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advantage resulting from the application of the reversed phase is a high 
phase stability, reproducibility of retention times, and the possibility to 
avoid the use of highly volatile solvents compared to the normal phase 
[4-7]. 

Due to strongly diversified concentrations of tocopherols in various 
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were calculated as a theoretical concentration producing a signal to 
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values were similar. The dynamic linearity range of the PDA detector 
was significantly wider than those observed for FLD. 
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The application of the mass spectrometer gave a significant increase 
in the method sensitivity comparing to the PDA detection. However 
the LOD values calculated for individual tocopherol were influenced 
by the ionisation technique applied. In all studied cases (APCI, 
APPI, APCI-APPI) the ionisation yield was affected by the presence 
of methyl-substituents on the tocopherol molecule. That is why the 
highest sensitivity was observed for the α-tocopherol. Regardless of 
the technique of ionization tocopherols ionized as (M+H)+ protocol 
during positive ionization module. The full mass scan range was m/z 
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use of photochemical ionisation resulted in a significant increase in the 
ionisation efficiency comparing to the pure photoionisation process. In 
this case the lowest limits of detection at 1 mg kg-1 (0.8 ng ml-1) for 
δ-tocopherol were observed. 

In general it might be concluded that the fluorometer is the 
most sensitive detector against tocopherols. The ion trap shows a 
significantly lower sensitivity. Chemical ionisation is a good ionisation 
technique with respect to γ- and α- tocopherols while the application 
of photochemical ionisation significantly improves the ionisation 
efficiency of δ-tocopherol (providing its good detectability). 

 Reversed phase liquid chromatography with florometric detection 
was used to determine the vitamin E in pork. A comparison of 15+1, the 
most commonly applied sample preparation procedures used for the 
tocopherol determination with respect to the recovery yields obtained, 
was conducted. The conducted study has revealed that the investigated 
methods are very different in terms of the analyte recovery. It was 
demonstrated that methods, which do not include the saponification 
or the tissue hydrolysis steps but only a simple extraction using an 
ethanol or hexane had the highest recovery found. The concentrations 
of vitamin E in meat samples were the highest when those methods 
were used for determinations. Tocopherols are present in meat in free- 
non bonded form [56] and are located in various biological membranes 
(cell membranes and the membranes of organelles) in liquid bilayer 
of phospholipids. Tocopherols are bonded to phospholipids due 
to presence of Van der Waals interactions occurring between lipid 
molecules. Hence the extraction process conducted with a solvent, 
which is able to break those interactions, is able to provide good 
tocopherols recovery. The results have proved that the combined use of 
the ethanol (mid-polarity solvent) could effectively disperse the lipid–
lipid type interactions of tocoptherols and phospholipids. This enables 
its easy extraction from the meat tissue. Tocopherols are relatively easily 
soluble in ethanol and mixtures of ethanol with water. The application 
of a single step extraction with isooctane referring to the method 
proposed by Hewavitharana et al. [30] resulted in recoveries in 50-73% 
range. 

δ-tocopherol has the highest polarity of the compounds 
investigated. With the increasing number of methyl groups the decrease 
in the molecule polarity is observed. This resulted in lower recoveries 
of δ-tocopherol in this method, because it remained in the ethanolic 
solution. 

The modification of the Hewavitharana et al. [30] method when the 
saturated NaCl solution was used, resulted in a significant increase in 
the partitioning coefficients of the tocopherols relative to the isooctane 
phase. This improved the recovery yield of the method.

Results revealed that the saponification step led to chemical 
degradation of the analytes to a significant degree. That is why the 
application of a solvent extraction solely produces significantly better 
recovery yields in vitamin E determination. Triacyloglicerydes are 
extracted together with the tocopherols and are subsequently introduced 
onto the chromatographic column. This causes the need for its elution 
from the chromatographic column after tocopherols are separated. 
This could be simply achieved by applying a gradient mobile phase 
composed of acetonitrile: water and methyl-tert-butylether (MTBE) or 
isopropanol:hexane mixtures [57]. In this work MTBE was used due 
to the significantly lower viscosity of this solvent and resulting higher 
maximum mobile phase velocities leading to reduced analysis time. In 
the method proposed by Hewavitharana et al. [30] (and its modification) 
no significant matrix chromatographic enhancements/extinction 

effects were observed. This was probably associated with a high dilution 
of the sample and a small injection volume (5 μl). The saponification 
process significantly simplifies the sample matrix, degrades the 
triacyloglicerides fraction but causes also release of tocopherols. The 
method reported by Liu et al. [38] was found to be the best and gave 
recovery values in 52-78% range (depending on the tocopherol). The 
method involves the use of diluted aqueous potassium hydroxide (11%) 
solution and a vast addition of ascorbic acid (500 mg) acting as an 
antioxidant, which protects tocopherols against an aggressive alkaline 
medium. Other sample preparation methods involving saponification 
with concentrated hydroxide solutions or lower antioxidants (ascorbic 
acid, pirogalol) concentrations gave significantly worse results. The 
extension of the saponification process duration also caused higher 
losses of the tocopherols. The concentration of potassium hydroxide, 
the quantity of ascorbic acid (or pirogallol) added and the duration 
of the saponification process must be precisely optimised if minimal 
tocopherol degradation rate is to be obtained. It was also observed 
that individual tocopherols have different durability in basic medium. 
α-tocopherol is the most stable homologue while γ- and δ- shows lower 
stability. These results are in concordance with the literature data. 

The average vitamin E contents in meat of animals feed with 
regular feed was in 0.2 mg kg-1 up to 5.6 mg kg-1 range. Tocopherols 
concentration might be influenced by the animal breed, type of feed 
used, chemical form of the naturally occurring vitamin E compounds 
in feed (α-, β-, γ-, δ-tocopherols, its optical isomers and esters such 
as tocopherol acetate), the type of vegetable oil used as feed additive 
(influencing the tocopherols bioavailability and gastrointestinal 
absorption rate) [58-60]. 

Conclusions 
The results of this study are considered to be of practical 

significance in terms of the vitamin E analysis in meat and other food 
products. The proper selection of the separation method (the need 
to determine particular vitamin forms), detection method, and the 
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