Szterk et al., J Anal Bioanal Tech 2013, S2
DOI: 10.4172/2155-9872.52-005

Journal of
Analytical & Bioanalytical Techniques

Comparison of Various Detection Systems Coupled to High Performance Liquid
Chromatography for Determination of Tocopherols in Meat. The Influence and
Comparison of the Most Popular Sample Preparation Method

Szterk A", Roszko M?, Najman K', Kruk M', Mroczek E', Zarodkiewicz M', Rogalski M' and Waszkiewicz-Robak B’

'Department of Functional Food, Organic Food and Commodities Faculty of Human Nutrition and Consumer Sciences, Warsaw University of Life Sciences, Poland
2Department of Food Analysis, Institute of Agricultural and Food Biotechnology, Poland

Summary

The presented data are of practical importance in terms of vitamin E determination in meat and other foodstuffs.
Selection of a proper separation and detection method as well as sample preparation protocol might affect the
reliability of results. Application of a sensitive method and such sample preparation procedures that do not cause
significant degradation of the analyte ensures the reliability of the results. The conducted research has proved that
the fluorescence detector (FLD) is the most sensitive of the detection systems tested and provides the LOD values
in 3.8-38.5 ng ml"" range. lon trap was proved to be less a sensitive detector against vitamin E when compared to
FLD. When atmospheric pressure chemical ionisation (APCI) was utilised the LOD values observed for y- and a-
tocopherole were 0.2 and 0.5 pg ml, respectively. However when atmospheric pressure photo/chemical ionisation
(APPI/APCI) was used a significant increase in the ionisation efficiency of 8-tocopherol was observed, which caused
increases in the instrument sensitivity (LOD=1.0 ug ml'). Sample preparation protocol based on extraction of the
biological sample with ethanol and hexane with simultaneous change in partitioning coefficient, results in significantly
higher recovery rates when compared to methods based on sample saponification and extraction with other solvents.
Vitamin E contents in the tested pork samples were found to be in the 0.0-6.0 mg kg™ range, depending on the

determination method utilised.
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Introduction

Vitamin E was first discovered by Evans and Bishop in 1923 and
covers all tocol derivatives. Vitamin E is a group of compounds that
include 4 tocopherols and 4 tocotrienols. Among others the a-tocoferol
shows the highest biological activity. p- and y-tocopherol shows,
respectively 40 and 8% of the a-tocopherol activity, while a-tocotrienol
approximately 20% activity. Other compounds show little biological
activity. Tocopherols are known as natural antioxidants that protect
vitamin A, polyunsaturated fatty acids and other labile compounds
from oxidation. In addition it was observed that vitamin E in the
human body stabilises the cell membranes and might decrease the risk
of cancer. There is data available which indicates that vitamin E might
have a positive impact on the process of the body ageing, function of the
heart and it is also known as a factor responsible for the restoration and
strengthening of sexual potency.

a-tocopherol has the highest biological activity but the y-tocopherol
is consumed in the largest quantities. The latter is commonly found in
various types of products of plant origin. It is also significantly much
more abundant than a-tocopherol in meat products. It should be noted
that y-tocopherol has a significantly higher potency to scavenge the
reactive nitrogen dioxide compared to the a- form [1,2]. y-tocopherol

rather than a-tocopherol is reported as an anti-cancer and heart-
protecting agent [1]. It was recently reported that a mixture of a, v,
§ tocopherols (5:2:1 w/w/w) shows stronger anti-oxidative potency
than a-tocopherole in the same quantity alone [3]. This report suggests
that the tocopherol profile shall be determined besides total vitamin
E contents to assess the food nutritional value. This however implies
the necessity to apply non-destructive sample preparation procedures
prior to determination that do not cause drop in individual tocopherol
concentrations and changes in vitamin E profile.

The most commonly utilised methods of tocopherol determination
employ liquid chromatography separation and UV-VIS or fluorometric
detection [4]. Normal type column phases are frequently used to
separate - and y-tocopherols, which could not be done on a typical
reversed C18 phase [5-7]. However B-tocopherol is present in food
at very low concentrations compared to other homologues, it also
does not practically occur in products of animal origin. That is why
reversed phase HPLC is considered as a very convenient technique
for determination of §-y- and a-tocopherols in foodstuffs. The main
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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
food products (in meat products <1 mg kg, especially after thermal
treatment) it is necessary to utilise sensitive analytical methods that
enable proper identification of the most important homologues (8-, y-
and a-tocopherols).

GC-MS based methods are also commonly used for determination
of tocopherols in food; this however implies a derivatisation step in the
sample preparation procedure [8,9]. LC-APCI-MS, LC-ESI-MS using
both normal and reversed are also commonly used techniques [9-21].
There are also numerous reports on application of more sophisticated
detectors such as LC-APCI/ESI-MS/MS (triple quadrupole analysers)
[9,16,17,22,23] or LC-APCI/ESI-TOE-MS [20].

There is a scarcity of data on the application of the LC-IT-MS
technique coupled with photoionisation or photo/chemical ionisation
for determination of tocopherols available. The applied sample
preparation procedure prior to chromatography is also of great
importance in the determination process. The most commonly applied
sample preparation procedures involve a saponification step of the fatty
fraction or the direct determination of tocopherols in the fatty extract.

It is well known that the stability of tocopherols in basic media
is limited leading to rapid chemical degradation. To slow down the
degradation process antioxidants such as ascorbic acid, pirogallol,
butylated hydroxytoluene and its mixtures are used. There are many
methods of sample preparation for determination of vitamin E available.
This causes a problem of the proper selection of the method of vitamin
E determination in a meat sample. The contents of tocopherols in meat
are strongly diversified, which is directly related to the differences in the
animal feeding (the use of vitamin E supplemented feed or tocopherols
rich vegetable oils etc.) method. In addition the meat processing
(especially heat treatment) in most cases is expected to cause some loss
in the tocopherol contents and may also strongly affect its profile. In
such a case there is a need to apply such sample preparation methods
that would induce changes in the tocopherol concentration/profiles to
a minimal extent. Subsequently an appropriate tocopherol separation
and detection technique enabling quantification of its individual form
must be utilised.

The aim of this work was to assess the applicability of the
reversed phase high performance liquid chromatography coupled to
programmable diode array (PDA) detector, fluorometer (FLD), and
ion trap mass spectrometer operated in atmospheric pressure chemical
ionisation (APCI), atmospheric pressure photo ionisation (APPI) and
combined atmospheric pressure photochemical ionisation (APPI-
APCI) for determination of §-, y- and a-tocopherols. The sensitivity
of the applied detection systems against studied compounds was
evaluated. The usefulness of fifteen the most commonly reported in the
literature sample preparation procedures for determination of vitamin
E in meat were evaluated. Soma additional modifications of the applied
methods enabling achievement of a minimal loss of tocopherol have
been reported.

Experimental
Materials

Experimental material was composed of 18 samples of pork ham

obtained from the Polish White Landrace breed (9 samples) and hybrid
Polish White LandracexDuroc (9 samples). The animals were fed with
standard, balanced feed supplied by INNTAKER Polska. After reaching
the assumed mass the animals were slaughtered. The samples were
taken 24 hours after ripening. Hams were processed as a complete
culinary element by grinding. Samples were then packed into a 50 ml
Falcon centrifuge tubes, frozen in liquid nitrogen and stored at -80°C.
Samples were then analysed with regard to the method recovery and the
vitamin E contents suing 15 different sample preparation procedures.

Reagents

Analytical standards of §-, y- and a-tocopherols, dimethyl
ether, iso-propyl ether, ethanethiol, dimethyl sulphide, acetone,
cyclohexanone, ethyl amine, n-butylamine, N,N-dimethylformamide,
toluene, benzonitrile, and phenol (purity>99.5%) were supplied by
Sigma Aldrich (Poland), Ethanol, isooctane, n-hexane, acetonitrile,
acetic acid 50%, methyl-tert- butyl ether (MTBE), all of HPLC grade
as well as potassium hydroxide, ascorbic acid, pirogallol, hydrochloric
acid (36%), sodium chloride, ethylene diamine tetra sodium acetate of
p-a. grade were obtained from POCh (Gliwice, Poland).

Preparation of standard solutions

Analytical standards (100 mg) were dissolved in 4 ml of n-hexane
(Solution A: 25 mg ml™). 50 ul of the first solution was transferred into
a 50 ml measuring flask and diluted with n-hexane (Solution B: 0.025
mg ml").

To evaluate the relative fluorescence response factors were pipetted
into a 50 ml round bottom flask 10 ml of §-tocopherol (M=402.65 g
mol™!) B solution, 10.4 ml of \-tocopherol (M=416.68 g mol™) B solution
and 10.7 ml a-tocopherol (M=430.71 g mol") B solution. The mixture
was then evaporated using a rotary evaporator in the absence of light
at 30°C. The dry residue was quantitatively transferred with n-hexane
into a 10 ml measuring flask (Solution C: 62.1 nmol ml™). 20 pl of the
C solution was transferred into a 2 ml vial and dried under a gentle
stream of nitrogen. Residues were re-dissolved in MTBE and 5 ul (6.2
pmol of each tocopherol) were injected into the HPLC. Tocopherols
were separated and the response factors were estimated as the relative
area under the chromatographic peaks registered at A, =290 nm and
A, =330 nm.

For determination of the relative absorption and ionisation
coefficients 1 ml of the C solution was evaporated under a nitrogen
stream and re-dissolved in 1ml of MTBE and used for experiments. 5
ul (310.5 pmol of each tocopherol) were injected into HPLC, analytes
were separated. As in the previous case peaks area was used to assess the
response factors. All experiments were conducted in 12 replications.

Quantification and methods evaluation

Tocopherols in the evaluated meat samples were quantified (HPLC/
FLD) using internal standard method. §-tocopherol was used as an
internal standard in concordance with the method previously reported
[24]. Previously determined fluorescence response factors were used
for calculations.

Response linearity was evaluated using individual tocopherol
standards at concentrations in 0.03-8.3 pug ml! (FLD) and 0.1-66.4 pg
ml* (other detectors) range. The lowest tested concentration was always
below the limit of detection while the highest overloaded the detector.
Each concentration level used for the calibration curve plotting was
analysed in 12 replicates. The limits of detection and quantification
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were calculated as a theoretical concentration producing a signal to
noise of a chromatographic peak equal to 3 and 10, respectively [21].

The recovery method was determined for the 16 tested methods
of sample preparation according to Cho et al. [25] with minor
modifications. 3 pg g of 8-, y- and a-tocopherol addition to the tested
meat sample was used. Tocopherols were determined using HPLC
coupled to fluorometer. Method recovery was evaluated in 6 separate
replicates for each method of sample preparation.

Sample preparation

Sixteen various sample preparation procedures (the most commonly
described in the literature) reported by He et al. [26]; Pfalzgraf et al.
[27]; Cort et al. [28]; Schuep and Rettenmaier [29]; Kanazawa et al. [24];
Hewavitharana et al. [30]; Arnold et al. [31]; Gaal et al. [32]; Jenson et
al. [33]; McMurray and Blanchflower [34]; Berlin et al. [35]; Hatam and
Kayden [36]; Zaspel and Csallany [37]; Liu et al. [38]; Miller et al. [39]
and modified Hewavitharana et al. [30] were used.

To the all utilised procedures a final step involving quantitative
sample transfer into a round bottom flask, evaporation (in the dark)
at 30°C using rotary evaporator and reconstitution in 8 ml of MTBE
was added.

In the method reported by Hewavitharana et al. [30], the water at
each stage of the sample preparation procedure was replaced by the
saturated NaCl aqueous solution.

Apparatus

Accela Thermo Scientific chromatographic system composed of
auto injector, PDA detector, quaternary Accela 600 pump was used
for separation and quantifications. In addition Dionex FLD3400RS
fluorometer and Thermo Scientific LCQ Fleet ion trap mass
spectrometer were used for quantifications.

HPLC condition

Chromatographic separations were performed using a reversed
phase Thermo Hypersyl GOLD C18 150 mmx2.1 mmx1.8 um column.
The following mobile phase gradient was utilised: A-H,0:ACN 1:9, B-
MTBE: 0 min 100% A, 5 min 100% A, 8 min 60% A, 9 min 10% A, 13
min 10% A from 14 up to 16 min return to initial conditions. Mobile
phase flow rate was set at 450 pl min’, column was thermostated at
50°C.

Detectors and ion source optimisation

Tocopherols were quantified using fluorometer (FLD) operated at
\,,=290 nm and A_=330 nm and PDA detector (A=290 nm). Ion trap
mass spectrometer operated in atmospheric pressure chemical-, photo-
and photochemical- ionisation modes was also used in the experiments.
Ion trap operating parameters were optimised individually for the
studied compounds-max injection time-200 ms, microscans-3, parent
mass (m/z)-8-tocopherol: 403, y-tocopherol: 417 a-tocopherol 431, act
type-CID, isolation width (m/z)-4, normalized collision energy-30%,
activation Q-0.45, activation time (ms)-50, helium was used as a
dumping gas, scan range (m/z)-250-435.

Optimisation of the atmospheric pressure chemical ionisation
conditions was performed according to the reports of Lanina et al. [21]
and Bustamante-Rangel et al. [40]. Acetonitrile: water solution (90:10)
containing 0.04% of acetic acid was used as a mobile phase. Lanina et al.
[21] have reported that significantly better tocopherol ionisation yields
were observed when mobile phase composed of methanol:water (95:5)

was used. The results of our experiments did not confirm those findings.
The use of methanol did not provide improvement in sensitivity but
unnecessarily prolonged the total separation time. Due to the above
circumstances a mobile phase composed of acetonitrile and water was
utilised with an addition of acetic acid, which considerably improved
the ionisation yield and sensitivity.

Acetic acid is commonly reported in the literature as an additive
used to improve the productivity of the ionisation process in the mass
spectrometer ion source [21,25,40-42].

The observed yield of the positive ionisation was higher than
negative ionisation and those findings are in concordance with
the literature data [25,40,42]. After the conducted experiments the
following APCI parameters were considered as optimal: Vaporiser
temperature 400°C, capillary voltage 3 kV, corona current 5 pA,
sheath gas flow rate 0.75 L min', aux gas flow rate 0.075 L min"!,
sweep gas flow rate 0 L min', capillary temperature 150°C. Those
parameters were close to those reported by other authors [25,40,42].
The same ionisation conditions were used in the APPI experiments but
with corona discharge current turned off. When combination of APPI-
APCI was used the krypton lamp was turned on during regular APCI
operation.

In addition the influence of the post column addition of modifiers
to the mobile phase such as dimethyl ether (IP=9.53 eV), iso-propyl
ether (IP=9.2 eV), ethanethiol (IP=9.2 eV), dimethyl sulphide (IP=8.7
eV), acetone (IP=9.69 eV), cyclohexanone (IP=914 eV), ethyl amine
(IP=8.86 V), n-butylamine (IP=8.72 eV), N,N-dimethylformamide
(IP=9.12 eV), toluene (IP=8.82 eV), benzonitrile (IP=9.71 eV) or
phenol (IP=8.22 eV) on the ionisation process was assessed. The
substances with ionisation potentials lower than 10 eV were selected
for experiments due to ionisation energy of the krypton lamp used in
the APPI source (10,3 eV-catalogue data). The two flow rates 10 and
50 ul min™’ of the mobile phase modifier was used. The aim of these
experiments was to increase the efficiency of the photoionisation by
indirect ionisation of tocopherol molecules.

Statistical assessment

The results were statistically assessed using analysis of variance
(ANOVA) and hierarchical and non-hierarchical cluster analysis
methods according with Czarniecka-Skubina E et al. [43]. STATISTICA
StatSoft package was used for analysis.

Results

The method limits of detection, linearity ranges and the relative
response factors of FLD, PDA and mass spectrometer (with different
ionisation techniques) calculated for 8-, y- and a-tocopherols separated
with reversed phase HPLC are shown in Tables 1-5.

The results of this study have proved that fluorometer has the
highest sensitivity against tocopherols of the detectors evaluated. The
PDA detector had the lowest sensitivity.

d-tocopherol shows the highest intensity of fluorescence hence the
lowest LOD values were observed for this compound. The presence
of additional methyl- groups on the tocopherol molecules (y- and a-)
significantly reduces the efficiency of fluorescence therefore the highest
LOD was calculated for a-tocopherol. Comparison of the evaluated
detection techniques have proved that FLD shows the lowest dynamic
linearity range.

The relative response values calculated when the PDA detector
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LOD Linearity range r? Relative response factors
(F) A,.=290 nm/A_ =330 nm
n=6.21 pmol
mg kg™ Equation mg kg™’ F RSD
(ng mi) (ng mI)
5 0.005 0.007-0.97 0.983 1 0
(38) y=1,54-10x (5.4-749.4)
\% 0.01 0,012-1,7 0.981 0.79 0.67
(7.7) y=-1,38-10°+1,15-10°x (9,2-1282,0)
a 0.05 0.053-5.0 0.986 0.18 0.76
(38.5) y=—-653491+2,88-10"x (40.8-3846.2)

Table 1: Limit of detection, linearity range and relative response factors calculated for studied tocopherols determined by LC-FLD.

LOD Linearity range r Relative response factors
(A) A=290 nm
n=310.5 pmol
mg kg Equation mg kg! A RSD
(ng mi) (ng mi)
3 1.45 1.6-62.5 0.985 1 0
(1.1) y=23121,4+3337,9x (1.2-48.0)
\% 1.25 1.4-62.5 0.987 1.3 3.21
(0.96) y=34373,4+3844,0x (1.1-48.0)
a 1.45 1.6-62.5 0.991 1.2 1.82
(1.1) y=27470,2+3693,6x (1.2-48.0)

Table 2: Limit of detection, linearity range and relative response factors calculated for studied tocopherols determined by LC-PDA.

LOD Linearity range r Relative response factors
U]
n=310.5 pmol
mg kg Equation mg kg™ | RSD
(ng mI) (ng mi)
o 24 2.5-62.5 0.984 1 0
(1.8) y=-3506,3+985,7x (1.9-48.0)
% 0.6 0.7-62.5 0.983 2.55 4.15
(0.5) »y=-9570,8+2319,9x (0.54-48.0)
a 0.3 0.4-62.5 0.980 4.45 2.48
(0.2) y=-34869,7+4976,1x (0.3-48.0)

Table 3: Limit of detection, linearity range and relative response factors calculated for studied tocopherols determined by LC-APCI/MS/MS.

LOD Linearity range r? Relative response factors
U]
n=310.5 pmol
mg kg™ Equation mg kg [ RSD
(ng mi) (ng mi)
5 2.9 3.0-62.5 0.996 1 -
(2.2) y=-423,7+367,3x (2.3-48.0)
Y 1.3 1.4-62.5 0.994 24 3.6
(1.0) y=351,3+375,6x (1.1-48.0)
o] 0.8 0.9-62.5 0.998 4.3 2.9
(0.6) v =-102342429,3x (0.7-48.0)

Table 4: Limit of detection, linearity range and relative response factors calculated for studied tocopherols determined by LC-APPI/MS/MS.

LOD Linearity range r? Relative response factors
1
n=310.5 pmol
mg kg™ Equation mg kg [ RSD
(ng mi) (ng mi)
o 1.0 1.1-62,5 0.991 1 -
(0.8) y=-423,7+367,3x (0.85-48.0)
% 0.8 0.9-62.5 0.998 2.1 3.1
(0.6) »=351,3+375,6x (0.7-48.0)
a 0.4 0.9-62.5 0.992 5.0 5.0
(0.3) y=-102342429,3x (0.7-48.0)

Table 5: Limit of detection, linearity range and relative response factors calculated for studied tocopherols determined by LC-APPI-APCI/MS/MS.

was utilised was similar to those observed for PDA. §-, y- and a-
tocopherols show similar light absorption hence the calculated LOD

values were similar. The dynamic linearity range of the PDA detector
was significantly wider than those observed for FLD.
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Method d-tocopherol y-tocopherol a-tocopherol

X SD X SD x SD
He et al. [26] 1,82 0,8 7,22 1,3 1,62 0,9
Pfalzgraf et al. [27] 16,8° 4,2 8,7 1,3 13,2° 1,1
Cort et al. [28] 17,2° 3,2 13,9 4,4 18,1 1,9
Schuep et al. [29] 22,7° 1,5 17,6° 0,6 20,2 1,2
Kanazawa et al. [24] 30,7° 3,8 16,0° 1,2 21,1°4 3,4
Arnold et al. [31] 34,7° 54 16,8° 3,5 25,24 2,1
Gaal et al. [32] 79,59 5,0 46,8¢° 1,0 41,0¢ 1,3
Jenson et al. [33] 59,5 47 47,1¢ 3,9 51,2 0,3
McMurray and Blanchflower [34] 51,44 0,9 37,84 1,2 53,8' 0,5
Berlin et al. [35] 58,5€f 4,6 44.5° 75 57,31 7,2
Hatam and Kayden [36] 52,4d° 3,4 61,19 2,6 61,59 1,7
Hewavitharana et al. [30] - without saponification 63,5 2,5 68,1" 3,9 71,10 0,9
Zaspel and Csallany [37] - without saponification 49,44 21 60,09 2,6 72,9" 1,5
Liu et al. [38] 63,6 6,2 52,5 55 78,1 3.1
Miller et al. [39] - without saponification 88,4" 3,7 89,3 0,7 88,7 2,6
Hewavitharana et al. [30] with modification and 91,1" 0,9 90,2/ 1,4 93,5 0,4
without saponification

Table 6: Average recovery of the individual tocopherols depending on the sample preparation method applied [%] n=96.
Method d-tocopherol y-tocopherol
X SD X SD

He et al. [26] nd - nd -
Pfalzgraf et al. [27] nd - 0.3 0.08
Cort et al. [28] nd - 0.5 0.04
Schuep et al. [29] nd - 0.7 0.07
Kanazawa et al. [24] nd - 0.7 0.04
Arnold et al. [31] nd - 0.7 0.03
Gaal et al. [32] 0.013 0.001 2.2 0.06
Jenson et al. [33] 0.012 0.001 3.0 0.03
McMurray and Blanchflower [34] nd - 3.0 0.13
Berlin et al. [35] 0.011 0.001 3.0 0.16
Hatam and Kayden [36] 0.016 0.001 3.6 0.21
Hewavitharana et al. [30] - without saponification 0.045 0.002 4.6 0.43
Zaspel and Csallany [37] - without saponification 0.017 0.001 4.1 0.27
Liu et al. [38] 0.020 0.001 4.4 0.13
Miller et al. [39] - without saponification 0.045 0.001 5.2 0.15
Hewavitharana et al. [30] with modification and without saponification 0.051 0.001 6.0 0.68

Table 7: Concentration of tocopherols determined in pork ham with various sample preparation methods [mg kg']. n=288.

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 a-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
100-500 (1 s/scan) and the target ions generated by tocopherols were
in positive ion mode (M+H)": m/z 431.3 for a-tocopherol; m/z 417.3
for y-tocopherol and m/z 403.3 for §-tocopherol. In positive ion mode
provided the formation of protonated molecular ions [M+H]* as well
as the abundant characteristic fragment ions of the studied analytes
(m/z: 165.3 a-tocopherol; 151.3 y-tocopherol and 137.3 §-tocopherol)
due to elimination of the phytyl chain (RDA process).The lowest LOD
values were observed for a- and y-tocopherol when APCI ionisation
was applied. Photochemical ionisation (APPI-APCI) was the most

effective against 8-tocopherol and relatively less efficient against a- and
y-homologues.

Direct photoionisation of tocopherols (in the acetonitrile:
water medium) was found to be relatively ineffective. An attempt to
increase efficiency by the indirect ionisation of tocopherols with easily
photoionisating compounds (with ionisation potential below 10 eV)
was made. Through a tee joint a solution of various compounds were
introduced to the post column. In any case a significant increase in the
ionisation efficiency of the studied tocopherols was observed. In many
cases the dopant addition reduced the photoionisation efficiency; this
phenomenon was particularly evident in case of nitrogen containing
additives.

Table 6 shows the tocopherols recovery values calculated for the
different meat sample preparation methods. The most commonly
applied sample preparation procedures were evaluated. The conducted
experiments have demonstrated that the tocopherol recovery was
strongly affected by the sample preparation procedure applied
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(p<0.01). A significantly higher recovery was observed for most sample
preparation procedures that do not involve meat sample saponification
but only a simple solvent extraction and direct determination. However
the method reported by Liu et al. [38] involving sample saponification
showed the best recovery of all methods tested. The method reported by
Hewavitharana et al. [30] where the water was replaced by the saturated
sodium chloride solution during the tocopherols re-extraction out of
the ethanolic solution step was considered as the best tested method.

Table 7 shows the vitamin E concentrations determined with HPLC-
FLD in samples processed with various sample preparation procedures.
The concentration of y-tocopherol in meat samples was only assessed
with the procedures showing the highest recovery values. The methods
showing low recovery did not enable determination of y-tocopherol in
meat; also it was not possible to determine a-tocopherol in pork with
use of those methods.

The results of the vitamin E determination in meat obtained with
various methods were statistically assessed with hierarchical and non-
hierarchical methods (Figure 1 and Table 8) to identify the methods
that give similar results.

The results obtained with modified and unmodified method
reported by Hewavitharana et al. [30], as well as methods proposed by
Liu et al. [38], Miller et al. [39] and Zaspel and Csallany [37] gave the

highest concentrations of the vitamin E in pork. The concentration of
the vitamin determined with the latter methods was in the 4.1-6.0 mg
kg range. The remaining methods depending on the quantity and type
of the added antioxidant, concentration of the aqueous KOH solution
used, and the duration and the temperature of the saponification
process gave significantly lower results.

Methods that bypass the saponification step significantly reduce
vitamin E, therefore the concentration of vitamin E in pork determined
with such methods gave higher results.

Discussion

Reversed phase high performance liquid chromatography is a
commonly applied technique for the determination of vitamin E in
various types of biological samples. Most frequently octadecylsilica
(C18) based beds are used for separation. Such phases do not
however enable separation of y and p homologues of tocopherols
and tocotrienols [44-48]. The use of more sophisticated beds for
example C30 phase solves the separation problem of tocopherols
and tocotrienols [10,49]. The aim of this study was only to assess the
levels of y- and a- tocopherols that are predominantly present in meat.
Obviously 8-tocopherol concentration, which was used as an internal
standard was always assessed. Chromatographic separation of the

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Vitamine E 4.1-6.0 2.2-3.6 0.5-0.7 0.0-0.3
content [mg kg']
Methods Zaspel & Csallany [37]; Miller et al. [39]; Liu etal. |Hatam & Kayden [36]; McMurray & Cort et al. [28]; Arnold et al. Pfalzgraf et al. [27];
[38]; Hewavitharana et al. [30] with modification;  Blanchflower [34]; Berlin et al., [35]; [331]; Schuep et al. [29]; He et al. [26]
Hewavitharana et al. [30] Gaal et al., [32] Jenson et al., [33] Kanazawa et al. [24]

Table 8: Non-hierarchicla statistical analysis of the results similarity n=288.

Distance

——

O K P | N E D

Figure 1: Grouping dendrogram of similar method for vitamin E analysis in meat (hierarchical clustering analysis) and the
process of agglomeration, A-Arnold et al. [31]; B-Berlin et al. [35]; C-Cort et al. [28]; D-Gaal et al. [32]; E-Hatam and Kayden
[36]; F-He et al. [26]; G-Jenson et al. [33]; H-Kanazawa et al. [24]; I-Liu et al. [38]; J-McMurray and Blanchflower [34]; K-Miller
et al. [39]-without saponification; L-Pfalzgraf et al. [27]; M-Schuep et al. [29]; N-Zaspel and Csallany [37]-without saponification;
O-Hewavitharana et al. [30] with modification-without saponification; P-Hewavitharana et al. [30]-without saponification; The
actual n=288 (the number of samples included in the chart) was reduced in order to obtain a an easily readable picture.
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Figure 2: Chromatographic separation (PDA detector) of 8-, y- and a-tocopherols standard (A) and tocopherols isolated from the
pork ham sample (B). Hewavitharana et al. [30] method with modifications.

studied compounds is shown on Figure 2. The use of a reversed phase
chromatography enabled a significant reduction in the total analysis
time of up to 8 minutes (Figure 2). Some additional time was however
necessary to bring the column to initial conditions. Retention time of
standard of tocopherols are little difference in meat sample, because it
is matrix effect, and retention time in all tocopherol are little smaller.

The sensitivity of the tocopherols (as well as other compounds)
determination method is influenced mainly by the detection system
used. The most commonly used detector type for determination of
vitamin E is UV-Vis and FLD [50-54]. Some reports on the application
of an electrochemical detector for this purpose are also available in
the literature [50]. Various types of mass spectrometers in connection
to HPLC are being increasingly used for assessment of tocopherols
concentrations and profiles [9-21]. The atmospheric pressure chemical
ionisation (APCI) method matches compounds primarily for such
groups [15,21,41,42,49,54,55]. Some reports on the application of the
electrospray ionisation method (ESI) are also available [21,40]. Results
of this study have demonstrated that fluorometry is the most sensitive
method for determination of tocopherols. The limits of detection
obtained with this technique were in 3.8 to 38.5 ng ml"! range (0.005-
0.05 mg kg*) depending from the tocopherols chemical structure. With
increasing numbers of methyl substituents on the tocopherol molecule
a decrease in the detector response was observed. This was directly
related with the calculated LOD and LOQ values for the individual
tocopherols. These results are in concordance with the literature data.
The reported average limit of quantification for various vitamin E forms
(y- and a-tocopherols mainly) is approximately 10 ng ml* [15,53]. The
limits of detection obtained when PDA detector is utilised are about 60
times higher and are on average 1 ug ml™* and do not depend as strongly
as in the case of fluorescence on the chemical structure of tocopherols.
Absorbances observed for the studied compounds were similar. Those
results are partly consistent with the literature. Gimeno et al. [52] and
Cho et al. [25] have reported similar limits of quantification (1 pg ml™)
values to those reported in this study while Sanchez-Machado et al. [53]
and Zhao et al. [51] have reported significantly lower values of 0.1 and
0.25 pug ml, respectively. Those differences are most probably related to
the differences in the design of the detection systems used.

The limits of detection for the studied tocopherols when mass
spectrometric (ion trap) detection was used were in the 0.2 to 2.2
ug ml?! range and were strongly affected by the compound chemical
structure and the ionisation technique applied. Due to relatively low
sensitivity the application of an ion trap based mass spectrometer for
determination of tocopherols in meat is not fully justified. The limits of
detection reported in this study were however significantly lower when
compared to the literature data. For example, Lanina et al. [21] have
reported limits of determination of approximately 3 ng ml" for various
tocopherols for a single quadrupole mass spectrometer operated in a
negative polarity atmospheric pressure chemical ionisation mode. For
a positive ionisation 2 ng ml' and 0.8 ng ml"' detection limits were
reported by Liang et al. [41] and Vaule et al. [15], respectively. When
electrospray ionisation was used prior to single quadrupole mass
analyser the limits of detection were in 5-20 ng ml" range [21]. Kamao
et al. [54] have reported a similar limit of detection value (2 ng ml?)
for a-tocopherol when triple quadrupole mass spectrometer operated
in positive ion chemical ionisation was used. Results of this study
concerning the obtained limit of detection values when atmospheric
pressure chemical ionisation (APCI) was applied were in concordance
with results reported by Zarrouka et al. [42]. The latter authors have
reported the limits of detection at 3.5, 0.6 and 0.23 mg kg for 6-, y-
and a-tocopherols, respectively. The authors have also found that with
the increasing number of methyl groups in the tocopherol structure an
increase in ionisation efficiency is observed. On the basis of the results
of this study and the available literature data it might be concluded that
an ion trap based mass spectrometer is not a detector system suited
for the analysis of tocopherols. To lower the tocopherols detection
limits several experiments with application of photoionisation and
photochemical ion sources were conducted. However the application
of such ionisation types did not cause any significant improvement in
the method sensitivity. In the following experiments indirect ionisation
of the tocopherols was tried in in situ reactions with photoionised
excipients (modifiers with an ionisation potential below 10 eV). Those
experiments did not however result in a satisfactory effect, most
probably due to low efficiency of photoionisation of the tocopherols
and the insufficient energy of the ionised intermediate molecules. The
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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’ (0.8 ng ml") for
§-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 y- and a- tocopherols while the application
of photochemical ionisation significantly improves the ionisation
efficiency of §-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.

O-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 §-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 etal. [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 pl). 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.
a-tocopherol is the most stable homologue while y- and §- 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* up to 5.6 mg kg* 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 (a-, B-, y-, 6-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
sample preparation procedure affects the method performance and the
accuracy of results.

The application of a sensitive method and such sample preparation
procedure that does not cause a significant degradation of tocopherols
enables determination of the vitamin E contents in a very precise
manner.

Results of this study have proved that the florometer is the most
sensitive detector for tocopherols determination. The ion trap shows
a significantly lower sensitivity against tocopherols when compared
with a florometer. Chemical ionisation is a good ionisation technique
for y- and a-tocopherols while application of photochemical ionisation
significantly improves the ionisation of 8-tocopherol. The sample
preparation procedure based on extraction of tocopherols from the
biological sample with ethanol and hexane, involving change in the
partitioning coefficients shows significantly better recovery yields when
compared to methods that involve saponification or extraction with
other solvents. Depending on the sample preparation method applied
the results of the vitamin E determination were in the 0-6 mg kg™ range.
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