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Biodiesel production using lipase producing bacteria isolated
from button mushroom bed
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Won-Sik Kong' and Min-Ho Yoon™

Department of Bio-Environmental Chemistry, College of Agriculture and Life Sciences, Chungnam National University, Daejeon 305-

764, Korea
"Mushroom Research Division, National Institute of Horticultural & Herbal Science, RDA, Fumseong 369-873, Korea.

ABSTRACT: A lipase producing bacterium was isolated from button mushroom bed, which showing high clear zone on agar
media containing Tributyrin as the substrate. The strain was identified as Burkholderia cepacia by analysis of 16S rDNA gene
sequence. Crude lipase (CL) was partially purified from 70% ammonium sulfate precipitation using the culture filtrate of B.
cepacia. Immobilized lipases were prepared by cross-linking method with CL from B. cepacia and Novozyme lipase (NL) onto
silanized Silica-gel as support. Residual activitiy of the immobilized CL (ICL) and immobilized NL (INL) was maintained upto
61% and 72%, respectively. Biodiesel (Fatty acid methyl ester, FAME) was recovered by transesterification and methanolysis of
Canola oil using NaOH, CL and ICL as the catalysts to compare the composition of fatty acids and the yield of FAME. Total
FAME content was NaOH 781 mg L', CL 681 mg L' and ICL 596 mg L, in which the highest levels of FAME was observed to
50% oleic acid (C18:1) and 22% stearic acid (C18:0). In addition, the unsaturated FAME (C18:1, C18:2) decreased, while
saturated FAME (C16:0, C18:0) increased according to increasing the reaction times with both CL and ICL, supporting CL
possess both transesterification and interesterification activity. When reusability of ICL and INL was estimated by using the
continuous reaction of 4 cycles, the activity of ICL and INL was respectively maintained 66% and 79% until the fourth
reaction.
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and Rathod, 2010; Draft Technical Report, 2002).
Hlole oS 7k AEA Y e TEA AW
A" (triglyceride)o] s}etEvlel T 4Fvl stol] d=
I Jhgste] o 28| 2w 8ES-(transesterification), =&
A Wbakal dF-go] o 2B 23} Wk-S-(esterfication)ol] 2] &l
fatty acid methylester(FAME)S.Z Z8tx|o] dojxit}
(Mehr et al., 2006). SAES SIS AgLte=z
3l sl s}sH SRk dWkd o2 HCI, H,S0,9F 7
< Ak Zui9} NaOH, KOHG<] A7I15WE AHg-8km, vt
o Aol glon, Ael] =
BE e 2mo o] APHER oux] 2us} 2
s £ e AR} Bol e, 9
walarEel FeABe) AAT BT A5 AT 244
ol 37 e WA (Bajaj et al., 2010; Parawira,

=

5

Q.
=

|5 G409 uoAE AMSshs 3HoRE ol =2
Z1AAEA, 1A A, A AEAds AU 3l
(Dizge et al., 2009; Jaeger and Eggert, 2002, Tripathia
et al. 2014). B3t 7|&0] g}5h4 Zuf whgol H]g] w2
2LoA RlgEo] FAolA QFE= oA o] ol A
own, FAEF BAEE Abele] Eel7t o] 347t &0l
star, 22 {7180 ARSHO R Qe S3EA A slet
2 Zuf WHET =& FHe] Aok 2Ev 840 Wt
7F BIAAL W 38 A A ol a4 e b
Aol Bo =z H7E 4 At (Yoo et al, 2011). ©]F]

= 71%o] vlE 84 33t 7o)t}
243} 7S olgstd a4l AITE 7FsA st F
Aol oAl ARAIZE = o] 7 A W= 5
T < T7WIA 71 24 &
) whgo] GHES A & Uth(Kharrat er al,
2011; Li et al, 2009).

A ARE 91 T4 IA 3} 7]eZE S2H (adsorption)
7} Cross-linking method(Park et al., 2004), covalent
attachment, encapsulation W 5| Slt}. ©]F Adsorption
(Ye et al, 2007)2 Van der Waals =5 &5 A% =
A 58 ol&ste] EAE IAE BAl A
71 WHo R v]go] ML g4 o] A fAEE
| 2y g eke] A o] o] wjEel] A
A8 = gtk 28y Cross-linking method=
B8 HAVE FHATS o] FHA B4 S Bol
A== R Agge] el AR AR vk
48 7t (Yoon et al, 2011; Kim et al., 2005).

2 A= HiR 22E  lipase ARt
Burkholderia cepacias w2ISIaL, 2]t 2 E 3|5
H lipase ZEAE  Cross-linking methodE  ©]-8-3}%]
lipase 2273} 45 Ax 3 F, 454 7152 Canola
ol ZHH g3t gl ofg AAE vhe] 2 oA (FAME)

I

o]

HEME

Hpo] @ YA (FAME) REgoll ARS® 7121 Fhsehh
(canola oil, 99.999%)= EAIZ3NE AFELS, palmitic
ethyl ester(16:0)2} stearic ethyl ester (18:0) 52 FAME
¥7EZLS Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA)llA Q) ate] ARE-s3{tt. 37783} (immobilization)
o] A}-&-3t lipase(glycerol ester hydrolase, E.C. 3.1.1.3)=
Novozymes(Denmark)Atol| A F48HH 3L, 753k AR
3t support= Silica-gel(Merck, Germany)S ARE-3F3S
o, 7171840 AREE BE AR B8 EFARS

4319

Lipase d4t7o| 22| ¥ &3
SHEE o A ol e ERE gl

HIA S 33t T}, Lipase AAbdS H2lsk7] flske] &
&o] WiA] 10 g& 90 ml Bitsrol] ¥ol 60wE<t '3t
%, Luria Broth(LB) agar HjX]o] =23}4] bacterial
colony=< #E|3ttt. FElH o2 FH lipase A kT2
A2 Tributyring ¥33F= phenol red plate assay H
(Singh et al, 2006)S AMHE-3IATH 29 TS &F
e Eae] @ colonyE FHOE E coli 16S
rDNA F+¢] conserved sequences 71Z=Z g+ 27F(5'-
AGAGTTTGATCCTGGCTCAG-3") primer2} 1492R(5'-
AAGGAGGTGATCCAGCCGC-3") primerS ©]&3}o]
16S rRNA H7|MES #4181k, #4938 16S rRNAC]
FEq Lo 4542 DDBJ/ EMBL/ GeneBank database
] Blast programs ©]-8-3Fe] 43T

Lipase =& 4 XM=

Lipase A+ 2HH lipase 28405 3|57 flst
o kAo R 1% (v/v) tributyrin®] $-f-E Minimal
Salt Media (0.2¢ MgSO, 0.05g Fe(CH,COO),NH,,
0.085 g NaNO,, 7.8 g Na,HPO, - 2H,0, 6.8 g KH,PO ¢
per liter, pH 7.5)% ©]-8-3}d 35C, 72h wigsitt. vl
A& 8000 gollA] 20 min YA ste] 3] & v goiH &
70% ammonium sulphate® ¥3} A|# A& sl a4
AAE Ittt AaAES EHTE o83t 12h
FASH &, BAAS A% AlA w53 2aide
FAME /35 $18t ol 2H| 27 8WE-3-(transesterification) 2}
IS EAE A xs7] $13 lipase® ARSI

Lipase 185}
B4 IS S FEHoRE T dojzl g4
7} Novozymes lipaseS 4= |43} Yu 5(2006)°]
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RIS cross-linking-2 L3 HE3}] AT Lipase
o} A A Z+= Silica-gel(Merck, Germany)S A
stRen, Ao EeEES AAS] st Kim &
(2005)2] Wl wet Silica-gelS 35%(w/iv) A8
fle 20°C, 150 rpmolA] 2A17F St WESAIA A
SIS T). Silica-gel ™ol amino silane group2 FAJA]7]
+ silanization ¥-8-& A 2]t FA|E silanization agent
¢l 10% (w/v) (3-Aminopropyl)triethoxysilane(3-APTES,
Sigma-Aldrich, USA)2} 50°C, 150 rpmollA 2417+ &<t
WESAA S/HTE MAS & Dry Ovendll 2A]7F 5 A
ZA At Glutaraldehyde: Silica-gel#} lipaseE 12 Al
AF+ Cross-linking agent®, °lv IFH+4EE E3l
lipase 2] amino group3} Schiff baseS FA 3t =
Ao lipaseE HAlOl A= &S st A3}
£ 931X 2% (v/v) Glutaraldehyde(Sigma-Aldrich, USA)
9} silanization g2 7% Silica-gel= 0.1 M Phosphate
Buffer(pH7)oll &3%3ked 20°C, 150 rpm o2 2A|7F 5<%
WSAIA S/RTE AF, AFste] Lol lipase 3243}
BAE YAEA A vlo] o Al mASu) vhgo A
& skt

Lipase Activity 58 % Lowry method

Lipase activity 5742 Winkler & Stuckmann method
(1979)& °]&3t3Att. ol= 7]1&<l p-nitrophenylpalmitate
(pNPP)2  HB Jazhgel o fal, 44=H= p-
nitrophenols- 4 &sh= et 5 30 mg®] pNPP(Sigma-
Aldrich, USA)E 10 ml isopropanol(Sigma-Aldrich, USA)
of =21 714 A%} 0.8 mg Triton X-100(Samchun, Korea)
7} 0.1 mg Gum arabicum(SigmaAldrich, USA)< 100 ml
0.1M TrisHCI buffer(pHS8)oll %91 712 BE 1.9 H|&=
et 7S Az 712d&del 1%  (w/v)
lipase &4 0.1 mlE #7Fste] 40°C, 20 min W& A7
3 IM Na,COs& o] v XA &, 3335
ol-g-3ted 405 nmolX FHEE=(0.D)E FAsIUTH &
A% 1unite £ A4E 1 pmol p-nitrophenol =
oJslict. vl A Lowry 5(1951)8] WS A
ato] Y 3H 9] free lipase oF g s) & ool o] whal
d S A3, EFEZ R bovine serum albumin
(Sigma-Aldrich, USA)S AH&-319it}.

Biodiesel M= & 24

ulo] @ Tl A (FAME)S Al %3}7] 98l Canola oilS AHE:
stol slsby Foiy, EAH Svhy 29w vAs ax
Sl g ol-8ste] ERLO|AE S} wh-ol] o] et
= 27 Axsdoh. A48t 0] 79 43] W ARE
a4 FAMES Axg ¥, 7t Sl 3582 Hlaskd
t}. Canola oil®] SAA o2 HE HgE FAMES] &
28 6890 series GC system(Agilent Technologies, CA,

USA)E ARS3IRAL, 4] Z4E2 DB-5 column(30 m
x0.320 mm L.d., particle size 0.25 um, Agilent Technologies,
USA), ©]57 = (carrier gas)= A4S AREslo] B2l
3} 71%7] (Flame Ionization Detector)® F213}3ic}. &
2278 injection SEE 250°C, Detector &5+ 250°C
2 AASAL QB LEE 140°ColAd 187 fAE
5°C/min®] =2 FHF 250°Co] =2alA 1087 F414]
A BAslen, o] W) FAME ¥5%2$ HeptaneS ©]

3o} 200 ppm7bA] 31415he] AHgSsLt.

Slin S0f, 4% U NHEEL S0HY
sjs So) Wy 97de) Eui9) NaOH AHEH S A

813} o (Shin, 2004). Oil AlSE 40°C7HA] € A7l &,
0.35g NaOH®} 30ml Methanol &£ H7sly
40°C, 15 min7t WESA|Z] &, H-8oj 5 (Separate funnel)
< AHESt] & EElekiTh. ARl TS 3ot
A2-014 2000 rpm, 30 mins <t YA 3t vlo] oY
A AHES HTH o= 353

g44 Zu) WH-E oilZ methanol®] Z71WHs- & Y| &
1112 3kl 12~18hr 2] BAIHCRE F 36~54 hr F<F
methanolysissl= WHS A SATHDuU et al, 2004).
40°C7HA] 7183 oil AlE 24 ml9t methanold 24 ml &
& g %, 0.72 g9 lipase$}t 2 mle] F/TE H7lskA
40°C, 150 rpmol|A] 12~18 hr 5<¢F WHSAIZITH, Wk 3
22 WPHO 2 oil 3 methanol®] EH]7} 1:39] H|E7HA]
TR & e e FEAAT. S Aeds
2000 rpm, 30 ming <t RS HAEQ] vlol e
AL Breiditt. 1At aaFu e A9 Axe
3t 84F FSulE o]&sted E4% Fulf Wi U
oil Z+ methanol®] =H|E 1:39] HIE7H4] SAIZ & 3
7¥ste] methanolysis ¥H-8-5 355, AR 33}
A4S FUYHOR 49 Nks ARSI FAMES A&7t
, 7k 31579 lipase &40 7= €493 FAME 358
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Free lipaseE O| &8l interesterification HtS

FA19] triacylglycerol(TAG) 74 A|¥HAFS Auld 2]
71 Free lipase®| interesterification ¥+-&- &5 &+
°15}7] $lske] 71421 Carnola oil, palmitic ethyl ester
(16:0)2} stearic ethyl ester (18:0)% 1:1:19] & H|&2 &
ek &, o R HE dofxl 2847} Novozymes
lipaseE & 712FA19] 10% To2 H7tste g4z
oAl 46°C, 200 rpm Z71°|A] interesterification WF3-2
Tyttt =2 TAG 2448 dotir] 918k 2, 8,
12, 18, 24AZHE 2 W35S F3le] HPLC (Waters, USA)
£ o] &3ty st Ex st ks 245
o). EAjof] A18-¥ A7-S Nova-pak C18 column (4 pm,
150x3.9 mm LD., Waters, Milford, Ireland), ] 542 &
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% 1mL min'¢] £%2 81| A (acetonitrile)2} &7 B
(isopropanol:hexane=2:1, v/v)2] H-3H] 8:29] H|E&Z A]
Zhste] AAs] WAl 717 &ElR EEFRlAL,
ACQUITY UPLC evaporative light scattering detector
(Waters, USA)E °]&3sld AE3IAY. TAGS] =432
retention time (RT)<} partition number (PN) AFo]2] #HA|
4g Faje] BAGAOH AL F ONE TGS HA
GasE ovia NDE & oFA%Y 4B Eay
(Park et al, 2014).

Partition number (PN) =
Total number of carbons (CN) — 2
x total number of double bonds (ND)

SHXE|

S AAE= SAS (statistical analysis system, version
Z13y5k3d
oA HS

9.2)E ©]8-3l] Duncan's multiple range testE
om 7t 1E7ke] £2] 1] Aol S p<0.05 %

&3l
zn 2 1%

Lipase ¥&He| 22| H lipase &4 M=

21/1- Hoq;_ /H/HU:] o]:_-‘o] ;q.]u]]l-:ﬂ._/] OLx_o] HHX]E
FE 71=<Ql Tributyrin®} phenol red”} T8 IZA|W)A]
el Frg3kS PFA3I= lipase A4S E2I8HT). 16S
DNA o] F37e] 718w A el 285
2d4 Burkholderia cepacia ATCC15416" 2} 99.6% 3%
]S BATH(Fig. 1). Ee]FOE HH lipase £EAE A
%3] °] 3}od Tributyrin ©] ¥ Minimal salt Hj =] ol|
F ookl mided S 70% AR E o7 23}
Eis %‘ﬁ = E/\"“P_i ARSI 28 A
5} =43 A}, lipase B

=2 01

o] wha
22.3 unit mL" ,%ﬂﬂ?‘ ﬂ —8—

ATEg s Novozyme hpase
2 ke 143 mg protein 2 2 A

22.6 mg protein 0101—7
AL 52 4 unit mL" , Tl
o=

Lipase 1183}
Cross-linking methodE ©|-&-3l] A%

g st ax

I Burkholdenia ambifara AMMOT (CP000442)
—WJ—LEWMDMW aifusa A-1580T (AMTATE9)
3 stabiis LMG14230" (AF148554)

=

Burkholdenia metalica R-160177 (AM747632)

8 cenocepacia J23157 (AMT4T720)
Burkholderia arbors R-242017 (AMT4T630)
Burkholdenia Jata 383 (CPO00150)

Burkhoideria anthina R-4183 (AJ420880)
Busholoenia seminalls R-241957, (AM747631)
Burkholderia cepacia”
901 Burkhoigena cepacia ATCCIS416™ (AXBO01000009)
o 2/ ia vietr LMG10929" (AF097534)
Burkhoigeri js CIP107078" (EL024179)

i) B witivorans ATCC BAA-247" (ALIW01000278)

5 Burkhoideria fatens R-5B307 (AM747628)

4 B dofosa LMG1834T (JX986970)

0,001

Fig. 1. Phylogenetic tree based on 16S rDNA gene sequences
of lipase producing bacteria, showing the position of strain
Burkholderia cepacis ATCC15416" with respect to related
species. The scale bar indicates 0.005 substitutions per
nucleotide position and accession numbers are given in
parenthesis.

o] ¥4} A free lipase®] @A 3H=F} lipase activity
2 743} & 2 (silica-gel)l —E.Zfi.%] el g Skt o

silica-gel & §2H ol 3588 2§49 Novozyme
lipaseE W] é}dq(Table 1). 57_7§§]-°ﬂ ALR-3E free
lipase®] ©HlA ek} lipase activity 22l a4
7F 3.15mg3} 11.9 unit, Novozyme 47} 1.76 mg3
10.03 unit ©]AT}. Silica-gelol] 2P 3ste Tl shake
Za8v 67%((2.11 mg/g silica gel), Novozyme 78%
(1.37 mg/g silica gel)Z Mustranta 5 (1993)°] H3sk I
A3} support® Amberite resin, silica gel ¥ polyethylene
2 o] &sIlE ARt g XA A stE A
z‘sl—at(mg)o] l-:OH:} T3t u]% ;/_zqg}oﬂ /\}S_Q Zar _,]
gl Eeko] =90} 2 gARTH AA| g4 Novozyme
o] FHLE =2 yAHSES BAEH, oldd=

2o ©hla f=w7h A §421 Novozyme HUTh "‘7] UH
2ol Aoz Algdn}. 743t & A AA 9] lipase =8
A& 7.98-937 unitZ FFH free lipase activity2] 65-
2%l dFshes 8-S 2oL, Silica-gelol] g3t
chaldghegol] ok A2 97% o] =& A4S

=25

Table 1. Comparison of protein content and lipase activity on free and immobilized lipases

Free lipase

Immobilized lipase

Protein contents’ (mg) Acivity (unit)

Bounding protein” (%) mg protein/g silica gel

Activity/g silica gel

3.15+0.12 11.92+0.14
1.76£0.11 10.03£0.15

Crude enzyme

Novozyme

67.324+0.83
78.57£0.75

2.11£0.07
1.37£0.04

7.28+0.13(61)
8.73+0.16(72)

*Protein content supplemented to 1 g Silica-gel
"Total protein content bound to 1g Silica-gel
All values are mean SD(n=3)
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Table 2. FAME contents obtained from Canola oil by
transesterification with the different kinds of catalysis

FAMES Catalysis(mg/L) :
NaOH Lipase® Im-Lipase
C16:0 116.64+0.12 66.27+0.13 60.56+0.14
C18:0 83.51+0.14 154.35£0.14  135.68+0.15
C18:1 413.35+0.16  328.25+0.15  303.27%0.12
C18:2 123.55+0.15 99.31+0.12 74.42+0.11
C18:3 44.79%0.13 33.57+0.13 24.53+0.13
Total SFAME 200.15 220.62 196.24
Total UFAME 581.69 461.13 402.22

“Free crude lipase obtained from Burkholderia cepacia.
"Immobilized crude lipase.

SFAME: saturated fatty acid methyl ester, UFAME: unsaturated fatty
acid methyl ester

HYJogM A3}t Fo|% lipase activity’} SHFESHAl &
A== 02 et

Z0jjof HE Hio|2C|” HEt

Zuo] F7o wel SR (triacylglyceride)o] &=
< (methanol)3} ¥H-3-8}¢7 transesterificationol] 2]3] FAME
2 %= F&S AT 518H4 Ful 2= NaOH,
9% EZ 2= free crude lipase(CL), 22|32 Immobilized
crude lipase(IL) €45 ©]-83}o 7122l Canola oilZ
E] 12A]7} Methanolysis ¥Fg-ol| 2]3] Z3ke vlo] Qr]d
o] TRt AeE-S v A3}, AYE T FAME g2
NaOH 781 mg L, free lipase 681 mg L', 43} lipase
598 mg L'=02 E9ko}, ¥ saturated FAME a2
B Fuff WhHo] ] SviRiET FFo R v =
Al YeRtth(Table 2). A4 249E FAME $H3Re
unsaturated FAMES! oleic acid(C18:1)7}F ¢F 50%= 714
=901, saturated FAMES! stearic acid (C18:0)7} 22%
Aol & FFo)t. 53] C18:09] AL 10%
o A Bk 4% WhHol 27% HAE =4
Ueltow | palmitic acid (C16:0)E ¥Z2Ho] 9% &
TOE GAYHTE 23] 5% =UTH & A 7|E=
AREE Tl T8 A e EX SRR
oleic acid (C18:1)7} 57.7%= 71 =2 23S Uepile
™, linoleic acid (C18:2) 21.5%, linolenic acid (C18:3)
10.3%9] =olR L, E3FA 4RI palmitic acid (C16:0)9}F
stearic acid (C18:0)= Z+Z} 5.89} 2.4%°]3ith. wlehA]
Canola 0il9] C16:09] g7Fo] C18:0 Xt} 2vf J= =24
&= =7k, aaFuiel o A4JE FAME®2 C16:0
B} C18:00] 4vf o] A Yephd 3= Park 5(2014)
o] By AT Fuukg-IF oA lipase Eaol o3l EEs)
A ko] ZSA AL 2 A 8kE] = interesterification WHE-

o] Bl dejt Az AAZIY. AAHow A3}

_LL.

Table 3. FAME composition(%) obtained from Canola oil by
transesterification of crude lipase catalysis at the different
time reactions

FAMEs Free lipase’ Im—Lipaseb

(area%) 2h 8h 12h 18h 2h 8h 12h 18h
C16:0 59 83 96 97 64 89 104 108
C180 43 179 227 231 72 187 229 239
C181 619 528 492 488 605 547 503 49.7
C182 197 152 138 13.6 182 155 123 117
C18:3 82 58 47 48 77 52 41 39
XSFA 102 262 323 328 13.6 276 333 347

YUFA 898 738 67.7 672 864 724 66.7 653

*Producing in different kinds of Catalysis.
*Immobilized lipase. SSFA: total saturated fatty acid methyl ester,
YUFA: total unsaturated fatty acid methyl este

840 G- L4 KT} 24%, free lipase BTl 13% S
2 A FEES YO EA, Cross-linking method
o o8 AxH 343t 47} vlo| vl AMS 9%
SHEAM 7hsd 1o R AR ET

AlZto]| HE Hio|2C | Het
A7k w2 FAMES] 24 9 8 =
AFet7] €] o]—o:] FE2]gtol| A HAS free crude lipase(FCL)
3} Immobilized crude lipase(ICL)S ©]-8-3l%] Canola oil
o EFHALA(CI6:0, CI18:0)7 g;ﬁ}zlﬂw(cm 1,
C18:2, C18:3)o.2HE| H&¥ FAMES] & (area %)<
ZAFSIGAT. Whg-AZbo] Sl wet FCL ICL B
Ex3AE FAME®S] 2447t 7%3}1 EsA| At
FAME®] 2/dv]= F71ste] /b 12h § & =34
A ok 20% FHAskAaL, RiHel| B ZIPAAE S
H|S=3 F0 7 F718I0Th (Table 3). ©o)F 7P &
S XL Y= CI8:1 w2790 vlaiA] 12% 7
23AL, C18:02 4-54) S7hske 43S HIo=A, A&
7] ¥re-x, FCL #} ICL &4l 2]3l transesterification
= nteresterlﬁcation Hhg-o] FAl dojd F AS g

A& 5 AT

>4

LipaseE 0|28 interesterification H+S=2| X[dHoH A
TAG =M

2] lipase® 7HrEaiut-g- EAd3) o ~EH| 2uk3-
e Al 7HAAL gle 7lél<ﬂ TAGE g3k AW
At B3] EXIAWAFS interesterificationdH-3-ol 25
sxto 2 A7) E Aoz dEA Utk (Lee ef dl,
2005). Free crude lipase(FCL)®} free Novozyme lipase
(FNL)Oﬂ 9]5} TAGE Zd3= AWAME9] interesterification
Clacs glIsk7] 9ls8led Canola oilE ©]-8-3 lipase
eate) 1nterester1ﬁcat10n kS A 7HE TAGE 7435k A
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Fig. 2. Change of triacylglycerol (TAG) species obtained
from interesterification reaction with free lipases (TAG
species: OOO=oleic acid, LDO=linoleic acid, PDO=palmitic
acid, SDO=stearic acid).

FNL: free novozyme lipase, FCL: free crude lipase

ik 2] ¥WstE HPLCE o83t 413819 o) (Fig. 2).
Ft=ge] TAG 24S triolein(000)°] 57.23 area%,
1-linolenoly-2,3-dioleolyglycerol(LDO)®| 33.46 area%,
1-palmitiyl-2,3-dioleolyglycerol (PDO), 5.72 area%, —L
2|3l 1-stearoyl-2,3-dioleolyglycerol (SDO) 2.53 area%
Ax o)Qltt. aaete] Hhg- AJ7to] ZojAE Carnola oil
°] F8 TAG 2/4%] 0009} LDO9| 3+go] 748t vt
< 24717 & 000+= 16.72 area%, LDOT 12.68 area%
FEoZ A A ST v, 23} A4kl palmitic
acid®} stearic acidE -3 TAG ZAESS] ke 57}
ke AFS Eol PDOS] e 2295 area%, SDO%E
10.64 area%= 7160, F a9 interesterification
WS- 82 FNL 8§47} FCL §4RT} ofd A4 Yelst
o} ool AxE B3 FCL# FNL 84+ TAGE A4k
o7 7R 5l FAMES 2 Z3HA]7]= transesterification
D7 TAGS] A4t 24, 53] BXA RS 314
Wako 7 W 3kA) 7] Interesterification W3- SHA1S FA|
o] 7EA AL Adtke AS SR shal it

Table 4. Comparison of FAME content and residual activity(%)
according to reaction number of transesterification
using immobilized lipases

Reaction Residual activity(%) Total FAME(mg/L)*

number  IM-CL"  IM-NL°  IM-CL°  IM-NLS
¥ 100 100 60.95+0.13 68.52+0.14
2 89.3 94.5 52.37+0.13 64.15+0.13
34 78.5 87.7 56.72+0.14 59.18+0.15
4" 66.4 79.2 39.22+0.15 53.411+0.14

All values are mean SD(n=2)
*total FAME contents of C16:0, C18:0, C18:1, C18:2, C18:3
*immobilized crude lipases, “immobilized novozyme lipases

Immobilized lipase2| ZHAF2H (reusability)

7743} lipase T49] WHE ARE A] G4 @A)
FAME A4 &5 ¥|235l7] 93le] immobilized crude
lipase(ICL) Z} immobilized novozyme lipase(INL)E 43]
Wk [2A]7) transesterification WHS-AIZ] B #boj gk}
% FAME &S 2AFF T (Table 4). ICL 3} INL9] 2t
A2 R3] F7E F71stell wet A ] Haste] 43]
WS, 7)1 SJAke] el Ml 34% oF 21%744] 2F
2O RA 90% 1] BT &L B 7|Ye] A
of= Afol7t AN, FJSY L o] TRt =ET
5 &Ao] E=A AU

A O
= i

Fbo] FFF viXZRE lipase BAtS Elsto]
16S 1DNA 732 245 T2l F8% 23, Burkholderia
cepacia ATCC®} 99.8% 73545 UeRth. 2l B.
cepacia M FAN o ShiE TAHNES 70% FAHt
o2 HHAIA crude lipases 3531t 1293} &
25 Ax37] 218t crude lipase(CL)Z Novozyme
lipase(NL)= cross-linking Holl €l3] Silane3}# Silica-
gelol 243} A7l A3}, immobilized CLICL)S 61%,
immobilized NL(INL)S 72%¢9] 72848 62| &}3]Th.
A Canola oilS €47 (NaOH) Zujje} 4~ (CL
9 ICL) SulE o]§3t] AWAik(fatty acid) o= 3l st
%, methanolysisol] €]+ o] 2~E1 7 o] RE-g-(trans-esterification)
< B8l Ao zRE H3kE o] o)A (fatty acid
methyl ester, FAME)?] &79} &2 vlu stk A4
® & FAME %S NaOH 781 mg L7, free lipase 681
mg L', 243} lipase 598 mg L0 2 Egkom xuf
A 24" FAME ¥ linoleic acid(C18:1)7F ¢F 50%
2 7P =9koH, stearic acid(C18:0)7F 22% =2 &=
Fol AT, Egk whEAZke] SR wel CL # ICL
2 B3R FAMES] 23U = 7HAstal, A& o
2 E3AWALE FAME®] X2dHl= S7lete 43S Bo
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