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CALCIUM ALGINATE/HYDROXYAPATITE/LATEX/NANOCOMPOSITE

Calcium alginate (CA) is applied to enzyme immatation for prolonging
enzymatic activity. In this study CA composite witlydroxyapatite (HA) was
prepared by using a wet chemical method and themdnivith various Latex (LX)
concentrations into groups of CA/LX and CA/HA/LX wrarious LX concentrations.
LX solutions at 2.5%, 5%, 10%, 15% and 20% weredused it was found that
between 15% and 20% of their beads were floatimgs12.5-10% LX with CA and
CA/HA were used for the entire experiment. At thed fprming stage, all solutions
showed decreased viscosity when the temperaturénaasased.

The results of a texture profile showed that bdid strength and stability of
the bead structure at 10% LX addition from eachugrof CA/LX and CA/HA/LX
were higher than the control group. There wereediffices in the texture profile for
CA/LX and CA/HA/LX groups which showed differestacking pattern. A single
crack was found in the CA/LX group and a doubleknaas found in the CA/HA/LX
group. Bead swelling of 10% LX decreased becausd_Xis hydrophobic character
obstructed the swelling of defective CA/LX and CAHX beads. Moreover, pH and
temperature had an affect on the swelling of thadbe The best conditions were
found between pH 4-7 at 25°C. The morphology oftlal groups was studied by

SEM and TEM and it was found that the LX materi@swhomogeneous in CA and



CA/HA, and that the HA in CA/LX resulted in crydiahtion. The material was
proved by the result of FT-IR analysis when it wasind that the CA/LX and
CA/HA/LX had changed the wave number #25-1380 cm® which was the
character’'s bands of GHrom LX. The bands shifted towards a higher numdfer
waves in the composite beads

Finally, the enzyme was immobilized in all the caspe beads. The most
important result of the enzyme immobilization expwmt was shown in the high
concentration of LX at 40°C and 50°C at the gehfimg stage. The LX in CA/LX
was inflated and blocked the flow of the substrétewever, this did not occur in
CA/HAJ/LX. It is possible that the HA in CA/HA/LX kad expanded the pores inside
the beads, whereas the LX expansion was inadetmaeal the expanded pores. In
addition, LX determined the rate of relative enzymaetivity for CA/LX and
CA/HA/LX. HA also caused the enzymatic initial veity of CA/HA/LX bead to be
higher than that for the CA/LX bead. The resultseafsed immobilized beads showed
no differences in the relative activity of CA, CAHand CA/HA/(10%) LX for

8 cycles, but for CA/(10%) the LX beads were omyged for 2 cycles.

School of Biotechnology Student’s Signature

Academic Year 2012 Advisor’s Signature




ACKNOWLEDGEMENTS

| would first like to express the deepest gratefulness to my thesis adviser, Asst.
Prof. Dr. Chokchai Wanapu who gave me the inspiring, guidance, encouragement and
stimulating suggestions about my research. | feel grateful to my committee members,
Assoc. Prof. Dr. Neung Teaumroong and Assco Prof. Dr. Montarop Yamabhai for
their active participation and comments on the draft.

My appreciation to the secretary of school of Biotechnology, Institute of
Agricultural Science, Suranaree University of Technology for all their assistance.

Many thanks for al friends and colleagues in F10, for their friendship and
help. | express gratitude to Kunthika Wechkang, Pataraporn Muaenjang, Prakaidoy
Dissayabutr, Nareerat Ma-on, Nuttawan Lertpinyochaithaworn, Russamee Wasuwan,
Tapanawat Muaenjang, Sirima Pinpaengjan and Patcharaporn Chamnan for al your
help, support and love.

Last but the least, my gratitude also extends to my parents, for their constant

love, support, encouragement without aword of complaint.

Apiwat Satsum



CONTENTS

ABSTRACT (THAI .. ettt e e, |
ABSTRACT (ENGLISH) ... veee et I

ACKNOWLEDGEMENTS ...tV

CON T EN T S e e e e e e e e e e e eeee e eeees VI
LIST OF TABLES. ... e e e e Xl
LIST OF FIGURESX ... i e e e et e e e e e e Xl
LIST OF ABBRIVIATIONX. ..ot e e e e et e e XV
CHAPTER
I INTRODUCTION. ...ttt s e e e me e e 1
1.1 Significance ofthe Study.....c....ooiiiiiimii e 1
1.2 Research ObJECHIVES. ... ...t e e e
1.3 Research hypothesiS. ... e e e e 3
1.4 Scope and limitation of the study.............cooiiiiii it 3
1.5 EXPECted reSUILS. .. ... e e e e e e 3
1.6 REIEIENCES. ...ttt e e e e e e e e 3
[ REVIEW OF LITERATURE. ..o e 5
2.0 AlGINALE... ottt ————— s 5
2.1.1 Chemical properties properties...... ..o eeeeeeerreemmiiineeeneenens 5

2.1.2 Physical Properties. .. .......o.oviiiiiiieeeiiiirie e e e 7



2.2

2.1.3

214

2.1.5

Immobilization

221

CONTENTS (Continued)

2.1.2.1 Rheological and solubility propertieS....-.........c.......
2.1.2.2 Alginate on pH properties... ....o.eueeianen
2.1.2.3 Properties of ion binding.............cocmmmeeeeiiiiiiiann .
2.1.2.4 Alginate swelling behavior...............ccccu...
2.1.2.5 Gelformation......... e
Applications of alginate............coeeeeeeeeeiiiinieeeeenn.
2.1.3.1 Biotechnology technology.....cec.ccouueeeen...
2.1.3.2 Textile INdUSEIY.........omiiiiiiieieieeeeeeeeeeee
2.1.3.3 Paper industry... co...ccoeeeeeeeeieineeeeeeeeeeeeee
2.1.3.4 Welding rods........ccoooeeeeeeeieeieees e e e
2.1.3.5 Binders for animal feed............cccccceerrennn,
2.1.3.6 Release agents...........ccceveieiiiieeeeccccmnns.
2.1.3.7 Medicine and Pharmacy.............ccceescommmmmevvvnannns
2.1.3.8 FOOUS......coiiniiiiiiiiiieeeeeeeee e
Hydroxyapatite ...........ccoiiiiiiiiiiieeeeeeeeeiiies

Natural rubber. ... ...

Immobilization MethodS .........coooviiiiiiiiieeeea
P2 N R = 11 o [ Vo

2.2.1.2 Cross linking..........cooceemimiveeeiiiie e e

VIl

Page

........... 11



CONTENTS (Continued)

2.2.1.3 Carrign@ng.........ccccovveiiiiimeiiiiieneeee e

2.2.2 Entrapment ... e
2.2.2.1 Entrapment method............cccccoimrrmmmeeeannn.

2.2.2.2 Entrappedina matriX........ccccccvineeeeeniiennnn

2.2.2.3 Micro-capsulation...........ccccceeiiiiiniiiniii e e e

2.2.2.4 Matrix-encapsulation..........ccceeueeiiiiienecnn

2.2.2.5 Core-shell-encapsulatian.........ccocvvveuernin

2.3 INVEItase ENZYME ..ot e e e e s

2.4 REIEIBNCES. ...t e e e e

STABILITY IMPROVEMENT OF ALGINATE BEADS

USING NATURAL RUBBER/HYDROXYAPATITE

NANOCOMPOSITE FOR ENZYME IMMOBILIZATION

3.1 ADSHACE. ... oot
3.2 INtrOodUCHION. ...ttt e e e e
3.3 Materials and Method.............c.ccooiiiiiii e
3.3.1 MaterialS.....ccooeeiieiee s e
3.3.1.1 Sodium alginate......cccmeeeeeeeriineeeeeeieneaenes

3.3.1.2 Hydroxyapatite.............uuuuiimmmcccieeeeeeeeeeeeee

3.3.1.3  LateX.oiiiiiiiiiiiiiiii e

3.3.1.4 Invertase eNZYme........ccccuuirmeeerrnnneeeeennnnns

VI

Page

.28

......... 30

......... 31



3.3.2

CONTENTS (Continued)
Page
METNOAS. ... 44
3.3.2.1 Preparation of the Alginate/Hydroxyapatit
and vary addition of latex nanocosifmbeads........ 44

3.3.2.2 Study optimum pH and temperature on
nanocomposite beads ..o .ivveevinenienneniicennnn. .46

3.3.2.3  ViISCOSItY ereuteirieeeiiieeieeeeeeeeesraatannsse e e e e e e e emmmeim e 46

3.3.2.4 Texture profile analysiS..........ccceeeviiiiiiiiiiiiiiiiiinnenn. 46

3.3.2.5 Stability of beads structure in fermetaak

CONAITION. ..o

3.3.2.6 Measurement of beads swelling... .o .eeeeceennee. . 47

3.3.2.7 Morphology structure study .......cccoeeveeviiineneinnnennn. 47
3.3.2.8 FT-IR ANAIYSIS......ccoeiiiiieeeiteeeeee e 48
3.3.2.9 Enzyme immobilization............coomeeeeeiiieiineeeeeeee, 48
3.3.2.10 Determination of enzyme activity......cccccccvvviieeennn. 49
3.3.2.11 Reusability of immobilize enzyme..................un.. 49
3.4 RESULTS AND DISCUSSION.....coutiiiiiiieiiee e 49
3.4.1 Preparation of the alginate/hydroxyapatitd latex
NANOCOMPOSIte DeadS.........cccemii i 49
G Y 1o 0 ]| Y 53
3.4.3 Texture profile analysSiS............cceeeeeuriiiiiiiiiieieeeeeeeee e 55



CONTENTS (Continued)

Page

3.4.4 Stability of beads structure in fermentandition.................. 57

3.4.5 Measurement of beads swelling.......omeeeemeeeeeeeeennnnnnn...60

3.4.6 Scanning Electron Micrographs.......ccccceeevvvivvviveeiiviiiiiiennn, 65
3.4.7 Transmission electron MICrOSCOPE. .. uummmmmieeeeeeeeeeeeeeeeeenrennnnnns 71
3.4.8 FT-IR ANAIYSIS....ciiciiiiiiiiieeeeeers s e e e e e e e e e e e eeeeenerannen 74
3.4.9 Optimization of invertase enzyme immobiiz®nditions......... 79
3.4.20 INitial VEIOCILY....ceeteeeeeeeriiie e i e e e et e s e e e e e e e e e e e e eeeeeeeseannnns 83
3.4.11 Reusability of enzyme.............oovmimmmni i 85
3.5 REFEIENCES. ...ooiiiiiiiiiie e 87
[V CONCLUSIONS.. ...t s et ee e s s e e e e e e e e e e e e e e enanns 92
APPENDIX. e et e e e ees 95

BIOGRAPHY ..o e 97



LIST OF TABLE

Table Page

1.1 Preparation conditions of CA/LX and CA/HA/LX ......cooviiieiiriieiiieeseee, 45



LI1ST OF FIGURE

Figure Page

1 Structure of3-D-mannuronic acide-L-guluronic acid and

= 1[0 |1 = L= TSR 6
2 Block polymers structure of alginate...........ccccoveeiii i 7
3 The calcium ion-dependent epimerization processtlaadormation

of the so called “egg-boX MOdel”. e vnwriiimeeeiieeeeiimeiicie e e eeeeennn 10

4 structure of natural rubber............cooiiiiiii 19
5 Immobilization methods for insoluble enzymes.......ooeviiiiiiiiiiiiinnnnnnn. 23
6 Schematic illustration of cross-linking method..............ccccceeveiiiiiiininnnn, 25
7 Schematic illustration of carrier binding methad..............cccocciiiiiiiiinnn. 26
8 Enzyme entrapped iN @ MAatriX.........uuene o eeeeeeeeeeeeeeeeeeeecerene e 28.

9 Enzyme MatriX-enCapSUlatioN..........ccieeiiieeeeeereee e e e e e eeeeee e Q.3
10 Core-shell-encapSulation.................oe s e e e e e e e e e e e e 31
11 Equipment for gel forming using hypodermic syringe..........ccccceevnnnn.. 51

12 Structure and physical characteristic of CA/LX &@&/HA/LX

beads various LX concentration8,&.5, 5, 10, 15 and 20 %

TESPECHIVEIY ...ttt e e et e e et e e et e e e et e e e e e e e et e e e mmnneeeeee 52
13 Viscosity of polymer solution with various LX corndeations

different gel forming temperature INSES......ccvvevemiiiiiie e 54
14 Mechanical resistant of CA and CA/HA in LX

AAdItIONSCONCENIIALION. . ...ee e et e e 56



LIST OF FIGURE (Continued)

Figure

15 Remind of beads type CA/LX and CA/HA/LX in vary LX

concentration in speed of agitate 1,00 and time holding

A NOUN At 25 °Cuni e
16 Stability of beads structure testing in fermentandition.................

17 Percent swelling of CA and CA/HA beads in LX coneations.......

18 Swelling of CA and CA/HA beads in LX various cont@tions

on at various pH and various tempematirgel forming

CONAITION. . e ans

19 Optimum swelling of CA/LX and CA/HA/LX beads in wapH

and temperature at gel forming State. e «ooveeeeeeeeiiiiiiieeeet e

20 SEM micrographs of pure calcium—alginate beads fnbze

Aried MELNOM. . ... e e e eaaaaes

21 SEM morphology of surface beads CA/LX in differerce

(o0] g [61=1 a1 2= L ([0 o THUT TR

22 SEM morphology of surface beads CA/HA/LX in difface

LX concentration at 0, 2.5, 5 and 10% respebt.......c.....cc..coo....

23 TEM micrographs of material and nanocomposite siinecof

material HA, CA, CA/HA, CA/LX 10% ardA/HA/LX10%...........

24 Spectrums of FT-IR analysis character peak of CA atd

LX in spectra covering the 4000-800tmange.......cccccuvveeeeenn...

Xl

Page

64

......... 73



XV

L1ST OF FIGURE (Continued)

Figure Page

25 Spectrums of FT-IR analysis character peak of CAahd

CA/LX 10%and LX in spectra covering at 400@B&ni’ range.................... 78
26 Invertase enzyme activities in time until starthie end of

process of CA , CA/LX 2.5%, CA/LX 5% and LXA X 10%.................. 80
27 Invertase enzyme activities in time until starthie end of

process of CA /HA, CA/HA/LX 2.5%, CA/HA/LX 5%nd

LX CAIHAILX 100, .. e s meeeeetettineess s e e e e aeeesaaaseeeseennmeseeeessnnnnns 82
28 Scatter graph plots of optimum enzyme initial véptime

compared with each gel forming stage tempeeaif CA/LX

and CA/HA/LX in LX various CONCENIratioNS - ...c.uvvrreeeriiireeeeee e 84
29 Relative invertase activities of reused immobiliZd and

CA/HA at 0 and 10% LX concentration in 8 ®&&l........cc.ovviveeevinennnn. 86



°C
ng
Hg

mg

kg

ul
ml

mM

L1ST OF ABBREVIATIONS

degree Celsius
nanogram
microgram
milligram
gram
kilogram
square meter
second
minute

hour

day
microliter
milliliter
millimolar

molar



CHAPTER |

INTRODUCTION

1.1 Significance of the study

Alginate is of considerable interest in the fields of biotechnology and
biomedical engineering due to biodegradability, biocompatibility, bioreactor, natural
abundance, unique chemical structures and physical of chemical/biological properties
(Yang et a., 2011). Alginate was firstly discovered in the late 19" century by an
English chemist, E.C.C. Standford that is quiet abundant in nature occur as a structure
component in marine brown algae (Laminaria, Phaeophyceae and Macrocystis)
(Gasesa, 1998). Alginate, a linear polysaccharide consisting of mannuronic acid (M)
and guluronic acid (G) residues, is considered as a stimuli-responsive polymer which
gel forming processed in the presence of di-valent or multi-valent cations such as Ca?*
and changes polymer hydrophilicity in response to external pH and temperature
environment (Yang et a., 2009). Physically crosslinked alginate gel iswidely used for
immobilizing purposes, and has been studied for many years in an effort to relate
composition of the polymer to its gel properties such as pore size, swelling and
mechanical stability (Sand et al., 2010). However, since natural materials have soft
structures, the ability to modify polymer properties are applied (Boisseson et 4.,
2004). Therefore, there is considerable interested in this natural material and in the
ability to physical property have been applied to improve the properties of the

biopolymer vehicles.



Hydroxyapatite is a famous nano-material to apply in biotechnology its
material is considerable interest to improve other physical properties such as porous
ability cause of the hydroxyapatite crystal can induce a porous structure and crystal
network in side gel beads (Huang et a., 2011; Pallelaet al., 2011). And an important
material to improve strength and gel beads stability is natural rubber or latex
(cis-1, 4-polyisoprene) occurs in severa plant species (Mark et al., 2005), the most
important source is the ‘Hevea brasiliensis’ tree which accounts for over 99% of the
world’s natural rubber production. Natura rubber is extracted as a latex agueous
emulsion or dispersion of the natural polymer (~96 % of solids) and other substances,
such as proteins (~1%) and lipids (~3%) (Kohjiya et a., 2006; Oberdisse et a., 2005).

This research was to develop a new co-biopolymer from an ordinary alginate
polymer, expected with new properties, and to consider the possibility of applications
as enzyme retentive, controlled and prolong device. Findly, tested invertase enzyme
was immobilized with these nano-composite beads for controlling its activity in some

conditions.

1.2 Resear ch objectives

1.2.1 To optimize condition for nano-composite beads production such as
pH, temperature and ratio of each polymer.

1.2.2 To increase some structural properties of nanocomposite beads
production such as porous ability and strength.

1.2.3 To apply nanocomposite beads enzyme immobilization using invertase as

model enzyme and test efficiency of immobilization.



1.3 Research hypothesis

The structure of alginate beads isimproved structural quality by hydroxyapatite

and latex materials and is used in invertase enzyme immobilization.

1.4 Scope and limitation of the study

To produce and optimize nanocomposite beads with latex and hydroxyapatite.
The physical properties of nanocomposite beads were characterized and then the

efficiency of immobilized invertase enzyme was anal yzed.

1.5 Expected results

The high strength and porus ability could be obtained from nanocomposite

beads and showed prolong enzymatic invertase activity in immobilization stage.
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CHAPTER I1

LITERATURE REVIEW

2.1 Alginate
2.1.1 Chemical properties

Alginate is a linear copolymer of-D-mannuronic acid (M) and C-5
epimer,a-L-guluronic acid (G) residues arranged in irregldbocks along the linear
chain (Figure 1).These monomers can be organized in blocks of catisec
G-residues (G-blocks), consecutive M-residues (btkd), alternating M-residues
and G-residues (MG-blocks) or randomly organizeackd (Figure 2) (Vallaet al.,
1996). The relative amount of each block type wateth with the origin of the
alginate. Due to these properties, alginate hamwsiindustrial uses as viscosifiers,
stabilizers and gel-forming, filming-forming or veatbinding agents. These
applications range from textile printing and mamtiieing of ceramics to produce of
welding rods and water-treatment. The polymer isitde in cold water and forms
thermo stable gels. These properties are utilinetheé food industry in products like
custard creams and restructured food (Yangl.,2011). The polymer is also used as
a stabilizer and thickener in a variety of beveggeeam, emulsions and sauces. The
pharmaceutical industry uses alginate as woundsihgs and dental impression
materials. The polysaccharide is also used aslatthimder or disintegrant, and by
carefully choosing the optimal alginate quality oren control release of the drug

(Onsoien, 1996). The biomedical used alginateddyare such as prosthetics dentistry and



artificial organs (Change, 2003). In recent yegiralte is by far the most widely used
polymer for immobilization and microcapsulation heologies (Funduenanu, et al.,
1999). Within the food industry, alginate encapBafa and immobilization

technologies are also used for many purposes, dmgufood processing, food

functionality and product acceptability. These intmlipation technologies can enhance
productivity as a result of continuous operationl aause of the entrapped cells or
enzymes (Yang et al., 2011). Immobilization or grstdation technology is used to
produce a wide range of bacterial metabolitesuutiolg enzymes, cells, amino acids,

organic acids and alcohols (Nazzaro et al., 2012).

a-L-guluronic acid (G)

o | s - . . ]
G M G G M M

Figure 1. Structure of ap-D-mannuronic acid or M-block, ky-L-guluronic acid or

G-block and c) alginate (Avella, et al., 2007).
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Figure 2. Block polymers structure of alginate (Avella, &t 2007).

2.1.2 Physical properties
2.1.2.1 Rheological and solubility properties
Alginates are soluble in aqueous solution at pHyirag from 5-10.
Alginate solution concentrations of less than 0\ show the Newtonian property,
whereas solutions of 0.5-2.5% w/v behave as pselaktic fluids over a wide range
of shear rates (10-10,000 $¢cAlginate concentration increases when the smiuti
passes through stages of a viscous liquid to & thaste, any further addition of

alginate to the suspension medium may not be pomkspersed and hydrated



(Kourkoutaset al, 2002). Alginate solution viscosity depends on patyrmolecular
weight, composition and sequence of M and G resdwad decreases with
increasing temperature. There are three essemtiahpeters determining and limiting
the solubility of alginates in water. (I) The pH tbie solvent is important because of
its electrostatic charges on the mannuronic acilgaiuronic acid residues. (II) Total
ionic strength of the solute also plays an impdrtesie (salting-out effects of
non-gelling cations), and obviously, the contengefling ions in the solvent limits
the solubility. And (Ill) in the latter case, th&wcture is depend on the water and
content of C&' ions are to be the main structure forming (Stethieliet al, 2001).

2.1.2.2 Alginate on pH properties

Alginate contains a carboxylic acid moiety per ucasicid monomer.

The acid dissociation constants (pKa) of alginaigypers differ only slightly from
those of the monomeric residues which were detexdhito be 3.38 and 3.65 for
mannuronic and guluronic acids, respectively, deiteed from potentiometric
titration. The pKa of alginate is ionic strengthpdadent and affected by the
monomeric block compositions. Alginates are susblpto both acid and alkaline
degradation, via cleavage of the glycosidic linkag€ompared to other sugars,
glycosidic linkages involving uronic acids such Blsand G are more strongly
resistant toward hydrolysis in very strong acidndiions normally used to fully
hydrolyse polysaccharides to monosaccharides ¢Le¢, 2000). At very low pH, the
homopolymeric blocks of alginates have tendencycristallize due to inductive
effects, protecting the polymer from acid hydrotysHowever, the rate of acid
degradation near the pKa (pH range 1-4) is muchhdrigthan for neutral
polysaccharides. In this range, the carboxylic afidV and G contributes to the

hydrolysis by intramolecular catalysis in additimnthe free Fl ions, making alginate



less stable than neutral polysaccharides such abyloellulose. The rate of
degradation is approximately 3 times higher for MMMcks compared to GG blocks,
but is almost independent of pH within. Optimumbgtty is at pH 7-12 (Rao et al.,
1989; Velten et al., 1999).

2.1.2.3 Properties of ion binding

Alginates have limited solubility in solution comtag gelling ions
such as Cd, B&", and ZA*. However, pre-dissolved alginates in aqueous iswlt
physiological pH are polyanionic and can undergtutsm gel transition in the
presence of divalent or mulialent cations, most commonly with €aor form
interpenetrating polymer complex with polycationsts as chitosan. The basis for the
gelling properties of alginates is their specifan4binding characteristics (Haug,
1964; Smidsrod, 1973). Experiments involving eduilim dialysis of alginate have
shown that the selective binding of certain allkalearth metals ions (e.g. strong and
cooperative binding of G relative to Mg?") increased apparent with increasing
content of a-L-guluronate residues in the chains. Poly-mannat®nblocks and
alternating blocks were almost without selectivity.

The high selectivity between similar ions such lgsé from the
alkaline earth metals indicates that some chelatmgged by structural features in the
G-blocks takes place. Attempts were made to expthia phenomenon by the
so-called “egg-box” model (Grant et al., 1973),dzhsipon the linkage conformation
of the guluronate residues (Figure 3).

The selectivity of alginates for multivalent catsois also dependent
on the ionic composition of the alginate gel, as #ffinity toward a specific ion
increases with increasing content of the ion in gleé (Skjak-Braek et al., 1986).

Thus, a Ca-alginate (CA) gel has a markedly higtiinity toward C&" ions than its
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Na-alginate (NA) solution. This has been explaitiegoretically (Smidsrod, 1973;
Skjak-Braek et al., 1986) by a near-neighbor awmperative process (Ising model)
and can be explained physically by the entropicaftfavorable binding of the first
divalent ion between two G-blocks and the more falite binding of the next ions in

the same dimension.

a-L-guluronic acid (G)
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o
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B-D-mannuronic acidgM)

Figure 3. The calcium ion-dependent epimerization procesktha formation of the

so called “egg-box model” (Steinbucthetlal., 2001).
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2.1.2.4 Alginate swelling behavior

For the swelling behavior of dry alginate powderagueous media
with different concentrations of €athere seems to be a limit at approximately 3 mM
free calcium ions. Alginate can be solubilized e 3 mM [C4'] by the addition
of complexing agents, such as polyphosphates oatejt before addition of the
alginate powder (Skjak-Braek et al., 1986).

2.1.2.5 Gel formation

A direct mixing of alginate and multivalent catiomsarely
produces homogeneous gels due to the very rapidreeekrsible binding of such
ions. A controlled introduction of cross-linking ne is possible by the two
fundamental methods of preparation sach as thesibii method and the internal
setting method (Smidsrod and Draget, 1996). Thieigidn method is characterized
by allowed a cross-linking ion (e.g., €gto diffuse from a large outer reservoir into
an alginate solution. Diffusion setting is charaeied by rapid gelling kinetics and is
utilized for immobilization purposes where eachpiied of alginate solution makes
one single gel bead with entrapped active agenidSod and Skjak-Braek, 1990;
Funduennanu, 1999). This setting is High-speed laéseficial, e.g., in restructuring
of the food when a given size and shape of thd prnaduct is desirable (Smidsrod,
1973).

The internal setting method differs from the difarsmethod in that
the C&" ions are released in a controlled fashion froninant calcium source within
the alginate solution. Controlled release usualphtained by a change in pH, by a
limited solubility of the calcium salt source, aodthe by presence of chelating
agents. The main difference between internal afiision setting is the gelling

kinetics that is not diffusion-controlled in thefioer case (Draget et al., 1991).
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2.1.3 Applications of alginate

Given the large number of different applicationgjraates must be regarded
as one of the most versatile polysaccharides. Tapgkcations span from traditional
technical utilization to foods and biomedicine (Kamwet al.,2012).

2.1.3.1 Biotechnology technology

In recent years, entrapment within spheres of galcalginate gel

has become the most widely used technique for inilimimly living cells such as
bacteria, cyanobacteria, algae, fungi, plant pilasipplant and animal cells. Alginate
immobilized cell system is used as biocatalystseveral industrial processes ranging
from ethanol production by yeast (Crescenzi, 1985mulating immune cells to
secrete cytokines, such as Tumor Necrosis Fac{diNF-o), Interleukin-1 (IL-1) and
Interleukin-6 (IL-6) (Otterlei et al., 1991). Algwte gel also has a potential as
implantation material for hormone-production celfsl encapsulated langerhans islets
are currently being evaluated as a bio-artificiadl@crine pancreas (Skjak-Braek and
Moe, 1992; Crescenzi, 1995; Clementi, 1995).

2.1.3.2 Textileindustry

The quantitatively most important technical apglma of alginates

is as a shear-thinning viscosity in textile prigtim which alginates has gained a high
popularity because of the resulting color yieldjgbmess, and print levelness
(Steinbuchekt al, 2001). In the textile printing, alginates are ussdthickeners for
the paste containing the dye. These pastes mayjed to the fabric by either
screen or roller equipment. Alginates became ingparthickeners with the advent of
reactive dyes (Sutherland and Ellwood, 1979). Thesmbine chemically with

cellulose in the fabric. Many of the usual thickensuch as starch react with the
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reactive dyes and this leads to lower color yieldd sometimes by-products that are
not easily washed out. Alginates do not react whth dyes; they easily wash out the
finished textile and are the best thickeners factiwe dyes. Alginates are more
expensive than starch and recently starch manutsthave made efforts to produce
modified starches that do not react with the reactlyes, so it is becoming a more
competitive market. The types of alginate requirady from medium to high
apparent viscosity with older screen printing equept, to low apparent viscosity if
modern, high speed, roller printing is used (Stedafielet al.,2001).
2.1.3.3 Paper industry

The main use for alginate in the paper industrinisurface sizing
Alginate added to the normal starch sizing givesmaoth continuous film and a
surface with less fluffing. The oil resistance tfimate films gives a size with better
oil resistance and enhances greaseproof propeAmesmproved gloss is obtained
with high gloss inks. If papers or boards are tonaeed, alginate in the sized will
keep the wax mainly at the surface. So give bettating run ability than other
thickeners especially in hot, on machine coatingliagtions. Cottrell and Kovacs
(1980) give examples of formulations for a kraftelboard sizing and for corrugating
adhesives. An improved sizing with alginate hasnbebtained by using a paper
containing 5-25% of calcium carbonate filler; tredotum alginate film which forms
gives better solvent resistance. The alginateaad#d with 6-20 parts of starch or it
may be combined with polyvinyl alcohol.

Paper coating methods have developed significasitige the late
1950s as the demand for a moderately priced cqapdr for high quality printing.

Trailing blade coating equipment runs at 1,000 msefger minute or more so the
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coating material, usually clay plus a synthetietabinder, must have consistent
rheological properties under the conditions of cwatUp to 1% alginate will prevent
change in viscosity of the coating suspension uttteehigh shear conditions where it
contacts the roller. The alginate also helps totrobrwater loss from the coating
suspension into the paper, between the point wtierecoating is applied and the
point where the excess is removed by the traililagléas The viscosity of the coating
suspension must not be allowed to increase bydbsgater into the paper because
this leads to uneven removal by the trailing blas streaking of the coating.
Medium to high viscosity alginates are used, atta of 0.4-0.8% of the clay solids. A
new modified form of sodium alginate has been reggbto be more effective than
existing alginate and results in lower processingtx (Sutherland and Ellwood,
1979).
2.1.3.4 Welding rods
Coatings are applied to welding rods or electrameact as a flux

and to control the conditions in the intermediaieimnity of the weld such as
temperature or oxygen and hydrogen availabilitye Tny ingredients of the coating
are mixed with sodium silicate (water-glass) whigives some of the plasticity
necessary for extrusion of the coating onto the rodlso acts as the binder for the
dried coating on the rod. However, the wet silidzds no binding action and does not
provide sufficient lubrication to allow effectiven@ smooth extrusion. An additional
lubricant is shape of the coating on the rod dudnging and baking. Alginates are
used to meet these requirements. The quantitiedgofates used are very dependent
on the type of welding rod being coated and theuskin equipment being used.
Alginate manufacturers are the best source of imébion for using alginates in

welding rod applications (Steinbuckhetlal.,2001).
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2.1.3.5Bindersfor animal feed
The worldwide growth in aquaculture has led to tlse of crude
alginate as a binder in salmon and other animalsieespecially moist feed made
from fresh waste fish with various dry componerdginate binding can lower
consumption by up to 40 percent and pollution dfure ponds is sharply reduced
(Steinbucheet al, 2001).
2.1.3.6 Release agents
The poor adhesion of films of alginate to many acef, together
with their insolubility in non-aqueous solventsybded to their use as mould release
agents, originally for plaster moulds and laterthe forming of fiberglass plastics.
Sodium alginate (SA) also makes a good coatingfirtack paper which is used as
a release agent in the manufacture of synthetio scorative boards (Sumitomo,
1981). Films of calcium alginate (CA), formed ituson a paper, have been used to
separate decorative laminates after they have foeered in a hot-pressing system.
2.1.3.7 Medicine and Phar macy
Alginates have been used for decade as helpingtagervarious
human-health applications. Some examples includdrugraditional would dressing,
in dental impression material, and in some formaoitet preventing gastric reflux.
Alginate was used as an immobilization matrix imeas biotechnological processes.
Entrapment of cells within Ca-alginate spheres basome the most widely used
technique for the immobilization of living cells ftidsrod and Skjak-Braek, 1990).
This immobilization procedure can be carried owiragle-step process under very
mild conditions and is therefore compatible withgnoells. The cell suspension is
mixed with a SA solution and the mixture is drippedo a solution containing

multivalent (usually C&). The droplets then instantaneously from gel-sgher
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entrapping the cells in a three-dimensional latt€éonic ally cross-linked alginate.
The possible uses for such systems in industry,icme] and agriculture are
numerous, ranging from production of ethanol bysyet production of monoclonal
antibodies by hybridoma cells, to mass productibartficial seed by entrapment of
plant embryos (Smidsrod and Skjak-Braek, 1990).

The most exciting prospect for alginate gel immiabil cells is their
potential use in cell transplantation. The mainpoge of the gel is to act as a barrier
between the transplant and the immune system ofidke Different cells have been
suggested for gel immobilization, including parathg cells for treatment of
hypocalcemia and dopamine-production adrenal chifomaells for treatment of
Parkinson’s disease (Aebisher et al., 1993; Chak@@3). However, major interest
has been focused on insulin-producting cells fa tleatment of type | diabetes.
Alginate/poly-L-lysine capsules containing pancie@dtangerhans islets have been
shown to reverse diabetes in large animals anctictlyrare being clinically tested in
humans (Soon-Shiong et al., 1993).

2.1.3.8 Foods

In food industry, alginate about 50% of world protion it is used
as food additives to improve, modify and stabilize texture of foods. This is valid
for such properties as apparent enhancement, galffg ability and stabilization of
aqueous mixtures, dispersions and emulsions. Inynadustries it used full of
alginate directly and apply for each industry (@gttand Kovacs 1980; Sime, 1990

and Littlecott, 1982).
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2.1.4 Hydr oxyapatite
Hydroxyapatite (HA) is the most biocompatible matiedue to chemical and
crystallographic similarities to the apatite comeonof bone (Inkyo et al., 2008).

However synthesis of HA has been obtained by

10Ca(NQ); + 6(NH;),HPO, + 8NHOH —» Cao(POy)s(OH), + 6H,0 + 20NH, NO3

For production of HA to produce materials for therdhtissue implantation
due to its excellent biocompatibility and osteoaactaity as well as close similarity
to the human bone structure (Monmaturapoj, 200&nWprocessing routes have
been used for the fabrication of porous HA granwdesh as hydrothermal conversion
of natural corals (Roy, 1974) and crushing of sedeblocks, granulation by vibration
and rolling (Zhang, 1989), dripping procedure (Faleb al., 1994), casting in plaster
mould (Liu, 1996) emulsion methods (Takahashai et al., 2008)tla@ spray drying
process (lkoma et al., 2008). Most of the HA bigpoér have been prepared
according to the following two-step procedure. THA particles with various
nanocomposite were first prepared and then intreducto the biopolymer matrices
under proper conditions. Although the pregener&t@dparticles may be at the nano
scale. HA is an ideal material for the preparatodndrug scaffolds because of its
excellent properties, such as the ability to absonariety of chemical species and
biocompatibility. However, the release of drugsnirdiA has been proved to be
initially very fast (Mizushima et al., 2006), simil to the weak of enzyme and cell
immobilized.

Entrapment has been extensively used for the imimabon of enzymes or

cell major limitation of this technique for the inofmilization of enzymes is the
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possible prolong during continuous use becausehefsimall molecular size and
stability of alginate gel. One of the major limitats of entrapment technique is the
diffusion limitation as well as the hindrance, esplly when the macromolecular
substrates like starch and proteins are used. $)ffuproblems can be minimized by
using an open pore matrix and the all the abovélpno can be used hydroxyapatite
for improve capability. Recently, the preparation and application of novel
biopolymer/ inorganic material composites as imriobi enzyme or cell have
attracted much attention owing to their unique dtrte and properties.
Hydroxyapatite has been used for the preparatiothisf class of composites. The
synergistic effect of biopolymer and inorganic mnizle as well as the strong
interfacial interactions between them via electabst interaction and hydrogen
bonding could improve the mechanical propertiesglémg behavior, porousability
and slow release.
2.1.5 Natural rubber

Natural rubber or latex (LX) is obtained from théky secretion of various
plants, but the only important commercial sourcenatural rubber is the trddevea
brasiliensis. The only other plant under cultivation as a cono@rubber source is
guayule Parthenium argentatum), a shrub native to the arid regions of South-east
Asia such Malaysia and Thailand. All natural rubb®aterials are polymer, which
are high molecular weight compounds consistingoafjlchains of one or more types
of molecules, such as monomers. Vulcanization (wing) produces chemical links
between the loosely coiled polymeric chains. Etastioccurs because the chains can
be stretched and the crosslink cause them to spang when the stress is released.
Natural rubber is a polyterpene, i.e., it consistasoprene molecules linked into

loosely twisted chains (Crowther et al., 1988). Titmmomer units along the backbone
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of the carbon chains are in @s arrangement (Figure 4) and it is this spatial
configuration that gives rubber its highly elasti@aracter. From special property such
as high strength, wider temperature range and yighdstic character of natural
rubber may be suitable for use the various progerto improve the stability of

alginate gel beads.

_[_CH2 /C/Hz_];1

Ne—
C=C

AN
H;C H
Figure 4. structure of natural rubber.

Polymer is something made of many units. The momsnae small
molecules that usually contain 10 or less atonssnow. Carbon and hydrogen are the
most common atoms in monomers, but oxygen, nitrogklorine, fluorine, silicon
and sulfur may also be present. Chain in the mom®raee polymerized together to
make a chain with at least 1000 atoms in a rovis this feature of large size that
gives polymers their special properties macromadéscor polymers are found in the
human body, animals, plants, minerals and manufagtproducts. For elastic,
strength and stability properties of natural rubbes interest to enhance alginate
beads in secondary biopolymer. When use the algihaads in fermenter strength

and thermal stability is important to propertiegueement.
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2.2 Immobilization

Alginate is commonly used as an immobilization medifor whole isolated
enzyme preparations in industrial processes reguirienzymatic activity.
Immobilization in this manner is a simple meansexducing enzyme loss, and can
improve the heat stability of entrapped enzymes. afginate (particularly their
calcium salts) form ionotropic gels spontaneousigar low-temperature conditions,
it is ideal for entrapment of whole enzymes, whigbuld otherwise be damaged
under more stringent conditions (Navratil et al02pD However, as alginate or other
viscous entrapment media act as a diffusion bartiesy may also reduce enzyme
access to the substrates or decrease the ratelease of end products. Therefore, this
may results in a reduction in the efficiency ofsthype of process (Mishra and Kar
2003). This must be taken into account when chgoamimmobilization medium for
large-scale industrial processes. While enzyme imization is suitable for several
applications, the use of whole cell immobilizatisnnecessary to carry out multiple
steps, enzyme reactions, especially those depermterthe presence of enzyme
cofactors. Alginate is the most frequently desaibamobilization agent in previous
literature (Boyaval and Goulet 1988; Brandenbegeger Widmer 1998).

Enzymes are macromolecules that act as a catalystiice chemical changes
in other substances, while their self remainingaapptly unchanged by the process.
They are three-dimensional biological catalystdy groduced in living organisms.
The variety of chemical transformations catalyzed dnzymes has made these
molecules a prime target of exploitation by the egimg biotechnology industries
such as fine chemistry, food chemistry, therapsuéipplications, decontamination
processes and protein engineering. The use of eaxymthese applications has been

limited by some factors, mainly their stabilityghicost of production and availability
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in small amounts. It is difficult and expensiverezover them from reactor effluents
at the end of the catalytic process because of slodubility. From this point of view,
the transformation of chemical processes that fritra laboratory to industry
catalyzed by enzymes one of the most complex andimx goals in biotechnology
(Bugg 2001). Over last few decades, intense researcthe area of enzyme
technology has provided many techniques that makg their practical applications.
Some of these techniques are protein engineeringxigting enzymes, chemical
modification of enzymes, addition of additives amdmobilization (lyer and
Ananthanarayan, 2008). Among them, the newer tdobimal development in the
field of immobilized biocatalysts can offer the pimlity of a wider and more
economical exploitation of biocatalysts. Immobitizebiocatalysts are not only
enzymes, but also cells or organelles (or comhanatiof these). For many industrial
applications, enzymes and cells have to be imnm#uli via very simple and
cost-effective protocols, in order to be re-usedroxery long periods of time (Meena
and Raja, 2006).

Advantages of Immobilizaed enzymes, in additiomnhigr excellent functional
properties (activity, selectivity, specificity, a@&blto catalyze the most complex
chemical processes under the most benign experinemd environmental
conditions), also have some characteristics thatnat very suitable for industrial
applications, many industries it used full of akgim directly and apply for each
industry. Alginate immobilized cell and enzyme gystis famous material in several
industrial processes ranging from ethanol produchy yeast cells to the production
of monoclonal antibodies from hybridoma cells (€Cerwi, 1995), for alginate in the
paper industry is in surface sizing (Sutherland Blhdood, 1979). Alginate added to

the normal starch sizing gives a smooth continuidos and a surface with less
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fluffing. The quantity of alginate used is usually 5-10 perad the weight of starch
in the size (Steinbucheét al., 2001). Alginate is a mean material to matrix
immobilization in various biotechnological process&ntrapment of cells within
Ca-alginate spheres matrix has become the mostywided technique for living cells
(Smidsrod and Skjak-Braek, 1990).

The main components of an immobilized enzyme sysiesrnthe enzyme, the
matrix, and the mode of attachment or entrapmelgall matrix properties include
physical resistance to compression, hydrophiligtgbility under the conditions to be
used, biocompatibility, resistance to microbialaekt, and availability at low cast
Supports can be classified as inorganic and organording to their chemical
composition. The organic supports can be subdiviohtd natural and synthetic

polymers

Organic

Natural polymers

Polysaccharides: Cellulose, agar, agarose, chigmate dextrans.

Proteins: Collagen, albumin.

Other polymers: Polyacrylate polymethacrylatesyaotylamide, polyamides,

vinyl, Polystyrene and all-polymers

Inorganic
Natural minerals: Bentonite, silica, sand.
Processed materials: Glass (nonporous and comtnpdiee), metals, controlled

pore Metal oxides (e.g. ZrOTIO,, Al,O5) (Guisan2006).
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Chemical and physical qualities of the support matencluding porosity,
particle size and functional group on the surfameehto be considered when making a
choice for the immobilization techniquéGuisan 2006). The selection of the
immobilization technique (the mode of attachmenteatrapment) is based on the
process specifications for the enzyme used becafisaffects of some kinetic
parameters of the immobilized enzyme. The most contynused immobilization

methods are show in Figure 5.

Gel-entrapping

Entrapping Fiber-entrapping

Microencapsulation

Immobilization methods

Cross-linking

Binding

Carrier binding

Figure 5. Immobilization methods for insoluble enzymes.

2.2.1 Immobilization M ethods
These immobilization techniques are sorted intolesnical and physical
methods. Chemical methods involve the formatiorc@falent bonds between the

functional group on the enzyme and functional geoap the support material while
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physical methods do not involve covalent bondinghwhe enzyme. Methods for
enzyme immobilization can be classified into twamzategories (Guisazn06):

1. Binding (modified biocatalyst)
2. Entrapment (free biocatalyst)
2.2.1.1 Binding

This method of immobilization involves the formaticof a
covalent bond between the enzyme and a supportrialaté method can be
sub-classified into cross linking and binding (Waadd, 1985; Porath and Axen,
1976; Cabral and Kennedy, 1991).

2.2.1.2 Crosslinking

This type of immobilization is support-free and ahxes joining
the enzymes to each other to form a large, threeasional complex structure, and
can be achieved by chemical or physical methodsuiBr 1976). Cross-linking is
based on the formation of chemical bonds, as incthalent binding method, but
water-insoluble carriers are not used. It can Ipta@ed as the intermolecular cross-linking
of enzymes by biofunctional or multifunctional reags. Glutaraldehyde is the most
common reagent that used for cross-linking. Croksk a simple and rapid procedure
to immobilized enzymes. It can be usefully employadconjunction with other
methods, namely to minimize leakage of enzymesadjréammobilized by adsorption.
However the cross linking reaction is not easilyteolled and so it is very difficult to
obtain large enzyme aggregates with high actiwtygmtion. Cross-linking reactions
are carried out under relatively severe conditififigure 6). These rough conditions
can change the conformation of active center of@gheyme; and so may lead to

significant loss of activity (Sheldon et al., 2006)
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Figure 6. Schematic illustration of cross-linking methodo(&e:www.rpi.edy.

2.2.1.3 Carrier Binding
Carrier binding method is described as the bindihgnzymes to
waterinsoluble carriers. Is the oldest immobilization method for enzymes.this
method shown in Figure 7, the amount of enzyme taarthe carrier and the activity
depends on the nature of the carrier. The most aomyrused carriers for enzyme
immobilization are polysaccharide derivatives sastcellulose, agarose, dextran and

polyacrylamide gel. The important factors of chogstarrier are (Ca@006).
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enzyme

Figure 7. Schematic illustration of carrier binding metho8o(rce: www.rpi.edu

2.2.2 Entrapment
2.2.2.1 Entrapment method

The entrapment method is based on the sequestefingn
enzyme (or a cell or a multi enzyme) within a pogyia network that allows the
substrate and products to pass through but retag&nzyme. This method differs
from the binding, in that the enzyme is not boumdhie matrix or membrane. Enzyme
molecules are free in solution, but entrapped bickaor membrane. This membrane
can be alginate, carrageenan, agarose, polyacdéanmectin, gelatin, chitin or
chitosan (Wadiack and Carbonell, 1975). There amesadvantages of entrapment
(Guisan, 2006):

* Enzymes are immobilized without a chemical orucitiral
modification that prevents hindrance of active safie¢he enzyme so there is no loss

of activity because of the intermolecular linkif@enaturation is usually avoided.
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 Entrapment is a general techniqgue which has ae wid
applicability.

* Possibility of simultaneous immobilization of fdifent enzymes
in a single step and combination of other methad ss cross linking.

» Large specific area for the effective contactha&f substrate and
the enzyme.

* Biocompatibility. For example calcium alginate Igeare
reported to be nontoxic for cells and hence sugtédnl cell immobilization.

e Easy, simply and low cost.

Despite these advantages, this method also hasitiiom such as
possible leakage of enzyme during repeated usaibead semi-permeable surface of
matrix. The practical use of entrapment methodslingted by mass transfer
limitations through membranes or gels. The diffasiate is sometimes the limiting
parameter according as molecular weight of thetsatiesand the product. Generally,
high substrate concentrations are necessary irr todemit its influence. Entrapped
enzymes are better used with small substrates $anger ones may not be able to

pass the membrane and reach the active site didbatalyst (Won et al., 2005).

2.2.2.2 Entrapped in amatrix
Some synthetic polymers such as polyacrylamide yvioyl
alcohol and natural polymer have been used to inlimebenzymes using this
technique that called lattice-type entrapment. iteifype entrapment involves
entrapping enzymes within the interstitial spacés @ross-linked water-insoluble

polymer. This method offers several advantagegsistant to weak acids and alkali,
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high ionic strength, some organic solvents. Howetlegir use is limited to
low-molecular weight substrates due to steric lande and inactivation of the

enzyme may occur as a result of the use of pretipg agents, polymer solvents and

water immiscible liquids (Guisan, 2006).

Figure 8. Enzyme entrapped in a matrix (Source: www.rpi)edu

2.2.2.3 Micro-capsulation

Microcapsule-entrapping involves enclosing the emzy within
semi permeable polymer membranes. The preparatioenpyme micro-capsules
requires extremely well-controlled conditions ahd procedures for micro-capsulation
of enzymes can be classified as:

¢ Interfacial polymerization method: In this proceeluenzymes
are enclosed in semi-permeable membranes of posym@r aqueous mixture of the
enzyme and hydrophilic monomer are emulsified irwaer-immiscible organic
solvent. Then the same hydrophilic monomer is adibethe organic solvent by

stirring. Polymerization of the monomers then oscat the interface between the
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agueous and organic solvent phases in the emulBlenresult is that the enzyme in
the aqueous phase is enclosed in a membrane ohpoly

e Liquid drying: In this process, a polymer is dissa in a
water-immiscible organic solvent which has a bagilpoint lower than that of water.
An aqueous solution of enzyme is dispersed in ttgaroc phase to form a first
emulsion of water-in-oil type. The first emulsioontaining agueous micro droplets is
then dispersed in an aqueous phase containingcpik@eolloidal substances such as
gelatin, and surfactants, and a secondary emuisiprepared. The organic solvent in
then removed by warming in vacuum. A polymer membris thus produced to give
enzyme micro capsules.

The most commonly used microencapsulation coatiatenals
are gums (gum arabic, sodium alginate, and carragge carbohydrates (starch,
dextran, and sucrose), Celluloses (carboxymetHuloske, methycellulose), lipids
(bees wax, stearic acid, phospholipids). Selectbrthe most convenient coating
material for core is the primary important factor application of this methodt is
common to define microencapsulation as the embgdadinat least one ingredient
(active agent) into at least one other (shell naderThe active agent is usually not
suitable to use it directly due to several reastms:solubility, reactivity (to low or
high), stability. On the other hand, it may be d¥antage to optimize the properties
of the active agents, e.g. by using controlled aste For all practical aspects a
common classification into two basic methods cambee:

¢ Matrix-encapsulation

e Core-shell-encapsulation
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2.2.2.4 Matrix-encapsulation

Matrix-encapsulation is used for distributed homugmus active
agent in the shell material as shown in Figure 9nidrosphere is a spherical particle
of a homogeneous mixture. These microspheres deet@belease the encapsulated
active agents over a defined time. Controlled s#eaaicrospheres are optimized by a
suitable choice of the shell material and the chqgsaticle size. The choice of shell
materials suitable for the application is waxesdrbgolloids or other organic or
inorganic materials. Wax embedded active agentb wéfined controlled release
curves and an enhanced stability of the embeddenmiclals are produced for
cosmetic or pharmaceutical applications. In othetd$ of application like food

industries the retention time of the agent (e ftp\aor) needs to be enhanced.

Enzyme

Matrix

Figure 9. Enzyme Matrix-encapsulation.
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2.2.2.5 Core-shell-encapsulation

Spherical particle with a solid shell is commongndminated as
microcapsule (Figure 10). They are used in apptinatlike chewing gum with an
extraordinary taste or anti-allergic bedware whikeleps its features over years and
even after a hot wash. The suitable range of shaterials is very broad, since most
gelling systems can be used. In general the moatmmmly used shell materials are
hydrocolloids like alginate, agar-agar, gelatin balso gum arabicum, latices,
polymethacrylates, polyethersulfones, wax and nraoye. The core material needs
to be liquid which makes hydrophilic (e.g. aquesoiutions) and also hydrophobic
agents (e.g. oils) suitable for the process. Foenefiner release tuning, the
microcapsules can be processed after the produbifocoating, polymerization or

cross-linking to adjust the properties to the debimeeds.

Enzyme
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Figure 10. Core-shell-encapsulation (Sourté&azzarocet al.,2012).

The variety of chemical transformations catalyzgdeimzymes

has made these molecules a prime target of exjoitaby the emerging



32

biotechnology industries such as fine chemistrypdfochemistry, therapeutics
applications, decontamination processes and pretegimeering. The use of enzymes
in these applications has been limited by somefagctnainly their stability, high cost
of production, availability in small amounts. It défficult and expensive to recover
them from reactor effluents at the end of the géitalprocess because of their
solubility. From this point of view, the transfortian of chemical processes that from
the laboratory to industry catalyzed by enzymesafrtbe most complex and exciting

goals in biotechnology (Bugg, 2001).

2.3 Invertase enzyme

Invertase is one type of thermophilic enzymes nyam$ed in the food

crystallize as easilylnvertase is a yeast-derived enzyme can splitsosacinto

glucose and fructose (invert syrup) and can beieghgbr any inversion of sucrose
especially liquefied cherry centers, creams, mintgfles, marshmallow, invert syrup
and other fondants. Invertase is used to improwdf dife of confections. The

invertase catalyses the hydrolysis of sucrose, contyrknown as table sugar, is a
disaccharide composed of an alpha-D-glucose maeard a beta-D-fructose
molecule linked by an alpha-1,4-glycosidic bdBarlikova et al., 1991). When this
bond is cleaved in a hydrolysis reaction, an eqlammixture of glucose and fructose
is generated. This mixture of monosaccharidesliscc@vert sugar, which is derived
from the fact that sucrose rotates plane polarigd to the right i.e., dextrorotatory,
+66.5°, whereas the hydrolysis products rotatesepfaolarized light to the left i.e.,

levorotatory, -20° for the mixture (+52.5° for D{glucose and -92° for D(-)-fructose).
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Sucrose + O —»  glucose + fructose

The official name of invertase is beta-D-fructofuvaidase (EC3.2.1.26),
which widely used in the food and drink industrynzigmatic hydrolysis of sucrose by
invertase results in the cleavage of alpha 1, 4agiic bonds of sucrose (Marquez et
al., 2008). Note that sucrose can be hydrolyzeatively easily; the reaction proceeds
in acid hydrolysis of sucrose, is not preferableranvert syrup produced by invertase
(Sanchez et al., 2001). Invertase is mainly usatierfood industry where fructose is
preferred over sucrose because it is sweeter agsl it crystallize as easily. A wide
range of microorganisms produces invertase andzesilsucrose as a nutrient.
Commercially, invertase is biosynthesized chiefyyyleast strains ofaccharomyces
cerevisiae (Bokosa et al., 1992% an important source of enzymes that have found
many applications in the food and drink industrylelésandra et al., 2005). Even
within the same yeast culture, invertase existmare than one form. For example,
the intracellular invertase has a molecular weight35,000 Daltons, whereas the
extracellular variety has a molecular weight of 200 Daltons (Aziz and Senay,
2001) In contrary to most other enzymes, invertase editalatively high activity
over a broad range of pH (3.5-5.5), with the optimpH 4.5 and enzyme activity
reaches a maximum at about 55°C.

The enzymatic sucrose hydrolysis processes utilirestase in their free or
immobilized forms. There are many benefits in usihg immobilized enzyme in
comparison with their soluble. The use of free emezyin industrial processes is
restricted due to its high cost, to its recoverf§iclilty at the end of the process and
also its instability. The application of the enzymets immobilized form may have

some advantages in relation to its free form, saslcost reduction, possibility of
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better process control, continuous operation aabilgly increases (Marquez et al.,
2008). In order to examine the suitability of tlmsmobilized invertase enzyme in
nano-composite beads. The nano-composite beadmyasved structure crosslinker,
forming network hydrogel in gel forming state bytthdHA and LX materials to

prolong or control enzyme activity.
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CHAPTER Il
STABILITY IMPROVEMENT OF ALGINATE BEADS
USING NATURAL RUBBER/HYDROXYAPATITE
NANOCOMPOSITE FOR ENZYME

IMMOBILIZATION

3.1 Abstract
In nanocomposite beads CA/LX and CA/HA/LX, prepanatthe suitable

concentrations of LX adding were found at 2.5%, & 10%. It was demonstrated
that at the beads of LX concentration of 15% an% 2@ere not used because they
floated. The viscosity was related with temperatwien the temperature increased,
the viscosity decreased. However, the viscositieR)&o LX slightly increased as the
temperature increased due to LX heat-sensitizali¥nconcentration at 10% showed
the highest strength. Furthermore, the HA matem@iroved strength of the bead and
provided the crack character. A single crack wa€AiLX and a double crack was
found in CA/HA/LX. Bead swelling was decreased 884LLX because the LX's
hydrophobic character obstructed the swelling decteve CA/LX and CA/HA/LX
beads. The morphological and molecular structuadyais of CA/LX and CA/HA/LX
were depicted by SEM micrography. Outstanding shap&€A/LX was flat and
irregular; the morphology of CA/HA/LX showed high@yaps, porous structure and

flocculatedshape. TEM technique was utilized to observed tun{diA crystal inside
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beads’ structure. HA was the main material to imdflocculateshape in CA/HA/LX
bead. FT-IR technique was utilized to observe tKecbncentration increased from
2.5% to 10%, the wave number i&25-1380 cm™* shifted. This was because of the
CH; character band in LX.

From the result of immobilized invertase enzymeivaygt when various
temperatures of gel forming state the LX cloggiffga was found at 40°C and 50°C.
In comparison between CA/LX and CA/HA/LX, LX wasogged the bead’ pore
structure on high temperature and provide non eezgotivity but had no effect on
CA/HA/LX because HA in CA/HA/LX expanded pores idsithe beads. Thus LX
was determined the rate of relative enzyme actiatyCA/LX and CA/HA/LX. The
highest enzyme activity was found in CA/HA/LX. Dteethe fact that HA constructed
its structure and expanded pores inside a bead.r@$dt of reused immobilized
invertase enzyme in CA/HA and CA/HA/LX decreasedBy50 % after the“8cyc|e.
Whereas CA/LX with 10% LX, the enzyme activity deased more than 30% from

the first to the second test and decreased to @teipllost activity by the Btest.

Keyword: nanocomposite beads; Alginate; Hydroxyapak atex; immobilization

3.2 Introduction

Alginate is a family of unbranched binary copolyneemprising a backbone
of (1-4)-linked B-D-mannuronic acid (M) and C-5 epimeisL-guluronic acid (G)
residues (Draget et al., 2006). Alginate has besed Uor a variety of industrial

purposes, such as stabilizers, thickeners andngebigents in food production,
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bioreactor and pharmaceutical applications. Funtioee, it has been applied in
immobilize of enzyme into the food products (Kraegbet al., 2006), drug delivery
(Hari et al., 1996), and immobilize the fertilizarplant production (Pan et al., 2008).
However, the most attractive application of algmet the calcium-induced gela tion
resulting from specific and strong interactionswestn calcium ions and guluronate
residues in alginate (Grant et al., 1973). But thginal alginate gel beads are
unstable, soft and cannot control porous inside tbads. Due to objective were
increase stability and development of pore sizéénbeads.

This research focused on the development of algibaad structure by using
hydroxyapatite (HA). Because HA is often combindathvbiocompatible polymers to
remodel the natural structure of bead and to imfizabcontrolled drug or enzyme
releasing (Paital Dahotre, 2009). There are sestualies regarding the preparation
of polymer (sodium alginate) composite scaffoldsxgdHA of variable crystallinity
and amount to increase porous (Rajkumar and Mebisakslaram, 2011). And one
important material to improve strength and stapilé natural rubber or latex (LX).
From special property such as high strength, teatpes resistant and highly elastic
character of LX are suitable for use to improvedtability of alginate gel beads.

The goals of the research were to control the bstadcture for using in
enzyme immobilization. In the steps of gel solutmeparation, pH, temperature and
LX concentrations were varied to develop the beatizicture and enzyme

immobilization.
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3.3 Materials and Methods

3.3.1 Materials

3.3.1.1 Sodium alginate(SA): SA was obtained from the brown algae
(Fluka). Calcium alginate (CA) is a water-insoluble, gelatis substance that can be
created by adding aqueous SA into aqueous calchlionide.

3.3.1.2 Hydroxyapatite (HA): By adding diammonium phosphate
((NH4),HPQy), (Univar)to calcium nitrate (Ca(N§».4H,0) (Carlo Erba), than HA
can be achieved. Bothammonium phosphaind calcium nitrate are of AR grade.

3.3.1.3 Latex (LX): Natural LX solution wasobtained fromSuranaree
University of Technology Farm.

3.3.1.4 Invertase Enzyme invertase wa$-D-fructofuranoside
fructohydrolase, EC 3.2.1.26 produced from bakgeast,Saccharomces cerevisiae,

(Fluka).

3.3.2 Methods
3.3.2.1 Preparation of the Alginate/Hydroxyapatiteand various

concentration additions of latex nanocomposite bead

The nanocomposite beads were prepared by mixingh wit
diammonium phosphatand calcium nitrate which contained SA and LX Ine t
following the procedure below. Five grams of SA veissolved in 36 mL distilled
water and stirred at 1000 rpm, 40°C. After SA dolutwas completely mixed with
0%, 2.5%, 5%, 10%, 15% and 20% of LXhe diammonium phosphat®lution
(0.6 g ofdiammonium phosphateith 12.5 mL water) was added into SA and LX
solution. The mixture was further stirred for 1 didnsure the homogeneity of the

solution. Subsequently, the CA bead were formeditmpping aqueous solution of
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SA anddiammonium phosphatesing syringe pump and drop in to 500 ml of 6%
calcium nitrate aqueous solution at’G0and stirred at 50 rpm with a 1 mm inner
diameter needle in hypodermic syringe. The pH @f $gstem was maintained by
using 28% ammonium hydroxide and 2 M sulfuric acithe milky white
nanocomposite bead formed immediately and wagdeft6 h to further crosslinking
and facilitating in the growth of HA nano-particlés the beads. After that, the

nanocomposite beads were filtered with a 100 meskes and rinsed three times

with distilled water to removed the excessZ+Cas well as other impurities on the
surface of the beads (Zhang et al., 2010). Theitondof CA/LX and CA/HA/LX
nanocomposite beads was shown in Tablel. Thediicatp consisted of CA and LX
in 2.5%, 5%, 10%, 15% and 20% concentration usiage fCA or 0% LX as the
control condition. The second group consisted of A\and LX in 2.5%, 5%, 10%,
15% and 20% concentration using CA/HA or CA/HA/LX6O0as the condition of

control.

Table 1.Preparation conditions of CA/LX and CA/HA/LX

Type of bead gel

Latex (LX)
concentration
CA CA/HA 5%
0% CA/LX 0% CA/HA/LX 0%
2.5% CA/LX 2.5% CA/HA/LX 2.5%
5% CA/LX 5% CA/HA/LX 5%
10% CA/LX 10% CA/HA/LX 10%
15% CA/LX 15% CA/HA/LX 15%

20% CA/LX 20% CA/HA/LX 20%
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3.3.2.2 Study optimum pH and temperature on nanocoposite beads
The nanocomposite beads were prepared accordirgg3td.1 in
beads forming step. Calcium nitrate solution wasistdd to the temperature a4
30°C and 50C and adjusted to the pH at 4, 7 and 10 using 28¥@nium hydroxide
and 2 M of sulfuric acid. The CA, LX and HA formeato nano-composite bead

structure completely in 16 h. After that, the nasrmoposite beads were filtered with a

100 mesh screen, rinsed three times with distieder to remove the excesszéa
and other impurities on the surface of the beadserAhat the adjusted pH and
temperature nanocomposite beads were analyzedeiméRkt experimented (Zhang
et al., 2009).
3.3.2.3 Viscosity
The apparent viscosities of alginate solution inrios LX
concentrations were analyzed with viscometer (\Betlokfield LVT, series 82198)
and rheometer (TA instrument series AR-G2, USAmfla was prepared at room
temperature (2&). Operating condition was prepared according ébrR and Valla
(1997).
3.3.2.4 Texture profile analysis
CA, CA/HA and CA/HA/LX beads were analyzed usingttee
analyzer (TA-XT Stable Micro System, UK) by placing all samplesisingle layer
and compressed them using a 2-inch diameter stairdteel cylinder. The pre-test
speed is 2.0 mm/sec. The test and the post-testispeere 1.0 mm/sec. Samples were
95% compressed, held for 1 second, released angressed again to complete the
two-cycle compression test (Bourne, 1982). Samplese analyzed for their

hardness, adhesiveness and cohesiveness.
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3.3.2.5 Stability of beads structure in controlledcondition fermenter
tank
The percentage loss of beads type CA/LX and CA/BEAfin
various LX concentrations was studied using 2 disfilled water working volume in
5 L-fermenter tank. Then agitating the solutiorl &00 rpm and time holding of 4 h
at 25 °C. A hundred beads were used in each bAftr. finishing filtering with a
100 mesh screen, specific fully beads were couateddconverted to percent of beads
remaining.
3.3.2.6 Measurement of beads’ swelling
The 2.5 g beads type CA/LX and CA/HA/LX in variolsK
concentrations were dried at"@for 24 h. After that, the sample was soaked i@ 40
mL of distilled water at room temperature for 16The swollen beads were separated
from the unabsorbed fluids by filtering through i@@sh screen. The beads were
blotted to remove excess fluid and weighed immetjatThe equilibrium water

uptake or swelling (EWU) was calculated using thiéofving equation.

% EWU = [(W-Wg)/W{] x 100

Where, W is the weight of the swollen beads ang W& the
weight of the dry beads. EWU is calculated as gram&ater per gram of sample
(Zhang et al., 2009).

3.3.2.7 Morphology structure study
Morphological investigations of CA beads, CA/LX a@A/HA/LX
in various LX concentrations were observed by usiognning electron microscope

(SEM). The samples were dried properly and coatéd gold before observing under
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SEM. The SEM pictures have been taken at diffem@agnifications by mounting on
metal stubs were observed by transmission electioroscope (TEM). The materials
were diluted in water solution and spreaded onpget grid coated with plastic. The
specimen appeared as a picture when viewing itanfEM (Tu, 2005).
3.3.2.8 FT-IR Analysis

The samples were manually grounded in an agate amdor
approximately 2 micron for infrared analysis. FT-#Rectroscopy attenuated total
reflectance (ATR). The total reflection was perfednusing a Tensor 27 (Bruker)
infrared spectroscopy which was equipped with @atcsource. The spectrum was
obtained in the range of 4,000-800 tmange. The spectrum was recorded with a
spectral resolution of 1 cfmand 128 scans. Data processing was performed bSOP
version 6.5 (Bruker Optic GmbH, Germany).

3.3.2.9 Enzyme immobilization

Entrapment of the enzyme in hanocomposite beadscar@®d out
by extruding through a pasteur pipette (1mm diameténvertase enzyme
(2.57 unit/mg) was dissatisfied in 1 ml DI watenJgértase produced from baker’s
yeast, S. cerevisiae, Fluka). Then the invertase solution was added in
SA/diammonium phosphateolution state before forming state of CA/LX and
CA/HA/LX in various LX concentrations according 3a3.2.1.

The nanocomposite beads were filtered with 100 nsesken and
rinsed three times with 0.5 M of acetate bufferamove the enzyme on the surface.
The nanocomposite beads were kept in 0.5 M of seéiafer at 4C before using in

the next experiment (Konsoula et al., 2006; ChamyJang, 2005).
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3.3.2.10 Determination of enzyme activity
The invertase activity was analyzed by measurirgy rdéducing
sugar in sucrose solution. One mL of immobilizedeimase beads or 1 mL free
invertase solution (1.57 unit/mg) was added to t00of sucrose solution (100 g/L in
acetate buffer, pH 4.5) and then incubated &5Uhe reducing sugar concentration
was measured according to DNS (3,5-dinitrosalicgiad) colorimetric method. The
samples were boiled for 10 min to develop the rnexvin color characteristic. Density
of sample was determined at 540 nm after coolindjéM 1959).
3.3.2.11 Reusability of immobilized enzyme
The immobilized invertase enzyme activity was apatly by
measuring the reducing sugar in sucrose solutiore @L of immobilized invertase
beads or 1 mL free invertase solution (1.57 uni)/mgs added to 100 mL of sucrose
solution (100 g/L in acetate buffer, pH 4.5) andrthincubated at 5Q. After that, the
beads were stored in 0.5 M acetate buffer (pH d4t3yC. Theimmobilized beads
from eachpreparationwere takenin duplicateat the gap of 2 daysfor 8 times and

werethenanalyzedor theremainingenzymeactivity.

3.4 Results and Discussion

3.4.1 Preparation of the alginate/hydroxyapatite ad latex nanocomposite
beads
The beads were formed by dropping aqueous solutiobrSA and
diammonium phosphatesing hypodermic syringe and dropped into 500 rinl o
6% calcium nitrate aqueous solution with a 1 mmemmiameter needle in
hypodermic syringe (Figure 11). All beads were sa&fga into two groups, CA/LX

and CA/HA/LX. The CA/LX group in various conceniats of LX showed that the
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pure CA beads were more transparent than the afsedawith LX (Figure 12 al).
The bead with 2.5% LX (Figure 12 a2), began opaqeethe beads’ color changed to
translucent and more translucent at the higher aXcentration (Figure 12 a2-a6). At
15% and 20% LX concentration, the CA beads could emtirely capture the LX
(Figure 12 a5 and a6). Some part of the LX soluti@uld leak out of the beads into
calcium nitrate aqueous solution at the bottom (thiéky white color could be
observed in solution). Moreover, the specific grhawffect of the LX caused the
beads float on water. Therefore, at 15% and 20%weXe not used in the next
experiment. In the second group, CA/HA/LX and thens various concentrations at
of LX were found that opaque of beads presenteGAMHA (Figure 12 bl). Beads
were more opaque when compared with the pure CA.oFhwhite CA/HA occurred
due to HA. However, the color of CA was not the saof CA/HA. At 2.5% LX,
CA/HA/LX beads turned opaque. The color of the Iseatlanged to milky white
(Figure 12 b2). The phenomenon 15% and 20% LX atb@Ads were shown again

(Figure 12 b5 and b6). Therefore, at 15% and 20%adcentration would be used.
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Figure 11. Equipment for gel forming using hypodermic syringe



Figure 12. Structure and physical characteristic of beadsouarLX concentrations. (a) CA/LX at 0, 2.5, 5, 1®, and 20 % LX

concentrations respectively. (b) BA/LX LX at 0, 2.5, 5, 10, 15 and 20 % concentrati@t respectively.

A
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3.4.2 Viscosity
SA and SA/HA samples were employed in order to stigate the
temperature influence on viscosities of the sample viscosity at 4°C, 25°C and
50°C were shown in Figure 13. After mixing 2.5 % SA in distilled water, the
molecules of SA were not completely flexible. Ruaat around the glycosidic
linkages in the G-block regions was somewhat hiedi@nd resulted in a stiffening of
the chain. Solutions of stiff macromolecules werighty viscous. When the
temperature of all samples was increased, thedigbhase molecules moved around
freely, but were weak and transiently bounded ®&irthearest adjacent molecules
(Parente et al., 1998). As the temperature inctkabere was more energy available
to disrupt the intermolecular forces. The averageed of the molecules in liquid
increased, but the viscosity decreased. This rafidlthot show behavior of latex
heat-sensitization (Livonniere, 1993). The LX hsamsitization behavior decreased
in solutions viscosity as temperature increaseavdroviscosity of SA-HA compared
to SA solution was shown in Figure 13b. It was lseaHA crystal particle in SA-
HA solution increased viscosity. However, the sty was slightly increased at

10% LX addition because of the LX’s elastic chagact
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Figure 13. Viscosity of polymer solutions at various LX cont@ations at different

(b) SA/HA solution with LX.

gel forming as temperature increased. (a) SA sotutwith LX,
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3.4.3 Texture profile analysis

CA, CA/HA and CA/HA/LX beads were analyzed for theardness by
using texture analyzer. The resistance and durnabilithe beads were also studied by
clacking points. Figure 14 showed the evolution neéximal mechanical force
required to compress the beads. This test of thepoessed resistance was chose to
evaluate the CA and CA/HA in various LX concentas. In Figure 14a, the CA
beads limpness was shown in sudden peak dropladtets cracked. In addition, the
CA bead did not have any resistance after beinckedh The resistance and durability
were improved after adding LX at 0%, 2.5%, 5% af@éblto CA/LX, the strength of
the beads was 600, 685, 720 and 970 N. It coulexp&ained by the higher network
density and elastic behavior in the beads indugetiXa Furthermore, the stronger
beads shown in LX addition more than pure CA bd&us/e et al, 2003). Also the
previous result, all the CA/LX prepared under vasioLX additions had good
mechanical resistance after beads formation (Figl4b). The resistance and
durability were presented at 806, 834, 897 and N9due to addition of HA into
CA/HA/LX. Double crack characters were demonstraitedCA/HA/LX. The first
crack was relatively induced by the CA/HA complexoater skin-membrane. The
second crack, which most likely reflected the sjterand elastic behavior of inner
CA/HA/LX, consisted of many small peaks that indezhthe series of micro-cracks

due to the rigid and brittle character of the béattscture(Avella et al, 2007).
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3.4.4 Stability of beads’ structure in controlled onditions fermenter

The beads remain were studied in 5L fermenter {&ndure 15). The
beads comparisons of various conditions were detradad in Figure 16. Beads
remained approximately 5-10% in pure CA and CA/HHawever, the effect of HA
structure inside the beads was shown in percenfagelA of the remained beads
more than the pure CA condition. Strength of CA/laxd CA/HA/LX beads
increased after adding 2.5% LX, the remaining beadeeased from pure CA by
15-25% in the same condition. The reason of bemdhgth increasing was from LX
concentration. At LX 5%, the strength of CA/LX a@d\/HA/LX beads was greater
than at 2.5% LX concentration. For th8% LX in of CA/LX and CA/HA/LX, the
remaining of beads showed the highest bead’ stiemgtich was approximately
85-90% remained beads. From the previous resuwdt,GA/LX beads had greater
strength than CA/HA/LX beads. The highest percemtafj beads remained were
presented in comparison between CA/HA/LX and CA/inXvarious concentrations

(Figurel6).



Figure 15.Stability of beads structure testing in fermet@ndition.
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3.4.5 Measurement of beads swelling

Variation of swelling of the CA and CA/HA beads Wwivarious LX
concentrations showed in Figure 17. The sample oaae submerged in distilled
water at 25°C the beads swelling. Then, the beadgjht before and after swelling
was investigated. Overall samples showed the deiaga the beads swelling when
LX was increased.

As the highest 91.5% percent swelling was founthenpure CA bead.
After adding HA and LX, the inner pores of the beadere clogged. As the result, the
LX’s hydrophobic property was the main cause of dsealecreasing swelling.
Generally, LX was hydrophobic because they werggtptene-based. Therefore, the
use of high LX concentration was contrary to thetawvaabsorption of the beads

(Warren et al 2005).
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The swelling of CA/LX and CA/HA/LX were depended oatme LX
concentrations. As LX increased, the beads swetlagyeased. The main cause of the
beads swelling was due to CA. The CA occurred duaroton-catalyzed hydrolysis.
Moreover, the proton-catalyzed hydrolysis dependiegH and temperature. Figure
18a displayed several of pH investigated at pH dnd 10. The most swelling beads
were found at pH 4 and the least swelling at pH $Qch result involved the
introduced hydrogen ions (Gorkaal., 2009).

Due to the fact that CA was a hydrophilic and wasetuble anionic
polysaccharides, gelation took place when divatations (usually CGd) interacted
ionically with blocks of guluronic acid residuessuodting in three-dimensional
network formation which was described by egg-boxdeidn aqueous media. The
ion-exchange (mainly G3 bounded with COO groups mainly in the
polymannuronate sequences and enhanced the swgdin@heorghe et al., 1999).
Therefore, the hydrogen ions mainly supported thellsxg of the beads. For this
reason, the swelling decreased as LX concentratioreased. Because LX was
hydrophobic, and beads were formed by ionic boretsvden COOQin alginate and

Ca’ (Zhang et al., 2009Due to the LX that contained no carboxyl group, ¢hess

linking density of beads decreased. The water ahtisor ability of the beads
decreased. The bead swelling behavior was invéstgat temperature of 4°C, 25°C

and 50°C. As shown in Figue8b, the maximum swelling was found2afC.
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The swelling of CA/LX and CA/HA/LX were depended tamperature and
pH. The temperature in gel forming stage at 4°CC2&nd 50°C showed in Figure
19a. The prominent swelling due to temperaturecefi@s presented at 25°C for both
CA/LX and CA/HA/LX at 88.5% and 87% swelling. Thetonum pH was shown in
pH 4.0 and pH 7.0 at 90% and 87% swelling in bofilX and CA/HA/LX (Figure

19b). Therefore, temperature had greater influéginae pH for beads’ swelling.
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Figure 19. Optimum swelling of CA/LX and CA/HA/LX beads in maus LX

concentrations depending on pH and temperaturel dbgning stage.
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3.4.6 Scanning Electron Micrographs (SEM)

Morphological investigation of pure CA, CA/LX andAGHA/LX beads
in various LX concentrations was observed by usiognning electron microscope
(SEM). Scanning electron micrographs of dry puré&igm—alginate beads were
demonstrated in Figure 20. In morphological congmnj the size of the wet beads
was approximately 2 mm. The dried beads were shatirgkhalf of their diameter. In
the case of observing the surface and internal hodogies, pure calcium alginate
beads were freeze-dried and then subjected to SHdWire 20a and 20b). Normally,
calcium cross-linked alginate had hydrogel chare&tie where the alginate
monomers were 3-dimensionally networked by ionindso with calcium ions
containing a large amount of water. After freezghtly, the inner structure of the
highly porous CA illustrated the hydrogel charaistier of the CA bead. However, the

surface was highly densed, which was attributethéocross-linking within Ca ions.
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Figure 20.SEM micrographs of pure calcium-alginate bead# Witeze dried method (a) dehydration of the beadiface, (b)

surface shrunk at a baklginate beads.
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CA/LX composite scaffolds with different LX conceations were shown in
Figure 21. The pure calcium-alginate structure nighkly porous as shown in Figure
21a. The composite exhibited a looser and coarsendwork influencing the cross
linking agent on the porosity. (Copolymer compleithvalginate and latex structure
can be seen in Figure 21b, 21c and 21d by addingatX.5%, 5% and 10%,
respectively). The morphology and arrangement ef uhiform microstructure was
unaffected by the presence of LX. Figure 21b-2lesented the flat and irregular
shape of particles betwe@rb um and 5um in diameter. However, the particlesriay
increased as the LX content increased up to 10%ntaally, the pore’s structure was

clogged.



Figure 21.Morphology of surface beads CA/LX beads surfaadfferent LX concentration (a) CA/LX 0%,(b) CA/LX 5%, (c) CA/LX 5%

and (d) CA/LX 10%.

89
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SEM micrograph of the CA/HA/LX composite showed el gaps and
porous structure. Figure 22 depicts SEM microscegyples that were compared in
various LX concentrations. Figure 22(a) depicts elyd gaps and irregular
arrangement flat particles’ size from 1-10 um in/BA composite. The arrangement
and shapes were changed on the composite strunttine CA/HA and various LX
concentrations. Figure 22(b), the particle shapeCAJHA/LX in 2.5% LX was
changed, notably traditional particles shapes wvile In CA/HA/LX composite,
particles’ shapes were agglomerate and changdddoufateshape (Descamps, et al.,
2009). By increasing LX concentration up to 10%g flocculate particles became

more densed (Figure 22d).
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and (d) CA/HA/LX 10%.
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3.4.7 Transmission electron microscope (TEM)

The morphology of HA crystals was displayed in Feg@3a. Pure HA
agueous solution showed a needle-like structure miégular sizes from0—60 nm in
length and approximately 5 nm in width. The pureligm—alginate structure was
demonstrated in Figure 23b. Noticeable of the Hystal was spread around in the
CA/HA (Figure 23c). The result of CA/HA structureasy formed the strong ionic
interactions between alginate and “Cdons forming specific stereo-chemical
arrangement and charge distribution of reactiveugsoin alginate-Ca complexes.
Ca " ions enhanced the HA crystal by the high spatiargé density and possibility
of hydrogen-bond to the surface of phosphate gr@bpscampet al., 2009)

Alginate was a kind of natural polysaccharide araswomposed of
B-D-manunronic anda-L-guluronic acids joined byl-4 linkages and a strong
thermostable gel. The calcium alginate was fornredhe presence of calcium ion
(Steeland and Walker 199Ihe "egg-box model”, in which each calcium iorswa
located into electronegative cavities formed byrfguluronate residues. Two from
each chain were used to explain the interactior@abfwith alginate(Dorozhkin and
Matthias2002). Meanwhile, phosphate from HA was a tetradlesiiructure. It was
believed that the peculiar morphology, size andstedjographic orientation of
biominerals existing from electrostatic, structur@nd stereo-chemical matchings
between inorganic and organic materials (Zhan@l.et1989). The stereo-chemical
geometry and charge distribution in alginate-Ca glenes were supposed to endow
alginate with the capability to control the crysttion process (Descamped al.,
2009). Afterwards, phosphate ion was accumulatetieatalcium complexes, and a
solid phase of calcium phosphate initiated fronotrerwise stable solution. Mineral

nuclei that formed inside gradually grew longerwdwoer, the size of HA crystal was
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not greater than nanomolecule. And the shape otiyétal particles are needle shape
(Fathi and Hanifi, 2007). Therefore, the amorphpliases were attributed to alginate,
transient amorphous calcium phosphates and poorbgatine HA. Figure 23d showed
the structure of the CA with 10% LX. The morphologgs irregular quadrate shape,
and the average size was-80 nm. Figure 23e showed crystal’s characters of HA in

CA-(10%)LX were needle and knotty-like shapes.



Figure 23.TEM micrographs of material and nano-compositetevial structures were presented in figure (a) ),CA, (c) CA/HA, -
w

(d) CA/(10%)LX, (e) CAAA10%)LX.
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3.4.8 FT-IR Analysis
FT-IR spectra of alginate (CA), pure HA, and LX quusites showed in
Figure 24. The absorption band at 3570 twas assigned to a hydroxyl group in CA,
HA and LX. In CA, the absorption band at 1628 tmas the wavelength of carbonyl
(C-O) bond. The absorption band at 1413 and 1037* ém alginate was the
wavelength of stretching bands of carboxyl (-CO@HK (C—O)Wonet al., 2005).

The HA was obtained by mixing (NhPpHPO4 and Ca (N@)2.4Ho0

and showed in Figure 24. For the FT-IR analysis,ahsorption band of RO groups
were identified at 1082, 1030 and 964 triihe three bands were different vibrational
modes of P@(Yamaguchi et al. 2001). The bands appearingaaemwumber values
of 1660, 1422, and 876 chexposed the presence of carbonate ions in théarsu
(Cho et al., 2009) indicative of the precipitated HA taining carbonate ions
(Bonfield and Hing 2002). No carbonate source wasoduced into the starting
materials, and all samples were prepared in an sgh®sic environment. It was
reasonable to infer that the carbonate ions incatpd into HA must arise from
carbon dioxide gas.

The FTIR LX spectrum was found to be the absorbantd of hydroxyl
group at 3360 cth in double bond stretched and the C—H valency téokaThe
strong asymmetrical and symmetrical stretching ethylene group (CH vibrated
was presented @930 and 2860 cmi'(Joglekar et al., 2011). The peak at 1717 cm
corresponded to the acetate group. The band at tB#4was presented a few
proteins in LX, The absorptions at 1447 trand 1380 cm were attributed to the
bending vibrations of methene and the vibrationsnethyl in LX. The primary of

alcohol was presented at 1045 twibrations of C-O. The characteristic’s peaks of
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LX could be observed at 836 and 1664 teorresponding to the stretching and
bending of the C=C of isoprene utiWanget al., 2009).

The spectra comparison between CA and LX showdegare 25. The
band at 1628 ci corresponded to carbonyl (C-O) bond. The band$4a8 and
1037 cm' in alginate also showed outstanding bands in CA¢o¥iplex. The bands
from carboxyl (~COOH) and (C-O) group had strong®h personality. The
absorption band of LX &960 - 2857 cm* was corresponded to GHonds in LX. By

2.5% LX addition in CA/LX composite, the absorptiband peak of CiMias1325—

1380 cmi’. The spectrum band of Lx was prominent band skiftgard higher wave

numbers. That proved the LX had been incorporatxthe bead composites.



"

3500 3000 2500 2000 1500 1000
Wavenumber cih

Figure 24. Spectrums of FT-IR analyzing the character weeRAfHA and LX in spectra covering the 4000-800"crange.
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These typical bands from CA, HA and LX were obsdrnia the
CA/HA/LX composites. The wider bands at 1082, 1@8@ 964 crit were from PQ
which was personality of HA. The 10% LX in CA/HA/LXomposite corresponded to
the bands between 2960-2857 tmas attributed to CHbonds in LX. The result of
CA/LX after mixed with LX, the band of LX was pronent band shifts toward
higher wave numbers. That proved the LX had beeorporated into the bead

composites.
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3.4.9 Optimization conditions of immobilized invetase enzyme

The optimization conditions of relative activitie$ invertase enzyme
were described in 3.3.2.10. The activities of engymeach LX concentrations were
stabled at 10, 48, 130 and 200 h in 0%, 205%, 5%b,18%, respectively, as shown
in Figure 26. The enzyme activities were demonstrah gel forming stage at
temperature of 4, 10, 20, 30, 40 and 50°C. Howewés0°C, there was no enzyme
activity.

In comparison between CA/LX and CA/HA/LX, it wasufad that at the
2.5% LX concentration, the result showed no agtivit gel forming stage at 50°C
(Figure 26b). Because the LX was inflated and dcdofythe bead pours structure at
50°C in gel forming structure stage (Robb et 2007). After that inflate effect from
LX was sealing the pore in bead and interruptedlocked the substrate flowing into
the bead. At 40°C of 5% LX gel forming stage, theyne activities were decreased.
And 2.5% LX of gel forming stage at 50°C, there wast enzyme activity
(Figure 26c¢). Activities of enzyme was shown in%.®»f LX addition and then
activities was decreased when increase LX at 5%l ¥0% LX (Figure 26d) at 40°C

and 50°C in gel forming stage, there were no enzgatigity.
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The results of relative enzyme activity of CA/HA/LWtere stabled at 7,
8, 10 and 17 h as shown in Figure 27. The diffeeebetween CA/LX and
CA/HA/LX was the LX clogged. However, the influenoé LX has no effect on
CA/HA/LX. Because HA in CA/HA/LX expanded pore idsi the bead, and the LX
infraction was in inadequate to seal expanded poifldsee LX concentration

determined the rate of relative enzyme activity.
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3.4.10 Initial velocity

The initial velocity of CA/LX and CA/HA/LX in varias LX
concentrations was investigated and studied oketl&sictures. Initial velocity of the
invertase enzyme in various temperatures on getifay stage at 4°C, 10°C, 20°C,
40°C and 50°C showed in Figure 28. All samples 8JHA/LX had higher initial
velocity than those of CA/LX group. Furthermore théial velocity of CA/HA was
higher than CA. Due to the fact that HA construdtsdstructure and expand pores
inside a bead, the initial velocity of CA/HA wasgher than CA. For the same
phenomenon, the initial velocity of CA/HA/LX wasgher than CA/LX. After having
tested at various temperatures in gel forming stdge optimum initial velocity was
found at 30 °C. In comparison, the initial velocéty4°C in gel formation stage was
lower than at 30 °C because the greater structiitbeobead was presented at low
temperature. In addition, the initial velocity agln temperature at 30°C was at the

optimum. Finally the initial velocity at 40°C an@%C decreased due to LX inflation.
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3.4.11 Reusability of enzyme
The invertase enzyme was immobilized by CA/LX andl/KA/LX.

Then, it was stored in 0.02 M acetate buffer (p8) 4t £C for 2 days. After that it
was studied for bead stability. Figure 29 showesl ghrcentage of relative enzyme
activity as a function of reuse time for CA, CA/LXnd CA/HA/LX in various
concentration of LX contained invertase enzyme canag to the free enzyme. The
result showed that efficiency of enzyme activitiesucrose solution was decreased
as number of reused cycle increase. The invertaggnmee activity of CA and
CA/HA/LX beads immobilized were decreased by 40%0after the 8 cycle. For
CA/LX with 10% LX, the enzyme activity decreasedmnthan 30% from the first to
the second test and decrease to nearly zero gchyitthe %' test. Because the
influenced by LX and alginate concentration, meaterreatment of the beads and
physical shaking produces beads (Pilkingetral., 1998). Even though, the best of
enzyme activity was presented in free enzyme buatabilization enzyme offers more
advantages (Norton and Vuillemard 1994; Mitsetral., 1980). These factors led to a

subsequent increase in bioprocess efficiency (Nazzaal., 2012).
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CHAPTER IV

CONCLUSIONS

The optimum LX concentration in the gel bead prapan consisted of
CA/LX and CA/HA/LX in various LX concentrations ihaing 2.5%, 5%, 10%, 15%
and 20%. It was found that at LX concentration 8%land 20% the beads were not
used because they floated on the water, and somteopahe LX leaked out.
Viscosities of alginate solutions prior to beadsnfmg were investigated. The
relationship between viscosity and temperature slowhat as the temperature
increased, the viscosity decreased. However, at 10%the viscosities slightly
increased as the temperature increased due to aXseasitization.

The texture ability to withstand compression degehdon the LX
concentration. As the ability to withstand compiass the beads remaining also
increase. At 10% LX concentration, the ability tdhstand compression was at the
maximum. After adding HA in CA/LX, the ability to ithstand compression
improved 5 times. Furthermore, the differences edid cracking were presented in
both CA/LX and CA/HA/LX. A single crack was found CA/LX and a double crack
was found in CA/HA/LX. Due to the hydrophobic progeof LX, the swelling of
CA/LX and CA/HA/LX decreased. The optimum pH andhperature were found to
be pH 4 and 25°C at 90% swelling.

The difference of structure between CA/LX and CA/HA were
demonstrated using SEM and TEM analysis. The mdoglyoof CA/LX was flat and

irregular in shape. Looking from the top view, tdenension of the object was
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between0.5 um and5 pum. The morphology of CA/HA/LX showed highly gaps,
porous structure and flocculatesiape. TEM technique was used to observed in-situ
HA crystal inside beads’ structure. HA was the maiaterial to induce flocculate
shape in CA/HA/LX bead.

FT-IR technique was carried out to observe the ghan functional groups
after mixing CA, HA and LX in various concentrat®nlhe spectra of each sample
were unchanged. However, certain peaks decreaséX asncentration increased.
As LX concentration increased from 2.5% to 10%, We/e number at325-1380
cm® shifted. This was because of the Lttharacter band in LX. This proving was
confirmed that LX adding had influence on nano-cosife beads structure.

Determination of enzyme activity, the invertaseyene was immobilized in
CA/LX and CA/HA/LX. At various temperatures of germing state, the LX clogged
beads’ structure at 40°C and 50°C. In comparisdwédren CA/LX and CA/HA/LX,
LX had no influence on CA/HA/LX. It was because HA\ CA/HA/LX expanded
pores inside the beads, and the LX expansion wadeguate to seal the expanded
pores. In addition, LX determined the rate of elenzyme activity for CA/LX and
CA/HA/LX.

When compared initial velocity, CA/HA/LX was hightdran CA/LX. Due to
the fact that HA constructed its structure and exiga pores inside a bead, the initial
velocity of CA/HA/LX was higher than CA/LX. The nes of reused immobilized
invertase enzyme in CA/HA and CA/HA/LX decreasedby50 % after the'8cycle.
For CA/LX with 10% LX, the enzyme activity decredsmore than 30% from the
first to the second test and decreased to neartyazsivity by the & test.

The strength and porous properties of CA/LX and KLX were depended

on LX concentration. The LX had ability to improvedolong enzyme activity and
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increased strength of the bead’s structure in #mestime. It is very interesting to

study in the future, to apply CA/LX and CA/HA/LX medicine or fertilizer.
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