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Abstract

Edible coatings are environment-friendly materials for extension of the
shelf-life and preservation of the nutritional value of fruits. Nigella sativa
protein concentrate (NSPC) powder was dissolved with different
concentrations of grape juice (GJ) (1, 2, 4, 6, 8,10, 20 and 30% v/v) at pH
value 12.0 to obtain a protein based edible films. The obtained results
showed for the first time that GJ at concentration from 2-10% (v/v) are able
to act as plasticizer in the protein based films with promising film properties.
The thickness and mechanical results indicated there is no significant
difference in films thickness by increasing the GJ concentrations. The
different GJ concentrations have affected significantly (p<0.05) the NSPC
film mechanical properties. The results showed that the tensile strength and
Young’s modulus of NSPC film was reduced significantly when the GJ
increased. However, the NSPC films prepared with 6% GJ observed a higher
elongation at break compared with other films. Moreover, the NSPC /GJ
films showed a very interesting and promising results for their antioxidant

and antimicrobial properties compared to the control films.



X1

In the present research, the sweet cherry (Prunus avium L.) which has a very
short shelf life, was wrapped with Nigella sativa concentrated protein film
plasticized with 6% grape juice, as an edible coating before storage. The
physicochemical qualities of control (unwrapped) sweet cherries and
wrapped samples either in LDPE or NSPC/GJ films were evaluated about the
(pH, titratable acidity, total soluble solids, and external color) during 40 days

at -20 °C storage, to compare the effects of the applied films.

The results showed that the TSS (Brix) was significantly lower compared to
the control (unwrapped) after 10 days of storage at -20 °C, and no significant
effect was observed between the TSS of cherries wrapped with LDPE or
NSPC films in all storage times, which clearly indicated that the TSS
concentration was stable until the end of storage period for cherries wrapped
with LDPE or NSPC/GJ films. However, the titratable acidity and pH value
of all cherries either wrapped or not was not significantly different in all
storage times. And the optical result (L* and hue angle) showed that the L*
value was not significant in all the treatments. Whereas, Hue angle results
indicated that the sweet cherries wrapped with LDPE were reduced
significantly compared to the ones wrapped with NSPC plasticized with GJ
or unwrapped cherries at 20 days of storage. Moreover, the hue angle value
for the sweet cherries that wrapped with NSPC was higher than the value at
20 days comparing the control and the value decreased at 40 days of storage
at -20 °C, and there were no significant differences between the cherries

wrapped with LDPE or NSPC films in 40 days of storage.
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It has been determined that NSPC/GJ film can be used effectively in
protecting the physicochemical properties and increasing the shelf life of
sweet cherries at distinct storage temperatures. So it suggests that NSCP/GJ
film could be considered as a new preservation method for improving
postharvest quality and nutritional properties of different sweet cherry

cultivars.



Chapter 1

Introduction

1.1Background

Today we are living in an era called it “plastic age” plastic pollution has
become one of the most urgent environmental issues, with the increase in
plastic production exponentially, from 2.3 million tons in 1950 to 448
million tons by 2015. Production is expected to double by 2050. According
to National Geographic, the oceans are filled with 18 billion pounds of
plastic annually, and people buy about 1 million plastic bottles every minute
worldwide [1,2]. The ubiquitous presence of plastic has some strong and
valid reasons such as its durability, flexibility, and cheapness due to some
additives that make it stronger, more flexible, and durable, so plastic
products may take hundreds of years to degrade. However, it is now not
hidden that the overuse and disposal of plastic are becoming a major threat
to the Earth's environment. Unnecessary use of plastic, improper dumping,
excessive use of single-use plastics, and lack of awareness are some of the

factors responsible for today’s world condition of ecosystems.

Plastic pollution not only affects the land and terrestrials’ animals but also
harms marine creatures including animals and pollutes our water sources.
For example, when they decomposed over a long period of time, many
chemicals can leach into the soil and groundwater, or it may produce a lot of

harmful toxins that can also be released when burning, which affects air



quality and causes respiratory problems. A large number of animals are
killed by plastic consistently, from birds to fish to other marine organic
entities. Approximately 700 species, including endangered species, are
known to be affected by plastic. Plastic can also negatively affect plants,
disturbing the food chain and ecosystem [3]. Single-use plastics generate an
enormous amount of waste in many countries. Many of these products, such
as plastic bags and food wrappers, have a life span of minutes to hours, yet
may remain in the environment for hundreds of years. Although it seems that
it is easy to clean up plastic garbage just by implementing the recycling
principle of collecting and reusing it in one form or another, the real truth is
that plastic pollution ranges from large plastic trash to microplastic and
plastic microfibers, which have been reported even in drinking water and the
air we breathe. In the current situation, only 9% of the plastic produced is
recycled, 12% is incinerated and the remaining 79% either goes to landfill or
remains as a polluted in the environment. So when you think about the
amount of plastic that wraps or holds food, it's easy to understand why
researchers and companies want to create biodegradable alternatives that are

better for the environment.

In recent decades, concerns surrounding conventional plastics have
stimulated a focus of attention on environmentally friendly, non-toxic, and
biodegradable materials derived from natural ingredients such as
polysaccharides, lipids, and proteins due to their sustainable supply and

biodegradable potential [4,5]. As viewed as one of the arrangements that



might help solve the problem of plastic, edible food coverings offer a
straightforward method to diminish worldwide reliance on plastic and
disintegrate effectively in the environment,, biodegradable coatings may be
one of the most important ways that play an important role in not only
reducing plastic problems but also obtaining good quality food wrapped by
preserving its properties and providing certain benefits such as edibility,
biodegradability, bio-compatibility, environmentally friendly, waste
reduction, barrier, preservative, and appearance properties [6].
Biodegradation refers to the ability of materials to degrade and return to
nature within a short period of time after they are disposed of - typically a
year or less [7]. Natural polymers derived from agricultural products (such
as starch, proteins, cellulose, and plant oils) are the main resource for the

development of renewable and biodegradable polymer materials.

The edible covering is generally used to protect food items from
physiological disturbances and microbial contamination. During the 12" and
13" centuries, the Chinese developed a waxy coating to apply to lemons and
oranges to protect them from microbial spoilage. In the last decade,
consumer awareness related to edible, biodegradable, and eco-friendly
packaging materials has increased, edible films and coatings are widely used
in the food processing sector to maintain the integrity of a wide range of food
products (Fruits: Apples, Bananas, Kiwis, Mangoes, Pears, Pineapples, etc.
or vegetables: carrots, potatoes, etc. meat, and dairy products).

Commercially speaking, the first coating material was invented in 1992 as a



waxing agent for fruit and vegetable applications. Edible packaging is known
as eco-friendly packaging material, it can replace synthetic or plastic
packaging material and reduces post-harvest damages of fruits and
vegetables, can be applied directly to food surfaces by spraying, dipping,
panning, or wrapping or others, which can provide many benefits to the
product that applied to it; this is because it can be used to extend food
stability by reducing moisture exchange, O,, CO, lipids and flavor
compounds between the food and the surrounding environment, which
minimizes a load of pathogenic and spoilage on the surface of the coated
food. Increasing quality and extending the shelf life of meat and aquatic
products by incorporating natural plant extracts, especially essential oils that
possess antioxidant and antimicrobial activity. Hence increased the food
stability and quality [8-11]. Prior to applying biopolymers on food products,
there are some factors that must be considered such as solubility,
transparency, cohesion, mechanical properties, microbiological stability,
wettability, oil and grease resistance, sensory and water vapor, and gases

permeability [12].

Edible films and coatings are natural polymers obtained from renewable
materials such as proteins (animal or vegetable), polysaccharides, lipids, or
combinations of these components. It can intended to be an integral part of
foods which can consumed with products, so there is no package, no disposal
of [13,14]. Natural polymers may also be incorporated with different

bioactive compounds such as oregano or thyme essential oil [15-17], cloves



[18], and other that act as an antioxidant or antimicrobial agent in edible
coatings or films to keep up food safety and quality and extend the shelf life
of food products [19]. Mechanical and barrier properties of edible films and
coatings mainly rely on the nature and concentration of the biopolymers,
drainage time and viscosity [20], For example, films based on proteins or
polysaccharides acted as highly effective barriers to oxygen and carbon
dioxide, while their resistance to water vapor transmission is restricted.
Multi-component films can also be manufactured to try to mix the benefits

of individual materials with film-forming.

Oil seeds are frequently embraced as the essential source of protein for
human health and well-being. Their utilization isn't restricted to nutrition but
reaches out to the field of traditional medicine or herbal medicine that uses
the pharmacological properties of the bioactive compounds within them.
These are bioactive components that are natural or artificially derived
precursors to numerous pharmacological mixtures or drugs [21]. Physicians
consistently try to discover drugs with fewer side effects. Among the most
encouraging therapeutic plants, Nigella sativa (N. sativa) or black seed, of
the Ranunculaceae family, is an amazing herb with a historical and religious
background. It is developed in numerous nations, however, is native to
Southern Europe, Southeast, and Southwest Asia, and is grown as a spice or
for its therapeutic worth [22,23]. It is a bushy, self-branching plant with
either white or pale to dark blue flowers [24]. Its seeds are mainly used as a

spice and relieving agent for various ailments [25-27]. Nutritionally, the



components of N. Sativa seeds include, on average, 29% carbohydrates, 35%
saturated and unsaturated fatty acids, vitamins [28], 6% crude fibers, 4% ash,
5% moisture, and protein account for 21%, they are rich in lysine and
methionine and was considered significant for the dietary application [29-
31]. Black seed can be used as directed, active ingredients in herbal
medicines or as herbal tea. N. sativa seed oil is extracted and may be utilized
in traditional medicine to treat a wide range of ailments such as diabetes,
hypertension, oxidative stress, epilepsies, ulcers, asthma, inflammatory
disorders, and cancers in model organisms as well as in human beings [32-
39]. Few of the bioactive compounds extracted from Nigella sativa seeds
have been specified, studies have shown that the biological activity of N.
Sativa seeds are mainly attributed to its essential oil component,
thymoquinone [40-42], which is a major phytochemical in N. sativa, and
widely considered to be most important for the broad-spectrum medicinal
properties of this valuable plant. Other phytochemicals from different
varieties of N. sativa include phenolic compounds, various alkaloids, sterols,

saponins as well as volatile oils of different compositions [43,44].

There are huge quantities of defatted cake that are certainly created as by-
products and a greater part of it's served as animal feed on account of high
protein content [45]. In addition, there aren't any within the literature on the
exploitation of proteins extracted from Nigella sativa defatted seed cake
(NSDSC) to get novel bio-materials. Proteins within the hydro-methanolic

part of N. sativa seeds represent around 35-40% of the total dry weight and



were found to separate into ranges from 10 to 94 kDa on SDS PAGE [46].
This fraction has been found to have pharmacological impacts independent
of these exerted by volatile oils and is getting expanding consideration with
relation to effects on the health of people. Studies utilizing this concentrate
have shown that it goes about as an effective sedative with central nervous
system depressant impacts, to incite analgesia, and inhibit progression
pathological changes in the lungs, and lowering the blood cytokine levels

[47,48].

Several studies have shown that fruits and vegetables have a protective effect
against the development of human diseases such as cardiovascular disease,
diabetes and cancer [49,50]. It has been hypothesized that the protective role
of fruits and vegetables could be because of the different supplements they
contain like fiber, nutrients, and phytochemicals. Phenolics are secondary
plant metabolites characterized by the presence of at least one aromatic ring
with one or more attached hydroxyl groups. A few studies in humans and
animal models have shown that phenols are bioavailable and play a defensive
part against oxidative stress and free radical damage [51]. Phenolic range
from single-aromatic ring compounds with a modest molecular weight to
large complex tannins. The quantity and configuration of carbon atoms can
be used to classify them. Oxidative damage, caused by free radicals, causes
structural and functional changes in the macromolecules of cells and is
involved in the molecular mechanisms of chronic human disease. Free

radicals can be neutralized or scavenge by antioxidants which are also



necessary to enable other molecules to perform such a function [52,53].
Many studies have shown that cherries contain numerous nutrients like
phytonutrients and antioxidants, this causes them to play a defensive part

against oxidative stress and free radical damage.

Sweet cherry (Prunus avium L.) is one of all the foremost appreciated fruits
by consumers because of its high content of essential nutrients and is
principally consumed unprocessed. Several epidemiological investigations
have lately shown the health-promoting impacts identified with its content
in phytochemicals like antioxidant, anthocyanin, and phenolic compounds
[54]. The fundamental attributes identified with the quality of cherry fruits
are color, sweetness (due to glucose and fructose), sourness (due to the
presence of organic acid; malic acid ), and firmness [55]. Consumer
acceptance appears to depend on sugar to acid concentrations ratio [56].
Nutritionally, sweet cherries have a high substance of simple sugar
(13g/100g), contain water-soluble vitamins (C, B) and fat-soluble vitamins
(A, E, K) and a few carotenoids, specifically beta-carotene. Cherries
additionally contain minerals like calcium (14 mg/100 g), magnesium (10
mg/100 g), phosphorous (20 mg/100 g) and potassium (200 mg/100 g). After
harvest, high respiration rate and metabolic activities result in a lessening in
acidity and phytochemical content, weight reduction, change in color, and
total soluble content cause the rapid deterioration of sweet cherries [57]. To
maintain the good quality of the fruits, it is necessary to extend the shelf life

of sweet cherries and to provide the necessary packaging and storage



conditions. There are many examinations on expanding the shelf life of sweet
cherries that are acquiring exceptional importance, different procedures like
cold storage, controlled atmosphere storage, modified atmosphere
packaging, and edible film coating have been utilized to keep up with the

quality and broaden the shelf life of sweet cherries after harvest [58-60].

In recent years, customers have gone to environmentally friendly and
recycled materials. Consequently, there is a developing interest in edible film
coatings as alternative packaging materials. As of late, natural products
quality is kept up and shelf life of realistic usability expanded using edible
coatings that can defer some physiological processes like respiration and
transpiration [61], It can also function as a barrier, reducing quality loss,
inhibiting gas exchanges, controlling respiration rates, and preventing the
growth of deteriorating microorganisms. In general, a film of alginate,
chitosan with, proteins, and/or lipids is utilized commercially and can be

utilized to ensure protection for the whole fruit [62,63].

Grapes (Vitis vinifera) is a widely cultivated crop within the world, native to
the Mediterranean region and Central Asia. Grapes are non-climacteric fruits
for fresh consumption and are botanical groups of true berries. Since grapes
have an extremely short shelf life of usability, a lot of grape loss happens
because of degradation. Thus, grapes should be handled in a structure that
can be stored for a protracted time without loss within the nutritional value.
Grapes are one of the broadest organic product crops around the world, their

structure and properties have been widely studied, with some reports of the
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presence of a lot of phenolic compounds. The majority of the phenolic
compounds can go about as antioxidants. Likewise, wine creation deposits
are additionally described by the high substances of phenolic compounds
because of their fragmented extraction during wine production [64,65]. By-
products obtained after the production of wine and juice, (seeds and pomace)
constitute a cheap source for extracting antioxidant compounds, providing
important economic advantages [66]. The composition of grapes
predominantly comprises (w/w) 40% fiber, 11% protein, 16% essential oil,
sugars, minerals, 7% complex phenolic compounds such as tannins, and
other substances [67]. Grape skin is a wellspring of anthocyanidins and
anthocyanins, which are natural pigments with antioxidant properties agent
that demonstrate by inhibiting lipid oxidation and furthermore have anti-
mutagenic activities [68]. Moreover, they are good sources of vitamins A, C,
K, flavonoids, carotenes, and B-complex vitamins such as pyridoxine,

riboflavin, and thiamine.

Nutritionally, fruit juices are an important source of energy in the form of
sugars such as glucose, fructose, and sucrose are most abundant in fruit and
fruit products [69]. In grapes, an enormous part of the dissolvable solids is
sugars. Glucose and fructose are the base sugars in the juice. The sugar
content of the juice of ripe grapes ranges from 150 to 250 g. In unripe berries,
glucose is the predominant sugar. In the ripening stage, glucose and fructose
are usually present in equal quantities (1:1 ratio). In overripe grapes, the

concentration of fructose surpasses that of glucose. In ripe grapes, there is
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some difference in the ratio of glucose to fructose between grape varieties.
During the maturing of the grapes, other metabolic changes happen, like the
amassing of sugars as glucose and fructose in the vacuoles (flesh and skin),
after the exchange of sucrose from the leaves. The accumulation of sugar as
glucose and fructose inside the vacuole is one of the principal provisions of
the ripening process in grape berries. Sucrose, which was not distinguishable
in grape cells in the vitro, is additionally found at extremely low levels just
in the flesh and skin of grapes. Grape juice is made from whole grapes,
including skin, flesh, and seeds. It contains most of the vitamins and minerals
found in table grapes, as well as the health benefits of nutrient-rich seeds.
Grape juice is rich in antioxidants, which can help the body protect itself
from free radicals. Grape juice is defined as an energy drink unfermented,
non-alcoholic, with characteristic color, aroma, and flavor, and its
consumption is associated with many health benefits such as increased
antioxidant capacity, improvement of endothelial function, inhibition of
platelet aggregation, reduction of oxidation of plasma proteins, and reduction
of low-density lipoproteins (LDL) and improve cardiovascular oxidation and
neurocognitive function [70]. It is known that grape juices contain a very
high content of phenolic compounds and depending on their chemical
composition, they are divided into several classes that are directly
responsible for the special properties of grapes and their derivatives [71-73].
The phenolic compounds included in grape juice may potentially have a role
in defining the sensory qualities of this product, in addition to its functional

performance.
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1.2 Objective and Research hypothesis

Biodegradable film production and potential applications for nutritional
applications are gaining increasing interest as alternatives to conventional
food packaging polymers. Consumers often demand higher quality products,
more safety, and longer shelf life in foods while reducing disposable
packaging materials and increasing recyclability. To reduce environmental
problems and pollution, we can get environmentally friendly products by
using edible film, as this film can extend the shelf life of food and protect it
from microorganisms, in addition, some natural additives can be added to
this film to give food new functional properties. Fresh cherries are highly
perishable fruits, with a short shelf life and high respiration rates, and they
undergo a series of physiological and biochemical changes that lead to a loss
of their quality, which may persist after harvest, and may degrade before
reaching consumers. Therefore, it was necessary to develop new alternative

practices necessary to maintain the quality of fresh cherries after harvest.

There are many objectives that were pursued during the research; The main
objective of this experiment, is to produce an edible film from renewable and

biodegradable resources.
The specific objectives;

e Produce an edible film using the protein extracted from Nigella sativa

and fortifying it with grape juice, which is rich in different functional
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foods such as polyphenols, antioxidants, and antimicrobials, in order to
obtain a functional edible film.

e Characterizing NSPC film using mechanical, physical, and biological
tests.

e Using the protein-based edible film to wrap the cherries in order to
maintain their in high quality and increase their shelf life.

e Characterizing physicochemical analysis of the sweet cherries wrapped

with NSPC/GJ film, to evaluate the effect of film on their properties.

1.3Literature review

Many experiments and studies have succeeded in forming and applying
edible films for packaging food products, such as fresh or processed fruits
and vegetables, some fresh meat, and many other products, in various areas
and times, and few experiences are described in comparison to many others.
Browning and ripening times are important factors in determining the
product shelf life of fresh-cut products. Protein-based edible coatings with
moderate oxygen, carbon dioxide, and water vapor permeability can be
applied to fresh-cut products surfaces to extend product shelf life by delaying
ripening, inhibiting enzymatic browning, reducing water loss, and
minimizing aroma loss [74]. The two coatings effectively prevented
browning by acting as oxygen barriers, according to the color analysis of
apple and potato slices coated with calcium caseinate or whey protein
solutions. The films' antioxidant characteristics were achieved using a model

that allowed oxidative species to be released via electrolysis of saline buffer.
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Calcium caseinate had a lower antioxidant capacity than whey proteins.
Moreover, adding carboxymethyl cellulose to the formulations increased
their antioxidative power dramatically. Films based on whey proteins and
carboxymethyl cellulose were found to have the best scavenging of oxygen
free radicals and reactive oxygen species, inhibiting the synthesis of colorful
compounds formed by the interaction of the oxidative species with N, N-

diethyl-p-phenylenediamine by 75% [75].

1.4 Shelf-life and postharvest quality of fruits

The ability of gelatin (GEL) coatings containing cellulose nanocrystals
(CNC) to extend the shelf-life of strawberry fruit (Fragaria < ananassa) for
8 days was assessed in one of the studies. Strawberries were immersed within
the film-forming solution for 1 minute until being coated and dried at 15°C
for 24h, then kept under refrigeration and characterized in terms of their
properties (weight loss, ascorbic acid content, titratable acidity, and water
content). The results showed that samples covered with GEL/CNC had a
major increase in shelf life, as an example, after 8 days of storage, the weight
loss for the control sample (without coating) was around 65%, while the loss
for the covered samples was within the range of 31-36%. The edible coating
was also useful in retaining ascorbic acid in strawberries, whereas the control
sample showed a rapid decay in ascorbic acid content, covered samples
showed a slow decay in ascorbic acid concentration. Furthermore, the edible

GEL/CNC coating had an antimicrobial effect on the fruits [76].
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One review was evaluated the physicochemical properties (thickness,
solubility in water and acid, vapor permeability, opacity, and mechanical
properties) of complex films that contained corn starch (native, modified
waxy, or waxy) and gelatin, plasticized with glycerol or sorbitol, these films
were then applied as an edible composite coating to Red Crimson grapes so
as to increase their shelf life of usability. The addition of gelatin maximized
the mechanical strength, water-solubility, permeability to vapor, and
thickness of the films while limited their opacity. Composite films arranged
with sorbitol had fundamentally lower vapor permeability and better tensile
strength than glycerol-plasticized films. Coated grapes had a preferred
appearance after 21 days of refrigerated storage, and that they had a lower
weight loss than the control group. The sensory assessment revealed that

none of the coatings influenced acceptability scores [77].

The effects of Zein and gelatin coatings on the physicochemical properties,
softening, and antioxidative enzyme activities of mango fruits stored at (32
+ 1) °C were evaluated and compared with control at regular intervals during
the storage period. Coatings of Zein and gelatin appeared to have a favorable
effect on postponing changes in weight loss, titratable acidity, sugar content,
pH, soluble solids, and total carotenoids. In comparison to the control, Zein
and gelatin coatings resulted in the highest retention of phenolic content and
ascorbic acid, delayed mango fruit ripening by inhibiting the activity of
softening enzymes like polygalacturonase, cellulose, pectin, methylesterase,

and -galactosidase, and maintained the best induction of defense-related
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peroxidase enzymes, that the application of Zein 5% and gelatin 10%
coatings may well be wont to delay ripening, maintain quality attributes, and

extend the shelf life of mango fruit during storage [78].

The effect of a Chitosan-coating treatment on the physical and chemical,
nutraceutical, and sensorial traits of three sweet cherry crops (Prunus avium
L., cvs. Ferrovia, Lapins, and Della Recca) harvested when it riped was
studied. Cherries were coated with 0.5 % Chitosan, stored at 2 °C for 14
days, weekly sampled, and stored at 24 °C for 3 days to work out the fruit's
shelf life. Physical-chemical (weight loss, Brix, and acidity), nutraceutical
(total polyphenol, antioxidant capacity, and ascorbic acid content), and
sensory assessments were distributed. In a cultivar-dependent manner, water
loss significantly decreased and changes in color, acidity, ascorbic acid
content, and respiration rate were delayed by chitosan coating. By using the
Chitosan coating the total changes in polyphenol, anthocyanin, and flavonoid
content, in sweet cherry fruits furthermore, as antioxidant capacity, were
delayed This treatment increased the postharvest lifetime of sweet cherry,

improved its storability, and increased its nutraceutical value [79].

To preserve the quality and safety of crimson seedless table grapes during
cold storage and subsequent shelf life, an edible covering based on Aloe-
Vera gel was applied. Uncoated groups deteriorated rapidly, with an
expected shelf life of 7 days at 1 °C in addition to 4 days at 20 °C, in light of
the quick weight reduction, color changes, accelerated softening, and

ripening, rachis browning. Those clusters coated with Aloe-Vera gel edible
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covering, on the other hand, greatly delayed the above parameters linked to
postharvest quality losses, and storability may be extended up to 35 days at
1 °C. And this edible covering was able to minimize the initial microbial
counts for both mesophilic aerobic and yeast and molds, which grew
dramatically in uncoated samples after storage. Besides, sensible
investigations exhibited helpful impacts as far as postponing delaying rachis
browning and dehydration, just as keeping up with the visual part of it

without influencing taste, aroma, or tastes [80].

An edible coating was formed from defatted walnut flour and applied to
walnut kernels, which were then put away at 40 °C close by uncoated pieces
for 84 days. On day 84, the coated walnuts showed the least oxidation
(13.33%), the maximum carotenoid (2.01 mg/kg), and y-tocopherol contents
(306.78 mg/kg), as well as the least decrease of oleic/linoleic fatty acids
ratio. Furthermore, the kernels wrapped in this coating received greater
general customer acceptability. The walnut flour coatings also inhibited the
breakdown of polyunsaturated fatty acids, which prevent deterioration
processes in walnuts. The coating based on walnut flour could be used as a
natural option to broaden the shelf life of walnut kernels without adding

synthetic substances to the food [81].

Overall, the use of coating was found to delay the ripening process and
increased anthocyanins, particularly those composed of a Chitosan with
OLE. At the end of 20 days of storage, Chitosan and alginate coated samples

supplemented with OLE reduced the loss of total ascorbic acid and phenolic
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contents. Higher levels of antioxidant activity were shown to be associated
with higher levels of phytochemical content. So Chitosan and alginate
coating enhanced with OLE was effective in extending the shelf life of sweet

cherries [82].

The effects of Chitosan 1% and 1.5%, calcium chloride (CaCl2) 1% and
1.5%, Chitosan 1% + gibberellic acid 100 ppm, Chitosan 1.5% + gibberellic
acid 100 ppm, jojoba wax, and glycerol (98%) coatings were tested on the
shelf life and postharvest quality attributes of banana fruits stored at 34 +
1°C and 70-75% relative humidity, while uncoated fruits served as a control.
When contrasted with uncoated examples, Chitosan, Chitosan + gibberellic
corrosive, and jojoba wax coatings slowed back changes in weight loss rate,
deterioration percentage, Brix, pH, acidity, accumulation of sugar, pigments
retreating, and ascorbic acid. Furthermore, the fruits treated with Chitosan
and Chitosan + gibberellic acid had the lowest pathogen incidence. As a
result, coating with Chitosan and Chitosan + gibberellic acid has the ability
to control deterioration percentage, broaden shelf life, and maintain essential

banana characteristics [83].

Chitosan-based edible coatings were employed in a study on strawberries
(Fragaria x ananassa) and red raspberries (Rubus idaeus) to increase the
shelf-life and improve their nutritional content at the point when they were
stored at either 2 °C and 88% relative moistness (RH) for 3 weeks or 23 °C
for up to 6 months. Chitosan-based coatings were investigated (Chitosan and

Chitosan with 0.2% DL-a-tocopheryl acetate). The outcomes showed that
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high calcium or Vitamin E concentrations in Chitosan coatings had no
impact on their anti-fungal and moisture barrier properties. The coatings
reduced decay incidence and weight loss while also delaying changes in
color, pH, and titratable acidity of strawberries and red raspberries during
cold storage. Coatings also helped to decrease drip loss and preserve the
textural integrity of frozen strawberries after thawing. Furthermore, calcium
or Vitamin E-containing Chitosan-based coatings greatly enhanced the

amount of these nutrients in both fresh and frozen fruits [84].

1.5 Antimicrobial activity of films

During storage at 10°C, the goodness of fresh-cut 'Josapine' pineapple
covered with a hydrocolloid-based edible coating based with respect to
gelatin was assessed. . Gelatin was applied to cut pineapple in concentrations
of 0.5, 1.0, and 1.5 %. Samples without coating were used as controls, and
all samples were stored at 10°C for 8 days. The physicochemical changes
(color, texture, pH, TA, and TSS) and microbiological changes (total plate
count, total coliform, and total yeast and mold) of the samples were assessed
at 2-day intervals. Generally, fresh-cut pineapple stayed good for just 6 days
when stored at 10°C because of the fungal infestation that was seen in all
treatments with prolonged storage. There was no significant difference in
any of the physicochemical parameters between the treated and control
samples. However, the overall microbiological examination showed a slight
decrease in total bacteria counts, total yeast, and mold in 0.5% gelatin, just

as a decrease in total coliform in 1.0% gelatin [85].
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The impacts of whey protein isolate (WPI) coatings containing a
lactoperoxidase system (LPOS) on the repression of Salmonella enterica and
Escherichia coli O157:H7 on roasted turkey were examined by testing both
the underlying initial inhibition and the inhibition over time. With varying
inoculation levels and LPOS concentrations, the initial antimicrobial effects
of WPI coatings incorporating LPOS (LPOS-WPI coatings) were
investigated. Initial 3- and 2-log CFU/g reductions of S. enterica and E. coli
0O157:H7 were observed in LPOS-WPI coatings containing 7 and 4% LPQOS,
respectively. S. enterica (6.0 log CFU/g) and E. coli O157:H7 (5.6 log
CFU/g) inoculated sliced turkey was stored for 42 days at 4 and 10°C. LPOS
concentrations in the coating solution and an LPOS solution for spreading
were 5 and 3 % (wt/wt) for storage studies of S. enterica and E. coli
O157:H7, respectively. After 42 days at both 4 and 10°C. LPOS-WPI
coatings inhibited the growth of S. enterica and E. coli O157:H7 in the
turkey. The LPOS-WPI coatings inhibited S. enterica and E. coli O157:H7
more effectively than the LPOS solution-spreading treatment. LPOS-WPI

coatings also slowed total aerobe growth during storage [86].

The antimicrobial activity of gelatin—chitosan-based edible films infused
with clove essential oil was tested against six selected microorganisms:
Pseudomonas fluorescens, Shewanella putrefaciens, Photobacterium
phosphoreum, Listeria innocua, Escherichia coli and Lactobacillus
acidophilus. All of these microorganisms were inhibited by the clove-

containing films, regardless of the film matrix or microorganism type. In
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another experiment, when complex gelatin—chitosan film containing clove
essential oil was applied to fish during chilled storage, Microorganism
growth was drastically reduced in gram-negative bacteria, particularly
enterobacteria, while lactic acid bacteria remained nearly constant for the
majority of the storage period. The impact on microorganisms during this
time term was steady with biochemical quality indexes, showing the

reasonability of these films for fish protection [87].

The impact of various concentrations of lemongrass oil (0.1 %, 0.3 %, and
0.5% wi/v) incorporation into an alginate-based [ glycerol 1.16 % (w/v),
sodium alginate 1.29 % (w/v), and sunflower oil 0.025 % (w/v)] edible
coating on the physicochemical properties, respiration rate, and
microbiological and sensory quality of fresh-cut pineapple during 16 days of
storage (10 = 1 °C, 65 + 10% RH) were evaluated. The covered fresh-cut
pineapple without lemongrass and uncoated fresh-cut pineapple which were
controls, have been kept under similar conditions. The results appear that
total plate counts, yeast, and mold counts, significantly (p < 0.05) lower in
coated samples containing 0.3 and 0.5 % w/v lemongrass than in other
samples. However, the addition of 0.5% wi/v lemongrass to the coating
reduced the firmness and sensory scores (taste, texture, and overall
acceptability) of fresh-cut pineapples significantly (p < 0.05). As a result of
the findings, an alginate-based edible coating containing 0.3 % (w/v)
lemongrass can possibly expand the shelf-life and keep up the quality of cut

pineapple [88].
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Sweet cherries were coated with 1% Chitosan derived from shrimp waste
and stored at 4°C for 25 days or 20°C for 15 days, then the impact on the
physicochemical and microbiological properties of sweet cherries (Prunus
avium L.) was evaluated. Weight loss, total soluble solids, pH, water activity,
titratable acidity, total carbohydrate content, respiration rate, and other
physicochemical and microbiological properties were weighted. The least
weight loss after storage was specified to be 8.85 % in Chitosan-coated sweet
cherries kept at 20 °C and 16.18 % in the control group stored at 4 °C. The
control group and the Chitosan-coated sweet cherries had the lowest
titratable acidity value (0.657 %) at 4 °C, and (0.6 %) at 20°C, respectively.
At the end of each period, the water activity value was determined to be
(0.969-0.974) for all sample groups and storage conditions. At 4 °C, the
general count of mesophilic aerobic bacteria in sweet cherry covered with
Chitosan was observed to be less than detectable (2 log CFU/g) whereas the
control group had 2.74 log CFU/g. At 4 °C for 25 days, yeast and mold
growth were suppressed in sweet cherries coated with Chitosan, while the
highest yeast and mold count was determined to be 4.75 log CFU/g in control
sweet cherries at the end of storage. It was discovered that different Chitosan
coatings have varying effects on several quality attributes at different storage
temperatures. When microbiological investigations are taken into account, it
Is possible to infer that Chitosan, particularly those derived from shrimp
wastes, has strong antimicrobial properties and can be utilized effectively to

extend the shelf life of sweet cherries [89].
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To preserve the quality and safety of crimson seedless table grapes during
cold storage and subsequent shelf life, an edible covering based on Aloe-
Vera gel was applied. Uncoated groups deteriorated rapidly, with an
expected shelf life of 7 days at 1 °C in addition to 4 days at 20 °C, in light of
the quick weight reduction, color changes, accelerated softening, and
ripening, rachis browning. Those clusters coated with Aloe-Vera gel edible
covering, on the other hand, greatly delayed the above parameters linked to
postharvest quality losses, and storability may be extended up to 35 days at
1 °C. And this edible covering was able to minimize the initial microbial
counts for both mesophilic aerobic and yeast and molds, which grew
dramatically in uncoated samples after storage. Besides, sensible
investigations exhibited helpful impacts as far as postponing delaying rachis
browning and dehydration, just as keeping up with the visual part of it

without influencing taste, aroma, or tastes [85].

The study examines the impact of Chitosan-based edible coverings
containing Aloe Vera extract on postharvest blueberry product quality during
storage at 5 °C. Coatings containing 0.5 % (w/v) Chitosan + 0.5 % (w/v)
glycerol + 0.1 % (w/v) Tween 80. Physicochemical (titratable acidity, pH,
weight loss) and microbiological studies of coated blueberries were carried
out over a period of 25 days. Microbiological growth and water loss levels
were reduced by roughly 50% and 42%, respectively, in coated blueberries
after 25 days when compared to uncoated blueberries. Weight reduction after

15 days was 6.2% for uncoated blueberries and 3.7% for Chitosan—A.Vera
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coated blueberries. Mold contamination was found in uncoated fruits after 2
days of storage (2.0 £ 0.32 log CFU g 1), whereas it was (1.3 + 0.35 log CFU
g Y) in fruits with Chitosan-based coverings with A.Vera after 9 days of
storage. Generally, the coatings formed in this work increase the shelf-life of
blueberries by roughly 5 days, which reveals that for the first time that the
combination of Chitosan and A.Vera liquid fraction as edible coating

materials has massive potential in increasing the shelf-life of fruits [90].

In one study, Chitosan-based films sachets with inserted chestnut extract
(CE) were used to pack fresh pasta, a comparative analysis was performed
to assess the sachet's effects on microbial development, moisture mobility
(with respect to phenolic content), and microstructural modifications of
packed material. To improve the antioxidant and antibacterial characteristics
of Chitosan-based film materials, a tannin-rich chestnut extract was utilized.
After nine days of retention in a Chitosan-chestnut extract (CH-CE) sachet,
the results indicate that a retrogradation process of pasta occurred, resulting
in a hard-like texture. Changes in water activity (aw) indicate a total phenolic
content concentration or dilution when pasta and CH-CE sachet comes into
touch. Regardless, the pasta in the CH -CE sachet was free of

microbiological deterioration for the whole 60-day shelf life [91].

1.6 Film and Coating Preparation

Arrangement of biodegradable and/or edible films incorporated the usage of

at least one film-framing agent (macromolecule); polysaccharides, proteins,



25

and/or lipids, a solvent, and a plasticizer. Proteins and polysaccharides are
the foremost widely investigated biopolymers within the field of edible
coatings and films. Films and coatings are additionally made of proteins of
both animal and plant origin. The properties of the final film are affected by
the intrinsic properties of proteins include amino acid composition,
crystallinity (of the protein and/or plasticizer),
hydrophobicity/hydrophilicity, surface charge, molecular size, and three-
dimensional shape. For example, the presence of cysteine allows for
potential disulfide bridge formation, as noted for beta-lactoglobulin, High
concentrations of leucine, alanine, and other nonpolar amino acids can create
hydrophobic proteins, as seen during a Zein and extrinsic processing factors
that include processing temperature, pH, salt type, drying conditions, ionic
strength, ratio during processing and storage, shear, and pressure [92,93]. In
general, protein films are effective barriers to lipid, oxygen, and aroma at
low relative humidity (RH) conditions, therefore, proteins are widely used to
form edible films. Proteins such as gelatin, whey protein, wheat or corn
proteins, and soy protein have been widely studied [94,95]. Protein-based
edible films get significant consideration as of late in view of their benefits,
including their utilization as edible packaging materials, over-synthetic
films. Additionally, protein-based edible films can work as transporters for
antimicrobial and antioxidant agents. Through a similar application, they
also can be used at the surface of the food to control the diffusion rate of

preservative substances from the surface to the interior of the food.
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Distilled water and ethanol are the two solvents that choose to make edible
films and coatings because they are safe to consume. However, if the
application of film or coating from an agricultural protein is not intended for
the application of food, other organic solvents such as acetone or other
organic materials may be used. In addition, the properties of a formed film
may affected by the solvent used, Such as in a study by Yoshino et al. (2002),
Zein films were made utilizing either fluid ethanol or aqueous acetone as the
dissolvable system. At the point when ethanol was used as the dissolvable,
coming about films at first had higher rigidity when contrasted with those
made with acetone; however, they were likewise more exposed to moisture
and high humidity environments [96]. But instead of these solvents, it may
be used soaked water/ juices for several types of fruits or vegetables, because
they are considered rich sources of flavonoids, polyphenols, and antioxidants
in order to obtain them to give special properties to the film and obtain a
functional edible film. Edible films based on these plant materials indicate
an alternative way to consume nutrients including pigments and polyphenols

with an antioxidant capacity [97].

Like most synthetic polymers, edible film materials require property
modifiers to work on the physical and mechanical properties of the film. As
with synthetic plastics, plasticizers are incorporated into edible coating film
materials that overcome the brittleness caused by the extensive forces of
intermolecular. Plasticizers; low volatility molecule, are added to polymeric

materials to modify their three-dimensional coordination, reduce the forces
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of attractive particles, rise free volume and increase chain transport [98,99].
Ordinarily utilized plasticizers in film frameworks are monosaccharide,
disaccharides, or oligosaccharides (e.g. glucose, fructose-glucose syrups,
sucrose, and honey), polyols (e.g. glycerol, sorbitol, glycerol derivatives, and
polyethylene glycols), and lipids and their derivatives (e.g. phospholipids,
fatty acids, and surfactants). Plasticizers are generally required at around 10-
60% on a dry premise, contingent upon the firmness of the polymer they are
essential for making films more flexible and smoother and stay away from

pores and cracks in the polymeric matrix [100].

However, plasticizers can add a significant change in film properties
including; diminishing tensile strength (TS), expanding film permeability to
water, and increasing the adsorb water capacity of the films, In this regard,
the sort and amount of plasticizers utilized and their functions in films
contribute significant provisions to the final performance of films [101-103].
Most protein-based films and coatings are exceptionally strong, however
extremely brittle when not plasticized [104]; so a plasticizer is important to
further develop the application capability of protein-based films. In polymer
science, plasticizers can be either described as internal or external. External
plasticizers are low volatile substances that are added to polymers, for this
situation, plasticizer particles interface with polymer chains, yet are not
synthetically joined to them by essential bonds and can, hence, be lost by
evaporation, migration, or extraction. Otherwise, internal plasticizers are

intrinsic parts of the polymer atoms and become part of the item, which can
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be either co-polymerized into the polymer structure or reacted with the
original polymer [105]. Internal plasticizers for the most part have massive
constructions that provide polymers with more space to move around and
keep polymers from approaching together, they soften polymers by reducing
glass transition temperature (Tg) and accordingly decreasing the elastic
modulus, it can synthetically change a protein chain through the addition of
substituent groups joined by means of covalent bonds and makes a steric
boundary between the protein chains, leading to expanded free volume and
improved flexibility. For the two types, it was observed that the properties
of the materials are strongly dependent on temperature, although this
dependence is more pronounced for the internal plasticizers. The advantage
of utilizing external plasticizers, contrasted with internal ones, is the
opportunity to choose the right substance relying upon the ideal item

properties [100,106].

The edible film is generally wrapped over the outer layer of a food item as a
solid matrix or food was dipped in the film-forming solution, film can serve
as primary packaging without any sensory or nutritional appeal. In these
cases, it is assumed to be flavorless, colorless, and does not interfere with the
sensory features of the food item [107]. The chemical and structural
properties of film-forming biopolymers and additives should be surely
known and adjusted to develop films for specific applications. Edible films
can be obtained from edible materials in two different ways: wet (solvent

casting) and dry (extrusion) processes. The solubility of film-forming
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biopolymers and additives is vital to the casting method, and
thermoplasticity of biopolymers alongside the phase transition, glass
transition, and gelatinization properties should be perceived in the extrusion

process to form the film [108-110].

The film-forming procedures can be determined by the structural chemistry
of biopolymers, whereas the film characteristics such as mechanical strength,
moisture, and color, etc. are controlled by the physical chemistry of
biopolymers. For example, the cohesiveness of film-forming materials can
influence the mechanical strength and the analogous structure of films; weak
mechanical strength film will form from film-forming materials with poor
cohesion, which can be reduced by using plasticizers [111,112]. There are
different protocols to use to prepare edible film and coatings from
agricultural proteins such as extrusion, casting, spinning, and others, which
the properties of the final film or coatings are affected by it. Depending on
the starting material several processes can be used to form films. The
biopolymers present in a solution can form films depending on several
factors including changing the conditions of the solution, application of heat,

addition of salt, or a change in pH [113].

The preferred technique used to frame edible protein films for research,
includes three stages to set up a film from biopolymers: a) Solubilization of
biopolymer in an appropriate solvent, b) Casting solution in the plates, c)
Drying off the casted film [114]. It is a cost-efficient and productive strategy,

and various types of equipment are available for film casting from simple
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casting plates to more advanced batch and continuous lab coaters, which is
the most ordinarily utilized technique for forming protein film samples for
research by manually spreading dilute film solutions (usually 5-10% solids)
of protein and plasticizer into Petri dishes or plates, then drying them under
fitting conditions or controlled relative humidity. Taking into consideration;
the method of drying can fundamentally influence the actual properties of
the final film, including film morphology, appearance, and barrier or

mechanical properties [115].

SOLVENT EVAPORATION
SOLVENT CASTING FILM DEPOSITION and STRIPPING
and DRYING

e = ) (5

Fig 1. Lab casting method of film formation.

Wet-spinning is a preparation procedure usually utilized in the textile
industry to form fibers. During formation, a solution of polymer is gone
through a pin hold spinneret under tension. In spite of the fact that they were
effective in forming films, there no expansion in the orientation of the protein
chains was noticed. Since the modified film-forming process uses fewer
tension factors than conventionally used material preparation, the authors

proposed that shear could assume a part in orientation [116].

Extrusion is an alternative option in contrast to solvent casting, which uses

raised temperature and shearing to soften and melt the polymer, permitting a
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cohesive film matrix to shape. Extrusion of proteins into films has specific
benefits over solvent casting. Relatively, extrusion is speedier and requires
less energy, on account of the way that more concentrated film solutions can
be deal with into the extruder. While solvent casting is energy-intensive and
time-consuming, due to vaporizing ethanol, or water, specifically, expands
the costs of manufacturing edible films. The utilization of extrusion
diminishes time and energy contributions to bring the value of biopolymer
film development to a competitive scale with manufactured film creation.
Results from recent studies on the preparing parameters to extrude
transparent, adaptable whey protein sheets utilizing a twin-screw extruder
explored that feed composition, temperature, and screw speed differed.
These extruder measurements and working conditions considered sufficient
heat denaturing and cross-linking of the whey protein to supply sheets that
had altered tensile properties when contrasted with solvent-cast heat-

denatured whey protein films [117-119].

1.7 Edible coating applications

Fresh produce quality factors are important to ensure marketability. Post-
harvest losses in fresh produce are an important issue due to their rapid
decomposition during handling, transportation, and storage. It is well known
that most foods are susceptible to mechanical spoilage, physiological
deterioration, water loss, and decay during storage. Reduced turgidity due to
water loss leads to faster wilting and depletion of nutrients and sensory

properties which is a major cause of deterioration. Cold storage of some
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foods is common, but other foods such as fruits are usually stored at room
temperature in markets between harvest and consumption. For this reason,
these product losses are very high. By using edible coatings/film and cold
storage, spoilage can be reduced. Edible Films can be applied to fruits,
vegetables, meats, poultry, and grains that can be frozen, processed, or
freshly processed. Essentially, the purpose of edible coatings is to increase
the natural barrier of food products. Likewise, a very important fact of edible
coatings is that they can be eaten safely as part of the products and are
environment-friendly at the same time extending the shelf life of fresh
produce. To maintain the quality of food products, the application of edible
coatings and films on these products can be considered an effective method.
The edible coating/film provides steady nature of food items with market
integrity, nutritional value, and economic cost of creation in the food
treatment sector [120], as it keeps up of boundaries of significant value and
appearance upgrades the shelf life of food products (vegetables, fruits, meat,
fish, and dairy products, bakery, etc) on account of the promising properties
of the barrier against moisture, gas transmission, lipid oxidation and control
of enzymatic activities and microbial deterioration [121]. Regular
antioxidants and antimicrobial agents have likewise been joined into the
edible film to delay autoxidation of high-fat-rich items just as increment the

oil resistance of fried food items [122].

Edible materials give obstruction properties against moisture and gases of

fresh items during the ability to upset the enzymatic oxidation, which shields
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food from browning discoloration and softening of texture. It likewise can
prevent the deficiency of natural volatile flavor and color components [123].
The nature of food items relies upon sensory, and microbiological properties
in addition to nutritional, which are dynamically changed during handling,
storage, or marketing. These progressions are the consequences of food items
and environmental interactions and may prompt changes that debase food
quality, for example, water and gas reduction [124]. Edible coatings and
films have been represented to adequately protect the nutritional, sensory,
and microbiological properties of various food products. According to
Sharma et al. (2019) Edible coatings and films assist with preserve
phytochemicals (antioxidants, phenols, pigments), and phytochemical
properties (pH, soluble solids content, respiration rate, weight loss)
throughout an extensive period of time in fresh and minimally processed
fruits and vegetables [125]. Edible coatings and films have generally been
made unflavored, transparent, which don't upset the organoleptic nature of
food items. However, the new outcomes show that organoleptic properties,
such as color, flavor, appearance, so on, are fundamental in some

applications such as sushi rolls and pizza toppings [126].
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Fig 2. Scheme illustrating the main characteristics of edible films and coatings

Dipping is the most commonly recognized technique for covering food
items, it is the immersion of a food sample in the film-forming solution
(dipping process) [127]. The dipping technique for applying edible covering
on food products consists of three steps: i) immersion & dwelling, ii)
deposition, and iii) solvents evaporation [128,129]. The substrate is
immersed in the coating emulsion/solution at a continuous speed, ensuring
an adequate amount of solution for wet the substrate and complete

connection between both substrate and coating matrix [130], thin layers of



35

precursor emulsion are shaped on the outer layer of food items. The
overabundance of surface liquid is drained and taken out by deposition [129].
The solvent and excess liquid are then permitted to evaporate from the outer
layer of the food items utilizing heating and drying methods. The item is
dried either at room temperature or with the assistance of a dryer when the

excess coating is drained away [128].

Dipping

YR
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Food products Coating material Drying (Coated food products)

Fig 3. Dipping application methods of edible coating for fruits

Spraying is the most common method used to apply a coating to food
products [124,131], used to apply a uniform coating to the surface of food,
and is potentially a more controllable coating application method than other
methods. It increases the surface of the liquid by creating drops and
dispersing them across the food surface with a set of nozzles. There are three
kinds of spraying procedures that have been utilized in industries to apply an
edible coating to food products; (i) Air spray atomization, (ii) Air-assisted

airless atomization, (iii) Pressure atomization.
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Fig 4. Spraying application methods of edible coating for fruits

The fluidized-bed technique of edible coating is generally utilized in food
processing and exploration applications. It is utilized to apply slight layers
of covering material to dry particles of uncommonly low density as well as
a small size [132], and it is generally utilized by the pharmaceutical industry
for tablet coating. The coating solution and suspension are showered onto
the fluidized powder surface through various nozzles to shape a shell-like

structure. The fluidization interaction happens when the liquid stream moves
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up through a bed of particles accomplishing sufficient speed to help the
particles without redirecting them into the liquid stream. The fluidized-bed
process technique is ordered into three classes: top spray, bottom spray, and
rotating fluidized bed. Although, in the food industry, the conventional top
spraying strategy is more functional than different strategies [133]. The
molecule size in the fluidized bed must be more than 100 um in light of the
fact that the powders in the conventional bed don't tend to steadily or shape
unreasonable agglomerations at more smaller sizes [134,135]. Powder
agglomeration amplifies the scattering and solubility of the coating material.
Simultaneously, the stability of the material improved by using a liquid
binder, the process takes place under heat treatment before being sprinkled
on foods. This interaction prompts the attachment, collection, and drying of
the particles and is applicable to both continuous and batch operations.
Nozzles generally utilized in fluidized-bed coatings are pneumatic or binary
nozzles: the liquid is conveyed at low pressure and the air is sheared into the
nozzles. The activity of the fluidized bed during drying of the coating

appeared to lessen the development of clusters onto the coated items.

The panning covering technique began in Greek Arabian culture and was
utilized by pharmaceutical and candy industries and in the uses of
medications. The panning technique is putting the food and other different
things that needed to be covered in a huge rotating bowl called a pan. The
solution is then sprinkled into a rotating compartment and the product is

stirred to ensure that the solution reaches all parts of the food and has good
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coverage. Coatings are dried using vigorous air either at room or higher
temperatures [136]. In this strategy, heat is made by rubbing with cold air.
This technique is separated into three unique kinds of utilization measures
subject to the attributes of the food items; hard panning, soft panning, and
chocolate panning. The use of the hard shell is hard panning by the steady
use of sugar syrup to the surface which dries and solidifies. Soft panning
incorporates the usage of corn syrup and a blend of sugar as a syrup for
covering, which is dried by applying dry sugar to shape thick, soft, but fewer
layers. Chocolate panning is using a fat-based layer around the middle.

Chocolate and cocoa-based candy or white (favorable) composite coatings

can be used [137].

SPRAY GUN

SUCTION SHOE

MIXING BLADES

Fig 5. Panning application method of edible coating.
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Chapter 2

Materials and Methods

2.1 Materials

The black grapes (Vitis vinifera ) were harvested from house-grown trees,
washed, seeds removed, and juice extracted with a fruit juicer. The juice was
filtrated with cheesecloth to separate the skins and stored at —20 °C until
usage. Sweet cherries (Prunus avium L., cv Sweetheart) were obtained from
a local market in Nablus, transported, and stored at room temperature until
treatment. Nigella sativa defatted seed cake (NSDSC) was purchased from
Alhathnawi General Trade Co. (Jenin, Palestine). All chemicals, BBL™
Mannitol Salt Agar and other solvents used in this study were obtained from
Sigma-Aldrich Company. Mueller Hinton Broth Himedia M391-500g
obtained from HiMedia Leading BioSciences Company. Bacterial strain
Staphylococcus aureus, from American Type Culture Collection (ATCC
25923) and Escherichia coli (E. coli O157:H7) was obtained from

microbiology laboratory An-Najah National University.

2.2 Methods

2.3Protein extraction and determination

The protein was extracted from NSDSC by the acid-base extraction method
as previously described [138] with some modifications. Dry NSDSC was

ground utilizing an electric mill at a high velocity, for 5 min and the powder
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was dissolved in distilled water (1:10, w/v), the pH was adjusted at 12.0 with
1 N NaOH and stirred at medium speed for 2 h at room temperature. After
centrifugation at 4000 rpm for 20 min, the supernatant was collected and pH
adjusted at 5.4 with 1 N HCI to form a precipitate which was then isolated
by centrifugation at 4000 rpm for 20 min, to be collected and dried at 30°C
and 20% relative humidity (RH). The got protein concentrate (PC) was finely
ground and the protein moisture content, crude fat, ash, and carbohydrate

were evaluated.

Protein content was determined by Kjeldahl’s method [139] using a nitrogen
conversion factor of 6.25. Moisture content is generally determined by
weight loss upon drying, it was determined by using the Moisture Analyzer
(Sartorius™ MA100 Infrared Moisture Analyzer), which performs moisture
analysis by using the loss on drying method, based on the vaporization of

water during the material is heated.

Crude fat is the term used to refer to the crude mixture of fat-soluble material
present in a sample. The ANKOMXT15 extraction system is a common
approach designed to extract crude fat is based on the solubility of lipids in
non-polar organic solvents. The analysis is achieved by measuring the loss
of mass due to the extraction of fat/oil from the sample encapsulated in a
filter bag. Crude Fat contained within a food or feed sample can be calculated
using the following formula:

W2 -W3

Crude fat (%) = 100 x (D
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Where: W1 = Original weight of the sample, W2 = Weight of pre-dried
sample and filter bag, W3 = Weight of dried sample and filter bag after

extraction.

Ash refers to the inorganic residue remaining after either ignition or
complete oxidation of organic matter in a foodstuff. Analysis of nutritional
evaluation is done by determining the ash content of the food. Ashing is the
primary step while preparing a sample for elemental analysis. The dry ashing
method with a Muffle Furnace determines the ash content of a variety of food

products. The ash content is calculated as follows:

M (ASH)
M (DRY)

Ash (%) = x 100 2)

Where MASH, MDRY refers to the mass of the ashed sample, and original

masses of the dried samples, respectively.

2.4 Film preparation

The film-forming solution was prepared by dissolving the PC under
continuous stirring in the diluted grape juice (4g / 100ml juice), and the pH
value was adjusted to pH 12.0 by using 1 N NaOH until the powder was
completely solubilized. After that, the same volumes (100 mL) of all film-
forming solutions FFSs (50 mL each containing 400 mg protein), were casted
onto 15 cm diameter polystyrene Petri dishes at pH 12.0 and allowed to dry

at room temperature for 72 h, and finally, the dried films were analyzed.
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2.5 Film characteristics

In order to compare the effects of various treatments to protein films, their

mechanical, physical, and biological properties have to be determined.

2.5.1 Film mechanical properties

The dried films were peeled from the casting surface and conditioned at 25°C
and 50% relative humidity for 2 h by placing the film samples into a
desiccator over a saturated solution of Mg(NO3)2.6H20, then their thickness
was measured with a micrometer screw gauge (0-25mm, 0.1 um), at different
positions for each film sample. The mechanical characteristics measured
according to ASTM D882 method [140], by using a universal testing
instrument (Brookfield CT3 Texture Analyzer, model CT3 50K), were
described in the relevant literature are as follows: (a) Tensile strength (TS)
which is the pulling force per film cross-sectional area required to break the
film; (b) The elongation at break for the degree to which the film can stretch
before breaking, and (c) Young’s modulus which provides information about
a film’s resistance to deformation [141], films strips (1 cm wide) was
mounted between the grips of the texture analyzer and tested with an initial
grip separation of 50 mm and a crosshead speed of 0.5 mm/s. Three samples

of each film type were tested.

Tensile Strength (TS): This is calculated by dividing the load at break by the
original minimum crosssectional area. The result is expressed in

megapascals (MPa).
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(Load at break)
(original width)(original thickness)

Tensile strength =

(3)

Percent Elongation (EB): This is calculated by dividing the elongation at the
moment of rupture by the initial gauge length and multiplying by 100. Which
the distance between the grips is used as the initial gauge length. The result
Is expressed in percent.

(elongation at rupture)x 100

P tel tion = *
ercent elongation (initial gage length) “

Young’s Modulus (YM): This is calculated by drawing a tangent to the initial
linear portion of the stress-strain curve, selecting any point on this tangent,
and dividing the tensile stress by the corresponding strain. For purposes of
this calculation, the tensile stress shall be calculated by dividing the load by
the average original cross-section of the test specimen. The result is

expressed in megapascals (MPa).

(load at point on tangent)
(original width) (original thickness)
(elongation at point on tangent)
(initial gage length)

Young’'s modulus =

(5)
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2.5.2 Film physical properties

2.5.2.1 Moisture Content and Uptake

The moisture content was measured according to Galus and Lenart [142], it
was determined by the mass loss of 1 g of the film after 24 h of oven drying
at 105 °C and expressed as the percentage of initial film mass loss during
drying, the ability of each specimen to absorb moisture was determined by
measuring the weight gain of each specimen at 50% RH after 24h. Three
repetitive analyses of each film were made and the results were expressed as
mean value. The 3 squares (2 x 2 cm) were cut from the films and weighed
(W1), then the films were put in the oven (105 °C) for 24 h and then weighed
again (W2), Then squares were conditioning at 25 °C and 50% RH for 24 h
by placing the film samples into a desiccator over a saturated solution of

Mg(NQs)2+6 H20, after that they were weighed (W3).

Water content and uptake were calculated according to the following

formulas:
Water content (%) = (W1~ W2) x 100 (6)
(W1)
Water uptake (%) = (W3 — W2) x 100 (7)

(W3)
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2.5.3 Films biological properties

2.5.3.1 Antioxidant activity of the film

The ability of films and of every single component of the film-casting
solution to scavenge DPPH free radicals was assessed using the method
described by Siripatrawan and Harte [143] with some modifications. Briefly,
the films (20 mg) were dissolved in water (500 mL). Then sample solutions
(100 mL each) were mixed with 900 mL of DPPH methanolic solution (0.05
mg/mL). After 30 min in darkness at room temperature (25 °C), the
absorbance was recorded at 517 nm. The percentage of DPPH free radical

quenching activity was determined using the following equation:

DPPH scavenging effect (%)
_ 100 (Abs DPPH - Abs sample) 100 g
= (Abs DPPH) X ®)

where Abs DPPH is the absorbance value at 517 nm of the methanolic
solution of DPPH and Abs sample is the absorbance value at 517 nm for the

samples. Each sample was assayed three times.

2.5.3.2 Film Antimicrobial Activity

The bacterial strain of Staphylococcus aureus (ATCC 25923) and
Escherichia coli (E. coli 0157:H7) was activated twice in a nutrient broth to
reach a cell concentration corresponding to 0.5 turbidities. Antimicrobial
activity testing of the edible films was carried out using the agar diffusion

method according to Pranoto et al. [144]. The edible films were cut into 5
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mm diameter discs and then placed on Mueller Hinton agar plates. These had
been previously seeded with 0.2 mL of inoculums containing approximately
10°-10° CFU/mL of tested bacteria. The plates were then incubated at 37°C
for 24 hours. Finally, the inhibition zones were observed and evaluated.

Experiments were done in triplicate.

2.6 Sweet cherry wrapping

Sweet cherries were selected, of uniform size, color, without physical
damage and fungal infections, washed with tap water, and dried at room
temperature. They were randomly divided into three groups was wrapped
(W) by sealed NS-PC bags (10 x 10 cm) and in sealed low-density
polyethylene (LDPE) bags with the same size of the film, and the control
was unwrapped (UW). These samples were placed at -20°C, the quality of
both wrapped and control samples was evaluated during storage every week

for 40 days.

2.6.1 Physicochemical analysis of sweet cherries after storage

Samples of 2 cherries from each bag were assessed for color, pH, titratable
acidity and, soluble solids. Color (L*a*b* mode) was measured with a
Konica Minolta CR-400 Chroma Meter. And expressed as hue angle

according to the method of McGuire [145].

The pH values of the juice obtained by hand crushing the cherries in the bags
were recorded using a pH meter, then it was titrated with 0.1 N NaOH for

titratable acidity (TA) which was expressed as the percentage of malic acid (%).
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The Total soluble solids concentration (TSS) in the juice was measured with

a refractometer (A. KRUSS Optronic GmbH. DR6100-T).
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Chapter 3

Results and Discussions

3.1 Proximate analysis of Nigella sativa seeds and their derivatives.

Using an Acid-Base extraction technique, protein concentrates were
prepared from the defatted seed meals. Consequently, protein, moisture, fat,
carbohydrate, and ash contents of concentrate protein were determined
immediately after drying and then compared with raw Nigella sativa seeds
(Table 1). The results showed that the protein concentration of raw seeds was
20.3+0.63% and after the extraction of protein based on the acid base
extraction method was 45.1+2.5%. Moreover, the fat concentration of raw
seeds was 45.4+0.53% while in the PC was 3.1+0.7% due to the defatted
process that proceed to extract the Nigella sativa oil before the protein

extraction.

Table 1: Proximate analysis of the Nigella sativa (NS) seeds, Nigella
sativa defatted seeds cake (NSDSC) and protein concentrate (PC)
obtained from defatted seeds cake.

Compositions (%) | NS seed* NSDSC PC
Protein 20.3+0.63 340+ 2.7 45.1+25
Moisture 7.1+0.22 75+0.1 50+0.3
Ash 7.4+0.27 55+0.1 3.7+0.7
Fats 45.4 + 0.53 18.2+0.5 3.1+0.3
Carbohydrate 19.7 £ 0.44 348+2.3 43.1+14

* Results was according to [146].
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3.2 Nigella sativa edible films obtained in the presence of different

concentrations of grape juice

Nigella sativa protein concentrate (NSPC) powder was dissolved with
different concentrations of GJ at pH value 12. The initial experiments
showed that the pH value of the film forming solution is critical to obtain
very good film appearance and properties. The NSPC films cannot obtain at
pH less than 8.0 by using GJ. The NSPC/GJ film forming solution were
casted in Petri dish and dried for at least 48h. Fig 6, showed that adding 2, 4,
6, 8, and 10% was sufficient to obtained handleable films was homogenized,
flexible, and easily to peel off from the Petri dish, without any observed
defects cracks or pores. Except when GJ concentrations was 1, 20, and 30%,
where the film with 1% GJ was rigid, brittle, and easily broken with many
cracks, that because the GJ concentration was not enough to plasticize
protein polymers, while at 20 and 30% the obtained films were sticky and
difficult to separate from Petri dish due to high concentration of GJ.

Therefore, films containing 1, 20, and 30% of GJ are excluded.

Protein-based films typically contain food materials, which can change over
time, resulting in the loss of protective functions and affecting the
appearance of the covered food. As a result, protein-based film formulations
require the addition of a plasticizing agent above the minimum threshold to
reduce film fragility and obtain certain plastic properties [147,148].
Plasticizer molecules reduce intermolecular interactions along polymer

chains, resulting in increased flexibility, extensibility, and toughness.
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Plasticizers, on the other hand, decrease the films mechanical resistance and
barrier characteristics [149]. The most common use plasticizers are polyols,
mono-, di- or oligosaccharides. Physicochemical properties of edible films
produced from whey proteins and plasticized with sucrose have been
investigated by several authors, who found that these films are flexible,
strong, and extremely glossy, as well as possessing good oxygen barrier
qualities [150,151]. So, The main reason for the formation of a film based
on NSDSC protein with good physicochemical characteristics without
adding glycerol as a plasticizer is the sugars in grape juice that act as
plasticizers as in the case of sucrose. Veiga-Santos et al. [152], successfully
obtained cassava starch films by using sucrose or invert sugar. Moreover, the
pea starch-guar gum was also plastics with different sugars [153]. The film
color was black due to the seed pigmentation that are phytomelanins, high-
molecular weight polymers which formed by the oxidation of phenols [154-
156]. The black color of the obtained film will help to protect food products,

medicines or other products from an oxidation that can harm these products.
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Fig 6. Images of NSDSC protein film containing different concentrations of grape
juice (GJ), obtained at pH 12.0. Not-handleable—either brittle (XX) or sticky (X).
Further experimental details are given in the text.

3.3Film characterization

3.3.1 Film thickness and mechanical properties

Thickness and mechanical properties of edible films are important to
ensure that the films have adequate mechanical strength and integrity
during transportation, handling and storage of foods [157]. Figure 7,
reported that the film thickness and mechanical properties of NSDSC
proteins based films prepared with different concentrations of grape juice

(2,4, 6,8 and 10% V/V) and casted at pH 12.0.
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Fig 7. Effect of different concentrations of grape juice (GJ) on the film thickness and
mechanical properties (TS, tensile strength; EB, elongation at break; YM, Young’s
modulus) of NSPC edible films obtained at pH 12.0. Different statistical symbol
(a,b,c,d) indicated significant different between treatments (p < 0.05).

Results clear indicated there is no significant difference in films thickness by
increasing the GJ concentrations. The film thickness was between 72-76 pm.
The different GJ concentrations have affected significantly (p <0.05) the
NSPC film TS, EB and YM. The obtained results showed that the NSCP film
TS and YM was reduced significantly when the GJ increased. Whereas, film
EB increased significantly until 6 % GJ and remain at almost same value at
8 and 10% GJ. Those film mechanical properties were observed by using

glycerol that recognized as the most used plasticizer to obtained films even

to proteins or polysaccharides based films [158,159].

Wherefore, we recognized GJ has plasticizing effect for NSPC film, based

on the main ingredients of GJ that mainly sugars that well known has



53

plasticizing effects. In the previous work was demonstrated that
monosaccharide especially glucose produced thinner films that due to the
similarity of its chemical structure to the repeating units of polymers
[152,153], concluded that by increasing the sucrose or invert sugar as

plasticizer to cassava starch significantly increasing the film EB.

Table 2, compering the mechanical properties of NSDPC films incorporated
with 2% and 6% GJ, as well as those of some commercial edible casing
called (Viscofan NDX) that obtained from gelatin, and plastic high density
polyethylene (HDPE) materials analyzed in the previous studies [160]. As
shown in Table 2, film prepared with a concentration of 2% of GJ had higher
film thickness. Film prepared with 2% GJ almost has similar TS and YM
properties with Viscofan (NDX) commercially available material, as well as
film prepared at 6% GJ had similar YM properties with HDPE commercial

material.

Table 2. Thickness and mechanical properties of some commercial
materials and of NSDSC protein films incorporated with 2 and 6% GJ.

Film Th(lmf N (Jﬁa) EB (%) YM (MPa)
NSPC+GI2%  675+15  “jo°  56%23 tO>*
Moxe ©0e04 GGT 1sisas RO

HDPE* 2+17  oLE LI 752:270

* Results were obtained from previous study [160].
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3.4 Film moisture Content and Uptake

Among the properties of the obtained films that have been evaluated are their
water moisture content and uptake, which play an important role in
determining the texture and mechanical properties of edible films as coated
materials and are highly essential for potential food packaging applications
[161]. Because it is well recognized that high moisture content may allow
for increased bacterial and enzymatic activity or mold development under
the available conditions, the use of edible films as a food packing material

may be severely limited.

The results indicated that no significant change on water content by
increasing the GJ concentrations. Whereas, the water uptake of the NSPC
film prepared with 4% GJ has the highest water uptake (11.1 + 0.3%) that
significantly different with the films prepared with 10% GJ (6.4 £ 1.8%).
Plasticizing the NSPC with GJ at 4% showed the maximum water uptake that
due to the higher water holding capacity inside the film matrixes than
gradually decreased by increasing the GJ concentration. Previous work
showed that fructose plasticized cassava starch films absorb less water
compared to other films that obtained with urea, tri-ethylene glycol, or

triethanolamine [162].

There are many studies reporting the moisture content of protein-based
edible films under different conditions. Bamdad, et al. [163], studied the
moisture content of films made from lentil protein concentrate with 50 %

GLY it was 23.15 + 1.6%. Mahmoud and Savello [164], reported that the
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moisture content in whey protein films ranging from 26.3 to 26.5% when
their glycerol content 1.5%, and increased when the concentration of
glycerol increased. In a study on peanut protein concentrate film were dried
at 70, 80, or 90°C, the moisture content of peanut protein films prepared at
70 °C was 32.57% higher than for those prepared at 80 °C (23.84%) or 90°C
(14.79%) [165].

Table 3. Water content and uptake of NSPC dissolved with different
concentrations of grape juice (GJ).

Film Water content (%0) Water uptake (%0)
NSF()Z% /0+) GJ 12,1+ 1.42 7.6 +1.12
NSF(’L% /0+) GJ 17.4 + 1.4 11.1+0.3
NSF(’éf) /0*) GJ 18.0 % 0.9° 8.9 + 0.8
NSF(); A:’) GJ 15,5 + 3.7° 0.8 +£0.720
NS(F;%(;) )GJ 16.7 + 3.42 6.4+ 1.8

22 \values in the same column with different letters are significantly different(p< 0.05)

3.5 Antioxidant activity of the NSDSC protein film

DPPH scavenging assay was used to indicate the antioxidant activity of the
film, when the DPPH solution (as a reagent) was mixed with the sample
mixture acting as a hydrogen atom donor, a stable non-radical form of DPPH
Is obtained with simultaneous change of the violet color to pale yellow,

which was determined by using the spectrophotometry method [166].
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Fig 8. Effect of different concentrations of grape juice (GJ) on the DPPH scavenging
activity of obtained NSPC edible films, control was the NSPC obtained with 30%
glycerol at the same pH value 12. Values with (*) it’s significantly different
compering to the control.

The results showed that the DPPH scavenging activity of the films
significantly increased with increasing GJ concentration as shown in
comparing to the control films that obtained with 30% glycerol as plasticizer
(Fig 8). The film's scavenging action is connected to the fact that free radicals
can react with remaining free amino (NH2) groups to generate stable
macromolecule radicals, and NH> groups can form ammonium (NHz) groups
by absorbing a hydrogen ion from the solution [167]. In the films containing
GJ, the antioxidant activity increased due to bioactive components in grapes
which is a good natural source of antioxidants, containing many
phytochemicals such as anthocyanin, catechin, epicatechin, resveratrol, and

proanthocyanidin, and therefore have strong activity for scavenging free
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radicals [168]. The expected antioxidant nature of the active film improved

as the GJ concentration in the film formulation raised.

3.6 NSDSC protein film Antimicrobial Activity

Figure 9, presents the antimicrobial activity of protein concentrate films
containing different concentrations of GJ, against two pathogenic organisms,
Staphylococcus aureus (S. aureus), and Escherichia coli (E.coli) (panel A
and B). The inhibitory activity was measured based on a clear inhibition zone
that surrounds the film disks. If there was no clear zone surrounding the film
disks, it was assumed that there was no inhibitory effect. The results

indicated that the GJ concentrations were active against S. aureus.
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Fig 9. Antimicrobial properties of NSPC edible films at pH 12.0, against two
pathogenic organisms, Staphylococcus aureus, and Escherichia coli. (A) Effect of
different GJ concentrations incorporated with NSPC films on microbial activity. (B)
Effect of different GJ concentrations incorporated with NS-PC films on
Staphylococcus and E-coli under a microscope.

Antimicrobial activity was observed in films prepared with 8% and 10% GJ,
particularly against S. aureus, with a clear inhibition zone, where the

concentration of 10% was more effective against S. aureus due to a higher

content of grape juice and therefore larger quantities of polyphenols. The
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diameters of the inhibition zones were exactly proportional to the total
polyphenol content, indicating that these chemicals are responsible for
antimicrobial activities [169,170]. Other trials that demonstrated
Staphylococcus species to be the most sensitive bacterium to polyphenols
discovered comparable outcomes [171-173]. Whereas, there was no
inhibitory impact of any of the films on E. coli at all concentrations tested.
In fact, it has regularly been accounted for that polyphenolic extracts are
more effective against Gram-positive bacteria. Gram-negative microbes
have a low vulnerability to polyphenols when contrasted with Gram-positive
microorganisms because of the repugnance between these mixtures and the
lipopolysaccharide present in the surfaces of gram-negative microscopic
organisms [174,175]. Different investigations have reported the inhibitory
effect of polyphenols on gram-negative bacteria, but at higher concentrations

of polyphenols than in our review [176,177].

3.7 Effect of wrapping with or without NSPC/GJ film on sweet cherries

quality.

Effects of NSDPC with 6% GJ films and LDPE on the quality of sweet
cherries was shown in (Fig. 5-7). The unwrapped and sweet cherries wrapped
with LDPE was the control in this experiment. The NSPC with 6% GJ was
selected based on mechanical properties. Fig 10, showed the sweet cherries
after removing from freezer were the unwrapped cherries covered with small
ice crystal, whereas not observed in both wrapped cherries when it closed.

However, the NSPC with GJ are able to heat sealed by house sealer machine.
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N i o | :
Unwrapped W-LDPE W-NSPC/GJ

Fig 10. Sweet cherries image after removing from freezer unwrapped (control) and
wrapped (W) with LDPE or NSPC with 6% GJ.

The initial total soluble solids (TSS) were (16.3 £ 1.2 Brix) of fresh cherries
indicated a good maturity as described by kappel et al [178]. The results
showed that the TSS (Brix) was significantly lower comparing to the control
(unwrapped) after 10 days of storage at -20 °C, and no significant effect was
observed between the TSS of cherries wrapped with LDPE or NSPC films in
all storage times (Fig 11). One of the good juice quality indicators is the
retention or minimum increase in TSS content of juice during storage [179].
The TSS decrease during storage could attribute to the respiration rate or
conversion of sugar. While the increase could be explained by the breakdown
of starch to sugar [180]. The results clear indicated that the TSS
concentration was stable until end of storage period for cherries wrapped
with LDPE or NSCP/GJ films. However, the titratable acidity and pH value

of all cherries wrapped or not was not significant different in all storage times
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Fig 11. Effect of unwrapped (control) and wrapped (W) with LDPE or NSPC
plasticized with 6% GJ films on soluble solids content (Brix), titratable acidity and
pH, of sweet cherries stored at different storage time at -20°C. Value with (*) it’s
significantly different compering to the unwrapped sweet cherries.

The optical result (L* and Hue angle) was analyzed for the sweet cherries,
the unwrapped cherries (control) and wrapped (W) with LDPE or NSPC
plasticized with 6% GJ at different storage time at freezing temperature -
20°C (Fig 12). L* indicates lightness read from 0 (completely opaque or
““black’’) to 100 (completely transparent or ‘‘white’”) [180]. The results
showed that the L* value was not significant in all the treatments. Whereas,
Hue angle results indicated that the sweet cherries wrapped with LDPE was
reduced significantly comparing to the once wrapped with NSPC plasticized
with GJ or unwrapped cherries at 20 days of storage. Moreover, the hue angle
value for the sweet cherries that wrapped with NSPC showed significantly
higher value at 20 days comparing the control and the value decreased at 40
days of storage at -20 °C, and there were no significant differences between
the cherries wrapped with LDPE or NSPC films in 40 days of storage.
Gongalves et al., [180] and Gutiérrez-Jara et al., [181] concluded that there

Is a correlation between the hue angle and anthocyanins content, were the
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lowest value of hue angle is correlated to the cherries with highest
anthocyanins content, giving a darker red color. Based on that the obtained
results indicated wrapped sweet cherries are very important during freezing
to protect the anthocyanins concentration in the products. However, at 40
days of storage the unwrapped cherries hue angle value was higher
comparing to the 0 day that due to the loss of the anthocyanins content.
Similar results were founded by Gutiérrez-Jara et al., [181], were the coated
cherries showed the lower hue angle value comparing to the uncoated

cherries at refrigeration storage control.

~Unwrapped -=W-LDPE —W-NSPC/GI

——Unwrapped -=-W-LDPE W-NSPC/GJ 25 -
30 *
LGP W L] A >
i c : y !
; ‘ < 7 :
*, 20 A ) % %
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10 T T T Y 10 T ,
0 10 20 30 40 0 10 20 30 40

Storage time (days) Storage time (days)

Figure 12. Effect of unwrapped and wrapped (W) with LDPH and NSPC plasticized
with 6% GJ on optical properties of sweet cherries stored at different storage time
at -20°C. Value with (*) it’s significantly different compering to the unwrapped

sweet cherries.
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Chapter 4

Conclusion and Recommendations

Edible films have been investigated as potential replacements for traditional
plastics in food packaging. Following global trends in environmental
preservation, their development gives another option alternative for applying
hydrocolloids materials. Many research studies have been conducted to
evaluate the overall effect of the addition of different substances such as
crosslinkers, strengthening agents, plasticizers, or additives with
antimicrobial or antioxidant properties to protein to improve the physical and
mechanical properties of edible films and the shelf-life of food products. This

study indicated many important points, that;

e The use of NSCP plasticized with GJ-based edible films represent a
stimulating route for creating new food packaging materials, thus NSPC
and GJ appear to be interesting raw materials for the formation of
functional edible packaging films.

e The GJ concentration content was the most important parameter
influencing the mechanical properties, as well as the physical properties
due to its plasticizing effects on the polymer matrix.

e An edible coating containing natural extracts has been widely used for
extending the shelf life of fruits and vegetables. The present study found
for the first time that the use of natural GJ in combination with NSPC has

a positive influence on the physicochemical traits of sweet cherries.
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The film proved to extend the shelf-life of fresh sweet cherries by
delaying changes in color, titratable acidity, total soluble solids, and pH

during freezing storage.

In addition, there are several general recommendations that should be taken

into account for those with an interest in the same field, some of them;

Stopped the plastic pollution by reduce use or purchase of plastic,
especially single-use plastic, where possible.

It is necessary to use reusable bags and containers and recyclable
materials, or to search for ways that can be used as alternatives to plastic
materials.

Increasing community awareness about edible packaging and
highlighting them because of their great importance in terms of the
preservation of the environment and protection of products. In addition
to Increase marketing of biodegradable packaging.

Use eco-friendly and low-priced materials to prepare edible films, such
as industrial by-products in view of reducing competition on the basic
nutritional components.

Reduce some traditional polymeric packaging materials for specific
applications by using biodegradable or edible films as food packaging.
The edible wraps would not be used alone, they would be used as a
primary package to wrap foods inside a secondary package during food

distribution and storage.



65

References

Thompson, R. C., Swan, S. H., Moore, C. J.,, & vom Saal, F. S.
(2009). Our plastic age. Philosophical Transactions of the Royal Society
B: Biological Sciences, 364(1526), 1973-1976

Bandoim, Lana. (2020). "Can Edible Food Wrappers Solve the Plastic
Crisis?" sciencing.com, https://sciencing.com/can-edible-food-
wrappers-solve-the-plastic-crisis-13717334.html. 29 February 2020.
Xanthos, D., and Walker, T. R. (2017). International policies to reduce
plastic marine pollution from single-use plastics (plastic bags and
microbeads). A review: Marine Pollution Bulletin. 118, 17-26.
Verbeek, C. J. R., and Van den Berg, L. E. (2010). Extrusion processing
and properties of protein-based thermoplastics. Macromolecular
Materials and Engineering. 295, 10- 21.

Krasniewska, K., and Gniewosz, M. (2012). Substances with
antimicrobial activity in edible films. A review: Polish Journal of Food
and Nutrition Sciences. 62, 199-206.

Ali, A., and Ahmed, S. (2018). Recent advances in edible polymer based
hydrogels as a sustainable alternation to conventional polymers. Journal
of Agricultural and Food Chemistry. 66, 6940-6967.

Muzaffar Hasan, Ajesh Kumar V., Chirag Maheshwari, S., Mangraj.
(2020). Biodegradable and edible film: A counter to plastic pollution. Int.
J Chem. Stud. 8, 2242-2245.



10.

11.

12.

13.

14.

15.

66

Andrade, R. D., Skurtys, O., and Osorio, F.A. (2012). Atomizing spray
systems for application of edible coatings. Comprehensive Reviews in
Food Science and Food Safety. 11, 323-337.

Bourtoom, T. (2009). Edible protein films properties enhancement.
International Food Research Journal. 16, 1-9.

Shokri, S., Ehsani, A., and Jasour, M. S. (2015). Efficacy of
lactoperoxidase system-whey protein coating on shelf-life extension of
rainbow trout fillets during cold storage (4°C). Food and Bioprocess
Technology. 8, 54-62.

Sirocchi, V., Devlieghere, F., Peelman, N., Sagratini, G., Maggqi, F.,
Vittori, S., and Ragaert, P. (2017). Effect of Rosmarinus officinalis L.
essential oil combined with different packaging conditions to extend the
shelf life of refrigerated beef meat. Food Chemistry. 221, 1069-1076.
Kapetanakou, A. E., Manios, S. G., and Skandamis, P. N. (2014).
Application of edible films and coatings in foods. Novel Food
Preservation and Microbial Assessment Techniques. 237-273.

Mohareb, E., and Mittal, G. S. (2007). Formulation and process
conditions for biodegradable/edible soy-based packaging trays.
Packaging Technology and Science. 20, 1-15.

Shit, S. C., & Shah, P. M. (2014). Edible Polymers: Challenges and
Opportunities. Journal of Polymers, 2014, 1-13.

Fangfang, Z., Xinpeng, B., Wei, G., Wang, G., Shi, Z., & Jun, C. (2020).

Effects of virgin coconut oil on the physicochemical, morphological and



16.

17.

18.

19.

20.

21.

67

antibacterial properties of potato starch-based biodegradable films.
International Journal of Food Science and Technology, 55, 192-200.
Jouki, M., Yazdi, F. T., Mortazavi, S. A., & Koocheki, A. (2014). Quince
seed mucilage films incorporated with oregano essential oil: Physical,
thermal, barrier, antioxidant and antibacterial properties. Food
Hydrocolloids, 36, 9-19.

Emiroglu, Z. K., Yemis, G. P., Coskun, B. K., & Candogan, K.
(2010). Antimicrobial activity of soy edible films incorporated with
thyme and oregano essential oils on fresh ground beef patties. Meat
Science, 86(2), 283-288.

Gomez-Estaca, J., Lopez de Lacey, A., Lopez-Caballero, M. E., GOmez-
Guillén, M. C., & Montero, P. (2010). Biodegradable gelatin—chitosan
films incorporated with essential oils as antimicrobial agents for fish
preservation. Food Microbiology, 27, 889-896.

Moghadam, M., Salami, M., Mohammadian, M., Khodadadi, M., &
Emam-Djomeh, Z. (2020). Development of antioxidant edible films
based on mung bean protein enriched with pomegranate peel. Food
Hydrocolloids, 104, 105735.

Lin, D., & Zhao, Y. (2007). Innovations in the Development and
Application of Edible Coatings for Fresh and Minimally Processed Fruits
and Vegetables. Comprehensive Reviews in Food Science and Food
Safety, 6, 60-75.

Dubick, M. A. (1986). Historical perspectives on the use of herbal

preparations to promote health. Journal of Nutrition, 116, 1348-1354.



22.

23.

24.

25.

26.

217.

28.

29.

68

Ali, B. H., & Blunden, G. (2003). Pharmacological and toxicological
properties of Nigella sativa. Phytotherapy Research, 17, 299-305.
Paarakh, P. M. (2010). Nigella sativa Linn. a comprehensive review.
Indian Journal of Natural Products and Resources Impact Factor &
Information, 1, 409-429.

Salem, M. L. (2005). Immunomodulatory and therapeutic properties of
the Nigella sativa L. seed. International immunopharmacology, 5(13-
14), 1749-1770.

Ramadan, M.F. (2007). Nutritional value, functional properties and
nutraceutical applications of black cumin (Nigella sativa L.): an
overview, Int. J. Food Sci. Technol. 42, 1208-1218.

Aljabre, S.H., Alakloby, O.M., Randhawa, M.A. (2015). Dermatological
effects of Nigella sativa, J. Dermatol. Dermatol. Surg. 19, 92-98.
Dubey, P.N., etal,. (2016). Nigella (Nigella sativa L.): a high value seed
spice with immense medicinal potential, Indian, J. Agric. Sci. 86, 967—
979.

Forouzanfar, F., Bazzaz, B. S. F., & Hosseinzadeh, H. (2014). Black
cumin (Nigella sativa) and its constituent (thymoquinone): a review on
antimicrobial effects. Iranian Journal of Basic Medical Sciences, 17(12),
929-938.

Aljassir, M. S. (1992). Chemical-composition and microflora of black
cumin (Nigella-Sativa L) seeds growing in Saudi-Arabia. Food

Chemistry, 45(4), 239-242.



30.

31.

32.

33.

34.

35.

36.

37.

69

Butt, M. S., & Sultan, M. T. (2010). Nigella sativa: reduces the risk of
various maladies. Critical Reviews in Food Science and Nutrition, 50(7),
654-665.

Nergiz, C., & Otles, S. (1993). Chemical composition of Nigella sativa
L. seeds. Food Chemistry, 48(3), 259-261.

Meddah, B., Ducroc, R., Faouzi, M. E. A., Eto, B., Mahraoui, L.,
Benhaddou-Andaloussi, A., ... & Haddad, P. S. (2009). Nigella sativa
inhibits intestinal glucose absorption and improves glucose tolerance in
rats. Journal of ethnopharmacology, 121(3), 419-424.

Tavakkoli, A., Mahdian, V., Razavi, B. M., & Hosseinzadeh, H. (2017).
Review on clinical trials of black seed (Nigella sativa) and its active
constituent, thymogquinone. Journal of pharmacopuncture, 20(3), 179.
Leong, X. F., Rais Mustafa, M., & Jaarin, K. (2013). Nigella sativa and
its protective role in oxidative stress and hypertension. Evidence-based
complementary and alternative medicine, 2013.

Hosseinzadeh, H., Parvardeh, S., Nassiri-Asl, M., & Mansouri, M. T.
(2005). Intracerebroventricular administration of thymoquinone, the
major constituent of Nigella sativa seeds, suppresses epileptic seizures in
rats. Medical Science Monitor, 11(4), BR106-BR110.

El-Dakhakhny, M., Barakat, M., Abd El-Halim, M., & Aly, S. M. (2000).
Effects of Nigella sativa oil on gastric secretion and ethanol induced
ulcer in rats. Journal of ethnopharmacology, 72(1-2), 299-304.

Koshak, A., Wei, L., Koshak, E., Wali, S., Alamoudi, O., Demerdash,

A., ... & Heinrich, M. (2017). Nigella sativa supplementation improves



38.

39.

40.

41.

42.

43.

70

asthma control and biomarkers: A randomized, double-blind, placebo-
controlled trial. Phytotherapy Research, 31(3), 403-409.

Majdalawieh, A. F., Fayyad, M. W., & Nasrallah, G. K. (2017). Anti-
cancer properties and mechanisms of action of thymoquinone, the major
active ingredient of Nigella sativa. Critical reviews in food science and
nutrition, 57(18), 3911-3928.

Mollazadeh, H., Afshari, A. R., & Hosseinzadeh, H. (2017). Review on
the potential therapeutic roles of nigella sativa in the treatment of patients
with cancer: Involvement of apoptosis:-black cumin and cancer. Journal
of pharmacopuncture, 20(3), 158.

Woo, C. C., Kumar, A. P., Sethi, G.,, & Tan, K. H. B. (2012).
Thymoquinone: potential cure for inflammatory disorders and
cancer. Biochemical pharmacology, 83(4), 443-451.

Ahmad, A., Husain, A., Mujeeb, M., Khan, S. A., Najmi, A. K.,
Siddique, N. A., ... & Anwar, F. (2013). A review on therapeutic
potential of Nigella sativa: A miracle herb. Asian Pacific journal of
tropical biomedicine, 3(5), 337-352.

Woo, C. C., Kumar, A. P., Sethi, G.,, & Tan, K. H. B. (2012).
Thymoquinone: potential cure for inflammatory disorders and
cancer. Biochemical pharmacology, 83(4), 443-451.

Haseena, S., Aithal, M., Das, K. K., & Saheb, S. H. (2015).
Phytochemical analysis of Nigella sativa and its effect on reproductive

system. Journal of Pharmaceutical Sciences and Research, 7(8), 514-517.



44.

45,

46.

47.

48.

49.

50.

71

Yimer, E. M., Tuem, K. B., Karim, A., Ur-Rehman, N., & Anwar, F.
(2019). Nigella sativa L.(black cumin): a promising natural remedy for
wide range of illnesses. Evidence-Based Complementary and
Alternative Medicine, 2019.

El-Hack, M. E. A., Alagawany, M., Saeed, M., Arif, M., Arain, M. A,,
Bhutto, Z. A., & Fazlani, S. A. (2016). Effect of gradual substitution of
soyabean meal by Nigella sativa meal on growth performance, carcass
traits and blood lipid profile of growing Japanese quail. Journal of
Animal and Feed Sciences, 25(3), 244-249.

Hag, A., et al. (1999). Immunomodulatory effect of Nigella sativa
proteins fractionated by ion exchange chromatography. International
Journal of Immunopharmacology, 21(4), 283-95.

Hosseinzadeh, H., Taiari, S., & Nassiri-Asl, M. (2012). Effect of
thymoquinone, a constituent of Nigella sativa L., on ischemia-
reperfusion in rat skeletal muscle. Naunyn-Schmiedebergs Archives of
Pharmacology, 385(5), 503-508

Farah, I. O., & Begum, R. A. (2003). Effect of Nigella sativa (N. sativa
L.) and oxidative stress on the survival pattern of MCF-7 breast cancer
cells. Biomedical Sciences Instrumentation, 39, 359-364.

Hu, F. B. (2003). Plant-based foods and prevention of cardiovascular
disease: an overview. The American journal of clinical nutrition, 78(3),
544S-5518.

He, F. J.,, Nowson, C. A., Lucas, M., & MacGregor, G. A. (2007).

Increased consumption of fruit and vegetables is related to a reduced risk



5l.

52.

53.

54.

55.

56.

57.

72

of coronary heart disease: meta-analysis of cohort studies. Journal of
human hypertension, 21(9), 717-728.

Szajdek, A., & Borowska, E. J. (2008). Bioactive compounds and health-
promoting properties of berry fruits: a review. Plant foods for human
nutrition, 63(4), 147-156.

Prior, R. L. (2003). Fruits and vegetables in the prevention of cellular
oxidative damage. The American journal of clinical nutrition, 78(3),
570S-578S.

Machlin, L. J., & Bendich, A. (1987). Free radical tissue damage:
protective role of antioxidant nutrients 1. The FASEB journal, 1(6), 441-
445,

Ferretti, G., Bacchetti, T., Belleggia, A., & Neri, D. (2010). Cherry
antioxidants: from farm to table. Molecules, 15(10), 6993-7005.

Esti, M., Cinquanta, L., Sinesio, F., Moneta, E., & Di Matteo, M. (2002).
Physicochemical and sensory fruit characteristics of two sweet cherry
cultivars after cool storage. Food Chemistry, 76(4), 399-405.

Crisosto, C.H., Crisosto, G.M., Metheney, P. (2003). Consumer acceptance of “Brooks” and

“Bing” cherries is mainly dependent on fruit SSC and visual skin color. Postharvest Biol.

Technol. 28(1), 159-167.
Alonso, J., & Alique, R. (2004). Influence of edible coating on shelf life
and quality of “Picota” sweet cherries. European Food Research and

Technology, 218(6), 535-539.



58.

59.

60.

61.

62.

63.

73

Tian, S. P., Jiang, A. L., Xu, Y., & Wang, Y. S. (2004). Responses of
physiology and quality of sweet cherry fruit to different atmospheres in
storage. Food chemistry, 87(1), 43-49.

Meheriuk, M., Girard, B., Moyls, L., Beveridge, H. J. T., McKenzie, D.
L., Harrison, J., ... & Hocking, R. (1995). Modified atmosphere
packaging of “Lapins” sweet cherry. Food Research International, 28(3),
239-244.

Petriccione, M., De Sanctis, F., Pasquariello, M. S., Mastrobuoni, F.,
Rega, P., Scortichini, M., & Mencarelli, F. (2014). The Effect of
Chitosan Coating on the Quality and Nutraceutical Traits of Sweet
Cherry During Postharvest Life. Food and Bioprocess Technology, 8(2),
394-408.

Ali, A., Muhammad, M. T. M., Sijam, K., & Siddiqui, Y. (2011). Effect
of chitosan coatings on the physicochemical characteristics of Eksotika
Il papaya (Carica papaya L.) fruit during cold storage. Food
chemistry, 124(2), 620-626.

Baldwin, E.A., Hagenmaier, R., & Bai, J. (2011). Edible Coatings and
Films to Improve Food Quality. In Coatings for Fresh Fruits and
Vegetables, 2nd ed. CRC press, pp. 186-226.

Chen, C., Peng, X., Zeng, R., Chen, M., Wan, C., & Chen, J.
(2016). Ficus hirta fruits extract incorporated into an alginate-based
edible coating for Nanfeng mandarin preservation. Scientia

Horticulturae, 202, 41-48.



64.

65.

66.

67.

68.

69.

70.

74

Oszmianski, J., & Lee, C. Y. (1990). Isolation and HPLC determination
of phenolic compounds in red grapes. American Journal of Enology and
Viticulture, 39, 259-262.

Somers, T. C., & Ziemelis, G. (1985). Spectral evaluation of total
phenolic components in Vitis vinifera: Grapes and wines.Journal of the
Science of Food and Agriculture, 36, 1275—1284.

Alonso, A. M., Guillén, D. A., Barroso, C. G., Puertas, B., & Garcia, A.
(2002). Determination of the antioxidant activity of wine byproducts and
its correlation with polyphenolic content. Journal of Agricultural and
Food Chemistry, 50(2), 5832—-5836.

de Campos, L. M., Leimann, F. V., Pedrosa, R. C., & Ferreira, S. R.
(2008). Free radical scavenging of grape pomace extracts from Cabernet
sauvingnon (Vitis vinifera). Bioresource Technology, 99(17), 8413-
8420.

Pedreschi, R., & Cisneros-Zevallos, L. (2006). Antimutagenic and
antioxidant properties of phenolic fractions from Andean purple corn
(Zea mays L.). Journal of Agricultural and Food Chemistry, 54(13),
4557-4567.

Sanz, M. L., Villamiel, M., & Martinez-Castro, I. (2004). Inositols and
carbohydrates in different fresh fruit juices. Food Chemistry, 87(3), 325-
328.

Tenore, G. C., Manfra, M., Stiuso, P., Coppola, L., Russo, M., Gomez
Monterrey, I. M., & Campiglia, P. (2012). Antioxidant profile and in

vitro cardiac radical-scavenging versus pro-oxidant effects of



71.

72.

73.

74.

75.

76.

75

commercial red grape juices (Vitis vinifera L. cv. Aglianico N.). Journal
of agricultural and food chemistry, 60(38), 9680-9687.

Mattivi, F., Guzzon, R., Vrhovsek, U., Stefanini, M., & Velasco, R.
(2006).  Metabolite  profiling of grape: flavonols and
anthocyanins. Journal of agricultural and food chemistry, 54(20), 7692-
7702.

Dharmadhikari, M. (1994). Composition of grapes. Vineyard Vintage
View Mo State Univ, 9(7/8), 3-8.

Jarén, C., Ortufio, J. C., Arazuri, S., Arana, J. |., & Salvadores, M. C.
(2001). Sugar  determination in  grapes  using NIR
technology. International Journal of Infrared and Millimeter
Waves, 22(10), 1521-1530.

Olivas, G. I., & Barbosa-Canovas, G. V. (2005). Edible Coatings for
Fresh-Cut Fruits. Critical Reviews in Food Science and Nutrition, 45(7-
8), 657-670.

Tien, C., Vachon, C., Mateescu, M.-A., & Lacroix, M. (2001). Milk
Protein Coatings Prevent Oxidative Browning of Apples and Potatoes.
Journal of Food Science, 66(4), 512-516.

Fakhouri, F. M., Casari, A. C. A., Mariano, M., Yamashita, F., Mei, L.
H. 1., Soldi, V., & Martelli, S. M. (2014). Effect of a gelatin-based edible
coating containing cellulose nanocrystals (CNC) on the quality and
nutrient retention of fresh strawberries during storage. IOP Conference

Series: Materials Science and Engineering, 64(1), 012024.



77.

78.

79.

80.

81.

82.

83.

76

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.

Gol, N.B., &Rao, T.V.R (2013). Influence of zein and gelatin coatings
on the postharvest quality and shelf life extension of mango (Mangifera
indica L.). Fruits, 69, 101-115.

Petriccione, M., De Sanctis, F., Pasquariello, M. S., Mastrobuoni, F.,
Rega, P., Scortichini, M., & Mencarelli, F. (2015). The effect of chitosan
coating on the quality and nutraceutical traits of sweet cherry during
postharvest life. Food and bioprocess technology, 8(2), 394-408.
Valverde, J. M., Valero, D., Martinez-Romero, D., Guillén, F., Castillo,
S., & Serrano, M. (2005). Novel edible coating based on Aloe vera gel
to maintain table grape quality and safety. Journal of agricultural and
food chemistry, 53(20), 7807-7813.

Grosso, A. L., Asensio, C. M., Grosso, N. R., & Nepote, V. (2020).
Increase of walnuts' shelf life using a walnut flour protein-based edible
coating. LWT, 118, 108712.

Zam, W. (2019). Effect of Alginate and Chitosan Edible Coating
Enriched with Olive Leaves Extract on the Shelf Life of Sweet Cherries
(Prunus avium L.). Journal of Food Quality, 2019, 1-7.

Gol, N. B., & Ramana Rao, T. V. (2011). Banana fruit ripening as
influenced by edible coatings. International Journal of Fruit

Science, 11(2), 119-135.



84.

85.

86.

87.

88.

89.

77

Han, C., Zhao, Y., Leonard, S. ., & Traber, M. (2004). Edible coatings
to improve storability and enhance nutritional value of fresh and frozen
strawberries (Fragaria x ananassa) and raspberries (Rubus ideaus).
Postharvest Biology and Technology, 33(1), 67—78.

Bizura Hasida, M. R., Nur Aida, M. P., Zaipun, M. Z., & Hairiyah, M.
(2013). Quality evaluation of fresh-cut “josapine” pineapple coated with
hydrocolloid based edible coating using gelatin. Acta Horticulturae,
1012, 1037-1041.

Min, S., Harris, L. J., & Krochta, J. M. (2006). Inhibition of Salmonella
enterica and Escherichia coli O157:H7 on Roasted Turkey by Edible
Whey Protein Coatings Incorporating the Lactoperoxidase System.
Journal of Food Protection, 69(4), 784-793.

Gdmez-Estaca, J., LOpez de Lacey, A., Lopez-Caballero, M. E., GOmez-
Guillén, M. C., & Montero, P. (2010). Biodegradable gelatin—chitosan
films incorporated with essential oils as antimicrobial agents for fish
preservation. Food Microbiology, 27(7), 889-896.

Azarakhsh, N., Osman, A., Ghazali, H. M., Tan, C. P., & Adzahan, N.
M. (2014). Lemongrass essential oil incorporated into alginate-based
edible coating for shelf-life extension and quality retention of fresh-cut
pineapple. Postharvest Biology and Technology, 88, 1-7.

Tokatli, K., & DemirdOven, A. (2020). Effects of chitosan edible film
coatings on the physicochemical and microbiological qualities of sweet

cherry (Prunus avium L.). Scientia Horticulturae, 259, 108656.



90.

91.

92.

93.

94.

95.

96.

97.

78

Vieira, J. M., Flores-Lopez, M. L., de Rodriguez, D. J., Sousa, M. C.,
Vicente, A. A., & Martins, J. T. (2016). Effect of chitosan—Aloe vera
coating on postharvest quality of blueberry (Vaccinium corymbosum)
fruit. Postharvest Biology and Technology, 116, 88-97.

Korge, K., Baji¢, M., Likozar, B., & Novak, U. (2020). Active chitosan—
chestnut extract films used for packaging and storage of fresh
pasta. International Journal of Food Science & Technology, 55(8), 3043-
3052.

Damodaran, S. (2008). Amino acids, peptides and proteins. Fennema’s
food chemistry, 4, 425-439.

Panyam, D., & Kilara, A. (1996). Enhancing the functionality of food
proteins by enzymatic modification. Trends in food science &
technology, 7(4), 120-125.

Falguera, V., Quintero, J. P., Jiménez, A., Mufioz, J. A., & lbarz, A.
(2011). Edible films and coatings: Structures, active functions and trends
in their use. Trends in Food Science & Technology, 22(6), 292-303.
Nussinovitch, A. (1998). Hydrocolloid coating of foods. A review:
Leatherhead Food RA Food Industry Journal. 1, 174-188.

Yoshino, T., Isobe, S., & Maekawa, T. (2002). Influence of preparation
conditions on the physical properties of zein films. Journal of the
American Oil Chemists' Society, 79(4), 345-349.

Espitia, P. J. P., Du, W. X., de Jesus Avena-Bustillos, R., Soares, N. D.
F. F., & McHugh, T. H. (2014). Edible films from pectin: Physical-



79

mechanical and antimicrobial properties-A review. Food
hydrocolloids, 35, 287-296.

98. Choi, W. S., & Han, J. H. (2001). Physical and mechanical properties of
pea-protein-based edible films. Journal of Food Science, 66(2), 319-322.

99. Kokoszka, S., Debeaufort, F., Hambleton, A., Lenart, A., & Voilley, A.
(2010). Protein and glycerol contents affect physico-chemical properties
of soy protein isolate-based edible films. Innovative Food Science &
Emerging Technologies, 11(3), 503-510.

100.Sothornvit, R., & Krochta, J. M. (2005). Plasticizers in edible films and
coatings. In Innovations in food packaging (pp. 403-433). Academic
Press.

101. Olivas, G. I., & Barbosa-Céanovas, G. V. (2008). Alginate—calcium
films: water vapor permeability and mechanical properties as affected by
plasticizer —and relative  humidity. LWT-Food science and
technology, 41(2), 359-366.

102. Andreuccetti, C., Carvalho, R. A., & Grosso, C. R. (2009). Effect of
hydrophobic plasticizers on functional properties of gelatin-based
films. Food Research International, 42(8), 1113-1121.

103. Fakhoury, F. M., Martelli, S. M., Bertan, L. C., Yamashita, F., Mei,
L. H. I., & Queiroz, F. P. C. (2012). Edible films made from blends of
manioc starch and gelatin Influence of different types of plasticizer and
different levels of macromolecules on their properties. LWT-Food

Science and Technology. 49, 149-154,



80

104.Gennadios A , McHugh TH , Weller CL , Krochta JM (1994) Edible
coatings and films based on proteins . In: Krochta JM , Baldwin EA ,
Nisperos-Carriedo MO (eds) Edible Coatings and Films to Improve Food
Quiality ., Lancaster, PA , Technomic , pp 201 — 278

105.Society of the Plastics Industry., & In Frados, J. (1976). Plastics
engineering handbook of the Society of the Plastics Industry, inc. New
York: Van Nostrand Reinhold.

106. Dangaran, K., Tomasula, P. M., & Qi, P. (2009). Structure and
Function of Protein-Based Edible Films and Coatings. Edible Films and
Coatings for Food Applications, 25-56.

107. Viana, R. M., S4, N. M. S. M., Barros, M. O., Borges, M. D. F., &
Azeredo, H. M. C. (2018). Nanofibrillated bacterial cellulose and pectin
edible films added with fruit purees. Carbohydrate Polymers, 196, 27—
32.

108. Kumari, M., Mahajan, H., Joshi, R., & Gupta, M. (2017).
Development and structural characterization of edible films for
improving fruit quality. Food Packaging and Shelf Life. 12, 42-50.

109.Bull, S. E., Ndunguru, J., Gruissem, W., Beeching, J. R, &
Vanderschuren, H. (2011). Cassava: Constraints to production and the
transfer of biotechnology to African laboratories. Plant Cell Reports,
30(5), 779-787.

110.Han, J. H. (2013). Edible Films and Coatings: A Review, Innovations in

Food Packaging: Second Edition. Elsevier Ltd.



81

111.Sharma, R., & Ghoshal, G. (2018). Emerging trends in food packaging.
Nutrition and Food Science, 48(5), 764-779.

112.da Rocha, M., de Souza, M. M., & Prentice, C. (2018). Biodegradable
films: An alternative food packaging. InFood Packaging and
Preservation (pp. 307-342). Academic Press.

113. Debeaufort, F., Quezada-Gallo, J.-A., & Voilley, A. (1998). Edible
Films and Coatings, Tomorrow’s Packagings. A Review: Critical
Reviews in Food Science and Nutrition, 38, 299-313.

114.Rhim, J. W., Amar, K. M., Sher, P. S., & Perry, K. W. N. (2006). Effect
of the Processing Methods on the Performance of Polylactide Films:
Thermocompression versus Solvent Casting. Journal of Applied Polymer
Science, 101(6), 3736-3742

115. Perez-Gago, M. B., & Krochta, J. M. (2000). Drying temperature
effect on water vapor permeability and mechanical properties of whey
protein— lipid emulsion films. Journal of Agricultural and Food
Chemistry, 48(7), 2687-2692.

116.Rampon, V., Robert, P., Nicolas, N., & Dufour, E. (1999). Protein
structure and network orientation in edible films prepared by spinning
process. Journal of food science, 64(2), 313-316.

117.Hernandez, V.M., Reid, D.S., McHugh, T.H., Berrios, J., Olson, D., &
Krochta, J.M. (2005). Thermal transitions and extrusion of glycerol-
plasticized whey protein mixtures . IFT Annual Meeting and Food Expo

, New Orleans, LA.



82

118.Hernandez, V. M., McHugh, T. H., Berrios, J., Olson, D., Pan, J., &
Krochta, J. M. (2006). Glycerol content effect on the tensile properties
of whey protein sheets formed by twin-screw extrusion. In IFT Annual
Meeting and Food Expo, Orlando, FL.

119.Hernandez V.M. (2007). Thermal properties, extrusion and heat-sealing
of whey protein edible films . Ph.D. thesis University of California ,
Davis.

120.Bhardwaj, A., Alam, T., & Talwar, N. (2019). Recent advances in active
packaging of agrifood products: A review. Journal of Postharvest
Technology, 7(1), 33-62.

121.Rooney, M. L. (2005). Introduction to active food packaging
technologies. Innovations in Food Packaging, 63—609.

122.Ganiari, S., Choulitoudi, E., & Oreopoulou, V. (2017). Edible and active
films and coatings as carriers of natural antioxidants for lipid food.
Trends in Food Science & Technology, 68, 70-82.

123.Sapper, M., & Chiralt, A. (2018). Starch-Based Coatings for
Preservation of Fruits and Vegetables. Coatings, 8 (5), 152.

124.Debeaufort, F. & Voilley, A. (2009). Lipid-Based Edible Films and
Coatings. Edible Films and Coatings for Food Applications. In Edible
Films and Coatings for Food Applications, 135-168.

125.Sharma, P., Shehin, V. P., Kaur, N., & Vyas, P. (2018). Application of
edible coatings on fresh and minimally processed vegetables: a review.

International Journal of VVegetable Science, 1-20.



83

126.Benbettaieb, N., Debeaufort, F., & Karbowiak, T. (2018). Bioactive
edible films for food applications: mechanisms of antimicrobial and
antioxidant activities. Critical Reviews in Food Science and Nutrition, 1-
79.

127. Senturk Parreidt, T., Schmid, M., & Miiller, K. (2018). Effect of
Dipping and Vacuum Impregnation Coating Techniques with Alginate
Based Coating on Physical Quality Parameters of Cantaloupe Melon.
Journal of Food Science, 83(4), 929-936.

128. Andrade, R. D., Skurtys, O., & Osorio, F. A. (2012). Atomizing Spray
Systems for Application of Edible Coatings. Comprehensive Reviews in
Food Science and Food Safety, 11(3), 323-337.

129. Costa, C., Conte, A., & Del Nobile, M. A. (2014). Effective
preservation techniques to prolong the shelf life of ready-to-eat oysters.
Journal of the Science of Food and Agriculture, 94(13), 2661-2667.

130. Valdés, A., Ramos, M., Beltran, A., Jiménez, A., & Garrigés, M.
(2017). State of the Art of Antimicrobial Edible Coatings for Food
Packaging Applications. Coatings, 7(4), 56.

131.Parreidt, T. S., Muller, K., & Schmid, M. (2018). Alginate-based edible
films and coatings for food packaging applications. Foods, 7(170), 1-38.

132.Solis-Morales, D., Séenz-Hernandez, C. M., & Ortega-Rivas, E.
(2009). Attrition reduction and quality improvement of coated puffed
wheat by fluidised bed technology. Journal of Food Engineering, 93(2),
236-241.



84

133.Jacquot, M. & Pernetti, M. (2004). Spray Coating and Drying Processes.
In book: fundamentals of Cell Immobilization Biotechnology Publisher:
Kluwer academic Publishers, Editors: V. Nedovic and R. Willaert, 343—
356.

134.Guignon, B., Duquenoy, A., & Dumoulin, E. D. (2002). Fluid bed
encapsulation of particles: Principles and practice. Drying Technology,
20(2), 419-447.

135.Chen, Y., Yang, J., Mujumdar, A., & Dave, R. (2009). Fluidized bed film
coating of cohesive Geldart group C powders. Powder Technology,
189(3), 466—480.

136.Pandey, P., Turton, R., Joshi, N., Hammerman, E., & Ergun, J. (2007).
Scale-up of a pancoating process. American Association of
Pharmaceutical Scientists, 7(4), 125-132.

137.Gesford, P. (2002). Challenges in Panning. Manufacturing Confectioner,
82, 43-51

138. Sabbah, M., Di Pierro, P., Giosafatto, C. V. L., Esposito, M.,
Mariniello, L., Regalado-Gonzales, C., & Porta, R. (2017). Plasticizing
effects of polyamines in protein-based films. International journal of
molecular sciences, 18(5), 1026.

139. American Association of Cereal Chemists (AACC) Approved
Methods of AACC. The Association; St. Paul, MN, USA: 2003.

[(accessed on 27 January 2020)].



85

140. ASTM Standard Test Method for Tensile Properties of Thin Plastic
Sheeting. ASTM; West Conshohocken, PA, USA: 1995. Method D882-
American Society for Testing and Materials.

141.Krochta, J. M. (2002). Proteins as raw materials for films and coatings:
definitions, current status, and opportunities. Protein-based films and
coatings, 1, 1-40.

142.Galus, S., & Lenart, A. (2013). Development and characterization of
composite edible films based on sodium alginate and pectin. Journal of
Food Engineering, 115(4), 459-465.

143.Siripatrawan, U., & Harte, B. R. (2010). Physical properties and
antioxidant activity of an active film from chitosan incorporated with
green tea extract. Food Hydrocolloids, 24(8), 770-775.

144.Pranoto, Y., Salokhe, V. M., & Rakshit, S. K. (2005). Physical and
antibacte rial properties of alginate-based edible film incorporated with
garlic oil. Food research international, 38(3), 267-272.

145.McGuire, R. G. (1992). Reporting of Objective Color Measurements.
HortScience, 27(12), 1254-1255. doi:10.21273/hortsci.27.12.1254.

146.Kabir, Y., Shirakawa, H., & Komai, M. (2019). Nutritional composition
of the indigenous cultivar of Dblack cumin seeds from
Bangladesh. Progress in Nutrition, 21(1-S), 428-434.

147.Dangaran, K. L., & Krochta, J. M. (2007). Preventing the loss of tensile,
barrier and appearances properties caused by plasticizer crystallization
in whey protein films. International Journal of Food Science and

Technology, 42, 1094-1100



86

148.Hernandez-1zquierdo, V. M., & Krochta, J. M. (2008). Thermoplastic
processing of proteins for film formation - a review. Journal of Food
Science, 73, 30-39.

149.Karbowiak, T., Hervet, H., Léger, L., Champion, D., Debeaufort, F., &
Voilley, A. (2006). Effect of plasticizers (water and glycerol) on the
diffusion of a small molecule in kcarragennan biopolymer films for
edible coating application. Biomacromolecules, 7, 2011- 2019

150.Sothornvit, R., & Krochta, J. M. (2000). Plasticizer effect on oxygen
permeability of betalactoglobulin films. Journal of Agricultural and Food
Chemistry, 48, 6298-6302.

151.Dangaran, K. L., & Krochta, J, M. (2003). Aqueous whey protein
coatings for panned products. Manufacturing Confectioner, 83(1), 61-65.

152.Veiga-Santos, P., Oliveira, L. M., Cereda, M. P., & Scamparini, A. R. P.
(2007). Sucrose and inverted sugar as plasticizer. Effect on cassava
starch—gelatin film mechanical properties, hydrophilicity and water
activity. Food Chemistry, 103(2), 255-262.

153.Saberi, B., Chockchaisawasdee, S., Golding, J. B., Scarlett, C. J., &
Stathopoulos, C. E. (2017). Physical and mechanical properties of a new
edible film made of pea starch and guar gum as affected by glycols,
sugars and  polyols. International  Journal of  Biological
Macromolecules, 104, 345-359.

154.Pandey, A. K., & Dhakal, M. R. (2001). Phytomelanin in

compositae. Current Science, 933-940.



87

155.Eid, A. M., Elmarzugi, N. A., Abu Ayyash, L. M., Sawafta, M. N., &
Daana, H. I. (2017). A Review on the Cosmeceutical and External
Applications of Nigella sativa. Journal of tropical medicine.

156.0zdemir, O.; Keles, Y (2018). Extraction, purification, antioxidant
properties and stability conditions of phytomelanin pigment on the
sunflower seeds. Int. J. Second Metab. 5, 140-148.

157.0zdemir M, Floros JD. Optimization of edible whey protein films
containing preservatives for mechanical and optical properties. J Food
Eng. 2008;84:116-23.

158.Sabbah, M., Altamimi, M., Di Pierro, P., Schiraldi, C., Cammarota, M.,
& Porta, R. (2020). Black Edible Films from Protein-Containing
Defatted Cake of Nigella sativa Seeds. International Journal of
Molecular Sciences, 21(3), 832.

159.Hopkins, E. J., Stone, A. K., Wang, J., Korber, D. R., & Nickerson, M.
T. (2019). Effect of glycerol on the physicochemical properties of films
based on legume protein concentrates: A comparative study. Journal of
texture studies, 50(6), 539-546.

160.Porta, R., Di Pierro, P., Roviello, V., & Sabbah, M. (2017). Tuning the
Functional Properties of Bitter Vetch (Vicia ervilia) Protein Films
Grafted with Spermidine. International Journal of Molecular Sciences,
18(12), 2658.

161.Vejdan, A.; Mahdi Ojagh, S.; Adeli, A.; Abdollahi, M. Effect of

TiO2 nanoparticles on the physico-mechanical and ultraviolet light



88

barrier properties of fish gelatin/agar bilayer film. LWT Food Sci.
Technol. 2016, 71, 88-95

162.Edhirej, A., Sapuan, S. M., Jawaid, M., & Zahari, N. I. (2017). Effect of
various plasticizers and concentration on the physical, thermal,
mechanical, and structural properties of cassava-starch-based
films. Starch-Stérke, 69(1-2), 1500366.

163.Bamdad, F., Goli, A. H., & Kadivar, M. (2006). Preparation and
characterization of proteinous film from lentils (Lens culinaris). Food
Research International, 39(1), 106-111.

164.Mahmoud, R., & Savello, P. A. (1992). Mechanical Properties of and
Water Vapor Transferability Through Whey Protein Films. Journal of
Dairy Science, 75(4), 942-946.

165.Jangchud, A., & Chinnan, M. S. (1999). Peanut Protein Film as Affected
by Drying Temperature and pH of Film Forming Solution. Journal of
Food Science, 64(1), 153-157.

166.Blois, M. S. (1958). Antioxidant determinations by the use of a stable
free radical. Nature, 181, 1199e1200.

167.Park, P., Je, J., & Kim, S. (2004). Free radical scavenging activities of
differently deacetylated chitosans using an ESR spectrometer.
Carbohydrate Polymers, 55, 17e22.

168.Ramchandani AG, Chettiyar RS, Pakhale SS. Evaluation of antioxidant
and anti-initiating activities of crude polyphenolic extracts from seedless

and seeded Indian grapes. Food Chem. 2010;119:298-305



89

169.Furiga, A., Lonvaud-funel, A., & Badet, C. (2009). In vitro study of
antioxidant capacity and antibacterial activity on oral anaerobes of a
grape seed extract. Food Chemistry, 113(4), 1037-1040.

170. Katalinic, V., Mozina, S. S., Skroza, D., Generalic, I., Abramovic, H.,
Milos, M., Boban, M. (2010). Polyphenolic profile , antioxidant
properties and antimicrobial activity of grape skin extracts of 14 Vitis
vinifera varieties grown in Dalmatia (Croatia ). Food Chemistry, 119,
715-723.

171.Szewczyk, K., Zidorn, C., Biernasiuk, A., Komsta, t.., & Granica, S.
(2016). Polyphenols from Impatiens (Balsaminaceae) and their
antioxidant and antimicrobial activities. Industrial Crops and Products,
86, 262-272.

172. Xu, C., Yagiz, Y., Hsu, W.-Y., Simonne, A., Lu, J., & Marshall, M. R.
(2014). Antioxidant, Antibacterial, and Antibiofilm Properties of
Polyphenols from Muscadine Grape (Vitis rotundifolia Michx.) Pomace
against Selected Foodborne Pathogens. Journal of Agricultural and Food
Chemistry, 62(28), 6640-6649.

173. Yam, T. S., Shah, S., & Hamilton-Miller, J. M. . (2006). Microbiological
activity of whole and fractionated crude extracts of tea (Camellia
sinensis), and of tea components. FEMS Microbiology Letters, 152(1),
169-174.

174.KLANCNIK, A., GUZEJ, B., KOLAR, M. H., ABRAMOVIC, H., &

MOZINA, S. S. (2009). In Vitro Antimicrobial and Antioxidant Activity



90

of Commercial Rosemary Extract Formulations. Journal of Food
Protection, 72(8), 1744-1752.

175. Fattouch, S., Caboni, P. I., Coroneo, V., Tuberoso, C., Angioni, A.,
Dessi, S., Cabras, P. (2007). Antimicrobial Activity of Tunisian Quince
( Cydonia oblonga Miller) Pulp and Peel Polyphenolic Extracts. J Agric
Food Chem, 55, 963-969.

176. Butkhup, L., Chowtivannakul, S., Gaensakoo, R., Prathepha, P., &
Samappito, S. 481 (2010). Study of the Phenolic Composition of Shiraz
Red Grape Cultivar ( Vitis 482 vinifera L .) Cultivated in North-eastern
Thailand and its Antioxidant and 483 Antimicrobial Activity. South
African Journal for Enology and Viticulture, 31(2), 89-98.

177. Taguri, T., Tanaka, T., & Kouno, I. (2004). Antimicrobial Activity of
10 Different Plant 632 Polyphenols against Bacteria Causing Food-
Borne Disease. Biological and 633 Pharmaceutical Bulletin, 27(12),
1965-1969.

178.Kappel, F., Toivonen, P., McKenzie, D. L., & Stan, S. (2002). Storage
characteristics of new sweet cherry cultivars. HortScience, 37(1), 139-
143.

179.Bhardwaj, R. L., & Pandey, S. (2011). Juice blends—a way of utilization
of under-utilized fruits, vegetables, and spices: a review. Critical reviews
in food science and nutrition, 51(6), 563-570.

180.Gongcalves, B., Silva, A. P., Moutinho-Pereira, J., Bacelar, E., Rosa, E.,

& Meyer, A. S. (2007). Effect of ripeness and postharvest storage on the



91

evolution of colour and anthocyanins in cherries (Prunus avium
L.). Food Chemistry, 103(3), 976-984.

181.Gutiérrez-Jara, C., Bilbao-Sainz, C., McHugh, T., Chiou, B. S,
Williams, T., & Villalobos-Carvajal, R. (2021). Effect of Cross-Linked
Alginate/Oil Nanoemulsion Coating on Cracking and Quality

Parameters of Sweet Cherries. Foods, 10(2), 449.



Agihagl) ¢ o) daals
Ladad) b al) Al

da g slid ailad Jo Ciall juae Ll
slat) 38l Calait daddioal) 45,

s

Ol Ll

Cluall taaa .2

L gloisiy Lkl B jiualall Aoy o Jguanl) cilibatal YlaSin) dag bY) o3a Cuadd
Odaali il B Ll zladl) daals B Llal) cilu)al) AS (ha o) 301)
2021



sl s sl daadieeal) A s (g sliE Gailad Ao Giall juas Ll
Alas

Gl Ul

&

il

zluall daaa 2

gadlall
J2€ 13 Lelaa) 281380 ciladanll dlaaal) ciladally dlaall AL DEY1 - 1) s
Bisa eSad Lgily Lalticaal) gl e @lldg AAI3RN gall Calis 8 daaiiaall el
O Saall o adl a2 iy A0 Sgall ae el ) A8l (il ddaaa
Gl ) Sl e Jia alsall (e 230 (e JSU dadlaall Calanlly dinnil) Sga sl 2
ALy oSl aldl) ailad st e dast (1) @BLRYY e aaell dilialy gsadll
pasicn bl ddlel 0S5 e 5% o oS A s Ll pailiads alé o Jeanl)
A0 A sdd A sl claiiall (g (s g gz by 3 eyl o3 AR Ssall Calacl
oY) die (aan/paa 30,20,10,8,6,4,2,1) (oadall cuial) yrac (ge dilide 3805 gl
Aaliag il 50 Calal Lgalasialy «JSSU dalla U e Jgenall 12 s gl
AR Lageall (el () S0 ALl bl pailadd) Jle oLl b
Liias (e gy 40 558 Dla (ol Osllly olisall ALl ddall ssall Jlea) c3yleall
Al dos ald Gailiad il e lgdle Jgeant) 23 ) 3l cyglal L agie daya 20 e
e DI (aas [ aas) 710-2 Ge 58l ciad) ysae o B0 Jo¥y ciadl ans acadl)
Fllly ASlecdl )l Cus LBacly ailadng Giigpll Glo sadiaad) DY) 5 (ke Jaall
bl Sl el L yrand) 555 3 LalS DY) ASlew 8 (38 39 pae ) ASIKaal)
5 O bl el s L€ (S5 A5 A ol KIS pailadl) o il
el ai Baagd Lty o pmall 35 8005 die Jagale <8 it DU g Jalasy 2
(AT VL Ljlae Caiall uac 0 % 6 S5 Bpaadl DU sl vie AU



lg Saal) Clalian s 5208 saliaall (ailiadll 4l saclys alaiadll 5yfe il ) dilay

A yal) oSl UL jlae Cuial) juans Bpmsall SEU

oo il sk dile (oAl dilis e lalas) ColS Cilegana EDB I S s
S A sanas pgihlia o3 dianye aSad CilesanaS Lgaladind o3 Allg AHESY QB il ol
Coghl Cun % 6 S Cuiall jueans ae ) A A (g o iy (53 aLalls ddlaal
il e 35S0 A3 lhe Lasale IS8 A culS GLsM AL dileall lsall Jlea] of gt
Cagalall Il (ggina il (ol Landl Al ¢ dagie 3353 20 — e Rl (e Ll 10 2m

agalall 5 U yanll 558 dlgd (s Diiase Glsall AL daliall dgall Jlaa) 385 OIS Cua
Lmganll dapy & R 3gng are dagy LS A don DU ) ASBSY B b ol
o dilie e ol ddlie CulS elgu SN gl auend s suell YY) dady Snlaall AL
la) dlia (K ol 4l (zoal duglyy lealll) dyead) dagill cipelily il Cligl xaes
Sl 58U G o) Ay il )l s B Gleganall WS G Glaalll dad b
Al das DL Cagilall S 3)lae Jagale JSis (midsl 823G 8 Gabiy) oy Calaal
DA ol gl Al il e elly e 3lle . oAl (e e 20 P i) e S
Crmidily Lumayall Ao ganalls Aijlie Lagy 20 2m dad el A0 doa DUk 4l 5 () lal)
Ailas] Ao b G958 la (K5 alg ¢ dagia 4530 20— 2ie (a0l (e Ly 40 22 dadl)
e Loy €0 PDIS Al don DU ) ABESN Q8 i) Jsall ale] alasials cagilall 5 SN o

Loyl
Calaall A5l dan (g 5y A3l DAY alasiiaa) (€ adl aaas 5 bl oda ) 13k
el Balyg Adlelly A805l Gailadl) les 8 Jlad (<& anhall Cuiall juac LGl

OSa A5 L DT o 5 A L Baaall Al Bha cilags B lall S0 ) Y]



Slall S Calia 403 ailadlly slaaall de Lo saga Cpeail 50a Jabs diyla laliicl

PO





