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Currently, the authentication of virgin walnut oil (VWO) has become very important due to the possible adulteration of VWO with
cheaper plant oils such as soybean oil (SO), puer tea seed oil (PO), and sun�ower oil (SFO). Methods involving Fourier transform
infrared (FT-IR) spectroscopy combined with chemometric techniques (partial least square) were developed for quanti�cation of
SO, PO, and SFO in VWO. IR spectra of oil samples were recorded at frequency regions of 4000–650 cm−1 on horizontal attenuated
total re�ectance (HATR) attachment of FT-IR. PLS model correlates the actual and FT-IR estimated values of oil adulterants (SO,
PO, and SFO) with coeﬃcients of determination (𝑅𝑅2 ) of 0.9958, 0.9925, and 0.9952, respectively. e obtained RMSEC values of
SO, PO, and SFO in VWO are 1.35%, 1.85%, and 1.43% (v/v), respectively. e method, therefore, has potential as a rapid method
for quanti�cation of product adulteration.

1. Introduction
In the recent years, walnut oil has received great attention
because of its biological activities and sensory qualities and
has become a very important agricultural product for many
countries. e unsaturated fatty acid in walnut oil is 90%.
ere is about 47.4% of linoleic acid and 15.8% of linolenic
acid [1]. Epidemiological studies show that walnut oil not
only reduces serum cholesterol but at the same time has
nutritional cranial nerve cells which can adjust plant nerve
function. Other experts discovered that walnut oil does not
only act as oﬃcinal, but also can be used as the “old man
and the infant nutrition oil� as well as aerial work and �ight
personnel’s senior health care oil [2]. Due to its higher price
in the market, WO can be a target of adulteration with the
cheaper oils such as soybean oil in order to gain economical
pro�t. erefore, the development of rapid and nonexpensive
analytical techniques capable of detecting such adulterations
in walnut oil is currently highly demanded.
In fact, the adulteration is a serious problem in trade of
fats and oils for a long time, and it is of primary importance
for consumers, food processors, and industries, because there

is a great diﬀerence in quality and price for diﬀerent oil products. e adulteration is increasingly more diﬃcult to detect
when the oil adulterant has similar chemical composition to
the authentic oil [3, 4]. In addition, chemical methods traditionally employed for the control of authenticity of virgin
edible oil as gas chromatography and high performance liquid chromatography are expensive, time-consuming, require
skilled operators, and have high environmental impact [5, 6].
New and complementary analytical techniques devoid
of such troubles could act as supporting tools for currently
used methods, being very helpful to improve the detection of
VWO adulteration. Today, the application of Fourier transform infrared (FT-IR) spectroscopy has increased in food
studies and particularly has become a powerful analytical
tool in the study of edible oils and fats [7], because of its
ability to serve as a “�ngerprint technique,� meaning that
there are no two samples with the same FT-IR spectra, either
in the number of peaks or in the maximum peak intensities
[8]. IR spectroscopy can be taken into account as an ideal
instrumental method for the authenticity studies of edible fats
and oils.
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T 1: e composition percentage for calibration and validation sets used in the binary mixtures of SO, PO, and SFO with VWO.
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Samples

e presence of various spectroscopic sampling techniques such as attenuated total re�ectance (ATR) and chemometric data evaluation soware allows fast and reliable
technique for authentication study of cod-liver oil (CLO)
[9, 10]. Using ATR, there is no excessive sample preparation;
consequently, the use of hazardous solvents and reagents can
be avoided [11]. For this reason, FT-IR spectroscopy and
other vibrational spectroscopic techniques can be taken into
consideration as “green analytical technique” for the analysis
of edible fats and oils [12].
In addition, the chemometrics techniques have played
a very important role in the study of edible fats and oils,
especially for the authentication study [13]. Among such
methods, partial least square (PLS) is a factorial multivariate calibration method that decomposes spectral data into
loadings and scores, building the corresponding calibration
models from these new variables [14, 15]. is method,
which requires analytes’ compliance of Beer’s Law, has been
repeatedly coupled with FTIR spectroscopy and extensively
used to obtain diﬀerent quality parameters of edible oils [16–
21].
e aim of the present work is to develop a new application of the FTIR-PLS association as a rapid, inexpensive,
and nondestructive authenticity measuring tool, useful to
determine the adulteration of VWO with other edible oils and
also to identify and quantify the percentage of the ruining
agent in the blend. is approach represents a facile and
convenient means for monitoring walnut oil quality with the
advantage of ease of operation, high sample turnover, and no
sample pretreatment.
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2. Materials and Methods
Virgin walnut oil (VWO) and selected vegetable oils, namely
soybean oil (SO), puer tea seed oil (PO), and sun�ower oil
(SFO) were purchased from the local market.
2.�. �uanti��ation. For quantitative analysis, SO, PO, and
SFO were mixed as binary mixture with VWO (each comprises 16 samples for calibration and 16 samples for validation). e concentration of each oils used in both calibration
and validation is presented in Table 1. Each sample was
subjected for FT-IR analysis.
2.2. Instrumentation. FT-IR spectra of samples were
obtained using SHIMADZU FT-IR-8400 with HATR crystal
of ZnSe 45∘ equipped with deuterated triglycine sulphate
(DTGS) as detector, potassium bromide (KBr) as beam
splitter, and controlled with the Omnic soware (Version 6.0
ermo Nicolet). e measurements were directly carried
out by putting oil samples on HATR surface at controlled
room temperature (20∘ C) in IR region of 4000–650 cm−1 , by
accumulating 40 scans with the resolution of 4 cm−1 . ese
spectra were subtracted from reference spectrum of air,
acquired by collecting a spectrum from the cleaned blank
HATR crystal before the measurement of each oil sample
replication. e sample spectra were collected in triplicate
and displayed as the average spectra. At the end of every
scan, the surface of HATR crystal was cleaned with hexane
twice and dried with special so tissue, cleaned with acetone,
and �nally dried with so tissue following the collection of
each spectrum.
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F 1: IR spectra of soybean oil (SO), puer tea seed oil (PO),
sun�ower oil (SFO), and virgin walnut oil (VWO) at IR region of
4000–650 cm−1 . (A) VWO, (B) SO, (C) PO, and (D) SFO.

2.3. Chemometrics. e chemometric analyses were performed using the soware TQ Analyst Version 6 (ermo
electron Corporation, Madison, WI). Quanti�cation of adulterants (SO, PO, and SFO) in VWO was carried out using
partial least square (PLS). Frequency regions for PLS were
automatically selected by the soware and were con�rmed
by investigating peaks where variations were observed. PLS
calibration model was cross-validated using “leave-one-out”
technique. is model was further used to predict the level of
SO, PO, and SFO in independent samples in order to evaluate
its predictive capability.

3. Results and Discussion
3.1. Spectra Analysis. Chemically, fats and oils are glycerol
esteri�ed with fatty acids. Some of the fats and oils might have
quite similar composition; consequently, it is oen diﬃcult
to detect adulteration of fats and oils physically [22]. e
importance of IR spectroscopy in the identi�cation of molecular structures originates from the much information content
obtained and the possibility to assign certain absorption
bands related to its functional groups. In fats and oils, most
of the peaks and shoulders of the spectrum are attributable to
the speci�c functional groups [17]. Because of its capability
as a �ngerprint technique, MIR spectroscopy allows one to
diﬀerentiate authentic oils and those adulterated with others
by observing the spectra changes due to the adulteration [23].
Figure 1 exhibits IR spectra of VWO, SO, PO, and SFO
at frequency region of 4000–650 cm−1 . e assignment of
functional groups responsible for IR absorption is as follows:
3008 cm−1 (trans =C–H stretch), 2954 (–CH3 asymmetrical
stretch), 2922 and 2853 (symmetrical and asymmetrical
stretching of –CH2 ), 1743 (–C=O stretch), 1654 (cis –C=C
stretch), 1463 (–CH2 bending), 1417 (cis =C–H bending),
1377 (–CH3 bending), 1237 (–C–O stretch), 1160 (–C–O
stretch; –CH2 bending), 1120 (–C–O stretch), 1098 (–C–O
stretch), 1032 (–C–O stretch), 965 (trans –CH=CH– bending
out of plane), 871 (=CH2 wagging), and 722 cm−1 (cis
–CH=CH– bending out of plane) [24, 25].
Taking into account the spectrum of VWO, SO, PO,
and SFO, it can be seen that spectra of SO, PO, and SFO
revealed some diﬀerences to VWO, at frequency regions

of 3007 cm−1 (attributed to the stretching vibration of cisvinylic), 2854 cm−1 due to asymmetrical and symmetrical
stretching vibrations of –CH2 –, 1463 cm−1 because of the
–CH2 bending, and 1098 cm−1 which are corresponding
to C–O stretching vibrations as well as at 722 cm−1 (cis
–CH=CH– bending out of plane). For this reason, these frequency regions in which the spectral variation was observed
between VWO and vegetable oils (SO, PO, and SFO) were
optimized to be exploited for quanti�cation and classi�cation
of those in VWO.
3.2. ��anti�cation o� �e�eta�le �ils in ���. e quanti�cation of SO, PO, and SFO as adulterants in VWO was
carried out using PLS algorithm. e spectral regions used
for PLS calibration models are at 1463, 2854, and 3007 cm−1
for quantitative analysis of SO in VWO, at 723, 1099–1463,
and 3007 cm−1 for quanti�cation of PO in VWO, and at
723, 1099–1464, and 3007 cm−1 for quanti�cation of SFO in
VWO. e selection of these frequency regions was based
on the optimization processes in which they oﬀered the
highest values of 𝑅𝑅2 and the lowest values of error, either in
calibration or in prediction models.
Figure 2 shows the PLS calibration model which correlates the actual and estimated purity quotient of VWO (%v/v)
obtained from FT-IR spectra at the speci�ed regions. e
diﬀerence between the actual and the observed concentration
of VWO is relatively small with coeﬃcients of determination
(𝑅𝑅2 ) values are 0.9958, 0.9925, and 0.9952 for adulterants
(SO, PO and SFO), respectively. Root mean square error
of calibration (RMSEC) was used to evaluate the error in
calibration model. RMSEC value was calculated as follows:
RMSEC = 

∑𝑛𝑛𝑖𝑖𝑖𝑖 (actual − calculated)2
[26] .
𝑁𝑁 𝑁 𝑁𝑁 𝑁𝑁

RMSEP = 

2
∑𝑚𝑚
𝑖𝑖𝑖𝑖 (actual − calculated)
[26] .
𝑀𝑀 𝑀𝑀

(1)

e term “actual” refers to the known or true concentration of selected standards. Meanwhile the “calculated” or
“predicted” refers to a value computed by the model using
spectral data, where 𝑁𝑁 is the number of samples used in
the calibration sets, and 𝑓𝑓 is number of factors used in the
calibration model. e low value RMSEC indicates the good
performance of PLS model. e obtained RMSEC values of
VWO in SO, PO, and SFO are 1.35%, 1.85%, and 1.43% (v/v),
respectively.
In order to assess the prediction ability of the developed
model, PLS calibration model was used to predict the levels of
independent SO, PO, and SFO in VWO samples as validation
or prediction datasets. e evaluation of the goodness of
�t in the validation is performed by calculating the root
mean square error of prediction (RMSEP) and 𝑅𝑅2 . RMSEP
is calculated using the following equation:
(2)

Here 𝑀𝑀 is the number of samples used in the prediction
sets. e values of 𝑅𝑅2 are 0.9963, 0.9961, and 0.9978 for
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F 2: PLS calibration model for the relationship between actual and estimated concentrations of VWO in SO, PO, and SFO. (a) VWO in
SO. (b) VWO in PO. (c) VWO in SFO.
T 2: PLS performance for analysis of soybean oil, puer tea seed oil, and sun�ower oil as oil adulterants in VWO.
Adulterants
Soybean oil
Puer tea seed oil
Sun�ower oil

Principal components
5
5
5

Calibration
0.9958
0.9925
0.9952

adulterants, Figure 3, respectively; meanwhile the RMSEP
values are 1.31%, 1.31%, and 1.11% (v/v) for analysis of SO,
PO, and SFO as adulterants in VWO samples. e high
values of 𝑅𝑅2 and low values of RMSEP indicate the success
of PLS regression model. Table 2 compiled PLS performance
in terms of 𝑅𝑅2 , RMSEC, RMSEP, and the number of principal
components for quanti�cation of SO, PO, and SFO in VWO.
e scatter plot for the relationship between actual and
estimated concentration of SO, PO, and SFO in validation
model is shown in Figure 3.

𝑅𝑅2

Prediction
0.9963
0.9961
0.9978

RMSEC (%v/v)

RMSEP (%v/v)

1.35
1.85
1.43

1.31
1.31
1.11

e developed PLS model was further evaluated by crossvalidation using “leave one out” technique. In this technique,
one of the calibration samples is removed. Subsequently, the
removed sample was predicted with the fashioned model
using the residual samples and the procedure was repeated
until each sample was excluded once from the model [27].
e values of root mean square error of cross-validation
(RMSECV) obtained are relatively low, that is, 1.73%, 1.82%,
and 1.49% (v/v), respectively, for SO, PO, and SFO. Based
on this result, it can be stated that PLS appears to have a
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F 3: e relationship between actual and estimated concentrations of SO, PO, and SFO in VWO in validation model. (a) SO in VWO.
(b) PO in VWO. (c) SFO in VWO.

reasonable ability to estimate the percentage of SO, PO, and
SFO as oil adulterants in VWO samples.

(2011BAD46B00) and Yunnan Science and Technology Program (2011AB006).

4. Conclusions
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to detect the level of oil adulterants.
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