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Simultaneous determination of tocotrienols and tocopherols by a reversed-phase HPLC

Kazuaki Akasaka
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Fig.1 Structures of Tocotrienols and Tocopherols
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Table 1 Timings of column switching on 2D-HPLC

timing of switching (min) | Flow rate of 2 column
Target T3s
on off (mL min!)
18.2 20.3
-T3 & &-T ;
S s Bl 25.9 282 -
B-T3 & y-T3 22.3 24.5 0.5
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Fig. 2 HPLC chromatograms on reversed-phase columns at 27 °C

A: column; Develosil ODS-HG-3 (4.6 x150 mm), mobile phase; 96% MeOH/H,0
flow rate: 0.6 mL min-!

B: column; Develosil C30-UG-3 (4.6 x150 mm), mobile phase; 100% MeOH
flow rate: 0.9 mL min-!
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Fig.3 Effect of column temperature on the retention times of T3 & Toc

Column: Develosil C30-UG-3 (4.6 x 150 mm), Mobile phase: MeOH, Flow rate:
0.9 mL+min’!, Detection: Fluorescence (Ex. 297 nm, Em.325 nm)
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Fig.4 Effect of column temperature on theoretical plate of a-T3

Column: Develosil C30-UG-3 (4.6 x 150 mm), Mobile phase:
MeOH, Flow rate: 0.9 mL+min!, Detection: Fluorescence (Ex. 297 nm, Em.325 nm)

* Theoretical plates corrected based on the factor caused by dead space
attributed to other than the column
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Fig. 5 Effect of flow rate on the theoretical plate of a-T3

Column: Develosil C30-UG-3 (4.6x 150 mm), Mobile phase: MeOH,
Detection: Fluorescence (Ex. 297 nm, Em.325 nm)

* Theoretical plates corrected based on the factor caused by dead space attributed to
other than the column
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IS: internal standard(PMC),

1: 8-T3, 5: 6-Toc,
2:y-T3, 6: y-Toc,
3: B-T3, 7: B-Toc,
4: a-T3, 8: a-Toc
0 20 min
Fig.6 Typical HPLC separation of T3 and Toc on a Develosil

C30 UG-3 column
Column: Develosil C30 UG-3 (4.6 mm x150 mm), Mobile phase: methanol,
Flow rate: 0.9 mL min’!, Column Temperature: at -4 °C,
Detection: fluorometry (ex. 297 nm, em. 325 nm)

VRTS8 DA E T RCTREEIHHT 522 LA TE (Fig 6). EMSA TOSHERR & 13
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D B EEE R L. MRS (S/N=3) 1210 ~ 55pg T EHMDETHIRIKETH -
7oo F7oo E— 7 HEOBD R LIEED 06 ~35% CTRIFCTH -7z,

THMOY B L O FIKRO K% 50T L 7B O RIMENEGEER O£ % Table 312, %
I2FOREO < NI A Fig7 \OR L7z,

XIS AbEITh T, BN R B L 2 OARTHI 2TV, 57 ANOFERNOE A &
1389 05mg T o 720 ST OFER, 4 O T3 AW - £ & S, Toc (3 & e - 72 (Fig.
7—A)o FRMENLEIZ I3~ 97% & IEFI2E < (Table 3). K#FIZHETL I 7L
TN a— VOB R ZTEIERLAMTHILENTER, T/ E—ZHBEDIEILD
Eid, RIBEIMY VM TE =22V ED o720 - B XU -T3 THIIERERFESZ N2 31%
BLU45% Lm0, MBIETNE 2% N TH > 720 —F, Kbz L. ik
L 723k & 4001 L 7285 5. & C o VE [AEE250.1 ~ 8mg  100g D& T - E & S (Fig.
7-B). 5K VE MEASHE 2RI L 7 b - ik - B O —EOBMEL 1T - 725
DOTMENLEIL 783 ~ 805% TdH - 72 (Table 3)o 7 YLDEIEN D722 L12& D, E—
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Table 2 Determination ranges, Repeatabilities & Detection limits of T3 & Toc

RetFntion Defestiiination tarige Repeatab.ility of peak area Detection Limit
time ratio (n=8) (S/N=3)
min ng / injection gis Swounisolsmmple pep oo ng / injection

ng / injection
8-T3  6.62 0.057-11.34  0.9997 2.84 0.93 0.012
y-T3 7.90 0.050-10.08 0.9997 2.52 0.59 0.012
B-T3 8.70 0.062-12.42  0.9997 3.11 0.78 0.014
a-T3  9.88 0.153-30.65  0.9997 7.66 1.30 0.035
6-Toc 11.00  0.060-12.05 0.9996 3.01 1.23 0.013
y-Toc 13.45 0.060-11.99  0.9996 2.99 1.01 0.017
B-Toc 15.10  0.060-11.97  0.9995 3.01 1.62 0.020
a-Toc 17.29  0.100-20.03  0.9993 5.01 3.36 0.055

* R: Coefficient of correlation, ** RSD: Relative standard deviation

Table 3 Recoveries of T3 & Toc in an oil and a foodstuff

Coconut oil (without saponification)

Rice bran (with saponification)

Coconut oil

Amounts

Rice bran (n=5) Total (n=5)

(0=8) Total (n=8) A“:“’“_"_“ of Recovery ad,:f Recovery
s P it %
mgl00z  SD  mg100g SD 100 o106 Sp  mgioog  SD @yios
&-T3[ 0038 00012 057 00062 057 941 | 092 0066 3.8 0082 28 797
¥T3| 028 00044 076 0007 050 950 | 643 0449 842 0112 252 789
B-T3| 0088 00040 067 00053 062 944 | 001 0015 261 0032 311 805
o-T3| 186 00362 335 00350 153 973 | 541 0357 1156 0391 _ 7.66 803
5-Toc| ND 057 0009 060 951 | 009 0030 250 0087 301 799
y-Toc| ND 0.56 00067 060 942 | 115 0081 351 0059 299 788
B-Toc| ND 057 00100 060 946 | 046 0046 28 0055 301 783
a-Toc| ND 097 00264 100 938 | 778 0566 1175 0305 501 794
A B s 73
IS f v )
T3
l_'_\q Toc
f_‘_|
B d
Y o
a
¢ Y
5 |y
)8 8
I M 1 i ]
0 10 20 i 10 20 min

Fig.7 Typical HPLC chromatograms of T3 & Toc in coconut oil
and rice bran
A: coconut oil (without saponification), B: rice bran (with saponification)
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Table 412, T TR LY B L Okdan 2 B < & 7 M, BaRo a5 o5t
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Table 4 Amounts of T3 & Toc in oils and foodstuffs

mg/100g  (mean * SD, n=3)

a-T3 B-T3 v-T3 6-T3 a-Toc B-Toc v-Toc §-Toc

Soybean germ oil . . - - 21.3+£0.77 2.67£0.29 96.07+2.36 21.51+£0.29
Sunflower oil - - - - 42.10£1.03 1.09+£0.10 1.09+0.05 -

Rice oil 6.83+ 1.79* 542+ 2.10* 15.35+ 2.86*18.82+ 0.54*23.30+£ 0.92 0.40+0.13 4.93£0.09 0.66+0.23
Grapeseed oil 13.71£0.79 - 12.18£0.76  Tr**  39.10+1.80 0.21£0.09 2.68+0.11 Tr
Linseed oil - - - - 0.29+ 002 - 25.12+0.81 -
Canola oil - - - - 17.60+0.77 - 44.14+0.89 1.21+0.08
Macadamia nuts oil 1.27+0.13 r - - 0.51+0.24 - 3.224£0.28 0.57+£0.02
Wheat germ 095+0.24 0.59+0.08**  Tr** Tr**  21.95+0.94 8514028 0.14+0.02 -
Whole wheat flour  0.92+0.08 1.69%0.10 - - 0.76+£0.09 0.31+0.05 - -

Ray flour 21.3+0.77 21.3+0.78 - Tr Tr Tr - -
Almond flour 1.04£0.17 iy - - 13.774+0.33 Tr 0.36+0.08 -
Walnut powder 0.93+0.31 Tr - - 5.23+0.39 0.28+0.08 32.35+0.52 4.92+0.28

- : nd. Tritrace. * The value might be affected by coexistent substances.
** The peak assignment was affected by coexistent substances
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20

0 20 0 20 20 0 20
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Fig.8 Typical HPLC chromatograms of T3 & Toc in edible oils and foodstuffs
Samples were A: soybean germ oil. B: sunflower oil, C: rice oil, D: grapeseed oil, and
E: wheat germ, respectively. Peaks were IS: internal standard, 1: 6-T3, 2:y-T3, 3: B-T3,
4: 0-T3, 5: 8-Toc, 6: y-Toc, 7: B-Toc, and 8: u-Toc, respectively.
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T3 HroEE L 7% 572 (Fig. 8-C)o T D728, Table 412k Lz 2 oMo TIFEOEIL, F
BRI I RERMBELS>TVEIDEEZ NS, TOMRE =7 BHITRAPIZITFED 5Nk
ol &b (Fig 7-B). ZOMEETROMTERLZLDEEZ SN, ZOMUAL
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b 7L —73— il (Fig. 8-D) ®/hZMF (Fig. 8—E) T T3 & LREFREH AN LE 12
INEBE =B, E—=2 N 70— Filholzl &, BBIFREROTIAE L7720 T3
=2 L OMINIEENH -T2 bDEEZ LA,

O by (Fig. 8-B) Tid. REWHO I T A~DEAR L L TOImg BETIZITIDO Y —
I TRUIT CTdh o 7245, EHEE %2 10 B ICE O TOMr LR, 6 —T3 ORFR
MEFEFICHEWEICE—dp B S, $/2y-T3L -T3DMEIIA L 70— R —
7 RIT A ZENTE

3—4 2D—HPLC ¥ 27 LIZ & B T3 DIERHHT

COM% E TR T 250 TSEHO MR DN OEE L oz ZODORLLGHERE
T v T4 v CHEKET 5 2D-HPLC #E:1d. RRW 7 EOBMELR R OMERS % 503 59 2
THR LR TED—2ThH b, 2 W 22T, TIHICKH L F% L EE%E %2R L7-0DSH 7
LEC307 T LEMAEDE2D-HPLCEICOWTHE L2 1 RITTHDODEERZE 1) A
RIODS % 9 A TH0COEMNT TRl TWHNE TS T3 28O DARE, HTLAAL Y
F U TTFNA R RV 2KITTE O C30 H T A2z, C30H T A2 K B47HEE. LU 45 HEEDS
] L9 % —15C OIRiRSE TREDEEE 1T - 72 (Fig. 9o —10CUTOEMTIZ, a-T3 &6
—Toc DFEENPMET 5, 1KRITHD AT 2I12LY) §—ToclZC30H T LIZEA IR TV
WO REII R, o RIBRFETO Y — 2RO X 2 /50T 2 ¥ 3 5 720, i
AR CHEE L2 LIRTEEIZH 7 AEDIEFIIRNE ) AR T A2 H W5 Z LT, C30
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Fig. 9 2D-HPL System for analysis of T3s

ColumnI : Chromolith Performance RP-18¢ (4.6x 100 mm) x2
Column]II : DevelosilC30-UG-3 (4.6 x 150 mm)
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Fig.10 Typical chromatograms of T3s on 2D-HPLC system



4. #&

8

Wk HPLC #:% . S E TEBTHR A - 72 8D VE FIEED FERH 2 KR0S
HaBHETLIEICED, 2NFE TOIESE HPLC & & WAL O TR B X O E THEB$
HIZENTE, /2. WBWZMT, ZE&EDE Y ) — VOHR—ERR X 25058 - 55
FrOFEFNZL) . BULL 72E R 2 R 2 AR EOMBIC L D X LEBEIHE L THHT
ZEBDUHET, TIA MOHI. BIOEREREEOUWEL L B2, WEANOKKICOFS TS
bDEEZ LN D,

F7o, ERETIREET ARG OBEIIOWT A LRREFTIE L SN TV ik o725, 2D-
HPLC ZE~OEFICE ) ZOHEZ WL~ LT 52 25 HEL 20, ERlE L Tmg LNV
DOREEADUFETH o722 00, TSOFEMRGHEHON LT 29 2 THEMRTTEL W
Zho Tz, T LW OEBERER EOWZEIC QIS IFTE %,

#EE D PIMY L) = VR THEEWLEWZRIALRT - PITEERIRICE# 2 L E T,
ARWFgeiE JSPS #Hilf % JP16K07721 OB & %1572 b DT,

5| RSk

1) EAESEE 0 HARAO EFEIGEEE (2015 4EH0) O, pl8 (2015)

2) P. Sookwong, K. Nakagawa, Y. Yamaguchi, T. Miyazawa, S. Kato, F. Kimura and T. Miyazawa, Journal of
Agricultural and Food Chemistry, 58, 3350-3355 (2010)

3) S.C. Cunha, J. S. Amaral, J. O. Fernandes, and M. Beatriz P. P. Oliveira, Journal of Agricultural and Food
Chemistry, 54, 3351-3356 (2006).

4) HARSESS  FraE B - 1% 2005, & F R, p.218-220 (2005)

5) K.Akasaka and H.Ohrui, Bioscience, Biotechnolgy and Biochemistry, 63, 1209-1215 (1999)

6) K. Akasaka and H. Ohrui, Bioscience, Biotechnology and Boichemistry, 63 (1), 153-158 (2004)

7) K. Akasaka, T. Ohtaki and H. Ohrui, J. Separation Science, 29 (10), 1390-1398 (2006).

8) K. Akasaka, S. Tamogami, R. W. Beeman and K. Mori, Tetrahedron, 67, 201-209 (2011)

9) Y. Lu R. W. Beeman, J. F. Campbell, Y. Park, M. J. Aikins, K. Mori, K. Akasaka, S. Tamogami and T. W.
Phillips, Naturwissenschaften,, 98, 755-761 (2011)

10) S. H. Ng, S. Shankar, Y. Shikichi, K. Akasaka, K. Mori, and J. Y. Yew, PN.4.S, 111 (8), 3056-3061 (2014)

12) A. Yajima, K. Akasaka, T. Bakai, H. Maehara, T. Nukada, H. Ohrui, G. Yabuta, Callosobruchus maculates”,
Tetrahedron, 62, 4590-4596 (2006).

13) A. Yajima, K. Akasaka, M. Yamamoto, S. Ohmori, T. Nukada and G. Yabuta, J. Chem. Ecology, 33 (7),
1328-1335 (2007)

14) K. Shimomura, K. Akasaka, A. Yajima, T. Mimura, S. Yajima, K. Ohsawa, J.Chem. Ecol, 36, 955-965 (2010)



