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Modification of Sardine Oil by Immobilized Bacterial Lipase

Kyoichi OsaDA, Koretaro TAKAHASHI, and Mutsuo HATANO
Laboratory of Food Chemistry, Faculty of Fisheries, Hokkaido University,
(3—1-1 Minato—cho, Hakodate—shi, T 041)

Determination was made of the rates of icosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) incorporation into triolein and sardine oil triglyceride (TG).

Three kinds of lipases (Lipase OF from Candida cyrindracea, Lipase A from Aspergillus sp.
and Lipase TOYO from Chromobacterium viscosum) were first immobilized onto Celite 545. A
preliminary study was then performed to determine optimum conditions for acidolysis by con-
ducting this process between triolein and palmitic acid, using these immobilized lipases including
Lipozyme™ (Mucor miehei lipase was immobilized on a macroporous anion exchange resin).
Optimum water contents for Lipase OF, Lipase A, Lipozyme, and Lipase TOYO reaction systems
were 20.389%, 10.24%, 6.38~10.38%, and 5.18%, respectively, and the optimum immobilized lipase
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amount was about 250 mg for any of the four lipases.

Under the above conditions, the acidolysis of triolein between pure EPA and then DHA was
carried out. EPA incorporation rate was found highest in the system using Lipase OF (25.09%),
whereas in the case of DHA, it was highest in the system using Lipase TOYO (23.02%).

Finally, acidolysis of sardine oil TG with an EPA, DHA concentrated free fatty acid mix-
ture (EPA+DHA : 68.83% ) was carried out and the results examined.

As a result of the low incorporation rates of EPA and DHA into the original sardine oil TG,
the percentage of DHA in the reactant TG doubled in the reaction systems using Lipase TOYO

and Lipozyme.
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Table—1 Lipase examined.

Product Origin Sourse Specificity
Lipase OF Candida cylindracea Meito Sangyo Co., Ltd., Nagoya Random
Lipase A Aspergillus sp. Amano Pharmaceutical Ltd., Nagoya | 1, 3—Specific
Lipase TOYO | Chromobacterium viscosum | Toyo Jozo Co., Ltd., Tokyo Random
Lipozyme Mucor miehei Novo industri A/S., Copenhagen 1, 3—Specific

JR—¥1gaBAk20mL itk BBXET, 0CT
Celite 545 2.5 g AN BA LN SHA, IRWT 30 m
Lo7Ebrr%25minichizDigxicimmlizc, %
D%, 30 min N XA L TIF@2ITV, BIET Tk
S¥ 7, MIRDEENEHZTH 5 Lipozyme i&, 3T
IS TR A A a3 #utiiig 12 Mucor miehei @ V) /¥ —
EREEILENTWBEDT, ZOEFEHEHL K,

2:2 7Y RYPRICRIEBTKSBOFZEORS

EIE(LY /S —EE2KIT RSB EFBOBAE L
PEREBIOET ZEERICE LSBT 205, 20
ZHOEEKDIBICOVWTH N, KSEIZ, V/—+
ZKFIT BEITINA kY LA (n—-~NFH ) Fo
KAZEMA2BDE Lo n—=NFH vhDKkSEIL,
ZBOA YV FTOoELT L I—NLEMATELBEL,
CHEEMRHES (TCD) tL 3K -Eru< b3
74 —(GSC) #FWTKHEE A/ FTOELTILI—
WEEBEL, ROWTKELRAA /Lktiss (FID) i
D n—ANFH L EAYTOELT LI - LDREDE|
BERD, MEOA Y TO LTI - LOEEEEN
HELUTHEB L, 88, INSORIESBRUTO®
DThHAHHEE HILIMERPIBEI R 70w v TS
7715 L\, Porapak Q 80~100 mesh 2 m x5 L %
71T LT LR, 164 213 80°C, 163 #2i 150—240°C
(5°C/min); EAORUHRHEEFEE, 164 ¥ (TCD) &
105°C, 163 i2(FID) i3 330°C; v J ¥ —# X, 164 F
12 He 40 mL/min, 163 213 N, 25 mL/min.

7 ¥ K1 & Zi3, Novo industri AF 2069 0 FLic
BUTIT>7, T718b5, BEE(Y =+ 250 mg i3t
LTk E#%, Lipase OF 1213 0.38%, 2.38%, 5.58%,
10.38%, 20.38%, 30.38%, Lipase A T3 0.38%, 2.74
9%, 5.249%, 10.249%, 20.249%, Lipozyme % 0.38%,
2.38%, 6.38%, 10.38%, 20.38%, 30.38%, Lipase
TOYO iz13 0.38%, 2.38%, 5.18%, 10.389%, 20.38%,
30.38% WML, ZhFhiz n—~FH > 11.4 mL, k
VA VA v (WiEE 73%, FotisE T ¥4k &) 678,
M, /L3 F B (RREE 97%, FobMisE T s eH)
678 M % 50 mLo# =875 X it AW THE%
37°CTA4 »F aX— b L, Lipase OF 73 5 gtz Lipase
TOYO & 3 h, Lipase A (% 6 h, Lipozyme |z 1 h K
B tt, RIGEIEE, RIGE®K 1 mL 25544 ERE
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T+ A5 L 2 g (Alumina 90 Activated, Basic,
Activity I ; Merck #, 50 g ic/k% 1 g hnA CTiEM LS
b)) bicod, 3SmLoYrFLz—5FILTTG%E
BHIEBLIEICXDIT> 1, Bz TG % Prevot
& Mordret” Oz 27 )L BiETA FILT 257014k
L7t ROEHBTER-KkZ7a< bs5 74— (GLC)
WU CHERFES R A MR e LT, 25E, HIL 063 24 X
rywa< b¥5 7; #15 L, Unisole 3000, Uniport C 80
~100 mesh, 3mX3 mm H5Z2H 5 L; /5 LEE,
220°C; EAOBRE RO ES (FID) BE, 250C; + +
) ¥ —# 2, N, 30 mL/min.

2:3 BEEIYNR—-FOoREEOKRE

B Y N~ DBIC K > TIEHFBOBALNER 2
EEZAONBIENG, ROIBENTT ¥ FY ¥ X%
St DREIFENY N—ERBITOVWTHRET L, Lipase
OF, Lipozyme, Lipase TOYO (% 50, 100, 250, 500,
750 mg, Lipase A | 100, 250, 400, 600, 800 mg % %
e s0mL ofe=mr7 52 aicL b, Kickbik
REBOKEMATHSA, VA LVA Y (BB 73%)
ESNVIF VB EEOTY) #BEELLTT Y FY ¥R
21TV, IEMiBOBAREZRD I,

2.4 BEFELYN-EOTRFINTHEFHOAUTE

EEAY N—E DT X FILAHIEMIE, Novo in-
dustri AF 206 OAFIED 12> THio7:0 THb B
BEEM U/ S—F1g ThYA LA UL F VBN
min 2 1y M EA$ 2 BA % 1 BIU (Batch Inter-
esterification Unit) & UCTHEE L7z, AIEEIZ, EE
LY R —FORBEEBETTTY ¥ K & X% 15 min, 30
min, £ U CRIGEHEHHD 3 HIT>WTITW, hUA LV
A ($6E 99%, Sigma Chemical Co.) IZ#®BA Xz
2L F B (WEEE 999, Sigma Chemical Co.) %
GLC cilEL, wRick b BIUZEH L7z,

BIU=Pinc, eq.+ln (Pinc, eq./(Pinc, eq.—Pinc.))
M/t-W

Pinc, eq. : RIGEBHEICB T AZHANIL I F U8B
(%); Pinc. : 156 min Z 72i3 30 min ORIGTHA S h
T3 F VB (%); M 678 M (600 mg @ b Y 4 L
AV, 1714 mg /)L F UEE); t: RIGHR (min);
W Egfk) —-vE (g).
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BEE Y S —EEHVT, RORBELHETTEPAR
U'DHA (\WFh bl 99%, HehmmibEskRant)
ENUF VLAY (FEOY) DTV RY U RETVD, #
NEND MY F LA VADEARERD 72,

26 WhLBDT7Y RFUYRICLBIHE

MBS OFEICH > TOWb LliEFALL TEARE
B AL, 7' b ICiEEE —20°C, —40C, R
—60°C LNEIAEN LT, [EREBAEENRY 2iT7-70 &5
12, 2EOAY T LT VB BERERED 2
7> CEPA & DHA 0BEAED7\\b LilOIghhEE
(EPA : 43.51%, DHA : 25.32%) & > U AX A5 L
row bERE-THERLAZVWD LB TG (EPA :
22.43%, DHA : 6.71%) #E8 & LT, LiCRELL
BBSEMST CEE/R) —EZHWTT Y FY ¥R
%17\, EPA & DHA o#inZzic>\W TR L,

3 HRRUEE

341 ZYRULYRCHEITBEFELRY /- OK#EK
S8

BRI S—=BIck 57 ¥ K U3, WKRTHE
FICEEC 2 DT, ZOKSBEHETIHLEY 2d
5o KKABMNET EHI5AICEZ, RIGHEL, 280
BEICE, TG omKkIBONMEEINTLE S 2 05
SNTVAEY, ZIT, —ERBOEE(MLI I—FEK
M 2DICLERRBKIEE NIA LA VITHT 58
WIFVBOBARNSRDI, ZOfFER%E Fig.—11c
R, Lipase OF T3, 3 h ORIGTKSEN 20.38%
DEXBARNRESEL D, (15.93%), Lipase A ©
13,6 h DFIGT, 10.24% 0 & X WALIHEE (16.81
%) IT#E L7, &7 Lipozyme i, 1 h ORET, 6.38
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— Water content (%)
Symbols are O : Lipases OF, @ : Lipase
A, [J: Lipozyme, A : Lipase TOYO.
Reaction times were Lipase OF and Lipa-
se TOYO, 3h, Lipase A, 6h, and Lipo-
zyme, 1 h.
Effect of water content on acidolyses be-
tween triolein and palmitic acid.

— Palmitic acid incorporated (%)

Fig.—-1
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% DEXTHARNREIEL -7 (14.12%), Lipase
TOYO T3, 3hoKIET, KHBMN5.18% D& x5
LEWVEAE (18.94%) AR L1,

NSRS, BEEY —-FORBEKSEID,
Lipase OF % 20.38%, Lipase A |3 10.24%, Lipase
TOYO 13 5.18% Td % & ¥ L 72, Lipozyme |, 6.38
% PRETHDEEEZ SN B0, Novo HORIERM
T, 10% 2&EE L TWAED, 6.38~10.38% % &
BKSEE L,

Wt 5P 1%, Saccharomycopsis lipolytica D7 &
b BRERREEROTA ) THERTT Y VBOT VK
U Y RETY, RISREFEFOKSENH1I% DL X
HEDBAREBTVWE, F/, LD LT, Novo
#Tld Lipozyme 250 mg X LT 10% DK E TH
BOBAREBTVE, CHOoDHECRONE LI
WKRT, HRENTT Y P VY ZADPEI > TV B T &,
EEHEODERELS-HLTWVWE, AWEICLD, HL
H BHEEER & LT Lipase TOYO & Lipozyme IZDWT
3, BEAERDOENIREE (0.38%) THARZDEHVWE
ARERT I ENERI NI,

= — Do
f=) (%)) [
T T T

92
T

—=Palmitic acid incorporated (%)

0 . . . L
0 250 500 750 1000
Amount of immobilized lipase (mg)

Symbols as well as the reaction times are
the same as in Fig.—1.
Effect of immobilized lipase amount on

acidolyses between triolein and palmitic
acid.

Fig.-2
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Symbols are the same as in Fig.—1.
Fig.-3 Rate of palmitic acid incorporated into
triolein by immobilized lipase acidolyses.
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32 BEE(LYN—-EFOREE

I, JOPEINTT ¥ R V25T S DILERLE
B R—FDORBIZOVTREIT L7z, £DRERE, Fig.—2
WRLZZEDICWTFhoBEE/Y S—F & $131F 250
mg Fit% TEEHE L 1ZE L, 200~300 mg 235 EIED
BULEZELY N—FE LM L, Ch EoEE/LY
N—EORME, BRORBEKSBOEIEOHEMICS
BINY, REEDKSEBDOEMLD, DA ->T TG
DIKBENMRESNE DDEEZL SN B,

UELORDIFZHEEETTT Y FY X% 240
TV, BERENICHAR (Fig.-3) 2~/ 45, Lipase
OF 3 24.51%, Lipase A % 20.63%; Lipozyme 3
17.34%, Lipase TOYO T 21.33% DO3BENE SN
foo kB, TDEZEDBIU (3 Table-2 icRm L2k
12, Lipase OF (3 2.86 BIU, Lipase A {3 9.90 BIU,
Lipozyme % 9.58 BIU, Lipase TOYO (3 8.88 BIU ¢
Hoto

3.3 rMUFLSAvE EPARUDHAO7 Y KU Y

A

EEREFERBIERL ) S—Fltk > TEDEE
TYRY)vRINENEFONTT B0, MU L
A v (#iE 99%) 1o EPA ROt DHA (Wi b4 99
%) AmA, BE)—€EHEVWT2Uh 227K
AT - 72,

ZDiER, Table—-3 ;R L7z &k 5 it EPA 0B AR
¥, Lipase OF #3125.09% && b% <, R\ T Lipase
TOYO #%21.27%, Lipozyme {3 21.21% & v, Lipase
AlZ 4.34% LFEFEIBEVEARTH 7, 72, DHA

Table—2 Optimum conditions for the immobi-
lized lipase acidolyses.

: Optimum water «
Lipase employed content (%) BIU
Lipase OF 20.38 2.86
Lipase A 10.24 9.90
Lipase TOYO 5.18 8.88
Lipozyme 6.38~10.38 9.58

*Batch interesterification unit; For the definition,
see the text.

e A

DBARKE, Lipase TOYO # 23.02% & b=, &K
W, Lipozyme 2%15.31% T& » 7o —7%, Lipase
OF |1 7.80%, Lipase A |3 1.28% &L {EVWEAZTH -
7o INODIERN S, EELY R—FOREEIC L - TH
ABNNEDRIZBZN, WFnd byt LA & EPA
ROWICDHA L7 Y R U ZANERETH 5 2 &N
BohE-7

344 7YFRUDRICLBVDLBOHRE

BRAESRER S i kiE <, EPA+DHA @
BEA68.83% IcZ TEDLVD LHDESIEHEEIC
WT, BEEMLYN—FE2 BVT OV LEEDET
2dh 7Y RNy Y 2%ET->1, TDFER, Table—4 1o/R
L7c& 51T, Lipase OF T3 EPA #13.79%, DHA "
4.22%, Lipase A Tix EPA » 3.46%, DHA #% 0.94
%, Lipozyme Ti3 EPA »11.65%, DHA ' 6.61%,
Lipase TOYO Tz EPA #4.21%, DHA #35.91% &
ENENEM L7z, BEMLY = Z2HOTWH LD
TYRYYZETHE, WFNOBEEY /S—FAH
Tb EPA & DHA o# AR |3{E, EPA & DHA %
EHLELEARTLERLIEVLOTH 10% 1IcBXR
Motie ZOREEE LTI, F—IcHBEEE LBLDE
HOEHBASATVWAZ END, BAINPT VMO
FERABRDY, E > EDBINMER LItk BEEX 5
N5, $ibb, KITRLILMIA LA v E EPARD
DHA» 7Y Ky v 23 Lipase TOYO icE o 3 &
51, MIEHIMOBARIIZNE N 21.27%, 23.02% I
ELTWVEY, oA, bFH 2BEOEHE L
RIGRICEE L TRV LT, Wb LHOWE I
BFARIGHRTE, 12 BEM EOEHBENRIGICHES
LTWBEWDIZ, 2OLS5BERANEL2bDEHEES
N5, BELICRRIBICHER Licvwb LR AIEH BRI
VEBERET IBBILMNT L RY P ARIGEEEL
12 OTRIBONEBELONS,

UL, Table-4 XHBHS M7 &k 5T, &I
Lipase TOYO & Lipozyme Ti%, TG 5 DHA &
HRNZNWENHER D 6.71% » SHIE T 12.62%,
HETIZ13.32% LM 2BICbELTH D, SEDER
Mo, Lipase A ®&13, EPA ® DHA #E8 -4 3
BISICiE, FEE&EbEIONEHN, oty -+

Table—3 Rate of EPA and DHA incorporation into triolein
by immobilized lipase acidolyses.

Lipase used |EPA incorporated (%) |DHA incorporated (%)
Lipase OF 25.09 7.80
Lipase A 4.34 1.28
Lipase TOYO 21.27 23.02
Lipozyme 21.21 15.31
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Table-4 Changes in EPA and DHA content of the interesterified TG after immobilized lipase

acidolyses.
, Original sardine | Fatty acid After acidolysis for 24 h (%)
Fatty acid ) . . -
TG (%) mixture (%) Lipase OF Lipase A | Lipase TOYO | Lipozyme
EPA 22.43 43.51 26.22 25.89 26.64 24.08
DHA 6.71 25.32 10.93 7.65 12.62 13.32
BObLHOBEICENBHTES DO LRI NI, 2) F.D. Gunstone, J.L. Harwood, “The Lipid

4 &

1EEHOMEMBRO ) N -EEEEIL, ZOEE
LY R=FEBEVT MY A VA v ENLIF UBERS
ELTT Y RY Y RORIEHRMBEM %R D12, % DIER,
REKSEIR, ZhFN Lipase OF T3 20.38%,
Lipase A i3 10.24%, Lipozyme |3 6.38~10.38Y%,
Lipase TOYO i3 5.18% &7 -7, —F, SEBRZE
BOwFnd 250 mg Fitk ThHo7ko bUF LAY &
EPARUDHA L7y R v 2icB\WT, BEET
ToD EPA 08 A#E (3, Lipase OF TE 15 25.09 %
IZE L7, DHA 0 AR|Z, Lipase TOYO TEHE
 23.02% TH -7z, Wb Lihd EPA+DHA D
% 68.839%¢ K@D IIRAIHELEDOT & K Y & 2 TH,
FJA VA& EPARUDHA L7 RY v 20
BAEXD bHEARIEN 7o DL XD EPA O#A
# 3, Lipase TOYO TH b < 4.21%, DHA 0B A
(3, Lipozyme THHE 6.61% THoto 7V F
) v 2% TG whicid, Lipase TOYO 7% & Ot ic
LipozymeZ W RIGH TH 2 {50 DHA D EiEI R
H o,
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