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Abstract

Palm oil has been known to be the richest source of tocotrienols, a compound belonging to the vitamin E family.
Besides tocotrienol, other tocols that are present in palm oil includes the tocopherol and tocomonoenol (a-T, a-T1, a-
T3, B-T3, y-T3, and &-T3). The tocols are much sought after natural products due to their powerful antioxidative and
anticancer properties. However, analysis of the tocols have always been a subject of debate due to discrepancy in
techniques, instrumentations, reference materials for calibration as well as the baseline separation of all tocols
components in the oil. This paper reports on a comprehensive normal phase chromatographic method using high
performance liquid chromatography (HPLC) that is able to separate all the tocols in palm oil to baseline resolution
with good repeatability where the presence of a-T1 is reported and accounted for. Results from inter laboratory
crosscheck proved that the method is robust, repeatable and reliable.

Keywords: HPLC; Palm; Tocomonoenol; Tocopherol; Tocotrienol;
Vitamin E

Introduction

Vitamin E, also known as tocols is classified into two major
homologues series, the tocopherols and tocotrienols. Each of these
homologues consists of the a-, B-, y- and 8- isoforms (Figure 1). While
tocopherols are more commonly found in natural plants, the
availability of tocotrienols is more limited. Studies have found that
both tocopherols and tocotrienols are present in palm oil [1,2]. In fact,
palm oil is known to contain highest amount of natural tocotrienols
[3,4]. The amount of tocopherols and tocotrienols in crude palm oil
(CPO), the oil obtained upon pressing of the palm fruits, range from
700-1000 ppm [3-5]. Earlier studies documented that palm tocols
consist of a-tocopherol (a-T), a-tocotrienol (a-T3), y- tocopherol (y-
T), y-tocotrienol (y-T3) and §-tocotrienol (56-T3). Studies in later years
reported the presence of a-tocomonoenol (a-T1) in palm oil [5-7].

Tocopherols and tocotrienols in particular, have received vast
amount of attention in recent years due to their health benefits. Studies
have indicated that the tocotrienols exhibit superior antioxidative and
anticancer properties [8-10]. The palm tocotrienols have also been
found to provide protection against neuro degenerative diseases and
cardiovascular diseases [11,12]. The palm tocotrienols have been
product of interest in recent years for applications in various industries
such as nutraceuticals, pharmaceuticals, cosmeceuticals, etc., The
demand for tocols, especially tocotrienols has increased tremendously
in recent years. As the tocotrienols is of much higher value than other
tocols, accurate analysis is needed to ensure that the analytical results
reflect the true concentration of the tocols in the products as well as
ensuring that the analysis can be replicated at other laboratories
yielding the same results.

Analysis of both tocopherols and tocotrienols using normal phase
high performance liquid chromatography (HPLC) as well as

supercritical fluid chromatography (SFC) have been reported in the
past [13-16]. Ng et al. and Choo et al. reported a method for the
analysis of palm tocopherols and tocotrienols using SFC [3,17]. Ong et
al. on the other hand reported a comprehensive analysis of tocopherols
and tocotrienols in blood serum [18].

Analysis of vitamin E in a wide variety of food and non-food
sources using normal phase liquid chromatography coupled with UV,
fluorescence and electrochromatography have also been documented
in the past [19-22]. Although chromatographic analysis methods have
been documented, nevertheless, the analysis result of tocopherols and
tocotrienols have often raised trade disputes.

The Malaysian Palm Oil Board (MPOB), being the research agency
that oversees the research activities related to palm oil and oil palm in
Malaysia, has received many reports from tocols traders and producers
on the discrepancy in tocols analysis. Analysis carried out using
published and in-house methods adopted by these laboratories often
failed to be replicated, resulting in disputes on the final volume and
sales price of the tocols.

The tocols are highly potent antioxidative compounds and thus, are
easily susceptible to oxidation or degradation, especially after they are
dissolved in solvents for HPLC analysis. The use of individual
standards for the analysis of the a-, B-, y- and &-tocotrienols, as
opposed to using only a-T as reference material also left room for
argument. The question on the concentration of the standards were
often raised as the tocotrienols, especially &-tocotrienol is easily
susceptible to oxidation. The scarcity of tocotrienols and
tocomonoenol standards also contributed to the difficulty in analysis
and calibrations.

While there is not much of a problem to source for individual
tocotrienols reference material for research which is often a one-off
affair, the need for such on a long term, day-to-day basis in trade or
production laboratories incurred much cost and waiting. Official
AOCS method recommended the use of a-tocopherol as reference in
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the absence of the tocotrienols standards, which is a common practice
[23]. However, this also raised concern as studies in the past has
reported on the discrepancy in results when only a-tocopherol is used
for calibration as opposed to the use of individual tocols [5]. In
addition, the concentration of a-tocomonoenol is never reported
although its presence is quite significant in palm oil.
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Figure 1: Molecular structures of tocols in palm oil.

Till date, there is no reliable official method and authentic standards
for such analysis. The American Oil Chemist’s Society (AOCS) has
documented a normal phase chromatographic method for the analysis
of tocopherols and tocotrienols, however, the method is deemed useful
only when the standards for all the individual tocopherols and
tocotrienols are available for calibration. In addition, there are also

many complaints among tocols traders and producers that available
chromatographic methods are not repeatable when crosschecked in
different laboratories.

The present paper reports on a robust, repeatable and reliable
normal phase chromatographic method for baseline separation of all
tocopherols, tocomonoenol and tocotrienols in palm oil and / or palm-
based products.

Materials and Methods

Materials

All solvents (hexane, heptane, ethyl acetate and methanol) used
were of chromatographic grades purchased from Merck (Darmstadt,
Germany). Tocotrienols standards (>97% purity) were purchased from
Davos Life Sciences Pte. Ltd. (Singapore). Tocols rich fraction (TRE
CAS number 6829-55-6), which is a concentrated tocols product of
palm origin, containing no less than 50% mixed tocols, was obtained
from Carotino (Malaysia).

Preparation of tocols standards stock solution

10 mg a-tocopherol standard were weighed and transferred to a 100
mL volumetric flask, thereafter making up the volume to the mark
with hexane. The same procedure is repeated for all other tocols
standards. Another set of standards were prepared in similar manner
by substituting hexane with heptane as the dissolving solvent.

Determination of concentration of tocols standards

Determination of the concentration of tocols standards were carried
out by manner outlined in AOCS method (23). 10 mL of the a-
tocopherol standard stock solution was transferred to a 50 mL round
bottom flask and the hexane removed by rotary evaporator at
temperature less than 40°C. The content of the flask was then
transferred to a 10 mL volumetric flask, making up the volume with
methanol.

The UV absorbance of the a-tocopherol methanolic solution was
measured at 292 nm. The concentration of a-tocopherol was
determined by dividing the absorbance value obtained by its E value
(1%/1 cm). Similar procedure is repeated for all other tocols standards.
The E values for each corresponding tocols are as shown in Table 1.
The concentration of the tocols standard determined in this manner is
used for calibration of the palm TRF standards and the secondary
standard.

Tocols Absorbance measured at| E Values (1%/1 cm)
(nm)

a-tocopherol/tocotrienol | 292 0.0076

B-tocopherol/tocotrienol | 296 0.0089

y-tocopherol/tocotrienol | 298 0.0091

O-tocopherol/tocotrienol | 298 0.0087

Table 1: E Values of Corresponding Tocopherols and Tocotrienols.
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Chromatography analysis of palm tocopherols,
tocomonoenol and tocotrienols

TRF was weighed and prepared into various concentrations, ranging
from 0.0006-3 mg/mL by serial dilutions using n-heptane as the
dissolving solvent. The samples prepared were then injected into a
Waters 2695 Separations Module, coupled with a 2475 FLR Dectector.
Column used was Phenom@nex Luna II silica column, 4.6 mm L.D. x
250 mm length, 5 um, 100 A. Chromatography were carried out under
condition: n-heptane: ethyl acetate (94: 6 v/v), flowrate 0.6 mL/min.
The excitation and emission of fluorescence detector were set at 295
and 325 nm respectively.

Plot of peak area against concentration of samples (w/v) was used to
determine the linear range. Limit of detection (LOD) and limit of
quantitation (LOQ) were determined by the concentrations at the
signal to noise (S/N) ratio of 3 and 10 respectively.

Concentrations of tocols in the samples were determined using the
tocols standards prepared and calibrated earlier.

Interlaboratory cross check

A secondary standard containing the mixture a-T, a-T1, a-T3, y-T,
y-T3 and 6-T3 was derived from crude palm oil using heptane. The
concentration of each tocol in the mixture is calibrated using the
individual tocol standards.

Interlaboratory cross check of the HPLC method was carried out by
7 independent laboratories by using the same samples,
chromatographic conditions, solvent system and secondary standard,
leaving the variations in the crosscheck to be the make of HPLC
system and column. The results from the crosscheck were reported as
Z-score or performance index of each laboratory.

The performance index represented by standard score (Z-score) of
each laboratory was calculated with the formula:

A — Median
IQR

Z — score =
Where,
A=mean of measurement results from individual laboratory.
Median=middle value of the group.

IQR=Interquartile range.

The Z-score magnitude (laboratory performance) is interpreted as:
|Z] < 1 = Good.

|Z] < 2 = Satisfactory.

2<|Z| < 3 = Questionable.

|Z] > 3 = Unsatisfactory.

Results

Determination of concentration of tocols standards

The Amax obtained in this study for each individual tocotrienols are
depicted in Table 2. The Amax obtained are similar to those described
in AOCS Method Ce 8-89. This confirms that the divisor factor, or the
E values (1%/1 cm) used for the calculation of tocols concentration as
outlined by AOCS Method Ce 8-89 are accurate for both tocopherols
and tocotrienols

Page 3 of 6
Tocols Amax (nm)1 Amax (nm)2
a - Tocotrienol 292 291
B - Tocotrienol 296 296
y - Tocotrienol 298 298
6 - Tocotrienol 298 298

Table 2: A\max of Individual Tocotrienols, 1-AOCS method; 2-This
study.

Normal phase chromatographic analysis of tocopherols and
tocotrienols

The chromatogram for the separation of TRF is depicted in Figure 2.
The elution of the tocols in TRF of palm origin followed the order of a-
T, a-T1, a-T3, B-T3, y-T3 and last of all, the 6-T3. The whole elution
took a little more than 40 minutes to be completed. Previous studies
more often than not, did not report on the occurrence of the a-T1 as it
always co-elutes with a-T. Some studies did report on the presence of
a-T1, but with poor resolution from a-T. The present method
successfully separated the a-T and a-T1 with good resolution (>2).
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Figure 2: Chromatogram of the tocols separation in palm tocols rich
fraction (TRF), Retention time: a-tocopherol (13.2), a-
tocomonoenol (13.9), a-tocotrienol (15.6), B-tocotrienol (23.2), y-
tocotrienol (27.1), § -tocotrienol (39.1).

The linear regression coefficient for a-T, a-T3 and y-T3 exceeded
0.999 while its value for a-T1, B-T3 and 8-T3 are 0.9918, 0.9927 and
0.9974 respectively (Table 3). The LOD and LOQ of a-T of this study
(2.96 and 9.86 mg/mL respectively) are significantly lower than
previous studies (14,24).

Signal to| Correlation Limit  of Limit of
Noise Coefficient Detection | Quantitation

a-T 3.6365 0.9992 2.96 9.86

a-T1 | 2.8485 0.9918 0.48 10.58

a-T3 | 3.0842 0.999 3.18 42.35

b-T3 | 3.969 0.9927 0.13 1.73

g-T3 | 3.5927 0.999 24 32.03

d-T3 | 4.9505 0.9974 1.03 13.8

Table 3: Signal to Noise, LOD & LOQ of Individual Tocols.
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The peak area versus concentration of the tocols are depicted in
Figure 3. Linear range of individual tocols for the said method are
depicted in Figures 4-9.
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Figure 8: Concentration of individual vs concentration of sample for
y-T3 in which its linear range can be deduced.
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Figure 9: Concentration of individual vs concentration of sample for
6-T3 in which its linear range can be deduced.

Interlaboratory cross check

Interlaboratory crosscheck offers insight into the robustness and
adaptability of the chromatographic method across various brands of
HPLC systems as well as column. Table 4 depicts the z score of the
analytical results on the same sample obtained from seven laboratories.

Lab Code SampleA
P1 1.59

P2 0.74

P3 0.08

P4 0

P5 0.06

P6 1.13

P7 0.15

Table 4: Z Score of Interlaboratory Cross Check, Indication of Z-score,
[Z|<1=Good; [Z] < 2=Satisfactory; 2</Z/<3=Questionable; [Z] =
3=Unsatisfactory:

The performance of five laboratories is ‘good;, while performance
from the remaining two laboratories are ‘satisfactory. Overall, the
crosscheck proved that the normal phase chromatography method in
the present study can be replicated.

Discussion

Determination of concentration of tocols standards

AOCS method Ce 8-89 outlined that the wavelengths where
maximum UV is absorbed (Amax) for tocopherol can be used for their
respective tocotrienol, despite the difference in their molecular
formula and structure. However, there was still concern that the
tocotrienols may not absorb maximum UV at the same wavelengths as
the tocopherols due to the difference in their response in UV. As the
divisor factor used for the determination of tocols concentration is
derived from E values (1%/1 cm) of the respective tocols, which in
turn, is different at different wavelengths, it is thus important to
ascertain that the correct Amax and E values are observed and used.
For example, the E values (1%/ 1cm) of a-T in methanolic solution is
76 at 292 nm. Thus, a 1 mg/mL a-T solution will have an absorbance
of 0.0076 at 292 nm. Using the correct E values is important for
accurate calculation of the tocols’ concentrations.

As depicted in Table 2, there is only a slight deviation ( + 1 nm) for
the Amax of a-T3 as opposed to the literature. As such, the \max and E
values of individual tocopherols can be used for individual tocotrienols
as well. UV spectroscopy was used to only determine the maximum
absorption value of the tocols for calculation of standards
concentrations and not as the detection of tocols from the HPLC as
fluorescence detection in HPLC is a better detector choice for the
tocols. Fluorescence detector offers higher sensitivity where tocols is
concern.

Chromatography analysis of tocopherols and tocotrienols

The similarity in the core chromanol ring structure of the vitamin E
(tocopherols, tocomonoenol and tocotrienols) rendered these
compounds to have very similar chromatographic characteristic. It was
a challenge to separate these compounds into baseline resolution. This
was the reason the presence of a-T1 in palm oil was not reported as it
co-eluted with other tocols. The amount of a-T1 has been reported to
be ca.2% of total tocols present in palm oil. The amount seemed
insignificant in the crude palm oil (CPO) itself where the total tocols
concentration is only about 700-1000 ppm. However, its concentration
is greatly enhanced and concentrated in other palm based downstream
products. A 50% mixed TRF for example, contains as much as 18,000
ppm of a-T1 and thus the financial implication is large. As such, it is
important for the a-T1 to be analyzed and reported. Presence of a-T1
in palm oil was reported in recent studies by other means of analysis
such as countercurrent and reversed phase chromatography [6,7]. In
terms of normal phase chromatography, where the official test methods
for vitamin E analysis (AOCS Ce 8-89, ISO 9936 and IUPAC2.432)
failed to resolve the a-T, a-T1 and a-T3 peaks, the present method can
achieve that.

Statistical analysis revealed that the correlation coefficient is lowest
for a-T1 (0.9918) and highest for a-T (0.9992). B-T3 has the lowest
LOD and LOQ at 0.13 mg/mL and 1.73 mg/mL respectively while the
LOD and LOQ for a-T3 were highest at 3.18 mg/mL and 42.35 mg/mL
respectively. These values are significantly lower than previous reports
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(14,24). This shows that the present method can analyse the tocols
more accurately.

The linear range for the individual tocols can be deduced from
Figure 4-9.

The amount of palm tocols varies from as little as 700 ppm to
900,000 ppm, depending on the sources. The crude palm oil (CPO)
contains 700 - 1,000 ppm tocols, while its amount is much higher in
the TRE As such, there is no one universal linear range for all sources
that is suited for the analysis of tocols by HPLC. The linear range
reported in this study (0.52-2.10 mg/mL), is only applicable to sources
containing more than 500,000 ppm tocols. As such, as a rule of thumb,
a generally accepted analysis of the palm tocols must fulfill the
following 1) resolution of more than 2 for all compounds, (2) presence
of a-T1 is reported and 3) the LOD and LOQ is fulfilled.

Interlaboratory cross check

Results from the interlaboratory crosscheck revealed that the Z-
score for each tocol to be <1. Amount of individual tocols and total
tocols as calibrated using the secondary standard was in good
agreement between the laboratories. Presence of a-T1 was reported by
all laboratories and the resolution of all the peaks are >2. This shows
that the method is repeatable, and the secondary standard is sufficient
for the determination of the tocols in palm without the need for the
individual standards in every analysis. However, the content of the
secondary standard should be calibrated against the individual
standards from time to time to ensure its quality.
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