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Enzymatic Interesterification and Melting Characteristic for Asymmetric
1,2-Distearoyl-3-Oleoyl-rac-Glycerol Triacylglycerol Enriched Product

Jin Young Kim and Ki Teak Lee'
Dept. of Food Science and Technology, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT Asymmetric 1,2-distearoyl-3-oleoyl-rac-glycerol (SSO) triacylglycerol (TAG) is used as a cocoa butter
replacer (CBR). In this study, it was produced by lipase-catalyzed interesterification of fully hydrogenated soybean
oil (FHSBO) and oleic ethyl ester (OEE) in a batch type reactor at 75°C, 250 rpm. Different molar ratios (FHSBO
: OEE=1:1, 1:2 and 1:3, w/w) and various reaction times (1, 2, 3, 4, and 5 hr) were also tested. The optimized
condition for SSO was a FHSBO : OEE molar ratio of =1:1 at reaction times of 2, 3, 4, and 5 hr. Enzymatic synthesis
generated SSO/SOS, as well as the other TAGs (e.g., PSO/POS, SOO/OSO, SSS), ethyl esters, monoacylglycerol
(MAG), and diacylglycerol (DAG). After scale-up, fractionation by solvent (methanol and acetone) fractionation and
column chromatography was applied. To reduce ethyl esters, high-melting TAGs (e.g., SSS), and SOO/OSO in reactants,
solvent fractionation was applied. Using a silica gel column (sample : silica gel=2:1, wt%), MAG and DAG were
removed at 25°C. The major fatty acid composition of the final products (with a high SSO/SOS content) was palmitic
acid (C16:0, 10.9~12.9 area%), stearic acid (C18:0, 52.2~54.9 area%), and oleic acid (C18:1, 34.2~35.5 area%)).
In reversed-phase HPLC analysis, the major TAG species of the final product (FHSBO : OEE=1:1, 2 hr) were SSO/SOS
(82.31 area%) and PSO/POS (14.51 area%). Based on the [SS]":[SO]" ratio obtained by RP-HPLC/APCI-MS, the
final product had a higher SSO (AAB type TAG) content than cocoa butter (CB). The solid fat index (SFI) of CB
and the final product obtained were similar with a narrow melting point range around ~32 to 35°C.

Key words: fully hydrogenated soybean oil, interesterification, fractionation, asymmetric triacylglycerol, cocoa butter
replacer
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equivalent(CBE)¢9} 3}814 542 CBe} tha g2 E¢
2 Exjo] H]523} cocoa butter substitutes(CBS)2} cocoa
butter replacer(CBR)Z &3 4= 9lt}. CBE:= CB%} +#
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AFel fatty acid®t TAG FAS 7FA] 7] wfj&ol H]
Al CBeo} &3}Fo] 7453k Ao vtstod, lauricdl §A1&
o= 33 9l CBSE CBeF A-87d¢] 53] Wrhk4).
CBR2 CB9} Hlzeh A4t 243E 7HA 3L 9lo] CBe] A4
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(6). Wr&}A 1,2-distearoyl-3-oleoyl-rac-glycerol(SSO)
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interesterifications ©]-&3F I F O} E FAFR] Ak
o} IFHE FAAE D7) 93 palm oleinT} stearic
acid®] &4 74 interesterificationo. & AAFHE f-2] o] FH
g AF®)E R

B AFe )5S A3} (fully hydrogenated soybean
oil, FHSBO)¢} oleic ethyl ester® F8 7] 22 A}-4-3}o]
P8 WAFA(CBRIZA AHE7He &k Rl & TAG

22} SFA Y. Thermomyces lanuginosus=5-€
491 Lipozyme TLIMS ARg-3}o] 7] & 712
interesterifications §~33le] SSO<} 2 v A& TAG
o] FA dSHE 21 diF Hseleh ozl kg
2 &) % columng o]&3dte] S S HEH
o2 dojyl BAESY =855 <
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4 M=

2 AFNA AR 712 T2 82 oleic eth-
yl ester¥= Z+ZF CAHSeoul, Korea)et ()] 2.9 7HDae-
jeon, Korea) 2 5B Alg1ro} AL-&3tth S 913 AL
2% lipase: Thermomyces lanuginosaZ 48 a3t 1L
A3} §4¢ TLIMCO 2, triacylglycerol ¥4}¢] sn-1,3 <
Ao oA o Agate= 54 Ao NovozymesAt
(Bagsvaerd, Denmark)o| A T3tk 5412 sn-2 9
Ao Agat =4S dotr 7] 918l ARE-SF pancreatic li-
pase(type II, crude)© Sigma-Aldrich Co.(St. Louis,
MO, USA)ZFE] FY43itt. ¢, vh-g&2] &n 3
(solvent fractionation)& 93}o] A}-8-3F methanol, ace-

tone, hexane< normal-grade®] 3L 7]7] &4 o A}-&3k
Sl B8 S5A %S AESS Y

CHEF st =7 MHEE 218t screening &8
1,2-Distearoyl-3-oleoyl-rac-glycerol¥ 2 =& H]
A& TAG 240] 5= 4 2318 A8 9
o 22 AEE JYsisict. 7
oleic ethyl ester®] & H]&o] 1 1(50 g:17.9 g), 1:2, 1:
30] HEF 1 Lo] 3T T Egx=I FHste] ¢F 90~
93] FHo] wkgk & F w-g 712 10 wt%
o] g3t Lipozyme TLIMS Yil W55 A|ZFslit)
o]F Ao ZE A #te oY= =
75°C= A 0}%_«@, stirrer motor(MS-
3060D, Mtops, Seoul, Korea)oll 93} 250 rpmo =
A E R RS impellerg AHE-SFe] S5 WA 7] HA
SAIZE Bk whg Al 1, 2, 3, 4, 5AIZHee} H 3 S E
2 495 7} 0.5 um PTFE syringe filter(13JPO50AN,
ADVANTEC, Tokyo, Japan)E A}&-3}9] lipase$} E4&
S AAst ATt d2 WEES AAE A 24 F

A& Fsto] A £ SS09) 4o dSHe= 2319

l'l(FHSBO'OEE w/w), §F&-A|7ko] 2, 3,
MAsATH AAE 47FR 9] 248 7 %
g9 T4 17.9 g9 oleic ethyl es—
N 4 DA

A ‘i%%% £ 283} silica gel columne
%“H wEel 27 9 2 Baliga®}
A A3 ARl WA FA
EAA ethyl esterg AA3H7] Hl8te] TAG

&3l A171= methanol®] &3] 574
S 9]83}o] methanol-fractionation= X3} T}, W
%3} methanold 1:5(w/v) H]&E 50 mL9 vialoll # 3]

Zxa gaN7)2
H,

Shitole(9)9]
slo] A& Wk
Bt} ethyl esterE 97 £

WHHE & room temperature$! 25°C
oAl A 3AIZE Bt WAlet F5 kgl Solids 3 lig-
uidso g2 2ag 2 membrane filterg ©]&3 solid
Fatd o, o] e AAE 23] WL W P3to] ethyl
esterg AASTE o] F o TAG REgEAA triste-
arin(SSS)3} £ =& §39 TAGES A7 8] sk,
1:5(w/v) B]&2] ¥H5-E 3} acetones 50 mL vialdl ¥l
53] &3dt ¥ vortexsle] 25°Col Al 3A13F E<F WA g
%ol membrane filterE ©]43) liquids<S ot 181
o =2 §H49 TAGE®] AAH ®ESEAA 1-
stearoyl-2,3—dioleoyl-sn—glycerol(SOO)E ZH sk A A
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&}7] 93to] acetone-fractionatione 471}?!1] HEEEke] 7]
gkt ol & %’45‘11 1:9(w/v) ¥ &< ¥-3E 7} acetones
50 mL vialel @1 g3a @ wus & °Ci A4 in-

cubator(SI-900R, Jeio Tech, Daejeon, Korea)oll A 154]
7t ¥WA3le] solidsS #Ht) o] F silica gel columns
%3}9] monoacylglycerol(MAG)¥} diacylglycerol(DAG)
£ AAZ WS E2 thA] 1:5(reactant : acetone, w/v) H]
£9] acetones AMgete] ¥ 2 EE 18°CE AA3A 15
A ZF A 3 liquids S F3ke] A Alssic)
Silica gel columng2 O0|&¢&t MAG 2! DAG 22|
HES-5o]] #£7]3}+= monoacylglycerol(MAG)3} diac—
vlglycerol(DAG)9] &% <0]7] 93t silica gel col-
umn= AH&3I T o] 9 cm, # 0.6 cm9] column®l sili-
ca gel 60(230~400 mesh ASTM, Merck, Columbia, MD,
USA) 0.5 g5 3} columne A Z3} ). o] hexane
1 mLE &8 # %, acetone-fractionations &3 &
SO0 45 7H ¥k-8-5 1 g2 hexane 25 mLell &3|A]A
silica gel column®l loadingd}Atl. o]& &E3le] MAGS}H
DAGZE silica geldl &&A1A A A3t
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S O WAste] ALg3t . Thin layer chromatog-
raphy(TLC, 20X20 cm, Merck, Darmstadt, Germany)®ll
ol&te] 53l Wk-S-E 9] TAG F-E1HS Alg o] 3+ &
gas chromatograph(GC) #4128 9]3}4] methylationS 2
Atk WA 0.5 N NaOHS] methanol €% 1.5 mL
7Fske] ket & 58 F<F 100°C water batholl 4] —? ]
713 F%3] W7kslslt). ©]F BFs-methanol 2 mLE %
ThA] 33 &< S EAI71 L Z78] WA A o] iso-
octane 2 mL$} X3} NaCl € 1 mLE 7}she] 1#3F vor-
tex3tTh 45 NS Esh7] 918kl 1,500 rpmell A 5
7t A EE 71 E AFE38F9 AL, anhydrous sodium sulfate
columne °]&3te] T4} BTEES AAS & 553514
GC &4l AF&3I2A T GC(YL 6100GC, 6000 series GC
system controller, Younglin, Anyang, Korea) &4l A}
4% HAE7]& flame ionized detector(FID)E AF&3131 S
1 columne SP™-2560(biscyanopropyl polysiloxane,
100 mX0.25 mm i.d., 0.2 um film thickness, Supelco,
Bellefonte, PA, USA)S& o]&3lo] &4 S}Oﬂn} Carrier
gast LT E HelZA 1 mL/mingd %S FA83 )
® 59 150°CE WX]?& T 4° C/mm"’“ =7}
@3te] 303t XA FH 2.1 inject port
259} detector 2%+ 77t 250°C 260°C= A3}

Oven &%+
AlA 220°Cel| =

Alges1 L FolEle] Z BAA7F 52587 X WA BAS
AT, FAL F o wE Aaste) FERE T,

Pancreatic lipase M2 S5t IXIE X|9t =
g2k 3 24 A4 e
HZF AAHE2 sn-2 ¥ sn-
93l sn-1,3 $1A9 &
pasedl &% 7teEafukES ’ésgébi‘jr. 2 A3

Lee®} Akoh(11)2] HH & O—J—‘?— —’Fxé

ol ok 7~10 mg A EE ¥
fer(pH 7.6), 1.75 mL2]
CaClz & 7}t &, A =9
pase® #H7bste] 11t
AR Fg2FzoA 38
= & 33] Wt el vhgo] Ed /\]6‘401]
4 mL9 diethyl etherE 7}&ta nHkek & QAR 7=
AFE-3 A4S uhe §-2l5ke] sodium sulfate anhydrous col-
umnl 2 ¢ 2L B+ES A A Y. o] hexane, di-
ethyl ether, acetic acid(50:50:1, v/v/v)¢] A& = A}
43 TLC 415 53] 2-MAG bandE 2 ¢ %, methyl-
AABEe] GC B-Ael ALgatglon GC BA e
A BAWH) 2o 39 sn-1,3 919 Ak
212 Fomuso$} Akoh(12)9] A& A-g3tgom
=

Sn—1,3 (%)=[3TAG (%)—sn-2 (%)1/2
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Reversed—phase HPLCE O|-9-3+ TAG =4 2XM

i w2 wksEo TAG 24 A4S 935t re-
versed-phase high performance liquid chromatog-
raphy(RP-HPLC)E AF&-3F91 2™, Moon 5(13)9] WS
A5 Wyt Fask3itt 7171 Younglin SP930D dual
pump(Yonglin)Z AF&&9 o™ columne Nova-pak®
C18 60 A 4 pm(3.9%150 mm i.d., Waters, Milford,
Ireland)E& AFE3}$ITE  Acetonitrile®} iso-propanol :
hexane=2:1(v/v)< 717+ &v] A9} BEA] A B=80%:20%
ol A 54%'46%§ AR 74A M3IA 7] 158 2k FX 5}
ATk T F 6527 80%:20% = WEAIZ] T T0R7HA]
¥A31P o, §42 1 mL/minellth. AE7]E 40°C,
2.2 bar® AA 9 Sedex 75 evaporative light scattering
detector(ELSD, Dedere, Alfortvill, France)& AF&3}%1
t}. AR & chloroformel] €43 %4 1 mg/mLe] %
10 pL FYstgon, 2459 TAGY partition number
(PN)S] Akl vhs3) 2t

PN=total carbon number (CN)-—
2Xtotal number of double bonds (ND)

RP—HPLC/APCI-MSE 0|&¢ct TAG O|MZEIXN M

T 2 EES T8 ¥ HE AAES TAG #ATx
£ 7371 938k RP-HPLC/APCI-MSE A3} th
E Ao A Alg®" LC/MS= HP 1100 series liquid
chromatograph/Agilent 1200 series mass spectrometer
(Hewlett-Packard, Palo Alto, CA, USA)E Al-83l3on,
RP-HPLC #4122 StollA AM&g &3 2t MSe]
o] &3} ¥l 7]t 3}to]-2 3} (atmospheric pressure
chemical ionization, APCI) ®H& A-8-3}%13L, positive
mode?] ion mode®]A 150 V& fragmentor voltageE A
gste] wAs gl TAGS] A%+ Mottram 5(14)°]
A A3 ion fragment?] ion spectrum molecular weight

A& AHgete] B

DSC &4

Differential scanning calorimetry(Model DSC 2010,
TA Instruments, New Castle, PA, USA)E Al-&3lo] A&
o EFAR AE) wigtE Q1% G HstE SATOEH
Fd 9 9d XS 5A43 o, solid fat index(SFI)
%72 Md.Ali¢} Dimick(15)9] W& AF F4544 A4S
33t DSC9| calibrationg 9&l 1l cellS
A1-8-319] baselineS FRem, 7} B4 A5 42 7+1
mgS FHste] FAst. ¥3E 2] melting ¥ crystal-
lization thermogram= €7] 918+ 714 % W4xde z7]
2ZoA 80°CE F&3t9 10+ &<t 4% b, 10
°C/min®] H&=Z -60°C7HA W7ate] 1 2=olA 10%
B FA3 3 ohA] 80°C7HA 5°C/mine] Bl & E 523
t}.

reference=

ML

b3
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Slip melting point &H

g 3 9 skl 42 HF A=Y Z3MEHY
slip melting pointE FA3s}7] 8t AOCS Official
Method Cc 4-25(16)2] ol £33l #2498 A3l
Capillary tube(75 mmx1.2 mm i.d., Chase Scientific
Glass Inc., Rockwood, TN, USA)2] wehkhlol] A3 &3
HAEE 1 cm AER F8ke] -20°Col A 102 &<+ $ar
A &, 257 shdel F-28te] cupric sulfate(CuSOs)
columnel] ¥t} Columne SH<=7F @71 87
w71 #H(PC-420D, Corning, Lowell, MA,
USA)S 0] 83519 stirrer® wRFIAA A4 o=z #d3
AET} o] Fo|A =2 &g, oF 0.5°C/minle & &5 &
5

A AT A ZFA ¢l BH-S Eslo] A|B 7} capillary tube

ik
Mo
"

& ElaL A5slr] AlRE we] 2% F slip melting point®
A g3l S48 3L, 228 RS A3t HA o2

H'-NMR £

HZE YA E9 MAGS DAG, 183 TAGY FAS 24
a7] 918kl H'-NMR(600MHz FT-NMR, AVANCE III
600, Bruker BioSpin Corporation, Billerica, MA, USA)
S A3l o) Laszlo 5(17)8 WS AR =450
ALg-3F T}, FA) o] AF&% probei= BBI Broadband probe
ollem, 0.1 g9 ANEE 0.7 mLe CDClsoll &435] &3l

s
)

A]71 3 NMR tube(Norell, Landisville, NJ, USA)el| %3}

of ¥4& ABh

SA Xzl

2% A= SAS(Statistical Analysis System) 9.2
(SAS Institute Inc., Cary, NC, USA)E o]&3}o] Dun-
can's multiple range testoll 9|3l Z} A|&3ke] 294l
Apel & /X0.05 oA HF ksl

o

I g2k dFFEAse F AW 242 palmitic
acid(C16:0) 17.0 area%%} stearic acid(C18:0) 79.8 area%,
2] 31 oleic acid(C18:1) 3.2 area%® 1%l oH, 3
sn-2 ¥l A stearic acid’} 91.6 area%Z YEIY} T2
23} ARPLke] A skE Ao g vt @ dFSEA
3¢} oleic ethyl ester(OEE)9] 1:1, 1:2, 1:39] & | &3}
WHEAIZH, 2, 3, 4, 5 hr)oll whE ¥h3g-=9] AWk 2435
A% Ay} AubA o & palmitic acid, stearic acid, oleic

Table 1. Fatty acid composition of fully hydrogenated soybean oil (FHSBO), reactants and final products at the different molar

ratio and reaction times

Fatty acid TAG Sn-2 Sn-1,3
(area%) C16:0 C18:0 Cl18:1 C16:0 C18:0 Cl18:1 C16:0 C18:0 C18:1
FHSBO 17.0£0.4  79.840.6 3.240.2 2.7£0.1  91.6+0.3 57404  24.1+0.6  73.9£0.9 2.0+0.4

1 hr  13.040.0 63.320.2" 23.7+0.2° 55£0.1° 84.3x0.1° 10.2+0.0°  16.7+0.1° 52.840.2% 30.5£0.3%
2 hr 12.7203®  612£12% 26.2+09° 8.3+0.1¢  78.4202° 133£0.0° 14.9+04° 52.5+1.8° 32.6+1.4"
1Y 3 hr 12.940.0° 58.9+0.6° 28.2+0.6" 9.1£0.1°  74.040.0° 16.9+0.2°  14.8+0.1° 51.320.9° 33.9£1.0°
4 hr  12.4402™ 585+1.1° 29.1+12°  10.120.1° 71.5£0.0 18.3%0.1°  13.6£0.3° 51.9+1.6° 34.5+1.9"
5hr 122+£04° 604407 274204 11.5£02° 69.120.2° 19.4+0.1°  12.620.7° 58.144.0° 29.443.2°
1 hr  104402° 55.5+02°  34.1+0.0° 49+02° 81.3+03° 13.740.2°  13.240.4° 42.6+0.5° 44.3+0.1°
2 hr  10.2+0.0° 51.8£0.1° 38.0+0.1° 7.1£0.0°  72.7£02° 20.1203%  11.7£0.0° 41.4+02° 47.0£0.2"™
12 3 hr 102+0.1° 51.120.1° 38.7+0.1° 9.7+0.3"  65.6£0.4° 24.7+0.1°  10.5£0.0° 43.8+0.0° 45.7+0.1™
4 hr  10.3+0.1° 48.9+0.5°  40.9+0.4° 9.6+0.4"  63.1£0.3% 27.3+0.1°  10.6£04° 41.740.9° 47.6+0.6
S hr 10.1£0.1°  49.740.7°  40.2+0.6" 9.4+£0.3"  60.5+03° 30.1£0.1°  10.4+03° 44.3+1.2°  453+0.9%
1 hr  83+0.0" 523+0.1° 39.4+02° 4.140.1°  78.4+03" 17.5402°  10.4+£0.0 39.240.4° 50.4+0.3°
2 hr  8.1£0.2° 47.3+0.4° 44.5+0.2° 73+0.0° 63.3£0.2° 29.5+0.2¢ 8.6£0.2° 39.4+0.5° 52.1+0.3"
1:3 3 hr  85+0.0° 45.8+0.1° 45.7+0.1° 6.6£0.2°  60.2£0.2°  33.240.0° 9.4402° 38.6£0.3° 51.9+0.1°
4 hr  83+0.1% 453+0.1° 46.4+02° 7.9+0.0° 54.5£0.1° 37.620.2° 8.5+£0.2°  40.6+0.1* 50.8+0.3"
Shr  8.6£0.0" 44.0+0.1° 47.4+0.1° 8.540.4° 51.240.5° 40.3+0.1° 8.740.1° 40.4+04" 51.0£0.3°
2 hr 12.940.0°  522£0.0° 35.040.0°  10.7£0.2* 68.120.0° 21.2+0.2°  14.00.1° 44.240.0° 41.9£0.1°

L 3hr 11.340.0° 53.2+0.0° 355+0.0° 11.2+04° 68.4+02° 204402° 113+£0.2° 45.6+0.1° 43.1+0.1°
: 4 hr  11.120.2°  53.5£02°  35.4+0.0°  11.0£0.0° 62.5£0.0° 26.5:0.0°  11.2£0.3" 49.0+0.3" 39.8+0.0°

5hr  10.9+£02° 54.940.0° 34.2+02°  11.4+0.5" 62.840.6° 25.8+0.1° 10.740.1° 51.0£0.2*  38.3+0.4°

All values represent mean+SD of duplicate determinations (n=2).
"Molar ratio (fully hydrogenated soybean oil : oleic ethyl ester).

?Final product.

“*Means within the same column without a common letter are significantly different at P<0.05 by Duncan's multiple range test.



acid7t =8 Agito g FAHALE £ S T4
= TAGY] WAk 243 sn-2 9121 9] At

HES- Al 7bo] F71g whel oleic acid’} 5718k
Bk 93 AIzke] F7tell W& sn-2 A9 oleic acid
Z7H= TAG] sn—1,3 9129} sn-2 $1X] | 4] A W4te] 7}
A2 02 o]Fel= d/d? acyl migration® =2 QIg Ao =
t}. o]#] g acyl migration A4 2%, WAL
FEEA LT E&57F S8k
719 F7 ol s AT
th(18). o] 4o AFE Fotal 2 23,
:1(FHSBO : OEE, w/w), ®¥H&-A]zke]
S5A1ZFY ulf, wkS-E9] F X|uhalk A4S stearic acid 58.5~
61.2 area%<} oleic acid 26.2~29.1 area%<] H$ 2 Y¥E}
1} stearic acid”} oleic acid®] F B 7} =4 A
], sn-2 YA NA AHAF A S stearic acid 69.1~78.4
area%<} oleic acid 13.3~19.4 area%= YEY vy =

% 7
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2 SS09] 2A4E A5 & A wEA 2 g 2o
2 F e & 2EHS AP
Scaled—up 24X §Hd 2 BHZ ESt 21T MME9|
FIxIE x|t =

kS 27 screeningS 3% ¥ ¥ &v) 2 A

silica gel columns 53 GALH S A HFHo= A4

o f29] Ak 24 B4 4 3= Table 19 YEl
Wtk HF APEY Fo Ak 242 10.9~12.9

area% H¥2] palmitic acid(C16:0), 52.2~54.9 area% W
$] 9] stearic acid(C18:0), 34.2~35.5 area% ¥ 2| oleic
acid(C18:1)& Yebgth Sn-2 9129 F& At 24
S C16:0(10.7~11.4 area%), C18:0(62.5~68.4 area%),
C18:1(20.4~26.5 area%)® e, sn—1,3 YA A
WAk 2442 C16:0(10.7~14.0 area%), C18:0(44.2~51.0

Table 2. Triacylglycerol (TAG) species of reactant using reversed-phase HPLC

ol A 2 §H 5A 97
area%), C18:1(38.3~43.1 area®)® ZAIFAJY. 53]
sn-2 $1X¢] stearic acid £ WA 7F 2, 3, 4, 5A| 7k
X Z}7} 68.1, 68.4, 62.5, 62.8 area%® Y EY} WA 7
2A1 2 3AIZE] T =2 ks YERgo] 7Y e
ol vt #x1¢91 SSOE 71d Aoz AzE,
RP-HPLCE 0|8%t TAG = 24

W5 =4 379 oleic ethyl ester® &A% inter—

esterificationg S AAHE WSE2 EHIAAH uE
TAG zx7d 9] ¥slE RP-HPLCE 415k
1

pul

AeS Ikt 72 S AA o] AP 5F HAA A
PN=48% 50°] TAG 242 #4332y PN=529] TAG
4L SV A3FE yehde] #F4 o= SSO/S0S =
’do] 82.31 area%l WHEES & ATt 44k W
¥ SOO/0OSO fractionation 3§43}, PN=482] 000,
POO/OPO, PPO/POPS} PN=502] SOO/0S0O, PSO/POS]
area%’t HAadhe A4S BT 1% SO0/0S09| 744,
SO0/0SO fractionation 2138 A 15.15 area% S YERAA
o BHE MHEES4E 9.23, 4.82, 2.79, 1.91 area%®
e, B8 el tisle] 87.4%2 SOO/0SO7F AlAHE A
o2 BAF Q) ¢ PN=487 PN=509] TAGY] #A=
kel AulH o=@ PN=529] SSO/SOS¢t SSP/SPSe]
area%= Uha F7bele AdS Btk 53] SSO/S0S9]
7%, SOO/0SO0 fractionation A8 A 65.32 area% & 1}
BRIl oy o] JPE = 72,35, 78.46, 81.59, 83.17
area%= WERY} 3 A B SSO/SOS7F 27.3% 571 A
th o] MAGSF DAGS] &%& 1HAA17]7] fste] Xggt
silica gel columng F38Fo] 48 0= &2 melting point

(Unit: area%)

FHSBO3):OEE4):1:15), reaction time=2 hr

PN" Species” SOO fractionation Silica gel High melting TAG
Before Ist 2nd 3rd 4th column fractionation (final product)

48 000 0.28 0.15 0.06 0.04 ND? ND ND
POO/OPO 1.78 0.95 0.40 0.21 0.09 0.07 0.11
PPO/POP 0.67 0.62 0.36 0.35 0.25 0.18 0.19

50 SO0/0SO 15.15 9.23 4.82 2.79 1.91 1.81 2.58
PSO/POS 16.32 16.20 15.18 13.95 13.72 11.59 14.51
PPS/PSP 0.28 0.29 0.27 0.29 0.26 0.47 0.15

52 SSO/SOS 65.32 72.35 78.46 81.59 83.17 84.57 82.31
SSP/SPS 0.09 0.07 0.35 0.67 0.47 1.08 0.07

54 SSS 0.09 0.13 0.11 0.13 0.12 0.23 0.07

UPN: partition number=total carbon number (CN)—2[total number of double bonds (ND)].

2)Species: O=oleic acid, P=palmitic acid, S=stearic acid.
YFHSBO: fully hydrogenated soybean oil.

YOEE: oleic ethyl ester.

Molar ratio.

9ND: not detected.
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£ 7}A]= PPS/PSP, SSP/SPS, SSS¢} £ TAG A o]
Z¥7+ 0.26, 0.47, 0.12 area%°l A 0.47, 1.08, 0.23 area%
2 Z7bete WstE Btk meba o] F 18°CellA] &
acetone fractionationgs &3k 24zt 0.15, 0.07, 0.07
area% = 7+a%¥ PPS/PSP, SSP/SPS, SSS9] TAG 4%
72 HE BAES 45 T AT HE AL ES TAG
Z4& SSO/SOSeF PSO/POS7F 82.31, 14.51 area%® <+
2 FAE e Fow elEin

RP—HPLC/APCI-MSE 0|88t TAG O|MEX £4
RP-HPLCE TAG %45 w43l glo] Rz o= AL
|51 Qo) JH 2l retention timesol|l &3] H3¢
sk £3E9] TAG 24 4= 840 Hojxitte &4
1ttt kA 9F mass spectrometer(MS)+= TAG #4}9)
Tol W2 A 24 FAFE 2T s FH e
g AFEE L JrH14). webd o F4 4 2ES
&3t HET AAES TAG ol dAE 4387 H3t
RP-HPLC/APCI-MSE Ahg-stgloem, 11 A= Fig. 13}
2o} FF A E 2] PN=50 TAG(SO0/0S0, PSO/POS)<]
ion spectrume [PO]" 577.5 m/z, [PS]" 579.5 m/z,
[00]" 603.5 m/z, [SOI" 605.5 m/zolA &el=glon,
PN=52 TAG?! SSO/SOS] ion spectrum< [SO]* 605.7
m/z, [SS]" 607.7 m/zo| Al E1= At gk SSO9] g

o] ;& Ao ddE= HF A= S0Se) dEFel we

¢}

Ao oids= Ao E Y [SS]T:[SO1T 9] W&
Table 3¢ YEF AT Mottram¥} Evershed(19)9] A+
of W=, AABZE|9} ABAFHIS] TAG o] @A [AA]
o]l 23 [AB]"o]2¢9 H|&=R dolE & ria =,
o] AAB o] Ao A A E = [AB]" o] 21}t ABA ©]
AAAA ZHE [AB] o]20] A AAE7] Wil Aoz
A skTh. T3 AABFEIS] TAGS] [AA]Y : [AB]' 9] %
2 19 71HA A5 Yo ABAZH 9] TAGE AABE )
o] TAGR T} 71 ghe] G vepstthar Basglct & F2
438 TAGEPOP, POS, SOS)Z FAH FFolHE 9
[SS]": [SOT 9] H]&o] 0.37%2 A9 Ao Hlete] H%
B [SS]T: [SOT 9] vl &L 0.54% A Aoz 1
of AF AT IAolE] nls) HtHIF A TAG
ol wom, webd WY TAG SOS9F vt d
TAGS! SSO7F A &&dte] EAets o2 5T +
AR (Table 3).

DSCE Est = = ol =

Hhgoll AbgH 718l = =74 3-(FHSBO)SF 25
ol E], 1ga BT W MgEe] FITH U I
=8 A3 A= Fig. 29 2. Aol 1Al o5
SR FLTAFig. 2A), )& 64.1°C9F 69.2°C
NM FAE Bl ES UeR R on, T 3 (Fig

100 -
] [s0] (A)
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o %07
Q
=
© J
2 60- S|
5 ] .
s 1 wop- 579
Py 1 .
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o ]
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Fig. 1. The APCI mass spectrum of PN=50 TAG (SOO/OSO, PSO/POS; A) and PN=52 TAG (SSO/SOS; B) in final product (FHSBO"
: OEE”’=1:1”, reaction time=5 hr). YFHSBO: fully hydrogenated soybean oil. JOEE: oleic ethyl ester. Molar ratio.
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Table 3. Relative abundances of [SS]” and [SO]" ions in cocoa
butter (SOS type trlacyl§lycerol; and ﬁnal product (SSO type

triacylglycerol; FHSBO" : OEE’ ), reaction time=>5 hr)
Final product Cocoa butter
(SSO+S0OS (High SOS
triacylglycerol) triacylglycerol)
[SS] 54 37
[SOT 100 100
[SS]":[SOT" 0.54 0.37

1)FHSBO fully hydrogenated soybean oil.
YOEE: oleic ethyl ester.
*Molar ratio.

AGSF MAG, DAGZ} A A E

melting % crystal-
ol e Toz, wd
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“6‘0:] _3__/\% [e)

= U

2.7, 20.4, 269 325 Coﬂ/ﬂ Deakv— UrEMM Hlj A g
L5 WA peak”} E1E Gt} o]d] WFsle] silica gel
columng 33k %o wkSE(Fig. 2, o)< 49 4%
1.9, 9.5, 30.3, 41.2°CZ uYetxon, AAQsHLE
19.5°CE YEh &= He7F tha F3x slom #AE l

ot
]
it
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e
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CRIEE R %

< 7MA= MAG2}H DAGQ shego] gago 2y
ol Fow AZETE 1 & 18°ColA & ¥ acetone
fractionation®. & dol7 HZE WAHE(Fig. 2, D)9 ¢4 2
AR HE 247F 1.2, 9.6, 28.7°C9} 2.3, 17.6°CE S &
eov, FolE (Fig. 2, o) 4 L A3t de 42
23.7°Ce}t 8.8°CellA] SA o] IsopHEl T 2 AP E
g] OZJ U1 ﬁ;@lg}ﬂo] Za= lcﬂ] Z;GE]OJOL]. H] 7§, 0/\]_
@ ex Wz et 2oz 4z,

Solid fat index(SFI) 2! slip melting point 24
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H 9] solid fat index(SFD¢} slip melting pointE WERH
A3} Table 49 2t} SFl= 2A1A] 9] solid 332 574
W o 2 A (fats and oils) & Aol A AE 9
1EA4S S48t T8¢ Ax= ARS-E I ATH20).
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A E9] SFI&= 9.57(30°C), 0.25(36°C), 0.07(38°C)= YE}H
Al 2% H9lelA ZiolHE ol Blate] LA A FhEFol

G A debst #HS A4 E0] AAohHEY v
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SO (ST 20 rLr
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a
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Fig. 2. Melting curves (A) and crystalhzatlon curves (B) of fully hydrogenated soybean oil (FHSBO; a), cocoa butter (CB; e¢)

and reactant (FHSBO : OEE=1: IR

, reaction time=2 hr) from each fractlonatlon steps (b: after SOO/OSO fractionation, c: after silica
gel column, d: final product) by differential scanning calorimetry (DSC).

YMolar ratio.
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Table 4. Solid fat index (%) of cocoa butter and final product
(FHSBOI) : OEE”=1:1”, reaction time=2 hr) obtained from dif-
ferential scanning calorimetry

Temp. (°C) Cocoa butter Final product
0 98.09 95.06
10 92.81 84.06
20 65.08 68.70
22 50.71 63.56
24 31.59 55.47
26 15.52 42.82
28 5.35 25.48
30 1.27 9.57
32 0.31 2.64
34 0.09 0.73
36 0.02 0.25
38 0.00 0.07
40 0.00 0.00
Slip M.P (°C) 23 29.5

YFHSBO: fully hydrogenated soybean oil.
YOEE: oleic ethyl ester.
*Molar ratio.

L 254 g 5= AI= Quast 521D AT
oA ZFolHE$} pure CBRo| Z+7}F 35°C, 38°C W] <]
oA $HHs] H= A A vEbsTr gk HdukA
o L 2hoA IIHEHEY HF A= AAA
gefo] =/ BAE =), o] g8 ¥ stearic acid
(C18:0)9] FFol Aot H Y HF Y=ol %7] Wi
A A= FehEt) o= <l3le] FFolHE o HE A=

9] slip melting point =3+ Z+7F 23°C, 29.5°CE #4150
FHF A E] ZFNHEHREY =7 S 3o Ay

ot
2 o
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A, FE 2 R BAS st 54ATE s
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melting point 74 A¥}= ZIolHE 9} vl B4 5.
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