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Reaction Conditions and Continuous Mixed-Flow Esterification Reactions
by Candida rugosa Lipase Immobilized in AOT Microemulsion-based Organogels

KAZUHITO NAGAYAMA,!* KATSUNORI KARAIWA,! AKIO UETA,! and MASANAO IMAI? (Department
of Materials Science and Engineering, Kochi National College of Technology, 200-1 Monobe, Nankoku,
Kochi 783-8508"; Department of Food Science and Technology, College of Bioresource Sciences, Nihon
University, 1866 Kameino, Fujisawa, Kanagawa 252-8510?) Seibutsu-kogaku 80: 95-101, 2002.

Gelatin-containing di-2-ethylhexyl sodium sulfosuccinate (AOT) microemulsion-based organogels
(MBGs) were investigated as a reaction medium for the esterification of lauric acid with butyl alcohol cat-
alyzed by Candida rugosa lipase. The initial reaction rate was maximum at a Wg (=[H20)/[[AOT] in the
MBG phase) value of 100. The MBG particle radius for reaction-controlled operation is examined as a
function of the bulk substrate concentration. Immobilized lipase was also used in a continuous reaction
using a reactor fitted with a basket-type impeller. The lipase activity was maintained successfully over a
period of 36 d by the removal of water that accumulated in the MBGs using a concentrated AOT solution.
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£ R A5 & - y

HE FERHEMESFELT, ALKRIFEBEY-2-
FANF YT RY T UTFAOT, 7874727 447
W) B, HRERE, 2,24 N AFARUEY g eIl T || haeket t
CATA VAs 5y, MAMETER) Thd. LR +1
5+ & LTEZFF 2 (from porcine skin, Bloom 300, e /
Type A, Sigma 1) #F\ e, RSEEE, 77U U8 \l { . T
ETFATAa—L (FANMELER THD5. J3— 15
B DEIRIL, Candida rugosa (Type VII, 840 units/mg,
Sigmatt) # AV /2. EBEEKIL, 50 mM KH2PO4-50 mM
NaOH 7K ¥ (pH 7.0) THh 5. Fig. 1. Experim.ental apparatus. Dimensions are in mm. Four

L baffles were installed in the vessel.

BN \—EDORE AOT047g% A VAT %
V85 ~5cmd ICEEAF LA L Uik, KBITEER
0.5 cm? 2 Y N—EHEK 100 mg ZHMLIZbDTHD. BEANWT T (Fig. 1). 2202mm M HFAITYA ¥
IOFEBEEKBERETHILICEY WO AR Y7 LT VRLTF 28 em® (9350018) % Fig. 1-bIZ/R L
TeNva rHEEKLEZ ZOovf7uzeiiay =Ry NEBBEICKE LR, Thbb, "Xy b
HOKZEIIH—NVT 4 v v —HE (MKS-1s, F#E BEAEICRY T2 LY EERZS I TEAX
BFTEM Xk, ZhIYVWEEZEELEZ. Ty MIEL214m3ZRELLBOTHD. 2B, &N
-5, EFF ML, BEFFUHRLS glTEEKRLS~ Ay POREEIZ25cm3 ThHhD., ZnzREHN
3.0md # ARy hERAWTHEMTAZLICEVE (BTE800 cm?) ITRRE L, HB K & Eititis (33.3 cm¥/
Bl wAsnx<iia ABEPTF U HEZEBNIC h) 752 LICL W REERIE L. EBREORER,
328 K (55°C) ICHIB S ¥ 7-1%, MEZRAHEBRTHZ 1.67s'& L. RIS, 298K (25°C) 12 THTo 7z
LICE VBB N—EEFM L. RSNV ERRE AR TIE, RIGOETICE bR TERTETI VY
TZEH L, 253 K (-20°C) I THRFELZ. VBTFNZATNEEERL, V RX—BORIGEEE K

7B, BECTSNVHEOKSEIIONWTE, v( 7=z Hic. £, FERKMI LY T 7270,
<Ny a VBEEOKSERII—AVT 4 v Yy —BEI TFVHFOTRTI)VES % 5B 5 72 ® Florisil (100/
ESERELL. EFFUVHBAROKRSEIZER Y M 200 mesh, FIEAMIETEE) 2AVWTHIIT L o< b
L ABEROBMEL VAL THS. FMICHKTS B (BBRBH 5wk Vo F LT —T )V [ ~FH ¥
KABOMEFAMHKSEE LTz, ARFEO WiEIX, @ W WLV SE L. RIZ, oM AT VOB %
FMERDOKTFOEN RO ESFLL, v/ 7 unx< HRIa<b777 14— (GC-8A, BERUER ; #HE
Ny a VHEBERO AOT S FOEAEEZHEE LTESR Unisole 3000/Uniport C, 80/100 mesh, GL#A =X
LEZbDThHD. W ICLVEEL, RIGERYOEZRDT:.

RiGgE ARSIV E2+02mmM A (EHEE EVHBFREOAE  FAVRTFATOEEOFLL
7cmd) YA T L, A TAE (N 35 mm) I BEREEZRBEHEC LV ER L. ARSIV EZRIRY
AN, FUVVBETFAT LA LVORENRE 4 WKWRLEEIZ IS ~25mm M FARIA VT L,
100mM ERDEDICHREBE LA VAT F# KRS0 cmd 500 mMOEE #EieA VA7 Z U IBRICERIZT246
EBRMTHI LKLY RBERB L. XA TALERNIL, FRE L7z FVNOEEOBHIL, ATV VAT A ¥—
MREHEFICLV6s I THELE, £/, 100mM 7 Y CRFFL-BEEE B0/ NVRTFERA Y A7 55 am? i
U VEET FNEERE AR % B OBIETIT - BT ZLIZLVITY, FIERMZ & ICIBRFHROA Y A
7z. 7 ERITNVRIFEB L. £7 77 a3 VRICEH

—%, FARETILEGRIGE AR YT v MEBRER R LIEEBEOERIZ, #RA7u~v s 77 40— (GC-8A,

motor
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(a) Reaction vessel (b) Basket impeller
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B BUERT ; (& FFAP/Uniport S, 60/80 mesh, GL ¥
A TUAM) ITLVITo. EBRIT298K (25°C) 12T
To71-.

SRFEHORE SABEA VA UOROERD
SERET, AR ALTamd L 50 M OEE XS A Y
A7 5 B30 cm3 % 7 AMIERIRE St E, i
BOA VA7 VERTOEBRES IR/ a~<w T T
74— (GC-8A, BER/ERT ; #H{K FFAP/Uniport S, 60/
80 mesh, GL¥ A T2 M) ICLVERL, MEOE
HBRELMOEH L. EBRIT 298 K (25°C) iIZTIT-
7.

R & & B

AHFE T, BRI ¥ ORIGEE 2 M5 RS E
EE2ROHZEICLVFEL. £, FYVHEKSED
B L LT W fE (= [H:0)/[AOT] in MBG phase) % &
HL-.

TLHEKSEDEE  AEIC X7V, By
We EDFIRICIBWTHERB L ¥ 7 F M0 ol LR
THZEBTERVD, Wil 80U LDFETIZR
THREST D ENTRTHo. Thbb, BRERFNL
DRBO7=DICRKIERDO F VK BOFEENLETH
5 EnFEDHENE.

RISBRAERIEE R IIRSEENIEEF Th HHEAIR
HDHNIDT, EERNTZED D ITE L CIRIGHEE
DEFEEI/FONI RS BVRERICBW TR IS EE
EEBLEL. TOUHGEE L We & OBRETRL
TZb DD Fig. 2 THD. MHPRGEEIL, We=100 %4
KiEE LTEL, RISEESRRIZREIND FLVHE

KPBOFERRD b, RIGEESRKELRT
10 T T
Caor = 150 mM

8 Cgelatin = 18% wiV o
»
= 6 -
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Fig. 2. Effect of W¢ value on initial reaction rate. Lauric
acid = 100 mM, butyl alcohol = 100 mM. Hatching shows
the two-phase region.

We i3, =470z~ a VR CTORE W
(=[HO)/[AOT] in w/o microemulsion phase = 10) & b
BLTIOEBVMETH 7.

W EDES A IRV CRIGTEESE <, W fE
DEWERET CRIGEEME T 4 21T Chromobacte-
rium viscosum V) X—PIL K BT H VBEA 7 FILERTD
RRDE-HLTWVD. AFEDOT AT LEARITEBNT
b AERENARN T NVARK D B OGBS RIS L THE
Thole. 2L, YAEREARELETIREKDE
(Wg =80) ICHEE LT KD BEBF TIRRIGESEL+5 5
[ARE>{AV- 854N

—F, KMEOFETTI VY VBET F VDMK R
DRGEEZ FHERE LTERALZLZA, =AFA
AROFEEIT LB LT 1/10~ 1/20 F2E DKV ME (0.3 uM
sH Thotz. Thiy, ERIGTHEIZ AT LARD
RIGEECRHT D8R (KSR OREIZ, A%
DHEATIIMINTHD EEZLNS.

—MRICEELEER ORISTEMEIL, HEORBEHEC
e DBREFFCL>TELTDEIEBNHLNTRY,
REBEPE O 2 ERMITIT D Z L IIRIEEEDORER
TaERAREHDI A TEETHD. EELMELHNS
B2, Thiele modulus(g) ZEH L, Zh LY HHRE %
BETHHAMNE. Thiele modulus ¥ EREICEHT 3
TEOIRBEOHEEEHBRD LN TV ALERH S A,
ARDE D RERFKICR CIREEICINERET S L
EBRNICLEETHS. £ T, observable modulus
(@ = n¢? = Vimec) rmBcZ/9DeCs) & AV THIRE n O
WHEITI ZLICL-T, BEBRICETIERE2RAL
5T Ll L7 We=100D&MHICI T 5EE EEK (Table
NILVEEAKRRELINZ) AEHOKTH S
B(PA=667, BTA=1.25) L, /T A—F—L
Licné oDBEFER AOMET L bICn =183k L
%5, 72, Thiele modulus DEHIZL > Th & gD
BRI 26 n= 123k b, observable modulus &
—BLBERTHoT. DT LI, Wo=100D%&MHT
it Table L IR K DT VY VEEOENILELRE DB
KEZRL, EROEENZFLRND L TFREINDKS
BRHETHoTHRICREL LTHREAIEERLT
W5 . AR TORGEEIZWe = 1002 BRIE L T 5%
LERLTWS. We=100DRTEDPEHRET T, IH=
VABRBHPERT DI EE2EBRTDH L pOEN/IEL A
DM, =51 THHILIERITELRY. ZoOZ &
RO T NVEKDBOBRESGIRIGEETICHD 2
LETRTHLOTHS.
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Table 1. Observable modulus, initial reaction rate and effective diffusion coefficient for lauric acid
and butyl alcohol as a function of the W¢ value.

We . QLA @BTA
(-] (-] [-]
85 0.02 0.03
100 0.03 0.04
115 0.02 0.02
130 0.01 0.01
160 0.02 0.01

VigmBc) DelA DeBTA
[uM s} [10-0m2s1] {10719 m%s)
4.5 2.3 1.7
6.3 2.6 1.8
3.8 2.0 1.8
2.0 1.5 1.8
1.5 1.0 1.7

@ = Vipupoyrmec/9DeCs, rmsc = 1 mm, Cs = 100 mM for both substrates.

Gelatin-water channel

- Y4

W/O microemulsion /

Fig. 3. Structure of AOT microemulsion-based organogel.

RO T NVADA A — VI Fig. 3 IR LTz
£, BIFUonFRERERERMKL, TORMEIC

KA 7 mpF v L ANERL, ZOF ¥ X
BRI BARASTE L, TS T AOT A MRO AEIC

BHAREEZRZLEXY NT—2EEZ20NTVNS.719)
¥/, Ry P =7 NOFEBITIIW/O~ A 70z~
arFHbETEEL TV Z EN/NMITHTFEELOH
ERENOHEINTWVA TS £z, V=¥ DFEM
B (X inner interface & FEIEN 5 I 7 o fitilm O /K FHIFEE
ThHhoHEEBEINTNAS.10

—%, AOTHFREHIIABL L) R—E D5+
MRIZBL T, C. rugosa BIR CIIEVWEDFHEFTIZ
BWTEEML,'2 —J5 C. viscosum IR TIX, WIEDHEK
EEBLIETL, KEBRLUTOEEZRTHOD, IHIIW
EAERT D LB REMBERICEEC 2 Z L BgE X
nNTN3.9 5 FEAROEIE, a-~) vy I/ AEED
FLEE®RTHOT, ZOZEITHBHEKDEICE ST
YR—FOGFREENENT I2FEELTTHOTH
5. ZOZERITNVADKZBDEMIZE > TKETF ¥

YENVOHMERDDHVITERPELL, REIFELTH
BYNR—PORTHERKEEZITTNIIL2RHL
TW3. FARBESIIET 5 & 572 We D/ & Wik
T, FVABRHEXIICOCHKEOTRTE 2D, B
ENFEER L TOABAREDT I BB FRE»D
ABCBHETIERBPREDIZEbELOND. Ki
F ¥ Y RAVDOEAIE, REICHEEL TODERESED T
OBERLS TREMOZEBZ L b2V, THLE->TH
P ENMEER BT ISR H D, IR
JORREED We EIC X » TRIETHERELT, 20L&
i SN BIC K D RETHIEKEO R LR ENLEL
LBV NR—EOBERILEERTHZ LR TES.
RIGRELLGLIRBRE  AEICLHEERY N—
PERAVWARGETntAZRHTHEBE LT, RIGE
BEERDEBRTREEERELED D Z LIIRERMY
LLTEETHS.
ARFETIRERGBEEE L CHMRED 0.9 LA L L
RABFEBKISEETICHHBDE LTHR L. Wi
BOBAKRBE2% L BLSEGE, RIGEEL R
D7 VAL ERITRAKRE 2 X% & LT Fig. 4 OFHR

4 1 | T

Equation for MBG radius of 7 0.9
(in the range 0 < Cs[mM]=130)

rusc [mm ] <0.01Cs + 0.7

Reaction-controlled range ( 7 = 0.9) /
20

0 50 100 150
Cs(mM)

rmec (MM )
N

0

Fig. 4. Relation between MBG particle radius and bulk sub-
strate concentration for an effectiveness factor of 0.9 or
above. The hatched area denotes reaction-controlled condi-
tions.
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Table 2. Parameters for estimating effectiveness factor of 0.9 and
MBG particle radius.

MBG conditions: Wg = 100; Cgelatin = 18% w/v;
Caot = 150 mM

ViaxMBG) = 10 uMs™!
KmAMBc) = 15 mM
KmBTAMBc) = 80 mM

DelA = 2.6 x 107! m2~!

DeBTA = 1.8 x 10-!0 m2s-!

PLA = (.85

PBTA = 40

Kinetic parameters*:

Effective diffusion coefficient:

Partition coefficient:

* Kinetic parameters were obtained from esterification using
MBGs ¢a. 500 gm in diameter.

AR TRIND. 2B, YR FERIL, BrxOLER
E&HobL LHERBOEHRBEOBEN 09I LELE RSB A
ERFEREEZEREL LTEBELEZ DO THY (Appen-
dix), THOBEHD=HIZHAWT=&M% Table 2 IZF L
e, Thi&y, BEREHMAOSCs[mM] = 1301280
T, RGBELRDIFNVHTOEREEEZ BERRLE L
TR\ 2H~.

ruec [mm] £0.01 Cs + 0.7 (1)

EMIRTIVAER  Fig 5 IR 7y MEREBHK
IhaE AW ER T AT VARICBIT DRI E %R
T B, FLVOFBEMHITRTHS 2B L, RSENE
BERERIZEEIN S We=100, Cgelatin = 18% w/v 72 &
MZCaor=150mM & L7z, Z D&MD HMERIT0.97
Thd. RISIA VA0 8 DREET ARIGRN~E
BRBREMET2Z LICL VERLA L, R AS 24 BERE
LRD & DI E (33.3 cm¥h) 88 E L 7. Fig. 513w

10 T T ]
We = 100 —— - Washout with
sl Caor = 150 mM 1MAOT soln. |
—- Cgelatin = 18% w/iv
o t=24h
s 6 7
3 | MI
T 4| Ay P
: | =
> | |
2 | | }
| |
| |
0 1 l 1 1' 1
0 10 20 30 40

Time(d)

Fig. 5. Continuous esterification using a reactor fitted with a
basket-type impeller. Lauric acid = 100 mM, butyl alcohol =
100 mM.

Liz& ) ICEERY N—PoORISESIZTERRE (12 8
) ChVREMIREINSZENBOOLNE. B
10 AR ZBB LI Z A bRIGTESEN KL IET TS
BrRNBD LN, £, 2Ty hBATOX LD
AL LT, YAVRFARETEZENBRIZE-T
BOLNFZ. ZHETATAEROETE L bICERT
BKDFOHREBTHHEEIZLNS.
TNBENIZBWTERIL, FYAVERERY & OBEN
BERKRHEICL D2 ZANRESICL Y @y FES
BEH S RECEELS R, JYAIELRYFEES
By, BEEESPHEKRTDIZENRESNTVS. 9K
RICBTDV RN—ERTFHLEHME L OBRMIZL 55 FHE
EOBEL T FUHFLOEERERIT L > THHIEN
TWAbDLEZbND. ERRIGOEITIZE RS T
TNVRFHN~KGFREREL, ThiZEbRVERSF
DEEMZ OO LTV SRR VORI LY
MERFTERRY, RISEERRLIETLEZEEZD
ns.
TNVRIZER LTI KD T2 BB E AOT Bk & i
DT LIZEVBREL, KINEHZREIEIELZENTE
5.7 £ ZTAMAETIE, EHERIS 12 AMIEIZIM
AOT/ A Y F 7 8 VIRIRIZ X DEBAS FOBRERITU
RINEMORIERIES Ei L. #REL, RnEm
T NVHLF % AOT BIRICIRTE L, 24 REfEEf S ¥ 5 2
EIZEVITolz. BMEBMER, SAVRTREGRRINCE
ERVWERER, FiEELRZO LW E TRIGEEDE
BrRHLN, BAFA2EBEH 5 WEI3EE & HIZRIL LA
NORISEEDPHERIND Z ERBD LN
UEDERLY, A8 FVEER) A—PiE, &
HICERE AOT Bk L Bt X2 Z ik W BEHIR
BEBRRISENEZRL, EHEMLT AT AVERICHIAET
HIEMARETH DI EDBRENT. ARICBIT BiHES:
BETORGEEZ, FHLTH45 uMs! Thot-.
el L, ZATMLIREE LTRP 5% THoT-. &
DT RATMERFRFLT LHEO &IV 220,
RSB 24 BB THBN, e iF6rmMIcTso L
WX VKIB0%DINREMET I LN TES. —F, &
NOFEFIIFFRIZBNT3S5%THY, i 1%E
EETLTDZ LIIHBHAS Tho. HEER% 96K
Mel, REFZTIDETHEDDIZEIZLVHT0% D
AT MR E RAL Z LB TES.

£ #

AOT A nx=Nya  RICPSFUEEMLE
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B U 7= AR Candida rugosa Y A—E ZBEELL, 7
v BT FARREITY, BUSEMIIH S5 7 VK
NBOEBEERFL, RICEEEEX DI NVRFRLEE
BREOBFRERYD, ERMRRIGRIEZITY, UTO
RREZBZ. 1) BAEL) R—EORISERES We =100
TRAEEZTRTZEEHALNILE. 2) BHHREOH
BriTozicky, EEOBRAKRREEOSCs[mM] =

130 DEEIC BV TRIEE & 72 B S VBRI ROER -

:_l‘—t(rMBG [mm] = 0.01 Cs+0.7) 8B, 3) R"x&F v ME

BRURCSBEAVTERT AT VERETY, ®BRE

AOTHRIK L DM AE LT, BELY R—EBORGEHE
NEHRE (864 (36 Af)) IChb Y EEICHEEIN
AL HRHBALMILE.

Appendix

ARBIIBITARIGEERERD I NVRTOEREYERD
EZBRX K1) 2ROIHICEHLT.

| REORTERIACR LT, (Al XpRD LA TW
5.

_ Vg [Vmax(MBG) 1 [_1_+ In 1+9]-0'5A1
g AgNDeKmMBG), 9(] + y)Lv ( . (AD)

Z 2T, v=KmmecyCsr, Csp=CsxPTH%.
kv, —#%{k Thiele modulus (¢) DBEEE: L TH
IR B IR THETEZ 3 TE 5.

A G T a2

(A1) RF D Vg/Ag 1T T DHE rmec/3 TH DD
b, pErmpc P E LTHETHZLARTE, T0D4¢
B L TAQRLY n2BHT D LHRTED.

AHETII2RERIGTH DD, 7V VBETF
LT IaA—)LEZNTZHIZ g1, gBTAZREL, Th LY
L Kx gl pBTARRDHOND. _

RISEEDENEE ol jX gla L pBTADTETH DD
T,

prol = plA x nBTAZ 0.9 (A3)

i 6, rmpc & (A1) AQ)RE VW KRB Z LN TES.

EMIE F80%
it =
Ag : surface area of MBG particle [mm?]
Caor : concentration of AOT in MBG phase

[mmol dm=3-MBG phase]
: concentration of gelatin in MBG phase
[% w/v-MBG phase]
Cs : concentration of substrate in organic
phase [mmol dm3-organic phase]

Cgelatin

Csr . concentration of substrate at surface of
_ MBG [mmol dm-3-MBG phase]
De . effective diffusion coefficient of substrate

in MBG particle [m? s7!]
: Michaelis constant in MBG phase
[mmol dm=3-MBG phase]
P : partition coefficient of substrate between
MBG phase and bulk organic phase
[mol-MBG phase/mol-organic phase]

KmMBG)

IMBG : radius of MBG particle [mm]

t : reaction time [d]

Vg : volume of MBG particle [mm3]
ViMBG) : initial reaction rate in MBG phase

[¢mol dm3-MBG phase s7!]

VmaxMBG) : maximum velocity in MBG phase
[#mol dm=3-MBG phase s7!]

VpMBG) : reaction rate of ester in continuous esteri-
fication [#mol dm=3-MBG phase s7!]

w : molar ratio of water to AOT in w/o micro-
emulsion phase [mol-HeO/mol-AOT]

We : molar ratio of water to AOT in MBG
phase [mol-H2O/mol-AOT]

(Superscripts)

BTA : butyl alcohol

LA : lauric acid

(Greek letters)

v/ : observable modulus
(= n¢* = Vimecyrmec?/9DeCs) [-]

n : effectiveness factor [-]

T : residence time [h]

¢ : Thiele modulus [-]

AHEO—HWiT, BREREEHEDHES (EBFR (B)
No. 11555211) DBIRRIZ X W {Thiiz.
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