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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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2.1 Jaquazansai

'
a a

2.1.1 agaun1¥lumsnaans
- 9auun (Alginate, Fluka)
- ¥194W131 (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 aw
2.1.2 gunsainlFluauide
=
- iapARAY
- 9331wy
- AZUNTINTDIATT
= J
- finines
1 Y
- unanAInY

-ya15u15as

A 9 ao
2.1.3 sl lslunsive

- laoouTuiionla Tasnuoawla ((NH,),HPO, )
-unadonlumsa (Ca(NO3),.4Hy0 )

Taden'laasen lesa (NaOH)

A A Agq Y
2.1.4 1950930 1%



~nseaniunnl¥auen (Hot plate stirrer)

- Lﬂtjé’tN Jaanuviia (Brookfield viscosity meter)

- Qouriiandugugugil (Drying oven)

- Lﬂtjé’tN FT-IR (Fourier Transform Infianed Spectrometry : FTIR )

- N4049aNIIAANTIMIDIAAATOUFIATDINTIA (Seaning Electron Microscop
: SEM)

- N4049ANTIAANTIMIDIAAATOUFIATOINIU (Transmission Electron
Microscop : TEM)

- 1n5097AU59NA (Texture Profile Analysis)

= < v A v A = d (Y] v A =
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I <3 = v Aa £ a J Aa £ Y o a y 1 ~
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< , 2 < o i g
ANMNIGI50U 50 Feuaun uazndlAumar 16 F luaielunmsldas laesu Tuiisy
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4 Y 091} o < 2’ o 4 [ {
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fannmsegeanlivua Taviueuifanannsandiniildsumssunlao ldduiunsia
anuasTagldgaminiudieanuia 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 ﬂ1§ﬂﬂﬁ@ﬂ!!ﬁ$3!ﬂ§1$ﬂﬂmﬁﬁlﬂﬂ“l}®ﬁ!ﬂﬂ!i}ﬁuﬂu
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2.3.1 MANNTIHA (Viscosity)
o A Y a o & & ]
JARNUHHAYRIAI5Aza1e 2.2 MmaseuvunouNnziuwianalaslys
Y] a a o 1
Brookfield Digital (Well-Brookfield LVT, series 82198 szina AYIIVLUTNI) VOINDANDILADY
a v A v Aa ~ 4 v A ~ 4 <
¥iia 9adUN, DadUN-laaTondFezn N tay oadmun-laasendazmIng -819m131 ANNIST 13
50UADUIN shear rate 12.9 1911290 C-21 81UAIMAEIIN 30 U9 Tagiiinisiadied1avedda
a d'd a d‘ =Y = d‘ o
BUNNVUTIUB1NI31 0%, 2.5%, 5% uay 10% Nguni 4, 25 uag 5009A AT TINDIN
= = ' a a A = J 1 A .
msnlssumsungavgitazlIaeansINaIwalnanon1ANKTIA (Tina et al., 2008)
\l U Y = =S U
2.3.2 MANNAINIVBIIATIAIIIAIRANMTVUOA
<3 1 ~ o y A .
NATBUANVUTINTINUNIUABNITUVOA IAeHIAT09 Texture Profile
[ o [ < v Aa
Analysis (TPA), (TA-XT, Stable Micro System, ‘]J’i%mﬂi’Nﬂi]‘]el) Tﬂammimmmfﬂa@amum,
v Aa =\ 4 v Aa = 4 9
dadun-laasondozn1Ing uaz sadun-laasendozniIng -s19w13191n90 2.2 Tae
A Y = v w Y o [
@ONUYUIAUDA load cell 1HIHNITEY uazzﬂaﬂuqﬂﬂimmi}uimﬁuuuu A115 U
Y ]
compression  test 91N U219@10819M 92 1A 17 0gATINA19 T NI NHINALAZFIUTOI
QQI’ d‘ Y] Yy 9 Y o dy a 9 % [ d‘ d'
MNNUUIAOU Hana 191w 1PN UNUAIA IV UVDIAI0819 5LV 1 5 Y. INDNIY

4
g1u150i1aa0e1991-00n1ng1ulaazaan 210U UTINIG zero ALY

A o o 1

Y
N mwuﬂm&mmﬂﬁuﬁu VD crosshead “l"i’(ﬁv\‘i%1ﬂﬂ']‘i‘ﬂﬂﬁ’f’)ﬂﬁHEIﬂi@Uﬂ1ﬁﬂﬂﬁ@ULLé}’J

MMSTUNNAIVDUTIBTHAAIY (Bourne, 1982)

2.3.3 MANNAI Il uaN1Iza I

) < Y o 1 o a @ 9 o v A

nenliananinte 2.2 ynoasiaiu Tldudumsiannunslaesldnaming
: o . ; - o Y : o
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2.3.4 MMIYATUIN



11

a

Y I 1 a g’ @ @ Y o Y v 9 =
Iﬂﬂi“ﬁluﬂﬁ]allﬂagcﬁNQUWﬁUﬂ 2.5 N3 Lla'Jﬂ’liﬁllﬁ\iﬂ']ﬂﬂWiﬂUﬂQﬂ!ﬁQN 40 ®49M

~ @ c?/‘ o 1 g’ 1 Qy Y o A Y I g’ v A c?/‘
I QU 24 WU, T‘iawmuum"lﬂuﬂuunﬂ’mm"b 16 GB'JIN\?LW@GLWLN@!%aﬂﬂuWﬂa’U@ﬂﬂﬁ\i

Y Y
udniniminneutaznaInsus ldnnamuaun sl
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Y < Yy Y ia o a 1
2.3.5 Iﬂﬁ\?ﬁ§1ﬂ‘llﬂ\‘i!3~lﬂ!‘i]ﬂiﬂﬂnl‘lf NavYaNIIAUBANATIDUY UATDINTIA (SEM)
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@Iﬁj‘ﬂﬁﬂﬂjﬂi\‘]ﬁ51\‘]ﬂlﬁﬂ!Nﬂl%a%Tﬂﬂlﬂ 2.2 Iﬂﬂﬁlﬂfﬂa'ﬂ\‘]ﬂﬁﬂiﬁﬁu@mﬂﬂi@u“ﬁu@ﬁﬂﬂ
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Y
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d
2.3.6 Inssadwveudiawalagly ndssganssavdianasourtindesriiu (TEM)
v =< <3 9y Yy 9 /a3 a 1

asnvaeuIassadawanveudanannde 2.2 Tasldndesganssaisianaseuriindoq
] o < 1 3 {
i Taerhimsualananinde 2.2 udrseudisazunsavuna 100 Tulaswas vndunedla i)

Y = < Yy 9 Ja a 1 ' { o
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2.3.7 M3A5IVINTIZHWINY functional AI81AT09 FT-IR
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Nan15328 (Results)

3.1 Yumeumstassusiaanly (Preparation of nano gel beade)
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20% CA/LX 20% CA/HA/LX 20%
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3.2 NAADUANNTIA
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agﬂuazﬁffmaummz (Conclusion and Suggestion)
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