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Abstract

The enzyme aipha amylase Termamyl is used in the industries of starch as
substrate. The amylase hydrolyzes the alpha 1,4-glycosidic bonds in carbohydrates to
smaller molecules. The enzyme amylase helps to reduce the viscosity of the syrup-
making process. It may be used as the carbon source of microbes to produce the
alternative energy. In - this study, the enzyme immobilization was investigated in 2
methods : encapsulation by sodium alginate and cross-link. method by gelatin and
glutaldehyde. It was found that the cross-link method gave better efficiency than
encapsulation .in temperature and recycle time. As for the temperature, immobilized
enzyme was retained activity at 40 C for 30 minutes by 95%. The recycle time was three
times of reaction while enzyme activity was retained by 80%. The result suggests that

cross-link method is suitable for enzyme immobilization.

Keywords : Alpha-Amylase, Encapsulation, Entrapment, Cross-link
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mwsgliaulesl  (Immobilized Enzyme) luismmiueuluindiauinalieglu
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Woutuosmuilvweluaiy  Fenewhufier  snsviniteusasmendanmaihufidendieg
aouziiuvesuteag

2

Carrier-bound enzyme Cross-linked enzyme
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nzyme inclusion Microcapsule
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U 2.1 msnSaeulasizunuusineg
#iun: http://enzymetechnology.blogspot.com/2009/10/enzyme-technology.html

2.2 mandaieuleiniegy

nszuunsnsseulesl (Enzyme Immobilization Process) fnalianss3e 3 35 laua
n3oasmeRil (Carrier-Binding Method) ms@aua3 (Cross-Linking Method) wagn13anse
(Entrapment Method)
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1 mslusslallaun  (Covalent binding Method) Lﬁauﬁiamaﬂutaqaswdw
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venda naudatinia naulensenda nqudiinlen uienduiiueavedlusiu defveiisiAseulel
awdenegfuimihvesasngsasiuane fanuasifuasmssitdos uiteldefeufisenanms
Aeiusyiisuuss uazanaufiweesansildaznsenuselaswaiuazueniifvesauled dewali
wuleigaydsmmuannsalumshaniluuidn  YaneSoguiteanldliun - wefiweismanwed
wsAAlse (Polysaccharide Polymers) wiu iwaglasd wingnsiu (Dextran) uth nglaa Al
figwyu (Porous Silica) uazuififigwsu (Porous Glass)

2 madeusmensinzyiiensgadu (Adsorption Method) uisnsnsaeulesitn
suuunilsiienoululiihiuiresdmgsieisnisgadumenen  erdiantsgeaduresans
shihewusdlessiin wiewuselalnsiau HuTihe uwilussgadudeuthe definswdeu-
wasrhfiey teuluiFmansenandanedléie sdslsfmunsniuheisilirosiiilasais
visueriinveseuleidely uddssdonldmmeiinnanssssumiuasansdannesiliansan
furiinveseulsl uazingauildiluduainsy

2.2.2 m‘m’%’agﬂﬁwﬂm%amuul'ui’ (Cross-linking Method) ~ ansaafedaillidedld
fawgs uiedemsideuneluanavaasulesimeiusuaiivuulaniaus vhlfluanaeulesiFou
2 Tuanatulusdedemmetutunguiidouelgiu avanehistiosadiagldanswanlu (bi-)
sesaAflsiduneaiioraus (Multifunction Reagent) 1y ngw1dadilad (Glutaraldehyde) uag
Tngdu lnlelaleeniua (Toluene Diisocyanate) (dusiu ﬂ’]‘ilﬁdEﬂtﬂﬂl“ﬂﬁ%ﬁ‘ﬁﬁﬂlﬁﬂﬂﬁﬂ%&l’]ﬂ']'i
Weusewinluanaleulelfuarsidenvaetesunss Seiinadalnseasne uasueaiifvesaule]

ut

WAy (gelatin) (ulusfudianalaninnisidvanmuesneaaau  lunssgndnd
indauauazmiwesdn waruilesrussneunsnesiily 18 vila annsagagduiilaann 5-10 Wi
gesiiutes isthusearduinavalsmeisuazvasuvaniuvesmaviln uasiwaduluwald

mnieliszesnile faud@du thermally reversible gel awnsadounduiliuvaanalddnass
A v )
Walasuanuiau

U 2.2 19RAURUUNS UaZUUUUHY
an: http://www.trademe.co.nz/home-living/food-beverage/baking-ingredients/auction-
1065075695.htm



B Gelatine amino-acid composition

Other amino acids
ic aci 8%
Asparst;ti acid Akl
27%
Arginine
Glutamic acid
12%
A osm Proline
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Tnensldsanaaaiuiindeaniar $ une  wiendniihunindensdrsgniasmundn
nauilunsun JegdueaiiusninlugUvesauasusiy Tdeenluumissdeufininng Juag
fuingiuuazisniingn Wwanfiuldu amphoteric protein vdelushuilduliiansauazena fiaala
Tedudnw3n (iso-electric point) Wgas 5 fv 9 nsmesiluiiivesdvsznauesaafumilauiu
nsmeziluiinulunsaanau Aeiflnadussana 1 lu 3 vesnsneziiluvimun fnsdunazlensen

Flnsauge Usuallamsondinsauanunsaldiludrinusuiunsaanaunseaaaiduluaimsia

HLC CH»
NH [j] lCH
/ N
CH—CO CO~ COOH
; |
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Hydroxyproline
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TuduwazusBaseuiulildeuleunsuangnfiug  (trans-glutaminase) sy
Wawseszvinlanalaiu vislanAuiulusiuduqluemisla nsiweudeluanaaliuiu
uweadled (Glutaraldehyde) awifinanuaninsalumsldussloruanuaiuld ewinngm

dleafimnunsisoauiou ann1sazateul TItUSulRantRBnarasilauaaiiu

2.2.3 manssgumemavieriueuleslly (Entrapment Method) viieniadindin 1UW3gw5a
cda v v 1 =2 '3 = daa & v v
toulesinieuldonanineens unndnnnisasaedlelisuluudunseisilieuleililiate
Wuszalilaqivansvieniy lWifugadumines waglidudadues aunsaldiueuledinnviia mdn
2 = o w
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avaeiilgaumgiviedld  Snaueadiumbuansiilifuiy  ussliaivsnmdeansiniigeiiien
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weadlunaRnldanamievsadianaru Macrocystis pyrifera, Laminaria clous-
toni wae Laminaria digitata Mlassairemaaiiifulwdmessinves 1,4-p-D-manuronic acid (M)
way L-guluronic acid (G) Weufufidumis 1-4 aglulaanausznauais homopolymeric
regions U84 G-blocks Wway M-block mua1au waziluanaursdiudu MG-blocks

@

JUT 2.5 emsnensaduima Macrocystis pyrifera Was Laminaria digitata

ﬁm : Chris Grossman, 2008 way Michael D.R. Guiry, 2016

M
a-1,4 o-1,4 B-1.4 B-1,4

:J!J‘ﬁ 2.6 (a) R-D-mannuronic acid (b) Q-L-guluronic acid (c) lassaisluanaludeuueaiiun

ﬁm: Keita Kashima and Masanao Imai, 2012
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uansheiy ity eyiustasnde Ca”, K', Na', NH," waz3uues propylene glycol alginate &4l
1nUfASemes  alginic acid fupropylene oxide melianITue ﬂgﬁuﬁ‘ma"lﬁwasmﬂlﬁﬁﬂu
th¥euasiuiu eumilnvesasasasueniuniildtuegivgamgll  mmududu thwiin
Twana  waznsillavedszquan - edlsfnuueaiiunneinesiinaadilumsiinmaiion
Ufisentu ca” Tnell Ca imgluegiuanelndwes  Tassadveweadadidnuasadiondesld

F49138n71 Ege box model

Sodium alginate Calcium alginate

R

-00C

= a i A = a
Ul 2.7 n3ifia Egg box model a1 @-L-guluronic acid Weldnuaaidesloaau

ﬁm: Keita Kashima and Masanao Imai, 2012
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wulwl fMedumssseulaimeauuiBsuweaiiun vileseulalnmauduansazaiouoaiiug
Tudasaniimngan udvenadussasarsuuSounaslss (BaCl,) ndnszuiunisniaasady
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Step 1 : Mixing enzymes and matrix Step 2 : Gelation
Droplet gelation

enzymes Liquored
suspension matrix 000
000

3 O

Mixture 0
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JUT 2.8 Fumsun1srseulnifenisouun UL
11 faudasadn Siripattanakul and Khun, 2010
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#@13aza1@ Dinitrosalicylic reageant (DNS reagent)
2.1 MIiaTenliialnasnlelaeds Dinitrosalicylic acid

o 5 s 3 aa ad .. . . . = 3 da  eda
NFIATIERUTINAANEIAEAEIS Dinitrosalicylic acid nsvTnanimiaiadnd
Usinaegludaesening 5-500 lulasniuvenhvanglaa lagmsamnhamaimdluansasaien
o a a - . . . P e aaa o ] ) £ -
nfinsalalulasodleda (3,5-dinitrosalicylic acid) ey Ufisendnanasviliansavaned
a v & = Ha = = 4 1o a v f& a
AdiRunazanusapandulaiang1IAdY. 500-550. wlumng Fueindveswdniueiduin
o el 4 T - - . -

IANTSUIUATIANTU LﬂaEJuLL‘iJaﬂﬂiﬁa%'NIuLaqaﬂm 3,5-dinitrosalicylic acid \Hu 3-amino-5-

dinitrosalicylic acid Faujfiseniaganiuliauniransiwuneuimaiiidaznun

O. _H =
Sc 05 4-OH
H==~1<0H COOH H——0H COOH
HO——H £ . -OH b HO——H . - OH
H——OH F— ™  H—OH D
: A
H— OH DZN N0'2 H=}—0H OQN NH2
CH,OH CH,0OH
D-glucose 3,5-dinitrosalicylic acid D-gluconic acid  3-amino-5-nitrosalicylic acid

2 2.1 msidaudisensdindureniimanglaaie 3,5-dinitrosalicylic acid

i - w@unsel luranans (2557)

9.2 FomsinssudIsazang Dinitrosalicylic reageant (DNS reagent)

drloifieunaslss (NaOH) s9uau 4 ndu wazaemedindu 50 fadans Tulnined
2R 300 fadns swldasazarelaifeuraslsanimudidy 2 Ta1s awniuld 3,5-dinitrosalicylic
acid 2.5 n3u iindudn 125 fadans nauauduLdSuRY potassium sodium tartrate 75
nsuasly auliidnfiu 1d magnetic bar aslutinnes TdwssasUaurniinnesiudsanusnanasly
1ludisuu hot plate WUn magnetic stirrer Tusydusiily 1 Fu wWlenuansiung suansvanemay
diud FussuthamsavaneildunuiuBuesisthndusasasaneiviings 250 fadans
aglaansazane DNS reagent wiushwiluvinden
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