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Abstract

Calcium alginate (CA) is applied to enzyme immobilization for prolonging enzymatic activity. In
this study CA composite with hydroxyapatite (HA) was prepared by using a wet chemical method and
then mixed with various Latex (LX) concentrations into groups of CA/LX and CA/HA/LX in various LX
concentrations. LX solutions at 2.5%, 5%, 10%, 15% and 20% were used and it was found that between
15% and 20% of their beads were floating. Thus 2.5-10% LX with CA and CA/HA were used for the
entire experiment. At the gel forming stage, all solutions showed decreased viscosity when the
temperature was increased.

The viscosity results of mixture before forming to gel bead showed that as temperature increase
the viscosity mixture was decrease. The results of a texture profile showed that both the strength and
stability of the bead structure at 10% LX addition from each group of CA/LX and CA/HA/LX were higher
than the control group. Bead swelling of 10% LX decreased because the LX’s hydrophobic character
obstructed the swelling of defective CA/LX and CA/HA/LX beads. Moreover, pH and temperature had an
affect on the swelling of the beads. The morphology of all the groups was studied by SEM and TEM and
it was found that the LX material was homogeneous in CA and CA/HA, and that the HA in CA/LX
resulted in crystallization. The material was proved by the result of FT-IR analysis when it was found that
the CA/LX and CA/HA/LX had changed the wave number at 1325-1380 cm which was the character’s
bands of CH, from LX. The bands shifted towards a higher number of waves in the composite beads.

Immobilized enzyme was tested. It was found that the variation of LX most important result of
the enzyme immobilization experiment was shown in the high concentration of LX at 40°C and 50°C at
the gel forming stage. The LX in CA/LX was inflated and blocked the flow of the substrate. However, this
did not occur in CA/HA/LX. It is possible that the HA in CA/HA/LX bead expanded the pores inside the
beads, whereas the LX expansion was inadequate to seal the expanded pores. The results of reused
immobilized beads showed no difference in the relative activity of each beads type but the suitable is

CA/HA/LX because it can still relative activity of enzyme more than 50% after 8 cycles reused.

Keywords biopolymer, hydroxyapatite, alginate, nanobeads
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(Shinichi et al., 2004) TagmsAaNITINAINUYBIDYNIA laasonFozwt Inn szlianyuy
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nu'leasengozm lni luseduTuanaszavunTuiudsdinnuiu 118 nagansosiamn
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p1sITuvIanlvgngalulanae  woweFeazivesntnesldaailuiosay 90

(http://kanchanapisek.or.th/kp6/BOOK3/chapterd/t3-4-11.htm) UDILUHA aNanNInuAgIUN

o A a

A a & o 4 A a = o = YA
iaen1nLeININaIN Gﬁﬂwuﬁ.ﬁﬂ\icﬂWﬁ@liulﬂl“ﬁﬂ@lzju@@ﬂlﬂﬂ\ialﬁﬂ@ WU ILITUIY
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Y v Y Y ]
[@eude (Livonniere, 1993) 1181901030 lannduaziSaniniiensaa (field latex) 1i1e1ai ¢
9 A o < < <} l oy . N v [~ =
A NNanBazulae1uan 9 n3za1eagluiil (emulsion) Nanvuziuveuriald
~ I 4 A (a < 9
¥11 Yamntlunoaaoea (Frank and Anthony, 2002) HUSumvewvelseuasaoas 30-
Y
40 pH 6.5-7 healianuruduylszana 0.975-0.980 nSudsliadans IANuwila 12-15

Iy UANOYT (http://th.wikipedia.org)

aa

A = a a ~ . . I
YNITTTUFIAUFDNIUANIN G]5?T-1,4-°I/\lﬂEI"I,@TGH‘INiu (cis-1,4-polyisorene) 1y

{ 4 o wAa [l 1
Tuanansznevudrensuouuas lalasaudiu (Sethuraj, 1992) MldTawia lunuae

Y
i saflunuau Wi 1aa lu 1 Tuenazilszneudiontevesle Tawsu (CH,) 1do

=1

o I~ 1 9 ] ~ I o [ [ an
nududieTgermuuduasalu 1 wiaele Tewsusziiluiuszquazmydanuunsau

aaa

104 ldemaiiai§izen (Manas, 2007) hldeunsofam lud lddreswedunazilvens
o aan Y 9 a ) 9 a d‘ Y 1 = [}
Algaserladiedreeonginunay To Tauilderunanisdevanim lddesu@edny

Y [ )
(Makuuchi et al., 1990) fa1iue19535umANae Tgnmasy lviinee lulddae ild
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parugaFodausnldau ldNgungiidr  (Young, 1981) dmsuanueainauelu
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2.1 Jaquazansail

'
a a

2.1.1 agauil¥lumsnaans
- 9aun (Alginate, Fluka)
- ¥19W131 (Natural rubber)
da 4 .
- pu'lyiounesima (Invertase: Enzyme invertase was B-D-

fructofuranoside fructohydrolase, EC 3.2.1.26 produced from baker’s yeast,

Saccharomces cerevisiae, Fluka).

s av
2.1.2 gunsainlFluauide
=
- apARAY
- 9331wy
- AZUNTINTDIATT
= J
- finines
1 9
- AU

-ya15u1519s

aa 9 ao
2.1.3 sl s lunsive

- laoouTuiionla Tasnuodawla ((NHy),HPO, )
- uAadou luesa (Ca(NO3)y.4H,0 )

Tadenlaasen laa (NaOH)

A A Aq Y
2.1.4 1950930 1%



~nseanaunnliauen (Hot plate stirrer)

- Lﬂtiﬁ'EN Jannuviia (Brookfield viscosity meter)

- Qovriiandugugugil (Drying oven)

- Lﬂtiﬁ"tN FT-IR (Fourier Transform Infianed Spectrometry : FTIR )

- N4049aNTIAANTIMIDIAAATOUFIIATDINTIA (Seaning Electron Microscop
: SEM)

- N4049aNTIAYANTIMIDIAAATOUFIATOINIU (Transmission Electron
Microscop : TEM)

- 1n5097AU590A (Texture Profile Analysis)

= < v A v A = d (Y] [V =
2.2 I380NARADADIUN, ﬂa%!uﬂ-ﬂaﬂﬁﬂﬂ‘“ﬂ%Wflﬂﬂ szﬂ‘uuﬂu uazaai}mn-"lameﬂm%m
d
In9 -enann
= < 3 A o 1 A ~
ﬂ’lﬁl@lﬁEllllllﬂ!ﬁ]ﬁ1!111!1!1!511IﬂﬁlﬂWiuH@Wﬁ?uL!ﬁﬂﬂ@ulﬂﬂﬂﬂjuluﬂuvlﬁjﬂﬁlﬂuW@ﬁLWﬁ

Y v
(NHy),HPO, 0.6 n5u wanlwiinau 12,5 Taaasudnhwiwaunulsnfeusadiun 0.5 n5u

Y o Y <3 1 = = Y o 1
uariludreanusidszanu 1,000 5oUADUINYTZUIU 5 WIN BazHauAVeNIT IUoAs a7
o v o v A o A < 1 =
0%, 2.5%, 5%, 1tag 10% auanudungunuandseuiu 1 5 lueinnusisey 50 99 UABUIN

o A Y o a Y 2 o =
waqummummmnuﬂummuﬂﬂmﬂaﬂumﬁazmmgﬂa%u"lumm Ca(NO3)2.4H20

{ ] A v Aa @ 1 <3
6% 9 pH 4 uazluguugiln 25 varuyaFea HeAYIA1TA1Y I HATNDATUNAINAIINDE
3 < ~ v Aa £ g a Jd A =& Y o a y [ A
Aoty iaveaaaFeudadunguduluTonoamesvianila udrauiiunsiuae ldn
< ! 2 o o i g
ANMNIGI50U 50 Feuau uazndlAumar 16 Fluaielunmslias laesu Ty

lalasnuroaa uazunadou lumsa hamssasuduassenonlaasendozwi lnn

4 [ 091’ o < 3’ o 4 [ {
ﬁu UARMNUUNINITNTDILUALIA @@ﬂl!éjaéﬁﬂg{jﬂuﬂlﬂau 3 5@Ulﬁﬂﬂlﬂﬂllﬂa@ﬂuqulﬁiﬁﬁ@']ﬂ

fannmsegeanlivua Taviueuifanannsandiuiildsumsusunldo ldduiunsia
anuaslagldganminiludioanuia 1,000 seudeuf ﬁqmwgﬁ 25 DIANBALTOE (Zhang et
al., 2009)

10Ca (NO,), + 6(NH,),HPO, + 8NH,. H,0 — Ca,, (PO,),(OH), + 6H,0 + 20NH,NO,

a d wa
2.3 ﬂ15‘7]61ET@‘]J!!ﬁg’J!ﬂi1$ﬂﬂmﬁﬁlﬂﬂﬂlﬂﬁlﬁﬂ!i}auﬂu
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2.3.1 MANUTIHA (Viscosity)
o A A a4 . A o & & ]
JARNUHHAYRIa15Aza1s 2.2 Mmaseuvuneunziuwlanalaglys
[ a a 4 1
Brookfield Digital (Well-Brookfield LVT, series 82198 1seima AV IIVLUTNI) VOINDANDILADY
a v A v Aa ~ 4 v A ~ 4 <
WA 9aUN, DaVUN-1aATINFLN 1N LAy dadun-laasendazmIng -819m131 ANNIST 13
FOUADUIN shear rate 12.9 1911299 C-21 81UAIMEI10 30 A Tagiiinsiadieg1avedda
a d’d a d‘ a =) d‘ o
BUNNTUTINUB1N31 0%, 2.5%, 5% uay 10% NgunYi 4, 25 Hag 500ATATYTINDIN
= = ' a a2 A 1 = ' 1 A .
msnlssumsungavgitazlIaeInsInadInalnanon1nUKiA (Tina et al., 2008)
\l U Y <& = >
2.3.2 MANNAINIVRIIATITUIIARaNMSVUOA
<3 1 ~ @ y A .
NAFTOUAIINUVILTINUMUADNISTUOA IAs]sATE  Texture Profile
[ o @ < v a
Analysis (TPA), (TA-XT, Stable Micro System, ‘]J’izmﬂﬂﬂﬂi]y) Tﬂﬂ%1ﬂ”liilﬂl1]ﬂﬁ]ﬂ@ﬁilm1/l,
v Aa =~ 4 v Aa ~ 4 Y
gavun-laasendoznlny uaz sadun-laasendazniIng -s1an15191090 2.2 Tag
A Y = d v W Y o [
@DNUYUIAUD load cell 1HIHNITEY uazrﬂaauqﬂﬂsmmﬂuimflmmu A115 U
v v
compression  test 91N U196 10819M 9z 1Al pgATINA19 TENINHINALAZFIUTOI
09: d‘ @ Yy 9 Y o dy a Y % [ d’ d'
NNUUA DU HINAIIVINIIAANUNURIA T UV UYDIAI0819 5118 5 WU, 1oL

Y
g1u1s0iiaaee1ad1-eena1ngiulaazain 910U UTINIG zero ALY

A o o 1

9
N ﬂmuﬂmgmmﬂﬁnﬁu VB crosshead wﬁ’wmmamaeuauqmaumimﬁamgé’a

MMSTHNNAIVDTIBTHAAIY (Bourne, 1982)

2.3.3 MANNAIIuaNIZaINID

) < Y o ] o a @ 9 o v A

Wueulanande 2.2 nnoasidiu lldudumsiannunslagldaaming
: o . ; - o Y : o
Pudren52 1,000 soudowIN Nangil 25 esruaaidea iunail 91 Tue ieAny16a3

& <
MIAurdeveulaaul Ty

2.3.4 MMIYATUIN
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a

Y I 1 a g’ Y o Y o Y v 9 =
Tﬂ&lal%mmﬁ]mmaz%uﬂumuﬂ 2.5 N3 Lla'Jﬂ’liﬁllﬂ\iﬂ’]ﬂﬂWiﬂUﬂqmﬁﬂ”N 40 ®49f

~ @ c?/‘ o ] oy 1 Qy 9 o A Y I g’ v A c?/‘
LU 24 B, ‘Vimﬁ]muum"l“lJLLﬂMHMJﬁWQ"h 16 GB’JI?J\?LW@GlWLNﬂL%aﬂ@uWﬂa’U@ﬂﬂﬁ\i

Y Y
udniniminneutaznaInsus lUdnamuaun sl

% EWU = [(Ws-Wg)/W¢ x 100

A A g’ @ < Y o 9 =2 oy Y A g‘ @ <
IQEWI W, Ao umuﬂsummmilaﬁmi]mm’u‘m%@@%ummu W, A9 U1 UNUDIUA

U d

Y
Y 9 eger . ' 0 @ <
RanaanInmMIi liuma EWU (equilibrium water uptake) ﬁammsm%u”ma‘usummmﬂa

Y <& Yy v ia « a \
2.3.5 Iﬂﬁﬁﬁﬁ1ﬂm@ﬁ!ﬂﬂ!ﬂﬁiﬂﬂﬁl‘l§ NavYaNnIIAUANATIDUFUAADINT A (SEM)

9 < 9 Yy 9 Ia I a [
@Iﬁﬁ‘ﬂﬁ@ﬂjﬂﬁx‘]ﬁi%ﬁl@ﬂmﬂl%a%Wﬂell@ 2.2 Iﬂﬁli“ﬁﬂa@\‘]ﬂﬁ‘ﬂiiﬁuﬂlﬁﬂﬁﬁﬂu“ﬁuﬂﬁ@ﬂ
£ o Y < v A v Aa = 4 @

n3e G]Ni]%‘VI”Iﬂ”Ii@]i’ﬁljﬂiﬂﬁi%ﬁlﬂﬂmﬂﬁlﬂ DAVUUN, aamuw—"lamaﬂ%axwﬂww Iae 29a
a ~ 4 A 1 09}/ =2 <
%Luﬂ-hlaﬂi@ﬂcﬁﬂgv\ﬂhlﬂ‘ﬂ NN Lwaﬂmmummammﬂﬁluuazmﬂuaﬂ Iﬂﬁl@]iﬂluﬂl%auW
Y, ' Y o Yy v S o a ¢
Tu"hummuiamuaa‘mmsTm/lmawmaﬂuizuuqau@jmﬁmﬂuumaEmﬁ]zg]mmiww
Y Y /a g ' { g ' A
AYNADIPANITTAUDIANATOULUUADING 1A (SEM), @JW@ Juol U JSM-5800LV ﬂizmﬂtgﬂu)
A = @ d" a @ ] 09/’ ' A A ' A @ <
INDANHIANHUSWUNIVDINIDYI ﬂ\?ﬁﬂu‘miﬂ‘ﬂlla$€T’JH‘V]Lﬂui@ﬂlL@lﬂiuﬂWﬂ@lﬂﬂl’Nﬂﬂlﬂﬂmﬂ

Y
PauaazlsznnngeuIIAuULa (Tu, 2005)

d
2.3.6 Inssadavesdiaalagly ndssganssavdanasourtindeskiiy (TEM)
v = <3 9 Yy 9 /a3 a 1

asnvaeuIaseadawanveudanannde 2.2 Tasldndesganssaisianaseuriiadoq
v o < ' 3 {
i Taerimsualanaainde 2.2 udrseudisazunsavuia 100 Tulaswas vndunenla i)

Y = < Yy 9 Ja d a 1 ' { o

asvaeulassadunanveulanalayld ndesganssmisianasouytiadeniy (TEM), (@1

Hitachi 314 7700 Uszmeadyiju)

2.3.7 M3A5IVINTIZHWINY functional AI8AT09 FT-IR
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% 1 < ) @ o a 4 4 .
@I’J’E]EJNLﬂﬂlﬂﬁu11u%$‘gﬂﬂﬂﬁ1ﬁﬁﬂﬂ1ﬂ1331ﬂ51$ﬁ@9{'}mﬂ§@\1 ATR-microscope FT-IR
a J o ] {
(Vertex 70 Bruker ﬁ15lJT1Ji$L°lflﬁul1’]El) ﬂWﬁ’JLﬂiW%‘ﬁ‘ﬂ%Gl%} mimmuﬁwmﬂﬂmumﬂmmﬁ 800-

4000 cm ' HAZTUNUFT 128 50U NANVALIDEANNG) 4 cm  (Singthong et al., 2005)

d. J
2.3.8 msﬂ?meu"lmuammsma
= < Y o9 Ia 4 .
MIAIeNHanRau TuAUFUYD 2.2 Tﬂawﬁmaullcmaunaimﬁaﬂﬂ 10 unitml Iy

druusnie laoouTudionleTasnunoma (NH.),HPO, Aindunylas@eudaiun udam

Y
mMudunoud 2.2 go ldauldmanau Tu
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Nan15328 (Results)

3.1 Yumeumsiassuiawamly (Preparation of nano gel beade)

= < 3 A o 1 A ~
ﬂﬁmiﬁmmﬂLi]ﬁUWquulilIIﬂEJﬂﬁuH@1ﬁ”3uuﬁﬂﬂ’e)ulmlft)llillmimulﬁiﬂﬁL‘ﬂu‘V\l’E]ﬁLWﬁ

(NH4),HPO, 0.6 n5u maruluinau 12,5 daaasudniwwauiyTxdoudadiun 0.5 n5y

Y o Y <3 1 ~ = Y Y 1
uariludreanusidszanu 1,000 5oUADUINYTZUIU 5 WIN LazHauAVeNIT IUoAT1EIU
o v o v A o A < 1 =
0%, 2.5%, 5%, Itag 10% auanudungunuandseuiu 1 52 lusinnusisey 50 99 UABDUIN

o A Y o a Y 2 o =
waqmﬂﬂmumﬁumﬂummmuﬂﬂmﬂaﬂumﬁazmmgﬂa%u"lumm Ca(NO3)2.4H20

~ a Aa Aaa =\ v Aa o [ <3 3 <3
6% WNpH 4 1USu1as 500 Nadans Eﬂﬁﬁ'lEljclﬂﬂElll@ﬁﬁ]tu‘ﬂﬂﬂﬂﬁ’l']ﬂ%gﬂﬁ'lmﬂu LAY
= v Aa £ & a d a =& Y o a Y ' A <
Llﬂﬂl,“]ifllli’]ﬂﬂlu‘ﬂgﬁﬂlﬂullﬂI@W@ﬂlﬂﬂi‘ﬂuﬂ‘ﬁu\i LLﬂ'Jﬂ”IL‘Ll‘Llﬂ”I'i'ﬂuﬁﬂllﬂﬂﬂ?ﬁ\lﬁﬂ]iﬂﬂ 50 391

Y ' 1
aoun uaznalAidunar 16 F2 luadeilumsldarslavenTuionlalasnuoama uag

Y Y
[

=~ a v v g =~ Jd K v o
Lmamam"lumm Lﬂﬂﬂ”l'ii’JﬂJ@]’Jﬂulﬂuﬁ”liﬂizﬂﬂﬂllaﬂiﬂﬂ"b’@m/\l”lnhﬂ‘ﬂ VU NN UUNINIG
< Yy 9 9 oy M) A @ = A o 9 1A A
NIDUNALIN DONUAIAWNAIYUINAU 3 ﬁamwammma%u"lmmwm%mmmwgwmufaaaaﬂ
9y = = [ < ~ 1 1 =S 4 c?/‘ =KX o o a Y]
GlfVi‘ViiJﬂ Tﬂmﬂiaumammumﬁ]aw"lu“lﬁ"lamaﬂ%azwﬂwﬂ mﬂuumm"lﬂmmumiaﬂmm

A9a00 1 FITATIEIUMITHAVLTAIANTIN 1

A5 19N 1 BT IAIUNENVRIRALAAZYHALAz T Ie19NI51

a <
%ummmm%auﬂu

SIEF R TEAN (RER UABKEUDAUUN- 1ATDATOLIN

UARTENDAIUN (CA) .
109 (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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{ ) < { <
z‘ﬂﬁ 3 aﬂymmmmmﬂauﬂu CA/LX ﬁﬂ’JHJLGUﬂJGIQIJUGU’ENEINW151 0, 2.5, 5, 10, 15 uag

20% (a) CA/HA/LX AU NTUYDI819M137 0,2.5,5,10, 15 1ag 20 % (b)

v Y

Aa < A a @ 1 Y 9 =
NnMInagauraaiaau Ty NNUSHaeINITIFIaANdUTUIN 0-20 WU
A H 1 a <3 4 Y <
USuavets s mnzaemsnaamamau Iuae 0, 2.5, 5 uay 10% ipa91nanyaziia
{ a 3 1 { asz} 1 o <
wav TuniUSnae s daeanududun 15 uag 20% duluaisari 11418 ms1zida
=\ <3 o A a oy ~ a o 9y v A
avzviaanuazueewiinauanlsunanieramsnumnu 'l ldesazaredadsi
Y o A g P 2 MY = o qva \
nhignsaudsduieruesalsznouianua 13 1d%wu e Intiviesuediuvgaeenumeu
[ 9 1 @ 9 = [] = [l =
oglumsaeduanlasszdunaldnndanyulumsazarounadonlunsa (liuaagy) 9n

qg/’ < AN Yo 3’ o A 1 o A =
mmmﬂauﬂum"lﬂmaaﬂmaummmmﬂmmmamm”mmemwwimaxmawmamwmwa

Y 1 1
Tdlawaun Tuaseiua: limuganlumsih 1 dswaaslugai 3
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3.2 NAARUANNTIA
4 < 1 v o 1 1
Tag141n5049 Brookfield AMM157 13 39UABUIN shear rate 12.9 194190 C-21 81ua
Ma9910 30 IUIN TAeiIN15IAA10819U89 DadUNNNUTIae19N151 0%, 2.5%, 5% Lag 10%
d' =Y =) d‘ o = = 1 a a d'
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1 YA A v 9 @ A =S
dawal#linnnunilags (Parente et al., 1998) Tuneasanuduiugungiii 50 ossusaiFod
[ Y ~ 9 o o 1 ) Y o (I (]
wasnuanuieund livgdareiuszuediui In Tuanaimezduegrisquaznaiudwa
1 o ll < v . . 1 a { a
Tiamanuniinaadiasediariu la%a (Livonniere, 1993) Tuamuelsuiaeramisndudi 1

Y
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