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Simultaneous determination of Vitamin E homologs in chicken meat by
liquid chromatography with fluorescence detection
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Abstract

A simple and reliable method for the simultaneous determination of all eight homologs of Vitamin E in chicken meat is described. All
analytes, including the internal standard (�-tocopherol acetate), were eluted within 35 min and detected using their native fluorescence
(295 nm excitation and 330 nm emission). Chromatography using hexane based eluent on a normal phase silica column included an initial
column conditioning step to prevent irreversible adsorption of tocopherols and tocotrienols on silica. Lowest detectable levels of�-tocopherol,
�-tocopherol,�-tocotrienol,�-tocotrienol,�-tocotrienol and�-tocotrienol were 0.73, 0.86, 1.0, 1.2, 1.7 and 1.3 ng, respectively.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Vitamin E plays a fundamental role in the prevention of
radical formation in biological systems like plasma, mem-
branes and tissues. Vitamin E is the collective name for the
eight naturally occurring forms�, �, � and � tocopherols
and �, �, � and � tocotrienols. Historically,�-tocopherol
was reported to have the highest biological activity[1] thus
most methods available for Vitamin E assay were developed
exclusively for the determination of�-tocopherol. However,
many studies have demonstrated that the antioxidant activ-
ities of �, � and � tocopherols were also important[2].
Yamaoka et al.[3] showed that�-tocotrienol had a higher
antioxidant activity than�-tocopherol in a phopholipid li-
posome solution. Dietary tocotrienols reduced plasma lipid
peroxidation in humans[4], and�-tocotrienol decreased the
susceptibility of low-density lipoptoteins (LDLs) to copper
induced oxidation[5].

The use of plant extracts rich in tocopherols and to-
cotrienols in the pharmaceutical and food industries is
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becoming increasingly popular, generating a great need for
a fast and efficient technique for separating and quanti-
fying the individual Vitamin E analogs. Although several
methods have been developed to determine other forms
of Vitamin E in various matrices[2], no methods were
reported for the separation and/or quantification of all
eight vitamin analogs in animal muscle The aim of the
present study was to develop a technique for measuring the
composition of tocopherols and tocotrienols in meat from
chickens supplemented with extracts rich in these antioxi-
dants.

In this study, we selected an extraction method that
claimed to exhibit the minimum loss of Vitamin E[6]
which did not include saponification, then further modified
to minimize oxidative losses. Precautions were taken in
order to prevent inaccuracies in quantification due to irre-
versible adsorption of analytes on to the silica column, and
fluorescence quenching of tocopherol signal at the detection
step of chromatographic analysis. The accuracy, precision
and robustness of the method were improved by incorpo-
rating an internal standard from the extraction step through
to the chromatographic analysis. As well, the use of flu-
orescence rather than UV as the detection mode provided
the sensitivity and the selectivity required for the accurate
determination of low levels of these homologs in muscle
tissue.
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2. Experimental

2.1. Instrumentation

Chromatography was performed using Waters Associates
chromatographic equipment (Milford, MA, USA) consist-
ing of a 501 pump, a model 717 plus auto sampler, a model
470 scanning fluorescence detector, a pump control mod-
ule, a SAT/IN module, and the program Millenium32 (ver-
sion 3.05.01). A Lichrosphere Si 100 silica column (5�m,
250 mm× 4.6 mm) was used for all separations.

2.2. Reagents

�-Tocopherol,�-tocopherol acetate,�-tocopherol, buty-
lated hydroxytoluene (BHT), and 1,4-dioxane were pur-
chased from Sigma (St. Louis, MO, USA), and the
tocotrienol standards were from Calbiochem (San Diego,
CA, USA). Rice oil extract was from Eastman (Kingsport,
TN, USA). Dioxane, acetic acid and ethanol were all ana-
lytical reagents from Ajax Chemicals (Sydney, Australia).
Double deionized water was obtained from an IBC water
purification system (Mansfield, Qld, Australia), and HPLC
grade hexane was from Mallinckrodt (Paris, KY, USA).

2.3. Mobile phase

Mobile phase consisted of 4% 1,4-dioxane, 0.04% acetic
acid and 0.02 mg/l�-tocopherol in hexane. It was filtered
through a PTFE 0.45�m filter (Millipore C, Bedford, MA)
and degassed before each HPLC session.

2.4. Standard solutions

Stock standard solutions of�-tocopherol (2000 mg/l),
�-tocopherol acetate (2000 mg/l),�-tocopherol (1000 mg/l),
and each of the tocotrienols (2000 mg/l) were prepared in
hexane. A combination standard containing�-tocopherol
(10 mg/l), �-tocopherol acetate (75 mg/l),�-tocopherol
(5 mg/l), �-tocotrienol (2 mg/l), �-tocotrienol (2 mg/l),
�-tocotrienol (5 mg/l), and�-tocotrienol (2 mg/l) was pre-
pared by diluting appropriate volumes of stock solutions
with hexane containing 200 mg/l BHT, and used for the
quantification of muscle samples. The internal standard
solution added to each muscle sample was prepared by
diluting �-tocopherol acetate stock solution with hexane to
200 mg/l. All of the above solutions were frozen at−20◦C.
The combination standard was frozen as small aliquots, and
thawed daily as required.

2.5. Sample preparation

Chickens were supplemented with extracts rich in toco-
pherol and tocotrienols for 42 days prior to slaughter. The
breast (Pectoralis M.) was removed at 24 h postmortem,

vacuum-packed and stored at−20◦C until required for anal-
ysis.

A portion of each breast was minced, and a represen-
tative sample of 1 g was placed in a 50 ml polyethylene
tube. A 300�l aliquot of 200 mg/l�-tocopherol acetate so-
lution (internal standard), and 4 ml of absolute ethanol were
added. The mixture was homogenized for 30 s in a UltraTu-
rax T25 (Janke et Hunkel IKA-Labortechnik, Kuala Lumpur,
Malaysia) homogenizer with a 18 G dispersing element. Five
milliliters of distilled water were added to the tube and the
content homogenized for 15 s. A 4 ml aliquot of hexane con-
taining 200 mg/l BHT was pipetted and the sample homoge-
nized for further 15 s. The tubes were capped and centrifuged
at 1500 rpm for 10 min. A 100�l injection volume of the
upper (hexane) layer was used for HPLC analysis.

2.6. Chromatographic conditions

Chromatography was performed at ambient temperature.
Flow rate used was 1 ml/min. The column was equilibrated
for 15 min with the mobile phase prior to injection of each
sample or standard. All samples were detected using fluo-
rescence at 295 nm excitation and 330 nm emission.

2.7. Qualitative and quantitative analysis

Qualitative analysis was performed by spiking the sample
with appropriate standard to observe the growth of the peak,
and by comparing the order of elution with that reported in
other studies.

Quantitative analysis was performed by injecting a range
of volumes of the combination standard (in order to cover
the expected concentrations of analytes in the extracts) with
each batch of samples analyzed on the HPLC. The concen-
trations of the analytes in the samples were determined us-
ing a 4-level calibration curve constructed from the standard
data. Quantification was performed by the internal standard
method to compensate for the sample losses during extrac-
tion and chromatographic analysis.

3. Results and discussion

Ruperez et al.[2] compared reversed- and normal-phase
liquid chromatography for the separation of various toco-
pherols and tocotrienols, and concluded that normal-phase
liquid chromatography provided a superior resolution of
these compounds. The authors[2] concluded that the re-
versed phase was not capable of separating� and � toco-
pherols. Normal-phase liquid chromatography using silica
is well known for its unique capability of discriminating
isomers[7]. As normal-phase liquid chromatography is per-
formed with non-polar organic solvents, it also presents the
advantage of high solubility for lipids[2], and therefore lipid
soluble vitamins such as Vitamin E. Kamal-Eldin et al.[8]
compared different types of normal phases for the separation
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of vitamin isomers and found that silica columns performed
the best.

In this study, we used isopropanol, ethanol and
1,4-dioxane as modifiers in a hexane mobile phase and
found that 4% 1,4-dioxane produced the best resolution of
all analyte peaks, which is consistent with the findings by
Kamal-Eldin et al.[8]. In addition, we added 0.04% acetic
acid to reduce peak tailing[9], and 0.02 mg/l�-tocopherol
to prevent analyte loss due to irreversible adsorption.

We observed that the first few injections of the standards
in each HPLC session have produced either no or small
peaks and that these peaks produced deviation from linearity
in the calibration curve. Addition of 0.02 mg/l�-tocopherol
to the mobile phase and injection and elution of two 200�l
aliquots of 2000 mg/l�-tocopherol eliminated this problem.
We hypothesized that tocopherols and tocotrienols were ir-
reversibly adsorbed on the silica column. Therefore, block-
ing these sites with tocopherols/and or tocotrienols before
running the samples restores the normal chromatographic
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Fig. 1. Chromatogram of a combined standard solution (upper diagram) and chromatogram of a rice oil extract (lower diagram). Peaks: B, BHT; Is, internal
standard/�-tocopherol acetate; 1,�-tocopherol; 2,�-tocotrienol; 3,�-tocopherol; 4,�-tocopherol; 5,�-tocotrienol; 6,�-tocotrienol; 7,�-tocopherol; 8,
�-tocotrienol.

peak areas[10]. The amount of tocopherol required to block
the extra active sites will vary from column to column. The
procedure can be repeated, however, until consistent peak
areas are obtained for the analyte of interest.

Katsanidis and Addis[6] compared different extraction
methods for Vitamin E in bovine muscle and found that a
non-saponification approach gave the best recovery. This
approach presented an additional advantage in that, unlike
saponification, it does not convert�-tocopherol acetate
to �-tocopherol, and so enabled us to use�-tocopherol
acetate as the internal standard. The extraction method
used in the current study was a modified version of this
non-saponification approach incorporating�-tocopherol ac-
etate (as the internal standard), and BHT to the extracting
solvent (hexane) to protect analytes from oxidation.

�-Tocopherol acetate was used as the internal standard
as it closely resembles the major Vitamin E homolog
(�-tocopherol) in muscle. Contrary to the claims that it has
no fluorescent properties[2], we found that it fluoresced
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adequately for detection as an internal standard. As its signal
was weaker than other tocopherols or tocotrienols, relatively
larger amounts of�-tocopherol acetate were added to both
the combination standard and the samples in order to obtain
comparable peak sizes. BHT and�-tocopherol acetate pro-
duced chromatographic peaks that were well separated from
the other sample peaks. Blank runs of the muscle extracts
showed that BHT and�-tocopherol acetate were absent in
muscle samples. We also confirmed from the blank runs
that the �-tocopherol acetate (internal standard) peak in
particular was clear from any co-eluting substances in the
samples, ensuring high accuracy in the quantification step.

Another precaution to be taken in the analysis of Vitamin
E is that, when fluorescence is used as the mode of detection,
the peak size diminishes with time if the mobile phase is
not adequately degassed. This reduction in fluorescence was
attributed to the quenching of the fluorescence signal by
oxygen[11].

Fig. 1 (upper diagram) shows the chromatogram for the
combined standard. Excellent selectivity and sensitivity were
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Fig. 2. Chromatogram of a typical chicken meat extract (upper diagram) and chromatogram of a chicken meat extract spiked with two tocopherols
and four tocotrienols (lower diagram). Peaks: B, BHT; Is, internal standard/�-tocopherol acetate; 1,�-tocopherol; 2,�-tocotrienol; 4,�-tocopherol; 5,
�-tocotrienol; 6,�-tocotrienol; 8,�-tocotrienol.

achieved for six of the eight homologs present in the com-
bined standard,�-tocopherol acetate, and BHT. As stan-
dards for�-tocopherol and�-tocopherol were not available,
a commercial rice oil extract (50 mg/l solution in hexane)
containing all Vitamin E homologs was chromatographed
in order to test the ability of our chromatographic method
to separate all eight homologs, and the results shown in
Fig. 1(lower diagram). Peaks were identified by spiking the
rice oil extract with individual standards before been chro-
matographed, and by comparison of the order of elution ob-
tained for standards in other studies using similar conditions
for elution [8]. Clearly, the method was capable of separat-
ing all eight homologs.

A typical chromatogram obtained for chicken breast mus-
cle is shown inFig. 2. Only two homologs of Vitamin E
were present in the samples used in our experiment,�-
and �-tocopherol. The other homologs were either absent
or present below the limits of detection. The bottom dia-
gram ofFig. 2 shows a chromatogram obtained for a mus-
cle extract spiked with�-tocopherol,�-tocopherol and all
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four tocotrienols, demonstrating the ability of the method to
separate and quantify all homologs if they were present in
chicken meat. As there were only two homologs present in
our chicken meat samples, recovery studies were performed
only on these homologs. Meat samples were spiked with
standard compounds of these two homologs, then subjected
to the extraction procedure and HPLC separation. The recov-
ery percentages obtained for�- and �-tocopherol were 98
and 93%, respectively. Calibration curves were linear (R2 >

0.99) at least up to 0.5, 0.25 and 0.1�g for �-tocopherol,
�-tocopherol, and the four tocotrienols, respectively. Detec-
tion limits were estimated at a signal to noise ratio of 3:1,
which correspond to 0.73, 0.86, 1.0, 1.2, 1.7 and 1.3 ng
for �-tocopherol,�-tocopherol,�-tocotrienol,�-tocotrienol,
�-tocotrienol and�-tocotrienol, respectively.

4. Conclusion

A simple, robust method was developed for the simultane-
ous determination of tocopherols and tocotrienols in chicken
meat using�-tocopherol acetate as an internal standard. The
importance of column conditioning and mobile phase de-
gassing were emphasized in obtaining consistent, accurate
results for all analytes of interest. This method will assist
scientists interested in obtaining accurate values for all in-
dividual tocopherols and tocotrienols in chicken meat, and
possibly in other animal tissues.
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