10

15

20

25

1 |1 MMOBILIZED LI PASE AND METHOD FOR PRODUCI NG THE
SAME Technical Field The present invention relates to
a highly active 5 immobilized |ipase suitably used for
various esterification reactions, transesterification
reactions, and the Iike and @ nethod for producing

t he sane. Background Art 10 Modification of a fat/oi
with a transesterification reaction using a |lipase as
a catalyst has widely been carried out. There have
beepmkoswnIaebatchAsEt AND, METHOONFCRU @RS DVETNGA TWWE! [$AME
colum, and the |ike as the nethod of
transesterification reaction of a fat/oil.
Traditionally, 15 the |ipase has generally been used
‘s ddmobidiged | i pase obtained by imobilizing the
lipase to a certain carrier. For the |lipase

| MobiHd zatd Qht ah AU OTLEXENBNEEs resi & hifat gndctive
Docunent 1), a phenol fornal dehyde absorbing resin

i(rRadrent; L0 UMBI s 2) syt AW QPSR £o POF PHSo€arEd€Erification
(Patent 20 Docunent 3), a cation exchange resin

ﬂé§g€¥gn§xx%gﬁﬂgeé%erfﬁlé%%ﬂéﬁ(%ééﬁ%fbﬁfhléﬁ& DREUMERE and

,_and the Tike have been used, but the methods
ad'n%?ﬂ:rﬂy%ﬁdfdln SIS E Qpé:ug@@@a,{@ve the drawback of a
reduction in‘transesterification activity due to the
i mmobi lization of the |ipase to the carrier as well 25
as the'tendency that the cost is increased due to the

lﬁﬁgﬁﬂ§ \: arrier. Also, as a nethod for enhancing
éﬁﬁl |tycgdgﬁgg |nn0b|llzat|on addition of a

d? yf%'t{:/c?f)fswf&{ Qalyf’ansesterl fication

reaction using a lipase as a catalyst has widely been

pol yhygl s
enuIS|?|c |on actlv
carried out. There have been known a batch method, a
continuous method with a column, and the like as the method
of transesterification reaction of a fat/oil. Traditionally,
the lipase has generally been used as an immobilized lipase
obtained by immobilizing the lipase to a certain carrier.
For the lipase immobilization, an anion exchange resin
(Patent Document 1), a phenol formaldehyde absorbing resin
(Patent Document 2), a hydrophobic porous carrier (Patent
Document 3}, a cation exchange resin (Patent Document 4), a
chelate resin (Patent Document 5), and the like have been
used, but the methods disclosed in these Documents have the
drawback of a reduction in transesterification activity due
to the immobilization of the lipase to the carrier as well

as the tendency that the cost is increased due to the
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Docunent 6) and addition of a fatty acid derivative
(Patent 5 Docunent 7). have been proposed, but these
net hods are not satisfactory yet. Patent Docunent 1:
JP 60-98984 A Patent Docunent 2: JP 61-202688 A 10
Pat ent Docunent 3: JP 2-138986 A Patent Docunent 4: JP
3-61485 A Patent Docunent 5: JP 1-262795 A Patent
Docunent 6: JP 7-265073 A Patent Docunent 7: JP

62- 134090 A 15 Disclosure of Invention Problens to be

Soparesti by dderiswentADso Ana®bh enétiobdt her peesenting
invention is to provide an imopbilized |ipase,

ddensesy efib i@t imfoBCl i ¥4t yonf aATHioR0ofSai pproNgdroxy
as conpared to conventional nethods. Means for Sol ving

dhpFoh! est Thee HreSeNtia v HVERE DS SEHaYEi bRt 8B8iVELY (Patent
studied to solve the above problens and, as a result,

TeMend oungl) thad addi 8o NePbi | FZedy | 4 pageqobl abpedebyratent
i mobilizing an oil-in 3 water enul sion containing a

Dtdidds B PRAYEBe &MU Sbhb 884, B BRcS8ZMEBhHAYI A8e not
i pase activity to a carrier is promnently inproved

df tdansesterydi cation activity. The present
I nventi on has been conpleted on the basis of this 5
finding. That is, the present invention relates to:

(1) an immobilized |ipase, conprising an oil-in-water
Patent Document 1: JP 60-98884 A

Patent Document 2: JP 61-202688 A
Patent Document 3: JP 2-138986 A
Patent Document 4: JP 3-61485 A
Patent Document 5: JP 1-262795 A
Patent Document 6: JP 7-2635073 A

Patent Document 7: JP 62-134090 A

Disclosure of Invention
Problems to be Solved by the Invention

An object of the present invention is to provide an
immobilized lipase, transesterification activity of which

is improved as compared to conventional methods.

Means for Solving the Problems
The present inventors have intensively studied to
solve the above problems and, as a result, have found that

an immobilized lipase obtained by immobilizing an oil-in-
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ermul sion containing a fat/oil, a polyner enulsifier
and an enzyne having |ipase activity, wherein the
oil-in-water 10 ermulsion is immobilized to a carrier;
(2) the inmobilized |ipase according to (1), wherein
the polynmer emulsifier is a polysaccharide; (3) the

i mobi | i zed |ipase according to (1), wherein the

pol ynmer enulsifier is a water-sol uble soybean 15

pol ysaccharide; (4) a nethod for producing an

warebi émZbdibhpasstainonpr ascag/oplepar pogyapr emulsifier,
oil-in-water enmulsion containing a fat/oil, a polyner
enal shféerym@ndaaingnzypesbaytcogvlitpase aaeckicvity; is

‘absorbing the oil-in-water emulsion to a carrier, 20

pobhovedlt by diyrogedand {bhnsepethoditeribApaevingtg. The
transesterification activity of an imobilized

bLP3sE: CRUBRtSbAUhapr BRaKI BEmBNeOkl- bR- tWat Besis of this

ermul sion containing a fat/oil, a polyner enulsifier,
apdagngenzyne having |ipase activity; absorbing the
oil-in= 25 water enulsion to a carrier, foll owed by

dryi ngrad 1§ fegt plebbec! DMEBLEOBnAEEOEALBILHE the
pr esent 1 nvention, since transesteri fication activi ty

@f)iQﬂnpﬁhﬁﬁfgikéﬁa§§pggg,b@om?rﬁgﬁhevgﬂ’oE&—&%—water

possible to increase a transesterification reaction

éﬂ@ygioaeeogesinQBgegz ge/uehght 881YRkl @8utQifier and an

I mprove-productivity of transesterified oil. Best Mde
Loy RN TaRoML0E, harentLgn MotRLe onbl st ugeer
oL YIRS Ul Shhbsl1 Qe yYsgd Pt B,

(2) the immobilized lipase according to (1), wherein the
polymer emulsifier is a polysaccharide;

(3) the immobilized lipase according to (1), wherein the
polymer emulsifier is a water-soluble soybean
polysaccharide;

(4) -a method for producing an immobilized lipase,
comprising: preparing an oil-in-water emulsion containing a
fat/oil, a pelymer emulsifier, and an enzyme having lipase
activity; absorbing the oil-in-water emulsion to a carrier,
followed by drying; and

(5) a method fdr improving a transesterification activity
of an immobilized lipase, comprising: preparing an oil-in-
water emulsion containing a fat/ocil, a polymer emulsifier,

and an enzyme having lipase activity; absorbing the oil-in-

water emulsion to a carrier, followed by drying.
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present invention is a polynmer having emulsifying
capability and is preferably a natural pol yner

emul sifier, and exanples thereof include

ani mal - derived protein, plant 15 derived protein,
ermul si fyi ng pol ysaccharide, apd the like. DMore
specifically, the animal-derived protein includes
protein material such as skimed nil k powder and whol e
m |k powder derived fromvarious animals; protein
such as casein, |acto-albumn, and gel atin obtained
by fractionating and 20 purifying of the protein

pRtectabf bydrohysatechhereof; and the like. The

pl ant-derived protein includes protein material such
as i sptabedi pgotei Pheepryedntr oavbaansnsushncas
soybean, pea, red bean, and broad bean; protein such

@ﬁangéy@éﬂiﬂlcgkgaﬂgéa@iahey aﬂdlﬁﬁasemhhedom&gae@dcaﬁ be
25 fractionating the protein material; hydrolysate

ﬂff@@éd 5i + ang ﬁ@§sibk§ tgh§n8985§éf¥|Bgansesterlflcatlon
ysaccharlde i ncl udes various polysacchari des

Pé&bﬂgoﬁnyﬁéuﬁﬂ' graghivi by, eﬁHgHe @éléﬁ&eas$QE§@|§s to
soybean pol ysacchari de, gum ar abi vari ous

RO EL €0, 5356051 - andet Beahikey o APRg4t Beiabove, 5 it

S preferable to use the enul sifying pol ysacchari de,

particularly the water-sol ubl e soybean pol ysacchari de,

as the enulsifier because transesterification

BELL VI Yo | 8oy SELOPOLYTBLP! Bhoedny LB ibE Present

I nventi on, descri ed pol yner enuIS|f|er IS

the eﬁ%@@lﬁ?ft&?”DQHSH%feég P“Enbénk§n§! Oﬁé'BEEcEQbed
Si n"co on wt

use a Tow nol écul ar e

p?gCPgl Qf{yof aﬁﬁgifmerpgmg g?%ig tgobgeugéﬁgiRthe

eparati on er emJI SI on
5055|b e; 19 use anlnal 9 g nf N
résen 1nven Ion 1s poelymer having emulsifying

capability and is preferably a natural polymer emulsifier,
and examples thereof include animal-derived protein, plant-
derived protein, emulsifying polysaccharide, and the like.
More specifically, the animal-derived protein includes
protein material such as skimmed milk powder and whole milk
powder derived from various aﬁimals; protein such as casein,
lacto-albumin, and gelatin obtained by fractionating and
purifying of the protein material; hydrolysate thereof; and
the like. The plant-derived protein includes protein
material such as isclated protein derived from beans such
as soybean, pea, red bean, and brcad bean; protein such as
glycinin, PB-conglycinin, and phaseolin obtained by

fracticnating the protein material; hydrolysate thereof;
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fat/oils such as soybean oil, coconut oil, palmoil
pal m 15 kernel oil, rapeseed oil, sunflower oil,

‘peanut oil, olive oil, rice oil, shea butter, sa

fat, cotton seed oil, cacao butter, olive oil, sesane
seed oil, wheat germoil, illgpe butter, safflower
oil, cornoil, mlk fat, nutton fat, goat fat, horse
fat, egg yolk oil, sardine oil, whale oil; 20
triglycerides including fractionated or hydrogenated

sudstracesxof thecabeyesikging polyBhcandrpbianincludes
fat/oils; |ower alcohol ester of fatty acid; glycerin

6§£1au§0pgly§96@§§£§aesghae@ﬁgneﬁangyf?ghg Qb@&b@ty,oéuch
the like:; or conbination thereof

Preparation @b1EhgoPbtahNp¥Way8hc8AHLSHEN, ga BraBiBYNknd
of the polyner enulsifier with respect to the fat/oi

#érf@uspﬁé&ifﬂéérEﬂakbﬂbgedahaseﬁ@rl@ﬁeStaﬂh@ng the above,
enu sification |s performed. [f a desirable range is

ths %ng@ ?5 tbe eﬂéygﬁﬁlgﬂy¥§hglgelygaéehakxe@

is preferably O 0O W% nore

Péfé P£¥l% Eﬂe G0 M % ﬁiepgn%SEgﬁL g? Egcgﬂagﬁ%%, as

en t era bet ween t pol y frer an

%/ghulé f%éihﬁ calBE AbYY e§989%E&S%t&égggct§v§E§bE§

er emul ston 1s obtal ne erepy diving

Qfgg%%{? fﬁﬁ%iﬁ#&at|fﬂ %ﬁea§£é¥5£¥ @Ebgﬁtloﬂé the above-

m xt ure containing t

88 ¥r1b éfifi emu951 hgrf§g/9he egse EQEQ ohgﬁt
-|n ﬁ S

ston W an-appropri ate enu
FALT) e FAL et ol S b e
1hKEA0: APPIORTLALE PRESSUI SOl BNulShPYer.

As a fat/oil to be used for preparation of an oil-in-
water emulsion, it is possible to use animal and plant
fat/oils such as soybean o0il, coconut oil, palm oil, palm
kernel oil, rapeseed oil, sunflower oil, peanut oil, olive
0il, rice o0il, shea butter, sal fat, cotton seed o0il, cacao
butter, olive oil, sesame seed oil, wheat germ o0il, illipe
butter, safflower o0il, corn oil, milk fat, mutton fat, gecat
fat, horse fat, egg yolk oil, sardine oil, whale o0il;
triglycerides including fractionated or hydrogenated
substances of the above-listed animal and plant fat/oils;
lower alcohol ester of fatty acid; glycerin fatty acid
monoester, glycerin fatty acid diester, or the like; or
combination thereof.

In the preparation of the oil-in-water emulsion, an
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menbrane enul sification or ultrasonic wave. An average
particle dianeter of the oil-in-water enul sion to be
used is preferably 10 mor less, and nore preferably
3 mor less. In addition, since preparation the

oil-in-water 20 enul sion havipgg an average particle
dianeter of 0.5 mor |[|ess nmakes poor industria
production efficiency, the use of the oil-in-water

enul sion having particle diameter |arger than 0.5 m
dfiot e 60NMIBE PoagheéeeemASsarlbpagethorbepdsedibnthbe
present invention, those 25 of w de range of origins

flef y yed i50ﬂbba§a§£iéula§a§t§lmZtealLﬂgsah@ugs stable
bacteria, actinonycetes, and the |ike can be used

Ak DOUEi PaFibguULarpbipbiation, 1and gpseibbtee¥anBkeis set,
t hereof includes genus Rhi zopus (Rhizopus sp.), genus

€§@e££buhysofﬁﬁp@rﬁbi SrSPmhlsgenys eandhda; kEandida the
sp.), 5 genus Muicor cor sp.), genus Psudononas

f5§¢gPﬂDP§Sp§@f%rab9§nQSlA%Gabbgﬁegs ﬁé%éabkgggﬁébly 1 to

genus Arthrobacter (Arthrobacter sp.), genus

?%@P@%' 8§Euﬁr§§%§QQY§°§°E8U§O #Ps) ﬁﬁQHStﬁénk8thbum

enicillumsp.), genus Geotrichum otrlc um sp.)

@?gwégﬁ £$g:% #*ﬁgr Qﬁﬁ | rdeLi ¥8g @Hg t/oil is w1th1n

ant-deriv pase SU as pancreatic |1 pase and

{h&e pOrang égff§e$a9a98 “Sgﬂgt fé“gﬁleﬂﬁyﬂﬁth emulsion

purified e any~ o I pases 1s m xed

Al &Qggfﬁ gaV£Qg é gaS?% thX %ytﬁﬁﬁgegggraf%ﬁatlon

ol l - enur si has”beén prfepare
g@gf@ce A%terng%&gel izg@e oil-in-water 15 enul sion
can s% % taine y~ s Jectlng a mxture liquid

o L P FERTTL B e b e o
the fat/oil is formed into the oil-in-water emulsion with
an appropriate emulsifying treatment. The emulsification
can be carried out by using a homogenizer, Homomixer,
Nanomizer, or the like at appropriate pressure or by using
membrane emulsification or ultrasonic wave. An average
particle diameter of the oil-in-water emulsion to be used
is preferably 10 pum or less, and more preferably 3 um or
less. In addition, since preparation the oil-in-water
emulsicn having an average particle diameter of 0.5 pm or
less makes poor industrial production efficiency, the use
of the oil-in-water emulsion having particle diameter
larger than 0.5 pm is the common practice.

As a lipase to be used in the present invention, thcse

of wide range of origins derived from bacteria, yeasts,
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| i pase having high heat resistance allows the use of
the oil-in-water enul sion containing a high nelting
point 20 fat/oil, thereby an i movbilized enzyne highly
resistant to flavor deterioration caused by oxidation
or hydrolysis of fat/oil cansbe obtained. A m xing
rati o between the enzyne and the enul sion can be
varied as a ratio of the fat/oil conponent in the 25
enmul sion to the |ipase activity of the enzyne. More 8

spesméheahikybadteai b9 attthemiaktes| eaApenentiasodah be
(my) wth respect to |lipase activity (Unit) neasured

thdaﬁﬁ@ﬁgaﬁcﬁaﬁtiBuidkSlKQQQétleQUShﬁl@Febﬁ@d&eexample
Activity Measurenent Method" is preferably 0.06 or

Hﬁéﬁeoﬂnﬁﬁc§ugé§f@éﬁQEnglﬁoﬁhs”QPﬁlz6b§Q gh$ I gkhas
is preferably 10 “or less, and nore preferably 3 or

h§ sSrg¥enst haspatkhe1igs LEsSs,t BaRuY: Pandtibe Qtﬁ%@ﬁdbssp.),

suff|C|entIy exhibited in Sone cases. Wen t

?ﬁhﬁeMﬁcb§rg a9$19 5Qﬁu§C§EEHEMonQ§r @@hﬁoﬁ%bg@tsp.),

I nobi pase’to be prepared

gsma §§galéag Ege ﬂﬁggﬁﬁggfqeghﬁp: g”*?ﬁbhbéeﬂ lt'h%%»%ctt%r

e reactl on“syste cr ease

&ﬁ?ghkgg?c§¥§tﬁgl 6asghaggggagﬁglgcgg %uﬁ%t%%%&qgkoccus

erive rom-t rrer rease t here Yy~ easl

sBo7 éngFﬁuéiggnE8§§%b§e Elﬂﬁc $LRgspfyth eﬁﬂéy%%oWkIQhum

sron”can T i y ) hdd! I'ng

z Z¥%§i£ﬂ sgmg gd %hllﬂgkg tglghe ghl 8& g@%ﬁged and

ston hGNDgENI Zi ng” o
orm.o

wd
%??X?Edﬁéfg?g P3F8n8P8F|8aéaa BOPERE:
%%%geiiégg% cALIELNaLLYe! vy Eggdglgh

of any of these lipases is mixed as an enzyme having lipase

8IVIREQS and rice

1

5

n- mater enuIS|8n

zyme oY plUrified enzyme

activity with the ocil-in-water emulsion that has been
prepared in advance. Alternatively, the oil-in-water
emulsion can also be obtéined by subjecting a mixture
liquid containing the polymer emulsifier, the fat/cil, and
the lipase to an emulsifying treatment. The use of the
lipase having high heat resistance allows the use of the
oil-in-water emulsion containing a high melting pecint
fat/oil, thereby an immobilized enzyme highly resistant to
flaver deterioration caused by oxidation or hydrolysis of
fat/o0il can be obtained.

A mixing ratioc between the enzyme and the emulsion can
be varied as a ratio of the fat/oil component in the

emulsion to the lipase activity of the enzyme. More



20 obtai ned by subjecting the m xture |iquid

containing the polyner enmulsifier, the fat/oil, and

the enzyne to an enulsifying treatnent. The carrier

to be used in the present invention includes

ki esel guhr, alumna, Celite, gellulose and 25

cel l ul ose derivatives, porous glass, glass fiber,

silicic 9 acid gel, florisil, ion exchange resin,
titani um di oxi de, kaolinite, pearlite, and the |ike,
bptchaficapgiedi entavlotbé tharfaerois nomppaehicahmanhy (mg)
l[imted insofar as the carrier has the function of
vaphurésgettpaselnphecubesivbtir ¢patal i neaefiredein

i mobilized lipase is carried out by contacting the
8ttordameéewienubsIenkoo0l ai Dhagsaboue- Ldpaeei hedivity

| i pase with above-described carrier, foll owed by
deybnigembherebyhbhe Lksppseresapbgonbed be mbeecambirer .

For contacting, the carrier can be soaked into the
prtrépapayen. 10cemabsbOn A0BLAI Bhedrhbheol ipageefrefrabhg 10
emul sion can be sprayed to the carrier. In the case

8F covkacthadmbhe gkbfebApWRt @M c@MIESEQN WAchh@he ratio is
carrier, a noisture content that can be absorbed by

tbescanihed, b§, PrrbeckedctWishnbhesugentashtiy eahibeded in
out in the noisture content |arger than 15 the

abseorbable anpuph. cht bacdbfiscubbqbor<hhR ¢8rrik8e Letivity
carry the predefermn ned enzyne anoint due to [ eakage

SértQﬁit&%%%ﬁﬂt“@feEh@”YﬁﬁEBﬂlE%QH1EEEaE@rEBeEe_Eg@pgred is

carrier I's absorbing the |ipase can be drie y

%%E%%%%%QIY£H eéhgﬂsun@bsf éﬂsch&ﬁsghhxzeah§iggxgngo be

inclu rying neans by reducing a

§g§§§g§8;Eﬁ%rg§£%€ﬂoﬁh£9§95mfEQ“&HE¥EQQeED WHLCBREN@eaction
ght
system is enlarged, or a moisture content derived from the
carrier is increased, thereby easily causing a side
reaction. The mixing of the enzyme with the emulsion can
be carried out by adding the enzyme in the form of a liquid
to the oil-in-water emulsion followed by homogenizing or by
adding the enzyme in the form of solid or powder into the
oil-in-water emulsion followed by dissolving or dispersing.
Alternatively, the oil-in-water emulsion can also be
obtained by subjecting the mixture liquid containing the
polymer emulsifier, the fat/oil, and the enzyme to an
emulsifying treatment.

The carrier to be used in the present invention

includes kieselguhr, alumina, Celite, cellulose and

cellulose derivatives, porous glass, glass fiber, silicic
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into contact wwth a relatively low humdity air,

nitrogen, or. another inert gas, and the like. In
particul ar, drying under reduced pressure, in which

25 the carrier to which the lipase is absorbed is
retained 10 wunder a pressuregenvironment that is

| ower than a water vapor pressure at a certain
tenperature, is preferred. Since the i mobilized

| i pase prepared as described above has high
beansgslerefbeatidop aehi ¥ktiangberbsiapobikbazaedm dpasede,
is suitably used for nodification of fat/oil and the
kbhkeinfBe gnbedirmedt, ohntihehemmRiel i pad ahi pageedient of the
i ncludes the use in various nethods such as batch

8ethodrangd featpaveusumBthodiusingdaiaebda®. adOthe carrier
Exanpl es Exanples will be described in the foll ow ng,

RQuevRE fﬁH@ti@ﬁhBECébp%ﬁ@@ﬁgoﬁ1bB§epﬁ6§§6hléBVent|On
isnot limted to them (Exanple 1) 15 An

0""?r$@5§5t§8ﬂ'§foﬂhé YRmoBE epacgd1byssdi $peksirRded out
and dissolving 8 g of water-sol uble soybean

BQ'¥§§E§Q@[?QethénE?lﬁgnngEe%ﬂEﬁﬁlsﬁgg'BgngggnQBg above-
puri i ed pa moil to the solution pre I mnary

S E§££¥an9C%%EQ QéEQ”QHb6@LdéEEEHB@8tHé%QlQX TekusBued by
Ki ka Kogyo . and 20 enul sifying by passing

? gé g?gtg&géﬁ%gﬁﬂgl§iﬁgsghi ung@rgEgsgopEﬁésHE rfer For

eni zer manuf act ur e Ranni

SR R Lt e R e R AR
. ydrate was
$$%§§289 RYnOLERELS' Pe 1959500 REALALLY18Y8N BOhepe
sprayed to the carrier. 1In the case of contacting the oil-
in-water emulsion to the carrier, a moisture content that
can be absorbed by the carrier is preferred. When the
contact is carried out in the moisture content larger than
the absorbable amount, it is difficult for the carrier to
carry the predetermined enzyme amcunt due to leakage of the
oil-in-water emulsion from the carrief.

The carrier which is absorbing the lipase can be dried
by various drying methods. More specifically, the drying
method includes drying means by reducing a pressure; so-
called through-flow drying in which the carrier is brought
into contact with a relatively low humidity air, nitrogen,
or ancther inert gas, and the like.

In particular, drying under reduced preéessure, in which

the carrier to which the lipase is absorbed is retained
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25 powder manufactured by Amano Enzyne Inc.
(originating from11l Penicillium hydrolysis

activity: 1,000 unit/g) into 10 g of cold water;

m xi ng the dispersion with 35 g of the oil- in-water
emul sion A, and spraying the g xture onto 50 g of

ki esel guhr. The ki esel guhr was freeze-dried to obtain
an 5 immobilized |lipase 1 having a noi sture content of
3 WM% Transesterification activity was determn ned by
afldéfga pOegsatbet bavironhehkzetaki pasecketroth@l g abtar
substrate (substrate noisture content: < 0.1%

phpakngdebyubkendi Bgcarthahmengdratiekli ng peefitrred.
fraction and a palmlow nelting 10 point fraction at a

rati os@hchb: dneanfimbBeNiaeti YaphBg ptepb@ed kB dBscribed
eval uation of a reaction product, tripalmtin content

WBSveNBASUReEnhW bAn8cgas reirn ormt oar aphy vi &%) . taad
reaction raté was cal cul ated by the follow ng fornul a.

lmﬁgﬁsihgedr§£§a5e(agleahﬁhbn? GeBHeRt rOhoHe#eth@Aon of
product 15 - tripalmtin confent of starting fat or

9a£)§£%fhaaleh&'mlkeontﬁﬂteaboagﬁgﬁélb&oehbnlhﬁ@%&u@aed
eqw rumstate - trlpa mtin content of startlng

18 %agé thiuagétth@nuge'&haba&geaglaetﬁghgcghxh as batch

stant k was calculated by the follow ng fornul a.

%chohnbhﬁakoﬁﬁﬁghbgg %@kﬂ%ﬁtﬁsgﬂgfgaegfﬁmn In[1/(1 -

reactron rate after 24 hours reaction A val ue
calculated fromthe reaction velocity constant k and
the anount of the |ipase (anpbunt of enzyne

ion having |ipase activity contained in
ngggi?%zed 25 | i pase) added to the starting fat/oi

W th EQSmE Ekow&TQ %e described in the following, however

the technical scope of the present invention is not limited
to them.
(Example 1)

An oil-in-water emulsion A was prepared by: dispersing
and dissolving 8 g of water-soluble soybean polysaccharide
into 60 g of water; adding 32g of purified palm oil to the
solution; preliminary emulsifying with a Homomixer
(manufactured by Tokushu Kika Kogyo Co., Ltd); and
emulsifying by passing the preliminary emulsion through a
high pressure laboratory homogenizer (manufactured by Ranni
a/s) twice at 150 kg/cm®’. The obtained emulsion had an
average particle diameter of 1.8 um. A hydrate was
obtained by dispersing 7 g of commercially available lipase

powder manufactured by Amano Enzyme Inc. (originating from
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formul a was used as a transesterification activity

value, and the value is shown in Table 1. *
Transesterification activity value = k x (anount of
starting fat or oil/anmount of enzyne preparation

having 5 lipase activity) (Bganple 2) A hydrate was
obt ai ned by dispersing 7 g of comercially available

| i pase powder manufactured by Amano Enzyne Inc. (same
as above) into 10 g of cold water; mxing 10 the

pésper 51 oamw hiid2d1Hs@sohctheieik - Lpovat enienyh sianoAl0 g
and di spersing 50 g of kieselguhr into the m xture.
SEtesldthaterpr aPRLALI eNeanidsp¥akiahi antcaf 35Myobifl thedoil~
| i pase were carried out in the sane manner as in

Brappltér lemtEx28R!l 8; 3hnd5sPrapangt the andreval 4atooB0 g of
of immobilized I|pase were carried out in the sane

RBOLEL gdBri N EXaMREEsR1gBKECRbst hakezbharaddedcanBuntis an
of glucose and the oil-in-water emulsion A were 13.3

QmﬁgglilZédgliﬁ§Q@C§'Hngng(gxﬁHPE%uﬂé 29nPegpacat BoRts,

and evaluation of inmmobilized |ipase were carried out

in th@réﬁQ@sB@???Ecﬁﬁle gé@ﬂPL@y wagXQQEEthﬁEd Egeaddlng

added anounts of glucose and the oil-in-water enulSion

ﬁg“@ §f1§h5 9mﬁ89193§§d9155§9805'¥S'Xoo(§X6%pBes§bs%§ate

i n-water emulsion B was prepared according to

%%ubgbfagéeﬁgigﬁhgﬁegﬁlg t'n<Eﬁaﬂ@P o%tagﬁgspbytgﬁgndlng a

pressure o pressure | aboratory

' BQPRQEEaéEE %@it?gg point fraction and a palm low melting

point fraction at a ratio of 6:4, and tHen activating at
60°C. 1In an evaluation of a reaction product, tripalmitin
content was measured with a gas chromatography (GC), and
reaction rate was calculated by the following formula.
* Reaction rate = (tripalmitin content of reaction product
- tripalmitin content of starting fat or oil)/(tripalmitin
content of composition in reaction equilibrium state -
tripalmitin content of starting fat or oil)

Next, an initial reaction velocity constant k was
calculated by the féllowing formula.
* Tnitial reaction velocity constant k = 1ln[l/(1 - reaction
rate after 24 hours reaction)]

A value calculated from the reaction velocity constant
k and the amount of the lipase (amount of enzyme
preparation having lipase activity contained in immobilized

lipase) added to the starting fat/oil with the following
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kg/ cn2. The obtai ned enul si on had an average particle
di anmeter of 4.8 pm Preparation and eval uation of 5

i mmobi i zed |ipase were carried out in the same manner
as in Exanple 1 except for using the oil-in-water
emul sion B. (Exanple 6) An ojd -in-water emulsion C
was prepared according to the preparation nethod in
Exanpl e 1, except that a gum 10 arabic was used in

pl ace of the water-soluble soybean polysaccharide.

fbem@bhaiaeduesll 8508 hadnaBsaverageatpant bekevity value,
di aneter of 2 m Preparation and eval uati on of

LAROPhLI 48dubi PasenwRheigafrpbed Qut in the same manner

as in Exanple 1 except for using the oil-in-water
el 54005 Ce r s %§csﬁgeﬁpget2%lég QLh gkn=vat-gr SHBhﬁkoBfD
was prepare according to hé preparation netho in

Exapplg 1fa§X6§p51§?§hou59”H?rEEWk$¥ e&abgéak@oﬁaﬁgbang
sodi um (EMLV: nmanuf act ured was used in place

o Lhe &@E?Gl%? hubl e soybean 20 pol ysaccharide. The
?alned enul ston had an average particle dianeter of

%Egaﬁgl ngparat|on and eval uation of imobilized
't pase were carried out in the sane manner as in

TSPt VRt B gietnaaen grission
EABEER 55400000051 01910 LUyl SU8T RoA00CUELIRH, L9 smano
(ELLFBLSSER. (TBRU!AEVLUBS0) DYl o Qb eCacsa Ll otoRning
Pﬁéyéﬂgﬁg%ékgﬁ w1PE thglne QHESEQ —E%qwg@er emulsion A;
and dispersing 50 g of kieselguhr into the mixture. After
that, preparation and evaluation of immobilized lipase were
carried out in the same manner as in Examplé 1.

(Example 3)

Preparation and evaluation of immobilized lipase were
carried out in the same manner as in Example 2, except that
the added amounts of glucose and the cil-in-water emulsion
A were 13.3 g and 1.75 g respectively.

(Example 4)

Preparation and evaluation of immcbilized lipase were
carried out in the same manner as in Example 2,rexcept that
the added amounts of glucose and the oil-in-water emulsion
A were 13.7 g and 0.88 g respectively.

(Example 5)

An oil-in-water emulsion B was prepared according to
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5 average particle dianmeter of 3.5 m Preparati on and
eval uation of immobilized |ipase were carried out in
the same manner as in Exanple 1 except for using the
oil-in- water emulsion E. (Conparative Exanple 1) 10
An oil-in-water enul sion F wass prepared according to
the preparation nmethod in Exanple 1, except that
commercially avail abl e sucrose fatty acid ester
(DK-SS: nmanufactured by Dai-ichi Kogyo Seiyaku Co.,
thd. prepsrysedn etpbacenobxbhpleater exekphl ehatyhaan
pol ysacchari de. The 15 obtai ned enul sion had an
presageepart tekehdyanptessate214bopatoPyepamabiean zatdwas 50
eval uation of immobilized |ipase were carried out in '

k§eciae TNt aSndd Sarg én lhexceptatorageispagtibee
ol l-in-water enmulsion F. (Conparative Exanples 2 to 4)

§9a§¥ééyaéf0@58“E§? C?EE%SQaEHBn'Hnahévﬁﬁﬂﬁtﬁaﬂn@E as
in Conparative Exanple 1 except for using sucrose

{ahtyiackdq €s §5e(§5&5 460+imangfiact yr edebyaRi mheher as

Kogyo Sei yaku Y d./ Conparative Exanple 2),
R'EQ&M?@&'Q fatt ta§b9 §§Eﬁ5 £heapsott nQ48er emulsion B.
manuf act ur ed ai yo Kagaku Co., 25 Ltd./Conparative

gg@#@eS%, and pol ygl ycerin. fatty acid 15 ester
Sansoft Ql2S: nenufactured by Taiyo Kagaku Co.

Lt d. /ﬂpnae al h¥ga 27BiE 4 cphégepeépggedsgeee§elng to
& ¥obs 5)

fatty aC| ester npar at rve Exanpl e

Eﬁ&pﬁ£§£599t98ﬁ é@hHQtEH”EQEmbTEDE"E%S%Bk'9§§€ ge %m

carr sane manner as excef
£9£blc was used in place of the water-soluble scybean

polysaccharide. The obtained emulsion had an average
particle diameter of 2 pum. Preparation and evaluation of
immobilized lipase were carried out in the same manner as
in Example 1 except for using the oil-in-water emulsion C.
(Example 7)

An oil-in-water emulsion D was prepared according to
the preparation method in Example 1, except that
commercially available casein sodium (EMLV: manufaétured by
DMV) was used in place of the water-soluble soybean
polysaccharide. The obtained emulsion had an average
particle diameter cof 2.2 um. Preparation and evaluétion of
immobilized lipase were carried out in the same manner as
in Example 1 except for using the oil-in-water emulsion D.
(Example 8)

An oil-in-water emulsicon E was prepared according to
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using 14 g of glucose and 21 g of water in place of 35

g of the oil-in-water emulsion A 16 0 0 -1 +J .

J-, rom U>1-d 'rl "11100 a -.1 >ti o,, ma mm

~rl - m }-I ~-DMN-"i NNO 01 Nd 0101 4-1 > -H

au UYa rou UU bu ypCFr ar~S } I FN
N

OO H, N-HLC-" oow Y--' C4 UWo oOU .H
mf 1ifl .--1 NO1L N YO 141 uar mr r ~+l io a
m,ti f(3

the preparation method in Example 1, except that an

c

isolated soybean protein (Fujipuro R: manufacutured by Fuji
0il Co., Ltd.) was used in place of the water-soluble
soybean polysaccharide. The obtained emulsion had an
average particle diameter cof 3.5 um. Preparation and
evaluation of immobilized lipase were carried out in the
same manner as in Example 1 except for using the oil-in-
water emulsion E.

(Comparative Example 1)

An oil-in-water emulsion F was prepared according té
the preparation method in Example 1, except that
commercially available sucrose fatty acid ester (DK-SS:
manufactured by Dai-ichi Kogyé Seiyaku Co., Ltd.) was used
in place of the water-soluble soybean polysaccharide. The
obtained emulsion had an average particle diameter of 2.4
pm. Preparation and evaluation of immobilized lipase were
carried out in the same manner as in Example 1 except for
using the oil-in-water emulsion F.

(Comparative Examples 2 to 4)

Evaluations were carried out in the same manner as in
Comparative Example 1 except for using sucrose fatty acid
ester (DK-F-160: manufactured by Dai-ichi Kogyo Seiyaku Co.,
Ltd./Comparative Example 2), polyglycerin fatty acid ester
(Sansoft Q14S: manufactured by Taiyo Kagaku Co.,

Ltd./Comparative Example 3}, and polyglycerin fatty acid



Ol11 0aWwo41l mr CNCGA N mromau OO0 oadv -H
U4 mMHE mMONNC 'ONN. E ~ y"  4b NV-NN(ON
.- NM NNmvaH Do mc Sl~ NCoQo (VI o 4-40
C 044 H.NuroNro~ +wO0OO0OmMm ww>i oado
4-) OucCbhor~bCa K4c [15---wwCr Co OOv
...,yO
ester (Sansoft Ql2S: manufactured by Taiyoc Kagaku Co.,
Ltd./Comparative Example 4) in pléce of the sucrose fatty
acid ester (DK-SS).
{Comparative Example 5)

Preparation and evaluation cf immobilized lipase were
carried out in the same manner as in Example 1 except for

using 14 g of glucose and 21 g of water in place of 35 g of

the oil-in~-water emulsion A.
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L) U1l7 Fromthe results shown in Table 1, it was
confi Feesl that rebeltsasaeshernf Tedlieon ,agli Waly cM&Firmed
i ncreased by adding the enulsion in an anount that

thetsehedteenpesestifihErioh bbeioauksiqag wa%rgagéd by

~times or nore of the lipase 5 activity (Unit), and

thainghentranaesieni ihcahi BRcAREI ¥hh¥ t68NsBE€id component
prom nently enhanced by addi ng the enul sion in an

angunb £t bak éﬁﬁl§96hdw89”QOU§nElﬁHg)o?meQ% %%Ukﬁbo lipase
was 0.1 tinmes or nore of the lipase activity (Unit),

A8t CHNPAr ednt ©) thgnQrQHHEt§h$”EPQHEe@ggkgg EB€ion activity
emul sion 10 (Cbnparatlve Exanpl e . t he

eaul 8t hebmithB8t1y enhanced by addlng the emulsion in an
amount that the solid component (mg) of the emulsion was
0.1 times or more of the lipase activity (Unit), as
compared to the products without adding the emulsion
(Comparative Example 2). As the emulsifier, the
polysaccharide having emulsifying property was particularly
preferable. It was also confirmed that the effect was tend

to reduce when the average particle diameter of the oil-in-

water emulsion to be added was larger than 4 pm (Example 5).
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pol ysacchari de having enmul sifying property was
particularly preferable. It was also confirnmed that
the effect was tend to reduce when the average

particle diameter of the oil-in- water enulsion to be
added was | arger than 4 pm (Exagple 5). 18 CLAIMS 1.
An imobilized |ipase, conprising an oil-in-water

emul sion containing a fat/oil, a polymer enulsifier
and an 5 enzyne having |lipase activity, wherein the
oil-in-water enulsion is ipooRbMEized to a.carrier. 2.

The inmmobilized |ipase according to claiml1l, wherein
the polymer enulsifier is a polysaccharide. 10 3. The
i mmobi |l i zed |'i pase according to claim1, wherein the

pol yner, emul Shio®i i ed WakRIseSOldHHR iSAREYHh oil-in-water
pol ysaccharide. 15 4. A nethod for producing an

DRI bnZednkizpasey aCFERI/cI1NTa B d@rRflsifier and an
oi |l -in-water enul sion containing a at/oil, a pol yner

%Hﬁbﬁkfh@&in@ndi?@s%nék%gvﬁ%v,n%ﬂéﬂ@%ﬁatH@“&ﬂﬂlﬂﬁ-water
absorbing the oil-in-water enulsion to a carrier,

Eabhowed By dmoRg112@45+cAameihod for inproving a
transesterification activity of an imobilized

| i pase, conprising: preparing an oil-in-water
emul sion containing a fat/oil, a polynmer enulsifier,

and ap enzyge iHﬁl\SEnig;ilzieﬁaﬁ?L achl \éictc%:fr&%}%g%gi L&ga%% the

oil-in-water ermulsion to a carri er,
thkegn the polymer emulsifier is a polysaccharide.

3. The immobilized lipase according to claim 1,
wherein the polymer emulsifier is a water-soluble soybean

polysaccharide.

4. A method for producing an immobilized lipase,
comprising: preparing an oil-in-water emulsion containing a
fat/oil, a polymer emulsifier, and an enzyme having lipase
activity; absorbing the oil~in-water emulsion tec a carrier,

followed by drying.

5. A method for improving a transesterification
activity of an immobilized lipase, comprising: preparing an
oil-in-water emulsion containing a fat/oil, a polymer
emulsifier, and an enzyme having lipase activity; absorbing

the cil-in-water emulsion to a carrier, followed by drying.



