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ABSTRACT

Chemical structure, use and chemical and physical properties of natural polysaccharide gum
karaya (Sterculia urens) were summarized in theoretical part of this work.

The general goal of the diploma work was modification of original insoluble gum karaya
under alkali condition to prepare water soluble sample for further applications. Insolubility
of gum karaya is caused by presence of acetyl groups and multivalent ions in the structure
of polysaccharide. Optimized conditions for modification process were investigated. Sodium,
potassium or ammonium hydroxide, 1 minute to 24 hours of treatment and 0.1 - 3% solution
of original gum karaya were used for optimizing the modification process. Original (OGK)
and modified (MGK) samples were studied by FTIR to investigate chemical composition.
Modified samples A2, B1-7, C1-8 and E1-2 were considered as fully deacetylated because
of absence of band at 1725 cm™ which represents acetyl group. Absence of acetyl groups after
modification was also proved by *C CP MAS NMR.

Amorphous character of original gum karaya was determined by XRD. TGA was used
to evaluate amount of moisture and thermal stability of original and modified samples.
Thermal stability of OGK was higher (280 °C) than of modified samples. Thermal stability
of MGK was affected by reaction parameters. Thermal changes in polysaccharide chains were
studied by DSC but any significant differences between OGK and MGK were not observed.
Mineral composition of original and modified samples was investigated by ICP-OES and
presence of calcium, potassium and magnesium ions in OGK was confirmed.

Molecular weight of modified samples was evaluated by GPC and was approximately
8 million g'mol™. Rheological measurement for determination of linear viscoelastic region
was determined. Effect of NaCl on viscosity of original gum karaya was performed. Viscosity
of OGK decreased with higher amount of NaCl. Lower viscosity of OGK is connected
with exchange of Ca®" for Na* ions and release of the physically bonded structure resulting
in higher solubility of OGK in water.

KEYWORDS: natural gum, polysaccharide, gum karaya, modification, characterization,
water solubility, deacetylation



ABSTRAKT

V teoretické Casti prace by shrnuty chemické a fyzikdlni vlastnosti, chemicka struktura
a vyuziti ptirodniho polysacharidu gum karaya. Hlavnim cile diplomové prace byla alkalicka
modifikace plvodni nerozpustné gum karayi na rozpustny produkt, ktery mulze byt
v budoucnu vyuzit pro dalsi aplikace napiiklad v mediciné. Nerozpustnost gum karayi
je zpusobena pfitomnosti acetylovych skupin a vicemocnych iontli ve struktute polysacharidu.

Byly zkoumany optimalni podminky pro modifika¢ni proces. Pro modifikaci byl pouzit
hydroxid sodny, draselny nebo amonny a ¢as modifikace od 1 minuty po 24 hodin pro roztok
originalni gum karayi s koncentraci od 0,1 do 3 %. Pro uréeni chemického slozeni
origindlniho a modifikovanych vzorkii byla vyuzita FTIR. Bylo prokézano, ze vzorky A2,
B1-7,CI1-8 a El -2 byly zcela deacetylovany, protoze pas pro acetylovou skupinu nebyl
v FTIR spektrech pozorovan. Odstranéni acetylovych skupin alkalickou modifikaci bylo
taktéz potvrzeno °C CP MAS NMR.

Pomoci XRD byl prokdzan amorfni charakter originalniho vzorku. Mnozstvi vlhkosti
a teplotni stabilita vzorkd byly zkouména pomoci TGA. Bylo zjisténo, Ze termalni stability
origindlni gum karayi je vyS$i nez u modifikovanych vzorki. Termalni stabilita
modifikovanych vzorkl byla ovlivnéna reakénimi parametry. Entalpické zmény vzorkl byly
studovany pomoci DSC, nicméné nebyly pozorovany zadné vyznamné rozdily
mezi modifikovanymi vzorky a originalni gum karayou. Prvkové sloZeni bylo ur¢eno pomoci
ICP-OES a byla potvrzena piitomnost vapniku, drasliku a hot¢iku ve struktutfe polysacharidu.
Molekulovd hmotnost modifikovanych vzorkii byla méfena pomoci GPC a byla stanovena
na 8 miliond g'mol”. Reologické mé&feni roztokti gum karayi bylo provedeno pro uréeni
linearni viskoelastické oblasti. Dale byl sledovan efekt NaCl na viskozitu origindlniho vzorku.
Viskozita klesala s vy$§Sim mnozstvim NaCl. Pokles viskozity origindlniho vzorku je
zpusoben vyménou vapenatych iontl za sodné, coz vede k uvolnéni fyzikdlné¢ vazané
struktury a tim k vyssi rozpustnosti vzorku ve vode¢.

KLICOVA SLOVA: pfirodni guma, polysacharid, gum karaya, modifikace,
charakterizace, rozpustnost ve vod¢, deacetylace
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1 INTRODUCTION

The natural polysaccharide gums represent one of the most abundant raw materials.
The polysaccharide gums are categorized by their origins, behaviours and chemical structures.
Plant-based gums originated from different parts of plants. Gum exudates are produced
by several plants as protective material against injury of their bark. The term ‘gum’ describes
the ability of material to form a gel or viscous solution. The water soluble gums are known
as ‘hydrocolloids’. The gums are widely studied because of their convenient features and they
are used in different industries and applications for a long time. Polysaccharide gums are
widely used in food industry such as stabilizers, emulsifiers, thickener, gelling agents and
texture modifiers [1].

In recent years the gums are also studied for utilization in medicine and pharmacology
as drug delivery systems, dental adhesives and wound dressings. Polysaccharide based
hydrogels dressings have unique properties and provide moist environment which stimulates
faster wound healing. Hydrogels dressings can be use for skin injuries such as burn skin,
ulcers and bedsores. Crosslinking or copolymerization of natural polysaccharides
with synthetic polymers improve properties of the blends and represent a new type of material
with tailorable characteristics. These hydrogel dressings can be a good alternative to cotton
and viscose gauzes traditionally used for open wound healing for centuries [2].

Gum karaya (GK) is natural exudate obtained from Sterculia urens tree. It is an amorphous
insoluble polysaccharide from India. GK is widely available and relatively cheap material
with special properties such as high swelling and retention capacity, high viscosity and
inherent antimicrobial activity [3]. GK has good potential to be used in medicine because of
the unique properties. However, soluble form of GK is needed because of further processing
e.g. crosslinking and preparation hydrogels. GK hydrogels can be used especially as dressings
for wounded or burned skin and as an alternative dressing after surgery.



2 THEORETICAL PART
2.1 GUM KARAYA

Gum karaya (or sterculia gum) is a natural gum exudate of Sterculia urens tree which
belongs to the family Sterculiaceae [4, 5]. The dry exudates from Sterculia urens (Roxburgh),
Sterculia villosa, Sterculia setigera and polysaccharide form Cochlospermum gossypium
(gum kondagogu) are generally accepted as karaya polysaccharide [6]. The majority of
material is obtained from Sterculia urens trees [7].

2.1.1 Occurrence

Karaya (Sterculia or Thapsi) tree is large bushy deciduous tree that can grow up to 15 m
high [3]. Karaya tree is a native of dry forests of dry rocky hills and plateaus of lands tropical
climate [8, 9]. GK trees are mainly found in northern and central India and also in Australia,
Pakistan, Panama, Philippines, Indonesia, Senegal, Sudan and Vietnam [9]. The chemical
composition and physicochemical properties of gum samples obtained from different places
of origin was found to be quite similar [10, 11].

2.1.2 Collection, processing and storage

The collecting of GK is carried out by blazing and stripping out the tree bark [9]. Exudate is
produced immediately after injuring the tree. The biggest amount of GK is produced during
first days. Exudate is obtained in the form of large, irregular tears. The yield of gum from one
tree is from 1 to 4.5 kg per season. GK of best quality is produced from April to June before
rainy season. GK is harvested in September again but it has a greyish colour and it is less
viscous. Tears of GK are dried in the sun shine for 5 up to 15 days depending on the climate
and consequently broken into small pieces. Purification of GK involves removing foreign
materials by a physical method (by blowing air). Sorting is done manually or mechanically.
GK is graded into five categories at the end of the process [8, 9, 12, 13].

World production of GK is 1 500 tons per year [7]. India is the biggest producer of GK. The
US, France and the UK import up to 80 % of the world’s production [9, 12]. The fair average
quality gum costs about US$ 3000/ton [7].

A crude GK contains impurities such as sand, dust, bark, fibres and other foreign organic
materials [9, 12, 13]. Powdered GK contains about 14—-17% moisture, less than 1% acid-
insoluble ash and less than 3% insoluble matter of bark [12]. The quality grades of GK are
evaluated according to the impurity content, solution viscosity and colour of material.
The technical grade it has a brown colour and the amount of impurities is higher. The food
grade GK is a white to pinkish gray powder with vinegar odour. The pharmaceutical grade is
almost clear or translucent [12, 13]. The gum is offered as granules or in a powder form [7].

The storage of dry gum could result in a loss of viscosity, which is more pronounced
for powdered than crude gum [8]. The powdered GK should be used within six months
after processing, because its viscosity decreases with age [12]. High temperature or high
humidity storage is also harmful to the viscosity stability [4]. Free acetic acid is released from
the acetyl groups on aging [8]. The splitting of acetic acid is increased by fine size of particles
and also by higher temperature and humidity [12]. It is recommended that storage temperature
should not exceed 25 °C [7].



2.1.3 Chemical structure

GK is a complex, branched and partially acetylated, hydrophilic, amorphous, anionic
polysaccharide of the substituted rhamnogalacturonoglycan (pectic) type [4, 14, 15]. It is
obtained as a calcium and magnesium salt [8]. The commercial GK contains -D-galactose
(13-26 % [8, 10]; 48% [16]), L-rhamnose (15-30% [8, 10]; 22% [16]), B-D-glucuronic acid
and D-galacturonic acid (together approx. 40 % [8, 16]) and other residues. The rhamnose
content is much higher than in other commercial gum exudates. The sugar composition of GK
depends on botanical sources, age of the tree etc [7].

The structure of DGK consists of two main regions (I and II). The first region (Fig. 1 (I))
contains o-D-galacturonic acid and o-L-rhamnose residue. Galacturonic acid is linked
to thamnose through 1-2 a at one side and through 4-1 a glycoside linkage on the other side.
This pattern is repeated through the chain. B-D-galactose and B-D-glucuronic acid are linked
as side chains with galacturonic acid in the main chain through 1-2 B linkage and
1-3 B linkage, respectively. The B-D-glucuronic acid as a side chain unit generally occurs
singly and is attached directly to the main chain or can be attached through B-D-galactose
residue [16]. Half of the rhamnose residues of the main chain are 1,4-linked to B-D-galactose
units [8].

The second region (Fig. 1 (II)) of DGK consists of branched trisaccharide units composed
of B-D-galactose and a-D-galacturonic acid. These are probably not present in repetitive
structure. a-D-galacturonic acid is linked through 1-4 o and 1-2 B glycosidic linkage
to B-D-galactose [16]. The second published structure of DGK is in Fig. 2. The structure
of OGK was not most likely published because the location of acetyl groups on GK chain was
not fully clarified.

The general structure of GK appears to consist of a multiplicity of ionisable acidic groups
interspersed with hydrophobic regions provided by the methyl groups of the rhamnose units
and, in the native gum, of acetyl groups (approx. 8 %) [8, 14]. The GK chain contains
relatively rigid ordered domains of high intramolecular attraction and more flexible less
associated domains due to order-destroying effect of bulky side chains that readily entrain
water molecules [14]. The native acetylated GK assumes a compact and branched
conformation in an aqueous solution. On the other hand, fully DGK assumes more expanded
conformation and behaves as a random coil [7, 11].

—2)-0-L-Rhap-(1— 4)-0-D-GalpA-(1— 2)-a-L-Rhap-(1— 4)-0-D-GalpA-(1
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Fig. 1: Structural elements of GK [14]
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f—D-Clucouronic acid

Region (A)

—[-Cialacturonic acid
AP
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Fig. 2: Structural elements of GK [16]

In the chemical structure of GK the presence of the aspartic acid, glutamic acid, glycine,
leucine, proline and threonine was reported. The amount of each amino acid moves between
units to tens of pug-g” of GK [1]. Total protein content is about 1 % and that is lower than
in other gum exudates [8].

The presence of saturated and unsaturated fatty acids in GK such as stearic acid, palmitic
acid, palmitoleic acid, lauric acid and oleic acid was also detected. The amount of the acids
also ranges between units to tens of pg-g'. The fatty acids may have an impact on
emulsifying properties of GK in food industry [1, 17].

2.1.4 Solubility

Native GK does not form a true solution and it is not soluble in water [4, 10]. Only 10 % of
native gum was solubilized in cold water, increased to 30 % in hot water [10, 11].
The swelling behaviour of GK is caused by the presence of the acetyl groups [10]. Particles
of GK absorb water and swell to 60 - 100 times of the original volume, producing a viscous
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dispersion [4, 10]. GK forms viscous solution also in 60 % alcohol but is insoluble in higher
concentrations of alcohol [12]. GK remains insoluble in other organic solvents [13].

2.1.5 Viscosity

The viscosity of GK dispersions ranges from 0.12 to 0.40 Pa-s (0.5% dispersions) to 10 Pa-s
(3% dispersions) [4]. The viscosity depends on time of harvest, climate during harvest and
storage conditions [10]. Coarse gum particles give a grainy dispersion, whereas finely
powdered gum hydrates more rapidly and gives a homogeneous dispersion. The viscosity is
higher when the gum is dispersed in cold water than in hot water. Boiling of the dispersion
for longer than two minutes particularly reduces the viscosity. Heating increases the solubility
and allows the preparation of dispersions up to 18%, compared to 4 - 5% in cold water [7, 8,
10, 12]. It indicated that only lowmolecular weight molecules are able to dissolve in cold
water [8]. Higher concentrations of GK in water (20 - 50%) give heavy pastes with strong
wet-adhesive properties [7].

A decrease of viscosity is observed after addition of strong electrolytes and acid or alkali.
The salts should be added when the gum is fully hydrated. The dispersion of GK is not
sensitive to weak electrolytes [7, 8, 10].

The viscosity of GK sol is stable for several days. Preservatives are recommended because
of possibilities of bacterial attack. Benzoic or sorbic acid, methyl and
propylparahydroxybenzoate, glycerol, propylene glycol, chlorinated phenols, formaldehyde,
and mercuric salts are suitable as preservatives [12].

2.1.6 pH stability

The pH of 1% solution of GK is ranging from 4.5 to 4.7 [7]. An acid number of GK is
13.4 — 22.7 [12]. Deacetylation occurs above pH 8 [10]. Chemical deacetylation through mild
alkali treatment (e.g. NH4OH) results in 90 % dissolved gum in water [11] in form of colloid
solution [18]. It means that deacetylation leads to the solubilization of material with higher
molecular weight [8, 11].

HCI is used to modify pH to 7 after deacetylation. Because of the high uronic acid content,
GK resists hydrolysis in 10% HCI solution at room temperature for at least 8 hours [8, 10].

2.1.7 Molecular weight

The molecular mass of GK is very high. However, different numbers of molecular weight
were reported in literature e.g. 9 500 000 g~mol'1 [12, 18] and 16 000 000 g-mol'1 [8, 17, 19].
Molecular weight may vary from 9 000 000 to 16 000 000 g'mol™ reported in study [7].
The explanation of different numbers of Mw was given in [11]. Mw and viscosity of GK
depend on quality of the dried exudates including factors such as location, period of crop,
storing conditions. It was concluded that Mw also depends on the method of preparing a GK
solution. The cold water soluble part of GK (approximately 10 wt. %) has Mw
2-5-10° g-mol™". However, Mw of DGK ranged from 12 to 16-10° g-mol™.
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2.1.8 Methods of deacetylation

Deacetylation of OGK by alkali treatment was carried out in [11]. OGK powder (2 g) was
dispersed in 1 litre of de-ionized water. After stirring for 5 h, the pH of the gum solution was
adjusted to 10 by using NH4OH and again stirred for 1 h. The gum solution was allowed
to stand for 24 h so as to settle any suspended particle. The gum solution was filtered through
sintered glass filters (G-2 and then G-4) and the clear gum solution was dialyzed and freeze
dried. Deacetylation method with NH4OH was also used in [19, 20].

Deacetylation of OGK by NaOH was used in papers [6, 21, 22]. Original method was taken
from [23] where the method was used for deacetylation of bacterial alginate.

According to study [23] the method consists of the following steps. OGK was dissolved
in deionized water in concentration approximately 1 mg-ml". Three volumes of this solution
were mixed with one volume of 1 mol-I"' NaOH. After incubation for 20 minutes at room
temperature with gentle agitation, one volume of 1 mol-I" HCl was added to neutralize
solution (final pH was about 7.0). The DGK was dialyzed extensively against deionized water
to remove residual salts. In researches [6, 22] ethanol for precipitation of GK solutions was
used.

Another type of deacetylation was used in [18]. OGK (100 g) was added into 1000 ml
NaOH solution (4 wt %) and it was gently shaken for 24 hours at 60 °C. Afterwards GK
solution was dialyzed. Sodium tetraborate (2 g) was added to avoid polymer degradation.

2.1.9 Rheological properties

The particles of OGK do not dissolve in water, they only swell. GK dispersions are
thixotropic. The hydrated swollen particles are not stable to mechanical shear and prolonged
stirring causes viscosity decrease [7].

Sterculia urens (GK) exhibit gel-like properties as evidenced by mechanical spectrum
with G" > G"" and little frequency dependence, thus indicating that a gel network is formed.
The fresh gum behaves as a stronger gel than aged one [14]. The presence of acetyl groups
seems to stabilize the gel. GK forms true gels (i.e. G'/G”" > 3) only at concentrations greater
than 4 % and the addition of NaCl decreases the gel strength. Karaya gels did not present any
sharp variation in G” or G”” with increasing temperature [7].

The characterization, rheological measurements and effect of salts addition of GK and SS
were compared in research [6]. The composition of gums was determined by a thin layer
chromatography and sugar content was studied by HPLC. The total content of uronic acid was
investigated by conductimetric titration after conversion of carboxylate groups to carboxylic
groups by passing solution through an exchanger column. The gums were also studied
by FTIR. NMR was used to determine acetyl content. Rheological measurements were used
for evaluation of effect salt addition to the gum solution. It was observed that polymer chain
was more flexible after deacetylation (method in chapter 2.1.8). The effect of addition
of NaCl, CaCl, and AICl; to viscosity of GK solution was evaluated. The presence of A" led
to strong chain contraction but after addition of Na" ions the least contracted of GK chain was
observed. The presence of Ca®" inducted ‘intermediate’ contraction of polymer. Thus counter
jons affinity determined by intrinsic viscosity was in order AI’" > Ca®" > Na",

Rheological studies of Sterculia striata (SS), deacetylated SS and GK were carried out
in the study [22]. It was observed that deacetylation of SS led to decrease of gel strength and
to different viscoelastic behaviour as well as in case of GK. GK formed stronger gel than SS

13



and these gels had not exhibited any sharp conformational changes with temperature
variation. Addition of NaCl leads to decrease of gel strength for each sample.

2.1.10 Possibilities of gum karaya crosslinking

Polysaccharides can be crosslinked in different ways by crosslinkers or by radiation. GK
was chemically  crosslinked by  glutaraldehyde (3], N, N-MBAAmN,N-
methylenebisacrylamide with ammonium persulfate as initiator [5, 16, 24, 25, 26] and
tri-sodium tri-metaphosphate [27]. Gama rays were used for crosslinking GK with other
synthetic polymers in research [2, 4, 28].

GK can be crosslinked also by multivalent ions e.g. Ca*" as was described in studies [6, 14,
29, 30, 31]. Crosslinking is caused by ionic interaction of divalent ions and anionic groups
(carboxyl and hydroxyl groups in case of GK). The crosslinking sites are named junction
zones. Junction zones involve ionic interaction between homogalcturonic (smooth) segments
(zone A, Fig. 3). The calcium ions fit in electronegative cavities like eggs in an egg-box, thus
the model was called “Egg-box” model. The model of gelation also includes hydrogen
bonding between rhamnose segments (zone B). The interaction also exists between two
galacturonic acid residues of different chains and counter ions or two glucuronic acid residues
(zone C) [14, 29]. Junction zones are controlled by several parameters such as temperature,
solubility, content and type of counter ion, side chain and monosaccharide regularity
on the main chain. The gel formation is also affected by degree of deacetylation [14].

Fig. 3: Junction zones at GK structure crosslinked by ionic interaction of multivalent ions (A,B) and
hydrogen bonding (C) [14]

Effects of purification, deacetylation and addition of salt to GK (Sterculia urens) and
Sterculia striata (SS) was studied in [14]. Three types of sample modification were used. The
first type was native sample. The solution pH was adjusted to 7.0 by NaOH and than filtered
and precipitated with ethanol. The second type was Na-polysaccharide which was prepared
by adjusting pH to 7.0 and addition of NaCl. Addition of NaCl resulted in decrease of gel
strength. Last type was deacetylated sample which was prepared by reaction with 1 M NaOH
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for 20 minutes. Solution was neutralized by HCI and gum solution was dialyzed against
deionized water.

The melting temperature of gel (T.) is a parameter which is used to characterize
polysaccharide gelation. The T, corresponds to the temperature when dissociation
of the junction zones in the gel network structure occurs. Polysaccharides were mixed
with different type of 0.1 M salt solutions (NaCl, KCI, LiCl, MgCl,, CaCl,, SrCl,, and
BaCl2). Afterwards the Ty, of the solutions was evaluated by visual observation of the onset
of the gel fluidity. It was observed that the gums formed thermoreversible gel with gelation
conditions depending on the purification method, content of acetyl groups, salt addition and
present counter ions.

It was concluded that addition of monovalent salt to native sample caused a decrease of the
Tm. The decrease of Ty, indicates the decrease in gel strength. The Ty, of Na-polysaccharide
was lower than the native form. The T, of both polysaccharides also decreased after
deacetylation and the critical gelation concentration increased. Thus it seems acetyl groups
contribute to stability of the junction zones and gel strength. Addition of divalent salts to GK
also caused the decrease of the Tyy,.

The gel strength of mixtures was evaluated by rheological measurements. It was observed
that addition of monovalent salt to Na-polysaccharide increased the gel strength. The gels
strength of SS was affected by divalent salt in the order: Mg”" > Ca*" > Sr*" > Ba™, it is
inversely proportional to the cationic radius.

Alginate chain

Fig. 4: Interaction between GK, alginate and Ca®" ions [29]
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Addition of divalent salt caused the increase of gel strength because of substitution
of monovalent ions and increasing number of crosslinks. The excess of divalent salt can also
cause the decrease of gel strength due to repulsive forces between positive charges
on the polymer chain. Positive charges come from formation of M*/COO™ bonds instead
of COO/M**/COO™ or COO/M?*'/O” which are characteristic for crosslinks (Fig. 4) [14].

2.1.11 Use

GK has unique features such as high swelling and water retention capacity, high viscosity,
gel and film forming, adhesiveness abilities and inherent antimicrobial activity. GK is
resistant to hydrolysis by mild acid and it is partly resistant to bacterial and enzymatic
degradation [5, 8, 9]. GK is widely available and relatively cheap biodegradable and
biocompatible material [32]. GK has been reported as non-toxic, non-allergenic,
non-teratogenic and non-mutagenic. GK has been declared as ‘Generally Recognized as Safe’
(GRAS status) in the USA [4, 7]. Features of GK are widely used in commercial food
additives, pharmaceutical and cosmetic industry and in medicine. GK is also used in diverse
type of application in industry such as textile, leather and paper industry [1].

GK is used in food industry as stabilizer, emulsifier and thickening or gelling agents
with code E416. GK increases viscosity because of water retention and it prevents separation
of emulsion. It provides appropriate sensorial characteristic of products and it slows down
aging. GK is used in salad dressings, sauces, in diary and baked products and in different
meat products [8, 10, 14]. GK is widely used as alternative for gum tragacanth [7].

Cosmetic industry uses GK in lotions, creams and toothpastes [14]. GK is used as binding
material in textile industry [10] and as thickening agent for the dye in direct colour-printing
on cotton fabrics [8]. In paper industry DGK is used as a binder for long-fibered and
lightweight papers [12]. GK is also used in drilling fluids for removing calcareous deposits
in the wells [9]. GK gels can be utilized as matrix for CuO nanoparticles and this material has
a potential to be used in antibacterial applications [33]. GK can be used as a potential new
biosorbent for mercury ions from aqueous solution [34].

GK is compatible with most other gums, polysaccharides and proteins [12] and they can
modify the character of GK dispersion. GK gels are incompatible with pyrilamine maleate,
a strong hydrotrope and anti-histaminic agent [7].

2.1.12 Use in medicine and pharmaceutical industry

In medicine, GK is used as an effective bulk laxative because after contact with water it
produces discontinuous type of mucilage [5, 10]. Gel is not digested or absorbed by the body
[9]. GK is also applied on dental plates as an adhesive [8]. It was observed that protective
coating of GK had reduced 97 % adhesion of Streptococcus salivarius to dentures in vivo.
It also has improved the adhesion in ileostomy and colostomy appliances [5].

GK has been used in treatment of diverse injuries and diseases such as skin wounds, shallow
soft tissue ulcers, bedsores, diarrhea, diverticulitis, irritable bowel syndrome and chronic
colonic diseases [2, 5, 9, 29]. GK reduces cholesterol and improves glucose metabolism
without adversely affecting most mineral balances [5]. Some studies also suggested that GK
may normalize blood sugar and plasma lipid levels but this has not been thoroughly
investigated [13].
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Application of powdered GK stimulated granulation and enhanced growth of epithelial
tissue around wound edges. GK has bacterial growth-inhibiting activity against Pseudomonas
aeruginosa and Escherichia coli. And GK also showed a reduction in growth
of Staphylococcus aureus and Pseudomonas. The rate of wound infection in surgical incisions
decreased during its use. GK based adhesive absorbed wound exudate and had good adhesion
properties. This material can be also peeled off easily without irritation of the wound [2].

GK is widely used as drug delivery system as matrix for tablets containing drugs e.g.
for caffeine, diclofenac sodium, ibuprofen [6], pantoprazole [29], nimodipine [15], diltiazem
hydrochloride [27, 35], tetracycline hydrochloride [3, 4], ciprofloxacin [16], ornidazole [25,
28], ranitidine hydrochloride [5, 26], metformin [31] and doxycycline hyclate [2]. Application
of GK includes the use in controlled drug transdermal delivery for Zidovudine which is
widely used as anti-AIDS drug [6].

GK is also used as medical adhesive tapes for the treatment of stomaties and in preparation
of pressure-sensitive masking tapes, medical jellies, pastes and films [9]. GK forms smooth
films with plasticizers as glycols [7].

2.1.13 Applications

In recent years, GK and its combination with other polymers are studied for use in medicine
because of their unique properties, wide availability and relatively low price as mentioned
in the following studies.

GK was modified by PVA [4] to develop hydrogels for wound dressings and drug delivery
system. Crosslinking was conducted through gamma radiation. Prepared hydrogels were
characterized by SEM, FTIR and TGA. The effect of reaction parameters to the pore size and
network density was investigated as well as swelling properties of hydrogel. The swelling of
hydrogel increased with increase of GK and PVP in system. The low concentration of PVA in
system has not exerted a very strong effect on swelling. Strong increase of swelling properties
was observed after adding higher amount of PVA. The swelling of hydrogel decreased with
increase in the radiation dose during synthesis. The effect of different swelling media
(distilled water, buffers and simulated wound fluid) on swelling was studied. The release of
drug (tetracycline hydrochloride) from modified GK was studied. The release of drug from
polymer matrix was always occurred in controlled and sustained manner. The release was
occurred through non-Fickian diffusion mechanism. In non-Fickian, diffusion the rate of
diffusion of drug from the polymer is comparable to rate of polymer chain relaxation.

Based on swelling studies, drug release and inherent antimicrobial action of GK was
concluded that GK modified by these synthetic polymers had a potential to act as wound
dressings and controlled drug delivery devices.

GK was also modified by PVA/PVP [2] and HEMA/AAc [28] under same conditions and
obtained results were the same as in study [4]. Doxycycline hyclate was used as a model drug
in study [2] and in similar study [28] ornidazole was used.

GK was modified with polyacrylamide (poly(AAm)) to develop an anti-ulcer drug delivery
system. The preparation of hydrogel was carried out inthe presence of NN'-
methylenebisacrylamide (N,N-MBAAm) as crosslinker and ammonium persulfate (APS)
as initiator [5]. The effect of reaction parameters (monomer, initiator and crosslinker
concentrations, amount of GK) to the swelling of the hydrogel was investigated. The new
hydrogel was characterized by FTIR and SEM. The release mechanism and diffusion
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coefficient of model anti-ulcer drug (ranitidine hydrochloride) were studied. The study
showed that the release mechanism of the drug was strongly affected by pH of buffers.

The novel drug delivery device was prepared by modification of GK with methacrylic acid
(MAACc) [26]. Hydrogel was prepared by using N,N'-MBAAm as crosslinker and APS
as initiator. Modified GK was characterized by FTIR, SEM and swelling studies.
The swelling of polymer decreased with increase in monomer and crosslinker concentration.
On the other hand the swelling of polymer increased with increase in initiator concentration,
pH and GK contents. The release mechanism of model anti-ulcer drug (ranitidine
hydrochloride) occurred through non-Fickian diffusion mechanism. The release from polymer
matrix was appeared in controlled and sustained manner. It means that modified GK could act
as a controlled drug delivery system in GIT.

The antidiarrheal drug delivery system was developed by functionalization GK with PVP
[25]. Modified GK was prepared by using N,N’-MBAAm as crosslinker and APS as initiator.
The hydrogel was studied by FTIR, SEM, TGA and swelling behaviour. The release
of antidiarrheal drug (ornidazole) from polymer matrix occurred through Fickian diffusion
mechanism and was indicated as controlled. The rate of solvent diffusion is lower than
the rate of polymer chain relaxation in Fickian diffusion mechanism. Modified GK could have
double potential in GIT. The first one is due to the release of antidiarrheal drug and
the second one is due to the laxative action of GK after polymer matrix degradation.

GK was modified with methacrylamide (MAAm) inthe presence of N,N-MBAAm
as crosslinker and APS as initiator [16]. The polymer was characterized by FTIR, TGA, SEM
and swelling behaviour. The mechanism of crosslinking GK with MAAm was presented. The
release of ciprofloxacin from modified GK was observed as non-Fickian diffusion
mechanism. This system could be used as therapeutic agent to cure diverticulitis. The
hydrogel has a double healing potential in GIT because of synergic effect of release
of ciprofloxacin and degradation of polymer matrix.

The hydrogel wound dressing for slow drug delivery was prepared by using GK crosslinked
with PVA and PVA/poly(AAm) [24]. The preparation was carried out with N,N'-MBAAm as
crosslinker and APS as initiator. Polymeric films were characterized by SEM, FTIR, TGA,
EDAX and swelling studies. Biomedical properties and drug release were studied. These
hydrogels are classified as non-thrombogenic and biocompatible but antimicrobial activity
was not observed. Mechanical strength of these hydrogels was sufficient for biomedical
applications. Good adhesive strength with mucous membrane in simulated wound fluid was
observed. The hydrogel films were permeable for oxygen and water vapour but they were not
permeable for micro-organisms. It was concluded that release of tetracycline from polymeric
matrix occurred through non-Fickian diffusion mechanism. The results confirmed that these
films could be used as wound dressings.

GK was also modified with PVA by glutaraldehyde as crosslinker and dibutylphthalate
as plasticizer to develop wound dressing for the delivery of antimicrobial agent (tetracycline
hydrochloride) [3]. Modified GK was characterized by FTIR and swelling studies. The release
of the drug was occurred by non-Fickian diffusion mechanism. It was concluded that this
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dressing could have a double potential because of inherent antimicrobial nature of GK and
because of controlled release of the drug.

GK was also used in paste which acts as skin barrier [36]. Main component is liquid rubber
(diene-type). Other substances such as sodium carboxymethylcellulose, GK, gelatin, silica
and guar gum can be present in different ratios. The paste was prepared by kneading.
The paste less irritates the skin, mucosa or injured areas and it is free from organic solvents.
The application of the paste is easy. It can be freely formed with the fingertips or a spatula.
It is less susceptible to a viscosity change when it is exposed to the atmosphere and it is stable
when is stored in a container.

Clinical evaluation of gum karaya based hydrocolloid dressings for use in medicine was
reported in [37, 38, 39].

GK or its combinations with locust bean gum and hydroxylpropyl methylcellulose were
used to develop sustained release matrix tablets of diltiazem hydrochloride [35]. Diltiazem
hydrochloride is widely used in treatment of hypertension and angina. The blends of polymers
were studied by FTIR, SEM and DSC. Tablets were prepared by direct compression and
hardness, friability and drug release were evaluated. The release of drug was occurred through
non-Fickian diffusion mechanism and erosion mechanism. Combinations of GK with locust
bean gum or GK with hydroxylpropyl methylcellulose exhibit synergistic effect in sustained
drug release. The synergistic effect of release drug between the tree polymers was not
observed. Also the chemical interaction between the polymers and the drug was not observed.

Sustained release matrix tablets for diltiazem hydrochloride were developed by crosslinking
GK with tri-sodium tri-metaphosphate [27]. Crosslinked GK was studied by SEM, FTIR,
DSC and erosion and water uptake studies. Tablets of crosslinked GK showed higher rigidity,
slower hydratation and slower drug release than unmodified GK. No chemical interaction
between the polymer matrix and the drug was observed. The release of drug was indicated
as a combination of diffusion and erosion mechanism. The release of drug was occurred
through Fickian diffusion mechanism.

Microspheres of GK/chitosan were prepared by suspension polymerization using
glutaraldehyde as crosslinker [18]. OGK were deacetylated by NaOH treatment (method
in chapter  2.1.8). Microspheres were characterized by SEM, FTIR and
dynamic thermogravimetric analysis. Microspheres were also studied by measurement
of apparent density, pH sensitivity and swelling studies. It was concluded that porous spheres
with size 250-350 pm had a potential to be used in different applications such
as immobilization of biomolecules, wastewater treatment and drug delivery system.

The new drug delivery system for poorly soluble drug nimodipine (NM) was prepared from
modified GK [15]. GK was modified by heating for two hours at 120 °C. Volatile acetyl
groups of GK were removed by heating and it resulted in reduce of viscosity of GK. Solid
mixtures of modified GK and NM were prepared by co-grinding technique and an optimum
ratio was found 1:9 w/w (NM:GK). Samples were characterized by solubility studies, SEM,
DSC and XRD. Process variable such as polymer concentration and methods of preparation
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solid mixtures were also studied. It was concluded that dissolution rate of NM had improved
and chemical interaction of drug with GK had not been observed.

The solid dispersion of modified GK and poorly soluble drug glimepiride was prepared
in research [40] as a drug delivery system. Glimepiride is an oral anti-diabetic drug. The solid
dispersion was done by solvent evaporation method. OGK was pulverized and heated for 2
hours at 120 °C. The resulted GK was observed as slightly brown powder. SEM, FTIR, DSC,
XRD and solubility studies were used as characterization methods. Higher dissolution rate of
glimepiride was observed in system with modified GK. Thus modified GK has higher
potential to be a carrier for poorly soluble drugs than GK.

GK and alginate were crosslinked by CaCl, to develop a gastro-retentive drug delivery
system [29]. There was also prepared the second type of beads from GK, alginate and CaCl,
but CaCOs and acetic acid were added to prepared porous floating beads. The beads were
prepared by ionotropic gelation and they were studied by SEM, FITR and EDAX. Swelling
studies of beads were carried out as a function of reaction parameters, pH and temperature
of the swelling media. Release of anti-ulcer model drug pantoprazole was occurred through
Fickian diffusion mechanism. It was concluded that floating beads prepared with CaCO;
could retain drug in stomach for longer time than beads without CaCOs. Hence these floating
beads could be useful as a gastro-retentive drug delivery system for stomach diseases.

GK based drug delivery systems in combination with various natural or synthetic materials
were used in many other researches such as [41-45].

2.2 Goal of the work

The aim of presented study is a summary of properties, structure and use of natural
polysaccharide gum karaya (Sterculia urens). The main goal of the work is to optimize
modification process to obtain soluble and purified GK. This study deals also
with characterization of original GK and modified GK by different methods such as FTIR,
TGA, DSC, GPC, ICP-OES, XRD, NMR, SEM and rheological measurements.
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3 EXPERIMENTAL PART

3.1 Chemicals

3.2 Methods

Gum karaya (GK, commercial grade) was purchased from Sigma — Aldrich, Germany
Ammonium hydroxide (NH4OH, G.R.) was purchased from Lach-Ner, s.r.o0., CZ
Sodium hydroxide (NaOH, G.R.) was purchased from Lach-Ner, s.r.0., CZ

Potassium hydroxide (KOH, G.R.) was purchased from Lach-Ner, s.r.0., CZ

Hydrochloric acid (HCI, G.R.) was purchased from Lach-Ner, s.r.o., CZ
Sodium chloride (NaCl, G.R.) was purchased from Lach-Ner, s.r.0., CZ
Ethanol (96%) was purchased from Moravian distillery, Kojetin, CZ

MilliQ water was prepared by Millipore Elix instrument

3.2.1 Modification of gum karaya

Original gum karaya (OGK) was stirred in water at a speed of 300 rpm for 24 hours at room

temperature. MiliQ water was used for each experiment.

Dispersion of OGK was modified by adjusting pH to 10 by NH4OH. Method was taken
from work [11]. Dispersion of OGK was also modified by NaOH or KOH. Concentration

of each hydroxide was 1 mol-I". The hydroxide was added in ratio 1:3 to the dispersion

of OGK, pH after addition of hydroxide was 12. Method of modification was partly taken
from [6, 23]. Each modification was carried out at room temperature. Conditions
of modification are described in the Table 1.

Table 1: Labeling of samples and conditions of modification

Concentration of GK . Time of Adjusted pH
Sample . . Hydroxide . . after
dispersion (%) modification . .
modification
Al 1 NH,OH 24 hours 7
A2 1 NaOH 20 min 7
Bl 2 NaOH 20 min 7
B2 1 NaOH 20 min 7
B3 0.5 NaOH 20 min 7
B4 0.1 NaOH 20 min 7
B5 0.1 NaOH 10 min 7
B6 2 NaOH 10 min 7
B7 3 NaOH 10 min 7
Cl 1 KOH 1 hours 7
C2 1 KOH 6 hours 7
C3 1 KOH 18 hours 7
C4 1 KOH 24 hours 7
C5 1 KOH 10 min 7
C6 1 KOH 20 min 7
C7 1 KOH 30 min 7
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C8 1 KOH 40 min 7
D1 2 NaOH 10 min 7
El 2 NaOH 1 min 7
E2 2 KOH 1 min 7
F1 2 NaOH 1 min 6.5
Gl 2 NaOH 1 min

H1 2 NaOH 1 min

3.2.2 Purification of original gum karaya

The OGK solution was filtered through polypropylene filters (with pore size 99 pum)
to remove impurities. The dispersion was centrifuged for 60 minutes (30 °C, 15 000 rpm) and
air dried for 24 hours until constant weight.

3.2.3 Purification of modified gum karaya

Dilute hydrochloric acid (1 mol-1") was used for pH adjustment after modification for all
samples. The modified samples of GK (MGK) were filtered through polypropylene filters
(with pore size 99 and 42 um) and through a steel filter (with pore size 25 um) to remove
impurities. The solutions were centrifuged (MPW-350R MED. Instruments) for 60 minutes
at 30 °C, 15 000 rpm.

Ethanol was used for first precipitation of GK solution in ratio 2:1. Some of the samples
were dialyzed (as an aqueous solutions) against water (Table 2) for 48 hours (12 000-14 000
MWCO, Fisher Brand) to remove residual salts. Water was changed three times.

HCI was added to ethanol (0.4 ml of conc. HCI to 100 ml of ethanol) for better precipitation
of MGK after dialysis. All samples were air-dried for 24 hours or lyophilized (Alpha 2-4 LSC
Christ). Dry samples were powdered and stored in a glass vial.

Table 2: Preparation of samples after modification

First . Dissolvin . Second .
Sample precipitation Drying in waterg Dialysis precipitation Drying
Al EtOH air - - - -
A2/1 EtOH air - - - -
could not be
A2/2 EtOH air yes - precipitated -
in EtOH
Bl- EtOH air - - - -
C1-8 EtOH air - - - -
could not be
D1/1 EtOH - yes yes precipitated -
in EtOH
could not be
D1/2 - - - yes precipitated -
in EtOH
E1-2 EtOH air - - - -




could not be
F1/1 EtOH air yes yes precipitated -
in EtOH
precipitated
F1/2 EtOH air yes yes in EtOH + air
HCI
) precipitated )
F1/3 EtOH air yes - in BtOL air
precipitated
Gl - - - yes in EtOH + air
HCI
lyo-
HI/ ) ) ) yes ) philization
lyo-
H1/2 - - - yes - philization
(+10 pl HCI)
lyo-
H1/3 - - - yes - philization
(+20 pl HCI)

3.3 Characterization

3.3.1 Fourier transformed infra-red spectroscopy (FTIR)

Infrared spectra were collected using Tensor 27 FTIR spectrometer (Bruker). Samples were
measured in powder form in attenuated total reflection mode (ATR) with diamond crystal.
The machine was set up to measure absorbance as a function of wave number between 4 000
and 600 cm™. The number of scans was 32 and the resolution was set to 4 cm™. Spectra were
adjusted by Opus program. Baseline was corrected automatically by software and spectra
were normalized to 1.

3.3.2 Nuclear magnetic resonance (13C CP MAS NMR)

The presence of acetyl groups in OGK and MGK was evaluated using solid-state
3C CP MAS NMR spectroscopy on 500 MHz Bruker Avance III instrument using 4 mm
probe MAS VTN 500SB BL4 N-P/F-H. Frequency of rotation of the samples was 5 kHz.
The "*C was measured using cross-polarization techniques. The resonant frequency of the *C
was 125.78 MHz. Number of scans for OGK was 3821 and for sample E1 3998.

3.3.3 X-ray diffraction analysis (XRD)

An X-ray diffraction spectrum of OGK was recorded on X-ray diffraction spectrometer
Empyrean (Panalytical). The sample powder was pressed into pellets. The spectrum was
recorded using Cu as anode material. Generator voltage was 40 kV and tube current 30 mA.
Scan axis was gonio. Scan range was from 5° to 90° (26) and scan step size 0.01313.
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3.3.4 Scanning electron microscopy (SEM)

Photographs of OGK and MGK were recorded by using SEM MIRA3 (TESCAN). Samples
were performed on the carbon tape and coated with 24 nm layer of gold before examination.
Accelerating voltage HV 5 kV and detector of secondary electrons were used. Photos were
depicted in 2 000% magnification and 20 um scale.

3.3.5 Gel Permeation Chromatography (GPC)

Weight average molecular weight (Mw), polydisperzity index (Mw/Mn), intrinsic viscosity,
hydrodynamic radius and gyration radius of MGK was determined using gel permeation
chromatography (GPC) by Agilent Technologies. Column PL aquagel-OH MIXED 8 um
with porous silica as hydrogel filling and analytical standard Dextran 410 kDa and 150 kDa
were used. Multiangle light scattering (MALS) detector, UV-VIS detector, differential
refractometer (concentration detector) and viscosity detector (Viskostar) were used.

The concentration of MGK solutions was 1 mg'ml”. Increment of refractive index (dn/dc)
of GK was 0,140. The samples were filtered before measurement through a nylon filter
with pore size 0.45 pm. The sample injection into the column was 50 pl. Solution of NaNO;
(0.1 mol-1"") was used as mobile phase at flow rate 0.6 ml-min.

3.3.6 Mineral element composition of GK

Mineral composition of GK was determined by ICP-OES (Ultima 2, Horiba Jobin Yvone)
with peristaltic pump, concentric glass nebuliser, glass cyclone spray chamber and
photomultiplier detection. Flow rate of argon was 14 dm’-min™".

Each sample was treated with 15 ml of high purity HNOj; for 24 hour at room temperature
to destroy the organic matter. Afterwards solutions were quantitatively transferred
to the volumetric flasks. The flasks were filled up to the mark with MiliQ water. Each sample
was prepared twice. Blank sample was also prepared and measured amount of elements was

subtracted from the GK samples.

3.3.7 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis of GK was carried out by thermogravimeter Q500 (TA
Instruments). Alumina pan was used for measurement between 25 °C and 700 °C. Heating
rate was 10 K-min™'. Flow rate of protective gas (nitrogen or air) was 60 ml'min™'. Spectra
were adjusted by TA Universal Analysis program.

3.3.8 Differential scanning calorimetry (DSC)

Thermal properties of GK samples were analyzed by differential scanning calorimeter
204 F1 (Netzsch) with heat flux. Measurements were performed in a pierced aluminium pan
at a temperature ranging from -40 °C to 180 °C at heating rate of 20 K-min™'. Flow rate
of protective gas (nitrogen) was 40 ml-min”'. Spectra were evaluated by Proteus Analysis
program.
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3.3.9 Dynamic Rheological Analysis

The rheological properties of the GK aqueous solutions were investigated in a dynamic
stress-controlled rheometer AR-G2 (TA Instruments) with Cone Plate geometry (angle 2°,
diameter 40 mm, gap 60 um).

Each sample was stirred 24 hours at laboratory temperature before measurement. GK
aqueous solution (600 pl) was transferred to the Peltier (temperature control system)
by micropipette. Solvent trap was used for each measurement to prevent evaporation
of the sample. Each measurement was carried out at 23 °C.

Stress sweep and strain sweep were carried out at constant angular frequency of 1 rad-s™.
Frequency sweep was carried out at constant stress 0.1 Pa.

Determination of NaCl effect to OGK viscosity was carried out at constant angular
frequency of 1 rad-s” and stress was fixed at 0.1 Pa.
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4 RESULTS AND DISCUSSION

4.1 Structure of original gum karaya

The structure of OGK was not most likely published only structure after modification
(without acetyl groups) (Fig. 2). The position of acetyl groups on GK chain was not fully
clarified. The acetyl group could be attached to the GK chain through -O-CH,- group
on galctose unit because the primary hydroxyl group is more reactive than the secondary
groups. Similar bonding of acetyl groups were observed on glucose unit in gellan gum [46]
(Fig. 5) and on mannose unit in xanthan gum [47].

CHj3
(IJ—-O
/O
CH 0.5 coo'm* CH,OH
0 o (0]
CHg4
OH OH
OH OH OH OH
CH,OH

Fig. 5: Structure of native gellan gum [46]

4.2 Effect of modification to gum karaya solubility

OGK is insoluble in water and just swells. OGK can be modified by alkali treatment
to prepare the soluble form (MGK). Soluble and purified form of GK is needed because
of further crosslinking and applications e.g. as hydrogels in medicine.

Insolubility of OGK can be affected by presence of multivalent ions (e.g. Ca** ions) and
also by presence of acetyl groups in GK structure (Fig. 6). The ratio of influence
of multivalent ions and acetyl groups is not fully understood.

CH Cx CH,
O'/CQO O/ 2 . ] M O g \O HO/
. | M*OH
M C — -
o H,c” o o
O~ O~

Fig. 6: Schematic structure of OGK (insoluble form) and MGK after hydroxide treatment
(soluble form)
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Ca”" ions can act as crosslinking agent between two anionic groups (e.g. between two
ionized carboxyl groups or hydroxyl and carboxyl groups) by electrostatic interaction (Fig. 4).
Influence of multivalent ions to GK properties was reported in [6, 14, 29, 30, 31]. Treatment
of OGK by strong hydroxide (NaOH or KOH) in excess leads to the replacement Ca’" ions
for Na' ions [14] (Fig. 7). The replacement of ions releases of the structure. This process
contributes to the higher solubility of GK.

o 0 o o)

// o A\ NaOH // . .\
GK—C Ca C—GK ——> GK—C Na + Na Cc—cGK
\ - // \ - //

o o} o 0

Fig. 7: Treatment of OGK by NaOH

Effect of acetyl groups to properties of OGK or alkali treatment of OGK (deacetylation
process) was published in [6, 7, 10, 11, 14, 18-22]. Acetyl groups contribute to insolubility of
OGK in water due to hydrophobic character of the methyl group. Acetyl groups can be
removed form OGK structure by hydroxide (Fig. 8). Acetyl groups linked through oxygen are
labile at pH =12, at room temperature [48]. Removing acetyl groups form OGK structure
contributes to the higher solubility of GK [11].

% 0
/044 +  Na-OH =~ GK—OH + Na'0—{
GK CHy CHg

Fig. 8: Deacetylation of OGK by NaOH
A mechanism of OGK deacetylation was not most likely published in literature.

Deacetylation mechanism of OGK is shown in Fig. 9. The mechanism is generally known
as base-catalyzed hydrolysis of ester (saponification).

(//2/\ o
H,C—C : HsC

s + HO — ~d —
0—GK (8/ “OH
\
GK
Vi fast Vi
HC—C ,/-I-\ O_GK — HC—C + H-CK
OH o)

Fig. 9: Suggestion of deacetylation mechanism of OGK by hydroxide
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4.3 Modification of original gum karaya

OGK solution (2 wt. %) had translucent, yellowish and viscous character with slight acetic
odour. Small peaces of bark (approximately 50 um and smaller) were visible. OGK contained
about 3 % of impurities. After modification GK solution looked like a true solution with
significantly lower viscosity than before and without any odour. The solution was transparent
without any visible particles.

Modification of OGK was carried out in excess of different type of hydroxide (NH4OH,
NaOH or KOH) and with different concentration of OGK solution (0.1 — 3 %). Different time
(1 min — 24 hours) of modification and value of pH after the modification process (pH = 7 or
6.5) was tested as well (Table 1). Dilute 1 mol-1" HCI was used for pH adjustment after
modification. HCI reacted with excess of NaOH to form a sodium chloride. The residual salts
can partially remains in samples after precipitation.

Effects of different reaction parameters to modification process were studied (Table 1).
The comparison of samples Al and A2 showed that NH4OH is not so efficient agent
for modification as NaOH. Differences in the FITR spectra of A1 and A2 were observed (Fig.
11). The precipitated samples had light pinkish colour and were water soluble.

The sample A2/2 was dissolved in water and than mixed with EtOH (second precipitation)
to remove residual of salt from solution after neutralization (Table 2). However, the solution
did not precipitate. Even lower temperature of EtOH and the solution did not help
precipitation.

The effect of concentration of OGK solution to modification process by NaOH was
investigated with samples B1 — 4. The same effect was investigated again with shorter time
of modification (samples B5 — 7, Table 1).

Different concentration of OGK solution did not have any significant effect to modification
process. However, viscosity of sample B7 was too high during and after the modification
process. I was concluded that concentration of OGK solution higher than 2 % is not suitable
for processing. Any significant differences between the samples after precipitation were not
observed. The FTIR spectra for each sample were similar.

The effect of time for modification process was evaluated also with KOH (samples C1 — 8,
Table 1). There were no significant differences between their FTIR spectra. It indicates that
GK structure was not changed during the treatment with KOH (Fig. 15). The GK structure is
relatively stable against 1 mol-1" KOH at least for 24 hours.

Sample D1 (Table 1) was prepared to evaluate possibilities of second precipitation in EtOH.
D1/1 was at first precipitated in EtOH than dissolved and dialyzed (Table 2). Subsequently it
was not possible to precipitate solution of MGK in EtOH again. D1/2 sample was just
dialyzed without any further precipitation. Precipitation after dialysis was not also possible.

Comparison of two types of hydroxides for modification process was carried out
with samples E1 and E2 (Table 1). The FTIR spectra for both samples were similar. It was
concluded that one minute of modification process with NaOH or KOH is sufficient for 2 %
OGK solution. Both of these hydroxides can be used for modification of OGK.

Effect of adjusting pH after dialysis was examined on sample F (Table 1) which was treated
in different ways (samples F1/1, F1/2 and F1/3, Table 2). The first precipitation was not
affected by lower pH of OGK solution because the sample was soluble in water. The second
precipitation of F1/1 was not possible in pure EtOH but precipitation of F1/2 was possible
in EtOH with HCI (0.4 ml of conc. HCI to 100 ml of ethanol). Sample F1/3 was treated
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in the same way but without dialysis (Table 2). pH of sample F1/3 after dissolution was 6.4
and precipitation in EtOH was possible.

G1 sample was prepared to evaluate possibilities of precipitation MGK (pH 7) in acidic
EtOH without earlier acidification of MGK solution. Precipitation of G1 in acidic EtOH was
possible. FTIR spectra of F1/2 and G1 were identical.

General conclusion was made: that second precipitation or precipitation after dialysis is
possible just in acidic EtOH and/or pH of sample has to be lower than 7. F1/1 could not be
precipitated in pure EtOH probably because original pH of the sample was changed during
dialysis to 7.

Samples F1/2, F1/3 and G1 (obtained at lower pH than 7) had different properties compared
to the samples (A2/1, B1-7, C1-8, E1-2) which were get form precipitation in pure EtOH (first
precipitation, pH 7). Colour was white with yellow tinge and samples had rubbery character
in wet state after precipitation and they were harder in dried state. Samples were not soluble
in water even in cold (4 °C) or hot water (70 °C). Sample did not even swell in water.
Dissolution was possible only in solution with higher pH than 11.

Sample H1 was prepared to evaluate if presence of EtOH is necessary for new band
formation in FTIR spectrum (Table 1). HI was dialyzed and pH after dialysis was 6.1. Sample
H1/2 (20 ml) was acidified with 10 pl concentrated HCI and H1/3 with 20 pl concentrated
HCI. H1/1 was used as control sample without acidification. All Hl samples were dried
in lyophilizer.

Powdered sample H1/1 was insoluble in water and did not swell. H1/2 and H1/3 in scaffold
form swelled and showed gel properties. The swelling properties could by affected by sample
form. Solubility of H1/1 was expected. However, insolubility of H1/1 could by caused by pH
of solution after dialysis. FTIR spectra showed that new band were formed in each H sample
and spectra for all samples were similar. It was concluded that presence of EtOH is not
necessary for new bands formation.

Precipitation after dialysis or second precipitation after redissolving samples was not
possible probably because of change of carboxylate salts into carboxylic groups during
redissolving and dialysis of the samples. Carboxylic acids are more soluble in EtOH than their
salts. Acidic conditions (adding HCI or pH of the solution lower than 7) contribute
to possibility of precipitation. The insolubility of the samples in water could be also caused by
carboxylic acids because of their lower solubility in water compared to carboxylate salts and
also by physical interaction between groups (e.g. dimmer form of carboxylic groups due to
hydrogen bonding).

Also the FTIR spectrum of G1 (Fig. 13) may help to confirm this theory because it showed
lower intensity of bands related to the carboxylate groups and new band related to carboxylic
acids in monomer form.
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4.4 Fourier-transform infrared spectroscopy (FTIR)

Samples were analyzed by FTIR to determine their chemical composition. The presence or
absence of certain groups was evaluated. The solution of the spectra is not easy because there
is large number of groups in GK structure and they can overlap each other. The FTIR
spectrum of OGK was evaluated in Fig. 10.

The broad band with maximum at 3347 cm™ indicates stretching vibration of -OH groups
[16]. The band at 2937 cm’ represents -C-H stretching vibrations [24]. The bands at 2400—
1950 cm™ belong to the ATR crystal (diamond).

The bands at 1725 and 1245 cm™ represent -C=0 of acetyl groups (CH;CO-) [6, 11, 16, 21,
49]. The band at 1605 cm™ is attributed to antisymmetrical stretching of carboxylate group
(-COO") of uronic acids and the band at 1418 cm™ to symmetrical stretching. The band
at 1375 cm™ probably represents symmetrical deformation of -CH; groups which belongs
to acetyl group.

The band at 1146 cm™ corresponds with -C-O- stretching of -C-O-C- group which is
characteristic for natural polysaccharides. Band for stretching vibrations of hydroxyl groups
occurs again at 1036 cm™ [31].

1,2

1036

1,0 1

0,8 A

0,6
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3347
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02 2937
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3650 3400 3150 2900 2650 2400 2150 1900 1650 1400 1150 900 650

wavenubers (cm™)

Fig. 10: FTIR spectra of OGK and its characteristic peaks

The FTIR spectra of OGK, Al and A2 samples are depicted in Fig. 11, Fig. 12. Two
significant bands at 1725 and 1245 cm™ and band at 1375 cm™ were observed at OGK
spectrum and partially at Al spectrum. Those bands were not detected at A2 spectra. Total
deacetylation of A2 sample was confirmed by the absence of those peaks which belong
to acetyl group. The FTIR spectra of B1-7, C1-8 and E1-2 samples were similar to A2.
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Increasing intensity of bands at 1605 and 1418 cm™ after modification (A1, A2 samples)
could be related to change from carboxylate groups bonded with Ca®" ion to monomer form
of Na" carboxylate. This change could result in larger space for vibrations of carboxylate
groups.

FTIR spectrum of Gl is depicted in Fig. 13, Fig. 14. The intensity of bands at 1605 and
1418 cm™ decreased. The band at 1735 cm™ increased compared to sample A2. It could
indicate monomer form of carboxylic acids instead carboxylate salts. The spectra of F1/2,
F1/3, G1, HI samples were similar.

Stability of GK in KOH for at least 24 hours was confirmed by comparison of samples C4
and C5 in Fig. 15.

Water solution after dialysis of sample H1 was dried and residual mass was measured
by FTIR (Fig. 16). The spectrum is most likely composed of several substances. The broad
band between 3650 and 3050 cm” was attributed to stretching vibrations of —OH.
The significant bands at 1560 and 1410 cm™ are related to carboxylate groups. The spectrum
can support the theory that by-product of modification process is carboxylate salt (acetate
in this case).

—A1
— OCGK

absorbance

3650 3350 3050 2750 2450 2150 1850 1550 1250 950 650

wavenubers (cm'1)

Fig. 11: FTIR spectra of samples OGK, Al and A2
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Fig. 12: FTIR spectra of samples OGK, Al and A2 (zoom)
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Fig. 13: FTIR spectra of samples OGK, A2 and G1
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Fig. 14: FTIR spectra of samples OGK, A2 and G1 (zoom)
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Fig. 15: FTIR spectra of samples C4 and C5
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Fig. 16: FTIR spectrum of residues after dialysis sample H1

950

650

34



4.5 Nuclear magnetic resonance (C CP MAS NMR)

The *C CP MAS NMR spectra of OGK and El were measured to evaluate presence
of acetyl groups in the structure of GK (Fig. 17). The spectrum could not be resolved well
because of broad peaks which are characteristic for solid-state NMR. NMR in solution might
be more appropriate to get narrower peaks as in study [6]. However, high viscosity of OGK in
D,0 could also affect the spectrum.

The NMR spectrum of OGK was partly resolved in [6, 21, 50]. The signal at 17 ppm was
assigned to the methyl group of rhamnose residues and the peak at 21 ppm was attributed
to acetyl residues. The peak between 50-90 ppm belongs to carbons (C2-6) of sugar rings.
Region of anomeric carbons (C1) occurs between 90 and 106 ppm.

The broad peak for acetyl and methyl groups and peaks for carbons of sugar rings were
presented in OGK structure (Fig. 17). Differences between OGK and E1 spectra were
observed. Shift and lower intensity of the peak at 16 ppm (E1) could be related to the absence
of acetyl groups in the structure. The absence of the peak at 19 ppm for acetyl groups in E1
spectrum was proved by deconvolution of the peak at OGK spectrum (Fig. 18).

120 100 80 60 40 20 0

chemical shift (ppm)
Fig. 17: ®C CP MAS NMR spectra of OGK and E1
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Fig. 18: Deconvoluted peak of OGK

4.6 X-ray diffraction analysis (XRD)

The X-ray diffraction analysis was carried out to determine character of OGK. The XRD
pattern of OGK is depicted in Fig. 19. The pattern exhibited high background indicating
amorphous character of OGK.
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Fig. 19: Powder XRD pattern of OGK
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4.7 Scanning electron microscopy (SEM)

The surface morphology of OGK, E1 and E2 were examined by SEM (Fig. 20, Fig. 21, Fig.
22). The changes on surface morphology of OGK and MGK samples were observed. OGK
had smooth and homogenous morphology but MGK samples had structural heterogeneity.
Changes in shape and size of particles were observed in the E1 sample. Particles had irregular
shape and smaller size compared to the OGK. Surface of E2 showed the presence of porous
structure and size of particles was bigger.

However, surface morphology is not significant method for studding chemical modification
of GK because different shape of particles of both modified samples can be also strongly
affected by rate of precipitation, the way of drying and powdering.

SEM HV: 5.0 kV WD: 5.77 mm

SEM MAG: 2.00 kx | Date(m/d/y): 02/19/14 Performance in nanospace

Fig. 20: Scanning electron micrograph of OGK (magnification 2000x)
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- 9. WD: 5.86 mm
SEM MAG: 2.00 kx | Date(m/dly): 02/19/14 Performance in nanospace

Fig. 21: Scanning electron micrograph of E1 (magnification 2000x)

5

SEM HV: 5.0 kV WD: 5.87 mm

SEM MAG: 2.00 kx | Date(m/d/y): 02/19/14 Performance in nanospace

Fig. 22: Scanning electron micrograph of E2 (magnification 2000%)
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4.8 Gel permeation chromatography (GPC)

Weight average molecular weight (Mw), polydisperzity index (Mw/Mn), intrinsic viscosity,
hydrodynamic radius (Rh) and gyration (Rg) radius of E1 and E2 samples were investigated
by GPC (Table 3, Table 4). GPC diagram is depicted in Fig. 23. OGK could not be measured
by GPC because of its insolubility in water and organic solvents.

Molecular weight of OGK is probably 9 500 000 g'mol™ or higher (see chapter 2.1.7). Mw
of MGK samples was lower than OGK. Lower Mw could be related to the NaOH and HCI
treatment during modification process or Mw could be affected by presence of salt
in the samples. The salt affected the resulting concentration of MGK solution. Amount of
presented salt in samples without dialysis is approx. 75 mg-g" (see chapter 4.9). Effect of
inherent moisture of samples (OGK: 18 wt. %, E1: 16 wt. %, E2: 13.5 wt. %) was considered
during weighing of the samples.

The effect of hydroxides (used in modification process) to Mw was evaluated
by comparison of Mw of samples E1 and E2. Mw of both samples was approximately the
same but Mw of sample E2 was slightly lower. It was concluded that type of used hydroxide
had little effect to Mw of modified samples.

The rest of investigated parameters were also approximately similar for both samples.
Hydrodynamic radius indicates that solution of modified GK in water has colloidal character.

7,5 8,5 9,5 10,5 11,5 12,5

retention time (min)

Fig. 23: GPC diagram of E1 and E2 samples
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Table 3: Weight average molecular weight and polydisperzity index of MGK samples

Polydisperzity
Sample Mw (g/mol) (Mw/Mn)
El 8 340 000 1.1
E2 7710 000 1.1

Table 4: Intrinsic viscosity, hydrodynamic (Rh) and gyration (Rg) radius of MGK samples

Hydrf)dynamic Gyration radius Intrinsic viscosity
Sample radius (Rh) (Rg) (ml/g)
(nm) (nm)
El 43.7+1.0 191.3+£29 576.5+ 1.7
E2 451+ 1.0 187.2+£2.2 527.7+0.5

4.9 Mineral element composition of GK

The mineral elemental composition of GK was carried out to determine concentration
of elements in three different samples: OGK, E1 (after first precipitation, without dialysis)
and G1 (after dialysis, precipitated with EtOH + HCI) and to evaluate efficiency of dialysis.
Concentration of calcium, potassium, magnesium and sodium was investigated because they
were found to be present in higher concentrations in GK [19, 21, 51].

The presence of Ca, K and Mg was confirmed and trace amount of Na was also observed
in OGK (Table 5).

Higher content of Na in sample E1 was caused by using NaOH for modification process.
The amount of salt in the sample E1 may not accurately reflect the amount of ions bonded
in the GK structure. The results could be affected by the rate of precipitation because the salts
which are insoluble in EtOH could be partially closed into the precipitate.

Composition of G1 showed that dialysis is good method for removing ions (residual salts)
from GK solution. However, there is probably certain amount of monovalent ions which is
necessary in structure of MGK for soluble form of the polysaccharide.

Table 5: Elemental composition of OGK, E1 and G1 samples

Concentration of elements (mg/g gum) in samples
Element OGK El Gl
Calcium (Ca) 16.734 + 0.610 14.919 + 1.352 4191 +£0.217
Potassium (K) 12.571 +£ 0.098 1.546 £ 0.014 0.034 £ 0.027
Magnesium (Mg) 2.882+0.019 2.521 +0.019 ND
Sodium (Na) 0.018 £ 0.003 47.549 + 2.186 1.219 £ 0.002
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4.10 Thermogravimetric analysis (TGA)

Thermogravimetric analysis is a useful method for studying the decomposition pattern and
the thermal stability of polymers. The TGA thermographs of OGK and modified samples
were investigated in nitrogen or air atmosphere.

Thermal decomposition of OGK and modified sample B3 in nitrogen atmosphere is
depicted in Fig. 24. The first weight loss (25 — 180 °C) is attributed to loss of absorbed
moisture (OGK: 18 wt. %; B3: 16 wt. %). The second weight loss (200 —380 °C) 1is
connected with polysaccharide decomposition. Thermal stability of modified sample B3
slightly decreased. Any additional significant weight losses above 350 °C were not observed.
The residual mass at 700 °C for OGK was 21 % and for B3 14 %.

100
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80 | 25
70 .
~ 12 9
£ 604 — OCK =
s -~ B3 -
2 50 - L5 D
£ —— OGK (1st DER) g
.6 40 _ >.
2 —— B3 (1st DER) £
30 T1
20
+05
10 | /\\‘
O T T T T T T O
0 100 200 300 400 500 600 700

temperature (°C)

Fig. 24: TGA thermographs of OGK and B3 (nitrogen atmosphere)

Thermal decomposition of OGK and B3 in air atmosphere is depicted in Fig. 25. The initial
weight loss is attributed to loss of absorbed moisture. The second weight loss is connected
with decomposition of GK polysaccharide. Decompositions for both samples above
temperature 340 °C are probably connected with oxidation of residues after decomposition
of GK main chain. These weight losses were not observed during heating in nitrogen
atmosphere. The residual mass at 700 °C for OGK was 5.5 % and for B3 9 %.

Thermal stability of OGK A and OGK B (B measured after six months) was compared
in Fig. 26. Thermal stability of both samples is almost identical as well as residual mass
at 340°C. The samples differ only in amount of absorbed moisture (OGK A: 18 wt. %, OGK
B: 16 wt. %).
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Fig. 25: TGA thermographs of OGK and B3 (air atmosphere)
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Fig. 26: TGA thermographs of OGK A and OGK B (OGK B measured six month later) (nitrogen

atmosphere)
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Decomposition of OGK looks like two-phases. It was confirmed by second derivation
of OGK thermograph in Fig. 27. The first phase could be related to decomposition of short
side chains form GK or some part of OGK structure which can be removed by modification
process. The decomposition of modified samples is one-phase. The first phase
of decomposition is not related to decomposition of acetyl groups. It was proved by heating
OGK to 260 °C and measuring the sample by FTIR. The acetyl bands were still present
in the OGK structure.

Thermal stability of OGK and B1-4 samples was compared in Fig. 28. The maximum
of decomposition peaks of B1-4 was decreasing (from 267 to 264 °C) with decreasing of GK
solution concentration.

Comparison of thermal stability of OGK, E1 and E2 samples was carried out in Fig. 29.
Total water content in E2 sample (13.5 wt. %) was lower than in sample E1 (16 wt. %).
Thermal stability of modified samples was almost similar and lower than OGK. Different
thermal stability of modified samples compared to OGK was caused by replacement
of Ca®" ions by Na" and release of the structure. Type of hydroxide used in modification
process had not significant effect on thermal stability. Residual mass for both samples was
42 % at 350°C.

TGA thermographs of OGK and G1 are shown in Fig. 30. Amount of absorbed moisture
in Gl was 12 wt. % and thermal stability was lower than OGK. Initial decomposition
temperature was observed at 170 °C. Lower thermal stability was associated with a change
from a soluble form to an insoluble form. Residual mass at 350 °C was 32 %.
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Fig. 27: TGA thermographs of OGK — first and second derivation (nitrogen atmosphere)
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4.11 Differential scanning calorimetry (DSC)

DCS measurements were used to study exothermic and endothermic changes in GK samples
with increasing temperature.

OGK, E1 and G1 exhibited a broad endothermic peak at 136 °C during first heat (Fig. 31,
in appendix Fig. 40, Fig. 41). This peak was not observed in second heat. The peak
corresponds to water evaporation and is not related to the melting because of amorphous
character of GK. Difference in peak area was caused by different amount of absorbed
moisture in the samples. No other peaks during cooling or second heat were observed.
Significant differences between OGK and modified samples were not observed.

heat flow (mW/mg)

—— E1 - 1st heat

-3,0 — E1 - 2nd heat

— E1 - 1st cooling
‘3,5 T T T T T T T T T T 1
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Fig. 31: DSC thermographs of E1 sample (exo up)
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4.12 Dynamic Rheological Analysis

Linear viscoelastic region (LVR) of dynamic rheological analysis was determined
by rheological measurement. Determining of LVR is essential for adjusting conditions
of further measurements. Measured elastic and storage moduli (G” and G"") are independent
of the conditions of measurement in LVR.

Stress sweep, strain sweep and frequency sweep were carried out to determine LVR.
The dynamic viscoelastic functions such as storage modulus (G") and loss modulus (G"")
were measured as a function of oscillatory stress, strain and angular frequency.

Concentrations of aqueous solutions of OGK and solution of modified sample E1 were
0.5 and 2%. This interval of concentration is commonly used for processing of GK solutions.

Oscillation testing (stress sweep) was carried out at constant angular frequency of 1 rad-s™
and oscillatory stress was ranging from 0.01 Pa to 100 Pa (Fig. 32). The value of 0.05 Pa was
selected because its position in LVR. Drop of moduli behind the linear region is caused
by the collapse of the structure.
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Fig. 32: Stress sweep of OGK and E1 solutions at fixed angular frequency (1 rad-s™), at 23 °C

Strain sweep was carried out from 0.01 % to 100 % at constant angular frequency
of 1 rad-s™ (Fig. 33). Strain sweep was measured for further possible analysis. The selected
value of strain was 1 %. The ripple of the curves was probably caused by arranging
of the chains at the beginning of the measurement.
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Fig. 33: Strain sweep of OGK and E1 solutions at fixed angular frequency (1 rad-s™), at 23 °C
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Frequency sweep was carried out form 0.1 to 100 rad-s™ at constant stress 0.1 Pa (Fig. 34,
Fig. 35). The chosen value of angular frequency was 1 rad-s” because it belongs to area
before cross of G” and G”* moduli.

Gel points were observed in Fig. 34, Fig. 35 for both E1 samples and for OGK (0.5%
solution). G” crossed G”” at the gel point and the liquid-like system started behave like a gel.
The second cross of G and G~ moduli was observed for E1 (2% solution) in Fig. X. After
the second cross the system showed liquid-like behaviour again. Sample OGK (2% solution)
showed gel-like character for whole time of testing (Fig. 35).
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4.13 The influence of NaCl on viscosity of GK solution

OGK is naturally obtained in a salt form (mainly calcium and magnesium) [8] and is not
soluble in water. Addition of NaCl causes higher solubility of OGK because of replacement
Ca®" and Mg”" ions by Na" ions as was reported in [14].

The effect of NaCl in different concentrations to viscosity of OGK solutions in different
concentrations was investigated. OGK solutions (10 ml) were investigated in concentrations
0.5, 1 and 2 % and NaCl solution in concentrations 0.1, 0.5 and 1 molI"" (Table 6). OGK
solutions without NaCl were also investigated. Dynamic viscosity of water at 23 °C is
1 mPa-s. The x axis indicates the viscosity of water.

Table 6: Concentration of OGK solutions (10 ml) and concentration of NaCl in mixtures

Concentration of OGK | Resulting concentration of
solution (%) NaCl (molI'") in mixture

0,5 0,1
1,0 0,1
2,0 0,1
0,5 0,5
1,0 0,5
2,0 0,5
0,5 1,0
1,0 1,0
2,0 1,0
0,5 0

1,0 0

2,0 0

The dependence of viscosity OGK solution without NaCl on the shear rate was plotted
in Fig. 36. The viscosity was decreasing with decreasing concentration of GK solutions
in each case. The viscosity of OGK solutions was also decreasing with higher amount of NaCl
(Fig. 37, Fig. 38, Fig. 39). Lower viscosity of OGK is connected with exchange of Ca*" for
Na' ions and release of the structure and higher solubility of OGK.

The effect of 0.5 and 1 mol-I" NaCl to the OGK viscosity is very similar for each
concentration of OGK solution. There is probably optimal amount of NaCl, which is the most
effective in reducing OGK viscosity. However, additional measurements are needed.
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S CONCLUSION

The aim of present work was prepare soluble and purified natural polysaccharide gum
karaya and summarize and characterize properties of original and modified sample.
Insolubility of OGK 1is caused by presence of acetyl groups in GK structure and also
by multivalent ions which act as crosslinking agent of ionic groups.

Alkali treatment was used as the modification process. 25 samples were prepared to
optimize the modification process. OGK was treated with different type of hydroxide (NaOH,
KOH, NH4OH) for different time and with different starting concentration of OGK solution.
It was concluded that NaOH and KOH are suitable agents for modification process.
Concentration of OGK solution 2 % was chosen, solution with higher concentration was too
viscous for processing. Sufficient time for modification process was 1 minute of hydroxide
treatment. Soluble samples after precipitation in ethanol were obtained. Redissolved samples
or samples after dialysis did not precipitate in ethanol again. Precipitation was possible only
after lowering pH of the solution or in acidic ethanol. Obtained sample was insoluble.
The insolubility could be caused by forming of carboxylic acids in monomer form instead
carboxylate salts and by physical interactions.

Presence of acetyl groups in GK was observed by FTIR. Modified samples A2, B1-7, C1-8
and E1-2 were considered as fully deacetylated because of absence of the band at 1725 cm™
which represents acetyl group. New band at 1735 cm™ were observed after precipitation under
acidic conditions. The band is most likely related to monomer form of carboxylic acids.

Difference between OGK and MGK was determined by *C CP MAS NMR. Differences
were observed in peaks for carbonyl and acetyl groups. Absence of acetyl peak in modified
sample was proved.

Amorphous character of OGK was confirmed by XRD measurement. DSC measurement
of OGK and MGK (soluble and insoluble samples) did not show any significant differences
between them. Presence of calcium, potassium and magnesium ions was proved in OGK
structure by ICP-OES measurements. Molecular weight of MGK samples was evaluated;
El =8 340 000 g'mol™ and E2 =7 710 000 g'mol™. Mw of OGK was not measured because
of insolubility in water.

Amount of moisture and thermal stability of OGK and MGK was studied by TGA. Amount
of moisture in OGK was 18 wt. %. Thermal stability of OGK was higher (280 °C) than
for modified samples. Thermal stability for MGK was affected by reaction parameters.

Linear viscoelastic region of OGK and MGK solutions was determined by oscillatory
testing. Conditions for further rheology measurements are: 1 rad-s” (angular frequency) and
0.05 Pa (oscillatory stress) or 1% (deformation). Effect of NaCl to OGK viscosity was
investigated. Viscosity of OGK decreased with higher amount of NaCl. Lower viscosity of
OGK is connected to exchange of Ca®” for Na* ions and release of the physically bonded
structure resulting in higher solubility of OGK in water.
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