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Seed oil of wild Amaranthus caudatus from Ecuador was analyzed for determining the tocopherol,
fatty acid, and sterol contents. The data obtained were compared with the analogous chemical profile
of seed oil of Italian A. caudatus with the objective of evaluating the nutraceutical and alimentary
potential of the Ecuadorian matrix. Supercritical fluid and ultrasound-enhanced extractions were
performed on both matrices. Qualitative and quantitative determinations of tocopherols were
performed by HPLC, whereas GC and GC-MS were used to determine the fatty acid composition
and sterols, respectively. Supercritical fluid extraction at 400 atm was the most efficient extraction
method in terms of both total yield extract and tocopherol yield. Seeds of Ecuadorian of A. caudatus
contained higher levels of tocopherols than Italian samples, whereas the fatty acid composition
and sterol content were similar. From the obtained results it can be suggested that seed oil of wild
Ecuadorian A. caudatus can prove to be an effective nutraceutical and alimentary resource and a
valid alternative to the European varieties.
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INTRODUCTION

Alimentary and pharmaceutical dietary research is
increasingly focusing on nutraceuticals. This is reflected
in the increasing interest in potentially exploitable
sources of foodstuffsssuch as functional foodssable to
overcome any dietary insufficiencies (1, 2). The sector
showing the greatest development is linked to the
identification of plant species and cultivars that can be
used to produce dietary supplements to counteract the
onset of pathologies related to fat and cholesterol
consumption in the diet (3). Various classes of chemical
compounds are deemed to be co-responsible for hypoc-
holesterolemic activity, and many of these are present
in the lipid fraction of oleaginous seeds.

Tocopherols and tocotrienols (vitamin E isomers) are
well-known natural antioxidants, and their presence in
oilseeds is often correlated with the relative abundance
of unsaturated fatty acids. Besides their known activity
as antioxidants and free radical scavengers, they have
also proved to be active against hypercholesterolemic
arteriosclerosis (4). Phytosterolsspresent in the unsa-
ponifiable fraction of plant lipid matricessare known
inhibitors of cholesterol absorption as they compete for
this substance at the intestinal level (5). Squalene is

an expensive terpenoid compound derived primarily
from the shark, although this component is also wide-
spread in the unsaponifiable fraction of plant oils. Its
importance as a dietary supplement is linked to its
capacity to reduce cholesterol and triglyceride levels as
well as to enhance the effects of some cholesterol-
lowering drugs (6). Moreover, dietary squalene is also
supposed to play a role in tumor prevention (7).

Amaranthus caudatus is a gluten-free pseudocereal
widely found in all temperate-tropical areas of the
world. Its seeds have long been used as a source of food
in South America. Like other Amaranthus spp., A.
caudatus has several features that make it attractive
as a potential nutraceutical crop, both in the Western
world and in developing countries. In fact, A. caudatus
readily adapts to new, demanding environments, in-
cluding some that are inhospitable to cereals (8). From
the nutraceutical point of view, products derived from
plants belonging to the Amaranthus genus are known
to be antihypercholesterolemic (9). Indeed, products
derived from flours and seeds are already being mar-
keted as nutraceuticals (10).

Seeds of A. caudatus contain an average 16% protein,
with an ideal amino acid balance. Flour made from such
seeds can complement the protein intake from other
cereals (11). Moreover, its high lysine content can make
up for the lack of this amino acid from the more common
cereals. All of these characteristics make A. caudatus
an attractive, complete dietary crop. The present work
uses different extraction methods to characterize the
lipid and unsaponifiable fraction of A. caudatus seed
oilsone wild species from Ecuador and another from
Italysin order to determine their potential for applica-
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tion as dietary supplements. Particular attention is
focused on the quantitative characterization of their
tocopherol contents because plants from different bio-
logical sources are known to differ widely (12, 13). In
addition, the sterol fraction and fatty acid composition
have been characterized. A comparison has also been
made between the classical extraction technique and a
relatively new technique using supercritical fluids (SFE)
to optimize isolation conditions and enhance analysis.

MATERIALS AND METHODS

Plant Material. Seeds of A. caudatus (Amarantaceae) from
wild Ecuadorian plants (Macas, Eastern Province, Ecuador)
and from plants grown in the Botanical Garden of the
University of Ferrara were ground in a blade grinder (Fritsch,
Idar-Oberstein, Germany) to pass a 0.2 mm mesh. During
grinding provisions were made to ensure that the temperature
never exceeded 30 °C. After grinding, the flour was stored in
the dark at -20 °C. Wild Ecuadorian plants of A. caudatus
were collected and identified following the taxonomic keys and
botanical and ethnobotanical description given by Villacres
(14), Martinez (15), and Sauer (16). Samples of both the
Ecuadorian and Italian A. caudatus are held at the Herbarium
Universitatis Ferrariensis of the Department of Biology,
Section of Botany, University of Ferrara (codes FER 002546
2A2 and FER 002548 2A2, respectively).

Tocopherol Extraction Procedures and Analysis. The
same amount of flour of each sample was subjected to SFE
and organic solvent extraction, and care was taken to operate
under conditions that shielded them from light and which
prevented oxidation. Each extraction was performed in trip-
licate. All of the extracts obtained were stored in the dark at
-20 °C until the moment of qualitative and quantitative HPLC
analysis.

SFE. Seed flour (5 g) of both A. caudatus samples was
subjected to supercritical CO2 extraction using an Applied
Separations Speed SFE extractor, which comprises an air-
driven pump to deliver the CO2 to the extraction cell (10 mL
stainless steel vessel with 2 µm frits at either end) housed
within a temperature-controlled oven. The outlet of the extrac-
tion cell was connected to a thermally controlled variable
restrictor, which maintains supercritical pressure conditions
in the system. Two separate extractions were performed on
the flours under the following operating conditions: (extraction
1) CO2 flow rate ) 2 L/min, CO2 density ) 0.85 g/mL,
extraction cell temperature ) 40 °C, pressure ) 200 atm,
restrictor temperature ) 70 °C; (extraction 2) CO2 flow rate
) 2 L/min, CO2 density ) 0.96 g/mL, extraction cell temper-
ature ) 40 °C, pressure ) 400 atm, restrictor temperature )
70 °C.

For both extractions 1 min of static extraction was followed
by 14 min of dynamic extraction. As the CO2 evaporated at
the restrictor outlet due to decompression, the extracted
material was collected into an empty glass vial fitted with a
septum and a needle vent. The SFE instrument and extraction
vessel were rated to withstand pressures up to 400 atm.

Solvent Extraction. A. caudatus seed flour (5 g) of both
samples was placed in 100 mL of methanol and subjected to
ultrasound treatment for 30 min (Branson 5200, Danbury, CT)
in the dark at a constant temperature of 25 °C. The sonication
was performed with the objective of obtaining a better interac-
tion between matrices and solvent. The extract obtained was
then centrifuged (3000 rpm for 20 min) employing a Heraeus
LaboFuge GL centrifuge to completely remove the exhausted
flour. The supernatant was recovered, dried in a rotavapor,
and weighed. The extract was then taken up in 100 mL of
hexane and once again placed in the ultrasound bath for 30
min at a constant temperature of 25 °C to facilitate solubili-
zation. Subsequently, the sample was centrifuged at 3000 rpm
for 20 min. The supernatant recovered was then dried in a
rotavapor.

HPLC Apparatus and Conditions. HPLC analyses were
performed using a modular Jasco HPLC unit (Tokyo, Japan)

which consisted of a PU-980 pump, an LG-1580-02 ternary
gradient unit, a DG-980-503-line degasser, a UV-vis 975
detector set at an excitation wavelength of 295 nm, linked to
an injection valve with a 20 µL sample loop. A Lichrosorb silica
gel Si 60 (5 µm and 25 × 0.4 cm; Teknokroma, Barcelona,
Spain) column was used, and the mobile phase was 0.5%
2-propanol/hexane at a flow rate of 1 mL/min. The injection
volume was 80 µL. All solvents used were of chromatographic
grade. Chromatograms were recorded, and R-, â-, γ-, and
δ-tocopherol peaks from amaranth samples were identified by
comparing their retention times with those of pure standards
(Matreya Inc., Pleasant Gap, PA). The peak areas were
determined by integration using dedicated Borwin software
(Borwin ver. 1.22, JMBS Developments, Grenoble, France). For
each extract quali-quantitative analysis was performed in
triplicate.

Fatty Acid Composition. The fatty acid composition was
evaluated from extracts obtained with supercritical CO2

extraction under the above conditions and with extracts
obtained by placing 5 g of A. caudatus seed flour in 100 mL of
hexane for 1 h aided by ultrasound. Subsequently, the samples
were filtered and centrifuged for 20 min at 3000 rpm. The
supernatant was recovered, dried with a rotavapor, and stored
at -20 °C until GC was to be performed. Each extraction was
performed in triplicate.

GC of the Fatty Acid Methyl Esters (FAME). The FAME
were prepared by transmethylation using sodium methoxide
in the presence of methyl acetate following the method laid
out by Christie (17). GC analysis was performed on a Fisons
9130-9000 series GC equipped with a Fisons EL980 processor,
an FID detector, and a MEGA SE52 (Mega, Legnano, Italy)
column (i.d. ) 0.32 mm, length ) 25 m, film thickness ) 0.15
µm). Operating conditions were as follows: injector tempera-
ture, 300 °C; FID temperature, 350 °C; carrier (helium) flow
rate, 2.5 mL/min; and split ratio, 1:40. Oven temperature was
initially 150 °C and then raised to 250 °C at a rate of 5 °C/
min followed by 5 min at 250 °C. 1 µL of each sample was
injected. The fatty acid standards were obtained from Alltech
(Deerfield, IL).

Sterol Extraction Procedures and Analysis. The same
amount of amaranth flour was subjected to SFE and appropri-
ate solvent extraction. Each extraction was performed in
triplicate. The extracts obtained were stored in the dark at
-20 °C until the moment of GC analysis.

SFE. Seed flour (5 g) of both samples of A. caudatus was
subjected to supercritical CO2 extraction using the same
apparatus employed for tocopherol extractions. The extraction
was performed in two steps. The first step was carried out at
200 atm, whereas the second step was performed at 400 atm.
All other conditions (extraction time, temperature, and CO2

flow rate) were as reported for the SFE of tocopherols.
Solvent Extraction. A. caudatus seed flour (5 g) of both

samples was placed in 100 mL of methanol and subjected to
ultrasound treatment in the dark at a constant temperature
of 25 °C for 30 min. The extract obtained was then dried in a
rotavapor and weighed.

GC Unsaponifiable Fraction. Each of the samples ob-
tained by extraction was then treated as follows: 40 mg of oil
was weighed into a 10 mL vial with a screw cap and cold
saponified with 5 mL of 1 M methanolic KOH. The vial was
placed under constant agitation for 24 h at a temperature of
28 °C. After this time had elapsed, the solution was extracted
twice with 2 mL of hexane and 0.2 mL of ethanol using a
separator funnel. The n-hexane fraction was then dried under
a nitrogen flow, and the unsaponifiable fraction was silanized
at room temperature with 2 mL of a silanizing mixture
containing pyridine/hexamethyldisilazane/trimethylchloro-
silane (5:2:1). After 1 h, the liquid was evaporated under a
nitrogen flow in a heat bath at 80 °C and then extracted with
0.3 mL of hexane. The conical test tube was placed in
ultrasound for 2 min and centrifuged, and the supernatant
was withdrawn for injection into the GC.

One microliter of the solution was injected into a Fisons
9130-9000 series gas chromatograph equipped with a Mega
SE52 (Mega, Legnano, Italy) column (i.d. ) 0.32 mm, length
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) 25 m, film thickness ) 0.15 µm) under the following
conditions: 230-320 °C at 5 °C/min, carrier gas (He) inlet
pressure ) 40 kPa, injector temperature ) 300 °C, detector
temperature ) 350 °C.

GC-MS Analysis. GC-MS analyses were performed on a
Fisons 8060-8000 series GC equipped with a Mega SE54
(Mega) column (i.d. ) 0.32 mm, length ) 25 m, film thickness
) 0.15 µm) and coupled with a Fisons HD800 mass spectrom-
eter with a MassLab data system. Helium was used as carrier
gas at an inlet pressure of 40 kPa. The injector temperature
was 300 °C, and the samples were injected under the same
conditions reported above for GC analysis. The mass spectra
were recorded between 40 and 600 amu at an electron energy
of 70 eV, and the ion source temperature was 300 °C.
Qualitative analysis was based on a comparison of the reten-
tion times and the mass spectra with the corresponding data
in the literature (18, 19).

Statistical Analysis. For each of the data collected, the
relative standard deviation is given. Univariate and multi-
variate analyses of variance were then performed with the aim
to determine if the differences recorded for the chemical
characterization were significant with respect to the extraction
methods and the different origins of the plant matrices. All
computations were made by employing the statistical software
SPSS ver. 10.0.

RESULTS AND DISCUSSION

The oil samples of A. caudatus from Ecuador and from
Italy both showed interesting chemical characteristics
for potential use as nutraceuticals. SFE at 400 atm (CO2
density ) 0.96 g/mL) for 15 min provided a total yield
similar to what was found with organic solvents and
approximately double that obtained at 200 atm (CO2
density ) 0.85 g/mL) for the same extraction time (Table
1). No significant improvement in SFE recoveries was
observed at longer operating time (30 min) or at higher
CO2 flow rate (4 L/min of expanded gas). Moreover,
statistical analyses of the yield data collected showed
that the differences checked among the methods em-
ployed were all significant for both matrices (Ecuadorian
A. caudatus seeds: F ) 32.063, dof ) 2, p < 0.01; Italian
A. caudatus seeds: F ) 40.413, dof ) 2, p < 0.01).

The tocopherol content of the Ecuadorian samples
checked by HPLC analyses (Figure 1) was ∼18% higher
than that of the Italian sample (Table 2), even though
the latter did present a higher vitamin E isomer content
in comparison with other literature data (20, 21).

The most efficient extraction method for both types
of seeds was SFE at 400 atm. In fact, SFE at 200 atm
of Ecuadorian and Italian A. caudatus seeds gave,
respectively, total tocopherol yields about 44.1 and
29.3% lower than the SFE at 400 atm. Comparison
between the most efficient SFE at 400 atm and the
ultrasound-enhanced solvent extraction gave results
even more different, with a yield quantitatively lower
by about half.

In terms of the individual tocopherols, in both plant
matrices â-tocopherol prevailed over R-, whereas δ- and
γ-tocopherols were present at lower levels. The R- and
â-tocopherol contents were higher in the seeds from the

Ecuadorian A. caudatus than in the Italian ones.
Indeed, the amounts of the individual tocopherols from
the Italian A. caudatus seeds was significantly different
(p < 0.01). With reference to the most efficient extrac-
tion, the δ-tocopherol in Italian samples accounted for
17.5% of the total tocopherols extracted, quantitatively
∼4 times higher than in the Ecuadorian sample in
which the ratio of the δ-tocopherol was ∼3.5% of the
total. Likewise, the γ-tocopherol content was higher in
the Italian sample, its percentage of the total tocopherol
content being nearly double that found in the Ecuador-
ian sample. With regard to statistical considerations for
each of the tocopherols, the analyses of variance showed
significant differences among the extraction methods for
both matrices. In fact, SFE at 400 atm proved to be
significantly more effective (p < 0.01) for each of the
tocol compounds in both Ecuadorian and Italian ama-
ranth seeds. However, these results partially agree with
the literature. In fact, some researchers report qualita-
tive tocopherol data similar to that given here for flour
of A. caudatus seeds (21), but from a quantitative point
of view the concentrations detected are considerably
higher for both matrices, in particular for the Ecuador-
ian one. Moreover, a peak between R-tocopherol and
â-tocopherol was found (Figure 1). This could be due to
R-tocotrienol (20), which has been detected in several
amaranth species (20, 21).

With regard to the alimentary potential of amaranth
seeds, the Ecuadorian ones in particular, it can be
pointed out that this type of result shows how the total
amount of vitamin E isomers in A. caudatus is slightly
lower than that in wheat germ oil and significantly
higher than that found in other edible oils (22). The
importance of tocopherols in the diet has been demon-
strated by numerous studies ascertaining not only the
average suggested daily intake (23) but also the levels

Table 1. Percentage of Total Lipid Extraction Yielda

yield (%) from Ecuadorian A. caudatus seeds yield (%) from Italian A. caudatus seeds

sonicationb sonicationb

SFE 200c SFE 400d hexane methanol SFE 200c SFE 400d hexane methanol

3.74 ( 0.49 8.25 ( 1.07 8.77 ( 1.14 8.15 ( 1.06 4.17 ( 0.54 9.92 ( 1.29 9.22 ( 1.20 6.09 ( 0.79
a The results are the average of three determinations ( standard deviation. b Solvent extraction performed with the aid of sonication.

c SFE 200: supercritical fluid extraction performed at 200 atm. d SFE 400: supercritical fluid extraction performed at 400 atm.

Figure 1. HPLC chromatogram of Ecuadorian A. caudatus
seeds, supercritical fluid extracted at 400 atm. Arrows: most
probably R-tocotrienol.
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felt to be able to prevent, or cure, coronary heart disease
(24, 25). In the case of Ecuadorian A. caudatus, taking
100 g of seeds corresponds to an average daily intake
of 11.6 mg, which is the average in most important
European countries (23).

Such a high tocopherol content is most likely linked
to the ability to protect unsaturated fatty acidssin
particular, linoleic acid, which both samples have in
abundancesagainst oxidation and autoperoxidation
(Table 3). With a degree of unsaturation of 77.6%
recorded for the extracts obtained with the sonication-
enhanced hexane extraction and an average saturation/

unsaturation (S/U) ratio of 0.3, Ecuadorian A. caudatus
oil is on a dietary par with ricebran oil and just slightly
lower than soybean oil, known for their dietetic proper-
ties (26). Besides linoleic acid (C18:2), intake of which
depends on diet, the predominant fatty acids were
palmitic (C16:0) and oleic (C18:1) acids, whereas the
amounts of stearic (C18:0), arachidic (C20:0), behenic
(C22:0), and lignoceric (C24:0) acids were lower. Sta-
tistically, the extraction performed on the Ecuadorian
seeds gave significant differences (p < 0.05) for all of
the fatty acids except for palmitic (C16:0), whereas for
the Italian ones the data were all significantly different

Table 2. r-, â-, γ-, and δ-Tocopherol and Total Tocopherol Content (Milligrams per Kilogram of Seeds) in Ecuadorian
and Italian A. caudatus Seeds in Relation to the Different Extraction Methods Employeda

Ecuadorian A. caudatus seeds Italian A. caudatus seeds

SFE 200b SFE 400c sonicationd SFE 200b SFE 400c sonicationd

R-tocopherol 27.76 ( 3.62 47.84 ( 6.25 16.88 ( 2.20 23.61 ( 3.08 32.07 ( 4.19 15.58 ( 2.03
â-tocopherol 33.85 ( 4.42 61.56 ( 8.04 34.58 ( 4.52 28.98 ( 3.78 41.54 ( 5.43 24.97 ( 3.26
γ-tocopherol 1.12 ( 0.14 2.53 ( 0.33 1.79 ( 0.23 2.98 ( 0.38 4.99 ( 0.65 3.06 ( 0.40
δ-tocopherol 2.1 ( 0.27 4.09 ( 0.53 3.47 ( 0.45 11.78 ( 1.54 16.69 ( 2.18 8.2 ( 1.07
total tocopherols 64.83 ( 8.47 116.02 ( 15.16 56.72 ( 7.41 67.35 ( 8.80 95.29 ( 12.45 51.81 ( 6.77
a The results are the average of three determinations ( standard deviation. b SFE 200: supercritical fluid extraction performed at 200

atm. c SFE 400: supercritical fluid extraction performed at 400 atm. d Solvent extraction performed with the aid of sonication.

Table 3. Fatty Acids Composition (Percent) of Ecuadorian and Italian A. caudatus Seeds in Relation to the Different
Extraction Methods Employeda

Ecuadorian A. caudatus seeds Italian A. caudatus seeds

SFE 200b SFE 400c sonicationd SFE 200b SFE 400c sonicationd

C16:0 17.94 ( 2.34 16.54 ( 2.16 16.51 ( 2.16 17.47 ( 2.28 12.32 ( 1.61 16.46 ( 2.15
C18:2 45.89 ( 5.99 46.91 ( 6.13 47.48 ( 6.20 43.66 ( 5.70 46.31 ( 6.05 44.94 ( 5.87
C18:1 23.85 ( 3.08 26.19 ( 3.42 25.53 ( 3.33 27.48 ( 3.59 32.88 ( 4.29 28.77 ( 3.77
C18:0 3.52 ( 0.46 4.64 ( 0.61 3.55 ( 0.46 2.71 ( 0.35 4.66 ( 0.61 3.12 ( 0.41
C20:0 0.61 ( 0.08 1.22 ( 0.16 0.74 ( 0.09 0.38 ( 0.05 1.54 ( 0.20 0.52 ( 0.07
C22:0 0.21 ( 0.03 0.6 ( 0.07 0.25 ( 0.03 0.11 ( 0.01 0.84 ( 0.11 0.2 ( 0.07
C24:0 ND 0.4 ( 0.05 ND ND 0.78 ( 0.10 0.15 ( 0.02
squalene 7.98 ( 1.04 3.5 ( 0.46 5.94 ( 0.77 8.19 ( 1.07 0.67 ( 0.09 5.84 ( 0.76
S/Ue ratio 0.32 ( 0.04 0.32 ( 0.04 0.29 ( 0.04 0.29 ( 0.04 0.25 ( 0.03 0.28 ( 0.04
% Uf 75.8 ( 9.90 75.7 ( 9.89 77.6 ( 10.13 77.5 ( 10.12 79.7 ( 10.41 78.2 ( 10.22
a The results are the average of three determinations ( standard deviation. b SFE 200: supercritical fluid extraction performed at 200

atm. c SFE 400: supercritical fluid extraction performed at 400 atm. d Solvent extraction performed with the aid of sonication. e S/U:
saponifiable/unsaponifiable ratio f U: unsaponifiable. g ND, not determined.

Table 4. Unsaponifiable Fraction (Percent) of Ecuadorian and Italian A. caudatus Seedsa

Ecuadorian A. caudatus seeds Italian A. caudatus seeds

SFE 200b SFE 400c sonicationd SFE 200b SFE 400c sonicationd

squalene 86.89 ( 11.35 60.04 ( 7.84 73.31 ( 9.58 88.77 ( 11.59 30.17 ( 3.94 74.94 ( 9.79
ergost-7-en-3â-ol 2.77 ( 0.36 10.64 ( 1.39 6.44 ( 0.84 1.25 ( 0.16 14.84 ( 1.94 4.44 ( 0.58
chondrillasterol 6.77 ( 0.88 15.05 ( 1.97 10.01 ( 1.31 7.67 ( 1.00 26.49 ( 3.46 11.83 ( 1.54
chondrillastanol 1.99 ( 0.26 7.53 ( 0.98 6.13 ( 0.80 1.29 ( 0.17 15.99 ( 2.09 4.98 ( 0.65
24-ethylidenecholest-7-en-3â-ol 1.24 ( 0.16 6.12 ( 0.79 3.60 ( 0.47 0.48 ( 0.06 11.21 ( 1.46 3.16 ( 0.41

a The results are the average of three determinations ( standard deviation. b SFE 200: supercritical fluid extraction performed at 200
atm. c SFE 400: supercritical fluid extraction performed at 400 atm. d Solvent extraction performed with the aid of sonication.

Table 5. EI Mass Spectra for Amaranth Sterol-TMS Ether Derivativesa

sterol-TMS ether derivative m/z (relative intensity)

ergost-7-en-3â-ol-TMS ether M+ 472 (27.7), 457 (11.9), 415 (4.2), 382 (9.7), 367 (26.5), 345 (5.8), 327 (5.7), 303 (8.1),
261 (6.9), 255 (100), 229 (49.5), 213 (94.6), 173 (23.6), 159 (38.2), 147 (49.3), 145 (47.4),
133 (58.3), 119 (54.9), 107 (71.4), 105 (61.2), 95 (69.5), 75 (97.5)

chondrillasterol-TMS ether M+ 484 (3.9), 469 (8.1), 427 (2.1), 394 (3.9), 379 (8.2), 351 (11.7), 343 (49.2), 303 (6.5),
255 (63.4), 229 (32.2), 213 (36.7), 173 (22.3), 159 (33.6), 147 (40.2), 145 (37.7), 133 (43.1),
119 (39.0), 107 (62.6), 105 (53.0), 95 (51.2), 81 (88.7), 75 (75.6)

chondrillastanol-TMS ether M+ 486 (23.3), 472 (12.1), 429 (3.5), 396 (6.1), 381 (20.9), 345 (6.0), 303 (8.7), 255 (100),
229 (41.9), 213 (84.3), 173 (25.4), 159 (41.6), 147 (52.2), 145 (45.8), 133 (45.7), 119 (62.4),
107 (83.5), 105 (78.6), 95 (64.0), 81 (63.5), 75 (90.1)

24-ethylidenecholest-7-en-3â-ol-TMS
ether

M+ 484 (0.0), 469 (8.2), 429 (2.3), 394 (3.2), 386 (14.8), 343 (100), 303 (5.4), 281 (21.4),
253 (46.3), 227 (18.7), 213 (44.1), 173 (18.4), 147 (28.7), 145 (32.2), 131 (30.1), 119 (51.8),
105 (53.2), 107 (52.5), 95 (46.3), 81 (46.4), 75 (87.5), 55 (78.2)

a EI: electron ionization. TMS: trimethylsilyl.
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(p < 0.01) except for linoleic (C18:2) and oleic acid
(C18:1).

Within the total transmethylate lipid fraction, a single
GC analysis showed the total squalene percentage.
Identified by GC-MS analysis, this compound has
proved to be highly abundant, accounting for 6% of the
total and, whenever found in combination with ∆-7

sterols, as much as 80% of the unsaponifiable fraction
(Tables 4 and 5). Such a remarkable amount could prove
to be particularly interesting if we consider that dietary
oils such as olive and rice oils contain lower amounts
(27, 28). Such availability suggests that there is poten-
tial for the use of A. caudatus as a renewable source of
squalene, an alternative to animal sources (29).

Figure 2. GC spectrum chromatogram of unsaponifiable fraction of Ecuadorian A. caudatus seeds: 1, squalene; 2, ergost-7-en-
3â-ol; 3, chondrillasterol; 4, chondrillastanol; 5, 24-ethylidenecholest-7-en-3â-ol.

Figure 3. GC spectrum chromatogram of unsaponifiable fraction of Italian A. caudatus seeds: 1, squalene; 2, ergost-7-en-3â-ol;
3, chondrillasterol; 4, chondrillastanol; 5, 24-ethylidenecholest-7-en-3â-ol.
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The composition of the unsaponifiable fraction in the
two A. caudatus samples did not reveal any particular
qualitative differences. Besides the remarkable abun-
dance of squalenesapproximately 80% of the entire
unsaponifiable fractionsthe dominant sterol proved to
be chondrillasterol. The different extraction conditions
pointed out a significant (p < 0.01) higher squalene
percentage at 200 atm than at 400 atm in both matrices.
This difference could be mainly due to coextracted
material that interferes with the squalene extraction
at 400 atm. From the extraction point of view, SFE also
enabled us to obtain cleaner tracings (Figures 2 and 3).

In conclusion, A. caudatus seed oil can be considered
a rich source of dietary supplements. These character-
istics proved tobe more favorable for the samples from
Ecuadorsdue to the higher amount of tocopherols and
a comparable abundance of squalene (86.89 ( 11.35 vs
88.77 ( 11.59) (Table 4)swith respect to the Italian
ones. The reported data indicate that further studies
should be performed on wild Ecuadorian A. caudatus
to evaluate its use as a source of nutraceutical and
alimentary alternatives to the European varieties.

ACKNOWLEDGMENT

Thanks are due to Eileen N. Cartoon for the English
translation of the manuscript.

LITERATURE CITED

(1) Zeisel, S. H. Regulation of nutraceuticals. Science 1999,
285, 1854.

(2) Katan, M. B. Functional foods. Lancet 1999, 354, 794.
(3) Jenkins, D. J. A.; Kendall, C. W. C.; Mehling, C. C.;

Parker, T.; Rao, A. V.; Agarwal, S.; Novokmet, R.; Jones,
P. J. H.; Raeini, M.; Story, J. A.; Furumoto, E.; Vidgen,
E.; Griffin, L. C.; Cunnane, S. C.; Ryan, M. A.; Connelly,
P. W. Combined effect of vegetable protein (soy) and
soluble fiber added to a standard cholesterol-lowering
diet. Metabolism 1999, 48, 809-816.

(4) Ozer, N. K.; Azzi, A. Effect of vitamin E on the develop-
ment of atherosclerosis. Toxicology 2000, 148, 179-185.

(5) Heinemann, T.; Axtmann, G.; Vonbergmann, K. Com-
parison of intestinal-absorption of cholesterol with dif-
ferent plant sterols in man. Eur. J. Clin. Invest. 1993,
23, 827-831.

(6) Chan, P.; Tomlinson, B.; Lee, C. B.; Lee, Y. S. Effective-
ness and safety of low-dose pravastatin and squalene,
alone and in combination, in elderly patients with
hypercholesterolemia. J. Clin. Pharmacol. 1996, 36,
422-427.

(7) Rao, C. V.; Newmark, H. L.; Reddy, B. S. Chemopre-
ventive effect of squalene on colon cancer. Carcinogen-
esis 1998, 19, 287-290.

(8) Saunders, R. M.; Becker, R. Amaranthus: A potential
food and feed resource. In Advances in Cereal Science
and Technology; Pomeranz, Y., Ed.; American Associa-
tion Cereal Chemists: St. Paul, MN, 1984; Vol. VI.

(9) Chaturvedi, A.; Darojiini, G.; Devi, N. L. Hypocholes-
terolemic effect of Amaranth seeds. Plant Foods Hum.
Nutr. 1993, 44, 63-70.

(10) http://www.foodproductdesign.com/archive/2000/0800-
de.html.

(11) Bressani, R. The proteins of grain amaranth. Food Rev.
Int. 1989, 5, 13-38.

(12) Burton, G. W.; Traber, M. G. Vitamin-EsAntioxidant
activity, biokinetics, and bioavailability. Annu. Rev.
Nutr. 1990, 10, 357-382.

(13) Abidi, S. L.; Mounts, T. L.; Rennick, K. A. Analysis of
minor constituents of selected vegetable oils. In Proceed-
ings of the 45th Oilseed Conference, New Orleans, LA,
March 10-12, 1996.

(14) Villacres, O. V. Bioactividad de Plantas Amazonicas;
Abya Yala: Quito, Ecuador, 1995.

(15) Martinez, C. C. Etno Botanica del Ecuador; Abya Yala:
Quito, Ecuador, 1996.

(16) Sauer, J. D. The grain amaranths: a survey of their
history and classification. Mo. Bot. Garden Ann. 1950,
37, 561-632.

(17) Christie, W. W. A simple procedure for rapid trans-
methylation of glycerolipids and cholesteryl esters. J.
Lipid Res. 1982, 23, 1072-1075.

(18) Dailey, O. D.; Severson, R. F.; Arrendale, R. F. Nonpolar
lipids of Amaranthus palmeri S. Wats. 2. Unsaturated
esters and free fatty acids, sterols, and triterpenols. J.
Agric. Food Chem. 1997, 45, 3914-3920.

(19) Zhimin, X.; Godber, J. S. Purification and identification
of components of γ-oryzanol in rice bran oil. J. Agric.
Food Chem. 1999, 47, 2724-2728.

(20) Lehmann, J. W.; Putnam, D. H.; Qureshi, A. A. Vitamin
E isomers in grain amaranth (Amaranthus spp.). Lipids
1994, 29, 177-181.

(21) Budin, J. T.; Breene, W. M.; Putnam, D. H. Some
compositional properties of seeds and oils of eight
Amaranthus species. J. Am. Oil Chem. Soc. 1996, 73,
475-481.

(22) Beliz, H.; Grosch, W. Food Chemistry, 2nd ed.; Springer
Verlag: Berlin, Germany, 1999.

(23) Weber, P.; Bendich, A.; Machlin, L. J. Vitamin E and
human health: rationale for determining recommended
intake levels. Nutrition 1997, 13, 450-460.

(24) Ulbricht, T. L. V.; Southgate, D. A. T. Coronary Heart
Disease: Seven Dietary Factors. Lancet 1991, 338, 985-
992.

(25) Gey, K. F.; Puska, P.; Jordan, P.; Moser, U. K. Inverse
correlation between plasma vitamin E and mortality
from ischemic heart disease in cross-cultural epidemiol-
ogy. Am. J. Clin. Nutr. 1991, 53, 326S-334S.

(26) Jahaniaval, F.; Kakuda, Y.; Marcone, M. F. Fatty acid
and triacylglycerol compositions of seed oils of five
Amaranthus accessions and their comparison to other
oils. J. Am. Oil Chem. Soc. 2000, 77, 847-852.

(27) Kim, H. J.; Lee, S. B.; Park, K. A.; Hong, I. K.
Characterization of extraction and separation of rice
bran oil rich in EFA using SFE process. Sep. Purif.
Technol. 1999, 15, 1-8.

(28) Ackman, R. G.; Macpherson, E. J.; Timmins, A. Squalene
in oils determined as squalene by gas-liquid chroma-
tography after hydrogenation of methyl esters. J. Am.
Oil Chem. Soc. 2000, 77, 831-835.

(29) Sun, H.; Wiesenborn, D.; Tostenson, K.; Gillespie, J.;
Rayas-Duarte, P. Fractionation of squalene from ama-
ranth seed oil. J. Am. Oil Chem. Soc. 1997, 74, 413-
418.

Received for review March 21, 2001. Revised manuscript
received July 16, 2001. Accepted July 30, 2001. Thanks are
due to the Ministero dell’Università e della Ricerca Scientifica
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