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be suggested as a rapid, economical and environmental 
friendly technique for simultaneous determination of seven 
noted parameters in the edible oils.
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Introduction

Edible oils are common in world for food making as a 
part of their recipe or for frying of food stuffs. Some 
chemical reactions such as hydrolysis, oxidation and 
polymerization occur on the oil during heating. The gen-
eration of free fatty acids, primary and secondary oxi-
dation products, monoglyceride, diglyceride and some 
other compounds are the result of such reactions [1]. 
As the consequence of these reactions, the taste, flavor 
and color of the oils are changed and simultaneously the 
safety of oil is affected and may cause side effects on 
human health [2, 3].

The security of food is related to the safety of the oil 
used in its preparation [4]. So the quality control of oils 
is an important subject in the food laboratories. Various 
chemical, physicochemical and physical parameters have 
been used to evaluate the quality of oils and being used 
as standards to ensure their safety [5]. Quality assurance 
methods of oil which are commonly used are determination 
of free fatty acids (FFA), the peroxide value (PV) and the 
percentage of fatty acids (FAs) of the oils [6].

The FFA (as a scale for the acidity of oil) is an explana-
tory parameter for evaluation of the level of hydrolysis of 
oil. In other words, the formation of FFA and glycerol resi-
dues is the result of hydrolysis reaction. The FFA usually 
can be determined by acid/base titration.
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The level of peroxides/hydroperoxides formed at ini-
tial process of oil oxidation is determined by iodometric 
titration and is known as peroxide value [5]. In addition to 
limitation of reproducibility and sensitivity in these titri-
metric methods, the involving health hazardous solvents 
and chemicals are the other problems along with the noted 
procedure [6].

On the other hand, the common method for determina-
tion of the percentage of FAs in oils is gas chromatogra-
phy (GC), which is a time-consuming method in this sub-
ject, because it requires a sample preparation step before 
injection to GC apparatus which includes the hydrolysis 
of triglycerides to form FFAs and conversion of them into 
methyl esters [5, 7].

It should be noted that multivariate analysis adds some 
significant advantages for analysis of complex mixtures [8–
11]. Combination of multivariate methods with ATR-FTIR 
spectroscopy enable one to perform simultaneous analysis 
and determination of some parameters in the desired sam-
ples with no or minimum sample preparation and with sav-
ing a lot of time as well [6, 12].

FTIR spectroscopy combined with multivariate chemo-
metrics analysis has been applied for determination of 
some parameters in edible oils such as FFA [6], PV [6, 
12], and fatty acid percentage of oleic acid (C18:1), lin-
oleic acid (C18:2) [4, 12], and some other parameters in 
edible oils, but the focus of the current research is more 
complete view to determine seven important param-
eters including FFA content or acid value (AV), PV and 
the percentage of five kinds of FAs such as palmitic acid 
(C16:0), stearic acid (C18:0), oleic acid (C18:1), linoleic 
acid (C18:2) and linolenic acid (C18:3) simultaneously in 
four type of edible oils (canola, corn, frying and sunflower 
oil) during 36-h heating at 170  °C. In other words, the 
variation of oil’s composition during heating process is the 
main objective of this study.

The proposed method can be considered as an alterna-
tive rapid technique for identification of oil type based on 
the determination of the composition of FAs and also for 
evaluation of oils’ quality applied in food preparation by 
estimation of their FFA content and peroxide value.

Experimental

Samples

Fourteen oil samples with various brands from four types 
of edible oils, including Canola (4 samples), Corn (4 
samples), Sun flower (3 samples) and frying, which was 
included a mixture of palm, sunflower and soybean or cot-
tonseed oil (3 samples), were purchased from local markets 
at Shiraz, Iran.

Heating procedure of oils

All of the oil samples were heated at 170 °C for 36 h by a 
thermostatic heater, and sampling was done every 6 h from 
each of the heated oils. So, in addition to samples collected 
before heating, six other samples were collected from each 
oil. These samples were stored in sealed vials at the tem-
perature of 4–6 °C in dark until the analysis.

Fatty acids determination

Gas chromatography-mass spectroscopy (GC–MS) was uti-
lized for identification of the FAs composition in each oil type 
and %fatty acids was determined using gas chromatography-
flame ionization detector (GC–FID) according to ISO 5508: 
1990 [13]. For this purpose, GC analysis of the fatty acids 
methyl ester was performed and the quantification was based 
on the peak area of each component in the chromatogram.

For conversion of FAs to their methyl ester according to 
ISO 5509: 1978 [14], 0.5 mL methanolic KOH (1 M) was 
added to the methanolic solution of oil (0.1 g/40 mL) and 
the methyl esterification of FAs was performed under the 
reflux condition for 10 min; afterward the decantation was 
accomplished by two stages addition of 40 mL water to the 
mixture of the reaction products in 40 mL n-heptane.

GC–FID analysis of fatty acids methyl ester was carried 
out using an Agilent 6890 N chromatograph (Agilent Tech-
nologies, USA) with a DBWAX capillary column (polyeth-
ylene glycol, 30  m ×  0.32  mm; 0.25  µm film thickness). 
The oven temperature increased from 180 to 220  °C at a 
rate of 4 °C/min for 10 min, and the injector and detector 
temperatures were 210 and 230  °C, respectively. Helium 
was used as the carrier gas with a flow rate of 0.75 mL/min 
and a split ratio of 1:60.

GC–MS analysis of the obtained fatty acids methyl ester 
performed using an Agilent 7890A chromatograph, cou-
pled with an Agilent 5975C mass spectrometer (Agilent 
Technologies, USA), operating at 70 eV ionization energy, 
0.5  s/scan and the mass range: 30–300 amu, equipped 
with a DBWAX capillary column (polyethylene glycol, 
30  m ×  0.32  mm; 0.25  µm film thickness) programmed 
as above with helium as the carrier gas with the flow 
rate of 0.75  mL/min and a split ratio of 1:60. Chem Sta-
tion Software was utilized to handle mass spectra and gas 
chromatograms.

Free fatty acid analysis

Free fatty acids content or acid value was determined 
according to ISO 660:2009 [15] by the acid–base titration 
of a solution of oil in hot neutral ethanol (3g/10 mL) with 
0.1 M KOH using ethanolic phenolphthalein solution as the 
indicator.
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Peroxide value

Peroxide value is defined as milli-equivalents of oxygen 
kg−1 of oil (meq O2/kg of oil) and was determined accord-
ing to ISO 3960:2007 [16] by dissolving the oil samples in 
the mixture of isooctane and glacial acetic acid (40:60) and 
allow to react with freshly saturated solution of potassium 
iodide (KI) for 60  s. Free iodine (I2) was determined by 
titration of the desired mixture with standard sodium thio-
sulfate (Na2S2O3; 0.01  M)) in presence of starch solution 
(1 g/100 mL) as the indicator.

FT‑IR spectroscopy

IR spectra of the oil samples were recorded in absorp-
tion mode, with a PerkinElmer RX1 FT-IR spectrometer 
equipped with an attenuated total reflectance (ATR) cell 
(ZnSe Flat plate, 01873, PerkinElmer). The spectra were 
collected in the range 4000–550 cm−1 at room temperature. 
A background spectrum was recorded at the beginning of 
each sample measurement and was used for background 
correction.

Data analysis

PLS and GA–PLS regression and other calculation were 
performed using PLS-toolbox in MATLAB environment 
(version 7.12.0.635 Mathwork, Inc., http://www.math-
works.com, USA).

Data sets

For each oil sample, the set of seven ATR-FTIR runs for 
each oil type (one sample before heating procedure and 
six samples which were collected every 6  h during 36  h 
of heating) gave a matrix, sized 7 ×  3451. After append-
ing of these matrices of all tested oil samples (14 oil sam-
ples of four oils’ type) one on top of each other (column 
wise augmentation), another matrix formed with the size of 
98 ×  3451. The rows of this matrix contain oils’ spectra 
of the collected samples during the heating procedure and 
the columns include the wavenumber variables. By random 
splitting of total 98 rows, 78 samples were utilized as the 
training set for model development and remaining 20 sam-
ples were reserved as the test set to evaluate the ultimate 
performances of the developed models. So, two new matri-
ces formed the training or calibration data set (78 × 3451) 
and validation or test data set (20 × 3451).

Computational details

The acid value, peroxide value and fatty acids composition 
(C16:0, C18:0, C18:1, C18:2 and C18:3) of the oil samples 

which was heated at 170 °C for a 36-h period, were esti-
mated using partial least square (PLS) and genetic algo-
ritm–PLS (GA–PLS) as two well-known chemometrics 
treatments on the ATR–FTIR spectra of the oil samples.

The details of the theory of these well-known multivari-
ate methods could be found elsewhere in literature [17–
19] and only brifly is disscused here. Partial least squares 
regression (PLSR) can be considered as the developed gen-
eralization of multiple linear regression (MLR). The superi-
ority of PLS is its ability to analyze data with strongly col-
linear and noisy X-variables (independent variables), and 
also simultaneously model several Y-variables (dependent 
variables).

In PLS, the X and Y matrix is decomposed in a man-
ner similar to principal component analysis, and generate a 
matrix of scores (T and U), and loadings or factors (P and 
Q), and the residuals (E and F) for X and Y matrix, respec-
tively.  These decompositions are shown in the following 
equations:

Modeling of all the constituents in X and Y is the goal 
of PLS, so the residuals for the X and Y are approximately 
equal to zero. The use of information from X and Y simul-
taneously makes PLS more complex but more powerful 
than principle component regression (PCR) [20, 21].

Genetic algorithm (GA) and some kind of supervised 
learning multivariate calibration methods like PLS would 
provide a good combination for variable selection strat-
egy. In GA, a population of n subsets which contain a 
random combination of variables is created. In genetic 
terms, each variable is called a gene and a set of varia-
bles is called a chromosome. Evaluation of the cost func-
tion for each subset is the next step in GA. Then, using 
techniques based on evolution and biological genetics, a 
new population is created. After passing the reproduction 
step (crossover and mutation) is the time for checking 
the algorithm to reach the stopping criterion. For exam-
ple, this may be happened when a certain cost function 
response is met, a defined number of generations have 
passed, or the chromosomes have converged to alike con-
figuration [22, 23].

Results and discussion

The analysis of FAs composition, AV and PV

The mean of %fatty acids (C16:0, C18:1, C18:2, C18:3) 
in various types of studied oils which were determined by 
GC, is shown in Fig. 1.

(1)X = TPT
+ E

(2)Y = UQT
+ F

http://www.mathworks.com
http://www.mathworks.com
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As it is clear from fatty acids composition in Fig.  1, 
the studied oils have the maximum abundance of C18:1, 
C18:2, and contain small amounts of C18:3 and C18:0. In 
comparison of four types of studied oils, %saturated fatty 
acids (C16:0 + C18:0) in frying oil and the abundance of 
C18:3 in canola oil is more than the others.

To monitor the amount of PV and AV, the average of 
these parameters was calculated for three utilized samples 
(brands) of sunflower and frying oils and four utilized sam-
ples (brands) of corn and canola oils. The changing in mean 
peroxide value and acid value of various oil samples during 
36-h heating at 170 °C is shown in Fig. 2. As it could be 
seen for both parameters (PV and AV), the change of pro-
file during the time is totally ascending; however, regarding 
to PV (Fig.  2a) cross-sectional increasing and decreasing 
can be observed in its profile during the heating proce-
dure. This increase–decrease in Fig.  2a can be due to the 
peroxide/hydroperoxides which are intermediate species. 
These intermediates are unstable species that can react very 
quickly.

It was found that the AV of all of the studied oils 
increased slowly within 24 h of heating and after this time-
point, the AV increased significantly (Fig. 2b).

To have an overall view on the variation of the FAs per-
centage, the amount of %fatty acids were averaged for dif-
ferent samples in each kind of oil and these averaged val-
ues were plotted against experimental heating time. The 
changing in mean %fatty acids of various studied oil sam-
ples during 36 h is shown in Fig. 3. The changing profile of 
averaged C16:0, C18:0, C18:1, C18:2 and C18:3 are repre-
sented in Fig. 3a–e, respectively.

As it can be also seen in Fig.  3, the changes of mean 
%fatty acid profile for C16:0, C18:0 and C18:1 is totally 
ascending (however, C18:1 in frying oil is almost steady), 
and it is descending for C18:2, C18:3 during heating time.

The analysis of FTIR data

The spectra of one of the studied corn oil before and after 
the heating procedure as an example of recorded spectra 
of different oil samples are shown in Fig. 4. As it is clear 
from this figure, in spite of the variation in the chemical 
composition of samples before and after heating, their IR 
spectra were very similar. The spectra display characteristic 
bands of aliphatic hydrocarbons generated from stretching, 
bending and rocking vibrations at 3000–2800, 1465–1377 
and 720 cm−1, respectively. C–H stretching and C–H out of 
plan bending of olefins at 3008 and 970 cm−1 are visible. 
Also the spectra show bands specific to C=O of esters at 
1743 and C-O stretching vibration at 1162 cm−1 [24–26].

As it could be seen in Fig.  4, only some small differ-
ences are observable on the infrared spectra of the oil 
sample only in regions around 1050–800, 3450, 2700 and 
1650 cm−1 are observable. These differences correspond to 
the variation in chain length, unsaturation degree and form 
of the acyl groups [24, 27].

Partial least squares (PLS) and genetic algorithm–PLS 
regression analysis

Random sample selection was used to form the calibra-
tion and validation sets. PLSR model were constructed 
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for estimating the AV, PV and   %FAs (C16:0, C18:0, 
C18:1, C18:2, C18:3), using the 4000–550 cm−1 region of 
ATR-FTIR spectra. The effect of autoscaling, multiplica-
tive scatter correction (MSC) and orthogonal signal cor-
rection (OSC) as the preprocessing methods on the qual-
ity of regression were surveyed. The results are shown in 
Table 1. Also the combination of GA and PLSR were used 
for wavelength selection. Moreover, the results of autoscal-
ing and MSC as the pretreatment methods of GA–PLS are 
shown in Table 1.

According to Table 1, the best results were obtained with 
PLS regression using OSC as pretreatment method for all 
the dependent parameters (AV, PV, C16:0, C18:0, C18:1, 
C18:2 and C18:3) in both calibration and validation sets. 
By comparison of the results of OSC–PLS with other pre-
treatments combined with PLS (Autoscaling–PLS and 
MSC–PLS), it can be observed that lower number of LVs 
was used in case of using OSC. The advantage of model 
constructed by PLS combined with OSC preprocessing is 
simplicity (lower numbers of LVs) and good prediction 

ability. The correlation coefficients of calibration (>0.99) 
and validation set (>0.86 and in most case >0.94) for all 
parameters of oils could be considered as excellent statisti-
cal performance.

However, OSC–PLS (without wavelength selec-
tion) showed the best results in prediction of the desired 
responses (AV, PV, C16:0, C18:0, C18:1, C18:2 and 
C18:3). The other developed models (PLS or GA–PLS 
combined by autoscaling or MSC) represented good abil-
ity in most cases. The worst results were belonging to the 
models used to predict PV. However, as it was mentioned 
previously, OSC–PLS can be used as a perfect option to 
predict PV of edible oils based on their FT-IR spectra dur-
ing heating process.

It is worthy to mention that the amounts (%) of fatty 
acids (C16:0, C18:0, C18:1, C18:2 and C18:3) were 
obtained by the GC as the reference method whereas the 
AV and PV were determined based on titration methods. 
Therefore, the lower success of most models in prediction 
of PV can be because of higher error in experimental value 
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of response. The accuracy of iodometric titration of perox-
ides depends on some other experimental factors such as 
precise timing and protection of the reaction mixture from 
oxygen [28]. Also, accurate detection of AV by colorimet-
ric indicator especially for highly colored used oils is dif-
ficult [29].

Figure  5 shows the OSC–PLS predicted values of the 
calibration set for (a) AV, (b) PV, (c) C16:0, (d) C18:0, 
(e) C18:1, (f) C18:2, (g) C18:3 versus actual amounts and 
indicates excellent agreement between predicted and actual 
values.

The number of selected variables in GA–PLS depends 
on the type of responses (AV, PV, C16:0, C18:0, C18:1, 
C18:2  and C18:3) and was varied between 1213 and 
1302. However, the selected wavenumbers were dispersed 
between the range of 4000–550 cm−1, but there are some 
wave numbers that were selected for all responses. For 
example, in MSC GA–PLS model, the wavenumbers of 
3353, 2577 and 925  cm−1 were selected for modeling of 
all seven responses whereas 51 common wavenumbers 
were selected for modeling of six properties (out of seven 

studied properties). Because of diversity in the selected 
wavenumbers, it is hard to make a connection between the 
modeled responses and type of vibration using the selected 
wavenumbers.

For assessment of the proposed multivariate method, a 
comparison was made by other reports. Among the previ-
ous reports based on FTIR to determine FA content, the 
work of Maggio et  al. [12] could be noted. They stud-
ied only virgin olive oil and by using PLS LV of equal 
or larger than 13, they obtained RMSEs in the range of 
0.002–0.0042. However, our models are simpler (e.g., the 
number of LVs was 4) and were extended to four types 
of oils with acceptable RMSEs in range of 0.01–0.08. In 
addition, the multivariate determination of PV with the 
use of first derivative of spectrum has been achieved by 
the Maggio et al. with RMSE of calibration of 0.0143 for 
normal spectrum and 0.0069–0.0095 for first and second 
derivative spectrum, respectively. In this case, results of 
the current work are comparable with their results. Talpur 
et al. [6] also used single bounce ATR-FTIR for determi-
nation of FFA, PV, iodine value, and conjugated diene 

-0.01

0.19

0.39

0.59

0.79

0.99

1.19

1.39 before heating after 36 hours heating

-0.01

0.09

0.19

0.29

0.39

0.49

0.59

-0.01

0.09

0.19

0.29

0.39

0.49

0.59

550 1050 1550 2050 2550 3050 3550

550 1050 1550 1850 2350 2850 3350

a

cb

A
bs

or
ba

nc
e 

(A
.U

.) 

Wavenumbers(cm -1)

Fig. 4   FTIR spectra of one of the studied oils (corn oil), before and after 36-h heating procedure, a 3850–500 cm−1, b focus on 1850–500 cm−1 
range, c focus on 3850–1850 cm−1 range



2297J IRAN CHEM SOC (2016) 13:2291–2299	

1 3

and triene of one type of oil (cottonseed oil) during potato 
chips frying for 10  h and obtained RMSE  ≤  0.133 for 
calibration.

Christy et  al. [4] determined C18:1 and C18:2 using 
second derivative profiles of spectra for eight type of edi-
ble oils with excellent Error of Prediction (% w/w) ≤4.1; 

but their attempt to establish calibration models for C18:3 
was not successful. The preference of our present study is 
obtaining good calibration models for C18:3, C18:0 and 
C16:0 in addition to C18:1 and C18:2 and simultaneously 
estimation of the acid value and peroxide value as two 
important factors for quality control of edible oils.

Table 1   Results of PLS 
and GA–PLS with different 
preprocessing methods 
for determination of seven 
parameters in the studied oils

Method Pretreatment AV PV C16:0 C18:0 C18:1 C18:2 C18:3

PLS Autoscaling

 LV 5 7 4 10 6 6 6

 R2
Cal 0.88 0.71 0.93 0.91 0.98 0.98 0.93

 RMSEC 0.31 0.54 0.26 0.29 0.15 0.12 0.27

 Q2 0.84 0.49 0.91 0.78 0.96 0.97 0.88

 RMSECV 0.37 0.73 0.30 0.45 0.20 0.16 0.35

 RP
2 0.79 0.52 0.89 0.86 0.96 0.98 0.87

 RMSEP 0.55 0.75 0.35 0.43 0.20 0.14 0.33

MSC

 LV 6 9 6 9 7 6 8

 R2
Cal 0.87 0.75 0.94 0.81 0.96 0.98 0.93

 RMSEC 0.33 0.50 0.24 0.35 0.20 0.15 0.26

 Q2 0.82 0.38 0.91 0.51 0.92 0.96 0.87

 RMSECV 0.39 0.82 0.30 0.68 0.29 0.20 0.36

 RP
2 0.79 0.50 0.91 0.73 0.91 0.97 0.87

 RMSEP 0.55 0.79 0.33 0.60 0.32 0.17 0.35

OSC

 LV 3 4 2 4 2 2 2

 R2
Cal 0.99 0.99 0.99 1 0.99 0.99 0.99

 RMSEC 0.03 0.01 0.05 0.01 0.05 0.02 0.08

 Q2 0.99 0.99 0.99 1 0.99 0.99 0.99

 RMSECV 0.04 0.02 0.05 0.01 0.06 0.02 0.08

 RP
2 0.86 0.99 0.99 0.97 0.98 0.99 0.94

 RMSEP 0.46 0.14 0.09 0.23 0.24 0.1 0.37

GA–PLS Autoscaling

 LV 7 9 6 7 5 4 9

 R2
Cal 0.91 0.78 0.97 0.77 0.88 0.93 0.98

 RMSEC 0.27 0.47 0.18 0.46 0.34 0.27 0.15

 Q2 0.86 0.60 0.95 0.66 0.84 0.91 0.95

 RMSECV 0.35 0.63 0.23 0.57 0.40 0.31 0.23

 RP
2 0.83 0.57 0.97 0.67 0.84 0.91 0.96

 RMSEP 0.50 0.68 0.19 0.65 0.38 0.31 0.21

MSC

 LV 6 9 7 11 7 6 8

 R2
Cal 0.87 0.74 0.96 0.93 0.97 0.94 0.93

 RMSEC 0.33 0.51 0.20 0.25 0.17 0.23 0.27

 Q2 0.83 0.55 0.93 0.84 0.95 0.92 0.87

 RMSECV 0.38 0.68 0.25 0.38 0.22 0.28 0.36

 RP
2 0.79 0.62 0.95 0.93 0.94 0.94 0.87

 RMSEP 0.55 0.65 0.24 0.31 0.24 0.25 0.33
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Conclusion

In this study, we achieved appropriate method for simulta-
neously determination of %C16:0, C18:0, C18:1, C18:2, 
C18:3, AV and PV using OSC–PLS as an efficient chemo-
metrics treatment on ATR-FTIR spectra. In this proposed 
method, seven important factors (noted above) could be 
easily determined simultaneously by recording only one 
ATR-FTIR spectra of small amounts of an oil sample 
(200 µL) with no need of sample preparation and without 
using organic solvents. The results confirm the capability 
of OSC–PLS (and in some cases MSC–PLS, autoscaling–
PLS and GA–PLS) method to estimate the content of FAs, 
PV and AV to evaluate oils’ quality. The obtained models 
in this work allow one to judge the quality of used oils as 
well. In other words, this method could be introduced as a 
rapid and economical alternative of the currently common 
standard methods for identification of the edible oils and 
checking their quality in food quality control and industry 
laboratories.
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