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Abstract This study was performed in order to evaluate

efficiency of near-infrared reflectance spectroscopy (NIRS)

for the determination of fatty acid composition ratio of

sunflower seeds and to compare performance of calibration

methods. Calibration equations were developed using

modified partial least squares (MPLS) and partial least

squares (PLS) regression methods. Ninety-three sunflower

seed varieties were from test field of East Mediterranean

Agricultural Research Institute. In order to determine the

reference fatty acid values needed to construct calibration

in NIRS analysis, sunflower seed samples were analyzed

by gas chromatography method. Coefficients of determi-

nation (R2) in calibration were developed using MPLS and

PLS as follows: for palmitic acid 0.706–0.664, for stearic

acid 0.615–0.654, for oleic acid 0.996–0.994, for linoleic

acid 0.995–0.994, for arachidic acid 0.768–0.643, for

linolenic acid 0.818–0.763, for behenic acid 0.891–0.776,

for eicosapentaenoic 0.933–0.892, for unsaturated fatty

acid 0.837–0.890 and for saturated fatty acid 0.837–0.890

respectively. The results showed that NIRS was a reliable

technique that can be used as a tool for rapid pre-screening

of fatty acid composition of sunflower seeds.
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Introduction

Sunflower (Helianthus annuus L.) is considered to be one

of the most important oil plants having 22–55% oil content

(Flagella et al. 2002; Gonzalez-Martin et al. 2013) with an

agricultural history dating back to 3000 B.C and cultivation

in a large area in the world. Sunflower oil contains

approximately 15% saturated, 85% unsaturated fatty acid

and consisting of 14–43% oleic and 44–75% linoleic acids

in its unsaturated fatty acid content. Standard type sun-

flower oil is one of the most important vegetable oil in

terms of oil composition and among the most important

oils in human nutrition. In recent years, high quality sun-

flower oil has been produced with a range of composition

via the development of mid-oleic type (43.1–71.8%) and

high-oleic type (75–90.7%) sunflower varieties that has

higher oleic acid content than standard sunflower type

(Flagella et al. 2002).

For the proper utilization of sunflower oils in food and

other industries, oil, moisture and protein contents, fatty

acid compositions and quality characteristics of sunflowers

should be quickly and reliably evaluated by analytical tools

at the harvest, marketing and processing (Biskupek-Korell

and Moschner 2006).

The development of fast and effective methods becomes

a necessity when the applicational needs are taken into

consideration. In recent years, there is a growing interest in

fast, reliable and environmentally friendly technologies

both in food production and food research. Consequently

alternative technologies such as NIR spectroscopy (Cen

and He 2007) are being developed. This technology is

based on the measurement of absorption of electromagnetic

radiation in 400–2500 nm wavelength range (Davies and

Granth 1987).
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NIR spectroscopy, based on the resolution of the ana-

lytical and quality factors from food samples with corre-

lation of electromagnetic absorption at aforementioned

wavelength, is used routinely in sensory, physical and

chemical analysis of food and agricultural products (Wil-

liams 2001; Izneid et al. 2014; Madalozzo et al. 2015;

Srikham and Noomhorm 2015). For this purpose, studies

were conducted to determine crude fat content of the oil

plants and their fatty acid compositions by NIR spec-

troscopy (Fassio and Cozzolino 2004; Velasco et al. 2004;

Biskupek-Korell and Moschner 2006; Koprna et al. 2006).

NIRS technology has been used successfully in the

analysis of fatty acid composition of sunflower seeds to

assess the content of palmitic acid, stearic acid, oleic acid

and linoleic acid (Velasco et al. 2004), the content of oleic

and linoleic acids (Biskupek-Korell and Moschner 2006),

discriminant analysis of sunflower seeds for fatty acids

(Grunvald et al. 2012), the content of moisture, fat, oleic

acid (Gonzalez-Martin et al. 2013) and the content of

palmitic, palmitoleic, stearic, oleic and linoleic acids

(Perez-Vich et al. 1998).

It is necessary to determine fatty acid composition in

sunflower seeds which have an important value in national

production, importation as well as in food processing and

breeding programs, by fast and reliable methods. Since

analyses based on NIR spectroscopy do not require labour

intensive sample pre-treatment and processing, samples are

analysed with simple grinding or as a whole. This study

was performed in order to evaluate efficiency of NIR

Spectroscopy in determination of fatty acid composition

ratio consisting unsaturated (UFA) and saturated fatty acid

(SFA) fractions in sunflower seeds.

Materials and methods

Materials

In this study, 93 different sunflower varieties, harvested

between 2015 and 2016, (35 low-oleic varieties, 52 mid-

oleic varieties and 6 high-oleic varieties) in which recla-

mation and adaptation studies were performed in East

Mediterranean Agronomic Institute testing ground were

used as experimental materials.

Oil extraction of samples

Prior to oil analysis sunflower seeds were cleaned, dried in

oven (40 �C for 6 h) (Fassio and Cozzolino 2004) until

moisture contents fall below 10% and 50 g of samples

ground in a waring blender (Waring Commercial, USA) up

to 1 mm diameter.

For crude oil analysis, 5 g sunflower seed samples were

weighed after grinding and analysed by Soxhlet extraction

device (Gerhardt Analytical Systems, Germany) using

150 mL petroleum ether as solvent for 3 h (ISO 2009).

Gas chromatography analysis of fatty acids

The extracted crude oils were then used for gas chro-

matography (GC) analysis after the esterification. 0.5 g oil

was transferred into 10 mL-capacity glass tube. Five

millilitres n-heptane was added into the tube. 200 lL 2 M

potassium hydroxide solution in methanol was added to

this mixture. After mixing for 20 s, upper phase was sep-

arated and analysed by GC (TFCC 2010). The GC was

equipped with a capillary column (Fused silica,

100 m 9 0.25 mm 9 0.2 lm) and a FID detector (Agilent

7890A, Agilent Technologies, USA). The GC conditions

used to determine fatty acid methyl ester (FAME) were as

follows (TFCC 2010); injection volume: 1lL; temperature

programme: 175 �C for 10 min, 5 �C min-1 to 210 �C,
5 �C min-1 to 230 �C; final temperature 230 �C for

15 min; detector temperature: 260 �C; injector tempera-

ture: 250 �C; gas carrier flow: N2, 1 mL min-1; split: 1:20;

total run time: 58.5 min.

Spectral analysis and curve calibration

XDS near-infrared Rapid Content Analyser (FOSS

NIRSystem, Denmark) apparatus was used to receive

spectrums and to determine estimated values of the spec-

trum of sunflower seed samples which classical analysis

were completed. Spectra of ground sunflower seed samples

were taken to be every 2 nm in between 400 and 2500 nm

wavelength. Calibration equations were constructed using

WinISI III v1.61 (Infrasoft International) programme. This

programme uses original spectra either directly of after

corrections to provide optimal pre-treatment for each

parameter evaluated and for the instrument. Applied cor-

rections are 1st and 2nd derivative transformation and

standard normal variate and detrend scatter correction

(SNV/detrend). Modified partial least squares (MPLS)

(Shenk and Westerhaus 1993) and partial least squares

(PLS) (Blanco and Villarroya 2002) methods were used to

construct calibration equations. The best fitting mathe-

matical model was obtained by using several mathematical

models in order to correlate the results of the reference

analytical methods to the results obtained by NIR spec-

troscopy. Calibration statistics include the standard error of

calibration (SEC) and the coefficient of determination in

calibration (R2
cal). These statistics were used to develop

calibration model. Standard error of prediction (SEP),

slope, bias and the coefficient of determination in

J Food Sci Technol (June 2018) 55(6):2318–2325 2319

123



prediction (R2) were used to determine precision of the

validation.

Results and discussion

Calibration statistics using MPLS and PLS regression

methods used for the prediction of fatty acid compositions

of sunflower seeds are summarized in Table 1. R2
cal values

obtained by MLPS regression method were 0.706, 0.615,

0.996, 0.995, 0.768, 0.818 and 0.891 for palmitic, stearic,

oleic, linoleic, arachidic, linolenic, behenic acids, respec-

tively. Whereas R2
cal value for eicosapentaenoic (EPA) was

calculated as 0.933, it was 0.837 for both UFA and SFA.

As inferred from Table 1, PLS method however yielded

R2
cal values of 0.664, 0.654, 0.994, 0.994, 0.643, 0.763 and

0.776 for palmitic, stearic, oleic, linoleic, arachidic,

linolenic and behenic acids, respectively. Regression

coefficients of calibration using PLS regression were 0.892

for EPA and 0.890 for both UFA and SFA.

Regression coefficients of calibration equations obtained

by MPLS method for palmitic, oleic, linoleic, arachidic,

linolenic, behenic acids and EPA were found to be greater

than those obtained by PLS method. However, R2
cal values

for stearic acid, UFA and SFA were greater in PLS method.

Standard errors of calibration equations obtained by

MPLS method were 0.39, 0.43, 1.04, 1.03, 0.018, 0.016,

0.035 and 0.012 for palmitic, stearic, oleic, linoleic, ara-

chidic, linolenic, behenic acids and EPA, respectively. SEC

value of UFA and SFA was found as 0.47. Calibration

equations obtained by PLS method had standard errors of

0.42, 0.41, 1.21, 1.18, 0.023, 0.018, 0.051 and 0.016 for

palmitic, stearic, oleic, linoleic, arachidic, linolenic, behe-

nic acids and EPA, respectively. SEC value for UFA and

SFA was 0.38 in this case.

Table 1 Calibration statistics

for fatty acids on sunflower seed

samples

Properties MPLS PLS

n SD SEC R2
cal

n SD SEC R2
cal

Palmitic acid (%) 71 0.71 0.39 0.706 70 0.72 0.42 0.664

Stearic acid (%) 69 0.69 0.43 0.615 71 0.69 0.41 0.654

Oleic acid (%) 70 15.59 1.04 0.996 71 15.75 1.21 0.994

Linoleic acid (%) 68 14.51 1.03 0.995 69 14.89 1.18 0.994

Arachidic acid 69 0.038 0.018 0.768 70 0.039 0.023 0.643

Linolenic acid 71 0.037 0.016 0.818 71 0.037 0.018 0.763

Behenic acid 71 0.106 0.035 0.891 70 0.107 0.051 0.776

EPA 69 0.047 0.012 0.933 69 0.048 0.016 0.892

UFA 69 1.15 0.47 0.837 70 1.16 0.38 0.890

SFA 69 1.15 0.47 0.837 70 1.16 0.38 0.890

MPLS, modified partial least squares; PLS, partial least squares; SD, standard deviation in validation

model; SEC, standard error of calibration; R2
cal, coefficient of determination in calibration; EPA, eicos-

apentaenoic acid; UFA, unsaturated fatty acid; SFA, saturated fatty acid

Table 2 Validation statistics of

MPLS calibration equation

developed for estimation

relative fatty acid composition

in sunflower seeds by FOSS

NIRS systems

Properties Mean ± SD Min. (%) Max. (%) R2 SEP Bias Slope

Palmitic acid (%) 5.79 ± 0.61 4.26 6.82 0.722 0.373 0.000 1.000

Stearic acid (%) 3.19 ± 0.55 2.08 5.01 0.632 0.413 0.000 1.000

Oleic acid (%) 48.11 ± 15.56 16.97 87.68 0.996 0.972 0.000 1.000

Linoleic acid (%) 40.12 ± 14.48 3.44 68.45 0.996 0.959 0.000 1.000

Arachidic acid 0.254 ± 0.034 0.155 0.330 0.788 0.017 0.000 1.000

Linolenic acid 0.179 ± 0.034 0.112 0.271 0.839 0.015 0.000 1.000

Behenic acid 0.703 ± 0.101 0.489 0.965 0.904 0.033 0.000 1.000

EPA 0.266 ± 0.046 0.163 0.375 0.940 0.011 0.000 1.000

UFA 90.03 ± 1.07 87.65 92.17 0.854 0.438 0.000 1.000

SFA 9.97 ± 1.07 7.82 12.35 0.854 0.438 0.000 1.000

MPLS, modified partial least squares; SD, standard deviation in validation model; R2, coefficient of

determination in prediction; SEP, standard error of prediction; EPA, eicosapentaenoic acid; UFA, unsat-

urated fatty acid; SFA, saturated fatty acid
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Perez-Vich et al. (1998) found regression coefficient of

calibration equations obtained by MLPS method as 0.86,

0.92, 0.86 and 0.85 in their study on the determination of

palmitic, stearic, oleic and linoleic acid contents of sun-

flower intact-seed samples using NIRS. R2
cal values found

by MPLS method for oleic and linoleic acids in this study

are higher and regression coefficients for palmitic and

stearic acids are lower than those reported by Perez-Vich

et al. (1998). SEC values calculated in this study are con-

siderably lower than SEC values calculated by Perez-Vich

et al. (1998).

Velasco et al. (2004) used NIRS to determine palmitic,

stearic, oleic and linoleic acid contents of sunflowers.

Although they reported R2 values as 0.52, 0.80, 0.89 and

0.91 for palmitic, stearic, oleic and linoleic acids, respec-

tively, the regression model employed in their study was

not mentioned. Nevertheless R2 values calculated in this

study using both MPLS and PLS regression models for

palmitic, oleic and linoleic acids were greater than those

reported by Velasco et al. (2004). However, R2 value for

stearic acid found in this study was lower than that cal-

culated by Velasco et al. (2004) yet acceptable.

Gonzalez-Martin et al. (2013) found R2 value for cali-

bration equation obtained by multiple linear regression

(MLR) for oleic acid as 0.999. R2 values obtained by both

MPLS and PLS methods in this study were similar to that

reported by Gonzalez-Martin et al. (2013).

Table 2 shows validation statistics of calibration equa-

tions obtained using MPLS regression method in the

determination of fatty acid composition of sunflower seeds.

The ranges of predicted percentages of each fatty acid were

as follows: 4.26–6.82% for palmitic acid, 2.08–5.01% for

stearic acid, 16.97–87.68% for oleic acid, 3.44–68.45% for

linoleic acid, 0.155–0.330% for arachidic acid,

0.112–0.271% for linolenic acid, 0.489–0.965% for behe-

nic acid, 0.163–0.375% for EPA, 87.65–92.17% for UFA

and 7.82–12.35% for SFA. The mean fatty acid contents

were predicted as 5.79, 3.19, 48.11, 40.12, 0.254, 0.179,

0.703, 0.266, 90.03 and 9.97% for palmitic, stearic, oleic,

linoleic, arachidic, linolenic, behenic acids, EPA, UFA and

SFA, respectively.

Table 2 also shows R2 and SEP values for each fatty

acid. As it can be inferred from Table 2, R2 values were

0.722, 0.632, 0.996, 0.996, 0.788, 0.839, 0.904, 0.940,

0.854 and 0.854 for palmitic, stearic, oleic, linoleic, ara-

chidic, linolenic, behenic acids, EPA, UFA and SFA,

respectively. SEP values were calculated as 0.373, 0.413,

0.972, 0.959, 0.017, 0.015, 0.033, 0.011, 0.438 and 0.438

for palmitic, stearic, oleic, linoleic, arachidic, linolenic,

behenic acids, EPA, UFA and SFA, respectively.

Perez-Vich et al. (1998) reported R2 values as 0.82,

0.85, 0.76 and 0.78 for palmitic, stearic, oleic and linoleic

acids, respectively in their study on the validation of cali-

brations obtained by MPLS regression method for sun-

flower intact-seed samples. In this study R2 values for oleic

and linoleic acids were greater than those reported by

Perez-Vich et al. (1998) whereas R2 values for palmitic and

stearic acids calculated in this study were lower than those

reported in Perez-Vich et al. (1998). SEP values calculated

in this study were lower than those reported by Perez-Vich

and his colleagues.

Biskupek-Korell and Moschner (2006) also used MPLS

regression methodology to construct calibration equations

in their validation study. R2 values of calibration equations

were 0.96 and 0.98 for oleic and linoleic acids, respec-

tively. R2 values found in our study were higher and SEP

values were lower than those reported by Biskupek-Korell

and Moschner (2006).

Validation statistics for the calibration equations

obtained using PLS regression methodology in order to

predict fatty acid composition of sunflower seeds are

shown in Table 3. The ranges of each fatty acid were found

Table 3 Validation statistics of

PLS calibration equation

developed for estimation

relative fatty acid composition

in sunflower seeds by FOSS

NIRS systems

Properties Mean ± SD Min. (%) Max. (%) R2 SEP Bias Slope

Palmitic acid (%) 5.80 ± 0.59 4.20 6.86 0.688 0.387 0.009 0.981

Stearic acid (%) 3.20 ± 0.57 2.06 4.90 0.684 0.387 0.000 1.000

Oleic acid (%) 48.46 ± 15.71 17.52 87.54 0.995 1.142 0.000 1.000

Linoleic acid (%) 39.50 ± 14.84 3.66 67.90 0.994 1.132 - 0.000 1.000

Arachidic acid 0.255 ± 0.032 0.166 0.333 0.674 0.022 0.000 1.000

Linolenic acid 0.179 ± 0.032 0.109 0.262 0.784 0.017 0.000 1.000

Behenic acid 0.703 ± 0.096 0.517 0.935 0.796 0.048 0.000 1.000

EPA 0.265 ± 0.046 0.152 0.385 0.903 0.015 0.000 1.000

UFA 90.05 ± 1.10 87.13 92.53 0.903 0.358 0.000 1.000

SFA 9.96 ± 1.10 7.47 12.87 0.903 0.358 0.000 1.000

PLS, partial least squares; SD, standard deviation in validation model; R2, coefficient of determination in

prediction; SEP, standard error of prediction; EPA, eicosapentaenoic acid; UFA, unsaturated fatty acid;

SFA, saturated fatty acid
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Fig. 1 Validation plots for fatty acids contents using MPLS calibration equations
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Fig. 2 Validation plots for fatty acids contents using PLS calibration equations
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to be as follows 4.20–6.86, 2.06–4.90, 17.52–87.54,

3.66–67.90, 0.166–0.333, 0.109–0.262, 0.517–0.935,

0.152–0.385, 87.13–92.53 and 7.47–12.87% for palmitic,

stearic, oleic, linoleic, arachidic, linolenic, behenic acids,

EPA, UFA and SFA, respectively. The mean percentages

of these fatty acids in the above stated order were 5.80,

3.20, 48.46, 39.50, 0.255, 0.179, 0.703, 0.265, 90.05 and

9.96%. Table 3 also shows R2 and SEP values of calibra-

tion equations obtained by PLS regression. R2 values were

found as 0.688, 0.684, 0.995, 0.994, 0.674, 0.784, 0.796,

0.903, 0.903 and 0.903 whereas SEP values were calcu-

lated as 0.387, 0.387, 1.142, 1.132, 0.022, 0.017, 0.048,

0.015, 0.358 and 0.358 for palmitic, stearic, oleic, linoleic,

arachidic, linolenic, behenic acids, EPA, UFA and SFA,

respectively.

Velasco et al. (1999) foundR2 values as 0.88 for both oleic

and linoleic acids in their validation study in which they

compared NIRS and GC. We found that NIRS and GC

comparison, R2 values determined by using PLS and MPLS

regression methods were greater than those reported by

Velasco et al. (1999). In the study of Velasco et al. (2004) the

regression methodology used has not been indicated, R2

values were found to be 0.83, 0.92 and 0.93 for stearic, oleic

and linoleic acid, respectively. In our study comparing GC

and NIRS, R2 values found for oleic and linoleic acids by

both regression methodologies were greater than those

reported by Velasco et al. (2004). However, R2 values cal-

culated for stearic acid were lower than R2 value reported in

the study of Velasco et al. (2004). SEP values calculated in

their study were very low for all fatty acids. This might be

due to the higher number of samples analysed.

Gonzalez-Martin et al. (2013) reported R2 values as

0.987 for oleic acid in their study in which they compared

the reference values and values obtained by NIR calibra-

tion using MLR regression method. R2 values calculated in

this study are similar to R2 values reported by Gonzalez-

Martin et al. (2013).

The comparison of NIRS predicted fatty acid composi-

tion ratio and fatty acid composition ratio obtained by GC

analysis (reference values) is shown in Figs. 1 and 2. Since

the calibration coefficients (R2 = RSQ) were higher, tan-

gents of the calibration lines were equal or closer to 1.

When the standard error of prediction (SEP) is close to zero

and R2 is close to 1, it means the calibration model is the

most suitable one. This shows that predicted values are

closely correlated with real values.

Conclusion

This study demonstrated that NIRS can be reliably used to

determine fatty acid composition of sunflower seeds.

Higher R2 values were found by the MPLS regression

method than PLS regression method. In addition, it showed

that NIRS analysis can be fast and effective method in both

vegetable oil industry and sunflower seed trade and

marketing.
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