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ABSTRACT

Food oxidation is one of the major concerns that food producers and consumers face. In that
regard, we are developing antioxidant polyethylene terephthalate (PET) film that could be
employed for packaging fish products. Commercial PET films were surface treated and
subsequently coated with either rosemary or clove extracts. Surface treatments involved a)
corona treatment and b) chemical modification which are industrial means of surface
treatment; Plasma treatment, at laboratory scale, was also used. Radical scavenging activities
(RSA) of both pure plant extracts and coated film extracts were measured using the 2,2-
Diphenyl-1-Picryl Hydrazyl (DPPH) method. Treated films coated with rosemary showed
%RSA of 25.6%, 22.4% and 24.1% pertaining to plasma, chemical modification and corona
treated films at 1402 ppm respectively and AE values of 0.35, 0.26 and 0.28 respectively,
while pure rosemary extract showed %RSA of 16.03% and AE value of 0.19. As for the
treated films that were coated with clove, it showed %RSA of 25.0%, 25.22% and 25.15% for
plasma, chemical modification and corona treatments at 1402 ppm respectively and AE values
of 0.31, 0.32 and 0.33 respectively, while the plant extract showed %RSA of 47.62% and AE
value of 0.72. Thiobarbituric acid (TBA) antioxidant test was also performed on fish muscle
wrapped in all types of films which all showed a remarkable decrease in the degree of fish
oxidation ranging between 50 to 80%. All TBA tests were terminated on day 6 of storage
which is in accordance with the end of the product microbiological shelf life, where TVC
reached the borderline of 7 log cfu/g. Contact angle measurements confirmed that chemically
modified films have the highest adhesion power followed by corona then plasma treated films.
Scanning electron microscopy (SEM) results supported contact angle measurements where
chemically modified films showed the roughest surface followed by corona then plasma
treated films. X-ray photoelectron spectroscopy (XPS) measurements also revealed that
chemically modified films resulted in the formation of a higher concentration of oxygen
containing functional groups on the PET surface as compared to other treatments, indicative of
the highest surface adhesion capacity of the chemically modified film. Finally, the oxygen
permeability of chemically modified PET films was the same as untreated films which is an

indication that treatment did not affect film barrier properties.
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1. INTRODUCTION

Food oxidation is one of the major concerns in food industry processing fatty, oxygen
sensitive foodstuffs. It is responsible for the rancid off-flavors and off-odors of food and
thus adversely affects consumer acceptance to the food product. Food oxidation occurs
through several pathways. Our main concern is auto-oxidation which occurs under mild
environmental conditions due to the presence of oxygen and light. Auto-oxidation results
in the formation of hydroperoxides which further breakdown to produce aldehydes and
ketones that are responsible for food sensory deterioration. Preventing oxidation is
achieved through the addition of antioxidants either in the food or the food packaging
material. In the present work, the principle of active packaging was used to produce
antioxidant films by coating the antioxidant agent (rosemary and clove extracts) on the
internal surface of previously treated polyethylene terephthalate (PET) films. Rosemary
and clove are known to be potent antioxidants and antimicrobials compared to other
natural herbs and they are widely used in food and medicinal applications. Coating of
these extracts on the film is achieved by first surface treating the films. Surface treatment
techniques include: corona, chemical modification and plasma treatment. The film used in
the present work was PET which is known for its good barrier and mechanical properties.
Thus, the aim of the present study was 1) to prepare active (antioxidant) PET films by
coating them with rosemary and clove extracts and 2) to evaluate their antioxidant activity
in contact with mackerel fish tissues. This work will hopefully introduce a simple, easily
prepared and inexpensive tool for preserving food. To our knowledge, the contribution of

surface treated films in food chemistry is at the early stages of investigation. Hopefully,
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this innovative work using coated surface treated films will contribute to food preservation

against oxidation.

Framework of the project

PET film
l
Treatment
!
l l l
Corona Chemical Plasma
treatment modification treatment

| | |

lcc’amgl sy Tt for antioxidant
activity
Rosemary Clove

l l

DPPH test TBA test
Test done in-Vitro Test done on real fish tissue
between the antioxidant calculating the amounts of
and the DPPH free produced secondary oxidation
radical products (malondialdehyde)

through their reaction with
thiobarbituric acid
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Chapter 2

Background and literature review
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2. Background and literature review

Food packaging has a major role in food preservation through extension of product shelf life,
maintaining the quality and safety of processed food and retarding its deterioration. This is
achieved by designing a package that functions as a barrier to chemical, biological and
physical external factors of food deterioration. Physico-chemical factors include: the effect of
gases mainly oxygen, moisture either gained or lost, or the effect of light. Biological factors
include microorganisms, insects and rodents. Physical factors also include mechanical damage
during handling and distribution through shock and vibration. Another role of packaging is in
marketing. This is achieved through innovative package designs and use of appropriate labels
that supply information regarding the product especially that on the nutritional value and legal
requirements such as use and storage conditions. A third role is in designing a convenient
easy-to-use container. For example, a convenient package is a container providing

resealability and easy-opening features (Marsh and Bugusu, 2007).

There are several types of food packaging materials; these include metals, paper, paperboard,
glass and plastics. Of all the types of packaging materials, plastics are of major importance.
This is because they are inexpensive, light, easily shaped, ...etc. There are several types of
plastics used in the food industry: polyolefins (e.g. polyethylene, polypropylene), polyamides
(e.g. nylon), polyesters (e.g. polyethylene terephthalate), vinyl derivatives (e.g. polyvinyl

chloride and polyvinylidene chloride), polycarbonates, etc.

Plastics are of great importance i.e. in milk packaging. For example, high density polyethylene
(HDPE) is used to package milk. This plastic type has to be pigmented by titanium dioxide to
prevent light transmission and thus protect the milk vitamins from degradation and prevent

lipid oxidation. Besides HDPE, PET bottles are also used to package milk. (Robertson, 2013)

15
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Plastics are also used to preserve fermented products such as yoghurt. The most popular type
of plastic used for yoghurt packaging is high impact polystyrene (HIPS). Pigments are usually
added to the plastic to impart better appearance, light protection and thermoforming properties
of PS. HIPS is also used to package cheeses. It is used alone or co-extruded with
polyvinylidene chloride (PVdC). Titanium dioxide is used to pigment the package and impart
light barrier properties. In addition to this, HDPE or polypropylene (PP) can be used to

package cheese.

Bread is usually packaged in low density polyethylene (LDPE) bags sealed with polystyrene
(PS) tags. This type of plastic is an excellent barrier to water vapor protecting the bread from
hardening without the hazard of mold growth. In some types of French and Italian breads, the

bread is stored in oriented polypropylene (OPP) or PET micro-perforated bags.

In case of meat and fish, a wide variety of plastics are used. However, due to the susceptible
nature of fresh meat or fish they should be either subjected to a certain preservative treatment
1.e. ice or the plastic package should be activated by the addition of antioxidants and/or
antimicrobials. Meat treatments include vacuum packaging and modified atmosphere
packaging. Vacuum packaging is done using ethyl vinyl acetate/polyvinylidene chloride/ethyl
vinyl acetate laminates or more simply polyamide/polyethylene laminates. The first of these
combinations has very low oxygen permeability (less than 15.5 mL m > (24 h) ). A subtype of
vacuum packaging is vacuum skin packaging. This type involves the use of films that shrink at
the size of meat after vacuum treatment. Modified atmospheric packaging is a method of
flushing meat before packaging with gases like nitrogen and/or carbon dioxide. The use of
carbon dioxide hinders microbial growth, however causes meat discoloration. Low oxygen

treatment maintains the color of meat but it does not have the same ability to protect meat

16
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from oxidation and microbial growth like other gases. (Zhou et al, (2010)) The films used
should have good barrier properties to moisture and gases to maintain modified atmospheric
packaging as long as possible. The use of several methods of preservation can also be used to

ensure better meat or fish preservation (Arvanitoyannis et al. 2012; Sampels, 2015).

The present work focuses on polyethylene terephthalate films and the packaging of mackerel

fish.

2.1.  Active packaging

Traditional methods for preserving foods entailed the addition of active substances
(antioxidants, antimicrobials,...etc.) into the matrix of the food which is subsequently
packaged. Recently with the emerging of the idea of active packaging, the active substance is
added into the matrix of the polymer or coated on the polymer surface where it is either bound
or it migrates into the food during the shelf life of the product. This prevents the active
substance from getting consumed immediately after its addition and maintains the quality and
safety of the food during storage. Active substances may be synthetic such as Butylated
Hydroxy Toluene (BHT) or natural such as natural extracts of thyme and oregano. It is to be
noted that the idea of active packaging was first launched in Iceland in the 70’s by Dr.
Theodore Labuza based on previous work related to this topic. The first innovations came in
the form of a wrapper impregnated with sorbic acid to protect cheese from fungal growth.
They also incorporated sodium carbonate in specific food packages to remove oxygen. These
all did not spark the idea of active packaging until 1976 (in Japan) when a package was
invented including iron powder to remove oxygen within the package. This application was

widely spread on the market.
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The most widely used active substances are antimicrobials and antioxidants. There are
numerous published articles related to antioxidant and antimicrobial films. In a study carried
out by Gemili et al. (2009), L-tyrosine and L-ascorbic acid were used to produce antioxidant
cellulose acetate cast films. Another study carried out on cellulose acetate by Lopez et al.
(2015) reported the use of red onion extract as a natural antioxidant. In another study, Lopez et
al. (2011) added green tea extract in ethylene vinyl alcohol copolymer extruded films to
produce an antioxidant package for all types of foods, both aqueous and fatty foods. The same
authors also immobilized green tea extract on polypropylene films which provided antioxidant

activity when studied in contact with food simulants.

Byun et al. (2010) utilized polylactide films (PLA) incorporating butylated hydroxyl toluene
(BHT) and alpha-tocopherol and compared it against polylactide films containing only BHT.
It was found that PLA films with alpha-tocopherol and BHT have a higher antioxidant activity
than the ones with BHT only. They also found that films containing alpha-tocopherol have
higher oxygen permeability and lower water vapor permeability than those with no alpha-
tocopherol. The only drawback was that the former had a higher haze than the control film
with an increase of about 20%. In addition, a study carried out by Siripatrawan et al. (2010) on
green tea extract revealed the possibility of its use in combination with chitosan as
antioxidants. Park et al. (2012) incorporated several antioxidants such as carvacrol and
eugenol in corn-zein laminated linear low density polyethylene (LLDPE) film. It was found
that these films had strong antioxidant activity in beef meat. The films without antioxidants

had higher water vapor permeability which was reduced by the addition of antioxidants.

Jouki et al. (2013) used thyme incorporated in quince seed mucilage films. Thyme was

incorporated in concentrations ranging from 0 to 2%. The authors found that thyme in

18
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concentration of 1% had considerable antioxidant activity. The films also showed
antimicrobial activity against 11 types of microorganisms including Listeria monocytogenes.
Also, Wang et al. (2014) used Lycium barbarum in chitosan films which not only increased
the antioxidant activity but also decreased the water vapor permeability of chitosan films.
Finally, Ramos et al. (2014) used carvacrol and thymol as potent antioxidants incorporated in

polypropylene films.

Regarding antimicrobial active films, Han et al. (1996) incorporated potassium sorbate powder
in an extruded LDPE film to control microbial spoilage in cheeses, while Mauriello et al.

(2005) prepared a nisin activated LDPE film for the preservation of milk.

2.2. PET

PET is a polyester produced from a condensation polymerization reaction between ethylene
glycol and dimethyl terephthalate (trans-esterification process) or terephthalic acid
(esterification process). Ethylene glycol is an ethylene derived colorless liquid and terephthalic
acid is a xylene derived crystalline solid. When heated together (in the presence of catalysts),
the hydroxyl groups in ethylene glycol react with the carboxyl groups in terephthalic acid
forming the polyester and giving water as a by-product (Fig. 1). The presence of several
aromatic rings in the PET structure gives the polymer its strength and stiffness (Robertson,

2013).
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Fig. (1). Synthesis of PET (Kopnik et al, 2005)

PET is known to be a non-reactive, strong, light-weight, and relatively inexpensive polymer.
Regarding its safety, PET is considered as safe by major international health agencies, e.g.
food and drug administration (FDA) and EFSA (European Food Safety Authority). It does not
contain any bisphenol-A (compound used in baby bottles and sports drinks bottles) or
phthalates (plasticizers used to soften many plastics). Such compounds are known to be
endocrine disruptors. It also does not contain any dioxins which are compounds formed during
the manufacture of plastics at high temperatures in the presence of chlorine (vinyl plastics). In
case of PET, chlorine is neither used nor formed during its production. According to the
society of plastics industry, PET ranks number one regarding safety of plastics compared to 4
for LDPE and 6 for Polystyrene. PET has many applications in several industries. It is used for
the packaging of mineral water, fizzy drinks, beer, some shampoos and mouthwash products.
It is also used in roasting bags and in the manufacture of food trays. In addition to this, it is

used in making clothes and carpet fibers (Ref: PETRA — PET resin association).
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https://upload.wikimedia.org/wikipedia/commons/8/83/PET_by_Polycondensation_V1.svg

Moreover, PET can be easily recycled and reused. It is the most widely recycled plastic in the
U.S.A. and its recycling can be carried several times. Recycling is achieved by chemical
treatment of the polymer to convert PET into its original raw materials (de-polymerization) or
by special washing processes to reclaim the clean plastic. The recycled PET can then be used
in food packaging, fabrics, automobiles, ...etc. In the U.S.A, PET wastes constitute

approximately 1% of the landfill space (Ref: PETRA — PET resin association).

There are many published articles that discuss the use of PET in food packaging. Fan et al.
(2000) investigated the effect of the stretch ratio in the machine direction and transverse
direction on the gas permeability of the film. It was found that stretching in both directions
caused the formation of a film of much lower permeability and very high crystallinity
compared to the film without stretching. Ke and Yongping (2005) prepared a PET film with
the inclusion of organic clay into PET resin. The organic clay was added at concentrations
ranging from 1% to 4%. Oxygen barrier properties were then studied. It was found that at a
clay concentration of 3%, the oxygen permeability property decreased to its half but at 4%
clay concentration, the film could not be prepared. Transmission electron microscopy showed
a regular distribution of clay into PET. In another study, Indest et al. (2008) prepared
hydrolyzed PET foil by immersing it in 4 M NaOH and 1 M HCI then dissolving in 1,1,2,2,
tetrachloroethane and heating. The PET was completely dissolved and the solution was spread
over silica quartz crystals. Chitosan was then used to coat the prepared PET film. The effect of
pH on the adhesion of chitosan to the PET at equilibrium was then studied. It was found that
by increasing the solution pH, the adherence of chitosan to PET decreased due to
deprotonation and weakening of chitosan/polymer bonds. Another studied parameter was the

ionic strength of a NaOH solution on the adherence of chitosan layer to the polymer at
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equilibrium. It was found that the adherence of chitosan increased when 1) the ionic strength

of NaOH increased, and 2) the concentration of chitosan solution increased.

Galdi et al. (2008) used a commercial oxygen scavenger (proprietary) extruded along with
PET resin to produce antioxidant films. Its addition did not cause any changes or degradation
in the polymer matrix. This finding was proven by intrinsic viscosity measurements that are
directly related to the molecular weight of the mixture. Differential scanning colorimetry
(DSC) measurements were also carried out on PET film perse and the PET-oxygen scavenger
film, and no change in the crystallinity or polymer thermal behavior was observed. Films
containing the commercial scavenger showed a significant decrease in the oxygen

permeability as well.

Carneiro-da-Cunha et al.  (2010) prepared an aminolyzed (treated  with
hexanediamine/propanol) charged PET film for layer by layer deposition of sodium alginate
and chitosan. Sodium alginate was used because of its ability to remove radioactive toxins as
iodine-131. It can also be used as a food thickener for aroma encapsulation and extension of
the shelf life of fruit. Chitosan is used as an antibacterial agent. The prepared film showed a
decrease in water vapor permeability. By measuring the water contact angle, it was shown that
aminolyzing PET decreased its contact angle. However, alginate layer increased the contact
angle while chitosan layer decreased it. Also, Yangchuan et al. (2010) incorporated silicon
into a PET polymer film. Water contact angle was measured and the film exhibited a very high
hydrophobicity. This is important in preparing films with good water barrier properties. It was

also found that varying the size of incorporated silicon affected the degree of hydrophobicity.

Contini et al. (2012) used each of alpha-tocopherol and citrus extract sprayed onto PET to

develop antioxidant activity for the preservation of cooked turkey meat. The results of the
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TBA test showed a two-fold decrease in the degree of oxidation of turkey meat compared to

the control film that contained no additives.

In another study, Ghasemi et al. (2012) used nanoclay which was cast extruded along with
PET. X-ray diffraction showed that clay nanoparticles were aligned with PET in the machine
direction. DSC measurements showed that the film incorporated with clay had higher
crystallinity and higher haze. It was also found that the oxygen permeability of the clay
containing films was less by 23% than the control film. Regarding the mechanical properties,
clay containing PET had higher tensile strength. Cerisuelo et al. (2014) used several
antimicrobials including cinnamon bark, marjoram and carvacrol deposited onto PET film by
corona discharge. These extracts showed a remarkable decrease in the oxygen permeability
compared to that of the control film with no added extracts. The treated film also showed

tensile strength and Young’s modulus values comparable to that of the control film.

Several studies were carried out to investigate the permeation properties of PET (Ewender et
al., 2014). For example, Theodorou and Paik (1992) failed to determine the permeation rates
of several aroma compounds through a 16.5 um PET, since amounts of aroma compounds
were below the detection limits. Franz et al. (1993) studied the permeation of Limonene
through a 14 um PET film. They found that PET permitted very minute amounts of limonene
through it. They also found that the reaction rate did not reach a steady state and they were not
able to determine the lag time. However, Sadler et al. (1996) were able to determine the
activation energy and diffusion coefficient of benzene through a 12.7 um PET film because

they used high temperatures (50 — 70°C).
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Furthermore, Di Maio et al. (2015) used a commercial oxygen scavenger (proprietary) to
produce a three layered PET antioxidant film rather than a one layered one. This three layered

configuration along with the oxygen scavenger comprised an efficient antioxidant system.

Finally, Cheng et al. (2015) prepared an antibacterial layer by layer PET film. The layer by
layer consisted of the cationic poly(diallydimethyl ammonium chloride) and the anionic silver
nanoparticles. The film was then characterized by SEM, XPS and water contact angle
measurements. SEM images for a single silver layer showed that there is no aggregation of
silver on the surface and that silver is spread homogeneously. Furthermore in case of SEM
images for the multilayer PET film, the surface roughness clearly increased preserving surface
homogeneity. XPS grams showed that silver exists in its metallic state as was evident from the
binding energy calculated from the silver curve. Surface wettability was determined by the
sessile drop method using a water contact angle device. It was shown that the surface

wettability increased abruptly after coating of the hydrophilic silver nanoparticles.

2.3.  Surface treatment

Surface treatment is carried out to either modify physico-chemical surface properties of the
film for certain applications or to modify its mechanical properties such as manipulating the
orientation, crystallization and crosslinking (Abdel-Bary, 2003). Our main concern in the
present work was studying the effect of surface treatment of the film on the surface adhesion
properties. Surface treatment is primarily done to enhance the wettability of the film surface
thus improving the printing process or to enhance the bonding between two individual layers

of plastic films. This is particularly due to the low inherent surface energy, inertness and non-
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porous structure of plastic films. Classification of surface treatments is as follows: (Abdel-

Bary, 2003).

Surface treatment

Physical treatment < > Chemical treatment
-Corona - rafting
-Plasma - Chemical etching
-Flame - chlorination

2.3.1. Corona treatment
Corona treatment was first discovered in Denmark by Verner Eisby in 1951 after a request for
a safe printing on both sides of a film. Corona treatment occurs via a power supply and a
treater station. The power supply provides two electrodes with a single phase high power that
ionizes the air in the air gap just above the roll carrying the film. Only the surface placed
facing the electrode will be treated (Fig. 2). Both sides of the film can also be treated. The idea
behind this type of treatment is that the electrodes with their high power and electric discharge
will ionize the air in the air gap through accelerating the electrons present causing the
production of an avalanche of electrons at this gap. These electrons will hit the surface of the
film with energy that is higher than the energy of the film surface molecular bonding. This
will hence cause surface ionization and formation of free radicals that, in turn, will react with
oxygen in the gap thus forming functional groups. These groups are responsible for increasing
the bonding capability of the surface and thus its wettability. It is to be noted that treatment

affects the surface bonds only. Also notable is that treatment and printing should be done at
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the time of production. This is the easiest and most economical method of film surface

treatment (Sellin & Campos, 2003).

Corona Generator

Fovwer Supply ——

QOO0

Air Gap

h_""‘"*—..__ Treatar Roll

Dielectric

Fig. (2). Corona treatment system (Ref: Plastics consultancy network — Corona Discharge)

A study carried out by O’Hare et al. (2002) investigated the properties of PET after corona
treatment. The experiment was conducted under constant power/variable speed and under
variable power/ constant speed. It was found that at constant power/ variable speed, the
concentration of the active species was independent of speed. However at variable power/
constant speed, the concentration of the active species increased by increasing the power. It
was also found that both methods of treatment created the same functional groups. In a study
performed by Li et al. (2013) on one side corona treated PET, cellulose nanocrystals were
adhered to the treated side. This was attempted to impart anti-fog properties to the film
surface, reduce the coefficient of friction of the film and increase the oxygen permeability.

Another study by Stepczynska (2013) was carried out to determine the lethal effect of the
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corona treatment on microorganisms. The bacterial strains — which are known to cause food
contamination e.g. B.subtilis and E.coli - were inoculated on the surface of polylactide (PLA)
food packaging film and the film with these microorganisms was subjected to corona
treatment. Bacterial count was determined by microscopic techniques. It was found that this
method was effective in killing the bacteria by two orders of magnitude compared to the

untreated control film. However, this method was not effective in killing bacterial spores.

2.3.2. Plasma treatment

Plasma is the fourth state of matter. It is an ionized gas made up of positive ions and electrons.
These species have high internal energy so that when in contact with the film can cause its
activation. They can be generated from a predetermined mixture of gases in a closed chamber
under low temperature and pressure (Yousefi et al. 2003). Thus, this method can be used with

heat sensitive materials (Fig. 3).

Plasmas are a mixture of reactive species

reactive gas

meutrals

Bk
plasma

sheatfr

Synergisms

v .
abstraction Surface L .
addition BT D

S R
annealing L]

Fig. (3). Mechanism of plasma treatment (Ref.: Henniker plasma: plasma treatment explained in simple
terms)
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http://plasmatreatment.co.uk/wp-content/uploads/2013/09/WhatisPlasma.jpg

A study by Inagaki et al. (1999) investigated the effect of the distance between the argon
plasma and the film on surface properties. It was found that at zero distance, a hydrophilic
polymer is obtained with surface etching and degradation. On activating the polymer surface

at a distance of 80 cm, less hydrophilicity was achieved along with no etching or degradation.

Vartiainen et al. (2005) immobilized chitosan on atmospheric plasma treated biaxially oriented
polypropylene film. The film showed a remarkable antimicrobial activity besides its capability
to be an excellent oxygen barrier film. This film also showed no migration in food simulants

therefore meeting the requirements of the directive 2002/72/EC.

Katsikogianni et al. (2008) studied the effect of plasma treatment on the adherence of
Staphylococcus epidermidis to a PET film. Plasma treatments were either helium treatment or
helium/oxygen mixture treatment. It was found that bacteria preferably adhered and
aggregated on the surface of untreated PET rather than the other two treated films. It was also
found that bacteria started to increasingly adhere to the plasma treated film on film ageing
(when the film was left after treatment for 58 days and measured on intervals within this time
period). Also, a study carried out by Asadinezhad et al. (2010) used a physico-chemical
approach for adhesion. They initially treated polyvinyl chloride films with coplanar surface
barrier discharge plasma then used radical polymerization. Coating with the polysaccharides
chitosan and pectin followed. This study was successful in hindering the adhesion of S.aureus
bacteria by 30% and E.coli by 50%, therefore it was concluded that this film could be used in
medical applications. Recek et al. (2013) treated PET films either by oxygen plasma to form
hydrophilic films or tetrafluoromethane to prepare hydrophobic films. It was found that the
amount of protein adsorbed on the hydrophilic film was as twice as that of the hydrophobic

films. Therefore the hydrophilic films are better used to study cell adhesion and proliferation.
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Lei et al. (2014) investigated the antimicrobial effect of plasma treated polyethylene
terephthalate/polypropylene (PET/PP) composite films - dipped in polylysine, potassium
sorbate, sodium benzoate or calcium propionate - against Staphylococcus aureus, Bacillus
cereus and Escherichia coli. It was found that the film completely inhibited the latter two
species, while its inhibitory effect did not exceed 85% with the former one. It was also found
that the release of antimicrobials increased with increasing temperature and acidity of the

medium.

2.3.3. Grafting (chemical modification)
It is the process of graft copolymerization of , for example, vinyl monomers onto the surface
of the film. This kind of treatment has produced good results but the only drawback is its high
cost. This process occurs by one of several methods; chain transfer, redox reaction,
photochemical initiation and gamma radiation induced copolymerization (Abdel-Bary, 2003).
In the present study, we used films that were treated by a commercial surface film treatment
called ‘acrylic chemical modification of film surface treatment’. Acrylic derivatives could
be acrylamide, acrylic acid or a salt of acrylic acid. This is a proprietary process for the
company. There are numerous articles published on the use of acrylic surface treated films. In
a study by Sun et al. (2010), PET was activated by atmospheric pressure plasma at different
times to generate free radicals followed by its immersion in an inverse emulsion of acrylic
acid for graft polymerization of the acrylic acid. Surface morphology was studied by SEM and
showed that surface roughness increased with increasing the time of plasma treatment. Also,
contact angle measurements of the grafted polymer surface showed highly increased
hydrophilicity. In another study by Ping et al. (2010), it was shown that the activation of PET

with gamma irradiation in the presence of acrylic acid monomer solution was possible.
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Coating of silver nanoparticles then took place to impart antibacterial properties. XPS
measurements showed the presence of silver in the metallic state. Furthermore, antibacterial
properties were documented by suspending the film in a suspension of E. coli viable cells and
studying the decrease of these viable cells after 4 hours. The film showed potent antibacterial

activity.
2.4. Measuring surface energy

Surface energy of solids is the work per unit area done by the force that creates the new
surface. (Ref: Physics for civil engineering — lecture 8: surface tension and surface energy, by
(Peter Eyland) university of New South Wales). In order to measure it, we use liquid droplets
spread over the surface to measure contact angle and thus get the surface energy. According to
Young’s equation (Equation 1), there is a relation between the contact angle 0, the surface
tension of the liquid o, the interfacial tension oy between liquid and solid and the surface free

energy o, of the solid (Fig. 4). (Ref.: Kruss — surface free energy)

o.,=0y+0g,- cosO
(Equation 1)

(Ref.: Kruss — surface free energy)

Gas

Sen A

Os| Solid body

Fig. (4). Water contact angle measurement (Ref.: Kruss — surface free energy)
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There are several factors affecting the surface energy of solids. One of these factors is
temperature. When the temperature increases, atoms will vibrate and cause a decrease in the
cohesive forces between atoms. Thus, when the net inward cohesive force is decreased,
surface energy will decrease. Another factor is contamination. Contaminants change the net
inward cohesive forces and thus cause a decrease in the surface energy. It is to be noted that

the degree of wetting affects the shape of the droplet over the surface (Fig. 5).

8 > 90 B8 <90 e =90
g’f tangent
5

solid solid solid

Fig. (5). Phenomenon of wetting at different contact angles (Ref.: Biolin scientific: attension
application)
The mechanism of wetting and de-wetting can be explained as illustrated in (Fig. 6). Let Fsg

the upward force between the solid and the gas, Fgs; the downward force between the solid and

the liquid and F| g the inclined force between the liquid and the gas.

Fle
negative
meniscus

Fig.(6): An illustration of the forces acting in (a) wetting phenomenon; (b) de-wetting
phenomenon (Ref: Physics for civil engineering — lecture 8: surface tension and surface
energy, by (Peter Eyland) university of New South Wales )

When Fgp, and Fi g are in the same direction as in Fig. (5a), the cosine of angle (a) between

them is positive, thus the meniscus is positive and wetting takes place. On the contrary, if the
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cosine of the angle between Fgp and Fig is negative (Fig. 5b), then the meniscus is negative
and no wetting takes place. In these two cases, we assume Fgg to be very small compared to

the other two forces.

There are several methods for measuring surface energy of plastic films. The first method is
drop shaped analysis. It involves the study of contact angle between the intersection point of
the solid surface and the drop contour. The second method is top-view distance method. This
method involves measuring the curvature of a drop surface that is related to the contact angle
by measuring the distance between the reflected dots of light from the surface of the droplet.

The contact angle measured then is converted into surface energy through Equation 1 and

Table 1.
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Table (1). Values of surface tension corresponding to their contact angles

Water contact angle Dyne test approximation, Dyne/cm
54 45
55 45
56 45
57 44
58 44
59 44
60 43
61 43
62 43
63 42
64 42
65 42
66 41
67 41
68 41
69 40
70 40
71 40
72 39
73 39
74 38
75 38
76 38
77 37
78 37
79 37
80 36
81 36
82 35
83 35
84 35
85 34
86 34
87 34
88 33
89 33
90 32
81 32
92 32
93 31
94 31
95 31
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2.5. Oxidation

Oxidation of food lipids involves the addition of oxygen and subsequent breakdown of lipids.
Oxidation occurs usually in the form of auto-oxidation of unsaturated fatty acids, thermal
oxidation of fats and oils, light induced oxidation and enzymatic oxidation. Auto-oxidation
occurs between a) a carbon to carbon double bond and oxygen or b) a carbon atom in alpha
position relative to a double bond and oxygen to form free radicals. These radicals initially
form hydroperoxides (primary oxidation products) which in turn breakdown to secondary
oxidation products (aldehydes, ketones) responsible for the rancid off-flavors and off-odors of
food (Choe & Min, 2009). In light induced oxidation the process is initiated by molecules
known as ‘initiators’ i.e. chlorophyll which convert triplet to singlet oxygen. This in turn
attacks unsaturated fatty acids and the rest of the oxidation mechanism is the same as that of
auto-oxidation. Enzymatic oxidation occurs by specific food enzymes (polyphenoloxidase) on
different molecules (mainly aminoacids) that cause browning of food. In the present work, we
will focus on lipid auto-oxidation. This occurs through three steps; initiation of free radical
formation, propagation with formation of long-chain radicals and termination with formation
of non-radical products (Figs.7 and 8). The most important moieties involved in oxidation are
the unsaturated moieties; oleic, linoleic and lenolenic which have different rates of oxidation;

oleic< linoleic< linolenic.

Steps: initiation: Fig. (7). Auto-oxidation
RH —-oomeeee R mechanism of unsaturated
Propagation: fatty acids,where RH is the
R.+0, e ROO unsaturated fatty acid, R . is
RbOH ______________ RO +OH" the free radical and ROOH is
ROO" 4R Hemmmeeemeemeeeee ROOH + R’ a hydroperoxide whose

A degradation is responsible for
Termination:
R 4+ R ommmmmeee RR the off-odors and flavors
RO + RO e ROOR (Eskin &Shahidi, 2012)
RO + R" e ROR
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The scheme in Fig. 7 shows the reaction of hydroperoxides to give aldehydes, ketones,

alcohols or hydrocarbons.

R"CHR’ e R”Cl‘HR' + OH’

, RO
O—OH O
/ R"CR’ + ROH
RH
|
R"CHO + R~ R"CHR’ + R’ O
R’CR’ + RH

OH

I
O

Fig. (8). Mechanism for the formation of aldehydes, ketones, alcohols and hydrocarbons

through lipid auto-oxidation (Allen & Hamilton, 1989)

2.6. Antioxidants

They are compounds that inhibit the formation of free radicals or delay the propagation of the
peroxidation process. This delaying occurs by several mechanisms. One of these mechanisms
is by chelating metal ions that can decompose peroxides. Another mechanism is by decreasing
the concentration of localized oxygen and also quenching oxygen radicals that are responsible
for peroxide formation. The effectiveness of an antioxidant depends on the activity of the
antioxidant and its solubility; i.e. its ability to penetrate food tissues and emulsion interfaces.
The effectiveness of the antioxidant is strongly related to the activation energy, rate constants,
and oxidation-reduction potential. The reactions of inhibition and chain propagation are
exothermic; if their activation energy is high then the effectiveness of the antioxidant will
decrease. The most potent antioxidants are those which interrupt the free radical chain
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reactions. These antioxidants usually have a phenolic ring structure. They perform their
antioxidant function by one of two pathways; they either donate a hydrogen atom to the free
radical in a process called hydrogen transfer or a process named single electron transfer. In
single electron transfer, the antioxidant will either pick up the free radical electron that will be
stabilized on the antioxidant’s phenolic ring by resonance forming quinone structure and thus
form a more stable structure- for both antioxidant or radical- or give a single electron to the
radical to form a stable anion with an even number of electrons (Fig. 9). The bond dissociation
energy of O-H group is an important factor in these mechanisms (Choe & Min, 2009). The
strength of O-H bond depends greatly on the substituents or functional groups on the benzene
rings because they are responsible for the stability of the phenolic radical. For example, the
presence of methyl, methoxy or tertiary butyl groups in the ortho- position greatly reduces the
energy of O-H bond more than their presence in the meta- position. In addition to this, the
presence of antioxidants in alkaline medium increases their rate of the reaction more than
when they exist in either neutral or acidic media. Natural antioxidants are usually present in
plant tissues for their protection from various internal and external factors. Such antioxidants
include phenolic acids, carotenoids, flavonoids and tocopherols (Choe & Min, 2009). Phenolic
acids are closely related to flavonoids. Flavonoids have hydroxyl groups or sometimes
characterized by a catechol group in the B ring (Fig. 10). One of the drawbacks of phenolic
acids is that they cannot be used with oils due to poor solubility in lipids. Unlike phenolic
acids, carotenoids are used mainly with fats and oils, for example palm oil is a rich source of
carotenoids. Another drawback of phenolic acids is that they are only used at alkaline pH. At
high pH, they are converted to the phenolate form that has a higher and more rapid radical
scavenging activity. Tocopherols have a higher antioxidant activity against alkyl peroxy

radicals compared to alkyl radicals. This is because the difference in reduction potential
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between tocopherols and the former is greater than that of tocopherol and the latter (Choe &

Min, 2009).
OH
(CHy);
E=1000mW
+ ROO- = ROOH
OCH K= 107 M-lsec-l
n-/ Cr
CICH,), L,;L\J,CMH;,
fCHs E'= 400 mV TCHS
0
- ~AC(CHy)3 @/‘fﬂﬂa}
OCH, OCH;

Fig. (9). Resonance stabilization of antioxidant radicals (Ref: Iastate university — lipid

oxidation)

Fig. (10). Structure of flavonoid back bone
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2.7.  Chemical composition of natural antioxidants

2.7.1. Rosemary
Rosemarinus officinalis or rosemary is an evergreen shrub 50 to 150 cm high, made up of
brown branches. The herb has been used by ancient Egyptians, Mesopotamians, Chinese,
Greeks and Indians in culinary, medicinal and cosmetic applications. The medicinal parts of
the plants are oil extracted from the dried or fresh leaves or from the flowering twigs. This
plant has mild antimicrobial and antiviral properties. Anti-listerial properties were found in
rosemary polyphenol extract with a minimum inhibitory concentration of 0.083 mg/mL
(Bubonja-Sonje et al., 2011). It has also been used in dyspeptic ulcers, hypotonic circulatory
disorders and rheumatic disorders. Besides, it has been used to treat oligomenorrhea,
amenorrhea and dysmenorrhea. It has also some dermatological uses in eczema, and the
healing of wounds. It has been used topically for myalgia, sciatica and intercostal neuralgia.
According to the European food safety authority (EFSA), the use of rosemary does not pose
any health concerns. According to numerous studies, rosemary does not pose any genotoxic
side effects (EFSA, 2008). It was concluded that rosemary has very low acute and sub-chronic
toxic effects. It was also found that at high doses, liver enlargement takes place without
increase in the enzymes alanine aminotransferase, aspartate aminotransferase and alkaline
phosphatase. Furthermore, it was suggested that this enlargement is not considered a toxic
effect but rather an adaptive action to the high doses of rosemary intake (EFSA, 2008).
Another study on the hepato-protective activity of rosemary on rats was performed by
Raskovic et al. (2014). They induced liver injury in rats by carbon tetrachloride then treated
the rats with 5 and 10 mg/kg rosemary essential oil. They found that rosemary has the ability
to prevent the lipid peroxidation of liver homogenates induced by carbon tetrachloride. Studies

have also shown that rosemary exhibits anti-cancer activity in rats.
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Comparing rosemary to a mixture of butylated hydroxyl anisole (BHA)/butylated hydroxyl
toluene (BHT), it was found that rosemary was able to preserve the color of pork sausage. It
was also found that the ability of rosemary at concentrations of 2500 ppm in preserving
refrigerated fresh pork sausage and cooked-frozen pork sausage was comparable to the ability
of BHA/BHT at its highest permissible concentration, but was superior to BHA/BHT in raw-

frozen pork sausage (Sebranek et al., 2005).

BHA and BHT are synthetic antioxidants prepared in the laboratory. BHA is a mixture of two
isomers; 2-tertiary BHA and 3-ter