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SUMMARY

I. Title

Development of an immobilized lipase system for lowering the production of trans fats

in industrial processing

II. Background

Trans fats are fatty acids that contain one or more double bonds in the trans
configuration. In their natural form, fatty acids usually contain a double bond in the cis
configuration. When two or more double bonds are present in a fatty acid, they are usually
not conjugated.

Trans fats are produced during the process of partial hydrogenation, in which
hydrogen is added to vegetable oils. Trans fats exist naturally in dairy products in
extremely low quantities. Food processing methods have been revamped or replaced, in
order to reduce the content of trans fatty acids in various processed foods.

In recent years, the use of immobilized lipases as biocatalysts instead of chemical
catalysts is gaining importance for the production of hydrogenated oils in the food industry.
Until recently, immobilized lipases had to be imported from foreign companies like NOVO
or DSM, which rendered the entire process very expensive.

In this study, we have developed the technology for manufacturing immobilized lipases
on a silica substrate of 30 to 40 nm, which can significantly contribute to the edible oil

processing industry.

. Research scope

Primary silica hydrogel was manufactured from a nanosilica substrate at a pH close to
2.0, which allowed the gel to form slowly as the temperature was lowered, resulting in a
uniform pore distribution at temperatures below 10 ‘C. The purification of salts of the
primary gel was carried out slowly over 60 h, at pH 9.0 , during which the specific
surface area of the gel was between 800 and 900 m'/g, and the pore size was around 10
nm.

Once the polymerized silica gel was dry, the silica substrate with a pore size of 30 to
40 nm was manufactured using a thermal treatment process at 180 C and a pressure
between 8 and 9 kg/c for 0.5 to 3 h . The attachment of the hydrophobic butyl groups



with N-(n-butyl)-3—-aminopropyltrimethoxysilane at 5% was carried out at a pH between
2.0 and 3.0. The ratio of the lipase to substrate was fixed at 1:1 (w/w); at pH 4.5, which
i1s close to the isoelectric point, the immobilization of the lipase was achieved with a good
yvield of 85.4%. Polyethyleneimine (0.5 to 1 %) was used for the protection of the
immobilized lipase activity at between 20 and 30 C, for 5 to 15 h.

The tributyrin hydrolytic activity of the immobilized lipase NOVO lipozyme RMIM was
496 U/g, whereas that of the in—house-developed lipase (NRBIM) was 618 U/g. Therefore,
the NRBIM lipase showed a higher activity than the commercial one.

The conversion of tributyrin was measured after 20 h by adding 2% immobilized lipase
to a 1:1 mixture of extremely hydrogenated oils (SSS) and soybean oil, and the conversion
rate was 96.93%. After 20 reaction cycles, the conversion rates for NOVO lipozyme RMIM
and NRBIM were 93.37% and 93.52%, respectively. In conclusion, NRBIM had higher
activity than the NOVO lipozyme RMIM, and could be re-used at least for 100 times.
Therefore, the NRBIM is competitive with the NOVO lipozyme RMIM.

IV. Results

In this study, a silica carrier with a pore size between 30 and 40 nm was developed
by combining hydrophobic butyl silane, the activity and durability of the
in—house-immobilized lipase were equal to or higher than those of the lipases obtained
from companies like NOVO or DSM.

V. Achievements and Future plans

Recent efforts to develop manufacturing techniques for the lowering of trans fats have
been most visible in industrial enzymatic transesterification applications. Triacylglycerols,
containing no trans fat, were produced by the esterification of fatty acids, which were
treated with the lipase, at the 1 and 3 positions of the glycerol backbone. The
triacylglycerols produced in our system had either no trans fat or lesser trans fat than
those produced by the standard.

One of the essential requirements for enzymatic transesterification in industry is to
have a continuous culture of immobilized lipase during the manufacturing process. The
immobilized lipase system can be used in the surfactant as well as food industries to
develop processes that require a change in properties, e.g., maintenance of the proper
shortening used in frying, confectionery, bakery, etc. In addition, this technology can also
be used for immobilizing Candida antarctica lipase-B for use in bio-diesel, fine chemical,

and pharmaceutical industries for the preparation of chiral functional materials.
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free fatty acids, diacylglycerol, monoacylglycerol 2 glycerolS A= Zuf 2 AR ¥ o] ]
(1, 2) RFAl2 29 13 o] fF7]8v] Aol A esterification, transesterification (acidolysis,
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th(3)

Hydrolysis : Ri-C-0R: + H:0 — % Ri-C-OH + Ry;-CH
I ]
= 8]

Ester synthesis : Rw-?‘-OH + Re=OH — Fﬁ-C”-OF%z + MO

O o
Acidolysis : R-C-OR; + RyC-OH __, Ry-C-CR; + R-C-OH
I I I I
o) o} 0 0
Interesterification : R-C-OR, + Rs-C-OR, — RsC-OR, + FR-C-OR,
I I Il I
o} o} 0 o
Alcoholysis : Ri-C-OR; + Rs-OH ———————> R-C-OR; + Ry-OH
I N
o o
Aminolysis : Ri-C-0R; + RyNHp ———— R~C-NHR; + Re-CH
[N I
o 0

1% 1. Different reactions catalyzed by lipase in aqueous and non-aqueous solutions
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3 1. Physical properties of microbial lipase

Source M.W(KDa) | Substrate | Isoelectric pH | Optimum pH | Optimum temp.(C)
C. cylindracea 67 Olive oil 50~7.0 40~45
P. fAuorescens 32 Sesame oil 48~5.1 7.0 50~60
Bacillus spp. 22 Olive oil 45 55~72 35~45
G. candidum 62 Olive oil 4.8 6.0 40~50
H. lanuginosa 39 Olive oil 6.6 7.0 40~60
P. nitens 26.5 Olive oil 59 6.0 35~50
C. rugosa 65 Olive oil 45 7.1 30~35
C. antarctica 55 Olive oil 6.5 75 40~60
S. thermophilus 49 Tributyrin 9.0 6.2 50~60
S. faecalis 20.9 Butter oil 3.6 75 35~45
Pseudomonas spp. 38 Corn ol 6.2 85 50~60

Polyhydric alcohol®} free fatty acidol]l <]J3t esterificationit-82 F=Z F7]80] “FolA
lipaseol o3 milddt o2 o] Fojx|w 3}5F% wrie] Hla] Fukg ZHo] A A E XA
&=t % 200419k #o] microbial lipasee] ¢33t Fd4 o] 89 o2 A aliphatic alcoholol] <]
3l oleic acid estertt butyric acid, lauric acidt} mentholS ©]-&3F methyl ester A4k o] &
e Arh(B)

3% 2. Examples of industrial applications of lipases

Field of industry Application Product
Hydrolysis
Food (dairy) Hydrolysis of milk fat Flavoring agents  for  dairy

products

Fatty acids, diglycerides, and
Chemical (oil processing) Hydrolysis of oils and fats monoglycerides
Reagents for lipid analysis

Analysis of fatty acid

. distribution in triglycerides Detergents for laundry and
Chemical (detergent) ) .
Removal of oil stains, spots and | household uses
lipids
Medical Blood triglyceride assay Diagnostic kits
Esterification
. ! . . Chiral int diat
Chemical (fine chemical) Synthesis of esters fral m erme.z ~1a ©s
Esters, emulsifiers
Food e . | Oils or fats (e.g., cocoa butter
. . Transesterification of natural olis .
(chemical and pharmaceutical) equivalent)
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Rhizomucor miehei, Thermompyces lanuginosus 52 lipase®®d TAES FHHoz A
F dE 7ES Bt Yok a8y hpase«] HEEAL 8 S 98 g4 uA st Fy7]eL of
2l w1 @A AN gt A Kekal Aot} ol o]FE I = FE NOVO

AFe] NOVOZYMES 17F2 $2913}ho] A}ﬁo}J_ 9= 2 Aot}

A AR A FEstE 317g38) lipased] TFE ® 49 2h 72 NOVOAFS Lipozyme
RMIM®] 749 Duoliteg}== macroporous resin®l lipaseE S2HA|AH AMg3ta glowH
Novozymed35(CAL-B)9 A%+ butyl”] 7} H2¥ macroporous®t methacrylate resing A&

gt

3t 4. The immobilized commercial lipases used and their characteristics

Brand Lipase species Carrier Specificity
Lipozyme TL IM Thermomyces lanuginosus silica granules sn—1,3-specific
Lipozyme RM IM Rhizomucor mieher macroporous resin sn-1,3-specific

macroporous
?EXEZYBH)M% Candida antarctica lipase B i(l)elg?] Tran dbljjfjl on nonspecific
methacrylic esters
Lipase PS-C-1 Burkholderia cepacia ceramic particles nonspecific
Lipase PS-D-1 Burkholderia cepacia diatomaceous earth nonspecific

Lipase®] 1A43E 93 HAZe= F 59 #o] o248 polystylene polymer,
polymethacrylate, silica zeolite, celite, glass bead, Ca-Alginate bead, chitosan 5 ©¢| #E¥ o]
A (7, 8)
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E 5 fkel 145 AW BAY TF

Inorganic Materials Organic Materials
W Polystyrene
W Porous silica B Polymethacrylate
B Aluminum silicate m Duolite
B Boehmite W Polyvinyl alcohol
W Zirconia gel m Ca-alginate
W Diatomaceous earth W Carrageenan
m Chitosan
sule] 49 BegA 2 AAZ AAAE A 54 AL 2= 7 FAR s o
g Agstete GAZAE FAEA Rk B3 AEFAHNA AUt M B FES A
s Re YA B4 ASHE A4t A £ JEHT dvh 4TABITH A U
wol het #al el ATE A o APBIE o] FoA Rah ARl
Meso 7l &< zte 2184 2 AASH AAA S 3% PMMA 3 PS 59 Zjmel i
AAAE BAG Gl A whgste dF 2A47F Fdst G o e A S gs
g3t dele 74 B4 2 713 Ae] A o= AlatAAle] sidte]l Ha sk AE ot
a7 @] o A= polysiloxane®| Y polyacrylamide 59 7fgd A A A E o] &slo] AAZv|E 1

Aslsle] AAH oz o] &ste] FAusta A= AR FH S NOVO, DSM, Lonza, Degussa,
Roche 5ol low i AASZHE wjds Foto] A4S & dAE F78to] *7] matrix
of A stste] AREstal k. = A A A B nE FHAALE LA "=9 W. R. Grace,
Merck, ¥¥-°] Mitsubishi chemical, Fusisylisia, Italy2] Resindion, % 2] Degussa, Rohm &
Hass 5°] A AA &g53t2 drh.(9, 10, 11)

Lipased] 1A3A AlgEHE Aoz ond¥d 93 adsorptiondH(12),
glutaraldehydeE AF&3F covalent cross linking® % (13), sol-gelf ol 23t entrapment™ 5 (14,
15) So] o uAH3} FA 9 functional groupl = amine group(16, 17), mercapto group,
cyano group, phosphoric acid group, expoxid group(18), butyl group(13) S°] <t}
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O B e

g3 A

op o] Aitel o]g& A

lipase&

4 AFFob
u

4354 (FEHA,

A, Ax Ausiel oA, Aok 5o Hopz g,

Wb, HEYE

U Agsts 5 ZIdE
(k9] - nkel
FIH AT dus | 2gus | 3tds | axas | sAds A
A4 AR} 2,500 4,500 6,300 7,200 10,000 31,000
BAA St 4,432 7978 12,056 12,7765 17,730 54,961
TV A A= 1,890 3,402 5,140 5,443 7,560 23,435
A 8,822 15,880 23,996 25,408 35,290 109,396
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A3 & A7NY sRiUEs 3 23

A1 A AFAE RS B

1. Nano silica B¢ Az

7}. Nanoporus silica A %34

g WE7] 9T AlxTHdre ot

18] 3L nano silica 71 5SS 7H4 silica B A

/" Sol-gel h M 3
| CHA| 9l = 2 & [ HollolBt ) HeoS
B HmEE —( EUNY ) ag {3 i

Hydrothermal treatment
Solvothermal treatment
(LteM337| EEEE)

1z

=
_ I

U 95 =49 A=

(1) &3] (water soluble sodium silicate)
T84 silicate®] A ZHH-E =2 A Furnace route, Hydrothermal process 5°] &4# A U
= _'?_

Furnance routex sodium carbonate®} Silica sandE Lol A HESA] 7 HAALo 7
QT =] 35} H]%i

e o

d 5o 2o YAsA A AEE weE FHoZ oF 1400T e SxolA A e

o =
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A% silica sand®} soda ashe A3 FHoA] == W o]y Hydrothermal processt sand&
caustic soda°l 23 &a38t7] Y3 1193k autoclaveol Al A E e WSS A|A AR

Sodium = silicate™= A7k AA At oy " YHe FTEAHOE U=
tetrahedra ¢ SiOy 725 7FAaL =t o] A silicate tetrahedrax monomertt Si-O-Si
bridge @ = A4S F73te] polymer FHIE zt=th 12y =84 Aol Ed e A
Al Fx= FHE Fol=<l NaO ¢ SiOp A+ & 3k sjd ot}

LA

SiOy/NaxO ¢ H]E9°] 059 w ortho sﬂlcate H]go] 19 Wl meta silicate, B]&©°] 27} H=
di silicatez}xl 3 SiOy/NaO 9] H|&o] YU S4E FEIFFo] BSTH o 5= 5527}
%_hd}x% <=1 HHLa_xhjr

ditd oz MG Aedt &, AS AFA] SiOy/NaO Eu]7F F 22~4.09 AES AES
th ool Au7tE $ste uf 4ol HUbe] AHow, B do] AHER Ax VHAS v E
T A7 wEott. watq A7 Y 7FAAAE ARA B4 2FE ol&5t, AlgE =
e AdgaA FA8Ae) neE BiEE AHEE

H2S04(15%) 2 FAPYEE([Si02)/[Na:O] = 2.5mole, 18%)< injection pumpsS E3] 3t
A potl® 7|3 pump’t HFFE nozzles E3dle] T LdsA £33 wkSA AT A}
=

(gelation) §F<-o] 3g Ze]g o)A silica hydrogelS #8]3tat S Ao Ag7} £He] At
718 FFTY A717]1 A8t e # 2ol agings AAISAH. Astd E9gE gt 7hest

HEg-g7lel o]Fe ¥ Efjgldd EHEE FATY 205 pH 40 % 40C(e]st “ALT”
2t 3h), pH 9.0, &% 70C9 =xx(o]at BHT & $hHoe= AT & 70/ 7H4] &5 S H
WHA A 2 SIS TAC AAEA T o8 g aging* 2] $ hydrogel®] EAo017F &5
HW 150Co A 248 7F s AxA 7)1 dx" A7l Puverizing Millg A3k 10~80

meshZ YEE Aostdon Aojd YJAre =4 WstE 54 stad. 3 Adstd S8 &
W7t 7he e whEE 7]l olFd & Sl EEEe FATY 23S 27 EAA%

g2 hydrogell 9] o] 2223 YEF 2 3tol2S AASHY] 98t R/O membranes
%2 pH 68~729 A4S EZ8 B UM hydrogel?] U=71F Zo] &8s YEF o3
Jrtol & AAGT HFA R Aol EAARE PP H R gRlsty] At d7] AF
=A3te] g}, Joleo A7 A xo] ofd FA A
=AlE Aol E 3d7] 91k silanol A st T4 2 150T olgtel A v 7]
=719 S5 2 vAl fgAre &sfdl oa v

ol L to o Nr|f

hydrogel W5 2 ] F-of FEA|st=
AleS Aol Foh

12} hydrogel®] Y7 FEA o] Ex Ao Edstd vtx AZR7|S o] &3to] 150TCoA 244
oEeh Azt olgd A4S T AxdE dwr)y Avte xﬂi@ibﬁ FF AEAdS
A AAolA HEA 7NAA =8 FAA HFEE A F FUF ¢

A
A H Xerogel> tHA| 22 Hydrothermal treatmentE d}7] H*o‘}oi Autoclaveoﬂ A e a
(@)

oto 7 =<4 xglE 3}l 12 Hydrothermal treatmentE Ea Aojd Uwr]de o A =
o GwslBe G0 W EEEAs 545 nAE @ 4 e S0 AE8d 9 2% A
ol ¥},
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=4A7F dRE vk Ve ARs A= =
ate] 150°Col A 24417 Ax3het JRErEQl 2t s Ad W8S dund thgd 2

U= v EES dter b Zef sk wkEol 9ld] hydrosole] AEH = FHS

o2

2 Aeste] F% % SRl W SiOH,S %3F oa 44EE 14 9o Fest 2
X
WAE hydrosol& A%k, SEo| wet Astz A FAATH AFW AFe o4 33

ofe]] W= AF AVE AT
Aojel &) o] ool

F A% Hydrogel Wl NaSOs 58 3|3t 7 &
Q7b 9tk a#lrg A%£%9 RO 9 587 pH 2 &
AA L ERA, ATTE AoE B FAA APt

m ML

(4) Drying &4

EAlo] Aloj¥ Hydrogel2 AZx HHo| wa} Aerogel &2 XerogelS A|ZFs 4= gJ+=d], <
HEA © 2 supercritical drying®] 9 3]A4 = Aerogels A2 4= Qi Ato] o3 Ax W
XerogelS #A|Ze 4 At B F A A= ambient dryingol €3+ Xerogel2 A %3 om F
A Aekisr] e BSE e 150C o] dtell A a3

(5) Drying & size reduction

A Z% nanoporous xerogel> Algg&Eo] wl A7) 2 JE BEIXEE Ao Aol F R}
o oA BA JFE Au]e FTH E AREWWl wEl 7 fxo Y BEAE AX T 5 A
o} B Ao A= ball mill, pin mill, pulverizing mill ¥ &3} classifier 55 AF&3FS T

MeEFA Rl AA flowcharts= 19 50 24 Fa¥FE Uehiiddth
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E . o

Pump
H,50,4
XD
Flow
meter
= - Hydrosol tank
® | |
Pump

Sodium silicate

19 4. Silica hydrogel #3743
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Sulphuric Acid

Water Glass

Mixing(SiOz Content,
Temperature)

variables

Gelling(Time, Temperature)
variables

Wet Treatment(Time, Temp., pH)
ALT,BHT
Drying(Time, Temperature, pH)

Drying & Size Reduction
(Pressure, Temperature,
Feed rate, Seperation)

139 5. Sodium silicate®] peptization®l ¢+ nano A& silica gel A %3
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2}, Nanoporous silica 4 %2 &4 4

(1) Gelation time =%

o rl

A

92 pH W3lo] w2 hydrogel ¢ gelatlon S50 = 9dEs S48 Y5t %7
I} = pH 1.0 A45¥ pH W3}l + Gelation time¥} pH 3.001A4 ¢ &%= =2
gelation times =743l AL ii“)e"‘i} nanoporous hydrogel& Al Z3}7] ¢]3gk 24

24l

(2) Na+ ¥ pH W3} =4

SUEAE AMEE TAUESF S EAletE Nat+ o]0 b #afuksg & F3 Attt w
2+ Nat o]29 AdW&EEe pH WIE =4 (Oriontt Model 720A)3te] 5% 349
parameter= &-83}32} sl Tt

(3) BET =AY

Az 2 dAg9 A& nano pore TREAS 2ASH7] $&) BET T4 A %X
(Model ; Micrometrics ASAP 2020)E ©]-&3}o] 0.05~0.15gr A= H=F3d & 350CoA] 1A]7F
s A AYE A&t FAE SAgo BET 294 S47]1&5 o83t HAE 5 point7t
A 2%4&e BET BW4 A2 2 A4330h

QA E A e A7 F Az EFepazel 10~d0gr o AnE BFSn 34 Fh
ol g3kel 44 s Bl ostel it HE W Hol FRPoR ATk AE AT sHe

chgat o] Akt

Water titration®l] 23+ Pore volumed] =4 HH & A8 E 200CoA 2417 =oF Ax3 &
[e)

(5) Pore Size =74

Pore size®] =% W2 30 point ©]2] H4 SRS o83 BJH Methodol] 2ol&] #4]
3 Jot AT vlawE 7hadk whHel 5 opoint 7bA A3 BET W2 =4 3k3 Water
titrationol] 28k pore volumes A Fhs o] &3t Wheeler formuladl s th53 7ol

Al2kst At

APD(A) = 40000 x PV/BET SA m'/gr
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6) dez
ol gk 1k

= AT ATt AlE U 9Fel EAlste AT 2 detsErle] dUe
&% 3~bgr (M1)= &FH| 4 Crucibledl

9 AXHE & 4 9= DIN 55921 A8 wyoz A
01mg 714 Weatel 1000C x 247 74 E Fo FAZ Dol (M2) PA 7S Axtald
ud 2Ae Foldth AR AAYE FEG AAT F Aaaof Bl

u}. Silica hydrogel &4 Al pHe| <&k

TAUEFS] $% 18%, It v% 16%E EEEd=2 A&t WEEA] flow meter®] 4
s 4% F Ao FEHIE WsAA pHEstel whel A4 ¥ = hydrogel®] dAA
e A6

v}, Silica hydrogel 4 A] &%9] g3k

18% TAHYEFZ 15% ate] BEnE 2dswA pHE 3002 n4gsta WEehs
0T ~40TC= W3StAI7IHA gelo] FAH = AIbS S48

A}, Silica hydrogel®] =& 5 A& A7 A7k w2 pHW 3}

Silica hydrogel =34 @AY E dol29 %7} silanol”|o] FFS FEZ A Z A ko] uwh
2 Ao AAAEE pHH 3l o8] =A33c)

o}, < # ¥ (Hydrothermal treatment)A] 7Foll W& BET W] %W % W3}

13402 3 A H hydrogel> BET %A o] SOONSOOmZ/gO]U% pore size®+ 5~10nm
2 JAEY. 134802 FAE hydrogel= 130T A AZx3 & 180T awHs-7](8~10kg/
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2. Nano silicag A9l silanizations %3t 2-g&7] 2+

Pore size7} 34nm% AZE silica BAES AFEste] 29 63 2] amine silane
(3—aminopropyl-triethoxy silane)¥}  butyl silane(N-(n-Butyl)-3-aminopropyl-trimethoxy

silane)®] &%=, WF&A] pH, WA o] WE TS HESAH

3-aminopropyl-triethoxy silane
ol

N
N-(n-Butyl)-3-aminopropyl-trimethoxy silane
(A= silica 24| ZA|CjH| 5~15%)

+
AT silica ©HA| 27|2] 200~250% D.W

|

Conc. HCIS A2 pHE 10-3022 XH

}

47 silica &A1t 7+ LSHA| mixing

l

130°CO| M 3<5hr 4=

|

80°C-100°C D.WE& A2} washing

|

130°COj|A| 3~Shr H X80 D XS =+

9 6. Nano silica A& o] &3} silanizations &
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7}. Butyl silane®] s=W¥ A3

Amine silane¥} butyl silane®] %5 HAZH silica BAFA Wiv] 22} 259%, 5%, 109,
15% % 3Fo] WwrepHE 3002 1AZAIA H2AZ] & lipase(Palatase)E 1A 3}staL o &+
emulsiong ©] &3t WFSA] F-EHE free acide] THS A7tEAMor FAHEE =AY
=

L}, SilanizationA] pH®| <&k

Silica © A9l amine silane¥} butyl silane= A}-83}9] silanizationA] silane®] X5 5%=
aAgstal wgpHE 242 1.0, 2.0, 3.0, 50, 70, 9.0 2 XA skl FHAZ % lipase(Palatase)
dstelal oFfr emulsions ©]&38te] WAl FElH= free acid®] TFHS SR O
AEes S5

o L=

=

e Ry S

t}. Silanization® A ZFA] FE8kake] of gk

Silica © Aol amine silane¥} butyl silane 5% S ®F-3pH 3.0001A HF-ZA|7)1311 SFHTF=E Al H
St 135C HAzZ7]oA FigaFo] 1%, 2%, 3.5%, 5% %A 7124171 3 lipase(Palatase) & I
Aststa U7 emulsions ©]-&3te] WAl FElE = free acidd] THS S AHoR &
AEg SAsAH

J
o:
o
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N

3. Lipase(Palatase)®] 143tz HE
7F A5 wE-

Lipase®] active siteE H.33}7] ¢35te] 7122 5 (soybean oi)S 1% FH7}ste] 40T ol
A 30min ¥H& & BAStY] FFI5S AAG ¥ citric acidE AHESte] pHE A% F2
?l 45 FZow xASte] 19 73 22 13} ZAVEVIE ARESe] 1¥ 83 o] butyl
silane®] F2% silica HAl G5 Al tY] lipase(Palatase)E 1:12 3Fo] 1143} 313t
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Palatase + Palatase CHH| 1% SBO

l

40°C, 30min W ¥t

|

BX 7 SBOS HAH

l

DWE silica® & &2 ciE| 300% H 2}
Citric acid® A28} pHE 452 =&

|

Butyl silane0] BEMEl silicaBtd|o] Y 2
30°CO| M 15A] 7t shaking®t ] 11 & 5}

l

2o F DWS A 830 3| N

|

1% Polyethylene imine®| 2|

V

=5 F DWE AS5I0 =3l HH

\

ISCHEZ|OM =28 F 2.5-5.0%%]
Shri=:

19 8. Lipase(palatase) 12483} &4
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(1) 2243} ¥-8-A] nano silica B A 2] pore sized] W& 3

TAHAUES F8&H7 S AFEste] dad oz F34 silicag 180Tl Al REGAI Lol
2} pore size 15nm (BET: 200m’/g), 30nm(BET: 100m’/g), 60nm(BET: 50m’/g)% Al A %3k 3
Azxs A% silica resino] ™H| butyl Silane (N-N-(butyl)-3-aminopropy!l trimethoxy
silane) 10%¢} 574 200%E H7lste] &3Hs & 130C dry ovenol A 2A]3F o] %3}
Figheo] 5% wRk A ST Ax% butyl sﬂaneol & 24 silica resing 80Tl Al A&
sto] KA e butyl silane2 A ASF T butyl”]7F B&H silica resinol NOVOALS]
RML 3 A2 PalataseE ¥ WS- pH 50, WF2% 28T, E‘lg/\]ﬂ 15~24hr o2 1A
3} A7l B FHFE AEste] 23] Al star 30CoA Shr AZ3E 3 NOVOALS Lipozyme

A

== S =38 & uA38lY lipaseE 0.25g #H7}skar 34C el
A 1803t 220rpm o.® wwkel™ fE]He A4S 005 N NaOH &0z H7Agste] AR
He S vuSA s vGrEAdw).

Lipase(NOVOA} A4 3521 RML=Palatase)ES butyl silane®] FZ ¥ o] AZXH silica A
Z

o 111 vl& = &gtstal wyke] 7bsdtAl A= SRTE H7tskd pH% Z}7} 4.5, 6.0, 7.0,
80 o2 ZAsle] 143} sttt 1143 H lipased FAEE A7IE=AM o R WkEA] fE Y
= free acid®] o=z 43T,

(3) ngst WA 2w G

Z49 silica §Ao 1:1 v &2 EFsa uwt
S5 77} 5T, 10T, 20T, 30T, 40C= =4
A7t M o 2 HELe Al f-2lHE free acidY

Lipase(Palatase)Z butyl silaneo] Fz ¥ o] 7
o] 7bsstAl AdEe TFTE H7bsto] wkbg =
sto] 1783t stk A S lipase® 4=+
gEgoE =4 '3}915}.

(4) LA SEA] wEGAIZEe] G

Lipase(Palatase)E butyl silane®] Fz¥ o] HAZH silica HAo 1:1 v &= Egsfar unk
o] 7bestA AFFe THTE %ﬂ%} 5= 25Tl Zbzh 2417k, 5417, 10A]7E, 154]
7k, 24A17F E<F A3} skl th A4S lipased] SAAEE AFSAHHORE HESA] FElEH =
free acide] &Ho=2 =43ttt

o1
@)

(5) Lipase(Palatase)®] 1243} & Polyethylene imine *@]el] 2|3l o3k

nAst wkgo]l FxE ¥ filteringel o8 eSS A ASIL polyethylene imines Z+7
0.25%, 0.5%, 1%, 2% 23t lipase®] A= A& JFS HEIFAT
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FHE 24

(6) 1439 lipase(Palatase) 2]

7h A7EA (@Y= SA4W)

@ Al F

- 50mM NaOH-& <}

- Ethanol& ¢ : ethanol?} THFE 912 &
- 0.5% phenolphtalein *] A] ¢F

- 100ml flaskell ¥ (soybean oil) 20g3 Z=HF 14gS Yol &3

1

ok

@ Z44H
 20g¥ 79 ldgo] &€3% 100ml flaskol]l A 3}tE lipase(Palatase)E 0.2g~0.5g
A7Vstar 34TColA 250rpm &= 30~60%3F WS ethanol € 9 (ethanol: 5/ = 9:1)

50mlel 0.5% phenolphtalein 1~298S Ya(87HA) magnetic bar® wHFSEHA 1geo] =4
& sample= 931 50mM NaOH&-9j o & Wikajo] glojd wj7hx] HAste] 574313

@ A%
2F7HAcid value) = 8] 5= A WAk=F
NaOH M- W X NaOHmol's %= < NaOHA=R] % (cc)

sample Imld BO%( 22 =0.588)

X X ~H
40 0-05 (])Vgégf[ 1% (ce) = 3.40 X NaOH2~H] % (cc)

=]

(1}) Tributyrin #3534

D A

- Gum arabic emulsifier : NaCl 1.79g, KH-PO, 0.041g, Gum arabic 0.6g, Glycerol bdgS =

¥ SHTE H7bste] 100mlE 2

- Tributyrin emulsion(Tributyrin 5%) : Tributyrin 15g, Gum arabic emulsifier 50g<= <% 3k
T FRHTE H7Eske] 300mlE 2
@ SAHH
i in)2 =31 30Ceol Al 200rpm

Tributyrin emulsion-&< 30ml(0.16M tributyrin)& 100ml beakerel]
o2 uwtely uAH3I}E lipaseE 0.1g~05g H7Fste] pHE 7082 FAAZ]=H ARE=

0.05N NaOH%<S =H st}

@ A4
Fributerin ol (aA ) FA2EE NaOH22W % (cc) X NaOHmole-s5(0.05N) > 1000
ributyrin <3l ° = 31733} lipase sample (g)

M



4. 1A 39 lipase(Palatase)E ©]
7}, Tristearin(SSS) 2] HPLCAH2]

o] 7hx] AL o] L3le] B

= a2
W 7 QB ew g5TA triste

& AEAZA P YR

p 4

¥ 6. Tristearin +2& 93 HPLC &4 =72

Model Agilent 1100series
Column Eclipse XDB C18, PN 993967-902
Detector UV detector (215 nm)

Mobile phase

A = Acetonitrile : methyl-tert,butyleter (9:1)

B = LC# water

0~20 min : A 87%, B 13%

Gradient ]

20~50 min : A 100%
Flow rate 1.2 ml/min
Column oven temp. 65T

Sample

20 mg/ml in isopropanol : hexane (5:4)

. HPLC+A o w2 Tristearin(

St FRE 4555 HleR e
200rpm o2 30+, 1AIRh, 241t 2 &S

LHERH AT

SSS)9] FHAau| & Hla

&
=
Fol tristearin®] TFAAEE

o . . o = . .
VH-8-A Tristearin — 9% Tristearin
[e] . .

WH-8-A Tristearin
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5. 500L PilotE o] &3 &4 1143} scale up FAAE

35nm¢] pore sizeE 717 20kg silica BAol butyl silaneE 1.0kg(5%) & 8ke] HF-2Fa}$ich.
130Coll 4] 2A]1ZF butyl silaneS fixation A7l & A& 3Fe] thA] 130Tl A 5A17F A Zx3)o]
- gheFol 3%mRE H A A st

Palatase 20L°l W+ 0.2kgS ¥ 45Tl Al 3037+ uHksl & A XAl A separating funnel
S Abgete] g AES AASAT o+ Aol A7 ¥ Palataseg L¥H 99 500L ®F-&
o Yi 57/ S0LE 7}t pHE 452 A3t butyl silaneo] F2H4H silica® A 20kg
Whg-7lell F7F Fdskel 30Tl 15412 nA4 3 alvh. nA S S5E silica FA
polyethlene imine(PED)< 0.2L(1%) A g3t & S/HF=2 33 o]4 A& 3t}
34C dry ovenoll A F=&3staFo] 3%0o]sl H Al 20~24A13F 7 x38te] A3hatk-Sof ARSI T

A

PN
T

o N

19 9. 500L ®F-§-7]
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6. 50L Pilot EAHHS-HA S o] &3} s
50L EA4aWESAA 19 100 =43 10kgS ¥ 255 70C=2 & 443 &322
% w439 lipase(Palatase) 200gS H7bsto] wwkstH A AREJFLE Ea] thFF 10kgS
AA3] FYsIHA 225 70CE F-A A}
5A1ZF, 10A]7F, 2041 3F, 30417 B2 Z+Z; sampleS 2| F 6he] Tristearin(SSS)7F 4

& HPLCE Ah&ste] 2433l

He ARE

o o =
WS- A

19 10. 50L &
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7. WES-A] recycling 34 (WF$-3147)o] W& Tristearin®] &= 3}

A3} lipased] WA 2 A= FAS Fdst] A& =4S e EReS

1:12 3&Fo] 50L WH-g-7]el Al 70 C = 208] WHSAl7]™ Tristearin®] $FaF¥ sl S F ARt
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A 2 A YA}

1. Nano silica A2 Az

ﬂ*liﬁi O] of wh& pH ®3le] m
2 1

=33t -JOH s1lanol 2L S1loxane :rLZ:—;’ Zb= 3k e R Yy = whEo A Si(OH),
monomer+ IEP(s A )l A, S zero Mat7F 5= #H<A pH 2914 7 gelst Alzto] AA
el Aolw pH 28 7|22 pHZF @2 Tl A+ positive A3HE ¥ 7] ool 23t Al
ol oFF whepx = Ao AGEATH o= b FroA Azt AIZFE EA|S= H+ o] =9
e HHEEtE )& AR E dAgt w2 pHYF 28T SHE AS FHEEE
OH- o] ke vl gtt= RK llerd] =& rdz Ay & 5 v 28y pH7F 69
2+ 105 Atolol A= negative A3HE = A H = 4

H

0.3mole ©]d<¢] do] EA] st A= Hsiabdro] 7 s A = Hoew F4
Ak 27 1201 pH W] w2 JiAd At AIFS go]l EA4 & ue} a%x ¢S
A$¢S vehilon 19 139 7z pH 999 sole] et e 2d == 7zt pHe As)
A2 eI olelgk A Al o)A AU EFS b 3 whgAl ehAe 14 At
2 A U AFS Aolsty] AaiAe HAH e pH o]l dow # Ao 4% pH7F 3

olatz AojEojof & Ao epst.
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Geling Time (His)

(0] 2 4 6 8 10
pH

18 11. pHoll W& gelation time 3}

RELATIVE GEL TIME

1% 12. Silica sol9] gellingA] pH <&

(Curves A-C-sols in the absonce of sodium salts ; D-F in the presence of sodium salts)

_87_



ZERO STABLE
CHARGE I‘“ S _’Jn
I
L POS: NEGATIVE — {=—Si0, DISSOLVES—]
w |
= I
— |
- T |
w | |
(& | |
| HSiO3 | SiO4 2
= I I
C—E‘ I [
< B '
= A i
oL | | L
APID PARTICLE I
3 METASTABLE~T* AGGREGAT;ON’[' GROWTH "f I
1733 ) | I
R TR ST TR NN S |
0 2 4 6 8 10 12 14
pH
198 13. Colloidal silica-water 2 Ejoll A ¢ pH < 3F
. A AU EFS] AF B dkg A =9 g

=
>
<
[t
0
lo
>
e
ol

I kgl ot Y AlE HAE7tE A5t whSelA AdE Si(OH)4

Yo} 32 FHTEE He S 19 14049k 2ol pH7F

Fol pH 13} 394 = 5A17F A= gelshZt €55 a, pH 2914 64

of ZA yetwom, pH 40X = 24t e = 5438 &obxal pH7}F 69

7W7h 1 Z el wep AspAzro]l A s webd A pH7F geldt AlRbel FEFS U]i]{* A3 Zrol

£49 %E‘ﬁ-‘.’%ﬂ]/ﬂ Gel Timeo] WA AY AAdH = A4S & F AU MY EFH &
A

_1}4 OO
Jg

s
[o o
hl
N
X
ol
09
@,
b
>
o

.

T Ede EFHE Aojste] whe T A EE hydrosole] pHE 3o ZAAFH L
-5CelA FHiL 80T 7HA WA 71| A Ast A 7F

e 2 2% sgv
exo utel g2 ehgor] WMeEe] ensh volds
A

=5 A7 =5
ol FolAl 7

B o] ¥ Algre] oAl AIFS e 257t EoldSE As) 3
&S ekl 9tk 2%7F 5TeAE 30A1%F, 0%=(TC)ellAE 25412, 10%=(C)oll A =
12A17F, 30Col A= 427F T o2 A9 2% A4s¥ o] vglf oz sttt 40T o]l
M= FASH gelstrt W8 HATE ol A Skoll A AR sol-geld8elA pH #rE
ofyelt FFAUEFS 4F Fall WS Al gelstA e 2ol A fEske ASR Uy

o] AL silicic acid B4 § &-72 wkgo] M= Ao A pHe Gl o JJr 2ol 2

Lol Ft oa TFEET WA= AoE #Hdd U vk 2B R Hdd 14 dAE
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GAN717] e pHE LA e A LER ASE A Aojss o] AW A
T 2E ARE AR T £ Qon], wHlE FAT geldt ol T E 60T o el 1
A el 44 gRBA HHAR dojd spsAo] gor] ol ge wgo] ofF A
A% AT REe BFAge] Vel sbsgel 2 Aow wehn

Temperature, °C
u

20 ! " ! " ! " ! " ! " ! " !

Geling Time, Hrs
19 14. Sodium silicate?} Hexafluorosilicic acid ZFEjol 41 ¢] %o wE gelling time W3}

t}. Hydrogel® =& Al pH ¥ 3}

Si(OH); monomer=%-E geldlell ol WA E hydrogelS FH E W39 nano A& A 0l
-Si-OH groups 7FAaL dew o] 7575 AAd &%, pH7F A EHE= R/OF(reverse
osmosis WA 02 ¥ membranes T3 =)E THFH ofH e & mechanism o] FF
gho]l dojuyn olfgt F}H}A-E &3 nanoporous silica®l TEE
size, pore volume T ZAZF EAS AT F7F Aok oldd FAl FBAAY FH
mechanismS 23 B 28 1504 Holi= A3 o] pHE Wil Z7] Hdake] wjEd ¢
g ATV E ALETIE ALTS] 7 pHel 24 X9l pH 42 HsiA 60413 o] %ol =
pHe| W37k gldt.

+=o]l3 BET surface, pore

=Si-OH + OH-Si= -———-> =Si-0-Si= + H:0
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ole} & Hke W FAYEES zZr= hydrogeld] Ux AlE EALS A3y & &%, pH,
flow rate7} Aol 2 4 A+ 5L &7]olA WA 2L ujFel EAsk= silanol 719 T 73
Al pH WstE 54 A3 19 169 2ol yetyton olgg HolHE o]&sto] HFHo=
Na+o] 9] wj&&a F85302H ICPoﬂ ojaf mF A& EA4S ST 1AY A A SF
o 95 A hydrogel® &%= B pH Alefel ofsf W B Rl EAEHE -SIOHY %%
ol o3 B4 AT = o O]UH Wioll EAste fol9 X+ silnaol 719 %
Foll dFs = + vz FAFE MEHE 5899 pH % Nat+ o2 =& dRIggo=
A ZRAR] FA ARE S & ol o Aol ofstd 7)ol Y AR E9 7)ol A W
S TAA7] wol FAFY pHZF A9 1ol 7k AFAte 2 yEhytow 3043F A =
A A 7rell uhEl pHY Wsl £%7) whskou} 60A|7F o] o= BHT 2 ALT 4% % pH
ol gldeh ALTS A% Aol #d¥= pH AA7F AHE91710]17] ol 60A1%F o] 5
o= A W7t glen, BHT AL 60417t o]Fol= ALY == FAFe +F
gk pH 9.0 2= 74 HAd. 222 T3 TAHAAY FAF fES & A7 2 =
A REgol A 60A1ZE o] Fol= FAFe HjEFo] glo] ELERES AlojE SFFlo] dojd
T AT A d A

——ALT
——BHT

pH

0 10 20 30 40 50 60 70 &0
Time(hr)

I 15, Al H A A Rkl whE pH ¥ 3}
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NE

=24 54

E

J|m

(1) BET M]3 &4

a7 169 2=z e] F9 FHdo] wE Ao WIS W ALTO 4A$ Fx9 BET 4
xH o] 8bm/gr A T Aol Aol wel wrolx|= Aol o Z7|d = 5479
7

SORATE 60413 o] o= MAT] wobAl = AFoR UEyth olgdt AdFE 2719 Y=

A F2W 2 el EAstE AebE7I(-Si-OH)7F Bai A o2 wobx Fiho]l waAl dojit

O7F A AR o] ¥ RE = AR Y Alg jeliel EAsks Akl Har T

w7 oW WAool AaEE Adko] Yehha gtk w3 BHTY A$ Z7)dE #

Azl FHA ] HAaRE oAt 60413t o] Fell= WA HAaso]l FEE SolA= A&
3 d

735 8%bm/gr oA 110m'/gr 7k*
et 5o WA g 7

—=—ALT
—— BHT

950 7
900 ~
850 o
800 1
750 7
700 7
650 o
600 ~
550 1
500 7
450 o
400 o
350 7
300 7
250 o
200 A
150 1
100 7

50 1

BET Surface Area

Time, Hr

19 16. Aging time°l] W& BET surface area W3}
(ALT : w , BHT : % )
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(2) Pore Volume

|

e /‘ﬂﬂ Aelzke] &xe wel 2 e =4S vuYFety deAd Azl delA+= BET
¥H A o7 FQas3k %xg% AE Aot} o= A =u T & 2 o] Tx =)
e o] E‘r & A AT Ao Wste ted 2ol vErwth " 1704 Water
titrationoll °]3+ Al &4 FAHAI= T &7 1 70N 77 =
st A Zkel 71 A 0.23~1.35ml/gr 7HAl F7FsEl o, BET ®IEW A Fho] T3 Al7He
Z7ks} A 7rastsE A gz ow =3 A7 Aol 4 AlE L4 0] 57}_——]_% Ao
2 uebstth olE 3 A3y AlE hydrogel] wWiefY-ol EAsk= -SiOH7| 9] S5 3ol 9
< T stHoRE 100ppm AEY £ EE AUE -SiOH7F &3
A Ao g3 A ARor AlE &40 Frteke Ao FAHE

55

e

® oL

——ALT
—— BHT
1.9
1.8 1
1.7 1
— 1.6 1
S §
qE5 1.3
1.2 1
g 1.1 1
o 17
> 0.9 1
-t 0.8 1
O 0.7 1
0 0.6 ]
0.5 1
0.4 1
0.3 1
0.2 1
01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 11 17 25 35 45 55 65 80
Time, Hr
a9 17, 53 AR pore volume®] ™ 3}
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ZERFSE 4T A5e dx Al A7 71E e Fel EAskE Vs S wEle, A
I, Agsrle oa, FFE AR SAY ¢ Ade WHolt 4 Ay 19 189 1
o} ko] ALTO A5-ole= A7l 0~7043F 7hA] Zojgol wel 12.7% <A 7.6% =
Ao, BHTY A$ds 12.7% oA 44% 2 743 olyst A= ALT ¥

& diF B9 Fol -SiOH7F v EAE e Feo] 119
7z

-SiOH groupe] ALT =t} Fo} % 7] 2 FAHEY, w3k ol Ay FEIAHA
Aelzr| e} AetEr|e] ZF3tel o3 ASAE Aol PAHEoRA Yol FA Favt dof
g 7 7 9SS 9wt ALT7F BHT ®Eo FA #47F & A 129 2 Ul Aeps7]

b Bes e Aol

—-ALT
—a—BHT

13
12
11

10

Ignition, %
[e¢]

©
[ [ [ LA [ [ il [ L Ul 1 [ Ll

-10 4 8 14 20 30 40 50 60 70
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(4) TGA &4 A

a9 19+ ALTAE9 BHTAR9 A% E4(TGA : Thermal gravimetric analysis,
TAS-100, Rigaku, JAPAN) A¥}olt} 100~150TC Ao A W ZAdEHo = 42433
T (H0)0] "olA|A & FA #Z&E Holw, 600T o] FolA= A&HAoR T a7t
dojt= AL silanol group®] 5= (condensation)® A siloxane bond(Si-O-Si)=
olt}. (=Si-OH + HO-Si — =Si-O0-Si= + H0)

ASE F2ATY S8l BHTO Hluste] Ads] @S
= oA 1FT FH5E HEtA B FUsRdAE =S &
HAdo] e, = -Si-OH group® +7F B=+%5 540 4TS e
o]-gate] 7]Ee HAXAZE AREHIL e Aol T3 St
active siteZ 9GS &17] Wl 7l57]E Aot AL T3 A IA o

100 -

Waeight{%)

En v T —T 1 T T T -
4 200 400 §00 ROG 1000

Temperature(C)

19 19. BHT 2 ALT silica xerogel®] 5% 4
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2. Nano silica A9 silanizations =3 #&7] F2t

7}. Silane®] = G

¥ 704 ®E vle} o] amine silaned] B]Ee] AFA7]E 1A butyl silaneo] =& A
=5 YeRgl e butyl silaned] sE=% 7ZE silica FAWH 5%°]4 AFEA] NOVO

RM-IM STDWH] ¢35s 235 Yetdd e silanesEol] webx = 7ther xo]E e
2l gkt ol# e A2 B uf silica® A9 silanol7](Si-OH) wiH] &4 7)<l butyl silane
5% X o]do|H Fisirial dhET

=

¥ 7. Silane T=¥ A=
AE7F
Silane &%= (%) _ _ _ NOVO
Amine silane Butyl silane RM-IM STD
2.5 845 + 2.25 11.85 £ 2.01
5 1478 + 1.75 1723 + 1.56 16.17
10 15.25 + 0.50 17.95 + 0.35 '
15 15.18 + 0.98 17.84 + 1.02
20 - — 1705 17.84
14.78 15.25 1518 s
137 1185
845
o 10
7t
5
a
25 5 10 15
Silane & = (%)
Eamine silane W butyl silane MOVO RM-IM 5TD

a9 20. Silane T A%

_45_



L}, SilanizationA] pH®] <&k

¥ 894 HiE nvle} o] AWEH o7 butyl silaneS AFE3 -7} amine silaneg AF-g3F
A8t 43899 silanization ¥&A pH7F =& *JEHOH/H—E silane¢] AUz L35 A
2l g3 AgE et e pH 1.0~3.0 Atelol A wreA &A= 714 OJE"G}‘? . ©]

S22 w pH7l 50 o4 Y FEAgEl A silane A 7F FEE 0] H47]2A
Yz o Fol A grtha wete

¥ 8. SilanizationA] pHY A=

A7t
Silanization pH Amine silane Butyl silane RMl\I(I)l\\/;OSTD
1.0 1365 + 1.05 18.26 + 1.43
2.0 14.43 + 0.90 1846 + 0.75
3.0 1512 £ 0.50 1840 + 0.55 1617
5.0 12.24 + 0.78 13.09 = 1.02
7.0 812 + 1.68 996 + 1.55
9.0 595 + 2.30 6.92 + 1.78

70 - 18.26 18.46

16.17
15.12
15 413.65 i 13.00
12.24

s 10 - :3129-EE
7} < e 502

5 -

ﬂ A

9.0

Silanization pH

M amine silane M butyl silane B NOVO RM-IM STD

19 21. SilanizationA] pHY A4 =
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Silanization ¥ 7HAZA] FESEFo] FQa3 o™ 135CoA 24 ko)A HAZRse] &
~5% mRte] H L5 AXAIZS W 283l = Ak FEFo] JATHE 9)
9. SilanizationA] & A=
A7
T (%) NOVO
Amine silane Butyl silane RM-IM STD
1.0 14.09 £ 0.85 1875 + 0.53
2.0 15.01 £ 1.20 1850 + 0.85
3.0 14.75 + 1.50 1850 + 0.77 16.17
5.0 13.94 + 0.78 18.10 £ 1.25
75 1312 £+ 1.54 15.03 + 1.18
39 . 1875 13 50 13 50 18 10
|
15 ,;,1 14 ?5 15.03 L
15 {14 1394 1312,
AL
= 10 -
7t
) I I
.|:| .
1.0
FESF%)
¥ amine silane butyl silane  ®WMNOWO RM-IM 5TD

N
M
i
ot
3
2]
oX,
k1
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3. Lipase(Palatase)®] 1143} =7HE
7}, a1 3} WF-g-A] nano silica @A 2] pore sizeo] wE gk

143 ¥ silanization ZAHEE E3] amine silaned] Bl X =71 43 butyl
silane°] H2ZH HAE AFEs o X 1094 H=4Ee} o] pore size 15nm°ﬂ/\1{— A
7b A9 gilen 30nmollAE= NOVO RM-IMAIEo| Hl&] A A= © o
60nmel A= 30nmell Hla} <3]d Hasts A23E HElAT ol g
size7b #e 15nmol A= A V)= wo] EAF gavt BAw
w7 dolxE= Ao FaEw pore size’t £ 60nme F9¢E 238 AU
A A7 FrF FE% Aty gadnh olygt AFANE & v silica BA€] pore
sizew 30~40nm B=7} 7Hd A9ttt ddE

¥ 10. Nano silica 94 pore sized Al %=

. NOVO
Ak
Pore size (nm) s RM-IM STD
154 4.08 £ 0.78
34.3 19.10 + 0.23 16.17
60.8 1723 £ 1.01
25
20 - 19.10 -
16.17
s L
A
7k 10
s | 408
, L
15.4 34.3 60.8 Rh:ﬂ:gm
Pore size{nm)

19 23. pore sized A E
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]_

. 314 sl vEEA] pHY 93
NOVOAL AFA+=<21 RML(=Palatase)S 7 %% silica resind 1:1 H] &% &3+3)al
SHA AE e SHTE H7Este] pHE SAH H22 45, 6.0, 70, 8022 35}
7l A3 F 114 HE vk} o] lipase? SdAQ pH 45FFoA A3} ee=
A S35
¥ 11. 243 A] wks pHE A=
_ NOVO
71 A A /\],
A8 pH &7F RM-IM STD
4.5 19.94 + 0.38
6.0 16.37 + 0.53
16.17
7.0 15.60 + 0.99
8.0 1192 + 0.75
25
19.94
20
16.37 e s
A = 11.92
2t 10
5 -
0
45 6.0 7.0 8.0 NCOVO
RAM-IM STD
pH
%Y 24, 1A 3A] kS pHE A=
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2% 10~30T Afolel A= 15413 o] whgA] Atkgt zto]& YER A &
& gLt 20~-30C7 At Ao (R 12).

] NOVO
TAZA] "L AF
AL () 4 RM-IM STD
5 189 + 151
10 1882 + 1.62
20 1843 + 0.69 16.17
30 1878 + 0.75
40 1745 + 1.24
22
1895 1887
20 4 18432 1878
17.45
18 A
16:17
A'_I- 16
7t
14
12
I -
NOVD
5 10 20 30 40 RV-IMSTD
2 E(C)
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ef. LA SEA] AR G E

20~30CelA A BHA] REGAIZES 5AZE o) Fold Ztket ApolE HERHA ehgkem Hihgt
2 WhE A ZF2 5~ 15641 7ko] A strtal dekEvh(E 13).

_ NOVO
T A FA] bk A7) A}
A o§]’ ] CUNG) ] (hr) ]’ RM-IM STD
18.13 + 1.22
19.27 + 0.85
10 18.95 + 0.42 16.17
15 1934 + 0.76
24 1921 + 1.01
22
10,27 10.34 19.21
18
.kl_l-
16.17
t s
14
12
2 5 10 15 24 DRV
RM-IMSTD
2§ Al {Hhr)
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ul. 143} & polyethylene imine® & <3t <3k

A3} & lipase?] FAHITE @l polyethylene imineS 83t A3 Ay H¥EE 05%~
1.0%7F A3t AR 14).

¥ 14. 243} & polyethylene imine#* 2 T =¥ A= W3}

.. NOVO
h:_E_:_ o) )1\_]__7
Polyethylene imine % %(%) 5 RM-IM STD
0.25 1892 + 1.00
0.5 1865 + 0.65
16.17
1.0 19.34 + 0.80
2.0 1243 + 0.76
25 -
55 1892 18.65 19.34
16.17
A 13 1 12.43
7t 10 -
5 -
|:| -
0.25 05 1.0 2.0 NOVO
RM-IMSTD
Polyethylene imine 5 =(%)

a9 27. 1143} % polyethylene imine* 8] =¥ &4 %= W3}
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vl 314 3} lipase?] AlEAR]

34nm9] silicaB A& AF&3ste] A3} AFo AEFS 19 28¥ 7t

@ 30~40nm 2|7t A @ Butyl?| 2% = ® Amine?| B =
(D™ st H) T ™35} Lipase X3} Lipase

_53_



4. Lipase(Palatase) 114 3lA] A z2A

Silica ©*| pore size= 30~40nm, silanization?] silane®] &%+ 5% %%, silanization?]
pHE pH 2.0 A%, silanization & AXA] SRS 3% nvto 2 PalataseE o] &3+ 1A
s} WEgAl BHS pHE pH 45 A%, nAFA| BEgEEE 20~30T, 24 3HA] Wh§-AIHS 5~
15417}, polyethylene imines =+ 1% coating®] & 33} T},

Aot 22 HHxdow nAs} WgIIE ARGl A sE ¥ AZFSAY B tributyring
Abg8te] frE]lE = butylic acidE 0.05 N NaOHE 2 A= NOVO Ao wel SA =S
S5kt

¥ 15904 Hi= vpe} 2ol tributyrin®s] &4 o] 618% NOVO RM-IM 4961 H]ste] 43
ot o™ o7 emulsions ol &g A7F SAHH A A S HERURITH
34 %< 4(3)Au4=) = 136

l

Ol

o A3 T 0_1140 1 in &3 %]-/\4_1,:_‘— ok (o} 7
|l st & oA tributyrin H 24 347 o} 18/0[ 618 4+ 136 = 754 }
st Hx gar dol 82% HAEe 1AI} &S Yehger olyst A= ArtSA ol
olg wAs £ AAEHE Ao e

3 15. Tributyrin 23 24

FElnlo]l L8 Al E NOVO RM-IM STD
27} 19.94 16.17
Tributyrin 35 (u/g) 618 496
25 - 700
- 500
20
- 500
3 - 400
10 - 300
- 200
5
- 100
0 0

(Z=)= 2| Hbo| @ B NOVO RM-IM STD

7 B hbutyrinEslS(u/e)

1% 29. Tributyrin #38 &4
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5. 1A 3}¥ lipase(Palatase)& ©]-83F A E X1}

7}, Tristearin(SSS) 2] HPLC/gol| A1 2] &<l

Tristearin® retention timeS YolH 7] 9

o
44
k1
oM,

Azt 19 309 2ol S 3F9] peald o] Hto g

o},

S
HFF = (45HH)E #
32759 tristearino. & &<l

100

60 =

20

Ay
i
o
ot

H%

IEZER +IIER (4555)

S85

30 3 mit

19 30. HPLC 23}
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°

. HES X 7kl 2 Tristearin(SSS) 9] 747 &

EAs 9 QFHE 45555 EF3sle] 1A lipaseE 1% d7Fste]l 70T A 200 rpm
0 24 I 28 31 A9} 2] tristearin®] A% AL & = AT

a1
{
)
N
=
2=
oo
>,
[
(i)

ou -
60

40

gELYIN

a3 31. WHg At wE Tristearin®] W3}
(-05h -1h -2h, -24h)
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t}, HPLC £ 9] w}E Tristearin(SSS)9] 7ZFAH] & v

2y 32014 M= o\kel o] tristearing A EE&o]  WEEA|ZFe] 308wl NOVO
RM-IM(STD)+= 21.26%, “Felule] 8l Aol 3519%= 1393% =kom wkS
= NOVO RM-IM 42.93%, *Felutole® AF 48.79%, WH-&-AIZt
RM-IM 62.61%, ‘F&lule] 28 A& 70.38%= Z+7+ 586%<t 7.77%7} “Felufe] e gl 114

3F AIZL AlFo] =

sss HEH2(%)
BHNCOVO OMERR
70.38
626l I
48.70
4203 I
Ih 2h

19 32, HPLCEA o] wE Tristearin® 7AW & H L
* NOVO = NOVOALI A Al dsla 9l A3 palatase
NRB = ‘Fguto] 8o A 314 3}3 palatase
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flo

¥ 16. 500L pilotE A& A 3IA] WA S & ")
98- 2] 7H(hr) 2 10 15 24
A7} 16.36 1754 19.07 19.15 19.02
Tributyrin &' 509 586 603 620 611
o3 A = (u/g)
20 650
- &00
18 S
- 550
16 A a9 500
14 - 450
400
12 4
350
10 300
2 5 10 15 24
HFS A| ZHhr)
B AL TR Tributyrin 28] S0 oS 2 T u/g)
1) 33 500L pilotS AME wAEA] WS A7HE BAE g

_58_



7. 500L Pilot scaleoll 1< 143} +&

133 A FJH lipase(Palatase)®] F%E+ 630u/ml= % 12,600,000 unit (630u/mlx20L)°]
H 238t & HFTAQA N9 volume 5L o] tributyring AFEstY] EHEE S
A3 193 u/mlE F 1,833,500 unit (19.3u/mlx95L) o]t 143 H lipase®-S 12,400,000
unite] Atk 143t &S =854% (630u/gx20kg - 19.3u/mlIx9%BL) HE=2A FE3 AFE

LHERU 21T

8. 50L Pilot& HF-g7]E o] &3 AEWAXW A4t scale up2d HE

2% ﬂvlw&szpmﬁ-Q%ﬂﬂ%@1%5%7%32%ﬁ%ﬂﬁ1%ﬂﬂﬂ?11
Asle lipase 200ge F7Fste] nHbelAA o7 10kgs A3 FUst =& 0CE
A& Ath Fdol emE F 247 5417, 10417, 204173, 30417 M2 27 sampleS A3 &

Tristearin(SSS)o] #A 4+ 7@ 3t

T2 HPLCEZ %6}04 BA8 Ay 179 18 34oA R
% = 08.34% A 3Eo] HFSAIZH

¥ 17. HPLC &4 & &3t a49F §XA9 A Qg9 SSS H3s Ay

A ZE SSS Hghs (%)
%h 3868 + 2.05
5h 5412 + 2.48
10h 73.88 + 0.69
20h 96.93 + 1.03
30h 08.34 + 038
sss MEHE (%)

o
'5_112 Eaps e T
I8 68 |||

2h 5h 10h 20h 3th

19 34. HPLC +

)
o
ol
ot
fol
[P
fo
Jo
B
lo
>
o
%
[-'U.',
olo
o
[0)]
wn
wm
ith
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9. W& }\] recychng :ﬁ T Oﬂ Eq' Tristearin _6]' %]: H ﬂ'

st lipase®] W74 2 SAE FAZEHE dst7] 98 19 79 ZARSTE AME
FH &S IR 8] A S48 3¢ i 2% ¥ 70T
ol A 20A17H4 203] WHEA] 7] Tristearin®] W stE #Eg 23 13] BE-§A] NOVOAL]
Lipozyme RMIM-> 98.21%, () Fglulo] 2 gloA] 7t NRB-RMIM=2 97.25%% UYEFUA
o™ 103 ¥Hg-A] NOVO Lipozyme RMIM 94.25%, NRB-RMIM 95.38%, 203] HF-3-A] NOVO
Lipozyme RMIM 93.37%, NRB-RMIM 93.52%%& Z}7} yUEldlo] & A& F3to] (F)F2vt
o] dlo] A 7itEl NRB-RMIM-> NOVOAFY] Lipozyme RMIM¥ & 5F+9 A4S FA3t
ATh(2¥ 35).
aAstE LAY Uy 2 weAdES FAESIAE (F)Fdutol "o AdddTEAd
CPC-deacetylase(E -9} FAFS silica resin A3 &4)e A2 ¥e vl awsfr gt CPC
deacetylase:= 1003] WFE-A] A =7} 76% FAE o™, 2008 o] 4 whs-o] HIYH nH3} &
A2 203 ¥r3-3% ZH7Zbeo] EA4W3tE BH CPC deacetylase™ 56kU A153kURE 94.6% &4
o] fAH wkd 2 A s] /dE NRB-RMIMS A2 97.25%0 A 9352%= 96.2% &
Aol FA = At 01 A7 NRB-RMIMS 3] 1003] o] §HEALS 0] 7hsdhs HojEt)
ol-&7 NRB-RMIM= ©]&3% 744 3 wrgAo#d A3 1003 ol ds HxE= A% 19
< o]t}

_4

100

94 <=
of - 08.21
Qi
86 -

o5 -
S 83.52

9337

38

93 -
92 -
O«
20

Tristearin 2| =g HIH%)

1 10 20

oA
HhsEl

=== NRB-RMIN  =l=NOVO Lipozyme RMIM

a9 35 MEE 1243 A (NRB-RMIM) b 714 %5 (NOVO Lipozyme RMIM)¥} wH-8-A4J H] i
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é
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H
Pl
rﬂ
Hu

ofofle] 7=

2 A A= Fll7IHel FHete 7HE AAYUE lipases 3w ok, AL A B g
A9 A3 7|&S o]&3ste] OHVIE zZE+= 30~40nm9 nano silica B A9l silanizationS
3to] lipase’} &&# o= A £ A= A2FA7IE 7 N-(n-butyl)-3-aminopropyl
trimethoxy silanes ZA A7l resing 7|23} e] lipaseEs 114 3}slazp gho), &k /gde A
s} lipaseg AM&ete] AEATITHA o 2 Fo] ALkl BEAHS It AFAH A
|51 e AEAN=ALS FFe A4 AT AES stz sk

=
5

g4 1AI}7ES o] &35t 30~40nme] pore sizeE ZE+ nano silica @A
S et AdE g EHel N-(n-butyl)-3-aminopropyl trimethoxy silanes A}-§-3}¢
silanizationS E3] 244 butyl?] & EZA 7= 71eS Awsn AMEE A25A7E A 1
Aote FAE o8 A= S0IUNCZE F=4 lipases AME3o] @A 1g9 150IUNS Al 114
st b AAdA dAlelA A7 JEE aAHstR FAE ol &sto] AFEe ABAAA T]E9]
AEFIH B BAE FEA Dozl AFe] AolE gl

1A 3} lipaseS AF&3te] A E @ A~AH

% ’ ’ % y
A3, recycling3lr T A3 HF AYE lipaseE Fafl, 71Ee] WAl o7 AF
S o]
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=]
(n| AT EE A BT & 13 9] 2 (%)
1253 silica
Lipase(Palatase) 143} 1x38 02 Fg% silicaZ | pore size : 5~10nm
€ nano silica A Al| FEAHEHFAHANA 4= L IBETEHZA : 300~800m'/g 100
ZA pore size 30~| =& ZAslY] 30~40nm | TEAE F
40nm *=4 9] pore sizeE ZEA &4 | pore size : 30~40nm
BETX™ A : 80~120m'/g
ZF ZAEE lipaseE 14
ICIPA E] Hpger |
Nano silica® # 2] —ri./\] 9kS-pH, HH3 Saho] oild BEeA] Bl
silanization®ll <] gt HEE-A1ZE butyl  silane® o] A AFAA SO 100
- - — L oo =
13 | bul) REd shd | pEe) e paed Qe 0T
1 O
HE - - N
( ZLO 12) * Tributyring AR-&-3}o]
A3 wkEAl pH, % | lipased ®¥Fgol &) 7
) HE-8-A] 7Ho] 2 uAIS| FH+E butylic acidZ 0.05N
Lipase(Palatase) . 37 2lo] BLA T
SAs e By HENOVOALY] Lipozyme| NaOHZ A A3lo] &A% 100
AL a1 J " RM_IM‘Q_' _u_—l‘oi ’S}CX] %__7(3
g% vl * 1A s FE o] 80%°]F
HA ez A HE
314 sHipaseE AE&AIZ] | TLCE AF&3te] T4 %¥ | NOVOAS Lipozyme
AEN2A ] JREAM | AENAA ] AWak 2| RM-IMS E50 7 319 100
(& 2hA) A 448 v
AASHA pH, &%, AZH | A2 o2 NOVOAL 7%
Azz 58 HAESIY | AEQ Palatase(RML)S
243 &0l 80%°ld | °] 83t scale upFRAS
Lipaseil”d 8} A] 5 2= o]lT & JNur st o)A o
scale u 7 3 45 Ams A, st olapH R 100
PECEE INOVORE AESF BE o | A AwEAZNA A
Aol FAME(150 ITUN)E |4HEl&= RML, TLL 5ol &
Zr= AEANE |AF = e Tsd
L. o] 23 WS- A
] Qidon Wexd | e weew oz Column< ©]&3to] REGA|
| e |l e s e
T Ae wSAR A | &, wSA7ZE recycling 3 .
de | ToMe vee 1A S/ YEMEZ o) particle size @ T4 9%
2 ASERS scale | F(HEA) T HESIO | L : N
(2013) = el A8 T K 9 CAF TS
s o Ask @elatol )
AL 7)Ao up= B2 A ALE7)do] whet e : .
F871del I ARg el e Tristearin® 7ZAH| &S &
WSz A 2 BAxA | olumn, &9, o5 9 i
i) Ve HEE FF O FH ) . o
_ Triglyceride®] ZAlS #4
G E g7 | 49 249y &9
L s 4839 SRRy A=A FA }
/\]_lgl?ise )\-]—11:101:1}\4 : ;j—};f}]—‘geo :;\_1 HPLCS} GCZ= A}&3}d 9%5
= ‘rrx] oW W —/] LH]E Lq"\:‘ =70 E%iﬂ%’@'%%@.
(S €714 el 9 sl 24 4
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2. Tl Fofolo 7=

7h1eH e as

THAE &EE 22 vl
th olefgk s Ak wEe e A
o2 ooy e, 18t =g &rfol ol )
A 59 MELZ TARES o]t 7] wel ﬂ@@*é %OS %(biooonversion technology)
A ol EAsts 533 g AA d
st AA7I 5= ol&ste] W=
He AEHAsrIEe] A4S FFNE, A S —’ﬂ-@r AAZE AHES AEHSV] =
AU Tl = AS7tA st AAFE o mRY AR vt FYgete] AH§st
Ad, 78Sk & wofol Al ARESkal e Aol y/mlo] L
T 7leEs ol&T AEAS A= WY B2 AFEHAA At oy, ATAdE
I = Zol doltl 53] 30~60nm AFo] AAZv|E o] &3}
il Toll e = v Aol dskar ot
7] Aol lew el FEAATE = A
. st7] sl 183 st nAstAA B aAgstr)s

H-§ fJol&= AP o=z AA *“HE AtF kg o7 Sl gle A éo]‘jr. 3
AA AEW=AY AxE s - st Aeis Abgsta gow o

| NOVOALe} DSMAFA Al methacylic resin®| 4 silica resinel] i

lipasefmf A}-&3}al Q& AA ol

2 A A = (F)Fgrte]l e o] B3k a4
o] 14 oz2 FgH silica gelS AFE3dlo] ¢
treatment)E A * pore size’} 30~40nm<! nano silica resing 73t OH7|

=
nm®] nano silica ©A°l silanizationg £3to] lipase’} &2 o2 A 5 g A2FA7Y]

204171¢] =424 F8E FE8td 35 A2 ¥R 3
A A
[e)

rlo
ox
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b
=
)
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it
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Jr dpe

= 2
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X 2
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£ 717 N-(n-butyl)-3-aminopropyl trimethoxy silanes ZA3 A7l resineS 7ie
uAstelaz g om(2y 38) Mid A3} lipases AFEEe] 19 399 e FAES
sto] AEA3FHA o3& 252k ol B d

< E!
o] JEWAAYS &5 52 AATALS NHsty

-
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Sodium Silicate Sulg_l;l__ uric A_cig
|

Reaction '(dero__s_o'_l, ): Silica content, Temp.

Gelation (Raw gel): Time, Temp., pH

Wasihing Polxmerizat'i'on; Time,"Temg.: Flow rate

: Temp., Time

v

Pore size =&

Hydrothermal Treat: Pressure, Temp. (30~40nm)

!

Drying, Grinding, Classification

Particle size =&
(0.1~0.3mm)

19 36. Preparation of nano porous silica

a9 37 v Al 9 9 €] Silanol &
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o

—— PEI'Eé‘ coating 3]'01 1%]10]' :[L—;ii
R N ) ) }
! \ networks ¥/dA1A lipase®] &4H
Si—of‘-fSi/\/\H/\/\'\"a ipase 5
30~-40nm
Silica matrix

/ %

294 butyl”]Z 7F N-(n-butyl)-3-aminopropyl trimethoxy silanes active groupo. & 4
ZA 71 F lipaseE FHAA 1743}

1% 38. Structure of immobilized lipase

70°C 24
— —> OUT
70°C 4 » = Aol (tristearin)
IN —

+ Soybean oil (5.B.0)

! 70°C 22

— — OUT
BAARAA

70°C 2
IN

-1 HSHE Lipase
" NRB (RML-IM)

Peristaltic Pump
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=
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18. Esterification®] 3}

Esterification
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| Chemical |

wils

Mixing/heating ———————
1 ) 100-130°C
. 30--45min
Dryving -
Sodium methoxide l T Water<001% |
S CH;ONa Divied oil :
FFA=<0.1%
Catalysy —————» e
Interesterification 70~ 100°C
J < 30-60min
I —— | . - —— o
\\ Catalvst deactivation and _,’
\\ washing td

-

4--5 times ™
~ Separation

raste

o

~ l - ot
s 30~50% w
. v e
__________ rd water containing
4 acids, soap, and
oily malter
Drying

Bleaching

!

Deodorization

Margarine fats

Enzymatic

| Similar process time

oils

i

Mixing/heating

<+—— Enzyme

Interesterification

i

Filtration

Bleaching -i"mhc ol

Physical refining

Margarine fats

T

——-'"""J-_!&O—v 70°C
3h

Necessary

219 40. Production of margarine using chemical and enzymatic interesterification.

A 7
lipaseE AR&3dte] 7]&9
AAke]l BAAEA A sk B

®ol

dal e b wAe 2A A

95
=
T

7l=o] dasty

WO 7 transesterification 7|5 7FA

Apake] 915

174= dsgel okyzt 10038] ©] %
Aol NOVO(jInta),

ol y]

= W3 AA transform

R AL§S

DSM(ME#=), Roche(54Y), BASF(54%), Lonza(5 %), Amano(Q¥)Al Sl A A% 315 o]
AT NOVOAL #|&9] H-% RMIM(Rhizomucor miehei+r3 1174 3¥ Lipase)®] 4% kg3
1009HY A =olm  CAL-B-IM(Candida antarcticat@] 1A 3+9 Lipase)® 4% kg3 2007+

A

2 10~20vt o8 Aikek

AT,
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Al 5 & AFhE g3 H dilrmgs A

ot
I

A1 A dEgs R A AlE

1. A&3}, A3t 2 7=tk A9
B AFLE E3to] 30~40nme pore sizeE 2zt silica BAIE NESR o™ AFA butyl

gtal = NOVOARY DSMARS] 1A 3} lipased Hl3] 55 ol @43 W+4E 7H A

kel ol
e e AT

v A O I, S 52 obAn 3

- 1
Egol = AAolth

3} lipaseE AM&3te W2 A A

(F)Futol e g A= 2 AFE Fate] Ao TS AFEorY AERAA Az
of AAAoE AL F JEHE AFHoE vAY HEFE FHste] FE oAl nano
silica §AH& o] &3 a43A3} 7|eS &85+l CAL-B(Candida antarctica lipase-B) 2l
9] lipase A3} 71&ES /Este] Ak A3 2 bio-diesel AFF o 2ol o FE Ex =
st 714 g F4de] AAYEE FHsle] ol B Fa o AP &S HESIAL

AT,

- 53 1 (549 10-2012-0098579)
FE7IE 7R v AP g9 Az 9 olE o] &3 ZlupobAle] gy

E3] 2 (29 10-2013-0078367)
L aFAREIE R e desh BAE o 8% ezfaol vl EF Ul oAl
317 s
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& T8 ArAn Z o] 1h anzem | VEREA
- Pore size 30~40nm% nano silica A 20
Az
- 24 Butyl functional B2
Iapdw | 0T bubyd funchional group e 167,000 125,000 15
gy
- Lipase(Palatase)®] 133z & 15
(E&&9Y:10-2012-0098579)
- 500L Pilot scaleol] A €] lipase(Palatase)
Az A Y 15
- 50L Pilot scaledld 9 A3 lipase
22pd = (Palatase)& o|&3F W57 ¥ 167,000 125,000 15
- HPLC #4x7S ZHsto] tristearin®]
HeE 54 20
(E3]59:10-2013-0078367)
3 A 334,000 250,000 100

BEAE 1A% st WS 29 329 2ol FHSFH, SRHATE, ionddH, FEHel
ow H Ao ARE3E lipased] 13} WHE ol AFAVIE o] &3 iond Tl T
H At o® FFAEH (covalent cross-link)o]y 1 (entrapment)o] 49 FH 2 5
doll wel Wol o] &5 i 9l

2 dAFE T3l 30~40nm9] silica resin A& 2 % Lipase(Palatase)E ©]-&3 A3t A+
= A3Po] S5 FEHE T4t LipaseE ©]83F 1143} LipaseE %3} sh719siAE 5u &
24 7193 e) 1~2d%Ee] A5 AdsofstH TeolHE Tl AR ¢rdEEY =
WAEZS Ay4Ars Aot} o8] Thermomyces lanuginosust Candida antarcticaB 2] 2
lipaset} lipase ©]9]¢] th& #&& 3 G4 uAS 2 AFE Tt Ao VEs @

gatiat s,

_69_



= o =
it ™ Rl
Mo WA
— o —
ol A ol
< 002w
. L ot o id
o0 _ "R Fza B
i o) B w g @
ol W = B o ds 3
m_m_ <4 1D ) %_ Mo iy O
- i AUy
G T2t T = S
[ i = = T 4 =
K %0 - T o M =
s 1M = I =H== ) I ™ _iw =H==
o <z 20 S
F i gy 7= = ER
o+ W0 Ho 7= o w e ol & 2 7
D o E < i D I A
RE M & 0 i BT = B RE & 1l OF
i 00
- = &3 5%
H ol ™~
mc._o 0 it B, T
o) 7 ] i
= 0k = Rl 4 ™ D &
S =] 1ol 20 R0 ol
= H A0 0 M EE ol
= Ho 75 o ol o of
e 7l <4 =0 m_ " o <
=i < rd 00 & Ll

pal: e
M _m HJM ) \W)ﬁ@w

i o
R -
O_n O_n _x_| =._=._

Ao Ao ] ol

_70_



M 6 & AT A +ESE sielidetys AR

O Lipase(Palatase) 124 3}A] ion A3t 9]t & 23 ¥ (adsorption) S AF-83F= -9 alumina,
silica, ceramic, metal oxides, porous glass, sepharose, zeolite, polystyrene 2] HAE o]&
st = glom ol lipased pHE 543 9 pH 4.0~457F A3ttt &k 949 pore
size= 100nm AE7F HIstg o HAEHE  functional groups hydrophilic XU+
hydrophobic A} e 7} %5 3} T}

(Zorica. D, BIBLID 1450~7188(2004) 35, 151 ~164 review)

©O Lipase(Palatase=NOVO lipozyme)< hydrophobic functional group< 7}F# high density
polyethylene(HDPE)S A}-&3}o] glutaraldehydeS AF&3te] covalent cross linking® &2
citrate-phosphate buffer(pH 5.0) AFejoll A 14 3}3}$3 T}

(T. Bagheri Lotfabad, Iranian J. of chemical engineering vol 1. No.2 2004)

Dad

O Candida antarctica B 39 lipaseE sol-gel® ol 23+ entrapment ®H S
s}

lipaseoll 1M NaF, isopropyl alcohol, tertiary silane2 A}-83}o] gelation® A7l 3 celite®
o] 173t

(Anca ursoiu, Molecules 2012, 17. 13045-13061)

F&-38hed a7

© Humicola lanuginosa 22| lipaseE synthetic magnesium silicatd powder®l] 472 % X
HESEH A gelatin®] Y polyvinylpyrrolidoneS % 7}8te] entrapment WH o2 14 3}
(Sven pedersen, NOVO Nordisk Denmark, US patent 5776741)

© Pore size 400A (40nm)¢] sepabeadZ Al-&

ionic WWI} glutaraldehydeE ©]&3F covalent WS |8 Mucor miehei, Candida
rugosa 39 lipaseE 1143} A 715 polyethylene iminesS 2] 3}¢] lipase?] A 7]E H3
(J. M. Gu: San, Italy, J. of Molecular catalysis B : enzymatic 11(2001)817-824)

© Pore size 400 A (40nm), particle size 30~45mesh®] silica B A S °|& Rhizomucor miehei,
Candida antartica 32| lipaseE adsorption WH o2 3173}
(Wo patent/1988/002775)

©O Mesoporous silica BAE ©]€ functional groupl® mercapto group, cyano group,
phosphoric acid group, epoxide group<= - 2#3lo] lipased 1A% 271 HE

(Chia-Hung Lee, USA, Nano today 2009. 4, 165-179)

O Thermomyces lanuginosa -2 lipaseE ©]83}9] interesterification®] 2|3} palm

stearin(SSS) ¥} coconut oilS 75:25% E3H36lo] margarine A ZZFAS HE
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(Hong Zhang, Sweden, JAOCS, vol 78 No 1 (2001) 57-64)

O Thermomyces lanuginosus, Rhizomucor miehei, Candida antartica B 212 NOVOA} i1
A3} lipase¢! Lipozyme TLIM, Lipozyme RMIM, NOVOZYME 435Z o]-&3}o] wk$-A] 7k b
+2%, lipase AF&% 9 21& AE

(Roila Awang, Malaysia, J. of OLEO Science vol. 54, No 5 305-309, 2005)
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