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Using electronic nose technique
to monitoring mandarin maturity states
during storage

Uso de la técnica de la nariz electrónica
para monitorear el estado de madurez
de la mandarina durante el almacenamiento

Antihus Hernández Gómez1, Hu Guixian2, Annia García Pereira3 and Wang Jun2

ABSTRACT. Over the past years, electronic nose technology opened the possibility to exploit information on behavior aroma to assess fruit
ripening stage during storage. The objective in this study was to evaluate the capacity of electronic nose to monitoring the change in volatile
production of mandarin during different storage treatments, using a specific electronic nose device (PEN 2). Principal component analysis
(PCA) and Linear Discriminant Analysis (LDA) were used in order to see whether the electronic nose was able to distinguish between different
storage times.

The results obtained prove that the electronic nose PEN 2 can monitors mandarin ripeness process during storage. Clear changes in signals
were found in sensors 2, 7 and 9, as well as data useful to distinguish in a sure way the mandarin with different storage time according of the
relative conductance behavior.

PCA and LDA analysis have enough resolution to fallow the mandarin ripeness process in box and both method were able to classify the 98,88
and 96,11 % respectively of the total measurements (180) in each respective groups (five), not being this way in the monitoring of changes in
volatile production of mandarin fruit packing in bags with different storage time; same results was found to mandarin keeping in cold storage.

Key words:  technology, capacity, non-destructive method, fruit, volatile.

RESUMEN. En los últimos años la tecnología de la nariz  electrónica posibilita explotar la información para acceder al estado de maduración de
las frutas durante su vida en almacenamiento. El objetivo de este estudio fue evaluar la capacidad de la nariz electrónica para monitorear los
cambios en la producción de volátiles de la mandarina durante diferentes almacenamientos, empleando para ello un equipo (PEN-2). Los análisis
de los componentes principales (PCA) y el análisis del discriminante linear (LDA) fueron usados para conocer la capacidad de la técnica para
distinguir mandarinas con diferentes tiempos de almacenamiento. Los resultados obtenidos prueban que la nariz electrónica PEN-2 puede
monitorear el proceso de maduración de la mandarina durante su almacenamiento.  Cambios claros en la señal fueron observados en los sensores
2, 7 y 9, así como que los resultados permiten clasificar la mandarina con diferente tiempo de almacenamiento, acorde con el comportamiento
de la conductancia relativa. Los análisis PCA y LDA tienen suficiente resolución para seguir el proceso de maduración de la mandarina en cajas
y ambos métodos fueron capaces de clasificar el 98,88 y 96,11 % respectivamente del total de mediciones (180) en sus respectivos grupos
(cinco), no siendo así para las mandarinas guardadas en bolsas y para las guardadas en refrigeración.

Palabras clave: tecnología, capacidad, método no destructivo, fruta, volátil.
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 INTRODUCTION

In recent years there has been a considerable increase in
demand for better quality fruit due to globalization of market.
Consequently, it is important to have a method that allows
the evaluation of fruit maturity process in its several states.
Many methods to monitoring fruit ripeness have already been
proposed. The main disadvantage of the majority of these
techniques is that they are not practical for cultivars or storage
stations. Moreover, most of them require the destruction of
the samples used for analysis.

This is why, nowadays, optimal harvest dates and
predictions of shelf life are mainly based on practical
experience. Leaving these critical decisions to subjective
interpretation implies that large quantities of fruit are harvested
too soon or too late and reach consumer markets in poor
condition. An alternative strategy for determining the state
of ripeness consists of sensing the aromatic volatiles emitted
by fruit using electronic olfactory systems (BENADY, 1995).
Metabolic changes are mostly due to the fallowing four items:
post-harvest ripening, respiration, fermentation, and phenolic
oxidation (YOUNG et al., 1996).

Concerning the exploitation of the information contained
in the headspace of fruits, they have been studied in the
recent past with the conventional analytical chemistry
equipment, and the correlation between the state of over-
ripening and the fruit aroma has also been found both in
quantitative and qualitative terms. On the other hand, some
specific compounds have been identified as the responsible
of the aroma of particular fruit.

In the last decade, the electronic nose technology has
opened the possibility to exploit, from a practical point of
view, the information contained in the headspace in many
different application fields. Among them, food analysis is
certainly one of the most often practiced. This technology
offers a fast and non-destructive alternative to sense aroma,
and, hence, may be advantageously used to predict the
optimal harvest date. Commercially available electronic noses
use an array of sensors combined with pattern recognition
software. There have been several reports on electronic
sensing in environmental control, medical diagnostics and
the food industry (SCHALLER et al., 1998). Some authors
reported of posi tive applicat ions of electronic nose
technology to the discrimination of fruits of different quality,
and previous experiments were performed, among the other;
but until now few literatures are refer to control of the fruit
maturity in the shelf live states; in oranges (DI NATALE et al.,
2001); tomatoes (BERNA, 2003); apples (SAEVELS, et al., 2004;
YOUNG et al., 1999; BREZNES et al., 2000).

The aims of this study (research) were directed to evaluate
the capacity of electronic nose to measure the change in
volatile production of mandarin fruit during storage using a
specific electronic nose device (PEN 2), based on a chemical
sensor array and suitable pattern recognition techniques, as
well as, using the Principal Component Analysis (PCA) and
Linear Discriminant Analysis (LDA), to see whether the
electronic nose was able to distinguish and classify different
mandarin storage states.

 MATERIALS AND METHODS

 Experimental procedure and plant material

This study was carried out in the College of Agricultural
Engineering and Food Science, Department of Agricultural
Engineering in the Institute of Modern Agricultural Equipment
and Automation, Zhejiang University (Huajiachi Campus),
Hangzhou, P.R. China at 2003.

Chinese variety, Satsuma mandarin ‘Zaojin Jiaogan’ (C.
reticulata) was taken directly from a simple same orchard.
Randomly assigned to be harvested at 3 October 2003 date.
Two hundred fifty mandarin fruits were taken and three storage
treatments were applied. A total of 470 electronic nose
measurements were carried out.

Fruits were sorted and selected according with a uniform
same size and weight, approximately. All  measurements to
each reply were made in the same date. Due to fruits were
harvested from many trees, pooled, then randomized, the ex-
perimental design was completely randomized with each fruit
as an experimental unit. All fruits of each sample were
individually numbered.

 Storage conditions
Different storage treatments were performed, two of

which the mandarin fruit were matured under laboratory
conditions and a third treatment where it was stored in
refrigeration.

The mandarin fru its matu red under laborato ry
conditions were placed in 4 vacuum plastic bags and 4
carton boxes with 20 mandarins each one, it were stored
for 12 days at 20 ± 0.5 ºC, relative humidity (RH) varied
between 50-60 %. Mandarins ((a bag/ a box) every time)
were removed from storage at 3, 6, 9 and 12 days and
evaluated.

During cold storage, 4 vacuum plastic bags with 10
mandarins each one were kept at temperature 4  0,5 C,
85-90 % RH, one bag were removed from storage at 15, 30,
45 and 60 days and evaluated. In addition, 250 mandarins
were evaluated prior storage (at harvest) using electronic
nose technique.

In order to assess the real quality parameters of fruit in
the beginning and after each storage interval pH, sugar
content and firmness were determined. The firmness by
compression of diameter height fruit 3 % was used as a
general term to describe the mechanical properties of the
fruit. The measurements was carried out in a Universal
Testing Machine (Model 5543 Single Column, Instron Corp.,
Canton MA. USA). The pH and sugar content of the juice
samples was determined after compression test, using: pH
meter (Manufacturer: Mett ler Toledo Scale Company
Shanghai corp., model 320-s, Switzerland) and  (Digital
refractometer WYT-J 0-32 % Beijing, China). All of these
measurements were performed after electronic nose test.
These classical methods, combined with the technicians
experience, helped to manually label the true ripeness of
the fruit. The results of these tests are not presented in
this paper.
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Number in 
Array Sensor-Name General description Reference 

1 W1C Aromatic compounds Toluene, 10 ppm 
2 W5S Very sensitive, broad range sensitivity, react on 

nitrogene oxides, very sensitive with negative signal 
NO2, 1 ppm 

3 W3C Ammonia, used as sensor for aromatic compounds Benzene 10 ppm 
4 W6S Mainly hydrogen, selectively, (breath gases) H2, 100 ppb 
5 W5C Alkanes, aromatic compounds, less polar compounds Propane 1 ppm 
6 W1S Sensitive to methane (environment) ca. 10 ppm. 

Broad range, similar to No. 8 
CH3, 100 ppm  

7 W1W Reacts on sulfur compounds, H2S 0.1 ppm. otherwise 
sensitive to many terpenes and sulfur organic 
compounds, which are important for smell, limonene, 
pyrazine 

H2S, 1 ppm 

8 W2S Detects alcohol’s, partially aromatic compounds, 
broad range 

CO, 100 ppm 

9 W2W Aromatics compounds, sulfur organic compounds H2S, 1 ppm 
10 W3S Reacts on high concentrations >100 ppm, sometime 

very selective (methane) 
CH3, 10 CH3, 100 ppm  

 

Electronic nose data acquisition and analysis

An electronic nose device PEN2, provided by (WMA
Airsense Analysentechnik GmbH) Schwerin, Germany, was
used. The portable electronic nose PEN2 has an array of
10 different metal oxide sensors positioned into small

chamber (V= 1,8 ml). In Figure 1 shows the gas flow diagram
of the portable electronic nose PEN2. Table 1 list all the
sensors used and their main applications. This table
contains current known or specified reaction. Numbers
given at the reference gas are specified reactions. Detection
limits are below the values given.

TABLE 1. PEN 2, sensors used and their main applications

Figure 2 shows a schematic diagram of the electronic-
nose measurements. Each fruit was placed into an airtight
glass jar with a volume of 1 L (concentration chamber). The
glass jar was then closed and the headspace inside it was
equilibrated for 1 hour. Preliminary experiments showed that
after 1 h of equilibration the headspace reached a steady
state. One luer-lock needle (size 20 G) connected to a Teflon-
tubing (3 mm) was used to perforate the seal (plastic) of the
vial and to absorb the air accumulated inside it, during the
measurements. The headspace gas was pumped over the
sensors of the electronic-nose with a flow of 400 ml/min; during
the measurements process, three different phases can be
distinguished: concentration, measurement and stand-by. The
electro valves, controlled by a computer program guide the
air though different circuits depending on the measurement
phase the system are. No matter the phase, airflow is always
kept constant though the measurement chamber. During the
measurement phase, the bomb pushes the volatiles though a
closed loop that includes the measurement and concentration
chambers. No air enter no exits the loop. The measurement
phase lasts 60 s; time enough for sensors to reach a stable
value. Finally, when a measurement is completed, a stand-by
phase is activated 60 s. The sample interval was 1 s. It is main
purpose is to clean the circuit and return sensors to their
baseline. Clean air enters the circuit, crosses the measurement
chamber first, the empty concentration chamber afterwards,
and pushes the remaining volatiles out of the circuit.

Sensors were held at the temperature of 20 C and 50-60 %
RH during all experiments, the temperature was maintained
constant with an accuracy of  1 C. When the sensors are

exposed to volatiles, during the measurement phase, the
computer records the resistance changes that the sensors
experience. When the measurement was completed, the
acquired data was properly stored for later use.

FIGURE 1. Gas flow diagram of the electronic-nose PEN2.

FIGURE 2. Schematic diagram of the electronic-nose
measurements during the experiment.
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The set of signals of all Sensors during measurement of a

sample is a pattern. Pattern of multiple measurements dealing
with the same problem are stored in a Pattern File and act as
the Training Set. The pattern data were recorded, checked
visually and analyzed using WinMuster (version 1.5.2.4 Jun
2003, copyright 1996-2002 WMA Airsense Analysentechnik
GmbH 2003).

Principal Component Analysis (PCA), Linear
Discriminant Analysis (LDA) as a projection
methods

Using the principal component analysis (PCA) the
measurement data previously trained will be transformed into
2D or 3D coordinates. This is done through the data reduction
that extracts the most important information from the database
as a result. The results of the training phase can be displayed
in a two dimensional view. PCA is based on a linear project of
multidimensional data onto different coordinates based on
maximum variance and minimum correlation (GARDNER, 1991).
Training pattern from measurements of similar samples will
be located close to each other after transformation. Hence,
the graphical output can be used for determining the
difference between groups and comparing this difference to
the distribution of pattern within one group.

The Linear - Discriminant - Analysis (LDA) is the first
step of the Discriminant - Function Analysis (DFA). The LDA
calculates the discriminant functions and similar to the PCA -
a 2 or 3 dimensional display of the training set data. The
difference between PCA and LDA is, that the LDA calculation
uses the class information that was given during training.
The LDA takes care about the distribution within classes and
the distances between them. Therefore, the LDA is able to
collect information from all sensors in order to improve the
resolution of classes.

RESULTS

Electronic nose response to fruit aroma

Figure 3a shows a typical response by ten sensors when
measuring mandarin fruit; each curve represents a different
sensor transient . The curves plotted represent sensor
conductivity against time when the volatiles from the fruit reach
the measurement chamber due to electro valve action. In that
transition, the clean airflow that reaches the measurement
chamber is substituted by airflow that comes from the
concentration chamber, closing a loop circuit between both
chambers. It can be seen that, after an initial period of low and
stable conductivity (when only clean air is crossing the
measurement chamber), conductivity increases sharply and
then stabilizes before ending the measurement phase. The sign
generally stabilizes after 30 s; consequently any measure
should be made after this time. The Figure 3b shows the response
value of each sensor in Cartesian coordinate for an example at 42 s. All
of this information is available on the display of computer during the
realization of each observation and then it is kept in the memory of
the computer for it is later analysis.

FIGURE 3a. Ten different sensors responses to mandarin fruit
aroma. Each curve represents the conductance transient of a

single sensor under a step change in the concentration of fruit
aroma.

FIGURE 3b. Relative conductivity (Go/G) to each sensor vs.
sensor number for an example at 42 s.

Signal Analysis

Figures 4 a, b, c shows the evolution of the signals
generated by the chemical array to mandarin fruit with
different storage treatment. Each line represents the mean
signal  variation  of  mandarins  for one sensor  of  the array
(10 sensors), linking to the measurements of conductance
increment or decrease experienced by that sensor each time
that vapors from the fruit reached the measurement chamber.
The main valuations are based in sensors answers 2, 7 and 9
for mandarin according to volatile production  during different
fruit maturity state in storage time.

When the mandarin fruit get ripe in storage, the respiration
decreased during all ripening process; meaning a decrease of
the vapors generated by the fruit during their maturity, what
implies that this vapors reach in less quantity the sensor
array camera during de measurement process, see Figure 4 a,
b and c. This result is justified by special changes of chemical
composition in citrus during it maturity process. ERKAN and
PEKMEZCI (2000)  in their study reported that the respiration
rate of oranges held at 20 C (shelf-live conditions) showed
initially an increase during a short period of time in respiration
which subsequently decreased, whereas, the respiration of
orange stored at 3, 5 and 7 C decreased continually. The
obtained result was contrary to those obtained by BREZMES et
al., (2000) testing peaches and pears.
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For each one of storage treatments, the decrease of volatile
production in mandarins had a decrease in the slope, with a
sharp slope in the case of mandarin stored in carton boxes
what is basically facilitated by the contact between fruit-
atmosphere. A slight falling slope was also obtained in
mandarin stored in plastic bags, specially in those kept in
refrigeration, where the low temperatures favored to a middling
decrease of volatile, as well as due to the less interchange
between fruit-atmosphere.

In all treatments sensors with minor response to fruit
volatile production have a light erratic behavior during
measurements.

Regression analysis between electronics nose signal
against different maturity states due to different storage time
of  mandarin  fruit in bag  and  box  are  shown in Figures. 5
and 6. In all regression equations are illustrated the positive
correlation between de relative conductance against different
mandarin storage time, also all equations response to a
polynomial equations.

A high correlation exists among the relative conductance
of each sensor (2, 7 and 9) and different maturity states of
mandarin fruit for each one of analyzed cases; its possible to
use these data to distinguish in a sure way the mandarin with
different storage time according of the relative conductance,
using only this three sensors. On the other hand to know in a
sure way the behavior of each one of the aromatic compounds
to those which each sensor responds.

FIGURE 4. Mean value (relative conductivity) of each sensors
response to different storage time of the mandarin in bag (a),

box (b) (20 samples) and cool storage (c) (10 samples) at 42 s.
In all case the initial volatile mean value content all mandarin

fruits (a, b n= 100; c  n=50).

FIGURE 5 Regression analysis by sensors (2, 7 and 9) to
different mandarin storage time in bag, with a probability of
0,01816, 0,1894 and 0,03893 by each sensor respectively.
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FIGURE 6 Regression analysis by sensors (2, 7 and 9) to
different mandarin storage time in box, with a probability of
0,00228; 0,01579 and 0,01338 by each sensor respectively.

Classification of mandarin fruit by different
maturity state using Principal component analysis
(PCA) and Linear Discriminant Analysis (LDA)
as a function of storage time

Mandarin stored in box

PCA and  LDA  analysis results are shows in Figures 7
and 8.  Both of this figures shows the projections of the expe-
rimental results on a two-dimensional (2D) plane; principal
component 1  (PC1) and principal component 2 (PC2) in Figu-
re 7 and first and second linear discriminant LD1 and LD2 in
Figure  8. In both  cases «start day» represent the measurement
day of all samples in the beginning of the observation (n=100).
(note: not classified, is the name given to a sample that was
located out side of the class o group after establish the
imaginary ellipse).

Figure 7 shows the score plot inside the ellipses; it
represents the spatial distribution according each different
storage time  of the mandarins kept in box (different maturity
state with different storage time).

 The processed data shows a shift erratic of the different
storage time along the first principal component, PC1, which
explains 90,904 % of the total variance with value 98,382 %,
and consecutive different groups of fruits achieved a clear
separation according different storage times; although the
tendency shown on the axis-x (PC1) it is not constant, causing
in their course, changes that the measurements values were
overlapped that they correspond to the first, ninth and twelve
days of the observation in correspondence with storage time.
The second principal component (PC2) explains 7,4779 % of
the variation and shows no particular trend with the storage
time of mandarin in box.

The system has enough resolution to fallow the mandarin
ripeness process in box; on the other hand two examples did
not classified in their respective groups, one of them
belonging to start day and sixth day of storage respectively,
this represents only 2 % of the total measurements.

The PCA analysis was able to classify the 98,88 % of the
total measurements (180) in each respective group (five).

When  the LDA analysis (Figure 8), using five groups
(different storage times) was applied to the same data set,
fruits were distinguishable from each group to other. In this
plot about 57,202 % of the total variance of the data is
displayed. Functions 1 (LD1) and 2 (LD2) accounted for 41,208
and 15,994 % of the total variance respectively.

The Figure 8 shows that the classification for start day
had six unclassified examples (n=100), two of them were
classified into second group (3 days), another into five group
(12 days), this result representing  6 % of the total examples in
this group (n=100), last group (12 days) also had one sample
unclassified, this representing 5 % of the total (n=20). The
other two groups (3, 6 and 9 days) contain all the samples
well distributed inside of each imaginary ellipse. The method
is efficient for to differ and to classify different mandarin
storage time in box, it was able to classify the 96,11 % of the
total measurements (180) in each respective group (five).

FIGURE 7. PCA of mandarin with different storage time in box.
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In LDA analysis shown the variation of each one groups
along of the axis-y (LD2) with a notable decrease from first
group to until (start day to 12 days), although the second and
third group (3 and 6 days) practically are at same level. The
third group (6 days) has a clear pronunciation on the axis-x
(LD1) in which shows a clear movement in negative sense
away from the rest of the groups.

third, fourth and fifth (6, 9 and 12 days) has one unclassified
sample respectively, this results represent 5 % of the total
measurements to each group (n=20). Only second group had
all samples correctly classified. LDA analysis was able to
classify the 96,66 % of the total samples (180) in each respec-
tive groups (five), meaning that this method is efficient to
classify mandarin with same storage time in its respective
group; but on the contrary this method was not efficient to
separate clearly mandarin groups according with different
storage times using in packing bag.

FIGURE 8. LDA mandarin different storage time in box.

Mandarin stored in vacuum plastic bag

Figure 9 shows a shift of different storage time along the
first principal component, PC1, which explains 90,724 % of
the total variance with value 96,606 %, and consecutive
different groups of fruits separated by storage time did
overlap (start day, 3, 6 and 9 days).

In PCA analysis shown the variation of each one groups
along of the axis-x (PC1) with an light increment from start
day to 9 days of storage but the last one group showed an
advance in negative direction on the function 1 in relation
with it is predecessor. The second principal component (PC2)
explains 5,882 % of the variation and shows no particular
trend with the storage time of mandarin in bag. No clear
pronunciation on the axis-y (PC2) was shows.

The system has not enough resolution to fallow of the
volatile production of mandarin fruit with different storage
time in bag; although PCA analysis was able to classify the
93,33 % of the total of measurements (180) in each respective
group (five).

When the LDA analysis (Figure 10), using five groups
(different storage time) was applied to the same data set the
fruits groups neither were clearly distinguishable from each
group to other. Although a clear separation was achieved
between the first group (start day) and rest of groups, and
second, thirst and fourth groups turn with last one (12 days)
same to PCA.

 In this plot only 65,109  % of the total variance of the data
is displayed. Functions 1 (LD1) and 2 (LD2) accounted for
53,487 and 11,622 % of the variance respectively.

The Figure 10 shows that the classification for start day
had three unclassi fied example (n=100), this resu lt
representing 3 % of the total examples in this group; groups

FIGURE 9. PCA  of mandarin with different storage time in bag.

FIGURE 10. LDA of mandarin with different storage time in bag.

Mandarin stored in refrigeration
The Figures 11and 12  shows the PCA and LDA

respectively to mandarin kept in cool storage. Start day are
representing measurements of all examples in the beginning
of the observation (n=50).

Figure 11 shows the score plot inside the ellipses and
represents the variation around each maturity state in the
space in correspondence with the storage time. The processed
data shows a shift erratic of the different storage time along
the first principal component, PC1, which explains 78,504 %
of the total variance with value 96,65 %, and consecutive
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different groups of fruits separated by storage time did
overlap, although there is very high distinction between the
last two groups (45 and 60 days). The second principal
component (PC2) explains 18,147  % of the variation and shows
no particular trend with the mandarin maturity. The last group
(60 days) has also clear pronunciation on the axis of the
ordinates (PC2) in which shows a clear upward displacement
along the function 2 getting away from the rest of the groups.

The system has not enough resolution to fallow the
mandarin ripeness process in cool storage; although five
groups are clearly distinguished; inferring the similarity in
the production of volatile.

In the pattern classification space, the high level of
similarity between the fruit samples causes clusters to overlap,
which indicates the difficulty in separating them and the
relatively low level of separation achieved by using different
ripeness states by different storage time.

When the LDA analysis (Figure 12), using five groups
(different storage time) was applied to the same data set,
the fruits were clearly distinguishable from each group to
other except between to last groups (45 and 60 days). In
this plot about 59,83.4 % of the total variance of the data is
displayed. LDA function 1 (LD1) and function 2 (LD2)
accounted for 44,071 and 15,763 % of the variance
respectively. This figure shows that the classification
inside of each group content all examples. LDA analysis
was able to classify a 100 % of the total samples (n=90) in
each respective group (five), but the method is not efficient
to separate mandarin groups by different cool storage time
kipping in bag. The last two groups (45 and 60 days) have
similar space location in the score plot.

 In LDA analysis shown the variation of each groups along
of the abscissa (LD1) with a notable increment; however the
last two groups (45 and 60 days) showed an advance in
negative direction on the function 1 in relation with its
predecessor.

volatile during fruit maturity state in storage, contrary result
was fined to rest of sensors, all of them has an light erratic
behavior during measurements; due to during PCA and LDA
analysis in this research were included all sensors response
in the analysis this could exercise certain influence in the
planes projections made by both analysis.

FIGURE 11. PCA  of mandarin with different cool storage
time in bag.

During analysis of sensor response a very clear answers
was fined to sensors 2, 7 and 9 in front of production of

FIGURE 12. LDA of mandarin with different cool storage time
in bag.

Clearly, with this problem for fruit natural state study, an
optimization process is recommended to ident ify a
configuration with fewer parameters (separating the fruits
based on different qualities) that will give equivalent or better
levels of performance. Other solution desirable is reducing
the number of sensors in order to optimize the system cost,
speed and reliability and in order to select the best sensors
suitable for this application. These aspects will be kept in
mind in future investigations.

CONCLUSIONS

• The  results obtained prove that the electronic nose
PEN 2 monitors mandarin during its ripeness process
during storage was successfully.

• It is possible to use sensors 2, 7 and 9 data to distinguish
in a sure way the mandarin with different storage time
according of the relative conductance.

• Sensors 2, 7 and 9 have a higher influence in the current
pattern file.

• The system has enough resolut ion to fallow the
mandarin ripeness process in box; the PCA and LDA
analysis were able to classify the 98,88 and 96,11 %
respectively of the total measurements (180) in each
respective group (five).

• Especial considerations are necessary with mandarin
storage in bag; system has not enough resolution to
fallow of the volatile production of mandarin fruit with
different storage time in bag; although PCA and LDA
analysis were able to classify 93 ,33 and 96 ,66 %
respectively of the total of measurements in each res-
pective group (five).
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