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Abstract

Sucrose esters were synthesized by transesterification of sucrose with docosahexaenoic acid ethylester
mixture (DHAEE). Potassium carbonate as a base-catalyst was used in the presence of dimethylsulfoxide
(DMSQO) for the reactions. The reactions were performed with the different reaction times and molar ratios
of substrates in the presence of surfactant in vacuum. Among the reaction conditions in this study, SE#47~7
showed the relatively high conversion rate (>96%) of DHAEE, leading to the high yield of sucrose esters.
In addition, the product composition was changed from sucrose mono ester to diftri/polyesters after the
prolonged reaction time while the increased molar ratio of DHAEE also resulted in the composition changes
of sucrose mono ester to the sucrose di/tri/polyesters. From the reaction (SE#7), conversion ratio was 98.5%
in which 87.3% monc ester and 13.7% di/tri/polyester were found, resulting in the highest content of mono
ester. Therefore, the sucrose ester containing various rates of mono and di/tri/polyesters, which effects on
hydrophiliclipophilic balance (HLB) values, can be manipulatively synthesized using the reaction conditions

reported in this study.
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Table 1. Examples of commercial sucrose ester (SE) pro-
ducts?

Hydrophilic- Ester composition (%)

=E lipophilic Appearance
duct™ Mono Di-/tri-
brocie balance ester polyester
F-160 15 70 30 Powder
F-140 13 60 40 Powder
F-110 11 50 50 Powder
F-50 9.5 45 55 Powder
F-70 8 40 60 Powder
F-50 6 30 70 Powder
F-20W 2 10 90 Powder
F-10 1 0 100 Powder

YProm Reference 1.
DK ESTERs, produced by Dai-Ichi Kogyo Selyaku Co. Ltd.,
Kyoto, Japan.
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Fig. 1. Structure of sucrose mono ester having one ester linkage,

ter emulsion)® ©] -2 7 o} e} A V]9 o)A &
#lo FAdE 48 AR 2R sucrose fatty acid esterol
A BEEE ARdEL AA0A o 2o B 5 2t
Fig. 1914 & sucrose fatty acid ester & & M9 esterd 3t
S 7}A & sugar mono esterE A A]SHH O}

Sucrose ester79 Az 2 7|Ho| o} fatty acid
anhydride®} sucroseZ BFS-A] 7] = direct esterification B
M3} fatty acid alkyl ester9} Bh-3-A] 7] = transesterification
H Fol Qo) Eé vbgzo me) Hhg-2 )& A28
B sucrosed AW Zo] &f EFER E F O
g Zu] &) sfol fatty acid alkylester& 8k3-4A]7] = &
) A (6)*} dimethylformamide(DMFE), dimethyl sulfoxide
(DMSO) 59 Hhg-gu] dollA &Ze] Fo stol sucrosest
A2t alkyl ester& HHSAI7IE SuH(7) 2 & 2o AR
g1 3 enzymed AHET FH(3.9 Fol Btk
Sucrose?d] #k52ufo] 3 &8] == sucrose fatty acid
ester?] FAAzANA 2 FAHAES A= T3 2919
At} Enzyme &% 22 enzyme activity S 57| &
of DMSOE AFg-& = 9o}, mela o] FHolA = sucrose
o dig 48l =7t O AA enzyme activityol DS 77
7 e ke g o] Aok o]d o F & en-
zyme SHLEE T &0 B2 Ao A t(10). A9
AZEHE FolA detd o7 41439 sucrose fatty acid
ester?] Az=HHE sucrosed} T EFHALAHCI0~C28
9] A "4k methyl ester® DMF & DMSO9 22 44
e} Geld Fo) EA) dlolA AMzske Fud S A9
. HEHY] Sl2f, F2 A o BExde] 9l e
71-3 AddEe daddes 43 W A2 529
LDL-cholesterol®] 422 & WY& 3 HDL-cholesterol 3=
= Fo] 483 AFL At Basn ol o
o} gl AH Al A WollA] o] & 7HE g 2u7l-3 A ukil
E2 53k 91 2.9, hydrophilicdt F-3+#2] sucrose fat-
ty acid mono esterfe A%, J4E Fo &= FoxA
2 AAlzA AMRE g 3l

B Hdo] = 60% docosahexaenoic acid(DHA) ethyl-

a9l

ester?} eicosapentaencic acid(EPAYE 233l k2 =|4k4)
ethylester 40%9 Z% 5 (DHAEE)¥ sucroseZ trans-
esterificationit-22- 3} sucrose esterE 7|2 U Zujo]
H &, k527, SnALg 2 74 58 gusld §4dem,
A g 2 @459 HE(mono- £ di-, tri-, poly ester)<
FA R} B3], 2u7}-3 AR e, hydro-
philic? sucrose fatty acid mono ester? &4 &S o=
FAzAE A dFsEH.

R
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B o o)A sucrose esterE §A57] Y3 A2 U
Aol AA T v adl7HF)Y 60% DHA ethylester®} eico-
sapentaenoic acidE ¥ 33 = A "4} ethylester 40% 9]
ZHE(DHAEE)R A LA F(F) sucrose(M.W. 342)& F
o}ala] A8l 0 Sucrose ester$] F160(sucrose mono
ester T0% 3+, F110(sucrose mono ester 50% 3+),
F20W(sucrose polyvester 90% f)2 UE9 Dai-Ichi
(Kogyo Seiyaku Co., Kvoto) 25 Fsle] B4 A ¥
Fo2 ALgstg Y, AdEAdAE A2H glycerol mono-
oleate9} potassium carbonatet= YA YA(FNFEHY, T

=ERH FAA.

S S0 A A2l sucrose ester 24

DHAEE 18 g(2.08 mole)?} &3} sucrose 8.5 g(1.00
mole), potassium carbonate(IK2COs) 2.5 g, surfactant&
2 g9 glyceryl monooleateZ 200 mL9 round flaskel] g
T g glo] ¥h-5-& FHFATY. EFEFES THET
= round flaske 20 torrd] Zet-delollA 120°CE #AE
A EE sea sand(15 ™ 20 mesh)E round flaskE Geo] 7A|
i 204 7HE<E HES-skal vk

G 32 4

Dimethyl  sulfoxide(DMSO)E  O|=2%t  sucrose  ester

of 2
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Table 2, Reaction conditions for synthesis of sucrose ester in this study

Experiment Sucrose DHAERY Mol . DMSO KsCOz (g) Reaction Reaction Pre_

No. (g) (g) olar ratio (g) (% of total substrates) time (hr) temperature (°C) re-treatment
SE#17 37.5 58.0 1:1.54 165 0.75 (0.78%) 12 95 None

SE#2 37.5 52 1:1.36 200 1.00¢1.11%) 3 95 Vacuum distillation
SE#3 37.5 52 1:1.36 200 1.00¢1.11%) 12 110 Vacuum distillation
SE#4 40.0 40.0 1:0.98 125 0.50(0.63%) 3 95 Vacuum distillation
SE#5 100 60.0 1:0.60 250 1.00(0.63%) 3 95 Vacuum distillation
SE#6 100 40.0 1:0.40 250 1.00(0.71%) 2.5 95 Vacuum distillation
SE#7 100 20.0 1:0.20 250 1.00(0.83%) 2.5 95 Vacuum distillation

Uhixture of 60% docosahexaenoic acid (DHA) ethylester,

Reaction conditions with dimethyl sulfoxide (DMSO), Reaction conditions without DMSO is described in Materials and Methods,

DHAEE=Z9] A48 H|mal7] 9)ahe] Table 29 o] =
S 79 parametero] W}t ¥h-3-S d<fetA k. SE#L(EA
AW 5 12 sucrose?} DMSO(98%, Samchun Chemical)
£ 37 round flaskel § $-o] DHAEES} &7e] FujAQl
potassium carbonateE 77}t 244EF(vacuum dis-
tillatiom & 87| %L, Table 2049} o] Whg-2E8} A7}
& FAstEA HEE R olv 34 =7 ok Hk
EFIESE vb5ale 59 stirring baro] 959 mixing T
9}, DMSOE ZE40] 189°Co|], B4 o] 1845°Co] T,
kA HEE-7l = 919 A S Pslete] Al skt SE#2F-
B= WA sucrosed} DMSOE 3+ round flaskel] 3 $of
120°C, 20 torroll Al A& F& B8l sucrose?t @3] o}
3l& DMSOY 1/4 712 2% FRotdd AAD &,
DHAEES} potassium carbonate?] 242 @&l 7ldA 20
torr®] ZH4ldE ol A] Table 204 8 Z-& HHE-AIT 2%
& A8 EA w35 st 53], SE#69| Hke-=
& o|&ske] A7kl M2 sucrose esterd] 2 HEE A
Bakoh wbg F 229 wkgrols WEAA & Aol
HEs-geld DMSOE Eiotdlar, w2 ogd

= AAE7] Aste YAEAAY 228 £3F24x
ol g3t 13°C= F-7AstAtt
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Hhe-Eo 284S Yot & 22 AAFAAE F
ettt 29 AAHA L A Aol E2 AW
HEe EFEAe 8127 Cruces 3¢ Rad UM<
Fa Bdsle] A geolt EZEEL HEEE F HE
Mof| Aot ZolAly 48 Al detd 3 g9 suc-
cinic acid® F&¢ ¥ W3- TES 229704 200
mL n-hexane %2 F W FAH5te] &= DHAEEE A
AdR T, FLFRAAE o &3 DMSOS] ARG 7
oo, o 22a Aste wks-EF 2ol iso-buta-
nol:toluene(1:1, v/v)& 400 mL 37}y, 2204 sucrose
& AdAANN T 3 4935 B3k AAs A & ul
g wdlde] ol FEshe= DMSOS A E Y sucroses
10% NaCl solution .8 F W FAlste] #|A sk, vf=] o)

o8 M2 zd 5o Ealste E¢g2r(iso-butanol®} tol-
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Thin layer chromatography(TLC)

A2 50 mg& 2 mL9 chloroform®] =9 vortexd T
TLC plate(silica gel 80 F2b4, 20 x 20 cm, Merck KGaA,
Germany)ol] 7TH4 spottingd}t A o}, o] % A2 r]= chlo-
roformimethanol:distillate water:acetic acid(70/23/2/2, v/v
[fv/n(13) B chloroform:methanolidistillate water:formic
acid(85/16/2/1, viv/v/v)E AH&at k14, A F- ok
ol %9 5% sulfuric acid 495 W&ol A 562 50°C
oA 2083t A 43] B2 7}8H A sucrose fatty acid ester
9] mono-, di-, polyester? =& EFEFo A LT
F160(sucrose mono ester 70% &) F20W(sucrose
di~/tri-, polyester 90% ¥)9} R/E H wd3 o},

Sucrose ester MEHE

BH-5-Z3 5 1 g3 internal standard(IS)E 4] tricosanoic
acid(Cezo, 1 mg/mL in isooctane) 1 g& wvialoll 3649 vor-
tex® Zof, AF(isooctane layer)st H e & 1 mLY satu-
rate NaCl8- & 37}ato] thA] vortex ¥, &5ollA 1 L&
ot GCY injector portd] FU6tE T} Varian 3600
GC(Varian, Inc., NC, USA)= AZ 7] & flame-ionization
detector(FID)E F&stgch £40] Al&4d 2382 ome-
ga—wax capillary ZFH(30 mx0.32 mm % 0.25 pmye] ¢l
BHLEE 200°ColA 230°C7HA] 1°C/mind] H &= 523
o 220°ColA 1083 FA A o7 A= Neolgln
constant flow mode® 1 ml/min 7 6}% 2.9 split ratio=
50:1% 2389t DHAEE? sucrose esterz o] Az&2
A3 A7t IS peak®] WA tiH] DHAEES] peak H7 9]
H &= A4e o).

Sucrose ester?| A 24

2y AP 9559 =4 & high-performance liquid
chromatograph(HPLC) #4 & 23}¢ S35ttt 247
71 dual pump?} 23 E HPLC(MI30, Young Lin instru-
ment Co., Anyang, Korea)?®] 9 2. ¥ gel-permeation chro-
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matography 28 (Shodex KF-802, 8.0 mm = 300 mmx 8 pm)
0 2 tetrahydrofuran(THF) S o] 4o g A25%9c 2
27| 8% refraction index detector(RI-71, Shodex, Tokyo,
Japan)E AHgetd th ¥HS-E 0.25 g& 2 mL9 THF®]| =<1
T 2H9 A&E(50 mg/mL)= PTFE syringe filter(25 nm,
0.2 pm, Whatman, USA)Z ¢ }sle] 4710l 20 uL 54
son, o 54 §4& 1 mL/ming 733}
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Sucrose ester FHAo] duld e 2 Al 2s= dimethyl
formamide{DMF) 2 dimethyl sulfoxide(DMSQO)< 7ol
0E SAEARE Qleto] Abgol ks wha gloh, mgh 7
gujA e A9 whg-2 Hkg-E2 1A 32 sucrosed A
“4el9l DHAEES] HZdo)A HEgo] dojits ExdA
(heterogeneous){k5- Al ~do| o}, mala] AHBHAE o
Fate] Aol HbgS F sl &S 59 vk
2 dgoa AHAL4YAZE monoacylglyceroll glvceryl
monooleate S 41889 20, 815 2417} 5B = foaming
ol FZE Y. Fig. 29 TLC A7 platec] A = 55l
Aol A TA T 20417k Wk5-8 Y MHSALE RHoFn
9l 1, DHAEE®Y] sucrose ester& 9] 8k3-2 204]7¢o] Ay
4 blmono ester), c(di-/triester)$} d(polyester)d] spot?]
A A 7= ey, 7122 443 DHAEE(e)Z} o A3
A SR HhE Foll 6 T 7ATE o] S RHE HEE-E
o] A& A 591, o f e A= ghgA 7o) A gl
o2} £&3 ¢ sucrose?t GRS gkgo FoEA] FeElw
caramelizationt-g-©] Qoli} HE7} wolxl7] WiTo] G2
sucrose ester H4 &S He Aoz Asdd

Dimethyl sulfoxideE 0|8l sucrose ester2| rd

g Aejol A 9] Bk-5-2 sucrose ester?] A &o| b
k7] W&ol &9 A%l dig 84dE et 349
ol &t skddol 2 dimethyl sulfoxide(DMSO)E Bk
S&u) = Abgote] sk oH15). 22} o 8] DMSO
9 FF FARAE ol o AR v 459 g
(FDA)O) A = sucrose fatty acid ester AEFol| 2 5 &
& 2 ppm °|at2 FAS R 3t} mebA 2 dPoA =
AAe 9ol A FAEo] DMSOE 4 ZgEFa AA T
AAFE 10%Y NaClgH oz F 1l 45t DMSOE
A A skt
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Fig., 2, TLC separation of synthesized sucrose esters in
solventfree system.

The spots are corresponding to sucrose (a), sucrose mono ester
(b), sucrose di-/triester (c), sucrose peolyester (d), and unreacted
DHAEE (mixture of 60% docosahexaenoic acid ethylester) ().
F2OW is a commercial sucrose ester product which is composed
of 10% mono ester and 90% polyester,

Table 294 sucrose esterE §A435}7] 954 Hgg 7]
A9 EHE, AHSSuR 2 w208 ebdlgla, 7wt
§&70] & DHAEEY] 3#-&(%)S Table 39 el gl
t}. wgk &A" W5E9 sucrose poly-, di- 2 mono ester
o] 245 ¢olnr] 95d thin layer chromatography
(TLC) 245 ste] RUE™E T & HPLC ¥4 & 293
o}, SE#1o)4 = ¥k-5-7] A 5(1:1.54 mole, sucrose:DHAEE)
7} Zu]#) 2l potassium carbonateE 7| FHe T, 7t
ZF(vacuum distillation)® DMSOE #|Ast#] ¢z ¥k
& 7k 22 67 1247155k vha-5 9 S o Fig. 39
TLC plateo| ] B=vte} o] Hhg-shA] €58 DHAEEZ} %
% FET Pk ol 6417 WHE-gk A} 1247 Wke-g
A#7t 24 Ae)7t g Aos et ey, sucrose ester

1=

Table 3. Conversion ratic (%) of DHAEE” into sucrose ester in various reaction conditions

Experiment No.

SE#1Y SE#9 SE#3

SE#4 SE#S SE#G SE#Y

DHAEREE conversion (%) 365 65.6 85.0

§57.4 895.0 96.6 98.6

UMixture of 80% docosahexaenoic acid (DHA) ethylester.

BSee Tahle 2 for the reaction conditions.
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Fig. 8. TLC separation of synthesized sucrose ester from
SE#1 condition,

Developing solvent was chloroform:methanoliwater:acetic acid
(70:28:2:2, v/v/v/v), The spots are corresponding to sucrose (a),
sucrase mono ester (b)), sucrase di—/triester (c), sucrose polyester
(), and unreacted DHAEE (mixture of 80% docosahexaenoic acid
ethylester) (g), F20W is a commerdial sucrose ester product which
is composed of 10% mono ester and 90% polyester,

79 @dde] A9es et ol F GCEAE o &
DHAEEY] A& SE#19 z7olA 1247 F 40%°] =
o =7 58k o (Table 3).

SE#245-E]+= DHAEEY] A%25 =07 95}l sucrose
9} DHAEEY] £H &< 9ed7lds #4dsdm, e
F 89 &%9] sucrose polyesterd A} o] dak2
nFs RI(l6rE 2k, dhg-5k7] Hell el dS o
= sucrose’} FAJ] 2 DMSO-294-S 20 torroll A & 2
W] oF 20%E FRT F e etk SE#zelA = su-
crose®} DHAEE?Y] 2H] &2 1:1.39& 3}o] 95°Col|A 647k
F< Hhg-etol (Table 2), 2 25t A2 6b.65%S B
CH(Table 3). T, SE#30A & SE#29] Wk-g-Z271o) A Hhg
2EE 1I0CR EolT W-3AE 647 ¢ F7ata] 124]
g e A5 2 d$2-2 86%7HA F7hehd tH(Table
3. 53], ol o ¥kg-ES TLC 24% A3, SE#30lH=
sucrose mono ester®£5F ¢} &} sucrose di-/triester = pol-
vester7} = BAHE 25 s AT Fig. 4).

B el 7] E
DHA F20w  SE#7 SF#3
W -

d

Fig. 4. TLC separation of synthesized sucrose esters from
SE#3 and SE#7,

Developing solvent was chloroform:methanolidistillate water:
formic acid (85:15:2:1, v/v/v/v), The spots are corresponding to
sucrose (a), sucrose mano ester (b), sucrose di—/triester (o),
sucrase polyester (d), and unreacted unreacted DHAEE (mixture
of 60% docosahexaenoic acid ethylester) (e).

SE#49) 4 & sucrose® DHAEEY 1:0.989] ZH]&& 4
BAAE A9 T45F 43S A% F 95°Coll A 347
F}t FAdstelch vhg- 25, DHAEES] d#&2 97.4%¢]
TH(Table 3). mehA o] F-9] 92 DHAEES] A #-&°]
& SE#19 WS ARSetH e, VY EHlE wkeA
) el P48t SE#LolA = sucrosed) DAHEES]
H&E& 1:0.609 &2 2955 43S dA T § 3475
¢k vb5-2k 25} DAHEE®S] dg-& o] 99%¢] 91, SE#6oA]
DHAEE®] EH]&& 1:0.40 H&E 2564715 Whaat9i e
wjo] DHAEE® A%&2 96.5%¢cHTable 3). =g
SE#69] gdz7dolA Al b2 AR &S 492 27,
W3- 1A]7EL ) 55.3%0] 3ot 24171 ) 95.6%°] 31
2 o] F 3641 7A = 2 gt §l9lcHEig. b). A= SE#,
SE#5, SE#6, SE#T 9] el 9} @o] 714 2] &8 g
7}HA w5l S w DHAEEY] sucrose ester29 @82
Hhg-z7]o] gR29 FAdo] o]Feolxm, DHAEEY A%
(%) WEgA 7] 3AZE ool 4] BT 96% ©] = 1hE
WHATHTable 3), o] & T2 5 SE#701A 1A]7F 2 2,54

E
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Fig. 5. Conversion rate and the composition of sucrose ester
from SE#8.

Mono-SE! Sucrose mono ester, Poly—SE: Sucrose poly-—, tri- and
diesters.

7F Hb5- Foj sucrosed transesterifications 814 o
olgl = A"} esterE 2 B9 F= gas chromatograph(GC)
chromatogram-< Fig. 691 AA| 53}, wk-5-A]7ke] Fs4gk
o w}2} internal standard(IS)¢! tricosanoic acid?] peakZE
7|% 20 & DHAEEE +438ta 9 & Z| W4l esters 9] peak
Hdo] 29&5 B 4 9z, o= ¥EUEE AEE
DHAEE®S] DHAE H] 23 oY A4} esters 9] sucrosedt
Hk5-5l9] sucrose esterE HAS RS2 g,

o] A7 = skt E42 A oA o] & 75 2
7}-3 AdEs FF-9a 91919, hydrophilic® -5-3-4¢1
sucrose fatty acid mono ester?] 2 @A FAL dolH =
Zlelth, SE#L T SE#77HA & F4d 25 FolA =& DHAEE
AZE(S, =& sucrose ester §dE)2 B9 SE# ™ SE#7
FAES AR 2 PHAA AA S g R A4 T TIC
45 A9 AdE @44 S FolA o] SE#7Y vk
zAsg FAdY AFAgolA 4FFY sucrose mono es—
ter(spot b7} P45 & FAsAtHFig. 4). TLC &4

(ST [

ibiEm *E

(A)

Sucrose Esters] 4] 1229

g o] FAAEv]E chloroform:methanol:distillate water:
acetic acid(70/28/2/2, v/v/viv)2 ot AAE A4, su-
crose¥ sucrose mono ester 749 H-g]7) W aalx] ok
Ao, sucrose polyester$t DHAEE 7+9] &7} &o]st9
ct. 23} A2 chloroform:methanol:distillate wa-—
ter:formic acid(85/15/2/1, v/v/v/iv)E A48 AL HE su-
crose polyeser® DHAEE 7+9] 7P&-2 W &sl=] gkghon}
41l sucrose mono ester® W&Es] Rt 24 77
@ 319tH14). TLC= #elste] &2 ddegs B s
E59 sucrose ester?] TS Lolr ] §5le HPLC £4
& 89 B 2o A8-E GPC ZE2 sucrose esterE
3A F peak, & A WA 3 3= sucrose di- 9} triesterg
Z &3 sucrose polyestere] 2, & WA 93+ sucrose
mono ester 2 B] 6% HFig. 7). Table 494 = SE#4 9%
SE#5, SE#6, SE#79] sucrose ester &4 S A A 84 o

SE#4(1:0.98 mole, 3 hr)¥ sucrose ester?] F4-<& su-
crose mono ester?} 50.6%°]%).2.9, SE#5(1:0.60 mole, 3 hr)
9] ZA4E sucrose mono ester?} 57.7%<] 9t} SE#6(1:0.40

m i ] e T ey TrutEas

Fig. 7. Highperformance liquid chromatographic analysis
of purified sucrose ester from SE#7,

The peaks are corresponding to sucrose poly—, tri— and diesters
(a), sucrose mono ester (b), and sucrase (c).

¥ RAE < RS L

u -

(B3

Fig. 6. Chromatograms for unreacted DHAEE conversion rate from SE#7.
DHAEE is the mixture of 80% docosahexaencic acid (DHA) ethylester,
(A) Chromatogram after 1 hr reaction, (B) Chromatogram after 2.5 hr reaction,
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Table 4. The compesition of the synthesized sucrose esters
by HPLC (Unit: Area%)

Experiment No. SE#4 SE#5 SE#6 SE#7

Sucrose di-, tri—
and polyester

48.4 42.3 277 13.7

Sucrose

50.6 57.7 71.8 87.3
mono ester

mole, 2.5 hr)?] A5 71.8%9 mono ester F/3(96.5%9] 7
F&, Table )& RALH, nfAlgoz 985%9 w2 A%
£& B¢ SE#7(1:0.2 mole, 2.5 hr)8] 742 sucrose mono
ester”} 87.3%°] 91 CH Table 4). 919 &2 En&o] WH3&
9] A9 7Ae aAe sucrosed vinyl fatty acid es—
ter(VFAE)E anhydrous disodium hydrogen phosphate
(Na:HPQy) v &), ZH] &S 1:1(sucrose:VFAE)OA 4:1
2 sucrose® 471 A =98 9 monoesterd] AJ4do] o
E3tba Rud Cruces () fF-AFsk Aol

4, SE#6(1:0.4 mole)g °] 88k 7 Wb-g-A| Zbol m3
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