extracts at 25+2°C and 4 °C.
Visual growth of fungal contamination was monitored to check the spoilage. The quantity of
extract to coat one strawberry was measured by calculating how much extracts per strawberries
required to coat. This was done by taking 10 ml of coating solution and then coating the

strawberries with it the amount which remained was calculated later.
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3.5 characterization of Taro leaves

3.5.1 Classification of Taro

Table 1. Taro classification (Colocasia esculenta).

Kingdom Plantae (Plants)

Sub- Kingdom Tracheobionta (Vascular plants)

Division Magnoliophyta (Flowering plants)

Class Liliopsida (Monocotyledons)

Subclass Arcidae

Family Araceae (Arum family)

Genus Colocasia Schot (Colocasia)

Species Colocasia esculenta (L.) Schott (Cocoyam)

Synonyms Alocasia dussil Dammer Alocasia illustris
W. Bul

Source:( Rashmi et al. 2018).

3.5.2 Morphology of Taro leaves

The Taro leaves are heart shaped green large leaves; the Taro leaves have one or more long
petioles (Rashmi et al. 2018). It has corn at the base and this base is consumed by Indians
mostly. Its height was measured. It has grown to a height of 1 metre. It consists of core corm

that is just below the soil's surface that is also cooked and consumed by Indians. The leaves



18

and roots sprout from that bulb. Taro leaves have beautiful long laminate and they also have
strong midribs. The height of the stalk is twenty-five to forty centimetres. The laminae are
seven to fifteen cm in width and twelve to twenty-five centimetres in length. They have an
entire, ovate to sagittate form with rounded basal lobes and an acuminate apex (Wilfred lee
1999). Drying can be the most effective method of preservation in which food is preserved by
lowering the moisture content of the product (Divya Kashyap et al. 2023 ; Yashwant Kumar et
al. 2015). These leaves have extremely hydrophobic characteristics. The Taro plant leaf shows

self-cleaning property (Divya Kashyap et al. 2023; Kumar et al. 2020).

3.6 Total Solid (TS) and moisture content of Taro leaves

Taro leaves were collected and they were cut into small fragments. The five-gram leaves
fragment was used to measure the Moisture content. The Moisture content of Taro leaves was
measured by weighing the crucible (W1) weight and also measured weight of Taro leaves
sample along with crucible (W2) then the sample was dried in the oven at 105 °C overnight
(W3) then the weight was measured. Using this value, the moisture content and TS was

measured using the below formula.

Moisture content:

(W2) sample weight - (W3) dried sample weight x 100

Total moisture content = ,
(W2) Sample weight

(W3) dried weight - (W1) crucible weight x 100

Total solid (TS) = (W2) Sample weight
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3.7 Estimation of carbohydrates using the Anthrone method (E.E. Layne,1975; David T.

Plummer ,1990)

VI.

VII.

VIII.

Prepared fresh anthrone reagent by dissolving two grams of anthrone in one litre of
concentrated H2SOa.

Glucose stock solution was prepared by dissolving one mg in one ml and from that
working solution was prepared.

Pipetted out a series of test tubes with a different volume of glucose solution from the
stock solution and with help of distilled water volume was made one millilitre.

The first tube was considered as blank and (two to nine) other tubes are used for
construction of standard curves. One tube which was marked as unknown is used for
the sample.

To each tube five millilitres of anthrone reagent was added and mixed well by vortex
ting and tubes were kept cool for a while.

Then tubes were sealed with caps and kept in a water bath for ten min at 90°C in a
boiling water bath.

The tubes were removed from the water bath and kept too cool to 25+2° C and then
optical density was measured at 620 nm against blank using UV-Vis spectrophotometer
(UV -1800 240V, Shimadzu Europa).

The standard graph was plotted with concentration of glucose pg vs optical density at

620 nm and with help of its unknown sample concentration was calculated.

3.8 Estimation of protein using Lowry's method

3.8.1 Reagent prepared

Reagent A; Reagent was prepared by dissolving two grams of sodium carbonated and

four hundred milligram of sodium hydroxide in hundred millilitres of distilled water.
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Reagent B; Reagent was prepared by dissolving five hundred milligrams of copper
sulphate (CuS0O4.5H,0) and one gram of potassium sodium tartrate (KNaC40¢4H20)
this is dissolved in hundred ml of distilled water reagent b is prepared freshly.
Alkaline Copper solution Reagent C; Reagent was prepared freshly by mixing one
millilitre of reagent B and fifty millilitre of reagent A.

Diluted Folin's Reagent D; Dilute ciocalteu reagent with an equal volume of 0.1 N
Sodium Hydroxide.

Standard; Bovine serum albumin is used as standard; the fifty-milligram bovine serum
albumin was dissolved in fifty millilitre distilled water in volumetric flask and from this

solution ten millilitre is further added to fifty millilitres of distilled water.

3.8.2 Protocol

Pipetted out a series of test tubes of different volumes of working solution of two
hundred microlitre, four hundred microlitre, six hundred microlitre, eight hundred
microlitre and one millilitre and test tubes were labelled accordingly. The distilled water
is added to make up the volume one millilitre.

The one test tube was labelled as unknown in which one millilitre of sample was added
and another test tube with one millilitre distilled water was considered blank.

In each test tube five millilitre of reagent C was added including unknown and blank,
the tubes were mixed and allowed to stand for ten minutes.

Then five hundred microlitre of reagent D was added with immediate mixing and then
kept for incubation at 25+£2° C in dark for thirty minutes.

The standard graph was plotted of bovine serum albumin concentration against optical

density at 660 nm and unknown was calculated.
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3.9 Phytochemical Screening of Taro leaves extract

3.9.1 Phenol test

To extract a few drops of two percent (FeCls) Ferric chloride solution was added, formation of

blue-green yellow indicates presence of phenols (Ali Gamal AL-Kaf et al, 2019).

3.9.2 Saponin test

The two millilitre of extract was taken and added water to it then mixed vigorously for frothing,

persists of foam indicates presence of Saponins (Arunachalam S and T.V Krishnapriya, 2017).

3.9.3 Flavonoids

To the one millilitre extract ten percent concentrated (H2SO.) sulfuric acid was added the

presence of flavones is indicated by yellow — oranges red tint (R. Rajput et al. 2023).

3.10 Estimation of Antioxidant activity using DPPH (2,2- diphenyl-1- picrylhydrazyl)

Assay

The DPPH is a molecule that acts as a radical Scavenging molecule. It is soluble in ethanol; it
has violet colour and absorbance can be measured at 517 nm. Antioxidant molecules are able
react with (DPPH) by donating hydrogen or electron and acceptance of electron or hydrogen
by DPPH will reduce it to 2,2- diphenyl-1 hydrazine (DPPH-H) that is indicated by colour
change to pale yellow or colourless that is detected by spectrophotometer (Athavale et al.

2012 ; Nilima S. Rajkumar et al. 2011).
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Protocol

Prepared fresh DPPH 0.3mM in ethanol solvent and stored in an amber bottle.
Prepared fresh sample with different concentration twenty five percent, fifty percent
seventy five percent and finally hundred percent concentrated concentration extract .
The five test tubes were used in each test tube different concentrations of extracts were
added and distilled water added to make up the volume three millilitre. In one of the
test tubes only DPPH and Solvent was added and that is used as blank.

Then in each test tube one millilitre of DPPH was added. These test tubes were mixed
well and also covered with aluminium foil. Then test tubes were kept in dark for 30
minutes of incubation and optical density was measured at 517 nm. Ascorbic acid one
milligram per millilitre used as positive control.

The graph was plotted with different concentration of extract vs scavenging activity of

different extract concentrations.

The Antioxidant scavenging activity was calculated using the formula:

Antioxidant scavenging activity =

Ab—As
AbX100

Ab: Absorbance of blank - As; Absorbance of sample.

3.11 Fourier Transform Infrared Spectroscopy of Taro leaves extract.

FTIR identifies chemical bonds in a molecule by producing an infrared absorption spectrum.

Liquid aqueous extract was added to the glass plate. This plate was kept in the oven for drying

the sample. After drying, the sample was made into powder. This powder was later mixed with

potassium bromide and the sample was inserted in a sample holder. Reading was measured

using Alpha 2, Bruker FTIR and a graph was plotted using the software origin. Each peak

indicates the functional group in the sample.
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3.12 Antimicrobial Activities of Taro leaves extract

3.12.1 Antibacterial properties of Taro leaves extract against Escherichia coli

Diffusion method was performed to identify any antimicrobial properties of Taro leaves
extract. E. coli is gram negative, facultative anaerobic, rod shape, coliform bacteria of the genus
E. coli used as a test sample. The pathogenic E. coli was spread plated on (MH Agar) Muller
Hinton agar in the Biosafety cabinet. The MH agar plates were prepared prior Aseptically. The
freshly prepared plant extract was put into wells at the centre of plates in wells which were
created with a sterile cork borer of nine millimetre. The control plate was kept without plant
extract samples for reference. The inhibition zones were observed and measured. The E. coli
was spread plated on the Muller Hinton Agar and control plate as well as the sample plates
were prepared. plates were incubated overnight at 37 degrees Celsius. The inhibition zones
were measured and the test was performed in triplicates. The range of inhibition zones can be
in 13mm to 20mm. E. coli was getting inhibited by Taro leaves extract and zone were observed
and size was measured. The spread plate was carried out carefully in the biosafety cabinet for

safety concern (Ahmad Shwans et. al. 2018).

3.12.2 Antifungal properties

The antifungal test was performed similarly like antibacterial with the help of a diffusion
method. The fungus was isolated from spoiled strawberry and spot inoculated on (PDA) Potato
Dextrose agar which was prepared prior aseptically. Agar plates and incubated for 24 hours at
25+2° C after spread plating Then for antifungal test the plates were spread plated with a
spreader in between flame and with help of sterile borer the well were created and extract was

put at the centre of plates in wells and zones of inhibitions were observed.
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3.12.3 Identification of fungal culture

Morphology under microscope

The fungus was isolated from spoiled strawberry and grown on PDA and kept at 25+2° C for
incubation and one’s spores was visible with help of teaser the spores and mycelium were
plucked aseptically and kept on clean glass slide then the spores and mycelium were carefully
separated and stained with lactophenol cotton blue, carefully coverslip was placed from the
angle of 45° avoiding air bubbles and the slide was mounted under microscope and observed
the slide under 40x magnification power. The pictures were used to identify the fungus.
Lactophenol cotton blue consists of aniline which stains chitin and cellulose present in fungal

cell walls.
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CHAPTER FOUR
ANALYSIS AND CONCLUSIONS

4.1 Taro leaves collection
Taro leaves were plucked by hand from Majorda, Goa, (Latitude: 15.297495, Longitude:
73.951188). In (fig. 2) Taro leaves were identified based on their morphology; Taro leaves were

brought to the laboratory for further processing.

1} Majorda, Goa, India

;'Q 7XW2+XFP, Seraulim Railway Station, Majorda, Goa 403708, India
g Lat 15.297495°

I Long 73.951188°

Googlel " " 16/12/23 09:47 AM GMT 405:30

Fig. 2: Picture of the collected Taro leaves and the location, Majorda Goa.

4.2 Different Taro extract

Different extracts (fig.3) were prepared from Taro leaves for preparation of coating such as
aqueous extracts, alkaline extracts, acidic extracts and mixed extracts. Each extract was used
to make control with 2% glycerol and 98% extracts for the coating and to study the shelf life

of strawberries by comparing with 100% extracts.



Aqueous
Extract

Fig. 3: Different extract obtained from Taro leaves

4.3 Moisture content
Table 2: Moisture content and total solid content of Taro leaves

26

Crucible Weight of Sample with Dry weight | Moisture | Total solid
weight (W1) [sampleing crucible (W2) [ (W3)ing [ content (%)

ing ing (%)

43.74 2.02 45.76 44.13 80.50 19.49
43.58 2.013 45.59 43.96 80.97 19.02
46.10 2.04 48.14 46.49 80.81 19.18

. w2 l ight - (W3) dried l ight X 100
Total moisture content = (Y2 sample welght - (W5) dried sample weig
(W2) Sample weight

The total moisture content is estimated to be 80.76 % in Taro leaves.

Total solid = leaves

(W3) dried weight - (W1) crucible weight X 100

(W2) Sample weight

The total solid is estimated to be 19.23% in Taro

According to literature the moisture content of Taro leaves extract is in the range of 60 - 83%

(Rashmi et al. 2018). In this study moisture content was estimated to be 80.76 %.
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4.4 Morphology of Taro leaves.

Taro (Colocasia esculenta) is monocotyledonous and its family is Araceae. Its leaves
are Green. It consists of tubers which are largely consumed by Asians. The Colocasia esculenta
are herbaceous perennial plants. The plant's leaf is large and has a heart shaped structure. Taro
plants can grow up to one to two in size. The height of the stalk is twenty-five to forty
centimetres. The laminae are seven to fifteen cm in width and twelve to twenty-five centimetres
in length. The petiole colour was light green. The leaf's main vein colour was greenish colour.
Leaf blade margin was green and the margin of the leaf was entire. The Taro leaf shows best
water repellent properties. It has super hydrophobic properties which makes a good substrate
or extraction of bio wax as well an ideal substance for preparation of edible coating as edible
coating should have hydrophobic characteristics so it can adhere to coated substances more
firmly, and harness the water repellent property. This property of Taro leaves makes Taro
leaves good for extraction of bio wax. The low surface vein colour was light green shade. The
piko is the point of junction between the leaf blade and petiole. The piko colour is light green.
The colour of primary blades is whitish green. The leaf blades are flare in shape; no cupped
shape was observed. The blade orientation was downwards. The Taro leaves did not have any

Variegation.

4.5 Coating of strawberries with different Taro leaves extract using dip method and

checking shelf life at 25+2°C.

Different extracts (fig. 4) were used to coat the entire surface of strawberries by dip method.
Upon quantifying, the amount of extract utilized for coating each strawberry was found to be
0.62 Millilitre. From (table 3), overall it can be clearly seen that the strawberries which were
coated with extracts remained healthy for a longer period of time compared with the control

sample that were treated with distilled water only. The strawberries which were coated with
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100% aqueous extract and kept at 25+2C remained healthy for seven days. Similarly, the

strawberries coated with alkaline extract remained healthy up to the seventh day. However, it

can be seen that, the strawberries coated with mixed extract got spoiled on the seventh day,

strawberries coated with 98 % extract and having 2% glycerol also got spoiled on the sixth day

and strawberries coated with acidic extract as well as the control got spoiled on the fourth day

(Table 4). This experiment shows that shelf life of strawberries is increased by 100% when

coated with 100% aqueous extract compared to the control. From this it can be concluded 100%

aqueous extract is the best coating material over alkaline extract as the latter involves the

involvement of NaOH in the extraction process.

Table 3:The table shows the effect of coating strawberries with Taro leaves extract at 25+2C
along with a control sample on various days.

Days | Strawberries Strawberries Strawberries Strawberries Control
Coated Coated Coated Coated
with Aqueous with Acidic with alkaline with Mixed
extract extract extract extract
100% 98% 100% | 98% 100% | 98% 100% | 98% No
+2% G +2% G +2% G +2% G | Coating
0 H H H H H H H H H
1 H H H H H H H H H
2 H H H H H H H H H
3 H H H H H H H H H
4 H H S S H H H H S
5 H H - - H H H H -
6 H H - - H H H H -
7 H S - - H S S S -
8 S - - - S - - - -

Key: S - SPOILED , H-HEALTHY , G- GLYCEROL , RT - 25+2°C,
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Fig . 4: Showing the status of strawberries coated with different extracts at 25+2° C on various

days.



Table 4 ;- Effect of different Taro leaves extract on shelf life of strawberries at 25+2°C.

Sr. | Sample Day at which strawberries got

No. spoiled

1 Control sample (without coating) Day 4
25+2TC

2 Strawberries coated with aqueous Day 8
extract

3 Strawberries coated with mixed Day 7
extract

4 Strawberries coated with acid Day 4
extracts

5 Strawberries coated with alkaline Day 8
extracts

30
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4.6 Effect of coating strawberries by different Taro leaves extract on shelf life of

strawberries at 4°C.

The control strawberries were healthy for up to seventeen days (fig. 5) when stored at 4°C. The

strawberries coated with alkaline extract and strawberries coated with mixed extracts were

healthy up to day 20. The strawberries coated with acidic extract were healthy up to day 17.

The best results were shown by aqueous extract, where coated strawberries remained healthy

up to 21 days when stored at 4°C (table 5).

Days

Coatings

v

Control

Aqueous
Extract

Mixed Extract

Acidic Extract

Alkaline
Extract

|

Gosgov 630000 0¢¢

21

=
@

bOLIr€EOD:

P 9000 ¢
a0 8 8pPofrn €’

o hep®C

Fig. 5 Effect of coating from Taro leaves extract on shelf life of strawberries at 4°C.
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It can be seen from (Table 5) that the aqueous extracts increased the shelf life of strawberries

by 37.5 percent, compared to control when kept at 4°C.

Table 5:- Effect of Different Taro extract on shelf life of strawberries at 4°C.

Sr. | Sample Days Increase in shelf
No. life (%0)
1 Control sample (without coating) 4°C. 16 -
temperature
2 Strawberries coated with aqueous extract 22 37.5%
3 Strawberries coated with mixed extract 21 31.25%
4 Strawberries coated with acid extracts 17 6%
5 Strawberries coated with alkaline extracts 20 25%

From the results of these two above experiments, it was concluded that the aqueous extract of
Taro leaves extract is the best in increasing the shelf life of the strawberries and hence only

aqueous extract was characterized further for biochemical characteristics.

4.7 Shelf life and quantity of extract required for coating strawberry

It was observed that the aqueous extract stored at 25+2° C got spoiled in 2 months (observed
with visual fungal growth) and extract stored in cold temperature remained uncontaminated
from fungus for 3 months. It was estimated that, on an average, each strawberry required

0.62ml extract for coating.

4.8 The phytochemical analysis

The phytochemical constituents such as phenol, flavonoids and saponins were identified in
Taro plant (Colocasia esculenta) leaves extracted upon qualitative estimation (Table 6).

According to literature (Ashish Patel and Jay Singh 2023; R. Rajput 2023) it has also been
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proven the presence of flavonoids and other components in Taro leaf (Colocasia esculenta)

extracts are vicenin-2, iso-vitexin etc.

Table 6: Phytochemical analysis of Taro leaves extracts

Sr. No. Test Result

1 Phenol Positive
2 Flavonoid Positive
3 Saponin Positive
4 Antioxidant Positive

4.9 Protein and carbohydrates analysis

Table 7: The protein and carbohydrate estimation of Taro leaves extract

Sr. No. Test Method concentration
estimated

1 Carbohydrate estimation Anthrone method 5.85+ 0.816 x10°3

2 Protein estimation Lowry Method 2.40 + 0.478x1072

The carbohydrates are estimated to be 5.85 + 0.8164x1073
The proteins are estimated to be 2.40 + 0.478 x107?

In this study the concentrations which were estimated are lesser than reported in the literature
(Rashmi and Raghu ,2018) their values of carbohydrates they found 6.7 grams and protein 5

grams in Taro leaves.
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4.10 Estimation of Antioxidant activity of Taro leaves using DPPH method

It can be clearly seen from (fig. 6) that as concentrations of Taro leaves extracts increase the
scavenging activity increases in DPPH. At twenty five percent least, scavenging activity is
measured. That was estimated to be 22.41 %. The highest scavenging activity is at hundred
percent extracts that is 87.35% According to literature 65.80 % scavenging activity was seen

(Christou et. al 2023).

Antioxidant Test
100
N 90
> 80
=
= 70
g 60
éo 50
ED 40
S 30
= 20
]
o
0
25 50 75 100 Ascorbic Acid

(Img/ml)
Different concentration of taro leaves extract %

Fig . 6: Graph of Antioxidant activity of Taro leaves extracts at different concentrations.
4.11 Fourier Transform Infrared Spectroscopy Analysis.

The Fourier Transform Infrared Spectroscopy (FTIR) identified functional groups in chemical
bonds of molecules. The graph (fig.7) depicts that there is a hydroxyl group or alcohol group
which shows stretching at 3425 cm "t wavenumbers can be due to the presence of phenolic
compounds. Peak at 1583 cm "t wavenumber can be of OH or N-H group which is bending at
1032 cm * wavenumber the presence of C-C interacting bond which is also attributed to C-O
vibrations sugar functional groups. Peak observed at wavenumber 2921 c¢cm * confirms the
presence of methyl functional groups present in protein. In this study, a similar peak was

observed at wavenumber at 2921 cm 1. Peak at 1311 cm  is indicative of the presence of NO2
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bonds. Peaks obtained below 800 cm " show presence of halogen groups in the compound.
FTIR data confirm the existence of several groups such as hydroxyl groups. Peak at 1393 cm”
! shows presence of CH3 bending. However, a previous study observed the presence of sugar
molecules such as galactose and arabinose at wavenumber 2932.12cm™. They also found N-H

bending of protein molecules at wavenumber 1572.05 cm ™t (Mansuari M. Tosfi et. al. 2023).

3425(-OH)

% Transmittance

1583( -OH)

T T T T v T T T T T T T d T
4000 3500 3000 2500 2000 1500 1000 500

WAVENUMBER (cm™)

Fig . 7: Taro leaves extract (Aqueous) fourier transform infrared Spectra of Taro leaves

extract.
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4.12 Antimicrobial activities of Taro leaves extract

Table 8 Zone Inhibition shown by Taro leaves against Escherichia coli

Sr. No. Inhibition Zone against
Escherichia coli (in mm)

1 13
2 15
3 17

The zone inhibition shown (fig. 8) by Taro leaves extract against Escherichia coli clearly shows
the zone of inhibitions that indicates that plant extract is effective against. E. coli. The zone of
inhibition on an average was 15 millimetres which was lower in accordance with literature

which was 16.2 millilitres (Sarmistha Dutta and Biswajit Aich, 2017) and comparatively higher

than value reported by (Mani M. et al. 2021) as they found 13 mm inhibition zone.

A: Test Plate - B: Control Plate =
| p— =

Fig. 8: Zone Inhibition shown by Taro against Escherichia coli.
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4.13 Antifungal Activity

According to the literature it has been concluded that aqueous extract of taro leaves shows
antifungal activity to various fungal species such as Fusarium , alternaria solani , alternaria
ricini. (Shehata, M. G et al. 2023; Mengane, et al. 2015). The fungus isolated from spoiled
strawberries was identified as Rhizopus based on its colony morphology such as white
mycelium (fig. 9B) and microscopic observation (fig.10) using lactophenol cotton blue. When
aqueous extract of taro leaves was tested for antifungal activity against isolated fungus showed

an inhibition zone 15mm diameter (fig. 9A)

Fig. 9: Zone of inhibition shown by Rhizopus on PDA plate upon addition of aqueous extract
of taro leaves. A)- test plate with Rhizopus and aqueous extract of taro leaves. B)- control

plate with Rhizopus only.
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The fungus involved in the strawberry spoilage was identified as belonging to Rhizopus sp.
based on its sporulating bodies and structure (fig. 10).The handbook of soil fungi was referred

to identify the fungi (Nagamani A. K3.12.3unwar et.al 2006).

Fig . 10: Image of Rhizopus sp. observed under 40X objective of light microscope after

staining with lactophenol cotton blue stain.
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Discussion

In this investigation, we explored the efficacy of Taro leaves extract edible coating applied at
varying temperatures on the preservation of fresh strawberries. The findings indicate that the
aqueous extract derived from Taro leaves effectively mitigates fungal decay and extends the
shelf life of strawberries by up to 37.5% compared to uncoated counterparts. The shelf life of
strawberries stored in cold conditions is approximately 2 weeks, while those stored at 25+2°C
typically last 3-4 days (Romanazzi, 2009). In another study it was found that strawberries
coated with encapsulated cannabidiol nanoparticles remain healthy for 15 days whereas in this
study the Taro extract increases shelf life till the 22 days (Sukhavattanakul, P. et. al 2023).
According to literature the strawberry which was coated with banana-starch-chitosan-aloe vera
edible coating increased the shelf life up to 15 days. Whereas, the Taro leaves extract showed
better results by increasing the shelf life up to 22 days (Pinzon, M. 1., Sanchez, et. al 2019).
Furthermore, this coating preserves the strawberries' properties, including their colour and

firmness, thereby demonstrating its efficacy in maintaining fruit quality.
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Conclusion

The edible coating from aqueous extract of Taro leaves showed best results compared to the
alkaline extracts, acidic extracts and mixture extracts. The shelf life of the strawberries coated
with aqueous extract increased by 100 % compared to the strawberries which were not coated.
In terms of extending shelf life of strawberries increased at 4° Celsius Further, the shelf life of
aqueous extract coated strawberries kept at 4° Celsius increased by 37.5%, compared to non-
coated strawberries stored at 4° Celsius. The utilization of Taro leaves extract emerged as a
promising avenue for the development of edible coatings, particularly for enhancing the shelf
life of perishable fruits such as strawberries. The multifaceted properties exhibited by Taro
leaves extract, including antioxidant activity, antimicrobial attributes, phytochemical
compounds, adhesion capabilities, durability, etc. The antimicrobial shown by taro leaves
extract against E. coli and Rhizopus fungal species, makes it suitable for prolonging shelf life
of perishable fruits. Moreover, Taros’ natural origin, cost-effectiveness, and low maintenance
requirements position it as an environmentally friendly alternative to conventional plastic-
based coatings. The findings of this study not only demonstrate the efficacy of Taro extract in
extending fruit shelf life but also suggest its potential as a novel solution in the ongoing quest
for sustainable edible coating solutions. By leveraging the abundant and renewable resources
provided by Taro leaves, we can mitigate the environmental impact associated with plastic
accumulation and contribute to a more sustainable approach to food preservation and

packaging.
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Future Prospects

Identification of individual active molecular components can be studied in the Taro
leaves extract.

Further analysis such as NMR, XRD, SEM, Mass spectrometry, and other
characterizations can be performed.

The Future Prospects of this research is that the process of preparation of Taro leaves
extracts can be upscaled at larger quantities and study can be tested on several different

fruits and vegetable.
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PDA,; Potato Dextrose Agar Compositions; 39 grams in 1000 ml distilled water.
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Ingredients Grams / litre
potatoes/ Infusion form 200.0g
Agar 15.0g
Dextrose 20.0g

MHA,; Muller Hinton Agar;

Ingredients Grams/Litre

Beef extract 2.0g

Acid hydrolysis of casein 17.50g

Starch 1.50g

Agar 17.0g

Distilled water 1000 millilitres
lactophenol cotton blue

Ingredients grams/ litre

Aniline blue 0.05g

Phenol crystal 20.0g

Glycerol 40.0 millilitres

Lactic Acid 20.0 millilitres

Distilled water 20.0millilitres

Anthrone Reagent: 0.2 percent anthrone in concentrated sulfuric acid.
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