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Abstract: Hazelnuts are one of the most appreciated nuts worldwide due to their unique organoleptic
and nutritional characteristics. The present work intended to analyse several physical and chemical
properties of different hazelnut varieties grown in Portugal, namely Tonda de Giffoni, Grada de
Viseu, Segorbe, Longa de Espanha, Butler, Gunslebert, and Negreta. In general, the results revealed
statistically significant differences between the varieties under study. The Gunslebert had more
elongated hazelnuts and with heavier shelled fruits, while the kernels of the Grada de Viseu revealed
to be heavier. Grada de Viseu was harder in the shell, Gunslebert had a harder core, and Segorbe
was more resistant to fracture. Fat was the more representative component for all varieties and in
some cases the values of moisture and water activity were over the recommended amount (≥0.62).
Tonda de Giffoni was the variety with the highest induction time, indicating the highest oxidation
stability. Moreover, discriminant analysis revealed that the variables more important to distinguish
the varieties were protein (λ = 0.007) and water activity (λ = 0.010). The results of this study help to
better understand the differences between some hazelnut varieties that are cultivated in Portugal,
which gives important hints for all players in the hazelnut sector.

Keywords: chemical properties; hazelnuts; physical properties; specific extinction coefficients

1. Introduction

Hazelnut (Corylus avellana L.) is the fruit of the hazel tree and belongs to the Betulaceae
family. Due to their organoleptic and nutritional characteristics, hazelnuts are well appreci-
ated worldwide. This fruit is traditionally consumed as a whole nut (raw or roasted) but
hazelnut kernels can also be used in bakery products, chocolates, dairy products, snacks,
and other confectionary products [1,2].

Hazelnuts are a good source of proteins, monounsaturated fatty acids (mainly oleic
acid), carbohydrates, fibre, minerals, vitamins (such as vitamin E), phytosterols, and also
phenolic antioxidants [3–5]. Its consumption is associated with several health benefits such
as the prevention of cardiovascular diseases for example [6].

In Portugal, the dried fruit sector is of great importance in the economic sustainability
of rural regions, as well as in the fight against social desertification, as it continues to be
based on a regional tradition, is represented by family businesses, and is derived from
smaller orchards [7]. In 2018, hazelnut production in Portugal was equal to 240 tons [8].
According to a study performed by Ferrão et al. [9], the main hazelnut varieties cultivated
in Portugal are Grada de Viseu, Segorbe, Fertile de Coutard, Butler and Negreta, being
Tonda de Giffoni one of the most productive varieties.
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There are different standards to measure hazelnuts’ quality in terms of dimensions,
aspect, and hidden defects [10]. Furthermore, hazelnut properties vary according to the
cultivar [11]. Knowledge of hazelnuts’ physical and chemical properties is crucial as they
are necessary to determine numerous parameters of extreme importance to guarantee
the quality of the product. Moreover, the determination of these parameters also leads
to the decision regarding what type of care should be given to the product; for example,
regarding whether or not it should undergo any transformation before it is made available
to the final consumer [12]. Food acceptability is influenced by different factors including
food intrinsic properties such as taste, texture, aroma, and appearance [13,14]. According
to Lopes et al. [4], hazelnuts’ quality is not only related to its nutritional and chemical
composition but also to some visual aspects such as the absence of broken cores and
presentation of a clear and uniform colour. Thus, to guarantee the food quality of the
products, it is of utmost importance to ensure that they are handled and stored under
proper conditions [4,15]. According to their characteristics, the different varieties may be
more suitable for industry or fresh consumption. The varieties of Grada de Viseu, Longa
de Espanha, Butler, and Segorbe are more appropriate for fresh consumption, while the
variety Negreta is more suitable for industry. Conversely, the varieties Tonda de Giffoni and
Segorbe are suitable for both industry and fresh consumption [16]. Despite the importance
of this theme, there are still only few studies on the physical and chemical properties of
hazelnut varieties grown in Portugal.

Therefore, the aim of this study was to evaluate the physical and chemical properties
of different hazelnut varieties cultivated in Portugal.

2. Materials and Methods
2.1. Hazelnut Samples

The hazelnut samples used in this study were from different varieties, namely Tonda
de Giffoni, Grada de Viseu, Segorbe, Longa de Espanha, Butler, Gunslebert, and Negreta,
collected in Viseu in central Portugal. Three sets of 1 kg of each hazelnut fruit were
harvested in 2019 at the maturity state and then stored (whole hazelnut) until the analysis
at 5 ◦C to guarantee the safety and quality of the product.

2.2. Colour Evaluation

The colour was examined using the colourimeter Konica Minolta CR-400 that evaluates
the Cartesian coordinates CIE L*, a*, and b *. The L* coordinate quantifies the lightness
variation, ranging from 0 (black) to 100 (white). The a* and b* represent chromaticity
coordinates, varying from −60 to +60. The coordinate a* changes from red (+a) to green
(−a) and the coordinate b* varies from yellow (+b) to blue (−b) [4,12,17]. For this analysis,
30 hazelnuts of each variety were used and measurements of different parts of the shell
(2 on the brown shell and 2 on the hilum) and the kernels (2 on the skin and 2 on the inner
core) of each variety were recorded. The measurements on the skin were made on the
whole surface of the hazelnuts.

2.3. Analysis of Texture

Texture measurements were conducted using the texturometer TA.XT.Plus (Stable
Micro Systems, Godalming, Surrey, UK). For these analyses, 30 fruits from each variety
were submitted to two independent tests, namely shell crushing and core cutting. Both
tests used a 500 N load cell.

The test performed for shell crushing was a measurement of force in compression
using a flat P75 probe (diameter of 75 mm) that compressed the sample against the base
of the texturometer. The speeds of the pre-test, test, and post-test were 1.0 mm/s in all
cases. The distance was 6 mm and the trigger force considered was 0.2 N. From the test
performed for shell crushing, was obtained a curve of force (N) versus distance (mm) which
allowed calculating the hardness (the value of the force that corresponded to the crushing
of the shell).
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For the test of cutting the core, the probe used was the Blade Set HDP/BS (Warner-
Bratzler). The pre-test and test speeds were 1.0 mm/s, while the post-test speed was
10.0 mm/s. For this test, the distance was 30 mm and the trigger force was 0.15 N. The
obtained curve of force vs. distance allowed for the calculation of two textural properties:
hardness (force at first peak) and friability (distance to first peak). Hardness was measured
both for shell and unshelled hazelnuts, while friability was only measured for the core.

2.4. Density Evaluation

Density was assessed as described by Guiné et al. [12] and two types of density were
measured: the true density and the apparent density. To assess the apparent density, two
samples of 100 g of hazelnuts were weighted: one with the shell and one without the
shell. Then, they were placed in two separate beakers: one with a capacity of 500 mL (for
the shelled hazelnuts) and the other with a capacity of 250 mL (for the hazelnut kernels)
in order to determine the apparent density of both samples. The apparent density was
calculated by dividing the mass by the volume measured. In the case of true density,
250 mL of water was placed in two 500 mL beakers. To one beaker, 100 g of hazelnuts with
the shells were added, while to the other beaker, 100 g of hazelnuts without the shell were
added. In both cases, the initial volume and final volume was measured. The true density
was calculated as the ratio between the mass and the differences observed in the volume.
All the measurements were conducted in triplicates for each of the hazelnut samples.

2.5. Biometric Evaluation

For the biometric analysis, 50 hazelnuts of each variety were used and the measure-
ments were performed using a calliper rule with a precision scale. The analyses were
conducted for the whole fruit and for the corresponding kernels, and the numbers of
hollow fruits were also registered.

Different biometric parameters were evaluated, namely width (wider equatorial zone),
height (distance between centres), and thickness (narrow equatorial zone perpendicular to
the latter). These parameters were evaluated for the whole hazelnuts and the kernels [18].
With the values obtained, it was possible to calculate the shape ratio and compression ratio
as follows [4]:

Shape ratio =
(width + thickness)

2 × height
(1)

Compression ratio =
width

thickness
(2)

The kernel percentage was calculated as (kernel weight/nut weight) × 100 [19].

2.6. Chemical Analyses

To perform the chemical analyses regarding moisture, protein (% Nx5.23), fat, fibre,
and ash, standard procedures were followed completely [20] and only the kernels were
analysed after the milling and homogenization of the varieties were evaluated. The
procedure was conducted in fresh hazelnuts.

Water activity was determined at a constant temperature using the Hygroscope
Rotronic. The Rancimat method for oils and fats is an accelerated aging test and was
used to evaluate the oxidation stability of hazelnut fat. [21]. This method was performed
using the Rancimat equipment model 743, Metrohm from Herisau/Switzerland.

2.7. Specific Extinction Coefficients Analysis

The analysis of primary and secondary oxidation of the fat extracted from hazelnut
kernels was evaluated using a spectrophotometer (T80 uv-vis spectrophotometer, PG
instruments Ltd., Lutterworth, UK) and according to the procedure described at the Annex
IV of the Regulation (EU) 2015/1833 [22]. For the determination of the spectrophotometric
indices, each sample of hazelnut fat (0.6 g) was placed in a 10 mL flask and filled up to
10 mL with isooctane as this the stock solution. Then, two dilutions were made from the
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stock solution: one of 1:20 for the measurement at 232 nm and the other of 1:2 for the
measurements at 264 nm, 268 nm, and 272 nm. In all cases, isooctane was added until
10 mL was reached.

The specific extinction coefficients (K) were calculated as follows:

K(λ) =
absorbance measured at wavelength λ × dilution factor

weight of the sample × path length of the quartz cell (mm)
(3)

For each sample, two fat extractions were performed and then the procedure was
conducted in duplicates for each extraction.

2.8. Statistical Analysis

The data were analysed using basic descriptive tools such as the mean value and
standard deviation of a set of replication measurements. Additionally, one-way ANOVA
was used to compare the means of three or more samples and to assess the differences
between them using the post-hoc test Tukey HSD (Honestly Significant Difference); this
test consists of a multiple comparison process performed in a single step and identifies
which means are significantly different from others. The data were further submitted to
a discriminant function analysis for the categorical variable VARIETY as the dependent
variable and the 43 ratio variables (accounting for all the measured properties) as the
independent variables. The analysis was performed using the stepwise method with
Mahalanobis distance and the criteria was the probability of F. The tests of equality of co-
variance matrices (Box’s M test) and group means were performed to verify the assumptions
for the utilization of this analysis.

For all tests, a level of significance of 5% (p < 0.05) was considered and the data
analysis was performed with the Statistical Software for Social Sciences (SPSS) software
from IBM Inc. (Armonk, NY, USA, version 26).

3. Results and Discussion
3.1. Physical Properties
3.1.1. Biometric Characteristics

Biometric evaluation is important not only to differentiate hazelnuts’ varieties but also
to decide their utilization and design for the processing equipment. For example, in the
food industry, spherical nuts are preferred because they are easily processed [23]. Table 1
presents the values obtained for the weight of the shelled hazelnuts and kernels. In terms
of the shelled hazelnuts, the fruits of Gunslebert were heavier on average (3.89 ± 0.64 g),
while the fruits of Negreta were lighter on average (2.23 ± 0.37 g). In terms of the kernels,
Grada de Viseu were considered the heavier fruit (1.70 ± 0.31 g), while Negreta was consid-
ered the lightest of all the varieties (1.12 ± 0.24 g). In a study performed by Lopes et al. [4],
it was also found that Negreta appears among the lightest varieties.

Table 1. Weight of the hazelnut fruits and kernels (mean ± standard deviation).

Sample Fruit Weight 1

(g)
Kernel Weight 1

(g)
Kernel Percentage 1

(%)

Grada de Viseu 3.82 ± 0.65 e 1.70 ± 0.31 d 44.14 ± 6.24 a

Tonda de Giffoni 3.16 ± 0.33 c 1.50 ± 0.18 bc 46.19 ± 4.86 a

Segorbe 2.56 ± 0.43 b 1.21 ± 0.22 a 57.27 ± 9.17 b

Longa de Espanha 2.68 ± 0.54 b 1.23 ± 0.34 a 67.68 ± 10.33 c

Butler 3.51 ± 0.42 d 1.58 ± 0.28 cd 53.16 ± 12.39 a

Gunslebert 3.89 ± 0.64 e 1.65 ± 0.20 b 44.23 ± 9.07 a

Negreta 2.23 ± 0.37 a 1.12 ± 0.24 a 63.91 ± 12.05 c

p-value <0.05 <0.05 <0.05
1 Mean values in the same column with the same letter are not statistically different (p < 0.05).
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It was observed that the differences encountered between some of the varieties were
statistically significant (p < 0.05).

Kernel percentage is an important parameter as it identifies which part is edible [18].
The results demonstrated that, regarding kernel percentage, the varieties can be grouped
into three different groups: the first includes the varieties Grada de Viseu (44.14 ± 6.24%),
Gunslebert (44.23 ± 9.07%), Tonda de Giffoni (46.19 ± 4.86%), and Butler (53.16 ± 12.39%);
the second includes Segorbe (57.27 ± 9.17%); and the third group includes Negreta
(63.91 ± 12.05%) and Longa de Espanha (67.68 ± 10.33). In previous studies [18,24,25], it
was found that kernel percentages were lower (< 40.00%) than the values obtained in the
present study.

As presented in Table 2, height varies from 1.39 ± 0.18 cm (Negreta) to 1.76 ± 0.14 cm
(Longa de Espanha), with significant differences between some of the varieties (p < 0.05).
It is important to highlight that height and thickness have the same variation profile for
each variety.

Table 2. Biometric measurements of the hazelnut kernels (mean ± standard deviation).

Sample Height 1

(cm)
Width 1

(cm)
Thickness 1

(cm)
Shape
Ratio 1

Compression
Ratio 1

Grada de Viseu 1.65 ± 0.11 b 1.60 ± 0.12 e 1.42 ± 0.15 e 0.92 ± 0.09 c 1.13 ± 0.12 a

Tonda de Giffoni 1.45 ± 0.10 a 1.58 ± 0.09 e 1.42 ± 0.09 e 1.04 ± 0.09 d 1.11 ± 0.07 a

Segorbe 1.43 ± 0,12 a 1.36 ± 0.11 c 1.22 ± 0.11 c 0.91 ± 0.09 c 1.12 ± 0.12 a

Longa de Espanha 1.76 ± 0.14 c 1.23 ± 0.18 b 1.11 ± 0.17 b 0.67 ± 0.08 a 1.13 ± 0.23 a

Butler 1.69 ± 0.13 bc 1.45 ± 0.13 d 1.31 ± 0.13 d 0.82 ± 0.08 b 1.23 ± 0.13 a

Gunslebert 1.67 ± 0.19 b 1.10 ± 0.21 a 1.01 ± 0.21 a 0.64 ± 0.14 a 1.10 ± 0.15 a

Negreta 1.39 ± 0.18 a 1.08 ± 0.12 a 1.00 ± 0.12 a 0.78± 0.30 b 1.09 ± 0.08 a

p-value <0.05 <0.05 <0.05 <0.05 0.643
1 Mean values in the same column with the same letter are not statistically different (p < 0.05).

As for width, values ranged from 1.08 ± 0.12 cm for Negreta to 1.60 ± 0.12 cm
for Grada de Viseu, again with significant differences between the varieties (p < 0.05).
Thickness assumed values between 1.00 ± 0.12 cm (Negreta), 1.42 ± 0.09 cm (Tonda de
Giffoni), and 1.42 ± 0.15 cm (Grada de Viseu). The variety Gunslebert is one of the smaller
and thicker varieties, unlike Tonda de Giffoni that is one of the widest and thickest varieties,
which translates into a higher shape ratio (1.04 ± 0.09 cm). As for the compression ratio,
all the varieties had values higher than 1 and Butler had the highest compression ratio
(1.23 ± 0.13 cm). Although there were significant differences between some varieties
in the shape ratio, the same did not occur with the compression ratio to which all the
varieties had similar values. According to Lopes et al. [4], higher values of compression
ratio indicate that these fruits are more asymmetric and values close to 1 indicate that these
fruits are more rounded in the equatorial zone. Nut size is an important parameter as it
provides indication about the kernel size. According to Yao and Mehlenbacher [26], kernels
diameters ranging from 11 to 13 mm are the most suitable for kernel market.

3.1.2. Density

Knowledge about physical properties such as porosity in addition to apparent and
true densities are very important in order to project storage facilities [27]. The mean values
of the apparent and true densities with and without the shell are presented in Table 3. By
analysing the results obtained, generally the values of the fruits without the shell were
higher than those with the shell, which is expected considering there exists an important
amount of void between the shell and the core. The results also demonstrated that for all
varieties, true density was higher than the apparent density both for shelled and unshelled
hazelnuts which can be explained by the fact that the round form of the elements does not
allow a great compaction [12]. It was also observed that there were statistically significant
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differences between the values of densities among the samples under study (p < 0.05).
Similar results were obtained in the study performed by Guiné et al. [12].

Table 3. Hazelnuts’ density (mean ± standard deviation).

Sample
True Density (g/mL) Apparent Density (g/mL)

With Shell 1 Without Shell 1 With Shell 1 Without Shell 1

Grada de Viseu 1.39 ± 0.05 cd 1.35 ± 0.09 ab 0.35 ± 0.01 ab 0.42 ± 0.01 ab

Tonda de Giffoni 1.17 ± 0.23 d 1.41 ± 0.12 a 0.33 ± 0.01 a 0.42 ± 0.01 ab

Segorbe 1.09 ± 0.09 bc 1.19 ± 0.07 c 0.47 ± 0.04 c 0.45 ± 0.02 bc

Longa de Espanha 1.56 ± 0.12 e 1.63 ± 0.07 a 0.31 ± 0.01 a 0.40 ± 0.01 a

Butler 0.79 ± 0.05 a 0.97 ± 0.03 b 0.40 ± 0.01 b 0.47 ± 0.02 c

Gunslebert 0.73 ± 0.02 a 0.96 ± 0.04 a 0.33 ± 0.010 a 0.40 ± 0.01 a

Negreta 0.91 ± 0.03 ab 1.07 ± 0.04 c 0.47 ± 0.01 c 0.47 ± 0.01 c

p-value <0.05 <0.05 <0.05 <0.05
1 Mean values in the same column with the same letter are not statistically different (p < 0.05).

3.1.3. Colour

Colour assessment is crucial because it is one of the most important food intrinsic
properties affecting consumers’ food choices. In fact, a change in food colour can lead to a
rejection by consumers [28]. In Table 4, the colour coordinates for the shell, hilum, skin,
and kernel of the hazelnuts studied are presented. Regarding the lightness of the shell (L*
value), the variety with the highest value was Butler (49.34 ± 2.71) (Table 4), indicating that
the shell of those hazelnuts were clear when compared to the others. Conversely, the blackest
varieties were of Grada de Viseu (42.56 ± 3.05) and Negreta (45.29 ± 2.04). As for the values
of a* on the shell, it was observed that for all varieties, the predominant colour was red with
two distinct groups: one with a greater intensity of red (varieties Tonda de Giffoni, Negreta,
Grada de Viseu, Butler, and Longa de Espanha) and the other with a lesser intensity (varieties
Butler and Segorbe). In the case of the yellowness of the shell (b*), there were more differences
found among the varieties and Butler had the highest value (31.77 ± 2.01).

Table 4. Colour coordinates (mean ± standard deviation).

Grada de
Viseu

Tonda de
Giffoni Segorbe Longa de

Espanha Butler Gunslebert Negreta

Shell 1
L* 42.56 ± 3.05 a 46.43 ± 2.19 bc 46.73 ± 2.47 c 45.65 ± 3.03 bc 49.34 ± 2.71 d 46.46 ± 2.04 bc 45.29 ± 2.04 b

a* 19.11 ± 2.49 b 19.51 ± 2.28 b 16.33 ± 2.03 a 18.31 ± 2.48 b 18.61 ± 1.64 b 16.64 ± 3.26 a 19.23 ± 2.62 b

b* 22.61 ± 3.78 a 28.43 ± 3.43 c 24.52 ± 3.29 ab 28.54 ± 4.25 c 31.77 ± 2.01 d 26.24 ± 4.58 b 24.61 ± 3.93 b

Hilum 1
L* 49.79 ± 2.97 a 54.01 ± 6.28 b 50.28 ± 2.38 a 50.49 ± 3.10 a 48.99 ± 2.81 a 48.00 ± 6.95 a 50.49 ± 5.58 a

a* 10.60 ± 1.35 b 9.37 ± 1.53 a 9.36 ± 1.14 a 9.18 ± 3.10 a 12.59 ± 1.66 c 8.75 ± 1.35 a 8.75 ± 1.40 a

b* 23.02 ± 1.71 d 23.19 ± 2.75 d 21.22 ± 1.61 c 19.98 ± 1.64 b 24.71 ± 2.39 e 18.59 ± 3.38 a 20.67 ± 1.50 bc

Skin 1
L* 43.75 ± 4.08 a 50.21 ± 5.07 d 48.76 ± 3.25 cd 46.36 ± 4.70 b 49.84 ± 3.62 d 49.35 ± 3.53 cd 47.46 ± 3.63 bc

a* 15.56 ± 1.33 b 14.40 ± 1.32 a 15.55 ± 1.65 b 15.55 ± 1.54 b 17.08 ± 1.30 d 14.73 ± 1.33 a 15.83 ± 1.23 b

b* 23.65 ± 2.17 a 25.00 ± 2.11 a 25.37 ± 2.66 a 25.59 ± 2.47 a 26.98 ± 1.84 a 25.26 ± 1.38 a 26.63 ± 1.84 a

Kernel 1
L* 72.35 ± 4.27 cd 75.00 ± 5.26 ef 69.71 ± 5.21 bc 64.94 ± 6.48 a 68.78 ± 3.34 b 74.08 ± 4.85 de 77.50 ± 4.04 f

a* 2.45 ± 0.94 b 2.30 ± 1.23 ab 2.73 ± 1.24 b 3.82 ± 1.78 c 2.91 ± 0.74 b 2.29 ± 0.97 ab 1.73 ± 0.83 a

b* 25.24 ± 2.28 ab 24.59 ± 3.21 a 25.67 ± 2.04 ab 26.18 ± 2.32 b 29.72 ± 3.79 c 25.43 ± 2.50 ab 25.29 ± 1.98 ab

1 Mean values in the same row with the same letter are not statistically different (p < 0.05).

As presented in Table 4, the hilum had lower values for a* when compared to the
shell, indicating that the hilum is less red. In general, there were no differences among
the varieties regarding the values of L* with the exception of Tonda de Giffoni that was
clearer when compared to the others. As for the values of a* on the hilum, the variety with
the highest value was Butler (12.59 ± 1.66), followed by Grada de Viseu (10.60 ± 1.35).
Regarding the coordinate b*, it was also possible to distinguish two varieties, namely Grada
de Viseu with the lowest value (18.59 ± 3.38) and Butler with the highest (24.71 ± 2.39).
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Regarding the skin (Table 4), Grada de Viseu was the variety with blackest skin
(43.75 ± 4.08) and both Tonda de Giffoni and Butler were the varieties with the lightest
skin (50.21 ± 5.07 and 49.84 ± 3.62, respectively). Regarding the a* coordinate, the values
ranged between 14.40 ± 1.32 (Tonda de Giffoni) and 17.08 ± 1.30 (Butler). The ANOVA test
did not show significant differences among the samples for the coordinate b* (p = 0.418).

As presented in Table 4, the values of the coordinates L* and a* of the kernel are
highly different from those of the shell and the skin. L* presented higher values (between
64.94 ± 6.48 and 77.50 ± 4.04 for Longa de Espanha and Negreta, respectively), indicating
that the hazelnut kernels are whiter. For all samples, the values of a* were lower than the
ones obtained for the shell, hilum, and skin, indicating that in the kernel, the red colour is
less intense. The highest value was 3.82 ± 1.78 for the Longa de Espanha sample. The values
of b* were all positive, indicating the presence of the yellow colour. Guiné et al. [29] reported
a value for b* equal to 31.57, thus indicating that the kernels they studied were slightly more
yellow than those in the present study. In another study by Mexis and Kontominas [30],
colour parameters were found for hazelnuts of 30.45 for lightness (L*), 6.84 for redness (a*),
and 8.70 for yellowness (b*), notably values that are considerably lower than those found in
the present study. Lopes et al. [4] also evaluated the colour of the varieties present in this
study with the exception of Longa de Espanha and observed different values than those
presented in Table 4. These differences are perhaps due to the fact that hazelnuts’ properties
are dependent on the year and place of harvest, among other factors [31].

3.1.4. Texture Characteristics

The textural characteristics evaluated were hardness and friability. Hardness is related
to the mechanical strength necessary to cause the crushing of a product [3] that in the
case of hazelnuts is linked to the mechanical strength necessary to crush the outer shell,
an important consideration as it ensures the physical integrity of the product, as well as
ensures its ability to support the mechanical stress involved in the process of packing
and transportation. However, if hardness is too high, it may represent a difficulty for
industrial workers who need to remove the shell to process the hazelnuts’ kernels. The
friability measures the tendency of the products to fracture [32,33]. Table 5 presents the
mean values obtained for the hazelnuts’ textural properties. The results demonstrated
that the hardness of the shell varied considerably according to variety, with Grada de
Viseu having a very high value of hardness (389.91 ± 94.31 N) and Longa de Espanha
having a lower value (82.56 ± 22.22 N). The hardness of the core also exhibited very high
variability from 11.94 ± 3.20 N (Segorbe) to 79.00 ± 32.17 N (Gunslebert). The different
values between the samples indicates that the forces necessary to cause the crushing
of the kernel and to perform the hazelnut cut are dependent on the variety. In a study
performed by Ghirardello et al. [34], it was found that the rupture force for hazelnut kernels
was 91.83 ± 20.91 N, indicating that those hazelnut fruits were harder than the samples
evaluated in this study. Thus, these results could be very important for producers and the
food industry sector.

Table 5. Hazelnuts’ textural properties (mean ± standard deviation).

Sample
Hardness

of the Shell 1

(N)

Hardness
of the Core 1

(N)

Friability of the Core 1

(mm)

Grada de Viseu 389.91 ± 94.31 d 68.15 ± 15.23 bc 5.15 ± 1.45 ab

Tonda de Giffoni 292.87 ± 65.26 c 56.53 ± 11.12 b 4.42 ± 1.25 a

Segorbe 201.85 ± 46.97 b 11.94 ± 3.20 a 11.21 ± 2.75 c

Longa de Espanha 82.56 ± 22.22 a 15.45 ± 3.70 a 10.50 ± 2.70 c

Butler 189.85 ± 53.42 b 15.11 ± 4.10 a 11.09 ± 3.13 c

Gunslebert 235.42 ± 56.21 b 79.00 ± 32.17 c 7.27 ± 4.69 b

Negreta 293.28 ± 47.41 c 57.39 ± 14.42 b 5.60 ± 3.73 ab

p-value <0.05 <0.05 <0.05
1 Mean values in the same column with the same letter are not statistically different (p < 0.05).
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Regarding the friability of the core (Table 5), fruits of the varieties Segorbe, Longa de
Espanha, and Butler were less susceptible to fracture (supporting a higher crushing distance
before fracture: 11.21 ± 2.75 mm, 10.50 ± 2.70 mm, and 11.09 ± 3.13 mm, respectively),
while the variety Tonda de Giffoni exhibited the lowest value of friability and therefore can
be fractured more easily (4.42 ± 1.25 mm). This could be also important when the main
objective of producers and the food industry is to maintain the whole core.

3.2. Chemical Properties

The results obtained for the chemical analyses of the hazelnuts’ fruits under study
are presented in Table 6. Moisture content varied from 4.77 ± 0.27 g/100 g (Negreta) to
9.78 ± 1.32 g/100 g (Longa de Espanha). According to Silva et al. [35], hazelnut moisture
content in the natural state is about 4% to 6%. As can be observed, some of the analysed
samples presented values higher than the above-mentioned limit that can compromise the
storage time and quality of the fruits. The ANOVA test showed statistically significant
differences among the varieties (p < 0.05) and this could be due to the intrinsic differences
among the varieties, among drying conditions, and handling techniques.

Table 6. Hazelnuts’ chemical properties (mean ± standard deviation as determined for the kernel).

Sample Moisture 1

(g/100 g)
Water

Activity 1
Fat 1

(g/100 g)
Ash 1

(g/100 g)
Fibre 1

(g/100 g)
Protein 1

(g/100 g)
Induction
Period (h)

Grada V. 7.18 ± 0.38 bc 0.73 ± 0.01 c 46.04 ± 1.53 a 2.59 ± 0.14 a 10.58 ± 0.77 c 17.56 ± 0.40 e 23.76 ± 2.16 b

Tonda G. 5.98 ± 0.15 ab 0.70 ± 0.01 b 72.29 ± 4.16 b 2.45 ± 0.18 a 11.53 ± 0.82 c 12.15 ± 0.27 b 24.21 ± 4.74 b

Segorbe 8.80 ± 0.38 d 0.80 ± 0.03 f 66.13 ± 1.75 b 3.08 ± 0.08 b n.d. 2 14.09 ± 0.34 de 21.58 ± 2.25 b

Longa E. 9.78 ± 1.32 d 0.77 ± 0.01 d 72.50 ± 3.79 b 2.61 ± 0.15 a 8.37 ± 0.34 b 17.43 ± 0.53 c 20.96 ± 1.70 ab

Butler 8.45 ± 0.21 cd 0.80 ± 0.01 e 69.07 ± 4.28 b 3.10 ± 0.05 b 11.11 ± 0.22 c 15.43 ± 0.75 d 22.47 ± 1.76 b

Gunslebert 5.67 ± 0.31 ab 0.60 ± 0.01 a 71.61 ± 2.50 b 3.80 ± 0.23 c 5.75 ± 0.41 a 11.41 ± 0.28 b 17.74 ± 0.21 ab

Negreta 4.77 ± 0.27 a 0.59 ± 0.01 a 70.06 ± 0.18 b 3.05 ± 0.14 b 5.30 ± 0.46 a 10.02 ± 0.27 a 14.02 ± 0.39 a

p-value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
1 Mean values in the same column with the same letter are not statistically different (p < 0.05). 2 Not determined.

The water activity values ranged from 0.59 ± 0.01 (Negreta sample) to 0.80 ± 0.01 and
0.80 ± 0.03 (Butler and Segorbe samples, respectively). It is considered that the limit for
fungal activity corresponds to a value of water activity equal to 0.62, indicating that with
higher values, all microbial activity ceases [36]. Nevertheless, in the evaluated samples,
that upper limit was exceeded and therefore some samples might be more susceptible to
microbial or mould deterioration.

It is important to highlight that fat was the major component for all varieties, ranging
from 46.04 ± 1.53 (Grada de Viseu) to 72.50 ± 3.79 (Tonda de Giffoni). However, considering
the statistical analysis, the only result for fat that was significantly different is the result
presented for Grada de Viseu with a low value, indicating that the other varieties presented
have a similar fat content. These results are similar to those obtained by Oliveira et al. [5].
According to previous studies, hazelnut kernel composition is composed of 60% fat, 15%
crude proteins, 4% ash, and 4% moisture on average, and these values are not very different
from those obtained in the present study (Table 6) [5,37].

The ash, fibre, and protein contents showed significant differences between sam-
ples (p < 0.05). Ash was highest for the Gunslebert sample (3.80 ± 0.23 g/100 g) and
lowest for the Tonda de Giffoni sample (2.45 ± 0.18 g/100 g). Oliveira et al. [5] found
higher values of ash for hazelnuts in the range of 4.2–5.2 g/100 g. Moreover, the results
illustrated that there are three different groups in terms of the ash content: the first is
for the varieties Tonda de Giffoni, Grada de Viseu, and Longa de Espanha (2.45 ± 0.18,
2.59 ± 0.14, and 2.61 ± 0.15 g/100 g, respectively); the second for Negreta, Segorbe, and
Butler (3.05 ± 0.14, 3.08 ± 0.08, and 3.10 ± 0.05 g/100 g, respectively); and the third for
the variety Gunslebert (3.80 ± 0.23 g/100 g). Fibre varied from 5.30 ± 0.46 g/100 g (Ne-
greta) and 5.75 ± 0.41 g/100 g (Gunslebert) to 11.53 ± 0.82 g/100 g (Tonda de Giffoni),
11.11 ± 0.22 g/100 g (Butler), and 10.58 ± 0.77 g/100 g (Grada de Viseu). According to
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Tunçil [38], hazelnut is rich in dietary fibre, recognized for its potential to improve bowel
function. In his work, the author reported a fibre content value of 17.78 g/100 g for a
natural hazelnut, considering this lowered as hazelnuts were roasted. He also reported a
very high value of fibre in the hazelnut skin (69.78 g/100 g). Regarding the protein content,
it varied from 10.02 ± 0.27 g/100 g (Negreta) to 17.56 ± 0.40 g/100 g (Grada de Viseu).
Oliveira et al. [5] reported values of protein in the range of 14.8–15.7 g/100 g and hence
some of the samples evaluated in this work had higher values while others had a lower
protein content.

It is very important to assess the oxidation stability of a sample because lipid oxida-
tion is one of the most critical factors that affects the shelf-life and preservation capacity
of food products [12,39]. The results of the fat oxidation test (Rancimat) presented in
Table 6 demonstrated that the variety with the highest induction time was Tonda de Giffoni
(24.21 ± 4.74 h), indicating a higher oxidation stability when compared to the other vari-
eties. Again, there were some statistically significant differences found among the varieties
under study.

3.3. Specific Extinction Coefficients

The specific extinction coefficients are used as indicators of oil oxidation, providing
information about its quality and preservation state [40]. The parameter K232 is indicator
of primary oxidation during oxidation processes and it is correlated with the formation
of conjugated dienes of polyunsaturated fatty acids [37,41–44]. Conversely, K270 indicates
the level of conjugated trienes that is representative of the secondary oxidation [45]. Fur-
thermore, the resulting products of the secondary oxidation (aldehydes and ketones) also
absorbs at wavelengths of 262, 268, and 274 nm [46].

Table 7 presents the results for the specific extinction coefficients at 232, 264, and 268 e
272 nm. The values for K232 varied between 1.66 ± 0.06 (Negreta) and 4.06 ± 0.24 (Segorbe),
indicating that Negreta exhibited a lower presence of primary oxidation products than
the other hazelnut varieties. Furthermore, significant differences were found among the
varieties under study for all the determined parameters. The results also demonstrated that
in all cases the values for Segorbe were considered higher and were statistically different
from the other samples, indicating that this variety had a higher degree of oxidation that
translates into a worse state of conservation. In the study of Pannico et al. [45], it was
stated that K232 is considered the most important lipid oxidation parameter and that values
higher than 2 are attributed to hazelnuts with taste defects, while values above 2.5 are
considered rancid. According to Karoui et al. [47], an inappropriate storage of fruits or
incorrect procedures of oil extraction usually correspond to an increase of K232, while K270
increases when the oil is not fresh and results are from a previous harvest.

Table 7. Hazelnuts’ specific extinction coefficients at 232, 264, and 268 e 272 nm (mean ± standard
deviation).

Sample K232
1 K264

1 K268
1 K272

1

Grada de Viseu 2.09 ± 0.01 b 0.09 ± 0.00 ab 0.09 ± 0.00 ab 0.09 ± 0.00 ab

Tonda de Giffoni 2.16 ± 0.14 b 0.07 ± 0.01 a 0.07 ± 0.01 a 0.07 ± 0.01 a

Segorbe 4.06 ± 0.24 d 0.22 ± 0.02 d 0.22 ± 0.02 d 0.21 ± 0.02 d

Longa de Espanha 3.23 ± 0.06 c 0.17 ± 0.00 c 0.17 ± 0.00 c 0.17 ± 0.00 c

Butler 2.36 ± 0.06 b 0.11 ± 0.00 b 0.12 ± 0.00 b 0.13 ± 0.03 bc

Gunslebert 2.42 ± 0.27 b 0.08 ± 0.00 ab 0.08 ± 0.00 ab 0.08 ± 0.00 ab

Negreta 1.66 ± 0.06 a 0.10 ± 0.04 ab 0.10 ± 0.04 ab 0.10 ± 0.04 ab

p-value <0.05 <0.05 <0.05 <0.05
1 Mean values in the same column with the same letter are not statistically different (p < 0.05).

3.4. Discriminant Function Analysis

The discriminant function analysis was performed for variety as dependent variable
and considering as independent variables all the properties analysed in the hazelnuts. The
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results illustrated that only some variables had a significant Wilks’ lambda according to
the p-value of the F test (p < 0.05): namely L* of the shell, height, width, compression
ratio, kernel height, kernel width, kernel thickness, kernel shape ratio, true density of
the whole fruit with the shell, true density of the whole fruit without the shell, apparent
density of the whole fruit with the shell, apparent density of the whole fruit without
the shell, moisture content, ash, fat, fibre, protein, water activity, and specific extinction
coefficient at 232 nm (K232). The variables with a lower value of Wilks’ lambda and therefore
those more important for the discriminant analysis were protein (λ = 0.007) and water
activity (λ = 0.010). The results for the correlation matrix indicated some very high values
of the correlations including three values equal to or higher than 0.990. The results of
discriminant function analysis are shown in Table 8 and they correspond to four functions.
The first function with the highest eigenvalue explains 65.2% of variance, followed by
F2 explaining 29.1%, which indicates these two functions account for most of the variance
explained. Therefore, the other two functions are residual. Nevertheless, all four functions
are significant (p < 0.05). The value of the Wilks’ lambda is considerably lower for F1 that
confirms its bet discriminant ability, although F2 also has a very low value of lambda.
The canonical correlation coefficients that measure the strength of the association between
each function and the dependent variable (VARIETY) are very high for all four functions,
although notably highest for F1 and F2 as compared to F3 or F4.

Table 8. Results of discriminant function analysis.

Function Eigenvalue % Variance
Explained

Canonical
Correlation

Wilks’
Lambda p-Value

F1 601.7 65.2 0.999 1.31 × 10−8 <0.05
F2 269.2 29.1 0.998 7.92 × 10−6 <0.05
F3 43.08 4.7 0.989 0.002 <0.05
F4 9.600 1.0 0.952 0.094 <0.05

From the 43 independent variables used, only five were considered in the analysis
as they had greater discriminant ability (water activity, protein, ash, b*of the shell, and
apparent density with the shell). According to the standardized canonical discriminant
function coefficients in which the largest absolute values correspond to variables with
greater discriminating capacity, variable b*of the shell demonstrated greater discriminant
ability in function F1 (4.821) and protein was more discriminating in F2 and F3 (0.874 and
0.863, respectively), while for function F4 the most discriminating variable is ash (1.079).

The results of the structure matrix (Table 9) show that the greater discriminant ability
in functions F1 and F3 is provided by the variable of apparent density with the shell
(0.199 and 0.546, respectively), while in F2 it is provided by the variable of protein (0.680)
and in F4 it is provided by the variable of ash (0.986).

Table 9. Structure matrix accounting only for the five variables included in the analysis.

Variables F1 F2 F3 F4

Water activity 0.143 0.546 * −0.362 −0.382
Protein 0.028 0.680 * 0.479 −0.318

Ash −0.039 −0.096 0.127 0.986 *
b*of the shell −0.007 0.002 −0.014 0.124 *

Apparent density with the shell 0.199 −0.280 0.546 * −0.515
* Largest absolute correlation between each variable and any discriminant function.

Figure 1 shows the distribution of the different variety groups according to the most
relevant discriminant functions (F1 and F2). These results indicate that varieties Tonda de
Giffoni, Longa de Espanha, and Segorbe are more similar considering the proximity of their
centroids, while varieties Gunslebert, Negreta, Grada de Viseu, and Butler are different
from all others.
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Figure 1. Discrimination of the seven varieties studied according to the two most important functions:
F1 and F2.

The model includes four equations built on the basis of the canonical discriminant
function coefficients as follows:

F1 = −399.6 + 395.7 × aw − 4.2 × Prt + 11.6 × Ash + 345.6 × DaS − 0.99 × bS (4)

F2 = −60.7 + 60.4 × aw + 2.8 × Prt + 1.6 × Ash − 51.4 × DaS − 0.06 × bS (5)

F3 = −0.123 − 85.2 × aw + 2.8 × Prt + 1.7 × Ash + 51.2 × DaS − 0.12 × bS (6)

F4 = −38.9 + 32.3 × aw − 0.25 × Prt + 6.1 × Ash + 2.1 × DaS + 0.06 × bS (7)

where aw is water activity, Prt is protein, DaS is the apparent density with the shell, and bS
is the b* of the shell.

4. Conclusions

This study provided results that allowed for the comparison different hazelnut vari-
eties. Regarding the biometric characteristics, it was concluded that Gunslebert had the
heavier fruits while Grada de Viseu had the heavier kernels. In addition, Gunslebert was
more elongated and Butler was more rounded in the equatorial zone. For all varieties, the
apparent density was lower than the true density.

The results also established the expectable ranges for each colour parameters in the
shell, hilum, skin, and kernel, with Butler exhibiting a clearer shell and Tonda de Giffoni
exhibiting a clearer hilum and skin. In contrast, Negreta exhibited a clearer kernel. As for
texture, Grada de Viseu had a harder shell while Gunslebert had a harder core. Additionally,
varieties Segorbe, Longa de Espanha, and Butler were more resistant to fracture.

Regarding the chemical properties, as expected, the major component was fat, fol-
lowed by protein, and then fibre. Very different values were found for the chemical
components according to variety. Negreta exhibited the lowest amount of primary oxida-
tion products, corresponding to a lower K232 value. The values of moisture content were
over the recommended values in some cases (varieties Grada de Viseu, Segorbe, Longa de
Espanha, and Butler) and the desirable values for water activity were surpassed in some
samples (Grada de Viseu, Tonda de Giffoni, Segorbe, Longa de Espanha, and Butler). This
indicates that these varieties are more susceptible to mould and microbial deterioration
that represents a problem in the hazelnuts’ conservation and storage.
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The discriminant analysis illustrated that the variables of protein and water activity
were the most important parameters. The distribution of the different variety groups
according to the most relevant discriminant functions revealed that varieties Tonda de
Giffoni, Longa de Espanha, and Segorbe were more similar, while varieties Gunslebert,
Negreta, Grada de Viseu, and Butler were different from all others.

These findings are important for Portuguese producers, retailers, and industry sectors
because they are useful to better understand the characteristics of different hazelnuts’
varieties, they can be a tool to facilitate the choices for all players in the hazelnut sector, and
they can provide context in view of the particular future usages intended for hazelnuts.
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