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ABSTRACT

Methyl fructoside oleic acid polyester(MFPE), fructose-based sugar polyester, was synthesized by
solvent—free, soap-free transesterification of methyl oleate with methyl fructoside(MF) as a sugar
starting material in the presence of conventional potassium carbonate basic catalyst. Methyl fructoside
was found to be an effective sugar starting material, because of its low softning point, high heat
stability, high miscibility, and high reactivity than other sugars. Yield 98% of purified MFPE based on
initial weight of MF was obtained at 1:5 of the molar ratio of methyl fructoside to methyl oleate,
2% (w/w) of potassium carbonate catalyst content, 20~200mmHg of reduced pressure and 180%C of
reaction temperature. MFPE structure was confirmed by infrared and proton nuclear magnetic
resonance spectroscopy. Physical properties of methy! fructoside oleic acid polyester such as
viscosity, HLB, solubility, color, refractive index, specific gravity, and density were similar to
physical properties of sucrose polyesters(SPE) and vegetable oils. Then, it was elucidated that MFPE
was sufficient to replace the SPE and conventional oils.
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1. Temperature Controller 2. Heating element
3. Magnetic stirrer 4. Magnetic bar
5. Oil bath 6. Reactor

7. Thermocouple 8. Sampling port

9. Cooling bath
11. Vacuum gauge
13. Vacuum pump

10. Dimnorth condenser
12. Needle valve

Fig. 1. Experimental reactor set-up for solvent-
free, soap-free transesterification of oleic
acid methyl ester and methyl fructoside.
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Fig. 2. Effect of catalyst contents on yield of
methyl fructoside oleic acid polyester in
solvent-free, soap-free transesterification
of oleic acid methyl ester and methyl
fructoside. Reaction conditions: see the
materials and methods.
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Fig. 3. Effect of molar ratio on yield of methyl
fructoside oleic acid poly ester by
solvent-tree, soap-free transesterification
of oleic acid methyl ester and methyl
fructoside. Reaction conditions : see the
materials and methods.
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Fig. 4. Effect of alkyl carbon number of oleic
acid alkyl ester on relative yield of
methyl fructoside oleic acid polyester.
Reaction conditions: see the materials
and methods.
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Fig. 5. Effect of alkyl carbon number of alkyl
fructoside on relative yield of alkyl
fructoside oleic acid polyester. Reaction
conditons: see the materials and
methods.
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Fig. 6. Solvent-free, soap-free transesterification
kinetics of methyl fructoside oleic acid
polyester at different temperatures. The
reaction conditions are 1.5 of molarratio
(MF:0OAME), 2%(w/w) of catalyst(K2CQa}
content, and 20-200mmHg of vacuum.
MF:methyl fructoside, OAME: oleic acid
methyl ester.

3482cm™(C=0 overtone streching vibrations),
3016cm™(C-H streching in aromatics), 300~
2859cm™ (C-H strech in CHs and/or CHa2),
1746cm™ (ester C=0), 1661cm™(C=0 streching),
1462 em'(C=C streching), 1378cm’(C-H band
streching in CH3), 1252~1067cm™(C-O streching
of ester), 283 724cm™ ((CH2)4 + in oleic)l
vehd Zzte] F4j2 e FEzEEAE &
g4t ZejolaH 27t AP 4+ U
=3 4 YA Y ¥ e A3 0.88~
0.91ppmellA] -&aljabdete] oel (-C-CHs)7]<l
22 E A2, 1.27~1.30ppmelA &l 4ke] =
H3l(-CH) 719 Z2E A2, 2.00~2.02ppm
oAl ZalAke] o|FAY x|t AR widal
(=CCH2-)718] =8 E 4] =24, 2.31~2.35ppm
ol A FaAbALE2] wElg x| o] wEalr]e] =2 F
212, 5.34ppmeilA] Ak o|F AT wElY
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Table 1. Comparison of optimized reaction conditions for sugar fatty acid polyester production.

MF*-based process
(present process) P & G process Akoh & Swarjson process
Reaction sequence One stage Two stage One stage
Mole ratio(Sugar : FAME") 15 1:16 1:10
Acyl acceptor(Sugar) Methyl fructoside Sucrose Suc;:js;;iaz:;t:;;:thyl
Reaction time(hr) 3~5 10 2~3
Temperature(C) 180 150~ 180 105~120
Catalyst 2% KC0Os3 1~5%, NaH 1~2% Na metal
Solubilizer None Potassium soap None
Vacuum 20~200mmHg 0.5~ 15mmHg 0~5mmHg(liquid N2
Yield(%) 9698 90 96.1~99.5
Leaving group Methanol Methanol methyl acetate

a: 'Methyl fructoside, b: fatty acid methyl ester.

(-HC=CH-)9] Z2E A=, 3.36ppmelA =¥
ZE2eA = v EX(-OCH:)7]9 Z2E Al
d, 3.66ppmellA HEZEEA =9 1w ot
4ol AgtEle] gl A/ (-C-CH-0) 8 22
E Alad, 283 4.15~4.29ppmolA] WK ZE
A= 3, 4, 5¥ Bliel AjH Sl 444
Aol 228 Aol Yeht nZREAE &
glat Zelollas) 271 A EGSE & 4 At

4-6. OGP ZEEAE 23N BelojAE2e 2Y
@ Aubat Zejolasl2E oA A 22
AMursle] 2 FAJo] Aol At frAb dhdA A
ol F4EA g ZAHs]ojof shed], 1d
Aoz Ax x4, 4Ux, ¥F, AE THE H
w52 2 AolAel & % A=
#o BA4E N1F223 o wazn Ygv.
Table 20 & A-Tol4 FAT ALIEEAE &
ik Felozsl2e EA4E o= F59 7 3
oaslz o A5fe vladged, THE, ¥
F, 39 2 A = Fol o 3 Tellar2e
7359} vliwsled wlg FEFHE 4 4 UKD, &
3 A5 o Afols e 3 A Fel
2827} £ vehde Aol glev H-ZE

E A= xuial Zejol|Avl 2 Ao} FAFE}
A et B4 43 de &4 4 A 7+ F
glol 28 2+ HLB#kol 2~64tol& A =o]o}
w/oB e 3% EAA|717]e A Adpe cHaA|
ul ololollx B ¥, wlolrial slebad, £Fe, A
e g E759 f3AR AHE o] FEd Ao R
¥ 3s5lo] gl s ZEE A -S4t FPollx
Bl 2+ HLB7} 3.1& W ehd w/od f3tAle] &
EollE k&3 & & 4 U, Table 39 &34
5 AFAE #x) Aoz AlHH T Qe A
o LAl EejoaB et FARE o 4 9lof
A, A A " wiod e kAl 2 A g
A Zelol2s| 28 AT 4 9% s o
o}, =3 DSCE ol &3led 7 A|upAl Fejofl 2]
29 $§25 % HEZ A Fg. 79 Jebd 6t
8} o] £§&x7 488CE Yeht HFHE
FE o2 Agk xukal Eo v 2] §4 -53
o FARME & 4 Uit weiA sl ERE
Az a4l ZolaBl2E 2 E40] dAlA o
2 AR F A ABE 2 e A Aat F
ol 2Bl Z(SPE)et FAF A Y 438 o 4
ez x g xukal Egjo A8 2E o 3}7]
o] £¥3 BAE Zu g+ Ao Hrido
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Table 2. Comparison of physical properties of methyl fructoside polyoleate to other sugar fatty acid

polyesters”.
Refraciive i Theoretical
il b elivcd IS Thedl PSR VP Wntt
_lat 401) at 200/20C) | (at 20) gimol
g ioeide 14680 09408 09838 134 | Golden yetow | 31 1252.14
M, Shcoside 1.4668 09155 09139 135 Pale yolow 34 1252.14
e ol 1.4672 09245 09139 138 Pale yellow 34 ND.
S AR anut O 1.4670 09011 0.8995 140 Pale yolow | 32 ND.
Sorbitol hexacleats 1.4669 09186 09169 19 Pale yolow | 20 17690
Sucrose octacleate 1.4688 091% 09152 25 | Goden yelow | 35 24580
Trehalose octacleate 1.4671 05389 09073 200 | Goiden yelow | 35 24580
Stachyose polyoleate 1.4673 09468 09451 240 | Goiden yelow | 50 43602
Raffinose potyoleate 1.4669 os8 | 0soR 320 | Goiden yelow | 60 3132
Soybean SPE 1.4688 09338 0821 281 Palo yolow | 30 23101
Soybean RPE 14772 09967 09051 30 | Goden yelow | 45 2101
Peanut oif 1.4670 09159 09142 140 Pale yellow - -
Com oi 1.4671 09184 09167 - Golden yellow | - -
Safower of 14674 09228 09212 142 Pale yelow - -

Table 3. Comparison of solubility property of methyl fructoside polyoleate to other sugar fatty acid

polyesters”.
Sugar fatty acid polyester
Temperature -

Sovent Sucrose Raffi

e fr:ﬁ:cls:wlde Sucrose polyoleate of Sorbitl Do'vdenaol:eot T

‘ polyoieate | PV | cotean ol | PO | soyvean o | 000
wate 25 ] | ) | | 1
r

75 | | | 1 | )
c 25 ] I 1 ] | |

75 PS PS PS PS PS PS

o 25 s S s s s s

75 s ) s s s s s

Gyoon 25 PS PS PS PS PS PS
rnn
75 s s s s s s
25 s s s s s s
Chioroform

75 S s s s S s

25 s s s s s S

75 s s s s s s

| : Insoluble, PS: partialy soluble, S: soluble.
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Fig. 7. DSC thermogram of methyl fructoside oleic acid polyester.
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