TESTING OF AN EDIBLE COATING COMPOSED OF ALOE
VERA GEL WITH THYME AND CINNAMON ESSENTIAL OIL
TO MINIMISE THE POST-HARVEST LOSSES OF
STRAWBERRY FRUITS
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Chapter 2: Literature Review
Overview of fruit consumption

In the current sedentary lifestyle, the consumption of fruits has played a crucial role in
keeping healthy and fit. According to the view of Saini et al. (2022), abundant health
benefits of fruits, attributed to their high dietary fibre content, essential vitamins (such
as Vitamin B complex, C, D) and minerals have significantly driven their consumption.
Supporting the statement, Frank et al. (2019) stated that as per the reports of WHO,

400 grams of fruits and vegetables must be consumed daily.

The nutritional transition through dietary shift has significantly increased the
consumption of fruits in both low and middle-income countries. The growing demand
for fruits has also increased the global production rate. Based on the opinion of Balali
et al. (2020), the production of fresh fruits along with vegetables has surged by 30%
over the last few years. However, before consuming fruits, individuals need to

comprehend the nutritional aspects.

Despite the fact that fruits and vegetables contribute significantly to global nutrition,
strawberry (Fragaria x ananassa) belongs to the Rosaceae (flowering plant), which
stands out as one of these offerings. Known for their vibrant hues, succulent texture,
and delightful sweetness, strawberries are unique among fruits and are considered
one of the most consumed fruits around the globe, which taste a little bit sour and

wonderfully sweet (Lee et al., 2022).

The unique conical-elongate-shaped fruit strawberry contains multiple bioactive
compounds, including polyphenols, vitamin C, and folate antioxidants such as
kaempferol Erol, quercetin, and anthocyanins which is inevitable for women of
childbearing age (Kishimoto et al., 2023). Strawberry mineral compositions have been
found to include potassium, calcium, and magnesium. Within 100 grams of
strawberries, the quantity of potassium is 75.8-123.0 mg, calcium is 22.3-30.2 mg, and
magnesium is 6.3-10.3 mg (Prichko et al., 2021). As per the reports of the United
States Department of Agriculture (USDA), vitamin C in strawberries is 97.60 mg, and
the quantity of vitamin A is 20 International units (IU) (Cecatto et al., 2013). Besides

vitamins and minerals, phytonutrients are also considered essential nutritious



components in strawberries. Reportedly, hydroxybenzoic acid, flavonols, stilbenes
and hydroxycinnamic acids are the variety of phytonutrients in strawberries. The
mentioned fruit is one of the significant sources of folate, which is essential for one-
carbon metabolism (Arias et al., 2020). The growing plasma homocysteine increases
the risk factor for cardiovascular diseases (CVD), and the consumption of strawberries
with a high quantity of folate has noteworthily reduced the risk factors of CVD (Lee et
al., 2022).

It is reported that maximum European Union (EU) countries, including the UK and
Germany, have imported a large number of strawberries to attain the growing
demands of citizens. In the UK, the consumption of strawberries and other fruits has

increased in a notable way, as mentioned in Figure 1 (Statista, 2023a).
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Figure 1: Frequency of fruit and berry consumption in the UK as of 2021
(Source: Statista, 2023a)

It is also divulged that the growing consumption of strawberries and other soft fruits

(like berries, grapes, etc.) has significantly increased and is expected to increase



almost 50% more during this decay (2018-2028); the revenue of the global fruit market
as shown in Figure 2 (Statista, 2023c).
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Figure 2: Fresh Fruits — Worldwide
(Source: Statista, 2023c)

The high consumption has significantly increased the market value of the UK
strawberry industry. Reportedly, in 2021, the strawberry industry was worth more than
769 million, which has rocketed in 2022 (Fruitnet, 2022).

Due to the high consumption rate of strawberries, the UK agricultural department has
developed multiple strawberry farms (Liu et al., 2020). The farms are rendered on
silicon-filled soil, which has created resilience in strawberry plants against strawberry
powdery mildew (fungal dieses which can lead to deterioration of fruit, decreases the
shelf life and impact the nutritional content). The growing production has aided UK
organisations in trading a large number of strawberries to meet the requirements of

consumers.
Post-harvest losses and disorder

It is critical to use proper harvesting techniques, transportation methods, and storage

practices to ensure the strawberries remain fresh and of high quality. Corvino et al.



(2023) opined that ripened strawberries are harvested after being handpicked, and

over-ripe ones are segregated to overcome losses and cross-contamination of fungi.

After being harvested at the full ripening stage, strawberries are transported to their
destination faster to reduce deterioration as strawberries have high water activity (aw)
0.98 (Sandulachi and Tatarov, 2012). During transportation, maintenance of
appropriate temperature has played a crucial role. As enunciated by Kushad and
Samtani (2020), refrigerated containers have conventionally followed 0 C (x1°C)
temperature to retard the ripening procedure and enhance the shelf-life by slowing
spoilage processes as this temperature inhibits microbial growth and reducing
ethylene effects. This temperature minimises texture changes, maintains flavour, and
meets industry standards, ensuring strawberries are visually appealing, free from
physical injury, and of high quality upon arrival. (Pelletier et al., 2011). In transporting
strawberries, the refrigerated trucks have followed the mentioned temperature, and
the packaging has been designed to prevent bruising and crushing. Along with
maintaining transportation temperature, proper storage has also played an inevitable

role in preserving the freshness of strawberries.

In households, strawberries are stored in a humid and cold environment at 6 °C. While
in commercial storage, gas composition (carbon dioxide, nitrogen and oxygen) and
humidity level have been maintained to overcome deterioration. Though fresh
strawberries are highly nutritious; however, due to the susceptibility to post-harvest
psychological disorders, deterioration and fungal decay significantly affect the quality
of fruit. Owing to this, the mentioned fruit becomes a delicate community with a short
shelf life (Trinetta et al., 2020). It is also revealed that fungal pathogens are the major
causes behind the post-harvest losses of strawberries. The fundamental psychological
characteristics of the considered fruit, such as optimum high-water activity (0.98), low
pH (3.0-3.5), soft texture and high sugar concertation (8-9 °Bx), have developed the
ideal environment for fungal growth as well as infection (Trinetta et al., 2020).
Supporting the statement, Azam et al. (2019) argued that morphological physiological
and compositional changes occur through non-climacteric strawberries during

ripening.

The concerned changes have increased the receptiveness toward physical damages

in the post-harvest stage, which have eventually increased fungus infestations,
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especially Rhizopus rot and Botrytis rot. Giampieri et al. (2012) have also disclosed
that traditional post-harvest practices (storage at a cool place immediately after
harvesting) have slowed the water loss and respiration to maintain the firmness of
fruits and alleviate the growth of pathogens.

It is disclosed that the extreme tenderness, along with the high respiration and
vulnerability to mechanical damages, have remarkably limited the storage potential of
strawberries (Matar et al., 2020). Therefore, it is vital to place macro holes in the
packaging to avoid dehydration of strawberries. However, in maximum cases, the
packaging has yet to follow any specific practice (like modified atmosphere packaging
[MAP], Controlled atmosphere [CA], etc.), which has gradually increased the
possibility of post-harvest losses of strawberries. As illustrated by El-Araby et al.
(2023), post-harvest treatment of strawberries needs to be developed in a proper way
to reduce fruit wastage. It is found that Rots development due to specific fungal
pathogens is considered one of the prime reasons behind post-harvest losses in
strawberries. The fungal strains which have significantly affected strawberries within
the post-harvest stage are Aspergillus spp., Penicillium spp., Bacillus spp., Botrytis

cinerea (causes Grey Mould) and Rhizopus stolonifer.

El-Araby et al. (2023) have also demonstrated that gram-positive bacteria, including
Staphylococcus aureus and Bacillus subtilis, along with gram-negative bacteria, such
as Escherichia coli (0157:H7), have reduced the shelf life of strawberries in the stage
of post-harvest. Studies have divulged that in 2017 fruits and vegetables accounted
for 38% of the volume of food loss worldwide, as mentioned in Figure 3 (Statista,
2023b).
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Figure 3: Share of food wasted globally as of 2017 by food category
(Source: Statista, 2023b)

The negative repercussions of the impact of fungal pathogens in the post-harvest
stage have become the significant reasons behind the growing wastage of
strawberries. It is disclosed that the fungal disease outbreak has increased the
wastage of post-harvest strawberries by 50% (Quarshi et al., 2023). In order to
minimise described post-harvest losses of strawberries and remit the fungal
pathogen's negative impact, various post-harvest treatments, technologies, and

methods should be employed. It is further described in the subsequent paragraph.
Methods and techniques to reduce post-harvest losses of strawberry

The limited shelf life and susceptibility toward fungal pathogens have significantly
increased the post-harvest losses of strawberries. Henceforth, innovative post-harvest
techniques have been applied to reduce the decay of strawberry fruit (EI-Mogy et al.,
2019).



For instance, several traditional technologies, such as irradiation, drying and freezing,
are being used to reduce spoilage, post-harvest losses, increase shelf life, and retain
nutritional characteristics of fruits. The edible coating has surpassed UV irradiation,
ozonisation, refrigeration, and modified atmospheric packaging as a more convenient
and cost-effective method (Abdel Aziz and Salama, 2021).

Description of edible coating

The edible coating has played an essential role in eradicating post-harvest losses
within the agricultural and food sector. The coatings are conventionally made from
natural substances, including proteins, plant-based polymers and lipids, which
motivates consumers to attract towards edible coated fruits; on the other hand, it helps
to overcome the plastic waste of thousands of tonnes per year, which leads the air,
soil and water pollution (Maringgal et al., 2020). Saleem et al. (2020) postulated that
compared to atmosphere packaging, controlled atmosphere storage and heat
treatment, the edible coating had remained one of the most effective methods that has

successfully reduced the spoilage of fresh vegetables and fruits.

The edible coating with ascorbic acid (AA) and aloe vera gel (AVG), along with dipping
in essential oils (like tea tree oil (TTO), thyme oil (TO) and cinnamon oil (CO)) has
remained the unique strategies that maximum harvesters have applied in the post-
harvest stage. In tandem with that, pulsed light, Nano-ZnO treatment, ethylene action
inhibitor treatment, y radiation and control atmosphere storage are other techniques

which have been followed to preserve strawberries.

However, the high treatment price and low consumer acceptance are the obstacles
which have impeded the utilisation of the mentioned techniques (EI-Mogy et al., 2019).
Salicylic acid is considered a natural compound which suppresses ethylene production
as well as fungal growth, including B. cinerea. Through the usage of the mentioned
compound, harvesters have successfully increased the antioxidant content within
strawberry fruit, which is essential to diminish post-harvest losses. On the other hand,
Abscisic acid (ABA) is another plant hormone which has acted as an inhibitor of
growth. In post-harvest treatment of strawberries, ABA has successfully enhanced the

accumulation of anthocyanin. The natural pigment is accountable for increasing anti-



microbial activities and antioxidant properties, which are essential to extend harvested

fruits' shelf life.

Components such as AVG and CO are highly fruitful as an edible coating. However,
in maximum cases, harvesters still need to utilise sustainable packaging material. As
a result, a large number of individuals, who are health conscious, have avoided
purchasing the desired products with plastic packaging material, which has created an
economic loss for manufacturing organisations. Studies have shown that edible
coating represents a unique packaging system that is more consumer and
environment-friendly than traditional food protection systems (Pop et al., 2019). Plenty
of methods are available to perform edible coatings, such as dipping, spraying,

fluidised bed and panning, as illustrated in Figure 4.
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(Priya, Thirunavookarasu and Chidanand, 2023)
Recent advancements in edible coating

Recent advancements in edible coatings for strawberries and other soft fruits have
shown promising potential for enhancement of fruit shelf life as well as prolonging the
shelf life. In the food industry, fruit spoilage due to a wide range of fungi is a significant
cause of economic losses after harvest and amid transportation. To mitigate post-

harvest losses, the edible coating has been used.



Various studies and research have discovered that Polysaccharides such as Chitosan,
Pectin (Pe), Sodium Alginate (Al), and Starch Nanocrystals (SNC), lipid, and protein-
based raw materials that can be used to develop edible food packaging, which is food
grade and generally recognised as safe (GRAS) and can inhibit the moisture and
oxygen migration hence improves mechanical properties of fruits (Kalateh-Seifari, F.
et al., 2021; Priya, Thirunavookarasu and Chidanand, 2023). They can be used as a
single source or in a combination, where they form a thin layer on the surface of fruits
and vegetables. These coatings protect food commodities from mechanical damage

and are widely accepted depending on the final food commodity's characteristics.

As illustrated by Nasrin et al. (2020) physicochemical, mechanical, and water activity
of these biopolymers are essential factors in defending fruits and vegetables from
mechanical damage (during post-harvest and transportation), microbiological infection
(growth of E.coli, S.aureus, B.subtilis, etc.), water loss, tissue softening, and enzymatic
activity. Using coatings improves the visual appearance, with plasticisers (to enhance

mechanical properties) and emulsifiers (to improve functional properties).

However, the use of these biodegradable coatings is more practical because they
have applications such as biocompatibility, non-toxicity, and anti-microbial properties
that can encourage the growth of edible coating for fruits and vegetables, thereby
reducing the thousands of tonnes of agricultural post-harvest waste (Maringgal et al.,
2020). Some examples of edible coating with results are discussed in further

paragraphs.

As llustrated by Marin et al. (2019), lactic acid bacteria (LAB), particularly
Lactobacillus plantarum (ATCC — 14917), applied by using the spraying method for
15s and stored at 20°C and 85% RH has successfully prevented the activities and
growth of B.cinerea, as well as no significant weight loss and firmness loss noted over
a period of 9 days in grapes. Owing to this, most harvesters have utilised the

mentioned bacteria to enhance the post-harvest quality of grapes.

Strawberry treated with polysaccharide edible coating (alginate and pectin at 1% and
2% wi/v) containing citral (0.15 and 0.3%) and eugenol had higher firmness, TSS, and
enzymatic activity, with less weight loss as compared to control one and

microbiological deterioration till day seven as well as taste panel also shows good
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sensory properties up to day seven at storage temperature of 0.5 °C (Guerreiro et al.,
2015). To ensure the antimicrobial properties of the coating, it is necessary to perform
tests against fungi or bacteria; there are a plethora of methods like vitro test, dilution
test and disc diffusion test. Among these, disc diffusion is used majorly due to its

simplicity and detailed explanation and significance discussed in the next paragraph.

Disc diffusion test to check the anti-microbial property of a coating

The disc diffusion method has become the gold standard for confirming bacterial
susceptibility. Bauer and Kirby's experiments in 1956 introduced standardised disc
diffusion after finalising all optimisation aspects by changing physical conditions. The
isolated bacterial colony is selected, suspended in growth media, and standardised
using a turbidity test in this method (Jorgensen and Ferraro, 2009).

The antibiotic-treated paper (6 mm sterile paper disc) is then tapped on the inoculated
plate after the standardised suspension has been inoculated onto the solidified agar
plate. After overnight incubation at 35 °C, the antibiotic-containing disc is allowed to
diffuse through the solidified agar, resulting in the formation of an inhibition zone
(Khan, Siddiqui and Park, 2019). The clear inhibition zone diameter is further
calculated in mm by using vernier callipers. Higher the zone of inhibition higher will be
anti-microbial property and vice versa. This test is accepted and used worldwide for
its simplicity and cost-effectiveness (Khan, Siddiqui and Park, 2019).

However, it has some significant drawbacks, including only semi-automation (Sirscan),
insufficient data availability for many bacteria (Pseudomonas, Bacillus, and
Corynebacterium strains), and poor performance when analysing slow-growing and
fastidious bacteria. Many physiochemical factors, such as evaporation, solubility, pH,
temperature, and nutrient media, influence its suitability for accurate diagnostics
(Mayrhofer et al., 2008).

Description of Sensory Evaluation

The sensory evaluation is a set of activities performed to measure likes/dislikes,
product differences, perceived characteristics and acceptability of food products in
terms of impressions of human senses, which are quantifiable to suitable indices
(Tzortzakis et al., 2019).
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The application of sensory evaluation includes new product development, product
imitation/matching, product improvement, process control and change, cost reduction,
quality control, selection of new source of supply of raw materials, storage stability,
shelf-life studies, product reviews, packaging performance, correlation with consumer
data (Kemp, 2008).

As mentioned by (Kemp, 2008; Gunness et al., 2009), despite recent advances in
texture analysis and increasing use of other instruments like E-noses, technology can
only partially replace human taste buds. In addition to nutritional, safety, functional and
cultural aspects of food consumption, the pleasure of eating greatly depends on
appearance, colour, shape, aroma, texture, taste etc., all of which can be best judged
by the appropriate application of principles of sensory evaluation. Sensory evaluation
can pave the way for the future food industry in launching newer, cheaper, modified,
customised products of greater consumer acceptability and value. Sensory evaluation
can also help set up sensory standards, which can help provide uniform quality

products to consumers.

Hedonic scale evaluation is found to be a standard method within sensory evaluation
for learning customer accessibility and preferences (Garcia-Gémez et al., 2022). The
mentioned scale varies from 5-point to 9-point hedonic scale aids in providing
numerical values based on the liking extremely dislike extremely of individuals based
on specific products. The results can be interpreted through the ANOVA test, which
demonstrates the fiducial limit of the control sample. From that, we can calculate the
values of another sample to compare whether it is inferior, superior, or insignificant to

the control sample (Kemp, 2008).
General overview of aloe vera

Aloe vera (Aloe barbadensis miller) is a versatile plant representing multiple utilisations
across different industries. According to the journal review by Albahri et al. (2023), in
the pharma sector, aloe vera is commonly defined as a medicinal product concerning
its anti-inflammatory properties, antioxidant substances, and wound-healing
components. On the other hand, it has been identified that its usage in the food sector
is essential, where aloe vera gel is applied as an ingredient in beverages, desserts,

and health supplements.
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AV is nowadays emerging as a novel edible coating method. Furthermore, according
to the scholarly demonstration by Goksen et al. (2023), aloe vera's features and
attributes involve its succulent and spiky leaves, which contain a gel-like component.
It is rich in bioactive substances, including Vitamin A (Beta carotene), B12, C and E,
minerals such as calcium, chromium, copper, selenium, magnesium, manganese,
potassium, sodium and zinc, amino acids, enzymes, and polysaccharides (Surjushe,
Vasani, and Saple, 2008). In the chemical composition of aloe vera, the quantity of
water is more than 98%, and aloe juice is 40% of the total components (Quispe et al.,
2018). Along with that, cellulose, pectin, hemicellulose, acemannan, and
glucomannan are also present in aloe vera. These compounds of aloe vera are
essential in accelerating the extensive health benefits of the plants as it includes
developed digestion, skin health, and immune system support.

Based on the academic interpretation by Maan et al. (2021), the international market
for aloe vera is rapidly developing, operated by the increasing demand for natural as
well as functional substances. It is found that in 2022, the market value of aloe vera
gel was 337.7 million US dollars, and it is anticipated that the mentioned value will
escalate by 712.3 million US dollars by the end of 2032 (Futuremarketinsights, 2023).
Moreover, the anti-microbial component has also been studied and identified as
effective against B.cenerea, E.coli O157:H7, B.subtilis and Listeria monocytogenes,

creating it as a probable genuine preservative.

Furthermore, aloe vera gel (AVG) can be stated as essential as it reduces weight loss,
acts as a barrier to the internal gas atmosphere, and reduces the respiration rate and
browning effect. AVG can be mixed with different other edible coatings to increase its
properties Kumar et al. (2023). The proportion of aloe vera used may differ depending
on the utilisation and desired elements of the coating and fruit. Different components
are used to mix with aloe vera to foster edible coating, and traditionally, in that mixture,
the maximum quantity is found to be aloe vera. Arrubla Vélez et al. (2021) disclosed
that in the total extract, AVG content is 75%. However, as per the scholarly information
by Fardsadegh and Jafarizadeh-Malmiri (2019), the Vitro tests have been generated
to analyse the anti-microbial functions of AVG found minimum at 50% as well as the
addition of other edible coatings, with affirmative outcomes showcasing its probability

as a natural preservative.
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Supporting the above context, Silva et al. (2023) have stated that the storage condition
is essential in playing a vital role in regulating the standard of products coated with
aloe vera. Moreover, it can be stated that the temperature and relative humidity (RH)
need to be controlled and administrated to resist spoilage and extend the shelf life. In
order to analyse the sensory attributes, the use of a hedonic scale can be stated, which
is often employed. Studies have identified affirmative outcomes concerning the
sensory tests, which represent that aloe vera coated products are well-obtained by

consumers.

Thus, the demonstration and comparison of different articles have helped in identifying
that aloe vera and other edible coatings, post-harvest standard, shelf life, as well as
physicochemical attributes including the pH, texture, TSS (Total Soluble Solids),
titratable acidity (TA), colour, and weight loss have been analysed. Moreover, the
outcomes showed that aloe vera coatings manifest comparable or even superior

execution in preserving soft fruits such as strawberries.

Therefore, summarising the articles, it can be confirmed that aloe vera is an essential
natural resource with vast-ranging advantages and utilisations. Its implementation in
edible coatings increases soft fruits' preservation and sensory characteristics,
including strawberries. Moreover, the application of aloe vera in edible coatings is a
favourable and sustainable approach to extending the shelf life and enhancing the
standards of perishable fruits while recognising the demands of health-conscious

customers in the developing international market.
General overviews of cinnamon oil

Cinnamon oil (CO) can be scientifically stated as Cinnamomum verum or
Cinnamomum zeylanicum, which is an incredibly versatile essential oil and is vastly
used across different industries. According to the scholarly interpretation by Salve et
al. (2022), it is applied for its anti-microbial and anti-inflammatory properties in

pharmaceuticals.

The chemical components of CO include linalool (7.00%), (E)-cinnamaldehyde
(71.50%), B-caryophyllene (6.40%), eugenol (4.60%) and eucalyptol (5.40%)
(Alizadeh Behbahani et al., 2020). Marambe et al. (2020) have opined that in the food

sector, CO is cherished for its diversified flavour and aroma, which has been
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commonly used as a flavouring agent as well as spices since ancient times. In addition,
Purkait et al. (2020) have stated that CO is essential for serving as a natural
preservative due to its potential to inhibit the development of foodborne diseases like
Shiga toxin-producing non-0157 Escherichia coli (STEC), E.coli 0157:H7, B.cereus
and Bot. cinerea.

However, the health benefits of CO are structured to its rich substances of compounds,
involving cinnamaldehyde, eugenol, and linalool (Ashfaq et al., 2021). Moreover, it has
been identified that these compounds essentially possess antioxidant and anti-
inflammatory properties, which support overall well-being and aid in different health

situations.

In recent years, it has been observed that the international market for CO has faced
crucial development, which is driven by its utilisation of soft fruits, specifically
strawberries. In 2023, the market size of cinnamon oil will be 1.57 billion US dollars,
and it is projected that in 2028 the mentioned size will surge by 2.20 billion US dollars
(Mordorintelligence, 2023).

The anti-microbial property of CO creates it an alluring option for edible coatings,
extending the post-harvest standard and shelf life of fruits (Noshirvani et al., 2023).
Furthermore, several studies have identified the significance and importance of CO
mixed with other edible coatings, which helps in preserving soft fruits such as
strawberries. As per the scholarly study by Mookherjee et al. (2020), the in vitro tests
have essentially shown promising outcomes concerning their anti-microbial functions.
Typically, it has been reported that the percentage of CO applied in the coating mixture
is estimated from 0.5% to 3%, which is a sufficient amount to inhibit the growth of

bacteria and microorganisms (Qiu et al., 2022).

Moreover, the storage conditions are essential, and they play a significant role in
regulating the efficacy of the edible coatings. Generally, it has been identified that a
temperature of 4°C, relative humidity (RH) of 85-95%, along with a suitable storage

time, is suggested to achieve optimal outcomes (Guo et al., 2023).

Sensory evaluation outcomes have represented that fruits which are coated with CO
significantly maintain their texture, colour as well as taste for an extended time as

compared to uncoated ones. Furthermore, physicochemical characteristics such as
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pH, texture, total soluble solids (TSS), titratable acidity (TA), and weight loss are
favourably impacted by the utilisation of CO-based coatings (Peralta-Ruiz et al., 2020).

Moreover, its anti-microbial substances, correlated with its positive impacts on post-
harvest standard and shelf life, establish it as a promising natural alternative for
increasing fruit preservation in the food sector. In this way, with its multiple health
advantages and widespread availability, cinnamon oil stands out as a tremendous
choice for accelerating food safety, prolonging fruit freshness, and fulfilling consumer

preferences in a sustainable as well as genuine way.
Overview of thyme oil

Thyme oil (TO), scientifically renowned as Thymus vulgaris oil, is a genuine essential
oil with multiple utilisations in numerous industries involving pharmaceuticals and food.
Moreover, thyme oil's aromatic and medicinal properties are essential in making it a

famous choice for multiple purposes.

On the other hand, according to the scholarly response by Soleimani et al. (2022), in
the pharmaceutical industry, TO is applied in different herbal remedies as it has
potential health benefits. Moreover, TO contains substances such as thymol,
carvacrol, and linalool, which are known for their anti-microbial ingredient and

antioxidant properties (Kowalczyk et al., 2020).

The primary constituents of thyme oil include thymol (23%-60%), carvacrol (2%-8%),
y-terpinene (18%-50%) and p-cymene (8%-44%) (Satyal et al., 2016). In this way,
these compounds are essential in contributing to their efficacy against bacteria, fungi,
and other pathogens like Pseudomonas aeruginosa, S.aureus, B.cereus, E.coli 0157,
Bot. cinerea, as well as it has antiviral properties against Cymbopogon citratus,
Rosmarinus officinalis and HIV-1, which attracts consumers and manufacturers to

implement an edible coating.

On the other hand, in the food sector, TO is vastly applied as a flavouring agent along
with the preservative due to its significant aroma and anti-microbial substances
(Pateiro et al., 2021). Specifically, in the strawberry and soft fruit sector, it has achieved

attention as an edible coating to expand shelf life and increase the post-harvest
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standard. The positive aspects of thyme oil have significantly increased its market

value.

Reports have disclosed that the global thymol market has reached a volume of
approximately 222.48000 metric tons in 2022. The mentioned market is projected to
grow at a compound annual growth rate (CAGR) of 7.8% (Expertmarketresearch,
2022).

On the other hand, according to the scholarly demonstration by Yousuf et al. (2021),
when mixed with other edible coatings, the amount of thyme essential oil is essential.
It depends on the specific product, and the desired result varies from 0.05 to 3 %. In
the case of in vitro tests, it is conducted to identify the anti-microbial efficacy of the
coatings against the fungi, Gram-positive and Gram-negative bacteria. As per the
scholarly demonstration by Yan et al. (2020), during storage at refrigeration
temperature, the “time, temperature, and relative humidity (RH) conditions” impact the

whole performance of TO coatings on fruits.
Commercial application of the edible coating and scope

As per the scholarly preview by Silva et al. (2023), the commercial advantages and
opportunities of this edible coating are dependent on its capability to expand the fruit's
post-harvest shelf life, decreasing the losses during transportation, storage, as well as
retail. By regulating the freshness and appearance of the fruit, it can open up
innovative markets and export benefits for strawberry and other soft fruit growers,

leveraging the increased revenue.

In order to ensure the efficient operation of an organisation from a commercial
perspective, it is essential to calculate profit and margin. Various factors are
considered in these calculations, including the cost of purchasing fruits, equipment,
and maintenance, as well as storage, processing, labour, electricity, water

consumption, municipality taxes, employee salaries, and wastage.

In addition, this eco-friendly and food-grade coating correlates with the developing
consumer preferences for natural as well as sustainable food products (Maan et al.,

2021). In addition, as customers become more aware of the environmental influences
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of food production and waste, edible-coated fruits can generate a compelling selling

point for retailers as well as food service inceptions.
Legislation and regulations associated with the edible coating

In the United Kingdom (UK), the legislation, acts and regulations depend on the
applications of edible coatings to focus on accelerating food safety, standard, and

consumer protection.

As stated by Patel et al. (2021), the Food Safety Standards of the UK state that any
edible coating that directly comes into contact with food must be labelled as per the
regulation of EC 450/2009. The Food Standards Agency (FSA) has established some
guidelines to allow that coatings do not pose health challenges and that they are
protected for human consumption (Turner et al., 2021). On the other hand, as per the
Labelling and Allergen Declarations, the packaging of strawberries associated with
edible coatings needs to clearly label the existence of ingredients to inform customers
of probable allergens (Fiocchi et al., 2021). Thus, the FSA mandates appropriate and

comprehensive labelling to protect consumers with allergies or dietary obstacles.
Advantages and limitations of edible coating

Edible coatings improve the efficiency of fruits and vegetables as a medium while also
posing no health risks due to their non-toxic nature. Consumers are becoming more
health conscious because of the sudden drastic increase in demand for chemical-free
fresh fruits and vegetables following the COVID-19 pandemic.

It enhances the appearance (making it glossier and appealing to customers), is cost-
effective, anti-microbial, antioxidative (to ensure potential during storage and
transportation), non-polluting, has better gas permeability, and has better mechanical
properties (de Aquino, Blank, and de Aquino Santana, 2015).

Limitation of edible coating includes that it requires more than one material to blend it,
that it cannot be used alone for coating, and that some fruits may require a bilayer
coating because the single coating is sometimes affected by microorganism
incorporation as well as physical damage during coating (layer by layer) (Duguma,
2022).
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Research gap

In the recent landscape of strawberry edible coatings, polysaccharide-based
formulations have received much attention in almost all research as discussed. In
contrast, there has been a relative lack of research available into essential oil-based
edible coatings that can be recommended for commercial production and sensorial
analysis of fruit. Recognising strawberries' inherent fragility and susceptibility to
mechanical damage and microbial proliferation, the current study aims to fill this gap
by elucidating the development and application of an edible coating derived from AVG
in addition to CO and TO as strawberry is easily available and grown in United
Kingdom which could be easy to develop and economically feasible as well as

environment friendly.
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