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ABSTRACT

In Portugal, two groups of blueberry plants are of interest: the Northern and the
Southern Highbush Blueberry. The short season and short shelf life of blueberries
yields excess fruit, and those harvests not destined for the fresh market are frozen
or processed, sometimes leading to economic losses for the producers. From a
technological point of view, fruit characterization is performed on the basis of
physical, chemical properties as well as organoleptic properties (texture, flavor,
color/pigmentation). These properties are directly correlated with fruit utilization.
Thus, in this work, chemometric tools, such as texture, soluble solids (SS),
titratable acidity (TA), fruit surface color and a trained sensory panel, for the
exploration of textural, chemical, color and sensory characteristics of four
blueberry cultivars harvested in two different years were applied.

Surface color, maximum force, SS, TA and SS/TA ratio varied among cultivars
and years and, in general, all the fruits presented in 2013 had lower values for SS
and TA when compared with those collected in 2011.

After analyzing all the parameters and independently of their origin, Duke and
Palmetto seem to be more suitable for fresh market consumption since the
attribute crispness did not change significantly between the 2 years, while Camellia,
a cultivar where the attribute crispness, seems to be weather dependent, and
Legacy a cultivar with less odor and flavor, seems to be more suitable for
processing into products such juice and jam.

PRACTICAL APPLICATIONS

Blueberry is a product of interest due to their nutritional and health benefits.
Recently, scientists have determined that is the “blueberry-like flavor intensity” the
eating quality that has a much higher correlation to consumer acceptance than the
traditional measures of sweetness, acidity or sugar/acid. Ripeness and maturity are
the key factors that influence the taste of a fruit. Ripening processes play a key role
in flavor development and can affect the chemical and sensory characteristics
(acidity, sweetness) of fruits. Thus, with this study we can understand the
influence of the harvest year in the textural and sensory attributes of blueberry
fruits that can help to determine the optimal use of fruit.
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INTRODUCTION

Nowadays, the term “quality” is one of the most widespread
keywords used in commercial trade. Nevertheless, product
quality can assume different meanings for consumers, pro-
ducers and regulating organizations. In the case of blueber-
ries, quality may result from factors like the production
system and the climate conditions of harvest year (Litz
2005).

Blueberry is a product of interest due to their nutritional
and health benefits (Paredes-Lépez et al. 2010). Blueberries
are bushy plants belonging to the Vaccinium genus (Litz
2005). The fruit is a berry of color ranging from dark blue to
black, round or slightly flattened, that can have more than
one cm of diameter and a weight of 2-5 g (Oliveira and
Fonseca 2010) Differences in cultivar, environment and han-
dling methods can result in a range of flavor and texture
profiles. For the Portuguese soil-climatic conditions two
groups of plants are of interest: the Northern Highbush
Blueberry (NHB) and the Southern Highbush Blueberry
(SHB) (Oliveira and Fonseca 2010). Examples of NHB are
the cultivars Duke and Legacy. Duke’s mild flavor improves
with cold storage and Legacy has received good reviews for
its fruit quality, small scar and flavor. Palmetto is an early
season SHB cultivar. Berries are firm, medium sized and are
very flavorful (Nesmith et al. 2004). Camellia is a hybrid
containing mostly Vaccinium corymbosum and a small
amount of Vaccinium darrowi, is also a new midseason SHB
cultivar whose berry firmness and flavor are very good
(Nesmith and Draper 2006). The short season and short
shelf life of blueberries yield excess fruit, and those harvests
not destined for the fresh market are either frozen, processed
into juices and canned products, or dried into a variety of
products (Pallas et al. 2013). Sensory evaluation has played a
key role of any product that is to be consumed by humans
(Sidel and Stone 1993). This evaluation is useful in improv-
ing the value of the production and informing the consum-
ers of the fruit quality at harvest, storage and shelf life
(Mellano et al. 2009). Typical qualities or sensory attributes
that are evaluated for blueberries include firmness, juiciness
or succulence and color. The firmness of blueberries is an
important sensory characteristic in determining quality of
the fruit. Color is another quality factor influencing fresh
market value and the suitability of the blueberries for proc-
essing (Silva et al. 2005). Blueberry texture and blueberry fla-
vor from a highbush cultivar studied by Rosenfeld et al.
(1999), were significantly affected by temperature (fruits
stored at 4 and 12C) and packaging film type.

Ripeness and maturity are the key factors that influence
the taste of a fruit. Ripening plays a key role in flavor devel-
opment and can affect the chemical and sensory characteris-
tics (acidity, sweetness) of fruit (Aaby et al. 2007). And,
acording to Saftner et al. (2008), flavor quality characteristics
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best predicted overall eating quality of blueberries. Various
textural and visual quality characteristics also influenced
consumer assessment of overall eating quality of blueberries.
Ehlenfeldt and Martin (2002) also observed that cultivars
with higher firmness values often possessed a higher percent-
age of V. darrowi Camp and Vaccinium ashei Reade ancestry.
Conversely, cultivars with softer than average fruit often pos-
sessed a higher percentage of lowbush (Vaccinium angustifo-
lium Ait.) ancestry. This information may help to identify
sources of breeding material for increased firmness in high-
bush blueberry hybrids.

Thus, in this work, chemometric tools for exploration of
sensory, chemical, color and textural characteristics of four
blueberry cultivars (Palmetto, Duke, Legacy and Camellia)
produced in organic farming and harvested in two different
years (2011 and 2013) were applied, aiming to better under-
stand the influence of the harvest year in the textural and
sensory attributes of blueberry fruit.

MATERIAL AND METHODS

Samples

The samples consisted of 1 kg of blueberries from Duke,
Legacy (Northern Highbush Blueberries), Camellia and
Palmetto (Southern Highbush Blueberries) cultivars from the
BioBaga exploration (organic production and marketing of
small fruits), located in Estarreja, Aveiro District, Portugal.
The climate is characterized by mild winters and summers.
The cultivars were planted in 2009, drip-irrigated, and the
fruit collected in the month of June, in the morning at opti-
mal ripness stage, in different years, 2011 and 2013. The
blueberry fruit, in both years, were stored at 4C prior each
analysis during 2 days, including sensory evaluation.

Descriptive Sensory Analysis

Sensory panel training and blueberry samples sensory evalu-
ation was performed twice, in 2011 and 2013. The sensory
panel, in both years, consisted of eleven participants aged
from 35 to 50 years old, nine females and two males. All par-
ticipants were experienced in food sensory evaluation. The
panelists were nonsmokers and refrained from wearing
perfume and drinking or consuming foods that could
affect performance in the hour before tasting. Sessions
were performed under controlled conditions of tempera-
ture (20 = 2C) and relative humidity (60 * 20%) in a lab-
oratory specifically constructed for performing sensory
tests, with individual booths for each panelist. A sensory
vocabulary with reference standards was developed over
two sessions lasting 1.5 h each. From an original long list
of attributes (34), a reduced list was assembled by
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TABLE 1. VOCABULARY AND REFERENCE STANDARDS USED FOR DESCRIPTIVE SENSORY ANALYSIS

Attribute

Description

References

Color

Odor intensity
Blueberry odor*

Taste intensity
Sweet taste
Acid taste
Bitter taste
Astringency
Blueberry flavor
Earthy flavor
Firmness
Succulence

Crispness

Intensity of blue-blueberry color

Overall odor intensity (ortonasal odor intensity)

The expected odor associated when smelling a
blueberry

The expected intensity of taste associated when
consuming a blueberry

The taste stimulated by sucrose, glucose, or fructose

The taste stimulated by acids such as citric, malic, and
phosphoric

The taste stimulated by substances such as caffeine
and quinine sulfate

The shrinking or puckering of the tongue surface
caused by substances such as tannins or alum

The expected flavor (retro-nasal evaluation) associated
when consuming a blueberry

Flavor of wet earth or turf, that you feel when you
chew the fruit

The force required to fracture sample between molars

The quantity of juice released by the sample when
chewed up to five times

The force and sound (pitch) with which a sample
breaks and fractures on the first and second chew

The blue color intensity from light (intensity 1) to very
dark (intensity 5)*

Blueberry sample A1B" (intensity 5)

Blueberry sample A1B" (intensity 5)

Blueberry sample A1B" (intensity 5)

Solutions of sucrose with concentrations from 2% w/v
(intensity 1) to 20% w/v (intensity 5)

Solutions of citric acid from 0.05 g/L (intensity 1) to
2.0 g/L (intensity 5)

Solutions of quinine sulfate from 0.0003 g/L
(intensity 1) to 0.02 g/L (intensity 5)

Solution of oenological tannin 160 mg/L (intensity 5)

Blueberry sample A1B" (intensity 5)
Blueberry sample A1B" (intensity 1)

Boiled egg white (intensity 2) and pitted olives
(intensity 5)

One cubic centimeter piece of water melon
(intensity 5)

Cracker (intensity 5)

*The odor was perceived as an orthonasal perception (external olfactory sense, which occurs when inhaling and allows us to detect odors in our
environment) and flavor as a retro-nasal perception (migration of aromas up the nasal cavity that then stimulate organoleptic organs — olfactory

nerves).

Blueberry sample A1B — three fruits from a blueberry sample in the full ripening stage and very flavorfull.

*Nominal scale for aroma flavor and textural attributes intensity scoring:

The attribute is not perceived at all 1
Doubts about the presence of the attribute 2
The attribute is clearly perceived, although it is slight 3

The attribute is clearly perceived, but the intensity is lower than the reference 4
The attribute is clearly perceived and the intensity is close or similar to the reference 5

analyzing the frequency of citations. Finally, a reduced list
of thirtheen attributes was compiled by panelist general
consensus (Table 1). Attribute intensities were scored on a
5-point scale (ranging from 1, lowest intensity, to 5, high-
est intensity) according to the methodology described by
Monteiro et al. (2014). The panelists were instructed to
give scores to the attributes in the order they perceived
them (Table 1).

For each harvest (2011 and 2013), two sessions, with 7
days apart, for each cultivar/year were performed. In each
session panelists evaluated five blueberry fruit of the four
cultivars. Samples were randomly presented to the panelists,
coded with a three digit code number. The samples were left
at room temperature for 2 h to obtain a temperature of
about 18C and were presented on a white plate. Panelists
were required to cleanse their palates with a bite of low-salt
cracker, a sip of room temperature water and a small time
lag before every sample.

Journal of Texture Studies 47 (2016) 199-207 © 2016 Wiley Periodicals, Inc.

Instrumental Analysis

Blueberry fruit were carried to the laboratory in coolers and
stored for 1-3 days at approximatelly 4C until analysis. Solu-
ble Solids (SS) and Titratable Acidity (TA) were measured
from juice extracted, at ambient temperature, from two rep-
licates of 30 berry samples in a domestic centrifugal juicer
(Tefal Elea, model number ZN350C70, China), at 350 rpm
during 1 min. SS were determined using a digital refractome-
ter (Atago PR-101, Japan). Results are expressed as percent
SS (wt/wt) on a fresh weight basis. TA was determined from
10 mL of juice diluted on 10 mL of distilled water and
titrated with 0.1 N sodium hydroxide (NaOH) to pH 8.2 and
it is reported in g/L of malic acid. Fruit texture was profiled
using a TA.XTPlus texture analyser (Stable Micro Systems,
UK.), employing a 5 kg loading cell and a 7.5 cm diameter
plate probe. The maximum force (N) applied was measured
with a test speed of 1 mm/s and a displacement of 8 mm. Ten
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fruits of each cultivar were analyzed each year. Surface color
(CIE L*a*b*) was measured using a Minolta ChromaMeter
(model CR-300, Japan) calibrated with a white tile. Two
measurements were done on the opposite sides of each fruit
and 20 fruits of each cultivar were analyzed each year.

Statistical Analysis

Both physicochemical and sensory data were statistically
tested by analysis of variance (Factorial ANOVA), and Dun-
can’s multiple range test at 5% significance level to compare
the averages. Correlations were performed for all the studied
parameters. For sensory—sensory and instrument—sensory
comparisons, the average of both replicates for each cultivar
and each year were used to calculate Pearson correlation
coefficients which were used to model the relationships (*),
(**) and (***) indicating 0.05, 0.01 and 0.001 levels of signif-
icance, respectively.

Principal Component Analysis (PCA) was also performed.
PCA is mostly used as a tool in exploratory data analysis and
for making predictive models. PCA was performed by eigen-
value decomposition of data covariance (Cov-PCA — when
only sensory data was analyzed and the variable scales are
similar) and correlation (Corr-PCA — when sensory and
chemical data were analyzed) matrix after mean centering
(and normalizing) the data matrix for each attribute, accord-

A. VILELA ET AL.

ing to Abdi and Williams (2010). The results of a PCA were
discussed in terms of factor scores (the transformed variable
values corresponding to a particular data point), and load-
ings (the weight by which each standardized original variable
should be multiplied to get the component score).

All analysis were done using the software Statistica 2010
(StatSoft Inc 2010).

RESULTS AND DISCUSSION

Instrumental and Sensory Analysis

The analysis of Table 2 sensory data shows the berries sen-
sory profile. Blueberry flavor, the expected flavor (retro-nasal
evaluation) associated when consuming a blueberry, and
crispness, the force and sound, the pitch, with which a sam-
ple breaks and fractures on the first and second chew,
presents significant differences between cultivars while odor
intensity (overall odor intensity — orthonasal odor intensity)
is similar for all the cultivars in 2013 year, but presents sig-
nificant differences between cultivars harvested in 2011, with
Palmetto having a higher odor intensity value. Palmetto culti-
var shows, in both years, significantly highest value for blue-
berry flavor attribute, and Legacy, harvested in 2011 the
lowest. For the attribute crispness, year was not a significant

TABLE 2. MEAN SCORES FOR EACH PARAMETER EVALUATED AFTER SENSORY AND PHISICO-CHEMICAL ANALYSIS OF THE FOUR BLUEBERRY

CULTIVARS HARVESTED IN THE YEARS 2011 AND 2013

2011 Cultivars

2013 Cultivars

Sensory attributes’ Duke Legacy Palmetto Camellia Duke Legacy Palmetto Camellia
Color 5.0 5.0 5.0 5.0 4.4° 4.6 4.2° 4.9
Odor intensity 2.3%P 2.3%P 3.5° 2.0%P 1.4° 1.4° 1.4° 1.3°
Blueberry odor 2.5° 2.2° 3.2° 2.2° 1.4% 1.4% 1.4% 1.3°
Taste intensity 3.8° 3.0° 3.8° 3.5° 3.2° 3.1° 3.9° 3.1°
Sweet taste 3.3° 2.8° 3.0° 3.5° 2.3° 2.8° 2.9 2.8°
Acid taste 2.8° 2.8° 2.7° 2.7° 3.2° 3.1° 3.1° 2.7°
Bitter taste 1.22 1.2 1.7 1.0° 1.7 1.4 1.7 1.3
Astringency 1.59 1.79 1.22 1.2° 1.8° 1.7¢ 1.67 1.67
Blueberry flavor 3.3%b 2.7° 4.2° 3.0*P 3.2%P 3.4%P 3.9° 3.2%P
Earthy flavor 0.3° 0.5° 0.8° 0.3° 1.6 1.4 1.8 1.3
Firmness 3.7° 3.3° 3.3° 3.2° 3.3° 3.2° 3.3° 3.3°
Succulence 3.3 3.3 2.8% 3.0° 3.2° 3.4° 3.2° 3.3
Crispness 3.5° 2.5%0 3.3° 2.2° 33° 3.3° 3.18b 3.3°
Color*

L* 29.81¢ 27.95¢ 26.09° 24.22° 28.25¢ 27.47° 24.96° 29.01¢

a* 1.20%° 1.58%° 1.93¢ 0.99° 1132 0.91° 1.82° 1.21%0

b* —1.63° —1.74° —1.39° 0.06°¢ —0.75° —0.50° 0.89¢ —-1.512
Sugar/acid"

SS (%, wt/wt) 10.75% 12.08° 13.70° 12.28° 10.03? 11.30%P 13.27¢ 11.572P

TA (g/L malic acid) 7.96° 8.74° 8.75° 8.44° 4.75° 6.01° 9.31¢ 6.15°

SS/TA 1.58° 1.51° 1.58? 1.55° 2.13° 1.89° 1.432 1.89°
Texture'

Maximum force (N) 18.97° 13.60° 12.967 20.36° 19.29° 13.60° 11.412 1.0c

"Values with the same superscript letter do not differ significantly (P<0.05) for the parameter tested (Factorial ANOVA — Duncan'’s test).
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effect for all cultivars, with the exception of Camellia. This
cultivar presented in 2011 a significantly lower value for
crispness. The higher crispness in Camellia fruit, in 2013, may
be linked to weather differences. The 2013 growing season
had rainfall levels above average, while the 2011 had rainfall
below average (Table 3). Drier conditions may led to the for-
mation of thicker cuticles on fruits (Ehlenfeldt and Martin
2002). However, rainfall may have led to swelling of berries
in response to turgor changes, which increases crispness, and
this phenomenon was detected by the tasters.

The main quality indicators of blueberry fruit are color,
size and shape, in terms of appearence, firmness/crispness or
texture and flavor (Duarte et al. 2009). The color ranges
from light blue to deep black blue depending on the cultivar
and the presence of epicuticular waxes (Nunes et al. 2004).
Surface color (L*a*b*), maximum force, SS, TA (expressed
in malic acid), SS/TA ratio and texture (Table 2) varied
among cultivars and years. Higher values of lightness (L*)
were found in Duke cultivar in 2011 harvest (29.81) and
Camellia cultivar in 2013 (29.01). Palmetto fruit showed the
highest chromatic coordenate a* value both years and the
highest b* in 2013. In 2011, berries from Camellia cultivar
presented the highest b* (Table 2). In spite all these, the
panel did not found any significant differences among culti-
vars in the atributte color, maybe because the color coordi-
nates values were not different enough to be detected by the
naked eye or because they only analyzed five fruits of each
cultivar, while in the surface color (CIE L*a*b*) measure-
ments, as reported in the material and methods section, two
measurements were done on the opposite sides of each fruit
and 20 fruits of each cultivar were analyzed each year.

Camellia cultivar also presented significantly higher values
for texture in both years, 2011 and 2013, respectively 20.36
N and 19.46 N. The quality parameters that dictated useful
storage life in these cultivars are principally firmness and
bruising (Conor et al. 2002), and these characteristics may
vary from season to season and among cultivars (Eck 1988).

TABLE 3. SOLAR RADIATION PER MONTH (LIGHT) FOR THE MONTHS
OF APRIL, MAY AND JUNE OF BOTH YEARS (2011 AND 2013)

Trnm Tmax PPtola\

PPrax/day Light

Year Month ©) Q) (mm?3) (mm?3) (MJ/m?)
April 13.5 22.9 411 4.6 600

2011 May 15.4 23.0 0.1 6.6 700
June 15.3 22.8 0.0 2.3 750
Average 14.7 22.9 13.7 4.5 683
April 10.5 18.0 62.2 12.4 600

2013 May 10.9 17.8 37.6 11.5 750
June 14.5 22.3 37.2 21.9 750
Average 12.0 19.4 45.7 15.3 700

Data provided by the IPMA (Instituto Portugués do mar e da Atmos-
fera).

Minimum temperature (Tinin), maximum temperature (T,nay), total pre-
cipitation (PPyot,), maximum precipitation per day (PPmay/day)-

Journal of Texture Studies 47 (2016) 199-207 © 2016 Wiley Periodicals, Inc.
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Environmental factors including light, temperature and
moisture have pronounced effects on fruit texture. Informa-
tion on the variation in fruit texture among both seasons
and locations, in pears and apples, have been reported by
Luton and Holland (1986) and Knee and Smith (1989),
respectively. Intensity of solar radiation also affects fruit tex-
ture as the temperature during production affects growth
and development. Temperature has a direct influence on
metabolism affecting cellular structure and other compo-
nents which determine texture (Sams 1999). Fruit size, in
general, is negatively correlated to firmness and texture. In
blueberries, small fruits are firmer than larger fruits (Ballin-
ger et al. 1973). This may be related to the fact that fruit size
is determined by both cell size and cell number. Small fruits
which have the same number of cells as larger fruits have a
greater percentage of their volume in cell wall material.
Thus, tissue density would be higher (Sams 1999). Despite
all these reasons, in our study, texture of blueberry fruits has
not significantly changed between the two years, which may
indicate genetic factors. Although environmental factors
may modify the expression of textural characters, genetic
background of the plant is the major factor controlling
texture (Sams 1999) and other parameters as also reported
by De Wit et al. (2010) in a work with Cactus Pear and
Calin-Sanchez et al. (2013) in a work with Black and White
Mulberries grown in Spain. For instances, Strawberry culti-
vars vary greatly in their rate of softening and overall texture
(Shaw et al. 1987).

Generally higher values of TA are negatively linked with
the flavor and consumer acceptance (Chitarra and Chitarra
2005), but it was not the case of our study since the Palmetto
cultivar showed higher values in the parameters related to
the fruit sweetness, SS and TA in both harvest years and it
was also the cultivar that presented higher classification for
the attribute blueberry flavor (Table 2). This cultivar also pre-
sented the lowest SS/TA ratio in the 2013 harvest (1.43).
Generally, all the fruits presented in 2013 had lower values
for SS and TA when compared with the fruits collected in
2011. The main cause for this singularity may be the varia-
tions in the climate that occurred during the months (April
to June) for fruit development. Blueberry plants start com-
ing to life by March from their dormant stage in winter. In
April, the plants reach full vigour with small fruit develop-
ing. In May, the plants have matured and the fruit is ready
to harvest (Panda et al. 2011). Acording to IPMA (2015) —
Table 3, the period of time between April and June 2011
higher temperatures and less precipitation occurred than in
the same period of 2013. Nevertheless, in the year 2013 there
was, on average, an higher value of milliJoule per square
metre for solar radiation (Table 3). As it was mentioned
before, intensity of solar radiation also affects fruit texture as
the temperature during production affects growth and plant

methabolism, affecting cellular = structure and other
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components which determine texture (Sams 1999). The
higher precipitation that ocurred in 2013 may be the cause
for lower SS and TA values in the fruits.

Sensory and Textural Relationships

A goal of our research was to better understand the relation-
ships among sensory quality characteristics of blueberries,
with the purpose of more accurately assessing the impact of
the harvest year. For the parameters studied, correlations
were performed using the average of both replicates for each
cultivar and each year. For the four cultivars used in this
study, blueberry odor was most highly correlated with odor
intensity (r=0.98***) and correlated with sweet taste
(r=0.55**). Blueberry flavor was also correlated with faste
intensity (r=0.71**) and bitter taste (r=0.73***). These
results suggest that aroma (odor) and flavor-related charac-
teristics are, in a way, related to sweet and bitter sensations
in the mouth. The bitterness may also be present in ripe fruit
namely in the fruit skin.

Blueberry mechanical properties can be mesured by non-
destructive and noncontact measurement tools such as
hyperspectral imaging system, instead of conventional
destructive methods such as sensory evaluation (Hua ef al.
2015), however, sensory evaluation also gave a prediction
about this characteristic in blueberry fruit, being a much less
expensive way to do it. Sensory textural scores for firmness
are correlated with blueberry crispness (r= 0.56**). Earthy
flavor, a descriptor that aims to measure the unpleasant sen-
sation of wet earth or turf, felt when chewing the fruit, shows
negative correlations blueberry odor (r= —0.72*%).

When we study the correlations between sensory attrib-
utes and analytical/textural data we verify that the earthy fla-
vor is highly correlated with SS/TA ratio (r= 0.74***) but
shows a negative correlation with the titratable acidity — TA
(r=—0.76***). The SS content is correlated with the fruit
odor intensity (r= 0.64**), blueberry odor (r= 0.60**) and
sweet taste (r= 0.51"*). Succulence, the quantity of juice
released by the sample when chewed up to five times is also
correlated with maximum force (r = 0.54**).

PCA Data Analysis and Descriptors Weight
for Blueberry Characterization

The cov-PCA data (covariance - PCA) allowed distinguish-
ing the weight of each descriptor to the similarities of the
studied blueberry fruit harvested in 2011 and 2013. In Fig.
1A, the first two factorial axes (PC1 and PC2) represent
83.07% of the total variance. In a PCA analysis, if both the
first three components accumulate a relatively high per-
centage of the total variation, in general above 70%, they
satisfactorily explain the variability among the samples
tested (Mardia et al. 1979). In this study, it appears that
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the accumulated percentage 83.07% satisfactorily accounts
for the variability found in the blueberry fruit evaluated.
In fact, this value is higher than the value cited by Rose-
nfeld et al. (1999) and Saftner et al. (2008) in similar
analysis.

In the spatial projection of Fig. 1A, it is possible to visual-
ize the distribution of the samples evaluated sensorially and
the sensory descriptors associated. In this projection, culti-
vars are distributed into three groups. One group, blueberry

1,0 - . , . . . i
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FIG. 1. (A) PRINCIPAL COMPONENT ANALYSIS (COV-PCA) OF
SENSORY DATA; (B) PRINCIPAL COMPONENT ANALYSIS (CORR-PCA)
WITH FACTOR 1 AND FACTOR 2 OBTAINED BY ANALYSIS OF
SENSORY AND ANALYTICAL DATA OF FOUR BLUEBERRY CULTIVARS
HARVESTED IN 2011 AND 2013
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samples from Camellia, Legacy and Duke cultivars, harvested
in 2011, is located into PC1 and PC2 positive coordinates
(right-upper PCA quadrant). The sensory descriptors that
seem to contribute to the formation of this group are: color
and sweetness (Table 4). The Palmetto cultivar (2011) is
alone (low-right PCA quadrant) and distinguished from the
others by the descriptors: blueberry odor, odor intensity, taste
intensity and blueberry flavor. In PC1, the four blueberry cul-
tivars harvested in 2013 have negative coordinates. Earthy
flavor, bitter taste, crispness and acid taste (Table 4) seem to
be the descriptors that more contribute to the positioning of
Legacy Palmetto and Duke cultivars in 2013 harvest while
Camellia, harvest in the same year, is characterized by its suc-
culence and astringency (Table 4).

A chemometric analysis was performed integrating the
sensory and the analytical data (Fig. 1B). The covariance
matrix is used when the variable scales are similar and the
correlation matrix when variables are on different scales.
The PCA based on the correlation matrix standardizes the
data. Therefore, this analysis was performed using a corre-
lation matrix (Corr-PCA). In this analysis, the first two
factorial axes (PC1 and PC2) represent 62.53% of the total
variance.

In the spatial projection of Fig. 1B, it is possible to vis-
ualize the distribution of the samples evaluated and the
associated parameters. In this projection the cultivars are
distributed into two groups. One group, blueberry sam-
ples harvested in 2013, is located into left two PCA quad-
rants. The sensory and the analytical parameters that
seem to contribute to the formation of this group are,
according to Table 5, the negative parameters in PC1: acid
taste, astringency, earthy flavor, crispness and SS/TA; and the
negative and positive parameters in PC2: bitter taste, blue-

TABLE 4. FACTOR COORDINATES OF THE VARIABLES, BASED ON
COVARIANCE OF THE THIRTHEEN SENSORY ATTRIBUTES

Parameters PC 1 PC 2

Color 0.242210 0.134186
Odor intensity 0.696327 —0.185220
Blueberry odor 0.644470 —0.109353
Taste intensity 0.169101 —0.213116
Sweet taste 0.237880 0.107750
Acid taste —0.159233 —0.063078
Bitter taste —0.086809 —0.231238
Astringency —0.171520 0.016751
Blueberry flavor 0.066351 —0.447700
Earthy flavor —0.477133 —0.311030
Firmness 0.036650 —0.031195
Succulence —0.130631 0.061283
Crispness —0.115077 —0.352471

PCA was performed by eigenvalue decomposition of data covariance
of the thirteen sensory attributes. Numbers in bold indicate the posi-
tion of each attribute according PC1 or PC2.

Journal of Texture Studies 47 (2016) 199-207 © 2016 Wiley Periodicals, Inc.

BLUEBERRIES CHEMICAL AND SENSORY QUALITY

TABLE 5. FACTOR COORDINATES OF THE VARIABLES, BASED ON
CORRELATION OF THE THIRTHEEN SENSORY ATTRIBUTES AND SEVEN
PHYSICAL-CHEMICAL PARAMETERS

Parameters PC1 PC 2

Color 0.764328 —0.428984
Odor intensity 0.776182 0.233158
Blueberry odor 0.850058 0.125639
Taste intensity 0.465377 0.422011
Sweet taste 0.851097 —0.147899
Acid taste —0.780806 0.126714
Bitter taste —0.532833 0.699817
Astringency —0.827143 —0.368234
Blueberry flavor 0.020633 0.757676
Earthy flavor —0.855315 0.464377
Firmness 0.147068 —0.481393
Succulence —0.592776 —0.627404
Crispness —0.464080 0.019760
L* —0.317945 —0.732792
a* —0.054968 0.360819
b* —0.317696 0.694536
°Brix or SS 0.722504 0.571649
TA (malic acid) 0.797090 —0.221510
°Brix/Malic acid (SS/TA) —0.734090 0.339600
Maximum force —0.317517 —0.777244

PCA was performed by eigenvalue decomposition of data correlation
of the thirteen sensory attributes and seven physical-chemical parame-
ters. Numbers in bold indicate the position of each attribute according
PC1 or PC2.

berry flavor, firmness, succulence, L*, a*, b* coordinates, and
maximum force.

The other group is formed by the samples harvested in
2011, and it is located into the right two PCA quadrants
(Fig. 1B). The sensory and the analytical parameters that
seem to contribute to the formation of this group are,
according to Table 5, the positive parameters in PCI: color,
odor intensity, blueberry odor, taste intensity, sweet taste, ° Brix
and TA; and the negative and positive parameters in PC2:
bitter taste, blueberry flavor, firmness, succulence, L*, a*, b%,
and maximum force.

CONCLUSIONS

In this work, chemometric tools for exploration of sensory,
chemical, color and textural characteristics of four blueberry
cultivars (Palmetto, Duke, Legacy and Camellia) produced
in organic farming and harvested in two different years
(2011 and 2013) were applied, aiming to better understand
the influence of the harvest year in the textural and sensory
attributes of these blueberry fruits.

Surface color, maximum force, SS, TA and SS/TA ratio
varied among cultivars and years and, in general, the 2013
fruit had lower values for SS and TA when compared with
the fruits collected in 2011 and PCA analysis showed that
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the cultivars were grouped by the harvest year. This means
that the weather has a significant impact on the overall fruits
quality namely in characteristics such us acid taste, astrin-
gency, earthy flavor, crispness and SS/TA, more relevant for
cultivars in 2013 harvest year and color, odor intensity, blue-
berry odor, taste intensity, sweet taste, SS/TA, more pertinent
for cultivars in 2011 harvest year independently of NHB or
SHB cultivars.

Camellia and Duke cultivars presented significantly
higher values for texture in both years. Moreover, this
parameter for Camellia, has not significantly changed
between the 2 years, explained by robustness of genetic
factors to the environment. In fact, environmental factors
may modify the expression of textural characters, but,
genetic background seems to be the major factor control-
ling texture. Conversely, Palmetto and Duke cultivars did
not change significantly between the 2 years for the attrib-
ute crispness as they present similar values for this param-
eter in both years.

Bearing in mind all the parameters evaluated, and inde-
pendently of their origin (NHB blueberries or SHB blueber-
ries), Duke and Palmetto seem to be more suitable for fresh
market consumption, since, as it was mentioned before, the
“eating quality” of blueberries has a much higher correlation
to consumer acceptance and indication of “blueberry-like fla-
vor intensity” than the traditional measures of sweetness,
acidity or sugar/acid ratios.

Camellia, a cultivar where the atributte crispness, seems to
be weather dependent, and Legacy a cultivar with less odor
and flavor, seems to be more suitable for processing into
products such juice and jam.
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