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Abstract

Petroleum-based food packaging materials are non-degradable and considerably affect the
environment. in this context, edible films and coatings for food preservation represent a feasible
alternative that could potentially reduce conventional non-biodegradable materials. It has been
shown the suitability of starch as a non-toxic, widely available, low-cost and adequate film-
forming biopolymer. In addition, natural compounds contained in tropical fruits are of great
interest due to their proven antioxidant and antimicrobial properties, which are beneficial for the
health of consumers and for obtaining more stable and safe foods. This review focuses on the
new trends and benefits of incorporating tropical fruit extracts into starch-based edible films and

coatings formulations as a source of bioactive compounds. The starch and fruit resources,
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extraction techniques, filmmaking methods, assays for determining functional properties and the
potential uses of edible films and coatings in the food industry were stated and described.
Keywords

Edible active packaging, starch, tropical fruit extracts, antimicrobial activity, food preservation.

1. Introduction

Petroleum-based polymers have dominated the packaging market due to their low price,
mechanical properties, and processing adaptability. However, plastics derived from fossil
hydrocarbons are accumulated in the environment (soils, water ending and coasts), where they
can suffer the transformation to macro, micro, and nanoparticles (commonly known as
microplastics), or they can sink affecting the marine environment, involving long periods of
time to be degraded (Westlake, Tran, Jiang, Zhang, Burrows, & Xie, 2023; Crisafi, Valentino,
Micolucci, & Denaro, 2022; Lebreton et al., 2018). Latin America represents 4% of the world's
plastics production, reaching 367 million tons in"2020 (Plastics Europe, 2022) and being 40.5%
of the packaging segment (Hernalsteens, 2020; Rhein & Schmid, 2020). During the last
decades, the environmental consciousness has created global interest in the use of renewable
and biodegradable resources (Jafarzadeh, Jafari, Salehabadi, Nafchi, Uthaya, & Khalil, 2020;
Rhein & Schmid, 2020). In this context, different researches have been carried out focusing on
degradable packaging (Ordofiez, Atarés, & Chiralt, 2022) in order to develop new materials,
reducing plastic packaging by using renewable resources (Chiralt, Menzel, Hernandez-Garcia,
Collazo & Gonzalez-Martinez, 2020; Tapia-Blacido, da Silva Ferreira, Aguilar & Lemos Costa,
2020). Biodegradable materials, naturally or synthetically produced, are a promising alternative
since they decompose after fulfilling their purpose, being bio-assimilated or mineralized in the
environment through a process in which the polymer chains are broken down into monomers or
dimers, which leads to decomposition (Zoungranan, Lynda, Dobi-Brice, Tchirioua, Bakary, &
Yannick, 2020).

Among different possibilities of biodegradable materials, edible films and coatings can be a
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proper option for minimizing the use of non-degradable packaging. Edible films and coatings
are defined as thin layers used as a primary food packaging (Shahidi, & Hossain, 2022).
Basically, films are stand-alone structures pre-formed separately (molded as solid sheets, casted
and dried) and then applied on food surface as a wrapping packaging material, between food
components, or even sealed into edible pouches, preserving product from mechanical stress
(Otoni et al., 2017). On the other hand, edible coatings are formed directly onto the food surface
by dipping or spraying followed by drying, acting as a protective barrier (Kouhi, Prabhakaran,
& Ramakrishna, 2020). To constitute a continuous matrix, natural macromolecules with film-
forming properties, such as proteins and polysaccharides, have been used (Amin et al., 2021).
On the other hand, they are considered as effective carriers of many functional additives and
ingredients such as antimicrobials, antioxidants, colorants, nutraceuticals, minerals, vitamins,
pigments and flavorings, which can be added to the film formulation to introduce a new
functionality and enhance the quality of food products (Pedreiro, Figueirinha, Silva, & Ramos,
2021; Pajgk, Przetaczek-Roznowska, & Juszczak, 2019). Due to their hydrophilic nature,
biopolymers have limited mechanical and barrier properties. In addition, the film properties
might not be maintained once applied, depending on the environmental conditions or the
characteristic of the food in contact. For these reasons, edible films and coatings are not
intended to totally replace traditional packaging materials but would reduce their use by
profiting from the own functionalities of edible coverings such as controlling mass transfer or
carrying of active components (Azeredo, Otoni, & Mattoso, 2022)

Particularly, starch is widely used due to its filmogenic properties, neutral organoleptic
characteristic, relatively low cost and abundance (Oyom, Zhang, Bi, & Tahergorabi, 2022;
Sudheesh et al., 2020; Valencia-Sullca, Vargas, Atarés, & Chiralt, 2018). It is interesting to
remark that there is a growing market demand for "gluten-free” (GF) products, which represents
one-third of the global food intolerance market and has grown very fast in the last ten years.
This has been due to the consciousness growth of celiac disease and gluten intolerance (Juhasz,

Colgrave, & Howitt, 2020; Mancini et al., 2020). Considering this, most biopolymers, including
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starches, can be used for the development of new packaging materials, suitable for people with
gluten intolerance (Mohammed et al., 2023).

Active packaging is an innovative strategy to maintain or extend food products shelf-life,
ensuring and/or enhancing their quality, safety, and integrity (Yildirim et al., 2018). As is
defined in the European regulation (EC) No 450/2009, active packaging comprises packaging
systems that interact with the food in such a way as to “deliberately incorporate components
that would release or absorb substances into or from the packaged food or the environment
surrounding the food” (European Commission, 2009).

In the last decades, chemical compounds that are generated naturally in plant tissues, have been
studied to be incorporated into film and coating formulation (\Wang &t al., 2023; Daniloski et al.,
2021; El-Sayed, El-Sayed, Mabrouk, Nawwar, & Youssef, 2021), avoiding the use of chemical
additives of synthetic origin such as antioxidants or preservatives. Thus, these active materials
could be useful to prevent oxidative degradation, the growth of pathogenic and spoilage
microorganisms on a critical zone like food surfaces, that threatens numerous products like
cheeses, baked products, meats, and poultry (Kumar, Daniloski, D'cunha, Naumovski, &
Petkoska, 2022; Chiralt et al., 2020; Kouhi et al., 2020; Alkan Tas et al., 2019; Majidi et al.,
2019; Vahedikia et al., 2019).

Fruits and vegetables can be considered a reservoir of natural bioactive substances (nutrients,
antioxidants and antimicrobials) that are located in different parts of the plant with promising
health benefits (Sorrenti, Burd, Consoli, & Vanella, 2023; Chiralt et al., 2020). Nowadays,
industry and researchers have recognized the importance and benefits in the addition of fresh
fruits and vegetables extracts as well as their by-products due to its high content in bioactive
compounds to edible packaging formulation (Bayram, Ozkan, Kostka, Capanoglu, & Esat-
Beyoglu, 2021; Kharchoufi et al., 2018; Kumar, Pratibha, & Sharma, 2020; Yadav, Kumar,
Upadhyay, Pratibha, & Anurag, 2021). Furthermore, the use of fruit and vegetable by-products
not only benefits the consumers, but also helps to minimize the residues generated in the food

industry creating a feasible alternative to reduce the production costs of edible films, and to add
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value to food by-products (Gaspar & Braga, 2023; Pathania et al., 2022). Particularly, tropical
fruits represent a good natural alternative that can be added to edible packaging due to its
antimicrobial and antioxidant effects (Molnar et al., 2023; Sani et al., 2022, Munekata et al.,
2020), being a potentially valuable reservoir of phenolic compounds to promote health
properties of the human diet (Magalhaes et al., 2023).

Biodegradable active edible packaging technology represents an innovative and promising
alternative to face up to the aforementioned environmental issues and contribute to improving
food safety and human health quality. In such context, this review aims to summarize the
research and current trends in relation to the obtaining and functional properties of active starch-
based edible films and coatings enriched with tropical fruit extracts, as a source of natural
antioxidant and antimicrobial compounds, and their potential industrial applications. Aspects as
the starch and fruit resources, extraction techniques, filmmaking methods, and assays for

determining functional properties were also described.

2. Components for edible films and coatings manufacture

Edible films and coatings 'constituent materials are biopolymers, plasticizers, and other
additives. The structural materials are usually classified according to their biopolymer matrix in:
a) hydrocolloids based materials that includes proteins (collagen, gelatin, gluten, mung bean
protein, corn zein, soy protein and/or casein) (Majeed et al., 2023) and polysaccharides (starch,
cellulose and its derivatives, pectin, chitosan, alginate, carrageenan, pullulan and gellan gum)
(Mufioz-Tebar et al., 2023, b) lipid-based materials (bee wax, paraffin wax, carnauba wax,
polyethylene wax, candelilla wax, rice bran wax, ouricouri wax and jojoba oil) (Milani, &
Nemati, 2022) and c) blend of hydrocolloids and lipids (Jeya Jeevahan et al., 2020), directly
obtained from biomass (Zhong, Godwin, Jin, & Xiao, 2019).

Mostly polysaccharides and proteins based films and coatings exhibit poor moisture barrier
properties due to their hydrophilic nature, however, they have good film forming ability along

with the good gas (O,, CO,) barrier. On the other hand, lipids show better water vapor barrier
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than polysaccharides and proteins due to their hydrophobic nature, but are not capable of
making self-supporting structures, being weak in forming flexible films (Yousuf, Sun, & Wau,
2022). Thus, to obtain edible films with the desired functionality, polysaccharides, proteins and
lipids are usually combined to produce mixed films (Chen, Dong, Zhao, Li, & Chen, 2019). The
main motivations for developing blended films are the improvement of the gas permeability, the
reinforcement of the mechanical properties and the increase of the film functionality. The nature
and structural features, chemical functional groups, biopolymers hydrophobicity and the
interaction of the lipids with hydrocolloids and other components (Krochta, 2002), influence the
efficiency of mixed films and coating. Therefore, the hydrophilic/hydrophobic nature of the
structural materials should be considered to avoid incompatibility or phase separation issues
(Zhang et al., 2019).

Plasticizers are another necessary additive to be incorporated to film and coating formulation.
They are clear and odorless substances, and they-are often used to increase the flexibility and
the elasticity of films, due to the polymer-plasticizer interactions, avoiding brittle character.
Based on the literature, there are many food-grade plasticizers with different effects on film
properties, such as, polyols (sorbitol, glycerol and mannitol), glycols (ethylene glycol,
propylene glycol and polyethylene glycol), sugars (mannose, glucose and fructose) and lipids
(fatty acids and derivatives, lecithin, oils, and waxes) (Dong et al., 2023; lzzi, Gerschenson,
Jagus, & Ollé Resa, 2023). In the case of lipids incorporation to film-forming solutions,
emulsifier agents should be added to improve the structure of a continuous and dispersed phase,
avoiding phase separation and coalescence, due to a reduction of the surface tension between

phases (Amin et al., 2021).

2.1 Starch as biopolymer matrix for edible films and coatings
Worldwide starch production is mainly based on four common sources: corn, which represents
75% of world manufactory, cassava, wheat, and potato (Henning, Ito, Mottin Demiate, &

Lacerdaet, 2022; Vilpoux, Brito, & Cereda, 2019). However, researchers have studied the
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potential of non-conventional starch sources searching for novel properties and diversification
of agricultural resources such as the reuse of vegetable waste and underused vegetable species
(Zhu et al., 2023; Costa, et al 2023).

Starch is a glucose polymer consumed in the human diet from plant sources such as grains,
legumes and tubers (Alvarenga, Aldrich, & Shi, 2021; Li, Chen, Bui, Xu, & Dhital, 2021).
Some of its most important properties are: biodegradability, abundance, renewability, low cost
and easy availability (Apriyanto, Compart & Fettke, 2022) being a suitable base material for
films and coatings manufacture. Starch is a polymeric carbohydrate composed of amylose
(~25%) and amylopectin (~75%), comprising together 98-99% of the dry mass of starch, and
forming semi-crystalline hierarchical structure (Thakur, Pristijono, Scarlett, Bowyer, Singh, &
Vuong, 2019). Amylose is a linear molecule formed by around 1000 o-D-glucopyranosyl units
linked with a-D-(1-4) linkages, that contributes mainly to the amorphous phase of the starch
granule (Tester, Karkalas & Qi, 2004). Amylopectin is the branched counterpart of amylose and
is composed by approximately 4000 glucose units with a-D-(1-6) bonds, and contributes
predominantly to the peripheral crystalline organization of starch granules (Fuentes-Zaragoza,
Riquelme-Navarrete, Sanchez-Zapata & Pérez-Alvarez, 2010). The shape and size of the starch
granule, as well as amylose-amylopectin contents and ratios, branch chain lengths and its
composition and.functionality vary according to the sources and botanical species (Jingyi,
Reddy, Fan, & Xu, 2023). Furthermore, even within them, the properties of starch can be
altered by different growing conditions (Moorthy, Sajeev, & Anish, 2018).

Even though native starches have hydrophilic nature, they are poor or not soluble in water at
room temperature (Ojogbo, Ogunsona & Mekonnen, 2020). Native starch is considered non-
plastic, because it has a molecular structure of strong inter- and intra-molecular hydrogen bonds
between the hydroxyl groups, thus disruption of starch granules occurs in a heated aqueous
suspension. First, the granule swells because of water absorption in the amorphous zone when

the temperature remains under the gelatinization point (Tg). Whereas, if the temperature
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exceeds that point, the semi crystalline structure starts to collapse irreversibly. Water molecules
can easily diffuse into the semi crystalline amylopectin clusters, breaking the hydrogen bonds
and making amylose and amylopectin solubilized. Eventually, amylose and amylopectin then
entangle one another in a continuous phase to form the so-called starch film (Pelissari et al.,
2019). The crystallinity of the granule affects the necessary energy that must be delivered to
gelatinize (gelatinization enthalpy AH and temperature) and also could affect the viscosity of
the initial slurry (Tagliapietra, Felisberto, Sanches, Campelo & Clerici, 2020).

Retrogradation occurs when gelatinized starch, containing dissociated amylose and amylopectin
chains, re-associate. The level of retrogradation has consequences on mechanical properties
because recrystallization increases stress and stiffness and drastically decreases tensile strain at
break (Figueroa-Florez & Salcedo, 2020). Several variables such as molecular ratio and
molecular structures (botanic source of the starch) of amylose and amylopectin, starch
concentration, processing conditions -and concentration of other ingredients (plasticizers,
surfactants, lipids and salts) affects the retrogradation rate (Chang, Zheng, Zhang, & Zeng,
2021).

Edible films based on starch from conventional sources have been extensively studied by
several researchers, but they have broadened their knowledge about other promising sources
(Tessema, Admassu, & Dereje, 2023; Costa et al., 2023). Non-conventional starch sources are
produced in smaller global production than conventional, and generally are native crops or
vegetables consumed by local populations (Henning et al., 2022). Moreover, these promote
sustainability, since waste and by-products from different sources can be used, availability and
technological advantages over the common starches (Makroo, Nagash, Saxena, Savita Sharma,
Majid, & Dar, 2021). The extraction of starch from unconventional sources that are suitable for
the production of biodegradable packaging, offer an attractive alternative to explore new
products with differentiated properties (Kaur, Broadway, Alam, David, & Chattree, 2023).
Some examples are: sago, sweet potato, quinoa, lentil, arrowroot, sorghum, chickpea, mung

8
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bean, taro, pumpkin, mango seed, among others (Yang, Reddy, Fan, & Xu, 2023). The
properties of the films and coatings formed with starches from different sources are quite
different due to the differences in particle size, shape, amylopectin/amylose ratio, and
crystallinity (Basiak, Lenart, & Debeaufort, 2017). Table 1 shows the characteristics and the
differences of non-conventional starches that have been studied for edible packaging

applications.



J al Pre-proof

Table 1. Characteristics of conventional and non-conventional starches.

: Source | Starch content Granule Granule Amylose Crystallinity
Species part (%) Shape size (um) content (%) (%) References
(SS?Jrrgml:ln; Grain 61.7- 71.1 (db) Spherical 5-20 24-30 22-28 '\RA'Log‘eZﬁtazlg. ggg;
S g ) ’ : P Pelissari et al. (2019),
Pp. Ojogho et al. (2020)
Guo, Liu, Xu, Zhang,
Sweet potato Round, Bian, & Wei, (2019),
(Ipomoea Tubers 45.8 - 67.5(db) polygonal, 2-42 20-25 33-39 Mu & Zhang (2019),
batatas) oval, bell Pelissari et al. (2019)
Wang et al. (2020)
Round, Cock & Connor
Cassava truncated, (2021), Mu & Zhang
(Manihot Tubers 83 -85 (db) cylindrical, 4-45 15-27 31-59 (2019), Pelissari et al.
esculenta) oval, (2019) Wang et al.
spherical (2020)
Potato -
(Solanum | Tubers 22 (wh) s ﬁ;’ﬁ'c u 10-75 206-22.6 2038 seme”?z‘g‘lg)”wa'da
tuberosum) P

10
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Mung bean Round
(Vigna Legume 50 (db) Kidne ! 5-30 40 17.12 Zou et al. (2019)
radiata) y
Taggar, (2004);
o 2o Grain 70-75 (db) Round, 5-30 25-32 14-39 Domene-Lopez et al.
Mays) polygonal
(2019)
Arrowroot .
(Maranta . Ellipsoid De Oliveira .
arundinacea | Rhizome 79.14 (db) shane 21.37 28.56 2034 29.1 Guilherme (2019);
L) P Tarique et al. (2021)

db: dry base; wh: wet base.
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Processing conditions potentially affects film and coating performance such as water vapor
permeability (WVP), solubility, and mechanical properties (Thakur et al., 2019; Jiménez, Fabra,
Talens & Chiralt, 2012). Flores, Fama, Rojas, Goyanes, & Gerschenson (2007) studied the
influence of gelatinization technique and drying method and determined that long periods of
gelatinization time and a slow drying rate resulted in a more solid network, a higher crystallinity
degree and a smaller WVP. The authors argued that slow drying allows more double helix
formation, re-associations and interlinking among chains to form a more elastic film along with
rigidity development and structural ordering. Therefore, the most suitable constitution technique
to obtain a film with desired properties will be determined by the characteristics of the product
to be packed.

The proportion of amylose and amylopectin present in starch-based packaging materials is
relevant because the unit chain length distribution pattern in the internal structure of them
affects the thermal and mechanical properties and the retrogradation profile of starches
(Matignon & Tecante, 2017). Lower amylose content showed a reduction of heterogeneity,
lowest maximum tensile strength (TS), and stiffness (Young Modulus, YM) but the highest
deformation of films (EAB). On the other hand, starch films obtained from high amylose
content have greater mechanical resistance with higher TS and YM and lower the EAB since
more hydrogen bonding can be formed between linear chains (amylose) of starch rendering a
tighter and stiffer molecular association (Tarique, Zainudin, Sapuan, llyas, & Khalina, 2022;
Domene-Lo6pez, Delgado-Marin, Martin-Gullon, Garcia-Quesada, & Montalban, 2019; Thakur
et al., 2019; Basiak et al., 2017). In addition, the crystallinity of the granule affects the
necessary energy that must be delivered to gelatinize (gelatinization enthalpy AH and
temperature) and also could affect the viscosity of the initial slurry (Tagliapietra et al., 2020).
The isolated starches from the diverse botanical sources are known as native starches. There are
two general methods reported for native starch isolation: wet and dry milling (Méller, van der
Padt, & van der Goot, 2021; Wang et al., 2020; Cruz-Tirado, Vejarano, Tapia-Blacido, Barraza-

Jauregui, & Siche, 2019). To make starch suitable for commercial and edible packaging

12
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applications, different modification techniques (physical, chemical and enzymatic) have been
studied in order to increase their positive characteristics and/or decrease their undesirable ones.
It has been reported that the modification of starch produces the decrease in retrogradation,
improving the thermal stability, hydrophobicity, freeze-thaw stability, and mechanical strength
(Apriyanto et al., 2022; Moreira, Silva, Branddo, Santos, & Ferreira, 2022; Punia, 2020; Ojogbo
et al., 2020). The selection of the modifying method will depend on the final use. As
aforementioned, different methods lead to various results on the film and coating properties, and
also within a specific technique the final outcome may vary with other aspects such as
environmental conditions, starch source, plasticizer used, etc. (Christensen et al., 2023; Fashi,

Delavar, Zamani, Noshiranzadeh, & Zahraei, 2023; Wang et al., 2023).

2.2 Bioactive compounds: tropical fruits extracts

As previously mentioned, some bioactive compounds from natural sources, may be added to
develop new properties or to fix film characteristics depending upon the requirements, based on
the final needs, such as antimicrobial, antioxidant, flavoring, coloring or some other active
compounds (Dinika, Verma, Balia, Utama & Patel, 2020; Jafarzadeh et al., 2020). Particularly,
fruit extracts are a rich source of antimicrobial and antioxidant that can introduce important
active properties to films and coatings (Rangaraj, Rambabu, Banat, & Mittal, 2021; Santhosh,
Nath, & Sarkar, 2021). Tropical fruits have gained popularity due to their appealing taste, exotic
appearance, nutritional values and functional properties, hence increasing 3.8% the annual
market demand (Alvarez-Rivera, Ballesteros-Vivas, Ibanez, Parada-Alfonso, & Cifuentes, 2020;
Altendorf, 2018). These fruits mainly grow in high temperature climatic zones and contribute to
62% of fresh fruit supply in the world occupying a unique niche market in the global
agricultural sector (tropical and subtropical areas from Asia, Africa, America and Oceania)
(Kusumaningrum, Lee, Lee, Mo & Cho, 2015).

The major tropical fruits world trade informed by FAO (2022) reached 8.5 million tons in 2021,

showing percentages of production of 37% pineapple, 29% avocado, 29% mango, mangosteen

13
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and guava and 5% papaya, aside bananas, which represent the largest world production (117
Mt) according to FAOSTAT (2020). Contrary, there is also a small production of minor tropical
fruits such as lychee, longan durian, passion fruit, rambutan, jackfruit, kiwifruit, among others.
Those are less popular outside the areas where they are cultivated and some of them are
considered as novelty for international market point of view. Guava and mangosteen are
reported together with the more important mango, but available information suggests that guava
and mangosteen accounted for shares of only 5 and 3% of the total production, respectively.
Moreover, guava is the largest minor tropical fruit in terms of production with an estimated
volume of 6.8 million tonnes in 2017 (Altendorf, 2018).

An emerging trend in food science that proved to be a suitable alternative to use food industrial
processing wastes and discarded fruit is the recovery of bioactive compounds, being a
potentially valuable component with promoting health properties of the human diet (Teshome et
al., 2023). It has been reported that such natural compounds can prevent many diseases
(cardiovascular, neurodegenerative and chronic) due to their effect as antioxidant,
antiproliferative, anti-inflammatory,  neuroprotective, antihypertensive, lipid-lowering,
hypoglycemic, and antiaging (Rangaraj et al., 2021; Martin Ortega & Segura Campos, 2019).
One of the greatest producers of by-products is the fruit and vegetable processing industry,
which generates approximately 50% by-products waste in form of peels, kernels, pomace,
unripe, and/or damaged, recognized by the Food and Agriculture Organization of the United
Nations (FAQ) and the scientific community (Gémez & Martinez, 2017; Padayachee, Day,
Howella, & Gidley, 2017). Particularly, tropical fruits by-products can comprise a substantial
amount of peel (10%-66%), and seed (1%-22%), depending on species (Cheok et al., 2018).
Tropical fruits pulps and their by-products can be potentially use by isolating specific
phytochemicals (phenolic compounds, dietary fibers and others) to be incorporated in
nutraceutical supplements, dietary additives, new food and pharmaceutical products, promoting
the recovery of agro-industrial process waste, with major industrial, economic and

environmental impact (Ding et al., 2023). Thus, the extraction of biocompounds from wastes of

14
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fruits industrially processed can provide a reasonable yield of phenolic components to be further
used in active packaging production. Particularly, mango (Mangifera indica L.), papaya (Carica
papaya L.) are the most produced tropical fruits around the world, which generate high volumes
of waste with high content of polyphenol compounds (Vasco et al., 2008). According to Cheok
et al. (2018) the yields of phenolic compounds from fruit wastes ranged 1-40 % (d.b.),
depending on the raw material and extraction technique used, inferring that high amounts of
processed by-products are required to obtain an adequate level of bioactive substances. Such
limitations make the extraction technology more recommendable for industrial wastes in
contrast to fresh consumption wastes (domestic wastes) which, at the moment, lack an

appropriate and standardized collection method.

2.2.1 Antioxidant effect of bioactive compounds from tropical fruits extracts

Phenolic compounds are a large group of secondary metabolites of plants and some kinds of
fungal species, and they represent a huge diversity in their structures, associated with different
physiological functions. They are subdivided into three major classes: terpenoids, alkaloids, and
phenolics compounds (Savithramma, Rao, & Suhrulatha, 2011).

Phenolic compounds consist of aromatic rings with hydroxyl groups, organic acids, and
acetylated sugars. The more structurally complex phenols, i.e. with high-molecular-weight, are
often referred as polyphenols (Trigo, Alexandre, Saraiva, & Pintado, 2019). Niaz & Khan
(2020) classified polyphenols compounds in different groups: phenolic acids (hydroxybenzoic
and hydroxycinnamic), flavonoids (flavones, flavonoles, flavan-3-ols, isoflavones, flavanones,
anthocyanidins), other phenolics compounds (stilbenes, lignans, xanthones, lignins, chromones
and anthraquinones) and tannins (hydrolysable and non-hydrolysable: condensed and
proanthocyanidins).

The amount of these compounds in fruits may vary by the influence of these parameters:
maturation state, cultivation conditions and the variety (Maldonado-Celis et al., 2019; Traffano-

Schiffo, Castro-Giraldez, Colom, & Fito, 2017). The extraction, separation, and purification of
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polyphenol compounds are a challenging process due to their chemical complexity, similar
structural features, thermal degradability and sensitivity to light and oxygen (Niaz & Khan,
2020). Bioactive compounds can be determined by different qualitative and quantitative
methods (Srivastava et al., 2021, Kafkas, 2018). For a global quantification of phenolic
compounds, spectrophotometric assays are commonly used. However, more specific analyses
can be obtained when they are based on the identification of each of the phenolic compounds.
Some of the methods are based on liquid chromatography (HPLC) or gas chromatography (GC)
while the identification requires sensitive detectors, such as mass spectrometry (MS) (Srivastava
et al., 2021). Moreover, the success of these techniques will depend on the most efficient
sample preparation and extraction methods (Swallah, 2019).

Tropical fruits can be added to edible packaging in various ways, such as fresh fruit, drying,
freezing or lyophilizing fruit powder, or by incorporating polyphenol extracts obtained by
different extraction methods (Meena, Rooman Neog, Yashini, & Sunil, 2022; Santos, Lopes da
Silva, & Pintado, 2022; Hemeg et al., 2020). Those are influenced by many factors such as fruit
matrix, tissue type (cell structure, bound or free form of compounds, moisture content, and
particle size), solvent, temperature, pressure, time and the ratio of solvent to the matrix
(Alexandre, Moreira, Castro, Pintado, & Saraiva, 2017).

Many techniques. have been exploited for the extraction of bioactive compounds, which were
classified by Belwal et al. (2018) as conventional and advanced methods. Conventional
chemical extraction methods include decoction; maceration; infusion; digestion; percolation,
and Soxhlet technique. However, these methods are becoming outdated, since they present
some disadvantages, such as long extraction times, large quantities of organic solvents use,
many of which can be toxics, volatiles or flammables and low efficiency in extracting bioactive
compounds of interest (Alara, Abdurahman, & Ukaegbu, 2021; Srivastava et al., 2021; Alvarez-
Rivera et al., 2020; Vinatoru, Mason, & Calinescu, 2017).

On the other hand, advanced or non-conventional extraction techniques include physical, wave

energy and biological: Supercritical Fluid Extraction (SFE) (Pimentel-Moral, Cadiz-Gurrea,
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Rodriguez-Pérez, & Segura-Carretero, 2020), Pressurized Liquid Extraction (PLE) (Pimentel-
Moral et al., 2020; Cadiz-Gurrea et al., 2020), Ultrasound Assisted Extraction (UAE) (Traffano-
Schiffo, Aguirre Calvo, Avanza, & Santagapita, 2020), Microwave Assisted Extraction (MAE)
(Ameer, Shahbaz, & Kwon, 2017), Pulse Electric Fields (PEF) (Chemat, Fabiano-Tixier, Vian,
Allaf, & Vorobiev, 2015, Traffano-Schiffo, Tylewicz, Castro-Giraldez, Fito, Ragni, & Dalla
Rosa, 2016) and Enzyme Assisted Extraction (EAE) (Baiano, 2014). These ‘Green Extraction’
techniques increased the extraction efficiency and the selectivity of bioactive compounds and
they are environmentally friendly compared with the traditional ones (Enriquez-Valencia,
Avyala-Zavala, Gonzélez-Aguilar, & LOpez-Martinez, 2021). They reduced the volume of
organic and hazardous solvents used, and they are very simple to perform, achieving higher
extraction yields with lower energy consumption (Khoddami, Wilkes & Roberts, 2013). Green
solvents as water, carbon dioxide, ethanol, ethyl acetate, ethyl lactate, (+)-limonene and natural
deep eutectic solvents (NADES), among others, are being used in alternative technologies to
extract bioactive compounds (Xiao €t al., 2022; Calvo-Flores, Monteagudo-Arrebola, Dobado,
& lIsac-Garcia, 2018).

Based on the polyphenol contents, it is possible to classify the fruits from tropical regions into
three categories: low (<500 mMggag/100 Gsampie d.b.), medium (500-2500 Mysae/100 Gsampie d.D.)
and high (>2500 mgeae/100 Qsampie d.b.) (Vasco, Ruales, & Kamal-Eldin, 2008). Table 2
summarized the bioactive compounds present in each part of tropical fruits, extracted by

different techniques and conditions, and that have been used in edible packaging applications.
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Table 2. Extraction method, total phenolic content, main phenolic compounds and antioxidant activity from tropical fruits.

Fruit part Extract Type Total phenolic content Main phenolic compounds (Mg/geumpie d-b.) Antioxidant activity Reference(s)
(mgGAE/gsample db)
Mango (Mangifera indica L..)
Acetone/water 29.31 + 1.75 cv Tommy Atkins- | Gallic acid: 0.32 + 0.01 ¢v Tommy Atkins-Guayas, | 0.23 + 0.02 cv Tommy Atkins-Guayas, Marcillo-Parra,
Peel (70:30 VIv) Guayas, 66.24 + 1.93 cv Haden, | 0.43 + 0.00 cv Haden, ND cv Kent, 0.32 + 0.02 cv | 0.53 + 0.04 cv Haden, 0.49 + 0.01 cv Anaguano, Molina,
51.49 + 1.54 cv Kent, 41.46 + 0.72 | Tommy Atkins-Imbabura, 0.28 + 0.02 cv Tommy | Kent, 0.34 + 0.00 cv Tommy Atkins- Tupuna-Yerovi, &
cv Tommy Atkins-Imbabura, 39.20+ | Atkins-By-products. Imbabura, 0.34 + 0.00 cv Tommy Ruales (2021)
0327 cv  Tommy Atkins-By- | Mangiferin: 0.89 + 0.01 cv Tommy Atkins-Guayas, | Atkins-By-products. ABTS mM
products 0.05 + 0.00 cv Haden, ND cv Kent, 3.14 + 0.09 cv | Trolox/ g sample db
Tommy Atkins-imbabura, 1.94 + 0.10 cv Tommy
Atkins-By-products (UPLC-PDA).
UAE 76% | 112.9 +3.70 cv Haden N.R. 1.15+0.06
amplitude 80% ABTS mM Trolox Equivalent/g sample Castafieda-Valbuena,

ethanol; volume of
solvent/solid 50
mL/g db

db

Ayora-Talavera, Lujan-
Hidalgo, Alvarez-
Gutiérrez, Martinez-
Galero, & Meza-
Gordillo, (2021)

Methanol/water 103.82 + 1.79 (*); 78.45 + 1.78(**); | Galloyl glucose and Hexagalloyl glucose: N.R. Alafion, Pimentel-
(80:20  viv)  + | 58.63£9.38 (***) cv Keitt 1.09 + 0.01 and 0.66 + 0.01 (*); 1.09 + 0.02 and 0.73 Corollaries-Roman, &
ultrasonic bath 15 | 59.23 + 2.18 (*); 54.24 + 2.57(**); | + 0.01 (**); 0.83 + 0.00 and 0.71 + 0.00 (***) (cv Segura-Carretero,
min 51.78 +2.08 (***) cv Kent Keitt) (2021)
39.63 + 3.80 (*); 46.56 + 4.59(**); | 0.67 +0.02 and 0.50 + 0.02 (*); 0.64 + 0.02 and 0.41

(*) Green; (**) | 49.40 £ 0.63 (***) cv Osteen + 0.01 (**); 0.53 £ 0.02 and 0.40 * 0.02 (***) (cv
Ripe; (***) Kent)
Overripe 1.02 + 0.08 and 0.54 + 0.00 (*); 1.00 + 0.02 and 0.57

+ 0.01 (**); 0.88 + 0.00 and 0.70 * 0.00 (***) (cv

Osteen) (HPLC-DAD-Q- TOF-MS).
70% ethanol 27.51 +0.63 cv Kensington Pride Gallic acid: 14.5 + 0.4 9.32+0.24

Quercetin: 11.9 + 0.4 (HPLC-PDA)

ABTS mg ascorbic acid equivalents/g

Suleria, Barrow, &
Dunshea, (2020)
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Ethanol-acetone 2.69+0.16 N.R.
(50:50) 18.99+0.22 Martinez-Ramos,
Ethanol-acetone 14.83 +0.56 Benedito-Fort, Watson,
(50:50) +UAE 20.57 +£0.08 Ruiz-Lopez, Che-
ABTS mg Trolox/100 g sample db Galicia, & Corona-
Jiménez, (2020)
Methanol/H,SO, 9:1 | 6.50 + 0.23 cv Ataulfo N.R.
(v/v) hydrolysis at 10.10 + 054 ABTS mg equivalent Patifio-Rodriguez
85°C Trolox/g sample db Bello-Pérez, Agama-
Acevedo, & Pacheco-
Vargas, (2020)
Pulp (flesh) Methanol/water 527 + 0.42 (*); 482 + 0.62 (**); | N.R. N.R. Alafion et al. (2021)
(80:20  wviv)  + | 3.31+0.62 (***) cv Keitt
ultrasonic bath 15 | 3.05 +0.04 (*); 3.35 + 0.03(**); 2.54
min +0.23 (***) cv Kent
(*) Green; (**) | 2.25+0.09 (*); 2.56 + 0.13(**); 1.81
Ripe; (***) | £0.01 (***) cv Osteen
Overripe
58.26 + 1.80 cv Ataulfo N.R. 107.16 + 9.35 ABTS mg equivalent | Patifio-Rodriguez et al.
Methanol/H,SO, 9:1 Trolox/g sample db (2020)
(v/v) hydrolysis at
85°C
Methanol/water N.R. Hydrolysable tannin: Lépez-Cobo, Verardo,
(80:20, wviv) + Galloylglucose: 0.58 + 0.01 cv Keitt; 0.48 + 0.00 cv | 61.4+6.4 cv Keitt; 59.2+2.9 cv Osteen; | Diaz-de-Cerio, Segura-
ultrasonic bath Osteen; 0.81 + 0.00 cv Sensacion. 102.3£9.0 cv Sensacién ABTS pM eq Carretero, Fernandez-
Galloylglucose isomer VI: 0.29 + 0.01 cv Keitt; 0.17 | Trolox /mg sample db Gutiérrez, & Gomez-
+0.00 cv Osteen; 0.38 + 0.00 cv Sensacion. Caravaca, (2017)
(HPLC-DAD-QTOF-MS)
a.  Ethanol  50% N.R.
(viv) in water | a.6.52+0.22 b. Anthocyanins: 0.07 + 0.00 Silva et al. (2014)
solution and Coumarin 0.57 + 0.06

b.1.5 N HCI in 85%
ethanol
70% (v/v) acetone
in water

(HPLC UV-Vis)

19




J al Pre-proof

Seed

UAE 50% ethanol;
volume of
solvent/solid 50
mL/g db

94,58 + 2.13 cv Haden

N.R.

1356.92 + 76.11 ABTS uM Trolox
Equivalent/g sample db

Castafieda-Valbuena et
al. (2021)

Methanol/water
(80:20 v/v) US

78.0 — 80.5 cv Kent, Keitt, Osteen

Phenolic acids: Hydroxybenzoic acids

Gallic acid 0.21 + 0.00 cv Keitt; 0.16 + 0.02 cv Kent;|
0.16 + 0.00 cv Osteen.

Flavonol:

Flavan-3-ols: 0.29 * 0.00 cv Keitt; 0.15 £ 0.02 cv
Kent; 0.37 £ 0.02 cv Osteen.

Xanthone

Mangiferin 0.85 + 0.02 cv Keitt; 0.69 + 0.06 cv Kent;
0.66 + 0.00 cv Osteen.

(HPLC-DAD-Q-ToF-MS)

N.R.

Alafion et al. (2021)

UAE 30 min and
Solid/liquid ~ 1/20
g/mL

321.5+4.7 and
406.0 +4.3 cv Manila

Mangiferin: 17.21 + 3.46
Chlorogenic acid: 6.88 + 1.68;
Myricetin: 4.92 + 0.09;
Ferulic acid :4.49 + 1.02;
Quercetin:3.87 + 0.36;

Rutin: 2.95 + 0.16;

Caffeic acid: 2.04 +0.48
(HPLC-DAD)

247240 £ 46.93
equivalents/g sample db

uM  Trolox

Goémez-Maldonado,
Lobato-Calleros, Aguirre-
Mandujano, Leyva-Mir,
Robles-Yerena, &
Vernon-Carter, (2020)

80% methanol

0.17 + 3.48 cv Hindi

Cinnamic acid 12.00 + 0.52
Tannic acid 9.87 +0.44
Gallic acid 1.56 + 0.07
(HPLC)

7.9 £0.14 ABTS (IC50) pg GAE/ml

Abdel-Aty, Salama,
Hamed, Fahmy, &
Mohamed, (2018)

Papaya (Carica papaya)

Peel

70% ethanol

3.13 10.15 cv Sunrise solo

Caftaric acid 5.6 + 0.1
Quercetin 4.9 £ 0.4

3.30 + 0.17 ABTS mg ascorbic acid
equivalents/g sample db

Suleria et al. (2020)

Plant material/water
mixture of 1%, 20
min, 70 C.

19.87 +0.26 cv Ordinary
15.53 +5.93 cv Red Lady
23.64 £1.29 cv Sunrise

N.R.

27.89 +0.75 cv Ordinary

73.44 +3.16 cv Red Lady

39.60 + 1.19 cv Sunrise

ABTS mg Trolox equivalents/g sample
db

Gaye, Cisse, Ndiaye,
Ayessou, Cisse, & Diop
(2019)
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Water and ethanol

Water: 32.23 + 0.64,

N.R.

Water 50%, ethanol 55% of DPPH

Asghar et al. (2016)

1:10  (wiv)  C. | Ethanol: 43.79+1.20 scavenging
Papaya/ solvent
N.R. Ferulic acid 2.77* to 1.86** N.R Gayosso-Garcia Sancho,
Methanol 80% + US p-coumaric acid 2.29* to 1.35** Yahia, & Gonzélez-
bath 30 min caffeic acid 1.7* to 1.12** Aguilar, (2011)
cv Maradol (0-25% yellow area, low ripeness) *;
(100% high ripeness) ** HPLC-DAD
Pulp(flesh) 50% (v/v) ethanol in | 126.3 +12.6 N.R. N.R Silva et al. (2014)
water solution and
70% (v/v) acetone
in water
1.5 N HCI in 85%
ethanol
80% aqueous Ripe:2.72 +0.01 N.R. N.R. Mutalib, (2014)
methanol (w/v, Unripe: 3.39 +0.09
1:25)
cv Red fleshed
papaya
a. Ethanol b. water | a. 44.8 +1.00 (*); 65.0 + 2.25(**) N.R. Annegowda, Bhat, Yeong,
(1:10 fruit: solvent) | b.37.9 +£1.28 (*); 75.7 + 2.43 (**) a. 27.0 £ 1.44(*) ;44.5 + 1.54(**) Liong, Karim, & Mansor,
raw (*) ripe (**) (Fresh weight) b. 42.5 + 3.56(*); 72.7 + 2.40 (**) (2013)
ABTS

Seed a. SWE 10 MPa, a.347+04 Phenolic acid: Ferulic acid 4.1+0.1 (a); 3.74 £ 0.01(b) DPPH EC50| Gongalves Rodrigues,
70°C b.34.0+1.0 a. 0.1087 £ 0.04 pg/mL Mazzutti, Vitali, Micke,
b. Soxhlet with b. 0.3667 + 0.04 & Ferreira, (2019)
water (LC-ESI-MS/MS)

Guava (Psidium guajava L.)
Peel Methanol/water N.R. Proanthocyanidins 6.57 + 0.02 N.R. Rojas-Garbanzo, Winter,

(9/1, viv) +
sonication bath

cv
friedrichsthalianum
Nied.

Ellagitannins 2.43 + 0.01
Flavonols 2.11 £ 0.01
UHPLC-DAD-ESI-MS/MS

Montero, Zimmermann, &
Schieber, (2018)
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Pulp (flesh) Methanol/water N.R. Proanthocyanidins 3.17 + 0.02 N.R. Rojas-Garbanzo et al.
(9/1, viv) + Ellagitannins 3.06 +0.01 (2018)
sonication bath Flavonols 1.41 £ 0.01
cv UHPLC-DAD-ESI-MS/MS
friedrichsthalianum
Nied.
Pulp 3:200 S/L ratio 10.33-17.34 (fb) cv Paluma 185.5-260.6 (fb; mg rutin/ g sample fb) 78 % DPPH scavenging Del’Arco & Sylos, (2018)
(70% acetone),
vortex for 1 min
Seed Soxhlet with hexane | 124.03 +0.13 Tocopherol (ppm) 654 + 11.00 (HPLC) 58.90 + 1.31 DPPH (%) Kapoor, Gandhi, Tyagi,
6 h 40°C Kaur, & Mahajan, (2020)
Seed SFE (CO,) 150 2.63+0.18 y-Tocopherol 82.6 + 3.7.mg/100 g oil GC-MS N.R. Narvéez-Cuenca,
min, 35.7 MPa,52 Inampues-Charfuelan,
°C Hurtado-Benavides,
Parada-Alfonso, &
Vincken (2020)
Pineapple (Ananas comosus)
Peel 70% ethanol 7.83 +0.35 cv Aussie Rough Phenolic acids: 10.6 + 1.9 1.30 + 0.07 DPPH (mg AAE/g) Suleria et al. (2020)

Flavonoids: 14.8+1.9
(HPLC-PDA)

Water, 200 °C, 30
min and 1:10 wiv
solid- liquid ratio

1.75 g/L (g of pineapple waste
dry/mL of distilled water)

Gallic acid : 2.78 g/L.
Hydroxybenzoic acid: 1.55g/L
(g of pineapple waste dry/mL of distilled water)

67.1 £ 2.7 % DPPH scavenging
94.7 +2.7 % ABTS scavenging

Sepulveda, Romani,
Aguilar, & Teixeira,
(2018).

Methanol (1:10 g
sample/mL solvent)
4 h stirred

428.13 £61.35

Citric acid: 1152.56¢d + 125.31
Malic acid:180.07ghijk + 20.55
(ng compound/100g fruit part dry weight)

446.69 + 71.19 DPPH- (IC50)
60.40 % 14.44 FRAP (umol FeSO4 /100
g db)

Morais et al. (2015)
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Pulp Methanol (1:10 g 197.87 £ 45.96 Citric acid: 5281.16b + 931.92 666.07 +41.07 DPPH+ (1C50) Morais et al. (2015)
sample/mL solvent), Malic acid: 648.29cde + 12.69 44.77aAB + 7.99 FRAP (umol FeSO4
4 h stirred (ng compound/100g fruit part dry weight) /100 g db)

Mangosteen (Garcinia mangostana L.)

Peel Ethanol 80%- MAE, | 309.2 N.R. 75.99 % DPPH Mohammad, Zaidel,
irradiation time 1.75 143.6 FRAP (mgre/g extract) Muhamad, Hamid, aakob,
min, 25 Solvent-to- & Jusoh, (2019)

solid ratio (mL/g)

Banana (Musa spp.)

Peel Boiled water, 25 55.5 +1.2 cv Musa paradisiaca Rutin: 973.08 mg/100 g 66.9+4.8 DPPH % Devatkal, Kumboj, &
min. 2 g peel/ 5 mL p-Coumaric acid: 8.05 mg/g Paul, (2011); Behiry et al.
solvent. Ferulic acid: 1.63 mg/100 g (2019)
(HPLC)
Peel 70% ethanol 6.13 +0.25 cv cavendish Phenolic acids: 16.3+1.9 1.20+0.12 DPPH (mg AAE/qg) Suleria et al. (2020)
Flavonoids: 11.8+2.1 0.81 +0.03 FRAP (mg AAE/qg)
(HPLC-PDA)

N.R: not reported; cv:cultivar; db: dry base; fb: fresh base.
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2.2.2. Antimicrobial effect of bioactive compounds from tropical fruits extracts

Over the last years, the demand for “clean label” products significantly increased as a result of
customers demand for food products without synthetic additives or any other substances
considered as non-beneficial for human health or for the environment (Nikmaram et al., 2018;
Nascimento, Paes, & Augusta, 2018). In such a context, it is relevant to evaluate the
antimicrobial action of tropical fruits extracts to propose its use as natural preservatives for food
preservation.

Plant extracts represent an important natural source of active compounds, mostly polyphenols,
with strong antimicrobial activity and known as consumer friendly (Wu & Zhou, 2021;
Olszewska, Gedas & Simdes, 2020). Plants contain a large amount of different phytochemical
compounds distributed in leaves, bark, roots, fruits and seeds, which confer excellent
antimicrobial properties to the plant, being the flavones, phenolic compounds, alkaloids,
terpenoids, EOs and peptides the compounds with the main contribution (Jafarzadeh et al.,
2020). In their primary structure, these compounds have hydroxyl groups and according to their
number and position, they show important inhibitory effects against microorganisms (Lima et
al., 2019).

The main mechanism of action against microorganisms are: acidification of the cell membrane;
cytoplasmic membrane damage; inhibition of nucleic acid synthesis; inhibition of energy
metabolism; permeabilization of the cell membrane; inhibition of extracellular microbial
enzyme and deprivation of the substrates required for microbial (Villalobos-Delgado, Nevarez-
Moorillon, Caro, Quinto, & Mateo, 2019; Guil-Guerrero et al., 2016).

Many of these compounds with antimicrobial activity are found in fruit by-products or in other
parts of the plant, hence being of great interest to incorporate them in films and coatings and to
create barriers that prevent the pathogenic microorganism proliferation. The antimicrobial
activity of fruit extracts depends on the extraction method and the solvent used, the type of
microorganism, the amount of inoculum and the determination method used (Tajkarimi,

Ibrahim, & Cliver, 2010).
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To evaluate the antimicrobial activity of fruit extracts on their own or when they are already
incorporated into edible films and coatings, in vitro antimicrobial testing methods are used.
Such methods are recommended to carry out a screening of several extracts to evaluate their
effectiveness before being incorporated into the filmogenic matrix. To choose the most suitable
one, it has to take into account whether an extract, coating solution or film is used (Moradi et
al., 2021). The in vitro antimicrobial techniques are described below.

Diffusion assays are classified as qualitative methods as they can only determine the presence or
absence of antimicrobial activity. Disk and well diffusion assays respond to the same basic
principle: the antimicrobial substance is diffused on the inoculated agar and inhibits microbial
growth (Abdollahzadeh, Nematollahi & Hosseini, 2021; Aloui & Khwaldia, 2016). The
antimicrobial efficiency is determined by the observation of a clear zone of inhibition (mm)
around the disk or well (Dafale, Semwal, Rajput, & Singh, 2016). Regarding agar well diffusion
assay, the methodology is similar to the disk agar diffusion method unless the fruit extract or the
antimicrobial solution is dispensed in a hole made in the agar plate instead of being released
from the film matrix. Thus, disk agar diffusion assay (Salam et al., 2023, Mohammadi, Kamkar
& Misaghi, 2018; Balouiri, Sadiki, & Ibnsouda, 2016; Campos, Gerschenson, & Flores, 2011)
can be adequate for antimicrobial film, while the well diffusion method is usually used for
extracts and coating solutions (Moradi et al., 2021).

On the other hand, the broth dilution is a quantitative method where microorganisms are tested
at a standard concentration against different concentrations of the antimicrobial agent in a liquid
medium (Aloui & Khwaldia, 2016). The minimum inhibitory concentration (MIC) of an
antimicrobial agent is that inhibits microorganism growth in standardized conditions, and
usually it is expressed in mg/mL or mg/L (CLSI-M100, 2022). Macrodilution or microdilution
techniques can be performed to determine quantitatively the MIC of the antimicrobial

compound (Balouiri et al., 2016; Aloui et al., 2016) which must be considered when edible

films and coatings are formulated to obtain an effective antimicrobial action once incorporated.
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It is also possible to investigate the antimicrobial action of a fruit extract incorporated into the
film matrix by placing the film in an inoculated broth media and counting the viable cell after
incubation. If an antimicrobial agent can be released from film, a reduction of cell count can be
determined against a control broth without film sample (Moradi et al., 2021).

Regarding spectrophotometric techniques for optical density (OD) measurement, they are not
recommended to test the antimicrobial activity of all active films, because they can have a high
concentration of colorful agents (with high diffusion rate into a liquid medium) and high water
solubility (Abdollahzadeh et al., 2021; Radford et al., 2017).

Other methods for evaluating the antimicrobial effectiveness of certain compounds in a film
matrix are plate counting method or viable cell count and film surface inoculation test (Zhang,
Shu, Su, & Zhu, 2018). The first one consists of counting, at specific time’s intervals, the
microbial population of inoculated agar plates in contact with the film disk carrying the
antimicrobial agent. Samples are taken out at different time intervals with the preparation of
serial dilutions and then the viable cells are counted. The results provide information about the
film performance in case of entering in contact with a contaminated surface (Hashemi Gahruie,
Ziaee, Eskandari, & Hosseini, 2017; Campos et al., 2011). In the second one, the microbial
population inoculated on the surface of a film disk in contact with a semisolid media is counted.
Also, it is a good test to evaluate surface contamination, and even more, it allows to observe the
barrier properties of the film (Alzate, Miramont, Flores & Gerschenson, 2016).

For the selection of an antimicrobial, it must be considered the effectiveness against the target
microorganism and the possible interactions among the antimicrobial, the film-forming
biopolymer, and other food components present. These interactions can modify the
antimicrobial activity and the characteristics of the film (Campos et al., 2011). Table 3 shows
the most common methods and antimicrobial agents used for evaluating antimicrobial activity

of fruit extracts and edible films and coatings containing fruit extracts.
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Table 3. Methods used and antimicrobial agents for evaluating antimicrobial activity of fruit

extracts and edible films containing fruit extracts.

Test Fruit extract Tested microorganisms Antimicrobial effect -Results Reference
method [Target microorganism
. E. coli:9.53 £ 0.40 mm, MIC 31.2 mg/mL
B'SK agar Papaya (cv Vasconcellga E. coli, S. aureus, B. | S.aureus: 9.61 +0.10, MIC 31.2 mg/mL Yega-
iffusion/ | pubescens) pulp ethanolic ; ) Galvez et
- . cereus B. cereus:10.1 + 0.70 mm; MIC 15.6
Broth convective dried extract mg/mL al. (2021)
dilution TPC:5.19 £0.17
-Acetone extract of ripe fruit (0.39 mg/mL)
and the chloroform extract of raw fruit
(25.0 mg/mL) showed good activity against
Papaya (ripe and raw) fruit E. coli, S. typhimurium, the pathogens.
Broth extracts S. dysentriae, V. | -MIC and MBC values ranged between Prabhu et
dilution TPC: N.R cholerae, A. hydrophila, | 100-0.39 mg/mL. al. (2017)
T and P. shigelloides -Plant extracts exhibited inhibition activity
against tested pathogens.
Pﬁfaz?ha%%ellii’ seeds and -Ethanolic extracts (peel: 16 to 18 mm;
pl'lpo N fruit: solvent seed: 12 to 14 mm; pulp: 12 to 14 mm)
Disk agar t(ax.tract;Nv ruit: - solvent) S. aureus, B. cereus, E. | followed by methanolic extracts only | Asghar et
diffusion TPC: Peel: 43.79 + 1.20- coli and P. multocida presented the best antibacterial activity. al. (2016)
Seed: 43.42 + 0.06; Pulp:
48.49+0.18
Disk agar | Papaya (cv Linn) peel and |'S. aureus, Escherichia | -Aqueous extract of peels and seeds, | Egbuonu,
diffusion seeds coli and P. aeruginosa respectively showed activity against E. coli | Harry, &
TPC: N.R. (12.33£1.15, 15.67£1.15), S. aureus | Qrji (2016)
(8.00£1.73, 11.67+1.15) and P. aeruginosa
(7.67+1.15, 0.00£0.00).
-Ethanol  extract against E.  coli
(17.33£1.15), S. aureus (15.00+1.73) and
P. aeruginosa (14.33+1.15) was in each
case  higher  (p<0.05) than seeds
(14.33+0.58, 0.00£0.00, 9.67+1.15).
Disk agar | Papaya fruit and seed 1:10 Fruit and seed extracts were more active Tumpa,
diffusion (whv) ratio powder: | E. coli, S. typhi, B. | against gram positives than gram negatives. | Hossain, &
methanol 80% (15 uL, 20 | cereus, and B. subtilis E. coli (25 pL of extract): Fruit (6.5 mm), Ishika
pL and 25 pL) seed (7 mm) (2015)
TPC: N.R. S. typhi: fruit and seed 8.5 mm.
B. cereus: fruit 8 and seed 9.5 mm.
B. subtilis: fruit 8.5 and seed 10 mm.
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Broth Mango cv Ataulfo seed | S.aureus MIC (pg/mL) Torres-
dilution ethanolic (90%) extract MAE 500.0+353.0; FAE 750.0+288.7; SAE Leon et al.
with MAE, Fermentation- 156.3+108.2 (2021)
Assisted Extraction (FAE), -The order of antibacterial activity (against
SAE (Solvent-Assisted S. aureus was SAE > FAE > MAE
Extraction). (although, this could vary depending on the
strain).
TPC: N.R.
Olive  leaves (OLE); | B. subtilis, S. faecalis, N. | B. subtilis: OLE: 12 mm; CLE: 9 mm; Badee,
Well agar | coriander leaves (CLE) & | gonorrhoeae, P. | MSKE:16 mm; S. faecalis: OLE: 12 mm; | Moawad, El
diffusion | mango  seed  Kkernels | aeruginosa, S. aureus | CLE: 10 mm; MSKE:16 mm.; N. | Noketi, &
(MSKE) extracts 1:10 | and E. coli Gonorrhoeae: OLE: 12 mm; CLE: 10 mm; Gouda
(w/v) ratio  methanol MSKE:14 mm; P. aeruginosa: OLE: 13 (2020)
(80%) mm; CLE: 12 mm; MSKE:15 mm; S.
aureus: OLE: 14 mm; CLE: 10 mm;
TPC: OLE: 16.43; CLE: MSKE:15 mm.
6.87; MSKE: 29.84. and E. coli: OLE: 13 mm; CLE: 12 mm;
MSKE:15 mm.
Mango seed ethanolic | S. aureus, B. subtillis, E. | 21 mm S. aureus; 18 mm B. subtillis;18 Abdullah
Disk agar | (10:1 wv/w) extracts cv | coli, P. aeruginosa mm E. coli; 14 mm P. aeruginosa. (2011)
diffusion | Waterlily
Disk agar Guajava leave ethanolic S. aureus, E. coli, P. 500 mg/mL extract concentration Hemeg et
diffusion/ 70% extract multocida, B. cereus; S. Inhibitory zone (mm) - S. aureus al. (2020
Broth TPC: N.R. Enteritidis and M. 15.62+1.15 E. coli, 10.55+0.15 P.
dilution gallisepticum multocida 18.02+0.95, B. cereus
10.05+0.15, S. enteritidis 10.12+0.55 and
M. gallisepticum 14.62+0.55.
MIC (pg/mL) - E. coli 625 P. multocida
5000, B. cereus not detected, S. enteritidis
625 and M. gallisepticum 1250.
Well agar | P.guajavacv Aldabab and | E. coli (EC), K. cv Aldabab: Almulaiky
diffusion/ | Anna peel methanol 80 % | pneumoniae (KP), P. Inhibition zone (mm)- MRSA: 15+0.9;
Broth extracts aeruginosae (PA) SAU 10+0.5; SA13+0.8; EF 15+1.6; KP | etal. (2018)
micro- TPC: cv Aldabab 8.35; cv | MRSA, S. aureus 12+0.2; EC: no detected; PA 15+1.6.
dilution Anna 9.87 (SAU), S. agalactiae MIC (pg/ml) - MRSA: 1974; SAU 835; SA
(SA) and E. faecalis 987; EF 1670; KP 835; EC: no detected;
(EF) PA 1670.
cv Anna:
Inhibition zone (mm) - MRSA: 23£1.5;
SAU 14+0.8; SA28+1.2; EF 16+1.5; KP
15+0.8; EC: 13+1.7; PA 18+1.3.
MIC (pg/ml) - MRSA: 1670; SAU 493.5;
SA 418; EF 987; KP 493.5; EC: 1974; PA
987.
Disk film P. aeruginosa, S. typhi -Antioxidant, antimicrobial activity and | Susmitha,
agar Corn starch-gelatin  film | and M. smegmatis TPC were increased with increase in | Sasikumar,
diffusion | (CSG) (5-15%  wiv) concentration of all active components. Rajan,
mango (puree and peel) - The most effective antimicrobial film | Padmakuma
and pineapple pomace formulations were: MP 15%: 26.33 + 1.25 | r, &
Mango puree (MP) and P. aeruginosa; 20.33 = 1.24 S. typhi; 26.33 | Nampoothir
Mango puree with peel + 1.70 M. smegmatis; and MPP 15%: 33.66 | i (2021).
(MPP) + 0.58 P. aeruginosa; 22.33 £ 2.51 S. typhi;
TPC: MP 15% 16.62 18.34 £ 1.52 M. smegmatis.
0.002; MPP 15% 23.51 +
0.006 (ug GAE/g film)
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PDA agar | Cassava starch | A. flavus, A. parasiticus Positive anti-fungal effect of NA containing Sirisha
surface in | (CS)/Chitosan (CH) film/ films. Nallan
petri dish | Pitanga (Eugenia uniflora NA (1 g /100 g film): A. flavus (10.5 £ 0.7 | Chakravartu
L.) leaf extract (PE)/ mm) and A. parasiticus (11.0 £ 0.1 mm). laetal.
Natamycin (NA) PE + NA (2.25 g PE + 1 g NA/100 g film): (2020)
TPC: N.R. A. flavus 6.5 £ 0.7 mm (antagonistic effect)
and A. parasiticus 11.0 £ 0.1 mm.

TPC: Total phenolic content (Mggag/ Jsample d.0.); N.R: not reported

3. Preparation methods of edible films and coatings

Since the main role of food packaging is to protect the products against chemical, physical or
biological damage, it is important to consider how to give it a better quality, safety and product
integrity in all food chains, as well as its final destination. Certain films and coatings can be
applied to a wide variety of fruits and vegetables, and even meat. Additionally, the developed
edible film and coating should be cohesive and free from imperfections (continuous, without
cracks, bubbles and holes) (Jeya Jeevahan et al., 2020).

Figure 1 summarizes the application methods for edible films and coatings. Dipping methods
for coating deposition are easy to use and are the preferred methods on a lab scale. Coating is
also applied by brushing, fluidized-bed or panning when it is necessary to cover the food
surface completely (Suhag, Kumar, Petkoska & Upadhyay, 2020). Spraying method is used
when the coating is applied only on one side and is a preferred method for pilot scale. The
vacuum-impregnation technique is preferred to be used in products designed with high vitamins
and mineral content (Senturk Parreidt, Schott, Schmid, & Miiller, 2018). The Layer-by-Layer
(LBL) technique has been studied in several coated fresh-cut fruits and has the potential for
scalability (Trevifio-Garza, Garcia, Heredia, Alanis-Guzman, & Arévalo-Nifio, 2017; Kumar,
Pratibha & Sharma 2020). In the LBL technique, several biopolymers are sequentially
deposited, being the assembly and the surface characteristics mainly dependent on the mutual

attraction of alternated polyelectrolytes, usually with opposite net charges (Tu et al., 2019). For
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deposition of a successive layer in a multilayer coating, dipping, spraying and other techniques

can be used (Figure 1).

ll

Spread coating }—@ R |
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sh
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Figure 1. Application methods for edible films and coatings.

Edible films can be produced using two main methods, wet (casting) and dry (extrusion,
compression molding and injection molding) processes (Figure 1) (Kumar et al., 2022;
Monteiro Fritz, de Matos Fonseca, Trevisol, Fagundes, & Valencia, 2019; Otoni et al., 2017).

Casting is one of the most used methods to obtain edible films (Liu et al., 2020; Oliveira Filho
et al., 2020; Nouraddini, Esmaiili, & Mohtarami, 2018) in which initial biopolymer solution
contain a significant amount of water or other solvents like ethanol that needs to be evaporated.
Thus, casting is regarded as a high energy-consuming process. Other parameters such as drying
temperature should be adjusted to determine the mechanical and barrier properties of edible

films (Tapia-Blacido, Sobral, & Menegalli, 2013; Wroéblewska-Krepsztul et al., 2018).
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The solution casting method has very limited industrial applications (Huntrakul &
Harnkarnsujarit, 2019), however it is mostly used in laboratory scale (Jeya Jeevahan et al.,
2020). This technique consists in three stages: achieving the solubilization of the film
components to be dispersed (biopolymer, plasticizers, and additives) in a suitable solvent to
obtain the slurry, pouring a determined volume into a flat surface, to have a control of the film
thickness (Fakhouri, Martelli, Caon, Velasco, & Mei, 2015), and finally letting it dry
completely (by conduction with supports and/or by convection with circulation of hot air and
infrared rays) (Suhag et al., 2020). The current laboratory scale for film casting method has
some drawbacks such as: inability of making large sized films (>25 cm), long drying times (1-3
days) and inaccurate thickness control (local variations in.thickness) (Jeya Jeevahan et al.,
2020). To counteract this situation de Moraes, Scheibe; Sereno, & Laurindo (2013) produced a
continuous film by using tape casting method. To produce at an industrial scale, further
investigation to optimize parameters is required. Although the fabrication processes of edible
films differ from synthetic plastic production, the existing machines should be adapted to use
for commercial making (Suhaget al., 2020).

On the other hand, drying methods do not require an evaporation step and could save
considerable time needed for drying (Jeya Jeevahan et al., 2020). It is the major commercial
film production process, used for synthetic polymers and for biopolymers, which are under
development. These methods are an excellent alternative for solution casting industrial-scale
film production, being difficult to control the film texture (Dang & Yoksan, 2015). Extrusion is
a thermomechanical process, without solvent addition. Extrusors have three main zones to be
set: feeding zone, kneading zone, and heating zone at the final part from the machine. High
temperature causes phase transition, melting the solid. Therefore, extruded films possibly have
different properties to those films obtained by solution casting (Huntrakul, Yoksan, Sane, &
Harnkarnsujarit, 2020). Due to the extrusion process involving high-shear and high-pressure
conditions, thermoplastic starch can be achieved with a low water content, since the shear forces

physically can tear apart the granules, allowing faster transfer of water into the interior
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molecules. Glycerol is one of the plasticizers by excellence in this process and its content may
vary from 20 to 45% depending on the type of starch and blowing ability (Lumdubwong, 2019).
Compresion molding and injection molding are also proposed for film formation. Generally,
both techniques require a preliminary extrusion step to prepare the film forming material, which
will be later subjected to high pressure and temperature in the mold or when injected, until
solidification (Kumar et al., 2022).

Independently of filmmaking technique, researchers must regard many properties of the film
such as transparency, opacity, gloss, swelling degree, thermal stability, mechanical resistance,
flexibility, water solubility, permeability to O, and water vapor, functional characteristics such
as effective microbial protection and/or antioxidant properties and a reasonable cost
(Gheorghita, Gutt, & Amariei, 2020; Khanzadi et al., 2015; Kanatt, Rao, Chawla, & Sharma,
2012). Particularly, mechanical strength is an important parameter because the edible packaging
should protect the contained food from external loads, some typical parameters are TS, YM and

EAB.

4. Uses and applications of active starch-based edible films and coatings in food technology
Edible films and coatings have been used to extend food shelf-life for centuries, so it is not a
new concept, thus different innovative applications have been discovered to take full advantage
of their capabilities (Cheng et al., 2021). It is important to remark that the production and
application processes must be carried out with high hygienic levels (Pavli, Tassou, Nychas, &
Chorianopoulos, 2018).

Films and coatings from biopolymers have created a new alternative for food preservation,
increasing food quality, shelf-life and functionality in edible and biodegradable packaging
(Umaraw et al., 2020). They protect the food from environmental effects by regulating moisture,
oxygen, carbon dioxide, aroma and taste compounds transfer and by controlling respiration.
Particularly, starch seems to be one of the most promising biopolymer, among various

renewable sources, due to easy availability and processing, higher vyield, low cost,
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biocompatibility, biodegradability, edibility and tailored functional properties. Additionally,
starch films are semi-permeable to gases, moisture, lipids and flavor components, which are
essential for effective food packaging materials (Majeed et al., 2023; Lumdubwong, 2019;
Pérez-Vergara, Cifuentes, Franco, Pérez-Cervera, & Andrade-Pizarro, 2020).

Particularly, starch-based films provide adequate oxygen barrier properties to make them more
accurate to be used in fresh fruits and vegetables in order to prevent anaerobic respiration.
Moderate barriers with a certain degree of oxygen and carbon dioxide permeability are needed
for the respiration of living tissues (Sapper & Chiralt, 2018; Lumdubwong, 2019).

Film and coating properties can be modified during the preparation of film-forming solution by
the mechanical treatment (stirring speeds and time) (Brain Wilfer et al., 2021; Santacruz,
Rivadeneira, & Castro, 2015), and by selecting a starch concentration, the type of plasticizer
and other additives (Majeed et al., 2023; Putri, Adhitasari, Paramita, Yulianto, & Ariyanto,
2023). Particularly cassava starch-based edible films are cheap, taste-less, odorless, colorless.
Sweet potato starch shows stable viscosity under severe processing conditions, which indicates
its great properties to handling in the film preparation process (dispersion, pasting, casting, and
drying) (Zhang, Hou, Liu, Wang, & Dong, 2019; Nwokocha, Aviara, Senan, & Williams,
2014). Sorghum shows a very high productive potential and is a low-cost raw material (Biduski
et al., 2017). Its starch could portray good functional properties to be used in formulations of
edible films and coatings (Mehboob, Ali, Sheikh, & Hasnain, 2020). In order to display the
relevance of the use of conventional and non-conventional starches to develop edible films and

coatings to protect food matrices, some recent applications are described in Table 4.

Table 4. Potential applications of starch-based films and coatings in different food matrices.

Type of . . -
Active Applied Food Significant

st;;’g:t/i?r?d compound method matrix Results Reference

Cassava Increased firmness
(ACS)/ Acet - Coating Guayaba -Maintained green skin color. F;Tn(czlggc()))e t

{zlast;(; -Reduced ripeness, lasting for 13 days. :
0
Cassava ) Coatin Guavaba -Increased the shelf-life in two days Pella et al.
9 Y -Loss of mass decreased. (2019)
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-Decreased the variations in
comparison to non-coated fruits.
-Positive effect in texture, flavor, and
aromas. Cortés-
-Color changes due to anthocyanin Rodriguez,
Cassava + losses. Villegas-
Chitosan+ Andean -After 10 days of storage, (4 °C) weight | Yépez, Gil
whey - Coating blackberry | losses were 39.6% lower and firmness Gonzalez,
protein + was 81.4% higher. Rodriguez,
beeswax -Chitosan reduced the mold and yeast & Ortega-
count. Toro (2020)
- Increase 100% the useful life of the
fruit.
- 66% of propolis promoted higher
Vitamin C content at 8 and 12 days of
storage.
-For antioxidant activity, fruits treated
with CS maintained a higher FRS
percentage (free radical scavenging) at
all-time evaluations (16 days). Thomas,
Cassava Propolis Highest antioxidant capacity (ABTS) Nassur,
(33 and 66 Coating Strawberry | observed in CS and CS + P66% Boas, &
%) treatments. Lima (2016)
- There was an increased tendency of
the phenolic content during storage in
all evaluated fruits.
- The propolis concentrations used were
not sufficient to increase or maintain
the antioxidant capacity and phenolic
contents of strawberries.
Cassava
(amylose -15 to 20% w/w starch/CNP films Shani’l
19%, exhibited antimicrobial activity pL
. . L . . Othman,
amylopectin Cherry -In vivo study indicated higher efficacy Nordin
81%) Film tomatoes of 15% w/w starch/CNP film in :
: . . . . Basha, &
Chitosan controlling microbial growth in cherry Naim (2020)
nanoparticle tomatoes leading to improved shelf-life
s (CNP) (10 °C, 10 days)
-WPI-non-active showed no
antibacterial activity.
cassava -Addition of RPE+ CO enhanced
st_arch Rambutan antlba_cterlal activity against B. cereus, Chollakup et
(native and | peel extract E. coli and S. aureus. al. (2020)
acetylated) (RPE) and Film Salami -Increased starch content improved the '
and whey cinnamon antibacterial activity of active films.
protein oil (CO) WPI films showed the lowest in vitro
(WPI) + antibacterial activity but the highest
efficacy to delay microbial growth in
salami.
Grape .y Xu, Willis
pomace -Inhibitory effect on S. aureus ATCC Jo?dan &'
Cassava extracts Films Ready-to- 29213 Sismo'ur
(5%) (Cabernet eat-chicken | -Inhibitory effect against L.
(2018)
Franc and monocytogenes
Viognier).
-Increased plasticizer concentration led
. . Ballesteros-
to an increase in the percentage of .
. o Martinez,
elongation, water solubility (WS), and .
Sweet o Pérez-
. water vapor permeability (WVP) of
potato (6% Films . Cervera and
sweet potato starch films.
w/v) starch - S - Andrade-
-Films plasticized with glycerol have -
. Pizarro
the highest values for percentage (2020)
elongation and WVP.
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- The increases of TiO,-NPs

Waste  of Lo .
lemon concentration significantly de(_:r_eases in
(Citrus the_ moisture content, _solublllty, and
limon) moisture uptake of the fllr_ns. _
pectin i - Mec_hanlcal ar]d moisture barrier )
Sweet TiO-nano properties were improved with low Dash, Ali,
potato (3:1) incozrporate ) concentration nano- TIOZ. NPs._ _ Das &
54 (w/w). d at Films -SEM: good particle dispersion wlth Mohanta
different low content (0.5-2% wt) of nano- TiO, (2019)
concentrati NPs. - -
ons (0.5%, - U_V prevention capac!ty
1% 2% _(transrn_lttanc_e decreas_ed with
3%'and 4%; increasing Tloz)_ allows biodegradable
wi) packaging material to be used as food
grade UV screening.
-Octenylsuccination powerfully
retarded the coalescence of oil droplets
in film and favored their homogeneity
in the dried films.
Sweet Oregano -Comparable_inhibitory efficacies were Li. Ye, Lei,
. observed against S. aureus and E. coli.
potato essential Fil i -Octenylsuccination or OEO & Zhao
Octenylsucc | oil (OEO) 1ims . yisu . (2018)
Dcteny incorporation decreased film strength,
ination rigidity, water content, water solubility
and water vapor permeability while
increased film extensibility to a less
degree than their combination.
montmorill
onite - A .
(MMT) Baby -Effl(_:lent_lnhlbltlon of E. coli and S. Is§a,
Sweet nanoclay/ spinach Typhlmurlum._ . . . lbrahim, &
potato Thyme Eilm leaes -Improved microbiological quality of Tahergorabi
starch essential baby spinach during refrigeration. (2017)
oil (TEO) -No adverse effects on the sensory
analysis.
-Coated samples with TEO had lower
counts of bacteria and lipid oxidation (p
Thyme < 0.05) toward the end of storage (8 -
essential days). ) Alotaibi &_
Sweet oil- TEO Coating Shrimp -Te_xtural and color properties of coated | Tahergorabi
potato (0,2, 4and shrimp were generally more acceptable. (2018)
6 ,g /’100 9) -No sensory changes during storage.
-TEO (4 g/100 g) extend the shelf-life
of shrimp meat during refrigerated
storage
-Films showed a homogeneous surface
Native Red with no pores, but it was observed some Gomez-
Sorghum - Films - remaining ungelatinized granules that | Aldapaetal.
(5%) could affect mechanical and barrier (2020)
performance.
Sorghum -More clear and transparent
starch Bakery and -b, ¢ retained more moisture
a. Cross- Films o confec);iona -a, lower tensile strength, more elastic | Mehboob et
linking - solution . and flexible than native and a. al. (2020)
. ry items . .
b. casting -c, excellent mechanical properties,
acetylation lower water permeability compared
c. dual with native.
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Native
Sorghum
starch/

a. Acid
b. Oxidati
on
c. Dual
(acid +
oxidati

on)

Films

Rigid
packaging
(dual
modificatio

n)

-b and c increased stiffness, higher
tensile strength and lower elongation
compared with a, and native.
-c, increased the water
permeability

-An increase in sorghum starch
concentration in the filmogenic solution
increased the thickness, water vapor
permeability, and elongation of the
films.

vapor

Biduski et al.
(2017)

Potato
starch
Cationic

5%
Curcumin

Films

N.R.

Curcumin increased the elongation at
break (18%) and hydrogen-bonding
interactions and reduced the WVP
(21%).

-Mechanical properties were slightly
improved.

-Curcumin improved the UV blocking
effect by (53.33%), and reduced the
transparency (47.74%).

-Good antioxidant activity and the
highest scavenging activity of DPPH
and ABTS was 86.77% and 98.09%.
-Curcumin composite films are
potential packaging materials for foods
and can alleviate the problem of
agricultural waste disposal.

Liu et al.
(2022)

Mung bean
starch (29)

0.75¢g
Guar gum
+1.5¢
sunflower
seed oil

Coating

Rice Cakes

-Hardness of rice cakes decreased by 29
% and the crystallization rate (k) by 24
% compared with those of uncoated
samples.

-The moisture loss in uncoated samples
was markedly higher than in coated
samples.

-Crystallinity analysis revealed the
retarding effect of the developed
coatings in starch retrogradation.

-The addition of 0.8 % (w/w) grapefruit
seed extract to the original formulation
led to a distinct antimicrobial activity.

Lee et al.
(2020)

Mung bean
protein
isolate
(MPI)/pullu
lan (PU)

Marjoram
essential
oil (MEO)

Films

Minced
beef meat

-Significant increment in TS and water-
proof properties.

The EAB was decreased, while TS and
water-proof properties were increased. -
Considerable positive effect on DPPH
radical scavenging and antibacterial
activity against pathogenic bacteria (S.
aureus and E. coli).

-Bacterial and chemical analyses of the
minced meat samples: enhanced
oxidative stability and showed effective
antimicrobial activity against all of the
tested bacteria.

Haghighatpana
hetal

(2022)

Corn starch-
gelatin
(CSG)

Gelatin +
(5-15%
wiv)
mango
(puree and
peel) and
pineapple
pomace

Films

N.R.

-Physicochemical properties including
moisture content, swelling index,
thickness and opacity, were improved.
-Biological properties  (antioxidant,
antimicrobial activity and total phenolic
content) were increased with increase
in concentration of all the films.

-Films showed more than 50%

biodegradability after 15 days.

Susmitha et al.

(2021)
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-Exhibited higher tensile strength,
Arrowroot lota- water so_lubility, syvelling properties, Abdillah, &
starch (3.5, carrageena and barrler_ properties, but completed
325 and | NI (OS5 Coating Cherry biodegradation after 30 days. Charles
2},/0) ' 1,15, and tomatoes -Successfully inhibited weight loss of
2%) cherry tomatoes at room temperature (2021)
and extended their shelf-life to 10
days.

N.R. Not reported.

Edible films and coatings also allow to carry antioxidant and antimicrobial materials, inorganic
nanoparticles, flavors, enzymes, colors, minerals, vitamins and probiotics (Beikzadeh,
Khezerlou, Jafari, Pilevar, & Mortazavian, 2020), constituting an active packaging material.
When food is stored in an active packaging system, physical, chemical and biological activities
alter its state allowing an increase in shelf-life, without compromising food quality (Pavli et al.,
2018).

The use of different active compounds to be incorporated in the films and coating matrix has
been the focus in latest investigations. An interesting application is the use of natural
antioxidants or antimicrobials as additives to control pathogens and extend the shelf-life of food
(Lumdubwong, 2019). Even though these compounds can enhance the functionality of edible
films and coatings, they might also alter their original flavor and color (Martin-Belloso et al.,
2009).

Several parameters determine the effectiveness of edible films in extending the food shelf-life
such as antimicrobial agents incorporated within their structure, their capacity for retention and
controlled release of the additives, target microorganisms and their populations, and
physicochemical properties of the food product. Regarding antioxidant capacity, the addition of
phenolic compounds from fruit extracts can be evaluated by the oxidation level of susceptible
components of packed food, such as lipids (Sahraee, Milani, Regenstein & Kafil, 2019). On
other hand, it must be taken into account that, extract addition could promote

hydrophilic/hydrophobic alterations in matrix films, affecting the mechanical properties,
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solubility, crystallinity degree, etc., in comparison with films or coatings without active
compounds, potentially affecting packaging performance.

The use of fruits and vegetables contributes to mitigate the substantial postharvest loss of fruits
and vegetables due to defects or an inadequate ripening stage. Fruits and vegetables (purees,
residues, extracts) contain water, pectin, dietary fibers, lipids, phytochemicals, pigments, and
phenolic compounds. Fruit puree edible films are composed of pectic and cellulosic substances
(primary polysaccharides in fruit). Besides, the variety of sugars in fruit purees has a
plasticizing function, depending on fruit cultivar and maturity, as well as agricultural and
environmental conditions, so each case and application requires a specific formulation
(Hernalsteens, 2020).

Many tropical fruit parts or extracts have been incorporated into active packaging in an effort to
demonstrate their suitability to increase food protection and stability. Table 5 shows potential
applications of these materials, focusing on the influence of such natural additives on matrix
properties and their efficiency as a component of an antimicrobial and/or antioxidant packaging

system.

Table 5. Potential applications of tropical fruit extracts as antimicrobial/antioxidant active

additive in films and coatings in different food matrices.

Film +
coating
matrix

Tropical

_ Applied Food matrix Significant
fruit extract

method Results

-The film WVTR and OTR of
PLA/MPE was improved compared
with the pure PLA film. PLA/MPE/
AgNPs  improved also, and
mechanical properties and thermal
stability have been maintained.

-The addition of MPE conferred
excellent anti-oxidation and anti-
ultraviolet capabilities. Cheng et
-PLA/MPE/AgNPs film has strong | al. (2021)
antibacterial properties.

-Sensory evaluation: strawberries
wrapped in different films for
different  lengths of  period.
PLA/MPE/AgNPs  film  showed
excellent freshness-keeping
performance as expected, which can
potentially significantly prolong

Reference

Mango peel
waste extract Polylactic
(MPE) 5wt% | acid (PLA) Film Strawberry

/AgNO3 1 3 wt%

wit%
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strawberries' shelf-life (7 days).

-Continuous casting allowed good
retention of the natural mango pulp
coloration in the films, while
increasing  the  edible  film
productivity.
-Internal breakdown (IB) level of
mangoes (injured mango pulp)
affected edible film properties, as
. the physicochemical parameters of
Pectin 5 ngltllj?it:)?]us the mango pulps changed with 1B
wt% (pulp casting - progression.
mass basis) fi -Films with highest WVP, largest
ilms P~ : ;
ductility and opacity were obtained
from mango pulps with the most
advanced IB stage.
-Mango pulps with IB can be used
as raw materials to produce edible
films and can be applied to other
injured fruits for valorizing fruits
wasted  due to  aesthetical
imperfections.
-Thicker coatings produced colored
films, which improved light barrier
properties and increased DPPH
radical scavenging values.
-PE/G films (60 um) had better UV
barrier and scavenging activity and
were used as an active packaging to
evaluate the storage of packed
margarine.
—Margarine packed in
Polyethylen PE/G film and stored at 4
Mango peel e (PE)— Film Maraarine °C significantly (p < 0.05) |  jamilah
extract (MPE) Flsh(gglatm ‘ imprp\{ed oxidation | & Nur
stability at the end of Hanani
28—day storage period (2020)
and have potentials to be
used as active packaging
materials for delaying
lipid oxidation.
-The color properties of margarine
were also affected by the storage
conditions  regardless of their
packaging materials.
-Films with mango or guava puree
exhibited remarkable differences in
tensile properties, water vapor
barrier and water resistance,
compared with films without any
. fruit purees.
Nanoflbrl!la -The replacement (partial or total)
ted bacterial - .
Mango and . - of pectin (NFBC) Viana et
cellulose Film . / .
guava puree (NFBC) |m_prove_d phy§|cal pro_pertles o_f al. (2018)
edible films (with and without fruit
purees), stronger, stiffer, more
resistant to water, and with
enhanced barrier to water vapor
films.
-Higher NFBC content in film is
suitable for applications which

Oldoni et
al. (2021)

Mango cv
Palmer pulp

Nor
Adilah,
Noranizan
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require some water resistance and
better tensile properties, such as for
food wrapping or coating, while
films with only pectin as matrix for
applications which require water
dissolution, such as sachets.

- Papaya puree: nutritional value
and prolong the shelf-life of food
susceptible to oxidation, such as
pears, due to its high antioxidant

capacity.
Moringa o -Moringa: unfavorable impact on Rod_rig_uez
oleifera leaf . Minimally sensory  acceptance, because gf ,S!paja,
Papaya puree extract/asco Film processed pear darkening.  Important  protein | Espitia, &
tbic acid contribution. Otoni

-Ascorbic  acid allowed the (2019)
conservation of the physicochemical
properties of the food matrix (pear
fruit minimally processed) and high
sensory score under refrigeration at
8 °C.

-Gelatin + DSP + papaya puree
improved. the mechanical, barrier,
optical  properties along  with
structural properties.

- 3% gelatin, films had shown
decrease in EAB.

-3% gelatin or 4% DSP, papaya

Starch 2%

wi/wi/gelatin : . .
films had shown an increase in the .
(1,2 and Tulamandi
Papaya puree . water contact angle values.
3% wiw)/ Film - ] etal.
8% wiw -DSP  films had low water
defatted soy - (2016)
- solubility.
protein DSP - Lo
-Optical properties: comparable
(4% wiw) - .
with polymer based packaging
materials.
-8% w/w papaya puree +3% w/w
gelatin + 4% DSP composite films
had highly improved edible film
properties.
-The results revealed that with the
Pineanple Polwvinyl increasing concentration of PPEs,
PP yviny prepared films' thickness and water
peel extract alcgpol vapor ermeabilit slightl Kumar et
(5%, 10%, (PVOH) Film N.R. vap P y ghtly
increased. al. (2021)
15%, and and corn | - K of
200) starch E ongation at break o P\_/OH/ST
films was also enhanced with PPEs
concentration.
-Significantly increased the
thickness, tensile strength, and UV—
visible light barrier, antioxidant and
antibacterial properties.
Mangosteen -Moisture content, water solubility,
rind (2.5, 5 water vapor barrier ability and Zhana et
and 10 wt% Chitosan Film N.R. elongation at break were reduced by 9
_ e - al. (2020)
on chitosan mangosteen rind incorporation.
basis) -Effectively inhibited the increase in
the peroxide value and
thiobarbituric acid reactive
substances of soybean oil during
storage.
Banana peel -CS-4  %BPE composite film
extract (4%, Chitosan Coatin Aople e)r(glz:'tt?gs the  most  excellent Zhang et
8% and 12%) (CS) g PP pThp oolne i moi al. (2019)
(BPE) -The decline in moisture contents,

water solubility and water vapor
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permeability of CS-BPE composite
film  indicated the  reduced
hydrophilicity.

-CS-BPE composite film exhibited
excellent antioxidant activity in
different food simulants.

-CS-BPE coating was more capable
of improving the postharvest quality
of apple fruit than CS coating.

Pineapple
peel extract
(PPE) and
aloe vera gel
(AVG)

Chitosan(
C) /gelatin
(G)/starch(
S)

Film

Strawberry.

-PPE and AVG extract incorporated
improved thermal stability of films.
-Tensile strength decreased with the
addition of extracts; the maximum
tensile strength was 8.15 MPa for
CGS film.

-WVP of the films increased with
the increasing PPE and AVG
concentration.

Films inhibited the growth of gram-
positive (Staphylococcus aureus)
and gram-negative bacteria
(Escherichia coli).

-Addition of PPE and AVG film
enhance antioxidant properties.
-Edible-coated films can be used for
active food packaging/coating to
extend the shelf-life of fruits.

Grler
(2023)

Mangosteen
(MP) peel

HPMC

Film

N.R.

-Films exhibited 30.22 + 2.14
and 30.60 + 2.83 mm of growth
inhibition zones against S.
aureus and 26.50 * 1.60 and
26.93 + 3.92 mm of growth
inhibition zones against E. coli.

Chaiwarit
et al.
(2021)

Mango peels
extract (MPE)

Fish Gelatin

Film

N.R.

-Excellent free radical scavenging
activity, addition of  extract
decreases the WVP.

-Films incorporated with MPE
showed a decrease of water vapor
permeability (WVP) and lower film
solubility.

-High level of MPE films also
exhibited more rigid and less
flexible film formation.

-Higher free radical scavenging
activities are also observed for films
with higher concentrations of MPE.

Adilah,
Jamilah,
Noranizan,
&
Hanani,
(2018)

Mango peels
extract (MPE)

Poly vinyl
alcohol
(PVA),

cyclodextrin,
and gelatin

Film

Chicken meat

-Composite films containing MP
had good barrier to UV light.

-TS of film containing 70% ethanol
MPE was higher than that of control
films.

-Antioxidant activity and
antibacterial activity (against both
gram-positive and gram-negative
organisms) was observed in films
containing MPE.

-Minced chicken meat packed in
films not containing MPE spoiled
within 3 days while that packed in
MPE containing films had a shelf-
life of more than 12 days during
chilled storage.

Kanatt &
Chawla
(2017)

N.R. Not reported.
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5. Future trends

The main aspects of starch-based edible films and coatings as carriers of active compounds
extracted from tropical fruits or their wastes and as packaging material for food applications
were summarized. Although profuse literature has been found reporting the properties and the
advantages of this kind of material, and many efforts have been done to improve the
characteristics of starches materials, a great deal of work is still required to create starch-based
films with more suitable functionalities for food preservation, especially if compared to
conventional polymers.

There is incipient research focused on overcoming these limitations and improving the
efficiency of edible films and coating added with fruit extracts, searching for alternative
materials that can offer technologically advanced food packaging, sensing capabilities and
improvements. In this context, the advent of nanotechnology, prompted revolutionary
perspectives for the advancements in diversified industrial applications. Among different
possibilities, the film matrix tightening and the decrease of the WVP can be achieved by
formulating nanocomposite materials with the addition of reinforcing nanofillers (Majeed et al.,
2023; Ortega et al., 2023; Jafarzadeh et al., 2022; Liao et al., 2023). A nanocomposite that has
shown great potential for the development of novel active food packaging films is silver
nanoparticle, which exhibited excellent mechanical properties, great inhibition against E. coli
and lower permeability and water solubility (Yang et al., 2023). On the other hand, micro and
nanoencapsulation of bioactive compounds represent a viable and efficient approach to
increasing the stability of the active substances (antioxidants, antimicrobials, flavors, etc),
protecting them from interactions with the film and food ingredients, controlling their release
from film matrix and, because of the subcellular size, increasing their bioactivity (Andishmand
et al., 2023). However, the biggest challenge is to take this new technology to a commercial
level to extend the shelf-life of fresh foods (Sharma et al., 2023). Among the notable benefits of

nanotechnology for food ingredient encapsulation are the increase in surface area that may lead
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to the improvement in bioavailability of flavors and food ingredients (especially for those that
have low solubility and/or low flavor); the improvement in solubility of poorly water soluble
ingredients; the optical properties due to nanoemulsions with oil droplet sizes of less than 100
nm are optically transparent, the higher ingredient retention during processing; the homogeneity
in system properties and the higher activity levels of encapsulated (Calder6n-Oliver & Ponce-
Alquicira, 2022). Another perspective is the use of new nanomaterials like nanozymes with
enzyme-mimicking properties. Nanozymes potentiate to be a multifunctional active agent to
engineer food active packaging, however, the utility of nanozymes in this field still remains
largely unknown (Huang et al., 2023). It is important to remark that incorporating nanoparticles
or nanocompounds as a constituent of food packaging demands prudent contemplation around
peculiar aspects such as costs, legislation, consumer ‘acceptance, cytotoxicity and migration
behavior (Ahmad, Qurashi & Sheehan, 2023))

Regarding new improvements in edible films and coatings performance, bacteriophage addition
is suitable for the preservation of vegetables, fruits, meat, and cheese by decreasing the growth
of pathogenic bacteria. It was identified that the application of bacteriophages into edible films
and coatings faces numerous challenges, including bacteriophage stability in the film,
bacteriophage release from film to food, as well as the bacteriophage mobility and bacterial
availability to promote physical contact (Garcia-Anaya et al., 2023).

On the other hand, progresses in relation to new alternative sources of biopolymers that can be
mixed with starch, include the use of Spirulina biomass from marine resources and high-value
bioproducts (phycocyanin) to develop active and smart biodegradable and edible materials for
application as food packaging (Nakamoto et al., 2023). In addition, new physical modification
methods such as ultrasound or cold plasma can be useful to obtain starch materials with
improved mechanical, solubility and barrier properties by reduction of the molecular weight or
by incorporation of new chemical functional groups (Alzate, Gerschenson & Flores, 2020;
Otélora Gonzélez, Flores, Basanta & Gerschenson, 2020).

An important contribution to the understanding of the effect of fruit extract addition to films and
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coatings properties is the determination and standardization of the composition of extracts. For
such proposes, more potent analytical methods are needed to elucidate the main components
and their possible interactions of them with the starch matrix that can modulate its performance
(Pedreiro, Figueirinha, Silva & Ramos, 2021). In addition, the proper management of the pre-
treatment, storage, preservation, collection, controls and transportation of fruit discards and
wastes is necessary to assess a continuous, safe and standardized resource of raw material for
the extraction process.

In this line, further studies are necessary to rationalize the basic principles involved in the
organization and intra and inter-interactions of starch macromolecules with other biopolymers
and additives. In addition, the characterization of film and coating constitution processes, as
well as, drying parameters and conditions of food covering are also relevant for carrying out
preliminary pilot scale assays of filmmaking and food packaging.

Finally, coating techniques are expected to have an easier opportunity of being incorporated into
a line industrial process. In contrast, there is still a lack to solve the big challenge of finding a
suitable filmmaking technology with the capability to be scalable to an industrial level.
Especially, efforts should be addressed to adapt the current equipment, such as extrusion
machines, to produce. starch-based packaging. All actions are a challenge and required a
multidisciplinary -approach where food technologists, engineers, chemists, physicians, and
environmental specialists from industry and academia can join efforts to develop each time
more and better options for active starch-based materials in a framework of the promotion of
circular and sustainable processes to be used for reducing environmental pollution and food

wastes and for the production of more stable and innocuous foods.

6. Conclusion
Edible films and coating represent a promising alternative to diminishing the use of petroleum-
based polymers for food packaging applications. Starch is one of the most studied biopolymers

to obtain edible matrices because it is readily available, biodegradable, inexpensive and due to
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the tailored functional properties of the materials derived from it. Although starch matrices have
some mechanical and barrier limitations that should be considered previously to film or coating
applications, the formulation and filmmaking methodology can be selected to modulate the
performance as packaging material. In addition, the use of conventional and non-conventional
starches expands the possibilities of adding value to underused crops, with increased economic
benefits for local economies. The addition of extracts obtained from tropical fruits or from its
by-products, confers to the edible film an active condition, antioxidant and/or antimicrobial,
useful to extend food shelf-life and to promote health benefits, increasing nutritional values and
conferring flavor, taste and color to the products. This review discusses and compares the
general properties of starch-based edible films and coatings, the bioactive content of tropical
fruit extracts and different test methods to prove the antioxidant or antimicrobial capability of
matrices. The most recent applications of active packaging based on starch and added with
active fruit extracts are summarized in terms of formulation, antioxidant or antimicrobial action
and application technique, which are crucial to successfully extend the shelf-life of food
products. Further studies regarding practical applications of edible packaging should be carried
out to evaluate the environmental impact, the contribution of the ingredients in the film matrix
characteristics and its interaction, focusing on film properties and tending to a feasible scaling-

up for the food industry.

Declarations of interest

None.

Acknowledgements

Authors acknowledge the financial support from SCTyP UTN (Secretaria de Ciencia,
Tecnologia y Posgrado de la Universidad Tecnoldgica Nacional), PID UTN-FRRe (project
ALUTIREO004517TC), UBACYT (2018-2022 20020170100092), Agencia Nacional de
Investigaciones Cientificas y Técnicas (PICT 2019-1842) and CONICET (PIBAA

28720210100948CO0).

45



Journal Pre-proof

Author contributions

Maria Gabriela Kupervaser: Conceptualization, Investigation, Writing - Original Draft,
Writing — review & editing. Maria Victoria Traffano-Schiffo: Conceptualization,
Investigation, Writing - Original Draft, Writing — review & editing. Supervision. Maria
Luciana Dellamea: Investigation, Writing - Original Draft. Silvia K. Flores:
Conceptualization, Investigation, Writing - Original Draft, Writing — review & editing, Funding
acquisition, Supervision. Carola A. Sosa: Conceptualization, Investigation, Writing - Original

Draft, Writing — review & editing, Funding acquisition, Supervision.

References

Amin, U, Khan, M. U., Majeed, Y., Rebezov, M., Khayrullin, M., Bobkova, E., ...
Thiruvengadam, M. (2021). Potentials of polysaccharides, lipids and proteins in biodegradable
food packaging applications. International Journal of Biological Macromolecules, 183, 2184

2198. https://doi.org/10.1016/j.ijbiomac.2021.05.182

Abdel-Aty, A. M., Salama, W. H., Hamed, M. B., Fahmy, A. S., & Mohamed, S. A. (2018).
Phenolic-antioxidant capacity of mango seed kernels: therapeutic effect against viper venoms.

Revista Brasileira de Farmacognosia, 491, 1-8. https://doi.org/10.1016/j.bjp.2018.06.008

Abdillah, A. A., & Charles, A. L. (2021). Characterization of a natural biodegradable edible
film obtained from arrowroot starch and iota-carrageenan and application in food packaging.
International Journal of Biological Macromolecules, 191, 618-626.

https://doi.org/10.1016/j.ijbiomac.2021.09.141

Abdollahzadeh, E., Nematollahi, A., & Hosseini, H. (2021). Composition of antimicrobial
edible films and methods for assessing their antimicrobial activity: A review. Trends in Food

Science & Technology, 110, 291-303. https://doi.org/10.1016/j.tifs.2021.01.084

46



Journal Pre-proof

Abdullah, A.S.H. (2011). Antibacterial activity of Malaysian mango kernel. African Journal of

Biotechnology, 10(81). https://doi.org/10.5897/ajb11.2746

Adilah, A. N., Jamilah, B., Noranizan, M. A., & Hanani, Z. A. N. (2018). Utilization of mango
peel extracts on the biodegradable films for active packaging. Food Packaging and Shelf Life,

16, 1-7. https//doi.org.10.1016/j.fpsl.2018.01.006

Ahmad, A., Qurashi, A., & Sheehan, D. (2023). Nano packaging—Progress and future
perspectives for food safety, and sustainability. Food Packaging and Shelf Life, 35, 100997.

https://doi.org/10.1016/j.fpsl.2022.100997

Ahmed, S. A., Gaber, A. A. A., & Rahim, A. M. A. (2015). Removal of calmagite dye from
aqueous media using nanoparticles of mango seed kernel-impregnated Fe (III). International

Journal of Advanced Research, 3(2), 621-632.

Akintayo, O. A., Obadu, J. M., Karim, O. R., Balogun, M. A., Kolawole, F. L., & Oyeyinka, S.
A. (2019). Effect of replacement of cassava starch with sweet potato starch on the functional,
pasting and sensory properties of tapioca grits. LWT - Food Science and Technology, 111, 513-

519. https://doi.org/10.1016/j.lwt.2019.05.022

Alafion, M. E., Oliver-Simancas, R., Gémez-Caravaca, A. M., Arrdez-Romén, D., & Segura-
Carretero, A. (2019). Evolution of bioactive compounds of three mango cultivars (Mangifera
indica L.) at different maturation stages analyzed by HPLC-DAD-g-TOF-MS. Food Research

International, 125, 108526. https://doi.org/10.1016/j.foodres.2019.108526

Alafién, M. E., Pimentel-Moral, S., Arrdez-Roman, D., & Segura-Carretero, A. (2021). HPLC-
DAD-Q-ToF-MS profiling of phenolic compounds from mango (Mangifera indica L.) seed
kernel of different cultivars and maturation stages as a preliminary approach to determine
functional and nutraceutical value. Food Chemistry, 337, 127764.

https://doi.org/10.1016/j.foodchem.2020.127

47



Journal Pre-proof

Alara, O. R., Abdurahman, N. H., & Ukaegbu, C. I. (2021). Extraction of phenolic compounds:
A review. Current Research in Food Science, 4, 200-214.

https://doi.org/10.1016/j.crfs.2021.03.011

Alexandre, E. M. C., Moreira, S. A., Castro, L. M. G., Pintado, M., & Saraiva, J. A. (2017).
Emerging technologies to extract high added value compounds from fruit residues:
Sub/supercritical, ultrasound-, and enzyme-assisted extractions. Food Reviews International,

34(6), 581-612. https://doi.org/10.1080/87559129.2017.13598

Alkan Tas, B., Sehit, E., Erdinc Tas, C., Unal, S., Cebeci, F. C., Menceloglu, Y. Z., & Unal, H.
(2019). Carvacrol loaded halloysite coatings for antimicrobial food packaging applications.

Food Packaging and Shelf Life, 20, 100300. https://doi.org/10.1016/j.fpsl.2019.01.004

Almulaiky, Y., Zeyadi, M., Saleh, R., Baothman, O., Al-shawafi Waleed, & Al-Talhi, H.
(2018). Assessment of antioxidant and antibacterial properties in two types of Yemeni guava
cultivars. Biocatalysis and Agricultural Biotechnology, 16, 90-97.

https://doi.org/10.1016/j.bcab.2018.07.025

Alotaibi, S., & Tahergorabi, R. (2018). Development of a sweet potato starch-based coating and
its effect on quality attributes of shrimp during refrigerated storage. LWT - Food Science and

Technology, 88, 203-209. https://doi.org/10.1016/j.Iwt.2017.10.022

Aloui, H. & Khwaldia, K. (2016). Natural Antimicrobial Edible Coatings for Microbial Safety
and Food Quality Enhancement. Comprehensive Reviews in Food Science and Food Safety, 15,

1080-1103. https://doi.org/10.1111/1541-4337.12226

Altendorf, (2018). Minor tropical fruits: Mainstreaming a niche market. Retrieved from
https://www.fao.org/fileadmin/templates/estt COMM_MARKETS_MONITORING/Tropical_Fr

uits/Documents/Minor_Tropical_Fruits_FoodOutlook 1 2018.pdf. Accessed July 20, 2022.

48



Journal Pre-proof

Alvarenga, I. C., Aldrich, C. G., & Shi, Y. C. (2021). Factors affecting digestibility of starches
and their implications on adult dog health. Animal Feed Science and Technology, 282, 115134.

https://doi.org/10.1016/j.anifeedsci.2021.115134

Alvarez-Rivera, G., Ballesteros-Vivas, D., Ibanez, E., Parada-Alfonso, F., & Cifuentes, A.
(2020). 3.51- Foodomics of Bioactive Compounds From Tropical Fruits By-Products. In
Cienfuentes, A. (Ed.), Comprehensive Foodomics (pp. 672-688). Elsevier.

https://doi.org/10.1016/B978-0-08-100596-5.22882-5

Alzate, P., Gerschenson, L., & Flores, S. (2020). Ultrasound application for production of nano-
structured particles from esterified starches to retain potassium sorbate. Carbohydrate

Polymers, 247, 116759. https://doi.org/10.1016/j.carbpol.2020.116759

Alzate, P., Miramont, S., Flores, S., & Gerschenson, L. N. (2016). Effect of the potassium
sorbate and carvacrol addition on the properties and antimicrobial activity of tapioca starch -
Hydroxypropyl methylcellulose edible films. Starch - Stérke, 69(5-6), 1600261.

https://doi.org/10.1002/star.201600261

Ameer, K., Shahbaz, H. M., & Kwon, J.-H. (2017). Green extraction methods for poly- phenols
from plant matrices and their byproducts: A review. Comprehensive Reviews in Food Science

and Food Safety, 16, 295-315. https://doi.org/10.1111/1541-4337.12253

Andishmand, H., Azadmard-Damirchi, S., Hamishekar, H., Torbati, M., Kharazmi, M. S.,
Savage, G. P., ... & Jafari, S. M. (2023). Nano-delivery systems for encapsulation of phenolic
compounds from pomegranate peel. Advances in Colloid and Interface Science, 102833.

https://doi.org/10.1016/j.cis.2022.102833

Annegowda, H. V., Bhat, R., Yeong, K. J., Liong, M.-T., Karim, A. A., & Mansor, S. M.

(2013). Influence of Drying Treatments on Polyphenolic Contents and Antioxidant Properties of

49



Journal Pre-proof

Raw and Ripe Papaya (Carica papaya L.). International Journal of Food Properties, 17(2),

283-292. https://doi.org/10.1080/10942912.2011.631248

Apriyanto, A., Compart, J., & Fettke, J. (2022). A review of starch, a unique biopolymer
Structure, metabolism and in planta modifications. Plant Science, 318, 111223.

https://doi.org/10.1016/j.plantsci.2022.111223

Asghar, N., Nagvi, S. A. R, Hussain, Z., Rasool, N., Khan, Z. A., Shahzad, S. A., & Jaafar, H.
Z. (2016). Compositional difference in antioxidant and antibacterial activity of all parts of the
Carica papaya using different solvents. Chemistry Central Journal, 10(5), 1-11.

https://doi.org/10.1186/s13065-016-0149-0

Azeredo, H. M., Otoni, C. G., & Mattoso, L. H. C. (2022). Edible films and coatings—not just
packaging materials. Current Research in Food Science, 5, 1590-1595.

https://doi.org/10.1016/j.crfs.2022.09.008

Badee, A.Z., Moawad, R.K., EINoketi, M.M., & Gouda, M. (2020). Bioactive Substances,
Antibacterial and Antioxidant Activities of Mango Kernel, Olive and Coriander Leaves. Plant

Archives, 20(2), 8077-8084.

Baiano, A. (2014). Recovery of Biomolecules from Food Wastes — A Review. Molecules,

19(9), 14821-14842. https://doi.org/10.3390/molecules190914821

Ballesteros-Martinez, L., Pérez-Cervera, C., & Andrade-Pizarro, R. (2020). Effect of glycerol
and sorbitol concentrations on mechanical, optical, and barrier properties of sweet potato starch

film. NFS Journal, 20, 1-9. https://doi.org/10.1016/j.nfs.2020.06.002

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro evaluating
antimicrobial activity: A review. Journal of Pharmaceutical Analysis, 6(2), 71-79.

https://doi.org/10.1016/j.jpha.2015.11.005

50



Journal Pre-proof

Basiak, E., Lenart, A., & Debeaufort, F. (2017). Effect of starch type on the physico-chemical
properties of edible films. International Journal of Biological Macromolecules, 98, 348-356.

https://doi.org/10.1016/j.ijbiomac.2017.01.122

Bayram, B., Ozkan, G., Kostka, T., Capanoglu, E., & Esatbeyoglu, T. (2021). Valorization and
Application of Fruit and Vegetable Wastes and By-Products for Food Packaging Materials.

Molecules, 26(13), 4031. https://doi.org/10.3390/molecules26134031

Behiry, S.I., Okla, M.K., Alamri, S.A., EL-Hefny, M., Salem, M.Z.M., Alaraidh, L.A., Ali,
H.M., Al-Ghtani, S.M., Monroy, J.C., & Salem, A.Z.M (2019). Antifungal and Antibacterial
Activities of Musa paradisiaca L. Peel Extract: HPLC Analysis of Phenolic and Flavonoid

Contents. Processes , 7(4) 215. https://doi.org/10.3390/pr7040215

Beikzadeh, S., Khezerlou, A., Jafari, S. M., Pilevar, Z., & Mortazavian, A. M. (2020). Seed
mucilages as the functional ingredients for biodegradable films and edible coatings in the food
industry.  Advances in  Colloid and Interface  Science, 280, 102164.

https://doi.org/10.1016/j.cis.2020.102164

Belwal, T., Ezzat, S. M., Rastrelli, L., Bhatt, I. D., Daglia, M., Baldi, A., & Atanasov, A. G.
(2018). A critical analysis of extraction techniques used for botanicals: Trends, priorities,
industrial -uses and optimization strategies. Trends in Analytical Chemistry, 100, 82-102.

https://doi.org/10.1016/j.trac.2017.12.018

Biduski, B., Silva, F. T. da, Silva, W. M. da, Halal, S. L. de M. E., Pinto, V. Z., Dias, A. R. G,
& Zavareze, E. da R. (2017). Impact of acid and oxidative modifications, single or dual, of
sorghum  starch on  biodegradable  films. Food  Chemistry, 214, 53-60.

https://doi.org/10.1016/j.foodchem.2016.07.039

Brain Wilfer, P., Giridaran, G., Jeya Jeevahan, J., Britto Joseph, G., Senthil Kumar, G., &

Thykattuserry, N. J. (2021). Effect of starch type on the film properties of native starch based

o1



Journal Pre-proof

edible films. Materials Today: Proceedings, 44, 3903-3907.

https://doi.org/10.1016/j.matpr.2020.12.1118

Cadiz-Gurrea, M. de la L., Villegas-Aguilar, M. del C., Leyva-Jiménez, F. J., Pimentel-Moral,
S., Fernandez-Ochoa, A., Alafién, M. E., & Segura-Carretero, A. (2020). Revalorization of
bioactive compounds from tropical fruit by-products and industrial applications by means of
sustainable approaches. Food Research International, 138, 109786.

https://doi.org/10.1016/j.foodres.2020.109786

Calderdn-Oliver, M., & Ponce-Alquicira, E. (2022). The role of microencapsulation in food

application. Molecules, 27(5), 1499. https://doi.org/10.3390/molecules27051499

Calvo-Flores, F. G., Monteagudo-Arrebola, M. J., Dobado, J. A., & lIsac-Garcia, J. (2018).
Green and bio-based solvents. Topics in Current Chemistry, 376(3), 1-40.

https://doi.org/10.1007/s41061-018-0191-6

Campos, C.A., Gerschenson, L.N., & Flores, S.K. (2011). Development of Edible Films and
Coatings with Antimicrobial Activity. Food Bioprocess Technology, 4(6), 849-875.

https://doi.org/10.1007/s11947-010-0434-1

Castafieda-Valbuena, D., Ayora-Talavera, T., Lujan-Hidalgo, C., Alvarez-Gutiérrez, P.,
Martinez-Galero, N., & Meza-Gordillo, R. (2021). Ultrasound extraction conditions effect on
antioxidant capacity of mango by-product extracts. Food and Bioproducts Processing, 127,

212-224. https://doi.org/10.1016/j.fbp.2021.03.002

Chaiwarit, T., Kantrong, N., Sommano, S. R., Rachtanapun, P., Junmahasathien, T.,
Kumpugdee-Vollrath, M., & Jantrawut, P. (2021). Extraction of Tropical Fruit Peels and
Development of HPMC Film Containing the Extracts as an Active Antibacterial Packaging

Material. Molecules, 26(8), 2265. https//doi.org.10.3390/molecules26082265

52



Journal Pre-proof

Chang, Q., Zheng, B., Zhang, Y., & Zeng, H. (2021). A comprehensive review of the factors
influencing the formation of retrograded starch. International Journal of Biological

Macromolecules, 186, 163-173. https://doi.org/10.1016/j.ijbiomac.2021.07.050

Chemat, F., Fabiano-Tixier, A.S., Vian, M.A., Allaf, T., & Vorobiev, E. (2015). Solvent-free
extraction of food and natural products. Trends in Analytical Chemistry, 71, 157-168.

http://dx.doi.org/doi:10.1016/j.trac.2015.02.021

Chen, G., Dong, S., Zhao, S., Li, S., & Chen, Y. (2019). Improving functional properties of zein
film via compositing with chitosan and cold plasma treatment. Industrial Crops and Products,

129, 318-326. https://doi.org/10.1016/j.indcrop.2018.11.072

Cheng, J., Lin, X., Wu, X., Liu, Q., Wan, S., & Zhang, Y. (2021). Preparation of a
multifunctional silver nanoparticles polylactic acid food packaging film using mango peel
extract. International Journal of . Biological Macromolecules, 188, 678-688.

https://doi.org/10.1016/j.ijbiomac.2021.07.161

Cheok, C. Y., Mohd Adzahan, N., Abdul Rahman, R., Zainal Abedin, N. H., Hussain, N.,
Sulaiman, R., & Chong, G. H. (2018). Current trends of tropical fruit waste utilization. Critical
Reviews in Food Science and Nutrition, 58(3), 335-361.

https://doi.org/10.1080/10408398.2016.1176009

Chiralt, A., Menzel, C., Hernandez-Garcia, E., Collazo, S., & Gonzalez-Martinez, C. (2020).
Chapter 6 - Use of by-products in edible coatings and biodegradable packaging materials for
food preservation. In N. Betoret, & E. Betoret (Eds.), Sustainability of the Food System (pp.

101-127). Academic Press. https://doi.org/10.1016/B978-0-12-818293-2.00006-9

Chollakup, R., Pongburoos, S., Boonsong, W., Khanoonkon, N., Kongsin, K., Sothornvit, R., &

Harnkarnsujarit, N. (2020). Antioxidant and antibacterial activities of cassava starch and whey

53



Journal Pre-proof

protein blend films containing rambutan peel extract and cinnamon oil for active packaging.

LWT - Food Science and Technology, 130, 109573. https://doi.org/10.1016/j.Iwt.2020.109573

Christensen, S. J., Madsen, M. S., Zinck, S. S., Hedberg, C., Sgrensen, O. B., Svensson, B., &
Meyer, A. S. (2023). Enzymatic potato starch modification and structure-function analysis of
six diverse GH77 4-alpha-glucanotransferases. International Journal of Biological

Macromolecules, 224, 105-114. https://doi.org/10.1016/j.ijbiomac.2022.10.107

CLSI-M100 (2022). Performance standards for antimicrobial susceptibility testing, 31st edition,
Clinical and Laboratory Standards Institute, CLSI document m100. Retrieved April 30, 2023

from https://clsi.org/media/z2uhcbmv/m100ed31_sample.pdf

Cock, J. H. & Connor D. J. (2021). Chapter 19 — Cassava. In V. O. Sadras & D. F. Calderini
(Eds.), Crop Physiology Case Histories for Major Crops (pp. 588-633). Academic Press.

https://doi.org/10.1016/B978-0-12-819194-1.00019-0

Cortés-Rodriguez, M., Villegas-Yépez, C., Gil Gonzalez, J. H., Rodriguez, P. E., & Ortega-
Toro, R. (2020). Development and evaluation of edible films based on cassava starch, whey
protein, and bees wax. Heliyon, 6(9), Article e04884.

https://doi.org/10.1016/j.heliyon.2020.e048

Costa, B. P., Carpiné, D., Ikeda, M., Pazzini, I. A. E., Alves, F. E. D. S. B., de Melo, A. M., &
Ribani, R. H. (2023). Bioactive coatings from non-conventional loguat (Eriobotrya japonica
Lindl.) seed starch to extend strawberries shelf-life: An antioxidant packaging. Progress in

Organic Coatings, 175, 107320. https://doi.org/10.1016/].porgcoat.2022.107320

Crisafi, F., Valentino, F., Micolucci, F., & Denaro, R. (2022). From Organic Wastes and
Hydrocarbons Pollutants to Polyhydroxyalkanoates: Bioconversion by Terrestrial and Marine

Bacteria. Sustainability, 14(14), 8241. https://doi.org/10.3390/su14148241

54



Journal Pre-proof

Cruz-Tirado, J. P., Vejarano, R., Tapia-Blacido, D. R., Barraza-Jauregui, G., & Siche, R.
(2019). Biodegradable foam tray based on starches isolated from different Peruvian species.
International Journal of Biological Macromolecules, 125, 800-807.

https://doi.org/10.1016/j.ijbiomac.2018.12.111

Dang, K. M., & Yoksan, R. (2015). Development of thermoplastic starch blown film by
incorporating  plasticized  chitosan.  Carbohydrate  Polymers, 115,  575-581.

https://doi.org/10.1016/j.carbpol.2014.09.005

Daniloski, D., Petkoska, A. T., Lee, N. A., Bekhit, A.E.D., Carne, A., Vaskoska, R., &
Vasiljevic, T. (2021). Active edible packaging based on milk proteins: A route to carry and
deliver nutraceuticals. Trends in Food Science & Technology, 111, 688-705.

https://doi.org/10.1016/j.tifs.2021.03.024

Dash, K. K., Ali, N. A, Das, D., & Mohanta, D. (2019). Thorough evaluation of sweet potato
starch and lemon-waste pectin based-edible films with nano-titania inclusions for food
packaging applications. International Journal of Biological Macromolecules, 139, 449-458.

https://doi.org/10.1016/j.ijhiomac.2019.07.193

de Moraes, J. O., Scheibe, A. S., Sereno, A., & Laurindo, J. B. (2013). Scale-up of the
production of cassava starch based films using tape-casting. Journal of Food Engineering,

119(4), 800-808. http://dx.doi.org/10.1016/j.jfoodeng.2013.07.009

De Oliveira Guilherme, D., Branco, F. P., Madeira, N. R., Brito, V. H., Oliveira, C. E. de,
Jadoski, C. J., & Cereda, M. P. (2019). Chapter 5- Starch Valorization From Corm, Tuber,
Rhizome, and Root Crops: The Arrowroot (Maranta arundinacea L.) Case. In  M.T. Pedrosa
Silva Clerici, & M. Schmiele. Starches for Food Application, (pp.167-222). Academic Press.

https://doi.org/10.1016/b978-0-12-809440-2.00005-8

55



Journal Pre-proof

Del’Arco, A. P. W. T., & Sylos, C. M. de. (2018). Effect of industrial processing for obtaining
guava paste on the antioxidant compounds of guava (Psidium guajava 1.) “Paluma” cv. Revista

Brasileira de Fruticultura, 40(2), Article e011. https://doi.org/10.1590/0100-29452018011

Devatkal, S. K., Kumboj, R., & Paul, D. (2011). Comparative antioxidant effect of BHT and
water extracts of banana and sapodilla peels in raw poultry meat. Journal of Food Science and

Technology, 51(2), 387-391. https://doi.org/10.1007/s13197-011-0508-8

Dhumal, C. V., Ahmed, J., Bandara, N., & Sarkar, P. (2019). Improvement of antimicrobial
activity of sago starch/guar gum bi-phasic edible films by incorporating carvacrol and citral.

Food Packaging and Shelf Life, 21, 100380. https://doi.org/10.1016/].fpsl.2019.100380

Ding, Z., Ge, Y., Sar, T., Kumar, V., Harirchi, S., Binod, P., ... & Awasthi, M. K. (2023).
Valorization of tropical fruits waste for production of commercial biorefinery products—A

review. Bioresource Technology, 128793. hitps://doi.org/10.1016/j.biortech.2023.128793

Dinika, 1., Verma, D.K., Balia, R., Utama, G.L., & Patel, A.R. (2020). Potential of cheese whey
bioactive proteins and peptides in the development of antimicrobial edible film composite: A
review of recent trends. Trends in Food Science & Technology, 103, 57-67.

https://doi.org/10.1016/j.tifs.2020.06.017

Dome, K., Podgorbunskikh, E., Bychkov, A., & Lomovsky, O. (2020). Changes in the
crystallinity degree of starch having different types of crystal structure after mechanical

pretreatment. Polymers, 12(3), 641. https://doi.org/10.3390/polym12030641

Domene-Lo6pez, D., Delgado-Marin, J. J., Martin-Gullon, |., Garcia-Quesada, J. C., &
Montalban, M. G. (2019). Comparative study on properties of starch films obtained from potato,
corn and wheat using 1-ethyl-3-methylimidazolium acetate as plasticizer. International Journal

of Biological Macromolecules, 135, 845-854. https://doi.org/10.1016/j.ijbiomac.2019.06.004

56



Journal Pre-proof

Dong, Y., Li, Y., Ma, Z,, Rao, Z., Zheng, X., Tang, K., & Liu, J. (2023). Effect of polyol
plasticizers on properties and microstructure of soluble soybean polysaccharide edible films.

Food Packaging and Shelf Life, 35, 101023

Egbuonu, A. C. C., Harry, E. M., & Oriji, I. A. (2016). Comparative proximate and antibacterial

properties of milled Carica papaya (Pawpaw) peels and seeds. British Journal of

Pharmaceutical Research, 12(1), 1-8. http://dx.doi.org/10.9734/BJPR/2016/26808

El-Sayed, H. S., El-Sayed, S. M., Mabrouk, A. M., Nawwar, G. A., & Youssef, A. M. (2021).
Development of eco-friendly probiotic edible coatings based on chitosan, alginate and
carboxymethyl cellulose for improving the shelf life of UF soft cheese. Journal of Polymers and

the Environment, 29(6), 1941-1953. https://doi.org/10.1007/s10924-020-02003-3

Enriquez-Valencia, S.A, Ayala-Zavala, J.F., Gonzéalez-Aguilar, G.A., & Lopez-Martinez, L.X.
(2021). Chapter 2 - Valorization of industrial by-products and waste from tropical fruits for the
recovery of bioactive compounds, recent advances, and future perspectives. In Rajeev Bhat
(Ed.), Valorization of Agri-Food Wastes and By-Products (pp. 29-46). Academic Press.

https://doi.org/10.1016/B978-0-12-824044-1.00027-1

Fakhouri, F. M., Martelli,; S. M., Caon, T., Velasco, J. I., & Mei, L. H. I. (2015). Edible films
and coatings based on starch/gelatin: Film properties and effect of coatings on quality of
refrigerated Red Crimson grapes. Postharvest Biology and Technology, 109, 57-64.

https://doi.org/10.1016/j.postharvbio.2015.05.015

FAO. 2022. Major Tropical Fruits: Preliminary results 2021. Rome. Retrieved from

https://www.fao.org/3/ch9412en/ch9412en.pdf. Accessed July 20, 2022.

FAOSTAT. (2020). Production quantity of banana-2018. Food and Agriculture Organisation of
the United Nations. Retrieved from  http://www.fao.org/faostat/en/#data/QC. Accessed

September 3, 2022.

57



Journal Pre-proof

Fashi, A., Delavar, A. F., Zamani, A., Noshiranzadeh, N., & Zahraei, H. (2023). Study on
structural and physicochemical properties of modified corn starch: Comparison of ultrasound,
stirring, and lactic  acid  treatments. Starch- Starke, 75(3-4), 2200109.

https://doi.org/10.1002/star.202200109

Figueroa-Florez, Jorge & Salcedo, Jairo. (2020). Acetilacion del almidon nativo de batata

(Ipomeas batata L). Vitae, 23(1), 174-179.

Flores, S., Fam4, L., Rojas, A. M., Goyanes, S., & Gerschenson, L. (2007). Physical properties
of tapioca-starch edible films: Influence of filmmaking and potassium sorbate. Food Research

International, 40(2), 257—-265. https://doi.org/10.1016/j.foodres.2006.02.004

Francisco, C. B., Pella, M. G., Silva, O. A., Raimundo, K. F., Caetano, J., Linde, G. A., &
Dragunski, D. C. (2020). Shelf-life of guavas coated with biodegradable starch and cellulose-
based films. International Journal .of Biological Macromolecules, 152, 272-279.

https://doi.org/10.1016/j.ijbiomac.2020.02.249

Fuentes-Zaragoza, E., Riquelme-Navarrete, M. J., Sanchez-Zapata, E., & Pérez-Alvarez, J. A.
(2010). Resistant starch as functional ingredient: A review. Food Research International, 43(4),

931-942. https://doi.org/10.1016/j.foodres.2010.02.004

Garcia-Anaya, M. C., SepUlveda, D. R., Zamudio-Flores, P. B., & Acosta-Mufiiz, C. H. (2023).
Bacteriophages as additives in edible films and coatings. Trends in Food Science & Technology,

132, 150-161. https://doi.org/10.1016/j.tifs.2023.01.008

Gaye, A.A., Cisse, O.l., Ndiaye, B., Ayessou, N.C., Cisse, M., & Diop, C.M. (2019).
Evaluation of Phenolic Content and Antioxidant Activity of Aqueous Extracts of Three Carica
papaya Varieties Cultivated in Senegal. Food and Nutrition Sciences, 10, 276-289.

https://doi.org/10.4236/fns.2019.103021

58



Journal Pre-proof

Gayosso-Garcia Sancho, L. E., Yahia, E. M., & Gonzalez-Aguilar, G. A. (2011). Identification
and quantification of phenols, carotenoids, and vitamin C from papaya (Carica papaya L., cv.
Maradol) fruit determined by HPLC-DAD-MS/MS-ESI. Food Research International, 44(5),

1284-1291. https://doi.org/10.1016/j.foodres.2010.12.0

Ghadermazi, R., Hamdipour, S., Sadeghi, K., Ghadermazi, R., & Khosrowshahi Asl, A. (2019).
Effect of various additives on the properties of the films and coatings derived from
hydroxypropyl methylcellulose—A review. Food Science & Nutrition, 7(11), 3363-3377.

https://doi.org/10.1002/fsn3.1206

Gheorghita, R., Gutt, G., & Amariei, S. (2020). The use of edible films based on sodium
alginate in meat product packaging: An eco-friendly alternative to conventional plastic

materials. Coatings, 10(2), 166. https://doi.org/10.3390/coatings10020166

Gbémez, M. & Martinez, M.M. (2017). Fruit and vegetable by-products as novel ingredients to
improve the nutritional quality of baked goods. Critical Reviews in Food Science and Nutrition,

1-17. https://doi.org/10.1080/10408398.2017.1305946

Gbémez- Aldapa, C. A., Velazquez, G., Gutierrez, M. C., Castro- Rosas, J., Jiménez- Regalado,
E. J, & Aguirre- Loredo, R. Y. (2020). Characterization of Functional Properties of
Biodegradable Films Based on Starches from Different Botanical Sources. Starch - Starke,

1900282. https://doi.org/10.1002/star.201900282

Gomez-Maldonado, D., Lobato-Calleros, C., Aguirre-Mandujano, E., Leyva-Mir, S. G., Robles-
Yerena, L., & Vernon-Carter, E. J. (2020). Antifungal activity of mango kernel polyphenols on
mango fruit infected by anthracnose. LWT - Food Science and Technology 126, 109337.

https://doi.org/10.1016/j.Iwt.2020.109337

Goncalves Rodrigues, L.G., Mazzutti, S., Vitali, L., Micke, G.A., & Ferreira, S.R.S. (2019).

Recovery of bioactive phenolic compounds from papaya seeds agroindustrial residue using

59



Journal Pre-proof

subcritical water extraction. Biocatalysis and Agricultural Biotechnology, 22, 101367.

https://doi.org/10.1016/j.bcab.2019.101367

Guil-Guerrero, J. L., Ramos, L., Moreno, C., Zufiga-Paredes, J. C., Carlosama-Yepez, M., &
Ruales, P. (2016). Antimicrobial activity of plant-food by-products: A review focusing on the

tropics. Livestock Science, 189, 32—49. https://doi.org/10.1016/j.livsci.2016.04.021

Guo, K., Liu, T., Xu, A, Zhang, L., Bian, X., & Wei, C. (2019). Structural and functional
properties of starches from root tubers of white, yellow, and purple sweet potatoes. Food

Hydrocolloids, 89, 829-836. https://doi.org/10.1016/j.foodhyd.2018.11.058

Gurler, N. (2023). Development of chitosan/gelatin/starch composite edible films incorporated
with pineapple peel extract and aloe vera gel: Mechanical, physical, antibacterial, antioxidant,
and sensorial analysis. Polymer Engineering &  Science, 63(2), 426-440.

https://doi.org/10.1002/pen.26217

Gutiérrez, T.J., Herniou-Julien, C.,Alvarez, K., Alvarez, V.A. (2018). Structural properties and
in vitro digestibility of edible and pH-sensitive films made from guinea arrowroot starch and
wastes  from  wine  manufacture.  Carbohydrate = Polymers, 184,  135-143.

https://doi.org/10.1016/j.carbpol.2017.12.039

Haghighatpanah, N., Omar-Aziz, M., Gharaghani, M., Khodaiyan, F., Hosseini, S. S., &
Kennedy, J. F. (2022). Effect of mung bean protein isolate/pullulan films containing marjoram
(Origanum majorana L.) essential oil on chemical and microbial properties of minced beef meat.
International Journal of Biological Macromolecules, 201, 318-329.

https://doi.org/10.1016/j.ijbiomac.2022.01.023

Hashemi Gahruie, H., Ziaee, E., Eskandari, M. H., & Hosseini, S. M. (2017). Characterization

of basil seed gum-based edible films incorporated with Zataria multiflora essential oil

60



Journal Pre-proof

nanoemulsion. Carbohydrate Polymers, 166, 93-103.

https://doi.org/10.1016/j.carbpol.2017.02.103

Hemeg, H. A., Moussa, I. M., Ibrahim, S., Dawoud, T. M., Alhagji, J. H., Mubarak, A. S., &
Marouf, S. A. (2020). Antimicrobial effect of different herbal plant extracts against different
microbial population. Saudi Journal of Biological Sciences, 27(12), 3221-3227.

https://doi.org/10.1016/j.sjbs.2020.08.015

Henning, F.G., Ito, V.C., Mottin Demiate, I., & Lacerda, L.G. (2022). Non-conventional
starches for biodegradable films: A review focussing on characterization and recent applications
in food, Carbohydrate Polymer Technologies and  Applications, 4, 100157.

https://doi.org/10.1016/j.carpta.2021.100157

Hernalsteens, S. (2020). Chapter 24 - Edible films and coatings made up of fruits and
vegetables. In M. A. de Moraes, C., Ferreira da Silva, R., & Silveira Vieira (Eds.). Biopolymer

Membranes and Films (pp. 575-588). Elsevier. https://doi.org/10.1016/b978-0-12-818134-

8.00024-9

Huang, L., Sun, D. W., Pu, H., Zhang, C., & Zhang, D. (2023). Nanocellulose-based polymeric
nanozyme as bioinspired spray coating for fruit preservation. Food Hydrocolloids, 135, 108138.

https://doi.org/10.1016/j.foodhyd.2022.108138

Huntrakul, K., & Harnkarnsujarit, N. (2019). Effects of plasticizers on water sorption and aging
stability of whey protein/carboxy methyl cellulose films. Journal of Food Engineering, 272,

109809. https://doi.org/10.1016/j.jfoodeng.2019.109809

Huntrakul, K., Yoksan, R., Sane, A., & Harnkarnsujarit, N. (2020). Effects of pea protein on
properties of cassava starch edible films produced by blown-film extrusion for oil packaging.

Food Packaging and Shelf Life, 24, 100480. https://doi.org/10.1016/j.fpsl.2020.100480

61



Journal Pre-proof

Issa, A., lbrahim, S. A., & Tahergorabi, R. (2017). Impact of Sweet Potato Starch-Based
Nanocomposite Films Activated with Thyme Essential Oil on the Shelf-Life of Baby Spinach

Leaves. Foods, 6(6), 43. https://doi.org/10.3390/foods6060043

Izzi, Y. S., Gerschenson, L. N., Jagus, R. J., & Ollé Resa, C. P. (2023). Edible Films Based on
Tapioca Starch and WPC or Gelatine Plasticized with Glycerol: Potential Food Applications
Based on Their Mechanical and Heat-Sealing Properties. Food and Bioprocess Technology, 1-

11. https://doi.org/10.1007/s11947-023-03089-y

Jafarzadeh, S., Forough, M., Amjadi, S., Javan Kouzegaran, V., Almasi, H., Garavand, F., &
Zargar, M. (2022). Plant protein-based nanocomposite films: A review on the used
nanomaterials, characteristics, and food packaging applications. Critical Reviews in Food

Science and Nutrition, 1-27. https://doi.org/10.1080/10408398.2022.2070721

Jafarzadeh, S., Jafari, S. M., Salehabadi, A., Nafchi, A. M., Uthaya, U. S. & Khalil, H. P. S. A.
(2020). Biodegradable green packaging with antimicrobial functions based on the bioactive
compounds from tropical plants and their by-products. Trends in Food Science & Technology,

100, 262-277. https://doi.org/10.1016/].tifs.2020.04.017

Jeya Jeevahan, J., Chandrasekaran, M., Venkatesan, S. P., Sriram, V., Britto, J. G,
Mageshwaran, G., & Durairaj, R. B. (2020). Scaling up difficulties and commercial aspects of
edible films for food packaging: A review. Trends in Food Science & Technology, 100, 210-

222. https://doi.org/10.1016/j.tifs.2020.04.014

Jiménez, A., Fabra, M. J., Talens, P., & Chiralt, A. (2012). Effect of sodium caseinate on
properties and ageing behaviour of corn starch based films. Food Hydrocolloids, 29(2), 265—

271. https://doi.org/10.1016/j.foodhyd.2012.03.014

62



Journal Pre-proof

Jingyi, Y., Reddy, C. K., Fan, Z., & Xu, B. (2023). Physicochemical and structural properties of
starches from non-traditional sources in China. Food Science and Human Wellness, 12(2), 416-

423. https://doi.org/10.1016/j.fshw.2022.07.043

Juhész, A., Colgrave, M. L., & Howitt, C. A. (2020). Developing gluten-free cereals and the
role of proteomics in product safety. Journal of Cereal Science, 93, 102932.

https://doi.org/10.1016/j.jcs.2020.102932

Kafkas, N. E., Kosar, M., Oz, A. T., & Mitchell, A. E. (2018). Advanced Analytical Methods
for Phenolics in Fruits. Journal of Food Quality, 2018, 1-6.

https://doi.org/10.1155/2018/3836064.

Kanatt, S.R., & Chawla, S.P. (2017). Shelf life extension of chicken packed in active film
developed  with  mangopeel  extract. Journal of Food  Safety, €12385.

https://doi.org/10.1111/jfs.1238512

Kanatt, S.R., Rao, M.S., Chawla, S.P., & Sharma, A. (2012). Active chitosanepolyvinyl alcohol
films with natural extracts. Food Hydrocolloids, 29(2), 290-297.

https://doi.org/10.1016/j.foodhyd.2012.03.005

Kapoor, S., Gandhi, N., Tyagi, S. K., Kaur, A., & Mahajan, B. V. C. (2020). Extraction and
characterization of guava seed oil: A novel industrial byproduct. LWT - Food Science and

Technology, 132, 109882. https://doi.org/10.1016/j.lwt.2020.109882

Kaur, P., Broadway, A. A., Alam, T., David, J., & Chattree, A. (2023) Extraction and
characterization of Tikhur starch (Curcuma angustifolia) and its utilization in the development
of edible  films. Eco. Env. & Cons. 29. pp. (S220-5229).

http://doi.org/10.53550/EEC.2023.v29i015.035

Khanzadi, M., Jafari, S. M., Mirzaei, H., Chegini, F. K., Maghsoudlou, Y., & Dehnad, D.

(2015). Physical and mechanical properties in biodegradable films of whey protein concentrate—

63



Journal Pre-proof

pullulan by application of beeswax. Carbohydrate Polymers, 118, 24-29.

https://doi.org/10.1016/j.carbpol.2014.11.015

Kharchoufi, S., Parafati, L., Licciardello, F., Muratore, G., Hamdi, M., Cirvilleri, G., &
Restuccia, C. (2018). Edible coatings incorporating pomegranate peel extract and biocontrol
yeast to reduce Penicillium digitatum postharvest decay of oranges. Food Microbiology, 74,

107-112. https://doi.org/10.1016/j.fm.2018.03.011

Khoddami, A., Wilkes, M., & Roberts, T. (2013). Techniques for Analysis of Plant Phenolic

Compounds. Molecules, 18(2), 2328-2375. https://doi.org/10.3390/molecules18022328

Kouhi, M., Prabhakaran, M.P., & Ramakrishna, S. (2020). Edible polymers: An insight into its
application in food, biomedicine and cosmetics. Trends in Food Science & Technology, 103,

248-263. https://doi.org/10.1016/j.tifs.2020.05.025

Kristo, E., Koutsoumanis, K. P., & Biliaderis, C. G. (2008). Thermal, mechanical and water
vapor barrier properties of sodium caseinate films containing antimicrobials and their inhibitory
action on  Listeria  monocytogenes. Food  Hydrocolloids, 22(3), 373-386.

https://doi.org/10.1016/j.foodhyd.2006.12.003

Krochta, J. (2002). Chapter 1 - Proteins as Raw Materials for Films and Coatings. In A.
Gennadios (Eds.). Protein-Based Films and Coatings (1st ed.) (pp. 1-42). CRS Press.

https://doi.org/10.1201/9781420031980.ch

Krochta, J. M., & De Mulder-Johnston, C. L. C. (1996). Chapter 9 -Biodegradable Polymers
from Agricultural Products. In Agricultural Materials as Renewable Resources (pp. 120-140).

ACS Symposium Series. https://doi.org/10.1021/bk-1996-0647.ch009

Kumar, A., Hasan, M., Mangaraj, S., Pravitha, M., Verma, D. K., & Srivastav, P. P. (2022).
Trends in edible packaging films and its prospective future in food: a review. Applied Food

Research, 100118. https://doi.org/10.1016/j.afres.2022.100118

64



Journal Pre-proof

Kumar, N., Daniloski, D., D'cunha, N. M., Naumovski, N., & Petkoska, A. T. (2022).
Pomegranate peel extract-a natural bioactive addition to novel active edible packaging. Food

Research International, 156, 111378. https://doi.org/10.1016/j.foodres.2022.111378

Kumar, N., Pratibha, N., & Sharma, S. (2020). Effect of solvents on physiochemical properties
of freeze-dried pomegranate seed (Cv. Bhagwa). International Journal of Fruit Science, 20,

590-604. https://doi.org/10.1080/15538362.2020.1747042

Kumar, P., Tanwar, R., Gupta, V., Upadhyay, A., Kumar, A., & Gaikwad, K. K. (2021).
Pineapple peel extract incorporated poly(vinyl alcohol)-corn starch film for active food
packaging: Preparation, characterization and antioxidant activity. International Journal of

Biological Macromolecules, 187, 223-231. http://doi:10.1016/j.ijbiomac.2021.07.136

Kumar, S., Mukherjee, A., & Dutta, J. (2020). Chitosan based nanocomposite films and
coatings: Emerging antimicrobial food packaging alternatives. Trends in Food Science &

Technology, 97, 196-209. https://doi.org/10.1016/j.tifs.2020.01.002.

Kusumaningrum, D., Lee, S.H., Lee, W.H., Mo, C. & Cho, B. (2015). A review of technologies
to prolong the shelf life of fresh tropical fruits in Southeast Asia. Journal of Bio System

Engineering, 40(4), 345-358. http://dx.doi.org/10.5307/JBE.2015.40.4.345.

Kuswandi, B., & Jumina. (2020). 12- Active and intelligent packaging, safety, and quality
controls. In M. W. Siddiqui (Ed.), Fresh-Cut Fruits and Vegetables (pp. 243-294). Academic

Press. https://doi.org/10.1016/B978-0-12-816184-5.00012-4

Lebreton, L., Slat, B., Ferrari, F., Sainte-Rose, B., Aitken, J., Marthouse, R., Hajbane, S.,
Cunsolo, S., Schwarz, A., Levivier, A., Noble, K., Debeljak, P., Maral, H., Schoeneich-Argent,
R., Brambini, R., & Reisser, J. (2018). Evidence that the Great Pacific Garbage Patch is rapidly

accumulating plastic. Scientific Reports, 8, 4666. https://doi.org/10.1038/s41598-018-22939-w.

65



Journal Pre-proof

Lee, E. S., Song, H. G., Choi, I, Lee, J. S., & Han, J. (2020). Effects of mung bean starch/guar
gum-based edible emulsion coatings on the staling and safety of rice cakes. Carbohydrate

polymers, 247, 116696. https://doi.org/10.1016/j.carbpol.2020.116696

Li, H. T., Chen, S. Q., Bui, A. T., Xu, B., & Dhital, S. (2021). Natural ‘capsule’in food plants:
Cell wall porosity controls starch digestion and fermentation. Food Hydrocolloids, 117, 106657.

https://doi.org/10.1016/j.foodhyd.2021.106657

Li, J., Ye, F., Lei, L., & Zhao, G. (2018). Combined effects of octenylsuccination and oregano
essential oil on sweet potato starch films with an emphasis on water resistance. International
Journal of Biological Macromolecules, 115, 547-553.

https://doi.org/10.1016/j.ijbiomac.2018.04.093.

Liao, J., Zhou, Y., Hou, B., Zhang, J., & Huang, H. (2023). Nano-chitin: Preparation strategies
and food biopolymer film reinforcement and applications. Carbohydrate Polymers, 120553.

https://doi.org/10.1016/j.carbpol.2023.120553

Lima, M. C., Paiva de Sousa, C., Fernandez-Prada, C., Harel, J., Dubreuil, J. D., & de Souza, E.
L. (2019). A review of the current evidence of fruit phenolic compounds as potential
antimicrobials against pathogenic bacteria. Microbial Pathogenesis, 130, 259-270.

https://doi.org/10.1016/j.micpath.2019.03.0.

Liu, C., Huang, J., Zheng, X., Liu, S., Lu, K., Tang, K., & Liu, J. (2020). Heat sealable soluble
soybean polysaccharide/gelatin blend edible films for food packaging applications. Food

Packaging and Shelf Life, 24, 100485. https://doi.org/10.1016/j.fpsl.2020.100485.

Liu, Y., Liu, M., Zhang, L., Cao, W., Wang, H., Chen, G., & Wang, S. (2022). Preparation and
properties of biodegradable films made of cationic potato-peel starch and loaded with curcumin.

Food Hydrocolloids, 130, Article 107690. https://doi.org/10.1016/j.foodhyd.2022.107690.

66



Journal Pre-proof

Lépez-Cobo, A., Verardo, V., Diaz-de-Cerio, E., Segura-Carretero, A., Fernandez-Gutiérrez,
A., & Gomez-Caravaca, A. M. (2017). Use of HPLC- and GC-QTOF to determine hydrophilic
and lipophilic phenols in mango fruit (Mangifera indica L.) and its by-products. Food Research

International, 100, 423-434. https://doi.org/10.1016/j.foodres.2017.02.008.

Lumdubwong, N. (2019). Applications of Starch-Based Films in Food Packaging. In Reference

Module in Food Science (pp. 1-12). Elsevier Inc. https://doi.org/10.1016/b978-0-08-100596-

5.22481-5

M. Rangaraj, V., Rambabu, K., Banat, F., & Mittal, V. (2021). Natural antioxidants-based
edible active food packaging: An overview of current advancements. Food Bioscience, 43,

Article 101251. https://doi.org/10.1016/j.fbio.2021.101251

Magalhées, D., Vilas-Boas, A. A., Teixeira, P., & Pintado, M. (2023). Functional Ingredients
and Additives from Lemon by-Products and Their Applications in Food Preservation: A

Review. Foods, 12(5), 1095. https://doi.org/10.3390/f00ds12051095

Majeed, T., Dar, A. H., Pandey, V. K., Dash, K. K., Srivastava, S., Shams, R., ... &
Pandiselvam, R. (2023). Role of additives in starch-based edible films and coating: A review
with  current  knowledge.  Progress in  Organic  Coatings, 181, 107597.

https://doi.org/10.1016/j.porgcoat.2023.107597

Majidi, H. J., Babaei, A., Bafrani, Z. A., Shahrampour, D., Zabihi, E., & Jafari, S. M. (2019).
Investigating the best strategy to diminish the toxicity and enhance the antibacterial activity of
graphene oxide by chitosan addition. Carbohydrate Polymers, 225, 115220.

https://doi.org/10.1016/j.carbpol.2019.115220

Makroo, H.A., Nagash, S., Saxena J., Savita Sharma, Majid, D., & Dar, B.N (2021). Recovery
and characteristics of starches from unconventional sources and their potential applications: A

review. Applied Food Research, 1, 100001. https://doi.org/10.1016/j.afres.2021.100001

67



Journal Pre-proof

Maldonado-Celis, M. E., Yahia, E. M., Bedoya, R., Landazuri, P., Loango, N., Aguillon, J., &
Guerrero Ospina, J. C. (2019). Chemical Composition of Mango (Mangifera indica L.) Fruit:
Nutritional and Phytochemical Compounds. Frontiers in Plant Science, 10.

https://doi.org/10.3389/fpls.2019.01073.

Marcillo-Parra, V., Anaguano, M., Molina, M., Tupuna-Yerovi, D. S., & Ruales, J. (2021).
Characterization and quantification of bioactive compounds and antioxidant activity in three
different varieties of mango (Mangifera indica L.) peel from the Ecuadorian region using
HPLC-UV/VIS and UPLC-PDA. NFS Journal, 23, 1-7.

https://doi.org/10.1016/j.nfs.2021.02.001

Marques, J. L., Funck, G. D., Dannenberg, G. D., Cruxen, C. E., Halal, S. L., & Dias, A.
R.(2017). Bacteriocin-like substances of Lactobacillus curvatus P99: Characterization and
application in biodegradable films for control of Listeria monocytogenes in cheese. Food

Microbiology, 63, 159-163. http://dx.doi.org/10.1016/j.fm.2016.11.008

Martin Ortega, A. M., & Segura Campos, M. R. (2019). Chapter 13 - Bioactive Compounds as
Therapeutic Alternatives. In ‘M. R. Campos (Ed.), Bioactive Compounds (pp. 247-264).

Woodhead Publishing. https.//doi.org/10.1016/b978-0-12-814774-0.00013-x

Martin-Belloso O., Rojas-Grai M.A., & Soliva-Fortuny R. (2009). Delivery of Flavor and
Active Ingredients Using Edible Films and Coatings. In K. Huber, & M. Embuscado (Eds.),
Edible Films and Coatings for Food Applications (pp. 295-313). Springer.

https://doi.org/10.1007/978-0-387-92824-1 10

Martinez-Ramos, T., Benedito-Fort, J. J., Watson, N. J., Ruiz-L6pez, 1. I., Che-Galicia, G., &
Corona-Jiménez, E. (2020). Effect of solvent composition and its interaction with ultrasonic
energy on the ultrasound-assisted extraction of phenolic compounds from Mango peels
(Mangifera  indica L.). Food and Bioproducts Processing, 122, 41-54.

https://doi.org/10.1016/j.fbp.2020.03.011.

68



Journal Pre-proof

Matignon, A., & Tecante, A. (2017). Starch retrogradation: From starch components to cereal

products. Food Hydrocolloids, 68, 43-52. https://doi.org/10.1016/j.foodhyd.2016.10.032.

Meena L., Rooman Neog, M. Yashini, C.K. Sunil (2022). Pineapple pomace powder (freeze-
dried): Effect on the texture and rheological properties of set-type yogurt. Food Chemistry

Advances, 1, 100101. https://doi.org/10.1016/j.focha.2022.100101

Mehboaob, S., Ali, T. M., Sheikh, M., & Hasnain, A. (2020). Effects of cross linking and/or
acetylation on sorghum starch and film characteristics. International Journal of Biological

Macromolecules, 155, 786-794. https://doi.org/10.1016/j.ijhiomac.2020.03.144.

Mohammad, N. A., Zaidel, D. N. A., Muhamad, I. I., Hamid, M. A., Yaakob, H., & Jusoh, Y.
M. M. (2019). Optimization of the antioxidant-rich xanthone extract from mangosteen (Garcinia
mangostana L.) pericarp via microwave-assisted extraction. Heliyon, 5(10), e02571.

https://doi.org/10.1016/j.heliyon.2019.e02571

Mohammadi, H., Kamkar, A., & Misaghi, A. (2018). Nanocomposite films based on CMC, okra
mucilage and ZnO nanoparticles: Physico mechanical and antibacterial properties.

Carbohydrate Polymers, 181, 351-357. https://doi.org/10.1016/j.carbpol.2017.10.045

Mohammed, A. A., Hasan, Z., Omran, A. A. B., Elfaghi, A. M., Khattak, M. A., llyas, R. A., &
Sapuan, S. M. (2023). Effect of Various Plasticizers in Different Concentrations on Physical,
Thermal, Mechanical, and Structural Properties of Wheat Starch-Based Films. Polymers, 15(1),

63. https://doi.org/10.3390/polym15010063

Moller, A.C., van der Padt, A., & van der Goot A.J., (2021). From raw material to mildly
refined ingredient — Linking structure to composition to understand fractionation processes.

Journal of Food Engineering, 291. https://doi.org/10.1016/j.jfoodeng.2020.110321

69



Journal Pre-proof

Moller, A.C.; van der Padt, A.; & van der Goot, AJ. (2021). From raw material to mildly

refined ingredients — Linking structure to composition to understand fractionation processes.

Journal of Food Engineering, 291. https://doi.org/10.1016/j.jfoodeng.2020.110321.

Molnar, D., Novotni, D., Kurek, M., Ivekovi¢, D., Bionda, H., & S&etar, M. (2023).
Characteristics of edible films enriched with fruit by-products and their application on cookies.

Food Hydrocolloids, 135, 108191. https://doi.org/10.1016/j.foodhyd.2022.108191

Monteiro Fritz, A. R., de Matos Fonseca, J., Trevisol, T. C., Fagundes, C., & Valencia, G. A.
(2019). Active, Eco-Friendly and Edible Coatings in the Post-Harvest — A Critical Discussion.
In Gutiérrez T. (Ed.), Polymers for Agri-Food Applications (pp. 433-463). Springer, Cham.

https://doi.org/10.1007/978-3-030-19416-1 22.

Moorthy, S. N., Sajeev, M. S., & Anish, R. J. (2018). Chapter 11 - Functionality of tuber
starches. In M. Sjo0, & L, Nilsson (Eds.), Starch in Food (2nd ed.) (pp. 421-508). Woodhead

Publishing in Food Science, Technology and Nutrition. http://dx.doi.org/10.1016/B978-0-08-

100868-3.00011-1

Moradi, M., Kousheh, S. A., Razavi, R., Rasouli, Y., Ghorbani, M., Divsalar, E., ... & lbrahim,
S. A. (2021). Review of microbiological methods for testing protein and carbohydrate-based
antimicrobial food packaging. Trends in Food Science & Technology, 111, 595-609.

https://doi.org/10.1016/j.tifs.2021.03.007

Morais, D. R., Rotta, E. M., Sargi, S. C., Schmidt, E. M., Bonafe, E. G., Eberlin, M. N., ...
Visentainer, J. V. (2015). Antioxidant activity, phenolics and UPLC-ESI(-)-MS of extracts
from different tropical fruits parts and processed peels. Food Research International, 77, 392—

399. https://doi.org/10.1016/j.foodres.2015.08.036

Moreira, E. D. S., Silva, N. M. C. D., Brandao, M. R. S., Santos, H. C., & Ferreira, T. A. P. D.

C. (2022). Effect of modified starch and gelatin by-product based edible coating on the

70



Journal Pre-proof

postharvest quality and shelf life of guava fruits. Food Science and Technology (Campinas), 42,

£26221. http://dx.doi.org/10.1590/fst.26221

Mu, T.-H., & Zhang, M. (2019). Chapter 1 - Sweet potato starch: chemistry, processing, and
nutrition- an introduction. In T.-H. Mu, & J. Singh (Eds.), Sweet Potato (pp. 27-68). Academic

Press. https://doi.org/10.1016/B978-0-12-813637-9.00001-6

Munekata, P. E. S., Rocchetti, G., Pateiro, M., Lucini, L., Dominguez, R., & Lorenzo, J. M.
(2020). Addition of plant extracts to meat and meat products to extend shelf-life and health-
promoting attributes: An overview. Current Opinion in Food Science, 31, 81-87.

https://doi.org/10.1016/j.cofs.2020.03.003

Mufoz-Tebar, N., Pérez-Alvarez, J. A., Fernandez-Ldpez, J., & Viuda-Martos, M. (2023).
Chitosan Edible Films and Coatings with Added Bioactive Compounds: Antibacterial and
Antioxidant Properties and Their Application to Food Products: A Review. Polymers, 15(2),

396. https://doi.org/10.3390/polym15020396

Mutalib, M. (2014). Proximate Analysis, Antioxidant and Antiproliferative Activities of
Different Parts of Carica Papaya. Journal of Nutrition & Food Sciences, 4 (2), 1000267.

https://doi.org/10.4172/2155-9600.1000267

Nakamoto, M. M., Assis, M., de Oliveira Filho, J. G., & Braga, A. R. C. (2023). Spirulina
application in food packaging: Gaps of knowledge and future trends. Trends in Food Science &

Technology, 133, 138-147. https://doi.org/10.1016/j.tifs.2023.02.001

Narvaez-Cuenca, C.-E., Inampues-Charfuelan, M.-L., Hurtado-Benavides, A.M., Parada-
Alfonso, F., & Vincken, J.-P. (2020). The phenolic compounds, tocopherols, and phytosterols in
the edible oil of guava (Psidium guava) seeds obtained by supercritical CO2 extraction. Journal

of Food Composition and Analysis, 89, 103467. https://doi.org/10.1016/j.jfca.2020.103467.

71



Journal Pre-proof

Nascimento, K. D. O. D., Paes, S. D. N. D., & Augusta, I. M. (2018). A Review 'Clean
Labeling': Applications of Natural Ingredients in Bakery Products. Journal of Food and

Nutrition Research, 6(5), 285-294. https://doi.org/10.12691/jfnr-6-5-2

Niaz, K., & Khan, F. (2020). Chapter 3 - Analysis of polyphenolics. In A. Sanches Silva, S. F.

Nabavi, M. Saeedi, & S. M. Nabavi (Eds.), Recent Advances in Natural Products Analysis (pp.

39-197). Elsevier. https://doi.org/10.1016/b978-0-12-816455-6.00003-2

Nikmaram, N., Budaraju, S., Barba, F. J., Lorenzo, J. M., Cox, R. B., Mallikarjunan, K., &
Roohinejad, S. (2018). Application of plant extracts to improve the shelf-life, nutritional and
health-related properties of ready-to-eat meat products. Meat Science, 145, 245-255.

https://doi.org/10.1016/j.meatsci.2018.06.031

Nor Adilah, A., Noranizan, M. A., Jamilah, B., & Nur Hanani, Z. A. (2020). Development of
polyethylene films coated with gelatin and mango peel extract and the effect on the quality of
margarine. Food Packaging and Shelf Life, 26, 100577.

https://doi.org/10.1016/j.fpsl.2020.100577

Nouraddini, M., Esmaiili, M., & Mohtarami, F. (2018). Development and characterization of
edible films based on eggplant flour and corn starch. International Journal of Biological

Macromolecules, 120 (Pt B), 1639-1645. https://doi.org/10.1016/j.ijbiomac.2018.09.126

Nwokocha, L. M., Aviara, N. A., Senan, C., & Williams, P. A. (2014). A comparative study of
properties of starches from Irish potato (Solanum tuberosum) and sweet potato (Ipomea batatas)

grown in Nigeria. Starch - Starke, 66(7-8), 714—723. https://doi.org/10.1002/star.201300237

Ojogbo, E., Ogunsona, E. O., & Mekonnen, T. H. (2020). Chemical and physical modifications
of starch for renewable polymeric materials. Materials Today Sustainability, 7, 100028.

https://doi.org/10.1016/j.mtsust.2019.100028

72



Journal Pre-proof

Oldoni, F. C. A, Bernardo, M. P., Oliveira Filho, J. G., de Aguiar, A. C., Moreira, F. K. V.,
Mattoso, L. H. C., & Ferreira, M. D. (2021). Valorization of mangoes with internal breakdown
through the production of edible films by continuous solution casting. LWT - Food Science and

Technology, 145, 111339. https://doi.org/10.1016/j.1wt.2021.111339

Oliveira Filho, J. G. de, Bezerra, C. C. de O. N., Albiero, B. R., Oldoni, F. C. A., Miranda, M.,
Egea, M. B., & Ferreira, M. D. (2020). New approach in the development of edible films: The
use of carnauba wax micro- or nanoemulsions in arrowroot starch-based films. Food Packaging

and Shelf Life, 26, 100589. https://doi.org/10.1016/j.fpsl.2020.100589

Olszewska, M. A., Gedas, A., & Simdes, M. (2020). Antimicrobial polyphenol-rich extracts:
Applications and limitations in the food industry. Food Research International, 134, 109214.

https://doi.org/10.1016/j.foodres.2020.109214

Ordofiez, R., Atarés, L., & Chiralt, A. (2022). Biodegradable active materials containing

phenolic acids for food packaging applications. Comprehensive Reviews in Food Science and

Food Safety, 21(5), 3910-3930. hitps://doi.org/10.1111/1541-4337.13011

Ortega, F., Minnaard, J., Arce, V. B., & Garcia, M. A. (2023). Nanocomposite starch films:
Cytotoxicity studies and their application as cheese packaging. Food Bioscience, 53, 102562.

https://doi.org/10.1016/j.fbio.2023.102562

Otalora Gonzalez, C.M., Flores, S.K. Basanta, M.F., & Gerschenson, L. (2020). Effect of
beetroot (Beta vulgaris L. var conditiva) fiber filler and corona treatment on cassava starch
films properties. Food Packaging and Shelf Life, 26, 100605.

https://doi.org/10.1016/j.fpsl.2020.100605

Otoni, C. G., Avena-Bustillos, R. J., Azeredo, H. M. C., Lorevice, M. V., Moura, M. R.,

Mattoso, L. H. C., & McHugh, T. H. (2017). Recent Advances on Edible Films Based on Fruits

73



Journal Pre-proof

and Vegetables-A Review. Comprehensive Reviews in Food Science and Food Safety, 16(5),

1151-1169. https://doi.org/10.1111/1541-4337.12281.

Oyom, W., Zhang, Z., Bi, Y., & Tahergorabi, R. (2022). Application of starch-based coatings
incorporated with antimicrobial agents for preservation of fruits and vegetables: A review.
Progress in Organic Coatings, 166, Article 106800.

https://doi.org/10.1016/j.porgcoat.2022.106800

Padayachee, A., Day, L., Howell, K., & Gidley, M. J. (2017). Complexity and health
functionality of plant cell wall fibers from fruits and vegetables. Critical Reviews in Food

Science and Nutrition, 57(1), 59-81. https://doi.org/10.1080/10408398.2013.850652

Pajak, P., Przetaczek-Roznowska, 1., & Juszczak, L. (2019). Development and physicochemical,
thermal and mechanical properties of edible films based on pumpkin, lentil and quinoa starches.
International Journal of Biological Macromolecules, 138, 441-449.

https://doi.org/10.1016/j.ijbiomac.2019.07.074

Pathania, S., & Kaur, N. (2022). Utilization of fruits and vegetable by-products for isolation of
dietary fibres and its potential application as functional ingredients. Bioactive Carbohydrates

and Dietary Fibre, 27, 100295. https://doi.org/10.1016/j.bcdf.2021.100295

Patifio-Rodriguez, O., Bello-Pérez, L. A., Agama-Acevedo, E., & Pacheco-Vargas, G. (2020).
Pulp and peel of unripe stenospermocarpic mango (Mangifera indica L. cv Ataulfo) as an
alternative source of starch, polyphenols and dietary fibre. Food Research International,

109719. https://doi.org/10.1016/j.foodres.2020.109719

Pavli, F., Tassou, C., Nychas, G.-J., & Chorianopoulos, N. (2018). Probiotic Incorporation in
Edible Films and Coatings: Bioactive Solution for Functional Foods. International Journal of

Molecular Sciences, 19(1), 150. https://doi.org/10.3390/ijms19010150

74



Journal Pre-proof

Pedreiro, S., Figueirinha, A., Silva, A. S., & Ramos, F. (2021). Bioactive edible films and
coatings based in gums and starch: phenolic enrichment and food application. Coatings, 11(11),

1393. https://doi.org/10.3390/coatings11111393

Pelissari, F. M., Ferreira, D. C., Louzada, L. B., dos Santos, F., Corréa, A. C., Moreira, F. K. V.,
& Mattoso, L. H. (2019). Chapter 10 - Starch-Based Edible Films and Coatings. In M. T.
Pedrosa Silva Clerici, & M. Schmiele (Eds.), Starches for Food Application (pp. 359—420).

Academic Press. https://doi.org/10.1016/b978-0-12-809440-2.00010-1

Pella, M., Silva, O.A., Pella, M.G., Beneton, A.G., Caetano, J., Simdes, M.R., & Dragunski,
D.C. (2019). Effect of gelatin and casein additions on starch edible biodegradable films for fruit

surface coating. Food Chemistry, 125764. https://doi.org/10.1016/j.foodchem.2019.125764

Pérez-Vergara, L. D., Cifuentes, M. T., Franco, A. P., Pérez-Cervera, C. E., & Andrade-Pizarro,
R. D. (2020). Development and characterization of edible films based on native cassava starch,

beeswax, and propolis. NFS Journal, 21, 39-49. https://doi.org/10.1016/j.nfs.2020.09.002

Pimentel-Moral, S., Cadiz-Gurrea, M. de la L., Rodriguez-Pérez, C., & Segura-Carretero, A.
(2020). 7- Recent advances in extraction technologies of phytochemicals applied for the
revaluation of agri-food by-products. In Bhanu Prakash (Ed.), Functional and Preservative

Properties of Phytochemicals (pp. 209-239). Academic Press. https://doi.org/10.1016/b978-0-

12-818593-3.00007-5.

Plastics Europe (2022). Plastics—the Facts 2021. Retrieved from

https://plasticseurope.org/knowledge-hub/plastics-the-facts-2021/ Accessed July, 2022.

Prabhu, A. K., Devadas, S. M., Lobo, R., Udupa, P., Chawla, K., & Ballal, M. (2017).
Antidiarrheal activity and phytochemical analysis of Carica papaya fruit extract. Journal of

Pharmaceutical Sciences and Research, 9(7), 1151.

75



Journal Pre-proof

Punia, S. (2020). Barley starch modifications: Physical, chemical and enzymatic - A review.
International Journal of Biological Macromolecules, 144, 578-585.

https://doi.org/10.1016/j.ijbiomac.2019.12.088.

Radford, D., Guild, B., Strange, P., Ahmed, R., Lim, L. T., & Balamurugan, S. (2017).
Characterization of antimicrobial properties of Salmonella phage Felix O1 and Listeria phage
A511 embedded in xanthan coatings on Poly(lactic acid) films. Food Microbiology, 66, 117—

128. https://doi.org/10.1016/j.fm.2017.04.015.

Rangaraj, V. M., Rambabu, K., Banat, F., & Mittal, V. (2021). Natural antioxidants-based
edible active food packaging: An overview of current advancements. Food Bioscience, 43,

Article 101251. https://doi.org/10.1016/j.fbio.2021.101251

Rhein, S., & Schmid, M. (2020). Consumers’ awareness of plastic packaging: More than just
environmental concerns. Resources, Conservation and Recycling, 162, Article 105063.

https://doi.org/10.1016/j.resconrec.2020.105063.

Rhodes, D. H., Hoffmann, L., Rooney, W. L., Herald, T. J., Bean, S., Boyles, R., & Kresovich,
S. (2017). Genetic architecture of kernel composition in global sorghum germplasm. BMC

Genomics, 18(15). https://doi.org/10.1186/s12864-016-3403-x.

Rodriguez, G. M., Sibaja, J. C., Espitia, P. J. P., & Otoni, C. G. (2019). Antioxidant active
packaging based on papaya edible films incorporated with Moringa oleifera and ascorbic acid
for food preservation. Food Hydrocolloids, 103, 105630.

https://doi.org/10.1016/j.foodhyd.2019.105630.

Rojas-Garbanzo, C., Winter, J., Montero, M. L., Zimmermann, B. F., & Schieber, A. (2018).
Characterization of Phytochemicals in Costa Rican guava (Psidium friedrichsthalianum -Nied.)

Fruit and Stability of Main Compounds During Juice Processing - (U)HPLC-DAD-ESI-TQD-

76



Journal Pre-proof

MSn. Journal of Food Composition and Analysis, 3141.

https://doi.org/10.1016/j.jfca.2018.09.012.

Sahraee, S., Milani, J. M., Regenstein, J. M., & Kafil, H. S. (2019). Protection of foods against
oxidative deterioration using edible films and coatings: A review. Food Bioscience, 32, 100451.

https://doi.org/10.1016/j.fbi0.2019.100451

Salam, M. A., Al-Amin, M. Y., Pawar, J. S., Akhter, N., & Lucy, I. B. (2023). Conventional
methods and future trends in antimicrobial susceptibility testing. Saudi Journal of Biological

Sciences, 103582. https://doi.org/10.1016/j.sjbs.2023.10358

Sani, I. K., Masoudpour-Behabadi, M., Sani, M. A., Motalebinejad, H., Juma, A. S., Asdagh,
A., ... & Mohammadi, F. (2022). Value-added utilization of fruit and vegetable processing by-
products for the manufacture of biodegradable food packaging films. Food Chemistry, 134964.

https://doi.org/10.1016/j.foodchem.2022.134964

Santacruz, S., Rivadeneira, C., & Castro, M. (2015). Edible films based on starch and chitosan.
Effect of starch source and concentration, plasticizer, surfactant’s hydrophobic tail and
mechanical treatment. Food Hydrocolloids, 49, 89-94.

https://doi.org/10.1016/j.foodhyd.2015.03.019.

Santhosh, R., Nath, D., & Sarkar, P. (2021). Novel food packaging materials including plant-
based byproducts: A review. Trends in Food Science & Technology, 118, 471-48.

https://doi.org/10.1016/j.tifs.2021.10.013.

Santos, D., Lopes da Silva, J. A., Pintado, M. (2022). Fruit and vegetable by-products' flours as
ingredients: A review on production process, health benefits and technological functionalities.

LWT, 154, Article 112707. https://doi.org/10.1016/j.lwt.2021.112707.

Sapper, M., & Chiralt, A. (2018). Starch-based coatings for preservation of fruits and

vegetables. Coatings, 8(5), 152. https://doi.org/10.3390/coatings8050152

7



Journal Pre-proof

Savithramma, N., Rao, M. L., & Suhrulatha, D. (2011). Screening of medicinal plants for

secondary metabolites. Middle-East Journal of Scientific Research, 8(3), 579-584.

Semeijn, C., & Buwalda, P. L. (2018). Chapter 9-Potato Starch. In M. Sj66, & L. Nilsson
(Eds.), Starch in Food (2nd ed.) (pp. 353-372). Woodhead Publishing Series in Food Science,

Technology and Nutrition. https://doi.org/10.1016/B978-0-08-100868-3.00009-3.

Senturk Parreidt, T., Schott, M., Schmid, M., & Miuller, K. (2018). Effect of Presence and
Concentration of Plasticizers, Vegetable Qils, and Surfactants on the Properties of Sodium-
Alginate-Based Edible Coatings. International Journal of Molecular Sciences, 19(3), 742.

https://doi.org/10.3390/ijms19030742.

Sepulveda, L., Romani, A., Aguilar, C. N., & Teixeira, J. (2018). Valorization of pineapple
waste for the extraction of bioactive compounds and glycosides using autohydrolysis.
Innovative Food Science & Emerging Technologies, 47, 38-45.

https://doi.org/10.1016/j.ifset.2018.01.012

Shahidi, F., & Hossain, A. (2022). Preservation of aquatic food using edible films and coatings
containing essential oils: A review. Critical Reviews in Food Science and Nutrition, 62(1), 66-

105. https://doi.org/10.1080/10408398.2020.1812048

Shapi’i, R. A., Othman, S. H., Nordin, N., Basha, R. K., & Naim, M. N. (2020). Antimicrobial
properties of starch films incorporated with chitosan nanoparticles: In vitro and in vivo
evaluation. Carbohydryte Polymers, 230, 115602.

https://doi.org/10.1016/j.carbpol.2019.115602.

Sharma, N., Yagoob, M., Singh, P., Kaur, G., & Aggarwal, P. (2023). Nanoencapsulation of
Bioactive Compounds. Nanotechnology Horizons in Food Process Engineering: Volume 3:

Trends, Nanomaterials, and Food Delivery, 285.

78



Journal Pre-proof

Silva, L. M. R. da, Figueiredo, E. A. T. de, Ricardo, N. M. P. S., Vieira, I. G. P., Figueiredo, R.
W. de, Brasil, I. M., & Gomes, C. L. (2014). Quantification of bioactive compounds in pulps
and by-products of tropical fruits from Brazil. Food Chemistry, 143, 398-404.

https://doi.org/10.1016/j.foodchem.2013.08.

Singh, J., Colussi, R., McCarthy, O. J., & Kaur, L. (2016). Potato Starch and Its Modification.

Advances in Potato Chemistry and Technology, 195-247. https://doi.org/10.1016/b978-0-12-

800002-1.00008-x

Sirisha Nallan Chakravartula, S., Lourenco, R. V., Balestra, F., Quinta Barbosa Bittante, A. M.,
Sobral, P. J. do A., & Dalla Rosa, M. (2020). Influence of pitanga (Eugenia uniflora L.) leaf
extract and/or natamycin on properties of cassava starch/chitosan active films. Food Packaging

and Shelf Life, 24, 100498. https://doi.org/10.1016/j.fpsl.2020.100498.

Sorrenti, V., Burg, 1., Consoli, V., & Vanella, L. (2023). Recent Advances in Health Benefits of

Bioactive Compounds from Food Wastes and By-Products: Biochemical Aspects. International

Journal of Molecular Sciences, 24(3), 2019. https://doi.org/10.3390/ijms24032019

Srivastava, N., Singh, A., Kumari, P., Nishad, J. H., Gautam, V. S., Yadav, M., & Kharwar, R.
N. (2021). Chapter 21- Advances in extraction technologies: isolation and purification of
bioactive compounds from biological materials. In Rajeshwar p. Sinha, & Donat-P Héder
(Eds.), Natural Bioactive ~ Compounds  (pp.  409-433).  Academic  Press.

https://doi.org/10.1016/b978-0-12-820655-3.00021-5.

Sudheesh, C., Sunooj, K. V., Sasidharan, A., Sabu, S., Basheer, A., Navaf, M., & George, J.
(2020). Energetic neutral N2 atoms treatment on the kithul (Caryota urens) starch biodegradable
film: Physico-chemical characterization. Food Hydrocolloids, 103, Article 105650.

https://doi.org/10.1016/j.foodhyd.2020.105650.

79



Journal Pre-proof

Suhag, R., Kumar, N., Trajkovska Petkoska, A., & Upadhyay, A. (2020). Film formation and
deposition methods of edible coating on food products: A review. Food Research International,

136, 109582. https://doi.org/10.1016/j.foodres.2020.1095.

Suleria, H. A. R., Barrow, C. J., & Dunshea, F. R. (2020). Screening and Characterization of
Phenolic Compounds and Their Antioxidant Capacity in Different Fruit Peels. Foods, 9(9),

1206. https://doi.org/10.3390/foods9091206.

Susmitha, A., Sasikumar, K., Rajan, D., Padmakumar M, A., & Nampoothiri, K. M. (2021).
Development and characterization of corn starch-gelatin based edible films incorporated with
mango and pineapple for active packaging. Food Bioscience, 41, 100977.

https://doi.org/10.1016/j.fbio.2021.100977.

Swallah, M. S., Sun, H., Affoh, R., Fu, H., & Yu, H. (2020). Antioxidant Potential Overviews
of Secondary Metabolites (Polyphenols) in Fruits. International Journal of Food Science, 2020,

1-8. https://doi.org/10.1155/2020/9081636.

Taggar, P. (2004). Starch as an ingredient: manufacture and applications. Chapter 12. In P,
Eliasson, A-C. (ed.), Starch in food. Structure, function and applications (pp. 363-392). CRC

Press, Boca Raton, FL, USA. https://doi.org/10.1533/9781855739093.3.363

Tagliapietra B.L., Felisberto M.H.F., Sanches, E.A., Campelo P.H., Clerici M.T.P.S. (2020).
Non-conventional ~ starch  sources. Current Opinion in  Food Science, 653.

https://doi.org/10.1016/j.cofs.2020.11.011.

Tajkarimi, M. M., lbrahim, S. A., & Cliver, D. O. (2010). Antimicrobial herb and spice
compounds in food. Food Control, 21(9), 1199-1218.

https://doi.org/10.1016/j.foodcont.2010.02.003.

Tapia-Blacido, D. R., da Silva Ferreira, M. E., Aguilar, G. J., & Lemos Costa, D. J. (2020).

Biodegradable packaging antimicrobial activity. Processing and Development of

80



Journal Pre-proof

Polysaccharide-Based Biopolymers for Packaging Applications, 207-238.

https://doi.org/10.1016/b978-0-12-818795-1.00009-5.

Tapia-Blacido, D. R., do Amaral Sobral, P. J., & Menegalli, F. C. (2013). Effect of drying
conditions and plasticizer type on some physical and mechanical properties of amaranth flour
films. LWT-Food Science and Technology, 50(2), 392-400.

https://doi.org/10.1016/j.lwt.2012.09.008

Tarique, J., Zainudin, E. S., Sapuan, S. M., llyas, R. A., & Khalina, A. (2022). Physical,
mechanical, and morphological performances of arrowroot (Maranta arundinacea) fiber
reinforced arrowroot  starch  biopolymer  composites.  Polymers, 14(3), 388.

https://doi.org/10.3390/polym14030388

Teshome, E.; Teka, T.A.; Nandasiri, R.; Rout, J.R:; Harouna, D.V.; Astatkie, T.; Urugo, M.M.
Fruit By-Products and Their Industrial ‘Applications for Nutritional Benefits and Health
Promotion: A Comprehensive Review. Preprints.org 2023, 2023020481.

https://doi.org/10.20944/preprints202302.0481.v1.

Tessema, A., Admassu, H., & Dereje, B. (2023). Development of edible films based on anchote
(Coccinia abyssinica) starch: process optimization using response surface methodology (RSM).
Journal - of Food Measurement  and  Characterization,  17(1),  430-446.

https://doi.org/10.1007/s11694-022-01632-7

Tester, R. F., Karkalas, J., & Qi, X. (2004). Starch—composition, fine structure and
architecture. Journal of Cereal Science, 39(2), 151-165.

https://doi.org/doi:10.1016/j.jcs.2003.12.001.

Thakur, R., Pristijono, P., Scarlett, C. J., Bowyer, M., Singh, S. P., & Vuong, Q. V. (2019).
Starch-based films: Major factors affecting their properties. International Journal of Biological

Macromolecules, 132, 1079-1089. https://doi.org/10.1016/j.ijbiomac.2019.03.190.

81



Journal Pre-proof

Thomas, A. B., Nassur, R. de C. M. R., Boas, A. C. V., & Lima, L. C. de O. (2016). Cassava
starch edible coating incorporated with propolis on bioactive compounds in strawberries.

Ciéncia e Agrotecnologia, 40(1), 87-96. https://doi.org/10.1590/s1413-70542016000100008.

Torres-Leon, C., Chavez-Gonzalez, M. L., Hernandez-Almanza, A., Martinez-Medina, G. A.,
Ramirez-Guzman, N., Londofio-Hernandez, L., & Aguilar, C. N. (2021). Recent advances on
the microbiological and enzymatic processing for conversion of food wastes to valuable
bioproducts. Current Opinion in Food Science, 38, 40-45.

https://doi.org/10.1016/j.cofs.2020.11.002

Traffano-Schiffo, M. V., Aguirre Calvo, T. R., Avanza, M. V., & Santagapita, P. R. (2020).
High-intensity ultrasound-assisted extraction of phenolic compounds from cowpea pods and its
encapsulation in hydrogels. Heliyon, 6(7), Article e04410.

https://doi.org/10.1016/j.heliyon.2020.e04410.

Traffano-Schiffo, M. V., Castro-Giraldez, M., Colom, R. J., & Fito, P. J. (2017). New
Spectrophotometric System to Segregate Tissues in Mandarin Fruit. Food and Bioprocess

Technology, 11(2), 399-406. https://doi.org/10.1007/s11947-017-2019-8.

Trevifio-Garza, M. Z., Garcia, S., Heredia, N., Alanis-Guzman, M. G., & Arévalo-Nifio, K.
(2017). Layer-by-layer edible coatings based on mucilages, pullulan and chitosan and its effect
on quality and preservation of fresh-cut pineapple (Ananas comosus). Postharvest Biology and

Technology, 128, 63-75. https://doi.org/10.1016/j.postharvbio.2017.

Trigo, J. P., Alexandre, E. M. C., Saraiva, J. A., & Pintado, M. E. (2019). High value-added
compounds from fruit and vegetable by-products — Characterization, bioactivities, and
application in the development of novel food products. Critical Reviews in Food Science and

Nutrition, 1-29. https://doi.org/10.1080/10408398.2019.1572588.

82



Journal Pre-proof

Tu, H., Wu, G., Yi, Y., Huang, M., Liu, R., Shi, X., & Deng, H. (2019). Layer-by-layer
immobilization of amphoteric carboxymethyl chitosan onto biocompatible silk fibroin
nanofibrous mats. Carbohydrate Polymers, 210, 9-16.

https://doi.org/10.1016/j.carbpol.2019.01.047.

Tulamandi, S., Rangarajan, V., Rizvi, S. S. H., Singhal, R. S., Chattopadhyay, S. K., & Saha, N.
C. (2016). A biodegradable and edible packaging film based on papaya puree, gelatin, and
defatted soy  protein. Food  Packaging and  Shelf  Life, 10, 60-71.

https://doi.org/10.1016/j.fpsl.2016.10.007.

Tumpa, S. & Hossain, Md. & Ishika, T. (2015). Antimicrobial activities of Psidium guajava,
Carica papaya and Mangifera indica against some gram positive and gram negative bacteria.

Journal of Pharmacognosy and Phytochemistry, 3(6), 125-129.

Umaraw, P., Munekata, P.E.S., Verma, A.K., Barba, F.J., Singh, V.P., Kumar, P., & Lorenzo,
J.M. (2020). Edible films/coating with tailored properties for active packaging of meat, fish and
derived  products. Trends in Food Science & Technology, 98, 10-24.

https://doi.org/10.1016/j.tifs.2020.01.032.

Uysal Unalan, 1., Cerri, G., Marcuzzo, E., Cozzolino, C. A., & Farris, S. (2014). Nanocomposite
films and coatings using inorganic nanobuilding blocks (NBB): current applications and future
opportunities in the food packaging sector. RSC Advances, 4(56), 29393-29428.

https://doi.org/10.1039/c4ra01778a.

Vahedikia, N., Garavand, F., Tajeddin, B., Cacciotti, I., Jafari, S. M., Omidi, T., & Zahedi, Z.
(2019). Biodegradable zein film composites reinforced with chitosan nanoparticles and
cinnamon essential oil: physical, mechanical, structural and antimicrobial attributes. Colloids

and Surfaces B: Biointerfaces, 177, 25-32. https://doi.org/10.1016/j.colsurfb.2019.01.045.

83



Journal Pre-proof

Valencia-Sullca, C., Vargas, M., Atarés, L., & Chiralt, A. (2018). Thermoplastic cassava starch-
chitosan bilayer films containing essential oils. Food Hydrocolloids, 75, 107-115.

https://doi.org/10.1016/j.foodhyd.2017.09.008

Vasco, C., Ruales, J., & Kamal-Eldin, A. (2008). Total phenolic compounds and antioxidant
capacities of major fruits from Ecuador. Food Chemistry, 111(4), 816-823.

https://doi.org/10.1016/j.foodchem.2008.04.054.

Vega-Gélvez, A., Stucken, K., Cantuarias, C., Lamas, F., Garcia, V., & Pastén, A. (2021).
Antimicrobial properties of papaya (Vasconcellea pubescens) subjected to low-temperature
vacuum dehydration. Innovative Food Science & Emerging Technologies, 67, 102563.

https://doi.org/10.1016/j.ifset.2020.102563.

Viana, R. M., S4, N. M. S. M., Barros, M. O., Borges, M. de F., & Azeredo, H. M. C. (2018).
Nanofibrillated bacterial cellulose and pectin edible films added with fruit purees. Carbohydrate

Polymers, 196, 27-32. https://doi.org/10.1016/j.carbpol.2018.05.017.

Villalobos-Delgado, L. H., Nevéarez-Moorillon, G. V., Caro, l., Quinto, E. J., & Mateo, J.
(2019). Natural antimicrobial agents to improve foods shelf life. In Charis M. Galanakis (Ed.),

Food Quality and Shelf Life (pp. 125-157). Academic Press. https://doi.org/10.1016/B978-0-12-

817190-5.00004-5.

Vilpoux, O. F., Brito, V. H., & Cereda, M. P. (2019). Chapter 4 - Starch Extracted from Corms,
Roots, Rhizomes, and Tubers for Food Application. In M. T. Pedrosa Silva Clerici, & M.
Schmiele (Eds.), Starches for Food Application (pp. 103-165). Academic Press.

https://doi.org/10.1016/B978-0-12-809440-2.00004-6.

Vinatoru, M., Mason, T. J., & Calinescu, I. (2017). Ultrasonically assisted extraction (UAE) and
microwave assisted extraction (MAE) of functional compounds from plant materials. Trends in

Analytical Chemistry, 97, 159-178. https://doi.org/10.1016/j.trac.2017.09.002.

84



Journal Pre-proof

Wang, F., Xie, C,, Ye, R, Tang, H., Jiang, L., & Liu, Y. (2023). Development of active
packaging with chitosan, guar gum and watermelon rind extract: Characterization, application
and performance improvement mechanism. International Journal of Biological

Macromolecules, 227, 711-725. https://doi.org/10.1016/j.ijbiomac.2022.12.210

Wang, N., Dong, Y., Dai, Y., Zhang, H., Hou, H., Wang, W., ... & Li, C. (2023). Influences of
high hydrostatic pressure on structures and properties of mung bean starch and quality of
cationic starch. Food Research International, 165, 112532.

https://doi.org/10.1016/j.foodres.2023.112532

Wang, X., Huang, L., Zhang, C., Deng, Y., Xie, P., Liu, L., & Cheng, J. (2020). Research
advances in chemical modifications of starch for hydrophobicity and its applications: A review.

Carbohydrate Polymers, 240, 116292. https://doi.org/10.1016/j.carbpol.2020.116292.

Westlake, J. R., Tran, M. W., Jiang, Y., Zhang, X., Burrows, A. D., & Xie, M. (2023).

Biodegradable biopolymers for active packaging: demand, development and directions.

Sustainable Food Technology 1, 50-72. https://doi.org/10.1039/D2FB00004K

Wroéblewska-Krepsztul, 'J.; Rydzkowski, T.; Borowski, G.; Szczypinski, M.; Klepka, T., &
Kumar Thakur, V. (2018). Recent progress in biodegradable polymers and nanocomposites
based packaging materials for sustainable environment. International Journal of Polymer
Analysis and Characterization, 23(4), 383-395.

https://doi.org/10.1080/1023666X.2018.1455382.

Wu, Q., & Zhou, J. (2021). The application of polyphenols in food preservation. Advances in

Food and Nutrition Research, 98, 35-99. https://doi.org/10.1016/bs.afnr.2021.02.005.

Xiao, F., Yunjia, L., Leng, K. Y., Ling, C. Z., Suyin, G., Wei, T. K., & Nang, H. L. L. (2022).

Insights on the potential of natural deep eutectic solvents (NADES) to fine-tune durian seed

85



Journal Pre-proof

gum for use as edible food coating. Food Hydrocolloids, 132,  Article 107861.

https://doi.org/10.1016/j.foodhyd.2022.107861.

Xu, Y., Willis, S., Jordan, K., & Sismour, E. (2018). Chitosan nanocomposite films
incorporating cellulose nanocrystals and grape pomace extracts. Packaging Technology and

Science, 31(9), 631-638. https://doi.org/10.1002/pts.2389.

Yadav, A., Kumar, N., Upadhyay, A., Pratibha, & Anurag, R. K. (2021). Edible Packaging from
Fruit Processing Waste: A Comprehensive Review. Food Reviews International, 1- 32.

https://doi.org/10.1080/87559129.2021.1940198

Yang, D., Liu, Q., Gao, Y., Wan, S., Meng, F., Weng, W., & Zhang, Y. (2023).
Characterization of silver nanoparticles loaded chitosan/polyvinyl alcohol antibacterial films for
food packaging. Food Hydrocolloids, 136, 108305.

https://doi.org/10.1016/j.foodhyd.2022.108305

Yang, J., Y., Reddy, C. K., Fan, Z., & Xu, B. (2023). Physicochemical and structural properties
of starches from non-traditional sources in China. Food Science and Human Wellness, 12(2),

416-423.https://doi.org/10.1016/j.fshw.2022.07.043

Yousuf, B., Sun, Y., & Wu, S. (2022). Lipid and lipid-containing composite edible coatings and
films. Food Reviews International, 38(supl), 574-597.

https://doi.org/10.1080/87559129.2021.1876084

Zhang, H., Hou, H., Liu, P., Wang, W., & Dong, H. (2019). Effects of acid hydrolysis on the
physicochemical properties of pea starch and its film forming capacity. Food Hydrocolloids, 87,

173-179. https://doi.org/10.1016/j.foodhyd.2018.08.0.

Zhang, L., Liu, P., Li, L., Huang, Y., Pu, Y., Hou, X., & Song, L. (2018). Identification and

Antioxidant Activity of Flavonoids Extracted from Xinjiang Jujube (Ziziphus jujube Mill.)

86



Journal Pre-proof

Leaves with Ultra-High Pressure Extraction Technology. Molecules, 24(1), 122.

https://doi.org/10.3390/molecules24010122.

Zhang, R., Wang, W., Zhang, H., Dai, Y., Dong, H., & Hou, H. (2019). Effects of hydrophobic
agents on the physicochemical properties of edible agar/maltodextrin films. Food

Hydrocolloids, 88, 283-290. https://doi.org/10.1016/j.foodhyd.2018.10.008

Zhang, W., Li, X., & Jiang, W. (2019). Development of antioxidant chitosan film with banana
peels extract and its application as coating in maintaining the storage quality of apple.

International Journal of Biological Macromolecules. http://doi:10.1016/j.ijbiomac.2019.10.275

Zhang, X., Liu, J., Yong, H., Qin, Y., Liu, J., & Jin, C. (2020). Development of antioxidant and
antimicrobial packaging films based on chitosan and mangosteen (Garcinia mangostana L.) rind
powder. International journal of biological  macromolecules, 145,  1129-

1139.https://doi.org/10.1016/j.ijbiomac.2019.10.038

Zhang, X., Shu, Y., Su, S., & Zhu, J. (2018). One-step coagulation to construct durable anti-
fouling and antibacterial celiulose film exploiting Ag-AgCl nanoparticle- triggered photo-
catalytic degradation. Carbohydrate Polymers, 181, 499-505.

https://doi.org/10.1016/j.carbpol.2017.10.041.

Zhong, Y., Godwin, P., Jin, Y., & Xiao, H. (2019). Biodegradable Polymers and Green-based
Antimicrobial Packaging Materials: A mini-review. Advanced Industrial and Engineering

Polymer Research, 3, 27-35. https://doi.org/10.1016/j.aiepr.2019.11.002.

Zhu, X., Dai, Q., Silveira Hornung, P., Lopes Teixeira, G., Nkhata Malunga, L., Ames, N., &
Beta, T. (2023). Valorizing Canadian Oat Cultivars to Obtain Non- Conventional Starch:
Pasting, Physicochemical, and Morphological Properties. Starch- Starke, 75(1-2), 2200142.

https://doi.org/10.1002/star.202200142

87



Journal Pre-proof

Zou, J., Xu, M., Wang, R., & Li, W. (2019). Structural and physicochemical properties of mung
bean starch as affected by repeated and continuous annealing and their in vitro digestibility.
International Journal of Food Properties, 22(1), 898-910.

https://doi.org/10.1080/10942912.2019.1611601

Zoungranan, Y., Lynda, E., Dobi-Brice, K. K., Tchirioua, E., Bakary, C., & Yannick, D. D.
(2020). Influence of natural factors on the biodegradation of simple and composite bioplastics
based on cassava starch and corn starch. Journal of Environmental Chemical Engineering, 8,

Acrticle e104396. https//doi.org./10.1016/j.jece.2020.104396

Ethical Statement —

The present manuscript is a review. Therefore, studies in humans and animals are not
involved.

Declarations of interest

None.

88



