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ABSTRACT

Development of biotransformation process using

lipase coated nanobiocatalysis

Yuan Chun Hua

Advisor: Prof. Lee, Jung—Heon, PhD.
Department of Chemical Engineering,
Graduate School of Chosun

University.

Lipase (EC 3.1.1.3) is versatile enzyme with potential industrial
applications. It has been used for the modification of fat and oil and
synthesis of flavor esters and food additives. The object of this
study was to develop a suitable immobilization lipase from
Chromobacterium viscosum (CV) for production of biodiesel. Lipase
was immobilized on the surface of nanofibers as supporting
materials by using cross—linked enzyme aggregation by
glutaraldehyde. The immobilized lipase on polyaniline magnetic
particle (PAMP) is easily separable by magnet. Also, it was much
more stable than free enzyme system and it could be used
repeatedly with simple recovery process. Immobilized lipase was
shown that the storage stability was higher than that of free lipase.
The residual activity of immobilized lipase CV was 95% after 32day

and that of {free lipase was 40%. The produced biodiesel

VII



composition using soybean oil was similar to that of and grapestone
oil. The conversion using free lipase was about 60% and using
PAMP —lipase was 80% with continuous stirred tank reactor
(CSTR).

Fructose ester and Glycerol carbonate were synthesized using
free—lipase and immobilized lipase under batch reaction condition
enzyme. The conversions of fructose ester and glycerol carbonate
with free were 64% and 30% under batch operation. The
conversion of glycerol carbonate with immobilized enzyme shows

13.4% under batch operation.

Keywords: immobilized enzyme, biodiesel, fructose ester, glycerol

carbonate, CSTR.
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CH,OCOR, CH,OH R;COOCH,
- | R
HOCOR, + 3CH;0H === CHOH + 2C00CH,

LHZ OCOR, H,OH R,COOCH,

Figure 1. Transesterification reaction of triglyceride.

HOCH, OH HOCH,  oH
° ° H,0
+  ROOH — g * 2
HO HO
HOCH, CH;00R
o) (o)

Figure 2. Lipase—catalyzed synthesis of fructose fatty acid esters.
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HO OH /0
— S
—— o + CH;OH
+ o]
H;C
\ s
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o
Figure 3. Lipase—catalyzed synthesis of glycerol carbonate.



A2 ddAs H W

2—1 A3IAAE
2—1-1 A<k

B Ao A 1 AZFEZ] 8] lipase from Chromobacterium
viscosum(sigma, USA)E AF&3sta, A Azl polyaniline,
FeyOs(sigma, USA) & AF&3I3itt. wlolev A& Alx3st7] 213 A=
FAE= F715 (soybean oil, W), EEH f(grapestone oil, ¥7
2D & AFE-3k vk, 1¥tell Glutaraldehyde solution 25% (sigma, USA),
p—nitrophenyl butyrate 98% (sigma, USA), N, N—
dimethylformamide (sigma, USA), p—nitrophenol 10 mM standard
solution (sigma, USA), sodium phosphate (Duksan), n—hexane HPLC
grade (Duksan), protein assay kit(Bio—rad) S AF&3F3tt. D—(—
)Fructose (JUNSEID), Palmitic acid, minimum 99% (Sigma), Lipase
B Canida antarctica (Fluka), Acetone HPLC grade (DUKSAN),
Molecular sieve 3A beads 4—8mesh(Sigma—Aldrich), Glycerin (DC
Chemical Co., Ltd), Dimethy carbonate (Wako), Tetrahydrfuran
(Sigma—Aldrich), Molecular sieves, 3Abeads 4—8mesh (Sigma—
Aldrich) & A}-8-3F9 o, L —proline ((s) —2—Pyrrolidinecarboxylic
Acid: Mbcell) & Acetonitrile (Sigma) & A}&3}F33 o).

2—1—2 Continuous Stirred Tank Reactor (CSTR)

WS- 717} 9rE5o] Hth(Figure 4). AM49E ¥ES7)= 5719

=
f gk W WMEAO T gobd AR T F UEZ FAHUT. oA
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%7 7F 2E H <tk Figure 5. & WHg7] gF2 ¥
sh7] 3 g3 5 HolF= Zlo|th

sto] A& wHEIF-S-7] (continuous stirred tank reactor:
CSTR) ollA AFAI1ZF F&el dist A% st A& 529 &
3lo]l 2]ste] S- T g2 Fo] Qe WU A W F5 2ml/min,
resident time 10min®llA 4—NPB2¢ d&&L2 50% vrell A &9k
ARE 9F2 s @2 ¥bgT] A w 22 {53 AFAIelA 71d 9
AgkE2 90%7HA =skdtt. ol s =

YA 52 Iml/min, AFAIZFS 7min 4 o d3}ES HoF F o]
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() (b)

Figure 4. microreactor configuration
(a) Microreactor; (b) The full process contains a syringe pump, a
microreactor and a fraction collector.

@

Figure 5. Images of CSTR—plate (a) before lipase coating, (b) after
lipase coating.



Table 1. Effect of plate and residence time on p—nitrophenyl
butyrate conversion.

. Flow rate Residence time Conversion
Condition ) .

[m1/min] [min] [2%]
With plate 2 8 45
2 10 50
16 1 43
) 2 4 75
Without plate 3 5 90
2 10 90
With plate and 1 - 20

PAMP
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2—2 §A4A3AA3} AIAHUY
2—2—1 Polyaniline coated magnetic nanoparticle (PAMP) A| X

A o7 H2]7}s53k polyaniline nanofiber? A#AFZE £38llA] iron
oxide WxIxE  H7Fske]  wWEEAlZ]=Ul polyaniline S A
nanofiber”} 7] ¥ Eo]71= &E] H3= nanoparticle 3] polyaniline
©] coating¥+= FHEe] AA e & FEErts T YA HE=
nanofiber®] A x7} 7hs3kAl st Th o] E Al A ZE3$E nanofiberi= &

= BAae nstE f&l WAdarel » gt
7Hg dRtFlow A4 Eotdd AW S Figure 6. o YERA
vkel o] AbshAgEje] whel, b 4FSEE (pernigraniline), S 1HAFSHS
(emeraldine), €3 %9¥3 (leucoemeraldine) © & Y&t} ARty o=
SZHAEsE 2 (NH4) 2S2088F 22 At A& AFE-3l 8N o] FAxAak
A Bhell Al obdHE AR Ak REEAIA HGA A S drE g

=

Ju

de 5 ., A3
SHA & o] g3l 5 5 St} ol AP = =2 FIHASHAIZE 3
A= Row FoHATt
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2—2—2 L—proline®} polyaniline2 ©]83}e] A2 2
A Z

3mg?e] L—prolines 1.3ml <59 =3
o] ¥ PANI(polyaniline) ¥ Z-ZeA 24A1%F 2 4ol E3eivh
= L-—proline¥ PANIE 3: 792 H=d]l2 =33k, olgdA =3
PR (polyaniline&proline) & Y& H #3}Ftl. 10mg/mle] lipaseE PR
o] 7ststel 11 SAdS S5k ®Bk

ddE AM=EE KBr 22y & Ao =F==2 WEil 15~20psie]
dEHsS 7St KBr ZE (pellet) & &= 9% Fourier Transform
Infrared (Perkin Elmer System 2000 FT—IR) A~HEHS
4000~370cm ™' ¢ FAelA F743H3A .

I
[40
o
L
»

o
L
)
AN
z
ol
S

2—2—3 Nanofibero] &431733}

a42s 143 A717] YA 2 mg2l nanofiberel lipase&AsS FH &
pH®] buffer Imlel ¥ &4 2} nanofiber”} & HolxF A2 4 30
F F<2F 200 rpmo® T =95t} Glutaraldehyde £(0.5 %)[11]=
H7Vste]  AFeolA AHow  2AIXF wESAIXIY. a4vF g3k
nanofiberE 20 mM sodium phosphate buffer2} 100 mM tris—HCI
buffer (pH 7.5)% A3 HA = aset HESHA 2
glutaraldehyde& AASth. 1G5t E %] S E47F F73] AlA=
744l 8~10 W Al gk, Alz¥ 31793} nanofiber®] BHEE 574

S HEZo] AFE-H 7] A7F=] 4Ceo| H3ASH}.  Lipase from

(RS =)

Chromobacterium viscosum<- 20 mM sodium phosphate buffer (pH
7.7)S AFE3Fo] nanofiber 2 mgell &4 0.1 mgS 14 3FsFo] HEL9

AFg-sheet.
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a2 10 w Al=2F 200 2] protein assay kit 1283 SH
790 w = Z33FaL 595 mmollA SHE=E =43 ¥ Bradford
methodE& AF&3Fe] &3} tE. Standard curvey Bovine serum

albumin (BSA) & 24 s of (Figure 7) [4].

1

2—2-5 49 = =7F

Lipase?] &A% =732 p—nitrophenyl butyrate (p—NPB) & 7}+%
3] &}o] p—nitrophenol (p—NP) ¥} butyric acid’} A E =4 o= p—
NP9 X+ UV/Visible—spectrophotometer (Ultrospec2100pro,
Amersham) & ©]83lo] 400 mmol|A S35 SAH3A 0. ¥ 0.7
mM p—NPBE 7]z 2 3}o] 1ml 20 mM sodium phosphate buffer (pH

6.5) A free lipase solution T+ 133 @45 Y1 24 &
oFHA WS A]A AlZte] ulE kinetic activity®E =333 1 ¥
1ml cuvetteol] A R 35}FH ). Standard curves= p—nitrophenol® &%

B2 S5t 2k (Figure 8) [12—15].

2—2—6 3133} &492] Characterization

Free lipase, 12733} lipase? 7]|& ZA] p—nitrophenyl butyrateZ
AFE3FH T, w52 HE=E 0.1 ~ 2 mME 3] kinetic activity S =73
¥t} pHB.5, %= 25T A lipase enzyme assay 2} =<3k HY

o= %33k
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Figure 6. Indicates the accessible oxidation states of polyaniline.
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y = 0.6239x + 0.0048
R? = 0.9949

0 | | | | |

0 0.2 0.4 0.6 0.8 1 1.2
Protein(mg/ml)

Figure 7. Standard curve for determination of protein concentration.
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2.5 T y = 4.727x + 0.0187
R? = 0.996

0 1 1
0 0.2 0.4 0.6
p—Nitropheno! Conc.[mM]

Figure 8. Standard curve for determination of p—nitrophenol
concentration.
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2—3 d2H =3 7S
2—-3-1 H&4d 715< °1 &% volend Bik

25X 7152 ol ~H 23} Y-S free lipase2} PAMPeo 127 3}
AlZ1 lipase& ©]83Fd A2 35K vF. Shaking incubator (HB—
201S, st = o] &35lo] 200 rpme 37C & A EZEXNF =&

= F7]E 0.5 g9 methanolS 1:4 (molimol) & Y31 A2 & H7}

(5%)3F & XNE w35 A1ZELF T 2, 4, 6, 9, 12, 24 A 7ol wal 50
w Al52E AFH 3] n—hexane©] 208 3]st GCE F 3l HF

=
& ¥ nANELZ A H5stel g Aol AAESte] whee

2—3—2 Fructose® ©]£-3t Fructose ester At

oy

[ ot offt %

40ml vial®ll acetone 20ml, palmitic acid 85mg(0.3mmol) =
kil palmitic acid7} A5 34 E wji7zbx] EZ=°] =uh 7] I
60mg (0.3mmol), molecular sieve 3A 2g, Novozym 435 20mg =
3 ZFskAl EEWA 6 CeolA "¥E&S X 8Yskt}. Stanadrad cureve

Palmitic acid = 73 =3} ¢} (Figure 9).
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2—3—3 GlycerolE ©]&3t Glycerol carbonate A3AF

100mle] 4Fzt Zetk2~=e] THF 12ml, 28] A"™ 0.55g(6.0mmol,
DMC 0.54g(6.0mmol) ¢] # Ho]|%x= =33ttt Novozym435 300mg,
AHraE 4 1mg, 183 &4 4mg & FES HES &) ¥i 55T,
200rpmellA 3641t Rbo& XY sk LA AEE AES F
3lel GC(Gas chromatography)® AAEAES] IS =SHF
Glycerol carbonate 5X¥ E Standard curveZ= 9FE2 o} (Figure 10).

2—3—4 Gas chromatographyZS ©] &3l esteri4]

A A~H =3} w52 vhg&E W ®HEg- A 52 Gas—Chromatography
(GC2010AF, Shimadw) & ©°]&3slo] &3t} Columns DB—-5MS
(Agilent technologies, 0.25um X 60m X 0.25mmlID) & A}&3}9 9
], o]%E 7} (carrier gas)y A HF 7lfAE E37]|AE AFESHSY
t}. A2 Split modeol A 1ul injection 3t HAXES HE=7]
(Flame Ionization Detector) = =23} t}.  Biodiesel ©lA methyl
ester® =742 injection 2% 280TC, oven &% 250 T, detector <&
T 290C 193 column 5 0.49 ml/mino = 3ol FEASI ).
Fructose ester =72 injection &% 280TC, oven 2% 2507,
detector &% 290C 1¥8]3 column % 1ml/min = 3o &4
3R}, Glycerol carbonate =42 injection =% 250TC, oven <
T 50~200TC, detector =% 280C 1¥]l3 column 5

0.82ml/min = 3} 3K tF(Table 2).
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2.E+05

y = 37651x - 2887.9 ¢

1.E405 | R? = 0.9901
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0.E+00 | | | | | | | |
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Palmitic acid[mM]

Figure 9. Standard curve of Palmitic acid.
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8.E+05

7.E+05 | y = 11407x - 3483
R? = 0.9996
6.E405 |

5E+05
LAEHS
<
3.E+05
2.E+05

1.E405

OE+OO 1 1 1 1 1 1

0 10 0 30 40 50 60 70
Glycerol carbonate[mM]

Figure 10. Standard curve of Glycerol carbonate.
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Table 2. GC analysis condition.

Fructose Glycerol
GC condition Biodiesel ester carbonate
Injection
mode split Split Split
Temperature 280C 280C 250C
Injector Carrier gas N2/Air N2/Air N2/Air
Total flow 27.9ml/min 54.0ml/min 45ml/min
Column flow 0.49ml/min 1.00ml/min 0.82ml/min
split ratio 50 50 50
Column oven | Temperature 2507T 2507TC 50~200TC
Temperature 290C 290C 280C
Run time 55min 12min 40min
Detector (FID) | Makeup gas N2/Air N2/Air N2/Air
H2 flow 40ml/min 40.0ml/min 40.0ml/min
Air flow 400ml/min 400ml/min 400ml/min
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A3 A3 W o

3—1 L—prolineg °o]&3l] 7= Ao 421733}

A xz¥ PAMPS®} lipaseild3lt ¥ SH=2 103 Alx3 PR-LP

Z AlA 2483 AI = SEM image A5t Wt 1
Ay A3 F w@x T lipase enzyme’F A E EFoF Yoigl
= gl & 4= At} (Figure 11). olgA nA3I}E =

2
protein assay S %359 70%2] &A7F @A 2Wo A HETE=E A S
o
=

Figure 12(a) 4] 3100~3400cm ! ¥LollA] JEeE}E= =344 o
A+ -C=N¥ -C—-NH-9 AlFxFe] 23 ZAox HojX|w,
2000~1650cm™ ! 99 ¥z wol WAl XFdAPS & 5 Agrk &=
3k 1597, 1507cm ol d == zhzb F= & zeler WA 8§ e
o] C=C AlFxFel ok Aolw, wlxl &3 glel 2lst =37 ¥ st
Al e T olE Rol A EZold ¥l EF emeraldineit s EY
AS AT 4 Q) Figure 12(b) ol4l+= Figure 12 (a) 2} 8] =3t 7
A7F YEF wAIWE 1581.1~1485.5cm” 'elA] —CO—NH—-R2] E}o]=

=)

Asto] HAdE RO F Hol L—proline?} polyaniline®o] AStE Ho =

L
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Figure 11. L—proline with polyaniline SEM image.
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(b)
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80 T T T
4000 3000 2000 1000

Wavenumbers(cm-1)
Figure 12. FT—IR spectra: (a) PANI; (b) L—proline with PANI.
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3—2 Nanofiber °l] €4 31133}

A|z=¥  PAMP® lipased 3t ¥ SHFE 23] o]
PAMP-CR & Zstzlx A7 SEM image #4245 ¢ A% 143t &
nanofiber 3ol lipase enzyme©| A ¥ RFo=Z oA = AS &
”l & 4= vt (Figure 13).

2 mg2] PANI, PAMP®]| Z}Z} lipase—CRE 31133} & Al7
2 mle] bufferE F 3] Bradford method®l] 2]&Fe] Folqli= w2
FEE AT &4 10mg/ml FAlel S W PANFiE= 36%,
PAMPi= 11%°] 11783t 385 WEglth Lipase—-CVel 4% ax
] unite] ¥°} O0.lmg/mlE 23S 1483 AlHS wf 100% 12743 =

Fd¥ . PAMP+= A 3= sl 9o &4d7] 2

=
porel] FAa=E 23t &4 1 AF3Z} 8o F2 FOoFE Alm Tl

o
3
N o

O
RS Ao
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() (b)

Figure 13. polyaniline magnetic particle SEM image.
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3—3 12A 3} &4 2] Characterization

3—3—1 3233} lipase? Enzyme Kinectics

Michaelis—Menten 5 Km3¥ Vmaxe= €49 7139 A5 2789

5482 YUEhdH, 27 84 s=el vlHEste] SrtE= toR 549

HExE Uetd= $83% miZiHa=olth. Free lipase—CVel A9
0.1lmg/ml¥t-s A] Vmaxi= 0.703(mM/min), Km< 0.975(mM), ke
= 703(mM/min mg)°la, 311783¥ PAMP 0.lmg/ml2] ®HE A

Vmaxi+= 0.428 (mmol/min), Km< 1.23(mM), ke, 428(mM/min
mg) O F oA XA G40 60% FE7F Hi= HESEHEoly et
= AAEAEY 26% ¢ W=t o] A3E Table. 3 ° FEst3l o

Ir

ol|FAL @i FA FHAaFTdoer ZAEAAE, 7AH Euje] FAH,
gzl o] G2 Al Wl gl {fE3AH A ToR AT AR
olaf] Udojt Ao x AZrE T (Figure 14,15)[18—21].

B3 ErE AFESE] WES 2o UE S =S ST WS
2EE 25~75CE T7MNAE W FHAEE TSIt AIFS Bl
T3 FaAE 257F 25~75C Z7te wEl S %7 28] Z71E =)
3 A EAE SHE7 38 F=713ES Bk gy &40 9F
L 25T w2 A &40 B[St oJste] mE Sx= %
2skA PR 25T, 50CeF 75Tl B#s] FHA Alde] X el w
g ST SRS o 227 58 75 5240 G4 EE 9435 "ol
B T ATk ol# T Y [FAE Eie] g A o
7

0 e
W e

N
-~



= 25CoA 322 AP = 40%, 50CNA 8 HF & 2%, 75T A
1Y A3 3 1= o] ALY QoAFAT 383t a4 A9 25T
o 1 32U A F AL 95%, 50TCoA 329 A3} F 8%, 75ClA

-
1Y A3 ¥ 3.5% 9 A7 FA%H= Aoz Hol & HgAdol

S
ey
0Q
c
)
@
—
)
~

freed > Bty A3 a47F ¢ =vs= AS e &= 9

3—3—-3 A3} F&2] AMAE 71

dox 8W HEES|A] AFS-sE -9 3]
22 o] V] AN ES 62% 2 3]FES R Figure 17.
= a4l TS AR OE RoFE Aol 53], & ATelA s

o wAE SAlE Aol WE Krm 2] el ¥2vh golshwA
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Table 3. The catalytic activity of the LP immobilized on
magnetically separable polyaniline nanofibers.

VmaX .
(o M/min) K., (mM) | kear (mM/min mg)
Free LP 0.703 0.975 703
Magnetically
separable 0.428 1.23 428
immobilized LP

Lineweaver-Burk Lineweaver-Burk

0000 01j=000

1
] st

Figure 14. Lineweaver— Figure 15. Lineweaver—Burk
Burk plots of free lipase. plots of PAMP—lipase.
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@ rrecLP25C

VW Free LP 50°C

B FreeLP 75°C

O Immobilized LP 25°C

YV Immobilized LP 50°C

O Immobilized LP 75°C
11 T T T T T T

0 5 10 15 20 25 30

Time (day)

Figure 16. Effect of temperature on stability of the free and
immobilized LPs.
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Figure 17. Recovery of immobilized lipase after reaction with
magnet.
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3—4 | AHE3} RE-S-
3—4-1 AEH 78S o) &% HolotA A

Transesterification 2] URFA Q1 WHEE 2 A= AFHAAT 1 9
o AZFA] AEZHolw FES A QD REZo] dojuh=d], WA N
triglyceride”} diglyceride® W2%k% ™ fatty acid methyl esters Y&
oJfar  o]o]jA] diglyceridex= monoglyceride®, monoglyceride:r
glycerol® WH3 T HA FHFHOoZE A FXF2] fatty acid methyl ester
= WEof YA Hh [22] o] Zo] methyl ester® WHESHA A 2
AFeFo] triglyceride?] 1/32 F4sHA ¥ dEE dojrmgla 394
<> FF FTHAIZIAl Ak viele v Ale] Hx= tjAlR-el B3k g
Zr=t}F, w3k o] estere< WA BAFS] 10 = slFsts AHAE

E@sa Qo] A WelM SARRT} Fe B

fllo
iy
i
£
X
i
o

U
1o
i

X A3 o A= lipase from Chromobacterium viscosum
ALE5te] X T F-2F FVE5S Y952 314 methyl ester® WHIA| 7] =
A¥s F¥IIH. daeE HEeess AFEStel fA9 HEeEs 14

= 2] K o] 23 lipaseF vl 3 7d o A
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3—4—2 3T WrS7]oA A<D &4 3 &40l 27 biodiesel
]_

AAFEE FS 1-3 a4F °ol&ste] FVIFSEHE viole tA
S FA-SE AFES XY XA aLE o] &3 viole tjAe] A
£ 133 AR =9tk Figure 18.5 By xAaihs AME-3)
A FELE 64%, 113} A AFESAS W vt
ole. YAS FE&LE L6%°ltt. dAA HiEil %= Chemical
transesterification WH& ©]&3 &2 85~95% [23] & A] ©o]F &

biocatalysts WH KX T} 5 ©v Vegetable o0ilE ©]8€3F methanolysisg]
(o]

TFEL2 75-92%°|t}. o] AFo] 2HL GAaNEgo FHo glomwg
BALNFSS 244102 wiRE] 3P o NESAIZFS AFIET S AT
FEo] AHFsA s AoF AlmE ).

3—4—3 3E2A UL r)o A BE3 712 o)L3 biodiesel A+

Figure 19.(a), (b)E= soybean o0il¥} grapessed oil %
transesterification 3+ ¥ gas chromatography =& =74 3F A318>=
ojt}. o 7] 4] peak 6.3min = hexane®]il 10~14.5min W peak<-
methly ester©]t}. 712] 2] peak> o€ =3} RES-oA A== FAb
= peak o ®Al REEFHA A FHA F7FSEITE 10.9min, 14.1min,
14.4min, 14.7min w7} Z}Z} palmitic, steric, oleic, linoleic acid®]
methly ester=°]t}. Figure 20.:= F 7FA] oile] WEg el A1 2] A%
5 Hol Fed A/ AgEe] FrIee] ddsrRt ok A

Al Yeid= AS =l g 5 QAT

¥
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nlol ¢ tlAl-g g4 3 Fo] uAH3 §4 PAMP-LPE= Aoz 3
FROAFRSE & AL ste] 1 g8 S

23S &kt 34¥E PAMP-LPE 7|23 Hg2e &3

15 FoERE AMES FHote] vloletAde] 55 =

Aok th HEES|gE= wiole TRl @G Ee s Agsklth

HolF+= PAMP-LP+ &5 PAMP-LPS] 88%

HAok g3 a45 7H 5 Fo] vlojedAe] 828 58% %

B AAEEE AHESte] AR wsw AW F gle wmrh w1

)

3—4—5 CSTReA 312733} a4l 2]g biodieseld] At

Figure 22. &= CSTRelA 12743 &4 PAMP-lipaseE AFE-3}o]
Flow rate 0.01ml/min, WH-&%-3] 4ml, resident time 4A|ZF S 2 3}
o] 2 E biodiesel 2 sxE YELH Folt. I eA R niel
o] HE-Z-A|ZFo] 28A|XF o] F-of Wkgo] HAGHE = AS B F3
©1 conversion®] 80%¢°] E&3sloial ol= FE2] HEST]oA] HE-S

g o] Hrt} %S conversion &% UERRETH
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Figure 18. Effect of the free and immobilized enzymes on the
production of biodiesel.
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Figure 19. The produced biodiesel peacks from Soybean oil(a) and
graphstone o0il(b) are detected by gas chromatography.
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Figure 20. Yield of biodiesel from both soybean oil and graphstone
oil.
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Figure 22. Synthesis of Biodiesel by PAMP—lipase at CSTR (flow
rate 0.01ml/min, RT 4hr).
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3—5 Fructose ester AAF
3—5—1 FE 2] 274 XFEA 9%k Fructose ester A

Tl A Fol st dFS &V flste] =o] AS wWel flS u
Slfructose ester@d A S v]wste] Bk} Palmitic acid 20mmol,
TAA 24ml, fructose 20mmol, Molecular sieve 3A 4g& =33 &
gk HEg-8-7]°lli= Smgel AFEAE Y3 vt 3 §EE8-7]oli= Smg
ol AFEAE Imld%) 2] 3% S/l &8st 5
Z3Ysrd e, 1 A3E Figure 23. o eI A=
< w2l ester?] HF &2 20%, =] U w o
o] AL =o] = wel W &2 1/4¥) FEylel <td
T AT aHEE o HEZoAE Ba BWA & g sF+=
Zlo] {F&3stth. AARE oAHESE whEolA = ZEAREEe] F HbE=
FXs7] fleke] TAS HFoew @AY AHES AASteE WHES
AFg-star Qo o]’ RES-o A= Molecular sieved ©]-83Fo] ®b
A AN EE B AASHAT. a4e] 448 FXEH7] f18ke] ®JE
7ol AFg3t= B2 fructosel] &35 FAJ3FY] molecular sieve?]
T2l Fructose WolglE A3l molecular sievel] #8-2 #]3f

e},
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Figure 23. Effect of moisture content on the enzymatic fructose
ester synthesis.
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3—5—2 Novozym435E& ©|& 3 fructose ester AAt

Z3H o) 23 ester A AF{E vl wWIE Ho|r}.
Figure 24.(a)+= VortexE ©°]£3}3, Figure 24.(b)3 magnetic
stirrerE ©]&3lo] 60CoA o ~H =3 W3S X33t Aoy, 18
3 Fo] BT 64%° =F s

H| S8k 724

Figure 24.&

O FZHFE A AE AS wel A
2 Sabeder, Sasa’} 2005l ¥®x 3 A2 ve}
= = s A7AYrE B
= A+= A PAMPE

=

al ol
7 wee
ao] glrh[24]. oW Aol Ai=He] =
817 QT o] ARNE o

o

2183 A 80%2 A3 &S =
=
AFE-317] 2138F°] magnetic stirrer+= A}

2] dAFelA Al PANF<} PAMPE ©]| &%t ester ¥4 ¥l vl

3l a1 3k}
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Figure 24. Fructose ester synthesis with novozym435 in acetone
(a) vortex, (b) magnetic stirrer.
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3—5—3 32383} a4FE o]&3t fructose ester?] Y4k

Figure 25.1= 9] PANF$ PAMPe| Agairs w43t 5o
fructose estersS 43t Aottt @A PAMP 2mgeol A+ &%
lmg 3143} g 5 o]gdA g3} s 2 FGA 57/E Ropx] FAINES

o gttt = 5me o Af &2E 10mgel DAl 1Ak A}

g3tk PANFE 28 wyow dastalch, 1@ omye 7243 vt
= YRS W] CAL—-B/NF, CAL—-B/MP7} 25 20%3d %2 A3
&8 etk ol AfELsl 7247 e AR w 80%el
Sobi= A8 g 4u] with ol FREieldlste]=e] os] axE
WA T A maSol FREpdlslol e oa] swAge] Hw &

g4 HIEAS dA-dSAY, FFE 5478 AR ddEHV e 3 1
=2 CAL—-B/NF, CAL-B/MPe]| 23t B =2 F=7F A &m0l
el w2 olfi Jlw AR Q% aio AR Wl FaAE
of o3 o= dAgkdEAnt ARt A mas 0] Bt

©
oX

A AR WAE Fa Aol o8] 357 golsnw
AFFatel AT ol Ad EAE AMEF TAWG o AA Aol
@b Yzt
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Figure 25. Fructose ester synthesis with immobilized enzyme.
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3—5—4 g3t {718 ulE o] &3t Fructose ester A4t

2—methyl—2—butanol® 72413t 7}]
o] A%k &o] ATk olFHL {7187 acetones
2 & 60% Hol 39 Yok g2 E esterd] &
#4718 E acetoneE AlE3tE FHo] FEITHE A ES
|7k acetones AME3IAS W MES RO oA A7 T

Aol= =H o] LAY

Figure 26. £m <59 E A& e Aol {780
5] LI:H 3
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Figure 26. Influence of organic solvents on palmitic acid conversion.
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3—6 Glycerol carbonate 3AF

3—-6—1 F&F & w®W-g7|A A+ FEAL Novozymed35°] 2]t
Glycerol carbonate *3AF

Figure 27. + Novozym435% XAFE24£E o]8&3t Glycerol
carbonate ¥4 Ao]tt. Glycerol 500mM, DMC 500mM, THF 12ml,
molecular sieve 2g® 3lal HFE53F HFS-87]E o] 83 AFah 1lmg,
Novozym435 300mg=® RIS X3S u 36A1F & AFaAh=E

134mM, Novozym435Z+ 286mM<2] Glycerol carbonateZ& 32
T AT, = Ag o] 60%°ltF. o] AL =i [25] 8] W@z

e

=
—

9
oj\
Ju
o
o

3—6—2 Glycerol carbonate /3 Qo] A2] &2 HgF

Figure 28. & 55T 2} 60Tl A Glycerol carbonate$Ad 4 ¥}o]t}.
JHOoZHE 60C<Y v Glycerol carbonate?] AAd=o] 55CAU wr
o 20% % 7}F8F3A T
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Figure 27. Glycerol carbonate synthesis with free enzyme and
novozym435.
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Figure 28. Glycerol carbonate synthesis with novozym435 in
different temperature.
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3—6—3 3 2] "HFg7|oA] AZ3}AE A 23t Glycerol carbonatef]
]_

Figure 29.i= 3|24 wWkg7|elA gdstasis ©]8&3F Glycerol
carbonate ¥AHS HoFE Zojtt. Y AdAEFEH ZVINESHLET)
% (Glycerol carbonate:135mM) ZA AL HA >3
st Ele =gty 1 tr2o®  PAMP-LP  13.4% (Glycerol
carbonate:67mM) %3 PANI-LP”} 8% (Glycerol carbonate:40mM)
24 AL wpA]Erel]l YEFS S U T ©o]i= PAMPZF Glycero carbonate
Sl PANIRY 7o) &= v A7 Levs e & 5 2l
=

3—6—4 Molecular sieveZE ©]£3l Glycerol carbonate2] AAF

Figure 30. & Molecular sieve”Z} Ao thst A3FS 27 23510
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Figure 29. Glycerol carbonate synthesis using different immobilized
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Figure 30. Influence of molecular sieve on the synthesis of glycerol
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Figure 31. Influence of PANF concentration on the synthesis of
glycerol carbonate.
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