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Abstract

Fourier transform infrared (FTIR) spectroscopy was used to determine B-carotene in refined,
bleached and deodorised (RBD) palm olein. The method used sodium chloride windows with a 50 um
transmission path. Fifty RBD palm olein samples spiked by known amount of standard (95%) B-carotene
to produce a wide range of concentration up to 2,000 ppm were used. The samples were separated into
two groups for the calibration and validation. Partial least square (PLS) calibration models were employed
for predicting the f-carotene content in the FTIR spectral region. It was found that FTIR spectral regions
0f 980-915 cm! (trans =CH region) were the best for determining the B-carotene content with the lowest
SEC (34.01) and SEP (47.19) and high R? values. The accuracy of the method was comparable to that of
the high-performance liquid chromatography (HPLC). FTIR in conjunction with PLS has thus proved to
be a useful analytical tool for simple and rapid determination of B-carotene in RBD palm olein for routine

analysis.
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1. Introduction

One of the major deteriorative reactions of
cooking oil is lipid oxidation. It is well known that
lipid oxidation can lead to changes in functional,
sensory, nutritive values and even the safety of
fried foods. Antioxidants are added to frying oil
to retard lipid oxidation and extend the frying life
of the oil. Appropriate antioxidants that should be
used are determined by various factors including
legislations, effectiveness, safety and cost [1].

Nowadays, commercial red palm olein, which
contains high carotenoids content is available in
the market. Carotenoids have been reported to
play a role as antioxidants in lipid phase [2]. By
far the most common carotenoids that are found
in plant tissue and have been intensively studied
is B-carotene [3, 4]. Food and pharmaceutical
industries are interested in isolating (-carotene
from biological matrices because of its strong
antioxidant and pro-vitamin A activity [5]. It is
recognized that B-carotene is an effective quencher
of singlet oxygen, and hence acts as an antioxidant
by preventing the formation of hydroperoxides in
the presence of singlet oxygen [6]. B-carotene has
also been shown to act as a pro-oxidant during
lipid oxidation, both in the light and in the dark
at higher concentrations [7]. B-carotene content is
normally determined using high performance liquid
chromatography (HPLC), which is unfortunately
time-consuming, expensive and often involves
environmentally unfriendly reagents [8, 9].

Fourier transform infrared (FTIR) spectroscopy
is a very powerful technique for investigating the
structure of food compositions and for monitoring
changes of chemical constituents in food [10].
Mirghani etal. [11], for example, employed a simple
horizontal ATR-FTIR spectroscopic method

for quantitative determination of alflatoxins in

groundnut and groundnut cake using horizontal
ATR. More recently, FTIR spectroscopy has also
been reported as a fast and accurate method to
determine malondialdehyde, which is a secondary
oxidation product, in palm olein system [12],
a-tocopherol in RBD palm olein [13], butylated
hydroxytoluene (BHT) content in RBD palm olein
and RBD palm oil [14]. FTIR spectroscopy is based
on the overall spectrum data to determine the
concentration of a chemical constituent by factoring
the signal of all wavenumbers into a resulting
predictive equation. By balancing the spectral
information and related concentrations, the method
reduces the impact of large but irrelevant variations
in the spectra [15]. However, in complex reaction
mixtures the technique may be impracticable
because serious spectral interferences (or over-
lapped signals) may result in non-linear correlations
[16]. Multivariate analysis such as partial least
square regression analysis (PLS) is required to
discrete wavelengths in a sample spectrum to
construct a linear model that correlates to a particu-
lar analysis concentration [14].

In this study, analysis of B-carotene in RBD
palm olein by FTIR spectroscopy was conducted.
PLS regression analysis was used for statistical data

evaluation.

2. Materials and methods

RBD palm olein with no added antioxidant
was purchased from a local palm oil refinery
(Selangor, Malaysia). B-Carotene (95%) standard
was purchased from Sigma-Aldrich (Selangor,
Malaysia). All reagents were of analytical grade.
RBD palm olein samples were spiked by known
amounts of standard of PB-carotene to concentra-
tions up to 2,000 mg/kg (ppm). Spiked samples

were separated into two groups for the calibration
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and validation models.

3. Instrumental analysis
3.1 HPLC analysis

HPLC was used to determine the B-carotene
content of the spiked samples of RBD palm olein.
The HPLC system is equipped with UV visible
detector (Shimadzu, SPD-10 AV, Kyoto, Japan),
which operated at 446 nm; HPLC pump (LC-10AT);
column oven (CTO-10A) and a TSK gel ODS-80TS
column (4.6 mm ID x 25 cm). Isocratic mode was
used in this study. The mobile phase consisted
of acetonitrile/dichloromethane at 80:20 (v/v).
The mobile phase was filtered through a 0.45 pm
membrane, and degassed ultrasonically prior to its

use. The flow rate of mobile phase was at 1 mL/min.

3.2 FTIR analysis

The instrument used was a Perkin-Elmer
FTIR Spectrum BX (Perkin-Elmer, Norwalk, CT),
with a room temperature deuterated triglycine
sulfate (DTGS) detector. The spectrometer was
connected to a computer running Perkin-Elmer
Spectrum windows software to manipulate the
spectra. The instrument was maintained with two
automatic dehumidifiers to minimize interference
from water vapor.

Each drop of sample was placed between
the sodium chloride (NaCl) windows; the trans-
mission path was fixed at 50 um by adjusting the
polytetrafluoroethylene (PTFE) spacer. The cell was
placed in a cell holder; scanning was then made.
After each sample scanning, the NaCl windows of
the transmission cell were rinsed three times with

acetone and then dried with soft tissue.

3.3 Multivariate statistical analysis

All experiments and measurements were

done in duplicate. The relationships between each
FTIR spectrum parameter and data from HPLC
analysis were determined using Nicolet Turbo
Quant IR-Calibration and Prediction Package,
Version 1.1 (Nicolet Instrument Co., Madison,
WI). Fifty samples were used, with 38 samples in
the calibration set and the remaining 12 samples in
the prediction set. The calibration standards were
designed to obtain the data for the PLS regression,
The HPLC and spectral data were correlated and
correlation coefficients (R?), standard errors of
calibration (SEC) and standard errors of prediction
(SEP) were taken as estimates of the factor scores
which were then used as regressors to model both

the spectral and chemical data.

4. Results and Discussion
4.1 Development of calibration and valida-
tion models
HPLC analysis was used to determine the
initial B-carotene content in oil. The result showed
that no B-carotene was presented in fresh RBD
palm olein from the local palm oil refinery. These
results are in close agreement with those of May
[17], Ammawath and Che Man [18]. The crude palm
oils must have been refined by a physical refining
method, which includes three major processes:
degumming, bleaching and deodorization to remove
undesirable components in which all carotenoids

are destroyed in the refining process [19].

4.2 Spectral analysis
Fifty RBD palm olein samples were spiked
by standard (95%) PB-carotene for the FTIR
calibration and validation. HPLC analysis and the
data were used to estimate the calibration range
up to 2,000 ppm. Figure 1 illustrates FTIR spectra

of standard (95%) B-carotene. Ammawath et al.
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[18] found that the exhibited spectrum peaks of
B-carotene are at 962 cm™! for trans conjugated
alkene -CH=CH- out-of-plane deformation mode
(as quoted in Moh et al. [20] ), 1,033 cm™ for in
plane -CH- (as quoted in Nakanishi and Solomon
[21] ), 1,360 cm™! for splitting due to dimethyl
group 1,445 cm! for CH, scissoring 2,862 cm™ and
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2,922 cm! for asymmetric and symmetric stretching
vibrations of the CH, and CH, as reported by
Guillen and Cabo [22]. The wavelength regions
around the exhibited spectra peaks were used
to build the calibration model for B-carotene

determination.
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Fig. 1 FITR spectra of standard (95 %) B-carotene.
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Fig. 2 FITR spectra; (A) Correlation spectra obtained from a calibration set (B)

Mean spectrum of RBD palm olein sample spiked by standard (95%) B-carotene with different concentrations.

Fig. 2 (A) shows the correlation spectrum,
which is calculated by multiplying the difference
between each standard spectrum and the mean
spectrum at each wavelength by difference between
the corresponding property concentration and the
mean property concentration, and summing overall
the standards. Peaks that do not correlate with
the change in concentration are summed to zero,
producing a spectrum that highlights the peaks
that change with the change in concentration [12].
Fig. 2 (B) shows the mean spectrum of samples
RBD palm olein spiked by standard -carotene with
different concentrations of the calibration set which
were the spectral interferences of complex mixture.
From Fig. 2 (A) and Fig. 2 (B), noticeable dif-

ferences were found in the wavelength region of

980-915 cm™ and correlated well with the change
in B-carotene concentration without interference
from RBD palm olein spectral. Fig. 3 illustrates 5
overlay FTIR absorbance with significant changes
at the region of 980-915 cm™ for RBD palm olein
samples containing different -carotene concentra-
tions.

The absorption changes at 980-915 cm!
as trans =CH stretching band with the changes in
concentration of B-carotene (A) 0 ppm, (B) 500
ppm, (C) 1,000 ppm, (D) 1,500 ppm, (E) 2,000 ppm.
Seven spectral regions 3,050-2,775 cm™!, 1,490-1,406
cm!, 1,406-1,296cm, 1,222-980cm™,980-915cm™,
1,490-1,296 and 1,222-915 were used to build the

calibration models for B-carotene determination.
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Fig. 3 Absorption changes at 980-915 cm™! with different concentrations of B-carotene (ppm)
(A) 0, (B) 500 (C) 1000 (D) 1500 and (G) 2000.

Table 1 Comparison different wavelength regions of FTIR spectra and 3-carotene content from

HPLC analysis for development of calibration model of standard B-carotene content in

RBD palm oleina®
. Standard B-carotene
Region Wavelength
No. Region (cm™)
R? SEC SEP
2 3050-2775 0.1358 491.0 569.6
2 1490-1406 0.5285 401.9 427.8
3 1406-1296 0.3340 445.0 488.1
4 1222-980 0.1484 486.5 600.3
5 980-915 0.9971 34.01 47.19
2+3 1490-1296 0.1347 491.1 562.4
4+5 1222-915 0.1464 487.2 597.2

aR? = Coefficient of determination; SEC = standard errors of calibration; SEP = standard
errors of prediction.
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The calibration standards were designed to
obtain data for the PLS regression. Table 1 shows
the results obtained from the PLS calibration in
terms of the coefficient of determination (R?),
the standard errors of calibration (SEC) and the
standard errors of prediction (SEP) of standard

B-carotene used in choosing the best regions for

2500

2000 -

determining B-carotene in RBD palm olein. It was
found that FTIR spectral regions 980-915 cm™!
(trans =CH region) were the best for determining
standard B-carotene with lowest SEC (34.01) and
SEP (47.19) and highest R? (0.9971). These results
are in close agreement with Moh et al. [20],
Ammawath and Che Man [18].
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Fig. 4 Calibration plot of actual data from HPLC versus PLS FTIR predicted values.

A correlation plot of standard B-carotene
as shown in Fig. 4 presents a correlation plot
established in building the model using region
980-915 cm™! by using the actual data from HPLC
analysis that give the coefficient of determination
(R?) of 0.9971 and the equation of Y = 0.9971x +
3.1639. Fig. 5 shows a validation plot of standard
B-carotene in RBD palm olein with R? of 0.9921
that test the calibration validity. Table 2 compares
these data in terms of mean and standard deviation
(SD) for reproducibility between duplicates of the
HPLC method versus FTIR and the coefficient of

variation (CV) of standard B-carotene content in
RBD palm olein sample sets obtained from both the
calibration and validation models. The mean and SD
of the data obtained from calibration and validation
sets of standard B-carotene by HPLC analysis were
1,077.70, 16.38 and 951.51, 10.63, respectively,
while for the FTIR, the values were 1,076.54, 14.28
and 943.40, 13.73, respectively. The coefficient of
variation (CV) obtained using the PLS statistical
method to predict FTIR results from the HPLC
method were 1.34% and validation sets were
1.46%.
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Fig. 5 Validation plot of actual data from HPLC versus PLS FTIR predicted values.

Table 2 Calibration and validation statistics for standard pB-carotene in RBD palm olein as

determined by HPLC and FTIR spectroscopic method using PLS of wavelength regions

980-915 (cm')"

HPLC FTIR
Data Set
Mean SD CV (%) Mean SD CV (%)
Calibration 1077.70 16.38 1.52 1076.54 14.28 1.34
Validation 951.51 10.63 1.12 943.40 13.73 1.46

The results of statistical analysis (Table 3)
show the assessment of accuracy (MD.), the mean
difference for repeatability (MDx), the standard
deviation of difference for repeatability (SDD;) and
the standard deviation of difference for accuracy
(SDD.) of the HPLC and FTIR methods for deter-

mining standard B-carotene content in RBD palm

olein samples. The MD: value was very low for
HPLC and FTIR methods in standard B-carotene
sample sets, implying that there was little difference
between them in the two series of analyses. The
results in terms of SDD;, SDD, and MD. were also
very low for both FTIR and HPLC methods.
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Table 3 Calibrations statistics of standard p-carotene in RBD palm olein from data

obtained by HPLC and FTIR spectroscopy?

Standard p-carotene
Statistic

HPLC FTIR
MDD, 2.84 1.51
SDD, 3.59 2.81
Min. value 109.51 106.90
Max value 1998.88 2029.00
MD, 1.16
SDD, 0.31

* MD, mean difference; SDD, standard deviation of difference; r, repeability; a, accuracy;
FTIR, Fourier transform infrared spectroscopy; all the data were the means from two

replicates.

5. Conclusion

Predictions of standard (95%) B-carotene in RBD
palm olein were realized by FTIR spectroscopy.
PLS was used to determine B-carotene content with
a good correlation of the FTIR spectral regions
at 980-915 cm!. The accuracy of the method was
comparable to that of HPLC method, with an R’
0f 0.9971 from calibration samples of RBD palm
olein. The analysis is rapid and requires only

minimal sample of less than 1 mL.
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