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Simultaneous HPLC Analysis of a-Tocopherol and Cholesterol
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A method has been developed for simultaneously determining a-tocopherol and cholesterol in fresh
pig meat by HPLC. It allows a reduction in the number of analyses and brings savings in time and
materials. The unsaponifiable fraction is extracted following the modified method of Liu et al. (Liu,
Q.; Scheller, K. K.; Schaefer, D. M. Technical note: A simplified procedure for vitamin E determination
in beef muscle. J. Anim. Sci. 1996, 74, 2406—2410). The modifications introduced are the use of
nitrogen atmosphere during the extraction, the addition of an antioxidant in the organic extraction
phase, and the use of a-tocopherol itself as an internal standard. There is then a chromatographic
analysis which allows the separation of the two compounds in question. To identify and quantify, two
different detectors are used in series: the first is a fluorescence detector (a-tocopherol), and the
second is a light-scattering detector (cholesterol). The technique shows sufficient sensitivity to
determine the normal levels of a-tocopherol and cholesterol in meat, with recovery percentages of
78% and 97%, respectively. The average amount of a-tocopherol and cholesterol in samples from
pig Longissimus dorsi muscle analyzed using this method is 1.8 and 620 mg/kg of fresh meat,
respectively.
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INTRODUCTION oxidation products (COPs), among which the most important
is the temperature. For this reason, it is difficult to avoid its

formation unless the food in question has a very low cholesterol
content or none at alll@). Some authors express the concentra-

Lipid oxidation is considered to be one of the main causes
of deterioration in the sensorial and hygienic quality of meat
(1). The supplementation of animal diet witk-tocopherol ’ ) k ; ; e
acetate reduces lipid oxidation and drip losses and improves!tion of COPs in food according to their relationship with the
the color of the meat2, 3). When administered as part of the initial cholesterol concentratloril3),. making it necessary to
diet, it increases the levels oftocopherol in the meat tissue, know the total cholesterol content in the samples analyzed.
making its antioxidant effect more efficient than with exogenous ~ Both o-tocopherol and cholesterol are components of the
application of the same substandi {To evaluate the usefulness unsaponifiable lipid fraction of meat. There are two alternatives
of this supplement, it is as important to analyze its effect on for extracting this fraction: the first consists of extracting the
the quality of the meat as it is to learn the exact form of the total lipid component, saponifying it and later separating the
a-tocopherol concentration in the muscle tissue. For this reason,unsaponifiable fraction; the second consists of saponifying the
in recent years various methods of analysis have been developedample directly and later extracting the unsaponifiable fraction.
(5—8) among others, applicable to different tissues (muscle, This second option reduces the extent to which the sample is
plasma, kidney, adipose tissue, etc.). handled and as such reduces the oxidation processes related to

At present, studies of lipid oxidation must take into account extraction (14,15). The presence of other compounds in
both the deterioration of sensorial quality and the appearanceimportant amounts such as squalene and 3-methylpentadecane,
of toxic substances. The oxidation process of cholesterol is and also in lower amounts such as 2-methyltridecane and 2,
therefore especially important, since the mutagenic, carcino- 4-dimethylundecane in the extrad8), is a problem in analyzing
genic, and cytotoxic effects of the compounds derived from its g-tocopherol and cholesterol by means of direct measurement.
oxidation have been clearly demonstrat@e-{1). As well as  Those artifacts claim for a chromatographic analysis. Gigsiel
the initial amount of cholesterol, there are numerous external chromatography (GLC) has the limitation of not achieving
factors which can influence the formation of cholesterol enough Separation betweentocophero| and cholesterol in
samples from animal tissue&¢1—19), where the amount of

* Corresponding author. Phone:t 34-968364708. Fax:+ 34— a-tocopherol is much lower than cholesterol. Better resolution
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and cholesterol is faster than GLC analysis. By identifying and
quantifyinga-tocopherol and cholesterol in the extracted fraction
using a fluorescence detector and a light-scattering detector,
respectively, interference with the solvents and other extracted
substances from the sample is avoid@d)(

The objective of this study is to develop a method for the
simultaneous determination aftocopherol and cholesterol in
fresh pig meat. By determining both compounds in one single
process, we will be able to reduce the time taken as well as the
cost of the analysis.

Fluorescence Detector Response
W

I

MATERIALS AND METHODS : : T : y
0 1 2 3 4 5

Below a description is offered of the assays designed to optimize
the extraction process, achieve correct chromatographic resolution, and
evaluate the validity of the modifications proposed by us to the method Figure 1. HPLC chromatogram of a mixture of tocopherols. Chromato-
of Liu et al. (8). graphic conditions: isocratic mobile phase isooctane:tetrahydrofuran (90:

Chemicals. The reagents (analytical grade) and solvents (HPLC 10 vjv); flow rate 1 mL/min. 1. o-tocopherol; 2: y-tocopherol; 3:
grade) used were-tocopherol (Aldrich Chemie GmbH, Steinheim,  4.tocopherol.

Germany), cholesteral-tocopherol acetaté;tocopheroly-tocopherol,
and 5-a-cholestane (Sigma Chemical Co., St. Louis, MO), butylated
hydroxyanisole (BHA) (Acros Organics, Geel, Belgium), ascorbic acid,

Retention time (min)

Modification of the Extraction Method. Assays were made of the
’ ) - effect of using a nitrogen atmosphere, the addition of an antioxidant
_potastsmm hygr?);'di’ g\bsfolute gthr?ncl)l (Pgnrealc, BarSceIc_)na, Spalr])’(BHA) and temperature, both during the extraction process and while
isooctane, and tetrahydrofuran (Scharlau, Barcelona, Spain). the extracts were stored. In addition, the effect of each of these factors
Proposed Modified Method. One gram of meat was weighed and a5 determined both individually and in combination on solutions of
placed in a 15-mL tube with a screw-top. Two hundred fifty milligrams a-tocopherol in isooctane, after 48 h stored in amber vials at
of ascorbic acid and 4g of a-tocopherol were added. Later, 7.3 mL temperatures of 20C, 4 °C, and—20 °C. Finally, a study was made
_of sappnification solution, constituted by 11.5% potassium hydroxide of the possible use af-tocopherol acetater-tocopherols-tocopherol,
in a mixture of absolute ethanol (55% v/v) and water (45% V/v), was  ang 5-g-cholestane as internal standards in the analytical method, by
added. The air was eliminated from the tube by displacement with calculating their recovery rates and repeatability.
n?trogen. It was then shaken so that th_e ascorbic acid was completely  petermination of Recovery. The recovery capacity of the method
dissolved. Next, the tube was placed in a water bath &Ber 15 was determined on three different concentrations of putecopherol
min and shaken. After this period of time, it was cooled on an ice bed 44 cholesterol standards, with and without meat samples. Starting with
and 4 mL of prgvnously_degasmed BHA solutlo_n (0.01%) in isooctane 5 golution of 8 ppr-tocopherol (solution A), and another of 250 ppm
was added. This was vigorously mixed for 2 min and left to settle until cgjesterol (solution B), both in ethanol, to each test tube the following
the separation of phases was observed. An aliquot was filled from the \,q1umes were added: 0.25 mL soln A. 0.5 mL soln B: 0.5 mL soln A
upper phase with Pasteur glass pipets, andl2®as injected into the 0.75 mL soln B: and 1 mL soln A, 1 mL soln B. The extraction was
chromatograph. performed by quadruplicate for each combination under the conditions
Instrumentation. The HPLC system was made up of the follow-  described in the Proposed Modified Method section.
ing: an L-6200 pump (Merck-Hitachi, Darmstadt, Germany); a 360  Repeatability. The repeatability of the extraction procedure, includ-
autosampler and a SFM 25 fluorescence detector both from Kontron jng the proposed modifications, was evaluated by using the average
Instruments (Milano, Italy); and a Sedex 45 light-scattering detector coefficient of variation (CV) of four measurements taken on three mixes
(S. E. D. E. R. E,, Vitry-sur-Seine, France). The other components of g-tocopherol and cholesterol standards (mix A: 2 ppitocopherol,
were a Waters Resolve Guard-Pack Silica precolumn and a Waters125 ppm cholesterol; mix B: 4 ppm-tocopherol, 175 ppm cholesterol;

Resolve sum Spherical Silica column, 3.2 150 mm (Waters, Milford, mix C: 8 ppma-tocopherol, 250 ppm cholesterol) and on samples of
MA). meat added to these three mixes of standards.
Separation and Identification of a-Tocopherol and Cholesterol. Statistical Analysis. For the descriptive and regression statistical

The mobile phase comprised a mix of isooctane and tetrahydrofuran, analyses, the computer program used was SPSS 10.0 for Windows

the following was established: 90:10 v/v for 0.5 min, 85:15 v/v for 3 (SPSS Inc., Chicago, IL). The CV is the ratio standard deviation/average

min, and 70:30 v/v for 1 min, before the program finished with a mix value in percentage.

of 90:10 for 2.5 min. Throughout the process, there was a constant

flow of 1 mL/min. The detection conditions were fluorescence detector RegyLTS

at excitation wavelength of 297 nm and emission wavelength of 321

nm; light-scattering detector at 48, with air as the carrying gas at a Selection of the Mobile PhaseThe assays performed to

pressure of 2.1 bar. optimize the chromatographic method showed that the 90:10
Effect of Mobile Phase Composition.To establish the effect of  V/v mix (isooctane:tetrahydrofuran) achieved the best resolution

the mobile phase composition on separation, different proportional of a-tocopherol (retention time of 2.2 min), managing to

mixes were tried in isocratic conditions, and triplicate injections of separate it from other isomers such ésand y-tocopherol

standard constant concentration were performed (5 ggiotopherol (Figure 1) and even from the BHA used in the extraction (data

and 150 ppm cholesterol). The isooctane:tetrahydrofuran isocratic mixes, ot shown). The same phase achieved complete cholesterol

assayed were 95:5, 90:10, 85:15, 80:20, and 70:30 viv. elution within 5.8 min. These retention times became shorter
Linearity of the Detector Response and Limit of Detection.The when the polarity of the mobile phase was increaseable

range of linear response of each of the detectors and the limit of 1), but using the 70:30 v/v mix other polar compounds extracted

detection as well were established from the preparation of a calibration ,”’ | . . .

curve for each of the compounds-Tocopherol: triplicate standards from 't.he sample eluted, which can |nterfelre W'Fh t.he correct

were prepared between 0.1 and 40 ppnudbcopherol in isooctane, definition of the cholesterol peak. The elutlon with isooctane:

from a solution of 50 ppm. Cholesterol: triplicate standards were t€trahydrofuran 70:30 v/v for 1 min was introduced as a

prepared between 0.25 and 225 ppm of cholesterol in isooctane, fromwashing step. From these results, the gradient described in the
a solution of 250 ppm. Separation and Identification of-Tocopherol and Cholesterol
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Table 1. Effect of Mobile Phase Composition on Retention Time of
a-Tocopherol and Cholesterol

Cayuela et al.

Table 3. Rates of Recovery of o-Tocopherol with and without Added
Muscle

mobile phase? o-tocopherol cholesterol
95:5 3.0 10.4
90:10 22 5.8
85:15 1.9 43
80:20 1.7 33
70:30 15 25

a|spoctane:tetrahydrofuran (v/v). ® Retention time (min).
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Figure 2. HPLC chromatogram of a muscle tissue sample: (—)
fluorescence signal, (--) light-scattering signal. Chromatographic condi-
tions: mobile phase gradient of isooctane:tetrahydrofuran as described
in Materials and Methods; flow rate 1 mL/ min. 1: o-tocopherol; 2:
cholesterol; 3: BHA.

Table 2. Chromatographic Data for Identifying and Quantifying
a-Tocopherol and Cholesterol

o-tocopherol cholesterol
calibration curve Y = 0.000006 X& Y =0.0000 25X
CV retention time (%) 0.8 0.9
regression coefficient (r ) 0.9993 0.9971
retention time (min) 2.2 43

2Y: concentration (ppm), X: chromatographic area (uvolt x s).

section was established, looking for a good chromatographic
resolution of the peaks (a-tocopherol, BHA, and cholesterol)
and a retention time as short as possible. The retention time
obtained with the gradient method were 2.2 min and 4.3 min
(Figure 2) for a-tocopherol and cholesterol, respectively, with

CV below 1% {Table 2). Figure 2 shows a chromatogram of

a sample from pigLongissimus dorsimuscle. The whole

with added muscle without added muscle

av

780
15¢

2ppm 4ppm 8ppm

72 65 67
6.1 5.0 58

av

68°
15¢

2ppm  4ppm 8 ppm

91 74 69
6.0 7.1 4.8

recovery? (%)
CV (%)

2 Average of quadruplicate analyses for different concentrations of a-tocopherol.
b Average recovery of the three concentrations analyzed. ¢ Average CV of 2, 4,
and 8 ppm extracted together.

tion produced a 53% decrease oartocopherol loss, being
greater (92%) when freezing temperatures were used. The
replacement of the air in the headspace of the vial sample by
nitrogen reduced the loss ef-tocopherol in 24% at room
temperature, being greater at refrigeration temperature (78%)
and freezing (58%). The use of BHA yielded similar results. In
the presence of BHAg-tocopherol loss was reduced by 24%
at room temperature, being improved in combination of freezing
conditions (63%) and refrigeration (71%). The use of a nitrogen
atmosphere and BHA in the organic extraction phase had a
marked effect or-tocopherol. The assay on antocopherol
solution reduced the losses after 48 h by 31% at room
temperature and up to 86% at refrigeration temperatures and
88% when frozen.

It was not possible to use any of the substances evaluated
(a-tocopherol acetatey-tocopherol, 5-tocopherol, and 5t
cholestane) as an internal standarel.ocopherol acetate, which
is the derived form ofa-tocopherol used for animal dietary
supplementation, is not extracted in the organic phase.ythe
and o- isomers present a high degree of variability in their
recovery values, with CV of over 20%. Ford<holestane
(retention time of 2.0 min), no chromatographic separation was
achieved, which would allow its identification by means of a
light-scattering detector. This compound does not emit a
fluorescent signal at the excitation and emission wavelengths
used in the determination ef-tocopherol.

Recovery and Repeatability. The average recovery of
o-tocopherol in standards of different concentrations without
added samples of meat was 78% with a CV of 15%T &ble
3, it can be seen that at lower concentrations more recovery is

sachieved (91% for a standard of 2 ppm). The recovery capacity

decreased when a meat sample was added to the standards, going
down to 68% with a CV among all the concentrations assayed
of 15%. The use of a nitrogen atmosphere during extraction,
BHA in the organic phase, and frozen storage of the extracts

chromatographic process lasted 7 min, the time necessary forincreased by 8.3% the-tocopherol recovery. The average
the elution of the two substances under analysis and the'&covery of the different cholesterol standards was 97% (CV

stabilizing of the baseline in the light-scattering detector.

Linearity and Limit of Detection. There is high linearity
of the chromatographic method for the whole rangeneb-
copherol and cholesterol concentrations in meat which are
normally found in the literature. The linear response of the
detectors was found for concentrations up to 50 ppm for
a-tocopherol and 225 ppm for cholesterdiaple 2). The
regression coefficient ff values were 0.9993 far-tocopherol
and 0.9971 for cholesterol, at a significance levePof 0.001.
The limit of detection was found in samples containing 0.1 ppm
of a-tocopherol in isooctane and 0.25 ppm of cholesterol in
isooctane, which corresponds to 0.4 pprmoetfocopherol and
1.0 ppm of cholesterol in a sample of meat.

Modifications of the Extraction Method. The use of low
temperatures increased the recoverggbcopherol. Refrigera-

= 6.1%), the highest recovery being found at the lowest
concentration of those assayedable 4). In the assays
performed with meat samples, an average recovery of 105%
(CV = 3.6%) was achieved.

The repeatability of the chromatographic method in determin-
ing a-tocopherol and cholesterol was high. The CV achieved
was 5.6% (average of 6.1, 5.0, and 5T&ble 3) for o-toco-
pherol in mixtures of standards and meat and 5.9% (average of
7.6, 3.3, and 6.7Table 4) for cholesterol. This method was
used for the simultaneous analysisoefocopherol and choles-
terol in samples ofLongissimus dorsimuscle from twelve
different pigs. The average amountwtocopherol determined
was 1.8 mg/kg of fresh meat (CV of 14%). The amount of
cholesterol determined was 620 mg/kg of fresh meat (CV of
5%).
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Table 4. Rates of Recovery of Cholesterol with and without Muscle

with added muscle without added muscle
100 ppm 150 ppm 200 ppm av 100 ppm 150 ppm 200 ppm av
recovery? (%) 104 110 102 105P 104 95 92 97b
CV (%) 7.6 33 6.7 3.6 4.1 31 6.7 6.1¢

a Average of quadruplicate analyses for different concentrations of cholesterol. ° Average recovery of the three concentrations analyzed. ¢ Average CV of 100, 150, and
200 ppm extracted together.

DISCUSSION To interfere, other compounds present in the sample having the
same fluorescence characteristics should coelute avitbco-

The method described in this study makes it possible to pherol, which is not the cas@1). In the chromatograms shown

quantify theo-tocopherol and cholesterol content in fresh pig

meat in just one analytical process. The extraction technique N Figure 2, there is no overlapping of the signal eftoco-
used is a modification of that of Liu et al8), who in turn pherol, since those are two different chromatograms, those peaks

simplified the method of Arnold et al7}. This consists of a  2€ing around 2 min of retention time, effectively at the same
direct saponification technique without previous fat extraction, time, but not in the same place. Each one is at the respective
thus reducing the duration of the analysis and the oxidation of detector.
the sample (15). The correlation range in the calibration curve standards0.1
By means of the modifications made to the process (the use50 ppm of a-tocopherol and 0.25—225 ppm of cholesterol)
of BHA in the organic solvent and a nitrogen atmosphere during allows to analyze in a range of concentrations from 0.4 to 200
processing), an increase of 5% was achieved in the extractionppm of a-tocopherol (0.4—200 mg-tocopherol/kg of meat)
level of thea-tocopherol standard added to the sample, reaching and from 1 to 900 ppm cholesterol{200 mg cholesterol/kg
68% recovery. The extraction capacity in pure standards (91%) of meat). These ranges are broad enough to be used in fresh
was close to the results presented by Liu et&l.\ho obtained and cooked pig, cow, goat, and poultry meat. For cholesterol,
a level of 94% in the assay prepared withu@ of standard.  no internal estandard was used since it has a high recovery
The differences between extraction capacity in pure standards(around 100%) and a low CV. Both compounds are finally
and in standards added to a sample were around 10%, which isquantified using the respective calibration equation and the
comparable to that described in the original method by Arnold gmount of internal standard employed, if any.
et al. (7). The degree of variation in tletocopherol recovery The amount ofa-tocopherol determined in samples from

capacity (CV= 15%) and the fact that it was |mpossmle to use Longissimus dorsis similar to the values reported by Asghar
another compound as an internal standard obliged the authorset al. @) and Monahan et al2], 0.5 and 3.2 ppm, respectivel
to add a known quantity of-tocopherol to a duplicate of the ’ T £ PP, Tesp Y,

sample to determine how much was recovered. The directin pigs fed with diets supplemented WiFh ;imilar amounts of

saponification method used was shown to be effective for a-tocoph_erol a_cetate._ '_I'he CV reported is similar to that found
extracting cholesterol (close to 100%), as was found by Al- by us u_smg_thls_ mOd'f'ed method. The amount of c_holes_terol
Hasani et al. 14), who obtained a high level of correlation ( determined is within the broad range of values described in the

= 0.9996) between a direct saponification method and the literature (24).

official cholesterol determination metho2l), which was based In conclusion, the analytical method described makes it
on previous extraction of the complete lipid fraction. The possible to determine accuratedytocopherol and cholesterol

a-tocopherol and cholesterol CV obtainéhbles 3and4) were concentrations in meat by using just one analytical process
comparable to those found by Liu et &) @nd Pfalzgraf et al. lasting 7 min. The direct saponification extraction method has
(23). been shown to be efficient in achieving high repeatable recovery

The chromatographic conditions described in the method percentages for both substances. The modifications introduced
made it possible to resolver-tocopherol and cholesterol to the original method brought about an increase in recovery
correctly and quickly from other substances extracted at the samepercentages. The detectors used proved to be sensitive enough
time from the sample, thus reducing the retention time for to identify the concentrations described in the literature for these
a-tocopherol as published by Arnold et a)(who uses a 96:4  substances.

v/v mixture of isooctane:tetrahydrofuran, and by Pfalzgraf et
al. (23) with a mixture of hexane and ethyl acetate (95:5 v/v).
The serial combination of the fluorescence detector and the

light-scattering detector used by us made it possible to identify  BHA: butylated hydroxyanisole; COPs: cholesterol oxidation

a-tocopherol and cholesterol in just one analytical process, asproducts; CV: coefficient of variation; LSD: light-scattering
previously Murphy et al. Z1) had done. These authors used getector.

various detectors placed in series to detect certain compounds
in cell cultivation. Those detectors were sensitive enough to
analyze the concentrations of these substances which are-ITERATURE CITED
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