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Abstract

Since natural antioxidants present increasing interest for food industry due to their beneficial effect on health, new potential sources have
been screened among edible aromatic plants and a micro&paslina platensisThe determination was performed after optimising a
previously validated method, because important differences have been found among values described in literature for tocopherol content in
products of vegetable origin. Values obtained ranged from 3.4@-tagopherol/100 g of dill to 132.2 mg/100 g of fresh bay and from 0.14 mg
v-tocopherol/100 g of spearmint to 3.45mg/100 g of parsley. In all cases results were calculated from fresh leaves. Preliminary experiments
were developed with bay.aurus nobilig plant to devise the supercritical fluid extraction of tocopherols, generating environmentally friendly
processes to selectively extract fractions enriched with antioxidant compounds while removing fractions corresponding to essential oils, that
is, those that correspond to the characteristic aroma of the plants. Another striking result has been the tocopherol content in the microalgae,
1.3 mga-tocopherol/100 g of dried commercial spirulina, which do not justify the supposed source of antioxidant vitamins. Results suggest
the need of more reliable determinations of tocopherols in vegetable sources to be included in databases.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction are not as biologically active as natural, due to non-active
stereoisomerf6], not present in natural sources. Therefore,
Tocopherols (vitamin E) are lipid-soluble antioxidants the importance of finding out vegetable compounds able to
synthesized only by photosynthetic organigih&]. These take effectively the role of conventional antioxidants, and
are present as constituents of unsaponifiable matter and mayheir investigation and economical verification, is greatly in-
occur together with phospholipids, carotenoids, chlorophylls creasing. Many medicinal and aromatic plants, spices and
and triterpenyl alcohols. herbs have traditionally been used in foods to improve or
The subject of natural antioxidants continues to captivate modify their flavour. However, their protective effect for in-
the interest of food and biomedical scientists, because of thehibiting oxidation plays an important role unknown for years
reports that diets rich in plant antioxidants derived from fruits and it could be related to their tocopherol content.
and vegetables are associated with lower risks of coronary On the other handSpirulina platensidgs a microalgae,
heart disease and cangar4]. which is said to be a recent re-discovery to the modern
Owing to the emerging evidence of the physiological im- world as it shows several health effedf. As for its
portance concerning the balance of the different tocopherolscomposition S. platensigan be considered a natural source
in biological systems, the possible benefits of using natural of therapeutical compounds since it has been described as
tocopherol mixtures from plant origin as vitamin supplements containing significant amounts @-caroteng[8], inositol,
in human nutrition should be considered when such medica- niacin,a-tocopherol and polyunsaturated fatty acids (PUFA)
tion seems necessdBj. Furthermore, synthetic tocopherols such as gamma-linolenic adiél] and eicosapentaenoic acid
[10], among others.
* Corresponding author. Fax: +34 913510 475. Data for the development of a database for tocopherol val-
E-mail addresscharbas@ceu.es (C. Barbas). ues for plants are derived from a wide variety of methods and
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studies, each of which has different drawbacks. Vitamin E wild plants were from different locations of Madrid Commu-

is not chemically bound to proteins, lipids or carbohydrates nity. Dill (Anethum graveolehsbasil (Ccimun basilicur

[11] and using harsh reagents and conditions to free it up (e.g.coriander Coriandrum sativur)) spearmint fentha spi-

strong saponification) can destroy the vitamins. However, if cata), peppermint lentha piperita, oregano Qriganum

adequate conditions are not used to release the vitamin fromvulgare, parsley Petroselinum crispujrplants were grown

lipophylic media, recoveries will be poor, because vitamin in a greenhouse (Herbex, El Ejido, Alni@r Spain) and were

E could be associated to other matrix components and mustpurchased in a local market. Dri&d platensisvas bought to

freed up in the sample preparation steps. Many works, previ- a local supplier (Algamar, Spain).

ously reviewed12] provide data about hexanic, methanolic

or other solvent extracts, but when samples have not been pre2.3. Optimisation of sample treatment

viously dried, the different water content in different samples

makes the extraction ability of the same solvent different and 2.3.1. Drying procedure

therefore, the real content in the plant cannot be compared.  Microwave drying has been used in the present study, as
Even though vitamin E is synthesized by plants, analyt- previously suggestefd 8]. In order to establish the need of

ical data of tocopherols content in vegetables found in bib- optimisation of the drying time for the different plants, con-

liography are quite different and sometimes are underval- sidering their different water content, two pools of leaves of

ued comparing to traditional vitamin E rich oils (wheat germ six different plants were dried using both, the minimum and

oil). Founda-tocopherol contents of 16 Mediterranean Basin the maximum drying time (just before they got burnt). In all

plant leaves varied from 1.8 to 84.6 mg/100 g of dried leaves of them,a-tocopherol content was determined as described

[13,14] and those of six edible plants did from 28 mg to below.

619 mg/100 g of dried weight were in some cases greater than

those of soybeen, rapeseed, sunflower and corldls 2.3.2. Extraction

Our research group developed and validated an HPLC  Four different solvents were tested for their extraction ef-
method for measuring-tocopherol content irRosemari- ficiency: acetone, tetrahydrofuran, isopropanol and hexane.
nus officinalisand we could observe important differences Inall casesq- andy-tocopherol contentin three ground rose-
with other values described in literatufg6]. Afterwards, mary and oregano dry leaves samples were measured. These
we optimised and validated the method faurus nobilis plants were chosen to cover a wide range of watefarshd
[17]. v-tocopherol contents.

The aim of the present work was the optimisation of the ~ Samples were prepared by adding 3.8 ml of the corre-

previously developed method to be applied to different plants sponding solvent to 250 mg of bay leaves, 200f tocol of

to measure their tocopherol content. Our main goal was to the dissolution with the internal standard (see below). Sam-

identify new potential natural sources of antioxidants, thus, ples were processed simultaneously and in parallel with the

a preliminary screening was performed considering different corresponding standards diluted in acetone. In the case of the

edible aromatic plants and a microalgae. Moreover, prelimi- samples extracted with hexane, to avoid the incompatibility

nary assays were developed to evaluate the supercritical fluidwith the mobile phase, 2 ml of the extract were evaporated

extraction (SFE) of tocopherols in the plant with higher to- under nitrogen and redissolved in 2 ml of mobile phase.

copherol content. Also, in the present study we attempt to

show that tocopherol values in different databases ought t02.3.3. Conservation

be revised in many cases. An homogeneous pool of dry ground rosemary leaves was
prepared and kept in closed plastic containers half in a refrig-
erator and the other half in a dessicator and darkness. The

2. Experimental a-tocopherol content was determined on the same day that
the pool was prepared and one week, two weeks, one and
2.1. Reagents and standards three months later using standards freshly prepared on the

day of the analysis.
All solvents were HPLC grade quality purchased from
Scharlab (Barcelona, Spaink-Tocopherol, lycopenep- 2.4. Final quantification procedure
carotene, chlorophyth andb were from Fluka (Buchs SG,
Switzerland) andy-tocopherol and lutein were from Sigma  2.4.1. Stock and working standards

(St. Louis, MO, U.S.A)). Tocol was a kind gift from Roche Individual stock solutions of about 9 mg/ml of- and
(Basel, Switzerland). v-tocopherol as external standards and a stock solution of
2mg/ml tocol as internal standard were prepared in ethanol.
2.2. Plant material These solutions were stored in aluminium foil-covered con-
tainers and kept at 20°C. The day of the assay, the exact
Bay (L. nobilis), rosemary R. officinalig, sage (8lvia concentration ofv- andy-tocopherol was determined spec-

sp.), thyme Thymussp.) and marjoram\Mejorana hortensis trophotometrically in an ethanol dilution 1/250 (v/v). Lec-
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tures were at 295 nm fak-tocopherol £ = 3058 I/mol cm)

and at 298 nm fofy-tocopherol § = 3810 1/mol cm). Mean-
while dilutions in acetone 1/6 (v/v) af-tocopherol, 1/800

of y-tocopherol and 1/15 of tocol from the corresponding
stocks were prepared. Finally working standards consisted
of a mixture of 20Qul of diluted tocol and 30Q.l of each
diluted tocopherol made up with acetone to a final volume of
4 mlin glass tubes. These solutions were probe sonicated anc
centrifuged to follow the same procedure as with samples.

2.4.2. Sample treatment

Approximately 5g of fresh leaves were weighed before
and after drying in a microwave oven at 900 W for 1 min
to calculate their water content. After grinding (20,000 rpm
for 15s), a mean particle size of less than @M was
reached. Two hundred and fifty milligrams of the powder
were weighed in a glass tube and 20@f diluted tocol and
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Fig. 1. Chromatograms with UV absorbance detection at 295 nm and fluo-
rescence detection at excitation of 295 nm and emission of 350 nm of rose-
mary leaf samples with the following final chromatographic conditions: C18
Discovery (25 cmx 0.46 cm) column at 35C and mobile phases A [purified-

3.8ml of acetone were added. Samples were extracted byor—HPLC water] and B [acetonitrile/methanol (70:30, v/v) with 0.1% (v/v)

probe sonication for 1 min, centrifuged and filtered through
0.45p.m nylon filters to HPLC vials.

2.4.3. Chromatographic conditions

The chromatographic system was a Beckman (Fullerton,
CA, U.S.A)) HPLC system equipped with a 125 pump, an
automatic injector (507e), a 168 diode array detector, a Gold
System data processor, and an analogue interface (406) fo
the 470 fluorescence detector from Waters (Milford, MA,
U.S.A.). Chromatographic analysis was performed opa5
particle Discover§ C18 (Supelco, Bellefonte, PA, U.S.A))
column (25 cmx 0.46 cm) keptin a Bio-Rad (Hercules, CA,
U.S.A.) column oven at 35C. A C;g pre-column was used
to protect the column from less polar compounds.

Purified-for-HPLC water (Milli-Q system, Millipore, Bil-
lerica, MA, U.S.A.) was employed as mobile phase A and
acetonitrile—methanol (70:30, v/v) with 0.1% (v/v) of acetic
acid added as mobile phase B. FromO0 tot = 24 min the
eluent composition varied in a linear gradient from 85 to
100% B at a flow rate of 2 ml/min. At = 24 min the flow
was increased to 3 ml/min in 1 min to clean the column of
less polar compounds. At= 35 min the system returned to
initial conditions in 1 min which marked the end of the run.

of acetic acid added] using the gradient described in the text.

fresh aromatic plant leaves: basil, coriander, dill, peppermint,
spearmint, bay, marjoram, oregano, parsley, rosemary, sage
and thymus plus the commercial microalda@rulina

2.6. Seasonal variability in the- andy-tocopherol
gontent in rosemary leaves

Thea- andy-tocopherol content in rosemary leaves from
the same plant, grown in open air, were determined every
month from November to August.

2.7. Supercritical fluid extraction experiment

2.7.1. Sample treatment

Five grams portions of bay leaves were dried in microwave
oven during 1 min at 900 W. Samples were weighed before
and after drying procedure to calculate their humidity. Af-
terwards, they were grounded and sieved throughout 0.2 and
0.6 mm sieves. The fraction from 0.2 to 0.6 mm mean patrticle
size was used to perform the SFE experiments.

a-Tocopherol was detected by absorbance at 295 nm and of2.7.2. SFE

both tocopherols by fluorescence exc: 295 nm em: 350 nm.

Peak identification was performed comparing the reten-
tion times with pure standards, and confirmed with charac-
teristic spectra obtained from the photodiode array detector,
which also permitted the confirmation of the purity of the
peaks.

A Suprex PrepMaster (Suprex Corporation, Pittsburgh,
PA, U.S.A.) supercritical fluid extractor was used to carry
out all the experiments. Approximately 1.7 g of ground dried
bay leaves were introduced into a 5 ml stainless steel extrac-
tion cell. Supercritical C@flow rate was controlled using a
needle valve as variable restrictor; flow rates between 3 and

Representative chromatograms of a rosemary sample arel ml/min were obtained at the experimental conditions tested.

included inFig. L

2.5. Determination ofi- and~y-tocopherol in edible
aromatic plant leaves

The analytical method was applied to the determination
of a- andy-tocopherol content in a unique sample of 12

Samples were extracted at4D, but using four different ex-
traction pressures to cover a wide range of densities: 100 bar
(0.622 g/ml); 200 bar (0.840 g/ml); 300 bar (0.910 g/ml) and
400 bar (0.956 g/ml). Extraction time was 5min static fol-
lowed by 60 minin dynamic mode. Supercritical fluid extracts
were collected in a special devif29] previously designed

to minimize losses of material. The device is composed by
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a two-pieces chamber; the lower part contains a replaceable STORAGE <+ Dessicator
glass test vial (2cnx 0.5cm) previously weighed where —Fridge
the extract is deposited during the extraction. The vial is sur- 5 12
rounded by a cooling jacket that can be refrigerated at a target
temperature by using a convenient gas or liquid. Consecutive
extractions with new plant material were conducted to obtain

-
(=
o

=3
o

=2
o

% o-tocopherol

enough amount of each extract: three for 100 bar (16.3 mg ex- :2
tract) and 200 bar (51.6 mg extract), two for 300 bar (41.1 mg 0 . _
extract) and just one for 400 bar (24.7 mg extract). 0o 1 2 3 4 5 6 7 8 9 10 11 12

weeks
2.7.3. Determination of extraction percentage
The fraction of mean particle size between 0.6 and 0.2 mm Fig. 2. a-Tocopherol content variation in dessicated and ground rosemary
. . : | in fri i kness.
was analysed by HPLC with the method described above, €2/eS stored in fridge or dessicator and darkness
previous to SFE extraction to determieandy-tocopherol

initial bay contents (it was considered 100% Tiable 2. the whole range. That guarantees the highest extraction effi-
Then, residual ground bay leaves obtained after each ex-ciency. Regarding the sonication it was performed at 20 kHz
traction were analysed too to obtain the remainirgand for 1 min. Lower extraction time does notimprove the method

v-tocopherol bay contents. Finally the percentage extractedsignificantly, while higher sonication time can increase free
was calculated by difference and taking into account the exactradical generation and provide tocopherol consumption. Af-
weight of ground bay used in each extraction. ter one-way ANOVA, means of the measured concentrations
were compared with the Student-Newman-Keuls multiple
range test, and there were no significant differences among
3. Results and discussion the different solvents for both analytes and all of them be-
longed to the same homogeneous group. But, because results
Treatment for 1 min in microwave oven (900W) has obtained with acetone were slightly higher than with the other
demonstrated its efficacy as drying procedure with rosemarythree, its behaviour is well know and is less expensive than
[16] and bay leave$l7] in previous works of our group. the others, acetone was finally chosen as the extraction sol-
These two leaves have similar water content (50 and 60%, vent for the rest of the experiments. A second extraction was
respectively), but it was not so for the rest of leaves studied performed with samples extracted with acetone and the toco-
in the present work, which water contents ranged from 50 to pherol recovery was negligible in all cases.
90%. Leaves with higher water content, such as basil, parsley, Tocopherols are easily oxidized and oxidation losses can
sage, dill and coriander got dried in 45s but could tolerate be incremented by heat, light, alkaline pH and by the pres-
1 min before they got burned. On the other hand, leaves with ence of free radicals. This is especially critical in samples in
lower water content such as rosemary could tolerate 1 min which vitamin E can be oxidized during the extraction process
and 15s. In order to determine if it was necessary to opti- and/or in the extract until its final analysis. Nevertheless, the
mise a drying time in microwave oven for each plant or a addition of antioxidants is not considered necessary, exceptin
common time could be employed, two groups were analysedthe case of simultaneous analysis of more labile compounds,
with maximum and minimum treatment time. No statistical special matrices or when saponification is app[E2]. Due
difference ina-tocopherol content was found with one tail to the characteristics of tocopherols and because sometimes
Student paired-test P > 95%) neither between drying time  samples cannot be analysed on the same day that they were
or water content in each pool, nor between both pools andcollected, a stability assay was performed to determine the
therefore, 1 min was established for drying all type of sam- best way of sample storing and the stability of dessicated
ples. samples. InFig. 2, the percentage af-tocopherol related
Samples must be submitted to stages of extraction and/orto the initial content is represented versus the storage time
cleaning previous to their injection in the chromatographic for samples kept in both, the refrigerator and the dessicators
system. Saponification was rejected because it is time con-at darkness. Recoveries were very similar in both cases but
suming, its severe conditions can degrade tocopherols, andvere slightly higher in dessicator and darkness. Therefore,
it has been previously demonstrated that it is not necessarycollected samples were kept dried and ground in the dessica-
if adequate extraction and chromatographic conditions aretor and in darkness until their use.
employed16,19,20] For extraction, three different solvents Aromatic plants have been traditionally used as food
were tested along with acetone, which had previously shown condiments, probably due not only to their aroma, but also
its adequacy with rosemafg6], and bay leavefl7]. In all to their antioxidant properties to prevent rancidity caused by
cases the extraction protocol described in materials and meth-the oxidation of fatty foods. One of these oxidation processes
ods section was followed. The amount of solvent was previ- is lipid peroxidation chain reaction that specially affects to
ously optimised considering the highest solvent to sample those foods with higher polyunsaturated fatty acids, like seeds
ratio that gave signals over the limit of quantification for oils. These oils are naturally rich in tocopherols but refine-
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Table 1
a-Tocopherol &-T) andy-tocopherol §-T) contents (mg/100 g fresh leaves) obtained by fluorescence with validated analytical method; content found in the
USDA Nutrient Database for Standard Reference (SR) releaf#0]4nd in other references found in bibliography

Validated method USDA (mg-TE/100g Other methodso-T)
edible fraction)

o-T mg/100g fresh v-T mg/100 g fresh

Basil 405 069 169 Basil, ground

Coriander 760 020 103 Coriander leaf, dried

Dill 3.42 050

Spearmint @4 014 034 Spearmint, fresh

Bay 1322 115 179 Bay leaf, crumbled 12.6 mg/100 g frefdi]

Marjoram 3234 042 169 Marjoram, dried

Peppermint M2 015 034 Peppermint, fresh

Oregano P4 037 169 Oregano, ground 5.5mg/100 g dri@@]; 21.3 mg/100 g fresB1]
Parsley 514 327 179 Parsley, raw 29mg/100 g fref38]

Rosemary 3562 036 078 Rosemary, fresh 3.5mg/100 g drigd], 100 mg/100 g driefl6].
Sage 2448 042 169 Sage, ground 49 mg/100 g fre8i3]

Thyme 2061 038 169 Thyme, ground

Spirulina 132 N.D.

@ mg/100 g of dried commercial spirulina.

ment processes deplete their contents, so, addition of “ex-  Previously, the analytical method was optimised and vali-
tra” antioxidant is necessary. The searching of alternatives dated considering the whole process, that s, the sample treat-
to the use of synthetic and, at some extent, toxic antioxidant mentand the chromatographic conditions. The validation was
compounds like BHT or BHA has made possible the eval- performed by using bay leaves as test sample. Tocopherols
uation of hundreds of raw materials containing substanceswere measured considering different detection modes, that is,
with antioxidant activity like herbs and spices and their ex- a-tocopherol by using a diode array detector at 295 nmyand
tracts. Some of them have been traditionally used, not only tocopherol a fluorescence detector at excitation wavelength of
for their flavour characteristics, but also as food preservatives 295 nm and emission wavelength of 350 nm. The optimised
[21-23] Most of the studies had focused in plants of the Labi- method was lately used to measure tocopherol content in dif-
atae family, such as sage and rosemary. For example, extractgerent aromatic plantslable 1showsa- and+y-tocopherol
of these plants have been evaluated as antioxidants in rapeeontent of the different aromatic plants considered in the
seed oil[24]. Addition of rosemary leaves to stored dressing present study, and obtained by using the analytical method
exposed to light or in darkness resulted in a significantly bet- developed in our laboratory, along with data from different
ter antioxidative protection than propylgallate additjag]. sources such as the USDA Nutrient Database.
Therefore, the use of spices and herbs as antioxidants in pro- From our results it can be seen that bay has the highest
cessed foods is a promising alternative to the use of syntheticlevel of a-tocopherol while parsley leaves show the highest
antioxidants. content ofy-tocopherol. The volatile oil component, notably
Most studies have so far concentrated on the antioxi- myristicin and apiol, is said to be responsible for the diuretic
dant effects of rosemary and rosemary extracts. However,action of parsley in natural medicine, but recently it has been
the strong and characteristic flavour of rosemary might limit probed that a degradation productefocopherolyy-CEHC,
the use of this spice despite the well-established and verypresents that action tda5,26].
high antioxidant capacity. Compared to other spices belong- Important variations can be observed for the different
ing to the Labiatae family, rosemary has the more intense plants with values fox-tocopherol ranging from 132 mg
flavour, which could be recognized at a lower level in meat (bay leaves) to 3.4 mg (dill), this differences can be somehow
balls compared to the flavours of the spices summer savory,linked to a different leaf texture but it must be noticed that
Chilean oregano and sage. This observation increased the infesults are expressed per 100 g of fresh leaves; if they were
terest in other spices, since they remain sensory-acceptablexpressed per 100 g dried leaves differences would not be so
when added in a larger amount than rosemary. A number of high. Itis interesting to observe the higktocopherol content
foods, such vegetable oils and dressings, are exposed to lighof plants with proved antioxidant activity, such as rosemary or
during retail display or in the kitchen of consumers. Light sage, indicating the possible relationship between tocopherol
is harmful to many foods as it initiates oxidation and, as the content and functional activity. More studies are conducted
levels of free radicals increases through photo-oxidation, the at present in our laboratory to verify this statement. Compar-
induction period for oxidation may decrease due to the deple- ing our results with those of the USDA, when available, it
tion of radical-scavenging. As mentioned before, antioxidant seems that the USDA method underestimates the tocopherol
activity of some of the plant leaves can be associated to thecontent in that type of samples.
presence of tocopherols, thus, quantification of bethand In the case of spirulina, as it came dried, four differ-
v-tocopherol was carried out. ent samples were analysed. One of them directly, and three



232 D.J.M. Gdmez-Coronado et al. / J. Chromatogr. A 1054 (2004) 227-233

Table 2

a-Tocopherol &-T) andy-tocopherol §-T) contents obtained before and after SFE experiments and % extracted in each condition

Initial tocopherol bay contents Supercritical fluid Residual tocopherol bay contents % Extracted
extraction conditions

a-T v-T o-T y-T a-T v-T

(mg/100 g dried) (mg/100 g dried) (mg/100 g dried) (mg/100 g dried)
40°C; 100 atm 73.48 1.67 64.65 16.36

207.8 2.0 40°C; 200 atm 50.44 1.11 75.73 44.41
40°C; 300 atm 44.81 0.86 78.44 56.93
40°C; 400 atm 45.41 0.80 78.15 59.93

SEASONAL VARIABILITY OF TOCOPHEROL IN ROSEMARY an increase in antioxidant protection for plants grown at low

70,00

60,00 —&— q-tocopherol
- - B-tocopherol

3,00 temperaturef28].

As previously mentionedrable J), bay was the plant with
the highest-tocopherol content among the plant tested, and
itsy-tocopherol was also significant. For this reason it seemed
interesting to evaluate the possibility of using a different ex-
traction method, such supercritical fluid extraction, to obtain
extracts enriched in tocopherols. These experiments involved
the extraction of dry bay leaves at four different conditions ob-
tained by considering extraction pressures ranging from 100

50,00

40,00

30,00

20,00

10,00

o-tocopherol(mg/100 g fresh)
Y -tocopherol(mg/100 gfresh)

0,00 - 0,00 to 400 bar. Results obtained are showdable 2 At condi-
i 5§ § § 8 8 £ §E 3 %8 tions of higher density (higher pressure), higher percentages
g & § & = b 2 were obtained for both tocopherols although their extracts
(=] [
4 =]

probably were less concentrated in both analytes because at
Fig. 3. Seasonal variability of- and~y-tocopherol contents of rosemary higher pres;ures more I|p|ds'are expected to be extracted and
leaves. therefore, yields were also higher and a lower number of ex-
traction experiments were required to obtain enough amount
of extract. The use of SFE can be interesting from different
of them after a 60% (w/w) water addition and 1, 2 and points of view; in a first place, SFE shows several advantages
3min of microwave treatment to evaluate the possible ef- over conventional extraction techniques such as the use of
fect of microwaves. Results were in all cases very simi- non-toxic solvents and a higher extraction efficiency (due to
lar, ranging from 0.011 to 0.014 mg-tocopherol/g dried  the special characteristics of the supercritical fluids in terms
spirulina. Data in literature about tocopherol content in of diffusion and solvent strength); also, considering the im-
Spirulina are relatively old and scarce, and reported val- portance of antioxidant addition as a preservation method for
ues [27] are considerably higher (0.12mg/g dry weight) the food industry, the possibility of developing environmen-
than ours. Differences may be related with two different tally friendly processes such as SFE to obtain extracts con-
aspects: the samples measured in our laboratory were notentrated in compounds of specific functional properties can
cultured and dessicated by us, but acquired in the com-be of great importance. Moreover, SFE has demonstrate its
mercial form, industrially dessicated. Moreover, it must be ability to selectively extract fractions enriched with antioxi-
taken into account that the results from Vincenzini et al. dant compounds while removing fractions corresponding to
were obtained with a method that combined colorimet- essential oils, that is, those that correspond to the character-
ric determination after reaction with the Emmerie—Engel istic aroma of the plant9].
reagent with the compounds separated by TLC. Overesti-
mation of real content of tocopherols may have occurred
due to artefacts of the laborious sample processing. Regard-A
ing y-tocopherol, results indicated that the content was un-
der 0.05mg/100 g, which was the limit of detection of the
method.

In order to check the ability of the analytical method to
detect variations irx- andy-tocopherol content in plants
throughout the year, the variation in tocopherols in one rose-
mary plant grown at the University gardens in open air and References
at atmospheric conditions was evaluated from November to _ .
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