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§ Hazelnut (Corylus species) is original 
from North America (ex: C. americana
and C. cornuta) and also from Asia Minor 
(ex: C. avellana)

§ There are 14 to 18 species of hazel 

§ C. avellana is the most common, being 

mostly from the areas surrounding the 
Black Sea and East Mediterranean
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§ Hazelnuts have a rich tradition. They were 
frequently referred in ancient Greek and Roman 
writings and mythology and in the Bible, being 
mentioned for their nutritional and healing 
power

In Celtic 
Mythology the 
hazelnut was 
regarded as Good 
Luck and called 
the Goddess tree
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§ The plants range from 3 to 36 meters high

§ A hazelnut tree can produce fruit for more 
than 100 years

§ It has a distinguishable characteristic because 
it blooms and pollinates during the late winter 
months instead of spring

§ In 1995 in a pit on the island of Colonsay in Scotland was found evidence of 
large-scale Mesolithic nut processing, dating back about 9,000 years. (The 
evidence consists of a large, shallow pit full of the remains of hundreds of 
thousands of burned hazelnut shells)
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§ In 2017 the world’s production of hazelnuts was 1 billion tons*

§ Turkey is the world’s leading producer of hazelnuts – responsible for about 70% 
of the total global production (675 thousand tons in 2017)*

*Source: FAOSTAT
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Producers of hazelnut (2017)

§ The production of hazelnut is mostly concentrated on temperate zones of the 
Northern Hemisphere (Source FAOSTAT)



§ Hazelnuts are typically composed of fat, 62%, but they also contain protein, 16%, 

and carbohydrates, 11%.

§ They are one of the most nutritive among nuts, with valuable nutrients:

§ Proteins

§ Fibres

§ Unsaturated fatty acids

§ Phytochemicals & Micronutrients 

§ Sterols 

§ Tocopherols

§ Polyphenols 

§ Essential minerals (potassium, calcium, magnesium, selenium)

§ B-complex vitamins
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Hazelnut composition is
variable depending on variety
or cultivation variables (soil,
climate, cultural interventions)
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§ Hazelnuts are included in dietary guidelines in several countries, due to their high 
nutritional content and bioavailability of those nutrients. 

Health claims both from Food and Drug Administration
(FDA) and European Food Safety Authority (EFSA)
recommend daily consumption of nuts, including
hazelnut, for coronary heart disease risk reduction.

Recommendation: 42.5 g nuts/day

Recommendation: 30 g nuts/day
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§ The bioactive molecules present in hazelnuts have been reported as having 

several benefits for the human health, acting as regulator in some diseases:

§ Cardiovascular diseases

§ Diabetes  

§ Cholesterol 

§ Atherosclerosis 

§ Oxidative stress

§ Depression

§ Dementias

§ Some types of cancer

§ Urinary infections

§ Male infertility

§ and many more…
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§ Hazelnuts can be consumed fresh or roasted in a variety of gastronomic and 
industrial applications. 

§ Owing to their nutritive value and flavour, they are widely used in dairy products, 
bakery, coffee, spreads and confectionery. 

§ They can be used whole, shredded, grounded our turned into paste.

§ The adaptability of the hazelnuts to fresh consumption or to use in the food 

industry is related to their morphological characteristics 
and stability to lipid oxidation. 

• Volume
• Weight
• Appearance
• Uniformity
• Fibrosity
• Roughness 

• Rancification
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Only a very small fraction 
of hazelnuts is 
commercialized as in-shell 
nuts, 10%, while the 
remaining 90% is used for 
industrial purposes.

100%
World hazelnut 

production

90%
Industrial 

applications

70% 
Chocolate 

applications

20% 
Ice cream & 

pastries

10%
Direct 

consumption
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The aim of this work was to study 15 cultivars of hazelnut, in terms of:
• Morphology
• Physical properties - colour and texture
• Moisture content
• Water activity
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§ The weight was measured for each variety in 50 whole fruits (with shell) and the 
corresponding cores (only the fruit)

§ The shell thickness was measured with calipers on 20 fruits. 

§ The shape and compression ratios were calculated in 50 fruits from 
measurements of
Ø height (distance between centres), 

Ø width (wider equatorial zone) 
Ø depth (narrow equatorial zone perpendicular to the latter). 

𝑺𝒉𝒂𝒑𝒆 𝒓𝒂𝒕𝒊𝒐 = (𝑾𝒊𝒅𝒕𝒉 '𝑫𝒆𝒑𝒕𝒉)
𝟐 𝒙 𝑯𝒆𝒊𝒈𝒉𝒕

𝑪𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒊𝒐𝒏 𝒓𝒂𝒕𝒊𝒐 = 𝑾𝒊𝒅𝒕𝒉
𝑫𝒆𝒑𝒕𝒉
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§ The moisture content was determined by drying at 105 ºC to constant weight 

§ The water activity was measured by a hygrometer BT-RS1 (Rotronic) at 25ºC.

§ The colour was measured on 25 fruits, with a colorimeter Konica Minolta CR-400 
obtaining the CIELab Cartesian coordinates:

ü L*: black (0) to white (100)

ü a*: green (-60) to red (+60)

ü b*: blue (-60) to yellow (+60)

§ The Cylindrical coordinates were then calculated:

ü Chroma = intensity of colour: from fadded (0) to vivid colour (60) 

ü Hue: red (0º), yellow (90º), green (180º) and blue (270º)

𝑪𝒉𝒓𝒐𝒎𝒂 (𝑪) = (𝒂 ∗)𝟐+(𝒃 ∗)𝟐

𝑯𝒖𝒆 𝒂𝒏𝒈𝒍𝒆 (º𝑯) = 𝒕𝒂𝒏0𝟏 𝒃∗
𝒂∗
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§ Texture properties were measured with a texturometer TA.XT.Plus on 25 fruits of 
each variety

• Crushing strength (of the shell): compression test with a flat probe P/75 and 

• Cutting force of the core: cutting test with a probe Warner-Bratzler (Blade 
Set HDP/BS) 

§ The textural properties were 
then calculated: 

• Hardness 

• Friability  

• Resilience 
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§ Differences in weight according to 
varieties:

ü Varieties with highest weight for 
the whole fruit: Ennis & Merveille

ü Varieties with highest weight of the 
Kernel: Ennis & Butler

Important for yield and transportation
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§ Shell thickness is relatively more 
uniform

§ Varieties with thinner shell: Dawton
& Empress

ü Less resistant to crushing during 
transportation and handling

but also
ü Easier to crush to deshell
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§ Dimensions are very uniform is 
some varieties but very dissimilar in 
others

§ Variety Dawton is much more 
oblong

Width

Height

Depth
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§ Shape ratio is very uniform 
for most varieties

§ Compression ratio is much 
lower for variety: Dawton

𝑺𝒉𝒂𝒑𝒆 𝒓𝒂𝒕𝒊𝒐 = (𝑾𝒊𝒅𝒕𝒉 '𝑫𝒆𝒑𝒕𝒉)
𝟐 𝒙 𝑯𝒆𝒊𝒈𝒉𝒕

𝑪𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒊𝒐𝒏 𝒓𝒂𝒕𝒊𝒐 = 𝑾𝒊𝒅𝒕𝒉
𝑫𝒆𝒑𝒕𝒉

due to low homogeneity 
in the dimensions 
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§ Moisture content is quite variable

§ Variety with lower moisture: Dawton

Lower yield

Water activity is very uniform 
with values between 0.47 
and 0.52

For aw below 0.6 good preservation 
against microbial deterioration and 
moulds
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§ Lightness is quite similar for all 
varieties of hazelnut

§ The shell is slightly darker than skin 
but much darker than kernel

CIE Lab 
Colour space
Cartesian 
Coordinates
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§ Much lower values of 
redness for the kernel 
as compared to skin 
and shell

§ High intensity of 
yellow and red in the 

shell and skin

Brownish coloration
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§ All varieties of 
hazelnut have 
similar colour
according to the 
Munsell colour
system

Munsell Colour space
Cylindrical Coordinates
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§ The hardness of the shell is very much higher 
than that of the kernel 

§ Varieties with harder shell: Fertile & Gironela

It is more difficult to break the shell

Lower industrial value…

§ Varieties with softer kernel: Dowton & Gironela

The kernel is more susceptible to breaking

Interesting to produce sliced 
or cut hazelnuts…
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§ Varieties more susceptible to fracture: 
Ennis & Merveille

§ Resilience is very 
different between 
varieties
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Ø All the hazelnuts varieties presented moisture content compatible with good 
conservation during the storage.

Ø Variety Ennis was larger, heavier and more rounded.

Ø Regarding colour all varieties were similar and the fruits had intense brown shell 
and skin, while the core is intense yellow.

Ø Regarding texture, variety Fertile has a harder shell while the Empress presents a 

softer shell and therefore is easier to break. 

Ø Variety Ennis was the most resistant to fracture in the shell, which, coupled with 
its larger size, makes it an interesting variety for industrial/technological 
applications.

Ø Variety Dawton was softer, making it pleasant to chew, but less resistant to 
stresses from the processing and/or transportation operations.
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Because food quality is important to Industries and consumers there

is a concern to preserve the products under appropriate conditions,

avoiding physical and chemical changes that jeopardize the integrity

of the foods during transportation and storage.

Hence, the objective of this study was to
investigate the effects of storage in hazelnuts,
under certain conditions of temperature,
relative humidity and packaging.



The fruits were stored for 90 days.

Different conditions: ambient, stove, chamber.

Different status: refrigerated, frozen.

Packaging: none, low density polyethylene (LDPE), linear low density polyethylene (LLDPE). 

30

Unshelled fruits, with and without the skin: 

Samples

Description T (ºC) RH (%)
B: before storage (control) - -
AT: Ambient temperature 23.4±2.5 50.5±6.7
S30: Stove (T controlled but RH not) 30.0±0.0 36.0±3.6
S50: Stove (T controlled but RH not) 50.0±0.0 13.2±1.5
C30: Chamber (T and RH controlled) 30.0±0.0 90.0±0.0
C50: Chamber (T and RH controlled) 50.0±0.0 90.0±0.0
R: Refrigerated 2.3±3.7 48.1±23.3
F: Frozen -15.4±2.6 61.7±6.2

Storage conditions

§ From Spain with skin (H-SP-s)

§ From Portugal with skin (H-PT-s) 

§ From Turkey without skin (H-TR-n)
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§ Water activity - measured with a hygrometer

§ Moisture content – measured by drying at 105 ºC until constant weight

water activity and moisture content

§ Measured coordinates with a colorimeter: L*, a*, b*

§ The total colour difference (TCD), was calculated

Colour

( ) ( ) ( )20
2

0
2

0 *b*b*a*a*L*LTCD -+-+-=

§ The texture profile analysis (TPA) was measured by a

texturometer, using a Blade Set HDP/BS

Reference – the control sample : L0*, a0*, b0

Texture
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§ Moisture was similar for both plastics

§ Refrigeration and freezing have
moisture more similar to control

§ Stove at 50 ºC and 13% produced a
higher dehydration

§ Storage in the camber (30 and 50 ºC
and 90% RH) always increased
moisture
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§ The storage in the camber at 30 and 50 
ºC originated hazelnuts with higher aw

(> 0.6), so less stable

§ All other treatments produced 
hazelnuts not likely to be deteriorated 
(aw < 0.6)

§ The results with both plastics were 
similar.
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§ TCD is higher for storage at 50 ºC.

§ High temperatures favor the browning 
reactions, resulting in a darker colour.  

§ Both plastics have a similar effect in 
colour.
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§ The hazelnuts with skin have similar 
hardness: SP(s) and PT(s).

§ The hazelnuts without skin show 
consistently lower values of harness: 
TR(n). 

§ Regardless of the storage conditions 
tested there is not a very pronounced 
effect on hardness.
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§ The hazelnuts from turkey (without skin) 
are practically as much susceptible to 
fracture as the samples with the skin, 
independently of the type of package 
used. 

§ The hazelnuts stored in both plastics in the 
chamber with 90% RH have the highest 
friability, so this is the worst conditions to 
store the hazelnuts.
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Ø The presence or absence of the hazelnuts internal skin influences the properties

associated to colour, moisture and hardness.

Ø Regarding the stability of the products, all the storage conditions guarantee values

of water activity under 0.6, except for the situations where the RH is excessive

(90%), and in this case the use of the plastic bags does not prevent the moisture

from being absorbed by the hazelnuts.

Ø It was observed that the storage at high temperatures (50 ºC) induced important

changes in colour as compared to the original samples.

Ø Hardness was not, in general, influenced by the storage conditions or type of

package.

Ø Friability was negatively influenced by storage at high relative humidities.
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The aim of this study was to evaluate the effect of different storage

conditions and types of package on some physicochemical properties of

commercially available nuts (almond, hazelnut and walnut) from

different geographical origins.

Here we focus 
only on 

Hazelnuts
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§ The hazelnut samples were from:

Samples • Spain with skin (H-SP-s),

• Portugal with skin (H-PT-s)

• Turkey without skin (H-TR-n)

Analyses

§ Water acidity

§ Moisture content

§ Colour

§ Texture

The same methods as 

previously described
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Artificial Neural Networks (ANN) mimic the biological world

¨ ANNs  aim to imitate some properties of biological neurons

¨ Imitate the natural neural system
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¨ ANNs involve learning methods able to perform a certain function 

¨ Correspond to  techniques of numerical  estimation  that allow 

simulate  the  learning  and memorizing process 

¨ Potent tool that learns based on the experimental input variables 

and finds the  governing  rules  between  the  corresponding  factors

Learning of the 
HIDDEN RELATIONS 

between inputs and outputs 



¨ ANN uses known data, recognizes complex patterns between 

inputs and outputs

¨ Concepts: 

¨ Neuron – basic computational unit in the network

¨ Architecture – topological structure of how the neurons are 

connected 

¨ Learning – process that adapts the network in order to 

compute a desired function or perform an assignment 43

It can later apply that knowledge 

on new unknown data

ANNs have predictive capacity
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Computational programs 

Allow to build predictive 

models from wide data 

basis

Mathematical models characterized by a number of units (neurons) and 

a network connection, with associated weights

The weights are positive or negative real numbers 

The inputs (X1 to Xm) are multiplied by a weight (Wk) which indicates its 

influence in the output unit

The activation function f(Uk) leads the outputs
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The architecture is typically organized 

in layers with units that can be 

connected to the units in the 

following layer

The input layer corresponds to the independent variables 

The output layer can have one or more output units, and corresponds to 

the dependent variables 

Normally the number of hidden layers increases with the number of 

inputs and the complexity of the problem
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Train: 70% of data

Validation: 15% of data

Test: 15% of data

Random 
selection

𝑴𝑺𝑬 =
𝟏
𝒏
'
𝒊"𝟏

𝒏

𝒇𝒊 − 𝒚𝒊 𝟐
n = nº of data points
fi = value from the model
yi = real value

Calculate the errors
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Matlab
OutputsInputs

• Presence of skin
• Country of origin
• Storage type
• Type of package

Ø The number of datasets was 6050, each corresponding to one experiment

Ø The ANN used was a feed-forward model, created using Matlab fitnet function 

Ø The ANN used Levenberg-Marquartd method for training and the Mean 
Squared Error (MSE) method for performance assessment

• Moisture content
• Water activity
• Colour (TCD)
• Hardness
• Friability
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§ The storage in the stove at 50 ºC originated a high degree of dehydration,

decreasing moisture content and water activity.

§ Moisture and aw increased in hazelnuts stored in the chamber at 30 ºC or 50 ºC and

90% RH

§ LDPE plastic bags protect more against hydration than LLDPE plastic.
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§ Intense colour change in all stored

hazelnuts, particularly in the chamber at

50 ºC and 90% RH and in the stove at 50

ºC.

§ Colour changed less for the nuts stored

under refrigeration and frozen.
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§ Hardness and friability tend to

increase in the chamber (30 & 50 ºC)

§ These textural properties tend to

decrease in the stove (30 and 50 ºC)
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Characteristic

R

RMSEWhole 
dataset

Train
dataset

Test 
dataset

MC (Moisture content) 0.963 0.962 0.960 0.477

aw (Water activity) 0.948 0.951 0.949 0.035

TCD (Total colour difference) 0.870 0.872 0.861 3.578

H (Hardness) 0.575 0.569 0.577 15.076

F (Friability) 0.483 0.475 0.502 0.556

Model fit

• High values of R for MC, aw and TCD Good fit

• Lower for H and F Acceptable fit

• Low values of RMSE, except for H Good fit
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Neuron inputs

Ø Skin has little influence on all output variables

Ø Origin is an important predictor for MC, TCD, H and F
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Ø The type of plastic material has no influence on the output variables

Ø Storage influences particularly TCD 

Ø Stove at 50 ºC influences MC and Chamber at 50 ºC influences F

Neuron inputs
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§ Moisture and water activity were better preserved when the nuts were stored

under refrigeration or freezing, regardless of the type of package.

§ Storage at high temperature had the greatest impact on the nuts properties.

§ Colour was better preserved under refrigeration and freezing.

§ In general an increase in hardness and friability was observed during storage with

the different conditions. However, while refrigeration and freezing had negligible

impacts in the textural properties, storage at high temperature and humidity had a

huge impact on friability.

§ Neuron weight analysis showed that the origin was a good predictor for moisture

content and texture whereas storage conditions was a good predictor for aw and

colour.
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The objective of this work was to 
compare the physical and chemical 

properties in two of the most 
representative varieties of 

hazelnuts cultivated in Portugal

56



a) Colour evaluation

• Coordinates CIELab
• Two measurements 

out and two inside

b) Analysis of density

c) Chemical composition

• True density 
• Apparent (or bulk) density

• Moisture content (weight loss until constant weight)
• Fat (Soxlet extraction)
• Fibre (Dosifiber with acid and basic digestion)
• Ash (Calcination at 550 ºC
• Protein (Mineralization followed by Kjedahl distillation)
• Oxidation stability of fat (Rancimat method)
• Water activity (Hygroscope)
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d) Texture analysis

• Shell crushing test
• Flat P75 probe

• Core cutting test
• Blade Set HDP/BS 

(Warner- Bratzler)

N = 30 fruits
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ü Lower values of density of the fruits with shell (due to void space)

ü Real density was approximately double of the bulk density (due to the 
round form of the elements, which do not allow a great compaction

ü The results obtained for both varieties were very similar

59



ü The brown shell was darker than the head and the seed coat was darker 
than the inner core

ü Butler hazelnuts had a more intense red

ü Yellowness was similar in both varieties

ü Higher intensity of yellow in the brown 
shell and in the seed coat as compared 
with the head and the inner core

60



ü The hardness of the shell was higher for Butler variety

ü The inner core was harder for Longa variety

ü Longa had higher friability this variety was more resistant

Property Butler Longa

Hardness of the shell (N) 413.63 ± 77.38 303.54 ± 57.74

Hardness of the core (N) 67.34 ± 7.76 80.09 ± 15.71

Friability of the core (mm) 6.54 ± 1.23 8.22 ± 2.59

The transportation and mechanical operations 
performed to the unshelled hazelnuts from 
variety Butler are more prone to originate 
product loss due to fruit fracture and breaking

61



ü The fruits from variety Butler had higher moisture, fat and fibre

ü The fruits from variety Longa had higher protein and ash contents

ü The stability of the hazelnuts from Longa variety was higher when 
compared with Butler 

Property Butler Longa

Moisture (g/100 g) 7.13 ± 0.24 5.86 ± 0.19

Water activity 0.77 ± 0.00 0.66 ± 0.00

Fat (g/100 g) 61.22 ± 0.41 59.21 ± 0.49

Fibre (g/100 g) 11.11 ± 0.22 8.37 ± 0.34

Protein (g/100 g) 12.60 ± 0.19 15.50 ± 0.36

Ash (g/100 g) 2.72 ±0.05 3.81 ± 0.10

Important for preservation and 
increase shelf-life 62



ü The colour varied according to the place of measurement and also depending 
on the variety, with variety Longa being clearer in general

ü The Butler hazelnuts had harder shell but softer core and were less resistant to 
fracture as compared to Longa

ü Finally, no visible differences were found between varieties as to the density, 
but the bulk density was lower than the real density in all cases

ü The moisture content was higher for Butler variety, which also had the highest 
water activity

ü The fat content was high, as expected, around 60% in both cases, but with 
Longa variety showing a higher stability to oxidative degradation

ü The ash content was higher for Longa variety, which was also richer in protein, 
but poorer in fibre

63
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