
ABSTRACT: A new analytical method was developed for de-
termining sesamol in sesame seed oil by FTIR spectroscopy.
Sesamol was also spiked at 0 to 1000 mg/kg in freshly refined,
bleached, and deodorized palm olein (RBDPOo) and groundnut
(peanut) oil. FTIR spectra were recorded using a transmission
(NaCl) cell accessory at room temperature, and the partial least
squares regression statistical method was used to derive cali-
bration models for each oil. The standard errors of calibration
were 6.07, 5.88, and 4.24 mg/100 g for sesame, RBDPOo, and
groundnut oils, with coefficients of determination (R2) of
0.9947, 0.9940, and 0.9662, respectively. The calibration mod-
els were validated by the “leave-one-out” cross-validation
method, and the R2 of validation, the standard errors of predic-
tion, and SD of the differences for repeatability and accuracy
were computed. Our results support the premise that FTIR spec-
troscopy is an efficient and accurate method for determining
minor components such as sesamol in edible oils. 
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Sesame seed oil, extracted mainly from Sesamum indicum
Linn. (1), is unique because of its high oxidative stability and
characteristic flavor (2). The use of sesame oil as an edible oil
is, however, largely limited to the areas of production because
of the high cost of the seed. This is due to the low yield of the
crop and difficulties in mechanized harvesting because of the
uneven ripening of the capsules (3,4). The combined internal
consumption of sesame seed in the major producing countries
(China, India, Sudan, Mexico, Myanmar, Nigeria, and Soma-
lia) represented more than 60% of the total world production
in 1987 (5). Sesame seed are mainly mechanically pressed to
produce oil; however, sometimes they are mechanically pre-
pressed followed by solvent extraction. The oil content, FA
composition, and acyl lipid classes of different Sesamum
species were reported by Kamal-Eldin and Appelqvist (6). The
characteristic flavor and chemical and physical properties of
the oil are due mainly to the presence of lipid-soluble lignans
such as sesamin and sesamolin. Sesamol and sesaminol were
reported (7) to be present in sesame oil in trace amounts as
phenolic antioxidant factors. They also are liberated during the

refining of oil from unroasted sesame seeds (8). Sesamol, also
is reported to be liberated during refining of oil from roasted
seeds (9). Alkali neutralization, washing, and deodorization
diminish the release of sesamol (10), which makes the refined
oil less stable to oxidation than crude oil.

Refined, bleached, deodorized palm olein (RBDPOo) and
groundnut (peanut) oils are widely available in Africa and
Asia, where sesame oil also is produced and consumed in
food and folk medicine. Sesame oil is sometimes adulterated
with RBDPOo and groundnut oils, neither of which contains
any sesamol or compounds that may release sesamol.

Different chromatographic methods were used to analyze
the unsaponifiable lignans in sesame seed oil (11), and nor-
mal-phase HPLC was able to provide a good separation of
sesamol. Chromatographic techniques are very useful but
time-consuming. Prior to chromatography, several steps are
necessary including saponification or hydrolysis and cleanup.
In addition, many of the chemicals used in chromatography
are hazardous to the analyst as well as the environment.

The use of FTIR spectroscopy is increasing in many fields
(12) including food studies (13). IR studies of edible oils gen-
erally use specific bands to evaluate traditional indices and
other parameters of interest in relation to the composition of
edible oils (14–17). The objective of this study was to use FTIR
spectroscopy to determine the sesamol content of sesame seed
oil and sesamol spiked in RBDPOo and groundnut oils.

MATERIALS AND METHODS

Materials. Sesame seeds were purchased from a local retailer,
and the oil was hexane-extracted from a ground mixture of the
seed and sea sand. Mechanically pressed sesame seed oil was
obtained from the National Oilseed Processing Research Insti-
tute (NOPRI), Sudan. Sesamol [3,4-(methylenedioxy)phenol]
was purchased from Sigma Chemical Company (St. Louis,
MO). Groundnut oil was obtained by solvent extraction of
ground samples. RBDPOo was purchased from a local refinery.

Samples. Four different sets of samples were prepared; 20
groundnut oil samples, 20 RBDPOo samples, 20 hexane-
extracted sesame oil samples, and 20 mechanically pressed
sesame oil samples. Each set of samples was spiked with
sesamol in the range of 0 to 100 mg/100 g oil. All samples
were prepared in triplicate. The amount of sesamol in the un-
spiked sesame oil samples was determined by HPLC accord-
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ing to Kamal-Eldin et al. (11) (2.0–5.4 mg/100 g oil), and the
samples were then spiked with sesamol up to 100 mg/100 g
oil. It was confirmed that the unspiked RBDPOo and ground-
nut oil samples did not contain sesamol. 

FTIR spectra. The IR spectra were recorded with a
PerkinElmer (Beaconsfield, Buckinghamshire, United King-
dom) 1725 series FTIR spectrometer equipped with a deuter-
ated triglycine sulfate detector controlled by a PerkinElmer
7300 PC. The software used for FTIR data collection was the
Infrared Data Management system (PerkinElmer). The instru-
ment was purged with dry nitrogen, and automatic dehumidi-
fiers were used to protect from interference by CO2 and water
vapor, respectively. The prepared samples were placed be-
tween sodium chloride (NaCl) windows, and the transmission
path was fixed at 100 µm with a polytetrafluoroethylene
spacer. The cell was then placed in the cell holder and the
sample scanned at room temperature. After each scan, the
NaCl windows were rinsed three times with acetone and dried
with soft tissue before filling with the next sample. After each
measurement, the cleaned window was checked spectrally to
ensure that no residue of the previous sample remained on it.
Calibration spectra were obtained by co-addition of 40 scans
at 4 cm−1 resolution and a gain of 2.0 with strong Beer–
Norton apodization over the frequency region 4000–500 
cm−1. The spectra were ratioed against a background air spec-
trum. Two spectra were collected from each of the prepared
samples and stored in Joint Committee on Atomic and Mo-
lecular Physical Data–Data Exchange (JCAMP) files on
diskette for subsequent analysis. 

Calibration models for the prediction of sesamol content
in the different types of oil samples from FTIR spectral data
were obtained by partial least squares (PLS) regression using
Spectrum V 3.02 software (PerkinElmer). In the PLS analy-
ses, spectral data (predicted by the software using the FTIR
spectra) and actual data on sesamol content were correlated,
and the correlation coefficients (r) were taken as estimates of
the factor scores, which were then used as regressors to model
both spectral and actual data. 

The “leave-one-out” cross-validation technique was used
to validate calibration models, and the accuracy of each
model was assessed according to the standard error of predic-
tion (SEP) and coefficient of determination (R2). The FTIR
method was further evaluated by computing the mean differ-
ence and SD of the differences for repeatability and accuracy
between the predicted FTIR data and the actual sesamol con-
tent values in the oil samples.

RESULTS AND DISCUSSION

Figure 1 shows IR spectra of roasted sesame seed oil (A),
sesamol-spiked sesame oil (B), sesame seed oil (C), and
sesamol (D). The major peaks of sesamol are listed in Table
1. The sesamol-spiked sesame oil spectrum (A) is somewhat
similar to the spectrum of the roasted sesame seed oil, which
may be due to release of sesamol in roasted sesame seed (9). 

The spectral response to changes in sesamol content was
investigated by examination of the correlation and variance
spectra. The correlation spectrum is calculated by multiply-
ing the differences between each standard spectrum and the
mean spectrum, at each wavelength, by the difference be-
tween the corresponding property concentration and the mean
property concentration, and summing over all 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 change in concentration, i.e., the peaks
that relate to the property. The variance spectrum distin-
guishes between the active and inactive spectral regions.
Thus, the correlation spectrum can be used to choose which
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FIG. 1. FTIR spectra of (A) roasted sesame seed oil, (B) sesamol-spiked
sesame oil, (C) sesame seed oil, and (D) sesamol.

TABLE 1
Peak Assignments for Sesamol [3,4-(methylenedioxy)phenol]
in Figure 1D 

No. Peak (cm−1) Assignment Remarks

1 3401 –OH OH of phenolic O–H 
2 3007 –CH Unsaturated–CH

2896 –CH Saturated–CH
3 2777 –CH2 Symmetric stretching
4 1637 Phenyl Phenyl skeletal frequency
5 1504 Phenyl Out-of-plane CH bending 

1489
1471 –CH2 CH2 bending (1480 cm−1)

6 1397 Methyl Methyl symmetric bending
7 1274 C–O C–O of phenolic OH
8 1185 C–H In-plane bending of aromatic C–H
9 1125 C–O–C Symmetric stretching

10 1093 –CH Probably in-plane bending of phenolic 
CH enhanced by polar substituent

11 1039 =C–O–C Symmetric stretching
12 944 C–O Most characteristic for methylenedioxy

929 (927 cm−1), probably related to C–O 
stretching 

13 835 –CH CH of two adjacent hydrogens at 3,4 
positions

14 815 –CH Out-of-plane CH bending bands
796 suggest adjacent hydrogen atoms

15 766 Di-substitution of phenyl
16 714 C–O–C Weak bands, sometimes absent 

611



peak or region is selected for the calibration (18). The corre-
lation spectrum was used to select regions that showed a
mathematical correlation between spectral changes and the
sesamol content in the oil samples, and the variance spectrum
was used to distinguish between active and inactive spectral
regions (19,20). 

The spectral regions used in the calibration were set to in-
clude the data from 3650–3000, 1600–1450, and 1200–900
cm−1, as suggested by the correlation and variance spectra.
Table 2 shows the coefficients of determination (R2), standard
errors of calibration, and SEP obtained using these spectral
regions. Figures 2 and 3 show plots for calibration and cross-
validation, respectively, for the determination of spiked
sesamol in sesame seed oil by FTIR spectroscopy using PLS
statistical analysis. The intercepts and slopes of these plots
are not significantly different (P > 0.05) from 0.0 and 1.0,

respectively. The repeatability and accuracy of the FTIR
method, as determined from the cross-validation data, are pre-
sented in Table 3. 

This study shows that FTIR spectroscopy with the PLS sta-
tistical method can be used to determine the sesamol content in
sesame seed oil. The analysis is rapid, requires only a minimal
sample size (>2 mL), and avoids the use of chemicals.
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TABLE 2
Calibration and Cross-Validation Statistics for the Calibration Models Developed for the Prediction of Sesamol
Content of Sesame, Groundnut, and RBDPOo Oilsa

Calibration Validation

Method R2 SEC (mg/100 g) R2 SEP (mg/100 g)

MP sesame oil 0.9947 5.93 0.9897 5.30
Palm oil 0.9940 5.88 0.9598 4.31
Groundnut oil 0.9753 4.24 0.9586 3.96 
SE sesame oil 0.9662 4.87 0.9527 4.17
aR2, coefficient of determination; RBDPOo, refined, bleached, and deodorized palm olein; SEC, standard error of calibra-
tion; SEP, standard error of prediction for validation; MP, mechanically pressed; SE, solvent-extracted.

FIG. 2. A plot of the actual value of sesamol in sesame oil vs. FTIR-pre-
dicted values for the partial least squares calibration. FIG. 3. Actual value vs. FTIR-predicted sesamol content for the cross-

validation.

TABLE 3
Repeatability and Accuracy of FTIR Predictions of Sesamol Content Obtained by Cross-Validationa

Statistic MP sesame oil RBDPOo Groundnut oil SE sesame oil

MDr 2.46 1.38 1.45 2.03
SDDr −0.24 −0.09 −0.12 −0.18
MDa 0.49 0.37 0.40 0.48
SDDa 0.18 0.14 0.16 0.19
aMD, mean difference; SDD, SD of difference; r, repeatability; a, accuracy. For other abbreviations see Table 2.
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