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Abstract

Corylus avellana L. is one of the most cultivated species in the world. Mainly utilized with the purpose of obtaining food material,
hazel trees cannot guarantee constant kernels productions given the threats related to pathogens and to adverse conditions, especially in a
globalisation and global changes scenarios. This matter led us to consider the opportunity of using hazel tree in all its parts and for several
purposes, due to its multifunctional characteristics. As a pioneer species, it is a precious plant useful for forest restoration purposes and
for forest successions/wildlife facilitation. Its roots enter into symbiosis with truffles making this species exploitable for hazelnuts and
truffles production. The precious elements contained in what is considered “waste” deriving from hazel crops (i.c., leaves, skins, shells,
husks and pruning material), could be reused and valorised in the perspective of a circular economy that is opposed to a linear one. In
particular, a list of several phenolic compounds detected in hazelnut shells has been reported in literature to prevent and delay many
human diseases due to their antioxidant properties and to free radical scavenging activities, with implications potentially useful even in
the fight against COVID-19. All this makes hazel crop by-products interesting to be valorised as a chemical compound source for human
health, even more than a biomass fuel or for bio-char applications. The multiple possible uses of the hazel tree would lead to alternative
productions than the only nut productions, avoiding significant economic losses, would decrease the cost of disposal of crops residues
and would increase the sustainability of agro-ecosystems by reducing, among other things, the production of wastes and of greenhouse
gases deriving from the usual burning of residues which often happens directly in fields.
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1. Introduction

Last century has been featured by an economical
growth model called “linear economy” [1]. This has fa-
cilitated the use of products in a disposable way, creating
a greater anthropic impact (i.e., much more waste, garbage
and pollution, together with an increasingly use of energy
and raw materials and soil uses change). This model is
based just on the raw materials extraction, on mass pro-
duction and consumption, and on the waste disposal once
the end of the product life is (too early) reached, as if re-
sources and space were infinite options and they could be
used and thrown away indefinitely/infinitely. The resulting
endless extraction and disposal flow is inefficient and ex-
pensive, and it represents one of the main causes of terres-
trial and marine pollution, greenhouse gas emissions and,
consequently, climate change [2].

The unsustainability of the described model was
widely demonstrated by Georgescu-Roegen [3]; alter-
natively, he suggested a Bioeconomy model, based on
the principles of thermodynamics [3,4]. Nevertheless,
Georgescu-Roegen model failed in affirming itself even

though it represented the Costanza and Dary Ecological
Economy premise [5,6].

In more recent years there, have been various attempts
to introduce criteria of greater sustainability related to eco-
nomic processes [7]. In order to reach this goal, architects,
physicians, and economists began searching for and devel-
oping a new and more sustainable economic model based
on a more responsible way of producing and consuming:
the model proposed is the so-called green economy which
should be used in addition to blue economy and mauve
economy [8]. In all cases, an attempt is there to move to
a circular model. In opposition to the linear one, this model
is based on a product’s life cycle extension and on a con-
sumption waste valorization in which wastes, representing
a problem for disposal, would become a reusable resource.
Indeed, the circular economy model is basically an econom-
ical system thought to regenerate on its own, and in which
wastes are reduced, re-used, and recycled [9].

The Ellen MacArthur Foundation, one of the most ac-
tive realities for the promotion of the model, estimated that
this kind of model can generate 1800-billion-euros eco-
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nomic benefit by 2030 [10]. Besides, the use of alterna-
tive strategies to avoid additional losses and produce several
high value-added chemicals could minimize the volume of
non-renewable materials used today, enough to greatly re-
duce greenhouse gas emissions and dependencies on non-
sustainable resources. Considering their available volume
(practically low cost) locally and globally, associated with a
rich, functional, structural, and chemical heterogeneity, all
agro-industrial wastes should be considered for this purpose
as well [11]. In this context, an integral (whole) utilization
of plants and the use of multipurpose plant species are of
great importance.

This article is about the hazel (Corylus avellana L.),
a key species that includes both the valorisation of wastes
and the multifunctional aspect. Its great diffusion world-
wide (see chapter 4), combined with the peculiarities above
all related to the fact that it produces dry fruits, makes it
a very precious resource both from a quantitative point of
view and in relation to the several high-quality by-products
obtainable. We took Italy as main example and as a case
study for several reasons: it has a thousand-year historical
use and cultivation of hazelnuts, it is considered the Nation
that produces the highest quality nuts, it is the second largest
producer of hazelnuts in the world, it has a wide Local Tra-
ditional cultural links with the Hazel and, finally, Italy is
one of the country in the world with the most important in-
dustries that utilizes hazelnuts, from the production to the
final processing.

2. The multipurpose plant species

In modern agriculture, what very often happens in re-
lation to the production process is the predilection of deter-
mined and pre-fixed parts of plants which generally offer
a single and faster product to be sold. This reflects the in-
creasingly widespread consumerist trend also in cultivation,
through an increasingly impactful and standardized agricul-
ture, based on extensive, intensive, mechanized and indus-
trialized criteria. Derives from it a lack of optimal utiliza-
tion and valorisation of plants in their entirety, causing more
waste and a greater consumption of resources, and preclud-
ing the multifunctionality interests of crops. More in detail,
in most cases, only the fruits or seeds of the plants cultivated
for food purposes are used, while the rest (i.e., leaves, stem,
branches, etc.) are considered as waste. To reduce these
“wastes”, different options were proposed, referred for ex-
ample to the production of yarns by exploiting Citrus fruits
residues [12], the extraction of resveratrol and other active
compounds from grape skins and seeds [13], the produc-
tion of autoadhesive, biocompatible, and pain-free hydro-
gel polymeric films from onions’ non-edible outside layers
extracts [14], and the possibility of using Moringa oleifera
leaves extracts to develop bioadhesives with biocompatible
polymeric microparticles used for exuding wounds treat-
ments [15].

Regardless of how orchard/crop wastes are managed,

an increase in production proportionally corresponds to an
increase in wastes. In the agro-industrial context, accord-
ing to specific esteems, around 140 billion tons of biomass
generated every year in the world result from the agricul-
tural sector, and a considerable part is recognized as waste
not conflicting with food availability, e.g., leaves, roots,
stalks, bark, bagasse, straw residues, seeds, shells, husks,
and wood [11]. Some agricultural crop residues, such as
shells, husks, pruning wood, etc., are traditionally burned
in the fields causing or accentuating some environmen-
tal problems (i.e., soil erosion/instability, decrease of the
soil/topsoil biological activity, air pollution [16,174], and
increasing accidental wildfires risk), even if sometimes they
can be useful as fertilizers or to disinfect the soil. Other
times, crops residues are used as economic fuel with low
calorific value, but also with risks for human health [17—
23]. Apart from a negative impact on the environment and
on human health, waste disposal implies a not to be under-
estimated overall economic cost [24].

By expanding the circular economy concept to agri-
cultural systems and environmental restoration, particular
attention must be paid to the multipurpose plant species.
In this context, hazel plant is an example of multipurpose
plant, as it is a woody species cultivated to obtain direct
food products (fruits), which have not undergone a process
of absolute domestication and which are also found in the
wild [25-30]. Therefore, they are species of plants which
can be conveniently used for reforestation or for orchards
purposes. In the case of forest restoration, they could pro-
vide an additional income, deriving from fruit harvesting.
In case of orchards, if they were to lose economic inter-
est, the same trees could be left to grow spontaneously,
promoting the processes of forest biological succession.
Multipurpose plant species, according to their own prerog-
ative, can be used in many fields and for different pur-
poses. Multipurpose woody species could provide the typ-
ical agronomic/arboriculture functions, they could provide
silviculture functions by wood and other typical products
from forests [31], while, at the same time in their biolog-
ical/ecology role, they could provide forest or agro eco-
services. It would be smart to exploit such high potential
to prevent environmental damages and negative economic
implications.

The European and Mediterranean territories’ charac-
teristics allow an optimal growth of several plant species,
which easily adapt to the various soil and climatic con-
ditions. All of them can be used as multipurpose plants,
to prevent hydrogeological instability, for beekeeping pur-
poses (i.e., propolis, pollen, monospecific/wildflower hon-
eys, and honeydew honeys), or for edible mushrooms
(sometimes truffles as well) proliferation, in a direct
(symbiotic species) or indirect (favouring/accompanying
species) way. Wood of those species can be used as timber
or the resulting biomass (wood, pruning residues, leaves,
seeds, husks, shells, etc.) can be used for biofuel pur-
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Table 1. Multifunctional characteristics of tree species.

Tree species

Common uses

Potential uses

Prunus avium L. Fruits High quality timber and veneer operations [32], monospecific honey [33].

Malus x domestica Borkh. Fruits High quality timber [34], veneer operations [32] and monospecific honey [33].

Pinus pinea L. Seeds Land restoration [34], green shelter and succession facilitation (biogroups) [35],
niche for edible fungal species (incl. truffles) [36], propolis productions [37],
preservation of traditional landscape and ornamental plants.

Prunus dulcis (Mill.) D.A.Webb Seeds Preservation of traditional agricultural landscapes [38], alternative to Olea eu-
ropaea trees in colder climates*.

Castanea sativa Mill. Seeds Niche for edible fungal species [39] and monospecific honey [33]; preservation
of traditional agricultural landscape.

Ceratonia siliqua L. Fruits/seeds Preservation of traditional agricultural landscape and ornamental plant [40], fod-
der (pods pulp), fluid biofuel, food purposes i.e., sugar and molasses, dry fruits,
pods pulp, fruit, or seed meal (e.g., additive E410) [41].

Pyrus communis L. Fruits High-quality timber [31].

Olea europaea L. Fruits/seeds ~ High quality timber [42], oil and fluid biofuel, preservation of traditional agri-

cultural landscape [43], tourism [44], prevention against agro-pastoral defor-

estation and related wildfires [45].

*Schirone personal observation.

poses. Between them, there are plenty of woody species
of agro-forestry interest, which stand out for their multi-
functional characteristics, as shown in Table 1 (Ref. [32—
42,4244 45]).

3. Corylus avellana L.

Corylus genus belongs to the Betulaceae family. It
is widespread throughout the northern hemisphere, includ-
ing 18 known species. Between them, C. avellana L is a
plant having appeared during the Tertiary period, particu-
larly during the Oligocene, between 33 and 23 million years
ago [46]. Its differentiation began during the Miocene pe-
riod, counting two distinct types of hazel trees: one with
narrow leaves (Corylus insignis Herr) and the other one
with large leaves (Corylus mac-quarry Herr), which can
be considered the ancestor of C. avellana L. [46]. Native
to Asia Minor, Corylus avellana L. spontaneously grows
in a very wide territory, ranging from Portugal to the Ural
Mountains in the east, and passing through the Italian and
Balkan peninsulas, Caucasus, and Kazakhstan [47,48]. To
the north it goes up to 68° latitude along the Norwegian
coasts, while in the south it is found until Lebanon and Syria
[49].

C. avellana primarily spreads during the Quaternary
age, in the so-called “hazel age” [50], consisting in a pe-
riod characterized by a relatively hot-dry climate (Boreal
or Anatermic climate), between 6800 and 5500 B.C. Sub-
sequently, the anthropic factor also played an important
role in the diffusion of this species, as described for exam-
ple for Apennine mountain chain, where Juglans and Cas-
tanea species appearance specifically marked the beginning

&% IMR Press

of a significant human influence, hastening the disappear-
ance of Pinus species and bringing about a more recent re-
expansion of Quercus species, Fraxinus ornus L. and Cory-
lus avellana L., which represent the main components of to-
day’s thermophilus bushland [51-53]. This vegetation dy-
namic principles could be extended to other European coun-
tries [54-57].

Corylus avellana L. is characterized by a shrubby and
polycormic growth form. Sprouts originate from the por-
tion situated between the hypogeal and epigeal part of the
plant (collar or colletto). It is a short-living shrub, which
reaches 3—4 (7) meters of height; the deciduous leaves
are simple and alternating, rounded-shaped with a double-
serrate margin. C. avellana is a monoicous plant. Male un-
ripe inflorescences (catkins) are visible since summer, and
their flowering is completed between January and March,
when their development is completed, and pollen grains
are ready to be distributed (mostly by wind). The female
flowering process is shorter, taking place between January
and March [58,59]. Hazelnuts are appreciated as fodder by
wildlife (mostly forest birds and large and micromammals),
and the male inflorescences (catkins) represent an appreci-
ated fodder as well during winter/early spring, especially by
squirrels (Sciurus vulgaris, Linnaeus 1758) (Cianfaglione,
personal observation). The fruit (hazelnut) is a globular-
ovoid achene composed of a woody pericarp containing
the kernel, an edible nut containing a high percentage of
oil [60]. The fruit is entirely or almost entirely covered
by the fruit integument (husk), which is composed of two
pubescent deciduous and frayed bracts, light green in color
and brownish in time [59] (Fig. 1).
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Fig. 1. The hazel pant and its principal parts. (A) The whole
plant. (B) Leaves. (C) Catkins. (D) Female flowers. (E) Hazel-
nuts with husks. (F) Fruits and Kernels. (G) Hazelnuts, shells, and
kernels with skin. (H) Kernels without skin.

Corylus avellana L. is a typical mesophilic species
that can face short periods of dryness during the vegetative
period. It prefers medium-textured soils (especially the vol-
canic ones), but it also adapts to any kind of soil (even stony
and steep ones). It grows naturally on territories ranging
from 200 to 1700 meters above sea level and it can be con-
sidered a heliophilous species even though it tolerates shade
conditions, and it resists cold and wind [59]. The species
can be found in rich and mesophilic pedological contexts,
such as valley floors, planitial and riparian environments
(i.e., Fraxinus excelsior, F. angustifolia, Carpinus betulus,

Ulmus, Populus, Acer, Salix, Alnus species, and Quercus
robur forests), and in slopes as well, in fresh contexts char-
acterized by the presence of Quercus cerris, Q. petraea,
Fraxiunus ornus, Pinus nigra s.1., P. sylvestris, Fagus syl-
vatica, Populus tremula, Betula species, Castanea sativa
and Ostrya carpinifolia forests), even in more thermophilic
Picea abies, Abies alba, Larix decidua formation, or in the
most fresh or mesic conditions in Quercus pubescens and
others thermophilic (broadleaved, conifers or mixed) for-
mations.

In oceanic conditions, the species can be found on sea-
coasts, even within the dunal/retrodunal vegetation (in more
or less primary formations). In mesophilic (or in shady)
condition it can be found on seacoast formations even in
Mediterranean conditions (i.e., mixed with Laurus nobilis).
In mountains, under continental or Mediterranean condi-
tions, in lesser sunny expositions, the species can also be
found on thin and poor soils (i.e., cliffs and dejection fans;
where mosses develop well), in more or less primary con-
ditions.

Corylus avellana L. can often be found mixed with
Sambucus, Prunus species or other shrubs generally be-
longing to the Prunetalia spinosae phytosociological order
[61]. In relation to forest vegetation dynamics, C. avel-
lana L. is a pioneer/opportunistic species, which often could
not appear immediately among the first woody species in
the vegetation succession. Within the same environmental
conditions, its presence tends to be more sporadic in undis-
turbed conditions and very much frequent (even dominant)
in more disturbed conditions. It is frequently found in dis-
turbed places (clearings, mantles, margins, and pre-forest
conditions), after natural or artificial disturbances (i.e., after
agricultural abandonment, after forest harvesting, in hedges
of not excessively intensive cultivated areas). For example,
Corylo avellanae - Populion tremulae [62,63] represent a
phytosociological alliance of arborescent pioneer vegeta-
tion in mesotrophic forest contexts (i.e., woody shrub veg-
etation that may appear on previously disturbed surfaces,
on soils that has remained uncultivated for some years,
in hedgerows, roadsides, forest clearings/pre-forest forma-
tions, field margins, and unmanaged secondary grasslands).
Corylus avellana can be common and widespread in dis-
turbed woody formations, subject to wood harvesting (clear
cutting to coppicing), as for example it happens for Carpino
betuli-Coryletum avellanae [64] plant-associations, that re-
main stable as long as the perturbation persists. C. avel-
lana represents a typical species in the constitution of many
woody formations of the Querco roboris-Fagetea sylvati-
cae [62] phytosociological class. In forests context, C. avel-
lana could take part even in mature natural forests but it
tends to be a more sporadic presence.

All the Corylus species produce edible nuts, but
only those of C. avellana L. possess the greatest morpho-
organoleptic characteristics and consequently the highest
agricultural, food, and economical value. In relation to
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Fig. 2. Map of the main world countries where hazel trees are cultivated. The map was created by using the data shown in Table 3.
In dark green the countries in which hazel is most cultivated are represented, and in lighter green those in which hazel is cultivated lesser.

Table 2. Hazel harvested areas expressed in hectares (ha) related to the main world countries, from 2010 to 2019.

Country 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Turkey 432439 429955 422675 422501 423261 434119 705445 706667 728381 734409
Italy 55904 70492 57992 71459 72125 72214 69285 72772 78590 79350
Azerbaijan 22691 23242 23768 24822 25207 27322 31814 35782 39021 43381

USA 11736 11534 11736 12141 12141 13759 14973 16190 17810 20230
Chile 4199 7544 8687 8712 8686 8712 13109 13110 13104 24437
China 10645 11000 11500 11500 11900 12410 12892 13211 13521 13824
Georgia 15739 17065 13731 22127 18689 19461 16421 11931 9493 13422
Iran 19133 16610 13614 20416 20631 31041 18419 17822 18144 18472
Spain 13803 14067 13912 13800 13591 13301 13137 12806 13510 13020

The table was created by using Faostat data, available on www.fao.org/faostat [70].

these gastronomic and economic interests, C. avellana is ~ (Table 2, Ref. [70] and Fig. 2).
the most representative and commercial species of hazel.

Corylus avellana is used to improve the quality character-

istics of the seeds (nuts) of similar species (i.e., Corylus

maxima, C. colurna, C. americana, and C. heterophylla)

[65,66]. Hybrids of C. avellana and C. americana are very

interesting because they aim to combine the larger and qual-

ity nuts deriving from the old-world species with the disease

resistance deriving from the American species [67].

Most ancient domestication evidences of C. avellana
has been carried out in ancient times by Turkic people, but
also in Italy there are very ancient archaeological evidences
and very old documents attesting the first modern hazel
crop (52). Currently Turkey represents the most important
world hazelnuts producer [68] followed by Italy, Azerbai-
jan, USA, Chile, China, Georgia, Iran, and Spain [69,70]
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4. Corylus avellana L. in Italy

In the Italian territory, C. avellana is naturally spread
over all the national regions where it grows on plains, hills,
valley floors, and in the phytoclimatic Fagus sylvatica belt
[61]. Generally, the hazel tree develops as a shrub even of
large dimensions. In exceptional cases, it becomes monu-
mental in size like a veteran tree, albeit always polycormic.
At least in Italy, it was not possible to find known wild
hazel trees reported as veteran trees of monumental inter-
est. According to the Mipaaf (Italian ministry for agricul-
ture and forestry policies) list of Italian veteran trees [71],
the hazel is considered to be of monumental interest start-
ing from a single stem circumference of 200 cm at 1.30 m.
These dimensions could be more easily and quickly reached
from cultivated, monocormic species (i.e., C. colurna) or
monocormic-forced plants (cultivated samples). For exam-
ple, only one Corylus colurna could be found in the Italian
national database of monumental trees, placed in Emilia-
Romagna region, under cultivation conditions. Therefore,
in our opinion, especially in case of wild hazel plants (poly-
cormic, not pruned, and not in crop conditions), the limits
should be reconsidered to almost one stem reaching one me-
ter in circumference. For instance, Valzo di Valle Castellana
(Central Italy) forest hosts a wild hazel tree of monumen-
tal interest. The forest was bought to be saved from further
harvesting and, consequently, that wild hazel tree is sup-
posed to never be cut down [72]. It is characterized by some
stems, and few of them exceed 1m in circumference, while
the overall height is of 6 m and the total crown is of 5 m [72].
In Italy, hazel plants are traditionally cultivated throughout
the country and wild hazel grows in every region. Histor-
ically, the cultivation of hazel is mainly linked to three re-
gions: Campania (South Italy), Lazio (Central Italy), and
Piemonte (North Italy). Often, one province contributes to
almost the totality of the entire regional production as it is
the case of Viterbo province (in Lazio region) and Cuneo
province (in Piemonte region). In Campania region, on the
contrary, hazelnut productions are spread quite equally be-
tween Napoli, Caserta, Salerno, and Avellino provinces. If
the genus Corylus takes its name because of husks looks like
a helmet, which in classical Greek is called “corys”, or be-
cause of the word “kurl” (the celtic name for hazel tree); the
specific name avellana takes his origin from the province of
Avellino, The specific name could eventually derive from
the genitive form of the town of Abella (now, Avella), al-
ways in the Province of Avellino, because this province area
it was considered a particularly suitable area for the culti-
vation of hazelnuts already during the Ancient Roman Em-
pire. Albeit with some variations, this specific name was
known and commonly used by Latin writers to refer to the
hazel and its nuts as for example, Cato (in Head VIII of De
re rustica) and Pliny the Elder’s Encyclopedia (Naturalis
Historia, book XV). This name was selected by Linnaeus
[73] from Leonhart Fuchs’s “De historia stirpium commen-
tarii insignes” [74], where the species was described from

oldest Latin authors [75].

Sicilia (South Italy) is the fourth Italian producing re-
gion. Its productions have been remarkably increasing in
recent years, even though the yields do not reach the other
Italian regions’ quantities (Fig. 3).

Fig. 3. Map of the main Italian regions where hazel trees are
cultivated. The map was created by using a dark green for regions
in which hazel is highly cultivated and a lighter green for regions

in which it is cultivated lesser.

Coming to percentages and varieties, 40% of Italian
hazelnuts are produced in Campania, which is considered
the most ancient cultivation site in Italy [58]. The mainly
cultivated varieties are “Mortarella” (38%) and “San Gio-
vanni” (37%) for industrial elaboration, “Tonda Giffoni”,
“Tonda Bianca”, “Tonda Rossa”, “Campanica”, and “Ric-
cia di Talanico” for direct food uses [76]. Lazio region con-
tributes to about 33% of the national hazelnut production, of
which about 96% is in Viterbo province [76]. In particular,
the “Monti Cimini” area, that is characterized by flat soils
which are often irrigated, represents one of the main Italian
areas of production [77]. The hazel variety mainly culti-
vated in Lazio region is “Tonda Gentile Romana” (85%),
followed by “Nocchione” (10%, which also acts as a polli-
nator of other varieties) and “Tonda di Giffoni” (5%) [76].
The remaining 27% of the national hazelnut production is
divided between Piemonte and Sicilia regions. Appreci-
ated for its organoleptic characteristics both by the confec-
tionery industry and for fresh consumption, the mainly cul-
tivated variety in Piemonte (over 90%) is “Tonda Gentile
delle Langhe” [76]. Finally, in Sicilia region, the mainly
cultivated varieties are “Siciliana”, “Ghirara”, “Minnulara”
and “Lancinante” [76].

&% IMR Press


https://www.imrpress.com

5. The hazelnut

Hazel is one of the most important crops in the world.
C. avellana L. is mainly cultivated with the purpose of ob-
taining hazelnut kernels that are more and more requested
and commercialized all over the world as edible nut [70].

In the past, traditionally this species was often home-
grown in hedges or margins. A very common home-
orchard/hedge use (self-consumption) of hazel was to eat
fresh hazelnut kernels, unripe or ripe, but not dried. Com-
pared to the dried ones, fresh nuts’ kernel taste is very
much different, and nuts contain much more water. When
eaten at this condition, they were popular as a snack, es-
pecially for children and they were appreciated as a snack
by mountaineers and shepherds as well (Cianfaglione per-
sonal observations, mainly based on unpublished data from
L’Aquila Province, Italy).
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Nowadays hazelnuts are eaten raw (dry), often roasted
or, more frequently, processed by the food industry and
transformed into chocolate, cakes, biscuits, etc. The fa-
mous traditional Italian chocolate “Gianduia” is attributed
to the Turin confectioners, who mixed part of the cocoa with
hazelnut to create this type of chocolate. Many versions
and variations have been created by various brands, until
today, after more than 215 years of documented history of
this chocolate. One of the most important confectionery in-
dustries in the world, the Italian Ferrero company, has set
all its production on the use of hazelnut chocolate under the
trademarks of Ferrero and Kinder. Its bestseller, Nutella, is
nothing more than a hazelnut chocolate cream (a variation
of'the “Gianduia” chocolate motive). This type of chocolate
motif or in any case hazelnuts, are an important part of the
products of many other major Italian brands (i.e., Caffarel,
Loacker, Perugina, Elah Dufour Novi, Nurzia, Condorelli,
Sperlari, Pernigotti and many others).

Hazelnuts are characterized by several nutraceutical
properties [78—83], which make them a useful food for
health and valuable from a nutritional point of view. Hazel-
nut kernels, as an example, are rich in essential amino
acids, dietary fibres, vitamins, minerals, and unsaturated
fatty acids, which play a key preventive role from many
diseases [84]. Lipids are the main nutrient contained in the
hazelnut kernel. They constitute over 60% of the kernel
dry weight. Among fatty acids, specifically, oleic acid is
the predominant one reaching up to 82.8%, followed by
linoleic, palmitic, stearic, and vaccenic acids [85-88]. A
high content in monounsaturated fatty acids makes hazelnut
oil very much similar to olive oil, mainly contributing to re-
ducing the risk of coronary heart diseases. The adulteration
of olive oil with hazelnut kernel oil, in fact, is becoming a
more and more common procedure, and quite difficult to
detect due to the very similar chemical profile of the oils.
Even though hazelnut oil does not constitute a health risk
as it happens with low quality oils used for adulterations,
this matter represents a serious problem both for olive oil
producers and consumers [89,90]. Used to dress salads,
for cooking, and for food preparation because of its unique
flavour, hazelnut oil has a great potential in the pharmaceu-
tical industry. Besides fatty acids, in fact, tocopherols and
tocotrienols contained contribute to the prevention of car-
diovascular and neurodegenerative diseases. Phytosterols
can induce significant reductions in low-density lipopro-
tein cholesterol levels, phenols can play a key role in can-
cers prevention, and dietary fibres contained can prevent
and mitigate cardiovascular diseases and colon cancer [88].
Hazelnut oil composition makes it extremely suitable for
cosmetic uses as well. Specifically, phospholipids and vi-
tamin E contained in virgin hazelnut oil are directly associ-
ated with a skin moisturizing effect [91]. Besides, consider-
ing that the hazelnut oil yield was found to be approximately
of 1000 Kg/ha (around two times that of soybeans) and
thanks to a high thermo oxidative stability conferred by the
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Table 3. Hazelnut with shell production (tons) in the main producing countries over the world, from 2010 to 2019.

Country 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Turkey 600000 430000 660000 549000 450000 646000 420000 675000 515000 776046
Italy 90270 128940 85232 112650 75456 101643 120572 131281 132700 98530
Azerbaijan 29454 32922 29624 31202 30039 32260 34271 45530 52067 53793
USA 25401 34927 35500 40823 32659 28123 39916 29030 46270 39920
Chile 2400 5200 6300 9500 11500 8750 14250 16800 20330 35000
China 19500 22000 23000 23000 23621 25101 26312 27314 28316 29318
Georgia 28800 31100 24700 39700 33800 35300 29500 21400 17000 24000
Iran 18443 18758 19532 20655 10098 13516 16465 15835 15978 16121

Spain 15086 17590 14406 15300 13542 11423 9510 10487 8030 12370

The table was created by using Faostat data, available on www.fao.org/faostat [70].

high percentage of unsaturated fatty acids contained, hazel-
nut oil is a potential source for oleochemical uses as well,
and, as such, it could easily be used in place of petroleum
which is not inexhaustible and whose price is constantly
growing [92]. Moreover, after being roasted, “Tonda Gen-
tile delle Langhe” kernels can originate a hydroalcoholic
infusion which, once distilled and enriched with different
aromas, lead to the production of a hard alcoholic drink
called “Frangelico”. The liqueur, produced in the Italian
Piemonte region, dates back to more than 300 years to her-
mit monks living there [93]. There are plenty of traditional
hazelnut-based liqueurs existing in Italy, sometimes known
nationally and internationally, but more often only locally.
The rich and intense flavour of Piedmonts’ hazelnuts, as
an example, makes them suitable for the production of a
liqueur, the so-called “nocciolino”, which involves the in-
fusion of fruits in an alcoholic solution, and the addition of
sugar syrup to sweeten.

In 2019, hazelnuts worldwide production amounted to
around 1.20 million tons [70]. According to consumers’
food preferences and to the previous year’s trend, hazel-
nut production is expected to grow progressively over the
next coming years in most of the major producing countries.
Strongly contributing to the high worldwide production, in
Turkey, which is the leading hazelnut producing country in
the world, in 2019, for example, there have been produced
776046 tons of hazelnut. Italy is only second to Turkey
with a production which, in 2019, amounted to 98530 tons
and a harvested area (almost 80000 ha in 2019) which is
constantly increasing over the years. Azerbaijan is the next
best producer (53793), followed by the USA (39920), Chile
(35000), China (29318), Georgia (24000), Iran (16121) and
Spain (12370) [70]. Table 3 (Ref. [70]) shows a general in-
crease in hazelnut with shell production over the years, in
the main producing countries over the world. Few excep-
tions regarding a lower production trend are mainly due to
adverse weather conditions and/or pathologies from which
plants have been affected.

Italy represents not only the second worldwide and the
first European hazelnut country producer but also, together

with other countries as for example Chile, USA, Azerbai-
jan, and Georgia, over the years it has been seeing an in-
crease in the rates of hazelnut exports, contrary to what
is happening in Turkey. The first importing country from
Italy is Germany, followed by France, Belgium, Poland,
Switzerland, and Spain. In terms of volumes, the Turkish
hazelnuts sales far exceed the Italian ones, but the quality
of Italian hazelnuts is more appreciated and appropriately
remunerated by the European importers [94]. Neverthe-
less, the high quality of Italian hazelnuts is threatened by
pathogens, in particular those which are directly dangerous
for nuts. Recently, for example, Italian hazel cultivations
have been strongly attacked by various species of bedbugs,
such as Gonocerus acuteangulatus Goeze (1778), which
is the most common, significantly compromising the pro-
duction of hazelnuts. This bedbug is responsible for the
abortion and for the decay (“cimiciato”) of hazelnuts and
it can also be a vector of the fungus Nematospora coryli
Kurtzman, causing the hazelnut stigmatomycosis [95,96].
Both of them cause a bitter/rotten taste to the hazelnut ker-
nels, making them inedible and unprofitable for the food
industry sector [97]. These pest problems could be fostered
by mundialization, due to the arrival of new pests/vectors
[98,99] and by global changes, due to climate change im-
pact stresses. Because of pests and climate change threats,
the increasing uncertainty in guaranteeing a constant pro-
duction of high-quality hazelnuts could represent a good
reason to upgrade care, and consequently the use of chem-
icals and of maintenance operations (increasing economic
and environmental costs). However, at the same time, a
regular production uncertainty could represent an excel-
lent incentive for crop product/management diversification,
thinking more of a use of the whole plant, so that producers
could better compensate for economic losses [11]. The big
amount of hazelnuts produced in Italy per year corresponds
to an even bigger amount of wastes resulting from the hazel-
nuts harvest. Hazelnut kernels, in fact, represent less than
50% of the total nut weight, while substantial quantities of
by-products, as shells, skins, husks and leaves, are produced
during harvesting and processing. Among them, the shells
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account for the majority of this waste, representing between
50 and 60% of the total hazelnut weight [100]. Assuming
that the weight of hazelnut shells is equal to an average of
55% of the total fruits weight, if the annual production of
hazelnuts in shell is known, the quantity of deriving shells is
easy to estimate. Considering 2019, the Italian production
of around 98530 tons of in shell hazelnuts corresponds to
54191.5 tons of shells. Generally, waste disposal represents
a not to be underestimated overall cost and, specifically, it
has a negative impact on the environment [101], especially
if not managed properly.

6. Uses of the hazel tree

If we exclude hazelnuts and its derivatives, the possi-
ble uses of the whole hazel plant or its portions are poten-
tially several as follows.

6.1 Whole plant

Given the growing demand for hazelnuts on the mar-
ket, the tendency is to increasingly extend hazel trees’
crops, and, in that case, they could be considered one of
the main causes of environmental problems concerning land
consumption [102—104]. For instance, such land consump-
tion can be reflected in soil use changes (i.e., destruction of
the mosaic of traditional landscapes, where pastures, wood-
lands, shrublands, and various traditional crops are replaced
by extensive hazelnut plantations), and eroding also the
land portions now left to the secondary succession; land-
scape degradation (i.e., anthropization, pollution, landscape
homogenisation/simplification, loss or danger to traditional
varieties and agronomic biodiversity); drought and water
availability problems (i.e., drying out of water bodies, sink-
ing of aquifers, contamination of drinking water basins and
aquatic ecosystems changes), and others human impacts
[105].

On the contrary, an adequate land planning based on
more environmental and landscape attention and proper
policies could foster the hazel trees’ contribution to envi-
ronment amelioration and to reforestation issues (including
forest quality enhancement and the increase of forest eco-
services), justifying their planting in place of other species
or in association with them. The characteristic of being a
pioneer species makes the hazel tree a precious plant for
forest restoration works. There is not a vast literature on
the subject, but the species is indicated by some natural-
istic engineering manuals as particularly suitable for the
consolidation of unstable slopes [106—109]. More in de-
tail, Bischetti et al. [110], based on a comparative survey
on different species of conifers and broad-leaved trees, re-
port C. avellana as the most resistant to shear forces exerted
by landslides. Its shrubby habit suggests its use to solve
specific problems as well. For example, during a project
commissioned by Terna (Operator of the Italian high volt-
age transmission grid company), the SIRF — Societa Ital-
iana Restauro Forestale (Italian Forests Restoration Soci-
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ety) proposed its use to consolidate the soil of power lines’
corridors below electric cables [111]. This was proposed in
order to reduce the soil erosion with a woody species that
can act as a good compromise: on the one hand to guarantee
aminimum continuity of the “forest” cover, and on the other
hand to limit maintenance costs for the electricity company
which otherwise could more often be obliged to cut or top
trees under power lines. In addition, hazel plants could pro-
vide fodder for wildlife and several products/services for
landowners.

Hazel trees are also used as symbiont for truffles [112—
114] (i.e., Tuber melanosporum and T. aestivum) [115];
consequently, the cultivation of truffles is another aspect
that can be associated with hazelnut crops. Generally, the
first results in synergic cultivations (truffle + hazelnuts) are
observed in the fifth or sixth year after planting, sporadi-
cally in the third year [116], but the market demand is in
strong expansion and suggests the development of a “dual
purpose” hazelnut cultivation (hazelnuts and truffles) with
prospects of excellent economic results. Specialized nurs-
eries exist to produce hazel trees mycorrhized with truf-
fles, with the possibility of choosing between the hazel
varieties (i.e., Gentile delle Langhe, Tonda Romana, and
Tonda di Giffoni) and truffle. New generation nurseries that
produce truffle mycorrhized plants are technologically ad-
vanced nurseries that can also offer the customer assistance
and specific cultivation manuals [117]. Of particular inter-
est are the small gardens managed at a family-level system,
using mycorrhized plants with the possibility of collecting
hazelnuts and truffles to make ends meet.

The hazel plant has a considerable ornamental value
in summer and in winter (during the flowering period). For
this purpose, Corylus species are often cultivated in public
and private gardens as well as along some avenues. Over
time, numerous varieties distinguished by their habit or the
color of their foliage have been selected. It is worth men-
tioning some of these varieties: C. avellana var. contorta
Bean., characterized by very twisted stems and branches,
var. pendula Dipp., with weeping branches, var. aurea
Kirchn. and the other yellow or yellowish foliage forms
(i.e., “anny’s purple dream”, “merveille de bollwiller”,
“webb’s prize cob”) as well, var. fusco-rubra Dipp. and
the others with purple, red or pink foliage (i.e., “red majes-
tic”, “rode zellernoot”, “red dragon” and “burgundy lace™)
which also feature deeply engraved leaves. Corylus avel-
lana ‘Heterophylla’ is a decorative form characterized by
leaves with a very fringed margin [118—120].

6.2 By-products

One of the most interesting aspects of the hazel tree as
a multipurpose plant lies in the possibility of practically us-
ing all the by-products deriving from the fruits’ processes,
as well as other parts which are generally considered wastes
or devoid of economic value. In addition extracts of Euro-
pean hazelnuts were detected to exhibit stronger antioxidant
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activity then kernels [121-124]. In some cases, the pro-
cesses for using these materials are already technologically
mature, while in others the transition from experimentations
to the industrial phase has not yet taken place.

6.2.1 Shells

Hazelnut shells represent approximately 50% of the
total hazelnut weight and thus leading to an important
amount of wastes around the world [125]. The chemical
characterization of hazelnut shells postulates them as lig-
nocellulosic material composed of cellulose 15.4%, hemi-
cellulose 22.4%, lignin 25.9%, proteins 8%, ashes 5% and
extractives 24.6% [126]. Their chemical composition, the
good stability, a low ashes content, a porous structure, and a
great adsorption capacity, make hazelnut shells (as well as
other nutshells) extremely useful to prepare activated car-
bons, and to be used as an effective CO9 adsorbent, much
cheaper if compared to the most commercial activated car-
bons [127]. Besides, in particular because of their hemi-
cellulosic component, hazelnut shells represent potential
precursors of specific prebiotics (xylooligosaccharides and
arabino-xylooligosaccharides) which are very beneficial for
human health [125].

In relation to the extractives (24.6%), phenolic com-
pounds are the most referred group deriving from lignocel-
lulosic biomass [125]. So far and before hazelnut shells,
their best use was burning them as boiler fuel [128]. Never-
theless, in the last few years, some studies were performed
to evaluate the potential valorisation of hazelnut shells as
sources of important biomolecules as natural antioxidants
with important properties for packaging [129], food and
pharmaceutical industry.

Recent literature cites new valuable substances ex-
tractable from the shells, with particular attention to phe-
nolic compounds. Their antioxidant, antiallergenic and an-
timicrobial effects on human bodies which may trigger sev-
eral pathological conditions and/or age-related chronic dis-
eases [130-133], together with an increasing interest and
predilection of natural antioxidant compounds over the syn-
thetic ones, is leading the cosmetic, pharmaceutical, and
food and construction industries [ 134—136] to increase their
research and development of new products containing such
natural substances [137]. Regarding the construction sec-
tor, as an example, because of their lignocellulosic compo-
sition, hazelnut shells could be used to produce lower cost
rigid polyurethane foams, commonly used as lightweight
thermal insulating construction materials [138]. Moreover,
hazelnut shells’ flour deriving from the food industry can
easily be used, in percentages of 30—40, for biobased ther-
moplastic composites’ compositions, due to their mechan-
ical properties and because of their full biodegradability
[129]. In Table 4 the phenolic compounds detected in hazel-
nut shells are summarized [139-141].

A wide range of phytochemicals and phenolic com-
pounds, possessing substantial antioxidant and radical scav-
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enging activities, anticarcinogenic [142—144], antimuta-
genic [145], and antiproliferative effects [146], are present
in plant-derived products. These compounds are poten-
tially useful for a wide range of human health applica-
tions. For example, quercetin, known for its activity against
cancer prevention, chronic inflammation, and cardiovascu-
lar diseases [147], has been recently studied for its poten-
tial activity against SARS-CoV-2 replication [148]. Dif-
ferent factors affect the composition of phenolic extracts
and the antioxidant activity: parts of kernel (shell, skin,
green leafy covers, flowers, and leaves) [139], extraction
methods (use of ultrasound, microwave and COx supercrit-
ical) [149—151], and antioxidant assay used [139]. Phenolic
compounds have been reported to prevent and delay many
pathologies and this is due to their direct and indirect an-
tioxidant properties, and to their free radical scavenging ac-
tivity [139]. The biologically active molecules give elec-
trons or hydrogen atoms to reactive free radicals prevent-
ing lipid oxidation or cellular damage and act as natural
antioxidants with many health benefits [133,139]. The po-
tential antiviral activity of hazelnuts may be related to the
presence of quercetin, a flavonol found in fruits and vegeta-
bles. Quercetin is a molecule deeply studied in recent times
due to its potential activity against SARS-CoV-2 replication
[148].

6.2.2 Shells as biomass for energy production

Agricultural residues, hazelnut shells included, are of-
ten burned in fields making soils less fertile and increasing
air pollution [152] or used as raw material for furfural pro-
ductions [123]. Guney [153] states that, if the goal is to pro-
mote the sustainability of agro-ecosystems, in the perspec-
tive of a circular economy, the conversion of (agricultural)
biomass to energy, also called bioenergy, represents an ex-
cellent opportunity. Hebda et al. [154] confirm that the
lignocellulosic composition of hazelnut shells, to illustrate,
makes them suitable as a raw material for biofuels produc-
tions. Specifically, Sullivan ef al. [155] assert that from 1
ton of hazelnut shells, around 5500 K/cal of energy is pro-
duced. The same authors report that in Turkey, for instance,
hazelnut shells are used in homes, restaurants, and bakeries
for cooking. Rukavina et al. [156] describe Italy as the
EU’s most active residential market for the biomass sector,
in terms of a high number of installed biomass stoves. They
assert that fossil fuelled devices are being frequently re-
placed in order to be powered by renewable energy sources,
such as wood biomass, pellet, and, also, nutshells. Between
them, hazelnut shells’ homogeneous particle size and low
ashes production makes them very similar to pellet com-
position [156]. Due to their chemical composition, hazel-
nut shells, through a proper gasification technique, could be
easily converted into hydrogen gas [157-160], to be used,
for instance, as a fuel for electric systems [161].
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Table 4. Phenolic compounds detected in hazelnut hard shells.

Phenolic compounds  More abundant components

Phenolic acids

loylquinic acid, protocatechuic acid.

gallic acid, vanillic acid, methyl gallate, veratric acid, galloylquinic acid, coumaroyl, quinic acid, feru-

Flavonoids quercetin, myricetin, quercetin 3-rhamnoside, myricetin 3-rhamnoside, rutin, taxifolin, naringin, catechin,
epicatechin, epigallocatechin.

Tannins four isomers of B-type procyanidin.

Diaryleptanoids giffonin V, giffonin P, carpinontriol B.

Lignans ficusal, celignan, erythro-(7S,8R)-guaiacylglycerol-3-O-4'dihydroconiferyl alcohol, erythro-(7S,8R)-
guaiacylglycerol-S-coniferyl aldehyde ether, erythro-(7R,8S)-guaiacylglycerol-8-O4'-dihydroconiferyl al-
cohol, dihydrodehydrodiconiferyl alcohol, balanophonin.

6.2.3 Skins fibrous structure from hazelnut skin was evaluated as an in-

Hazelnut skins are the brown perisperm, which cover
hazelnut kernels, under the shell. Between wastes produced
during the hazelnut industry, skins are considered the main
by-product, accounting for around 2.5% of the total nut
weight [162]. Hazelnut skins are obtained after roasting
processes which can lead to different by-products quali-
ties, according to both the extraction solvents and protocols
used, and to the roasting degree; specifically, it was proven
that high roasted hazelnut skins extracts possess higher an-
tioxidant activity compared to low-roasted ones [163].

Analyses made on hazelnut skins’ chemical compo-
sition showed they are very rich in dietary fibers (67,7%)
and exphenolic compounds (233 mg GAE/g); besides that,
Ozdemir et al. [164] have ascertained that the oil frac-
tion contains a high amount of tocopherols (2.77 ug/g) and
oleic acid (75.2%). Furthermore, Ivanovi¢ ef al. [162] in-
dicate that the total phenolics content and the correspond-
ing antioxidant activity is higher in hazelnut skins, com-
pared to natural and roasted kernels. More specifically,
the monomeric and oligomeric flavan-3-ols represents the
main polyphenolic subclass, accounting for over 95% of
the total polyphenols content. Hazelnut skins’ total antioxi-
dant capacity (TAC) is remarkable as well, ranging between
0.6 and 2.2 mol of reduced iron/Kg of sample, and being
around 3 times the whole walnut TAC, 7-8 times that of
dark chocolate, about 10 times that of espresso coffee, and
around 25 times that of blackberries [165-167].

Beside the multiple hazelnut skins’ utilizations deriv-
ing from high phenolics contents, the dietary fibres con-
tained make them useful for pathologies associated with
body weight control, for example high cholesterol, and for
promoting the in vitro fermentation growth of Lactobacil-
lus plantarum P17630 and Lactobacillus crispatus P17631,
which exert a strong prebiotic like effect [168]. Further-
more, extracts of hazelnut roasted skins could significantly
decrease the proliferation of a human colon cancer cell line
[88].

Finally, the hazelnut skin was evaluated as a source
of nutrients for dairy cows [169], while the production of
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gredient in cake as model bakery product [170]. The pow-
der of defatted hazelnut skin may be used as natural brown
colouring agent [164].

6.2.4 Husks

Hazelnut husks are the green bracts (fruit integument)
which surround hazelnut shells (fruits). They represent
a significant agricultural residue, counting around 120000
tons of waste per year worldwide. A study carried out by
Akgul [152] shows that their structure is mainly composed
of carbon (about 40%), oxygen (45%), ash (5-8%), hydro-
gen (5%), and nitrogen (1%). The corresponding chemical
structure is composed of around 35% of cellulose, 20% of
hemicellulose, and 35% of lignin.

In the past, husks were used as a popular herbal tea, or
macerate in alcohol to obtain a liquor called “nocchietto”,
“vellanino”, or “nocciolino”. Husks are characterized by a
very strong and acid taste (the basal part is thicker, juicy,
and fleshy, in opposition to the more apical part which is
drier and memebranaceous) (Cianfaglione personal obser-
vations, mainly based on unpublished data from L’Aquila
Province, Italy).

Nowadays, hazelnut husks are considered mainly as
waste, but they can be a valuable source of polyphenols
[171]. Furthermore, their possible utilizations are for the
most part related to biofuels production. Guney [153]
asserts that, because of the high lignin content, hazelnut
husks, once their components are separated and the mois-
ture is removed, can be converted into industrial material,
biofuels, biogas, and heat.

The depletion of fossil fuels (and their harmful con-
sequences on the environment) together with forests wood
production decline, as an example, makes it necessary to
turn to alternative and renewable energy sources. Accord-
ing to Guney [153], pelletizing, for instance, offers con-
sumers a good opportunity to make agricultural biomasses
easy to handle and transport, also considering that hazelnut
husks’ heating value is around 18.35 MJ/Kg.

The high lignin quantity contained in hazelnut husks
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makes them usable for the construction sector as well; Zie-
leniewska et al. [172] has ascertained that, compared to cer-
tain types of insulating materials such as polystyrene foam
or mineral wool, for instance, the use of husks to produce
natural fillers and obtain rigid polyurethane foam compos-
ites reduces costs significantly. More specifically, Copur et
al. [173] indicate that adding up to 20% of hazelnut husks in
medium density panels production does not imply a regres-
sion of characteristics if compared to the standard materials.

6.2.5 Leaves

Leaves represent a high quantity of by-product deriv-
ing from hazel tree cultivations. Copur [174] affirms that,
once fallen, most of the times, together with other prun-
ing residues as branches, they are burned in fields con-
tributing to the atmospheric pollution and to the increase
of greenhouse gases. Largely consumed as infusion, hazel
leaves are traditionally used in folk medicine for haemor-
rhoids, varicose veins, and oedema thanks to their astrin-
gency, vaso-protective and anti-oedema properties [175].

Ramalhosa et al. [140] indicate that, similarly to
hazelnut kernels’, skins’, husks’, and shells’ composition,
hazel leaves contain several phenolic compounds; specifi-
cally, leaves were found to contain 3-caffeoylquinic acid, 4-
caffeoylquinic acid, 5-caffeoylquinic acid, caffeoyltartaric
acid, pcoumaroyltartaric acid, myricetin 3-rhamnoside,
quercetin 3-rhamnoside, and kaempferol 3rhamnoside, in
addition to gallic acid, caffeic acid, p-coumaric acid, ferulic
acid, and sinapinic acid which have already been detected.

Besides a high hazel leaves’ antioxidant activity with
similar behaviour of all cultivars analysed, a study carried
out by Oliveira et al. [175] revealed gram positive and neg-
ative bacteria to be very sensitive to hazel leaves’ extract.
Eventually, Sullivan [155] asserts that, in a production sys-
tem that involves the recirculation and enhancement of nu-
trients, hazel leaves (and husks) could be used both as bed-
ding for animals and as excellent organic fertilizer when
mixed with animals’ urine and feces.

6.2.6 Prunings

Each year cultivated plants need to be pruned to re-
move the frequent huge collar sprouts’ production. Start-
ing from 5-7 years of age [116], the cultivated hazel plants
are even pruned (the branches) in order to organize the pro-
duction of hazelnuts. The resulting material (i.e., branches,
leaves, sprouts...) can be used in various ways.

Sullivan [155] asserts that hazel wood, which rep-
resents the greatest amount of pruning biomass, is light
brown, straight grained, durable, and very hard. Enescu et
al. [49] reports that, traditionally, it has been used in ru-
ral crafts, including baskets and panniers, hurdles for fenc-
ing, barrel hoops, and wattle in “wattle and daub” plaster-
work. The use of hazel trees to make sticks is also well
known. The characteristics of hardness and elasticity of the
wood make it particularly suitable both to produce walking
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and fighting sticks [176]; in Italy, the stems of hazel plants
(wild or cultivated) were used to make mountain sticks and
shepherd’s sticks. The poet Gabriele d’ Annunzio in one of
his poems (“I pastori”, Alcyone, Milano, Treves ed., 1903)
speaking about the shepherds going from mountains to the
seacoast pastures in Abruzzo, recited as follows: “Rinno-
vato hanno verga d’avellano...” (they have renewed a stick
made by hazel tree...). In the past, according to traditional
knowledge, sticks were often made from hazel plants, not
only for the peculiar technical characteristics of the wood
(i.e., elasticity, lightness, softness to be easily worked, and
resistant enough), and for its wide availability. In addi-
tion, there were some popular beliefs that consider hazel
tree sticks to have the capacity of driving away snakes, and
branches were used by wizards to summon dead people or
by dowsers to locate the presence of water (Cianfaglione,
personal observations from Italy, France, Poland, Germany,
Czech Republic and Romania) [177].

Since a few years, hazel wood has been re-evaluated,
even as fuel. Specifically, a high lignin content makes it
suitable for thermo-chemical processes. In a study carried
out in Italy, Monarca et al. [178] discovered that the high-
est quantity of hazel pruning biomass is obtained from 21
to 30 years old plants, and that the high percentage of car-
bon contained (compared to hydrogen and nitrogen), which
makes it similar to hazelnut shells, increases their energy
value.

Proto et al. [179] assert that the gasification process,
for instance, is used to obtain a mixture of gases called
“syngas” for heating and power production purposes. Ac-
cording to Abenavoli ef al. [180], syngas can result from
biochar, which is another precious by-product exploitable
from hazel pruning material. Obtained from the pyrolysis
of different types of biomass, biochar is an organic mate-
rial, which can be used both as a source of energy and as
an organic soil fertilizer [181]. The usage of biochar in the
agricultural sector prevents the crop residues burning, and
it represents a valid substitute of ashes [182]. Despite the
positive role that biochar appears to have on soil fertility
[183], attention must be paid in its use, because in some
cases negative effects on soil and agricultural productivity
are possible [184].

Although, in terms of sustainability, burning crops
residues is not beneficial, the farmers’ reasons related
to this kind of processing could be not neglected, as it
could be justified when referring to economic reasons, and
soil high clay content or pathogens control. Small fires,
very much limited both in space and time, held by non-
commercial producers and related to traditional cultiva-
tion practices, cannot be compared to the effects caused by
the frequent fires deriving from extensive/intensive produc-
tions (in terms of intensity, negative consequences, ethics,
and risks), nor to the effects caused by burning plants pro-
liferation, including biomass power plants. In Table 5
(Ref. [49,106-120,126-129,133,134,136,137,139,140,
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Table 5. Possible uses of the hazel plant and its by-products.

Part of the plant ~ Product Reference
Soil protection [106-111]
Whole plant Truftles [112-117]
Ornamental value [118-120]
Activated carbon [126]
Probiotics [127]
Shells Packaging [128,129]
Cosmetic, pharmaceutical and food products [133,134,140,142,143]
Thermal insulating material [137]
Biomass for energy production [154,155,157]
Skins Roasted skin extracts [136,139]
Phenolic compounds [162,164,166]
Biofuels and biogas [153]
Husks Insulating material [172]
Medium density panels [173]
Astringent, vaso-protective and anti-oedema infusions used in folk medicine; [175]
Leaves Antioxidant and antimicrobial extracts
Phenolic compounds [140]
Organic fertilizer [155]
Rural crafts [49]
Prunings Fighting and walking sticks [176,177]
Biochar and syngas [178-183]

142,143,153-155,157,162,164,166,172,173,175-183]) all
the possible uses of the hazel plant and its by-products are
shown.

7. The hazel plant and its allergies

It is not possible to talk about the hazel, without men-
tioning the allergies correlated to the plant and its fruits. In
fact, both the pollen and fruits may cause allergic reactions
that can be, in certain situations, severe.

The most frequent allergies are consequence of hazel-
nuts and their derivates (cream, biscuits, snacks, etc.),
second, after peanut, causing severe allergic reactions in
school-age children (6—12 years) and in preschool children
(2—6 years) [185]. Hazelnut’s allergy is essentially an IgE
mediated allergy, it occurs because the immune system re-
acts abnormally to the proteins present in this food, pro-
ducing many IgE antibodies that circulate in the blood. Its
manifestations range from oral allergy syndrome, urticaria-
angioedema, to generalized allergic reactions and anaphy-
laxis. The oral allergy syndrome is characterized by itching
or burning of the tongue and oral mucosa immediately af-
ter eating the food. The urticaria angioedema syndrome is
the combination of urticaria with angioedema. Urticaria is
characterized by the appearance of pomphi, small edema-
tous, and itchy skin lesions, surrounded by a halo of ery-
thema. Angioedema is characterized by swelling, which
may affect the face (lips, eyes, etc.), limbs, or other parts of
the body, caused by edema of the dermis. In the most severe
cases, those related to generalized reactions and anaphy-
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laxis, the allergic reaction may be evidenced by symptoms
of the respiratory system (rhinitis and/or asthma), of the
gastrointestinal system (abdominal pain, vomiting, or diar-
rhea), and the cardiovascular system (tachycardia, hypoten-
sion, shock). The potentially dangerous allergens present in
hazelnuts are protein substances identified by the following
abbreviations: Cora 1, Cora 8, Cor a9, Cor a 14.

* Cor a 1: is a protein that degrades with heat; there-
fore, those who are allergic can consume roasted nuts with-
out problems. On the contrary, those who consume the raw
fruit can have localized reactions, for instance, hives and
itching, but without the risk of a systemic shock.

* Cor a 8: is definitely more insidious. This allergen
is a protein that remains stable in the fruits even after be-
ing heated and it can be transmitted to other food. It may
not trigger a serious localized reaction but can cause serious
symptoms such as an asthma attack or a laryngospasm, or
vomiting and diarrhoea.

* Cor a 9 and Cor a 14: are stable proteins (which do
not degrade to heat and digestion) that, as allergens, can
give very serious reactions, especially in children. Chil-
dren with IgE antibodies directed against nut proteins re-
act rapidly, within minutes or hours, when exposed to these
foods [186]. Recently, a new protein called oleosin, which
causes allergies especially in children has been discovered
in hazelnuts. Researchers isolated it from the oily fraction
of the fruit and showed that, for some children, this was the
only allergen responsible for their allergic symptoms [187].
This is an important discovery because it will help easily di-
agnose hazelnut allergy in patients who are negative to cur-
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rently available allergy tests, which do not allow identifying
allergies to oleosin.

In the spring months, many individuals show allergic
reactions to hazel pollen that in that period plants release
into the air in large quantities. Pollen allergens are various
protein or glycoprotein molecules able to cause the typical
symptoms of cold, such as rhinitis and conjunctivitis, and
are often associated with oral allergy syndrome. One of the
main sources of sensitization is given by profilins, proteins
that, however, are denatured by heat and gastric digestion
so that the induced allergic reaction is expressed at the level
of the respiratory tract [188].

In addition to the allergic reaction produced by the
ingestion of hazelnuts and derivatives, or by pollen, atten-
tion should be paid to the so-called cross allergies. Cross-
allergies are allergic reactions triggered in the same indi-
vidual by seemingly unrelated causes. They are caused by
pollen and foods of plant origin. 70% of people allergic
to pollen suffer from cross-reactions with food. Indeed,
cross-allergies are caused by similar proteins included in
the pollen and vegetal origin food. Behind this, there is
an immune response to similar proteins. As an example,
Birch pollen allergy and hazelnut allergy is one of the most
common cross allergies. Our immune system is not able
to distinguish these very similar allergenic molecules but
only recognizes them as a risk factor. Thus a cross-allergy
is created: a similar immune response to similar proteins.

It is important to note that subjects that suffer a seri-
ous allergy to hazelnuts, with possible anaphylactic shock,
shall not consume even small quantities of this fruit. Be-
cause its traces are frequently present in many confectioned
products, allergic people should always check the ingredi-
ent list of the product, where it is written if it is possible
to find traces of nuts, to avoid the risk of allergic reactions
[185].

Finally, it should be underlined that hazelnut aller-
gies are always caused by ingestion or inhalation of pro-
tein molecules. All compounds described in this article,
which can be extracted from shells and other hazel process-
ing wastes, are of glucosidic or phenolic nature, not pro-
teinic. In addition, they are proposed to be used primarily
externally (e.g., cosmetics). Therefore they cannot cause
allergic reactions.

8. Conclusions

In traditional farming, crops were partly associated
with forestry and small livestock purposes. There was no
waste to be disposed of because all the by-products were
somehow re-used. What was not reusable was recycled
as fertilizer and nutriments were returned to the soil. In-
stead, the actual trend is often that of looking to obtain
one main product from crops, and one main function from
plants. In the agri-food chain context, the modern crop sys-
tem is hyperspecialized (extensive monoculture) resulting
in wasteful and far from applying more durable/sustainable
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processes. On the other hand, modern circular economies
aim at using/reusing the crop products and residues as much
as possible, processing wastes to increase the crop econom-
ical sustainability (value), and promoting, at the same time,
a better environmental durability/sustainability of crop pro-
cesses. The cultivation of hazelnut represents a typical ex-
ample of an agroforestry system, which could be largely
sustainable, representing an excellent case study. Indeed,
the worldwide increase in hazel cultivations has caused a
significant increase in waste production that requires the
development of strategies and technologies to convert crop
wastes into new functional products for farming operations,
or useful for the market. Currently, these wastes are entirely
channelled as fuel material, but as discussed in this review,
they can find other outlets, even more fruitful.

Obtaining biomass fuel from agricultural waste prod-
ucts is certainly considerably more ethical and more bene-
ficial for the environment, as opposed to when we consider
these as waste to be disposed of. This, not only in relation to
the atmospheric human impact reduction, to be cost effec-
tive for farmers and local communities; it could be useful
even to save trees and forests that are increasingly harvested
to be used as biomass fuel.

Regarding biofuels, the most advantageous use of
hazel plants’ by-products is that of obtaining bioethanol
(ethanol) from husks, because alcohol is one of the less pol-
lutant carburants concerning direct health hazards. Simi-
larly, an interesting utilization of shell charcoal (biochar)
is in relation to activated carbons preparation, mainly for
human health purposes. Recently, the demand for natu-
ral compounds, in fact, is increasing and Phenolic com-
pounds are very important in terms of their properties for
human health solutions. Hazel crop waste products’ char-
acteristics could be used as a solution to decrease human
impacts (i.e., thermic insulation material, forest restora-
tion, land renaturation, landscaping for biodiversity and
wildlife...). Unlike lignin and cellulose, which are obtained
from hazelnut shells and other hazel crops by-products
(used for biofuels/bio-char purposes), phenolic compounds
possess a certain higher value since they can be used for
pharmaceutical, cosmetic, and nutraceutical purposes.

It is important to consider these points with a long-
term vision to foster new development strategies (looking
to the future), and to foster the ecological economic tran-
sition (looking to the present), focusing on an ever-greater
application (valorisation) of waste products in favour of hu-
man health (products and services), and diminishing the hu-
man footprint. Agronomic, forestry, economic, and health
policies should look more deeply into these details and op-
portunities. Corylus avellana L., as a multifunctional crop,
is precious in relation to the multiple functions and obtain-
able products, promoting more sustainable costs (greater
money savings/earnings). Its dual aptitude (agricultural and
forestry) makes this species exploitable not only in the agro-
nomic systems in order to achieve food products, but also,
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in case of crop abandonment, in forest systems, fostering
biological successions thanks to its pioneer behaviour, and
facilitating biodiversity (i.e., wildlife, truffles, and other
mushrooms).

Integrating solutions with a multipurpose use ap-
proach is important, because they can ensure a higher eco-
nomic sustainability in agriculture and a more durable crop
activity for those who are cultivating and processing hazel-
nuts, eliminating/reducing the problem of the high amount
of waste to be disposed by taking advantage of an effective
application of the principles of circular economy and a cor-
responding great environmental benefit. Therefore, the ef-
fectiveness of the “green” use of the hazel crop waste as raw
material to obtain compounds for different processes intro-
duces a new production chain, which leads to important
encouraging economic and environmental consequences at
the local and national scale, and especially for hazel grow-
ers.

Corylus avellana L., as well as other multipurpose
plants, represents a wealth of possible wide resources. Ex-
ploiting these plants’ uses and new possibilities means to
look for new agricultural and environmental opportunities,
both for an economical and for an environmental reward.
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