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Development of Water-Soluble Tocopherol Ester
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Abstract

DL-a-tocopherol is the most potent vitamin E isomer. Many studies have been reported which indicate that a-toco-
pherol has antioxidant activity during storage. However, tocopherol is only oil-soluble and it is used to antioxidant
in oils. Therefore, this study was carried out to make water-soluble tocopherol ester, being applicable in water. The
esterification of succinic acid and tocopherol have been finished 30 min to lhour. If the esterification has progressed
over lhr, the product contained the succinic di-tocopherol ester more than the former. The optimized combination

of succinic mono-tocopherol esterification could be 1 :

1 in tocopherol and anhydride succinic acid. In the result of

esterification of polyglycerine tocopherol succinate, the most stability emulsion in water was the product estered by
1 mole of polyglycerine and 0.8 mole of tocopheryl succinate. The anti-oxidant effect about polyglycerine toco-
pheryl succinate showed good effect in DL-o-tocopherol but the low effect in ascorbic acid and BHA. During stor-
age of mayonnaise at 20°C and 50°C the samples prescribed polyglycerine tocopheryl succinate was lower peroxide
value than blank sample. In conclusion, polyglycerine tocopheryl succinate has a high effect of stability and anti-

oxidant in food.
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g FAzRALS} A oF FdE EA AFA(singlet
oxygen)®] AlAd] EHA Ao Z deA UTh(Valenzuela
et al., 2002; Cort et al., 1978; King et al, 1995). ©]<}
e EZHE0| YLTH o2 Aoz Fo 38t
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EA SR A ZA A3t T2 ASHAIE (R E
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HyEY ) mebA ol s EAHE s ¢k
B2 EFHE FEAS] MEHALH, ol A ol
Al B o3| E3lEoA R A ot &4 7
o] 35 9 o, AL =315 LZ]’@—"—

Al @48 L3, Expge] 3¢7]9 2
7FA AL Qo] mi§- QP 3taL, 7]&9 Eiiﬂ% EE} RS
gaksl a3 e 35tEolgl X1 E vl At} (Patent,

g
=
o

d



84 EFNE o|AH|29] st 177

2003-0071009; Patent, 2002-0029443). EZ & A A4t
(tocopheryl succinate)®] A|Zo| #ale] AuEm, WA E
9 & (a-tocopherol) 6.762 g(15.7 m mol)3} = AAl%k
(succinic anhydride) 7.4 g(74 mmol)< ﬁmm 30.4 mi]
S3A1Z T, 90°CAlA 4AIZF B g 3, WA o
S, olgolg2 22 mLE Yo AWl?u, 3°C°M 154]
ZHHAE F E - AH > A > S - AR - S
FAe 388 AXA ExAE 444K (tocopheryl succinate)
= xﬂ 3} 32 (Patent, 2001-0086577) ©1Z2A TAE EZY
AH(tocopheryl succinate)dl] FF32 ofql FE]SA|
F74E, 2294 FEE, 2, 7 B2 I
4 EHES JzHE @%“‘]ﬂt E35] 50| Bo] Bix
21 th(Patent,1991-0000896; Patent, 2001-0095682; Patent,
2002-0042176). 12 £ AFNX = FF T A4t
(succinic anhydride)®} ¥ 2|9 AHE-HA] &3, F4 A4
2k(succinic anhydride)2] AFeH4 Q1 o ~HZ 3} Hl-g-S F
st EFFHE = Yol EAl3k= sto]l =54 7] (hydroxyl
subunit)ol] F-<= 24J41Xk(succinic anhydride)S ZATAIZ &,
THA] A g7kgE<l Z8 2214 9 (polyglycerine)t ol
2H 2318 IPFoaN, 784 ZFYAA EZAE
2121 4H(polyglycerine tocopheryl succinate)E |23}, 1
girst a3 Hrkshr] flsked HAHsE 7R} Free radical
A BHE SAT A, 7€ ERAE Hlgte ¢

EHE Rl

[o

M= 3 ah
A=
B Ao A3 ESH E(Tocopherol)S DSMA}Y A
#sta & dl-o-tocopherolS AHE3FH W, 2o Tigh

Z2 BA ZAEE Table 17 23 F54 A A 2Ksuccinic
anhydride)}2 Kanto chemicalAtollA] ZHafj 313l Q)= Al <RS- A}
L3t 22 *ﬂﬂ(polyglycen'ne)—@ Sakamoto Yakuhin
Kogyo(Japan)Atell A el 3}aL 1= polyglycerine #7508 A}
&3ten, 2o tig 4 4 AEE Table 29+ 2t

ETmES| A& 24

EFHE9 A5 4L GPC(gell permeation chromato-
graphy)S ©]-§3td TR, o] 8§35 AP EAF
M= 10° ©]38k¢] Showa DenkoAl(Japan)2] Shodex KEF-
801 ZHS o] &3ttt AH 29 S 7] 938+ Shodex
KF-gaurd 238& ©]8319 3, ©]542 THF(tetrahydrofuran)
£ o] &3t e, £ 1 mL¥ ©]FA|7]HA Rl-detectorZ
=743 th(Ye et al.,2001; Seppanen et al., 2003; Du et al.,
2002; Lee et al, 1999). ¥4l ©]& ¢ HPLC+= Shimadzu
(Japan) AF2] SCL-10A seriesZ &4 &} th.

Table 1. The specification of DL-o-tocopherol used in the
experiment.

Test Result
Appearance Clear viscous oil
Colour Slightly yellow
Identity Corresponds
Refractive index, 589 nm, 20°C 1.506
Optical rotation 0.000
Absorbance in ethanol (at about 292 nm) 74.400
Absorbance in ethanol (at about 255 nm) 7.400
Sulphated ash (%) <0.100
Heavy metals (ppm) < 10.000
Lead (ppm) <2.000
Arsenic (ppm) <3.000
Mercury (ppm) < 1.000
Assay (%) 99.600

Table 2. The specification of polyglycerine used in the
experiment.

TEST RESULT
Physical form Viscous liquid
Color APHA 30
Hydroxyl value 885.00
Moisture (%) 10.00
Glycerol (%) 1.20
Polyglycerol (%) 88.80
Residue on ignition (%) 0.01
Arsenic Less than 2 pg/g
Heavy Metal Less than 10 pg/g

HAH =3t HS

A 2E| 28} w32 13} ¥hE, 23F HES 0.2 eI 718
atlom, 12k W32 EFHE A1 H(tocopheryl succinate)
o] 3 FHoZE EFFHE 1 moled] T4 2412} (succinic
anhydride) 0.8 mole, 1 mole, 1.2mole?] o|~H|Z 3} ut
< AP3A L, 23} ¥ ZYIAA EXAE 42
~Hpolyglycerine tocopheryl succinate)®] 4 #H o =2 12} ut
Sl FE EZHE 441 Htocopheryl succinate) 0.8 mole,
1 mole, 1.2mole3} 1mole?] Z 2] 2] A A (polyglycerine)S
Z}z} o| 2H 2 513 ¥H-&-& 33T,

sety &Y

EFFEY A2 39 W3] FoA Fo|=EA]
(hydroxyl subunit)$} &2]22]M ¥ (polyglycerine)©] o 2|
E 315} 9hg-E APy Ao, F7F Tt EZA A4t
(succinic acid)& ©]-&3}e] o 2B =2 ¥H&S R3PEHA,
AEH27HE 117 At 4t Asol, slo|l =547}
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59| 353 A& A3 ATHAOCS, 1990).

*2}7Hmg KOH/g)

_ 0.INKOH2¥] % x5.61 x 0.INKOH®) factor
- L

*713}7HmgKOH/g)

_ (BT 0.5N—Hcl2¥ %) — (N & 0.5N - Hel 28 %)
- NEES

x 28.05 X 0.5NHcl9] factor

*&to] =54 7Hmg KOH/g)

_(FA 3 0.5NKOHZHZF - A8 0.5NKOHAH %)
B NER

x 28.05 x 0.5NKOH?®) factor

*of| 22H| 27Hmg KOH/g) = A3}7} — 47t

glsts 5%

ABTS radical cation decolorization potassium persul-
phate®] ®¥Hg-o| 23] AAJE Free radical®] d4tstsd S
7K EZ o] AAE] radical 579 HFH0] &
HAE AL 3 EAYULE AHES EFE ABTS A
ke 74mM ABTS(2,2'-Azino-bis-(3-ethylbenzothiazoline-6-
sulfonic acid))®} 2.6 mM potassium persulphate A=+ <
el 87 T WA Fol2(ABTS)S T4 F,
734nmolX FBEE 357435 OD ol 1.5 olsh7t 1o
=5 M3t BastEA Ao A&t RFERR
E 39| £ (dl-o-tocopherol)3} BHA(butylated hydroxy anisole)
£ 2 TFE o] &3t A5 ol o] A=

w2 3h&(%) = (1 - 22mple0.D.) ,

" ControlO.D.

IR SFET Hperoxide value) 4

A A7 kst B%S U] $15te Al
I A LF7IAMY = vlg | 2o AzE ZEFPAY
Ex5E A214Hpolyglycerine tocopheryl succinate)S 3
7¥ste] 32(20°0) 2 Z2(50°C)ll A AgeHEA Zatst
E 7Hperoxide value)E =7 313t}

*3}2F8HE-7Hmeq./kg)=
(EAF# -FAED

e

X 0.0IN - X 2 3 YEF 9 factor

a3 3 0F

ETH|E (dl-a-tocopherol)2| &4

dl-o-Tocopherol®] 2} 412 GPC(gell permeation
chromatography)¥ & ©]- &3t o™, FFEAE Hd ¥AF
o] 35820 FEM ¥ Bx2AHo}2l4kglycerine monostearate)
£ "2 E43% AF= Fig 1914 & 5 d=ol, 47l &
§-3 E35 E(dl-o-tocopherol)2] HEAIZHE 6.799%0|H,
EFEZR YA Ei=2H ol 4K glycerine monostearate)
< AEANT] 678522 RIS o¢} o], F EF
o] ¢ FAN} HEATHE el R EFFH El-0-
tocopherol)9] EAF-2 340-360 Y2 &3St

E 39 E(dl-o-tocopherol)®] Ayt £41-& zl&st A3} 4k
7H= 0 KOH mg/g® 2 2] Agabe A3 A4 23t
t}. A371= 319 KOH mg/gl & E 3 2(dl-o-tocopherol)
o] A2 o] AF=E o] U= 3ol =54 (hydroxyl)”] <}
7t28-H (carboxyl)?] T 4t A5 Edo| &7 o2
2 ZAgHY deS Ynditt ol=547H= 111.6 KOH
mg/gl E SAEUH, o] Z+& dl-o-tocopherol®] ZZFH
ol Ag= ] e dto| =54 (hydroxyl)7] ] S o7}

dqid2 gegg dod F de FF 444K (succinic
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Fig. 1. Chromatogram of standard glycerine monostearate and DL-c-tocopherol by HPLC.
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Table 3. Changes in acid, saponification and ester value of tocopheryl succinate according to reaction conditions.

Samples Tocopherol Succinic anhydride ~ Reaction time (hr) Acid value Saponification value Ester value

0.5 110 238 128
TS-1 1.0 mole 0.8 mole 1.0 92 233 141
1.5 88 227 139
0.5 126 245 119
TS-2 1.0 mole 1.0 mole 1.0 104 240 136
1.5 90 237 147
0.5 142 270 128
TS-3 1.0 mole 1.2 mole 1.0 121 267 146
1.5 115 260 145

20400 r

CH; Tocopheryl succinate
17400 ¢
CH, 14400 |
&
S 11400
&
& 8400
5400 DOL-a-tocopherol
2400 |
Fig. 2. Formation of tocopheryl succinate from DL-o-tocopherol g "
and succinic anhydride by esterification. 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

anhydride)®] §#2 52 F U= A2 o] &3kt

E3HZE M4l tocopheryl succinate)2| X7

E 39 Z(dl-o-tocopherol) 1 mole®ll F4= 2J41 2(succinic
anhydride)S 0.8 mole, 1 mole, 1.2 moleZ o2 HZ 3}
S 28YE A= Table 37 Zon, 2 ¥ 7)1z
Fig. 2¢} Zt}. ¥h Fol] A7}, Ao, o 282719 Ws)
S A& 23, ¥go] IPLFE 4vke oF 140 KOH
mg/g 14 90 KOH mg/go|3tE ZAaEon, Aslrte=
z7] W3 &5 wa}t 238 KOH mg/goll Al 270 KOH
mg/gl 2 WHSIEH AL, 2B 27H= 119 KOH mg/goll A
147 KOH mg/g= 5713132 H, o= o &HZ ®kgo] 7]
PHASES st =3 9 Y F=E AHEE,
30204 1A 7F Atolol] ¥hg-o] FAEALH, 1 o] oA
= HEIZHY A4l kditocopheryl succinate)o] A HS
YA S Fatd & & AU AxE BEIHE 4
414Hmonotocopheryl succinate)?] A& A4S GCE o|&
atd EA3sted, 2%t A= Fig. 39 YeERf A
A A3}, TS-2914 2iE3#HE 4414 monotocopheryl
succinate)®] 79%% 714 =4 A ES g2l

Z2|=2(M2l ETHE MA4KPolyglycerine tocopheryl
succinate)2| M7=

o2H 23} 13} W9 EFA Y HAA] Azg 5}
o] 3/9¥ TS-2(tocopheryl succinate)E Z2]Z2]A & (poly-

Retention time(min.)

Fig. 3. Chromatogram of tocopheryl succinate from DL-o-
tocopherol and succinic anhydride by esterification.

glycerine) 1 molex} Z}z} 0.8 mole, 1 mole, 1.2 moleE ol
H 23} WS JYAZ A= Table 49 201, 2 ¥k
7122 Fig. 49} 7t} 34 23S B2 HLB(hydrophilic
lipophilic balance)’S 24+t A3} PTS-12] HLB value7}
1022 £3} £4H o] 714 94311t WA o] & A &3}
o ZE|ZYAd EXHE 421 Hpolyglycerine tocopheryl
succinate)®] tshs H7HE zl8)skdTh

ghtels 58

ABTS radical cation decolorization =73 ZA3}= Table 5
o} 2t} PTS-18 EF¥E(dl-o-tocopherol)} H]w3]S uff,
YA EFZHE HALHPTS-1) Tl EZHES] §
ol o 40% BE=US AATHA 1.4~1.58] o]e] it
ks Wdstgon, BHAY Hlsloe o vre F3s
YERY 2 th(Seppanen et al., 2001).

ARE AL Qs vEe | =9] H4abEHE 7 H(Peroxide value)S
A% 4= Fig 5% Z2th wtsu =9 bstE7He
0.53 meg/kg, EZ3 Z(dl-o-tocopherol)& 7M7) AEZ L
0.44 meq/kg(0.02%), 0.75 meq/kg(0.06%)°] 1 Z&Ze A=
EFHE HALE H7HZ AFL 044 megqkg(0.02%),
0.53 meq/kg(0.06%)°) A t}. 25°CAA BA3IHA HAkslE
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Table 4. Changes in acid, saponification ,ester value and HLB of polyglycerine tocopheryl succinate according to reaction conditions

Samples  Polyglycerine  Tocopheryl succinate ~ Reaction time (hr) ~ Acid value  Saponification value Ester value HLB

1.0 15 109 94
PTS-1 1.0 mole 0.8 mole 1.5 3 107 102 10.2
2.0 1 107 106
1.0 21 120 99
PTS-2 1.0 mole 1.0 mole 1.5 10 118 108 9.1
2.0 2 117 115
1.0 30 130 100
PTS-3 1.0 mole 1.2 mole 1.5 10 125 115 8.2
2.0 2i5 123 120.5
1,60 —e— Blank
CH;,4 : —a— DL-a- tocopherol(0.02%)
DL-a- tocopherol(0.06%)
CH; 1.40 Polyglycerine tocopheryl succinate(0.02%)
(0] /0 —x— Polyglycerine tocopheryl succinate(0.06%)
[ﬂ CH; 1.20
¢ g 100
(”)\ O(CH,CHOHCH,0)nH :§'
Fig. 4. Formation of polyglycerine tocopheryl succinate from é o —_—
tocopheryl succinate and polyglycerine by esterification. g
& 060 ——
Table 5. Antioxidant capacity of polyglycerine tocopheryl 0.40
succinate by ABTS* decolorization assay
Claritet Antioxidant(%) e
(%)  PTS-1" DL-o-tocopherol Butylated hydroxy anisole s
0.00 1.383 1.383 1.383 0 1 2 3
Storage(Day)
0.02  28.344 50.325 99.928 — ; ; 5 —
ig. 5. Effects of storage time of antioxidant at 25°C on
0.04 57339 92.552 99.928 peroxide value of mayonnaise.
0.06  88.069 98.698 99.855
0.08  99.277 99.566 99.928
YReaction of polyglycerine 1.0 mole and tocopheryl succinate 0.8 mole. 160 |+ Blank

—u— DL-a- tocopherol(0.02%)
DL-a- tocopherol(0.06%)

140 Polyglycerine tocopheryl succinate(0.02%)
7]-9] ‘iﬂi}'— )‘\':—}j:"i é"“' }\] ﬂg—l— 9&/1\"‘\3 U]—_Q‘l:]]z_oﬂkl 1 —x— Polyglycerine tocopheryl succinate(0.06%)
o A3} F, 079 megkgS YeERNSoH, EFHE(l-o- 120
tocophero) & A7} AFolM 19 AFHA] 0.59 megkq 100

(0.02%). 0.82 meq/kq(0.06%)2 F53 T, 234 st

At EAIYMY ESY A0S F7HE vhev=d e

735, 0.02% F7He mtavl=7t 0.06% F7HeE viav=R

o usEste] Aol Helde HAsh E,

srColn mBEEA HAsEste) Wete ANE doke w | T
1

o
®
S

Peroxide value(meq./kg)

3

Fig. 63 7t} 7] wlau|2 AF2 1.04 megkgolAL,
& 39 E(dl-o-tocopherol) 2 0.06% 7+t AFL 1.26
megkgl 2 71E AFEG A UEHoH, EZHE- 0.00
a-tocopherol)S 0.02% 713t vauv| =9 E2|ZAdA

ESE A4S AR AFAME 19 B3 &5 7 Fig. 6. Effects of storage time of antioxidant at 50°C on
a8l A3 Asste A A8 F AUUTH °©]=  peroxide value of mayonnaise

0.20

o

2

w

Storage(Day)
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2 BEA] vl 2o SHrE S e 2Abo] FEEHEA
719} FEFshs HAES AL A
s} Brhs Fd 93 AbstE FAtstEoe

S th(Kentaro et al., 2002).

o ol R
ofl
oX,
il

2 o

& 33| E(dl-ortocopherol)3} F4= 2414 Hsuccinic anhydride)
o] d2dH|Z 3} wkg A3 EFH E(dl-o-tocopherol) 1
mole®} <= 2§ Al XK(succinic anhydride) 1mole®] H¥hH-&-©]
71 B2 EZHE AAl4Ktocopheryl succinate)E $/d 5t
Rod, xFgo] 3k Z2F2]A A (polyglycerine) 1
moleS 122 A E EFZF Y 2414 H(tocopheryl succinate)
0.8 mole, 1 mole, 1.2 molex} 717} | 2HZE ¥H&-S 13
AZ A3 EFZHE 2214 tocopheryl succinate) 0.8 mole
I3 A%d =AY ERZHE 444K polyglycerine
tocopheryl succinate)©] HLB(hydrophilic lipophilic balance)
ol 1022 £t w4 o] 7H St 4 E 22
A EFZHE 4412 Kpolyglycerine tocopheryl succinate)S]
isls H7HE 938 ABTS radical cation decolorization
=74 A3}, EF9 E(dl-o-tocopherol)Z Bl A], Z2]ZE Al

#4421 4HKpolyglycerine tocopheryl succinate) 3
Eolol| 35 Z(dl-o-tocopherol)2] o] F 40%
o] AL 2 o5 HEITHH, 1.4~1.58] o]Fe] Fitst
£ Hasgion, 4 FAIsHAQl BHA Bt = o
A e 338 e g ZIEAd EZNE
A1 21 4H(polyglycerine tocopheryl succinate)E A7l v}
SR e E I BF Fo FsEV S A
Z2YAd ERZHE A Al4Kpolyglycerine tocopheryl
succinate)S 0.02% 713 vl =X 71 &2 ilst

=S eIt

A

Olr _\ﬂ o FE

i)

=

Abbas A, Neal SR, Jerey G 1993. Tocopherol Micro-Extraction
Method with Application to Quantitative Analysis of Lipophilic
Nutrients. J. Food Sci. 58: 663-66

AOCS. 1990. Official Methods and Recommended Practices of the
American Oil Chemist's Society. 4th ed. AOCS press, USA.

Cort WM, Mergens W, Greene A. 1978. Stability of Alpha- and
Gamma-Tocopherol. J. Food Sci. 43: 797-798

Du M, Ahn DU. 2002. Simultaneous Analysis of Tocopherols,

Cholesterol, and Phytosterols Using Gas Chromatography. J. Food
Sci. 67: 1696-1700

Erickson MC, 1991. Extraction and Quantitation of Tocopherol in
Raw and Cooked Channel Catfish. J. Food Sci. 56: 1113-1114

Huber KC, Pike OA, Huber CS. 1995. Antioxidant Inhibition of
Cholesterol Oxidation in a Spray-Dried Food System during
Accelerated Storage. J. Food Sci. 60: 909-912

Jung MY, Min DB. 1990. Effect of o-, Y-, and 3-Tocopherols on
Oxidative Stability of Soybean Oil. J. Food Sci. 55: 1464-1465

Kentaro K, Motoki M, Susumu H, Sawa T, Akira N, Kenji E. 2002.
Enhancement by o-Tocopheryl hemisuccinate of nitric oxide
production induced by lypopolysaccharide and interferon-y through
the upregulation of protein kinase C in rat vascular smooth muscle
cells. Eur. J. Biochem. 269: 2367-2372

Kim SK, Rhee JS. 1982. Isolation and Purification of Tocopherols and
Sterols from Distillates of Soy Oil Deodorization. Korean J. Food
Sci. Technol. 14: 174-178

Kim SH, Kwon TW, Lee YS, Choung MG, Moon GS. 2005. A Major
Antioxidative Components and Comparison of Antioxidative
Activities in Black Soybean. Korean J. Food Sci. Technol. 37: 73-
71

King AJ, Uijttenboogaart TG, Vries AW. 1995. a-Tocopherol, B-
Carotene and Ascorbic Acid as Antioxidants in Stored Poultry
Muscle. J. Food Sci. 60: 1009-1012

Lee J, Suknark K, Kluvitse Y, Phillips RD, Eitenmille RR. 1999.
Rapid Liquid Chromatographic Assay of Vitamin E and Retinyl
Palmitate in Extruded Weaning Foods. J. Food Sci. 64: 968-972

Seppanen CM, Rahmani M, Csallany AS. 2003. Simultaneous
Determination of Chlorophylls, Pheophytins, -Carotene, Tocopherols,
and Tocotrienols in Olive and Soybean Oils by High-performance
Liquid Chromatography. J. Food Sci. 68: 1644-1647

Valenzuela A, Sanhueza J, Nieto S. 2002. Differential Inhibitory Effect
of alpha-, beta-, gamma-, and delta-Tocopherols on the Metal-Induced
Oxidation of Cholesterol in Unilamellar Phospholipid-Cholesterol
Liposomes. J. Food Sci. 67: 2051-2055

Ye L, Landen WO, Eitenmiller RR. 2001. Simplified Extraction
Procedure and HLPC Determination for Total Vitamin E and f-
Carotene of Reduced-Fat Mayonnaise. J. Food Sci. 66: 78-82

Patent 2003-0071009. Manufacturing method of tocopherol derivatives
having antioxidative activities.

Patent 2002-0029443. Manufacturing method of tocopherol derivatives.

Patent 2002-0042176. Manufacturing process of good producing rate
and high purity DL-o-tocopherol.

Patent 2001-0086577. Manufacturing process of the surfactant having
the tocopherol as lipophilic part.

Patent 2001-0095682. Manufacturing process of the o-tocopherol
acetate.

Patent 1991-0000896. Manufacturing process of the dl-a-tocopherol
acetate.

(B 20089 62 29, 38 2008 79 149, A9 2008 7€ 30Y)





