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TRANSFORM INFRARED SPECTROSCOPY

KUSNANDAR, F'*; LIOE, H N'; FARIDAH, D N'; ANGGRAENI, R' and PRICILIA'

ABSTRACT
Palm oil is widely used for frying food and is often used for repeated frying up to 40 hr or even longer. Frying

causes a gradual quality decrease during heating due to fat oxidation or hydrolysis. The quality of fats and oils

is commonly monitored by acid, peroxide and thiobarbituric acid values (AV, PV and TBAV, respectively).

This study aimed to use a partial least squares—ordinary least squares (PLS-OLS) model obtained from

Fourier transform infrared (FTIR) spectroscopy to predict AV, PV and TBAV values of heat-treated palm oil.

Commercial palm oil was heated at 180°C for 72 hr. The multivariate mathematical models to predict AV, PV

and TBAV were generated from the percentages of absorbance intensity of significant wavenumbers based on
FTIR readings (721.4, 871.8, 968.3,1033.9, 1095.6, 1377.2, 1462, 1751.4, 2731.2, 2839.2 and 3005.1 cm™).
The PLS-OLS mathematical model satisfactorily predicted both AV and PV for palm oil samples heated up to
72 hr (R?=0.962 and 0.857, respectively), whereas for TBAV, the time was 58 hr (R’=0.845). This approach

provides an alternative to monitoring palm oil quality during frying instead of the conventional methods in

which the analytical procedures are time-consuming.
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INTRODUCTION

The quality of oil gradually decreases due to fat
oxidation and fat hydrolysis, which is proportional
to frying time and/or frying cycles (Bhuiyan et
al., 2016; Jaarin and Kamisah, 2012). Fat oxidation
involves the reaction between the unsaturated
carbon bonds of fatty acids and oxygen, resulting
in the formation of wunstable hydroperoxide
as a primary product (Dana and Saguy, 2001;
Gharby et al., 2014). Moreover, the hydroperoxide
undergoes rapid degradation into stable aldehydes
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as secondary products, which are responsible
for rancid odour (Frankel, 1987). Peroxide
and thiobarbituric acid values (PV and TBAV,
respectively) for indicating hydroperoxide and
aldehyde formations, respectively, can describe
the extension of oxidation. Additionally, the
duration, method of frying, type of frying medium
and characteristics of the fried product may
influence the degree of rancidity (Bhuiyan et al.,
2016).

Palm oil is commonly used as a heating medium
for deep-fat frying in households, fast-food outlets,
and restaurants with specific frying times of
12-40 hr and a temperature at least of 180°C (Bhuiyan
etal., 2016; Faridah et al., 2015). Palm oil is susceptible
to oxidation when it is used for frying under such
conditions as it mainly consists of monounsaturated
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fatty acids, such as oleic acid (C18:1) at 39.2% and
polyunsaturated fatty acids, such as linoleic acid
(C18:2) and linolenic acid (C18:3) at 10.5% (Mancini
et al., 2018). Additionally, hydrolysis, which is a
splitting reaction of triglycerides into free fatty acids
(FFA) and glycerol (Frankel, 1987), is also a cause of
palm oil deterioration. The presence of short-chain
FFA, expressed as acid value (AV), also contributes
to the formation of rancid odour.

The monitoring of palm-based cooking
oil during frying commonly focuses on the
quantitative values of AV, PV and TBAV (Kalapathy
and Proctor, 2000; Setiowaty and Che Man, 2003).
However, the procedures involved (for example,
sample preparation and titration) in determining
these parameters are sometimes tedious. Therefore,
an alternative method that may be substantial in
cutting down the analytical times for measuring
AV, PV and TBAV is needed and should be
investigated.

Nowadays, Fourier transform infrared (FTIR)
spectroscopy is widely used to analyse the quality
of edible oils. The principle of FTIR is to measure
the infrared spectrum of absorption over a range
of wavenumbers. The identification of functional
groups or bonds are possible by reading significant
absorbance intensity at certain wavelengths. In
this study, similar to the fingerprint method for
identifying chemical substances, FTIR is considerably
powerful, rapid, simple and relatively cost effective.
Recent studies have shown that FTIR is capable of
identifying the adulterated compounds in palm
oil and reheated palm oil (Che Man et al., 2014;
Lim et al., 2018; Faridah et al., 2015), determining
purity of olive oil and crude oil (Rohman and Che
Man, 2010; Abdulkadir et al., 2016) and authentify
avocado oil (Rohman et al., 2015). Moreover, Ang et
al. (2019) and Wong et al. (2019) have reported the
rapid quantification of processing contaminants
[such as 3-mono-chloropropane-1,2-diol (MCPD)
esters] in palm-based cooking oil using FTIR
spectroscopy.

FTIR spectroscopy cannot be used to directly
measure the intensity of oil deterioration.
However, the results of FTIR analysis can correlate
with the oil’s quality parameters. For establishing
this correlation, the partial least squares (PLS) in
combination with an ordinary least squares (OLS)
method may be used. PLS is a multivariate and
covariance-based statistical method that compares
the multiple response and explanatory variables
(Hoskuldsson, 1998) and thus, satisfactorily
predicts ‘y’ from ‘x” (Abdi, 2003). As a part of PLS,
the OLS regression generates a mathematical model
between the sample’s data points and the predicted
values (Farahani et al., 2010). Therefore, the use of
PLS-OLS is a powerful method for interpreting
collinear data from FTIR measurements (Li, 2010).
The use of the PLS-OLS regression model for the
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interpretation of FTIR measurements in palm oil
during frying has been reported (Faridah et al.,
2015; Setiawaty and Che Man, 2003; Rohman and
Che Man, 2010; Martin-Ramos et al., 2018).

One of the reported advantages of PLS-OLS is
the simplicity of the method when monitoring oil
quality (Faridah et al., 2015). On that note, it is a
need to investigate such an alternative method that
may be substantial in cutting down the analytical
times for measuring AV, PV and TBAV exists. Hence,
within this study, the use of a PLS-OLS mathematical
model to correlate the FTIR measurements with AV,
PV and TBAV of heated palm oil was demonstrated
and verified.

MATERIALS AND METHODS
Materials

A commercial palm oil from a production
batch was purchased from a local market in Bogor,
Indonesia. The sample consisted of pure palm oil as
mentioned on its label. The chemicals for analysis
were potassium hydrogen phthalate (KHP) crystals,
phenolphthalein in alcohol (1%), 96% technical
alcohol, glacial acetic acid, 0.01 N Na,S,0, solution,
1% starch solution, saturated potassium iodide (KI)
solution and thiobarbituric acid (TBA) reagent.
All chemical reagents used were of analytical
grade.

Sample Preparation and Analysis

Ten litres of cooking oil was heated using
a controlled-temperature deep fat fryer (Getra
model EF-88) at 180°C for up to 72 hr. The selected
heating temperature and time were in accordance
to Setiowaty and Che Man (2003). Samples were
withdrawn every 2 hr, placed in dark glass bottles
(with a capacity of 30-50 ml), and stored at a 3°C
for further analyses. A non-heated sample was also
prepared as a control. Samples were prepared in
duplicate; hence, 74 samples were obtained.

AV Analysis

The determination of AV followed AOAC
940.28 (AOAC, 1984). The sample (2.5 g) was
dissolved with 50 ml 96% alcohol in an Erlenmeyer
flask. After a short period of heating on a hot
plate, the sample was titrated using 0.01 M NaOH
solution. The AV was calculated according to the
Equation (1):

1)

XMy o X1

AV (mg NaOH g™ sample) =V ., NaOH

inwhich V=volume (L), M=molarity (M) and n=mol.
The molecular weight of NaOH is 40 g mol™.
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PV Analysis

The PV analysis was determined according to a
national standard method (SNI, 1998). Samples (0.25
g) were added to the mixture of 30 ml of glacial acetic
acid solution and chloroform (3:2), 3 ml saturated
potassium iodide, 30 ml of distilled water and
1 ml indicator (1% starch solution). After thoroughly
agitating for 3 min, the sample was titrated with
0.01 N standard solution of sodium thiosulphate. PV
was calculated with the Equation (2):

PV (meq peroxide kg™ sample) = (Vs-Vb) x N x 1000/W (2)

in which Vs = volume of titration for sample (L),
Vb = volume of titration for blank sample (L), N
= normality of sodium thiosulphate solution (N =
0.01) and W = sample weight (g).

TBAV Analysis

The TBAV analysis followed the method of
Tarladgis et al. (1962). Sample (10 g) was mixed
with 2.5 ml of 4 M HCl to reach a pH of 1.5 and then
diluted to a total volume of 100 ml with distilled
water. The sample was then distilled to obtain 50 ml
distillate. After stirring evenly, 5 ml of distilate was
pipetted into a closed test tube and then 5 ml of TBA
reagent (0.2883 g TBA 100 ml™ of 90% glacial acetic
acid) was added into the solution. After thorough
mixing, the mixture was heated in a boiling water
bath for 35 min until a red colour solution was
obtained. The sample was immediately cooled, and
the absorbance was monitored at 538 nm using a
Genesys 10S UV-Vis spectrophotometer (Thermo
Scientific, USA). The TBAV was calculated using
the Equation (3):

TBAV
(mg malondialdehyde = (AbsorEance x78x10  (3)
kg sample) g™ sample).
FTIR Spectrum Analysis

The procedure for FTIR spectroscopy analysis
referred to Faridah et al. (2015). FTIR spectroscopy
(IR-Prestige 21 model, Shimadzu Corporation,
Japan) identified major wavenumbers that indicates
significant absorbance intensity. The potassium
bromide (KBr) plate was previously cleaned, wiped
with analytical grade n-hexane and then dried with
lens tissue for each sample measurement. The oil
sample was then dropped onto the KBr plate and
covered with another KBr plate to form a sandwich
plate. The absorbance was read in duplicate at
wavenumbers of 400-4000 cm™ at a resolution of
1.9. The wavenumbers with the significant reading
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of absorbance intensity were used to predict
functional groups or bonds by referring to relevant
published FTIR analysis. The relative percentage
of an absorbance intensity (to the sum of all
absorbance intensities of significant wavenumbers)
was calculated for each significant wavenumber of
FTIR reading. This value was used for multivariate
analysis.

PLS-OLS Multivariate Analysis

The data of absorbance intensity selected from
a significant wavenumber of an FTIR spectroscopy
reading was previously converted to a percentage
of absorbance intensity (%IA) according to the
Equation (4) (Faridah et al., 2015):

IAx
[Ax = 4
o IA total @
in which:
%lAx =percentage of absorbance intensity at
sigificant wavenumbers
IAx = absorbance intensity at significant

wavenumbers
IA total = total of absorbance intensity

The software of XLSTAT version 2013
(Microsoft Excel Series) was used to perform a
PLS-OLS multivariate analysis. The multivariate
mathematical models were generated to correlate the
percentage of absorbance intensity (%IA) of selected
wavenumbers at X axis with AV, PV, or TBAV at Y
axis. The coefficient of determination (R*) was used
as the validity criteria for PLS-OLS mathematical
model.

Verification

Verification was performed to ensure the validity
of the generated mathematical models to predict AV,
PV and TBAV. A cooking oil sample was heated at
180°C for 24 hr and analysed in terms of FTIR profile,
AV, PV and TBAV were evaluated by applying the
same methods described above. A paired t statistical
analysis was performed to observe the degree of
deviation between actual and predicted AV, PV or
TBAV values.

RESULTS AND DISCUSSION
Spectrum Profile and Absorbance Intensity

Figure 1 depicts the absorbance intensity of
palm oil samples for control and those heated at
180°C for up to 72 hr measured at wavenumbers of
400-4000 cm™. This wavenumber range was
accessible with the use of KBr and has also been
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used in previous studies (Faridah et al., 2015;
Vlachos et al., 2006; Al-Degs et al., 2011). The figure
indicates a similar absorbance intensity profile
between control samples and those heated at 180°C
for 72 hr. A similar absorbance intensity profile was
also shown at other heating times (data are not
presented). The data indicate that the absorbance
intensity from FTIR readings did not differ among
tested samples.

Figure 1 shows 11 wavenumbers with significant
absorbance intensities, for examples, 721.4, 871.8,
968.3, 1033.9, 1095.6, 1377.2, 1462, 1751.4, 2731.2,
2839.2 and 3005.1 cm™. Referring to the previous
studies (Faridah et al., 2015; Vlachos et al., 2006; Al-
Degs et al., 2011), these wavenumbers indicate the
presence of specific functional groups (Table 1). The
wavenumber of 3005.1 cm™ indicates the existence
of alkene group (C=C) as described by Rohman
and Che Man (2010) and Che Man and Setiowaty
(1999b). This alkene group appears due to the
presence of double bond of fatty acids in triglyceride
molecules. Palm oil contains considerable amount
of unsaturated fatty acids, such as oleic and linoleic
acids (Edem, 2002; Mba et al., 2015). The existence
of triglycerides in palm oil can be confirmed by the
existence of C=0 group at wavenumbers of 1033.9
cm™ (Rohman and Che Man, 2010) and 1095.6
cm™, C=0 groups at 1751.4 cm™ (Rohman and
Che Man, 2010; Che Man and Setiowaty, 1999b)

and the CH, and CH, groups at a wavenumber of
721.4 cm™ (Che Man and Setiowaty, 1999a), 1377 cm™
(Rohman and Che Man, 2010), and 1462 cm™ (Che
Man and Setiowaty, 1999b). These groups are the
major groups of esterified fatty acids (Berger, 2010).
The presence of ester bonds indicates that fatty acid
chains are still linked to glycerol moeity leading to
the existence of triglycerides. The wavenumber of
871.8 cm™ indicates the existence of cis C=C group
(Faridah et al., 2015). This group might originate
from the double bonds of fatty acids attached at the
triglyceride chain. Significant absorbance was also
detected at the wavenumber of 968 cm™, indicating
the existence of a trans C=C group (Rohman and
Che Man, 2010; Che Man and Setiowaty, 1999b).
The presence of this group indicates that palm
oil sample contained trans unsaturated fatty acid
residues that might been formed during the heating
process of palm oil (Song et al., 2015; Bhardwaj et al.,
2016). The existence of aldehyde and ester groups
as the result of secondary oxidation formation was
indicated at a wavenumber of 2731.2 cm™ (Guillen
and Cabo, 1997), 2839.2 cm™ (Al-Degs et al., 2011),
and 1751.4 cm™ (Rohman and Che Man, 2010). The
extensive heat treatment of palm oil caused the
formation of unstable peroxide components that
were rapidly converted to secondary components,
such as aliphatic aldehyde, alcohol, ketone and
other hydrocarbons (Wrolstad et al., 2000).

Absorbance

4000 3600 3200 2800 2400 2000

1800

1600 1400 1200 1000

Wavenumber (cm™)

Figure 1. Fourier transform infrared (FTIR) absorbance intensities of (a) palm oil for control, (b) those heated at 180°C for 38 hr, and (c) 72 hr.
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TABLE 1. PREDICTED FUNCTIONAL GROUPS OF PALM OILS BASED ON SIGINIFICANT
FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY WAVENUMBERS

Wavenumber (cm™)

Functional groups

References

721.4 -CH,-

871.8 Cis C=C

968.3 Trans C=C
1033.9 C-O
1095.6 C-O
1377.2 -CH,
1462.0 -CH,- and -CH,
17514 C=0
2731.2 -CHO
2 839.2 -O-CH,
3005.1 Cc=C

Che Man and Setiowaty (1999a)
Faridah et al. (2015)

Rohman and Che Man (2010);
Che Man and Setiowaty (1999b)

Rohman and Che Man (2010)
Rohman and Che Man (2010)
Rohman and Che Man (2010)
Che Man and Setiowaty (1999b)
Che Man and Setiowaty (1999b)
Guillen and Chabo (1997)
Al-Degs et al. (2011)

Rohman and Che Man (2010);
Che Man and Setiowaty (1999b)

AV, PV and TBAV

The AV shows the concentration of FFA in fats
and oils. A FFA is formed as a result of triglyceride
breakage (Wrolstad et al., 2000). Figure 2a shows
the AV of cooking oil samples heated at 180°C for
up to 72 hr. The AV increased linearly (R*> = 0.964;
p<0.05) corresponding to the increase in heating
time. The increase of AV during heating of cooking
oil was also reported in other studies (Farida and
Siregar, 2006; Abdulkarim et al., 2007). The C=0
groups shown at 1751.4 cm™ of FTIR reading
might originate from the carboxyl group of FFA
measurable by the AV test.

Figure 2b shows the PV from cooking oil samples
heated at 180°C for up to 72 hr. PV was unstable as
heating time increased up to 44 hr before started
to decrease at a prolonged heating up to 72 hr.
Other studies have reported the same PV trends
of heated cooking oils in which the PV increased
during the first stage of frying (Abdulkarim et
al., 2007; Chatzilazarou et al., 2006; Faridah et al.,
2015; Kaleem et al., 2015; Tsaknis et al., 1998). The
formation of unstable hydroperoxide at the initial
stage of fat oxidation and then rapid degradation to
form secondary oxidation products contributed to
this PV profile.

The TBA reactive substance is commonly used
as an indicator of lipid oxidation. The method uses
the reaction of TBA and malondialdehyde in the
glacial acetic acid medium. The higher concentration
of malondialdehyde indicates the extent of fat
oxidation. Figure 2c¢ shows a significant increase in
TBAV of palm oil samples with heating times for up
to 44 min. The presence of unsaturated fatty acids
in palm oil and the continuous heating process
caused the formation of malondialdehyde, which
contributed to the increase of TBAV. At a prolonged
heating up to 72 hr, the TBAV tended to remain
constant. The malondialdehyde probably changed
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gradually under an extended heating process to
form more complex secondary oxidation products,
such as higher molecular weight compounds that
were not detectable when using TBA test (Shahidi
etal., 2017).

PLS-OLS Models to Predict AV, PV and TBAV

Table 2 presents the linear regression models for
correlating the percentage of absorbance intensity
of significant wavenumbers of FTIR reading with
the AV, PV and TBAV. All regression models were
insignificant suggesting the FTIR reading at any
wavenumbers cannot be directly correlated with
the AV and TBAV results. For this reason, the PLS-
OLS multivariate mathematical models were used
to correlate the percentage of absorbance intensity
with AV, PV and TBAV.

The PLS-OLS mathematical models in Table 3
were useful for predicting the AV, PV and TBAV by
inputting the percentage of absorbance intensity
of each dominant wavenumber to the models.
The fittest models were based on the significant
degree of determination (R?) that gave p-value
(Pr>F) in the analysis of variance. The FTIR shows
the 11 main wavenumbers, namely 721.4, 871.8,
968.3, 1033.9, 1095.6, 1377.2, 1462, 1751.4, 2731.2,
2839.2 and 3005.1 cm™, were provided by their
significant absorbance intensities (Table 2). These
wavenumbers represent the existence of functional
groups of carbon double bonds (alkenes), esters
and aldehydes. Alkene groups are found in many
unsaturated fatty acids, while the ester group is
negatively correlated with the amount of FFA. A
higher number of ester groups indicates the higher
fatty acids bound to glycerol. On the other hand,
the fewer ester groups show that more hydrolysis
reactions occur so that more FFA are produced.
The higher amount of aldehyde group reflects the
extent of fat oxidation.
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Figure 2. (a) Acid value (AV), (b) peroxide value (PV), and (c) thiobarbituric acid value (TBAV) of palm oil heated at 180°C for up to 72 hr.

TABLE 2. THE LINEAR REGRESSION MODELS FOR CORRELATING THE PERCENTAGE OF ABSORBANCE INTENSITY OF
SIGNIFICANT WAVENUMBERS OF FTIR READING WITH THE AV, PV AND TBAV

Wavenumber AV R PV R TBAV R

(cm™)

7214 -0.2277%1A +2.8426 0.163 -0.0112%1IA + 2.8463 0.206 -0.7735%IA + 3.1440 0.401
871.8 0.1170%IA + 2.6308 0.008 -0.0029%IA +2.7398 0.003 -0.9612%IA + 32511 0.113
968.3 0.5134%IA + 2.3872 0.266 0.0138%IA + 2.5103 0.107 -0.0335%IA +2.7218 0.000
10339 -0.5085%IA + 3.0152 0.051 -0.0094%IA + 2.8863 0.021 -0.6368%IA + 3.0660 0.017
1095.6 -0.0994%IA +2.7638 0.001 -0.0210%IA +2.9716 0.033 -1.2293%IA + 3.4040 0.046
13772 0.0968%IA + 2.6452 0.025 0.0012%IA + 2.6874 0.003 -0.2007%IA +2.8172 0.032
1462.0 0.3464%IA + 2.4898 0.013 0.0147%IA + 2.5152 0.012 2.0290%1A + 1.5452 0.095
1751.4 0.0543%IA + 2.6693 0.000 0.0074%IA + 2.8085 0.003 -0.6547%IA + 3.0762 0.011
2731.2 1.3244%]IA + 1.8888 0.151 0.0399%IA + 2.1922 0.072 -1.2223%IA + 3.4000 0.028
2839.2 0.2357%IA + 2.5578 0.006 0.0148%IA + 2.5136 0.012 0.5361%IA + 2.3969 0.006
3005.1 -0.1729%IA + 2.8089 0.004 -0.0388%IA + 3.1994 0.113 2.1883%IA + 3.9511 0.147

Note: AV - acid values; PV - peroxide values; TBAV - thiobarbituric acid values; FTIR - Fourier transform infrared.

TABLE 3. PLS-OLS MATHEMATICAL MODELS OF PERCENTAGE OF ABSORBANCE INTENSITY (%IA) TO PREDICT THE AV,
PV AND TBAV OF HEATED PALM OIL

Analysis Multivariate equation models of FTIR measurement R? P*
AV 0.9880 — 0.8963x(%TA. . ) — 0.7138x(%IA,, ,) + 1.8433x(% 1A, ) — 0.0123x(%IA  5,.) 0962  <0.0001
+0.0346X(%IA .. ) — 0.3841X(%IA,,,,,,) - 0.0103x(%TA,,,) + 0.0118x(%IA, ., ) -
0.0478x(%1A,,,, ,) + 0.0051x(%1A 0 ,) + 0.0319x(%IA, ) 5,)
PV 33.1672 - 16.1175x(%1A, ,, ) — 11.3624x (%A, ;) + 29.2246X(%T A, ) — 0.7629x(%TA 1) 0.857  <0.0001
+0.0570x(%IA . ) — 6.3644x(%IA ) 0.6087x(%IA ,,) + 0.3081x(%IA ., ) +
1.3272X(%]IA, ;) + 0.1276X(%1A . ) — 3.3650x(%1A 4. )
TBAV 1.2264 — 0.8268x(%1A,,, ) 0.2581x(%1A,, o)) + 0.9619X(%I A, ) — 0.0246X(%TA ;) 0.845  <0.0001

+0.0090x(%1A
0.1266x(%IA

2731.2

) —0.0031x(%IA

2839.2

3005.1)

1005.6) T 0.0336X(%IA ) - 0.0128x(%IA ;) - 0.0284x(%IA ., ) —
) + 0.0480x(%IA

Note: *Significantly different at 5%; AV - acid values; PV - peroxide values; TBAV - thiobarbituric acid values; PLS-OLS - partial least
squares-ordinary least squares.
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A significant linear correlation (R? 0.962;
p<0.05) was shown between AV and the percentage
of absorbance intensity of heated palm oil at 180°C
for up to 72 hr (Table 3). This mathematical model was
only valid for predicting AV under the experimental
conditions applied in this study (10 litres of palm oil
heated at 180°C for up to 72 hr). The plot of PLS-
OLS (Figure 3a) shows adjacent values between
the predicted and actual AV, suggesting a good
prediction of the mathematical model. Similarly, the
mathematical model fitted well (R* = 0.875; p<0.05)
to predict PV at a heating time up to 72 hr (Figure
3b). A linear mathematical model for predicting
TBAV was valid (R* = 0.845; p<0.05) for the heating
process up to 58 hr that gave a TBAV of 0.58 mg
malondialdehyde kg™ sample. At prolonged heating

1.2

times, the model was not accurate for predicting the
TBAV (Figure 3c). This finding might result from the
yield of volatiles or different polar molecules due to
extended oxidation, which is difficult measure using
the TBAV method (Aladedunye and Przybylski,
2014).

Tuble 4 shows the verification results of palm
oil heated up to 180°C for 24 hr. The actual and
predicted AV, PV and TBAV show insignificant
deviation (p>0.05), indicating the differences in
actual and calculated AV, PV and TBAV from
the OLS models were not significant. Given this
result, the mathematical models appear to be
useful for predicting the degree of palm oil quality
during frying by applying simple and rapid FTIR
spectroscopy measurements.

(a)
1.0 -
0.8

0.6 1

AV
(mg NaOH g~' sample)

0.4 1
0.2 1

0 e

0.4

0.6 0.8

Predicted AV by PLS-OLS

(b) 25
20 A

15 1

PV
(meq O, kg~" sample)

10 1

(€)

TBAV
(mg MDA kg™" sample)

0 T T

0.1 0.2

0.3 0.4 0.5 0.6 0.7 0.8

Predicted TBAV by PLS-OLS

Figure 3. Plots of partial least squares-ordinary least squares (PLS-OLS) predicted values with actual values of palm oil heated at 180°C. (a) acid value
(AV), (b) peroxide value (PV), (c) thiobarbituric acid value (TBAV). Dots show the plots between the predicted and actual values. Lines indicate the
ideal curve if R’=1.

TABLE 4.VERIFICATION OF COOKING OIL SAMPLE HEATED AT 180°C FOR 24 HR USING PAIR T TEST

Acid value (mg NaOH g™ sample) 0.625 0.600 0.148
Peroxide value (meq O, kg™ sample) 13.034 12.706 0.228
Thiobarbituric acid value (mg MDA kg™ sample) 0.545 0.452 0.154

Note: *Not significantly different (p>0.05); PLS-OLS - partial least squares-ordinary least squares.
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CONCLUSION

FTIR spectroscopy can be applied as an alternative
to conventional methods of acid, peroxide and TBA
value determinations for monitoring the quality
changes of cooking oil during a long period of
frying.
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