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ABSTRACT

As the verification of authenticity of agricultural foods has become a potential
application of spectroscopic methods, this study aimed to use near-infrared (NIR)
spectroscopy associated with linear discriminant analysis (LDA) to discriminate
intact fruit of the species Euterpe oleracea Mart. (açaí) and Euterpe edulis Mart.
(juçara). One hundred sixty-eight açaí fruits from 17 genotypes and 200 fruits
from 20 juçara genotypes were investigated and two groups were used for dis-
criminating the species: calibration (294 fruits) and prediction (74 fruits). L*, a*,
b*-PCA, and NIR-PCA of spectra pretreated with multiplicative scatter correction
(MSC) showed the best results. The L*, a*, b*-LDA model resulted in 96.3%
correct classification and 93.2% prediction accuracy of the external validation
group. NIR spectra pretreated with MSC had 98% correct classification and 97.3%
prediction accuracy. NIR spectroscopy associated with LDA is a reliable method
for the discrimination of intact açaí and juçara fruit.

PRACTICAL APPLICATIONS

Recently, there has been an increasing interest by food industry and producers to
assure consumers the authenticity of their products. Many food properties are
related to individual compounds and their active chemical ingredients, such as
essential oils, terpenoids, flavonoids, phenolic compounds, amino acids and
organic acids. The Euterpe genus has many species of economic interest and
E. oleracea (açaí or assai), E. edulis (juçara) and E. precatoria are among the most
important species in the agribusiness sector. As the fruit of these species are mor-
phologically similar, it is important to develop instrumental methods to sort these
fruit at the convey belt in order to ensure authenticity and near-infrared (NIR)
spectroscopy can be used for that. Based on our results, the NIR spectroscopy and
chemometrics provide a useful approach for authenticating fruit from Euterpe
genus and can be used by the food industry to identify adulteration.

INTRODUCTION

Tropical biomes in Brazil are rich in plant species of eco-
nomic interest such as the palms in the genus Euterpe

(Arecaceae). Henderson et al. (1995) reported that the
species of this genus found in the Brazilian Amazon are
E. oleracea, E. precatoria var. precatoria, E. precatoria var.
longevaginata, E. catinga var. catinga, E. catinga var.

Journal of Food Processing and Preservation ISSN 1745-4549

Journal of Food Processing and Preservation 39 (2015) 2856–2865 © 2015 Wiley Periodicals, Inc.2856

mailto:gustavo@fcav.unesp.br


roraimae and E. longibracteata. Moreover, E. oleracea (açaí
palm or açaí), E. edulis (juçara palm) and E. precatoria are
among the most important species in the agribusiness
sector (Oliveira et al. 2000).

The açaí palm, which is native to the Brazilian Amazon
(Conforto and Contin 2009), is an allogamous, perennial
palm propagated almost exclusively by seed (Neto and
Oliveira 2005), resulting in high genetic variability (Neto
et al. 2003). The açaí fruit is a globose drupe 1–2 cm in
diameter. The epicarp can be green or purple. The meso-
carp is pulpy and thin, about 1 mm thick, and surrounds
the voluminous and hard endocarp, which contains a
single yellowish-brown seed (Nascimento 2008). Juçara
palm can be found from southern Bahia state (15°S) to
northern Rio Grande do Sul state (30°S) in the Atlantic
Forest domain (Marcos and Matos 2003). The species is
monoecious and preferentially allogamous (Marto 2007).
According to Queiroz (2000), juçara fruit are drupaceous,
fleshy-fibrous, spherical, nearly black or black-vinous,
bright when mature, and animal dispersed. The seeds are
1 cm in diameter and have high energy reserves of carbo-
hydrates (88%), proteins (10%) and lipids (2%) (Marto
2007).

These palm species are highly appreciated worldwide
and have multiple uses, leading to increased demand in
national and international markets. In southern and south-
eastern Brazil, the fruit are highly appreciated as frozen
pulp ready for consumption due to their nutritional
energy value and functional properties, including antioxi-
dant capacity (Faria et al. 2012). In addition, due to their
high anthocyanin content, the fruit can also be used for
animal feed production and human consumption as pulp,
often as an açaí and juçara mix (Marto 2007). According
to Oliveira and Neto (2005), trade in açaí pulp has been
growing considerably in the recent years, both in Brazilian
states (Southeast, Northeast and Midwestern regions), with
a demand of approximately 850 tons/month, and to other
countries, exceeding 120 tons/year. As the palm fruit from
Euterpe genus are morphologically similar, to supply this
growing pulp demand, other species rather than E. oleracea
Mart. (açaí) have been used and labeled as açaí. False use
of food indications by unauthorized parties is detrimental
to consumers and legitimate producers (Cozzolino
2012).

Anthocyanins, the main attractive compounds in the
pulp of these fruit, are phenolic flavonoids that act as colo-
rants (Lopes et al. 2007) and natural antioxidants, and
which can react with free radicals in the body (Cohen et al.
2006). Additionally, they have protective effects against car-
diovascular diseases and cancer (Silva and Lopes 2006).
According to Iaderoza et al. (1992), anthocyanin contents in
juçara and açaí fruit are 1,374 mg/100 g and 336 mg/100 g,
respectively. The fruit also differ in calorie content: juçara

pulp has a higher average amount of total sugars and lipids
than açaí (Silva et al. 2004), whereas the soluble solid
content of juçara pulp is 3.03 °Brix (Ribeiro et al. 2011) and
of açaí pulp is 2.7 °Brix (Nascimento 2008). In addition, the
levels of phosphorous and copper are higher in açaí than in
juçara pulp.

The differentiation of the species can be achieved
through the analysis of morphological aspects (Lorenzi
1992) and/or the chemical composition of their fruit
(Iaderoza et al. 1992; Silva et al. 2004; Ribeiro et al. 2011).
However, most differentiation methodologies used are
destructive, expensive, time-consuming, and demand
trained personnel and chemical reagents. Thus, a rapid,
nondestructive, residue-free, low-cost technique such as
near-infrared (NIR) spectroscopy or evaluation of epider-
mal color can be used in these cases. NIR spectroscopy
exploits the variety of physicochemical information pro-
vided by the product spectra, using chemometric tech-
niques to extract relevant information from samples
(Pasquini 2003).

Satisfactory results were achieved in the association
between medium infrared spectra and linear discriminant
analysis (LDA) technique for the separation of coffee species
Coffea arabica and Coffea canephora var. robusta (Kemsley
et al. 1995). Chen et al. (2008) used NIR spectroscopy com-
bined with chemometric analyses for the separation of
Ganoderma lucidum varieties from six geographic origins
and achieved satisfactory classification results. He et al.
(2006) performed quantitative analyses in samples from
eight tea varieties using NIR spectroscopy in association
with principal component analysis (PCA) and Wavelet
transforms (WT). Ruoff et al. (2006) used NIR spectroscopy
associated with PCA and LDA for the authentication of the
botanical origin of honey and showed the applicability of
this technique in standard discrimination. Ferrer et al.
(2011) developed accurate models using NIR technology
associated with chemometric tools to determine the con-
centration of total polyphenols in intact grapes. Moreover, a
recent study demonstrated the feasibility of using NIR spec-
troscopy to predict anthocyanin content in açaí and juçara
fruit (Inácio et al. 2013).

The use of Commission Internationale de L’Eclaraige
(CIE) color parameters L* (lightness), a* (red, greenness)
and b* (yellow, blueness) has been little explored for plant
classification. Salces et al. (2005), using the CIE system,
achieved 90% accuracy in the classification of ciders from
different regions.

As the verification of the authenticity of natural and agri-
cultural foods has become a potential application of spec-
troscopic methods, this study aimed to classify intact fruit
from the species E. oleracea Mart. (açaí) and E. edulis Mart.
juçara using NIR spectroscopy and the CIE color system
associated with PCA and LDA.
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MATERIALS AND METHODS

Plant Material

In order to introduce a broad range of environmental
aspects into the dataset, the fruit of açaí and juçara were
harvested from different genotypes; as these palm species
are considered wild, the genotypes have large genetic vari-
ability. The fruit were also obtained in two different harvest
seasons (2010 and 2011) and from different growing regions
with different soil types.

Fruit from seven açaí and juçara genotypes were collected
in 2010 and from 13 juçara genotypes and 10 açaí genotypes
in 2011. The genotypes were grown in different localities
(four cities in the state of São Paulo, Brazil: Jaboticabal –
21°15′S, 48°15′W and 560 m a.s.l.; Ubatuba – 23°27′S,
45°04′W and 8 m a.s.l.; Araraquara – 21°47′37″S,
48°10′52″W and 646 m a.s.l.; and Ribeirão Preto –
21°12′42″S, 47°48′24″W and 546 m a.s.l.).

From each genotype, one panicle was collected at the
stage of commercial maturity (completely purple fruit),
totaling 37 panicles. Panicles were threshed manually and
damaged fruit, those with mechanical injuries and/or inju-
ries caused by insects, and out-of-standard (green) fruit
were removed.

The intact fresh fruit were placed into plastic bags, identi-
fied and taken to the laboratory. In the laboratory, the fruit
were kept at room temperature (∼25C) for 1 h until
uniform temperature was achieved. Ten to nine fruits were
randomly sampled from each genotype, totaling 368 fruits
(200 juçara and 168 açaí), and individually analyzed for
color (CIE) and NIR diffuse reflectance.

Fruit Color

Color measurement was performed individually at three
sites on the equatorial line of each intact fresh fruit (whole)
using a Minolta CR-400 colorimeter (Minolta Corp., Tokyo,
Japan), which measures color according to the CIE system
(L*, a*, b*). In addition, derived parameters such as
hue angle (°h), arctan (b*/a*) and chromaticity (C*)
([(a*) × 2 + (b*) × 2] × 0.5) were calculated according to the
method described by McGuire (1992).

NIR Spectra

On the same sites where color was determined of each
intact fresh fruit (whole), the NIR spectra were collected
using a Spectrum 100N FT-NIR spectrometer (PerkinElmer,
Shelton, CT) coupled to a diffuse reflectance cell. Fruit were
set on a polytetrafluoroethylene support with an aperture of
0.5-cm diameter placed onto a Near Infrared Reflectance

Accessories (NIRA) (PerkinElmer, PN L125403L). Sixty-
four scans were performed in the spectral range from 4,000
to 10,000 cm−1 at a spectral resolution of 2 cm−1 (Fig. 1).
The spectra were acquired using the Spectrum software
version 10.03.02 (PerkinElmer).

Pretreatment of Spectra

As it was collected three spectra per fruit, the mean spec-
trum was calculated using the Unscrambler X version 10.1
software (CAMO, Oslo, Norway).

Relevant information from the NIR spectra cannot
always be extracted directly from the raw data because the
data may not have an appropriate distribution. In this case,
pretreatment of spectra is required to adjust the magnitude
of spectra to similar values (Johnson and Wichem 1998).
Ten pre-processing methods were used comparatively in the
NIR spectra. Four isolated pre-processing methods were
used, with the standard normal variate (SNV) (Barnes et al.
1993) and multiplicative scatter correction (MSC) (Sabin
et al. 2004) methods used to minimize the effect of light
scattering caused mainly by the lack of homogeneity of the
samples (Naes et al. 2002). Spectra baseline correction was
performed using the first and second Savitzky–Golay
derivatives (Savitsky and Golay 1964).

Because the association of pre-processing techniques can
combine the benefits of the methods (Naes et al. 2002), six
pretreatment of spectra combinations were tested. SNV and
MSC treatments were associated with the De-trend trans-
formation (Barnes et al. 1993). The association of SNV and
MSC with the first and second Savitzky–Golay derivatives
was also used (Savitsky and Golay 1964). Pre-processing of
spectra was performed using the Unscrambler X version
10.1 software (CAMO).

Chemometric Methods

PCA. The association of chemometric methods with NIR
spectroscopy for quantitative (Inácio et al. 2013) and quali-
tative (Chen et al. 2008) analyses of fruit has shown promis-
ing results. In this study, PCA was used to determine
whether there was group formation between açaí and juçara
fruit (Andre 2003) for the separation of species. For color
determination, PCAs (Color-PCA) were constructed for all
parameter combinations with the L* variable, totaling 15
combinations (L* + a* + b* + C* + °h; L* + a* + b* + C*;
L* + a* + b* + °h; L* + b* + C* + °h; L* + a* + C* + °h;
L* + a* + b*; L* + C* + °h; L* + a* + C*; L* + a* +
°h; L* + b* + °h; L* + b* + C*; L* + b*; L* + a*; L* + C*; and
L* + °h) for the separation of açaí and juçara fruit.

NIR spectra PCAs (NIR-PCA) were constructed for
spectra with and without pre-processing (totaling 11
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PCAs) for the separation of species (açaí and
juçara).

PCAs were constructed using NIPALS algorithm and
random cross-validation with 20 segments for the separa-
tion of species, whereas for the separation of species, 20 seg-
ments were used for juçara and 13 for açaí. The number of
principal components (PCs) was the maximum possible for
Color-PCAs (PCs 2–5) and was fixed at 10 PCs for NIR-
PCAs. All PCAs were constructed using Unscrambler X
version 10.1 software (CAMO).

LDA. LDA, a supervised pattern recognition technique
(Naes et al. 2002), was used to classify the different açaí and
juçara species. LDA models for the separation of species
were constructed using the same 15 color parameter combi-
nations and pre-processing of the NIR spectra. The
Mahalanobis distance measure was used in LDA models,
and the greater the Mahalanobis distance between two
samples, the greater their spectral or colorimetric differ-
ences (Miralbés 2008). The color LDAs were constructed as
proposed by Fisher (1936). However, NIR LDAs were con-
structed using the first 10 PCs from PCA for the separation

of species which were the PCs that accounted for more
than 95% of the total variance of the models. All LDAs were
constructed using Unscrambler X version 10.1 software
(CAMO).

RESULTS

Discrimination of E. oleracea Mart. (Açaí)
and E. edulis Mart. (Juçara)

PCA. The NIR spectra of juçara fruit showed higher rela-
tive absorbance values than the spectra of açaí fruit. Com-
paring some NIR spectra obtained from both species, it
is possible to see that the spectra overlap and there is
not clear segregation among them (Fig. 1). Given the
observed overlap among spectra, the PCA models were
trialed to separate the species. The PCA results from color
(Color-PCA) and NIR spectra (NIR-PCA) data for the
discrimination of açaí and juçara fruit are shown in Fig. 2.

The association between L* + a* + b* produced the best
clustering results between the species from the 15 color

FIG. 1. COMPARISON OF MEAN NEAR-INFRARED SPECTRA FROM DIFFERENT FRUITS OF EUTERPE OLERACEA MART. (AÇAÍ, N = 17) AND EUTERPE
EDULIS MART (JUÇARA, N = 20)
Black lines, juçara; gray lines, açaí.
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parameter combinations (Fig. 2A). PC1 explained 97% of
the variance of the data in the L*, a*, b*-PCA, and açaí fruit
tended to cluster on the positive side of PC2, whereas juçara
fruit were on the opposite side (Fig. 2A). The PCA loading
plot can be seen in Fig. 3a. The PC1 was strongly influenced
by the b* color parameters and the PC2 by the L* value with
only 2% of the variance (Fig. 3A).

The best species discrimination was achieved using the
MSC from all tested pre-processing methods of NIR
spectra, with açaí fruit grouped on the positive side of PC1
and juçara fruit on the opposite side (Fig. 2B). In addition,
the PC1 explained 80% of the variance and the highest
loading was around 5,186 cm−1 (Fig. 3B). The PC2
explained 12% of the variance and the loading plot showed
a positive correlation with the region around 6,800–
7,100 cm−1 (Fig. 3B). The PC3 showed similar results of PC1
(Fig. 3B).

LDA. The results of LDA models constructed with the 15
color parameter combinations and the prediction with
external groups of intact açaí and juçara fruit are shown in
Table 1.

The LDA model that showed the best result for the classi-
fication and prediction of açaí and juçara fruit was the one
constructed with L*, a* and b* parameters, with 96.3%
accuracy for classification and 93.2% prediction accuracy of
the external validation group. The LDA models that showed
the worst results were those constructed with L*, b*,

C* and °h, and L*, b* and C* parameters
(Table 1).

The results of LDA models constructed with NIR spectra
with and without pre-processing of spectra are shown in
Table 2.

The LDA models constructed after MSC and SNV + De-
trend pretreatments of spectra showed the best results, both
with 98% accuracy on the classification of intact açaí and
juçara fruit, and 97.3% accuracy in predicting the external
validation group (Table 2). The models constructed using
spectra treated with the second derivative or its combina-
tions (MSC + second derivative and SNV + second deriva-
tive) had an inferior performance than the LDA with
untreated spectra.

The LDA model of the first derivative showed the
worst accuracy (89.2%) in the prediction of the external
group (Table 2). The models LDA-SNV + De-trend and
LDA-MSC had similar results and because LDA-MSC used
only one pre-processing method it was considered the best
result.

DISCUSSION

Discrimination of E. oleracea Mart. (Açaí)
and E. edulis Mart. (Juçara)

PCA enabled us to identify the L*, a*, b* combination
(Fig. 2A) and MSC pre-processing of the NIR spectra

FIG. 2. THREE-DIMENSIONAL PLOT OF THE SCORES FOR THE FIRST THREE PRINCIPAL COMPONENTS (PC1, PC2 AND PC3) AND RESPECTIVE
PERCENTAGE VARIATION FOR THE SEPARATION OF EUTERPE OLERACEA MART. (AÇAÍ) AND EUTERPE EDULIS MART (JUÇARA)
(A) L*, a*, b*-PCA score plot. (B) NIR MSC-PCA score plot.
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FIG. 3. LOADING PLOTS FOR THE PRINCIPAL COMPONENTS OF (A) L*, A*, B*COLOR PARAMETERS AND (B) SPECTRA NEAR-INFRARED AFTER
MULTIPLICATIVE SCATTER CORRECTION OF EUTERPE OLERACEA MART. (AÇAÍ) AND EUTERPE EDULIS MART (JUÇARA)
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(Fig. 2B) as the best treatments for the discrimination of
E. oleracea and E. edulis fruit. According to Correia and
Ferreira (2007), PCs are arranged in descending order of
importance and the greater the variance explained by the
first PC, the simpler is the generated model. In fact, the vari-
ance explained by PC1 was 97% in the L*, a*, b* combina-
tion (Fig. 2A) and 80% in MSC-PCA (Fig. 2B), which
justifies their choice.

Analyzing the PCA loading plot, the PC1 was strongly
influenced by b* color parameters and PC2 by the L* value
(Fig. 3A). The b* scale represents the variation in color from
yellow to blue where a positive value indicates yellow and a
negative value indicates blue (McGuire 1992). As all fruit

were harvested in a commercial maturity stage with fruit
completely purple, the difference in b* might be related to
the anthocyanin, which is a purple pigment. Inácio et al.
(2013) have already mentioned that juçara is richer in
anthocyanin than açaí fruit and that might have affected the
b* color parameter, which leads to a cluster formation.
Regarding the L* value, açaí fruit has more wax deposits
(p < 0.05) on the epidermis, which leads the fruit to present
higher L* values (30.35–31.90) in relation to juçara fruit
(26.39–26.48). As PC2 was influenced by L* value and this
color parameter was different between these two species, it
also might have contributed to group the fruit of both
species.

TABLE 1. CLASSIFICATION AND PREDICTION OF EUTERPE OLERACEA MART. (AÇAÍ) AND EUTERPE EDULIS MART (JUÇARA) USING EPIDERMAL
COLOR PARAMETERS (L*, A*, B*, HUE AND CHROMA) ASSOCIATED WITH LINEAR DISCRIMINANT ANALYSIS

Parameters

Classification (n = 294) Prediction (n = 74)

Incorrectly classified samples
Correct
percent (%)

Incorrectly classified samples
Accuracy
rate (%)Açaí (n = 134) Juçara (n = 160) Açaí (n = 34) Juçara (n = 40)

L*, a*, b*, C* and °h 7 7 95.2 3 2 93.2
L*, a*, b*, C* 6 6 95.9 2 4 91.9
L*, a*, b*, °h 5 6 96.3 1 5 91.9
L*, b*, C* and °h 7 11 93.9 2 4 91.9
L*, a*, C* and °h 5 6 96.3 1 4 93.2
L*, a*, b* 3 8 96.3 1 4 93.2
L*, C* and °h 5 11 94.6 1 5 91.9
L*, a*, C* 3 8 96.3 1 3 94.6
L*, a*, °h 5 8 95.6 1 5 91.9
L*, b*, C* 7 10 94.2 2 5 90.5
L*, b*, °h 5 12 94.2 1 5 91.9
L*, b* 2 12 95.2 1 5 91.9
L*, a* 3 10 95.6 1 4 93.2
L*, C* 2 13 94.9 1 5 91.9
L*, °h 4 11 94.9 1 5 91.9

TABLE 2. CLASSIFICATION AND PREDICTION OF EUTERPE OLERACEA MART. (AÇAÍ) AND EUTERPE EDULIS MART (JUÇARA) USING
NEAR-INFRARED (NIR) SPECTRA ASSOCIATED WITH LINEAR DISCRIMINANT ANALYSIS

Pretreatment of data

Classification (n = 294) Prediction (n = 74)

Incorrectly classified samples
Correct
percent (%)

Incorrectly classified samples
Accuracy
rate (%)Açaí (n = 134) Juçara (n = 160) Açaí (n = 34) Juçara (n = 40)

No treatment 7 0 97.6 2 0 97.3
SNV 7 1 97.3 2 0 97.3
MSC 5 1 98.0 2 0 97.3
1st derivative 7 1 97.3 8 0 89.2
2nd derivative 11 5 94.6 2 0 97.3
SNV + De-trend 5 1 98.0 2 0 97.3
MSC + De-trend 6 1 97.6 2 0 97.3
SNV + 1st derivative 6 1 97.6 2 0 97.3
SNV + 2nd derivative 11 5 94.6 2 0 97.3
MSC + 1st derivative 6 1 97.6 2 0 97.3
MSC + 2nd derivative 11 5 94.6 2 0 97.3

MSC, multiplicative scatter correction; SNV, standard normal variate.
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The NIR spectra obtained for each species can be called a
fingerprint of açaí and juçara, with specific characteristics
for each species. In addition, the wavelengths with the
highest loading for PC1 and PC2 after MSC pre-processing
(Fig. 3B) are correlated with the first overtone of the OH
bonds at 6,952 cm−1 and combination bonds of the asym-
metric and scissor stretch O–H vibrations at 5,186 cm−1

(Nicolaï et al. 2007). PC3 explained 4% of the variation and
the highest point of loading was around 6,000 cm−1, this
spectral region is indicated by first overtone of CH (Inácio
et al. 2013). Those important spectral characteristics were
also reported by Inácio et al. (2013) when studying the
anthocyanin contents in these species.

Regarding NIR spectroscopy, juçara fruit was richer in
total anthocyanin content (2.56–3.94%) than açaí (1.05–
1.22%), which leads the fruit to have different chemical
compositions. Therefore, as already stated for the b* color
parameter, the differences in color can be associated to total
anthocyanin content in the epidermis of the fruit, and the
NIR spectra were affected to a point that the PCA carried
out using the NIR spectra better group the fruit of each
species.

Even though PCA could not accurately separate açaí and
juçara fruit (Fig. 2), it was the first step toward the detection
of patterns for species discrimination. Exploring data with
PCA enables the evaluation of similarities between species
and the importance of the relationship of the response vari-
ables examined (Souza and Poppi 2012).

Plotting principal components (PCs) showed inter-
relationships between variables and tendencies of group for-
mation (Fig. 2), whereas LDA was used for evaluation of
variables necessary to group different individuals (Thórsson
et al. 2007).

The separation of species was achieved by interpreting
the L*, a*, b*-PCA scores (Fig. 2A) and supported by the
LDA results (Table 1). This result is justified by the high
percentage of correct classification (96.3%) and prediction
accuracy (93.2%) of the LDA models (Table 1). Salces et al.
(2005) used the CIELab parameters for cider authentication
and reported that preliminary studies using PCA are needed
prior to the construction of classification models. In addi-
tion, the authors reported LDA results ranging from 91 to
99% accuracy.

The L*, a*, b* and C* as well as L*, a*, b* and °h combi-
nations resulted in similar values for correct classification
and prediction of fruit relative to the chosen combination
(L*, a*, b*). However, because the L*, a*, b* combination
used fewer variables, it simplifies the model and reduces the
chances of experimental errors.

MSC was the best method for matrix correction among
the methods for pre-processing of NIR spectra, with higher
accuracy than the color technique in the separation of açaí
and juçara fruit (Fig. 2B). NIR spectra exhibited light scat-

tering as the main source of error in the raw data, and
according to Mello (1998), this phenomenon is one of the
main sources of error in quantitative and qualitative deter-
minations using NIR spectroscopy and is caused by granu-
lation and geometry of the particles in the sample. Thus,
MSC and SNV techniques are indicated for correcting this
anomaly (Naes et al. 2002).

In this study, MSC was the most effective pretreatment of
the NIR spectra (Table 2), with fruit classification and pre-
diction values of 98 and 97.3%, respectively, results similar
to those reported by Mello (1998) in a study that attempted
to evaluate the performance of data pre-processing tech-
niques to estimate nitrogen content in wheat leaves using
NIR spectroscopy. Similarly, Liu et al. (2012) showed that
the LS-MSV pre-processing of spectral combination was
indicated to evaluate parameters such as soluble solids (SS)
content (°Brix) and pH in fruit vinegars.

CONCLUSIONS

NIR spectroscopy associated with LDA is an accurate tech-
nique for the discrimination of plant species using fruit
rather than flowers and leaves, even when the external mor-
phological differences are minimal. The NIR spectroscopy
and chemometrics provide a useful approach for authenti-
cating fruit from Euterpe genus and can be used by the food
industry to identify adulteration.
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