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Tocopherols and Tocotrienols in Cereal Grains

Dong-Jin Lee*' and Ji-young Lee*

*College of Bio-resources Science, Dankook University

ABSTRACT : Vitamin E is a fat-soluble vitamin that
exists in eight different forms, which are o, f, v, and 8
tocopherol, and o, B, ¥, and 8 tocotrienol. Tocopherols and
tocotrienols are important antioxidant in foods, feeds and
their raw materials, where they scavenge lipid radicals.
Each form has its own biological activity, the measure of
potency or functional use in the body. Antioxidants such
as vitamin E act to protect cells against the effects of free
radicals, which are potentially damaging by-products of
the body’s metabolism. Free radicals can cause cell dam-
age that may contribute to the development of cardiovas-
cular disease and cancer. The content of tocopherols and
tocotrienols vary depending on the environmental condi-
tion such as growing regions, temperature, crops and vari-
eties. This report deals with chemical and physical
properties and extends to their nutritional and health
effect on the tocopherols and tocotrienols in cereal grains.

Keywords : tocopherols, tocotrienols, cereals,

physicals, functional, cancer, antioxidant
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E|[Z A7l s @Aol °V1 A Qg es Hiske
2 Eo el e A B2 AT et
A7t Zs] 2PPE T O™ (Kim er al,, 1992; Tsuneo et
al., 1984; Txsuneo et al., 1978; Ebata er al., 1993; Lee
1992; Lawson et al, 1989; Ryu et al, 1989
1995; Osawa, 1992; Chan et al, 1979;
Kong et al., 1989), 53] AEA 2Fo) shgEo] 3= vlE}
HA G E H FlEsifE SOl 8 23 el wEzld
(Ramel er al, 1986; Zhang et al., 1992; Kahb et al.,
1992; Mergens et al., 1978; Namiki et al., 1980; Cook &
McNamara, 1980; Wattenberg er al., 1980). U¢+e] o2 7}
Al 830 F 30% olde] AFAF} FHe] A Ryu, 1991;
Ryu, 1985), A&A o2 HF k= A& Md™o] ko] o

et al.,
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4 A5 37t S VER Zolgt @ At fElE
o AAgelAM F2o =z olgue AS X sEFE v
olAgt o 1A} HEsRtE, Bad, Fefricols, HRIL
o] FHrEo] o (Osawa, et al., 1987; Newmark, 1984;
Bramley et al., 2000; Campbell et al, 2003) THFEH7}T 7}
SR AE 79t s o)Eel disk Itadrt e

2EAE o B, v, & Ul TFO ELANEHR EXEYE
Fel2 JelATE o] & AAEo] & AL o-ERHERA]

HIER ES] dIWARXE AMGETh EXAET EXEYE

FEAES 2tz 22402 o] 74| stereoisomer®] RS
Zh=t}.

EFHELS A Jore SPNEE 2AANA FE7]9)
Irtskx|d el S 914 Joh= il 28-S ghoh(Barnes,
1983) ES EFHELS AYVSE T AV vES 7K

3 lom, WiEalo) 3‘}—‘% ZI7MRFI= 715 7HRIAL Q1o
EZFLo Az BFsla, A W X8} At
Pelets doA gooht 25 vhgsle] et
= xd71e] guAlely 7|ug WA= A =kt
WA ehs A s} ERAES & /R EFE s
FAE] Eke WAE AV APEAIT = S B, AslE
3l o= AfEitds FtsiA Y] AR A
S A AjAEke] Aed A, METlse] ofst 2
52 JAlst] w315 AR = drlskaE-E i)

EXFEe] Hlst] EFXEd el tigt A7= FA7A
LGk, AESH ATl JojA mXlsuTt 271 AT
o= HIEIIE 71284 o-EZHE0] 713 SAdo] 74 Ao
2 dEzon 2 Aol o3l EIEdlEe] Ex
Exr} kslEgo] 40~608t B A 2o vemch A
A EFHELS VIS, NS, AR, o 5 AEAE &
Aol o] EX o] e W, EFEdEE AAEE 7t
2UA BA71E7 palm ol 1E ) Wol EFHE ot
(Qureshi et al., 1986). 53] palm oil3} coconut oil Soll=
nZe] o-ERE s, pEEZ o] FHrEY gl
B3 ¥ v} tHFredrich, 1988).
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FH oA AHEstY A= A FaksiA| BHA(butyl
hydroxy anisol)?} BHT(dibutyl hydroxy wohenye W& 3t
shA|ol| Hlste] Fell e POl Zol THAFE T AR

Z AT F2 o]&HI gt} e} o]BL ATIAEAR
A R g dgAldle 7P AR, dEL, JhEe

A, HEAITA|, S22k
2 4#HA UrHHodge et al.,

59 B2 BaTlE RO
1964; Wilder er al., 1960;

Day et al, 1959), 53] BHTOl &3 EddolgiAle] Bv1
HoEM 1 /‘}Q‘ﬂ 713 53 lo}(Branen, 1975; Weiss,
1993) EFHES EFS o] FH FUSAE0] AFEHL

Atk (Buck, 1981, Kim & Kim, 1972). 5ol lo] 34
AsHAIRl BHASY o-EXHES HIRS o AAgatsiAle]
Fakste vim AEelA, F4sE2 BHA > a-EXHE >
propyl gallate > sesamol®] =22 BHAC] ®ldla] A it
sHAI7F A GolHA T o-ERHES] 795 BHAY ZA
FHAA e g sl S VERIITRL B stlth(Yoon
& Kim, 1988).

AAWoNA maldds Bdo] Be itsl Ao AdE
JA sl It EA 9 EFHERS EFEDdEFY &
A A A E aPey<dd =ME dE A UTHNiki et al,
1986; Ikeda & Fukuzumi, 1977; Cillard & Cillard, 1980).
# linoleic acid methylester®} EIZHEF 2 EFEZE
FE AR 2l Al2Flo)x o] ZEatstaA A 40, 60,
80°Ce] &=} 1, 10, 20%2] AbAFe] e &iks) g3 A
TN o-EZEZ =S A3t BE EAHERE 60°C E
ol ParstaATt AP, 0°C WY slol=ZHEA}
ol= AT e QA AlsE RS A7 40°C/10% 02
ARE 60°CR0% 07K AbslE7k A cis/trans- : trans/
trans-hydroperosides 2] Y] &2 - T>0-T3>1-T>B-T>y-T3>8-
T>5-T39 £02, EFHER T o-ERAS] 7P ¥ &
Akl &3z oy B A Th(Lee, 1993).

HEEEE oYzt getsy

HIEN BE= 359 ARASe)] a3 Qs Ros o4
Z oioh vEIET} 3akEe ARzgle] 218 dolEo g
Al A= 2|ZehHZ (DL, low-density lipoproteins)®] 4Fs}
g ARt 48 7Hde] AlRFE U th(Stampfer &

Rimm, 1995). EFEZ s AL ZY2uE AP o
o|*] LDL E¥|28|E9] #3519 HMG-CoA $Hla o] 7
of o8] BdE 4B Tt Qvka B 9 up gl
(Hood, 1998).
Hlel EE 328,
Fejoll loiA Hxe]

rJ

a3k =t ¢ H TR o
HE, 53 Y AN 7= 58t
BIAEAN g&& FGIF3E3 U ri(Patterson et al, 1997;
Stone and papas, 1997; Kline er al, 1998; Shkla and
Oh, 2000). E-viamers:= 3418t 54 % BHx 758 §
g g FY AYE BEE 5 YthDas, 1994). HERR]
B9} dtavhe o] A, IskE 9 Aloliiste
2 24% , DNAY @3] peroxidation HA), LHAE
DNA thale] Al o3t Alx4E {5 Fom 484 Ut
(Stone & papas, 1997; Summerfield & tappel, 1984;
Carroll et al., 1995; Yu et al., 1999).

FIHE 200 F BAZE Y 01]%4 Z31o A
of F9% AT It} EFHEN EREEE £
HE B9} 22 diskAle 2Y o AlZA R #219] H
7]‘"]1::2 H @ ].01-9_ cﬂ]hﬂ-al— 2= oh;]_ H]E]"?l E= EHi‘%“]f_
9] lipids®] ArElellA A7l WHolo] S THAAA AAYE

5} Campbell et al., 2003).
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QA9 FASE AR ISV 7 BE a3E]
Be T A7E S At F2Y] I Al A
52 By dxslo|vy BREAAN 7153l el A
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200 mge AHT AAFAEL I W2l st FAuke-
o] Z7ke 7St siglom, HARkg-S fisk] HlEl E
o] kel AR 200 mg/dayet 9t Os, OH, H.0,
083 0,8 EEg AT e J9FY 553 5
ZJo|t}. Blankenhomn & Clewing(1993)2 HIE}R] EE o7}
FAREY, FHEIRAN HEE a8y FHE9Y e ¥4
T T d@59 9o % v SAEY A5 ‘?27']]
e ASES HAt RSty e Ao AL
TR X F59 R 2 aFHo|y, ofEe] Hzke-o 7
Al7)=d #H-o] dnt

o
n:i 1:l~

EIWEY EFEL|0ES S5, B2|15 54

HEN BEe 712492 chromanol [benzpyrane] ring(head
group)} ring®] ErAE=R}]  hydrophobic  [isoprenoid]
sidechain(tail group)®] AHE F+ZE 7| FHO=E 3l U
©1, head groupd] phenolic F-Eol|A 51 g9}l 7H &4
off 203l methyl group(R1, R2)¢] position®|t} =of whz}
A -, B-, 1 8- TFEHEUKFig 1. E=3 vEF B oy

Tocotrienols

Substitution in the chromanol ring of tocopherols and tocotrienols

Tocol Structure
o-Tocopherol (o-T)

Trienol Structure R, R,
o-Tocotrienol (a-T3)

(5,7,8-Trimethyl tocol) (5,7,8-Trimethyl tocotrienol) ¢ Me
B-Tocopherol (B-T) B-Tocotrienol (B-T3) u
(5,8,-Dimethyl tocol)  (5,8-Dimethyl tocotrienol)
Y¥-Tocopherol (y-T) YTocotrienol (y-T3) Me
(7,8,-Dimethyl tocol)  (7,8-Dimethyl tocotrienol)
d-Tocopherol (5-T) 6-Tocotrienol (8-T3) u
(8-Monomethyl tocol)  (8-Monomethyl tocotrienol)

Fig. 1. Structures and methyl positions of the eight natural E
vitamins. The Chemical Abstracts name for tocol is 3,4~
dihydro-2methyl-2-(4°,8°,12’ -trimethyltridecyl)-
chromaol and for tocotrienol is 2-methyl-2-(4’,8°,12’-
trimethyltrideca-3’7"11’-trienyl)-6-chromanol(Kamal-
Eldin et al., 2000).

ETNEY EFEL0z AveER Y 3

ARF & 4 e ETHEL head groupe] 23 ghhel Tl
AbEe] 4 gkA, 8'EFAol|A] chiral centers ZH= ¥WHH, EFE

oz _‘?_7—% head group] 29 ¥k4who] chiral centers
ZEA, tail groupd] 3RS TR, [IEAT} O)JFAEE ¢
Fojz ok 241 Zolo %o, head group®] phenolic
hydroxyl group HIEFR] E°] @its} &ge] AA4 d&-g

3, aromatic ring®l 2= methyl group®] &2 HA] ol&
9 *ﬁﬂ%"* o #i-¢ F23lth 3702 methyl group®] U=
(XE—-—Jﬂ 2 Uoz] Al o] ESHERT Aejgdo] uls-

Fom, B, v, 89 AR ALY Ao)E YepdT), et

tall group®l| 4] isoprenoid side chain®] H3} JA] vlEIN] E
o] ol ¥k mixich MdolX Ee3l g EIHES
2R, 4R, 8'R(d-form ¥+ RRR form) #j¥-g 3} UL
EFEZEL IR, 3'-trans, T’ -trans EL 33 A} E._l_
HEH} EFEZCES 7H7 2240 = o8] 71A] stereoismer
ZHA| S| (Table 1), ©]E<] isomereric configurationS 159
ATl we- Fasit

A2oA B FEe o HAo] AdFQ ENHE
I3 BEREEL %Oﬂé A GO} ofE, ofjghe, o]
2 9 25 Yo & merh X§ gl ?41101'04 ER
HE &5 BAAEE o > B- > v > $EIH S
wE} Zadtch, RRR--EFHE9] melting point= ca 3°C
vhH RRR- +EFZHES -3°ColA] 2°C9] melting pointS:
ZHet) ofehge] =) B E9 EREDoEe] A9M F
FEE 290-298nm HANA Hoighe 2EoR(Table 2)
(Podda et al, 1996), 53] a-EFHZ 79 Azo] t}&
o8 71 71809 F3e Srle] FA0] ZUIst
ute} FFATE HATHFg 2, Table 3). 3 G5
o-ETHEL monomer®}t dimer®] T 7R & &R, gt
A5+ (291~294 nm) ¢} monomer+= & ZA Q1 d ‘31'3]—04
dimer= 298 nm #2 53k H|EFAde| L BA)
Adel 2jsld A kJung & Kim, 1982).

ERHE EFEL 0= &1 R

AEFE

EFAERS EFEDdERF 28X 289 esters AEA
SRHEEA f7] SuiE ol&3le FZ it} E3 Rl
o] Alge] &3} §e] g o} M o3 A Ay

exol W gy FF A7, EFE EFE %]
A @)HE ALshea, Ui fAEENT)7] HeiMe
o] B71E oAl skl @ 2:9] 27 shola Hujgh
A8 stedof gtk A& B0 BANA &3 715 (Kim
et al, 19992} 725, €4 ATAAZHEY 7K 2= =7
(40, 50, 70°0)2.2 4¥9 x2S g st FEHAS
ol 5000 psi¢t 6000 psiclAl 50°CSF 70°Ce] 2Ho® &
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Table 1. Various forms of tocopherols and tocotrienols. (Abidi, 2000)

Homologue ?

Stereoisomer Position isomer
o o
p Y
Methyl substitution:
Number 3 2 2 1
Position C5,7,8 C5,8 C-7.8 C-8

Tocopherosl:
No. 1 2R4’'R8'R 2R4’R8’R 2R4’R8’R 2R4’R8’R
No.2 2R4’R8’S 2R4’R8’S 2R4’R8’S 2R4’R8’S
No. 3 2R4°S8’S 2R4’S8’S 2R4°S8’S 2R4°S8’S
No. 4 2R4’S8’R 2R4’S8’R 2R4’S8’R 2R4’S8’R
No. 5 284°S8’S 2S4°S8’S 254’S8’S 254’S8’S
No. 6 254’S8’R 284°S8’R 254’S8’R 2S4’S8’R
No. 7 2S4’R8'R 2S4’R8’R 2S4’R8’R 2S4’R8’R
No. 8 2S4°R8’S 2S4°R8’S 2S4°R8’S 2S4’R8’S
Tocotrienols:
No. 1 2R-tr/tr 2R-tr/tr 2R-tr/tr 2R-tr/tr
No. 2 2R-tr/cis 2R-tr/cis 2R-tr/cis 2R-tr/cis
No.3 2R-cis/tr 2R-cis/tr 2R-cis/tr 2R-cis/tr
No. 4 2R-cis/cis 2R-cis/cis 2R-cis/cis 2R-cis/cis
No. 5 28-tr/tr 2S-tr/tr 28-tr/tr 28-tr/tr
No. 6 2S-tr/cis 2S8-tr/cis 28-tr/cis 2S-tr/cis
No. 7 28-cis/tr 28-cis/tr 2S-cis/tr 2S-cis/tr
No. 8 2S-cis/cis 2S-cis/cis 28-cis/cis 2S-cis/cis

C, Carbon; Tr, trans

Table 2. Characterizing tocopherols and tocotrienolsby ultraviolet
tight (Podda er al, 1996).
Vitamer Amax (nm), in EtOH E!*, 1cm

o-tocopherol 292 75.8

[3-tocopherol 296 894

Y-tocopherol 298 914

d-tocopherol 298 873

o-tocotrienol 292 91.0

[3-tocotrienol 295 875

Y-tocotrienol 298 103.0

d-tocotrienol 292 83.0
o FEEY & [WWolol 40°ColM 553 F2E59] dun
=%om, AR He AW 70°Ce] 2R 50°Ce
Z7o] FEXUE Afsitharl st &5 7 A7PE0~9
AlZh 225 28840, 50, 70°C) BARE %f‘& 735
Al 25 2P BF 47 9t FEIINE W 2= , — A — s
%Fo) 70-80%=2 7V A vehg: 280 200 300 310

Wavelength (nm)

HPLCEZ 0|83} 22 Fig. 2. The absorption spectra of @ -tocopherol in various organic
i x solvents; (1) methanol, (2) ethanol, (3) p-dioxane, (4)
E}L} e AR Ao LR BEEst BSE chloroform, (5) benzene, (6) cyclohexane, (7) n-hexane

2]oll =2 column  chromatography, thin layer chromatography(TLC), (Jung & Kim, 1982).
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Table 3. The extinction coefficients of @ -tocopherol inrelationto & ©|E& 28 £ Q7] vf&o vlws g7 2egd +
tlhgeSg;pole moment of various solvents (Jung & Kim, = 4 HPLCS AR8h= Zo]ThEig. 3).
. HPCLE ©]£3} E vitamer®] 2] Al AHe] 79} =7
Solvent Dipole moment* €4 at ™Amax** %“H o} 250 W} vitamerSS] HEEA|7HFig, 3-6)7 2]
g;‘;‘;‘s:zane :g Zj‘i %= vk Vel (Kamal-Eldin er al., 2000), E3 ©]
Benzene ~0 85.5 E& gue] S490 uet sighEe] A F9° spectra®] B
p-Dioxane ~0 83.9 F=(E3] peak F-ZolA) thEA LeRdTH(Table 4, Fig. 3)2
Chloroform 1.12 78.5 BaE vl AqdJung & Kim, 1982; Balz er al, 1992;
Ethanol 1.69 76.3 Schuep er al., 1994).
Methanol 1.69 74.5
*Dipole moment in gas phase (Minkin et al., 1970). ‘ JZR22E EJNHEN EIELH s 22| - MA
Z:‘\]/.aslgfslevaerle means of 3 measurements and significant ST 9lo], ETFHEL 825 Ua], 2 a3y w2y
' e AW FRoL FAAB gol FhEIY Wt
o EXEdE okl e, 27, A8, 223 BY F
nomal-phase high- performance liquid chromatography(:=%3 HPLC),  ©ll ti-o] df=o] Uch a-EiJﬂ%A A5 Ee ds
reversed-phase HPLC(S), 2213 the 2] 71A] chomatographic  AR&-8lo] F2]3F A3h= Keles & 6ncel(2002) Tl <J3] &

techniques®l] 2J8l) ¥-2]3}ar, AT 4= °}E‘r
A7 2R o] £ 2AsRE, iR A7AE
A4 g3l 22 BEelE 9s) '1E/\o]' HPLC 7|&°] o]&

lo

Hrt. ol B9t pEAFE I B, pEAEdE] T
2H o2 "¢ A 94 HPLCE ©14% Heliyos

¥y

Haawmonine

&
Time (min, 3

2

o
=
o]

A, 9o F& wiseE g2 A AEE e
insoluble polyvinylpolypyrrolidonel]— 0.2 g2 Na,SO.7t
8 gmLe] olehgol Bl 30 2§t 4°CHX FE,
#}5te] RP-CI8 column(250 x 4.6 mm)& ©]-&ste] £ 3}
Fot. AHEMEE A; 5% water(95% methanol)¥ B; 5%

A

Ol‘m

3}

_&

.
i

w-Tecolrtens

{~Trecpherol

&—"ocotranal

8 -Tacrpherel
#-Teooriens!

om0 T Wu b emal

18

& 2

Misates

20

Fig. 3. Reversed-phase HPLC-UV detection of tocopherols (T), tocotrienols (T3) (on ODS) in a standard mixture. 1, T (0-tocopherol); 2,
oT3 (o-tocotrienol); 3, BT (B-tocopherol); 4, YT (y-tocopherol); 5, ¥ T3 (y-tocotrienol); 6, 8T (8-tocopherol); 7, T3 (8-tocotrienol)
(A) (Balz et al., 1992), and Normal-phase HPLC-FL detection of tocopherols and tocotrienols (on silica) in a standard mixture (B).

(Schuep et al., 1994).

Table 4. The wavelengths of absorption peak and shoulder of o-tocopherol in relation to the hydrogen bonding ability of various solvents

(Jung & Kim, 1982).

Sovent Type* H-Bonding ability** Amax (NN shoulder (nm)
n-Hexane v none 298 291~294
Cyclohexane v none 298 291~294
Benzene U very weak 298 292~295
Chloroform 1 weak 297 293~295
p-Dioxane I medium 293 296~299
Ethanol I strong 292 none
Methanol il strong 292 none

*Classified types are according to Pimmentel and McClellan (Pimmentel & McClellan, 1960)
**Hydrogen bonding ability toward acidic OH group of chromanol ring of a-tocopherol (Vinogradov & Linnell, 1971)
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Fig. 4. Separation of Merck tocopherol and tocotrienol vitamers on an LiChrosorb NH, column (250 X 4, 5 um) using hexane-zert.-butyl
methyl ether-tetrahydrofuran-methanol (79:20:1:0.1) at a flow-rate of 1.0 ml/min~! (A), and Sepatation of a balanced mixture of
tocopherols and tocotrienols on Hypersil APS-2¢ silica column (250 x 4.6, 5 um) using solvent hexane-1,4-dioxane (95:5) at 2.5 mV/

min~' (B). Peaks, see legend to Fig. 4. (Abidi, 2000)

A
A
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g B
8
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&
n
5 A
hred
0 S 10 15 20

Retention time {min)

Fig 5. Separation of a balanced mixture of tocopherols and
tocotrienols on three silica columns (A; Alltima SI 5U, B;
Inertsil ST, C; Genesis silica,B,C) using mixtures of hexane
and 1,4-dioxane (A; 96:4, B; 95:5, C; 96:4) at a flow-rate
of 2.0 mV/min~' (A), 2.0 mVmin™" (B), 1.5 ml/min~! (C).
For identification of peaks, see legend to Fig. 4. (Abidi,
2000).

ethyl acetate(95% methanol)E AH&3F%1 37, 1.2 mL/min'<]
flow rate® BY %2 12 7oz 10%¥ Az} 27MA714A
Al ZF 158 B9 B8, o= Ay et 22 AAE

A
@
173
s
-3 B
b
O
>3
=
¥
w
173
bl
Q
2
hrd
C
§-13

10 15 20 25

Retention time (min)

Fig. 6. Separation of a balanced mixture of tocopherols and
tocotrienols on LiChrosorb Diol Hibar silica column using
different mobile phases: (A) hexane-tert.-butyl methyl ether,
96:4 at 2.0 mo/min”'; (B) hexane-2-propanol, 99:1 at 1.0 ml/
min"!; (C) hexane-1,4-dioxane, 96:4 at 1.5 ml/min~!. For
identification of peaks, see legend to Fig. 4. (Abidi, 2000).
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292 nm¢] oA UV detectorS ©]-&3}] monitorings}
A B2al9rhKeles & oncel, 2002). FRPIAIR, EFEE
=2 BARRE E25I=m(Qureshi er al., 2000), &
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sm= Zuo|

= BHE dAEsk FEEAR] AAE HEES o]
= 15000 gollX A2 d &, 45dS 40°CY
3] AERANFAG. o] HWEE FEES T
10mg/mLe F=2 4t =<l th Bond Elut Amine
Column®| lmL—g 2t Als 29 F 23] i8r)
= 4t 100% 1mle A2, 3%9] 2-propanol(97%<]
#Hih) 1ml, 5%, 6% 2-propanol 1mL 18|32 ©pA|Bto 2
10%2} 2-propanol(1 mL)7}A] <x}& o2 Esuch zt
fraction®] A3 ¥-2 HPLC(Waters silica column, 1%(v/v) 2-
propanol in hexane mobile phase)E ©]-&3te] #2133,
Bond Elut Amine Column®] 5%%} 6% 2-propanol®]x] &
53t fractionse E§ste] K1F/FE]] 40°ColA &3] A=
AlA Falog =0l Z 13mL/min® flow rate® 0.6%2]
(v/v) 2-propanol(99.4% hexane)X7H-§"iE A&3te] HPLC
(Beckman Ultrasphere Silica, 5pum, 4.6 X250 mm column)
ol ofs) ettt

Al

ihs)

| &3k,
el €A

EIH 82 =3ED|0lEe EEEY

g

EAF RS BFHog AN BN ESH &
HEdEe #Y A=, TLC, 4% HPLC, 9%
HPLC, 18|32 t& o8] 7[x| AmnfEEy) 7] o)
Baslz, AAE 4 vk Fig 78 BAA B3 EFs)
E, EFZEYE isomers®] HPLC #4]& vehd Aot}
(Qureshi et al., 2000).

HPLC7} ¥ E]7] o|He] #AeAEL EXHEN} EXET]
leg ks 7184 Ee] e S-S st GC 71&
o &J&&ld gkth Table 55 GC B4 W & HIH 29
3 #AEE EFNEY EFEZCE] B48 H3 #Ed ¥
7H MRES 298 Zolt, EFHES EFELYEY B,

EFMED EREL (s ARt MY 7

194 3T3

174 5T
25:1 P ”"1‘3

3124 713

4 P13

71 a-T

—t

Fig. 7. E vitamers of HPLC from rice bran.

isomers- %’ﬂ% GC Z (134 = 2=
H:ﬂa%ﬂ Y |

Y-positions

01;(] OJ-O],].

oA J‘Xﬂﬂ W— E’n—- %%"é AL, A tHE F U
7] W&l GCE ©l&d FAMHET de] AREHY St
(Abidi, 2000; Lang et al., vk
We B4 I3 2 yltaviolet (UV),
electrochemical (ED), light-scattering %=+= photodiode array
(PDA) detectors®]] &3] EXSEY EFEFdES TUH &
T dom, 13 Fd Y T BE EIHEH EFE]

fluorescence (FL),

Table 5. Gas cohromatographic analysis of tocopherols and tocotrienols®

Method(detection) Column Elution order References*(Matrices)
(1) FID Packed, 8 ft. x 4 mm, 6% SE-52 on ST—>(B+y)T—oT [1]
Chromosorb W AW-DMCS (propoinates) Vegetable oils
2) FID Packed, 6 ft. X 5 mm, OST—=(B+y)T—aT 21
3% SE-30 on Gaschrom Q (butyrates) Vegetable oils
Packed, 3 ft. x4 mm, 2% Silicon oil on [3]
(3) FID Chromosorb W AW-DMCS ST=(B+)T—3Ts TR+ Ty oy Palm oil
. : —{T=>BT T —oT—0s [4]
@) FID Capillary, 150 ft. x 0.25 mm, Desil 400 (TMS ether) Fats & oils
(5) FID Capillary, 90 ft. x 0.25 mm, 0.25 um DB-5 ST—PT—+T (TMS ether) [5] Oil distillate
(6) FID Capillary, 45 ft. x 0.32 mm, RTX-50 ST—=BT—>yT—6T;—oT-AC—1T; [6] Foods
(7)FID Capillary, 30 ft. < 0.53 mm, HP-1 oT—oT-AC [7] Edible oils

T, tocopherol; T;, tocotrienol; TMS, trimethylsilyl; AC, acetate.

*References: Feeter, 1974[1]; Hartman, 1977[2]; Meijboom & Jongenotter, 1979[3]; Slover et al., 1983[4]; Marks, 1988[5]; Sponsler,

199[616; Ballesteros et al., 1996{7].
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Table 6. Tocopherol (T) and tocotrienol (T3) contents of cereal grains (ug/g FW)

Cereal o-T B-T ¥T 5-T o-T3 B-T3 v-T3 &-T3 Total T+T3 References*

Wheat 10 5 - <1 4 21 - - 40.4 1
10 7 - - 4 28 - - 49.0 2

12 6 - - 4 26 - - 47.8 3

6 2 - - 3 17 - - 27.8 4

Rye 10 3 - - 14 11 - - 38.0 1
16 4 - - 15 8 - - 43.0 2

10 2 <0.2 - 12 7 - - 324 3

11 2 - <0.1 9 6 - - 18.7 4

Barley 3 <1 1 <1 16 6 6 - 320 1
2 04 03 0.1 11 3 - - 16.7 2

4 <0.2 1 - 20 4 8 0.6 36.9 3

29 0.1 - 0.2 10.6 23 27 - 27.8 4

10 0.7 0.7 0.7 33 7 5 09 58.5 5

Oats 9 0.6 - - 25 3 <0.2 - 38.0 3
5 1 - - 11 2 - - 19.0 2

8 0.9 09 - 15 0.9 - 02 259 5

2.1 0.5 - - 14 7.6 - - 11.6 4

Rice, brown 6 1 1 <1 4 <0.1 7 - 19.0 1
8 0.7 4 0.5 4 <0.2 10 0.7 27.0 3

white 3 - 3 04 5 - - - 114 2
Corn 6 - 45 - 3 - - - 54.0 2

*References: Piironen et al., 1986(1); Sheppard et al., 1993(2); Balz et al., 1992(3); Peterson & Qureshi, 1993(5); Zielinski et al., 2001(4).

Table 7. Tocopherol (T) and tocotrienol (T3) contents of oils and seeds from cereal grains(mg/100g oil)

Total

Cereal o-T B-T ¥T o-T o-T3 B-T3 T+T3 References*
Corn 11.2 5.0 60.2 1.8 - - 944 1
143 04 64.9 28 0.6 - 832 2
Oils 26.4 - 79.4 4.0 - - 109.8 3
Wheat germ 133.0 71.0 26.0 27.1 2.6 18.1 277.8 1
162.5 50.9 326 - 324 - 2784 3
Wheat bran 16.3 10.1 - - 11 53.7 91.1 1
Products Wheat flour <0.1 <0.1 - <0.1 <0.1 02 0.3 1
Wheat germ 115.3 66 - - 2.6 8.1 192 1

*References: Sheppard et al., 1993(1); Choi, 1996(2); Bogumila & Gogolewski, 2003(3).

b

B RIS o FEAE dgdos ¥ 4 Jrk(Shin
& Godber, 1993). 3}=559] £42 thFE°] ¢4 HPLCE
ARE-ERRATE 4w Wl o] e iRl S
Ay7t dPgo g AMESIH T, €4 HPLC B4 M ¢ E
vitamer£9| ¥2] == A HPLC #AoMe] 2] =R
v} €53 £t} 94 HPLC E44 ODS Z¥ 3} $H7
isopropanol-water® AME-$+ 7d-$-(Satomura et al., 1992) B-
9} yisomerso] EIHULH, L3 o]EY {FTA AN

acetonitrile-water®} ODS Z-3H(Abidi & Mounts, 1997)2]

27 sllA ZEAT rREERIE B, yEXLEe] ofgh
B2 A acetonitrile?} hexane(91.5:8.5)2] A7) &ulZ Cyq
Z& (Wahyuni & Jinno, 1988y Akgsled 5T 4= U
a, o] 2L APAAE Adg Sufe] AE8-S gl &
o= AoA = Fasith HER E A ASR
column®] type} mobile phases, detectors 1|3 IAZVIE
T AlzEle] BT} g 71ed o) F3 o)X (Lang et
al., 1985; Ball, 1998; Ball, 1988; Bourgeois, 1992)° <]
3 BAE AT},
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usle] B9} Ao o} §isomers HlwA ol il
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kAL ATk AA FFe] HigR! o SAMe W o-T3
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7 ¥ opE} AREFE WAEE AEY R B3 EX
HEx EFEZE isomer®] F-2 sources’t H7|%= gl
53] 559 A$ "G E o-T T, o T3 T8
FAd v, 9doxe= BTk 8-TF rabal lom, i
Hjol 99 Al Hd I Hr} B-Teh yTe o] @Wtom,
O-Te] e MY drt B Zlo® d#ix ok =g 9
o] B9 F T+T3 T2 wilobEA>E] SA4%, £
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quinone®|A 2 H, o5 EAYotA|glo] wh-gof s 2 g
o] I FolxrtL ?5}°1‘3]'
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