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Effect of storage temperature on the flavour of citrus fruit
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Abstract

This paper reports the effect of different storage temperatures (5, 15, 20 and 25°C) on the flavour of cv. Valencia
Late Frost oranges stored for up to one month (following a pre-experimental two month storage period at 5°C). Samples
were instrumentally analysed every week for titratable acidity, soluble solid content, maturity index, and ethanol and
acetaldehyde contents. In addition, four sensory attributes were assessed by 20 taste panellists (this work formed part
of their training): acidity, maturity index, off-flavours and orange-like flavour. Principal components analysis was
performed to determine the correlation structure of the sensorial data. This showed that the presence of off-flavours
reduced the orange-like flavour perceived, but affected neither the acidity nor the maturity index. Acidity correlated
negatively with the sensorially-perceived maturity index. The higher temperatures reduced the orange-like flavour and
increased the presence of off-flavours over storage; this had a negative impact on the sensorial quality of the fruit.
These effects were statistically significant, though more accurate results may have been obtained had the panellists
received more training.

Additional key words: acetaldehyde, ethanol, sensory evaluation, training taste panellists.

Resumen

Efecto de la temperatura de almacenamiento en el sabor de los citricos

El efecto de distintas temperaturas de almacenamiento (5, 15, 20 y 25°C) en la calidad del sabor en naranjas
cv. Valencia Late Frost fue estudiado periédicamente durante un mes (después de estar almacenadas durante 2 meses a
5°C). Las muestras fueron semanalmente analizadas midiendo la acidez, el contenido en so6lidos solubles, el indice de
madurez y contenido en etanol y acetaldehido. Esta experiencia formo parte de la sesiones de entrenamiento de un pa-
nel de catadores. Cuatro atributos sensoriales fueron evaluados por el panel: acidez, indice de madurez, malos sabores y
el sabor caracteristico a naranja. Se realizé un analisis de componentes principales para estudiar la estructura de corre-
lacion de los datos sensoriales. Este analisis revel6 que la presencia de malos sabores redujo el sabor caracteristico a na-
ranja percibido por el panel, pero no afecté a la acidez ni al indice de madurez. Por otro lado, la acidez tuvo una corre-
lacion negativa con el indice de madurez percibido sensorialmente. Segun los resultados, las altas temperaturas redujeron
el sabor caracteristico a naranja y aumentaron los malos sabores a lo largo del almacenamiento, los cuales impactaron
negativamente en la calidad sensorial de las naranjas. Estos efectos resultaron estadisticamente significativos, aunque
probablemente se hubieran obtenido resultados mas exactos con sesiones adicionales de entrenamiento del panel.

Palabras clave adicionales: acetaldehido, entrenamiento de catadores, etanol, evaluacion sensorial.

Many authors have studied the organoleptic charac-
teristics of fruits such as peach (Gorny et al., 1999;
Cascales et al., 2005), melon (Guerineau et al., 1999),
strawberry (Pianezzola et al., 1999) and apple (Corrigan

Introduction

Spain, with a production of more than 3 million tons
of oranges per year, is the foremost producer of this

fruit in Europe and the fourth most important world-
wide (www.mapa.es). Most Spanish oranges are consu-
med fresh.
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etal., 1997; Vaysse et al., 1998; Lavilla et al.,1999; Hamp-
son et al., 2000; Lateur et al., 2001; Echevarria et al.,
2004). However, few studies have been conducted on
citrus fruits, despite their world scale importance.
Generally, consumer acceptance of citrus fruits is de-
fined by their aroma, taste and chewiness. The aroma
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is produced by characteristic volatile compounds (Sala,
1987). Bitterness, a characteristic of the Navel cultivar,
depends on the limonin content. The typical sour-sweet
taste of citrus fruits is determined by the relationship
between the soluble solid content (SSC) and the titra-
table acidity (TA). Organic acids predominate in unripe
citrus fruits, which give them a sour taste unacceptable
to consumers. In contrast, the content of organic acids
is low in ripe fruits, which are perceived as sweet. Sugars
and acids are the main markers of citrus fruit quality.
These compounds can serve as respiratory substrates,
and consequently their concentration over storage
depends on post-harvest conditions such as stora-
ge time, temperature, humidity, atmospheric control,
the application of wax coatings, and the use of radia-
tion to improve shelf life, etc.; the post-harvest de-
velopment of citrus fruits can therefore significantly
alter their commercial properties (Echeverria and
Ismail, 1987).

Many authors have studied the effects of post-
harvest treatments on citrus fruits in terms of gas per-
meability, weight loss, appearance, internal gas compo-
sition, and the presence of ethanol and acetaldehyde,
etc. (Purvis, 1983; Pesis and Avissar, 1989; Shaw et
al., 1991; Petracek et al., 1998; Peeples and Albrigo,
1999; Salvador, 1999; Perez-Gago et al., 2002; Porat
et al., 2005). However, few have attempted to relate
post-harvest conditions to fruit quality as measured by
sensorial analysis performed by taste panellists
(Hagenmaier and Baker, 1994; Mannheim and Soffer,
1996; Biolatto et al., 2005; Shi et al., 2005). As a result,
the relationship between the quality perceived by
consumers and the different sensorial attributes of
citrus fruits is still poorly understood. Sensorial studies
of fresh produce can be used to identify optimal harvest
maturity, to evaluate flavour quality in breeding pro-
grams, to determine optimal storage and handling con-
ditions, to assess the effects of disinfestation or pre-
conditioning techniques on flavour quality, and to mea-
sure flavour quality over the post-harvest life of a product
(Baldwin, 2002).

The main aim of the present study was to determine
the effect of different storage times and temperatures
on the sensorial attributes that determine the overall
quality of orange fruits. A second objective was to elu-
cidate the relationships between these sensorial attri-
butes. The present work was undertaken as part of the
training of taste panellists; a further goal was therefore
to determine the level of agreement between the panel
members.

Material and Methods
Plant material and storage conditions

Valencia Late Frost oranges were harvested and im-
mediately selected for uniformity in size and absence
of defects. The fruit was then stored at 5°C at a relative
humidity of 85-90% for two months to ensure its avai-
lability at the beginning of the experimental period.
After this initial storage period, the fruit was rando-
mised into four lots of 70 oranges. One lot remained
stored at 5°C while the other three were stored at 15,
20 and 25°C respectively. Fruit samples from each lot
were analysed after 1, 2, 3 and 4 weeks of storage.

Chemical analysis

In each of the 16 treatments (4 storage temperatures
at 4 storage periods), three samples of two oranges were
taken. The juice from each was extracted using a rotary
citrus squeezer and filtered through a 0.8 mm pore
sieve. The soluble solid content (SSC) of the juice was de-
termined using an Atago digital refractometer (DR-101)
and expressed as a percentage of sucrose in an equivalent
solution. Titratable acidity (TA) was determined from
5 ml aliquots by titrating with 0.1 N NaOH to pH 8.1;
the results were expressed as grams of citric acid per
100 ml. The maturity index (MI) was calculated as the
SSC/TA ratio. All determinations were performed in
duplicate.

The ethanol and acetaldehyde concentrations were
determined in juice samples from two fruits by head-
space gas chromatography, as described by Ke and
Kader (1990). Five millilitres of juice were transferred
to 10 ml vials with crimp-top caps and Teflon (TFE)/
silicone septum seals, and kept at —18°C. Before instru-
mental analysis, the vials were maintained in a water
bath at 20°C for 1 h, followed by a further 10 min at 30°C
to reach gas equilibrium in the head-space. A 1 ml
sample of this head-space volume was then withdrawn
and injected into a gas chromatograph (Perkin-Elmer,
Model 2000) equipped with a flame ionisation detec-
tor and a 1.2 mx0.32 cm Porapack QS 80/100 stain-
less steel column. The injector was set at 175°C,
the column at 150°C, the detector at 200°C, and the
carrier gas at 9.1 psi. Volatile compounds were
identified and quantified by comparison of their re-
tention times with standards. Results were expressed
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as mg/100 ml of juice. All determinations were perfor-
med in triplicate.

Sensorial evaluation

Eight oranges per storage temperature were sampled
every week for assessment by a taster panel of 20
individuals (eleven women and nine men aged 21-60
years training to become citrus fruit tasters, all of
whom were volunteers from among the staff of the
IVIA Research Institute). Each orange was peeled and
separated into its segments; each sample was identified
by a random three-digit code. Three segments were
placed in white pots and presented to the panellists.

Ateach weekly session, each panellist evaluated two sam-
ples for each storage temperature (i.e., they assessed
eight samples per week). After assessing them for
sensorially-perceived acidity and MI, they recorded
their scores by making a mark on unstructured line
scales. The left edges (value 0) corresponded to the
absence of perceived acidity or low MI, and the right
edge (value 15) to very high acidity or high MI. The
intensity of off-flavours was scored on a 6-point cate-
gory scale (0 =none and 5 =strong). Orange like-flavour
was scored on a 9-point category scale (1,2,3 =low
quality; 4,5,6 =acceptable quality and 7,8,9 =high
quality). All sensory evaluations were conducted in
individual booths under white light at room tempera-
ture. Mineral water was used as palate cleanser between
samples (UNE 87023, 1979).

Statistical analysis

Analysis of variance (ANOVA) was performed on
the results for each quality variable to determine the
significance of the effects of storage time and tempe-
rature on fruit quality. Means were compared by the
least significance difference (LSD) test. Significance
was set at P<0.05.

After averaging the two replicate measurements for
SSC, TA and SSC/TA for each sample, 48 data were
obtained corresponding to three samples for each of
the 16 experimental conditions. These were analy-
sed by multiple linear regression (MLR). All calcu-
lations were made using Statgraphics 5.1 software
(www.statgraphics.com).

As a complementary test to help interpret the results
of multivariate analysis, the correlation coefficient

between each pair of variables was calculated. The
average instrumental analysis result for each variable
was calculated for each of the 16 conditions (4 tem-
peratures X 4 storage periods), providing a matrix of
16 observations and 7 variables (time of storage,
temperature, TA, SSC, MI, and the ethanol and ace-
taldehyde contents). Four additional variables — acidity,
MI, off-flavours and orange-like flavours (the average
values for the entire panel) — were included in this
matrix.

The sensorial data were arranged in a matrix of 80
observations in rows (20 panellists by 4 temperatures)
and 16 variables: T4, MI, flavour, and off-flavours,,
where 7= the number of weeks of storage (1, 2, 3 or 4).
To study the relationships between sensorial attributes,
principal component analysis (PCA) was performed
with this matrix using Unscrambler 9.0 software
(www.camo.com). The data were centred and scaled
to unit variance. Thus, each individual datum of the
matrix was the average of two evaluations obtained per
panellist in each of the 16 experimental conditions.

Results

Effect of storage time and temperatures
on chemical variables

To provide reference values of fruit quality at the
beginning and end of the experiment, TA, SSC and MI
were also evaluated just after harvest and after two
months of storage. Only small differences were found
for all three, e.g., MI at harvest was 11.23 and 11.17
after 2 months storage at 5°C (Table 1).

According to the MLR results (Table 2), the storage
period had no significant influence on TA. However,
a negative correlation was identified between TA and
the storage temperature. Storage temperature had no
significant effect on SSC. However, after two weeks
of storage a significant increase in SSC was observed
at all temperatures. Both storage time and temperature
had a significant effect on MI: MI values increased
with temperature after two weeks of storage.

The effect of storage period on SSC and MI was
assessed by means of MLR using the indicator variable
«storage period > 2» (see Table 2). No significant diffe-
rences were observed in the mean value of these
variables between weeks 1 and 2, nor between weeks
3 and 4. However, significant differences were identi-
fied between weeks 1-2 and 3-4.
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Table 1. Average values for the chemical variables of oranges cv. Valencia stored at 5, 15, 20 and 25°C for 1, 2, 3 and 4 weeks

TA SSC MI Acetaldehyde Ethanol
(mg/100 ml) (%) (mg/100 ml) (mg/100 ml)

At harvest 1.0 11.30 11.23 — —
2 months at 5°C 0.97 10.89 11.17 — —
Storage temperature

5°C 0.87c* 10.59a 12.18a 0.50a 22.46a
15°C 0.76b 10.27a 13.51b 0.74b 38.84b
20°C 0.76b 10.50a 13.91b 1.01c 77.63¢
25°C 0.69a 10.28a 14.89¢ 1.13d 107.68d
Storage period
1 week 0.78a 9.61a 12.44a 12.44b 68.88b
2 weeks 0.77a 9.77a 12.74a 12.74b 75.92b
3 weeks 0.77a 11.15b 14.56b 0.77a 55.04a
4 weeks 0.76a 11.11b 14.75b 0.82ab 46.77a

* Means within the same storage temperature/period followed by the same small letters are not significantly different at P<0.0.
TA: titratable acidity. SSC: soluble solid content. MI: maturity index.

Temperature and storage period significantly effec-
ted the concentration of volatile compounds (Table 2).
The ethanol and acetaldehyde contents decreased
significantly after two weeks of storage, the highest
values always seen at the highest temperatures. In all
cases the average ethanol content was <126 mg/100 ml
(Table 1) — that of normal marketing conditions.

Effect of different storage periods,
temperatures and panellist on sensorial
attribute results

Panellist number 18 produced the numerical
assessments closest to that of the panel average. To study
the effect of each individual panellist on the sensorial
attributes recorded, this panellist was taken as a re-

ference and the remaining panellists were coded by
creating new indicator variables (Pi). Multiple linear
regression was then performed to determine the effect
of temperature, storage time and panellist on sensorial
attributes (Table 3). Sensorially-perceived MI and off-
flavour significantly increased with storage time and
temperature. The opposite was observed for acidity
and orange-like flavour. The regression model for off-
flavours was fitted with no constant and using the va-
riables SP-1 (storage period 1) and ST-5 (storage tem-
perature 5). Thus, the average score for off-flavours
tended to zero in the first week of storage (SP=1) and
at a temperature of 5°C (ST =5).

The fruit stored at 25°C had the highest off-flavour
value (1.38) and the lowest orange-like flavour value
(4.31). However, the former value of 1.38 corresponds
to a low off-flavour intensity, and the four treatments

Table 2. Regression model for the chemical variables of oranges cv. Valencia stored at 5, 15, 20 and 25°C for 1, 2, 3 and 4 weeks

Regression equation of chemical parameters?® R?? p-val,,¢ Nyt
TA (g/100 ml) = 0.887 —0.00803 ST 56.7 <0.0001 0
SSC (%) = 9.70 + 1.44 (SP>2) 61.2 <0.0001 0
MI = 10.48 +2.06 (SP>2)+0.13 ST 63.4 <0.0001 0
Ethanol (mg/100 ml) = 25.04-21.5(SP>2)+0.15 ST? 85.4 <0.0001 0
Acetaldehyde (mg/100 ml) = 0.37 — 0.096 (SP>2) + 0.032 ST 76.1 0.023¢ 0

2 Regression equation to predict the average value of the chemical variables as a function of ST (temperature, °C), SP (storage ti-
me, weeks) and (SP >2) (indicator variable that takes the value 1 if SP>2, and zero if otherwise). ® Coefficient of determination
(percentage of variance of the response variable explained by the model). ¢ Maximum value of the observed level of significance
associated with the regression coefficients included in the model. ¢ Number of outliers discarded from the model. ¢ P value
corresponding to the coefficient of the indicator variable (SP > 2).
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Table 3. Regression model for the sensorial attributes of oranges cv. Valencia stored at 5, 15, 20 and 25°C for 1, 2, 3 and 4 weeks

Regression equation for sensorial attributes® R?? R2¢ p-val,,? Ny

Sensorial MI = 5.96 +0.32 SP + 0.046 ST + 1.33 (Py+Py5) — 1.69 Py, +

+0.69 (P, +Ps+P+Py) + 0.96 (P, +Ps+Ps+Py3) 49.3 17.5 <0.0001 3
Sensorial acidity = 6.93 —0.28 SP — 0.064 ST — 3.1 (P3+Pg+P,+P,) —

—2.03 P+ 6.02 P, + 1.57 (P +Py+Ps+P ;4P ) +

+3.62 (PytP+P,+P) 75.8 6.9 0.0013 1
Off-flavours = 0.086 (SP—1) +0.036 (ST-5) — 0.34 (P,+P;+P ) +

+0.42 (Py+P;+Py) + 0.78 (P13+Pjs) + 0.89 Py, 40.5 14.1 0.014f 4
Orange-like flavour = 6.56 — 0.30 SP — 0.054 ST + 1.48 (P,+P,) +

+0.62 (Pst+Py+Py9) — 1.33 (P1y+Py7) —

— 0.8 (P3P 14+Pyp) 49.2 15.8 0.0004 0

* Regression equation to predict the average sensorial attribute values as a function of ST and SP for an individual panellist 7 (for
the panellist in question, P;=1; all other panellists take the value of zero). For example, the predicted sensorial acidity for panellist
number 8 would be: 6.93 — 0.28 SP — 0.064 ST — 3.1. The average attributes for all panellists (panel average) can be estimated
considering a null value for all indicator variables (P;=0). ® Coefficient of determination (percentage of variance of the response
variable explained by the model). ¢ Coefficient of determination (R?) if the indicator variables corresponding to the individual pa-
nellists (P;) are not included in the model (this only applies to the sensorial attributes). ¢ Maximum value of the observed signifi-
cance level associated with the regression coefficients included in the model. ¢ Number of outliers discarded from the model.

P value corresponding to the coefficient of SP-1.

produced fruit regarded by the panel as being of accep-
table quality in terms of orange-like flavour (Table 4).

Relationship between chemical variables
and sensorial attributes

Table 5 shows the correlation coefficient between
each pair of variables. A statistically significant corre-
lation was found between the orange-like flavour and
all analytical variables except ethanol concentration.

Thus, the content of ethanol was not responsible for
orange quality. This variable was the most independent,
showing the weakest lowest correlations with the
remaining variables.

With respect to the PCA conducted with the sensory
matrix, the first two principal components explained
53.1% of the total variance. The loading plot (Fig. 1)
revealed the correlation structure among variables. The
plot showed that off-flavours correlated negatively with
orange-like flavour, and that the presence of off-
flavours reduces fruit quality as perceived by the panel.

Table 4. Average sensorial atributes of oranges cv. Valencia stored at 5, 15, 20 and 25°C for

1, 2, 3 and 4 weeks

Acidity

Sensorial MI

Off-flavours Orange-like

flavour
Storage temperature
5°C 6.70b* 7.46a 0.36a 5.40b
15°C 6.71b 7.72a 0.43a 5.48b
20°C 5.51a 8.24b 0.90b 4.75a
25°C 5.58a 8.35b 1.22¢ 4.34a
Storage period
1 week 7.08b 7.40a 0.75a 5.37b
2 week 6.09a 7.82ab 0.72a 5.03b
3 week 5.65a 8.19bc 0.62a 5.26b
4 week 5.69a 8.37¢ 0.82a 4.31a

* Means within the same storage temperature/period followed by the same small letters are not sig-

nificantly different at P <0.05.
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Table 5. Correlation matrix for sensorial atributes and chemical variables® of oranges cv. Valencia stored at 5, 15, 20 and
25°C for 1, 2, 3 and 4 weeks®

TA Ssc M1 ‘::;;Zle- Ethanol Sel.IS(.)l‘y Sensory Off- Oli?l?ege-

(g/100 ml) (%) (/100 ml) (g/100 ml) acidity MI flavours flavour
TA (g/100 ml) 1.00 — — — — — — — —
SSC (%) 0.94 1.00 — — — — — — —
MI -0.69 -0.66 1.00 — — — — — —
Acetaldehyde
(g/100 ml) 0.37 0.31 -0.71 1.00 — — — — —
Ethanol (g/100 ml) -0.29 -0.34 0.18 0.55 1.00 — — — —
Sensorial acidity -0.47 —0.42 0.51 -0.73 -0.42 1.00 — — —
Sensorial MI 0.49 0.42 -0.63 0.90 0.51 -0.91 1.00 — —
Off-flavours 0.80 0.85 -0.72 0.59 -0.053  -0.56 0.64 1.00 —
Orange-like flavour -0.59 -0.54 0.52 —-0.62 -0.22 0.68 -0.73 —-0.80 1.00

* Each element r;; of this matrix is the linear correlation coefficient of row i and column ;. ° |r|>0.47 corresponds to a statistically

significant correlation (ot =0.05).

Sensorially-perceived acidity correlated negatively
with the sensorial MI.

The score plot corresponding to this PCA analysis
(Fig. 2) indicated that orange-like flavour was higher
than average in fruits stored at 5°C (most of these points
are enclosed in the dashed ellipse) and lower than
average for 25°C (mainly situated within the dotted
ellipse). Further, fruit stored at 25°C tended to have a
higher off-flavour score, although the ethanol content
at this temperature decreased over storage (Table 1).

Discussion

This experiment was designed as part of the final
training of a taster panel, whose members were lear-

ning to assess small differences in orange fruit quality
(Meilgaard et al., 1999). After four additional weeks
of storage at different temperatures, only small changes
in chemical and sensorial attributes were detected,
suggesting that the fruit quality was perfectly suitable
for market. Storage time had no influence on TA, but
its effect on the remaining instrumental parameters
after two weeks of storage was significant (Table 2).
Similar studies report that fruit quality can be properly
preserved in cold conditions for long periods of time,
resulting in only a small reduction in flavour quality
(Abad et al.,2003), and a small increase in the volatile
compound content (Martinez Javega et al., 1991a;
Baldwin et al., 1995; Mazzuz, 2001), weight loss, and
MI (Martinez-Javega et al., 1991b; Pozzan et al., 1993;
Vazquez, 1994).

________________ /,"XM 13
-~ AFlavour_4 i
020 ‘ AMI_2
44 AFlavour_3 7\>AM|_4
0.00 ‘\\\AFIavour_z AFlavour 1~ Y — .
§ e o B ) AOff-FI_1\\‘:
-0.204 e :.",Off_F|_2A OAff'Fl—?’
- AAcidity4 : Acidity_1 AOff-FI 4~
-0.40 - " Acidity_2 S -
| o aPoidity sl
T T T T |. T T T T T T T T
-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30
PC1

Figure 1. Loading plot corresponding to the two principal components of the sensorial data (PC1 and PC2 explain 53.1%
of the total variance). The subscripts indicate the weeks of storage.
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Figure 2. Score plot after performing PCA on the sensorial data matrix. Each symbol (diffe-
rent temperatures) is followed by the number of the panellist.

The ethanol content under all conditions was
<140 mg/100 ml, the threshold required for off-flavour
development (Cuquerella and Martinez-Javega, 1981),
and decreased at the end of storage at all temperatures.
Similar results have been reported in related studies
(Marcilla and Rojas, 2004). Hagenmaier (2000) con-
cludes that the ethanol content provides a good esti-
mate of flavour degradation for oranges cv. Valencia.
According to this author, the presence of off-flavours
was detected in some cases in oranges with an ethanol
content in the range 80-500 mg/100 ml; concentrations
of >500 mg/100 ml produced a clear off-flavour in all
cases. In a similar study, the flavour of wax-coated
tangerines stored for 7 days at 21°C was rated markedly
less fresh when the ethanol content of the juice was
>150 mg/100 ml (Hagenmaier, 2002).

In the present study, although no significant diffe-
rences were seen in the instrumentally-determined
acidity for the different storage times (Table 2), the
sensorially perceived TA decreased significantly over
time, probably due to the rise in SSC (Table 1). Simi-
larly, Harker et al. (2002) report sensorial differences
that failed to correspond to any differences in instru-
mental measurements. In the present study, the pa-
nellists were trained to distinguish between sweetness
and sourness as separate tastes, although both flavours
interact with one another. The perception of sugar can
be masked or accentuated by the presence of acids, as
well as some aromatic compounds that impart sweet

flavour notes (Malundo et al., 1995). The panellists
met after each session and discussed their results,
resolved problems or controversies, and asked for addi-
tional samples. They commented that it was more diffi-
cult to find differences during the two last sessions
when the fruit flavour was less strong.

The significant effect of the panellist returning the
results [identified in MLR analysis (Table 3) and PCA
(Fig. 2)] revealed that the response of these subjects is
biased, probably by insufficient training. The main ob-
jective of a panel trained for a specific task is to obtain
reproducible, reliable and valid sensorial data (Costell,
1992). Thus, additional training sessions were required
for the panel to produce more accurate and reprodu-
cible results.

The relationships between the sensorial attributes
of the oranges kept at different storage temperatures
was clearly shown by PCA. The results were consistent,
with strong correlations found between sensorially-per-
ceived acidity and sensorially-perceived MI (r=-0.91),
and between off-flavours and orange-like flavour
(r=-0.80) (Table 5). A smaller but statistically signi-
ficant direct correlation between sensorial MI and orange-
like flavour was also obtained (r=10.52), which is con-
sistent with results reported for grapefruit juice (Fellers,
1991). Orange-like flavour decreased not as a conse-
quence of an increment in the ethanol content, but be-
cause of other, minimal chemical changes that took
place during storage.
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The main finding of this work is that the reduction
in orange-like flavour over storage is related to the pre-
sence of off-flavours, probably caused by low concen-
trations of metabolic compounds resulting from respi-
ratory metabolism. However, the change in TA and MI
over storage had a reduced impact on orange-like
flavour. The results identify two groups of fruits in terms
of the variables measured: those stored at 5 and 15°C,
and those stored at 20 and 25°C. Those stored at the
lower temperatures were perceived as being more
acidic, the only sensorial attribute that positively influen-
ced orange-like flavour. Further research is needed to
investigate the relationship between sensorially and instru-
mentally measured variables in other citrus cultivars.
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