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Abstract

Structured lipids(SLs) were synthesized by enzymatic interesterification with DHA-enriched fish oil(containing 27 %
docosahexaenoic acid) and soybean oil in the batch-type reactor. The interesterification was performed for 24 hr
at 55C and TLIM(immobilized lipase from Thermonyces lanuginosa, 10% by weight of total substrates) was mixed
with 180 1pm of shaking. The fish oil and soybean oil were interesterifed with several weight ratio(fish oil : soybean
oil, 2:8, 3.7, 4:6, 5:5, w:w). Reverse-phase high performance liquid chromatography with an evaporative light-scattering
detector separated the triglyceride species of SLs. The products contained the newly synthesized peaks. Especially,
one of peaks was distinctively increased with the increasing weight ratio from 2:8 to 5:5 while the peak of trilinolein
(LLL) decreased vice versa. The effect of antioxidants such as catechin, BHT(Butylated hydroxytoluene), and their
combinations on the oxidative stability in SL. were investigated. Oxidative stability was cammied out under oven
test at 60°C over 72 hr thereafter SLs were analyzed for total fatty acid content, rancimat, peroxide value, electronic
nose and TBARS value. Among all combinations of antioxidant, the highest stability was obtained from 200 ppm
of catechin. Besides, total tocopherol (a, y, and S-tocopherol), iodine and saponification value were analyzed
in which iodine and saponification value of SLs were 151.19 and 182.35.

Key wonds : Structured lipids(SLs), Functional lipids, Fish oil
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Korea)ol| Al A& 2+ AA|o]-§ AL o F Nutrin DHA
27(DHA 27% <H, EZHE 0.5% o, 57
CAF Al &2 ARSI T & Ao A A4 A E 32
{8l AF8-¥ lipaset Thermomyces lanuginosa =5 §-2|
3l TLIMO = lipase”} silica gelol] 1233} ¥ § 40|t} o]
B A triglyceride £-2}2] sn-17} 39] 9| z]of] EojH oz
2Agote SA4S 7R Aok A siksiA R ALeE
catechin<> A] == BNI(¢H:}, Korea)ol| 4l 4 3}51 o™, 314
&} 2k3kA 91 butylated hydroxyl toluene(BHT)} a-tocopherol
< Sigmaol|A FYst] ALEsIE T 484 dAtEA Q)
cateching emulsion3}A]7]7] 98] AF&% glycerin mono
olate(GMO)= FA Al 2ol A Fhtol AL23l .

A4 AR Ba7] Al 55t BAE ol 42
H] & (w/w)= 28l3ld (o) : 5 = 2:8, 3.7, 4:6, 5:5)
Hek & AA 71" FAS] 10%<) 3)F3sf= Lipase TLIM
(immobilized lipase from Thermomyces lanuginosa)< 4 11
55T, 180 ipme] ¥F2- whk oA 24| 7F Fk Hhg-A1 A

HEEol EUal A3E B9l lipaseE A AT - &5
HF-2-E-2- 0.5 N KOH9] ethanol £-98-2 o] &3}o] A F+A]
A4 4 T AAE F e FRREEE Al A
ol#fg gt FAS Azl ¥ 4L A ES anhydrous
sodium sulfate column, Z1-3- ZF3l5=7|(EYELA, N-1000,
Japan)2} NoE- o] -85t 42E3} hexaneS A A, F53I T
1e]al vl Eest ARl eSS db] A4
R WlE F oot e A 150 g5 1 5, w wE
scale-upste] ThA] FABISL 9l oF 22 Whio 2 FA|
A& ARk

Reversed-phase HPLCE 028t XIHAXIEQ| triglyceride
=AM

Hl&2 gelste] B A4 A2 tiglyceridee] &

E BA5)7] 98t reversed-phase HPLC(RP-HPLC)E
o]-gstqtt. ¥43% HPLC= i SP930D 7 Hxzo}
Sedex 75 evaporative light scattering detector(ELSD, Sedere,
Alfortvill, France)7} “2F%] o] QIth o] ZAO- acetonitrile 7}
dichloromethane&- ©|-83}% 2™, column Nova-Pak C18

column(4 ym, 150 x 3.9 mm id., Waters, Milford, MA)°| <%}
U} o|FAke] 7187] 82 Z71E Table 13} ZoW, 52
0.72 mL/mine| )t} A|BE 10 pg & 3+ 3 acetonitrile
- dichloromethane(7 : 3, v : v)& &3}31 &1l 10 mLeol] =<
20 pL FY skt

Gas chromatographyoll 2|st £ x| =M 9 sn-2
position &4

Zzte] o] & AMAE 2457] ) saponification
3} methylationS A A SFF T} Test tubeol] A58 YL 0.5
N KOH9] ethanol €992 1.5 mL 7}&}od 100°C water bathe]]
A 582 FRAIZ & WSkt W2 3 BF: 2 mL
heptadecanoic acid(1 mg/1 mL in hexane) 100 uLE 7}t
T opA) 2870 2947 W) AE AEle] et be
o] hexane 2 mL¥} 33} NaCl 1 mLE& ¥ 1 vortex3+ 3
AAAZAG. F Foz HEHTE hexaneZFs F-vl 5
anhydrous sodium sulfate columns: ©]-8-8fo] & 2 &5
B8 A A GC vialo] ¥z BA135130c}

A7 AL g3ty gk 7183 ghgE9 sn2
position®] A|WAF A3 54L&l AlE 7~8 mg, 7 mLe]
1 M Tri-HCI buffer(pH 7.6)¢+ 1.75 mL2] 0.05% bile salt
S0, 0.7 mLe] 22% CaCl, &9, 12]31 A|59 59
pancreatic lipase S ¥ 11 37°C water bathol| 4] 3% F<ot 7},
W7hg 33] WhE AAEITE o] % diethyl etherE 7}5H
ZZ3+ S anhydrous sodium sulfate columns ©|-8-3lof <
B g BE5S Al ASIY TR 27180l hexane : diethyl ether
. acetic acid (50 : 50 : 1, v : v : v)& o] 83} TLC silica
plate(20 x 20 cm, Merck, Columbia MD, USA)ef| Z 7| Al A
Rf %o} 0.0391 2-MAGE- #-2]3t3L 6% H:SO4= methylation
319tk Sn-1.3 positione] AHMAE 224 AlAEA & Tt 2T

Sn-1,3(%) = (B3TAG - sn-2)/2

slstA MZE 9 tocopherol 4]

NF55t o, A4 A2 7L, 2 el Hras)
= AOCSe| A€ #io g Z43ATHE). 7419 o, ¥
S-tocopherol #2412 UV detector”} #H2rx o] Q)= HPLCE
o]-8-3}] normal-phase 2 A3} T 22} tocopherol®] 7
T Erw s 50~125 pg/mL=E hexaneol] B]4ste] £
g Es olgd TRL TaNT. B A
column- LiChrosorb Diol 5 ym(3 x 100 mm, Chrompack,
Raritan, NJ, USA)©|$) ©1H, mobile phase= hexane : acetic
acid (100 : 0.1, v : V& % 1 mL/min®] 5822 |87
5L 295 nmollA HAEstHch AlE 1 go] 5 mLe 6%
pyrogallol ethanol 8243} 1.25 mLe] 60% KOH &2 7|5}
of 38| vortex A7) F 4ksE IR E HE NoF A7)
% 70T 270 A 3083t WA 7T wkgo] it &
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WA 7|2 2% NaCl 8912 5 mL 7}sfe] thA] &b ¥ 25
3] vortex AJZ Tl 18]35 0.05% BHTE ¥33F hexane :
ethyl acetate (85 : 15, v : v)& &3H &HE 2.5 mLAY
3H Y1 otk A 7EAE o83 BEAA 5 ml
hexane< % ©] membrane filtration A]7] 1. HPLCol| 22213}
o wAB
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e P Aol W o o Al A - TR ol
=55, v:v)el kst SRS Qs A FaksiA <l
catechin®} ¥ 32+8}A)Ql butylated hydroxyl toluene
(BHD)E 200 ppm®] 71314t} B3} a-tocopherol 100 ppm
¥} catechin 100 ppm, a-tocopherol 100 ppm} butylated
hydroxyl toluene(BHT) 100 ppm< 217} &3t 71819
oh 22t =84 B39 catechin® §A]of] 2] 9] w]&
| emulsions}E ¢|3td HA| 49 2% E%9 glycerin
mono olate(GMO)&} 60 CE 7} F §4]d] W oF 3087}
sonicationd} ¢ Tt. Butylated hydroxyl toluene (BHT)$} a
tocopherol 2 60 CE 712 H §A]d] 2& Y71 sonicatorz
T3 AlFTH
M5 £ £H

A5 Ak =4 71 A1Q] Rancimat(Rancimat 743, Metrohm,
Switzerland) & ALS-3te] G| EHo| T o} § 9} A
T4 XA At S B S8k 7Ky A ¥ (acceleration
test)= Holo] A8 L= 100T, gas flow rate 20 Lihre]
27X ARtk 4 25+ A -2 induction
periodE A4 4~ = %2 100C= AA stk

HX=0ll ofst 7| e 2

oot AT A gAkstAl 7o) whE gk dE
3t =g dolir] 93] A8 AAHE(a-FOX 3000
electronic Nose system, alpha M.O.S., Toulouse, France)i=
107l 2] metal oxide sensorMOS)Z 7}4] 12 9t} = SY/G,
SY/AA, SY/Gh, SY/gCTL, T30/1, P10/1, P10/2, P40/1, T70/2,
PA2E o] Sith 7} drldd 85 A AME
= SY/AA, P10/1, P102+ |24 Fd-E2-8 PA2, T30/1,
SY/eCTI AlM &L 7] 8l & 7HA] 3t} SY/G Al <
Puiol 9 3 SRS AT, TIRE A1F 9719 52
AEE= 744, P40/1 AlA = fluoride 2 chlorideS 7Fx) 5}
ATH9). B4 21 dry/humid air®] H]&0] 20%7} HE=
225 36T, 4HE 5 psi, 371 TEL 150 mL/min® 2
37| 2HA 2EHl s E8ste] AASI T dF7] AARL 20
mL vialol] A5 1 mL& A 27} 39tEd 2819 o)
Incubation A|7F2 58, &%= 35T, 2182 500 rpm .2
31o] headspace 2HE] 85 }5iTh o}7]14] AL g R:
& 2mLel §9& A% A A7) B U712 ol galo

0CZE FAEHE FA) o #HelA 0.5 mljsecd] £ 2
injection portol] U}t

Peroxide value(POV) % thiobarbituric acid
reactive substance(TBARS) £3

gHAtekA] Hotell whE o) fof AT X 1 7|3
o] At} =2 S st7] A8z A E okt
a709] 153 obF- A FHIeRA| e of ok Al A
2719 15 60T gF27]ol| 247 B9t Haksiaith 27
(OAZHEF-H 24A)3F A S 2 peroxide value(POV) =
thiobarbituric acid reactive substance(TBARS)% = AOCSH
o elate] 742k 2] o)} Wi} Fale] HERE 751
SATH(10).

SAl A2

A7 Aske PReREAAL Yoo, 7 183
F-2] A& SAS(statistical analysis system, version 8.01)
program®] duncan’ s multiple range testE A A] 8l p<0.05
Tl FodS A ATHL.
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= ZQlg 4= glem o2 Qe ¥hgo MY Hrg &
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=0 FerS 2126k 1 TAG @) trilinolein(LLL) peak$}

T 7)Aol whgells o A= g E peakshobE AEB

1 W3 AEE A EgITE Wk 5 o]fe] HlEE SUHA]

A2 EA AYAE peaks < 3 = Z7}als] o,
|=

trilinolein2 ©F 2.38} ZFAStth MEA E4 © peaks=
Aok WERE 4602 B8 AAG B9 A2 445
Q3L 5:5 ¥ &) A9 2 WS wolA g3t Fig. 12
RS- 7181 ol frotk Ul 12lal F 71 S 552 WA
71 A4 %2 e] HPLC chromatogram-< YERH Ao 2
trilinolein®] 749 A 2-F peak®] T4 A= & F

Z XM =M 9l gn-2 position &4

712 2 ALE-H o 552} DHA-enriched fish oil 18} 51
SaE A 2] F AL R R AP 24S
249 Ak Table 29} 29k o] Fo AWk
linoleic acid 54.06%, oleic acid 24.69%, palmitic acid 11.54%
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i T Fig. 2. The change of new peak and trilinolein in structured lipids
mV- : © according to different substrate ratios(Soybean oil: DHA-enriched
| fish oil).
12 |
)&\:
MMJUKM Table 1. The gradient condition of RP-HPLC(Reversed Phase-

High Performance Liquid Chromatography)

Fig. 1. Chromatogram from the reversed-phase high performance MpY T ]\g]él 7 m
liquid chromatography separation of (A) DHA-enriched fish oil, (B) 0
Soybean oil, (C) Structured lipid(Soybean oil. Acetonitrile(%) 70 49 30 30 0
DHA-enriched fish oil = 5:5 were synthesized by 10% TLIM, for 24hr, at 55°C) 1. Dichloromethane(%) 30 51 70 70 30
LLLn, 2; LLL, 3: OLnL, 4 PLLn, 5: LLO, 6: OOLn, 7. PLL, 8 LOO, 9. LLS, .
10: PLO, 11; PLP 3¢: newly synthesized peak ‘Mobile phase.
Table 2. Fatty acid composition(area %) of Soybean oil, DHA-enriched fish oil and Structured lipid
(Unit: area%)
) Soybean oil DHA-enriched Fish oil SL”
FA ;
sn-2 sn-1,3 Total” sn-2 sn-1,3 Total” sn-2 sh-1,3 Total
14:0 . 6.19+0.01 2.65+0.02 3.83:0.02 1.75+0.02 1.72+0.01 1.73+0.00
16:0 1.28+0.09" 16.67+0.05 11.54+0.00 23.38+0.03 23.89+0.06 23.72+0.06 16.72+0.42 16.3240.35 16.45+0.19
16:1 ; , - 226+1.97 7.54+0.95 5.78+0.04 2.29+0,02 2.740.08 2.56+0.08
8:0 0.69+0.06 5.69+0.03 4,02+0.00 2.41+0.11 7.56+0.33 5.84+0.03 5.6140.18 4.67+0.08 4.98+0.01
18:1 25831064 24124037  24.69+0.03 8.69+0.52 19.51+0.35 15.90+0.11 21504045 22464012  22.1440.15
182 67.62:054 47281033  54.06:0.04 1.95+0.51 1.29+0.27 1.51+0.02 27844060 30924020  29.89+0.14
18:3 4.58+0.13 6.25+0.05 5.69+0.01 - 0.72:+0.00 0.48+0.00 0.72+0.20 4.79+0.11 343001
20:4 ; ; - 3.00+0.07 3,50+0.05 333+0.02 13940.22 1.48+0.11 1.45+0.00
20:5 i ; . 6.65:0.05 6.94+0.00 6.84+0.03 2.56+0.04 3.15+0.03 2.95+0.01
22:5 2.88+0.15 1.89+0.06 2224001 1.2740.03 0.85+0.01 0.990.01
22:6 - . . £259+1.10 24534042 30.5520.17 18.35+0.01 10.97+0.04 13.43+0.06
SFA” 1.97 2236 15.56 31.98 4.1 33.39 24.08 271 23.16
USFA® 98.03 77.65 84.44 68.02 65.92 66.61 75.92 77.32 76.84

UFatty acid composition.
“Structured lipid obtained from soybean oil with DHA-enriched fish oil (5:5) by TL IM lipase in stirred-batch type reactor
TTotal fatty acid.
“Values are the means of two determinations with standard deviations.
“Saturated fatty acids.

YUnsaturated fatty acids.
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DHA-enriched fish cile] 2]¥}2ke thekalA] ZA)8t¢ =)
1 < docosahexaenoic acid(DHA)= 30.55%, palmitic acid
23.72%, oleic acid 15.9%, eicosapentaenoic acid(EPA) 6.84%
o e+ UehiIth o] & B3 Awake o 67%,
X3} AR 9F 33% 2 HlwA B B¥ 3 xRl ahak
= YERAITE 919 F 7148 552 whAl A A1
o] A"k linoleic acid”} 29.89% &2 ) S=-8-9} H] w8}
°F 45% 45T DHAY 13.43% 2 DHA-enriched fish
oil¥} B) w3al] °F 56% 7FA38tsic) Fish oile]] ¥} -5
o] A ¥E3} A MM palmitic acide 16.45% & HF-S35}17)
Ak W ek oF 31% 71 s

714 2] sn-1,3¢] Ho]A o g2 28-3}= pancreatic lipase
7t ol 2lall sn-2 position®] A|HEAF A0S £A 519
th. 2 43 g)Ffo+ linoleic acid’} 67.62%, DHA-
enriched fish oil-= DHAZ} 42.59% =8t itk AlF-4]
A2 2] sn-2 position& DHA-enriched fish oile]] n] & o &
5o 919 linoleic acid7} 27.84% % Z7} ¥ 3L, oleic
acid 21.5%, DHA 18.35%, palmitic acid 16.72% %= #41%|3)
ok fA7k A §4 E A S lipaser} #]E]0] 2MAG
o} free fatty acid= 111, o] 3 2-MAGE thA] TGR
Makso] Buld Sl Agkslol chylomicron &E} & el o
2 olFAh oA TGS eyt wgke]= I3 = snel,
& w2 9102t m2s) 51 AHAE ek S o
2§59 4 Ao e Ay Ak el m2 9
B IEHOR F08 B AXa k1), & s
M T AT A1) sn2 position 913 BEa} 2|
ko] oF 76% 7HE A8 2lol AN Al oA #-g-gt
Ao ' o7t

Lo
| .

ststE MA A tocopherol 24
Va2 AHE thE-8-9} DHA-enriched fish oilZ} 5 714
71 dL o] 2.3l 3FA] 3t pdl A1 | 2l 9] ]35—]_61;(4 o] EXA]-E
AH R Sfste] 8 Q BT, uElY, Ak SAS A
a-, ¥-, 6-tocopherol®] &2 13}ta] Table 3o YERAQITH
z}y 7139l A71= 05 o]} o™ gL 8k uk-2- L. 5ol A7}
£ 7~8 o9tk Wb 24 FAL AT % TAGHE
3 FA9 b= 0.5 otk EXSEE Yehle
29T 7= EPAY} DHAS} 7+ 1% Bz bale] &hes
o] &L oJf& 191, & 131, A7 AEL 151019
o 8 A abate] Bxleke] Av) b vm)Ee) kS Vel
= Bk o & 166 5 193, A4 A4 1825
YERIAY ol tiFfef oy} EskA WAt ghafol
& %7} Akl ek 4319 @ & A
9 -, Y-, S-tocopherol®] Eake Zkz) 11.27 me/100
g, 52.89 mg/100 g, 20.53 mg/100 g = y-tocopherole| 7}#%+

M

= Uehg e, ojek &2 A= Shin (13)3} A
t}. DHA-enriched fish 0il®] a-, y-, 8-tocopherol®] ¢heko-
37.4 mg/100 g, 12.79 mg/100 g, 9.08 mg/100 g= a-tocopherol
o] gel 7P A Uehuiew, A4 212 9] tocopherol
shef2- Zhzk 23.58 mg/100 g, 32.28 mg/100 g, 17.94 mg/100
go| et

Table 3. Chemical characteristics of Soybean oil, DHA-enriched
fish oil and Structured lipid (SL)

soppen il DR
a-tocopherol 11.27+0.01 37.40+4.57 23.58+1.03
y-tocopherol 52.89+0.01 12.79:0.89 32.28+0.38
O-tocopherol 20.53£0.01 9.08+1.01 17.9410.07
Total(mg/100 g) 84.69+0.01 39.26+6.47 73.060.72
lodine value 131.50£1.59 191.11+4.32 151.19+4.97
Saponification value 192.61£14 165.51240 182.35+11.90
Acid value <0.5+0.1 <0.5+0.1 <0.540.1

tsf 55 &2
9] e §% %

R R
7] Z}(mductlon period)elg} sttt o] &% 7]7ko] A pH
FA9] ARG FET T F535H] peroxides, aldehydeﬁ]r rdy
A3t A= ol 43 S7HTHI4). = FAI7F
AbjE w7px] o] 7)7ke 2 fRle] Bxslrol o3 JrTH
k. 271 7F rancimat2- o]-&so] {Hs] A E = 9]
Jols B Al 71 AR ol &8 o} b A7

r[o

|

o} 2 A
A4 a_l, Ad A gadsA] Siel we} HoE

N

gl gk 4709 189 S5 249t o dils
Table 4ol YERHSI T ZH2he] 75415 100T <712 &5
wEA|A A Z & 7§ catechin 200 ppm(SL2)2 # 7}

A7) L olEAE A A e o KR} FE7]710]
oF 9vll, BHT 200 ppm(SL3)& 713t 2% oF 4.74)
ﬁ%}ﬂ D"‘ :LE]"I O]-”-ﬂ- O]--T-75|C 247].-5— ;q oro XH:[L

Table 4. Induction periods depending on the various antioxidants
of catechin, BHT and a-tocopherol in structured lipid

Induction
Sample Temp period time
(hr)

FO (Fish oil) 100°C 0.72 h
SL1(Fsh oil ; Soybean oil =5:5) 100°C 2.56 h
SL2(SL1+Catechin 200 ppm) 100°C 6.44 h
SL3(SL1+BHT 200 ppm) 100°C 335 h
SLA(SL1+Catechin 100 ppm+tocopherol 100 ppm) 100°C 413 h
SL5(SL1+BHT 100 ppm+tocopherol 100 ppm) 100°C 304 h

Aspol WA} EAAE At HAL W A
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Table 5. Response of each sensor by electronic nose on fish oil and structured lipids containing antioxidant

Sensor Response of each sensor”

Model Fish oil SL1® SL2” SL.3” SL4” SL5”
SY/G -0.002:+0.000™ 0.000£0.002° 0.007+0.001° -0.008+0.000" -0.008+0.001° -0.006+0.000"
SY/AA 0.000+0.002° 0.002+0.000° -0.002:+0.000° 0.000£0.002° 0.000+0.002° 0.0000.002°
SY/Gh -0.0010.000" 0.0010.001° -0.009+0.001™ 0.011£0.000° -0.0100.000" 0.008+0.001"
SY/eCTI 0.000+0.003" -0.001+0.002° 0.007+0.001° 10.0070.000" -0.007:0.000" -0.005£0.000"
T30/1 -0.0040.009° 10.003+0.009° 0.1540.002° 0.173+0.001° 0.1640.003° 0.164+0.002"
P10/1 0.0050,013" 0.016+0.000" 0.0380.001° 0.044+0.000° 0.041£0.001° 0.04420.001°
PI0)2 0.016+0.001° 0.018+0.000° 0.051+0.000° 0.057+0.001° 0.0530.001" 0.053£0.001"
P40/ 0.014+0.001° 0.016:0.000° 0.033:0.000° 0.038+0.001° 0.035+0.000" 0.038+0.001*
T7072 0.014+0.001° -0.013+0.001" 0.15140.002° 0.170:0.002° 0.160+0.003° 0.157+0.001"
PA2 0.029+0.003" 0.026+0.002° 0.217:+0.003° 0.245+0,002° 0.23410.005" 0.252+0.003"

"Response of each sensor is expressed by delta Rgas/Rair, R is resistance values of the sensors,
»“Means within the same row with different superscripts are significantly different at p<<0.05 by MANOVA,
YSL 1(Fish oil: Soybean oil = 5:5 were synthesized by TLIM lipase for 24 hours at 55°C).

SL1 + catechin 200 ppm.

SL1 + BHT 200 ppm.

“SL1 + catechin 100 ppm + 0-tocopherol 100 ppm.
SL1 + BHT 100 ppm + a-tocopherol 100 ppm.
"Meant SD. Based on triplication.
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Fig. 3. Principal component analysis (PCA) plot from the obtained
data using electronic nose on fish oil structured lipids containing
antioxidant.

@ Fish oil, < SL1(Fish oil : Soybean oil = 5:5 reaction), @: SL2 (SL1 +catechin
200 ppm), *: SL3(SLI+ BHT 200 ppm), A: SLASLI+ catechin 100 ppm + a-
tocopherol 100 ppm), @ : SL5(SL1 + BHT 100 ppm + a-tocopherol 100 ppm).
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Fig. 4. Peroxide value of fish oil and structured lipids without and
with antioxidant.

SL1(Fish oil : Soybean oil = 5:5) were synthesized by TLIM lipase for 24 hours at
55°C) SL2: SL1 + catechin 200 ppm, SL3: SL1 + BHT 200 ppm, SLA4: SL1+ catechin
100 ppm + a-tocopherol 100 ppm, SLS: SL1 + BHT 100 ppm + a-tocopherol 100 ppm.
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Fig. 5. TBA values of fish oil and structured lipids without and
with antioxidant.

SL1(Fish oil: Soybean oil = §:5) were synthesized by TLIM lipase for 24 hours at
557C) SL2: SLI + catechin 200 ppm, SL3: SL1 + BHT 200 ppm, SL4: SLi+ catechin
100 ppm + a-tocopherol 100 ppm, SL3: SLI + BHT 100 ppm + a-tocopherol 100 ppm.
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