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RESUMEN

Predicción NIR de la humedad del fruto, acidez libre
y contenido de aceite en aceitunas intactas.

En este trabajo se ha investigado la predicción de pará-
metros de calidad de aceitunas y de aceite de oliva virgen
mediante medidas directas en el fruto de espectrometría de
infrarrojo cercano (NIRS), evaluándose la utilidad de un es-
pectrómetro portátil. Se han desarrollado respectivamente
modelos predictivos y calibraciones utilizando como análisis
de referencia tanto la extracción de aceitunas individualmen-
te con hexano-isopropanol, como la extracción de pasta de
aceituna mediante Soxhlet. Los parámetros analizados fue-
ron: acidez libre del aceite, rendimiento de la extracción físi-
ca de aceite, contenido de aceite referido a peso fresco, con-
tenido de aceite referido a materia seca y humedad del fruto.
Los resultados indican un buen potencial de predicción me-
diante ambos métodos y alientan al perfeccionamiento de
los modelos obtenidos mediante la ampliación de las calibra-
ciones. Los modelos predictivos de la humedad del fruto
mostraron una alta precisión.

PALABRAS CLAVE: Aceite – Aceituna – Acidez – Hume-
dad – NIR.

SUMMARY

NIR prediction of fruit moisture, free acidity and oil
content in intact olives.

In this work, the prediction of olive fruit and virgin olive oil
quality parameters through the direct measuring of the fruit
using near infrared spectrometry (NIRS) has been
investigated and the effectiveness of a portable spectrometer
has been assessed. Models and calibration tests were
developed using both the hexane-isopropanol extraction of
individual olive fruits, and the Soxhlet extraction of olive paste.
The parameters analyzed were the free acidity in olive oil, oil
yield from physical extraction, oil content referring to fresh
weight, oil content referring to dry matter and fruit moisture.
The results indicate a good predictive potential with both
methodologies and serve to encourage improvement in the
obtained models through the enlargement of the calibrations.
Fruit moisture prediction models showed high accuracy.

KEY-WORDS: Acidity – Oil – Olive – Moisture – NIR.

1. INTRODUCTION

An accurate selection of the optimal harvesting
date for mill olives is very important, because oil

quality depends largely on it (García et al., 1996).
Therefore, it would be useful to develop
techniques for monitoring oil content during
maturity stages, by measuring the olives directly
on the tree. Likewise, once in the mill, it would be
advantageous to classify the fruits according to
their oil content, oil yield and fruit moisture prior to
oil extraction. This would improve the management
of the extraction process and would allow a rapid
calculation of payment to the grower according to
these parameters.

The free acidity value in olive oil is one of the key
parameters for its classification into the different
levels of commercial quality categories. Therefore,
the prediction of this parameter from measurements
on intact olives would be beneficial to the olive oil
industry.

Although the use of Near Infrared Spectroscopy
(NIRS) for determining the internal quality
parameters of intact fruit was investigated during
the 80’s, its industrial application has not begun
until now (Nicolaï et al. 2007).

In intact fruit, NIRS has been used mainly to
make a non destructive determination of the soluble
solid contents (SSC) in apples (Iyo and Kawano,
2001; Hernández et al., 2003; Zude et al., 2006),
citrus fruits (Tsuchikawa et al., 2003; Guthrie et al.,
2005; Hernández et al. 2006; Kawano et al., 1993),
peaches (Slaughter, 1992; Peiris et al., 1997),
cherries (Lu, 2001) and melons (Dull et al., 1989; Dull
et al., 1992; Ito et al., 2002; Guthrie et al., 2006).

With regard to the application of NIRS on olive
products, the determination of oil content and
humidity in olive paste is currently being used on a
regular basis for routine determinations (García et
al., 2005; Gallardo et al., 2005; Bendini et al., 2007).
Furthermore, NIRS determinations of oil content
and humidity in olive paste and olive pomace
obtained comparable efficiency to already well
established methodologies such as nuclear
magnetic resonance and the Soxhlet extraction
method (García et al., 2005; Conte et al., 2003;
Muik et al., 2004; Gallardo et al., 2005). Previously,
Hermoso et al. (1999) reported calibration
coefficients for determining the oil content and the
humidity of R � 0.96 and R � 0.60, respectively, in
olive cakes resulting from the two phases oil
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extraction system, using NMR as the reference
analytical method.

The applications of NIRS to olive oil and other oils
has been the subject of a wider investigation. Galtier
et al. (2007) successfully identified the geographical
origin and composition of virgin olive oils through a
chemometric analysis of the NIRS spectrum. Costa
et al. (2008) determined acidity, refractive index and
viscosity in corn, soybean, canola and sunflower oils
using this technology. The results showed that for
each parameter studied, the same predictive model
was valid for the four types of oil. Mailer (2004)
reported satisfactory predictions of free fatty acids,
peroxide value, polyphenol content, induction time,
chlorophyll and the major fatty acids composition of
olive oil using NIRS. R2 coefficients ranged from 0.86
to 1.00 and coefficients 1-RV, characteristic of
predictive error, from 0.73 to 0.99. Previously, Conte
et al. (2003) developed applications for determining
peroxide value, free acidity and oleic acid content in
olive oil and the oil yield of olives, reporting results
that were in line with those obtained from the official
methods with the exception of peroxide value, which
showed lower values. Likewise, the use of NIRS has
been evaluated for quality control and the on-line
classification of virgin olive oils, analyzing free acidity,
bitter taste (K225) and fatty acid composition with
interesting results (Jimenez et al., 2005). Moreover,
the potential of NIRS to analyze adulteration in olive
oil has also been tested (Downey et al., 2002;Wesley
et al., 1995; Yang and Irudayaraj, 2001).

Information relating to the identification of
chemical quantitative or qualitative parameters
through NIRS using intact olives is scarce in the
scientific literature. Leon et al. (2003) obtained
regression models by partial least squares (PLS)
and NIRS, with predictive errors sufficiently small,
for the analysis of oil content (R2 � 0.83), moisture
(R2 � 0.88) and fatty acid composition (R2 from 0.77
to 0.81 for oleic and linoleic) in intact olives, as a
useful tool in olive breeding programmes. Finally, as
part of an olive tree breeding program, the same
authors (Leon et al., 2004) reported the influence of
the parents and the harvest year, on oil content ,
moisture and fatty acids determined by NIRS
analysis of intact olives, with the same calibration
results as previously mentioned.

The objective of the present study is to
determine the effectiveness of a portable NIR
spectrometer for the prediction of oil free acidity, oil
yield, oil content in fresh fruit, oil content in fruit dry
matter and fruit moisture content, using PLS
models and analyzing intact fruits.

2. MATERIALS AND METHODS

2.1. Olives

The calibration for the prediction of free acidity
(FA) (Set A) was carried out using a 20 kg batch of
olives (Olea europaea cv. Picual) from Mengíbar
(Jaen).This batch was composed of olives in a wide

range of maturity. The olives in a similar maturity
stage were grouped and divided into 300-350 g
samples, which were the sample unit. The
predictive calibration of the humidity and oil content
using the hexane-isopropanol method as the oil
reference analysis (Set B) was carried out on two
lots of 60 ‘Picual’ olives harvested in Dos Hermanas
(Sevilla), with the sample unit being the individual
fruit. Another calibration was conducted for the
prediction of moisture and oil content with
‘Arbequina’ olives also from Dos Hermanas
(Sevilla), using the Soxhlet method as the oil
reference analysis (Set C). For this purpose, a
batch of 1400 g olives was classified by maturity
stage into 14 samples of 100 g, each constituting a
sample unit.

2.2. Spectral acquisition

The acquisition of spectra was performed using
a portable AOTF-NIR spectrophotometer (Luminar
5030, Brimrose Corp., Maryland), equipped with a
reflectance post dispersive optical configuration
and an InGaAs (1100-2300 nm) detector. AOTF
technology presents, as its main advantage, the
speed of the spectrum acquisition which is higher
than that obtained with other technologies such as
those based on Fourier transform, monochromators
or other filters (McClure, 2003). The spectrometer
includes a measurement unit or ‘gun’ and a
computer unit. Furthermore, this device is equipped
with a base for use in the laboratory, with a
measuring rotary capsule. The spectrometer offers
good portability, with 4h autonomy through a set of
batteries.

The acquisition of spectra was conducted
according to the set of samples. For Set A (oil
acidity), a representative spectrum of the sample
was obtained by averaging the spectra of each
individual fruit in each 300-350 g sample. Each olive
fruit spectrum was obtained by acquiring 50 spectra
around the fruit equator with continuous measuring
configuration.

In the predictive calibrations of Set B, the
acquisition of spectra was performed individually for
each olive fruit, constituting the sample unit. The
instrument was configured to obtain an average of
50 spectra, acquired along the equatorial
circumference of the fruit.

Samples of virgin olive oil for the free acidity
analysis were obtained from the Abencor Method.
For Set C, the mean spectra of each 100 g olive
sample was acquired using the measuring rotary
capsule unit of the instrument, configured to obtain
each measurement as an average of 200 spectra.

Briefly, each 300-350 g olive sample was ground
in a mill, the resulting paste was introduced into a
jar and weighed. Then it was beaten for 20 min after
the addition of 10 g talc. Subsequently, 60 mL of
water were added to the paste and it was beaten
again for 10 min and then centrifuged for 1 min
(3500 r.p.m.) to separate the solid residual. Finally,
the supernatant liquid was introduced into a
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graduated tube, where the virgin olive oil was
separated from the aqueous phase by decanting.

2.3. Free Acidity Reference Analysis

Free acidity (FA) was expressed as percentage
oleic acid and analyzed according to the Official
Methods of Analysis of the EC (EUC, 1991; 1997).
Briefly, 4 to 6 g olive oil were weighed into 250 mol
wide mouth Erlenmeyer flasks, 50-mol ethyl
alcohol: ethyl ether 1:1 with a few drops of
phenolphthalein added, and then neutralized with
NaOH 0.1 N until pink in color.

2.4. Oil Yield Reference Measuring

Once decanted after centrifugation, the volume
of oil was measured in the graduated tube and the
oil yield (Y) calculated as the ratio between the oil
volume and the olive fruit weight from which it was
obtained, considering that, the density of olive oil is
0.916 g/mL.

2.5. Oil Content by Hexane: Isopropanol
Extraction 

Following the acquisition of spectra, the olives
were weighed and put in a stove at 110 °C for 36 h.
After total water removal, the dried fruits were put in
50 mL airtight plastic pots. Once they reached room
temperature, they were weighed again for
determining the moisture content. After that, using a
scalpel, the pulp of each dried fruit was separated
and shredded inside the same plastic pots,
ensuring a perfect homogenization of the sample.
Approximately 2 g (10�4g) of each dry sample were
introduced into a 50 mL centrifuge tube, where 25
mL of a mixture of hexane: isopropanol (3:2) was
added. Then, the tube was shaken for 2 min and the
sample extracted for 30 min. After that, 12.5 mL of
a 1% solution of sodium sulphate were added, the
tube was shaken again for 2 min. and centrifugated
at 3000 rpm for 10 min.

After centrifugation, the lipid-phase was
separated with a Pasteur pipette and the solvent
was eliminated in a rotary evaporator. The complete
absence of solvent in the oil was assured by placing
the flasks in a stove at 110 °C for 2 h. Finally, the oil
content was gravimetrically determined for both
fresh weight (OCFWB) and dry matter (OCDMB).

2.6. Oil Content by Soxhlet Method 

Each sample of approx. 100 g olives was ground
in the ‘Abencor’ mill and two replicates of approx. 40
g. were obtained from the resulting paste and then
placed in capsules and dried in a stove at 110 °C for
24 h. The resulting dry material was weighed to
determine fruit moisture, and extracted, using
Soxhlet. Later, oil content was gravimetrically
determined for both dry matter and fresh weight.

2.7. Moisture content

The olive moisture content was determined by
gravimetry, considering the percentage of fresh weight
that the difference between fresh and dried weight
represents. According to the oil extraction system, two
different sample units were used: when oil content was
determined by hexane:isopropanol extraction, fruit
moisture was determined in each individual olive fruit;
and when Soxhlet was used, this parameter was
determined in each 100 g olive sample.

2.8. Chemometry and Calibration Procedure

Oil free acidity and oil yield models were
obtained from oil samples extracted by the Abencor
system and the reference was analyzed for these
parameters as previously indicated. Fruit moisture
content and oil content models were conducted
from reference determinations using individual fruit
sample units. Calibration tests for both moisture and
oil content were obtained from olive paste samples.

Partial Least Squares (Wold et al., 1983) models
were always obtained with Unscrumbler (CAMO
Software AS, Norway) with the full spectrum (1100-
2300 nm); analysis of the spectral significant
variables was conducted on each model and
calibration tests were made with the correspondent
wavelength intervals.

Before the calibration, the spectral variation of the
data was analyzed by Principal Component Analysis
(PCA), which requires no laboratory reference
values, using Unscrumbler software. The reflectance
data was transformed to absorbance, mean
normalized and treated by Multiplicative Scatter
Correction (MSC) or first order Savitzky-Golay or
Gap-segment differentiation. Standard Normal
Variate Transformation (SNV) was always tested. In
order to confirm the influence of pre-processing on
the prediction of the calibration models, different
combination of gap and smooth were tested for gap-
segment derivatives. The models were optimized by
outlier elimination. Full-cross internal validation
(FCV) was always conducted for building models,
and external validation exercises for the prediction
using the corresponding models on completely
independent samples were conducted.

The latent variables were selected for minimum
standard errors of calibration (SEC); the
performance for PLS procedure was assessed in
terms of the correlation coefficient of calibration
(Rc), standard error of performance (SEP), and root
mean square error of prediction (RMSEP).

3. RESULTS AND DISCUSSION

3.1. Reference Analysis

The values from the reference analysis are
included in Table 1. As can be seen, a wide range of
the parameters was revealed for Picual. Arbequina
samples showed a smaller range for the parameters
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respectively, were significantly good at a prediction
particularly difficult, since FA is a feature of the olive
oil and not of the olive fruit. Likewise, the coefficients
RMSEC and SEC were both aproximately 13%,
values close to 10%, considered acceptable. The
scattering of FA prediction is depicted in Figure 1.

An external validation exercise was conducted.
With this purpose, a new calibration with two thirds of
the available samples was held, using as validation set
the 19 remaining samples. The statistical coefficients
of this calibration as well as the error of prediction
(RMSEP) and standard error of performance of the
model (SEP) are included in Table 2.

3.4. Olive Oil yield-Set A

Calibration tests were conducted for the
prediction of Y with intervals of 100-158 nm and
213-294 nm, which were highlighted by its influence
on the analysis of important variables made for this
parameter. However, the coefficients of calibration
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Table 1
Statistical data of the analytical quality parameters a

CALIBRATIONS WITH ONLY INTERNAL VALIDATION

Calibrations Samples Range σσ X

Hexane:Isopropanol Method
Picual
Fruit moisture 120 48,75-68,11 4,03 56,94
OCFW 120 19,49-44,21 5,10 29,17
OCDM 120 33,85-68,88 7,03 51,11

Soxhlet Method
Arbequina
Fruit moisture 14 58,05-63,55 1,44 59,79
OCFW 14 16,32-17,84 0,46 16,96
OCDM 14 40,16-45,42 1,89 42,29

Abencor Method
Picual
Oil free acidity 58 0,164-0,482 0,07 0,25
Oil yield 58 13,01-25,22 3,01 20,23

CALIBRATIONS WITH EXTERNAL VALIDATION

Calibrations Samples Range σσ X

Hexane:Isopropanol Method
Fruit moisture 90 48,75-68,11 3,65 56,08
OCFW 90 19,49-40,83 3,95 27,69
OCDM 90 35,03-68,88 7,26 51,52

Abencor Method
Oil free acidity 39 0,163-0,482 0,08 0,25

SET OF SAMPLES OF EXTERNAL VALIDATIONS

Calibrations Samples Range σσ X

Hexane:Isopropanol Method
Fruit moisture 30 51,77-65,56 3,97 59,82
OCFW 30 22,35-44,21 5,55 33,90
OCDM 30 38,36-59,23 6,07 49,72

Abencor Method
Oil free acidity 19 0,175-0,349 0,05 0,24

a CG, contenido graso; σ, desviación típica; X , media. OCFW, Oil content refered to fresh weight; OCDM, Oil content refered to dry matter.

analyzed, because of the higher homogeneity in the
maturity state of the olives used.

3.2. Spectral Variable Analysis

The analysis of important variables showed that
for almost all calibrations it was impossible to
identify wavelength intervals with a decisive
importance, showing the influence of virtually the
entire spectrum. Over all, in the predictive
calibration for virgin olive oil yield, those variables
within the intervals 100 to158 nm and 213 to 294
nm were identified as the most influential.

3.3. Free acidity-Set A

The best spectral data pre-treatment in the
calibrations to predict FA by NIR measurements in
olive fruits was the transformation to absorbance and
mean normalization. The coefficients of calibration
(RC) and full cross validation (RCV), 0.89 and 0.81



The performance of the calibration obtained
presented coeficients RC � 0.86 and RCV � 0.83
respectively (Table 2); RMSEC and SEC were 7.8%
and 2.9%. These ratios mean a good predictive
potential of Y using this technique.

198 GRASAS Y ACEITES, 60 (2), ABRIL-JUNIO, 194-202, 2009, ISSN: 0017-3495, DOI: 10.3989/gya.097308

J. A. CAYUELA, J. M. GARCÍA AND N. CALIANI

1 2

3

5

4

Figure 1.
Olive quality parameters predictions

Free acidity of olive oil (1) and oil yield (2) from Picual (Set A); Fruit moisture(3), oil content refered to fruit fresh weight (4), 
oil content refered to dry matter (5) from Picual (Set B).

were not higher than those obtained using the full
spectrum.The calibration model for the prediction of
Y by the Abencor system without any pretreatment
of the acquired spectral data showed the best
results, represented in Figure 1.



External validation was conducted using a
different calibration, obtained from 90 of the 120
samples, and the prediction of OCFWB for the
remaining samples was later obtained. The
coefficient of calibration (RC � 0.86) was higher
than that obtained with all the samples, although
the full-cross validation result was somewhat lower.
The statistical coefficients of calibration and
prediction are included in Table 2.

3.7. Oil Content Referred to Dry Matter-Set B

The best result in the prediction of oil content
regarding dry olive matter (OCDMB) was achieved
after trying various combinations of chemometric
treatments by using absorbance spectral data,
mean normalization and then applying first the
Savitzky-Golay derivative. Figure 1 provides the
dispersion of prediction with the calibration
achieved. Table 2 includes statistical coefficients.

External validation exercises were carried out.
Table 2 includes the statistical coefficients of the
calibration developed for this purpose as well as the
external validation, which were similar to those
values in the OCFWB prediction.

3.8. Fruit Moisture Test-Set C

The treatment of spectral data provided a better
functioning of the calibration test because of its
transformation into absorbance, mean normalization
and first Savitzky-Golay derivative. Figure 2
represents the dispersion of predicting M C

compared with the corresponding values obtained
using the Soxhlet method. As shown in Table 2, the
resulting RC was very high, although RCV � 0.59, did
not indicate an optimal validation.
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Table 2
Coefficients of model performance and external validation a

CALIBRATIONS WITH ONLY INTERNAL VALIDATION
Outliers RC RCV RMSEC SEC Biass

FA 5 0.887 0.805 0.032 0.033 �2,53 10�9

Y 3 0.859 0.831 1.570 0.590 �3,18 10�7

MB 2 0.914 0.884 1.639 1.646 �1,03 10�6

OCFWB 4 0.733 0.634 3.478 3.493 3,17 10�7

OCDMB 9 0.570 0.297 5.768 5.794 �1,61 10�6

MC 2 0.999 0.593 0.016 0.016 �6,36 10�7

OCFWC 1 0.818 0.522 0.265 0.275 7,33 10�7

OCDMC 2 0.999 0.804 0.018 0.019 3,18 10�7

CALIBRATIONS WITH EXTERNAL VALIDATION
Outliers RC RCV RMSEC SEC Biass RMSEP SEP

FA 8 0.896 0.771 0.025 0.026 �1,15 10�8 0.05 22.6 0.05 22.6
MB 1 0.943 0.895 1.189 1.196 �4,29 10�7 1.52 2.5 1.55 2.6
OCFWB 10 0.856 0.625 1.546 1.557 �7,08 10�7 7.98 23.5 5.40 15.9
OCDMB 10 0.837 0.605 3.245 3.266 �9,85 10�6 12.3 21.9 8.20 14.6

FA, Free acidity, Set A;Y, Oil yield, Set A; MB, Fruit moisture, Set B; MC, Fruit moisture, Set C; OCFWB, Oil content refered to fresh weight,
Set B; OCDMB, Oil content refered to dry matter, Set B; OCFWC, Oil content referred to fresh weight, Set C; CDMC, Oil content refered to
dry matter, Set C. Set A, Set B and Set C: sets of olive fruit samples.

3.5. Fruit Moisture-Set B

The best result in the calibrations for MB

prediction presented RC � 0.91, being RCV � 0.88.
These results were obtained with absorbance
spectral data mean normalized. Figure 1 represents
the dispersion of the prediction obtained with this
model compared to the values of the reference
method of analysis used, by drying the entire fruits
in a stove. The model statistical ratios are shown in
Table 2.

An external validation exercise using samples
completely independent from those used in the
calibration was carried out. For this purpose, a
calibration with 3/4 of the total number of
samples was developed and used to predict M in
the rest of the samples (1/4). The statistical
coefficients of calibration and prediction are
included in Table 2. The predictive error obtained,
expressed by the RMSEP, accounted for 2.5% of
the average humidity of the validation set, the
standard error of operation SEP was 2.6%. These
results show very good potential of the art,
including methodology and reference analysis for
predicting M.

3.6. Oil content Referred to Fresh Weight-Set B

In the calibrations for the prediction of the oil
content regarding olive fresh weight (OCFWB), the
best return was obtained without any spectral data
processing, reaching calibration coefficients RC �
0.73 and RCV � 0.63 (Table 2).The dispersion of the
prediction obtained compared with the
corresponding analytical values is expressed in
Figure 1.



3.10. Oil Content Refered to Dry Matter Test-
Set C

Likewise for this calibration test, the best
treatment of the spectral data was conversion to
absorbance, mean normalization and first Savitzky-
Golay derivative. Figure 2 shows the dispersion of
the prediction of OCDMC with the calibration
developed. The coefficient of calibration achieved
was very high; although the RCV value as reflected
in Table 2 was lower, the goodness of the
coefficients RMSEC and SEC, both of 0.04%,
indicates that, as in the case of moisture prediction,
good predictive models of OCDMC can be achieved
using the Soxhlet method as reference analysis.

4. CONCLUSIONS

Fruit moisture predictions carried out with the
predictive models reached from different
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Figura 2
Olive quality parameters predictions with Soxhlet method.

Fruit moisture (1), oil content refered to fresh weight (2), oil content refered to dry matter (3) (Set C).

The limited number of samples made it
impossible to conduct external validation exercises.
However, the good behavior of the model shown in
Figure 2, where the dispersion of the prediction is
depicted, encourages expansionin the future of this
calibration with a larger number of samples.

3.9. Oil Content Refered to Fresh Weight Test-
Set C

As in the predictive calibration test of MC, the
best results were obtained with spectral data in
absorbance, mean normalized and applying first
Savitzky-Golay derivative. Figure 2 shows the
dispersion of the prediction. If we compare the
functioning of this predictive model with that
obtained from the hexane:isopropanol extraction, it
appears that for this parameter, with calibration
coefficients RC � 0.82 and RCV � 0.52 (Table 2), the
results reached with both reference methods were
analogous.



methodologies either using olive paste or the whole
olive fruit, gave accurate predictions of this
parameter in both cases. This fact must be
emphasized, since determining the olive milling
parameters in the olive mill depends largely on the
moisture content of the olive fruit.

The oil free acidity predictive model reached
significantly good coefficients of calibration (RC) and
full cross validation (RCV), considering that acidity is
a parameter of olive oil and not of the olive fruit. The
RMSEP, however, was higher than desirable for an
accurate prediction.

For oil yield, the coeficients RC and RCV

indicated a good predictive potential of Y using this
technique. The prediction of oil content using
hexane: isopropanol extraction reference analysis,
both regarding fresh weight and dry matter did not
reach the accuracy needed to be useful in practice.
Nevertheless, the goodness of the model
performance encouraged the improving of the turn
out with new calibrations using this methodology.
Better results were obtained with the calibrations
conducted from Soxhlet extraction, but more
research is needed.
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