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RESUMEN

Control de calidad y de almacenamiento de semillas
de girasol mediante tecnologia de infrarrojo cercano

En este trabajo se evalla la espectroscopia de infrarro-
jo cercano para su uso en el control de calidad y almacena-
miento de semillas de girasol. Los resultados indican que
el método analitico empleado puede utilizarse como méto-
do de determinacion rapida de humedad, grasa y conteni-
dos altos/bajos de acido oleico. Los rangos de aplicacion
son comparables con los valores que se han determinado
mediante métodos clasicos de analisis, encontrandose en-
tre 4.6-21.4% la humedad, 38.4-49.6% la grasa y 60.0-
93.1% de acido oleico del total de los acidos grasos. Ade-
mas se ha utilizado un andlisis discriminarte lineal por
pasos determinando las longitudes de onda mas adecua-
das para la clasificacion de semillas de girasol en los gru-
pos alto/bajo oleico. El modelo generado permitio la clasifi-
cacion de semillas de girasol en los grupos alto y bajo
oleico con unos porcentajes de muestras correctamente
clasificadas de un 90.5% en validacion interna y de un
89.4% en validacién cruzada.

PALABRAS CLAVE: Acido oleico — Control de calidad
— Espectroscopia de infrarrojo cercano — Semillas de
girasol.

SUMMARY

Control of quality and silo storage of sunflower
seeds using near infrared technology

This work assesses the application of near infrared
spectroscopy technology for the quality control of
sunflower seeds direct from farmers and from a storage
silo. The results show that the analytical method
employing near infrared spectroscopy can be used as a
rapid and non-destructive tool for the determination of
moisture, fat and high/low oleic acid contents in samples
of sunflower seeds. The ranges obtained were comparable
to those reported for classic chemical methods, and were
between 4.6-21.4% for moisture; 38.4-49.6% for fat, and
60.0-93.1% for oleic acid expressed as percentage of
total fatty acids. A stepwise discriminant analysis was
performed to determine the most useful wavelengths for
classifying sunflower seeds in terms of their (high/low)
oleic acid composition. The discriminant model allows the
classification of sunflower seeds with high or low oleic
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acid contents, with a prediction rate of 90.5% for internal
validation and of 89.4% for cross-validation.

KEY-WORDS: Near infrared spectroscopy — Oleic acid —
Quality control — Sunflower seeds.

1. INTRODUCTION

Sunflower (Helianthus annus L.) is one of the most
widely cultivated crops in the world. Sunflower oil
usually has a low proportion of saturated fatty acids
(10%), high contents of unsaturated fatty acids (oleic
acid, 15-30%; and linoleic acid, 55-75%) and also
natural antioxidants such as a-tocopherol. When the
percentage of oleic acid is greater than 75% oleic acid
expressed as percentage of total fatty acids, the term
high-oleic acid sunflower oil is used. In this case, the
linoleic acid contents are close to 9%.

The oleic acid content of sunflower seeds can
be increased significantly by genetic improvement,
affording plants a higher proportion of the enzyme
oleil-CoA-desaturase (Cantamutto and Poverene,
2007). These seeds are appreciated by the food
industry oil-producing companies because their
low level of unsaturated fatty acids elicits less auto-
oxidation than oil from animal fat or palm oil (Frankel,
1998) and hence greater stability than the oil from
traditional hybrid seeds. For these reasons, high-oleic
acid cultivars have been recently developed whose
oil has greater oxidative stability and better dietary
properties than the oil from standard genotypes
(Flagela et al., 2002). The main uses of these oils
are in cooking and industrially as a biofuel (biodiesel),
which represents a viable alternative to gasoline and
diesel fuel (Mosser, 2008; Pereyra-Irujo et al., 2009).

Traditionally, the basic parameters that determine
the quality of sunflower seeds (% fat, % moisture
and % of oleic acid) are based on wet analysis
and chromatographic techniques (Hajimahmoodi
et al., 2005), which are not only slow and expensive
methods, but also involve the use of large amounts
of reagents, with the consequent generation of
important quantities of residues.
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NIRS (near infrared spectroscopy) technology
has been proven to be an efficient tool for the
rapid determination of fatty acids in cereals and
oleaginous crops such as soy (Roberts et al.,
2006) maize (Weinstock et al., 2006) and olives
(Maggio et al., 2009) and for the determination of
designation of origin (Lépez-Feria et al., 2008). It
also allows for determining the oxidative index of
edible oils (Le Dréau et al., 2009).

Regarding sunflower seeds, NIRS technology
has just been satisfactory applied to assess the
content of fat, moisture and crude protein (Fassio
and Cozzolino, 2004), the total content of fatty acids
(Moschner and Biskupek-Korell, 2006); the content
of oleic acid (Cantarelli et al., 2009), and to the
discrimination between sunflower and wheat stubble
and weed species (Jurado-Expdésito et al., 2003).

The drying process of sunflower seeds and the
way in which they are stored (Christensen, 1982;
Kent, 1975; Pomeranz, 1978; Salunkhe et al., 1991)
strongly influences their quality. In technological
terms, it is the procedure that requires the most
attention since it prevents the decomposition and
deterioration of the fat material contained in the
seeds and the oil extracted from them.

In light of the above, the aim of the present work
was to study the use of NIRS technology for a rapid
control of the quality of sunflower seeds supplied
by farmers and for the control of such seeds in a
silo in order to determine the physicochemical
characteristics (moisture, fat, oleic acid content) of
the raw materials and to discriminate between high-
and low- oleic acid sunflower seeds.

2. MATERIALS AND METHODS

2.1. Samples

The seeds used in the experiment, harvested
in September, October and November, were
collected from Cecosa S.A (Compania Espafola
Comercializadora de Oleaginosas, S.A), devoted
to the industrial drying of oleaginous seeds and
maize, and to storing such products coming
directly from the field. Samples from the field (103)
correspond to seeds taken at random from different
plots and farmers. The samples from silo (160)
were conserved for 6 months prior to sale. A total of
263 samples was analyzed.

2.2. Reference methods

Moisture was measured by gravimetry (AOAC,
1990), following the UNE-EN-1SO-665-2000 norm.
Fat was measured using the EN ISO 10565:1988
method, by means of pulsed nuclear magnetic
resonance (NMR), using an Oxford 4000 NMR
device from Oxford Analytical Instruments Ltd.
(Oxon, England). Chromatographic analyses
were carried out following the 1SO 5590 method
for the determination of fatty acid methyl esters
(ISO, 1978). This was performed by Enoquisa,

an external laboratory. Samples were allocated
into high/low oleic acid groups according to their
percentage of oleic acid expressed as percentage
of total fatty acids. Samples with percentages
greater than 75% oleic acid were allocated into the
high-oleic group (Codex alimentarius, 1999).

2.3. NIR spectra

Prior to the collection of the spectra, the seeds
were ground in order to homogenize the seed coat
and internal fruit. The ground samples were placed
in a vial and the spectra were recorded in the
1445-2348 nm range using a 19 filter instrument.
The nineteen available wavelengths were 1445,
1680, 1722, 1734, 1759, 1778, 1818, 1940, 1982,
2100, 2139, 2180, 2190, 2208, 2230, 2270, 2310,
2336 and 2348 nm. Each spectrum was the
mean of 30 scans obtained using an InfrAlyzer
2000 spectrometer from Bran+Luebbe Gmbh
(Norderstedt, Germany) in reflectance mode.
The device was controlled via the Sesame v.3.10
program (Norderstedt, Germany). Figure 1 shows
the spectra corresponding to four seed samples.

2.4. Statistical analysis

NIR spectra typically contain unselective,
extensively overlapping bands that require the
use of multivariate chemometric analytical tools
(Massart et al., 1998). To perform the qualitative
analyses, the LDA method was employed using the
SPSS 13.0 for Windows software package (SPSS,
Inc., Chicago, IL). A stepwise discriminant analysis
was performed to determine the wavelengths most
useful for classifying the samples in terms of high
or low oleic acid composition, using Wilk’s lambda
as a statistical selection criterion for the variables.

To build the quantitative calibration models of
the different parameters the samples were divided
into two sets; one for calibration and the other one
for validation. The samples belonging to each set
were selected from a Principal Component Analysis
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Figure 1
NIR spectra corresponding to sunflower seed samples: (1) Fat,
38.69%, Moisture, 11.75%, High oleic; (2) Fat, 41.33%,
Moisture, 11.25%, Low oleic; (3) Fat 42.16%, Moisture, 9.33%,
Low oleic; (4) Fat, 48.89%, Moisture, 7.71%, High oleic.
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(PCA) of the NIR spectra. In the quantitative
analysis, the multiple linear regression (MLR)
calibration model was used, which was compiled
using the Combination Search Algorithm, where
the best wavelengths are determined by trying all
possible combinations for the number of search
wavelengths entered. For each combination, the
Multiple Correlation Coefficient, R, was calculated
by comparing the reference property values with
the values calculated from the regression equation:

¥y =Fo+ Fix;(A) + FoXo(Ao) + FaXs(Ag) + ... + Fixi(Ay)

where y is the property value; F, is the interception
of the regression line; F, are the regression
coefficients, and x is the measured or transformed
value at a specific wavelength. The best wavelength
combination to model the calibration set is thus
the one where R is the highest. To construct the
models, the spectra were used untreated, using the
aforementioned nineteen wavelengths in the 1445-
2348 nm spectral range.

The relative standard error (RSE, %) was the
parameter used to assess the quality of calibration
(RSEC) and prediction (RSEP). To evaluate the
quality of the model, the values predicted by NIR
were plotted against the reference values, and the
confidence intervals of the slope and the ordinate
at the origin were calculated for a significance
level of 95%. The multivariate calibration models,
the spectral pre-treatments and the principal
components analysis used in sample selection
were run with Sesame v.3.10 (Norderstedt,
Germany) and Unscrambler v.9.1 from CAMO
software (Trondheim, Norway).

3. RESULTS AND DISCUSSION

3.1. Qualitative analysis

Discrimination of the high- and low- content
oleic sunflower samples was performed with LDA.
A stepwise discriminant analyses was performed

Table 1

to determine the wavelengths most useful in
classifying the samples in terms of high- or low-oleic
composition, using Wilk’s lambda as a statistical
selection criterion for the variables. In this case, five
wavelengths (1680, 1722, 1734, 1940 and 2139
nm) were required for the discriminant analysis.

Only one model was developed using all the
263 samples (direct from the farmers and from
the silo). The results of the qualitative analysis are
shown in Table 1. In the analysis, leave-one-out
cross-validation was performed on all the samples.
In cross-validation, each case was classified by the
discriminant function. A percentage of 90.5% of the
cases was correctly classified and 89.4% of cases
were correctly classified in leave-one-out cross-
validation. The results obtained with both types of
samples (high/low oleic) were acceptable.

3.2. Quantitative analysis

To build the calibration models for the different
parameters (fat, moisture, oleic acid) the samples
were divided into two sets; one for calibration and
the other one for validation. The calibration samples
should have the greatest spectral variability
possible and in turn should cover the complete
range of values of the parameter to be measured.
These samples were chosen from a scatterplot
(PC1 vs. PC2 scores) from a PCA of the spectra
using the aforementioned nineteen wavelengths in
the 1445-2348 nm spectral range and applying the
SNV (Standard Normal Variate) as the only spectral
treatment. The variance explained by the first two
factors was greater than 99%. Figure 2 shows the
score plot for in silo samples as an example.

The models for the determination of the
percentage of moisture and fat in the samples
provided by the farmers —i.e. samples obtained
directly from the field (in September, October and
November)— and the models for the determination
of the percentage of moisture, fat and oleic acid
in samples stored in the silo were optimized. The
models were developed individually with samples

Qualitative analysis: discrimination of low/high oleic acid levels

Classification

Results

Predicted Group Membership
Low oleic  High oleic Total
Original Count Low oleic 109 11 120
High oleic 14 129 143
% Low oleic 90.8 9.2 100
High oleic 9.8 90.2 100
Leave-one-out Count Low oleic 107 13 120
cross-validation High oleic 15 128 143
% Low oleic 89.2 10.8 100
High oleic 10.5 89.5 100
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Figure 2
Selection of samples (used in calibration and prediction)
by PCA. In silo samples.

from the farmers and from the silo because the
moisture range was very different and this could
have strongly affected the NIR analyses.

Untreated spectra were used to build all the
calibration models, employing the use of the
aforementioned nineteen wavelengths in the
1445-2348 nm spectral range. The most relevant
parameters for both the calibration and prediction
curves are shown in Table 2. The maximum relative
standard errors of prediction (RSEP, %) in the
samples from the farmers and from the silo were
5.8% and 2.3% for moisture; 1.3% and 1.6% for
fat respectively, and 1.6% for oleic acid in the silo
samples.

Figures 3 and 4 show the parameters of the
calibration and prediction curves for moisture and
fat in the samples from the farmers, and moisture,
fat and oleic acid for the silo samples, comparing
the reference data with those predicted by the
NIR models. The obtained results presented
an adequate capacity for determining the
aforementioned parameters.
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Figure 3
Parameters of the calibration and prediction curves for the
percentage of moisture and fat. Farmers’ samples.

3.3. Predictive capacity of the models
developed

The calibration models obtained were applied to
unknown samples for routine analysis with a view
to determining their predictive capacity: a Student’s
t test of residuals (level of significance 95%) of all
the samples revealed that the residuals obtained
with the five MLR models were not significantly

Table 2
Statistical parameters for regression line of predicted NIR values vs. reference
values for each parameter

Samples Range (%) RSE (%)

Moisture Calibration 37 6.7-21.4 4.2

Farmers Prediction 54 6.8-18.2 5.8
Fat Calibration 39 38.4-49.6 1.1

Prediction 60 38.7-48.9 1.3

Moisture Calibration 31 4.6-6.8 1.1

Prediction 52 4.7-6.8 2.3

Company Fat Calibration 30 38.7-48.8 1.0
Silo Prediction 34 39.4-47.9 1.6
Oleic acid®  Calibration 17 60.0-93.1° 0.6

Prediction 32 61.5-89.5° 1.6

# Oleic acid expressed as percentage of total fatty acids.
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Figure 4
Parameters of the calibration and prediction curves for the
percentage of moisture fat and oleic acid (expressed as
percentage of total fatty acids). In silo samples.

different from 0 (Table 3). This confirms that they
are adequate for establishing the values of the
parameters used in the assessment of the quality
of sunflower seeds.

4. CONCLUSIONS

The results of the present work show that the
proposed analytical method, employing the near
infrared spectroscopy technique, can be used for
the determination of moisture, fat, and high/low
oleic acid levels in samples of sunflower seeds
in a range between 4.6 and 21.4% for moisture;
38.4 and 49.6% for fat, and 60.0-93.1% for oleic
acid, with results comparable to those obtained
with classic chemical methods. Moreover, the
discrimination model allows for the classification of
sunflower seeds with high or low oleic acid levels,
with a prediction rate of 90.5% in internal validation
and 89.4% in leave-one-out cross-validation. The
method developed allows for a control of the raw
materials from farmers and monitoring of their
storage in silos.
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