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ABSTRACT: Fourier transform infrared (FTIR) spectroscopy
with transmission cell is described to predict anisidine value of
palm olein. The calibration set was prepared by mixing the ther-
mally oxidized palm olein and the unoxidized palm olein with
certain ratios (w/w) covering a wide range of anisidine values.
A partial least square (PLS) regression technique was employed
to construct a calibration model. This model was further accom-
plished by a validation step. The standard error of prediction
found was 0.51. The precision of this method was shown to be
comparable to the accuracy of the American Oil Chemists’ So-
ciety method used for measurement of anisidine value, with co-
efficient of determination (R?) of 0.99. The study showed that
mid-band FTIR spectroscopy combined with a PLS calibration
technique is a versatile, efficient, and accurate technique for
the estimation of anisidine value of palm olein within about 2
min with less than 2 mL of sample.
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Several studies have attempted to measure the amounts of
carbonyls produced by the decomposition of fatty acid hy-
droperoxides. The major volatile carbonyls formed in the au-
toxidation of edible oils are saturated and unsaturated aldehy-
des ranging in number of carbon atoms from 3 to 10. Al-
though these volatile compounds are formed as relatively
minor autoxidation products, they are the most important con-
tributors to rancid and unpleasant flavors in oxidized oils (1).
Therefore, the determination of aldehyde content is important
in judging the quality of oils, and a variety of methods are
available.

Several studies attempted to measure the amounts of car-
bonyls. Many were based on the colorimetric method (2—4).
Others were based on gas chromatography of volatiles pro-
duced (5,6). Measurement of the ultraweak chemilumines-
cence which accompanies autoxidation was reported to be a
potentially useful method (7). A simple spectrophotometric
method for determination of volatile carbonyl compounds in
edible oils was also reported (8). An attempt was also carried
out to measure the monocarbonyl compounds from catalytic
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decomposition of autoxidized unsaturated fatty acid esters by
using thin-layer chromatography (9). The thiobarbituric acid
value (10) and anisidine value (11,12) are also used to deter-
mine secondary oxidation products formed from peroxides.
Anisidine value is a combined measure of mostly 2-alkenals,
2,4-dienals and, to a more limited degree, saturated aldehydes.
None of the methods mentioned above alone fulfills the
criteria for a simple test for rancidity assessment, and the
search for an alternative analysis is thus important. Recently,
Dubois et al. (13) reported application of Fourier transform
infrared (FTIR) spectroscopy to determine anisidine value in
thermally stressed oils. This method was reported to be a very
useful method for prediction of anisidine value of oils. In the
present study, the FTIR method is established for replacing
the common, laborious wet-chemical method to determine
anisidine value of palm olein, thus minimizing the environ-
mental concern associated with the use of organic reagents.

MATERIALS AND METHODS

Sample and sample preparation. All reagents were of analyt-
ical grade. Palm olein was purchased from a local refinery.
Twenty calibration and 10 validation samples were derived
from the blends of thermally oxidized and unoxidized palm
olein. The calibration and validation samples were prepared
by oxidation of palm olein samples in the oven at 120°C for 6
d. The anisidine value determination of these samples was
carried out to monitor the extent of secondary oxidative prod-
ucts daily. These thermally oxidized palm olein samples were
blended with fresh palm olein in certain ratios (w/w) to cover
arange of anisidine value of samples.

Chemical analyses. The calibration samples were analyzed
in duplicate for anisidine value using the spectrophotometric
technique, as described by an AOCS method (12).

FTIR scanning and calibration. A few drops of each stan-
dard was sandwiched between sodium chloride (NaCl) win-
dows that are the parts of the demountable cells. A polytetra-
fluoroethylene spacer was placed between the windows to give
a fixed pathlength of 0.2 cm. The cells were mounted in a cell
holder in the FTIR spectrometer, and the scanning of each
sample was carried out. Prior to scanning each sample, the
NaCl windows were taken apart and rinsed three times with
acetone to remove the oil sample and wiped with a soft tissue.
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Samples were scanned using a Perkin-Elmer 1600 series
FTIR spectrometer (Perkin-Elmer Corporation, Norwalk,
CT) with a deuterated triglycine sulfate detector connected
to a Perkin-Elmer model 7300 professional computer. In-
frared Data System (IRDM) software was used during FTIR
data collection. To minimize water vapor interference, the
instrument was maintained with two automatic dehumidi-
fiers.

FTIR data were collected from 16 scans at a resolution of
8 cm™! and a gain of 2.0 and strong apodization throughout
the region 4000 to 400 cm™'. These spectra were ratioed
against background air spectrum. The background single
beam spectrum of the air was recorded by 32 scans at 8 cm™'
resolution after the standards. All samples were scanned in
duplicate. The spectra were recorded as absorbance values at
each data point.

The software program Nicolet Turbo Quant IR-Calibra-
tion and Prediction Package version 1.1 (Nicolet Instrument
Co., Madison, WI) was used to construct a model of entire
samples for calibration development. A partial least square
(PLS) approach was developed for mathematical treatments
of FTIR data.

The adequacy of the FTIR calibration was first assessed on
the goodness of fit between chemical data and FTIR predic-
tions of anisidine value on the 20 samples used during the cal-
ibration process. For PLS equation the assessment of accu-
racy was based on the standard error (SE) and the coefficient
of determination (R?) (13).

Model validation. The validation procedure was used to
test the calibration model, and the accuracy of the equation
was assessed according to the standard error of performance
(SEP) and R?. The validation step was further investigated by
using the mean difference and standard deviation of the dif-
ference (SDD) for reproducibility and accuracy between the
predicted and chemical anisidine values.

RESULTS AND DISCUSSION

Anisidine value measured by the reference method. The range
of means of duplicates of anisidine values of palm olein sam-
ples for the calibration and validation data sets were from
0.133 to 17.097 and from 1.000 to 15.300, respectively. The
means and standard deviations of anisidine values of calibra-
tion and validation data sets are presented in Table 1.

The absorption bands of aldehydes. The identification of
aldehydes can usually be confirmed by a study of the C-H
stretching frequency of the aldehydic group. By virtue of the
strong influence of the carbonyl oxygen, this C-H frequency
is virtually independent of the rest of the molecule, and is
therefore highly characteristic. It is to be expected that alde-
hydes will show a characteristic absorption in this region aris-
ing from the valence vibration of the hydrogen atom attached
to the carbonyl group (14). Colthup in Bellamy (14) quotes
the range 2900-2700 cm™! for this vibration for all types of
aldehydes. Pozefsky and Coggeshall in Bellamy (14) and
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TABLE 1
Calibration and Validation Statistics for Anisidine Value Prediction by
the AOCS Method?

Data set Mean SD
Calibration 8.684 5.072
Validation 8.288 4.771

FAOCS, American Oil Chemists’ Society; SD, standard deviation.

Nakanishi (15) found two bands in this region which were
near 2720/2730 cm™! and 2820 cm™!, respectively. Dubois et
al. (13) give the range 2820-2700 cm™! for the C-H stretch-
ing region for saturated aldehydes. Further, they imply that
the carbonyl (C=0) of saturated aldehydes has the absorption
peak at 1727 cm™'. However, this wavelength cannot be ap-
plied to measure saturated aldehydes because the C=0 ab-
sorption area of saturated aldehydes is obscured by an appar-
ent broadening of the triglyceride ester linkage absorption
(1748 cm™"). The broadening of the triglyceride ester linkage
is due to hydrogen bonding of alcohols and hydroperoxides
(other secondary oxidative products) with the C=0 groups of
triglyceride ester. Thus, the C=0 frequency is not a practical
and useful means for measurement of saturated aldehydes.

Unsaturated aldehydes with the double bond in the o~ po-
sition show a fall in the carbonyl frequency and absorb in the
range 1705-1685 cm™! (14). Dubois et al. (13) found the
peaks of C=0 of hexenal and decadienal at 1697 and 1689
cm™!, respectively. Subsequent experimentation by using oxi-
dized canola oil showed a shoulder developing between 1705
and 1680 cm™! as the result of the formation of unsaturated
aldehydes.

Figure 1 illustrates the mean spectrum of the oxidized
palm olein. It can be pointed out that the C-H stretching ab-
sorption region of the aldehydes at 2820 cm™! is overlaid by
the CH, symmetric stretching region of palm olein at 2850
cm™! (16). A broad band of C-H stretching absorption appears
at around 2730 cm™". In the C=0 region of unsaturated alde-
hydes (1705-1680 cm™"), there is no absorption peak. This
may be due to absence of unsaturated aldehydes being formed
by oxidation of palm olein samples. Another possibility may
be a little formation of unsaturated aldehydes in palm olein
that gave weak intensity. Because this region was near the
C=0 absorption of triglyceride ester linkage (strong inten-
sity), the C=0 band of unsaturated aldehydes was obscured
by the C=0 of triglyceride ester.

Selection of the optimal region for anisidine value predic-
tion. Figures 2 and 3 show the correlation spectra between
2800 and 2600 cm™! and between 1750 and 1600 cm_l, cor-
responding to the saturated and unsaturated aldehyde absorp-
tion regions, respectively. The correlation spectra presented
show that there was a mathematical correlation between spec-
tral changes with changes in the anisidine values as described
by Fuller et al. (17). For these two regions, it appears that
there is correlation between these regions and anisidine val-
ues obtained from the chemical method (12).
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FIG. 1. Mean spectrum of calibration set.

Based on this investigation, we decided to use the regions
2747-2619 and 1715-1673 cm™" individually and simultane-
ously to develop the calibration model for prediction of anis-
idine value of palm olein samples. Table 2 shows the results
obtained from the PLS calibration in terms of R* and SE used
in choosing the best region for determining anisidine values
of palm olein.

Expanded FTIR calibration model for predicting anisidine
value. An FTIR calibration model was obtained using the two
wavelength regions described before and PLS for the predic-
tion of anisidine value in palm olein samples. Using the cali-
bration data set, the SE for the model was 0.24 and R%0.996.
A good linear regression of chemically-determined anisidine
value against FTIR-predicted anisidine value was obtained
(y = 1.0033x — 0.0577) that gave an intercept and slope not
significantly different from 0.0 and 1.0, respectively (P > 0.05)
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(Fig. 4). Expressing SE of an FTIR calibration relative to the
mean value of the reference analyses (covariance, CV) is a
method of describing the accuracy of the FTIR calibration.
Clark et al. (18) suggested that a CV less than 20% is accept-
able for most analytical purposes. The CV of the equation we
developed to predict anisidine value in palm olein was around
2.8%.

When the validation data set predicted with the calibration
model, the SEP was 0.51, the R? was 0.990, and the mean dif-
ference and SDD for accuracy were 0.0864 and —0.0997, re-
spectively. The intercept and slope of the linear regression
line (Fig. 5), plotting chemically determined vs. FTIR-pre-
dicted anisidine value for the validation samples (y = 1.0157x
—0.2162), were not significantly different from 0.0 and 1.0,
respectively (P > 0.05). Table 3 compares these data in terms
of MD, and SDD, for reproducibility between duplicates of
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FIG. 2. Correlation spectrum at 2760-2600 cm™" obtained from the calibration standards.
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FIG. 3. Correlation spectrum at 1750-1600 cm™" obtained from the calibration standards.

the chemical and FTIR results. In terms of reproducibility,
both the chemical and FTIR results have comparable mean
differences and standard deviations.

From the result in this study, we concluded that FTIR spec-
troscopy can be used to develop an equation to predict anis-
idine value in palm olein with satisfactory accuracy when
anisidine value is no greater than 17. The use of FTIR spec-
troscopy to predict anisidine value in palm olein will allow
more rapid determination than can be achieved using the
chemical method.
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TABLE 2
Effect of Different Wavelength Regions in Development
of the Calibration Model in RBD Palm Olein Samples?

Wavelength region (cm™) R? SE
1715-1673 0.985 0.61
2747-2619 0.873 1.77

1715-1673, 2747-2619 0.996 0.24

aRBD, refined-bleached-deodorized; R?, coefficient of determination; SE,
standard error.

TABLE 3

Statistical Comparison of Anisidine Value of Blends of Oxidized and
Unoxidized RBD Palm Olein Obtained by AOCS Reference and FTIR
Methods?

Statistic AOCS Method FTIR method
MD, -0.1721 -0.1014
SDD, 0.1338 0.1011

FFTIR, Fourier transform infrared spectroscopy, MD, mean difference; SDD,
standard deviation difference; r, reproducibility. See Table 1 for other ab-
breviation.
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FIG. 4. Anisidine value calibration plot yielded from blends of oxidized
and fresh palm olein. FTIR, Fourier transform infrared.
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FIG. 5. Anisidine value validation plot yielded from blends of oxidized
and fresh palm olein. For other abbreviation see Figure 4.
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