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Absence of Tocotrienol Form of Vitamin E in Purple Perilla (Perilla frutescens var,
acuta Kudo) Seeds Confirmed by Comparative Analysis Using HPLC and GC

Young—-Sang Lee*' and Min—Kyoung Kim

Quality Control Institute for Agricultural Products, Soonchunhyang Univ., Asan 336-745, South Korea

ABSTRACT Lipid soluble vitamin E consists of toco-
pherols and tocotrienols depending upon double bonds in
phytyl side chains attached to chromanol ring. Recent reports
on antioxidative, anticancer, and cholesterol-lowering effects
of tocotrienols have increased researches and commerciali-
zation of tocotrienols. Purple perilla (Perilla frutescens var.
acuta Kudo) has been reported as a plant containing toco-
trienols along with tocopherol forms of vitamin E based
upon normal phase HPLC analysis. To confirm the existence
or absence of tocotrienol form of vitamin E in purple perilla,
comparative analysis using HPLC, GC/FID, and GC/MSD
has been conducted for 14 purple perilla genetic accessions
collected from Korea and Japan. Normal phase HPLC analysis
showed a-, 3-, v-, and 6-tocopherols along with peaks with
retention times quite similar to (3- and y-tocotrienols. Same
purple perilla samples, analysed by GC exhibited a-, 3-,
v-, and G-tocopherols quantitatively equivalent to HPLC
results. However, no peaks for (3- and y-tocotrienols could
be observed and unknown two peaks of similar retention
times with [3- and v-tocotrienols were identified not corres-
ponding tocotrienols by GC/MSD. These results suggest
the absence of tocotrienol form of vitamin E in purple
perilla as well as the necessity of using GC-based quali-
tative and quantitative vitamin E analysis to avoid misinter-
pretation of peaks with similar retention times as tocotrie-
nol isomers when analysed by an HPLC.
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Fig. 1. Chemical structures of § vitamin E isomers.

220°Coj| A 290°C 744 BiF 5CH £o
T TRl 300CHY S2steinh Fi
w747k 250, 300C PO o]EAFO.
1.0 mL min'9] $&0 2 AME353 T, split ratio= 1/500]
Stk Almel B4 that BRI BRE Aol FREA &
= campesterolg internal standard= ARE3}%tE GC/MS
(HP 6890)°] A< GC/FIDOJA2} £8t 2AS 97514
11, mass spectrum=- 0|83} peak?] 542 ¢l Wiley library
9 authentic standardE mass spectrum®] H| X8O F ALE-

shalet.

01

_Q_
o=

BEE ¥ JIEF A
Tocopherol ¥ tocopherol®] &% S & CalBiochemA}2]
a-, 3-, v-, 6-tocotrienol kit ¥ a-, 3-, v-, 6-tocopherol kit
= T-dste] AREsHgl e HPLC o]/ A5 913t iso-
octane Y ethyl acetater= HPLCH(J. T. Baker, USA)Z,
acetic acid, DMP % 7|€} A|2F& Sigmaof| A FLds}te] A}
g9
g o
HPLCEZ 0|28t XI=7| &S tocotrienol EFMH
49 HPLCE ol&ste] ¥zl wU +4F
(Acc. No. K126157) Al& % 8% vitamin E isomer
9] chromatogram=- Fig. 2¢f YeR It} A 8% 9] vitamin
E isomer 9] A tocopherol#2] F$ a-, B-, v-, 2 6- 5
429] tocopherolo] HAZE Ut} A tocotrienolF2] 739
a-tocotrienol®} S-tocotrienol®} Y X|dl= WEE A7t o]

7

=
it

AN N
o N

L ot O MR P
s:xx-g | rl
M‘x aT a3 T ol
“tf authentic
o |] standards
I \ !T/ r
0004 K] a3
* | | | | | |'|| | |' \
o} Il | | f [ ||I sample [
el R A E S '| .
g & l ! " J 1 I [
5N W R FAV _J' AN AL X
Y 2 e 0 e o " [ . " x 1 o0 P ®I0 £ L

Fig. 2. HPLC chromatograms of authentic tocopherol (T) and tocotrienol (T3) standards and purple perilla sample. In chroma-
togram, a, b, g, d indicates a-, 3-, v-, and 6- form of vitamin, respectively.
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Fig. 3. GC/FID chromatogram of purple perilla (solid line) and authentic tocopherol (T) and tocotrienol (T3) standards (dotted
line). The numbers 1 to 9 indicates: (1) 6-T, (2) B-T, (3) v-T, (4) 6-T3, (5) a-T, (6) B-T3, (7) v-T3, (8) campesterol
(I.S.), and (9) a-T3, respectively. A and B in black box indicate unknown peaks with retention times similar to §-T3

and v-T3, respectively.



XI1E7| F&U tocotrienol £ 119

AzEgo, Y AR FAT AR BLsllol v
58 Azke] Apol7t Etsheict
A

>,
il
[t
Q
>
w2
2
ui
>
N
1A
o
=
=
o
<
é:
<
We,
2.
=
[es

(Fig. 3. peak A and peak B)& tocotrienol¥H= ujj-$- A}o]
F 222 gAY Eon BE F79 tocotrienol isomer 3
Ei} UA3H= mass spectrum®] peak= WAL R oot

ol AE 9 W, GCE o] 8 % Ax7] W
o] tocotrienolo] £AJ3}A] Y= Ao 2 ALl =1, o]=
HPLCO|A] B- & v-tocotrienol 2 7F% AEo] A& A
V= Hh e = 23ei

2 Y22 5719l ) $AS gAeR GC 3 GO/
A4S AT A SWAl 659 Ak A R Y
A 2Lz 7] S AL A X]5H= profile®] chromatogramS:
EfY| tocotrienol & EA|7} HEEA] okt

SN ol i

Lo =

2

al

Tocopherol¥} tocotrienol A= B2 ¢ 714 wWo] A}
|He P &4 HPLCE ©o]&3dt= Zo|th(lLee &
Park, 2004). $tH HPLCE o| &3t E219] Ao
= YT BHY AS F
o) oA A F LT HEF Al{H(retention time)< 2T
© the= Aolm(Neue, 1997), wfehA &4 W55 AR
of §E5 = peak?] WA, T2 Fo|E EFEY 4= H
wske] HFEAS astA "ol ey olefdt HPLC
ol-g&of glo] 7H BAIZF Hl= A2 Al ol ofH n]x] <]
do] EA S
AoHA RAN Y EE=H)TL LT HiF-E AHE e

o, % A 5 A8

= O =
chromatogram*}o]| peak @] HoFo &2 e = AQ-olt) Al
Az hFE HPLCE o] &3 4% 242 <9z 24
4 o]lsd 21 stolA SRR BAYY B9 REF
< injectiondte] WIEE AZIHE EQIskaL, T o 24
4 sample A|=F injectiondto] FU WEF AlZtof
peak7h LERd 49 1 peak® 50l BAE 715t0] peak

A ALE Tl =S AAtste Zo] dRbAoltt o]

ol gaflof sh 5 ojeleol glo thitie] S ol

A HETE S20] o|FoAA] 2 AejolM FiAe =

L ooRE ARk ARAe a1
o BHSE BN thho] F7), TS Fh WPt 9l
A ek ol BRE A7 AR BAL BEEY 4
SOl WA B3] matrix7} B3 FAT v EG £

N
o
&
=
i)
Rl
Shig
X
>
it
l

}1_‘

#ato] Al U
4=8)51A Er}. Park er al(20042)2] H il HPLCE o]
sho] BAL Sstola, weha] 2 R4 teh
-tocotrienol %! vy-tocotrienol®} UX|5l= HEFQ AHEE
i3l z+zk B-tocotrienol ' y-tocotrienol &2 7FE3lo] A
FaA 20E AR Ao Btk EeE A7) BiA 9

-

B AsollA U Ax7] FAE dFeR B4 49
g AR FHAQ FAo] R AlfHE FAlol 2L
AUt skl

250 7|52 B Blol 9§ Wo] BEE WUt of
Ao i stal vk ey A AR B9 AS Al
9 e AEE SR SUAY A Aol BEEE
A5 AL gHE] oYty 2 HuAQ] e {7
AHAIEE Fol 2E, AL s, FAAA Aol
By A F27E ARE ARESHAL, EgE o)
A edE 6% 2 e 3 8F 5 vy thee] 2k
£ dde g EAS 3% bl v E oS B2 AAE A2
719 Z3E o] 9l& 4= Sl tocotrienol®] EA F-Fof of
3 $Hdst A28 ol vlFehy durde s 4y, &
2 oA AujEaL Q= AFx7] FAol tocotrienol ]
ZA) 2] A8 =ATF 4= 9)9t) E3) vitamin E isomer &£
Alof QlojA+= tocotrienol T} 19~ FARGH HFEE At 9]

ujA g Ao] EAjste] EE ANA, AP ANE 24T
9l%lo] o} B3 W GOMS, 32 LOMS 52 0|43 5

Aol Aaslolord WAzt 9l & 4 lgith
H e

HIEHY] vitamin E 1/ RO R AL e 1A EF
M & e AR E/dS YEYl= tocotrienolo] =4k



120 OHEIX|(KOREAN J. CROP SCI.), 53(5), 2008

A7)0l Hag vy, 24 o5 Zle 9Jste] WA
6%, 42 8F & & 1459 A=x7| AL S
Al Ak & HPLC @ GC, GC/MS H|IL BA]S 423
shglon T Aibe ot 2

1. £24+0] HPLC o] 8-A] 2F%7]0)| A 4%2] tocopherol X
FARRE MRS AR

o[v)l
>~

B-tocotrienol, y-tocotrienol¥} mj-&-

Ezaiabrn

2. 28y 59 AR5 GCE AlRAg Ay} 1374 2pz27]
FRAAL A A BE 459] tocotrienol} UA|FH= EAL v

HAEA 4T
3. GC o]|-8-A] §-tocotrienol 4! y-tocotrienol @} -F-AFSH ™
5 A7) peak7t AEE o GC/MSE o]43to] &

o138t A} tocotrienolo] obd A

o oz g]_o Elmq_
4. o9l HPLC % GC H|aiAduto] 7|z uf, 2=
7)ol = ocotrlenolTrA vitamin E= ZX|s}X] &= Ao
=3 o GCE 9]&3} vitamin E isomer £4]0] HPLC

o] &-A| ueugﬂ.%é} SAF HEEA| 7Y &2 tocotrienol 2
Thshe 2F WRlo] aAYS o4 4 Uik

ol
o

1t

=
(L=

Cahoon, E. B., S. E. Hall, K. G. Ripp, T. S. Ganzke, W. D.
Hitz, and S. J. Coughlan. 2003. Metabolic redesign of vita-
min E biosynthesis in plants for tocotrienol production and
increased antioxidant content. Nat. Biotechnol. 21 : 1082-
1087.

Cho, K. S., M. S. Sung, and Y. S. Lee. 2007. Gas Chro-
matography-based simultaneous analysis of tocopherols, toco-
trienols, squalene, and phytosterols in rice bran. Korean J.
Crop Sci. 52(Suppl 1) : 151.

DellaPenna, D. 2005. Progress in the dissection and manipula-
tion of vitamin E synthesis. Trends Plant Sci. 10(2) : 574-
579.

Desai, I. D. 1980. Assay methods. in Vitamin E. A compre-
hensive treaties, Machlin, L. J. (Ed.), Marcel Dekker, Inc.,
New York. pp. 67-68.

E synthesis. Trends Plant Sci. 10(2) : 574-579.

Evans, H. M. and K. S. Bishop. 1922. On the existence of a
hitherto unrecognised dietary factor essential for reproduc-
tion. Science 56 : 650-651.

Gould, M. N., J. D. Haag, W. S. Kennan, M. A. Tanner, and
C. E. Elson. 1991. A comparison of tocopherol and toco-
trienol for the chemoprevention of chemically induced rat
mammary tumors. Am. J. Clin. Nutr. 53(4 Suppl) : 1068S-
1070S.

Heinonen, M. and V. Piironen. 1991. The tocotrienol, and
vitamin E content of the average Finnish diet. Int. J. Vitam.
Nutr. Res. 61 : 27-32.

Lechner, M, B. Reiter, and E. Lorbeer. 1999. Determination
of tocopherols and sterols in vegetable oils by solid-phase
extraction and subsequent capillary gas chromatographic
analysis. Journal of Chromatography A 857 : 231-238.

Lee, Y. S. and S. R. Park. 2004. Determination of tocopherols
and tocotrienols in rice bran by using HPLC. Koran J Crop
Sci. 49(S) : 82-89.

Lee, Y. S. and Y. H. Kim. 2006. Evaluation of anticancer
activity and toxicity of tocotrienol extracted from rice bran.
Korean J. Crop Sci. 51(S) : 1-6

Neue, U. D. 1997. HPLC columns: theory, technology, and
practice. Wiley-VCH.

Ngah, W, Z., Z. Jarien, M. M. San, A. Marzuki, G. M. Top,
N. A. Shamaan, and K. A. Kadir. 1991. Effect of tocotrienols
on hepatocarcinogenesis induced by 2- acetylaminofluorene
in rats. Am. J. Clin. Nutr. 53(4 Suppl) : 1076S-1081S.

Parker. R. A., B. C. Pearce, R. W. Clark, D. A. Gordon, J.
J. Wright. 1993. Tocotrienols regulate cholesterol produc-
tion in mammalian cells by post-transcriptional suppression
of 3-hydroxy-3-methylglutaryl- coenzyme A reductase. J.
Biol. Chem. 268(15) : 11230-11238.

Park, K. Y., C. S. Kang, Y. C. Cho, Y. S. Lee, Y. H. Lee,
and Y. S. Lee. 2003. Genotypic difference in tocopherol
and tocotrienol contents of rice bran. Korean J. Crop Sci.
48 : 469-472.

Park, K. Y., C. S. Kang, Y. S. Lee, Y. H. Lee, and Y. S. Lee.
2004a. Tocotrienol and tocopherol contents in various plant
seeds. Korean J. Crop Sci. 49 : 207-210.

Park, K. Y., C. S. Kang, Y. C. Cho, Y. S. Lee, Y. H. Lee,
and Y. S. Lee. 2004b. Tocotrienol and tocopherol contents
of rice bran by milling recovery. Korean J. Crop Sci. 49
: 468-471.

Suarna, C., R. I. Hood, R. T. Dean, R. Stocker. 1993. Com-
parative antioxidant activity of tocotrienols and other natural
lipid-soluble antioxidants in a homogeneous system, and in
rat and human lipoproteins. Biochem. et Biophysica Acta.
1166 : 163-170.

Suzuki, Y. J.,, M. Tsuchiya, S. R. Wassel, Y. M. Choo, G.
Govil, V. E. Kagan, and L. Packer. 1993. Structural and
dynamic membrane properties of a-tocopherol and a-toco-
trienol: Implication to the molecular mechanism of their anti-
oxidant potency. Biochem. 32 : 10692-10699.

Woo, K. M., Y. S. Lee, and Y. H. Kim. 2007. Effects of
dietary tocotrienol extracted from rice bran on hemato-
logical and histotolgical changes of the mouse. Korean J.
Plant Res. 20 : 104-112.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


