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ABSTRACT: A simple, rapid, and direct FTIR spectroscopic
method was developed for the determination of BHT content in
refined, bleached, and deodorized (RBD) palm olein and RBD
palm oil. The method used sodium chloride windows with a 50-
mm transmission path. Fifty stripped oil samples of both RBD
palm olein and RBD palm oil were spiked with known amounts
of BHT concentrations up to 300 mg/kg (ppm). The data were
separated into two sets for calibration and validation using partial
least squares models. FTIR results for both oils correlated well
with results obtained by the IUPAC HPLC-based method. For
RBD palm olein, the coefficient of determination (R?) was 0.9907
and the SE of calibration (SEC) was 8.47 ppm. For RBD palm oil,
an R% of 0.9848 and an SEC of 10.73 ppm were achieved. Be-
cause of the significant decrease in analysis time and reduction
in solvent usage, this FTIR method for BHT is especially well
suited for routine quality control applications in the palm oil in-
dustry.
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Lipid oxidation is one of the processes associated with the de-
terioration of quality in foods, especially in fat products. The
change in quality is manifested by the formation of a number
of volatile secondary products, by adverse changes in physico-
chemical properties, and by the possible production of toxic
compounds (1). Various synthetic and natural antioxidants are
used to prevent or retard lipid oxidation (2). BHT is one of the
most widely used antioxidants in the food industry, especially
for oils and fatty foods. BHT is colorless, odorless, tasteless,
highly active, and inexpensive (3). Noor and Augustin (4) stud-
ied the effectiveness of BHA and BHT in improving the stabil-
ity of banana chips and found that chips fried in refined,
bleached, and deodorized (RBD) olein containing BHA or
BHT were more stable than chips fried in RBD olein without
antioxidants. Generally, BHT can cause some darkening in the
presence of iron, but the degree of change is not a serious issue
(5). However, the uses of BHT in foods are limited for various
reasons, and only a restricted amount is permitted as a food ad-
ditive by international bodies (6).
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Quantitative determination of synthetic phenolic antioxi-
dants is an issue because incomplete extraction of antioxidants
and co-extraction of potentially interfering substances may
occur. For example, Saag (7) found that extraction into aceto-
nitrile was not optimal because BHT recovery was low and
high levels of interfering compounds were co-extracted.

The analysis techniques used for food products are crucial
in food processing, as they enable manufacturing processes to
be adjusted, if needed, while production is underway. FTIR
spectroscopy has come of age in terms of price, performance,
and ease of use (8). However, in complex mixtures, serious
spectral interferences (overlapped signals) may result in non-
linear correlations between the measured signal and the prop-
erty of interest. To circumvent this problem, the application of
multivariate analysis, together with the development of new
methods for rapid acquisition of multisignal spectra, takes full
advantage of the entirety of analytically relevant information
in the FTIR spectra (9). Many authors have used multivariate
regression to develop calibration models based on FTIR.
Mirghani et al. (10) used partial least squares (PLS) to deter-
mine the residual soap in refined vegetable oil. Setiowaty and
Che Man (11) described PLS and principal component regres-
sion to determine the cloud point in palm oil samples. Malaysia
is the leading producer of palm oil and a major exporter of
processed palm oil products. Palm oil is available in crude
form, RBD form, and fractionated form as olein, a mid-frac-
tion, and stearine (12).

The aim of the present study was to develop a rapid FTIR
spectroscopic method combined with PLS regression for analy-
sis of BHT in RBD palm olein and RBD palm oil.

EXPERIMENTAL PROCEDURES

Sample and sample preparation. RBD palm olein and RBD
palm oil, without antioxidants added, were purchased from a
local refinery. BHT (99%) was purchased from Sigma-Aldrich
Chemie (Steinheim, Germany). All reagents were of analytical
grade. To remove the existing tocophorols and tocotrienols in
RBD palm olein and RBD palm oil, the oil was passed three
times through a glass chromatographic column prepared by
modifying AOCS method Cd 20-91 (13). The glass column (21
mm i.d., 450 mm in length; Wilmad-Labglass, Buena, NJ) was
packed with 25 g silica gel 60 (70-230 mesh ASTM; Merck,
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FIG. 1. FTIR spectra of BHT.

Darmstadt, Germany), and 4 g of sand purified by acid (40-100
mesh; BDH, Poole, United Kingdom) was added on the top of
the silica gel packing. The efficiency of this cleanup step was
assessed by HPLC. The total tocopherols and tocotrienols in
RBD palm olein and RBD palm oil were reduced from 447 to
92 ppm and from 416 to 89 ppm, respectively. Samples of
stripped oil were spiked with known amounts of BHT in both
oils to concentrations of up to 300 mg/kg (ppm) and were used
as standards for calibration and validation.

Instrumental analysis. (i) HPLC analysis. HPLC was used
to determine BHT for RBD palm olein and RBD palm oil in
the spiked samples using TUPAC method 2.642 (14). The
stripped oil samples were spiked with known amounts of BHT
to concentrations of up to 300 mg/kg (ppm). The samples (5 g)
were dissolved in 25 mL hexane, and BHT was extracted from
the solution with 150 mL acetonitrile. After evaporating the ex-
tracted fraction to 4 mL, 1 mL acetonitrile and 5 mL iso-

TABLE 1

propanol were added prior to HPLC analysis. An HPLC sys-
tem equipped with a UV-vis detector (SPD-10 AV; Shimadzu,
Tokyo, Japan) was used to measure absorbance at 280 nm, and
the column oven (CTO-10A) was set at 60°C. A column (250
x 4.6 mm) packed with microparticulate spherical silica (5 pum)
bonded with octadecyldimethylsilyl (Merck) was used for the
separation. The mobile phases were solution A (water/acetic
acid, 95:5 vol/vol) and solution B (acetonitrile/acetic acid, 95:5
vol/vol) with a flow rate of 1 mL/min and a linear gradient
(from 30 to 100%) of solution B over 7 min, followed by a 5-
min hold at 100% solution B.

(ii) FTIR analysis. A Perkin-Elmer Spectrum BX (Norwalk,
CT) with a room temperature deuterated triglycine sulfate de-
tector was used for FTIR analysis. Spectral data manipulation
was performed using Perkin-Elmer Spectrum software. The in-
strument was maintained with two automatic dehumidifiers to
minimize interference from water vapor.

Partial Least Squares (PLS) Calibration Statistics for Determining BHT Content in Refined, Bleached,
and Deodorized (RBD) Palm Olein and RBD Palm Oil Using Different Wavelength Regions?

RBD palm olein RBD palm oil

Region no. Wavelength region (cm™ ') R? SEC SEP R? SEC SEP

1 3720-3550 0.9907 8.47 10.63  0.9848 1073  12.92
2 3110-2740 0.3278 5539 6879 02830 53.85  67.62
3 1550-1400 0.5676 5432 70.50 05078 46.13  73.93
4 1275-1063 0.4153  41.53 7536  0.3483 51.34  70.40
1+2 3720-3550 + 3110-2740 0.4172 5838 7122 04154 47.67  66.28
1+3 3720-3550 + 1550-1400 0.8237  33.74 3974 07124 2199  29.76
1+4 3720-3550 + 1275-1063 0.5284  53.84 64.87  0.4629 56.14  64.46

aR?, coefficient of determination; SEC, SE of calibration; SEP, SE of prediction.
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FIG. 2. Calibration plot of the data from the [IUPAC method compared
with the FTIR-predicted partial least squares (PLS) values for 38 sam-
ples of refined, bleached, and deodorized (RBD) palm olein.

Melted drops of each sample were placed between the
sodium chloride (NaCl) windows, and the transmission path
was fixed at 50 mm by adjusting the polytetrafluoroethylene
spacer. The cell was then placed in the cell holder and the sam-
ple was scanned. After each sample was scanned, the NaCl
windows of the transmission cell were rinsed three times with
acetone and then dried with soft tissue in preparation for the
next sample.

Statistical multivariate analysis. All the experiments and
measurements were done in duplicate. Spectral parameters and
data from the IUPAC method were determined, and a spectral
data analysis was conducted using the Nicolet Turbo Quant IR-
Calibration and Prediction package (version 1.1; Nicolet In-
strument Co., Madison, WI).

Calibration development and validation. The two sets of 50
stripped RBD palm olein and RBD palm oil samples were
spiked with known amounts of BHT concentrations up to 300
mg/kg (ppm). Each set of oil samples was divided into two sets,
with 38 samples in each calibration set and the remaining 12
samples in the prediction set.

The correlation between the HPLC results (IUPAC standard
method) and data obtained using the new FTIR method was as-
sessed by PLS. The resulting coefficient of determination (R?)
was then taken as a measure of agreement between the two
methods.

RESULTS AND DISCUSSION

Spectral analysis. Figure 1 illustrates the absorbance spectrum
of BHT. This spectrum shows the dominant spectral features at
3627 cm™! for the band of free hydroxyl, which is sharp and
appears at a position well separated from other absorptions.
Nakanishi and Solomon (15) have reported this single band to
be useful for analysis of the hydroxyl group content. The bands
at 2956 and 2871 cm™! were attributable to asymmetric and
symmetric C-H stretching vibrations of the CH, group (16,17)
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FIG. 3. Calibration plot of the data from the IUPAC method compared
with the FTIR-predicted PLS values for 38 samples of RBD palm oil. For
abbreviations see Figure 2.

and the band at 1432 cm™' was attributable to the methyl bend-
ing vibration (18). The bands at 1230 and 1150 cm”! were at-
tributable to the in-plane —CH of 1,2-substituted phenyl (19),
866 cm™! was attributable to the —CH of p-disubstituted phenyl,
and 769 cm™! was attributable to the out-of-plane —CH and ring
bending (20).

Development of calibration and validation models. The
FTIR spectrum of pure BHT was used to select the spectral re-
gions for analysis. Four spectral regions (3720-3550,
3110-2740, 1550-1400, and 1275-1063 cm_l) were investi-
gated for building the calibration models for BHT determina-
tion. Table 1 presents the results obtained from the PLS cali-
bration in terms of the R2, the SE of calibration (SEC), and the
SE of prediction (SEP) used in choosing the best regions. From
these results, we postulated that the 3720-3550 cm™! region
could be used to develop a calibration model to predict the
BHT content in RBD palm olein and RBD palm oil. The spec-
tral regions (or combinations of spectral regions) that produced
the highest R? value also produced the lowest SEC and SEP
values for both palm oil and palm olein. The influence of inter-
ferences and overlapping of the absorption bands on FTIR
measurement can be minimized by using multicomponent
quantitative analysis such as PLS (21). In PLS, variables that

TABLE 2
Calibrations Statistics for BHT Content from Data Obtained
by the IUPAC Method and FTIR Spectroscopy?

RBD palm olein RBD palm oil

Statistic HPLC FTIR HPLC FTIR
MD, 1.95 0.17 3.21 3.31
SDD, 2.89 0.85 1.01 0.43
Min. value 27.23 25.63 28.16 25.32
Max. value 279.37 273.50 268.24 267.90
MD, 0.55 0.94

SDD,, 0.33 0.69

“MD, mean difference; SDD, SD of difference; r, repeatability; a, accuracy;
for other abbreviation see Table 1. Values are in ppm.
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Calibration and Validation Statistics for BHT in RBD Palm Olein and RBD Palm Oil Determined
by the IUPAC Method and FTIR Spectroscopy Using PLS of the Wavelength Regions 3720-3550 (cm™)?

HPLC method FTIR method
Data set Mean SD CV (%) Mean SD CV (%)
RBD palm olein Calibration 159.61 2.94 1.84 160.16 2.61 1.63
Validation 158.67 5.51 3.47 162.19 3.47 2.14
RBD palm oil Calibration 135.61 2.92 2.15 136.55 3.61 2.64
Validation 145.83 4.96 3.40 137.87 3.90 2.83

?All data were the means of two replicates. Values are in ppm. For abbreviations see Table 1

show a high correlation with the response variables are given
extra weight because they will be more effective at prediction
(22).

Figures 2 and 3 show excellent correlations between FTIR
(using the 3720-3550 cm™! region) and HPLC for RBD palm
olein (R? = 0.9907) and RBD palm oil (R* = 0.9848), respec-
tively. The corresponding R? values for the PLS model predic-
tions for the validation samples with known concentrations
were 0.9879 and 0.9803 for RBD palm olein and RBD palm
oil, respectively.

Table 2 shows the statistical results for the mean difference for
accuracy (MD ), the SD of difference for accuracy (SDD ), the
mean difference for repeatability (MD,), the SD of difference
for repeatability (SDD,) and minimum and maximum values
for the IUPAC and FTIR methods in both RBD palm olein and
RBD palm oil samples. The accuracy was evaluated by the dif-
ference between the MD IUPAC and MD FTIR values (ex-
pressed as MD ), and the SDD IUPAC and SDD FTIR values
(expressed as SDD ). The results suggested good agreement
between the FTIR predictions and IUPAC data for BHT con-
tent in RBD palm olein and RBD palm oil. In most analytical
experiments the accuracy of the results is expressed as the de-
viation from the true value (23).

Table 3 shows the statistical results obtained with the [UPAC
and FTIR methods in terms of the mean, SD for reproducibil-
ity between duplicates (DF = 36), and CV for BHT contents in
both the calibration and validation sets of RBD palm olein and
RBD palm oil samples. For both RBD palm olein and RBD
palm oil, the FTIR spectroscopic analysis gave mean and SD
values (for the calibration and validation data sets) comparable
to those of the IUPAC method. The SD relative to the mean
value for the reference [IUPAC method was expressed as CV
and was used to assess the accuracy of the FTIR calibration and
validation sets, as shown in Table 3.

This study demonstrates that an FTIR spectrometer equipped
with a transmission cell can be used to determine the BHT con-
tent in RBD palm olein and RBD palm oil. The BHT content
in both oils was predicted well from absorbance measurements
over a single spectral region from 3720-3550 cm™!. Because
FTIR allows the analysis to be carried out directly on neat sam-
ples of palm oil without prior extraction, the analysis time is
reduced and the solvent waste disposal problems are mini-
mized.
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