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Abstract

A simple and rapid reversed-phase high-performance liquid chromatography method for determinatidp ef-y), ands-tocopherols
in edible plant oils has been developed. Oils are diluted in 2-propanol and injected directly onto Sympetoju@n. Methanol and
acetonitrile (1:1) are used as a mobile phase. Tocopherols are detected using fluorescence detector set at excitation and emission wavelengt
295 nm and 325 nm, respectively. The method is precise (R.S.D. not higher than 2.24%) and sensitive—detection limits (DL) are 8 ng/ml for
v- andd-tocopherols and 28 ng/ml fer-tocopherol; quantification limits (QL) were calculated as three times higher than DL.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction scavengef2] with major implications in chronic inflamma-

tion[16,17]and steroid hormond8] associated carcinogen-

Vitamin E is a general term used for designation of to- esis. The main sources of vitamin E in human diet are veg-

copherols and tocotrienols, B-, y-, -). They function as  etable oils, which may contain 70-1900 mg of tocopherols
the most effective lipid-soluble antioxidants, protecting cell per kilogram of oil.
membranes from peroxyl radicals and mutagenic nitrogenox- A variety of methods have been described for determina-
ide specie$1-2]. More recently, alternative non-antioxidant tion of vitamin E homologues and isomers. Normal-phase
functions of vitamin E have been proposed, in particular, role (NP) or reversed-phase (RP) high-performance liquid chro-
as a‘“gene regulator” at the level of MRNA or protein. It could matography (HPLC) separations with UV and/or fluores-
be consequent to regulation of gene transcription, mMRNA sta-cence detections have been mostly used. The NP columns
bility, protein translation, protein stability and posttransla- provide separation of all tocopherols, while RP columns,
tional event§3-5]. Moreover, tocopherols provide immuno-  which are usually octadecylsilane modified silica); do
protection[6], antiproliferative[7] and anticlotting effects  not completely resolv@- and~y-tocopherols, although re-
[8], reduce LDL oxidation, platelet adhesives and thrombosis cently some satisfactory separations were achieved with poly-
[9-12]. Increased vitamin E intake has been inversely asso- meric octadecyl polyvinyl alcoh§19], ODS-2[20] and a Gg
ciated with lower risk of cardiovascular and coronary heart column[21]. On the other hand, the main advantages of RP-
disease$13-15] a-Tocopherol exhibits the greatest activ- chromatography with comparisonto NP-chromatography are
ity in the prevention of vitamin E deficiency abnormalities, fast equilibration time and better reproducibility of reten-
whereagy-tocopherol was found to be potent NO(X) radical tion times[22]. When separation o8- and y-tocopherols

is not the point of analysis, RP-columns are preferred. In

some HPLC methods, higher temperatures than ambient have
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The sample preparation is generally one of the most te- Symmetry Gg (150 mmx 3.9 mm, 5um, Waters, Millford,
dious and time-consuming steps, which may also have ef-MA, USA) fitted with nBondapak &g cartridge guard col-
fect on error propagation. In vitamin E analysis of oils using umn (Waters, Millford, MA, USA). For determination of to-
NP-HPLC, the sample is usually diluted in hexane or hex- copherols in oils, a mobile phase consisting of 50% of ace-
ane with a small amount of a more polar modifier such as tonitrile (solvent A) and 50% of methanol (solvent B) was
2-propanol[24,25] and the sample is filtered or directly in-  used with the flow rate 1 ml/min. Injection volume wasidp
jected onto NP-column. If chromatography is performed by rheodyne type injector was used. The eluate was detected us-
RP-HPLC, sample of oil in hexane is significantly diluted ing a Waters 474 scanning fluorescence detector set at emis-
with methanol, ethanol or 2-propanol, or oil is dissolved sion wavelength of 325nm with an excitation at 295 nm.
in acetonitrile—methanol-propanol mixture, 2-propanol or Emission slit width was 10 nm, fluorometer gain 100, and at-
tetrahydrofurarj20,23,26-30] tenuation 1. Tocopherols were identified by comparing their

RP-HPLC usually resolves most of the analytical prob- retention times with those of corresponding standards and by
lems related to tocopherols analysis in more simple and rapidspiking of samples with appropriate standard. Additionally,
way than other methods, thus the main aim of the analytical the Waters 996 photodiode-array detector was used to iden-
chemistry is development of new RP-HPLC methods, which tify the compounds on the basis of their absorption spectra.
can be used for the routine analysis of vitamin E homologues
and isomers. Although some RP-HPLC methods for simul-
taneous determination of all tocopherols in vegetable oils 3 Results and discussion
are already publishd@0,23,26—-31put they use higher than
ambient temperature for separation of tocopherols and/orad-3 1. petermination of oil concentration in sample
ditional treatment than simple dissolving of oil in one type of
solvent. Thus, in the present study, a simple, rapid and precise  |n order to determine the most suitable concentration of
RP-HPLC method performed at room temperature and usingj| in sample used in HPLC analysis, different amounts of
fluorescence detection is proposed for determination-of  gynflower and soybean oils were dissolved in 2-propanol.
(B +)-, 8-tocopherols in edible plant oils. A linearity of fluorescence signals far-, (8 + y)- and 3-

tocopherols with increasing amount of oil was observed to
at least 150 mg/ml for sunflower oil and 100 mg/ml for soy-

2. Experimental bean oil. The difference was related to the higher concen-
) tration of tocopherols in soybean oil than in sunflower one.
2.1. Materials To be sure that relationship between the amount of sample

used and fluorescence signals is linear for all oils analysed,

Bottles of olive, grapeseed, rapeseed, peanut, sunflowerihe concentration of oil in all samples was not higher than
soybean and corn oils were purchased from local markets.120 mg/mi.

Standard ofi-tocopherol was purchased from Aldrich (Stein-
heim, Germany)y- andd-tocopherols were from Sigma (St.

Louis, USA). All solvents were of HPLC grade. Table 1
Values of the retention factok') and the separation factar)for tocopherols
2.2. Sample and standard preparation Compound K o
d-Tocopherol 43 117
Samples of olive, corn, peanut, grapeseed, rapeseed, suny-Tocopherol 93 122
flower and soybean oils were weighted (0.0400—0.1200 g) «-Tocopherol B4 118

and dissolved in 1 ml of 2-propanol. 2-Propanol was chosen
because it allows solubility of oils and it is miscible with all . »

solvents used in chromatography. Thus, no additional samplemethod validation parameters for determination of tocopherols in plant oils
treatment is necessary. Vortex-mixed samples were directly
injected onto HPLC column. Stock and working solutions of

a-Tocopherol +y-Tocopherol 3-Tocopherol Total

Standard linearity

tocopherols were also prepared in 2.—propanol. Sample apd Range pg/ml)  05-100 05-25 05-25 _
standard solutions were prepared directly before analysis. 0.999 0999 Q999 _
Care was taken to exclude air and light exposure of samplePrecision (=6)
and standard solutions throughout the analytical procedure. \jean (mgikg) 15917 52113 19012 87071
R.S.D. (%) 245 169 051 176
2.3. HPLC analysis of tocopherols Sensitivity
DL2 (ng/ml) 28 8 8 -
All HPLC analyses of tocopherols were performed at  QLP (ng/ml) 84 24 24 -

room temperature on Waters 600 high performance liquid a calculated based on a S/N ratio of three.
chromatograph (Waters, Millford, MA, USA) equipped with b Calculated as X DL.
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Fig. 1. Typical RP-HPLC chromatogram of: (A) soybean and (B) sunflower oils. The conditions were as follows: mobile phase acetonitrile—me}femol (1:1
a Symmetry @g column; a scanning fluorescence detector with excitation and emission wavelengths of 295 nm and 325 nm, respectively; a.u.: arbitrary units.

3.2. Analytical characteristics lation coefficients ) for all standard curves were not lower
than 0.9991(% = 99.9%). Instrumental precision was checked
The RP-elution system was designed to achieve optimal from six consecutive injections of soybean oil sample and
separation of-, (B + v)-, 8-tocopherols within a reasonable the R.S.D. obtained was not higher than 2.45%. The detec-
time periodFig. 1shows the typical chromatograms obtained tion limits (DL) and quantification limits (QL) (at signal to
for oils tested. The retention times&f y- anda-tocopherol noise ratio S/N = 3) for tocopherols under the working condi-
were about 6.7 min, 7.8 min and 9.0 min, respectividle 1 tions proposed were not higher than 28 ng/ml and 84 ng/ml,
gives the values of the retention fact&f)@nd the separation  respectively Table 2.
factor () obtained for tocopherols. Thévalues were within
the optimum range (k k' < 10) for satisfactory chromato-  3.3. Quantification of tocopherols in edible plant oils
graphic elution of tocopherols. Adl values were higher than
1, what indicates good separation. The distribution of individual tocopherols and their to-
Reliability of method was tested for linearity, precision tal content in assessed oils are reportedlable 3 This
and sensitivity {able 2. Quantification of tocopherols was Table contains also precision data obtained using proposed
performed using external standard method. The eight-pointmethod. All values are arithmetic mean of at least three sep-
calibration curves were prepared with the standard solutionsarate determinations. In corn, soybean and rapesee®atls (
of a-, y- andd-tocopherols in 2-propanol at the levels sim- +y)-tocopherols dominatex-Tocopherol dominates in olive,
ilar to those present in assessed oils. All curves were lineargrapeseed and sunflower oils. Peanut oil contains similar
to at least 2qug/ml for y- and3-tocopherols and 100g/ml amounts okx- and @ + )-tocopherols, whereas soybean oil
for a-tocopherol. The relative standard deviations (R.S.D.) contains similar amounts ef-, and3-tocopherol. The con-
of the standard curve slopes € 4), generated during a  centration o-tocopherol in all oils, with exception of soy-
4-month period, were 2.94%, 1.39% and 2.56% dey y- bean oil, is not higher than 30 mg/kg. The results obtained
andd-tocopherol standard curve, respectively. Linear corre- are generally in agreement with the literature da&29]

Table 3
Distribution ofa-, (B + vy)-, 8-tocopherols in assessed oils, total tocopherol content and precision data for their determination
Oil a-Tocopherol § + B)-Tocopherol 3-Tocopherol Total tocopherols
Mean S.D. R.S.D. Mean S.D. R.S.D. Mean S.D. R.S.D. Mean S.D. R.S.D.
(mglkg)  (mglkg) (%) (mglkg)  (mg/kg) (%) (mg/kg) (mg/kg) (%) (mglkg)  (mglkg) (%)
Corn 20378 137 067 58266 800 137 2936 058 198 81580 811 099
Peanut 1046 210 210 11199 170 152 1194 061 513 22409 422 188
Grapeseed 1085 267 266 1714 056 326 389 018 473 12158 280 230
Rapeseed 1953 911 467 29868 903 302 1185 039 332 50567 1016 201
Sunflower 59125 532 090 2540 014 054 868 027 317 62533 533 085
Soybean 1533 184 120 50401 217 043 18853 072 038 84597 435 051
Olive oil 16078 101 063 1247 016 125 132 014 1Q77 17458 116 067

Data are calculated from at least three separate samples.
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Lack of separation oB- and-y-tocopherols in the case of  [2] S. Christen, AA. Woodall, M.K. Shigenaga, P.T. Southwell-Keely,
edible plant oils introduces rather small error in quantifica- M.W. Duncan, B.N. Ames, Proc. Natl. Acad. Sci. U.S.A. 94 (1997)
tion of these isomers. This is because, according to literature _ 3217~ .

[32,33] plant oils do not contaifs-tocopherol or contain it (3] A. Azzi, R. Ricciarelli, J.-M. Zingg, FEBS Lett. 519 (2002) 8.
=&l s . [4] A. Azzi, R. Gysin, P. Kempa, R. Ricciarelli, L. Villacorta, T. Vis-
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tested Table 3. When necessary, other methods for determi- (8] P. Dowd, Z.B. Zheng, Proc. Natl. Acad. Sci. US.A. 92 (1995)

nation of tocopherols in not only plant oils but also in other 8171.
samples could be appligB80,31] Moreover, if determina- [9] H.N. Hodis, W.J. Mack, L. La Bree, L. Cashin-Hemphill, A. Se-
tion of tocotrienols is required, which in fact in plant oils are vanian, R. Johnson, S.P. Azen, J. Am. Med. Assoc. 273 (1995)

present in small quantitid83] the NP-HPLC methods could 1849. y
E[10] I. Jialal, S.M. Grundy, J. Lipid Res. 3 (1992) 899.

be recgmm_ende.d. The comprehenswe.rewews onvitamin E; 11 1y G pricen, G. Van Poppel, C. Vogelezang, R. Buytenhek, F.J.
analysis using different chromatographic methods and tech-" ok, Arterioscler. Thromb. 12 (1992) 554.

niques have been already published by &eg et al[30] [12] P.D. Reaven, A. Khou, W.F. Beltz, S. Parthasarathy, J.L. Witztum,
and Abidi[31]. Arterioscler. Thromb. 13 (1993) 590.
[13] K.G. Losonczy, T.B. Harris, R.J. Havlik, Am. J. Clin. Nutr. 64 (1996)
190.

[14] E.B. Rimm, M.J. Stempfer, A. Ascherio, E. Giovanucci, G.A.
Colditz, W.C. Wilett, N. Engl. J. Med. 328 (1993) 1450.

[15] M.J. Stampfer, C.H. Hennekens, J.E. Manson, G.A. Colditz, B. Ros-

In conclusion, this study presents simple, fast, precise and  ner, W.C. Willett, N. Engl. J. Med. 328 (1993) 1444.

sensitive method for determination of tocopherols in edible [16] B. Pignatelli, B. Bancel, J. Esteve, C. Malaveille, S. Calmels, P.

4. Conclusions

plant oils. Plant oils contain relatively small quantitiessef go"ea' 'F-)-'V'- ';azfligg%)’v"l-g'éava" N. Lyandrat, H.J. Ohshima, Eur. J.
; ancer Prev. .
tocopherol as Compared to the other homOIOgues and |somer?l7] Q. Jiang, |. Elson-Schwab, C. Courtemanche, B.N. Ames, Proc. Natl.

[32,33], thus Iac_k o_f_separation _qﬁf- andy_-'Focqpherols did Acad. Sci. U.S.A. 97 (2000) 11494,
not introduce significant error in quantification of the lat- [18] V. Yoshie, H. Ohshima, Free Radic. Biol. Med. 24 (1998) 341.
ter one. Therefore, the method proposed can be useful for thg19] S.L. Abidi, T.L. Mounts, J. Chromatogr. A 782 (1997) 25.
routine analysis ak-, (8 +)-andb-tocopherols n plantoils. 1201 & Gimeno, Al Castelote, RM. LamuclaRast C. de a

. . . . . orre, M.C. Lopez-Sabater, J. romatogr. .
_Separatl_on ar.]d CharaCte.nsatlon Of.VItamm E_h0m0|09ues_and[21] S. Strohschein, M. Pursch, D. Lubda, K. Albert, Anal. Chem. 70
isomers in edible plant oils can be important in some studies.”  (199g) 13.
This is because tocopherols in crude vegetable oils are par{22] A. Cert, W. Moreda, M.C. Brez-Camino, J. Chromatogr. A 881
tially destroyed by refining treatments. The distribution and (2000) 131.
concentration of tocopherols is also changing during storage[§3] M. TaS'OQ'Z'Marga”' 0. Q(';Oge”' Food Chem-d 74 rg2001) 377.
of oils. The assessment of the influence of genetic modifi- 24! E'l3zs°m'a ou, M. Tsimidou, J. Agric. Food Chem. 46 (1998)
cat_|0n of oil seeds on the distribution of tocopherols |s_also [25] C.G. Rammell, J.J.L. Hoogenboom, J. Lig. Chromatogr. 8 (1985)
of interest. Thus, the method proposed can be useful in the  707.

routine qualitative and quantitative analysis of tocopherols [26] S.X. Li, G. Cherian, D.U. Ahn, R.T. Hardin, J.S. Sim, J. Agric. Food

present in these products. Chem. 44 (1996) 3830.

[27] S.L. Richheimer, M.C. Kent, M.W. Bernart, J. Chromatogr. A 677

(1994) 75.
Ack led [28] E.J. Rogers, S.M. Rice, R.J. Nicolosi, D.R. Carpenter, C.A. McClel-
cknowledgement land, L.J. Romanezyk, J. Am. Oil Chem. Soc. 70 (1993) 301.
. o [29] A. Sanchez-Brez, M.M. Delgado-Zamari®, M. Bustamante-
The grant from State Committee for Scientific Re- Rangel, J. Herandez-Mendez, J. Chromatogr. A 881 (2000)

search (Poland), no. 2P06T 11226,2004—-2005, is gratefully  229.
acknowledged. [30] F.J. Rugrez, D. Martin, E. Herrera, C. Barbas, J. Chromatogr. A

935 (2001) 45.
[31] S.L. Abidi, J. Chromatogr. A 881 (2000) 197.
[32] H. Crawley, Natural occurrence of vitamins in food, in: P.B. Ottaway
References (Ed.), The Technology of Vitamins in Food, Chapman & Hall, UK,
1993.
[1] S.A.B.E. van Acker, L.M.H. Koymans, A. Bast, Free Radic. Biol. [33] J.F. Gregory lll, Vitamins, in: O.R. Fennema (Ed.), Food Chemistry,
Med. 15 (1993) 311. Marcel Dekker, New York, Basel, Hong Kong, 1996.



	Simple reversed-phase liquid chromatography method for determination of tocopherols in edible plant oils
	Introduction
	Experimental
	Materials
	Sample and standard preparation
	HPLC analysis of tocopherols

	Results and discussion
	Determination of oil concentration in sample
	Analytical characteristics
	Quantification of tocopherols in edible plant oils

	Conclusions
	Acknowledgement
	References


