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ABSTRACT

Tocopherol and tocotrienol composition in the oil of four tobacco seed
varietiesfromthe Republic of Macedonia(NS-72, P-23, Y V 125/3 and Djebel
48) was determined. Oil content expressed as a yield of seed dry matter
varied from 382 to 492 g kg*. A normal-phase HPL C method was optimized
for the quantitative determination of tocopherols and tocotrienols in
tobacco seed oil. Chromatographic separation was achieved using isocratic
elution, LiChrosorb Si 60 column, 1.0 mL min* flow rate of
hexane:dioxane:ethanol (97:3:0.1 v/v/v) as mobile phase and afluorescence
detector for effluent monitoring. The three tocopherols (a-, -, 4-) and four
tocotrienols (a-, f-, y-, J-) were present in al oil samples. The highest
content of oil tocopherols and tocotrienolsisomersis determined in Djebel
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INTRODUCTION

Theterm tocochromanolsis used to designate a
family of related compounds, namely tocopherolsand
tocotrienols. Thecommon structure, withachromanol
head and i soprenic side chain contributeto belongin
the classof fat-solublevitamins. Tocotrienolsaredis-
tingui shed from tocopherol s by the presence of three
unsaturationsintheisoprenic Sdechain. Both, they have
four naturally occurring forms(a-, -, y- and 6-) that
differ inthenumber and position of methyl groups at-
tached to the chromanol head™.

Tocopherolshaveastrong antioxidant activity and
increased oxidative stability of linoleic and oleic types
of oil by 1.2 to 3times3. Thetocochromanol compo-

sition of plant seed oilscan providecharacterigticinfor-
mation in order to confirm taxonomical and phyloge-
netic relationshipsin the plant kingdom®. Tocopherols
and tocotrienol s possesavariety of potentially impor-
tant biologicd activities, takentogether, may beimpor-
tant in thefuturefor the prevention and/or atreatment
of cardiovascul ar diseases, cancer and neuronal de-
generation,

The vegetable oils extracted from cereal grains,
seeds, nutsand beans aretherichesdietary sources of
vitamin E. The distribution of tocopherols and
tocotrienolsindifferent plant oilsvariesgreetly. Evalua-
tion of thecomposition of fatty acidsand triacylglycerol
structure, aswell astocopherols, freefatty acids, and
sterols content isof major importancefor quality and
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nutritional valueof theoilg59.

For the determination of tocopherols and
tocotrienolsusing HPLC, the most critical and time
consuming stepisthequantitative extraction of dl their
formsfrom seed samples. Traditiona methods, for ex-
ample percolation, exhaustive Soxhlet extraction, or
direct extraction with boiling solvent under reflux are
most often used®57,

A largenumber of published research papershave
reported the separation and quantification of thetoco-
pherols and tocotrienols from various seeds and
0ilg8°19, Thiscompoundsarere atively non-polar and
thus are chromatographed well using either normal-
phase or reversed phase chromatography using differ-
ent detectorg***2, Themethod of choiceisthenormal-
phase HPL C and thefluorescence detector with silica
column, most commonly used for tocopherol and
tocotrienol andysis.

The seed of tobacco (Nicotiana tabacumL.) con-
tansthinwadled cdlsrichinail. Theoil content ranges
from 33 to 40% of the total seed mass**2%, Tobacco
seed all isfreefromnicotineand itsphysica andchemicd
properties were comparable to other vegetable and
edible 0ilg*3. For itsusage asaimentary oil, theraw
tobacco seeds oil must befirst refined. Thefatty acid
composition of thisoil isdominated by linoleic, oleic,
pa mitic and stearic fatty acids plusmuch less propor-
tion of linolenic, palmitoleic, eicosenoic and
heptadecanoic acidg***, Therearelimited dataof to-
copherolsand tocotrienol s content in tobacco seed oil.

Inthepresent investigation isstudied the content of
seed oil and composition of tocopherol sand tocotrienols
intobacco varietiesfrom the Republic of Macedonia
A normal-phase HPL C method has been optimized for
the ssimultaneous determination of tocopherol and
tocotrienol isomersin crudetobacco seed oil. Inaddi-
tion, Soxhl et extraction wasworking out to maximize
total tocochromanolsextractionyield.

EXPERIMENTAL

Plant material

Mature seeds of tobacco varieties P-23, NS-72,
Djebd 48andY V 125/3 were collected in 2008 year,
fromthe plantsgrownintheexperimenta field of the
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Scientific Tobacco Ingtitutefrom Prilep, Republic of
Macedonia. They were stored in an well-aired dark
placefor 30 days, than packed in paper bagsand stored
at room temperature.

In the tobacco seeds 5.7% moisture content was
determined by drying on 105°C, to constant mass
achievement™,

Theseedsweredried at 40°C for 4h using a venti-
lated oven, up to amoisture content of about 5%. The
dried seedswere grounded usng RetschZM 1miill (Ger-
many), 0.25mmsieve.

Reagentsand standards

HPL C-grade n-hexane, 1,4 dioxane, ethanol and
butylated hydroxytoluene (BHT) were purchesed from
Merck (Damstadt, Germany).

Tocopherols(a-, -, y-, 0-) and tocotrienols (a-, -
, -, 0-) purchased from Supel co (Buchs, Switzerland)
were HPL C-grade purity. Individua stock standards of
al eightsisomerswere prepared in n-hexane, flushed
with nitrogen and stored at 20°C, protected from the
light. A stock standards mixture prepared in n-hexane
was used in preparation of working standard mixture
solution. Each standard sol uti on was chromatographed
intriplicateand calibration plotswerecongtructed. Cdi-
bration plotswerelinear inrangeof 2.5-50 ug mL for
al thetocopherol’s and tocotrienol’s isomers.

Extraction procedure

A 10 g ground tobacco seeds (0.0001 g accurately
weight, 0.25 mm particlessize) wereextracted by n-hex-
ane, using Soxhlet procedure®¥. To prevent oxidation of
the analytes during extraction step 0.01% BHT was
added, asisrecommended from the severd authorg>8-

After 8h extraction (18-22 cycleg/h), the extract
wastransferred to atarred round flask and concentrate
to drynesswith vacuum rotary evaporator (Corning,
UK) during 1h (50°C, atm. pressure). The flask was
than cooled in adessicator and weighted. The steps of
drying, cooling and wei ghting were repeated until the
differences between two consecutive weights were
smaller than2mg. Theyield of crudeoil estimated to
the dry seed weight (d.m.) wastaken to represent the
oil content in seeds. Under the conditions of Soxhlet
extraction method, BHT givesnointerferenceswithany
€luting compound.
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Theoil sample (1 g) wasweighted accurately into
10 mL volumetricflask, diluted in n-hexane, filtered
through a0.2 x 10 mm disposablefilter disk and than
directly injected inthe HPL C system.

HPL C analysisof tocopherolsand tocotrienols

The normal-phase HPLC system consisted of a
LDC Milton Roy Constant Metric 111 metering pump
(RivieraBeach, Horida) equipped with an fluorescence
detector RF 530 (Kyoto, Japan), Marathon 810
autosampler (Spark Holland, Emmen, TheNetherlands)
and LiChrosorb Si 60 (150mm x 4.6mm, Sum) nor-
md -phase column from Merck (Darmstadt, Germany)
operating at room temperature.

Theandyzed componentsweredetected at anemis-
sonwavdength of 330nm and 295nm excitation wave-
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length. Isocratic e ution was performed with mixture of
solventsn-hexane: 1,4 dioxane:ethanol (97:3:0.1, v/iv/
v) at flow rate 1.0 mL min?, and theinjection volume
was 20 pL. The mobil phase was de-gassed by
sonification, 20 min.

The concentrations of tocopherol and tocotrienol
isomersin oil sampleswere calculateding kg? of oil
weight using average peak area compared between
standard and samples, after triplicateinjections.

Each oil sampleswere chromatographedin tripli-
cate and quantification was carried out using external
standard calibration. Tocopherols and tocotrienols
peaksfrom oil sampleswereidentified by comparing
their retention timeto those of standards.

A chromatogram of amixtureof standard solutions
of tocopherolsand tocotrienolsisshown on Figure 1.
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1. a-tocopherol; 2. a-tocotrienol; 3. g-tocopherol; 4. ytocopherol; 5. B tocotrienol; 6. y- tocotrienol; 7. &~ tocopherol; 8. & tocotrienol
Figurel: Chromatogram of astandard solutionsof tocopherolsand tocotrienols(A) and of tobacco seed oil (B)

Theretentiontimes, reproducibility and correlation
coefficient of the analyzed mixture standards of toco-
pherolsand tocotrienol susing HPLC method aregiven
inTABLE 1.

TABLE 1: Analytical characteristicsof thereported method

Retention Reproducibility - CV  Linearity Correlation

Component  time- Rt (%, n=6) ranges o 2

f 1, coefficient - R

(min) (ngmL™)

a-tocopherol 4.650 0.73 0.25-0.45 0.9990
a-tocotrienol 5.370 0.65 1.00-40.00 0.9985
-tocopherol 6.433 0.52 0.50-25.00 0.9981
y-tocopherol 7.003 0.39 30.00-90.00 0.9986
- tocotrienol 7.633 0.37 0.50-25.00 0.9983
y- tocotrienol 8.349 0.77 0.10-5.00 0.9981
- tocopherol 9.568 0.61 30.00-90.00 0.9988
o- tocotrienol  11.604 0.48 0.10-5.00 0.9993

RESULTSAND DISCUSSION

The quantity of oil obtained by the extraction of

different tobacco seeds varieties expressed as an oil
yieldisgiveninTABLE 1. Theseedsof dl investigated
tobacco varietieshave beenfound richin oil (399.7-
460.4 gkg-* d.m.). Tobacco seedsof Y V 125/3 vari-
ety arecharacterized with high oil yield in comparison
totheoil yield of other analyzed tobacco seeds. It can
be established that our resultsfor oil content of tobacco
seed are in accordance with the data from previous
published reportg32,

Theanayzed tobacco seed oil samplescontained
predominantly tocopherol derivatives (54 % of theto-
tal tocochromanol content), whereasthetocotrienol de-
rivativesweremorelessrepresentedindl thesamples.
At the same time, some differences were observed
among therelative proportion of total tocopherol and
tota tocotienal in il from different seed varieties(TABLE
2). Thehightocochromal contentin oil (2.372 gkg?),
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and content of tocopherol s and tocotrienol s, respec-
tively of 1.274and 1.098 g kg isdeterminedin Djebel
48 variety.

TABLE 2: Total tocopherolsand tocotrienols(gkg?) in ail
and tobacco seedsoil content (gkg*d.m.)

Tobacco Qil T otal Total t Ratirc]) of "
varigy oontent tocopherols tocotrienols 0pEro
tocot rienol
NS-72 399.7 1.017 0.880 116
P-23 427.0 0.902 0.746 121
YV 125/3 4604 1.079 0.912 118
Djebd 48 408.2 1.274 1.098 1.16

The extraction procedure and the normal-phase
HPLC employed in thisstudy gavean excellent sepa-
ration of different tocopherol and tocorienolsvitamers
inshortest possibletime, which provideafast and reli-
ablemethod for these determinations.

Normal-phase HPL C has been found capabl e of
separating isocratically all the eight tocopherol and
tocotrienol and it has been utilized in determining the
distribution of these compoundsinwidevariety of oils,
fats, and foodstuffs. Theoil samplewasdissolvedinn-
hexane and injected without concentration onasilica
columni>8.,

Severd silica columns and solvents for mobile
phases have been used with normal-phase
HPLCB2161 Hexanewith small quantitiesof morepolar
solvent isthemost frequently used mobile phaseinthe
analysisof tocopherolsusing norma-phaseHPLC. In
the present work, the used mobile phasewasamixture
of n-hexane, ethanol and 1,4-dioxanein proportion of
3% (v/vIv), being the organic polar modifier tested.
Thefluorescence detector was sel ected for quantifica
tion purposessinceit provide ahigher sensitivity than
the vari able-wave ength absorbance detector(5101619.20,

The successful separation and identification of the
tocopherol and tocotrienol isomersenablethe r quanti-
fication. The quantification of theisomersin tobacco
seed il was carried out using external standard cali-
bration. A linear rel ationship between the concentration
of the compounds and the fluorescence detector re-
sponsewas obtained under assayed conditions(TABLE
1). Theuseof fluorescence detector provideshigh sen-
gtivity and selectivity.

For each compound, a6-level calibration curvewas
constructed using the peak-arearatio between the to-
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copherol and tocotrienol isomers versusconcentration
of thestandards ug mL*. Thecdibration curveswere
obtained by triplicate determination for each leve used.
The correlation coefficientswereranged from0.998 to
0.999.

Theestimated content of tocopherol and tocotrienol
isomersaregiveninTABLE 3.
TABLE 3: Tocopherol and tocotrienol content of tobacco seed
oil (g kg?)

Tobacco variety

Compoasition -
NS72 P-23 Y V125/3 Djebel 48

a-tocophero 0011 0.007 0.009 0012
S-tompherd 0034 0025 0.066 0.058
o- tooopherol 0972 0870 1004 1204
a-tocotriendl 0081 0.105 0.098 0.158
f- tocotriend 0.019 0014 0.020 0.021
y-tocotrienol  0.708 0533 0712 0.827
o-tocotriend  0.072 0.0% 0.082 0.092

The three tocopherols (a-, f-, 0-) and four
tocotrienals (a-, S-, y-, 0-) were present in al ail
samples. o-tocopherol wasthe magjor compound, rang-
ing from 0.870 to 1.004 g kg-!. Unsaturated a-
tocotrienol wasfound to bein those seed oilstoo. The
presence of y-tocopherol was not confirmed allowing
ustothink that thiscompoundispresentintracesor is
degraded during extraction of seeds.

The Djebel 48 tobacco seed ail of ischaracterized
withthehighest content of all determined tocopherols
andtocotrienals.

Theresultsobtained aredifferentin comparisonwith
the datareported in other investigations, owing tothe
tobacco variety!®,

The chromatogram of tobacco seed oil (Figure 2B)
showsagood basdline separation of thed | tocopherol
and tocotrienol isomers. Itillustrates six identifiable
peaks which correspondent to a-tocotrienol (4.895
min), a-tocotrienol (5.705 min), B-tocopherol (6.210
min), B-tocotrienol (7.725 min), y-tocotrienol (8.619
min), &-tocopherol (9.266 min) and &-tocotrienol
(10.338 min). Thetota analysistimewaslessthan 12
min.

The proposed method in thiswork is afast and
reliable, alowing number of tocopherol and tocotrienol
isomersdeterminationsof in oil matricesto becarried
out in oneday.
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CONCLUSIONS

The Soxhl et extraction procedure and thenormal -
phaseHPL C employed and optimized inthisstudy gave
an excdlent s multaneous separation of different toco-
pherol and tocotrienol isomersin tobacco seed ail.

Theresultsobtainedintheandys sof tobacco seed
oil point to the existence of apparent differencesin
redltion to tocochromanol scomposition among tobacco
vaieties

Neverthel ess, more studies should be madein or-
der to evaluateif thetocochromanal profilecan beuse-
ful to discriminatedifferent varieties of tobacco seeds,
yearsof productions/or geographical origins.
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