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ABSTRACT

POLYSACCHARIDE BASED PACKAGING FILM FOR FRESH CUT
PRODUCE

In this thesis, agro industrial wastes such as bracts and leaves of artichoke were used to
develop biodegradable packaging materials for fresh-cut artichokes. As film forming
materials; cellulose, hemicellulose, lignin and wax fractions were extracted by using
mild alkaline treatment applied to artichoke wastes. Carboxy methyl cellulose was
chemically synthesized from extracted cellulose fiber. A mechanical process (Masuko
Supermasscolloider, at -100 um grind size via 5 times feeding) with minimum
environmental impact was selected to obtain cellulose micro fibrils with micro sized
dimensions (50-200 um in length and 10-30 um in width). These fractions used as
polysaccharide sources in film forming solutions. Different combinations of these
polysaccharide based film materials were optimized using General Factorial Design and
four film combinations were selected among the films produced. Selected films were
MFC and CMC based having good elasticity (16 % strain), tensile strength and low gas
permeability properties (150ml Oz / m®.day). Different concentrations of additives such
as wax, stearic acid, chitosan were used with the glycerol addition of plasticizer. SEM
analyses of selected films showed films having smooth surface and dense structure by
looking their cross sectional area. Thermal analyses proved sealability of films obtained
by extracted fractions from artichoke at 200-250 °C temperature intervals. But, presence
of MFC in films hindered the heat sealing ability. Therefore, MFC and CMC based
films successfully showed optimal properties when they were combined with glycerol,

stearic acid and wax.
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OZET

TUKETIME HAZIR MEYVE SEBZELER ICIN POLISAKKARIT
BAZLI AMBALAJ FILMI

Bu tezde, enginarin kullanilmayan kisimlarindan (saplari, yapraklari) yararlanilarak taze
kesilmig enginarda kullanilabilecek nitelikte bivobozunur paketleme malzemesi
geligtirilmistir. Enginar atiklarmin hafif bazik kosullarda muamele edilmesi sonucunda
elde edilen seliiloz, hemiseliiloz, lignin ve vaks fraksiyonlar: film olugturulmasinda
kullanilmagtir. Ayrica, enginardan oziitlenen seliloz liflerine uygulanan kimyasal
dontistim iglemi ile sodyum karboksimetil seliiloz elde edilmistir. Mikro boyutta seliiloz
liflerinin (boyu 50-200 um ve eni 10-30 um) tiretimi igin ¢evre dostu mekanik bir iglem
(Masuko mekanik pargalayici, -100 pm araliginda diglilerden 5 kez besleme)
kullaniminin uygun oldugu gosterildi. Bu fraksivonlar, film g¢ézeltilerinde polisakkarit
bazli hammadde olarak kullamldi. Faktoriyel tasarim temelli deneysel tasarim
tekniginden yararlamilarak, tim denemeler igerisinden dort adet en uygun igerik
belirlendi. Temelde mikrofibril seltiloz ve karboksi metil seliillozdan olusan ve 6nceki
denemeler sonucunda belirlenen en uygun kogullarda tiretilen filmlerin tercih edilebilir
nitelikte esneklik (%16 uzama), kopma mukavemeti ve diistik gaz gegirgenligi (150ml
Oz / m?.giin) dzellikleri gosterdigi tespit edildi. Vaks, stearik asit, kitosan gibi katkilarm
ve plastiklestirici olarak gliseroliin degisik konsantrasyonlarda ilaveleri ve bunlarin film
olugturabilme o6zellikleri tizerine etkileri incelendi. Segilen filmlerin, taramali elektron
mikroskobu goruntiileri filmlerin piirzsiiz yiizeye, vogun, siki ve tekdize bir kesite
sahip oldugunu gosterdi. Termal analizler sonucunda, enginardan elde edilen -
mikrofibril seltloz haricindeki- tiim Urtinlerle yvapilan filmlerin 200- 250°C sicaklik
araliginda 1s1l yapisma ozelligi gosterdigi, ancak mikrofibril seliloz ilavesi yapilan
filmlerin, 1511 vapigma 6zelligini kaybettigi goraldii. Sonug olarak, mikrofibril selilloz ve
karboksil metil seliilloz iceren karigima gliserol, stearik asit ve vaks ilavesi halinde elde

edilen filmin Giretilen filmler arasinda en uygun malzeme olduguna karar verildi.
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CHAPTER 1

INTRODUCTION

Today, there is an increasing demand for fresh or minimally processed, healthy
and functional fruit and vegetables. Therefore, enhancing the nutritional,
microbiological and organoleptic qualities of fresh cut fruits and vegetables is drawing
greater attention. However fresh cut products are more prone to rapid degradation than
whole products, and are characterized by a limited shelf life.

Artichokes are an important component of the Mediterranean diet, and a good
source of health-promoting compounds, mainly polyphenols. The artichoke is classified
as Cynara scolymus. It grows wild in the south of Europe and is also cultivated in the
United States. The edible fraction of artichoke plants is represented by the inner part of
immature flowers, which accounts for about 15-20% of its fresh weight, depending on
the variety and the harvesting time, and about 50% of the whole head (Cabezas-Serrano
et. al 2009). In Turkey, artichoke is cultivated in Mediterrancan, Acgean, Marmara
regions. With a production value of 35000 metric tons, Turkey ranks 12th in the world
and 4th in Europe.

Processing artichokes as fresh-cut would provide convenience due to the high
percentage of discarded plant waste, and the complexity of preparation and trimming
operations. The main problem with fresh-cut artichokes is the high browning rate of the
cut surfaces (receptacle and bracts) caused by oxidation of phenolics catalysed by
polyphenol oxidase enzymes, with subsequent formation of dark compounds (Amodio
et. al 2011). It is well known that the dual role of phenol compounds as antioxidants and
as substrates for oxidative enzymatic and non-enzymatic browning reactions may cause
a severe shelf-life reduction of both whole and fresh-cut products. Browning is the main
process responsible for quality loss during postharvest handling, storage and a limiting
factor to processing artichoke (Todaro et. al 2010). Further, in the case of artichokes,
the enzymatic browning is so rapid that the methods used for other fresh cut products

are not as effective.



Therefore new approaches are needed to solve the rapid browning problem in
artichokes. Coating methods; in which products are either sprayed with or dipped into
various protective solutions (containing antioxidant, antimicrobial or chelating agents),
help fresh cut produce to control / prevent browning or microbial deterioration (Todaro
et al. 2010). Most browning reactions are promoted by oxygen; therefore avoiding
oxygen in the food environment can slow down deterioration of the product. This can be
achieved by using a packaging material with low oxygen permeability. Such packaging
can be combined with a mild pre-treatment in order to provide a minimally processed
food with a high quality and which has a relatively long shelf life. Cutting operation
decreases shelf life of fruit and vegetables significantly, due to increased surface area,
formation of injured tissues compared to whole product (Niranjan and Harsa 2013).

Polysaccharides can be extracted from many plants, however using agricultural
wastes, particularly the waste from the same source as the product being packaged can
have considerable economic and environmental impacts. Most of the agro-based wastes
are dumped or utilized as animal feed, which has low economic value. Utilization of
wastes for obtaining high value compounds like polysaccharides can enhance the value
of the wastes which under the right circumstances can become co-products.

Biopolymers originating from renewable raw materials can be used to develop a
wide range of environmentally friendly products. Bio based polymers, which are
compostable, renewable and independent from fossil fuels, have the potential to reduce
the carbon dioxide release into the atmosphere and therefore hinder greenhouse effect
and global warming while alleviating the concern about recycling.

Gas barriers of packaging materials become essential when the gas composition
inside the package has to be kept constant or free from oxygen. Many polysaccharides
(natural polymeric carbohydrates) are known to be good oxygen barriers, explained by
their hydrogen-bonded network which leads to small free volume that makes the oxygen
transmission low (Miller 1997).

Hemicelluloses and many other polysaccharides are also known to be good
oxygen barriers. Hemicelluloses of mannan type have been successfully used in
packaging films preparation, demonstrating good film-forming properties and resistance
toward oxygen diffusion (Edlund 2010).

Micro fibrillated cellulose (MFC), also called cellulose micro fibril, micro-
fibrillar cellulose or Nano-fibrillated cellulose (NFC), can be viewed as a cellulosic

material, composed of expanded high-volume cellulose, moderately degraded and



greatly expanded in surface area, and obtained by a homogenization process. MFC
actually consists of aggregates of cellulose micro fibrils. Micro-fibrillated cellulose thus
has a very good ability to form a rigid network. It is obtained by the mechanical
disintegration of cellulosic materials without the use of hydrolysis (Lavoine et al. 2011).

Consequently, the enzymatic browning will be retarded, and the shelf life of the
artichokes will be extended. Finding strategic ways to enhance the shelf life and
keeping quality of fresh cut produce without unduly burdening the environment, must
be a key part of any Food Security strategy.

The aim of this study is to develop packaging films with improved gas barrier
properties in order to extend the keeping quality of minimally processed fresh cut
vegetables, such as artichoke, which is a good source of several nutritional compounds.
The packaging material formed was targeted to extend shelf life of fresh cut artichokes
for retarding browning by providing Oz barrier platform in form of package. Based on
these objectives; packaging films from artichoke wastes were prepared vig
environmentally friendly process steps with less expense. Micro fibrillated cellulose
may meet these expectations; therefore, the thesis was set to obtain cellulose and
microfibrillated cellulose by using mild chemical combined with mechanical methods.
Films were produced using the polysaccharides extracted from artichoke leaves. The
extracts were casted into films either singly or in combination with a plasticizer
compound. Other polysaccharide based film materials were also introduced into the film
combinations in order to be able to tolerate surface moisture of artichokes. Films were
characterized in terms of their mechanical, thermal, crystalline, morphological, and

visual and gas permeability properties.



CHAPTER 2

PACKAGING

In today’s food market packaging is an essential concept for handling, storage
and distrubution of food products securely to the consumers. Package is any kind of
protective material enclosing consumable entity in order to maintain security and safety
of a specific product. In case of food packaging, there are some different concerns for
providing extra safety across physical, chemical, microbial and sensorial deteriorations,
since food components are very perishable materials. Any unwanted changes of food
product directly affect consumer acceptability and may risk consumer health. Packaging
with labels is also important for providing knowledge about content, shelf life, storage
conditions of that food product (Robertson 2005).

There are various packaging materials (such as paper, glass, metal or plastic) and
techniques applied for food products. Application technique or used material may vary
among needs of food product. In some cases, combination of different materials might
used in order to reach best protection for longest time period. Atmosphere enclosed
within package material is critical for maintaining protection. That’s why modified
atmosphere or vacuum packaging techniques are applied due to needed atmosphere
composition of selected food material.

While packaging protects the food material from environment it may interact
and negatively affect food product, these submicroscobic interactions termed as
migration. Migration is an important unwanted reaction chain that may result in chronic
dieseases within human body via accumulation of risky compounds within liver in long
term period (Lee et al. 2008).

Besides traditional packaging applications there are many researches on
intelligent and active packaging systems providing extra functional properties to
packaging material i.e. absorbing excess oxygen/carbondioxide within package,
releasing antioxidant/ antimicrobial compounds, adsorbing/releasing flavor components,

etc.



2.1. Agropolymers for edible and biodegradable films

Agriculture is one of the major industries in Turkey. Tea, sunflower, olive, nuts,
many cereals (wheat, barley, corn, and rice), legumes (lentils, beans, and soy), industrial
plants (cotton, sugar beet, tobacco) and fruits are widely cultivated. Consequently, there
is a significant amount of waste material after harvesting or processing, composed of
leaves, stalk, cob, stover, husk, bran, straw, trimmings, peels, etc. Although some of
these materials are used in low economic value applications (feedstock or burning as
fuel), they are predominantly unutilized. Therefore, there i1s substantial amount of
cheap and year round available plant polysaccharide sources in Turkey, which can be
exploited for use in bio packaging applications.

Polysaccharides can be extracted from many plants, however using agricultural
wastes, particularly the waste from the same source as the product being packaged can
have considerable economic and environmental impacts. Most of the agro-based wastes
are dumped or utilized as animal feed, which has low economic value. Utilization of
wastes for obtaining high value compounds like polysaccharides can enhance the value
of the wastes which under the right circumstances can become co-products.

Biopolymers originating from renewable raw materials can be used to develop a
wide range of environmentally friendly products. Bio based polvmers, which are
compostable, renewable and independent from fossil fuels, have the potential to reduce
the carbon dioxide release into the atmosphere and therefore hinder greenhouse effect

and global warming while alleviating the concern about recycling.

2.1.1 Lignocellulosic Biomass

Ligno-cellulosic biomass is the most abundant source of unutilized biomass and
their availability does not necessarily impact land use. Biomass in general consists of
40-50% cellulose, 25-30% hemicellulose and 15-20% lignin and other extractable
components (Menon and Rao 2012). Lignocellulose framework within cell wall was

illustrated in Figure 2.1.
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Figure 2.1 Diagrarnrnatic llustration of the fraroe work of lignoce llnlose
(Ivlenon and Fao 2012)

Cellnlose 13 the rmost sbundantly occowmng natural polyimer on earth and 1z
almost linear polyrner of anbydroglucose. The worldwide production of cellulose is
estirnated to be between 101" and 10 tornes each vear (Lavoine ef al ).

Cellulose 15 a linear homopolysacchande of [-1,4-hinked anbomdro-Teglucose
urits with a degree of polsnenzaton (OF) of approxirmate Iy 10,000 for cellulose chains
in nature and 15000 for nateee cellulose cotton. Cellobiose units construct basic
stucture of cellulose; these dimers were presented in Figure 22-(8) below. The
athydroglncose wrat (ronomwer), contains three hydroxsd groupe having ability to form
strong hydrogen bonds confer upon cellulose 1ts most poportant properies, i parbcular
15 (1) moalti-seale wacro fibrllated stucture, (n) hierarchical orgarazation (crystalline
s, armorphous regions), and (1n) highly cohestve nabie (with a glass fransition
ternpe rabire hazher than its de gradation terperature) { Lavoine of al).

Tight packing of polymer chains of anbodroglucose canses a crystalline
stuchure that restnects hydroplalicity. Treating cellulose with alkaline followed by
reaction with mono chloro acehc acid to wield cathoxsl e thel cellulose (CIIC) would
lead an merease i water solubility of cellulose (Dhall 20124, Detaled strae tare of CIVIC
was shown 1n Figure 2.2-(B).
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Frgure 2.2 Struchire of (&) cellulose, (B) cathoxsyd me thed cellulose (Laarnan 20117

The cellulos: chains are packed into micro fibrils which are stahilized by
hydrogen bonds. These flnls are attached to each other by hermcelluloses and
arnorphous polyraers of different suzars (Ienon and Rao 2012, Hernicelluloses are
hetero-polyeacchandes and thew represent up to 50%. of the biomass of anmmal and
pererraal plants.

While the cellulose basic chemacal struchire 15 1denfical in plants, the
composibion of heracellaloses can vary witlan tissues of the sare plant (e 2., roots,
sterns, leaves and seeds) and between different plant species, differences presented
Tahle 2.1, In contrast to cellulose, hermcelluloses are arnorphous, often branched and
hawve different solubion properties (Albertsson ef @l 2011). Hvlan, glucaronoxdan,
arabinoy War, ghicomannar, and xvloglocan conld be hated as types of hermcelluloses.
While cellulose contains siraply anhgrdrous glucose; heracelluloses may contain x Wose,
mannoge, tharmnose, arabinose and galactose.

Hermcelluloses are wsually divided indo four major sroupe m view of their
stuctral conformabon: D-xvloglyrans (xvlans), manmans, moxed-hnkage [-glucans
atd xyloglucans (Hemmze ef ol 200%). The monosacchande bwldme blocks of
heracellnloses can be pentose and hexose sugars as well as acid sugars (I, M. Fang eof
al. 1999, Comraon roolecular mobif of hemicelulosss was grven in Figure 2.3
Hernicelluloses™ composition vary due to the differences in extractionfisolation steps
(Hansen and Flacke tt 2008
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Figure 2.3 Common molecular motif of hemicelluloses [-Xylose-p (1, 4)-Mannose-
B(1,4)-Glucose-c(1,3)] (Anon 2013-H)

Lignin 1s a class of complex, high molecular weight polymers whose exact
structure varies. It is an amorphous, 1.e., not crystalline, polymer that acts as a binding
agent to hold cells together. Lignin also occurs within cell walls to impart rigidity. Like
cellulose and hemicelluloses, ligmn 1s made from carbon, oxygen, and hydrogen.
However, these elements are arranged differently so that they are not classified as
carbohydrates. They are instead classified as phenolics, and the polymer is based on the
phenyl propane unit (Adler 1977). Molecular structure of lignin was shown in Fig 2.4.

Lignin—&

Figure 2.4 A small piece of lignin polymer (Anon 2013-L).



Table 2.1 The main types of polysaccharides present in hemicelluloses
(Peng et al. 2012).

Polysaccharide Biological Amount Backbone | Side Degree of
origin (%o dry chain polymerization
biomass)
Arabinogalactan | Softwoods 5-35 B-D-Galp B-D-Galp | 100-600
a-L-Araf
p-1.-Arap
Kyloglucan Hardwoods, | 2-25 B-D-Xvlp | B-D-Xylp
softwoods, B-D-Glep B-D-Galp
and grasses o-L-Araf
a-L-Fucp
Acetyl
Galacto Softwoods 10-25 B-D-Manp | p-D-Galp | 40-100
glucomannan B-D-Glep | Acetyl
Glucomannan Hardwoods | 2-5 B-D-Manp 40-70
B-D-Glep
Glucuronoxylan | Hardwoods | 15-30 B-D-Xylp | 4-O-Me- | 100-200
a-D-
GlepA
Acetyl
Arabino Grassesand | 5-10 B-D-Xylp | 4-O-Me- | 50-185
glucuronoxylan softwoods a-D-
GlepA
a-L-Araf
Glucurono Grasses 15-30 p-D-Xylp | a-L-Araf
arabinoxylan 4-0-Me-
a-1-
GlepA
Acetyl
Arabino Grassesand | 5-10 p-D-Xylp | 4-O-Me- | 50-185
glucuronoxylan softwoods a-D-
GlepA
a-L-Aral
Glucurono Grasses 15-30 B-D-Xylp | a-L-Araf
arabinoxylan 4-O-Me-
a-D-
GlepA
Acetyl
Homoxylan Algae B-D-Xylp
p-(1—3, 1 =4)- Grasses 2-15 B-D-Glep

glucan




Lignin is composed of three major phenolic components, namely p-coumaryl
alcohol, coniferyl alcohol and sinapyl alcohol. Lignin is synthesized by polymerization
of these components and their ratio varies between different plants, wood tissues and
cell wall layers. Lignin is a complex hydrophobic, cross-linked aromatic polymer that

interferes with the hydrolysis process (Menon and Rao 2012).

2.1.2 Microfibrillated cellulose

Micro fibrillated cellulose (MFC), also called cellulose micro fibril, micro-
fibrillar cellulose or nano-fibrillated cellulose (NFC), can be viewed as a cellulosic
material, composed of expanded high-volume cellulose, moderately degraded and
greatly expanded in surface area, and obtained by a homogenization process. MFC
actually consists of aggregates of cellulose micro fibrils. Its diameter is in the range 20—
60 nm and it has a length of several micrometers. If we consider that the micro fibrils
have around 2-10 nm thickness fibrous cellulose structure and have length around
several tens of microns, and then MFC is composed of 10-50 micro fibrils. MFC
exhibits both amorphous and crystalline parts and presents a web-like structure. Micro-
fibrillated cellulose thus has a very good ability to form a rigid network. It is obtained
by the mechanical disintegration of cellulosic materials without the use of hydrolysis
(Lavoine ef al.).

MFC is produced via mechanical refining of highly purified wood and plant
fibre pulps. Mechanical treatment of cellulose to convert it to nanofibrillated form could
be applied with supermasscolloider (Figure 2.5) or microfluidizer (Figure 2.6) or
ultrasic homogenizer (Figure 2.7). There are various studies in the literature for
obtaining micro/nanofibrillated cellulose by using ultrasonic treatment, detailed

production procedures were summarized in Table 2.2.
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Tahle 22 Ultrasondc grinding applications for cellulose

Source of Cellulose Treatment Conditions Reference
bleached pine kraft pulp | 0.01220300 ral durdeC:20kH=z; 30060120, 240 min | L12009
kraft pulp A2 20kHz, 530,60, 120 and 240 rain Li2oll
WICC and flax fiber wtrazonic cleaner, 150%W, 30 min Chia 2011
i 20W , 28EHz, S0me/T Al 2000

6E-170 kHz 1000W 25°C; 1% wiv; ultrasonic
probe; 51001520 25 rin;, ultrasoroc bath (40kHz, |  Ivhshra

kraft pulp 510,15 20 30 60 rrin) 2012
regererated CF (avdcel) 1-A% b1 S00°W: 30 min Wang 2009
bharnhoo, wheat strawr,

goftwood 0.05%% wiwr, 20-25 EH=; 30min; 1 200 Chen 2011

Figure 2.5 Masiko Sangyo Superm asscoll o der (MECAG-) (E'L.-'Iamkn 2015

Figure 26 Microfluidics fluidizer (Microcarp 20157,
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Figure 2.7 Bandelin Sonopuls HD 2070 Ultrasonic Homogenizer (Bandelin 2015)

MFCs have been used as a thickening agent in the food and cosmetics industries. The
MFC particles are considered to contain multiple elementary fibrils each consisting of
36 cellulose chains arranged in the If} crystal structure, have a high aspect ratio (10-100
nm wide, 0.5-10°s mm in length), are ~100% cellulose, and contain both amorphous
and crystalline regions (Moon ef al. 2011). Detailed structure of microfibrillated

cellulose schematized in Figure 2.8.

Elementary fibrils

P
o = oH
& -0 i 0 O
Ho™ N\ o~ ~ . - pe > e
H'&/'T ui’.ff-:-? o H s
oH “oH OH O
n

Amorphous regions Crystalline parts Cellulosic fiber

Chemical structure of cellulose
chain

Figure 2.8 Fibre structure with emphasis on the cellulose micro fibrils
(Lavoine, ef al.2012.).

2.2 Edible and biodegradable coatings and films, process parameters

and their mechanism

Films are generally defined as stand-alone thin layers of materials. They usually
consist of polymers able to provide mechanical strength to the stand-alone thin structure

(Han 2005). Edible coatings are thin layers of edible material applied to the product
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surface in addition to or as a replacement for natural protective waxy coatings and to
protect foods against moisture/gas transfer and solute movement. They are applied
directly on the food surface by dipping, spraying, or brushing to create a modified
atmosphere. Because they would be consumed, the material used for the preparation of
edible films and coatings should be generally regarded as safe (GRAS) approved by
FDA and must conform to the regulations that apply to the food product concerned. An
ideal coating is defined as one that can extend storage life of fresh fruits and vegetables
without causing anaerobiosis and reduces decay without affecting their quality.

Edible coating technology is a promising method to preserve the quality of fresh
fruits and vegetables. Research and development efforts are leading to an improvement
of the functional characteristics of the coatings, which depends on the properties of the
fruit to be preserved or enhanced (Dhall 2012). An edible film is essentially a dried and
extensively interacting polymer network of a three-dimensional gel structure. Various
biopolymers can be mixed together to form a film with unique properties that combine

the most desirable attributes of each component, e.g. presented in Table 2.3 (Han 2005).

Table 2.3 Materials used in edible films and coatings (Han 2005).
Collagen, gelatin, casein, whey protein, corn
zein, wheat gluten, soy protein, egg white
proteins protein, fish miyofibrillar protein, sorghum
protein, pea protein, rice bran protein,
cottonseed protein, peanut protein, keratin.
film-forming Waxes ( beeswax, paraftin, carnauba wax,
materials lipids candelilla wax, rice bran wax), resins

(shellac, terpene), acetoglycerides

Starch, modified starch, modified cellulose
(carboxyl methyl cellulose, methyl cellulose,
hydroxyl propyl cellulose, hydroxyl propyl
methyl cellulose)

polysaccharides

Glycerin, propylene glycol, sorbitol, sucrose, polyethylene glycol,

plasticizers
corn syrup, water
functional Antioxidants, antimicrobials, nutrients, nutraceuticals,
additives pharmaceuticals, flavors, colours

Emulsifiers (lecithin, Tweens, Spans),

other additives lipid emulsions (edible waxes, fatty acids)

Film formation from polymeric solutions is a relatively straight forward process
since the polymer is in the dissolved state. The sprayed droplets spread onto the
substrate surface and, as the solvent evaporate, the polymer chains interpenetrate, going

through a gel state then forming the film with further drying. Polymer chain
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interpenetration occurs at a specific concentration which 1s the reciprocal of the 1nbinsic
viscosty of the solnbon. The mibninsic wiscomty 1s the increase in relatve wviscoaty
canged by the dissobred polymer and thus 1z an indicaton of the hedrodsmarae
inferachon be taeen the polymer and the sobrent. Fandom coil structure of the polymer

chaine 13 gererally thought to moprose adhesion of the resultant film to the substrate, as
more of the polyraer is exposed to and interacts with the substrate swrface. Solwent

evaporation rate directly effect film forrnation dbility, mtenms of swrtace attachability,
highflowr drying rate may give darnage on polyreer network, then mavy form unwante d
stuchwres and mizht present 1deal filtn forrmaton on surface;, spravy drang or spreading
ot the surface (orange peel effect), see Fiz. 2.9 (Felton 2013).
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Fizure 2.9 Cwerview of the film formaton process (Feltorn 2013)

In filtn coating processes, several swface tensions are nobeed, mcluding
lipmd-air, solid-ligmd, and solid-air mmterfaces. Spreading of the polyrer-contairong
ligpmd droplets can be descrbed as smrface wetting or the replacement of a solid-amw
interface with a solid-ligmd interface. The process s dependent on the ability of the
atormzed droplets to wet the substrate (wethng power) and the ability of the substrate to
be wetted by the droplets. Thus “wethng” 15 mfluenced by not only the properties of the
golution but also the charactenshes of the solid substrate. There are three twes of
wethng processes: adhe sior, where the ligmd—air miberface disappears, spreading, where
a ligmd—air mterface forms, and 1rmersion, where there 15 no change in the gmd—air
interface.

211 types of wetting irvolve solid-air interfaces being replaced by solid-ligmd
interfaces. Wanables that mfluence wetting are related to substrate forraulation (such as
swrface roughress, poroaty, hydrophobicity), costing foroulation (for exaraple,
viscoaty), and processing condibions (including droplet momenbun, atomizng air
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pressure, distance between the spray gun and substrate, and the rate of solvent
evaporation).

In contrast to aqueous polymeric dispersions, viscosity is a key variable in
coating operations involving solutions. As the concentration of the polymer is increased,
solution viscosity increases. Also molecular weight of the polymer, directly affect
viscosity values. Higher solution viscosities require more energy to atomize the solution
(Felton 2013)

The discrete polymer spheres must coalesce and the polymer chains
interpenetrate to form a continuous film and thus are considered more complex.
Initially, the polymer spheres closely pack together after application to the substrate due
to water evaporation. Next, the polymer spheres deform to fill in the void spaces left by
the evaporating water. With continued drying, the polymer spheres flow together and
the polymer chains interpenetrate to form the film, a process referred to as coalescence.

Driving force for particle deformation has been attributed to the viscous flow of
the polymer resulting from shearing stresses caused by polymer-air surface tension. In
contrast, Brown (Brown, 1956) proposed a capillarity theory, where the driving force
for the particle deformation is the air—water interfacial surface tension in the interstitial
regions.

In contrast to polymer solutions, dispersed polymer systems require the polymer
spheres to deform and fuse together to form the film. Thus, these systems exhibit a
minimum film forming temperature (MFFT). Below this temperature, a polymeric
dispersion form an opaque, discontinuous material upon solvent evaporation, whereas a
clear continuous film could formed at temperatures above the MFFT. Drying at
temperatures above the MFFT provides sufficient capillary force for coalescence to
ocecur. In contrast, polymer solutions do not exhibit a MFFT and form a film at room
temperature. The MFFT is dependent on the polymer, polymer sphere diameter, and the
coating formulation. For example, plasticizers in coating formulations soften the
polymer spheres to allow for coalescence at lower temperatures. Both plasticizer type
and plasticizer concentration have been shown to influence minimum film forming
temperatures. For some systems, the polvmer spheres are so soft that the MFFT is
below room temperature. Knowledge of the MFFT 1is critical in developing a coating
process or casting a free film, as processing temperatures must exceed the MFFT to

form a film.
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Rapid drying rates are generally considered desirable but may have adverse
effects on the resulting film. A rapid loss of water, for example, may not allow for the
development of the capillary pressure necessary and thus inhibit deformation and
coalescence.

Excess drying can also prevent the droplets from spreading across the substrate
during the coating process. In addition to temperature, the rate of drving is also
dependent on the relative humidity of the environment.

High humidity conditions have been shown to facilitate coalescence as adequate
capillary pressure is attained and also increase polymer chain inter-diffusion. In
addition, water itself can function as a plasticizing agent to soften the polymer spheres
and allow for viscous flow and polymer chain interpenetration.

Controlling both temperature and relative humidity during coating processes is
ideal and may require humidification or dehumidification of the drying air. Using
dispersions with lower solids content (less than 15%, w/w) has also been suggested as a
way to ensure higher local humidity during coating.

While coalescence may occur relatively quickly at processing temperatures
above the MFFT, many polymers require a sub-sequent post-coating drying step, often
referred to as ‘curing’ in the pharmaceutical literature. Exposing coated substrates to
elevated temperatures immediately after the coating process has been shown to
potentially change the structure of the film. Such post-coating curing can significantly
influence the mechanical properties of free films, film-tablet adhesion, and the
dissolution profiles of coated substrates. Thus it is critical to coalescence a film
completely, as incomplete or partial coalescence can lead to changes in polymer
properties over time, which can be especially problematic for modified release systems.
Curing can be accomplished by placing the coated substrates in an oven set to a specific
temperature after application of the coating dispersion (static curing) or allowing the
product to remain moving within the heated coating equipment(dynamic curing)
(Muschert et al., 2011).

The inclusion of plasticizers in film coating formulations is critical when
working with brittle polymers. Plasticizers reduce the intermolecular forces between the
polymer chains and reduce internal stresses within a film. Plasticizers soften the
polymer spheres to facilitate coalescence to be effective, the plasticizer must be

compatible with the polymer.
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One method to predict plasticizer-polymer compatibility is by comparing
solubility parameters, with materials of similar values likely to be compatible. For
softening of the polymer spheres in an aqueous dispersion, the plasticizer must partition
into the polymer phase.

For water soluble plasticizers, uptake into the polymer spheres has been shown
to occur relatively quickly whereas longer equilibration times are required for water
insoluble plasticizers.

Sufficient mixing time to allow for plasticizer partitioning into the polymer
phase prior to initiation of coating is critical, as insufficient mixing can lead to
nonhomogeneous distribution of the plasticizer which could adversely affect the
coalescence process (Felton 2013).

Gas barriers of packaging materials become essential when the gas composition
inside the package has to be kept constant or free from oxygen. Many polysaccharides
(natural polymeric carbohydrates) are known to be good oxygen barriers, explained by
their hydrogen-bonded network which leads to small free volume that makes the oxygen
transmission low (Miller and Krochta 1997).

Hemicelluloses are known to be good oxvgen barriers. Film formation
applications were conducted with mannan type hemicelluloses, which have resistance to
oxygen diffusion (Edlund et al. 2010). The barrier and mechanical properties of
cellulose-based films are dependent on the molecular weight of cellulose, higher the
molecular weight better are the properties.

Many cellulose derivatives possess excellent film-forming properties, but they
are simply too expensive for bulk use. Research is required to develop efficient and cost
effective processing technologies for the production of cellulose derivatives (Dhall
2012).

In food products, not only microbiological stability plays an indispensable role
in its quality, but also sensory aspects are essential to ensure that the application of
emerging technologies such as edible films and coatings become successful. Some
researchers have proved the effectiveness of edible films and coatings on the control of
browning processes and polyphenol oxidase activity (Falguera et al. 2011).

Oxygen permeability data for a number of bio-based polymers as well as more
traditional packaging materials are compared in a previous study (Hansen and Plackett
2008). Comparing the oxygen barrier properties of materials derived from hemicellulose

with the other materials, the former are seen to be very promising as new materials in
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the field. Films from amylose and amylopectin obtained from starch have good barrier
properties with permeability values in the same range as the studied hemicellulose films
(i.e., 7 and 14 cm® um m? d! kPa’!, respectively).

Chitosan, poly(vinyl alcohol) PVOH, and ethylene vinyl alcohol (EVOH) films
have excellent oxygen barrier properties with values below 0.5 em3 um m d! kPa'in
all cases, which was matched by the xylan film produced. Comparable but slightly
higher oxygen permeability was found for an O-acetylgalactoglucomannan (AcGGM)
film as well as for blend films of AcGGM with CMC and alginate (with and without
grafted styrene). Research in the area of oxygen barrier materials from hemicellulose is
ongoing and seems to hold great promise for future practical applications (Hansen and
Plackett 2008).

Since hemicelluloses are hydrophilic in nature and films produced from these
materials are generally hygroscopic, resulting in poor properties in environments with
high humidity. The use of a plasticizer is often necessary to ensure flexibility and the
most commonly used for hemicellulose films are sorbitol, glycerol and xylitol (Hansen
and Plackett 2008).

Cellulose is hydrophilic but insoluble in water because of strong intermolecular
hydrogen bonds. Recently, the role of hydrogen bonding in the solubility and
insolubility properties of cellulose has been challenged. It is believed that the properties
of cellulose are also significantly influenced by hydrophobic interactions, and the
surface of crystalline cellulose has both hydrophobic and hydrophilic planes. As a result
of this amphiphilic character, it is not surprising to see that crystalline cellulose is
capable of forming stable emulsions if they are dispersed well.

Earlier studies have found colloidal microcrystalline cellulose (MCC) can
stabilize oil-in-water emulsions and water-in oil-in water (w/o/w) multiple emulsions by
forming a network around the emulsified oils. The function of MCC is to orient at the
oil-in-water interface thus providing a mechanical barrier to droplet coalescence,
whereas the sodium carboxymethylcellulose functions as a dispersing and protective
colloid for the MCC. Pictures for microfibrillated cellulose solution, gel and films were

shown in Figure 2.10.
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Figure 2.10 Microfibrillated cellulose solution, gel and films (Innventia, Tappi,
Melodea2015)

Recent studies have demonstrated that celluloze nanocrystals, without any
dispersing agent, can also effectively stabilize oil-in-water. The amphiphilic character
of cellulose nanocrystals resides in the crystal organization at the elementary brick
level, and their emulsion stabilization mechanism is Pickering stabilization. In Pickering
stabilization, nano/micro-particles are absorbed at the oil-water interface and protect
emulsion droplets against flocculation and coalescence by a steric barrier. Both oil-in-
water and water-in-oil emulsions can be formed depending on the particle wettability.
(X. Jia 2015)

Figure 2.11 Dispersion states of amorphous cellulose as a function of cellulose
concentration (X. Jia 2015)

Effects of amomphous cellulose concentration on the stability of oil-in-water

emulsions {a- 1 day of storage; b -7 days of storage) were shown in Figure 2.11 above.
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From left to right, the concentrations of cellulose are 0.07, 0.28, 0.56, 0.83 and 1.10%,
respectively. Amorphous cellulose prepared by an inexpensive solvent, phosphoric acid,
can effectively stabilize oil-in-water emulsions at a concentration less than 1% through
combined Pickering and network stabilization mechanisms. The resulting emulsions are
shear-thinning with typical gel characteristics and can be described as emulsions with

attractive interactions (X. Jia 2015)

2.3 Film characterization techniques

There are some main parameters applied in researches conducted in area of film
production studies. Briefly these parameters and their measurement tools were
summarized in Table 2.4.

Mechanical characteristics of a film sample are very critical in terms of
producing film in big scale or handling it through food packaging easily. There are a
few parameters considered when mechanical properties of a film sample were
measured. One of them is stress which defined as "force per unit area”. Tensile stress -
stress able to lengthen film — that acts normal to the stressed area. Tensile Modulus is a
term showing stiffness of an elastic material. Elongation or compression of an object
could be predicted with tensile modulus if stress is less than the yield strength value.
Elasticity is a physical property of a material where the material returns to its original
shape after being deformed. High elasticity and high modulus are both desirable for film
materials (Engineering toolbox, 2015).

MIR spectra contain information about the complete chemical composition and
physical state of the material under analysis. Therefore, high number of data is
generated (Downey 1998). Attenuated total reflection (ATR) sample accessories have
greatly eased the analysis of solids, liquids, semisolids, and thin films. ATR equipment
was also critical for this study, since FTIR spectrum data of film samples at any
thickness value gave very noisy peaks those were unable match with peaks
corresponding to predefined chemical structures/bonds.

Multivariate data analysis was required to extract the relevant information from
these spectra. Multivariate data analysis was also benefited in order to extract data from

XRD spectra and thermal diagrams of tested powder and film samples. Score plots were
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drawn with the most meaningful two principal components selected. Score plot shows
the possible presence of outliers, groups, similarities and other patterns in the data and
how the modeled observations in X space are situated with respect to each other

(Umetrics-AB 2013).

Table 2.4 Some basic characterization techniques currrently applied in film materials

Instrument Used Measured Parameter Target
FTIR/ FTIR-ATR Middle Infrared Differentiating chemical structure
Absorption spectrum through chemical bonds
XRD Sharp peaks from presence/absence of sharp peaks
diffractogram give idea about crystalline/
amorphous structure of sample
SEM Image Surface properties, crosssectional
area properties
SEM-EDX Molecular compound Chemical residue check (residucs
profile from solvents, treatments etc.)
AFM Image Surface properties, topography
PCM Size distrubution size of microfibrils , emulsion
droplets
Aw tester Walter activity
Texturometer Mechanical Determination of elasticity, tensile
characteristics strength
Water Vapor transmission Water Vapour Water vapour resistance and
tester transmission rate permeability
(Gas transmission tester 0,, CO,, N, Gas permeability

transmission rate

TGA, DSC T, T, degredation Tg and Ty, is useful in scale-up
temperature studies, with extruder or blown
film extrusion or simply for
thermal sealing application
Conductivitymeter conductivity MFFT
Colorimeter Colour, light Vegetable and film colour
transmission
Refractometer Refractive index solubility, dispersibility,
concentration
Spectrophotometer light transmission, solubility, dispersibility,
opacity concentration
Micrometer Thickness used in tensile strength, oxygen
and water vapour permeability
calculations
Stereozoom Microscobe Image Surface properties

Analytical Balance,
Desiceator, Incubator

Weight gain, weight
loss

Change in the moisture of film
during storage; moisture content
determination

In AFM analyses; height signals (z piezo voltage signal) are the only signals

with meaningful z scale with those topographical measurements could be made. The

shape of the sample could be wvisualized by amplitude signal (error signal).
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Heterogeneity of the sample could be analysed by phase image. It is important to collect
all images in the same direction, i.¢. all in forward or backward (Eaton and West 2011).
Permeation is the mass transfer phenomenon that occurs when a molecule passes
through a material or membrane from high to low concentration (Han 2005). Material’s
barrier properties can be determined vig their gas transmission rate (GTR) values.
Materials that transfer maximum 10 ml gas on 1 m? surface per day are generally

considered as highly barrier, upper limits for medium and low barrier materials are 1000

ml/m?%day and 10 000 ml/m?/day (Abdellatief and Welt 2012).

Table 2.5 Oxygen and water vapour transmission rates of selected packaging materials
for fresh produce (Jongen 2005)

Packagin OTR Relative WVTR ;
film (25? wﬁ) (em¥m>*day*atm) OP @nteday) | Toanve WVIR
Al <0.1 Barrier <50 <0.1 Barrier, <10
EVOH 0.2-1.6 24-120 Variable
PVdC 0.8-92 0.3-32 Barrier, <10
MXDE 2.4 25 Semi-barrier, 10-30
Semi-
PET 50-100 barrier 50- 20-30 Semi-barrier, 10-30
200
PAG 80 200 Very high 200-300
PETG 100 60 Medium 30-100
MOPP 100-200 1.5-3.0 Barricr, <10
PVC 2000-5000 ;ggfl;‘(‘)‘&’) 200 Very high 200-300
OPP 2000-2500 7 Barrier, <10
TIDPL 2100 6-3 Barrier, <10
PS 2500-5000 110-160 High, 100-200
OPS 2500-5000 170 High, 100-200
PP 3000-3700 10-12 Semi-barrier, 10-30
PC 4300 180 Very high 100-200
LDPE 7100 nglléos(())(())o- 1624 | Semi-barrier, 10-30
PVC 5000-10000 200 Very high 200-300
Very high
EVA 12000 10000- 110-160 | Very high 100-200
15000
Extremel )
MP 15000 high, © | Variable Extromey tugh,
>15000
; Extremely high,
MPOR =15000 Variable =300

Gas transmission properties of some selected polymer films were listed in Table
2.5, synthetic polymers were grouped as barrier/ semi-barrier/ highly permeable

according to their permeability values. Additionally in Table 2.6, comparison of
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mechanical characteristics and expected production costs were mentioned.

Table 2.6 Comparative properties of Bio-derived polymers with PE and PS

(Petersen et. al 1999)

cellulose based films with some frequently used polymer films in terms of permeability,

Moisture Oxygen Mechanical Exp(?cted
Polymer Permeabilit Permeabilit roperties Price
y 3 | IR (ECU/kg)
cellulose / . . .
T — high -medium high good 1.5-3
cellulose acetate moderate high moderate 3-5
starch/ PVA high low good 2-4
proteins high -medium low moderate 1-8
i low low good 10-12
alcanoates
polylactate moderate high-moderate good 2-4
IDPE fiow fiigh MR- 0.7-2
good
: 5 poor- 5
PS high high s st 1-2
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CHAPTER 3

FRESH CUT PRODUCE

Fruits and vegetables are living tissues; they continue respiration after harvesting
and during storage. In order to extend shelf life freshcut fruits and vegetables,
controlling respiration activity is necessary. Processing fruit and vegetables into fresh
cut form, wound their tissue. Wounded tissues are more prone to softening,
discolouration, or dying (Lin and Zhao 2007).

There are some critical quality parameters (visual, textural, aromatic, nutritive
and microbial) that affect market value of fresh cut fruit and vegetables (Table 3.1).
Plant variety, stage of maturity or ripening, conditions before and after harvesting cause
variations in quality characteristics (Lin and Zhao 2007).

Vegetables and fruits are highly perishable as they contain 80-90% water by
weight. If they are left without cuticle, the water quickly begins to evaporate, resulting
in poor product shelf life. Major losses in quality and quantity of fresh fruits and
vegetables occur between harvest and consumption. When the fruit is harvested, there is
a change of the gaseous balance between the consumption of oxygen and the production

of carbon dioxide (Dhall 2012).

Table 3.1 Major quality attributes of fresh fruits and vegetables (Lin and Zhao 2007).
Quality Factor Primary Concern
Appearance (visual) Size, shape and form, colour: intensity, uniformity, gloss, defects

Texture (mouth-feel) | Firmness/softness, crispness, juiciness, toughness (fibrousnesses)

Flavour (taste, aroma) Sweetness, acidity, astringency, bitterness, volatile compounds
Nutritional value Vitamins, minerals
Safety Toxic substances, chemical contaminants, microbial contamination

Browning is the result of a chain of reactions that very often occurs in fruit and
vegetables. The first step of that process takes place in the vacuole and it is the
deamination of the amino acid phenylalanine by PAL. The product of that reaction is

the cinnamic acid which is hydroxylated into various phenolic compounds. When O3 is
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present, the polyphenoloxidase located in the cytoplasm (plastids) oxidises the
compounds to o-quinones, which polymerise into brown compounds (Ahvenainen
2003).

Rapid browning at cut surfaces of fresh fruit and vegetables occurs due to
oxidation of phenolics and enzymes involved (polyphenol oxidase and peroxidase) in
fruits and vegetables. Traditional solutions to browning are to inhibit enzymatic activity,
to remove enzyme, or using inhibitors i.e. Cu®" or O, (Niranjan and Harsa 2013).

Most browning reactions are promoted by oxygen; therefore avoiding oxygen in
the food environment can slow down deterioration of the product. This can be achieved
by using a packaging material with low oxygen permeability. Such packaging can be
combined with a mild pre-treatment in order to provide a minimally processed food
with a high quality and which has a relatively long shelf life. Cutting operation
decreases shelf life of fruit and vegetables significantly, due to increased surface area,

formation of injured tissues compared to whole product (Niranjan and Harsa 2013).

3.1 Artichoke

Artichokes are widely consumed vegetables origined from Mediterrancan
Region. Artichoke has rich polyphenol content. Hepatoprotective effect, cholesterol
biosynthesis inhibitory, diuretic, anti-inflammatory and antimicrobial activities are
frequently claimed functional properties of artichoke supported with previous in vivo
and in vitro studies (Cabezas-Serrano et al. 2009). Artichokes exhibit a high antioxidant
capacity, reaching the fourth place when the antioxidant content is expressed in terms of
the serving size. The content of phenolics varies among different cultivars, age,
generation of the plant, growing conditions, harvest, post-harvest and storage
conditions, and the technological procedures used (Lutz et al. 2011).

The artichoke is classified as Cynara scolymus. It grows wild in the south of
Europe and is also cultivated in the United States. The leaves proceed from the base of
the stem and are long and somewhat spiny (Sleuth 2012). According to literature,
artichoke stalk contains proximately 9.76 ash; 29.2 % lignin; 52.1 % hemicellulose;
16.1 % cellulose and 2.6 % extractives in dry basis. Edible part of artichoke is only

artichoke heart, the remained parts (stems, leaves, and stalk) are considered as waste.
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Waste part of artichoke conshbutes 0% of globe artichoke. Utilimnge inedible parts for
the extracfion of nutraceuticals (1.e. phenolics, muhn, and dietary fher) might add +alue
to arbchoke product (V. Lattanzio et al 20090 In Twrkey, arbchoke 15 cultvated in
Iilediterranearn, fLegean, Ivhrmara regions. With a producton walue of 35000 metic
tons, Turkey ranks 12%1in the world and 4% in Europe.

There is wanous artichoke wareties planted in Turke in Figure 3.1 photographs
of Bawrarpags, Sungelk, Salaz and Sebrnem were given. Dirensional characteristics of
artichokes differ among warleties or parts of the plant, average size values were showm
in Table 3.2, The flower head was separated into “petals’hracts (~50% of the harvested
flower head), “choke’ [~3%), receptacle (~20%) and sterm (~25%). The bracts were
further divaded mito 4 groups o reflect their apparent stage of matmty m the flower,
Drvisiorn, on the basis of colowr, was brown (external), green wlow and white
{adjacent the choke ) (Fermeraa of al 199%).

frorn lett to right (Seving Bagavand Tokugogln 2013)

Tahle 3.2 Lowest! lighest dimension and weight values among different artichoke
wareties (Seving Basawand Tokusozlu 2013)

Stemy Head

Values [Weaight | Wadth | Height | Weight | Width | Height

(g (cm) |(em) |(g) (e | (em)

fowest 27706 |1048 [BR8 (7275 |2238 |343

Bighest (43252 |1285 |11.92 (11828 [958 |4.10

The lesves proceed fiom the base of the sterm and are long and some what spiny
(5leuth 2012). According to literatore, artichoke stalk contains proxireately 4.1 %%
(I molstore;, 276 ash (dry basms); 292 % lhigman, 521 % hercellulose, 16.1 %%
cellulose and 2.6 ¥ extrachwves. Also, general polysaccharide composiion of arte hokes
wras presented m Table 3.5 below
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Table 3.3 General polysaccharide composition of artichokes (Alcohol insoluble
residues (AIRs), non-starch polysaccharides (NSP))
(Femenia et al. 1998)

pifts oF NSP ( g/kg FW) (NSP %) e Soluble NSP (%)
rtichok
R AIR | cellulose | hemicellulose | polysaccharide | fibre AIR
receptacle | 32.2 36 25.4 17.8 56.9 25.7 ---
stem 36.6 38.7 35.7 15.1 49.2 11.3 7.1

Edible part of artichoke- artichoke heart- constitutes only 20%, remained parts
(stems, leaves, and stalk) are considered as waste. Utilizing inedible parts for the
extraction of nutraceuticals (i.e. phenolics, inulin, and dietary fiber) might add value to
artichoke product (V. Lattanzio et al. 2009). In Turkey, artichoke is cultivated in
Mediterranean, Aegean, Marmara regions. With a production value of 35,000 metric
tons, Turkey ranks 12th in the world and 4th in Europe.

Many fruits and vegetables become brown or discoloured after mechanical or
physiological injury suffered during harvesting or storage, and this reactivity raises an
important economic question in the post-harvest physiology of plant commodities.
During the processing and storage of fruits and vegetables the need to prevent colour
changes or browning is considered to be a matter of great importance from the point of
view of consumer acceptability and palatability as well as retention of the original
quality of the food.

Discolouration is caused by the oxidation of certain phenolic compounds
catalysed by specific enzymes and it is generally agreed that polyphenol oxidase (PPO)
is the enzyme system mainly responsible for browning. When the cellular
compartmentalization is disrupted, plant phenols are involved in both enzymic and
nonenzymic browning reactions. In the former case the oxidation of phenolic
compounds is catalysed by a PPO activity and the quinones formed can take part in
secondary reactions bringing about the formation of more intensely coloured secondary
products. In the latter case the common cause of darkening is attributable to the
interactions between phenolics and heavy metals, especially iron. It is generally
accepted that a dark coloured complex of ferric iron and an orthodihydric phenol is
responsible for discolouration. It has been suggested that the phenol involved is
chlorogenic acid (5-O-caffeoylquinic acid) and that disruption of the cells during
processing and/or storage allows the organic ligand to chelate the iron. Since the metal

is originally present in the reduced state, a colourless complex is first formed which,
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upon exposure to oxygen, is oxidized to yield a coloured compound. Changes in the
concentration of phenolic substrates during development and ripening do not run
parallel to the changes in the actual browning. Therefore, it is clear that factors other
than the amount of phenols alone are responsible for the intensity of browning. The in-
situ enzyme activity can be considered an even more important factor contributing to
browning than the concentration of phenolic substrates, but PPO activity does not
change in a parallel way to the browning reaction (Lattanzio 1994).

Rich phenolic and polysaccharide content of artichoke brings browning
phenomena into act. Since, consumers prefer to purchase mostly fresh cut form
(artichoke heart), colour deteriorations ecasily happen. Rate of browning in different
parts of artichoke varies. Poly phenol oxidase (PPO) activity and chlorogenic acid
content fluctuation among treated and non-treated artichokes by time were illustrated in

Figure 3.2.
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Figure 3.2 Browring in different parts of artichoke during storage due to enzyraatic
ac frvity, mecharacal damage (Lattanzo of @l 1994)

Fig. 3.2-(a) shows that chlorogenic acid content mavbe rversely related to the
whole plant or fissue dewvelopment: the arrow on the x-axis i the figure indicates the
ageinz of plant fissues, 1nner bracts being younger than outer ones. These phenolics are
good substrates for both enzyrue and non-enzyrac reactons.

Ideallsy, 1t would be desirable fo compare saraples where the differences m the
intensity of blackering. Because of the locahzation of the blackerang at the lewel of

inner bracts, changes in cherucal pararneters bebween rer and outer bracts and
be twreen browned and healthy issues of the sarne bract were ohserved.

Llthoazh 1ron could be directly neobed mothe formation of the coloured
plgmments, its concentration is of lesser irmportance thun other factors in deterrarang the
distnbution of blackerang on mdradual heads, sinee 1t 15 almost constant in the different
bracts.

Cn the other hand, chlorogemie acid content (Fiz. 3.2-(a)) rapudlydecreases from
the mrer to the outerbracts. It has been showm that exposure of arichoke heads to lowr

non-freemng terperature can stirlate pherolic e tabolismm.
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Low-temperature storage leads to a rise in caffeoylquinic acid derivatives,
particularly chlorogenic acid, involving a cold-induced stimulation of PAL activity.
Figure 3.2-(b) shows changes in PPO activity during the storage at 4°C: the trend
observed is a gradual increase in PPO activity, but this increase is not so relevant from a
statistical viewpoint. This small activation of PPO could be induced by ageing
phenomena in the tissues and/or by stress conditions during storage, which result in
increased levels of enzyme, apparently due to release from membranes. These data
show that enzyme activity and the amount of phenolic substrates do not change
together.

Phenolics which act as substrates for PPO are either sequestered in special cells,
or in the vacuole, away from the enzyme. The optimum pH of artichoke PPO usually
lies between 5.0 and 8.0 for the different substrates, indicating that it is present in a cell
compartment separated from the rather acid cell vacuole. Thus, it seems that PPO is not
involved in the oxidation of the bulk of phenolics present in non-mechanically damaged
tissues. It is known that phenols with two free o-hydroxy groups give coloured
complexes at pH 6.0-6.5 (the physiological pH of artichoke head tissues ranges between
6.0 and 6.2).

Under these conditions chlorogenic acid and 1,5-O-dicaffeoylquinic acid form
dark-coloured complexes with Fe**. It was observed that in the absence of oxygen these
phenolics form colourless complexes with Fe?'. After exposure to air the complexed
Fe*" was quickly oxidized to Fe*” to give coloured compounds.

Citric acid produced a 100% reduction in colour when an iron citric acid ratio of
1:10 was used and the solution pH was kept unchanged. In mechanically damaged
tissues the enzyme activity is not so different from healthy tissues: a small decrease
could possibly be due to the inhibitory effect of the reaction products (Fig. 3.2-(c)).

As far as the subcellular localization of PPO (Fig. 3.2-(d)) is concerned, in all
tissues analysed the enzyme activitywas found mainly inthe cytoplasm. In the internal
tissues of artichoke heads, where the browning phenomena are localized, the
cytoplasmic activity was about 1400 times higher than the chloroplast activity which, in
turn, was very low.

Phenolics, PPO, PAL and iron play important roles in blackening reactions.
Amongst phenols, chlorogenic acid, the best substrate of artichoke PPO, 13-O-
dicaffeoylquinic acid and 3,5-O-dicaffeoylquinic acid, ligands for iron together with

chlorogenic acid, being generally the most representative artichoke phenolics, must be
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Figure 3.3 Browmng phenomena in artichoke (Lattanzio etal. 1994)

Dhiring cold storage of artichoke heads, low-termpembore mduction of PAL
achvity cansed a biosynthetic merease of phenolics, especially chlorogerac acid. On the
other hand, PPO actrvity did not change significantly dunng the storage penod. The
increased content of phenolics provided an adequate substrate for the browming
phenomena. Besults lead to a proposed rmecharasm of browning phenormena n cold-
stored, non-mechamically damaged, artichoke heads (Laftar=io 1994). Browmng of
arichoke may anse from enzwnatic or norn-enzwmatic reacton. Cherical bazis for

browning of artichoke was schematized in Figore 3.3

3.2 Packaging applications for fresh cut produce

Bio-bagsed packaging materials are generally obtamed from agromdusinal
wastes. Although biodegradable and renewable filws are more expensive than the
pefrochermcal films, they hawe the adwantage being as biopolwners. Among the
biopolyrers, filins made frorn starch are the rost developed.

Interest mm the applcaton of edible coaiings to fhnts and wegetables has
increased becanse they can be used to mamtain fresh quality by conbrolling oxyzen and
catbon dioxide exchange between the product and the arabient atrnosphere and by
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providing microbial stability for the product by incorporating antimicrobial agents. Both
functional approaches reduce the wulnerability of the product to microbial decay
(Jongen 2003).

High quality and microbial safety of fruits and vegetables have become
increasingly important with the increased consumption of fruits and vegetables. Growth
of microorganisms on the surfaces of fruits and vegetables can result in production of
unwanted appearance/odors, and invasion of the interior of fruits and vegetables,
accelerating further decay. Spoilage of fruits and vegetables results in large economic
loss. It has been estimated that 25-80% of harvested fresh fruits and vegetables are lost
due to spoilage. There 1s also potential for the growth of human pathogens that can
cause human disease. These microorganisms usually come from mishandling and
crosscontamination (Jongen 2005).

Cellulose, starch and chitosan have been used to form edible films/coatings on
foods to provide an oxygen or lipid barrier and to improve appearance, texture and
handling (Jongen 2005).

Edible polymers make good O, aroma and lipid barrier films at low to
intermediate RH, but their barrier properties decrease as the RH increases. The optimum
RH for the storage of fresh fruits and vegetables varies from product to product.
Generally, levels of 85-95% represent a compromise between preventing excessive
weight loss while providing some control of microbial spoilage.

Thus, edible polymer materials and coating thicknesses that provide desirable
barrier properties at high RH must be selected. In addition, the RH must be controlled
within a reasonable range (Jongen 2005). Respiration rates of fruit or vegetables are
inversely proportional to achievable shelf life and higher respiration rates are associated
with shorter shelf life (Jongen 2005).

Treatment with reducing/acidifying/chelating agents and calcium solutions
reduce/prevent browning in fresh cut produce. Dehydration is another unwanted
alteration that negatively affects consumer preferability in case of artichoke. Storage
temperature, RH %, and air stream within package, affect dehydration rate. The weight
loss 1s a natural consequence of the catabolism of horticultural products, catalysed by
enzymes and accelerated by cutting and slicing. The decrease in weight may be
attributed to respiration and other senescence-related metabolic processes during
storage. Pretreatment methods for artichoke before packaging to overcome the

browning problems are presented in Table 3.4.
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Table 3.4 An overview of the pre-treatment methods for fresh cut artichokes (AA:
ascorbic acid; CA: citric acid; PA: phosphoric acid; CD: cyclodextrin; Cys: cysteine)

Treatment Conditions Effectivenes Source
AA 10 (mol/m?) +
CA 10;20;50 (mol/m®) -
PA 10:25:50 (mol/m>) - Ghidelli 2013
CaCls 10;25;50 (mol/m®)
CD 10,50 (mol/m?) -
Cys 50 (mol/m?) +
NaOCl 100ppm + Rice1 2013
NaCl 0.50; 1% +
AA 0.50; 1% +
AA 1;2% -
CA 1% o .
CA 29 - Amodio 2011
Cys 0.25% -
Cys 0.50%; 0.50% at pH =3 and 1%
EtOH 0.50; 1% +
AA + CA+Cys 1% + 1% + 0.5% -

The physical damage or wounding caused by peeling increases respiration rate in
short time, lowering initial respiration rate help extending shelf life of fresh cut
vegetables. Calcium ion is known to inhibit respiratory activity and ethylene production
(Q12011).

According to previous studies in literature, sodium alginate coated and CaCl,
treated fresh-cut Madrigal artichokes packed in biodegradable polyester film guarantee
a shelf life of 3 days at 4°C, which compared to the control sample packed in the same
film, corresponds to an increase in the shelf life value of 200%. A shelf life of about 3
days seems to be enough for produce distribution to the local markets. In addition, the
developed packaging strategy is characterized by a low environmental impact that could
increase its potential industrial application (Qi 2011).

With the exception of macroperforated PVC, where the atmosphere within the
packages had a composition very similar to the ambient air, the atmosphere within the
rest of packages changed during the first hours, reaching a constant content of oxygen in
the first 24 h. The CO; content within the packages reached equilibrium after 24 h in no
perforated PVC and P-Plus 210 films, whereas P-Plus 160 film reached an equilibrium
modified atmosphere on day 3. For P-Plus 120 film, the rapid decrease in the oxygen
levels together with the high levels of CO, reached in the first 24-48 h led to the
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establishment of an anaerobic metabolism in the vegetable that caused an increase in the
levels of COq, reaching a peak on day 6 (31.7%).

The respiratory activity showed by artichoke, even at storage temperatures of
4°C, means that the different permeability of the films used caused differences in the
composition of the atmosphere inside the packages after reaching equilibrium. The
different atmospheres obtained, together with the differences in the permeability to the
water vapor, also had a significant influence on the visual quality (Gimenez 2003).

There are various studies on application of biodegradable films for packaging
fresh cut produce in literature. Results of Pitak and Rakshit’s showed the positive effect
of banana flour-chitosan composite films on shelf life of fresh cut vegetables (Pitak and
Rakshit 2011). Sangsuwan et al. claimed positive effect of methlycellulose-chitosan
blend films on shelf life of fresh cut cantaloupe and pineapple during storage at 10°C in
their study (Sangsuwan et al. 2008).

There are very interesting researches on application of biodegradable and edible
film production from fruit purees. Sothornvit and Rodsamran studied production of
biodegradable films from mango puree, and produced films were applied on freshcut
mango fruit in comparison with cellophane bags / no packaging. Results showed that
there is a significant positive effect of packaging -whether with cellophane or mango
puree film- on shelf life of fresh cut mangoes (Sothomvit and Rodsamran 2008).
Azeredo et al. studied nanoreinforced (via cellulose whiskers) alginate-acerola puree
films for extending shelf life of acerola fruits, and presented promising results on

related area (Azeredo et al. 2012).
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CHAPTER 4

MATERIALS AND METHODS

Artichoke was the main raw material used through the study in formation of film
forming materials. Artichoke wastes were collected from local artichoke producers in
spring season. Calcium carbonate, sulphuric acid, glycerol, sorbitol, sodium carboxyl
methyl cellulose (MW 250,000), xylan from beech wood, monochloroacetic acid,
isopropanol, methanol were purchased from Sigma-Aldrich (Germany). Sodium
hydroxide was obtained from Pancreac (Spain). Ethanol, citric acid, sodium
metabisulphite, cysteine, stearic acid, ascorbic acid were purchased from Tekkim
(Turkey). Hydrogen peroxide, tween 80, glucano-6-lactone were bought from Merck
(Germany).

In this part, methodology for raw material treatment, mechanical treatment of
cellulose fibers, characteristics of artichoke by-products, production and optimization of
films, characterization of films, and treatment trials for globe artichoke, packaging and
coating trials with films produced were presented. The experimental layout is

schematically summarized in Figure 4.1.
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Figure 4.1 Overall procedure of methodology

4.1 Raw material treatment

Artichoke leaves were separated from stalk and left drying in oven at 50°C for
48 hours as seen in Figure 4.2, Dried artichoke leaves were grinded with a grain mill.
Grinded samples sieved, and artichoke leaf powder was obtained with ~0.5 mm size
(average). Powder was eliminated from its pigments and waxes via hot ethanol
extraction (Soxhelet method). The dewaxed sample was dried overnight at 30°C. From
lignocellulosic raw material, cellulose fibers were separated with alkaline-peroxide
method (Sun ef al., 2000). Dewaxed powder was treated with mild peroxide-alkaline
solution (2% H202 v/v in DW, pH = 11, 1/10 solid/liquid ratio) at 50°C for 16 hours in
order to separate cellulose from lignin and hemicellulose (Fang ef al. 1999; Peng et al.

2012; Sun et al. 2000). Treatment with ethanol separated hemicellulose from lignin.
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Lignin remains in liquid phase while hemicellulose stays in precipitate form. The
hemicelluloses were obtained as pellet form after filtration. They were washed with
ethanol and air dried at 50°C overnight. Remaining solution was stored in refrigerator
and used later as lignin fraction. Separated fractions such as wax and hemicellulose

were also kept to be used to enhance the film forming material.

Figure 4.2 Drying artichoke leaves at 40°C for 24 h in fanned oven

4.2 Treatment of cellulose fibers

Sodium carboxyl methylcellulose was synthesized from cellulose fibers that
were previously obtained from artichoke wastes. Obtained cellulose fibers were treated
with monochloroacetic acid and isopropanol and finally washed with methanol and
dried in an oven. Synthesized carboxyl methylcellulose (NCMC) was primarily
dissolved in distilled water by heat stirring; remained undissolved parts were separated
via centrifuge and precipitated as gel. Additionally, soluble parts were extracted with
freeze drying technique. Initially, excess amount of NCMC put in distilled water in
order to reach maximum soluble amount and then insoluble part separated carefully
with simple filtration technique (NCU2). Remained clear solution was dried in a

lyophilizator (NCF1/AT). The dried insoluble Synthesized CMC fraction redissolved in
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distilled water and then insoluble part (NCUUI1) separated using a coarse filtration
paper secondarily then dried in an oven, and supernatant solution again dried in a
lyophilizator (NCF2, A2). Tt was tried to differentiate NCMC from cellulose, artichoke

leaf and Na-CMC (Sigma-Aldrich) using various characterization techniques. See

Figure 4.3 below.
Lyophilization Produect:
of soluble part NCF1/A1
Dissolution | Filtration of Product:
in dw insoluble part NCU2
Produet: Dissolution of
NCMC NCU2 in dw
Isopropanol-
methanol- Filtration of | Lyophilization
monochloro undissolved of dissolved
acetic acid part part
treatment
Cellulose
Shoro Product: Product:
NCUtI NCF2/A2
artichoke

Figure 4.3 Treatment of cellulose fiber from artichoke leaves for synthesizing NCMC
and different fractions to be used in film formation

Overall production procedures of MFC and films and their characterizations
were given in Figure 4.1 above. Micro-fibrillated cellulose was produced from the
cellulose fibers; that were extracted from the agro-industrial wastes. Firstly, it was
planned to test effect of plain supermasscolloider treatment. Additionally, samples were
treated with microfluidics fluidizer in order to obtain micro-fibrillated cellulose. Figure
4.4 shows the images of these equipments. After obtaining micro fibrillated cellulose,

crystalline and polymeric structure properties of cellulose micro-fibrils were observed.
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Figure 4.4 Images from Spray drier, Supermasscolloider and Homogenizer Treatments

Filtrated and dried cellulose fibers were grinded iteratively. Half of the grinded
cellulose fibers were directly treated for fibrillation, while other part used after deashing
process. Ashes and other impurities removed from cellulose fibers with glucano-o-
lactone treatment as mentioned at US Patent-2825646 (Wayman ef. a/. 1958).

Cellulose fibers at I; 2.46; 2.65; 3 % (w/v) concentrations were suspended in
distilled water. These suspensions were fed mto a Supermasscolloider (Masuko
MKCA®6-2, Japan) via adjusting spaces between toothed wheels starting from 300 um to
-150 um. Cellulose pulp was fed through the grinder 3, 4, 5 and 7 times and grind size
was reduced via observing flow rate through process.

The same process was also applied to artichoke leaf powder at 15 % (w/v)
concentration again in distilled water. This method was adapted from related sources in
the literature (Abdul Khalil, et «/. 2014; Iwamoto, et «l.2007; Lavoine, ef ¢/.2012;
Uetani, ef al. 2011). A Ilittle portion of CLP-1 sample was taken and filtrated from a
stainless steel having 212 um pore size. Produced samples were coded according to

preparation/process conditions (Table 4.1).
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Table 4.1 Microfibrillated cellulose samples produced from different raw material
concentrations with two different methods

Raw material (RM) Treatment method(s) | MFC fraction (code)
> =
1 %o(w/v) Cellllllose fiber CLP-1
suspension
2.46 %(wi/v ) Cellulose fiber CLP-2
0,
2.65 %o(wiv )Deashec.l Grinded with DCIP-2
cellulose fiber suspension supermasscolloider
S :
3 %(wiv) Cellllllose fiber CLP-3
suspension
> -
15 %(w/v) Artlchol:(e leaf ALP-15
powder suspension
Filtrated CLP-1 particle size M1croﬂu1dlz§d with MCLP-3
<212 um Homogenizer

4.3 Production of films: Screening and optimization

In order to produce films with desirable properties with minimum cost, many
film casting trials were conducted. At first trials for film formation were applied only
with extracted components from artichoke wastes. At second step addition of various
plasticizers, crosslinking agents, emulsifiers and oils were studied. Then effect of
casting conditions and amount of materials used in film formation were screened in
detail to determine the optimum conditions. Finally films were formed at optimized
conditions and compositions and then characterized for their physicochemical
properties. Evaluations of films were done with some of the selected experiments; these
experiments were called as responses.

Films were prepared and their preparation conditions (treatments, compositions)
were listed in Table 4.2. Film formation properties of micro fibrils were roughly
determined at different dilution ratios with and without plasticizing additives. (Film trial
tests were also benefited in order to have an idea about dissolution properties of
produced micro fibrils.) Films were produced from MFC samples both from freeze
dried powder and pulp form. Films were produced with solution casting method. In
Figure 2.7 picture of ultrasonic homogenizer used in the study were shown. Films
prepared and their preparation conditions (drying temperature-time, compositions) were

listed in Table 4.2.
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Table 4.2 Factors and responses of screening tests

FILM FORMING CONDITIONS

Dehydration Media (Oven, Environmental chamber)
Temperature (25°C; 30°C; 35°C; 40°C; 45°C; 60°C;100°C)
Relative humidity (40%, 50%)

Duration (2 h; 24 h; 48 h; 72h)

pH of the film solution (5; 7; 8.6; 11)

Concentration of polymers/additives (%) [w/w or v/v]
Treatments (heat; ultrasonic / mechanical homogenization)

Operating
Conditions

FILM FORMING MATERIALS

Commercial | Na-CMC (MW: 250,000 or 700,000); Xylan from beechwood, corn starch;
polymers methylcellulose, whey protein isolate; Micro granular cellulose (Aldrich)

Hemicellulose, lignin-hemicellulose and lignin-hemicellulose-wax  fractions,
Polymers from | cellulose fibers (from ethanol-alkaline peroxide treatment)
artichoke dewaxed artichoke leaf
wasle Synthesized CMC (produced via different alkaline treatments, 10-50 %)
artichoke stalk juice
Micro fibrillated cellulose, CMC, Wax

Solvents Dw; Alkaline DW, dw+etoh; LH Fraction; Ultrapure water, ethanol-water, lignin
solution, lignin-hemicellulose-wax solution

Dilution Ratio | LHW(1/1; '%; Y4 1/6; 1/8;1/10), LH (4; 2;1; '4; 1/4)

Additives Sorbitol; Sunflower oil; Beeswax, Stearic Acid, Citric acid, Lactic Acid, Glycerol,
PEG 400, Tween 80

FILM FORMATION PARAMETERS

State of Desiccation Fully dried, semi-dried, sticky wet
Light Transmission Property Bright, Semi-opaque, opaque
Flasticity and Toughness Strong, elastic, brittle
Colour Intensity Dark, light, colourless

As seen from Table 4.2, film formation properties of micro fibrils were roughly
determined at different dilution ratios with and without plasticizing additives.

Both freeze dried powder and pulp forms of MFC samples were used to produce films
by using solvent casting method.

Emulsion films were prepared by using Bandelin HD 2070 Ultrasonic
Homogenizer. In emulsion formation low power values (from 20% to max 40%) were
applied for 1 to 4 min. For sono chemical grinding of cellulose microfibers, higher
power values (from 60% to max 90%) were applied for 1 to 4 min.

Excess heat treatment applied to film solutions at 100°C oven for 2 h, and then
semi-dried samples were taken to desiceator (25°C / 30% RH) and held for 24 h.

Different concentrations of MFC, wax, GLY, StA, Tw80 were studied. Also,
effects of NCMC or Na-CMC addition to the roughness of emulsion films were
investigated.

Experimental design was developed for testing different alternatives for our raw

materials (extracts). Factors were selected as; plasticizer, raw material source, solvent
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type, pH of the solvent. Film forming properties of these different combinations were
evaluated roughly and these evaluations were determined as the response of the design.
Fractions obtained in alkaline treatment; namely, dried hemicellulose extract, lignin-
hemicellulose fraction, were mixed with a plasticizer (glycerol or sorbitol) or carboxyl
methyl cellulose. The mixtures were poured into plastic Petri dishes. Films were
dehydrated at 40°C for 20 hours.

Film production was conducted via solvent casting method as mentioned
previously. Effect of drying conditions (temperature, relative humidity) was
investigated in an environmental chamber unit. Screening tests was applied in order to
optimize composition of films in case of some critical parameters; gas permeability,

elasticity, thermal behaviour (have effect on tensile properties).

4.4 Characterization of artichoke by products and film samples

Bond structure of raw materials, cellulose fibers, micro-fibrillated cellulose,
films and all of the additives used in film formation; were estimated through FTIR
analyses.

Glass transition temperature, melting temperature and thermal degradation
behaviour were determined by using DSC and TGA equipment.

Smoothness/roughness of the film surfaces were observed before application of
AFM analyses in order to study surface properties.

Size distributions of micro fibrils were investigated firstly via phase contrast
microscope (Inverted Phase Contrast Microscope, Olympus CKX-41).

Later, SEM analyses were done in order to evaluate morphology, homogeneity
of the films and to measure their thickness.

Also, gas permeability and elasticity of film samples were tested with the
procedure mentioned below.

Samples from supermasscolloider/homogenizer were both directly used or
diluted with DW. Evaluations of PCM images were made via DP2-BSW software in
order to roughly determine size distribution profile. Size distribution was also further

examined by using Zeta-sizer (Malvern Instruments, 3000 HSA).
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Before characterization analyses, samples were dehydrated via 3 different
methods; oven drying, lyophilisation, spray drying. Dehydration conditions were
selected according to previous studies from literature (Peng & Gardner, et al. 2012;
Peng & Han, et al.2012), as given in Table 4.3. Dehydration conditions of MFC were

selected as (-) 51°C, 0.04 mbar vacuum.

Table 4.3 Dehydration conditions of MFC

Method Instrument Conditions
Oven drying Memmert Ine-500 Incubator 45°C/ 48 h
Lyophilisation Labeonso-Freezone]$ feeze -51°C ; 0.04 mbar vacuum

dryer

Tintet: 175°C;Toulet: 101 DC',

Spray drying | Buchi mini spray drier B-290 0.15L/h

4.4.1 Measurement of thickness

Thicknesses of films are important in calculating WVP values and it is useful
maintaining unity among different samples in solubility and dispersibility tests.
Thickness of films was measured with a digital micro meter (0.01 mm precision).

Photographs of all samples were taken in close-up mode with a 20mp camera (Samsung

KZ00m, Korea).

4.4.2 Determination of minimum film forming temperature

Conductivity based method was adapted from US patent (Pashley et al. 2001).
Prepared film solutions were heated from 5°C to 65°C and conductivity values (mS/cm)
of film solutions were measured as temperature increased. MFFT values were
determined for carboxyl methylcellulose, micro fibrillated cellulose, lignin-
hemicellulose and lignin-hemicellulose-wax solutions. In equation (4.1), MFFT
calculation was shown where d°K second derivative of conductivity value, dT? second

derivative of temperature value.

MFFT = (+/—) &*K/dT? 4.1)
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4.4.3 Water activity and brix value of powdered samples, film samples

and solutions

In colour and aw analyses both bright (br) and rough (ro) side of films was
measured separately in order to observe differences. Water activity (Aw) of the films
tested with Rotronic water activity tester (USA).

Brix of prepared film samples were observed with RES0 refractometer (Mettler
Toledo, USA). Refractive index (nD) measures velocity of light through sample
solution compared velocity of light in vacuum. Light travels more slowly in a medium
than in a vacuum. nD increases with density, higher density provides more viscous film

solution.

ND= Vvacuum/ Vinedium (4-2)

Cellulose does not melt, it stay solid even if it is hot stirred. Cellulose fiber has a
density value of ~1.53 g/em?®. Its density differs from 1.49 to 1.6 g/cms; whether it is in
amorphous or crystal form. Amorphous form is preferable in film formation
applications. Brix gives idea practically for cellulose microfiber solutions coming from
various pre-treatment methods such as supermasscolloider, ultrasonic homogenizer.

In order to evaluate brix and aw data statistically ANOV A was applied.

4.4.4 Determination of solubility and dispersibilty

Hydrophilicity’hydrophobicity of produced film samples were observed through
dispersibility, solubility tests. For testing dispersibility of different film samples, films
were cut into pieces having same dimension (2cm X 2em). Samples were put into wells
and 1 ml UPW were added onto them (t=0). Samples were held at 50°C ovens for 5
minutes, and then liquid part was taken and analysed for their brix%. Then semi
dispersed film samples put to 60°C ovens for dehydration. Photographs of each step

were taken and recorded.
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In testing solubility of film samples, firstly effect of pH on solubility of film was
tested for neutral and alkaline medium. Then effect of wax addition and emulsifiers on
solubility was observed. For solubility test, films were cut into pieces having same
dimension (lem X lcm). Samples were put into wells and 2 ml liquid were added onto
them. Wells were held at 25°C and shake (300 rpm) for maintaining solubility.
Solubility test for mfe pulp precipitate film, again conducted in an incubator shaker, at
300 rpm, under alkaline (pH=11) and neutral (pH=7) conditions at 25°C. At different
time intervals, liquid part of samples were taken and put to Eppendorf tubes, then
centrifuged at 5000 rpm for 3min. Brix measurements or absorbance readings were
conducted to supernatant. Centrifugation was not applied to liquid samples for
dispersibility test, and brix values were quantified directly by Refractometer

measurements.

4.4.5 Opacity and transmittance properties

In colour and aw analyses both bright (br) and rough (ro) side of films was
measured separately in order to observe differences. Colour of film samples, powdered
samples and treated artichokes were measured with Konica Minolta Chroma meter (CR-
400, USA). Formulas and parameters used in colour measurements explained detailed in
Table 4.4. Colour properties of some artichoke by products (leaf powder, dewaxed leaf
powder, freeze-dried MFC, NCMC) and Na-CMC were observed in a clean glass Petri
dish under daylight. Colours of dried artichoke samples were also measured and results
were compared within each other. For observing colour of treated artichokes L*, a*, b*
parameters were measured and hue angle, Chroma city, browning index values were
calculated in order to detect differences correctly. Film samples’ colours measured with
a clean polystyrene Petri dish, while colour of artichoke and powdered samples were
measured in clean glass Petri dishes. In colour analyses, all measurements for the
samples in same batch were made at similar hours of the day, in all measurements lights
were closed and measurement was applied under day light.

Microscopic images of dried film samples were observed both with inverted and
optic microscopes. Since films transmit light partially, PCM gave more valuable

images.
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Table 4.4 Colour parameters (MMeaning & Calculati ons)

Param eters Meaning Formula Used in
5 (D:bls}i‘lgcl-}%%?;hite) A L*= L% andad-L sangle
e
T
+};* Yiirjinis:ss A5 = 0% tand b gl Film +
AE T;’gﬁfﬁii:r A E = [(AL*2( Aa* (A% 212 G

O sa1:urs;ticr::l:i :uaiue of (2P (b4 2
Hue angle fjf;ifiinegi = Arc tan (b¥a*)
W1 whitenessindex | = 100 - [(AL®/*(Aa®)*-(Ab%)%]2 | film
Browning index al + 1.75L:
- ey ¥ 5.645Li+ aj —3.012b; .

colour values at
each storage period i 100(x — 0.31)

a* initial colour 0.17
[Toshida 2014, McHugh 1293, Pereda 2014; Valenzula 2013; Cefola 2012]

4.4.6 Morphology, size evaluation and swrface properties

Maorphology of dehwdrated micro fibrils, cellulose fibers was examined by SEM
(FEI QUANTA 250 FEG). Samples were coated with gold-palladium (100-200 &
thickness) prior to itnaging to eliminate charge effect (Emitech K520 ETD detector
was used and 100z, 500z, 1000z, 2500z, 25000k, 50000z magnifications were applied
during SEM analysiz. Thickness and microstructures of surfaces and cross section of
films (esp. porosity and smoothness) were examined using Scanning Electron
Microscopy (SEM).

sutface porosity of some selected films was imaged in Stereo Zootn mictoscope
with 10 fold magmification under light

Droplet size in emulsion films were measured with inverted phase contrast
microscope (Clympus CXH41, TSA), Agan fibre size of cellulose microfiber pulps,
filts solutions from MCF and FDMCF samples were measured with the same device.

Whcro fibnl samples were dehydrated as very thin layvers for the AFM analysis.
MWicre fluidized microfibril samples were alse analysed with AFM  (Digital
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Instruments-MMSPM Nano scope IV) in order to have a more precise idea about
infrastructure of micro fibrils. Instrument was worked in tapping mode and results were

evaluated by using Nano scope Software.

4.4.7 Determination of bond structure

Produced and dehydrated micro fibrils were tested by using FTIR (Digilab FTS
3000 Mx) in order to compare their structures with cellulose and cellulose fibers
extracted from artichoke leaves. Samples were prepared via the standard KBr pellet
technique and scanned at room temperature under vacuum from 4000 to 400 em
wavelength with a resolution of 2 em™. The spectrometer was equipped with a DTGS-
TEC detector. For all the spectra, the baseline correction and normalization (with
respect to the most intense band) were carried out. Absorbance peaks were evaluated
with ACDLABS 6.0 software (Canada).

FTIR-ATR instrument was equipped with a horizontal ATR sampling accessory
(ZnSe crystal) and a deuterated tri-glycine sulphate (DTGS) detector were used for
analyses of film solutions and film components in liquid state. ZnSe crystal was used to
determine the spectra of film solution at a resolution of 4 em™. DTGS detector
measurements were in the range of 64 scans in average at the wave number range of

4000-650 cml. ZnSe crystal was cleaned with hexane in between runs.

4.4.8 Determination of crystal structure

Crystalline-amorphous structure distribution of cellulose fibers, micro-fibrillated
cellulose, artichoke leaf fibers were determined with XRD. All samples were loaded to
instrument in powder form. Intensities of 28 values from 5° to 60° were monitored with

0.02 step size (50 second per step).
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4.4.9 Thermal characterization

Artichoke by products in powder form was also tested for their thermal
characteristics with TGA and DSC techniques. DSC were applied in order to determine
glass transition (Tg) and melting (Tm) temperatures. In DSC analyses, samples were
heated under nitrogen flow, at a heating rate of 10°C / min, from 20°C to 500°C. In
TGA method samples were heated with 10°C/min heating rate from 50 to 500°C

temperature and degradation percent of samples were observed.

4.4.10 Mechanical characteristics

Mechanical properties of film samples were tested using a TA-XT texture
analyzer (equipped with a Skgf load cell, in tensile mode, testing speed 10 mm/min)
using the method stated in ASTM-D882. Samples tested having 10 mm width and 70
mm length, conditioned at 25°C / 50% RH / 48 h pre-analyses. Main parameters
mesured frequently in tensile testing of film materials are stress, strain and young
modulus. Calculation equations for those parameters were tabulated in Eq. 4.3, 4.4, 4.5

below.

elongation of the material (dL) m

Strain (g) = = 4.3
&) length of the material (L) m (4.3)
St B force (F) _ N 44
ress (0) = area of object (A) - mz2 ()
F
t
Young's modulus (E) = B ﬁ = (N/mz) (4.5)

strain aL J I

The thickness of the test pieces was measured at 5-10 points with um precision
micrometer and an average thickness was calculated. At least six films were tested and

the average was reported.
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4.4.11 Water vapor transmission rate

A modified ASTM (1995) method E96 was used to measure water vapour
transmission rate {(WVTR) of the samples. The films without any defects firstly put into
Schott bottles containing ultrapure water (assay cup) sealed with plastic ring and lid
(0.0854865 m? film area). For blank trial, bottles closed with classical lid. In order to
maintain the gradient of RH =~30% throughout the film, these cells were placed ingide
30 cm ¢ desiccator containing dry silica gel at the test temperature of 25°C. Picture of
test conditions and equipment used were given in Fig 4.5 below. Then the cells were
weighed at 12 h intervals over seven days period. Changes i the weight of cells were
recorded {at 0.0001 g senszitivity) and result data were plotted as a function of time. Eq
{4.6) were used to evaluate and calculate WV TR of films. The slope of the plot divided
by the effective film area to obtain WVTR:

WVTR = slope /film area= AW / (AT *A) {4.6)

Where AW=weight change in solvent/sorbent (g), A = area of the exposed film surface
(m%), AT = incubation period {day)

Figure 4.5 WVTR testing apparatus {cells, desiccator and oven)
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Additionally effect of method was searched moisture transfer rate of selected
film sample. Sample was coded with “weainmthd” as subscript (and the sample with
ordinary method was coded as”wiossmind™). For the weight gain method all conditions
were similar except dry CaCl; was used within tubes (A = 0.025434 m?) in 30 em ¢
desiccator with saturated NaCl solution (75% RH).

4.4.12 Oxygen transmission rate

Gas permeability tests conducted using Lyssy L100-5000 Manometric Gas
Permeability Tester for determination of O2 transmission rate of films at 23°C / 0% RH

conditions vig the method stated in ASTM-D1434.

4.5 Fresh cut treatment and packaging trials

4.5.1 Treatment experiments for globe artichoke

Freezed globe artichoke samples were thawed in distilled water, 1% citric acid,
1% Ascorbic acid, 1% Sodium MetaBiSulphite and 0.5% Cysteine solutions and stored
at 5°C for two days in treatment solution. During storage colour of artichoke samples
were observed as mentioned in section 4.4.6. Then excess liquid were drained with a
filter paper, artichokes were dehydrated slowly at 35°C in presence of CaCl: (as

desiccant) in incubating oven.

4.5.2 Packaging and coating experiments

Firstly, artichoke stalks were coated under nitrogen within a glove box cabin.
Dip coating was applied for 2 times with 3 % Na-CMC solution. Stalks were stored in

room conditions and effects of coatings were observed.
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Packaging trials were done 2 % CMC + 0.6 % GLY films with the thermal
sealer. Before packaging samples were dipped into 1 % CA solution. Parallel to
packaged films, control samples (with and without CA treatment) were held at the same
conditions in order to detect differences. During packaging trials artichoke stalks stored
at room temperature for 7 days; while fresh and freeze thawed artichoke heart stored at
4°C for 7 days. Packaging trials were done with a manual thermal sealer, as seen n
Figure 4.6. Artichokes were stored in 4°C Niwve incubators for 7 days; each day

observed visually pictures were taken.

Figure 4.6 Thermal Sealer; Vacuum Packaging Machine

4.6 Statistical analyses and data evaluation

For determination of optimum film formation conditions and compositions
screening tests were applied initially. For film composition determination screening
tests were conducted mitially, than optimization tests were carried out for selection of
best compostion ratios and preparation conditions. Results were evaluated with
ANOVA 1n Design Expert software. To get evaluation abaout data general factorial
design tests were conducted for each analysis with different parameters. In ANOVA
there are 3 main parameters those were benefited in determination of optimum
conditions; p-value, desirability, R?. Desirability and similarity of samples were
determined for detection of best condition and looking for sigmficant differences
between two different samples in sequence. Desirability values were determined via
predefined target response values with different importance ratios for that selected
analysed samples. Similarity ratios were determined via comparison of Prob > [t] values

of samples individually.
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Results of selected film samples were characterized and characterization data for
raw materials, extracts, film samples and solutions were evaluated with PCA in Simca
software. In PCA main evaluation principle is based on Q* and R? parameters, in terms
of selected model for predefined conditions (Erikkson et al. 2013). PCA gives an
overview of the information in a data table, shows how the observations are related and
if there are any deviating observations or groups of observations in the data. PCA
describes the correlation structure in X. R? is a measure of fit, i.e. how well the model
fits the data. Q? tells you how well the model predicts the variable (Umetrics-AB 2013).
PCA analyses especially used for discrimination of different samples from their
spectrum data vig usage of FTIR, XRD instruments. Dataset of FTIR-ATR spectra,
XRD and thermal diagrams were clustered by means of Hierarchical Clustering
Analysis (HCA) in order to evaluate results in a meaningful relation. The result of HCA

was shown by means of dendrogram plots.
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CHAPTERSS

RESULTS & DISCUSSION

In order to obtain an ideal film to handle in fresh cut packaging products, some
targets that have been predefined at the outset of the study. First, the polymer used in
film formation should be able to form a whole rough structure that do not dispersed or
degraded easily when peeled from Petri dish or stored at room conditions for at least
one month. Film product should have appropriate stress resistance and elasticity letting
packaging application with or without vacuum. Also film should have preferable colour
and visual appearance in order to not to effect consumer acceptance negatively. Film
should resist to moist conditions, should not be easily dispersed even when exposure
directly to water vapor in fact to water itself (in advance). In another term final product
should be hydrophobic as well as it would produce from agricultural wastes without any
synthetic additives or chemical treatment application. Therefore, 3 of these targets were
actually maintained with the use of extracts obtained from artichoke wastes, many
composition alternatives were studied preliminary with screening tests. Trials to

increase hydrophobicity of the film products were also presented in this section.

5.1. Preparation of film forming materials from artichoke leaves

Preparations of film forming materials were carried out using artichoke leaves as
raw material. Initially artichoke leaves were grinded with a lab scale grinder. Grinded
samples sieved, if there are significant differences in particle sizes and artichoke leaf
powder was obtained with ~0.5 mm size (average). Next, approximately 16% of the dry
matter was removed as wax or other alcohol soluble compounds in Soxhelet extractor
via hot ethanol extraction.

The main components of the films were lignin, hemicellulose, cellulose and wax

fractions by hot ethanol and mild alkaline extraction methods as described in Chapter 4.
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Each obtained fractions were characterized as pure forms and/or in different mixture
combinations.

Besides carboxymethylcellulose (NCMC) was chemically synthesized from
cellulose fraction obtained, pictures of Na-CMC (NCMC) synthesized from produced

cellulose fibers, could be seen in Figure 5.1.

Figure 5.1 NCMC synthesized from artichoke wastes; before and after dehydration

Microfibrillated cellulose were also obtained from cellulose fraction using
mechanical homogenizer, supermasscolloider. Pictures of cellulose microfibrils
produced could be seen from Figure 5.2. As seen, microfibrillated cellulose samples
obtained from the homogenizer were having a pulpy and homogenous structure at first
sight. But after a while thin liquid layer (1-2 % of the total pulp volume) was observed,

remaining part was still stable, homogenous and pulpy.
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N Y v
Figure 5.2 Images of microfibrillated Cellulose pulp (a), ovendried micro
fibrillated cellulose pulp (b), freezedried microfibrillated

cellulose pulp(c), microfluidized microtibrillated cellulose pulp(d)

These by products analyzed for determining some pysicochemical and
morphological characteristics using FTIR, TGA, PCM, and SEM, efc. instruments, in
order to determine film forming ability and/or to compare their structures, before and
after film formation.

Results of chromatography analyses showed that 52.17 +1.81 g cellulose and
22.12 + 0.00 g hemicellulose could be obtained from 100g dried and grinded artichoke
residues. Using the original (unmodified) alkaline extraction method around 50% of the
raw material was removed as the solid residue after alkaline peroxide treatment; while
the maximum hemicellulose fraction yield was 9.14% (w/w). The alkaline treatment
method exerts a drawback since extraction yields of pure hemicellulose obtained in low

amounts.
5.2. Preparation of packaging films

A wide range of literature survey was conducted for the usage of hemicellulose,
lignin, and cellulose in packaging materials. According to the data obtained, an
experimental design was developed to verity different alternatives of the raw matenals
(the extracts were mentioned in Chapter 4, Section 4.1. and 4.2) produced.

Factors were selected as; plasticizer, raw material source, solvent type, pH of the

solvent. Film forming properties of these different combinations were evaluated roughly
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and these evaluations were determined as the response of the design. Factors and
responses of screening tests were summarized in Table 4.2. Various composition
combinations were tried in order to determine the optimum conditions.

First attempts were done to develop hemicellulose films from the extracts of
artichoke wastes. Hemicellulose films were brittle and dark coloured. Besides no
positive effect were proven as to contribute on the gas barrier property of the films with
HMC addition.

LHW fractions were resulted in elastic/opaque films having very high gas
permeance property. Fractions obtained in alkaline treatment; namely, dried
hemicellulose extract, lignin-hemicellulose fraction, were mixed with a plasticizer
(glycerol or sorbitol) or carboxyl methyl cellulose. The mixtures were poured into
plastic Petri dishes. Films were dehydrated at 40°C for 20 hours. Some of the

successful films produced were summarized in Table 3.1.

Table 5.1 Some of the Successful Films Produced

Picture : 7
| | § - <
CMC in ¥
Composition | CMC + GLY + CMC + GLY + .
(WIv) Sta+Twso | CMET GLY | gpg . pyge | diluted LHW
solution
Properties Strong, elastic, Strong, elastic, Strong, elastic, elsasililcl s;r(;n%e
P semi-opaque transparent semi-opaque + DR Afe:
] yellow
Picture ' B | 0
GLY + SFO + _
Composition | HMC + CMC Lignin — hme -
W) L GLY Tw80 + CA - NCMC + GLY OMC
cme
Semi strong, Stfeiin. clastic weak, elastic,
Properties semi clastic, .sc’f’ ¢ opaque, nor
dark PERL-OREHE homogenous

The films with Na-CMC gave good results in terms of gas barrier properties,
plasticizers were also added to these films. Firstly, GLY was incorporated and CMC
films with GLY were brittle. It was decided that applicable concentrations of GLY were
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not appropriate to obtain elastic films with CMC; the films were easily dispersed even
in low amounts of DW. When sorbitol was also tried as plasticizer, films with obtained
extracts were not given satisfactory results unlikely with trials of CMC and GLY. Na-
CMC either alone or in combination with different fractions of alkaline peroxide
treatment yielded acceptable films.

Properties of MFC films were compared with previous film samples those
prepared with other artichoke waste by products such as hemicellulose, lignin and
carboxyl methylcellulose. In some cases, addition of wax solution (in ethanol) was
considered for obtaining an artichoke sourced plasticizer. Producing highly hydrophobic
and natural films is an important target for benefiting packaging materials in storing
fresh cut vegetables securely. Since it is not possible to form a hydrophobic film from
cellulose micro fibrils, addition of StA, PEG 400, artichoke wax, GLY (with Tw8&0
combination) were studied.

Emulsion films were developed in order to solve dispersibility problem. Thus,
incorporation of SFO or StA trials was carried out. Results in terms of homogeneity and
dispersibility were not good enough for real time applications on fresh-cut fruits and
vegetable samples. In preparation of emulsion films Ultrasonic Homogenizer was
benefited for reduction in size of droplets and for maintaining homogeneity through
film solutions.

Films from NCMC were prepared with solvent casting method. 3 g NCMC were
put into 100 ml hot water in order to dissolve. Films were casted in three ways;

- without separation of undissolved part (1¥)
- only dissolved (upper phase) was used as film solution (2"%)
- undissolved part was separated via a cheese cloth(3')

Best films were obtained with the second method, while the films produced with
2"Y method were not reproducible within ecach other (At the same preparation
conditions; properties of films were not similar; it might be arised from instable
physicochemical characteristics of NCMC). For the third method, films produced were
too thin due to the high decrease in concentration after filtration.

In order to be able to handle CMC during film applications, soluble fraction of
NCMC preparate were obtained with filtration and lyophilization. NCMC films from
NCF were insufficient to form film structure. Products obtained were sticky, weak and
very difficult to handle (even at high concentrations up to 15 % w/v) in film

applications; this was attributed to variable properties (e.g. molecular weight, viscosity)
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of NCMC than expected. Also there could be reproducibility problem for NCMC film
casting.

Lignin/hemicellulose fraction, obtained after the alkaline peroxide treatment of
the dewaxed raw material, was also concentrated by rotary evaporator. The films
obtained using concentrated form, mainly composed of soluble lignin and
hemicellulose, were yielded with uniform, opaque and elastic films. The mixture of
lignin/hemicellulose was found desirable; presence of lignin improved the elasticity of
the films. Therefore, it is thought not to separate hemicellulose from lignin fraction by
further purification. Thus, the steps of precipitation of lignin by lowering pH and
precipitation of hemicellulose by addition of alcohol could be omitted.

Among the combinations tested for film casting, the mixture of two fold
concentrated liquid lignin/hemicellulose fraction and Na-CMC (2% (w/v)) formed an
elastic film, which was promising to be used in packaging applications. This film and
all the other films produced further characterized as was presented in Section 5.3.

Different treatment applications and casting conditions were reported in the
literature to produce stabile micro fibrillated cellulose films. Rastogi et al. 2014,
described short term heat treatment of film solution in oven at 100°C for 2 hours.
Different casting conditions were studied with or without controlled relative humidity,
(Aulin et al. 2010; Shankar ef al. 2015) prefer low temperatures (23 or 25 °C). In this
study also medium temperature condition (40, 45, and 60 °C) were applied.

Conditions applied listed previously in Table 4.2 in section 4.3. (Products
obtained with excess heat treatment (100°C/ 2h) could not peel from Petri dishes in
whole form, so it was decided heat treatment would not applicable for that kind of film
products.

In order to have an idea on effect of heat application on physical properties of
micro fibrillated cellulose, solubility test were conducted, for results were shown in
section 5.3.3. Film formation potential of cellulose pulps were tested via preparation of
aqueous solutions with products either from directly masscolloider/homogenizer or
from dehydrated products obtained from oven dryer/lyophilizator. Films prepared only
from MFC, may lead handling problems on packaging applications since they are
having elasticity problems. In order to overcome the brittleness of the films, GLY was

applied and these films had improved tensile properties.
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Besides, emulsion type films were prepared by the addition of fatty acids and
emulsifying agents into film forming solution. Emulsion was stabilized by IKA
Ultraturrax homogenizer. All of the films were prepared after casted onto 5cm or 9cm ¢
Petri dishes and dehydrated in a simple oven at 40-50°C under not controlled humidity
conditions. Before and during packaging trials environmental chamber are planned to be
used as dehydration media, if possible. Pictures of the developed films and their
compositions of films are presented in Table 5.1, above.

In order to obtain hydrophobic films, emulsion formation was tried with addition
of wax from artichoke, stearic acid and glycerol. Tw80 was used as a surfactant.

Ultrasonic homogenization was also used in formation of stabilized emulsion form.

5.3 Characterization of artichoke by-products and film samples

In order to evaluate characteristics of artichoke by products pysicachemical test
methods were benefited. Mainly, film forming ability & hydrophilicity of film
materials, mechanical & thermal & permeability properties of films, bond & crystalline
structure of artichoke by products, size and morphology of microfibrils and finally
packaging ability of produced films was investigated.

5.3.1 Minimum film forming temperature values of raw materials

Minimum film forming temperatures were determined in order to optimize
casting conditions of films produced and since there were no information for that kind
of film forming materials in literature. 1% and 2°¢ derivatives conductivity values were
taken against temperature. 2"¢ derivative values of conductivity were plotted against
temperature and the maximum value in graph gives MFFT wvalues for that solution.
Results were summarized in Table 5.2 below. Regularity of casting temperatures were

proved via MFFT values.
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Table 5.2 MFFT values calculated for frequently used film forming solutions

composition/treatment mfft (°C)
Sonicated 1 % mfc sol'n 18.00
Sonicated 1.5 % mfc sol'n 20.75
2 times conc. lignin-hme-wax sol'n 48.15
lignin-hme sol'n 23.85
2 % na-cmc sol'n 11.05

5.3.2 Brix and Aw values of films and film solutions

Aw 18 a critical factor in food deterioration. For the films produced aw values are
also critical for respiration rate of packaged vegetable and also directly effective on
mechanical properties of films (especially elasticity values).

Thickness values of some of film samples were shown in Tables D.1 and D.2.
The difference between film samples at various compostions and casting volumes were
found siginificant due to evaluation data from ANOVA.

Brix values for standard compounds were measured in solution form and
presented in Table 5.3. Also, brix values for aqueous solution of artichoke by-products
were measured and recorded, shown in Table 5.4. Brix values of different film solutions
were presented in Table 5.5, for having more valuable conclusion on dispersibility and
solubility test results. Brix values for film solutions were found significantly different.
This information is valuable for dissolution tests since the significancy of difference
needed in order to be able to use refractive index data to evaluate solubility of film

samples. Results were aligned according to the aveg brix% values from low to high.
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Table 5.3 Brix values of standard solutions

Brix% 7] aveg £ stddev
ph=7 upw 2 0 == 0
dw 2 0 +  2.45E-05
ph=11 dw 2 0.06 + 0
cellulose 2 0.3 i 0
ph=12 upw 2 031 =+ 0
microgranulated cellulose 2 031 = 0
hot stirred cme hot mw 250.000 2 0.98 + 0.000215
cold stirred eme cold mw 250.000 2 1.04 £ 3.36E-05
cold stired eme cold mw 700.000 2 1.27 + 0.012569
hot stirred cme mw 700.000 2 1.33 + 7.44E-09
cme 1.5% 2 1.46 =+ 6.88E-05
cme-2% 2 209  + 0
1.6% cmc solution 2 264 £ 0
3 % cme 2 34 +  0.00014
sunflower oil 2 2339 «+ 0
tween 80 2 7253 + 8.78E-05
glycerol 2 | 7293 £ 0.001021

Table 5.4 Brix values for aqueous solutions of artichoke by products

Brix% 7] aveg £ stddev
mortared mfc-40 times diluted 2 0.02 + 0
mfc-40 times diluted 2 0.04 =+ 0
mfc-20 times diluted 2 0.08 + 0
mortared mfc-20 times diluted 2 0.11 =+ 0
mifc-10 times diluted 2 0.11 0
mortared mfc-10 times diluted 2 021 + 0
microfluidized cellulose fiber 2 038 =+ 0
8 times diluted mfc 2 1.17  + 0
1/2 diluted lhw 3 1.2 +  0.003994
6 times diluted mfc 2 145 + 0
mfc 2 1.57 + 0
4 times diluted mfc 2 1.61 + 0
mortared mfc 2 1.83 =+ 0
2 times diluted mic 2 .93 + 0
1/4 diluted Thw 2 1.94 £+ 0.001741
ncme 4 2115+  0.248261
freeze dried neme solution 4 271 £ 0.1501
artlp solution 4 1474 £+ 4.165594
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Table 5.5 Brix values of film solutions

Brix% 7] aveg £ stddev

mfc-wax-tw80-sta 4 144 £+ 0.005753
cellulose-pegd00 2 147 + 0

mfc-cme-sta-gly 12 1.99 + 0.288522

1 (Ihw) 2 203 + 0.000174

neme +gly 10 21 + 0.402299

mfc2-neme-sta-gly-tw80 6 216+ 0.003222

mfc-chi-cme-gly-wax 12 222+ 0.353412

mfc-neme-sta-gly-tw80 4 231+ 0.006602

cme-2% + gly-0.5% 4 232+ 0.000125

filtrated ncme solution 2 242 £ 0.1352

mfc-chi-neme-gly-wax 10 247+ 0.010412

mic-pegd00-ncme-gly 6 247 £+ 0.000638

mfc-cme-sta-gly-tw80 10 258 + 0.005337
homogenized neme -gly 2 2.6 == 0

mfc -cmc- gly-sta 4 275 £+ 1.48E-05

cme + gly + tw80 2 287 + 9.20E-05

mfc-chi-neme-gly 6 295 £+ 0.000338

cme + gly 3 3.04 £+ 296E-31

mfc-chi-cme-gly 4 3.07 £ 0.000291

cme 1.5% in 1/4 diluted and centrifuged Thw | 2 3.08 + 3.12E-05

cme-lignin-tw80-mfc-gly-wax 4 32 £ T.73E-06

mic2-pegd00-ncme-gly 4 322+ 0.000131

emulsion film cme-gly-sta 6 333+ 0.148217

3% cme 1n 1/4 diluted Ihw 2 395+ 0.003401

mfc-cme-sta-gly-wax 8 402 + 0.002623

cme 1.5% in 1/2 diluted and centrifuged Thw | 2 454 + 0.006324

3% cmc in 1/2 diluted Thw 2 591 £ 0.000875
freeze dried nemc solution with gly 2 6.28 + 0
ncmce + lignin 2 742+ 0

Aw of film samples were found generally below 0.5 and in some films even
below 0.4. Rough and bright sides of films differ in water activity values. Since
microbial deterioration could rarely be observed below 0.6 ay values, it could be stated
that presence of films would not have contribution on microbial growth. It is difficult to
draw a conclusion that films prevent deterioration of fresh-cut by looking at present
findings. Addition of artichoke wax fraction into films should be considered from this
aspect, since wax fraction of artichoke might contain antioxidant/antimicrobial

components originated from artichoke.
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Effect of film type or composition on aw value was found significant (p-value <
0.05). F-value of 321.99 and adeq precision value of 54.943 for the model implies the
indirect relation between film types and aw values of films (probability of noise for the

model, 0.01%). Also model has an acceptable R? value as 0.9966.

Table 5.6 Desirability evaluation of film samples according to aw values

film type aw Desirability
MFce-Cme-Peg400-1% Wax | 0.3645 0.944
MFc-Cmce-Peg400 0.3715 0.891
MFe-Cme-peg400-3% Wax (0.388 0.767
MFc¢-Cme-Peg400-4% Wax 0.396 0.707
MFe¢-Cme-Peg400-5% Wax | 0.4005 0.673
MFe¢-Cme-Peg400-2% Wax 0.403 0.654
Wax sprayed mfc (.4295 0.455
Mifc-wax 0.449 0.308
Mfe 1% 0.4525 0.282
Mfe 1.5 % 0.4615 0.214
MFc-Cme-Gly-Tw80-Sta 0.463 0.203
Cmc-Gly sonicated 0.4675 0.169

In desirability evaluation with ANOVA data of film samples in terms of aw
values, target aw value was set as mimimum as possible. In Table 5.4, desirability
evaluation for film samples in terms of aw values presented. “Mfc-cme-pegd00”
containing films generally evaluated as most desirable films since they have lowest aw
values.

On another experiment set again aw values of films were measured and
compared via ANOVA. In this term, additionally effect of film surface was observed.
Effect of film type or composition on aw value was significant and effect of surface type
on aw was also significant (p-value < 0.05). F-value of 899.87 and adeq precision value
of 129.224 for the model implies the indirect relation between film composition or
surface types and aw values of films (probability of noise for the model, 0.01%). The
interaction term (combined effect of film compostion and surface) was significant, too.

Model had an acceptable R-Squared value as 0.9988.
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Table 5.7 Desirability evaluation of film samples according to aw values

film type surface |aw Desirability
mfc pulp precipitate ro 0.3925 [0.996
mfc pulp precipitate br 0.3955 [0.971
artlp br 0.455 0.471
mfc-cme-sta-gly-wax2 ro 0.4645 (0.391
mfc-cme-sta-gly-wax?2 br 0.466 0.378
2% neme br 0.4665 |0.374
2% neme ro 0.468 0.361
mfc 1o 0.469 0.353
artlp ro 0.4705 [0.340
mfc + gly 1o 0.473 0.319
mfc-cme-sta-gly-wax br 0.476 0.294
6% ncme br 0.4765 [0.290
mfc-cme-sta-gly-wax ro 0.4765 [0.290
4% ncme br 0.478 0.277
6% neme ro 0.478 0.277
4% neme ro 0.4785 [0.273
mfc-cme-sta-gly br 0.479 0.269
mfc-cme-sta-gly ro 0.4815 [0.248
mfc + gly br 0.4825 10.239
mfc br 0.485 0.218
cme-lignin-tw80-mfc-gly-wax |ro 0.508 0.025

In desirability evaluation for aw values of different film samples again target
value was set as minimum. Desirability values of different surfaces for same films were
also listed in Table 5.5 above. Rough side of mfc pulp precipitate film was determined
as most desirable film since it has lowest aw value. In some films bright side gave lower

aw values while in some others rough side of films gave lower aw values.

5.3.3 Solubility and dispersibility properties of films

Solubility is a concern giving idea about hydrophobicity of a film sample, lower
aqueous solubility shows that film is highly hydrophobic. In this study, solubility values
tried to be determined with the help of brix or absorbance values measured when film
sample put in aqueous solution and held at prodefined constant conditions ( stirring rate:

300rpm orbital shaker; mfe: 1.5% m/v; cme: 1 %om/v; dissolution media: pH=7 upw).
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Refractive index or absorbance reading values gives idea about solubility of
carbohydrate based molecules within film sample. Higher nD or absorbance values
shows film sample is more soluble in UPW and means film pretend to be hydrophilic.

In Figure 5.3 pictures taken from experimental setup used in dispersibility and
solubility tests were presented. In the first row of Figure 5.3; pictures taken at three
different time intervals were shown (1=0, t=5 min and dried form of semi-dispersed film

samples) in dispersibility test.

t=5min; dispersibility; P& PW dried; dispersibility; P& PW

— o —

- Solubility test t=0 ~ emulsion film t=120min
Figure 5.3 Pictures from solubility and dispersibility tests'

TPW: MFC- eme-gly-pegd00film; PW1: PW+ 1% wax; PW2: PW+ 2% wax; PW3: PW+ 3% wax; PW4:
PW-+ 4% wax; PW3: PW+ 5% wax
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Figure 5.4 Dispersibility test (n=1)

Brix (%)

In Figure 5.4 graphical illustration of brix data from dispersibility test was
shown. The increasing trend in the brix values of PW3, PW4 and PW5 samples could be
attributed to excessively high wax concentrations (up to 5%), since green colour of
artichoke wax interferes with nD value. Thus, not only the increasing concentrations of
carbohydrate solution but also increase in green colour of wax solution resulted with
high Brix values.

Therefore, lower wax concentrations, in the form of liqud wax solution, were
found to be more applicable into the film solutions, or efficient usage may be
reconsidered from the dispersibility and solubility results together. Also, another
method for quantification of solubility data may also be evaluated. Thickness of film
samples used insolubility tests were shown in Table D.1, thickness data important in
terms of providing more standardized data in analyses.

Figure 5.5 shows solubility test results considering effect of gly, peg400, gly-
pegd00 addition to mfc-cme film with and without sonication treatment in solution
form. As seen from plot most desirable solubility values (lowest abs/w readings) was

obtained with sample 1118 (mfc-cme-gly-peg400-sonicated).
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Figure 5.5 Absorbance/weight values for microfibrillated cellulose films with and

without sonication (S) [101:mfc-pegd400;110:mfec-gly; 111 :mfe-pegd00-gly]

In Figure 5.6, solubility results for mfc pulp precipitate films those were tested
in neutraline and alkaline media were presented. Alkaline media were tested in case
film samples might be more easily dispersed (since Na-cmc used in this study was
easily soluble in pH=11 usually). But statistical evaluation of dissolution data did not

show any significant differences in terms of pH of the media tested.

1,0 -
0,9 4
0,8 -
W afcs pH=7
0.7 1 W afcs pH=11
0,6 -
®
X 05 -
@
04 -
0,3 1
0,2 -
0,1 -
0,0 ___.r_i T T T T T
0 5 10 20 30 60 120
time{min)

Figure 5.6 Solubility of MFC pulp precipitate film in Alkaline& Neutral Medium (n=2)
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Figure 5.7 Solubility of MFC films with wax addition [mfw: casted with wax;
mflw: wax sprayed on film] (n=2)

In Figure 5.7 solubility results of wax sprayed mfc (soaked in wax) and mfc-wax
(wax directly added to film solution) film samples were presented. From the figures it
can be clearly observed that, addition of wax directly increases range of brix values
regardless of time intervals (from 0-0.1% to 0-0.6%) instead of soaking them to wax
solution. When results compared with solubility data of 1% mfc film sample (neither
soaked in wax solution, nor wax was added to film solution; again having same FDMFC

concentration), it may be concluded that soaking to wax solution decreases solubility of
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MFC films, since range of brix results lowered (from 0-0.14 to 0-0.1). This finding
should be evaluated more detailed and soaking conditions (time, concentration and
maybe temperature) should be regulated to have best results.

In Figure 5.8 solubility results for mfc 1% (w/v) and somcated cme-gly film
samples were presented. From the figures it can be clearly observed that, addition of
CMC, directly increases range of brix values regardless of tested time intervals (from 0-

0.14% to 0-0.7%).
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Figure 5.8 Solubility of MFC films w [eglu] and w.o CMC [mfl] (n=2)
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In Figure 5.9 solubility data of emulsion film with StA + CMC and without
wax (mfc-cme-gly-sta film) was presented. Addition of StA does not decrease solubility
of that film, when compared with data of emc-gly sonicated film; since ranges increased

to 0-1.2% (it was 0.7 % at 687 min).

1.2 Solubility Test
1 A B
+br.|)(% v
0.8
=
Z 06
[=1]
0.4
0.2
0 20 40 60 80 100 120

time (min)

Figure 5.9 Solubility of emulsion films w StA (n=3)

Statistical evaluation of solubility data were done via Design Expert Software
(with general factorial design and Anova). Pre-defined constant conditions were stirring
rate: 300rpm orbital shaker;, mfc: 1.5% m/v; dissolution media: pH=7 upw. In order to
ignore experimental errors absorbance values of film samples were individually divided
by their measured initial weight values. Factors tested in analyses were dissolution
temperature (5, 30°C);, CMC concentration of film (0, 1 % w/v), Gly concentration of
film (0, 0.7, 1 % w/v), Pegd00 concentration of film (0, 0.66 % w/v);, and wax
concentration of film (0, 3 spray), CaCO; concentration (0, 0.1, 0.15, 0.2, 0.3, 2.5 %
w/v), and dissolution time period (0.5, 1, 1.5, 2, 2.5, 15.5 hours). Addition of GLY,
cme, pegd00, wax, CaCO; and their concentration used were found significantly
effective on film’s solubility (p value < 0.05). Effects of tested dissolution temperatures
were not statistically significant. Also there were not any significant differences
between time intervals tested for dissolution. Effect of different compounds used with
combinations (interaction effect) was found significant in terms of dissolution; 1.e.

effect of gly concentration with combination of temperature factor (interaction effect of
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gly + temperature) was found significant in terms of dissolution. According to results of
dissolution test and ANOVA analyses of data, highest CaCOs concentration, and lowest
GLY concentration gave best result. But in terms of elasticity and visual properties of
film samples CaCO3 and GLY concentrations were set as 0.2 % w/v and 0.7 % w/v in
order to be used in characterization tests. According to the evaluation results of
desirability analyses, most preferable film samples were having lowest gly, highest
pegd00, highest wax and lowest Cmc concentrations. But sample having 0.7% gly,
0.66% pegd00, 1% cmc (w/v) and 3 spray wax were selected when other factors like

mechanical or gas barrier properties were considered.

5.3.4 Opacity and transmittance properties of films and artichoke by-

products

Colour property of film samples produced is important when considering
consumer acceptability of packaged final product. Also, colour of artichoke by-products
produced throughout extraction steps was also important since they indirectly affect
colour of film materials. Results of colour measurements were presented for comparison

within each other in Table 5.8.

Table 5.8 Colours of Powdered Samples

Sample name n L* a* b* Hue Angle Chroma
Dewaxed Artichoke 64.18+ | 327+ | 1813+
Leaf Powder o 0.3428 | 0.0541 | 0.1625 1LE=0noed | leaaE D.leow
Artichoke Leaf 59.23+0. | 2.3£0.16 | 16.79+0.
Pesdes 5 4191 76 142 1.43+0.0099 | 16.95+0.1414
Freeze dried
microfibrillated | 5 | 7000 L% [ 1066501 439, 00070 | 10.83:0.3804
7458 0.0635 3828
cellulose (deashed)
Newly synthesized 55.85+0. | 5.67£0.3 | 20.63£0.
COMC 4 6363 002 5644 1.3+ 0.0095 21.4+0.6054
Na-CMC ( from 92.28+0.| -147+ | 6.29+
Aldrich) *| " vegs | oosas | oo | FEH0000 | GAGHOIS00

By looking to L* values of samples effect of different treatment steps on colour of
artichoke by-products could be observed. For example, effect of dewaxing on lightness and

greenness of artichoke leaf powders by looking at ¥, b* values. Also lightness and yellowness

value of MFC samples and how MFC sample’s colour is close to white could be observed
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from presented data. Also colour index of CMC and NCMC could be compared via L*,
a*, b*, Hue angle and Chroma and was the colour difference between Na-CMC and
CMC synthesized from artichoke leaves (NCMC) significant.

Colour of various dried film samples were observed with CIELAB parameters,
both from rough and bright sides of film samples in order to draw a conclusion about
transmittance property of film samples. Hue angle values of film samples were
calculated, results were presented in Tables E.1, E.2, E.3. Also whiteness index and
chromacity values were calculated and presented in Appendix E.

Effect of film composition and film surface on colour properties was studied.
Measurement parameters were L*, a*, b*, C* values. Measured data were also analysed
statistically with ANOVA. Most desirable film samples were also extracted in terms of
colour and opacity properties from the data obtained in ANOVA.

Each of measured 1*, a*, b*,6 C* wvalues for film samples were found
significantly different (p value < 0.05). The models that were constituted with ANOVA
data of general factorial design developed for each colour parameter of different film
materials were evaluated significant due to their F-values. F-values for each colour
parameter (L*, a*, b*, C*) were 65.06, 390.37, 298.92, 289.10 in turn. R-Squared
values for the models were acceptable at least having value of 0.97.

In desirability evaluation target values have selected for colour attributes of
film samples. For I* and C* values highest values set as most desirable and then for a*
and b* values “0” value were set as most desirable result in determination of most
prefarable film sample. In Tables 5.9 and 5.10, desirability values for film samples
(films were grouped into simple and mix according to the number of the components
they contain; simple films contain aqueous solution of one or two compounds while mix
films could contain aqueous solution or emulsion of many) in terms of colour properties

(average of L*, a*, b*, C* parameters) were aligned.
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Table 5.9 Desirability list in terms of colour of simple films

Surface Type L= a* b* C* | Desirability
br mfc 5223 ] -0.68 | 8.43 8.14 0.56
br artlp 66.54 | 2.08 | 13.61 | 13.77 0.56
br mfc 1% 5054 | -047 | 5.22 | 5.24 0.55
br diluted mfc 48.95 1 -0.10 | 3.81 | 3.82 0.54
ro mfc 4580 | -0.76 | 6.88 | 7.34 0.52
ro diluted mfc 48.99 | -0.54 | 3.87 | 391 0.51
ro mfc 1% 48.87 | -0.47 | 3.57 | 3.62 0.51
br mfc-gly 4148 | 115 | 1211 | 1218 | 050
1o mfc-gly 37.09 ( 042 | 7.83 | 7.82 0.50
br cme-gly sonicated | 48.52 | 030 | 2.18 | 2.20 0.47
br mic pulp precipitate | 37.64 | -0.32 | 4.70 | 4.72 0.46
br wax sprayed mfc 60.07 | -1.62 | 10.39 | 10.52 0.44
ro diluted mftc + gly 4542 | -0.72 | 239 | 2.50 0.43
br diluted mfc + oly | 42.73 | 029 | 1.65 | 1.68 0.41
ro wax sprayed mic 6399 | -1.77 | 978 | 994 0.40
1o mfc pulp precipitate | 35.50 | -0.35 | 2.88 | 2.90 0.40
1o artlp 5461 | 3.67 | 14.83 | 15.28 0.40
ro cme-gly sonicated | 44.70 | -0.21 | 1.25 1.27 0.29
br mfc pulp supematant | 33.46 | -0.12 | 1.67 1.67 0.35
1o mfc pulp supernatant | 29.98 | -0.27 | 1.51 1.54 0.29
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Table 5.10 Desirability list in terms of colour of mix films

Surface Type L= a* b* C* | Desirability
br mfc-cme-sta-gly-wax 44351 -0.02 | 3.68 | 3.68 0.52
br mic-cme-sta-gly-wax 44.68 | 0.10 | 3.54 | 3.54 0.51
br mfc2-cme-sta-gly-tw80 (diluted) 38.53 | -0.27 | 6.64 | 6.38 0.49
br mfc-cme-pegd00-5% wax 4271 0.02 | 3.125 | 3.13 0.49
10 mfc-cme-pegd00-5% wax 4214 1 -0.03 | 3.18 | 3.18 0.48
ro mifc2-cme-sta-gly-tw80 36.03 | 0.01 | 1227 | 1232 0.48
br mfc-cme-gly-pegd00-wax —(40ml) | 44.55 | -1.09 | 6.40 | 6.21 0.46
br mic-cme-pegd00-1% wax 43.45 | -0.03 | 2.09 | 2.09 0.45
br diluted mfc-cme-chi-gly-peg400 41.07 | -0.65 | 3.83 | 3.57 0.44
br mfc-cme-sta-gly-tw80 -(40 ml) 41.63 | -0.94 | 3.88 | 4.26 0.44
br diluted mfc-cme-chi-gly-pegd400-wax | 40.28 | -0.76 | 4.32 | 4.04 0.44
br mfc-cme-chi-gly-peg400 4347 | -136 | 811 | 8.76 0.44
br mifc-cme-sta-gly-tw80 -(30 ml) 41.24 | -1.00 | 494 | 4.74 0.43
br mfc-cme-pegd00 4927 -0.09 | 1.39 | 1.39 0.43
br mic-cme-pegd00-4% wax 42251039 | 222 | 226 0.43
o mfc-cme-pegd00-4% wax 41.88 | -0.38 | 2.27 | 2.30 0.43
br mic-cme-pegd00-2% wax 4176 | 037 | 226 | 2.29 0.43
10 mfc-cme-pegd00-3% wax 41.72 | -0.60 | 2.47 | 2.54 0.42
ro mfc-cme-sta-gly-wax 4167 ] 0.01 | 1.75 1.75 0.42
1o mfc2-cme-sta-gly-tw80 (diluted) 34.00 | -0.33 | 4.12 | 4.30 0.42
ro mfc-cme-sta-gly-wax 4069 | 0.06 | 1.81 1.81 0.42
br mfc-cme-gly-pegd00-wax (30 ml) | 43.54 | -1.28 | 538 | 5.02 0.42
br mic-cme-sta-gly-tw80 (diluted) 4137 | 049 | 245 | 2.27 0.42
br mfc-cme-pegd00-3% wax 41.74 1 -0.52 | 2.04 | 2.11 0.41
1o mfc-cme-pegd00-2% wax 3984 1 028 | 1.88 | 1.90 0.40
ro mfc-ome-sta-gly-tw80 (30 ml) | 35.71 | -0.75 | 3.22 | 3.64 0.40
ro mfc-cme-pegd00-1% wax 39.17 1 0.03 | 1.52 | 1.52 0.39
ro mfc-cme-gly-pegd00-wax -(30ml) | 39.68 | -1.36 | 4.76 | 5.12 0.39
ro mfc-cme-sta-gly-tw80 (40 ml) 37.51 | -1.09 | 2.85 | 3.67 0.39
ro mfc-cme-gly-pegd00-wax (40 ml) | 38.16 | -1.17 | 4.45 | 388 0.38
br diluted mfe-cme-gly-pegd00-wax | 35.98 | -0.39 | 1.62 | 1.57 0.35
ro mfe-cme-chi-gly-pegd00 3720 | -1.53 | 5.32 | 537 0.34
ro mfc-cme-sta-gly-tw80 (diluted) 3633 [ -0.18 | 1.14 | 1.16 0.34
br mifc2-cme-sta-gly-tw80 4164 | 0.72 | 16.68 | 16.72 0.33
o diluted mfe-cme-chi-gly-pegd400-wax | 31.38 | -0.18 | 1.09 | 1.27 0.30
0 mfc-cme-pegd00 4254 | 0.17 | 0.46 | 049 0.29
ro diluted mfc-cme-chi-gly-peg400 32.11 | -0.24 | 1.01 | 0.98 0.28
10 diluted mfc-cme-gly-pegd00-wax | 32.24 | 0.02 | 0.29 | 0.32 0.20
br cme-gly-tw80-sta 33.62 | 027 | -0.20 | 0.27 0.15
1o cme-gly-tw80-sta 32,69 | 0.10 | -0.29 | 0.44 0.15
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5.3.5 Size distribution and morphology

In order to evaluate the size distribution profile roughly, samples were directly
taken to the PCM and tried to have images proving existence of micro fibrils at different
focusing lenses and magnifications. There were clear and detectable fibril like structures
in most of the samples, but for a quantitative evaluation about dimensions of fibrils,
dilutions were needed prior to imaging. In Figures 5.10, 5.11, 5.12 interior structure of
cellulose pulps treated with supermasscolloider are presented.

Pulp, supernatant of pulp and precipitate of pulp phases of MFC fibers’
dimension data was presented in Table 5.11. Smallest dimension data were observed in
supernatant phase (which was fully soluble in water) of MFC pulp obtained.

There were detailed findings about size distributions of cellulose microfibers
obtained from supermasscolloider treatment in Tables 5.11 and 5.12. That’s why in this
study only 3 different phases of MFC fibers’ dimension data was presented.
Precipitation was applied during thawing of freezed MFC and 3 parts obtained from this
application; one part taken without precipitation operation (pulp), one part-supernatant
of the MFC and the other-precipitate of mfc pulp. Their dimensions were presented in
Table 5.11, while their pictures taken by PCM were presented in Figures 5.10, 5.11,
5.12. Dimension calculations were done with the help of DPW2 software of PCM.

Table 5.11 Average dimensions of cellulose microfiber pulps (um)
Sample name Width (pm) | 1 Height (pm) n
Mfc pulp supernatant | 48527301 |126| 6526263.1974 | 113
Mfc pulp precipitate | 19.3 =11.7602 [339] 165.08 +115.7324 | 225
Mfc pulp 15.5746.5182 | 72| 146.86+87.9269 | 60

In Figures 5.10, 5.11, 5.12 interior structures of MFC samples were shown at
different magnification ratios. Size calculations for microfibrils within solution were
applied at 40x magnification. Colour of MFC solutions are generally creamy bright
yellow, due to different magnification ratios the colour of filter used change background

image of the sample, that’s why colour of different samples varies.
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CL-10x CL3-10x CL3-D-10x

CL1-4D-10x CL1-4D-4x CL1-40x

CL2-10x CL2-ATD-10x CL2-4D-40x

Figur 5.10 PCM images for microfibrillated cellulose samples for 4x, 10x, 40x
magnifications?

Also interior morphology of ALP-15 and MCLP-3 samples were tried to be

investigated by PCM, too. Fibril like structures were observed in ALP-15, but fibrils in

MCLP-3 sample could not be clearly detected by PCM even at 40x or 100x

magnifications.

2 CL, CL3: cellulose microfibril pulp,CL2: deashed cellulose microfibril pulp;4D, 4TD:4 times diluted
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Artl5-10x

Figure 5.11 PCM images of 10x magnified artichoke leaf microfibril, 40x and 100x
magnified microfluidized cellulose microfibril solution from left to right

4 T.D. microfibrillated cellulose pulp | 4 T.D. microfibrillated cellulose pulp
20X magnified precipitate 10X magnified
Figure 5.12 Microscopic images of cellulose microfibers

In order to evaluate infrastructure of samples before any dehydration treatment
applications, Zeta sizer instrument was tried to be used. Trials with Zeta sizer did not
give accurate information in the case of most of the samples, but the data of MCLP-3

sample was shared since there was not a better indicator in terms of liquid/not treated

form of MCLP-3, results presented in Figure 5.13.
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Figure 5.13 Size Determination of microfluidized cellulose microfibril with Zeta-sizer

Films produced were characterized in different means and properties. In Figure

5.14 10X and 20X magnified images of mfc film was presented, that were taken by

PCM. There were pictures taken by optic microscope, too. Since films were

semitransparent, data was too bright to be able to present.

Bt i 7

ofibrillated cel

Micr

lulose 10x magnified

1.“';‘

£

Microfibrillated cell

ﬁlose 20

X r;lagniﬁed

Figure 5.14 Microscopic images of dry micro fibrillated cellulose films

Table 5.12 Size distribution of emulsion droplets of films (average values)

avg + avg +

Codg stddev (Lm) n Code stddev (um) r

Mfc pulp supernatant 59.76 +
film 2684093 |81 MFC film 23 87 29

Mfc pulp supernatant 5533 +
flm 1.67+0.75 | 14 MEFC film 26.07 51
Mfc pulp precipitate film | 7.27 £5.77 | 45 | Emulsion mfc film | 4.03+3.92 | 38
MEC film 45=182 |78 | Como-gly-sonicated- | 55, 607 | 14

10 times diluted
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Again PCM images were taken from film solutions in order to be able to detect
and quantitate emulsion formation in film solutions. In some of the films solution micro
sized emulsion droplet were observed. Droplet size measurement was done with
DP2BSW software and results for some of the films were presented in Table 5.12.
Results presented in Table 5.12 give information about dimension of cellulose
microfibrils in film solution (after mixed with other film additives and treated with
related methods i.e. sonication) different from Table 5.11.

PCM images of film solutions at different magnification ratios and with different

light filters (causing colour variations in images) were presented in Figure 5.15 below.
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e

- .
10x magnified | 40x magnified emulsion film with mfc-cme-
sta-tw80

microfibrillated cellulose pulp

artlp 10x

cme- gl sonicated 10 ties diluted 40x mic-gly-grinded-sonicated 10 times
diluted 40x

mic-cme-sta-tw80-gly-wax 10x mic-wax-tw80-sta 10x

Figure 5.15 Microscopic images of film solutions at 4X, 10X, 40X magnifications
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Morphology of extracted cellulose fiber was investigated in advance with SEM
at 100x and 1000x magnifications, (Figure 5.16). Electron microscope images were
especially taken in order to observe effect of supermasscolloider/homogenizer
treatments on fiber’s morphology clearly. Both of the information from previous
sources or previous film formation trials in this study, no successive result was present
showing film forming ability of cellulose in DW or ETOH. By fine grinding operations,
it was tried to modify suspended structure of cellulose in DW into a promising hydro
gel/ homogenous pulp form. Film trials conducted under controlled conditions and
vacuum packaging applications with fresh cut vegetables could give clearer and more
precise evaluation for a successful fibrillation application.

In SEM images of cellulose fibers, no micro fibril like structure was observed

neither 100x nor 1000x magnifications as can be seen in Figure 5.16.

Fie 5.16 SEM iage of eluloser, 100x and 1000x rectively.

For determination of nano dimensioned fibrils, samples were tested with SEM
and AFM instruments. Since these instruments do not let to examine the liquid samples,
different dehydration methods were tried in sequence (Table 4.3) in order to get more
precise data considering size and morphology.

Initially, samples were dehydrated simply in an incubator and taken for analyses.
But results showed that, oven drying was not an 1deal technique, since slow evaporation
during dehydration process could let a significant agglomeration of micro fibrils. Thus,
freeze drying technique was also applied. From the SEM images of lyophilized samples,
it could be possible to observe micro fibrils in some parts of samples and their
dimensions could be fortunately calculated (Table 5.13).

In Figure 5.17 morphology of spraydried and freezedried microfibrillated

cellulose samples were presented to be compared.
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Figure 5.17 SEM images of dry cellulose micro fibrils: freeze dried (left) 25000x
magnified and spray dried (right) 10000x magnified

Predicted homogenous fibrillated structure could not be observed since then.
Therefore spray drying technique was also carried out as an alternative method.
Samples prepared with different methods were illustrated in Table 4.3 and also
equipment used was shown in Chapter 4 and Figure 4.4. In Figures 5.18 and 5.19
below, SEM images of cellulose microfibrils were shown. Fibrils could be detected
from their thin, long, rodlike structure from magnifications applied at 500 x, 1000x,
2500x, 5000x, 10.000x, 25.000x, 50.000x magnifications.

Thin
Figure 5.18 SEM images of dry cellulose micro fibrils
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CL-3-D-y

Figure 5.19 SEM images of of 3 times diluted microfibrillated cellulose samples,
sample in 2™ lyophilized

Dimensions of cellulose micro fibrils were measured with DP2-BSW software.
Results do not present 100% accurate dimensions and do not present total distribution
profile of fibril dimensions. Calculations could be done online, since measurements
were taken manually by operator from the monitor screen attached to the microscope.

Also, dimension of micro fibrils were calculated rather sensitive via software of
SEM again while images were taken, but there might be operational mistakes in this
method, too. Table 5.13 shows the statistical evaluation of measured fibril dimensions.
AVG values were calculated for two different dimensions separately, but there were still
very high variations even within different parts of the samples.

In Table 5.13 ‘min’ and ‘max’ value terms were the measured mimmum fiber
length and the measured maximum fiber length, respectively by PCM. Only for one
dimension expressed as width (W, um) or length (L, um). ‘AVG’ values give average
of measured fiber lengths/widths separately, while ‘STDDEV’ values give measured

maximum difference from AVG value for that sample.
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Table 5.13 Size distributions of micro fibrils; calculated with the results of PCM &

SEM?
MF MFET 2 ART 15 CL1
Lum) | Wpm) | L(pm) | Wpm) | L{um) | Wum) | L(um) | W (um)
AVG 14.09 6.16 5.14 1.04 137.46 | 13.35 | 29769 | 21.63
STDDEV | 7.43 3.45 1.89 0.47 61.42 4.71 13351 | 8.14
max 21.52 9,98 8.78 1.78 | 208.11 | 21.59 | 546.66 | 45.19
min 6.66 1.11 2.77 0.53 48.48 7.67 10034 | 7.56
CL3 CL3D CL1 CL12TD
Lum) | W(m) | L(um) | W(um) | L{um) | W(pm) | L (um) | W (um)
AVG | 12115 | 1331 | 13524 | 1835 | 93.51 12.23 82.90 11.90
STDDEV | 51.57 5.09 66.67 6.67 56.14 2.01 31.24 213
max 19139 | 2213 | 30543 | 3588 | 206.13 | 1549 | 13147 | 15.25
min 59.45 3.78 51.18 9,73 29.25 8.87 46.24 8.24
CL14TD CL2 C122TD CL2 4TD
Lum) | W(m) | L(um) | W(um) | L{um) | W(um) | L (um) | W (um)
AVG | 100,60 | 1209 | 75.70 13.82 | 11025 | 13.35 | 17974 | 14.40
STDDEV | 129.41 5.24 34.33 3.54 65.05 4.45 166.67 | 4.08
max 781.66 | 2644 | 12153 | 1992 | 29769 | 2149 | 63532 | 23.77
min 30.47 5.84 33.86 8.93 33.29 4.83 33.71 6.15
CL3D-y-SEM
L (um) | W (um)
AVG 3.96 0.60
STDDEV | 0.74 0.75
max 4.68 2.26
min 2.94 0.16

Figure 5.20 shows the Sterco Zoom images of the films. Front sides of films

were observed as rough and uniform, while back sides of films (in contact with the Petri

dish) were smooth, clear and bright.

=

Figure 5.20 Stereo Zoom Microscope Imagesrfront side (a); and reverse side of film (b)

¥ MF: microfluidized microfibrillated cellulose; ART: artichoke leaf micropowder; CL,CL1,CL3:
microfibrillated cellulose; CL2:deashed microfibrillated cellulose; D:1 times diluted; 2TD: 2 times
diluted; 4TD:4 times diluted; CL3D-y-SEM: image taken by SEM 3 times diluted cellulose microfiber
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As seen from the SEM images presented in Figures 5.21, 5.22, 5.23, in general
films had uniform, homogencous and smooth structure. But in some parts of films,
formation of crystal substructure was observed; results of XRD analyses support this

case, too, that is shown in Figure 5.33.

Figure 5.21 Surface and cross section images of MFC films with SEM imaging

In Figures 5.22 and 5.23 surface (at 1000x magnification) and cross section area
(at 250x magnification) images of sclected film samples were shown. In Figure 5.22
samples shown were mfc-cmc-sta-gly-tw80-wax, mfc-cme-gly-chi-pegd00, and mfc-
cme-gly-pegd400-wax in Figure 5.23 samples shown were mfc-ncme-gly-pegd00-wax,
mifc2-cme-sta-gly-tw80-wax, mfc-cme-gly-pegd00-wax, mfc-cme-gly-chi-pegd00-wax
(from top row to bottom). The first columns cross section images and in second column
surface images were presented.

In cross scction images of film samples dense and uniform structure were
observed. And in surface of film samples any hole was not observed, but surfaces of

films were wavy (not absolutely smooth).
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Figure 5.22 Surface and cross section images of MFC films with EM Imaging
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Figure 5.23 Surface and crss section images of MFC films with SEM imaging
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In each of AFM images, shown in Figures 5.24 and 5.25; 1% column gave
information about the height distribution within the sample surface (taken from 25um?
surface area); 2" column gave data about distribution of different phases and 3™ column
give information about amplitude data of sample.

First column of AFM images give idea about surface smoothness of film
samples by presenting average height differences from baseline of that surface. In
Figure 5.24 average height of wavy structure on film surface was calculated as 500nm
for both 2 times diluted/not diluted MFT films. In Figure 5.25 average height of wavy
structure on film surface was calculated as 200 nm for both not diluted/2 times diluted/3
times diluted MFT films.

Samples look homogenous according to phase images and the amplitude signals
did not enough to give a quantitative idea about the shapes of the samples. But in

comparison, shapes of each sample look similar from their amplitude images.

Figure 5.24 AFM images of 2 times diluted (1¥ row/above) and not diluted
microfluidized cellulose microfibril films
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in 2 and 3" rows

5.3.6 Determination of bond structure

Alkaline treated artichoke leaves were dehydrated and obtained CF structure was
tested in FTIR by comparing spectra of CF with cellulose standard (micro granular,
Sigma C-6413). Results prove similarity of extracted cellulose fibers with cellulose
standard, structural similarities/differences was discussed n this section; FTIR diagrams
of powdered samples were given in Figure 5.26 and 5.28. Results were evaluated with

PCA-X model; differences could be detected from Figures 5.27 and 5.29 for score plot
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from PCA. Effect of deashing step on purity of cellulose was found to be positive, but
there was not any evidence about its significance and also its necessity for the final
product evaluation in this thesis which should be considered in detail.

FTIR spectra of samples could be examined; similarity ratios of each different
compound could be easily observed in Figure 5.26; Cellulose fiber (a), Artichoke leaf
(b), synthesized CMC (c), freeze dried + synthesized CMC (d), freeze dried +
synthesized CMC 2ndary batch (e), New CMC Un Dissolved (NCU2) (f), New CMC
Un dissolved (NCU2) 2ndary batch (g).
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Figure 5.26 FTIR Spectra of Cellulose and Cellulose Denivatives.

Degree of substitution of a polymer is the (average) number of substituent
groups attached per base/monomeric unit, and mainly used in cellulose chemistry
(Kroschwitz 2004). DS shows yield effectiveness of synthesis reaction from cellulose
fibre to NCMC. Degree of substitution values (DS) for synthesized CMC samples and
related fractions were calculated from the FTIR data with the help of formula stated in

Eqg. 3.1 below. Results of calculations were presented in Table 5.14.

DS ret = Arsos / Azozy DS abs = 0.4523 * DS ral (3.1)
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Table 5.14 Degree of substitution values for synthesized CMC samples and related

fractions
Sample CL2 LF2 NC2 NCF1 NCF2 NCU2 NCUU1
freeze dried freezi dried New NeWUiMC
content Cellulose | artichoke | synthesized - synthesized | CMC Un | dissolved
fiber leaf CMC synthesized :
CMC CMC2nd | Digsolved| 2ndary
batch batch
DS absg 0.4510 04156 0.5574 0.4891 0.4375 0.4538 04187
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Figure 5.27 Score plot from PCA for FTIR data for cellulose derivatives

Result data of PCA were clustered in order to differentiate cellulose derivative
products clearly and wvisibly. Differentiation was meanigful, ie. NCF2 sample was
definetely different from all samples tested in overall. While samples CL.2 and NC2
show similar bond structure. LF2 and NF2 show similar chemical structure showing
ineffective synthesis/extraction process.

In Figure 5.28, starting from the 2™ line in the spectra, the effect of
purification/separation steps on characteristic peaks of cellulose; 6% line (CPF, most
purified one, final product) gave most similar spectrum with CL'S (3™ line).
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‘_ Figure 5.28 Comparison of FTIR spectra of GDL, ARTLP, CLS, CF, DCF, and CPF
(Starting from below line to the above)*

Additionally, results evaluated with PCA and differences among samples could
be observed from score plots in Figures 5.27 and 5.29.

In drawal of score plot from PCA data, 1% and 2™ principal components ( t[1]
and t[2] ) were selected since their Eigen values are bigger than 1, and they gave most
meaningful presentation for result data. The score t1 (first component) explains the
largest variation of the X space, followed by t2 etc. Hence the scatter plot of tl vst2isa
window in the X space, displaying how the observations are situated with respect to
each other (Umetrics-AB 2013).

In HCA, result product is a dendrogram that represents the relationships of
similarity among a group of entities. The height of the vertical lines indicates the degree
of difference between branches. The longer the line means the greater the difference.

The horizontal orientation of dendrograms is irrelevant (Drout and Smith 2012).

4+ GDL; glucano delta lactone, ARTLP; artichoke leaf micro powder, CLS; micro granular cellulose
(cellulose standard), CF; cellulose fibril, DCF;, deashed cellulose fibril, and CPF; cellulose pulp film
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Figure 5.29 Score plot from PCA for FTIR data for powdered ]_:Jroduots5

Samples MFC1 and MFC2 was not totally similar in terms of their bond
structures, while interestingly films casted from these products via addition of gly

showed near completely similar bond structure as measured in FTIR spectra.

>Cmffemf7: cellulose microfibrils, demf: deashed cellulose micrefibril; afb: artichoke leaft ccl: cellulose
fibril, cma: granulated micro cellulose, CS: cellulose standard, c2etr: deashed cellulose fiber, mfc1/mfc2:
microfibril cellulose; mic+gly: film sample, gdl: glucanodeltalactone.

93



Additionally, interior chemical bonds of ath was found significantly different from the
other powdered samples (1.e microgranular cellulose) and products (1e. microfibrillated
cellulose).

Smee usage of standard FTIE mstrument was not applicable encugh to
differentiate film samples produced, FTIR-ATR was applied to film samples, seperately
components used mn film formation in liquid form There were 32 different samples
tested (cbservations), that’s why grouping samples tested was necessary i order to
understand and present the results clearly. SBamples were grouped as adsorbent, extract,
standards, control films, emulsion films, and films with chitosan. Sarmples were both

evaluated seperately and as in groups.
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Figure 5.30 Score plot from PCA of FTIR-ATR data for film samples and film
components in solution form

Detailed diagrams of samples were illustrated in Figure B.1 1n Appendix B. For
further examination, Table B. 1 (for ATR-FTIE peak assignments of artichoke fiber) and
Table &.1 (for characteristic FTIR peaks assignments and their assignments to related
bond type for cellulose) could be seen in Appendix A and B.
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Figure 5.31 Dendrogram for HCA of FTIR-ATE data for filrﬁ éamples and film
components in solution form

From Figure 5.31 (clustering analysis), it could be concluded that plain standards
tested showed completely different pattern from all other film samples and extracts in
their ATE spectra. The standards were also significantly different from eachother as
expected.  Peaks of wax samples for etther extracted in EtOH or DW: EtOH gave
almost identical character, this means there is no posttive or negative effect of DW
usage in extraction fraction  Chemical structure of lignin molecule 1s completely
different from rest of the compounds. Chitosan films prepared without acetic acid
addition were very similar with diluted aquecus solutions since solubility of chitosan in
DW 15 very very low. Lignin and the phase seperated in deashing cperation was also
found similar. In overall all film samples show similar bond structures except emulsion
films prepared with St& . Similar pattern in ther bond structure means they have similar

chemical structure.
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5.3.7 Determination of crystal structure

In Figure 5.32 X-ray diffraction peaks for CMC and NCMC samples were
compared in first plot, in general crystallinity patterns of CMC and NCMC were found
similar. In second plot a more sensitive diagram (by decreasing time/step during

measurement to detect sharp peaks more accurately) for NCMC were shown.

5 15 25 35 45 55
Angle (20)
NCMC
5 15 25 35 45 55
Angle (20)

Figure 5.32 XRD plot for Na-CMC; New CMC; New CMC-P

Results of X-ray diffraction analyses for cellulose fiber, microfibrils and
artichoke microfibrils were presented in Figure 5.33 below. From plot similar points
and differences in crystalline structure of powders produced from artichoke wastes with

mass colloider, freeze drying, oven drying treatments.
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—cellulose microfibril precipitate
{ —artichoke microfiber

deashed cellulose microfibril

—cellulose microfibril

cellulose fiber

5 15 25 35 45 55
20

Figure 5.33 XRD diagrams for cellulose micro fibril precipitate, artichoke micro fiber,
deashed cellulose micro fibril, cellulose micro fibril,
cellulose fiber (from upper to lower)
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Figure 5.34 Score plot for PCA model of XRD results of powdered products®

5 Cmf/cmf7; cellulose microfibrils, demf: deashed cellulose microfibril; afb: artichoke leaf; ccl: cellulose
fibril, ecma:granulated micro cellulose, CS: cellulose standard, c2gtr: deashed cellulose fiber, mfcl/mfc2:

microfibril cellulose; mfe+gly: film sample, gdl: glucanodeltalactone.
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Principal components were having Eigen value bigger than 1, so model developed was
substantive for discrimination of samples about crystalline structure differences. In
order to analyse similarity within samples HCA was applied. Results of HCA was gave
idea for comparison of different powdered and film samples. For powdered products;
crystalline structure of deashed cellulose microfibril completely differs from NCMC,
HMC and afb. While crystalline pattern of microfibrillated cellulose samples were
similar in between, and ncme/ cme samples were not found typically similar. For film
samples; crystallinity behaviour of plain mfc film was completely different from all
other samples. While films prepared with NCMC (instead of CMC) gave similar pattern
within eachother. Addition of both StA or chitosan into film solution, affected on the
same way and decreased crystallinity ratio and put these type of film samples into
similar crsytalline behaviour. Results of PCA analyses were shown in figures 5.34 and

5.36, also xrd specta were shown in figures 5.33 and 5.35.

1\ mfc-cme-gly-pegd00-chi
mfc-cme-gly-pegd00-wax
mfc-cme-sta-twB0-wax
mfc-cme-gly-pegd00-aq chi
mfc-neme-gly-pegd00-chi
mfc2- cme-sta-tw80-wax
mfc2-cme-sta-tw80-wax-lignin-hme

mfc
mfc-gly
mfc-ncme-gly-pegd00-chi-wax
mfc-ncme-gly-pegd00-wax
mfc2-neme-sta-tw80-wax

Intensity

20

Figure 5.35 XRD Plots of film samples
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Figure 5.36 PCA analyses of XRD diagrams of film samples’

5.3.8 Thermal characterization

Results of thermal data were processed in order to obtain dTg and DTA data.
Peaks for melting and glass transition states and decomposition were extracted from Dig
data. Thermal data for cellulose and artichoke leaf powder {AFB) powders were
presented in Figure 5.37. In afb sample has two melting peaks at 247.67°C and
322.13°C due to its complex content while cellulose sample has a melting peak at
311.73°C. degradation temperatures for afb and cellulose powders were determined as
452.45°C and 441.61°C. Thermal properties for freeze dried and spray dned

micro fibrillated cellulose samples were presented in Figures 5.38 and 5.39.

" 25 mfe-cme-sta-twal-wax, MFC70- mfe; MFCG70 mfe-gly, W-0: mfe-cme-gly-pegd 00-wax; 8-2L
mfe-cme-gly-pegdli-chi;, 8-C: mfz-cme-gly peed00-ag clu;, 26 mfel- cme-sta-bwd0-wax; 26-LH: mfc2-
ernc-sta-twh 0 -waz-lignin-hme; M-8 mfe-neme-gly-pegd 00-chi; N-16: mfe-neme-gly-pegd 00 -chi-wax, N-
26: mfe2-neme-sta-twB 0-waz; N-W-0: mfe-neme-gly-pesd 00 -was
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Figure 5.37 TGA-dtg diagrams for cellulose and AFB
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Figure 5.39 TGA-DTA diagrams for CLP1SPC, CLP1SP

From results of PCA, thermal behaviour of afb and cf were discriminated as different

from other powdered samples tested (especially based on different forms of

microfibrillated cellulose). Effect of microfibril formation was found helpful in

enhancement of thermal stability, but this process was not enough to obtain sealeble

films via usage of MFC, since melting patterns of films formed with mfe were not

applicable in lab scale thermal sealers. Presence of lignin significantly affects thermal

behaviour of films on undesirable way. There was no significant evidence on effect of

chitosan or stearic acid addition on thermal property of films. In figure 5.40 and 5.41
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detailed distrubution of samples tested through the study were schematized wia score
plots of principal components. A5 in former PCA results presented for FTIR and XRD,

Eigen values were biggerthan 1 for the principal components of the model developed.

A
100
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DCMF @ CLPISPC C Yai
= ol 2155 EHIF
s @ CMF
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50 @ afb
-100 -
i 1 94 oy . e

-200 -150 -100 .50 0 50 100 150

Figure 540 PCA for TGA results of pow dered samples®

Results of thermo gravimetric analyses showed that at a temperature range of
200-240 "°C, thermal sealmg might be maintamed conventently for the extract films. But
mifc films were not conventently sealed at any temperature tested  Examine tables C 1-5

n Appendix C.

| CLP1SP/ CLP13PC: spraydried cellulose microfibril, Cmficmf7: cellulose microfibrils, demf deashed
cellulosze micro fibril; afh: artichoke leaf, ccl: cellulose fibril, cma: granulated micro celluloze, C5
cellulose standand, c2gtr: deashed cellulose fiber, mfcl/mfc?: microfibril celluloze; mfc+gly: filtn sample,
gdl: glucanodeltalactone.
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Figure 541 PCA of Thermal Data for selected Film Samples®

? 25 mfe-cme-sta twil-wasx, MECT0: mfc; MFCG70:mfe-gly, W-0: mft-cme-gly-pegd 00 -wazx; 8-21:
mft-cme-gly-pegdl0-chi; 3-C: mft-cme-gly-pegdll-ag chi; 26: mfed- cme-sta -twil wax, 26-LH: mit2-
crne-sta twl O-wasz-lignin-hme, M-8 mfe-neme-gl y-pegd00-chi; M-16: mfe-nome-gly-pegd 00 -chi -wazz, M-
26: mfcd-neme-sta-tw 0-wasz, N-W-0: mfc-nome-gly-pegd 0 0-wax
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5.3.9 Mechanical properties of films

Addition of lignin and / or glycerol was proved to have an ability to increase
elasticity of films, while presence of HMC increased the fragility of films. Besides,
addition of CMC had improved tensile strength and toughness of films. The films
produced with the addition of CMC had more uniform and dense microstructures. In
this study mechanical characteristics of prepared films were mainly introduced by the
CMC component incorporation.

In screening tests for determination of best compositions mechanical
characteristics were used as evaluation tool. In screening different film samples due to
their mechanical properties general factorial design and ANOVA was applied.
Difference of mechanical characteristics due to MFC, GLY, STA, CMC, NCMC, Wax,
beewax, CaCO3;, HMC, and SRB content was observed. The differences between tested
film samples were found statistically significant (p-value < 0.05). F and R* values for

each mechanical term were listed below.

Force (30.16 and 0.795) Strain (14.24 and 0.6467)
Stress (23.84 and 0.7540) Strength (43.81 and 0.8492)

The results of screening tests were also used in comparison of CMC films with
NCMC films for their mechanical characteristics, again with ANOVA technique. The
differences between tested film samples were found statistically significant (p-value <

0.03). F and R? values for each mechanical term were listed below.

Force (151.81 and 0.9574) Strain (41.18 and 0.8592)
Stress (173.56 and 0.9626) Strength (159.38 and 0.9594)

Desirability of film samples from screening tests was determined according to
their mechanical properties via ANOVA data. In calculation of desirability values strain
and strength terms were selected as most critical parameters while force and stress
results considered in secondary importance. Comparison was between selected films
prepared with NCMC and CMC. The compostion of those films were predetermined in

screening tests, evaluation and selection of film composition and/or casting conditions
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were exracted from previous results on solubility and mechanical characteristics of
films. Results for desirability analyses were presented in Table 5.15. According to
average of results, desirability analysis was conducted. Most desirable film sample was
determined as “CMC-CHI-MFC-GLY-PEG400” film. There were no siginificant
differences between the tensile properties of the film samples casted with CMC or
NCMC, but there were synergistic or antagonistic effect of additives used in film
formation on tensile properties of films. There were no positive effect of HMC addition
on development of tensile strength and elasticity. Results of screening test and

comparison test was summarized in Table 5.15.

Table 5.15 Desirability values for film samples according to mechanical properties
(Screening and comparison tests)

. - Force |Strain |Stress |Strength i e
Film compeosition (kg) (%) (MPa) | (ke /m%n) Desirability
Cme-Chi-Mfe-Gly-Peg400 527 |11.71 |27.24 |0.53 0.75
Neme-Chi-Mfe-Gly-Peg400 537 |11.62 |25.11 |0.54 0.74
Cme-Mfe-Gly-Tw80-Sta-Wax 4.55 13.28 [18.59 [0.45 0.68
Cme-Mfe2-Gly-Tw80-Sta-Wax 474 19.67 |23.26 (047 0.62
Cmc-Chi-Mfe-Gly-Peg400-Wax  [4.06  [9.39 [27.104 |0.41 0.59
Mfc- Gly- Sta-Cmce 4.53 11.88 [29.64 |0.45 0.47
Neme-Gly 2.04 |16.56 3995 |0.26 0.39
Mfc 3.71 7.065 [20.45 |0.46 0.35
Neme-Mfe2-Gly-Pegd400-Wax 2.02 |5.67 |11.95 |0.21 0.24
Neme-Mfe-Gly-Tw80-Sta-Wax 1.4 6.86 16.96 0.14 0.19
Cme-Gly-Sta 0.9 14.03 [16.24 |0.11 0.19
Mfe-Gly- Sta- Wax- Beewax 1.204 |8.56 |9.86 0.13 0.16
Mfe- Gly 0.97 |871 ]9.024 |0.13 0.15
Neme-Mfe-Gly-Pegd400-Wax 0.84 |6.04 [4.11 0.08 0.1
Mfe- Gly- 0.15% w/v CaCOs3-Cme [0.73  |6.74 |5.733 |0.08 0.096
Mfe- Gly- 0.2 % w/v CaCO3-Cme |0.56 544 |[3.298 |0.059 0.059
Hme-Cme-Gly 0.34 |264 |7.142 |0.011 0.055
Neme-Chi-Mfe-Gly-Pegd400-Wax  [0.6 418 |[2.78 0.06 0.04
Hme-Cme-Srb 093 |246 |17.4 0.009 0.037

With selected film samples an optimization study was carried out according to their
mechanical properties in order to compare effect of casting volume (indirectly film
thickness) and film composition on preferability of those films. Four different
compositions and three different casting volumes were applied in tests. Results for

mechanical analyses for optimization trials were shown in Table 5.16 below, results
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presented in form of AVGSTDDEV. In first column of the table 5.16, detailed

information about film composition and casting volume were stated.

Table 5.16 Optimization study (effect of film thickness on tensile properties)

Samples Force (kg) | Strain (%) (Sl\t/;;fs ?l:;z:lg;ll)l
Mfec-cme-gly-peg400-chi-
20ml 1.62+ 017 | 768 +131 | 6.56 + 1.04 0.16 + 0.03
Mfec-cme-gly-pegd00-chi -
30ml 1.95+0.18 | 9.51+2.7 6.38 + 0.6 0.2+ 0.02
Mfec-cme-gly-pegd00-chi-
40ml 2.62+038)| 1037+276 | 7.44+ 1.67 0.33 + 0.07
Mfc-cme-gly-pegd00-chi-
wax-20ml 0.78£ 0.1 | 8.17+1.71 | 3.16+0.44 | 0.078+0.01
Mitc-cme-gly-pegd00-chi-
wax-30ml 1.03+£0.14 | 877+1.14 | 3.39+£0.48 0.1+0.01
Mitc-cme-gly-pegd00-chi-
wax-40ml 1.28+0.21 | 951+£1.17 | 3.42+£0.52 0.13 £ 0.02
Mfc-cme-sta-gly-tw80-wax
-20ml 1.25£0.32 | 15.42+£3.31 | 11.15+£2.88 0.13£0.03
Mfc-cme-sta-gly-tw80-wax
-30ml 3.92+1.74 | 9.93£3.05 | 32.6+14.72 0.48+0.22
Mfc-cme-sta-gly-tw80-
wax-40ml 5.17£1.54 | 6.03£3.26 |[30.35£10.67 0.65+£0.19
Mfc-eme-gly-pegd00-wax-
20ml 1.074£0.29 | 11.24+2.2 | 10.54+2.84 0.11 £ 0.03
Mfc-eme-gly-pegd00-wax-
30ml 1.2+0.25 12.9+3.37 9.45+2.12 0.12+ 0.03
Mfc-eme-gly-pegd00-wax-
40ml 1.34+0.53 | 10.03+6.42 | 8.74+3.47 0.13+0.05

Strength values of films were found strongly related with composition and
thickness values of film samples. The interaction effect of these factors was also found
significant. The Model F-value of 54.56 implies the model is significant (probability of
noise is  0.01%). Composition, thickness, and their interaction are significant model
terms (p-value < 0.05). R-Squared value of the model is 0.90912.

Stress values of films were found strongly related with composition and
thickness values of film samples. The interaction effect of these factors was also found
significant. The Model F-value of 43.17 implies the model is significant (probability of
noise is  0.01%). Composition, thickness, and their interaction are significant model
terms (p-value < 0.05). The “R-Squared” of 0.887823 fitting good for that model.

Strain values of films were found strongly related with composition values of

film samples. But effect of thickness values on strain were found in significant. The
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interaction effect of these factors was found significant. The Model F-value of 6.05
implies the model is significant (probability of noise is 0.01%). B, AB are significant
model terms (p-value < 0.05), while effect of thickness on strain value is not significant.
R-square value of the model is 0.525982.

Force wvalues of films were found strongly related with composition and
thickness values of film samples. The interaction effect of these factors was also found
significant. The Model F-value of 51.17 implies the model is significant (probability of
noise 0.01%). Composition, thickness, and their interaction are significant model terms
(p-value < 0.05). R-Squared value of the model is 0.90368. Mechanical properties of
films studied for optimization for effect of compostion and thickness were aligned
according to their desirability.

Addition of chitosan or wax into "Mfc-cme-gly-pegd400" film did not have a
significant effect of tensile property of film. Usage of peg400 component was decreased
the maximum force applied for tearing the film product, results were comparable from

Tables 5.15 and 5.17.

Table 5.17 Desirability values for film samples according to mechanical properties

(Optimization test)
Force | Strain | Stress | Strength
Film Type (kg) | (%) |[(MPa)|(kg/mm) | Desirability

Mfc-cme-sta-gly-tw80-wax-40ml 6.83 8.82 | 4232 0.85 0.57
Mifc-cme-sta-gly-tw80-wax-30ml 432 | 11.33 | 36.94 0.52 0.48
Mifc-cme-gly-pegd00-chi-40ml 2.88 | 11.28 | 8.15 0.36 0.23
Mfe-cme-gly-pegd00-wax-40ml 1.81 | 1322 | 11.85 | 0.18 0.19
Mfc-cme-sta-gly-tw80-wax-20ml 1.38 | 16.65 | 12.28 0.14 0.16
Mfc-cme-gly-peg400-chi-30ml 204 | 1046 | 6.64 0.20 0.15
Mfc-cme-gly-pegd00-wax-30ml 1.30 | 14.19 | 10.43 0.13 0.13
Mfc-cme-gly-pegd00-chi-20ml 1.65 | 797 | 691 0.16 0.11
Mfc-cme-gly-pegd00-wax-20ml 1.17 | 10.20 | 11.44 0.12 0.10
Mfc-cme-gly-pegd00-chi-wax-40ml 1.38 | 9.77 | 3.63 0.14 0.06
Mfc-cme-gly-peg400-chi-wax-30ml 1.09 | 873 | 3.58 0.11 0.04
Mfc-cme-gly-pegd00-chi-wax-20ml 0.85 | 845 | 3.38 0.08 0.02

In sample “Mfc-cme-sta-gly-tw80-wax™ there were no significant difference on
tensile properties of thickest and medium thick films, while strength of thinnest film
was significantly and unexpectedly low. For other film samples effect of thickness on

strength values were directly proportional.
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5.3.10 WVTR test

WVTR values were calculated from the formula tabulated in eq. 4.6 in section
4.4.12. Average results with their standard deviations were presented in Table 5.18.
Results of WVTR analyses were also evaluated statistically with ANOVA. F-value of
45.44 implies the model was found significant (with 0.01% mistake ratio). Effect of
film composition on WVTR values of samples are significant according to p-value of

the model tested. Results of ANOVA were summarized in Table 5.19 below.

Table 5.18 WVTR values (g/day*cm?) of some selected films (n=3)

WVTR (g/day*cm?)

Sample avg | = | stdev
Control- (bottle lid) 0.000 | = | 0.0002
sonicated mfc 0.075 | + | 0.0058

MFC 0.051 [+ | 0.0113
MFC-gly 0.050 | + | 0.0104

sonic cme-gly-sta-tw80 Weain 0.014 | = | 0.0048
sonic cmce-gly-sta-tw80 Wioss 0.046 | = | 0.0096
0.15%CaCOsz+mfc 0.067 | = | 0.0048
0.2%CaCO;+mfc 0.079 | = | 0.0048
Mifc-cme-gly-pegd00-wax 0.051 |+ | 0.0122
Mifc2-cme-gly-pegd00-wax 0.045 | = | 0.0027
Mfc2-cme-gly-sta-wax-tw80 0.045 | = | 0.0018
Mfc2-cme-gly-sta-wax-tw80-lignin-hme | 0.011 | = | 0.0006
cme-chi-mfe-gly-peg400 0.039 | = | 0.0053
cme-aq chi-mfc-gly-peg400 0.072 | = | 0.0117
cme-chi-mfe-gly-pegd00-lignin 0.006 | = | 0.0003
Cme-chi-mfe-gly-pegd00-wax 0.038 | = | 0.0083
cmgc-aq chi-mfe-gly-pegd00-wax 0.073 | = | 0.0050
Neme-mfc-gly-peg400-wax 0.069 | = | 0.0147
Mfc-neme-sta-gly-tw80 0.064 | = | 0.0043
Mfe2-necme-sta-gly-tw80 0.067 | = | 0.0110
ncme-chi-mfe-gly-pegd400 0.053 | = | 0.0110
ncme-chi-mfe-gly-pegd400-wax 0.051 | = | 0.0100
Mfc-cme-sta-gly-tw80 0.048 | = | 0.0124

Usage of lignin or hme instead of wax or chitosan was found helpful for
development of water vapor resistance, while all of the components stated were

thereotically useful for increasing hydrophobicity.
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Table 5.19 Analysis of variance table for WVTR results of film samples

Source SS df | MS F Value | p-value

Model 0.054 |22 [0.0025 |45.44 <0.0001 |significant
A-film 0.054 |22 [0.0025 |45.44 <0.0001

Pure Error [0.0062 | 115 | 5.38E%

Cor Total ]0.06 137

The "Pred R-Squared" of 0.8514 is in reasonable agreement with the "Adj R-
Squared" of 0.8771 and R-Squared of 0.89683. Adeq Precision value “24.668” indicates

the model can be used to navigate the design space. Film samples were evaluated for

their desirability in terms of WVTR characteristics, values closer to 1 gives most

desirable sample while values closer to 0 gives least desirable film sample, (Table 5.20).

According to results of desirability test applied with ANOVA data, most preferable film

in terms of WVTR properties was determined as “cme-chi-mfc-gly-pegd00-lignin™ film.

Table 5.20 Desirability of different film samples according to their WV'TR values

Film Desirability | Film Desirability | Film Desirability
cme-chi-mfe-

gly-pegd00- 0.996 Mfe2-cme-gly- |0.460 Mfe2-neme-gly- [ 0.237
lignin sta-tw80 sta-tw80

Mfte2-cme-gly-

sta-tw80-lignin- |0.930 0.446 0.210
hme mic 0.15%CaCOs+mic

sonic cme-gly- neme-chi-mfec- Mife-cme-gly-

sta-tw80 Wgain Uebd gly-pegd00-wax Rl pegd00-aq chi 0167
Mfe-cme-gly- Mfc-cme-gly- cme-chi-mfe-gly-
pegd00-chi-wax 0.624 pegd00 0.438 pegd00-wax 0.123
Mifc-cme-gly- neme-chi-mfec-

pegd00-chi 0.611 gly-pegd00 0.423 sonic mfc (1118) 0.105
Mfe2-cme-gly- Neme-mfe-gly-

pegd00 0.495 pegdl0-wax 0.357 0.2%CaCOs+mfc 0.062
sonic cme-gly-

sta-tw80 wige 0.487 Mfe-gly 0.253

Mfec-cme-sta- Mfe-neme-gly-

aly-tw80 0.464 <ta-tw80 0.243

5.3.11 OTR test

Film’s barrier properties were determined via their gas transmission rate values.

CO: transmission rate of Na-CMC-(lignin +hemicellulose) fraction film was measured
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as 68 ml/m” day, while O, transmission rate was measured as 77 ml/m? day. In order to
determine effect of different factors (type and concentration of film forming material or

plasticizer); oxygen transfer rates were observed, and given in Table 5.21 below.

Table 5.21 Oxygen Transfer Rates [(OTR); (ml/m2*day) (23°C / 0% RH)] of selected
films with different contents

Films OTR Films OTR
cme 9.08 cme+2.8% (w/v) hme 11.44
cme+2% (w/v) xylan 12.75 cme+(lignin+hmc) fraction 43
cme+2% (w/v) hme 12.28 | eme+lignin+1% (w/v) hme + wax | 30.51
cme+1.5% (w/v) hme 9.4 | ecmct(ligninthmetwax) fraction | 19.11
mfc + 0.15%caco; - sonicated mfc + gly 1920
mfc + 0.2%cacos - sonicated mfc +eme (45°¢) -
mfc - ncme-mfc-gly-pegd00-wax 171.02
Mfc-chi-cme-gly-pegd00 | 1310 Mifc-cme-gly-pegd00-wax 847
Mfc-ncme-sta-gly-tw80 | 262 Mfc-cme-sta-glv-tw80 151.75
Mfc-cme-sta-gly-tw80 720 Mfc-cme-gly-pegd00-wax 2060

Products were prepared in order to measure their oxygen transmission rates in
appropriate conditions. Since there were surface problems (surface were not flat enough
to apply vacuum during analyses) in MFC and MFC + CaCOj; films, measured results
could not be presented. Also for sonicated MFCH+CMC film, imterferences were
happened with the instrument while having measurements, this case were suspected
since analysis could not equilibrated for a long period of time (may be sample bonds
oxygen within its structure). OTR values of MFC + GLY films were calculated as 1920
ml/m**day, which was an average permeability value neither low nor high, but not

much preferable for the target product.

5.4. Fresh cut treatment and packaging trials

Colour changes of freezed globe artichoke was observed while thawing within
different antioxidant solutions (with ascorbic acid, citric acid, cysteine, sodium
metabisulphide solutions and distilled water as control) and drying it in mild conditions
(35°C) in presence of a desiccant for accelerating drying rate. Results were illustrated

in Figure 5.42 to observe change in L*, a*, b* values by time separately. First 4 results
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(from t=0.5 h to t=41.5 h) considers colour information of thawing artichoke, while last
data (t= 105.5 h) present colours of dried artichoke samples. Also, numerical results for
colour variations due to different type of treatments during thawing and drying were
presented in Tables F.1 and F.2 by means of L*, a*, b*, AL*, hue angle and chromacity
parameters, also browning index of final products were calculated to observe
differences. According to results presented in figures and tables most applicable
antioxidant solution and its concentration were determined as 1 % w/v citric acid, while
results of ascorbic acid treatment gave lowest browning index values. Additionally in
Figure 5.43, images for freeze thawed artichokes - freated with different antioxidant

solutions and DW for control - at 30 min and 105 h time periods were shown.
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Figure 5.42 Differential L*, a*, b* values of freeze thaw artichokes among different
treatment methods
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control t=105h

Control t=30min

1% CA t=30min

1% CA t=105h

1% AA t=30min
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1% AA t=105h

0.5% Cys t=30min

0.5% Cys t=105h

1% SMBS t=30min

" 1% SMBS =105h

Figure 5.43 Pictures from artichoke treatment trial

114



5.4.1 Packaging experiments

Packaging trials were done with 2 % CMC + 0.6 % GLY films using a thermal
sealer. Before packaging artichoke samples (heart or stalk) were dipped into 1 % CA
solution. Parallel to packaged films, control samples (with and without CA treatment)
were held under same conditions in order to detect the difference. There were no
detectable differences within colour of samples. During packaging trials; artichoke
stalks were stored at room temperature for 7 days; while fresh and freeze thawed
artichoke hearts were stored at 4°C for 7 days. Packaging trials were done with a
manual thermal sealer; these were presented in section 4.5.2 Figure 4.6. Artichokes
were stored at 4°C Nive incubators for 7 days; each day observed visually pictures
were taken.

In Figure 5.44, images for packaging trials with CMC-GLY films of fresh
artichoke stalks with and without citric acid treatment before and after storage period
were shown. No significant effect on preventing browning reaction was observed in

packed stalks.

Figure 5.44 Packaging trial of artichoke stalks with and without citric acid treatment

In Figure 5.45, images for fresh cut artichoke heart packed with CA-CMC-GLY,
CMC-GLY; CMC-GLY-STA-Tw80-CA films and treated with CA solution pre-
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packaging were shown. First line shows images initial and second line from final

conditions. In all samples effect of packing on browning were negative.

Figure 5.45 Packaging Trial with Fresh Artichoke Heart

In Figure 5.46, images for fresh cut artichoke heart packed with CA-CMC-GLY:
CMC-sorbitol-CA; CMC-GLY-STA-Tw80-CA films were shown. First line shows
images initial and second line from final conditions. No significant effect of packaging

on prevention of browning was observed.

Figure 5.46 Packaging Trial with Freeze-Thawed Artichoke Hearts

— 3

In Figure 5.47, images for fresh cut artichoke heart packed with CMC-GLY-
STA-Tw80 film and treated with CA solution pre-packaging were shown. First three

images show initial and last two images show final conditions.
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_igure 5.47 Packaging Trial with Freeze-Thawed Artichoke Hearts (oakcd in CA
solution)

In Figure 5.48, images for fresh cut artichoke heart packed with two layers of
CMC-GLY-STA-Tw80 film and treated with CA solution pre-packaging were shown.
First three images show initial and last two images show final conditions. Effect of

second layer on browning was tound positive, prevents browning.

Figure 5.48 Packaging Trial with Freeze-Thawed Artichoke Hearts (soaked in CA
solution) with two layers of packaging material

In Figure 5.49, images for fresh cut artichoke heart packed with NCMC-GLY
film and treated with CA solution pre-packaging were shown. First image show initial

and last two images show final conditions.

Figure 5.49 Packaging Trial with Synthesize CMC!®

19 Packaging trials were applied with apple samples, since there were not artichoke samples at that time
films were casted from NCMC.
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CHAPTER6

CONCLUSIONS

Biodegradable packaging film materials with high barrier (water vapour, gas,
moisture etc.) properties are in demand in food industry especially for fresh-cut
fruits&vegetables. The aim of this thesis was to utilize artichoke by-products for
biodegradable packaging materials in order to preserve fresh-cut artichokes. Thus, the
extraction process -with minimum additive- was designed, cellulosic film materials
obtained via green methods were successfully used to cast the packaging films.

Therefore, in the thesis 2 different approaches were used. The first one was to
extract lignocellulosic biomass in different fractions by using mild chemical treatment.
Carboxymethyl cellulose was also produced from cellulose fractions. Second was to
produce MFC directly by mechanical methods. The later approach can be considered as
an environmentally friendly process. Supermasscolloider technique was enough to
obtain cellulose in micro fibrillated form with almost 100% extraction yield.

Various combinations of polysaccharide based extract fractions, CMC and MFC
at different concentrations were used to prepare the films. Most important challenge for
the films was moisture resistance and also prevention of oxygen transfer; since the film
interact with fresh-cut surfaces subjected to respiration and moisture lost. Promising
results were obtained for different preparates with acceptable properties which were
able to meet the expectations for a biodegradable film. The main properties of these film
forming materials were summarized in Table 6.1.

As seen from the table 6.1, hemicellulose films were poor in hydrophobicity and
sealibility with low barrier properties. Hemicellulosic films were improved with lignin
and wax combinations LWH films were very elastic with a good strength and sealability
properties. But still hydrophilicity was a problem that cause low moisture resistance and

barrier properties. Lignin fractions were found to be essential to enhance the elasticity.
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Table 6.1 General Comparison of Films Produced'!

PROPERTIES OF FIL.MS
— ey ; *? =)
| L2 = 2= | T i
MAIN POLYMER S| E5 5| 32 2 AR
SOURCE 2158 2|28 22 za| <
75 05 A 5 g 21 8 A
< s é [
Hemicellulose 2 1 2 1 3 1 1
Na-CMC 2 4 4 4 4 1 3
NCMC 2 4 2 3 1 1 3
LHW 4 1 3 3 3 1 3
CMC Emulsion films 3 3 3 4 3 3 4
MFC Films 2 3 2 4 4 2 1
MFC+CMC Emulsion Films | 4 3 4 4 4 3 1
Chi+MFC+CMC films 4 3 4 4 2 4 1

Oxygen permeability properties were improved both in hemicellulosic and CMC
films. Some additives such as stearic acid, chitosan and wax were needed to increase the
hydrophobicity of films in order to prevent film surfaces from moisture loss.

CMC films emulsified with stearic acid gained elasticity, hydrophobicity, and
sealability. CMC films combined with MFC were much more flexible with high
mechanical strength and visual properties, but the sealability properties were not good.
Chitosan addition into the film combinations improved the hydrophobicity.

Film characteristics were determined by using different physicochemical and
morphological methods. Results of FTIR analyses proved that, extraction of cellulose
from artichoke leaves were successfully conducted. Comparison of FTIR diagram of
MFC films gave comparable and similar pattern with FTIR diagram for cellophane
presented in literature (Shimadzu-Corporation 2006). With the help of FTIR data DS
values were calculated for different fractions of synthesized CMC (NCMC). When
results compared with Na-CMC (Sigma Aldrich) sample, synthesize of NCMC was
proved. But, some physicochemical properties of NCMC that affecting its aqueous
solubility made it difficult usage of NCMC in film formation. Results of PCM analyses

1 Comparisons were made relatively within all films produced, and subjectively without any
quantitative experiments (except gas barrier and elasticity properties). Score values for
evaluations: 1-Bad/not enough; 2-might be developed/need to be studied; 3-Promising but not
enough; 4-Good; NS: not studied yet
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showed the existence of cellulose microfibrils; it was evident that their original structure
and dimensions were protected before and after dehydration, within solution or
powdered form, or in film solution form. Particle sizes of the micro fibrils those
calculated via SEM & PCM results were found averagely 50-200 pum in length and 5-30
um in width. Most of the films prepared had smooth surfaces and, homogenous and
dense structure. Addition of wax into the formulations decreased the thermal stability of
the films while presence of MFC increased. Thermal analyses proved sealability of
films obtained by extracted fractions from artichoke at 200-250°C temperature intervals.
But, presence of MFC in films hindered the heat sealing ability.

It can be concluded that, different films were successfully prepared from
polysaccharide based extracts. Barrier properties and mechanical strength were found to
be high in case of CMC and MFC based films. Impact of MFC on these properties was
very positive while negative effects were observed on the sealability of the films. In
order to achieve a successful packaging for fresh-cut produce, sealability of the films is
thought to be important. Therefore, in the light of findings in this thesis, MFC film
properties should be improved for large-scale processes to extend the shelf life of the
fresh-cut.

In this thesis; apart from the MFC based films, other films from polysaccharide
materials showed acceptable properties. There have been research on bio-based
packaging films present in the literature, but moisture resistant and stable films have not
been prepared yet as far as current knowledge. Therefore, the challenge was to produce

hydrophobic and strong films without addition of petroleum derived raw materials.
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APPENDIXES

In this section, preliminary data for the characterization of film forming materials and
films were presented. Figures and tables include data obtained from FTIR/FTIR-ATR
Spectra, colour, opacity, thermal analyses, and film thickness measurements. Figures
and Tables shown separately in different sections for each analysis type. FTIR results
were shown in Appendix A, while FTIR-ATR results shown in Appendix B. Result data
for thermal analyses (detailed peaks extracted from plots) in Appendix C. Thickness of
some selected films were presented in Appendix D. Opacity values for films and colour

variations in artichokes were presented in Appendix E. and F.

APPENDIX A. FTIR Spectra for cellulose derivatives
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Spectrum for Grinded Artichoke Leaf
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Spectrum for New CMC Un dissolved (NCU2)

Spectrum for New CMC Un dissolved (NCUU)

=
2
-3

1

b=y

Figure A. 1 (Continued)
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Table A. 1 FTIR Peaks Assignments for Cellulose Molecule

Peaks (cm™) Assignments Peaks (cm™) Assignments
3422 OH stretching 1321 OH in plane bending
2896 CH stretching 1164 C-C ring breath
1644 H,O bending 1111 C-0-C symmetry
1447 CH: bending 1055 C-O-C asymmetry
1375 CH & C-O bonds 897 [-glycosidase linkage
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APPENDIX B. FTIR-ATR Peaks

Detailed diagrams for film forming components separatel v and together as in the film

solution fortn were presented in Figure B 1.
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Table B. 1 ATR-FTIR peak assignments for artichoke fiber (Fiore 2011)

Wavelength (cm™) Bonds Component
3342 0O-H Streﬁhégi glbratlon, OH groups
2923 , 2854 C-H stretching vibration CH arllld CHZ in cellulose,
emicellulose
carbonylic group C=0 lioni ; .
1737 stretching vibration of linkage 151N OF eStel Srotp in
— hemicellulose
of carboxylic acid
1594 water in the fibres
1506 C=C stretching aromatic ring of the lignin
1422 CH, symmetric bending cellulose
C-H and C-O groups of the
1372 , 1318 bending vibration aromatic ring in
polysaccharides
1245 C-O stretching vibration acetyl group in lignin
intense band centred . OH and ether groups in
at 1035 -Chshrtehing cellulosgé P
892 B-glycosidic linkages monosaccharides
598 C-OH bending
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APPENDIX C. Thermal Evaluation of Powdered and Film Products

Temperatures at those phase transition occur for mentioned powdered or film products

were listed below. Peaks were extracted from TGA/Dtg, DSC diagrams those presented

at results section.

Table C.1 DSC Peaks for cellulose and AI'B

Sample name peak (°C) | onset (°C) | endset (°C) | heat (mj) | heat {j/g)
64.44 25.99 10329 | -547.13 | 21043
Gelidomsnitier 31938 | 25821 347.68 1.887 722.65
Avtichoke leaf powder 0120 | U413 10255 | -325.09 | -10836
33258 | 293.64 370.95 1.54 513.11
Table C.2 DSC results for films-1
Sample name peak (°C) | onset (°C) | endset (°C) | heat (mj) | heat (j/g)
72,6 39.8 111.81 | -626.49 | -208.83
207.68 | 155.64 299.7 70793 | -235.98
mfel-eme-gly-pegdOUwax  "amrng | Bidy 35321 | -139.65 | -46.55
402.64 | 3554 370.13 | 37439 | -124.8
462.68 | 463.12 465.68 2.19 20.73
83.29 33.57 11801 | -641.28 | -200.4
mfc-cme-gly-pegd00-wax - [~ 21295 | 158.26 207.88 | -987.82 | -308.69
30ml 33352 | 31464 | 35469 | 20104 | -62.82
408.88 | 363.56 42964 | 37314 | -116.61
83.88 35.58 11853 | -619.75 | -193.67
221.64 156.7 307.9 31,23 -384.08
33185 | 317.66 351.34 72,45 222.64
35375 | 357.56 44403 | 45421 | -141.94
76.19 31.6 1213 673.74 | 21054
20882 | 161.09 229.49 659.4 | -206.06
mf""’m"'gg’dpelg“oo'wax © [ 33223 | 32029 | 35153 | 8643 | -27.01
" 402.44 | 35777 4343 27495 | 8592
456.8 | 44021 462.7 17,67 -5.52
68.78 37.03 1092 42079 | -127.51
20743 | 15639 20449 | -822.67 | -24920
329 311.13 34775 | -113.83 | -34.49
40426 | 355.52 4471 350.59 | -106.24
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Table C.3 DSC results for films-2

Sample name peak (°C) | onset (°C) | endset (°C) | heat (mj) | heat (j/g)
70.54 43.65 11895 | 31427 | -112.24
“'fc'cmc'gli'gtal'twgo'wax' 19926 | 154.75 30952 | -79838 | -285.14
m 3388 | 32195 | 36216 7507 | 2681
30251 | 36782 | 45938 | 83364 | -297.73
65.43 20.8 92.77 26125 | -90.09
Mfe 331.00 | 25272 | 32169 | -2488 | -85.79
37849 | 33852 | 47033 26.65 2.29
98.09 8728 133.11 | 43083 | -14361
Mee-gly 237.97 | 21888 | 288.88 | 77962 | -259.87
376.71 | 34471 | 497.08 268 | -894.55
97.86 31.46 13620 | -7251 | 2417
23584 | 18517 | 297.77 | 60895 | -202.98
MEe2-cmongly-sto-tw§0anax | 2538 | 32478 | 35609 | 4134 [ 1378
39252 | 41995 | 42945 | -19153 | -63.84
43924 | 43669 | 41653 211.05 3.68
45062 | 45326 | 46929 | -37.18 | -12.39
64.67 35.6 12220 | -4668 | -160.97
22512 | 21831 | 29494 | 34553 | -119.15
Mic2-chie-glySt-twB0WaR- | "z 0 | s1678 | 35381 7475 | 25.78
Lignin-Hme
39671 | 3637 435.46 7957 | -27.44
47163 | 45289 | 48287 | 20423 | -70.42
89.08 38.46 14863 | 23797 | -79.32
186.28 | 17125 | 20987 | -4887 | -16.29
Mi-crmo-chicgly-pog00-lignin |_22+2_| 21336 | 24637 3.83 128
33022 | 27579 | 31851 5.69 1.9
36536 | 33589 | 37952 | -7745 | 2582
42054 | 41379 | 44745 1411 4.7
106.3 38.56 137.83 | 48836 | -162.79
190.78 | 163.73 | 233.71 3081 | -1027
Mfe-cme-aq chi-gly-pegd00 244.85 236.42 290.87 -127.57 -42.52
3674 | 34424 | 37223 5.57 11.86
291 | 37819 | 48631 | -657.77 | -21926
8257 | 286.85 123.36 | -500.08 | -166.69
mfc-cme-gly-sta-tw80-wax- | 220.94 | 15945 | 31008 | 79848 | -266.16
30ml 330.18 | 3238 363.14 | -8329 | 2776
300.76 | 44928 | 46039 109 | 36455
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Table C.4 Dtg Results for film samples

Sample name temperature (°C)
Mfe2-cme-gly-pegd00-wax | 74.97 | 228.7 [269.99 |306.73 |382.97
Mfc-cme-gly-pegd00-wax | 66.62 | 224.07 |248.29 [261.03 [290.5 |310.33|333.65]|377.09
66.18 | 164.31 [211.01 [232.28 |257.52]|340.11|379.02
76.1 [211.17 [232.98 [324.64 |382.27
74.71 |227.43 [277.11 [326.1 |382.66
Mfc-gly 81.58 | 233.07 [359.37
Mtc 68.98 |277.1 [342.94 [458.46
Mife-cme-gly-chi-pegd00-
lignin 72.06 [321.4 |[383.22 [396.2 |[423.77
cme-mfc2-sta-tw80-wax | 76.1 |230.22 [327.24 |388.07
cme-mic-sta-tw80-wax-40ml | 81.02 | 229.43 [256.15 |330 382.64
cme-mfc-sta-tw80-wax-30ml | 79.33 | 226.08 | 260.05 [332.35 [392.77
Mfc-cmce-aq chi-gly-pegd00 | 74.63 |222.5 |262.15 |308.97 |484.36
Table C.5 TGA Results for film samples
Sample name Temp (°C) |W% [Temp(PC)|W % | Temp(®C)[W %
neme-chi-mifc-gly-peg400 100 90.247 | 209.95 75.177 | 600 25.571
neme-chi-mfe-gly-pegd00-wax | 100 92.035 | 168.36 86.35 | 600 20.928
ncme-mfc-sta-tw80-wax 100 88.951 |165.74 83.371 | 600 25.847
cme-chi-mfe-gly-pegd00-wax | 100 98.137 |189.28 79.498 | 600 26.481
cme-chi-mfc-gly-peg400 100 97.849 |170.27 92.035 | 600 29.036
neme-mfc-gly-pegd00-wax | 100 92.872 [175.45 86.93 600 23.042
cme-mic-sta-tw80-wax 100 92.153 |296.81 43.711 | 600 25.1
cme-mfc2-sta-tw80-wax 100 95.324 |212.28 83.819 | 600 24.087
neme-mic2-gly-sta-tw80-wax | 100 94.413 |156.96 89.58 | 600 21.321

APPENDIX D. Thickness of Films Produced Used in Various Analyses

Table D.1 Thickness data of solubility tests

sample

n | thickness (imm)

mifc pulp precipitate film pH =7

10 0.11 £0.0108

mfc pulp precipitate film pH=11

10 0.11 + 0.0075

mfe-wax film

0.06 £0.0141

wax sprayed mfc film

0.073 £0.0158

mfc film

sonicated cme-gly film

0.23 £ 0.0504

mfc-cme-gly-sta-tw80 film

8
8
8 0.055 + 0.0033
8
8

0.16 + 0.02
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Table D.2 Film Thickness

sample name thickniess n sample name thichness n
P (mm) P (mm)
mfc-cme-sta-tw80-gly 0.11+0.02 | 4 mifc-cme-gly-sta 0.19+0.05 | 12
mfc-cme-sta-tw80-gly 0.10+£0.01 | 4 | cme-glysonicated | 0.06+0.01 | 8
mfc-cme-sta-tw80-gly-wax | 0.07£0.01 | 3 mfc 1% 0.07£0.02 | 8
mfc-cme-sta-tw80-gly-wax | 0.10+£0.01 | 4 wax sprayed mfc 0.06+0.01 | 8
mfc-cme-sta-tw80-gly-wax | 0.09+0.02 | 8 mfc-wax 0.23+0.05 | 8
diluted mfc 0.12+0.05 | 9 mfc'cmcs'tily'twgo' 0.16£0.02 | 8
diluted mfc + gly 0.10+£0.04 | 9 cme-gly-tw80-sta | 0.28+0.12 | 4
2 % neme 0.10+ 0,02 | g |mie-ome-gly-pegdl-14 23,6014 3
chi-20ml
4 % nemc 0241005 | o |mic-eme-gly-pegdtl-1 55,4 g6 | 3
chi-30ml
6 % neme 035+ 008 | o |mic-ome-gly-pegdl0-1 4314016 3
chi-40ml
mfc-cme-gly-pegd00-wax- mfc-cme-gly-sta-
>0ml 0.10+£0.000 | 9 twR0-wa20ml 0.11+0.000 | 2
mfc-cme-gly-pegd00-wax- mfc-cme-gly-sta-
20ml 0.13+0.008 | 3 twR0-wase30ml 0.15+0.020 | 3
mfc-cme-gly-pegd00-wax- mfc-cme-gly-sta-
40ml 0.153+£0.000 | 2 0wt Dl 0.22+0.034 | 3
mifc-cme-gly-pegd00-chi- 0.24:0.013 | 3 mfc-cmc-gly-peg400- 0.3740.016 | 3
wax-20ml chi-wax-40ml
mifc-cme-gly-pegd00-chi- 0.30£0.012 | 3
wax-30ml
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APPENDIX E. Opacity of Films

Table E.1 Colour of Different Film Samples (n=4; avg+stdev

Sample name | side L * a* b* hue angle
br [60.90+2.0441 |[-1.55+0.1821 10.85 + 1.1486 |-1.43 + 0.0309
wax sprayed mfc
ro |[6399+0.7428 |[-1.77+0.2259 |9.78+0.5263 [-1.39+0.0128
; br [4852+0.2250 [-030+00115 [218+0.0379 [-1.444+0.0076
cme-gly sonicated
ro 4470+ 0.0503 |-0.21=0.0551 1.25+0.0404  [-1.40 + 0.0392
mfc 1% br |60.62+ 129283 |-0.58+0.2835 [5.13+£0.2500 |-1.46+ 0.0577
ro |48.87+8.7485 |[-047+0.3855 [3.57+0.4532 [-1.43+0.1275
br [4927+3.0316 |-0.09+0.1153 1.39+ 0.3323 Nan + Nan
mfc-cme-pegd00
ro 4254+ 1.0767 |0.17=0.0577 0.46+0.2152 ]1.18=0.1250
mfc-cme-pegd400- |br (4271 + 0.6930 | 0.02 £ 0.0566 3.13+£0.5445 0.00=2.2042
5% wax ro  |42.14+0.6505 [-0.03+0.0566 |3.18+0.2404 [0.01=2.2043
mfc-cme-pegd00- |br 43454 1.0041  |-0.03+£0.0000 |2.09+0.1485 [-1.56 = 0.0010
1% wax ro  |39.17+0.5657 |0.03 =0.0849 1.52+0.1344  |-0.02+ 2.1635
mfc-cme-pegd400- |br  [41.76 + 1.3294  |-037+0.0566 226+ 0.2687 |[-1.41+ 0.0055
2% wax ro  |39.84+0.0778 |-0.28=0.0919 |1.88+0.0495 [-1.43+0.0442
mfc-cme-pegd400- |br [41.74+ 0.4384  |-0.52+0.0141  [2.04+0.0141  [-1.32+ 0.0049
3% wax ro  |41.72+0.7566  |-0.60=0.0212 |2.47+0.2687 [-1.33+0.0167
mfc-cme-pegd400- |br  [42.25+0.2658 |-039+0.1305 [222+0.1513 [-1.40+ 0.0473
4% wax ro  |41.88+0.2779 [-0.38=0.1422 [2.27+0.1692 [-1.41+ 0.0515
Hilebed mb  ly br |42.69+0.0762 [-0.30=0.0100 [1.64+0.0359 [-1.39+0.0067
ro  |4542+0.0275 |-0.71=0.0252 |2.39+0.0058 [-1.28 + 0.0093
diluted mfc br [48.95+0.0082 [-0.10=0.0050 [3.81+0.0082 [-1.55+0.0013
ro  [49.00+0.0171 [-0.54+0.0150 |[3.88+0.0100 [-1.43+ 0.0041
mfc-cme-gly-sta- |[br | 4434+ 0.3245 | 0.01 = 0.0585 3.63+0.1879 [-0.79+ 1.5542
peg00-wax ro  |41.73+0.1603  |0.01 = 0.0427 1.79+0.0920 0.00 = 1.7926
mfc-cme-gly-sta- |br  [44.65+ 0.3155 | 0.11 + 0.0473 3.61£0.1773  |1.54=0.0124
pegd00-wax ro  |40.66+ 0.2726 | 0.08 = 0.0499 1.72+0.1982  [1.52=0.0375
mfc-cme-gly-sta- |br  [4591+0.0058 |0.02+0.0173 3.18 £ 0.0222 Nan = Nan
pegd00 ro  42.13+0.0618 0.01+£0.0206 | 1.63 +£0.0420 |0.00 + 1.8013
2% Neme Br |43.31+0.0058 [1.91+0.0126 6.99+0.0058 [1.30=0.0018
Ro |3838+0.1100 [0.84+0.0311 330£0.0744 1.32+0.0038
4% Neme Br |43.81+0.0050 |3.81+0.0082 8.17+0.0082 |1.13=0.0009
ro  |37.15+0.0350 |1.84+0.0173 4.52+£0.0359 ]1.18=0.0015
6% Neme br  |63.19+ 0.0058 | 4.84 +0.0320 17.33+0.0100 |1.30=0.0018
ro  |43.03+0.0998 |5.19+0.0440 10.54 £ 0.0737 [1.11 = 0.0006
mfc pulp br 3536+ 3.2454 |-041+02526 [3.73+1.2284 |-1.43+0.1228
precipitate ro  |33.284+2.5586 |-0.22+0.1574 |227+0.6934 |-1.48 + 0.0570
mfc pulp br  |32.89 + 1.1682 [-0.14 +0.0570 [1.67+0.0744 |[-1.49+0.0371
supernatant ro 2998+ 42042 |-0.27=0.1531 1.51+0.2427 [-1.39+ 0.0948
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Table E.2 Chromacity and Whiteness Index values of films (n=4)

Sample name |side I * a* b* C h
atls br 6676+ 047 | 209+ 0.04 | 1369+ 0.18 | Nan= Nan |1.42+ 0.0012
ro | 54.63+0.06 | 3.67+0.02 | 1484+ 0.03 | Nan=+ Nan |1.33+ 0.0015
neme-chi-mfe- | br | 46.88:2.099 | -0.0320.101 | 12.67:1.679 | 12.67:1.68 | 90.1810.499
gly-pegd00-wax |ro | 45.78+1.094 | -0.43+0.072 | 13.10:1.378 | 13.11=1.38 | 91.9:0.382
ncme-mic-gly- | br | 42.13+0.516 | 0.81+0.545 | 14.02:1.439 | 14.05:1.47 | 86.82+1.806
pegd00-wax ro | 39.48+1.563 | 0.30+0.568 | 13.36=2.403 | 13.36+2.42 | 88.97+2.053
cme-mfc-gly- br | 42.36:0.342 | -1.30£0.076 | 9.24:1.309 | 9.34+1303 | 98.05+0.739
pegd00-aqchi  |ro |36.13x1.611 | -1.27-0.174 | 5.71x1.377 | 5.85+1.379 |102.78+1.467
mfc-cme- br | 42.38:2.681 | -1.07=0.075 | 4.857=0.155 | 4.957:0.14 |102.58+0.947
pegd00-gly-
wax-30ml T 139.83+0.922 | -1.18+0.036 | 3.84+0.873 | 4.03+0.827 |107.32+2.961
mfc-cme- br 43.52+1.64 | -0.96+0.036 | 4.72+0.557 | 4.817+0.54 | 101.64+1.042
pegd00-gly-
wax-40ml 101 37.24+1.542 | 0.99+0.049 | 3.233=0.202 | 3.403+0.19 |107.54+1.285
cme-mfc-gly- br | 46.37:1.695 | -0.75£0.166 | 12.11:2.449 | 12.26:2.68 | 93.6:1.614
sta-tw80-wax ro | 41.04+3.551 | -0.88+0.049 | 10.93+3.533 | 10.99+3.51 |95.093+2.097
cme-mfc-gly- br | 40.84+2.556 | -1.46=0.036 | 10.9:1.867 | 10.99-1.86 |97.813+1.189
pegd00-chi ro | 34.34+1.685 | -1.33+0.064 | 7.327+0.663 | 7.447+0.653 | 100.3+0.5515
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Table E.3 Chromacity and Whiteness Index values of films (n=4)

sample name side | chromacity WI
s soraved mfc Br | 10.96+ 1.1139 |59.39 = 2.04
pray Ro | 994+ 0.5583 |62.64 = 0.74
fospmnierted Br | 220+ 0.0359 |48.48 = 0.23
eme-gly sonicate Ro | 1.27+0.0474 |4469 = 0.05
Br | 5.16+ 02365 |60.28 = 12.93
(1)

mife 170 Ro | 3.62+ 03910 |48.74 = 8.75
Br | 139+ 03269 |4925 = 3.03
Tife-Srerpeaal)) Ro | 049+ 02169 |42.54 + 1.08
Br | 3.13+ 05448 |42.62 = 069

= 2 )
mic-cme-pegd00-5% wax o =10 =05000 142.05 = 0.65
Br | 2.09%0.1485 |43.41 = 1.00

: L 10
mfc-cme-pegd00-1% wax I~ 755701325 [39.15 = 0.57
Br | 229+ 02743 |4L.71 = 1.33

o s o
mie-eme-pegd00-2% wax 2 55623 139.81 = 0.08
Br | 211+ 00172 |41.70 = 0.44

- o 20
mifc-eme-pegd00-3% wax =0 S0 7662 14166 = 0.76
Br | 226+ 0.1703 |42.20 = 027

o~ i A0
mic-eme-pegd00-4% wax = =T ees 4184 = 0.28
. Br | 1.66+ 0.0356 |42.67 = 0.08
dilited pofe-~gly Ro | 249+ 0.0116 |4537 = 0.03
I Br | 3.81% 00082 |4881 = 001
Ro | 3.01 00084 |4885 = 0.02
PR Br | 3.63+0.1875 |4422 = 032
mic-cme-gly-slasiwol-Wax IRo | 1.79+ 0.0918 [41.70 = 0.16
o Tvstatw 80 | BT 36101779 [4453 L 032
gy Ro | 1.72+0.1952 |40.64 = 027
Br | 3.18+0.0222 |4581 = 0.01
mic-cme-gly-sta-tw80 o "0 0419 [42.10 = 0.06
» Br | 13.85+0.1851 |63.99 = 047
P Ro | 1529+ 00276 |52.13 = 0.06
o mome Br | 7.24%0.0041 |42.84 = 001
° Ro | 3.40+0.0796 [3829 = 0.11
—— Br | 9.01%0.0082 |43.09 = 0.00
0 Ro | 4.88+ 00392 3696 = 0.03
—— Br | 17.09+ 0.0074 |59.03 = 0.01
° Ro | 1175+ 0.0855 |41.83 = 0.10
Br | 42103153 |4510 = 0.17
mic-cme-gly-sta-tw80 = T =0""00006 T42.11 = 0.17
P s Br | 3.77+ 1.1888 |35.25 = 3.24
fmic pulp precipitate Ro | 22807011 |33.24 £ 256
o ant Br | 1.67+0.0712 |32.87 = 1.17
HES DI D-slpsAtaialt Ro | 1.54+ 02497 [2096 + 4.20
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APPENDIX F. Colour variations in artichokes

Table F.1 Colour variations in treated and non-treated artichokes (n=4)

Dw
t(h) L# a* b hue chrom
0.5 |30.14+0.851 |2.46=0.16 10.3+£0.462 1.34+1.23 |10.59+0.49
17 [29.9£0.339 2.37+0.34 0.358+0.235 1.3240.60 | 9.65+0.41
22.5 130.63+0.939 |2.28+0.54 8.23+1.078 1.30=1.10 | 8.54+1.21
41.5 |34.13+1.121 1.77+0.33 6.933+0.428 1.32+0.92 | 7.15+0.54
106.5 | 43.02+1.457 | 4.66+0.7 12.28+1.355 1.21=1.10 |13.13=1.52
BI -12.8 AL 12.8825
AA
t(h) L=* a* b hue chrom
0.5 | 31.35+0.5934 | 0.6175+2.032 | 12.91+1.856 | 1.52+0.74 |12.92+2.75
17 [32.605+0.4032 | -0.423+1.5279 | 13.41+0.418 | -1.54+0.27 | 13.42+1.58
22.5 |33.605+£1.6609 | 1.0425+1.4585 | 13.37+0.346 | 1.49+0.23 | 13.41+1.50
41.5 |33.085+0.3189 | 0.3325+1.1101 | 14.24+0.727 | 1.55+0.58 | 14.25+1.33
106.5| 40.38+4.789 | 3.887510.6978 | 8.965+4.404 | 1.16+£1.41 | 9.77+4.46
BI -9.922 AL 9.03
SMBS
t(h) L=* a* b Hue chrom
0.5 [32.673=1.6701 | 1.3475=0.9334 | 15.35+0.81 1.48+:0.72 |15.41+1.24
17 [36.105+1.2462| 0.41+0.661 |15.61+1.649 1.54+1.19 [15.61+1.78
22.5 |34.973+0.8517 | 1.1025+0.4966 | 16.36+0.526 1.50+0.81 |16.40+0.72
41.5 | 39.54+1.2424 | 1.2075£0.799 |14.85+£1.558 1.49+1.10 [14.90+1.75
106.5 [ 43.075+2.2572 | 4.4625+0.8839 14.25£2.215 1.27+1.19 [14.93+2.38
BI -17.4 AL 10.4025
Cys
t (h) L * a* b* hue chrom
0.5 [30.945+£1.4294 | 2.178+1.141 | 11.074+0.8335 | 1.38+0.63 |11.28+1.41
17 [32.098+0.4602| 2.638+1.053 |12.645+0.6961 | 1.37+0.58 |12.92+1.26
22.5 | 31.87+1.2711 2.53+1.239 | 13.063+0.4478 | 1.38+0.35 |13.31+1.32
41.5 |33.033+£1.5871| 3.005+£1.069 |12.625+1.9301| 1.34+1.07 |12.98+2.21
106.5|43.523+3.0491| 4.235+0.66 | 12.748+1.7935| 1.25+1.22 [13.43+1.91
BI -14.587 AL 12.5775
CA
t(h) L=* a* b hue chrom
0.5 1309140912 |2.888+0.212 10.8+0.62 1.31+1.24 [11.21+0.65
17 [31.8+1.503 2.305+0.426 8.8+2.23 1.31=1.38 | 9.10+£2.27
22.5 [36.38+1.194 | 2.41+0.547 7.51+£1.43 1.26+1.20 | 7.88+1.53
41.5 |134.47£1.134 | 2.745+0.506 7.49+1.23 1.22+£1.18 | 7.97+1.33
106.5 | 40.7542.445 | 5.043+£0.735 11.4+:2.91 1.15+£1.32 ]12.45+3.00
BI -10.5 AL 9.84
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Table F.2 Colour measurement results for fresh artichokes

artichoke |L* a* b* c* h

Globe no.1 (4435+134 |-733+£0.22 12.74 £ 0.09 14697+ 0.16 |119.93 + 0.681
Globe no.2 |43.58+ 550 |-4.96+ 2.98 10.66 + 2.27 11.87+ 3.35 113.48 + 7.68
heartno.l  [60.705+ 934 |-0.143+ 244 |20.56+ 1.68 20675+ 1.75 [90.41+6.52
heartno.2 [67.576 + 431 |2.278+ 1.11 |23.666+ 1.83 |23.796+ 1.86 |84.57+2.59
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