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D etection of tocopherols in extracts by supercr itical
carbon dioxide with L C/APC M 2
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Abstractt A smple, ecific and sensitive high-performance liquid chromatographic method was developed for the
detem ination and detection of tocopherols in extracts by supercritical carbon dioxide A supercritical carbon dioxide

extraction with cosolvents procedure was used to concentrate tocopherols from the rgpeseed deodorize distillates The

analysesw ere separated on a Zorbax C18 reversed-phase column using 98% methanol asmobilephase, UV detection at 292

nm and o-tocopherol as a standard The calibration graphsof themethodw ere linear. Results by A PCIM S2 experiments

w ere consistent w ith outcomes from theories
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0 Introduction

radical
scavenging antioxidant in lipoproteins and efficiently
interrupt the chain propagation of lipid oxidation'".

D ifferent methodsw ere described in the literature for
detection of tocopherols by gas chromatography-mass
gectrometry (GCM S) aswell as by high-performance
liquid chromatography-mass spectrometry (HPLC-
M S)® ' put these methods were complex and
standards used were various and

Tocopherols function as the major

expensive
Furthemore, noneof thesemethodsw asfor detection
of tocopherols in extraction by supercritical carbon
dioxide with L iquid Chromatography/A tmosheric
Pressure Chemiical lonization-T andom M ass
Spectrometry (LC/A PCIM S2). This report describes
the development of amethod for detection tocopherols
in extracts by supercritical carbon dioxide, follow ed
by reversed-phase (HPL C/A PC M S2).

1 Exper ment

1 1 Cheanicalsand reagents

o-tocopherol was purchased from E M erck
(Gemany). M ethanol and ethanol (HPLC grade)
w ere obtained from fisher W ater w as distillated A Il
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supercritical carbon dioxide extraction experiments
were completed with supercritical fluid-grade carbon
dioxide A Il other reagents were analytical grade
Rapeseed deodorized distillates were kindly supplied
by Hubei Tianyi OilL td
12 Liquid chramatography/atmospheric pressure
chem ical ionization-tandam mass spectrametric (LC/
APCIM 2)

For LC/A PCIM S2 detection, an Agilent (U. S )
M odel 1100 Series separation model was used The
unit contained a cooled autosamplew ith a5 L sample
loop and a degassing unit Instrunent control and
acquisition w ere done by the softwareL OM D A gilent
4 1 The colunn usedwas a Zorbax C18, 421 mm X
50 mm, with 5 um particle packed D etectionsw ere
carried out by measuring the absorbance with diode
array detector. An iscratic mobile phase delivery
systan w as 98% methanol delivered at @ 3mL /min at
room temperaturew ith a total run tme of 10min

Solutions of ortocopherol were prepared by

disolving 30 mg each analyte in 50 mL ethanol

M S was quadropole mass gpectrometer with an
A PCI| ource lonizationw aspositive ion and collision-
induced dissociation (CD). Thus, Total ionschromar
tography (T IC) pem ited coelution of compoundsw ith
different massesor product fragnent such as necess-
ary for quantification of o, S+ ¥ and &tocopherol

The corona discharge electrodewas set to 2 5 kV
and theA PC | probe tenperaturewas 350 . The flow
rate of APCI| heater was set to 4 O L /min and the
tenperature of nebulizer gas (nitrogen) was 300
The sanple oollision voltage was adjusted to @ 9.
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M S2 expermentsw ere carried out when intensity of
target gas reached 2 0 x 10° The range of m/e
(matter/electricity) 100 500w as scanned The dwell
tme for each of the ions was set up 0 20 s
Tooopherols content in samplesw as determ ined from
standard calibration curves, oorrected for
recovery of added octocopherol, which served as an
internal standard
1 3 Sample preparation by supercritical
dioxide extraction

Deodorizer distillates (DD ) oontaining 4% (wt)
tocopherols w ere mixed w ith 3-fold methanol (vAv)
and Q 04% sulfuric acid (W Av). The mixture were
shakened and refluxed in 65 water for 3 h During
reaction, DD were oontinuously shaken A fter
reaction, DD werew ashed to be neutral by 60 70
water, and then held at 4 for 12 h The sterol
mixture in theDD w ere removed by filtration under a
reduced pressure T he sterol-ranoved DD w ere m ixed
with 100% methanol (vAv) and Q 5%
methanol (wAv ), then put into 74 water to be
refluxed for 2 h During reaction, DD were
continuously shaken A fter reaction, DD w erew ashed
to be neutral by 60 70 water, and then held at 4
for 12 h The sterol mixturew ere then removed from
the DD by filtrating under a reduced pressure The
resulting mixture was evegporated under vacuum to
renove methanol and salt lution A fter ramoving
sterols, the esterified DD contained about 5% (wt)
tocopherols

The supercritical fluid extraction (SFE) systeam
used in this study was purchased from Huaan
Supercritical SupplementL td The type isHA 231-50-
025 Thefeaturesof SFE system were asfollowes an
extraction cell and a separator column with four
different temperature levels (2m length, 175 mm. )

The esterified DD w ere put into the extraction cell
A oontinuous flow of CO: was introduced into the
whole supercritical systean. W hen the operating
pressure and teanperature reached planned value and
static extraction wasperformed for 10nin, tocopherol
concentration was started First, fatty acid methyl
ester dissolved by CO:2 under 120bar and 60 in the
extraction cell was separated in the segparator column
under 80 bar and 60 -60 -60 -60 . TheCO:flow
ratewas 15 0 kg/h W hen the weight of fatty acid
methyl ester didn't increased, the pressure of
extraction cell increased to 250bar to oconcentrate
tocopherols The first procedure of SFE was over.
The extraction temperature and the separator column

external

carbon

natrium

temperature were changed to 40 and 40 -55 -
70 -80 (from bottom to top) respectively, w hereas
separator pressure was maintained at 8 O bar

Extraction and separation oonditions were kept
constant throughout the whole experiments The
resulting concentrate contained about 16% (wt)
tocopherols The resulting concentratesw ere collected
and esterified W hen all theworking conditionsof the
second extraction stage were reached, 4% mixed
ethanol (methanol ethanol = 2 1) waspumped into
the extraction cell and mixed with CO2 A fter static
extraction for 15 min, the SFE started The
fractionation w as collected every 10min (number 1, 2,
3) untill thew eight of all collectorsw as increased to
12% (wt) of the esterified DD. The CO:flow ratew as
25 0 kg/h

2 Realtsand discussion

SFE is widely perceived as a technique for the
extraction of low and moderately polar compounds'®.

The calibration curve for HPLC analysis was
obtained by plotting the peak of tocopherols in each
tocopherol analyte versus its concentration The
calibration graph for o-tocopherl was linear from 1 0
to 15 0 wg/mL. The equation, obtained through
regressional analysis of data for the o-tocopherol
standard solutions (each datum is the average of five
detem inations) w as

y = 337187x - 546176 (r= Q 9992)
W here, y ——the peak area of tocopherols x ——the
tocopherol concentration, ug/mL.

From the equations the concentration of the analyte
oould be detemined The precision and accuracy of
the method w ere detemined by preparing pools of o
tocopherol standard <lutions at seven different
concentrations The value for o-tocopherol for each
standard oconcentration were determined by five
repeated analyses The Relative Standard D eviate
(R9D) value the slope was 3 4%. The standard
errors were comprised between 5 6% and 9 7%.
Retention times for o, g+ ¥ and &tocopherolswere
G 484, 5 514 and 4 753 min, resgpectively No
endogenous matrix components were observed near
the retention times corregponding to o, B+ ¥ and &
tocopherols

It noted that A PCl+ typically produces [M + H]"
ions Thus m/e for o-tocopherol, B+ ¥tocopherol
and &tocopherol should be 431, 417 2 and 403 3
regectively in theroy. In fact, weobserved from a, b,
c,dof Fig 1 thatmolecular ion of a-tocopherol, f+ ¥
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tocopherol and &tocopherol in the APCI
regectively generated ions at m /e 431 4, 417 2 and
403 3byM Sand atm/e 43Q 4 and 165 0, 417 3 and
151 0, 403 3 and 137 0 by M S2 Fomation of the

urce
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m/e 430 4 ecies in the APCI urce reflected the
facile one-electron oxidation of octocopherol by the
corona discharge in the A PCI source(Fig 1).
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Fig 1 TIC, M SandM S2 of ocTocopherol Standard(a), ocTocopherol in Sample(b),
B or ¥Tocopherol in Sample(c) and &Tocopherol in Sample(d)

Fomation of m/e 165 0, 151 0 and 137 O secies
reflected the loss of the phytyl chain The results
which we observed were consistent with outcomes
from theories W e used the method to check extracts
from DD with different liquid olvents, i e
methanol, ethanol In addition, fewer number of
interfering compounds in the supercritical carbon
dioxide extracts were found in comparion with the
organic lvent extractsand itw aspossibly due to lack
of the sgponification step. The procedure described
was smple, rapid and accurate and should be of value

for the quantity of tocopherols
supercritical carbon dioxide

in extracts by
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