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Enzymatic synthesis of structured lipids containing conjugated linolenic
acids extracted from pomegranate seed oil and their physicochemical
characteristics
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Abstract : Lipozyme TL IM-catalyzed esterification was carried out to produce functional hard fat (structured lipid, SL)
using palm stearin (PS) and hydrolysate of pomegranate seed oil (HPSO) of 1:6 molar ratio. HPSO contained conjugated
linolenic acid (CLnA, about 80%). The reaction was performed at non-solvent system and solvent (n-hexane) system
using Lipozyme TL IM (10% of total substrates, w/w) for 12, 24, and 72 hr in a shaking water bath (55C and 185
rpm), respectively. SL synthesized in non-solvent system (NH-SL) and SL synthesized in n-hexane system (H-SL) were
refined after deacidification, respectively. Their physicochemical properties were compared to obtain desirable functional
hard fat. The content of CLnA in NH-SL increased from 34.38% to 40.63% with increasing reaction time. Similar results
also observed in H-SL resulting in 36.81 ~45.83% of CLnA. In triacylglycerol (TAG) composition, the main molecules
of LnLnLn (Ln=linolenic acid, PN=36) and the LnLnP (P=palmitic acid, PN=40) were newly synthesized in NH-SL and
H-SL with increasing reaction time. After 72 hr reaction, iodine values of NH-SL (136.49) and H-SL (140.37) showed
high values because of the high content of CLnA. Solid fat index (SFI) in NH-SL was higher than that in H-SL at
each measured temperature. The predominant polymorphic forms of NH-SL and H-SL obtained after esterification for
72 hr were the desirable crystalline structure of the [3° form.
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Park, 2001)% ¥ QJA]uk o]ol] H]51o] CLnAd| djat
= obd mlufel Aot} Yy Bl w2, CLnA

Conjugated linoleic acid(CLA, C18:2) ¥ conjugated
linolenic acid(CLnA, C18:3)2} Z+& conjugated FE|Q]
APAES HAEOI A1E S the He ooz 27
She A0 el 9lek, LA SfsE o] ofs) $
) 3015} 9198, $9<Jel o FRATHCho and Lee,
2003; Chin et al,, 1992)& 7}A|H, &A|E F2]9] &4
A3l A-8(Oh et al,, 2002) 52} 97| 3F4kS}F 2-8-(Yunt
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= 32 A8 22 pomegranate seed oil, 2F 81% CLnA)<}

ZF Z2S(bitter ground seed oil, 2F 60% CLnA), =&
(tung oil, ©F 79% CLnA) 5of =2 E3Z3}1 ItiKohno
et al,, 2004a; Kohno et al,, 2004b; Holmes et al., 1954),
o} CLnAE -85} 9J+= tung oil(eleostearic acid T
2F 80%)2] 7%, human tumor cell(DLD-1, colorectal;
HepG2, hepatoma, A549, lung, MCF-7, breast; MKN-7,
stomach)o)| 419 cell proliferation assay A3} CLAXE T}
CLnAZ} o 949 gefants vehds ®usglc
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(Igarashi and Miyazawa, 2000).

CLnAY= "x]H4Kn—-3)¢!l #l&dAKa-linolenic acid,
C18:3, cis(99, c-12, c-15)2] 9JA]7|8}etA o] AA = &
stol Al AL EAARS HE T} 187)9]
™, conjugated®] o5 A% 2= OVJAI APAR 2
£ ZF=tH(Suzuki et al., 2001), CLnA%] 342l isomer
el punicic acid(d trans(?)11, cl3—CLnA)= A& £
ARl oF 80%7F S o] ATHCao et al,, 2007), THbA
2 AolldE o5 AR ATl FHrEo] Sl CLnAS
7rEelisto] T Ag|oFd(palm stearin, PS)}F -2 1A
Ao FHgreEHA  7IsAol FoldH 71 IAA
(structured lipid, SL)E AJAKSIA} 3FTt 7154 A%
o] FMdE BA(EC 3.1.1.3)F o83t s8I}, aas
o] &35t QLR A, = 7154 A A (structured lipid,
SL) 9] AL triacylglycerol(TAG) 2] glycerol backbone
AL Qrofl A A[RbAke] 243 SIXE FAR] S AER e
7 Axslo] Mz 715748 A Ads A=ho =y
A/dE 4= 3lthLee and Akoh, 1998), ofu] ARg-= 11743}
A4 (immobilized lipase)= 73 2I5}A 0|0 ZjAl0] 715
S, LTI A8 SIS g Aol AeE 0w Akt
3l 4= Qlrh= o] QltHLee and Akoh, 1998).

2 AFoAE m7H Foll o8-8 = = 74 1A
A (structured lipid, SL)Z 57| Yslo] tiEA el 114
A|Q1 F ZH|oFd ¥} CLnAZ} o ol A ST 7k
H3[E(hydrolysate of pomegranate seed oil, HPSO)S
Lipozyme TL IM &4x Zujjsto] ¥h-g-5tof BRg-A[7tol| wh
£ CLnAY gF Wisls AmEglch E3t, T8} g
Al2go A 212y A 754 RS ATl
E YA RHFAF 243} TAG species, A]2] melting®}
crystallization behavior, 27 & (polymorphism)< H|iL

s,
I A= o3y
- 1 o =
aAA el B 2HoFd(palm stearin, PS)2 CAKIn-—
cheon, Korea)ol|A] Ao} AR5} oH, =ofA CO,

£ olgste] 2UAR 5 HF FA+= TonatureAt

(Korea) o4 T}, 7154 AR (SL)2) T4 9]

396 sSYUSIAT H39H HMi3E, 2012, 9

5t ARE-H Lipozyme TL IM(Novo Nordisk Co., Den—
mark)S Thermomyces lanuginosusZ5-E =5 lipase
Z silica gelo] ZA43}E|0] granulated3} & aiolth &
A]9] sn—2 position®] A4k /& FA517] Sl A
pancreatic lipase(Typell, crude)= Sigma—Aldrich Chemical
Co. (St, Louis, MO, USA)ZXE st E3t a, 8,
v, G—tocopherol®] H¥ZFA|FS ZFZ} Sigma-—Aldrich
Chemical Co.(St, Louis, MO, USA)o|A F35kict, 7]
7)) A BE §ul HPLC gradeS AHESHAT

2. 4% IARY 7

A2 2215 10 g7} 1 M9] KOH ethanol & 200 mL2
27 B4 Eefado| Yal RWzyE dAEste] 80T
A 1A|17F =91 magnetic stirring barE ©|-&3}o] WHIS
WA BESSHlTh o WheEe S0 WAt 5
7)ol #AA S5 500 mLE @il F26] S5k
o] 3 diethyl ether 500 mL& g1l 33] Wk F==3}0]
WSS S §1% M BHES
ether3Z AASH}, 1efa Hoj7l &3] 6 M HCl&
Ahste] pH 347} HES Zasie) The 71 2
9 EaH sl B30l r-hexane 500 mLg Wi
33| HkE== 319ct 3225 n-hexane®< anhydrous
sodium sulfateZ ZJ YA column ©]-85}o] AFojstal Q)
= 7 % =wed A7, 53 n-hexane F&
2 AF As=7](N-1000, EYELA, Tokyo, Japan)
& NoE 0|85} n—hexanedr A|ATE - AFEAT2] 7}
4 BFEHPSO)S ¥3itt HPSOE n—hexane:diethyl
ether:acetic acid=50:50:1(v/v/v)%] A7/|&uj& o]-83t
thin layer chromatography(TLC, 20 X 20 cm, Merck,
Germany) ¥4/ 2a3tel A5 E449.9] 7Hre] A=
2 sjlalgle), BelE Alne b 37 5 U5 Ml
ok Ado) AR5 THLee et al., 2011),

o o
4

i
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k=
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3. {734 715 tiES 018 71578 LAIA

(structured lipid) ] ¥ 4X ¥4

71578 AR sk Hsto] AR F Lok
(PS) I} A7EA 7 el =(HPSO)= 1:69] =H]&(PS:

HPSO, mol/mol) 2 n—hexane?| A7} G50 x}o|& F
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Z¥Z} HEg-61o], n—hexanellA] $/d3t 71554 A (H-SL)
of T8 Aj2gof| A At 7] LAA(NH-SL)E 2t
o SEsleict, 1 S Slstel AHEH Lipozyme TL
M &4 3 71AFAY 10%0] sidshs 80 g= A7t
3ttt HF-2 screw—cap©] A2FE 250 mLe] A=
s0ld A 34 ol S, B B wEL

55C, 185 rpm?] F2uHlzol| A ZIgksto] 7} RRGAZE
(12, 24, 73 hr)H & "33t & PTFE syringe filter(0.5
¢, Advantec, Tokyo, Japan)E ©]-&35}o] GAE A|ASH
 ohge] B S SAEYT, B NSRS U S
S Sislol WE maeT,

c

4. 7Fs’d A X|(structured lipid) ¥¥3-=29] €%t

71578 IAA BigEolA 2] AR AlASH] 9
Fo] 4235 /\}(deamdification)o % vRgEof A
AR ASE 1N Al G942 % W 27}
% 2 N3} 05 N KOH o8k $942 A7ietol 25
U= A7HA] 27gshaA fefAlike EEZ 7oA
A9} 8 n-hexanc® A7Hste] Ee 60T
Hele] == H7lste] AskEss AASH| flsto] ol
Al WHE AT AIE o n-hexaned} ofjfhE2
A R RS ST AR 3L

0

[

of
ol

r-|r£

& Eafstel 2o 483 BB AASAT n-hexane

S AAS] Slstel AT 749P5%71(N-1000, EYELA,
Tokyo, Japan)®} No 5 o]-8-3t91.e0, A 52 3 th&
B ¢gto] Y= R THShin and Lee, 2004),

71574 ARG AR S EA8H] st AeE

methylation®t 2 gas chromatography(GC)E-42 Al

SFoATt Al Aliﬁ 213+ 3 0.5 N NaOH methanol
fHS 15 mL Yl 723 5, 100C 2] g3 A
55 BT U

’5}“5} Lofﬂ/\]‘”’*o ZhEo] W2t &
0|9 BFs—methanol &9 1.5 mL& #H7}stal #2s}st
T, 100Coll A 2% 59t wh-g-akal thA] HEol Wztstlct,

2 isooctane 2 mL¥} L3} NaCl €9 1 mLS A7}st1
14 5%k vortex §F = AH2]7](1500 rpm, 3&)E o83}

of S ofglet, Eejd
sodium sulfate columnS ©]-838}o] $E-& A A5} GC
2 Bk} B4 o ARRE GC(Hewlett—Packard 6890

series, Avondale, PA, USA)+ flame ionization detector

Ar=(isooctane <)< anhydrous

(FID) &} SP —2560 column(biscyanopropyl polysiloxane,
100 m X 0,25 mm, 0,2 ¢ film thickness, Supelco,
Bellefonte, PA, USA)] 325} 9l9ick 242 93t
oven >Irt= 150 CoJlA] 52 59T §-2|3F & 4C/min9] H]
&2 2200717 4258104 220°Col A 308 5ok SA|51
o}, ofuf Yt AE719] L= 247 25008 260C R
AA3F AL, split ratior= 200:1 0] O, carrier gas=
Hel 2 0.7 mL/ming A3}t HEANAEHZS} 3t A
& 1 ul& Gof| Fdste] Ak 275 #418HtHMoon
et al., 2011),

6. Triacylglycerol(TAG) X4 84

7164 AR TAG speciesE LotE7] $5to]
reversed—phase high performance liquid chromato—
graphy(RP-HPLC, Younglin, Anyang, Korea)&-A4-S Al
SPSgic) EA4L 94§ HPLCE= SP930D dual pump(Younglin,
Anyang, Korea)2} ZAM 3000 evaporative light scatter—
ing detector(ELSD, Younglin, Anyang, Korea)”|} A&+
wof glolem, A&7 55Tt 1.7 bar2 AA33AT
2+ S Nova—Pak® C18 60A 4 /m(150 X 3.9 mm I.D.,
Waters, Milford, MA, USA) o]lon, o]EAS 7]L7]
L2 2 M4 acetonitrile(A)T} n—hexane:iso—propanol(1:2,
v/v)(B)E 80:20(A:B, v/v)9| HI&RE Z7|AJE oA &2
7] Al&¥sto] 455 FQtol AAA 54:46 &= HSIA]
T I H[Eo A 15 FCF FAIRE - HhA] 80120 HlER
65714 HIFAIAA L vla= 7027H4] A5k 1+
42 1 mL/minl & ZHFUT AJE 15 mgS 20 mLY
S22FE0 &9l & PIFE syringe filter(0.5 m,
Advantec, Tokyo, Japan)E ©|&3}o] oj3} & 20 ulL
injectiond}GtHMoon et al., 2011),

Partition number (PN)=total number of carbons (CN)

—2 X total number of double bonds (ND)

Partition number(PN)= $]2] A4 o] Esto] HL519)
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om CN-2 TAGE] A e445 YehYH, ND&= % ol
Asto] 5 YepHTHLee et al,, 2002; Moon et al,,
2011),

7. Pancreatic lipase9]| 2J%t §X]9] JX|¥ X]
W R

7157 AR sn-2 9 sn—1,3 IH|AS] AP 2
3 4= fIste] sn-1,3 92| Eol4dE UEt= pan-
creatic lipase®| &3t 7}pEe] AFS 3ot A=
2k 7 mgol] 1 M Tris HCI buffer(pH 7.6) 7 mL, 2+ 0.05%
bile salt &% 1.75 mL, 18]l 2.2.% CaCly 24 0.7 mL
9} pancreatic lipase 7 mgS Ao 713 & =
ksl F22(37C) oA 35 uhg, wt1
32 3~43] "3} tHMoon et al,, 2011), ¥H-$
mL diethyl etherS H7}sko] mylslal Ak olut Z
anhydrous sodium sulfate columng E1}3}¥ict, o5 A
7] €1 n-hexane:diethyl ether:acetic acid=50:50:1
(v/v/v)& AHE8te] TLC 4% AAISHSIAL, 2-mono-
acylglycerol(MAG) band& 2|3} methylation 3F &
GO 4 S, ojn) HHEAS A BT} 5
g o2 Syttt T a8 24 AR B
ARAE Ageen, AL oflel ZekFomuso
and Akoh, 2003; Moon et al,, 2011),

g

Shs

Ol —10‘1 Flu:

_Q.,pr_i'i

]_

il

sn—1, 3(%)=(3TAG — sn—-2)/ 2

8. A%, 27t QLI Y

4 7154 TR olsfak 4AE dobr] St
o] Al7Hacid value, AV), TAFSHEIHperoxide value,
POV) @ Q @ =7}iodine value, IV)E &43}¢i o, 7+
24e] A9 WS A0CS B(ACCS, 1990 Z3to] HA413}
%t

9. Differential scanning calorimetry (DSC)
CXE

A A 9] solid fat index(SFI)E =435}7] ¢I5}¢] DSC
(model DSC 2010, TA Instruments, New Castle, PA,

398 =YUSIAT HI39H Mi3E, 2012, 9

UsA) 8471715 ARSsFT} Calibratione €3t baseline
2 F A= reference cell(aluminum pan)<
BB, 2719) ARz oF T mg st satstan)
Melting¥} crystallization thermogram= 47| ¢35}
80CoA 108 F FA2 F 10C/min®) H]&= —60T
THA] W2hsto] 1 Atefof| A 108 B9t 748k crystal—
lization thermograma At the —60Cof|A thA] 80T
7HA] 5C/min®] B]E&E 5-25}0] melting thermogram-<
A1¢]cH(Shin and Lee, 2004).

=

10.a, B, vy, ®6 —Tocopherol? FF 24

2] HhHS 23 WS (Wie et al,, 2008), Al
o] A2 Z I8kl 70 mL vialol 0.5 go] A|EE 3t
ABHIAIE 91810 6% pyrogallol ofghE 8-H-& 10 mL

11, A2 225}0] sonicationS 108 St 535191
o

YEARAS Aag X|ghet 3 2hxis] Wgste] 75C,
100 rpm O 2 A% shaking water bathof|A] 1A]7F F2F
&

FZ&- 81 (n—hexane:ethyl acetate=85:15, v/v, 0.01%
BHT?HY) 15 mLE F7ksilth. &8 39 whe 5
9 50 L] B8ol §7 BESAT, TS o] 33
o 5 mL& Fviel AL olE sl AAsIsit, 19
1! n—hexane 2.5 mL-& #7}5}¢] PTFE syringe filter(0.5
¢, Advantec, Tokyo, Japan)E ©o|83slo] ojm &
normal—phase HPLC £42 435}39t}. Z} tocopherol&
(@, B, v, % 6—tocopherol) &] FFZ FFEHES 0.1~
40 ug/mLo] FE=HPIZ FHsto] QAL AT 5
7} tocopherol52] S Ae5l9th Normal—phase
HPLC (Hewlett Packard 1100 series, Avondale, PA,
USA):= LiChrosphere” Diol 100(5 /m, 250 X 4 mm,
Merck KGaA, Darmstadt, Germany) Z# ¥} fluorescence
A<7)(ExA=290 nm, EmA\=330 nm, Agilent Technologies
1200 series, Avondale, PA, USA)7} &tz|o] QIich &
A& 9IRt o] &4 0.6%9] isopropanols 73t n—
hexane®| 2™, 94 1.0 mL/min®] 5832 60& T2t
A8 AR TR 20 pLol itk
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11. X-ray diffraction2 0]2%t A¥Y BX

Alge 2R8Y 24 glsto] A2ollA 12 hr 5¢F ]
ot 5§ 4Coll A 12 hr 59} temperingdt 3 F-Aof AL2-3}
At Al79 Z4 ¥ (polymorphic form)EA-E multi—
purpose x—ray diffractometer(D8 ADCANCE, Bruker
AXS, Germany)S ARg3lo] o|Fo]F T}t Targetd Cu-—
Ka 181 voltage 40 kV, current 40 mAS] ZZojA
Al oluf 3EZE==(20) 18-32°% AFsIAC
™, x-ray 37 ZAol= 1,7889 nmo|qict,

12. A4 A=

9 2ok BaERETAL dehiel, 2 18700)
£-9]AL SAS(statistical analysis system, version 8,01)
program®] duncan's multiple range testE AA|5}o
p<0.05 ==ollA f-olide AAskalct

v}

HREARZNE T RSO A
A} triacylglycerol(TAG) oA 7=Ealj=]o] f-2] A|wkit
(free fatty acid, FFA)®] FEiE WA Hrf, o|FA 444
ZlralEe 76 AR e ffRt 71E R AR
th TAG FAREARR o] Fol7l A5 FAHPSO)9} 7hpit
sf=lo] fFE|AARY] FEE W ARSATY] 72l
=(HPSO), 171l 585 23t AR AFEE golE
tH(diacylglycerol oil), 18|11 $HAJo W52 EAKE &
HoJAl= TAG FARALR o] Fof 7|54 ILAAE(A,
NH-SL; B, H-SL)& Z7}-8mE o|-§stof #43t TLC
chromatogram< Figure 10] YERJ St} TLC £4 21}
AFSAFERE 7Headld WheEe o At s
o] oA Q& Flstion, A - EARt 7154 1L
AR EL i F-E0] TAG HAFER o|2oA U3 Ejla)
ek, ol=A A7 FAE 7HEslieh Bk gl A
Ao o]Fo|H IS ERIEIT,

Lipozyme TL IM 84E o]&3}o] 7|54 1A|# 9] &

R 5iol AR B Aelost 4% EAR 714
ollE 1169 EHlER ZF RESAIZPE2, 24, 72 hr) 2
HRSskith, ofuf @ofzl 7154 AR 9] triacylglycerol
Aol AR 71574 AARI CLnAY| e At
ot - &UiAI9} n-hexanes o]t A oA 7 W3-
AZPE R Hgsto] dojzl Hhe-EE YA & g53t 7]
54 AR S(NH-SL, H-SL) 9] & ARt 24 ¥skE
Table 10] UERHSITE, 78 HhgoflA] 2k AP = whe-
T 71574 LAASINH-SL)&] & AAE 2/d0llA lauric
acid(C12:0)2} myristic acid(C14:0), stearic acid(C18:0)
O] Wk o Agkon) {014 Zpo| 7} glATh(p)0.05).
HS-A 7o) 12, 24, 72 hr € W] palmitic acid(C16:0)2]
e 27.63~29,78%°) WS YEH #9231 Zfo
7F IR, oleic acid(C18:1)9) &=k 7}z 21.39%,
90.13%, 15 45%0.2 0070l Zjo|= Kol 7hash=
e UESITHp0.05). 7t BRSAIZE HE AEH
linoleic acid(C18:2)©] 3F2k- 747k 9 03%, 8.56%, 7.93%
olgler, oAl Atol= fIlTH(pr0.05). 715/ Al

1191 CLnAS] T WH3AIZ10] 37K

— N

il

<« Triacylglycerol band

< Free fatty acid

< 1,3 Diacylglycerol

< 1,2 Diacylglycerol

<« Monoacylglycerol

N

_?L
S
iz}
o
W
.r-h
W
0e]
N

Fig. 1. Thin-layer chromatogram of pomegranate seed oil
(PSO), the hydrolysate of PSO (HPSO), and structured lipids
(A: NH-SL, B: H-SL).

PSO : triacylglycerol oil, LO (Li'rra® oil) : diacylglycerol oil,
A (NH-SL) : it was synthesized at non-solvent (no n-hexane)
system (NH-SL) using 1:6 molar ratio of palm stearin (PS) and
HPSO for 72 hr in a shaking water bath set at 65C and 185
rpm, B (H-SL) : it was synthesized at solvent (n-hexane) system
(H-SL) using 1:6 molar ratio of palm stearin (PS) and HPSO
for 72 hr in a shaking water bath set at 65C and 185 rpm.
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100

IR T15y AN BaN G Y ool S4 A7

37.68%, 40.63%2] TFO 2 F2o4 xlo]E Ho| F7}
k= A UERHAtHP0.05), 81(n—hexane)E ©|
23} URS o A= B QoA "hSol| A9} npRZ IR & C12:0
I} C14:0, C16:0, C18:0, C18:29] gk HES-A|7t0] 57}
Fholl ek ool 2ol el 229HRHp)0.05),
C18:19] ek Zy7k 21,70%, 19.21%, 15,18%% HALZ

29149l Mol Lpehfu] gashs F3S Liehpsict

Table 1. Total fatty acid composition of structured lipids (NH-SL and

(p€0.05). nHexane& ©]-83h HE-g-o| A H-G-A|7ko] ST}
shof w2} CLnAQ] =R 36.81%, 41.19%, 45,83%°.F
7oA Folg Holw Frisk= AFE eI
(p€0.05). F-guff §+-5-3t 80(n—hexane) Hhg-& H]JL%
2 0, CLnAQ] &S n—hexane2 AMESIo] W59
0 2| =2 dero g Adte|s AR Vel QA

22bol| o]l Aol HERA] eF9kTHp)0.05).

,*1

H-SL)D using palm stearin (PS) and hydrolysate of pomegranate

seed oil (HPSO) according to different reaction time (hr). (Unit : area %)
Fatty acids NA-SL H-SL
12 hr 24 hr 72 hr 12 hr 24 hr 72 hr
12:0 0.30+0.01° 0.26+0.00" 0.1940.00° 0.32+0.02° 0.28+0.02" 0.2120.01°
14:0 0.610.01° 0.60+0.06" 0.5440.05° 0.5+0.03" 0.53+0.03" 0.52+0.04°
16:0 29.78+0.06" 28.80+0.28" 27.63+0.17" 28.03+0.10" 27.98+2.86" 25.10:0.21°
18:0 3.46+0.02° 3.47+0.09° 3.4340.08° 3.2340.01° 3.20+0.03" 3.38+0.02°
18:1 21.39+0.16" 20.13£0.95° 15.45+£0.06° 21.70+£0.04* 19.21£0.71° 15.18+0.08°
18:2 9.03+0.06" 8.56:0.04° 7.93+0.04° 8.12+0.01° 7.90+0.03" 7.77+0.04°
CLnA 34.38+0.29° 37.68+0.70% 40.63£0.32" 36.81+0.06% 41.19+0.12% 45.83+0.83°
SSFA? 34.14+0.06 33.12+0.44 31.79+0.30 32.15+0.14 31.98+2.94 29.20+0.28
S USFA? 64.79+0.07 66.36:0.28 64.00+0.21 66.63+0.12 68.29+0.57 68.78+0.70

Structured lipids were synthesized at non-solvent (no n-hexane) system (NH-SL) and n-hexane system (H-SL), respectively.
The reaction was carried out using 1:6 molar ratio of PS and HPSO in a shaking water bath set at 65C and 185 rpm.

Y)Y SFA: total content of saturated fatty acids.
S USFA: total content of unsaturated fatty acids.
All values are mean + SD.

*“*Means with the different letters among the same row of fatty acid are significantly different (p<0.05).

Table 2. Positional fatty acid composition of structured lipids (NH-SL and H—SL)I) using palm stearin (PS)

and hydrolysate of

pomegranate seed oil (HPSO) according to different reaction time (hr). (Unit : area %)
Fatty NH-SL H-SL
acids 12 hr 24 hr 72 hr 12 hr 24 hr 72 hr

sn-2 sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3 sn-2 sn-1,3
12:0 DY 0.44+0.02 ND 0.40+0.00 ND 0.29+0.00 ND? 047+0.03 ND 041£0.02 ND 0.3240.02
14:0 ND 0.89+0.04 ND 0.90£0.10 ND 0.810.07 ND 0.87+0.03 ND 0.800.04 ND 0.78+0.05
16:0 37695122 24334069 36.16:024 23624054 33114058 21.89+0.54 3478005 24.66+0.13 3430+0.06 21.81+0.02 36.62+1.55 19.34+1.09
18:0 3184042 359+0.18 3424005 349+0.12  4.69+037 280+0.06 34240.16 3.13+0.07 404001 278001 593+039 210017
18:1 36.18:0.12  14.000.17 3194054 14224169 201584034 12384027 33762038 1567+0.12 29284032 14174071 23.6840.16 10.93+0.21
18:2 11206052 7940.17 85%0.16 756009 85%0.16 761003 10024074 7.07+039 9.72+0.13 699003 99028 6.67+021
CLnA 11.76£0.16  45.68+0.51 17.96+043 47.53+127 32.03+0.03 50924046 18024025 46214001 2269+0.13 504440.12 23.5242.03 56.98+2.25
SSFAY 39584029 2926+092 30584029 2840076 37.80+095 2579+0.68 3820:021 2913027 3833007 25814012 4254194 2253133
SUSFAY 6043127 6762:084 6043127 69328306 62204053 70914076 61.80+137 69.05:0.52 61.68£0.58 7159158 57.16:247 74592267

Structured lipids were synthesized at non-solvent (no n-hexane) system (NH-SL) and n-hexane system (H-SL), respectively.
The reaction was carried out using 1:6 molar ratio of PS and HPSO in a shaking water bath set at 65C and 185 rpm.

*Not detected.

)3 'SFA: total content of saturated fatty acids.
“SUSFA: total content of unsaturated fatty acids.
All values are mean + SD.
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7 At ﬂ“ﬁﬁw ZF HhgAI M = HEgSte] fofzl
7154 AR E(NH-SL, H-SL) 9] pancreatic lipase &
Aol ofgt %Xlﬂé AL 279 Table 201 VERASITY,
NH-SLo| A= HHg-A|7to] S7kete] whet sn-2 9]0 A
o] CLnA®] BFEEL ZF2F 11.76%, 17.96%, 32.03%0.8 A
i 710 4 U, 3 st S
o] CLnAY)] SHES. 747} 45 68%, 4T.53%, 50.92%0]3IT}
3HH H-SLoJAl= sn—2 9]2]o|41¢] CLnA9] FF W3-
Alzto] Z7kghel whet 247} 18,02%, 22.69%, 23.52%2 kL
gow  sn-1,3 Y|4 CLnAS TS 46.21%,
50.44%, 56,98%° % HA}2 =7}t Lipozyme TL IM
e YUHH o & sn-1,3 Eol4dE 7HA7] wiEel(Moon
2011), TAA Q] TAGHA] Z& sn-1.3 29|
CLnAE Zgsh= AskS Uehd Ao 2 ALRE Q) o]2
A GHE 7154 TAREE) o138 S1M014] CLnAS)
FEEO. 45 68%~56.98%2] WO FAE o] sn—1.3 91X
of thet a4 BoldE Hlrh 78w 24 Hot
n—hexane
= o835k W, CLnA9| &0l w2 22 &7k
oM ek 7|Ae) WS QL) stol W
w9kd oz

I

et al,,

NEES

15 Z2219(PS0) 9] TAG ZA]2S reversed—phase
HPLCE o]-§3to] ZAJsto] 141215 Table 3 of LFER]
ok I Agote] FQ TAG AL partition number
(PN)=48¢1 POP(48.41%), PLO(4.07%)%} PN=462] PPP
(10.89%), PN=50%1 POS(2.87%)(P=palmitic acid, L=
linoleic acid, O=oleic acid) 0.2 o|F0jA] Q¢ Al
2 2289 TAG 2A& PN=36¢] LnLnLn(84.53%)1}
PN=409¢] LnLL(7.54%), PN=382] LnL.nL(3,38%)(Ln=lino—
lenic acid) S22 o]0 9 tHNagao2} Yanagita,
2005). BHH, F-8f HEgol A ZF AlZPE R Nkt 7154
IAA(NH-SL) 2] 8 TAG F4& PN=369] LnLnLn,
PN=38¢] LnLnL, PN=40¢] LnLL¥} LnLnP, PN=429%]
LLL, PN=462] PLP, PN=48¢] OOLn, PLO, POP, PPS,
712]31 PN=50°?] LOO, POS 522 A% o] Qqich o]
20| A 12 hr W83} 0 LnLL(15.68%), LnLnP(23.15

%), PLO(22.51%)0] %% TAG AL o|29it}. Eal ut
SAIRte] Zojglef mak A2l F Aokl oA vﬂiﬂ
PLO, LOO, POS9] g2 {havdh= 3kS Yeffigle

Table 3. Partition number (PN) of triacylglycerol (TAG) species in palm stearin (PS), pomegranate seed oil (PSO) and structured

lipids synthesized at non-solvent (NH-SL) and solvent (H-SL) system according to different reaction time.

(Unit : area %)

PN T AG, Substrates NH-SL H-SL
species PS PSO 12 hr 24 hr 72 hr 12 hr 24 hr 72 hr
36 LnLnLn ND" 84.53+0.22  1.63+0.23 4.47+£0.03 11.54+0.11 5.89+0.06  9.41£0.90  18.45+0.39
38 LnLnL ND 3.88+0.11  2.07+0.26 2.43£0.16 3.09+0.06 2.61£0.06  291+£0.21  3.61+0.11
A0 LnLL ND 7.54£0.04  15.68+0.34 14.89+0.11 9.71+£0.08 15.60+0.16 13.96+0.11 10.91+0.01
LnLnP ND 1.75£0.02  23.15+£0.75  27.67+0.47  33.77+0.49  28.76:£0.23 32.39+0.06 36.44+0.30
42 LLL ND 0.41+£0.00  1.90+0.01 1.90+0.18 1.41£0.04 1.91+0.01 1.82+0.03  1.28+0.03
A6 PLP 0.41+0.11 ND 13.42+0.03 12.50+0.09 11.51£0.19  11.19+0.16  9.64+0.04 7.71£0.23
PPP 10.89+0.13 ND ND ND ND ND ND ND
OOLn ND 1.60+0.07 6.13+0.24 6.03+0.22 7.00+£0.05 6.13+0.15 5.77+0.54 5.79+0.14
PLO 4.07+£0.01 ND 22.51+0.70 19.14+0.57 13.43+0.37  18.38+0.04 15.84+0.20 10.41+0.10
% POP 48.41+0.26 ND 2.23+0.18 1.94+0.01 1.55+0.04 1.794+0.04 1.91+0.02 1.07+0.07
PPS 2.50+0.26 ND 1.16+0.04 0.81+0.10 0.67+0.04 0.60+0.10 0.52+0.06 0.35+0.03
LOO 2.18+0.04 0.30+0.06 3.06+0.06 2.50+0.06 1.41+0.12 2.20+£0.00 1.62+0.23 0.99+0.00
>0 POS 2.87+0.10 ND 3.23+0.03 2.59+0.01 1.98+0.01 2.22+40.05 1.68+0.02 1.18+0.00
52 SO0 0.42+0.01 ND 1.33+0.04 1.104+0.01 0.82+0.02 0.95+0.08  0.67+0.01  0.39+0.01

YNot detected.

All values are mean + SD.
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LnLnLn®] 7% 1.63~11.54 area%® Axl= 27183 &
2= Qllt} 0]2]o] LnLnL(2.07~3.09%)2} LnLnP(23.15
”3377%)5 HESAgEe] FS7tete] whel AR Fkehe
e YESIT), &vll(n—hexane) ¥Hg-ollA] ZF A)ZHE
2 W3t 7154 AR (H-SL) Y] F8 TAG 24 +4]
A}, T8l Wkgoll K] TAG 24 WSte FARE Z3ke
U I HhS-AITEo] Zojda5 PLO(PN=48)+= 18,38
%ol A 10.41%% 7F2519100, LnLnLn(PN=36)-<- 5.89%
oA 18.45%% AAt= F7ohe Aok eIt LnlnL
(PN=38)2 2.61%°)| A 3.61%% Z7}5kich F5 TAG %
AS 0]F= LnLnPo] 79 28, 76%°)| 4] 36,44%% HF-3-A|
Tro] AofAE F7ksklH), ol Hhs Foll Aol o5
714 AA o] AHAte] ez o2 ZufEE o] TAG /9
Hsk7E dojit Aofet Abm EW(Xu, 2000), AHAF 24
ool A ef mEb7EA] 2 g BEG-ol A E Tt n-hexanesr
H7¥sto] Wk33t 754 LA A(H-SL)7} LnLnLn®] 447
0] © olge BT 2 gk

f

3. 7167’8 MK 9] 17t, #ek=Evt, RLE7L

714 AME Aot AE Vs RS
(NH-SL, H-SL)¢] o]a}etz] E4& AuH7] §Jsto] 4t

Table 4. Tocopherol content and measurement of acid, peroxide and

7}, AL R E7HE S4% TS Table 40f UE}
Helth, ARt 7Haslee] A7kz 200,46 0.2 A9
AP0 2 o]FolA QS-S Eletol L, 7 A7 R w5t
o] ERA 4 4S 4393t NH-SLe} H-SLO] AF7H1.05~
141 F 2ol AP7HAV=1,00)2F F-ARE =2]0] 31
t} IABHE7= NH-SLO] 72 0.00~2.10 meq/kg?]
HEE Yeslew, H-SLe| 79 0.00~1,30 meq/kg
O H9IE UetSlet BHtskar ke §ESAIZRo] 715t
upet | F7ksFRARE 242l X}Ola e A] 229k
th(py0.05), FA19 EE3L =255 =& FXE e
W e ErtoA = F-8nf vkt JC-LUH HES. 11 T of| A]
BESAZko] AojRlof et @ e ETprL HARE STk,
T2 ZAAREE o] Fo|Z] F Agloll Q) IV 23,07
2 yoron EXSAAREE o] Fofd AREA 71
=Y IV 202,952 2 425 YEFY It NH-SLY]
72 112.16~136,492] IVE UER}Q 01, H-SLe| A<
119.82~140,379] IvE Urefglct. olefgt Ak 2
Ak 2304 BEGAIZo] Aojflof whel CLnAS] Fhgol

opAm, F-gul] Hhgo|iHt= SME Ak%‘}‘ii%

CLnAS] gFfo] w=917] o] Iv7t &1 w2 21 o
Ao Abm¥},

ol'

Mo &2 i

iodine values in palm stearin (PS), hydrolysate of pomegranate

seed oil (HPSO) and structured lipids synthesized at non-solvent (NH-SL) and solvent (H-SL) system according to different reaction time.

Substrates NH-SL" H-SL
PS HPSO 12 hr 24 hr 72 hr 12 hr 24 hr 72 hr

Tocopherol (T) (mg/100 g)

a-T 4.19+023  ND”  1.51:0.00 1.32£0.09 1.08+0.06 1.83+0.02 1.41£0.00 1.22+0.02
B-T 0.09+0.01 ND 0.14£0.01  0.12£0.01  0.1120.02 0.17+0.02 0.12+£0.02  0.100.00
V-T 0.08+0.01 ND 1.51£0.05 1.10+0.04 0.81£0.13 1.63£0.13 1.24+0.10 1.02+0.02
6-T 0.02+0.01 ND 0.2240.05 0.15£0.03 0.12+0.01 0.26+0.07 0.24+0.01  0.170.02
Total-T* 438+026°  ND  3.37+0.11° 2.69+0.17% 2.13+0.22" 3.89+0.23" 3.01+0.13* 2.51+0.07
Acid value (AV) 1.00£0.00"” 200.46020° 1.34+0.20° 1.41+0.20° 1.36+0.44° 1.18£0.43" 1.05+0.34" 1.40+0.60"
Peroxide value (POV, meg/kg) 0.00£0.00 18.75+2.95" 0.00+0.00 1.20£0.42° 2.10+0.14° 0.00£0.00 0.70+0.29° 1.30+0.14
lodine value (IV) 23.07+2.2" 202.95+5.7* 112.16+6.6° 122.37+1.1% 136.49+0.7° 119.82+0.3% 126.18+0.2° 140.37+2.0°

DStructured lipids (SLs) were synthesized at non-solvent (no n-hexane) system (NH-SL) and solvent (n-hexane) system (H-SL),
respectively. The reaction was carried out using 1:6 molar ratio of PS and HPSO in a shaking water bath set at 65°C and 185 rpm.

All values are mean + SD.
INot detected.

**Means with the different letters among the same row of total tocopherol contents are significantly different (p<0.05).
“Means with the different letters among the same row of each value (acid, peroxide, and iodine values) are significantly different

(p<0.05).
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4. 7154 IARa B .y
o o

gl 6 —tocopherol

71891 B Aeotaist 2t AR FAE 7154 17
A E(NH-SL, H-SL)9] tocopherol(a, B, v, 2 6-T)3t=F
=22 ATE Table 40| AASHCH T AH oL total
tocopherol $%F0] 4,38 mg/100 g2 F=2 a—-T7} 4.19
mg/100 g AZH Ut 72 71548 AR Eol= 2 o-T
Spy-T7h F2 AEHh 2 Aol Zoje] we,
NH-SL2] 7% total tocopherol 0] 3,37 mg/100 gol|
A 2.13 mg/100 gO.& Tha 7HA5l9on H-SLO| AL
3.89 mg/100 gof| 4] 2,51 mg/100 gC& 74 FHadh=
AT et ol TS et w8 AIzko) 2ol
off we} Bh3E5o] fA Atste] legol] Hof itabAel
tocopherol@] 3&Fo] Ztadl= A0 2 AR ETHShin et
al., 2010).
5. 7153 TAIKISO] solid fat index(SFI) ¥k
4091 BHS 27457] SJat SFI vplelolt wel 5
oA “mouth—feel | FF& F= &% B4 F sl
spreadabilityS H7}8l= ¢ AREE| 3L 9JtHCriado et al.,

2007), AR ZE AREE I Adolla} 7 A 7HERE $HA
7164 IAAE(NH-SL, H-SL)9] 7} %o o
SFI gH $3}E Table 5 of] YeRfSich & AHokelS
AR} FAREE 35CollA] 33,55%2] 1LAAE EHh-3t
o, 45Cof|A 12.81%, 55Co| A 0,.48%20.2 =4 %o
E4o] vl A ddsty] wjZe vhEA] g spreadability &
71 4= 9l& AR dEHdt 10T oA NH-SLY]
SFI= HkSA|7to] ZojZo ule} 29.57%, 26.98%,
18,2025 YetUH, HAZ fadtes AFE Eoh
H-SLQ] SFI:= 10CollA] 17.42%, 18.39%, 11.47%S 1}
EFIet, BEEAIZRe] AojRlof whet NH-SLO| SFI= 2
0CollA 9.79%, 11,58%, 5.37%= YeElHSlon H-SL
9] SFI+= 4.11%, 4.62%, 2.68%= YEFNITE 25T A
NH-SLO| SFI= WhgAJZbo]l Zdojflo] weh 3.55%,
6.01%, 1,435 Yelfglen, H-SLO SFIE 0,16~
0.82%= UEtH™ A2 A AeiE A8kt &l vt
oA FAE H-SLE o] CLnAS SHG3to 2N &
Aol HE#L(soft) HEFS Hel Ao AlgEct ulaha
ul7} 1} 28 2 A3} spreadability S £-o1517] YAl
T8l BES-(NH-SL)ol|A] 12 hr} 24 hr §H3-5 §5}0]
ARE 71648 IAAE0] AT Aor AlmEL,

I o

[

Table 5. Solid fat index (%) of palm stearin (PS) and structured lipids synthesized at non-solvent (NH-SL) and solvent (H-SL) system

according to different reaction time.

; NH-SL H-SL

MempEEirs (0) PS 12 hr 24 hr 72 hr 12 hr 24 hr 72 hr
20 97.85 95.53 94.53 88.16 86.67 90.51 85.24
-15 95.08 87.42 88.04 80.63 78.10 82.08 77.41
-10 91.12 81.75 80.47 71.50 70.13 73.35 62.91
5 85.29 76.23 67.60 55.18 57.08 5829 39.64
0 77.71 60.94 51.89 40.13 2.12 42.95 2825
5 69.28 44.01 39.09 28.90 28.70 30.91 20.06
10 63.19 29.57 26.98 18.20 17.42 18.39 11.47
15 62.43 18.12 17.60 10.42 9.13 10.04 6.25
20 60.95 9.79 11.58 537 411 462 2.68
25 53.46 3.55 6.01 1.43 0.82 0.79 0.16
30 4337 0.13 1.54 0.00 0.00 0.00 0.00
35 33.55 0.00 0.00
40 22.79
45 12.81
50 6.41
55 0.48
60 0.00

Structured lipids (SLs) were synthesized at non-solvent (no n-hexane) system (NH-SL) and solvent (n-hexane) system (H-SL),
respectively. The reaction was carried out using 1:6 molar ratio of PS and hydrolysate of pomegranate seed oil (HPSO) in a shaking

water bath set at 65C and 185 rpm.
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Fig. 2. X-ray diffraction spectra of palm stearin (PS, A) and
structured lipids synthesized for 72 hr at non-solvent (NH-SL,
B) and solvent (H-SL, C) system. Structured lipids (NH-SL,
H-SL) were synthesized using 1:6 molar ratio of PS and
hydrolysate of pomegranate seed oil (HPSO) in a shaking water
bath set at 65C and 185 rpm.
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