
ABSTRACT: The lipid fraction of annatto (Bixa orellana L.)
seeds was extracted with a Soxhlet apparatus with n-hexane and
isolated by thin-layer chromatography. The fatty-soluble antiox-
idant fraction contained only tocotrienols, mainly δ-tocotrienol,
but no tocopherols. The presence of tocotrienols was confirmed
by gas chromatography–mass spectrometry. The quantities of δ-
tocotrienol were 140–147 mg/100 g dry seeds and 5.2–5.5%
wt/wt of lipid extract, determined by gas chromatography and
high-performance liquid chromatography, respectively. Cur-
rently no vegetable species seems to contain comparable con-
centrations of δ-tocotrienol.
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Saturated (tocopherols) and unsaturated (tocoenols) methyl de-
rivatives of tocol [3,4-dihydro-2-methyl-(4′,8′,12′-trimethyl-
tridecyl)-2H-1-benzopyran-6-ol] are lipid-soluble natural an-
tioxidants. Tocopherols are present in vegetable oils and green
parts of higher plants (1). In contrast, tocotrienols are found in
the bran and germ fraction of various seeds and cereals: wheat
(2–6), rye, corn, rice (2,5), triticale, millets (2), oats, barley (2,
4,5), grape seeds (7), almond (5), some Amaranthus spp. seeds
(8,9), and Apiaceae seeds (10). Tocotrienols are also found in
oleaginous fruits of coco-tree (4,5) and palm species (5,11–13).
Generally, the presence of δ-tocotrienol in nature is rather rare,
being found only in few vegetable species: palm (5,12–14),
some Amaranthus spp. (8,9), rice bran (2,15), barley, millets
(2), and Apiaceae seeds (10).

Other forms of natural tocols were identified in several
vegetable oils: esterified tocopherols and tocotrienols in rice
bran oil, soybean oil, sesame oil (16) and palm oils (crude
palm oil, palm olein, refined, bleached, and deodorized palm
olein) (17); tocodienols in palm oil (10); tocomonoenols in
palm, olive, sunflower, safflower, wheat germ, corn, sesame,
soybean, and grapeseed oils (10).

The presence of these compounds is of great importance,
because they are able to prevent autoxidation of oil in the seed.
There are many studies on the antioxidant and biological prop-
erties of tocopherols, both in vivo and in vitro (1), but the stud-
ies on the activity of tocotrienols are relatively few, probably
because of the scarcity of these compounds.

Tocotrienols recently received much attention for their im-
portant biological activities; in fact they play a fundamental
and positive role in the pathologies implicating oxidative stress,
especially in the inhibition of cancer development (18–21) and
in reducing the risk of cardiovascular disease (19,22–24).

Annatto (Bixa orellana L.) seeds contain bixin and
orelline, carotenoid pigments present on its outer surface.
These pigments are lipid-soluble and are currently used to
color butter and margarine. Annatto lipid extracts also have
antioxidant properties (25); therefore, the lipid fraction ex-
tracted by the seeds has been studied.

EXPERIMENTAL PROCEDURES

Annatto seeds were supplied by Cathay Pacific Multi-Com-
modities Corporation (Quezon City, Philippines). Sixty grams
of seeds were ground and extracted in a Soxhlet apparatus
with 200 mL of n-hexane for 8 h.

The tocols fraction was analyzed by high-performance liq-
uid chromatography (HPLC) using a Knauer (Berlin, Ger-
many) pump model 64 with an Autochrom M300 gradient/sys-
tem controller (Milford, MA) and a fluorimetric detector Jasco
821-FP (Tokyo, Japan). A solution of the crude extract in the
mobile phase was directly injected into the HPLC system. The
operative parameters are in Table 1.

The crude extract was saponified according to the proce-
dures detailed in “Norme Grassi e Derivati” (Method NGD
C12-1976) (26). Following the treatment with diazomethane
(CH2N2) (27) to transform any free fatty acid present in
methyl ester, 10% benzene solution of unsaponifiable matter
was prepared. After evaporation and treatment with silaniz-
ing reagent to transform the hydroxylic groups into
trimethylsilyl derivatives (TMS), according to Sweeley et al.
(28), 50 µL of this solution was analyzed by gas chromatog-
raphy using a Carlo Erba (Milano, Italy) HRGC 5160 Mega
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gas chromatograph interfaced with a Mega 2 computing inte-
grator. The operative parameters are in Table 1.

The unsaponifiable fraction was analyzed, prior and after
treatment with TMS reagent, by gas chromatography–mass
spectrometry (GC–MS) using a Finnigan Magnum (San Jose,
CA) instrument. The operative parameters are in Table 1.

The unsaponifiable matter was fractioned by thin-layer chro-
matography (TLC) with silica G plate (Stratochrom SI, Carlo
Erba), using n-hexane/diethyl ether 60/40 (vol/vol) as eluent.
Plates were sprayed with 0.2% ethanolic solution of 2,7′-dichlo-
rofluorescein sodium salt, and the bands were scraped off and
twice extracted with diethyl ether. Unsaponifiable bands were
analyzed with the GC apparatus described above.

Catalytic hydrogenation was performed by bubbling pure
hydrogen in a test tube containing a small amount of crude ex-
tract dissolved in benzene and a few milligrams of platinum-
oxide powder (according to Adams) as catalyst (29). The iden-
tification of the compounds was carried out by comparing re-
tention times (RT) with those of pure standards provided by
Sigma Chemical Co. (St. Louis, MO) and Supelchem Inc.
(Bellefonte, PA), and by comparison with the results published
in literature (30). The amount of δ-tocotrienol was determined
by GC, employing squalane (2,6,10,15,19,23-hexamethyltetra-
cosane C30H62) as internal standard, and by HPLC, using γ-to-
copherol as external standard.

RESULTS AND DISCUSSION

In Figure 1 are reported the chromatograms of the whole un-
saponifiable fraction (A) and those of the TLC bands of to-

copherols/tocotrienols (B), sterols (C), and alcohols (D). The
most abundant component of the trace (A) is peak no. 3, ac-
companied by peaks 7 and 13.

In Figure 2 are reported the GC–MS traces of the whole li-
pidic extract after treatment with: diazomethane (A), dia-
zomethane and silanizing reagent (B), and of the same extract
after catalytic hydrogenation (C). Peak no. 1 shows a RT dif-
ferent from those of the most common tocols (α-, β-, γ-, and
δ-tocopherol). The RT remains unaltered after diazomethane
treatment, thus excluding the presence of a acid function,
while it changes after treatment with a silanizing reagent,
showing the presence of a hydroxyl group. The whole extract
was submitted to catalytic hydrogenation, and the RT of peak
no. 1 changes and equals that of δ-tocopherol.

There are also reported mass spectrums of the most abun-
dant component of unsaponifiable matter (peak no. 1). Mass
spectra display a typical fragmentation pattern of tocols: the
three most abundant peaks correspond to molecular ion (M+),
an ion derived from the loss of the side chain (C16H33 in to-
copherols, C16H27 in tocotrienols), and an ion originated from
the cleavage of the side chain accomplished by the loss of
methylacetylene fragment, respectively (4,14). In spectrum
2A molecular ion has an m/z ratio corresponding to the mo-
lecular weight of δ-tocotrienol. The characteristic fragment at
m/e 177 derives from the loss of the triunsaturated side chain
(M+ – 219). The hydrogenated sample in Figure 2C shows a
molecular ion of m/e 402 and the typical fragmentation of δ-
tocopherol: the loss of the saturated side chain gives the frag-
ment at m/e 177 (M+ – 225). Furthermore, the GC–MS analy-
sis of the TMS derivative (Fig. 2B) shows the characteristic
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TABLE 1
Experimental Conditions for Chromatographic Determinations

Unsaponifiable
matter, sterols,

Unsaponifiable alcohols,
Analytical parameters Crude extract matter tocopherols

Type of analysis HPLC GC–MS GC
Column stationary phase Techsil 5a SPB-5b TAPc

Column length (m) 0.25 30 25
Internal diameter (mm) 4.6 0.25 0.32
Film thickness (µm) — 0.25 0.1
Particle size (µm) 5 — —
Sample injection system Rheodyne valve Splitter Splitter
Detection system Fluorimeter Ion trap FID.

λexc 290, λem 330 nm
Carrier Isopropanol/n-hexane He He

0.5/99.5
Column flow (mL/min) 1 — 0.8
Column pressure (Kpa) — 50 —
Solvent flow Isocratic — —
Split ratio — 1/60 1/80
Oven temperature initial (°C) — 200 (1 min) 200 (1 min)
Oven temperature final (°C) — 300 (30 min) 300
Temperature rate (°C/min) — 3 3
Injector temperature (°C) — 330 330
Detector temperature (°C) — — 330
aHPLC Technology Ltd., Macclesfield, Cheshire, United Kingdom. HPLC, high-performance liquid chromatography;
GC–MS, gas chromatography–mass spectrometry; FID, flame-ionization detector; exc, excitation; em, emission.
bJ&W, Folsom, CA.
cTriglyceride analysis phase (Chrompack, Middleburg, The Netherlands).



fragments with an increase of 72 daltons, typical of a TMS
derivative.

On the same traces there is another peak, labeled with no.
2. This peak shows chemical and chromatographic behavior
and mass spectra similar to peak no. 1 (Fig. 3), differing only
for the presence of a methyl group in the aromatic moiety of
the molecule (due to the presence of fragments with mass
151, 191, 223, and 263 instead of 137, 177, 209, and 249, re-
spectively), and it was identified as β-tocotrienol.

The peculiarity of the lipidic fraction extracted from an-
natto seeds is that it completely lacks in tocopherols, but on
the contrary contains a large quantity of δ-tocotrienol and
traces of β-tocotrienol. Dosed quantities were 140 mg/100 g
dry seeds or 5.2% w/w of lipid extract, determined by GC,
and 147 mg/100 g dry seeds or 5.5% w/w of lipid extract, de-
termined by HPLC. Currently, no vegetable species seems to
contain comparable concentrations of δ-tocotrienol. This
compound was only quantified in few substrata: 69 ppm in
palm oil (5); trace–100 ppm in rice bran oil (refined) (15); 0.2

ppm (dry weight) in rice grains; 0.6–0.7 ppm (dry weight) in
2-row barley grains; 2 ppm (dry weight) in millets grains (2);
0.01–0.42 ppm in some Amaranthus spp. seeds (8, 99); and
10–360 ppm in fatty oils obtained as by-products of essential
oil production from Apiaceae seeds (10).
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FIG. 1. Chromatograms of the whole unsaponifiable fraction (A) and of
thin-layer chromatography bands of tocopherols/tocotrienols (B), sterols
(C), and alcohols (D). 1, fatty acids methyl esters; 2, squalene; 3, δ-to-
cotrienol; 4, not identified; 5, campesterol; 6, stigmasterol; 7, β-sitos-
terol; 8, ∆5-avenasterol; 9, cycloartenol, 10, 24-methylenecycloartanol;
11, citrostadienol; 12, not identified; 13, oleanolic acid; and 14,
maslinic acid.

FIG. 2. Gas chromatography–mass spectrometry traces [total ion cur-
rent (TOT)] of the whole lipidic extract after: (A) methylation, (B) methy-
lation and silanization, and (C) catalytic hydrogenation. Mass spectrums
refer to peak no. 1.
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FIG. 3. Mass spectrums of peak no. 2 in Figure 2 after: (A) methylation,
(B) methylation and silanization, and (C) catalytic hydrogenation.
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