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1 Introduction

According to the WHO (http://www.who.int/dietphysicalactivity/fruit/en/),
insufficient intake of fruit and vegetables on a global scale is estimated to
cause approximately 14% of gastrointestinal cancer deaths, 11% of ischaemic
heart disease deaths and 9% of stroke deaths; worldwide, 3.4 million deaths
can be attributed to the low consumption of fruit and 1.8 million to diets low
in vegetables (FAO, 2017). This information, combined with the increased
literacy of consumers regarding the relationship between food and health,
has gradually made consumers more aware of the relevance of diets on
health and their respective impact on the environment and sustainability of
the planet. Following extensive research supporting the benefits of the daily
consumption of fruits and vegetables based on their supply of a range of
nutritional compounds (vitamins, minerals, dietary fibre and later extended
to several secondary plant metabolites), during the 1990s several countries
initiated campaigns and recommendations to promote fruit and vegetable
consumption. This was reinforced in 2003 by a joint action by the FAO and WHO
http://dx.doi.org/10.19103/AS.2018.0042.05
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2 Uses and health benefits of chestnuts

that aimed to raise awareness and to boost fruit and vegetable production and
consumption (400 g or five 80 g portions a day) to improve people’s health and
farmers’ income. However, the inclusion of nuts in these references was minimal,
relegating these fruits to a minor level. In the following sections it will be shown
that in recent years there have been a number of research findings involving
chestnuts, which support theirimportance and complementary role in our diet.
There is readily available information focused on basic nutritional data along
with more recent findings, which reveals the presence of bioactive compounds
and their enzymatic metabolites, emphasizing the relevance of including
chestnuts in the consumption pool of fruits and vegetables, as well as their
respective health benefits. The following sections will also show that the higher
consumption of chestnuts is a sustainable practice as this crop can be part of a
more sustainable agricultural production system. Indeed, chestnut production,
apart from being well adapted to soils of lower quality, requires less general
resource input, such as water, labour and pest and disease management, when
compared with other fruit crops; overall, it is better adapted to climate changes
(Rackham, 1994; pers. comm.).

2 Recent research achievements

The production and consumption of chestnuts has steadily increased over the
last few years, driven by an increased consumer awareness regarding food
composition and the health benefits of a nut-rich diet. This has been reflected
in the production area of Castanea sativa doubling over the last 20 years (1996-
2016, the latest FAO data), from 299911 to 602 718 ha, while the total recorded
production showed a greater than threefold increase, from 678446 tin 1996 to
2261589 tin 2016 (FAOstat, 2018) (Fig. 1). Similarly, from 2004 to 2012, there
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Figure 1 Evolution of production and harvested area of C. sativa from 1997 to 2016 in the
world. Source: adapted from FAOstat (2018).
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Uses and health benefits of chestnuts 3

was an average increase in the global consumption of chestnuts of around 59%
(Table 1) (Bento et al., 2016). Some Castanea species can strictly be used for
their nuts; however, there is a wide range of species with other multipurpose
uses that are worth noting (Table 2).

Research involving chestnutsis quite limited, but over the lasttwo decadesiit
has received increased attention based on the development of new equipment
and consequent methodologies being focused on C. sativa. For C. mollissima
and C. crenata, information is still very scarce despite the recent increase in the
number of studies; for these two species and for C. dentata further studies are
necessary given their potential crop expansion, consumption and uses.

Recent work involving C. sativa has focused on composition. Data indicate
a considerable variation of moisture (41.9-64.4%), with the major component
of dry nuts being carbohydrates, ranging from 42% up to 94.2% (Table 3) and
starch being the most abundant carbohydrate. Other compounds, such as
fat (0.7-5.37%) and protein (2.2-12.4%) also present a significant variation of
their content. These variations are linked to cumulative differences between
cultivars, climate and growing conditions and harvest timing.

Total phenolics are the major group of secondary plant metabolites
in chestnuts. Over the last decade, the quantification of total phenolics and
flavonoids in C. sativa has been evaluated in tree wood and bark, but also in
leaves, flowers and pollen. The nut has been the focus of many studies, either
as a whole or in separate fractions, such as the inner or outer skin.

Phenolics are present in a higher amount in chestnut wood (40.8 g GAE/g
d.w.), bark (23.9-56.1 g GAE/g d.w.), leaves (413 mg GAE/g d.w.) and nut seed
coat or testa (710 mg GAE/g d.w.), with catkins also containing a considerable
amount of these compounds (251.6-327.2 mg/g) (Table 4).

Table 1 Chestnut consumption in 2004 and 2012 (t) and variation (%) between 2004 and 2012

Countries 2004 (t) 2012 (t) Variation (%)
China 904962 1629788 +80.1
South Korea 57251 61317 +7.1
Bolivia 52758 57000 +8.0
Turkey 41798 52603 +25.9
Italy 24071 55995 +132.6
Japan 48625 31159 -35.9
Greece 19367 27737 +43.2
Portugal 26082 8408 -67.8
France 24763 9300 -62.4
Spain 3282 8436 +157.0
World 1256762 2000061 +59.1

Source: adapted from Bento et al. (2016).
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4 Uses and health benefits of chestnuts

Table 2 Origin of Castanea species and major uses

Predominant

Origin  Species Common name Orchards use
Europe  C. sativa Mill. European or Europe, Asia Minor, Nut, timber
sweet chestnut North Africa
Asia C. crenata Sieb. et Zucc Japanese chestnut Japan, Korea Nut
C. mollissima Blume Chinese chestnut  China Nut
C. seguinii Dode - China Firewood
C. davidii Dode - China Firewood
C. henryi (Skan) Rehd. et~ Willow leaf or China Timber
E. H. Wils pearl chestnut
America C. dentata (Marsh.) Borkh American chestnut North America Timber
C. pumila Mill. var. pumila  Allegheny Southeast USA Nut
chinkapin
C. pumila Mill. var. Ozark chinkapin ~ USA Timber

ozarkensis (Ashe) Tucker
C. floridana (Sarg.) Ashe  Florida chinkapin  Southeast USA Ornamental
C. ashei (Sudw.) Ashe Ashe chinkapin Southeast USA Ornamental
C. alnifolia Nutt Creeping Southern USA -

chinkapin
C. paucispina Ashe - Southern USA -

Source: adapted from Mellano et al. (2012).

The presence of amino acids and vitamins has also been studied in C.
sativa nuts (Table 5). Recent work has shown the variation in the amino acid
content (from 2.3 mg/100 g to 8.7 g/100 g d.w.), while considerable variation
of vitamins C and E has also been found, which depends on several factors,
particularly cultivars and growth conditions. The quantitative and qualitative
mineral profiles of chestnuts are affected by the same factors, which has
received further clarification over the last few years (Table 6), with K identified
as the major mineral. The mineral composition of leaves and catkins is known,
with Ca being the major mineral present in both plant organs, which also
contains interesting amounts of other important minerals (Portela and Louzada,
2012). Another topic of study has been the effect of cooking on several quality
parameters of chestnuts, namely the chemical composition and antioxidant
activity, with several, not always comparable, effects (see details in Section
5). Considering the number of compounds with possible positive biological
activities, many authors have focused their research on evaluating the bioactive
properties of this nut and related plant tissues and organs. Over the last two
decades, several studies have shown the possible positive effects of chestnuts,
including antioxidant activities and antimicrobial properties, with promising
results as neuroprotective or anticancer agents. Considering only C. sativa
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Uses and health benefits of chestnuts 7

Table 4 Content of phenolics (mg GAE/g d.w.) and flavonoids (mg GAE/g d.w.) previously
reported for fruits and other chestnut tissues

Species Tissue/organ Total phenolics Total flavonoids Reference

C. sativa Wood 40.8° - Sanz et al. (2010)
Bark 23.9-56.1° - Comandini et al. (2014)
Bark 24.01° - Chiarini et al. (2013)
Leaves 412.96 82.87 Barreira et al. (2010)
Leaves 1.4 0.33 Zivkovié et al. (2009)
Leaves 103¢ 54.5¢ Barreira et al. (2008)
Flowers 251.62-327.17¢  27.93-31.60¢ Sapkota et al. (2010)
Flowers 298¢ 160¢ Barreira et al. (2008)
Pollen 64.02-103.80 - Avsar et al. (2016)
Peeled seed 0.59 0.007 Zivkovi¢ et al. (2009b)
Outer brown 1.2 0.65 Zivkovié et al. (2009b)
peel
Outer skin 510¢ 503¢ Barreira et al. (2008)
Inner skin 475¢ 330¢ Barreira et al. (2008)
Skin 709.96 901.59 Barreira et al. (2010)
Fruits 1.60° - Wani et al. (2017)
Fruits 1580-3673¢ 0.02¢ Alasalvar and Bolling

(2015)

Fruits 5-32.82 - Otles and Selek (2012)
Fruits 16.2 - Gongalves et al. (2010)
Fruits 0.42 0.17 Zivkovi¢ et al. (2009b)
Fruits 3.73¢ 2.30¢ Barreira et al. (2008)

C. Fruits 43.77e - Liu et al.(2017)

mollissima
Fruits 2.24¢ 2.62¢ Lietal.(2016)
Fruits 20.4-27.7 x 103" 1.13- Yang et al. (2015)

2.16 x 10%

Burs 3.31-7.12¢ - Zhao et al. (2011)
Skin 136-147¢ 39-45¢ Sato et al. (2010)

C. crenata Leaves 256.98¢ - Woo et al. (2017)
Shell 136.12-353.92¢  367.43-459.09¢ Seo et al.(2016)
Shell 264.10-558.12¢ 47.41-166.28° Ham et al.(2015)

(extract) (extract)

Skin 198-209¢ 69-76¢ Sato et al. (2010)

2 Expressed as g GAE/g wood.

b Expressed as g GAE/100 g d.w.

< Expressed as mg GAE/g d.w.

4 Expressed as mg QE/g f.w.

¢ Expressed as mg GAE/100 g d.w.
fExpressed as mg/kg d.w.
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10 Uses and health benefits of chestnuts

(Table 7), almost all plant tissues have been studied with regard to health-
promoting properties. Flower and pollen, tree bark and all nut parts (bur, seed
coat or testa, shell and kernel) show diverse effects, with the most common
being an interesting antioxidant activity against several oxidative radicals
recorded for nuts. Besides those studies, some of the most relevant recent work
shows the neuro- and cardioprotective effects of bark, the antitumoral and anti-
inflammatory effect of flower extracts, the anti-angiogenic properties of shell or
the antidiabetic effect of burs and seed coat or testa.

For C. mollissima, recent work has also focused on the composition of
these nuts (Table 3). These recent investigations are complementary to a few
previous studies, showing moisture content between 34.2% and 63.6%, while
carbohydrates can range from 34.6% to 81.6%. Minor components, such as fat
and protein, range from 0.9% to 10.2% and from 4.2% to 12.2%, respectively.
As for C. sativa, some researchers have quantified the phenolic and flavonoid
fraction presentin C. mollissima (Table 4). Both phenolics and flavonoids can be
found in higher amounts in the seed coat or testa (as much as 147 mg GAE/g f.w.
and 45 mg GAE/g f.w., respectively), while burs and nuts have a lower amount,
respectively, of phenolics and flavonoids. As for C. sativa, the mineral profiles
of C. mollissima are highly variable, but K is the major mineral, although some
authors refer to Ca as being at the highest levels (Table 6). For C. crenata and C.
dentata, the existing information is scarce, with no recent work available for C.
dentata. Although, these studies show a moisture content ranging from 39.1%
to 67.3% for C. crenata, for C. dentata, the moisture range is lower (33.7-47.0%).
As for other chestnuts, carbohydrates are the major components (28.7-88.4%
in C. crenata and ranging from 32.4% to 48.6% in C. dentata). The fat content
is higher for C. dentata (1.32-10.2%) than in C. crenata (0.1-1.7%), a pattern
also found for protein (2.0-5.3% and 4.83-10.2% in C. crenata and C. dentata,
respectively). For these two species, further studies are lacking and information
is scarce. Total phenolics and flavonoids have been quantified in C. crenata,
and show a higher amount of those compounds (up to 209 mg GAE/g f.w.)
in skin, for phenolics and 459.1 mg GAE/100 g d.w. in shell, for flavonoids,
while the mineral content of C. crenata has been recently described, indicating
a predominance of K and P. The mineral composition of leaves and catkins of
C. dentata is known, with an interesting amount of important minerals, and K
being the major mineral present in both plant organs (Cho and Jo, 2003).

3 General uses of chestnuts

Sweet chestnuts used to be called the ‘bread-tree’, providing staple food with
nutritious and health-giving properties for people in the Mediterranean and
Europe. Chestnuts are widely recognized for their nutritive value (Wani et al.,
2017) and distinctive flavour and taste (Ertan et al., 2015). These nuts are rich

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.
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Table 7 Health effects previously reported for extracts of fruits and other chestnut tissue/organ

Tissue/organ Negative Beneficial References
Pollen Allergy Sanchez-Monge et al. (2006)
Pollen Antimicrobial and antioxidant Avsar et al. (2016)
activities
Pollen Anti-inflammatory Avsar et al. (2016)
Bark Preventive neuroprotective Brizi et al. (2016)
effects
Bark Anticancer agent Lenzi et al. (2017)
Bark Antioxidant activity Chiarini et al. (2013)
Bark Cardioprotective effect Chiarini et al. (2013)
Bark Antimicrobial activity Chiarini et al. (2013), Zivkovié¢
et al. (2009a)
Flowers Antitumor effects Carocho et al. (2014b)
Flowers Antimicrobial activity Carocho et al. (2014b)
Flowers Antioxidant activity Carocho et al. (2014c,d),
Barreira et al. (2008), Juki¢
et al. (2013), Sapkota et al.
(2010)
Flowers Anti-inflammatory Juki¢ et al. (2013)
Leaves Antibacterial activity Quave et al. (2016), Basile
et al. (2000)
Leaves Antioxidant activity Almeida et al. (2008), Barreira
et al. (2008), Vella et al. (2018)
Leaves Allelopathic activity Basile et al. (2000)
Leaves Antimicrobial activity Zivkovi¢ et al. (2009a)
Fruits Antioxidant activity Barreira et al. (2008, 2010,
2011), Akbulut et al. (2017),
Antonio et al. (2011),
Carocho et al. (2012, 2014a),
Dimitri et al. (2008), Dinis
etal. (2012a,b), Galifianes
et al. (2015), Kalogeropoulos
et al. (2013), Kirbaslar et al.
(2012), Muji¢ et al. (2009),
Otles and Selek (2012), Wani
etal. (2017), Zekovic¢ et al.
(2009), Zivkovié et al. (2010)
Fruits Antimicrobial activity Kirbaslar et al. (2012),
Zivkovi¢ et al. (2010)
Burs Antidiabetic Grdovic et al. (2012)
Shell Anti-angiogenic Sorice et al. (2016)
Anti-inflammatory Sorice et al. (2016)
Skin Antidiabetic Tsujita et al. (2008)
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in carbohydrates, minerals, vitamins, protein and fibre, and low in fat content
(see Tables 3-6), which make them highly suitable for human nutrition and well-
being (Liu et al., 2017; Mert and Ertlrk, 2017).

Most chestnuts are sold fresh in autumn in the Mediterranean region
(Delgado etal., 2016). However, the high tannin content in the nutis responsible
for its astringent bitterness and lower palatability (Wani et al., 2017), making it
highly suitable for processing and an array of novel uses. Chestnuts can be
home processed or can undergo industrial processes in order to improve its
organoleptic properties (aroma, flavour, texture) and digestibility (Vasconcelos
et al., 2010). In the market, chestnuts are available in different industrial forms
such as boiled, roasted, frozen at —40°C, dried or crystallized as the typical
‘marrons glacés’ (Vasconcelos et al., 2010). They can also be found as ‘cured
chestnuts’, which involves immersing the nuts in cold water (hydrocooling) or
hot water (thermohydrotherapy) to prolong the shelf life, a process that can
result in changes to the chemical composition (Neri et al., 2010). Chestnuts are
also used as an ingredient in many different bread and cake recipes (Dall'Asta
et al., 2013), soups or other edible foods (Vossen, 2000) and gluten-free beers
(Chenlo et al., 2009), a diversity of uses that are expanding. For example, in
the Canary Islands, chestnuts are one of the ingredients used in the typical
sweet ‘morcillas’ (Rios-Mesa et al., 2011). In addition, novel products have been
developed, such as yoghurt with candied chestnut (Sakin-Yilmazer et al., 2014).
Chestnut flowers are also an important source of nectar and pollen for honey
(Vasconcelos et al., 2010). Chestnut honey possesses a distinctive aroma and
is very rich in K, Ca and Mn (Kiguk et al., 2007) and has high antibacterial and
antioxidant activities enabling its use for dressing chronic wounds, burns or skin
ulcers (Vasconcelos et al., 2010). Moreover, chestnut flower extracts possess
antimelanogenic effects, making them highly suitable for use in food, cosmetic
and pharmaceutical applications (Sapkota et al., 2010).

4 Specific nutritional features

Folk tradition and the recognized nutritional value of chestnuts have led to them
being widely consumed, especially in Europe, America and Asia (Vasconcelos
et al.,, 2010). In some regions of such continents, chestnuts are still used as a
potato substitute due to their high starch content (Vossen, 2000; Vasconcelos
et al., 2007; Borges et al., 2008; Korel and Balaban, 2008; Silva et al., 2016).
Although differences can be found among species/cultivars (Miguelez et al.,
2004; Sequeira et al., 2004; Ertlrk et al., 2006; Cristofori et al., 2007; Borges
et al., 2008), origin (Miguelez et al., 2004; Erturk et al., 2006; Cristofori et al.,
2007; Yang et al., 2015), year of harvest (Sequeira et al., 2004), genetic factors
(Borges et al., 2008) and/or fruit processing (Hou et al., 2016; Li et al., 2016),
starch is the most abundant carbohydrate constituent of chestnuts, accounting
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for almost 50% of the total composition (Table 3). Amylose and amylopectin are
the main types of starch in these nuts (Vasconcelos et al., 2010) and are a critical
part of the functional and physico-chemical properties of starch (Muzzaffar et al.,
2016). When compared with other staple starch foods such as potatoes, the
starch content is approximately double or triple in chestnuts (Sato et al., 2017),
making them a very popular and appreciated nut with potential health benefits.
Moreover, the chestnut starch content exhibits lower gelatinization (56.1°C)
and peak viscosity (79.5°C) temperatures, which compare favourably with corn
starch, especially in applications where lower processing temperatures are
needed (Cruz et al., 2013). Associated with a high starch content, chestnuts are
also rich in sugars (Borges et al., 2008; Korel and Balaban, 2008; Vasconcelos
et al.,, 2010), making this fruit an energetically valuable nut. Among the simple
sugars chestnuts contain a high content of sucrose, which can be up to one-
third of the total sugars (Vasconcelos et al., 2010) and is advantageous when
compared with potatoes, wheat and walnuts (Kiinsch et al., 1999), for example.
These complex (starch) and simple (sugar) carbohydrates are responsible for
the sweetness (Pereira-Lorenzo et al., 2006; Yang et al., 2015) and palatability
of chestnuts (Yang et al., 2015), which make them suitable for human and
animal diets. On the contrary, the ash content of chestnuts is considered low,
accounting for 0.8-4.4 g/100 g d.w. in various species (Table 3).

Water is also an important component in chestnuts and acts as an indicator
of the shelf life of fresh nuts (Yang et al., 2015). In general, fresh chestnuts
contain about 50% moisture (Table 3), which makes them highly suitable for
industrial processing (Miguelez et al., 2004) but has a negative impact on their
storage ability (Borges et al., 2008). Comparing the most cultivated Castanea
species, McCarthy and Meredith (1988) found that C. sativa exhibits the
highest moisture content, followed by C. mollissima and C. dentata. However,
Glushkova et al. (2010) recorded the highest moisture content (50.4-55.4%) for
two interspecific hybrid cultivars (C. crenata x C. sativa), and the lowest value
(31.9%) for C. mollissima, while intermediate values (36.8-44.1%) were found
for C. crenata and C. sativa cultivars. According to Pereira-Lorenzo et al. (2006)
and Neri et al. (2010), the moisture content of chestnuts tends to change with
the chestnut origin, which is probably due to the different growing and climate
conditions between regions.

Chestnuts are also characterized by a low fat content (Table 3) but of
relatively high quality, ranging from 0.7 to 10 g/100 g d.w., depending on the
species/cultivar (Miguelez et al., 2004; Mert and Ertlirk, 2017). Compared with
other nuts, for example, hazelnut, macadamia, pecan or almond, chestnuts
exhibit the lowest fat content (Alasalvar and Bolling, 2015). However, the fat-
soluble bioactive compounds, such as tocols and phytosterols, are present
in chestnuts in higher amounts, when compared with fat-rich nuts. Despite
the low fat content, chestnuts contain a high amount of essential fatty acids
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(Kinsch et al., 1999; Borges et al., 2007; Poljak et al., 2016), either saturated or
unsaturated, which has been linked to several processes involved in health and
chronic diseases (Benatti et al., 2004). Among them, linoleic and linolenic acids
are the most important unsaturated fatty acids (Kiinsch et al., 1999; Espafia
et al,, 2011). The beneficial effects of fatty acids on human health are well
known, as anticancer (Vasconcelos et al., 2010) and neuroprotective (Kiinsch
et al., 1999) compounds, and they are also associated with protection against
cardiovascular diseases (Braga et al., 2015).

Chestnuts are considered to be an excellent source of dietary fibre
(Mert and Ertirk, 2017), which does not appear to be influenced by cultivar
or origin (Borges et al., 2008). According to Pereira-Lorenzo et al. (2006),
chestnuts contain a similar amount of fibre to the majority of nuts, but lower
than hazelnuts. The presence of fibre in chestnuts make them more attractive to
consumers since it is associated with favourable health effects, for example, in
the intestine by influencing metabolic activities (Gongalves et al., 2010). Dietary
fibre also promotes, apart from other properties, cardiovascular health (Sathe
et al., 2009), cholesterol reduction, regulation of insulin and metabolism of
blood lipids (Prosky, 2000).

The protein content of chestnuts is considered to be moderate (Poljak
et al., 2016), with some differences among species/cultivars (Mert and Ertirk,
2017), which is associated with the nature of the soil the chestnuts are grown
in (Miguelez et al., 2004; Poljak et al., 2016). Considering the recommended
daily intake (RDI) of protein, the protein content of these nuts represents
approximately 9.2% of the RDI for females and 7.6% of the RDI for males
(Vasconcelos et al., 2010), which highlights the relevance of these nuts in
the human diet. Although the protein content in chestnuts is in the range of
2.0-8.6 g/100 g d.w. (Table 3) and is comparatively lower than other tree nuts
such as peanuts (25.8 g/100 g d.w.), almonds (21.3 g/100 g d.w.) and hazelnuts
(15.0 g/100 g d.w.) (Ros, 2010); it is considered to be high quality due to the
presence of important amino acids (Vasconcelos et al., 2010). Aspartic acid
and glutamic acid were detected as the main protein-derived amino acids
(Vasconcelos et al., 2010) present in chestnuts. Borges et al. (2008) also
identified arginine as one of the most predominant amino acids in different
chestnut cultivars from various Portuguese regions. Other amino acids, such
as y-aminobutyric acid (GABA), occur naturally in chestnuts at a concentration
of 188 nmole/g d.w. (Oh et al., 2003), making them extremely relevant for the
human diet. This non-proteinogenic amino acid is considered to be effective in
lowering blood pressure and heart rate (Oh et al., 2003). GABA has also been
regarded as an important neurotransmitter inhibitor in the mammalian central
nervous system (Bettler et al., 2004), which is relevant for the maintenance of
cerebral activity (Gongalves et al., 2012). In addition, GABA can also be helpful
in some anxiety and neurological disorders such as Huntington'’s chorea, and
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Parkinson’s and Alzheimer’s diseases (Gajcy et al., 2010). The protein content,
as well as the amino acid profile of chestnuts, indicates the high nutritional
quality of these nuts (Yang et al., 2018) with positive health effects on the brain
and energy metabolism (Lau and Tymianski, 2010).

In addition to investigating the composition, recent approaches to chestnut
analysis have revealed the content of total phenolics and flavonoids, not only in
nuts but also in other plant tissues, including tree bark or burs (Table 4). As for
many other nuts, like almonds (Milbury et al., 2006), these bioactive compounds
appear to be present preferentially in the seed coat or testa, rather than in the
kernel itself. This should be taken into consideration, not only from a consumer’s
point of view, regarding the intake of those health-promoting compounds,
but also from a research-driven assessment, as compounds of interest are
found in low added-value by-products. Some of the phenolics of interest in
chestnuts are gallic and ellagic acids, with the content in C. sativa cultivars
ranging between 3.46 and 9.07 g and 2.71 and 9.64 g/100 g d.w., respectively
(Vasconcelos et al., 2007), with strong evidence regarding the positive effects
on cardiovascular function, and anticarcinogenic and antiplasmodial activity
(Okuda, 2005). Chestnut catkins, also a by-product, are nowadays regarded
as an interesting source of compounds. Indeed, catkins of C. sativa contain
soluble sugars, with special reference to fructose, but also glucose and sucrose,
organic acids (quinic, oxalic, malic and shikimic acids) and about 27 phenolic
compounds, with the predominance of trigalloyl-HHDP-glucoside, followed
by pentagalloyl glucoside (Carocho et al., 2014c). According to Juki¢ et al.
(2013), dehydrodigallic acid dimethyl ester is the major phenolic in chestnut
catkins, which has a considerable amount of gallic acid derivatives. Flowers of
C. crenata also contain sugars, with a predominance of sucrose and maltose,
and organic acids (malic, citric, oxalic and succinic acids). Amino acids are also
found in interesting amounts in flowers of C. crenata, with a higher content of
aspartic acid and proline, and these plant organs are also rich in vitamin C (Cho
and Jo, 2003).

Chestnuts are also rich sources of vitamins, particularly vitamins C and E,
mainly tocols (Table 5), which are responsible for their beneficial health effects
with respect to antioxidant and antimicrobial properties (Table 7). Vitamin E
has also been associated with reducing the risk of cancer and cardiovascular
diseases (Vasconcelos et al., 2010). In addition, such nuts are characterized by
considerable amounts of other vitamins such as vitamin A, which has multiple
actions in the human body, and B vitamins including thiamine, riboflavin, niacin
and folate (Vasconcelos et al., 2010). These B vitamins are essential for brain
health and act against neurological diseases. Chinese chestnuts contain a
higher amount of vitamin A, riboflavin, pantothenic acid and pyridoxine, while
European chestnuts are high in vitamin C and thiamine, and Japanese chestnuts
are rich in niacin. Portuguese cultivars of C. sativa exhibit an interesting amount
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of vitamin C and, although their content varies significantly among samples
(Vasconcelos et al., 2009; Barros et al., 2011), a clear relationship between the
content of vitamin C and the antioxidant activity (Barros et al., 2011) has been
recorded. There are a limited number of studies focusing on the presence of
vitamins in C. crenata, C. dentata and C. mollissima, while for C. sativa, some
work has been performed over the last few years to elucidate the extent of the
presence of vitamins, namely C and E, in nuts of this species.

Chestnuts are also a good source of minerals (Table 6), that when deficient
in the diet, may have a severe impact on human health (Belitz and Grosch,
1999; FAO/WHO, 2004). Ca, Mg, Na, K, P, Zn, B, Fe, Cu and Mn have been
found in nuts of C. sativa, mainly in recently performed studies, while for C.
crenata and C. mollissima information is still very limited. Although the content
of macronutrients, particularly K (the most abundant one), P, Mg and Ca found
in Portuguese C. sativa cultivars (Borges et al., 2008) are comparable with those
of other cultivars (Pereira-Lorenzo et al., 2006), and even for Chinese ones
(McCarthy and Meredith, 1988), values for micronutrients (Fe, Zn, Cu or Mn)
appear to change substantially among cultivars (Borges et al., 2008).

5 Effects of cooking on quality

Chestnuts can be consumed raw but are usually processed. Consumer
preference is either boiling or roasting (Silva et al., 2001), but other alternatives
exist, such as frying or curing. As for any other food commodity, cooking may
change the quantitative and qualitative composition of the chestnut, which
will ultimately result in variations in actual nutrient intake by consumers.
Considering these facts, several authors have focused their research on the
effect of different cooking methods on chestnut composition (Table 8). This
issue has been thoroughly reviewed by Zhu (2016) and will be briefly addressed
here, considering proximate composition and also bioactive compounds. For
one of the major components of chestnuts, that is carbohydrates, cooking
considerably alters its quantity as well as other parameters. For C. sativa,
insoluble, soluble and total fibre increases with roasting, but boiling only
increases soluble and total fibre (Goncalves et al., 2010). In C. mollissima,
boiling reduces the amount of reducing sugars, sucrose, glucose and fructose
(Li et al., 2016), a fact attributed to the solubilization of those carbohydrates.
Starch is also markedly affected by cooking and decreases upon roasting
and boiling as recorded in C. mollissima (Li et al., 2016), whereas the increase
found for some cultivars of C. sativa (Silva et al., 2016) led to changes in the
structure of starch. Indeed, roasting and boiling have proven to lead to the
fusion of individual granules, and gelatinization occurring with the formation of
elongated clusters (Silva et al., 2016). These changes can be responsible for the
modification of starch properties, ultimately influencing sensory, rheological
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Table 8 Effects of cooking on compositional and bioactive characteristics of chestnut

17

Type of
Species processing Highlights Reference
C. sativa Boiling and Roasting increased protein and fibre, as Gongalves et al.
roasting well as gallic acid and total phenolics ~ (2010)
and lowered fat contents. Boiling
increased fat, gallic and ellagic acids
contents. Cooking increased citric acid
contents, reducing malic acid.
Roasting Depending on cultivar, variations in fat, Kiinsch et al.
starch and sugars, as well as individual (2001)
fatty acids.
Boiling and Depending on cultivar and type of Gongalves et al.
roasting processing, variations of total and (2012)

C. mollissima

Boiling, roasting
and curing

Pan and
microwave
roasting
Boiling and
roasting

Boiling, roasting
and frying

Frying

individual amino acids and minerals.

Decrease in total phenolics and
antioxidant activity with cooking.
Depending on type of processing,
variations in specific polyphenol
compounds, minerals and trace
elements.

Increase in carbohydrate content and
antioxidant activity.

Depending on cultivar and type of
processing, variations in vitamin C,
antioxidant activity, gallic and ellagic
acid content.

Reduction in fat, protein, sugars,
amino acids, total polyphenols, total
flavonoids and organic acid with
cooking.

Decrease in total phenolics and

Nazzaro et al.
(2011)

Wani et al.
(2017)

Barros et al.

(2011)

Lietal. (2016)

Hou et al.

flavonoids, ascorbic acid and reduction (2016)

of antioxidant activity.

and chemical characteristics, but also digestibility (Noda et al., 2008). The

protein content appears to be more resistant to cooking than other chestnut

components. In fact, previous work shows that roasting or boiling of the C.
sativa or C. mollissima nut only slightly alters the protein content (Gongalves
et al, 2010, 2012; Li et al., 2016; Wani et al., 2017). Although without an
apparent effect on protein content, changes in the amount of total amino acids
and their composition occur with cooking (Gongalves et al., 2012; Li et al,,
2016), possibly due the degradation of peptides and proteins and to Maillard
reactions (Goncalves et al., 2012). One of the amino acids that is most affected
is L-aspartic acid (Li et al., 2016), which is one of the most abundant in chestnuts
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(Vasconcelos et al., 2010), although several others are also affected (Gongalves
etal., 2012; Lietal., 2016). Considering that amino acids are biologically active,
with several functions in the body, variations of their content alter the possible
health-related effects of these compounds. Although having a low fat content,
chestnuts present fat-soluble bioactive compounds in higher amounts than fat-
rich nuts, as well as essential fatty acids, which are linked to several processes
involved in health and chronic diseases. The fat fraction of chestnuts decreases
upon boiling, frying or roasting (Gongalves et al., 2010; Li et al., 2016). However,
it appears that boiling leads to fewer changes, probably due to the lower
temperature of the process (Das et al., 2013). Despite limited information, the
fatty acid profile also appears to be slightly modified after roasting (Kiinsch
etal.,, 2001), an effect that can change the nutritional value of chestnuts and is
a topic that deserves further investigation.

Besides the effect on composition, cooking may also result in changes
to the content of bioactive compounds, such as phenolics or vitamins. Some
work has highlighted the negative effect of roasting, boiling or frying on total
phenolic content (Barros et al., 2011; Nazzaro et al., 2011; Hou et al., 2016; Li
et al., 2016), with a parallel reduction on the antioxidant activity. This decrease
may be due to the fact that temperature leads to the oxidation of phenolics.
However, an increase of the total phenolic content and antioxidant activity has
also been found (Goncalves et al., 2010; Wani et al., 2017), which may be linked
to the release of tightly bound phenolics that, in this way, can be extracted
and quantified (Liu et al., 2017). The vitamin content of chestnuts is also
altered by cooking procedures. Although studies are lacking on this specific
topic, a considerable decrease in the amount of vitamin C after cooking has
been recorded (Barros et al.,, 2011; Li et al.,, 2016), and is probably linked to
the conversion of ascorbic acid to dehydroascorbic acid, which was further
degraded to 2,3-diketogulonic acid. Data regarding other important vitamins
present in chestnuts is limited and should be considered an important major
research line, but changes are to be expected, although dependent on time
and conditions, as recorded for vitamin E (Delgado et al., 2016). Considering
the health-promoting capacity of the vitamins present in chestnuts, all changes,
either increasing or decreasing these compounds are of great importance to
producers and consumers. Knowledge of their behaviour under certain cooking
conditions, besides being a major research theme, can also be an added-value
factor for this nut.

Other chestnut components are also affected by cooking, namely organic
acids and minerals. The organic acid content decreases considerably after
boiling, roasting or frying (Ribeiro et al., 2007; Li et al., 2016), but interestingly,
Gongalves et al. (2010) showed that individual organic acids are affected
differently: cooking increased the content of citric, gallic and ellagic acids, while
reducing the malic acid content. These variations of the content and organic
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acid profile after cooking must be considered from two points of view: from
an organoleptic perspective and for improving health, as they are linked to the
sensory characteristics of nuts (Vaughan and Geissler, 1997), while presenting
antioxidant activity with a protective role against various diseases (Silva et al.,
2004). Finally, the mineral content is known to decrease after cooking, with the
exception of P, Fe, Cu and Mn (Gongalves et al., 2010), although other studies
show that Ca may not be lost (Kiinsch et al., 2001). The work of Nazzaro et al.
(2011) shows a more complex pattern of cooking effects on chestnut minerals,
with increases or decreases recorded for different minerals.

6 Post-harvest handling and storage

Due to their high moisture and sugar content (Attanasio et al., 2004; Jermini
etal.,, 2006; Gounga et al., 2008, 2017), chestnuts are characterized by a short
shelf life (Gounga et al., 2008). They are extremely susceptible to damage
during storage (Ertan et al., 2015), which is reflected in important economic
losses. Moreover, the peeled chestnut tends to be more perishable when
compared with the intact nut (Gounga et al., 2008).

Weight loss is one of the major problems in chestnut preservation
(Antonio et al., 2011; Ertan et al., 2015) as it promotes the condensation and
growth of fungi (Antonio et al., 2011) with a negative influence on its availability
and certain nutritional and physical properties of the nuts. Mencarelli (2001)
reported weight losses of around 1% in fresh chestnuts after 1-day storage at
20°C and 70% relative humidity (RH). In studies where the recently harvested
Portuguese varieties (Judia, Longal and Martainha) were evaluated, a weight
loss of up to 26% between the end of October and January at room temperature
(13°C, 65% RH) was observed for the Judia variety; however, when kept under a
modified atmosphere (1.7°C, 88% RH, 7% O, and 14% CO,) the weight loss was
only 6.6% up to the end of April, and even lower (1.3%) in the Martainha variety
(VALCAST project data, 2008). Data from the same project with the Lada variety,
showed a weight loss variation from 35.9% at room temperature to as low as
1.4% under a modified atmosphere (1.7°C, 88% RH, 7% O, and 21% CO,).
Thus, apparently an increase in the CO, concentration of up to 21% can reduce
weight loss, which has a tremendous impact on the yield of the processing
industry, as it needs to process chestnuts from harvest up to a few months later.
Similar findings were reported by Gounga et al. (2008) in C. mollissima peeled
nuts, where a moisture loss of about 25% was observed following storage for
6 days at 30°C and 80% RH. Optimizing storage conditions is thus essential
to reduce the incidence of nut decay and loss of quality attributes. According
to Jermini et al. (2006), the most suitable conditions for preserving chestnuts
ranged from 0°C and 2°C with a high RH of around 90%. The same conclusion
was reached by Ertan et al. (2015) who found that buried nuts of C. sativa
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in the orchard had deleterious effects on their quality when compared with
storage under low temperatures and high RH. These authors also concluded
that temperature is the key factor in the preservation of chestnut quality.
However, these methodologies are not always effective in suppressing fungal
spoilage and need to be supplemented. One of the most common methods
in the past consisted of the application of fungicides (Lee et al., 2016b) but
the potential harm to health and environmental risk led to it being banned
(Carocho et al., 2013). Thus, it is crucial to use novel technologies that do not
cause environmental harm or negatively affect health.

Among the alternative methodologies, the use of electron beam irradiation
has gained interest as it is considered to be a safe, cheap and environmentally
friendly technology that is able to minimize the detrimental problems that can
occur during the chestnut post-harvest process (Carocho et al., 2013). Another
promising technology for the preservation of chestnuts consists of using a
natural coating (Gounga et al., 2008), which acts as a barrier to water loss and
gas exchange (Lin and Zhao, 2007), hence minimizing nut deterioration and,
at the same time, acts as a carrier of health-promoting compounds. Gounga
et al. (2008) investigated the application of this technology on fresh-roasted
chestnuts and concluded that the use of a whey protein isolate-pullulan (WPI-
Pul) coating combined with freeze-drying and low temperature storage was
responsible for reducing microbial growth in nuts, thus extending the shelf
life. According to Gounga et al. (2007), the use of a WPI-Pul coating enhanced
the sensory attributes of fresh and dried chestnuts. Additionally, the use of
chitosan coatings on Chinese chestnuts reduced respiratory rates with positive
effects on shelf life (Tian et al., 2009). More recently, Gounga et al. (2017) tested
chocolate as a new chestnut coating and the results are very promising. In fact,
the results suggest that this new type of coating was very effective in controlling
microbial growth in addition to being well accepted by consumers. Moreover,
it adds value to chestnuts.

Another technology largely used in fresh fruits is modified atmosphere
packaging (MAP), which is still under investigation in chestnuts. Panagou et al.
(2006) observed that this technology combined with low temperature storage
preserves chestnut quality, especially during long-term storage. Treatment with
CO, under higher pressure has also been mentioned as a promising strategy
for extending the shelf life of chestnuts (Navarro, 2012).

Chestnuts might also be affected by several fungi and insect worms, namely
elephant weevil, Balaninus elephas, and chestnut tortrix, Cydia splendana
(Chenlo et al., 2009), which are responsible for the rapid deterioration of
nuts (Ertan et al., 2015) resulting in decreased value and consequently their
acceptance by consumers. Gao et al. (2011) estimated the annual losses of
chestnuts due to pests during storage as 35-50% of total production. In order
to reverse the high perishability of chestnuts and to minimize post-harvest
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losses, different methodologies have been used. Traditionally, freezing, cold
storage and drying are used to extend the shelf life of chestnuts (Gounga
et al., 2008; Sakin-Yilmazer et al., 2014; Delgado et al., 2018) and to ensure
year-round availability (Moreira et al., 2015; Lee et al., 2016b). However,
such methodologies require proper storage conditions, namely a lower
temperature, associated with adequate ventilation and relative air humidity in
order to maintain the physical properties of fruits, such as colour or texture,
and to preserve their nutritional and sensory properties (Panagou et al., 2006).

7 Chestnut co-products

The agricultural and industrial processing of chestnuts generates large
quantities of waste material, mainly bur, shell, leaves and curing wastewater
(Braga et al., 2015; Squillaci et al., 2018). The valorization of these products has
been anew challenge forthe chestnutvalue chain contributing to environmental
(Pinto et al., 2017) and economic sustainability (Braga et al., 2015). In fact, such
agro-industrial wastes, after valorization, can be used by other industries, such
as pharmaceutical, food or cosmetics (Sapkota et al., 2010; Aires et al., 2016;
Vella et al., 2018) due, in part, to the production of active molecules (Nazzaro
etal., 2012; Squillaci et al., 2018).

Some examples of how the valorization of such co-products can be
achieved are reported in the work of Aires et al. (2016) and Santos et al. (2016).
The former shows how chestnut peels can be used to produce pomaces
with high amounts of tannins, which can be used as phenol substitutes in the
formulation of adhesives or as antioxidant supplements in food, cosmetic or
pharmaceutical formulations. Santos et al. (2016) suggested the beneficial
use of shell extracts on lettuce properties. According to these authors, the
composting shell and seed coat or testa of the chestnut can potentially be
used as growing media for lettuces as an alternative to non-renewable organic
substrates as it results in increased yield and antioxidant capacity of lettuces.
The use of rejected fruits by the industry, especially those of small size, can also
be converted into different products (Delgado et al., 2017), making this crop
even more profitable. In addition, application of chestnut co-products in the
cosmetic industry is still an area under development. The growing demand for
natural products that are environmentally friendly and are of benefit to health
has caused an increased interest in chestnut extracts (Ribeiro et al., 2015), in
part, due to its antioxidant properties (Sapkota et al., 2010). Almeida et al.
(2015) indicated that the use of leaf extracts of chestnut in skincare products
can contribute to the prevention and minimization of oxidative stress in the skin,
which could otherwise result in photoageing, some dermatosis and cancer.
Pinto et al. (2017) concluded that C. sativa bur extract could be a promising
cosmetic ingredient in topical hydrogels. More recently, Squillaci et al. (2018)
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suggested the beneficial use of chestnut shell extracts in cosmetic preparations
as it showed anti-inflammatory activity, skin hydration capacity and the ability
to protect collagen from degradation. Other parts of the fruit can also be used
for other applications. For example, chestnut shell extracts can be used in the
manufacture of shoe and sole leather due to the high level of tannins (Braga
et al., 2015). Another example of alternative applications of chestnut shell
extracts includes its use as a heavy metal adsorbent (Braga et al., 2015) or a
source of fermentable sugars for biofuel production (Vella et al., 2018).

Although the main use of chestnuts is for human consumption, chestnuts
are also being tested as a component of animal feed (Borges et al., 2008;
Vasconcelos etal., 2010). De JesUs et al. (2016) proved that the incorporation of
chestnutsinto the diet of Celta pigs reduced the saturated and monounsaturated
fatty acid content of such feed, enabling the production of healthier dry-
cured meat products. Similar to these conclusions, Ferreira-Cardoso (2002)
concluded that adding chestnuts to the diets of pigs had positive effects on the
energy requirements of pigs and increased the sensorial taste of the meat and
ham. Lee et al. (2016a) showed that the use of a small percentage of chestnuts
(5%) in the feed could be useful for reducing the negative presence of tannins
in the feed.

8 Health benefits of eating chestnuts

Chestnut consumption has been perceived as beneficial for health; however,
nowadays there is a misleading association between nut intake and nut high
fat content, which could contribute to weight gain (Vadivel et al., 2012).
Chestnuts contain a low amount of fat, being a good alternative to other fat-
rich nuts, without the weight gain effect but with the benefits of all the active
compounds present in the fat fraction of this nut. The essential fatty acids
found in chestnuts are linked to an array of biological processes (plasma
lipid levels, cardiovascular and immune function, insulin action, and neuronal
development and visual function) (Benatti et al., 2004) and their intake can
resultin decreased cholesterol levels and prevent coronary heart disease (CHD)
(Garcia et al., 1992). Indeed, studies have shown that extracts of chestnut can
actively reduce the oxidation of low-density lipoprotein (LDL), which is a key
step in the pathological basis of cardiovascular disease (CVD) (Hansson, 2005).
The intake of phytosterols and dietary fibre is also linked to the reduction of
cardiovascularissues (Jesch and Carr, 2017). For phytosterols, an inverse dose-
response relationship between their intake and LDL cholesterol concentration
has been established (Ras et al., 2014), for an intake of up to 3 g/day, with
mechanisms including inhibition of cholesterol ester hydrolysis, competition
with cholesterol for solubilization or transport across the apical membrane of
enterocytes (Jesch and Carr, 2017).
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With regard to fibre, studies have confirmed the hypolipidaemic and
cardioprotective effects in humans (Anderson et al., 2000; Naumann et al.,
2006). Although the mechanism by which positive effects are achieved has not
been elucidated, it may include interaction with and fermentation of fibre by
gut bacteria, delayed gastric emptying, increased muscle glucose transporter
type 4 expression and glucose uptake, decreased absorption of dietary fats
and increased excretion of faecal cholesterol (Jesch and Carr, 2017). Dietary
fibre has also been linked to beneficial effects for diabetes, cancer mechanisms
and potential therapeutic agents in diseases such as various forms of colitis,
antibiotic-associated diarrhoea and colon cancer (Prosky, 2000). Furthermore,
it stimulates Bifidobacterium and Lactobacillus in the intestine (Blaiotta et al.,
2013), which are also responsible for reducing serum total and LDL cholesterol
(Jesch and Carr, 2017). Nut intake, including chestnuts, is linked to protection
against type 2 diabetes and related metabolic syndromes, with those actions
connected to decreases in oxidative damage and inflammatory biomarkers in
blood lipids and the content of fatty acids, dietary fibre, vegetable proteins
and polyphenols (Amarowicz et al., 2017). Chestnut ingestion also has positive
effects on cancer prevention, due to its bioactive compound composition. For
this cancer-preventive action, some major compounds are likely to contribute,
such as fatty acids, especially omega-3 (Hardaman, 2002), but also vitamin C
(Wenzel etal.,2004), vitamin E, and gallicand ellagic acids (Mertens-Talcott et al.,
2006; Veluri et al., 2006; Geleijnse and Hollman, 2008). Compared with fresh
nuts, ellagic acid can register a greater than twofold increase when chestnuts
are boiled, with up to 12.2 mg/kg d.w. (Gongalves et al., 2010) that can be
transformed into urolithin metabolites by some species of intestinal bacteria,
which play a major role in cardiovascular protection, and anti-inflammatory
and anticarcinogenic properties (Selma et al., 2014). Vitamin C functions in the
human body are also linked to bone, teeth and blood vessel formation, wound
healing and is necessary for metabolic functions, activation of the B vitamin,
folic acid, conversion of cholesterol to bile acids and conversion of tryptophan
to serotonin (Chambial et al., 2013). Being a joint source of vitamins C and E,
chestnuts are of paramount health importance. Vitamin E is a strong antioxidant,
acting in the chain-breaking reactions during peroxidation of unsaturated
lipids, LDL and other cell membrane components, reducing the risk of cancer
and cardiovascular diseases (Vasconcelos et al., 2010). Chestnuts are also rich
in B vitamins that, when deficient, can result in developmental abnormalities,
haematologic status, iron absorption, gastrointestinal development (Powers,
2003), cognitive disorders and anaemia (Morris et al., 2007).

Furthermore, a well-balanced intake of minerals, that are almost entirely
obtained from vegetables and fruits, is of great importance to human health.
As mentioned before, chestnuts are a very good source of macro-elements,
such as Ca, P, K, Mg and S, but also of micro-elements (Fe, Cu, Zn and Mn)
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(Vasconcelos et al., 2010), that are linked to several health-related effects, and
have been thoroughly reviewed by Martinez-Ballesta et al. (2010) and will be
briefly detailed here. Calcium has been linked to reducing colon cancer and
preventing the risk of pre-eclampsia, while suboptimal Ca intake can result in
osteoporosis, hypercholesterolaemia and high blood pressure. Potassium is
related to the transmittance of nerve impulses, heart muscle contraction and
deficiency of this mineral can result in muscular difficulties, skin problems and
alkalosis. Phosphorus, besides being essential for the production of ATP, GTP
and CP, also regulates the activity of a number of proteins via phosphorylation
reactions, and its deficiency results in bone pain, irregular breathing, fatigue,
anxiety, numbness, skin sensitivity and changes in body weight. For magnesium,
the described results of low intake are ageing and age-related disorders, such
as diabetes, metabolic syndrome, hypertension and several cardiovascular
conditions. Regarding the micro-elements, Fe deficiency is termed hypochromic
anaemia, asthiselementislinkedto the synthesis of haemoglobinand myoglobin.
Copper, a mineral linked to enzyme function, can, when lacking in the body,
result in anaemia, leukopenia and neuropenia, and skeletal disturbances. Zinc
deficiency negatively affects the efficacy of the immune system, taste and smell
senses, while impairing DNA synthesis, and causing hair loss and hypochromic
anaemia. Finally, deficiencies in Mn intake lead to a reduction of cholesterol and
red blood cells, while causing mucopolysaccharide abnormalities. Chestnuts
have a major distinctive characteristic: they are gluten-free nuts and can therefore
be used for the preparation of numerous products for gluten-sensitive, wheat
allergy and celiac disease patients. In this way, these patients can benefit from
all the health-related compounds present in chestnuts, without suffering from
symptoms like diarrhoea, irritable bowel syndrome, malabsorption syndrome,
weight loss and autoimmune diseases (Vasconcelos et al., 2010).

The chemical composition of chestnuts can change due to a number of
factors, including genetic factors and environmental conditions (Miguelez
etal., 2004; Pereira-Lorenzo et al., 2006; Borges et al., 2008; Poljak et al., 2016;
Mert and Ertilirk, 2017) suggesting different uses. For example, the presence
or absence of some compounds can be of interest for processing purposes or
health uses. Borges et al. (2008) in a study with eight sweet chestnut cultivars
from three Portuguese areas identified two cultivars linked to health-promoting
benefits, due to the presence of a high linoleic acid content (cv. Lada) or
unsaturated fatty acids (cv. Aveleira).

Besides the nutitself, other chestnut organs or derived products have been
referred to as having a beneficial health effect, either when consumed as-is or
used as ingredients in other foods. Chestnut flowers have been referred to as
one of the best sources of nectar and pollen for honeybees early in the summer
(Kolayli et al., 2016). Pollen from chestnuts has also been studied and revealed
interesting results, as it displays antioxidant and antimicrobial activity (Avsar et al.,
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2016; Karadal et al., 2018) and exhibits good ability to protect hepatocytes from
oxidative stress (Yildiz et al., 2013). In this study it was shown that the inclusion of
chestnut pollen in the human diet reduces oxidative stress, with the pollen as a
suitable alternative for the treatment of hepatocellular pathologies.

For a long time, honey has been associated with health-promoting effects
due to high-quality natural compounds (Ajibola et al., 2012). Chestnut honey
is considered one of the most delicious and is of high quality (Castro-Vazquez
etal., 2010) due to its colour, aromatic physical properties (does not crystallize
easily) and composition (particularly the natural volatile compounds related to
the original nectar), when compared with blossom honey (Kolayli et al., 2016).
Traditionally, it has been used in wound healing due to the high phenolic
content and flavonoids (Alissandrakis et al., 2011; Meteoglu et al., 2015), and
if impregnated with carboxymethyl cellulose sodium hydrogel paste can be
a competitive candidate as a therapeutic dressing for diabetic ulcer wound
healing, due to its potential to inhibitand kill bacteria (Park etal.,2017). Chestnut
honey has also been used in the treatment of colds, reflux, gastritis and other
disorders of the upper respiratory tract and gastric system (Kolayli et al., 2016).
These effects are sustained by the strong antioxidant activity (Bertoncelj et al.,
2007; Sarikaya et al., 2009; Kolayli et al., 2016; Karadal et al., 2018), which
introduces the possibility of reducing health problems related to oxidation
damage and associated diseases. Apart from the antioxidant activity, chestnut
honey exhibits antimicrobial activity and can inhibit the growth of numerous
bacteria and fungi (Kuncic et al., 2012; Karadal et al., 2018). Chestnut honey
has also been reported to have antihyaluronidase and antiurease properties.
However, excess hyaluronidase activity can cause hyaluronic acid deficiency,
and its breakdown products can be harmful to the organism, with the inhibitors
of this enzyme offering potential use for the treatment of several diseases, such
as cancer and rheumatoid arthritis (Sunitha et al., 2013; Selenge et al., 2014).
On the other hand, antiurease activity can be important, as excess urease
activity is linked to the development of urolithiasis, pyelonephritis, hepatic
encephalopathy, hepatic coma, urolithiasis and urinary catheter encrustation
in humans and animals. Its inhibition is also important when dealing with
Helicobacter pylori in gastric diseases (Kolayli et al., 2015). Chestnut honey
differs significantly from floral honey, in phenolic composition, and in the
recorded antioxidant and antimicrobial activity (Glines et al., 2017). The major
phenolicfound in chestnut honeys is caffeic acid, followed by p-hydroxybenzoic
acid or protocatechuic acid, depending of the origin of the honey, while floral
honey contains higher amounts of protocatechuic acid. Chestnut honey has
also been proven to have a higher amount of total phenolics when compared
with floral honeys, as well as enhanced bioactive properties, namely an
antioxidant effect, using the CHROMAC and ABTS methods, and antibacterial
effects against Staphylococcus aureus and Escherichia coli (Gunes et al., 2017).
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Propolis, another bee product that can originate in chestnuts, has garnered
increased interest overthe lastfew years, asithas beneficial propertiesforhuman
health. As with other chestnut products, it exhibits antioxidant and antimicrobial
activity (Sarikaya et al., 2009; Karadal et al., 2018). However, chestnut-based
propolis also has an interesting effect against hereditary spherocytosis (HS),
a type of anaemia characterized by microcytic and hyperchromic red cells,
spherical in shape and without central pallor (Moreira et al., 2011). In this study,
propolis extracts decreased the fragility of the erythrocyte membrane, with
the effect related to the phenolic content of propolis. Furthermore, chestnut
propolis also exhibits a monoamine oxidase inhibiting effect, an approach often
used in the treatment of depressive disorders and some neurodegenerative
illnesses, such as Parkinson’s and Alzheimer's diseases, and may be effective in
protecting humans against depression and similar diseases (Yildiz et al., 2014).

Extracts of the outer brown peel, leaf and catkins (male flowers) of chestnuts
have shown an interesting ability to protect liposomes from peroxidation, as
the phenolics of their extracts intercalate into the membranes to remove lipid
peroxides (Zivkovié¢ et al., 2009b). Phenolic extracts prepared from chestnut
leaf, catkin and spiny burs also prevented oxidative stress-induced B-cell
(Rin-5F) death, a phenomenon with a central role in the onset of diabetes.
The extracts increased cell viability by protecting DNA from oxidative damage
and by enhancing the natural antioxidant system, while improving the cell’s
redox status, and inhibiting lipid peroxidation (Muji¢ et al., 2011). Chestnut
catkins have been studied as an ingredient in Portuguese pastry and cheese,
with the aim of creating functional foods. Carocho et al. (2015a,b) processed
the Portuguese ‘Serra da Estrela’ cheese and Portuguese traditional cakes
‘econdmicos’, into functional products showing high phenolic content and
higher antioxidant activity, which leads to an increase in consumer intake of the
bioactive compounds present in chestnut flowers. Chestnut leaves have been
traditionally used for teas in the treatment of coughs and diarrhoea (Calliste
et al., 2005), lower back pain and stiff joints or muscles (Diaz-Reinoso et al.,
2011; Reinoso et al., 2012) with their effect probably linked to the presence of
phenolic compounds, namely ellagic acid and gallic acid derivatives (Zivkovi¢
etal., 2009c).

Bud extracts and bud preparations form a new category of plant products.
Also based on the use of Castanea spp. as herbal medicines in homeopathy
and in modern phytotherapy, old macerations of buds sampled from fertile
long shoots (sleeping and breaking stages) from C. sativa and C. crenata were
found to be a good source of vitamins, terpenes and polyphenolic compounds,
which are responsible for the popularized effects on stagnant and vascular
fluids or against recurrent cystitis and for its curative and restorative properties
(Donno et al., 2014).
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9 Future trends in research

The recent upward trend in chestnut production and consumption has been
supported by recent research findings regarding its nutritional value and
beneficial health effects, as well as improved knowledge and awareness of the
stakeholders in the value chain that are willing to improve the use of either fresh
or processed chestnuts. Although chestnut production is mainly focused on the
production of fresh fruit and timber, the recent advances in food technology
and health status have shown other neglected potentialities of this crop.

In the area of food science and technology, there are endless opportunities
to explore other food and non-food products derived or obtained from
chestnut production which will create added value in this value chain. Thus,
further research should be aimed at developing novel products or new recipes
from traditional chestnut products. For instance, honey and herbal teas from
chestnut leaves, buds and catkins need further investigation, based on their
potential health benefits and for added value in the chestnut value chain.

Concepts such as ‘organic food’, ‘zero-kilometre food’ or ‘family farming’
have an increasingly bigger role on the world’s agricultural stage and could
represent a big opportunity for producers to develop new market opportunities
and expand the culture of this crop.

10 Acknowledgement

The authors would like to pay tribute to our colleague Richard Neil Bennett. A
noted figure in chestnut research, Richard was prevented by a severe stroke
from making what would have been a valuable contribution to this book.

11 References

Aires, A., Carvalho, R. and Saavedra, M. J. 2016. Valorization of solid wastes from chestnut
industry processing: extraction and optimization of polyphenols, tannins and
ellagitannins and its potential for adhesives, cosmetic and pharmaceutical industry.
Waste Manag. 48, 457-64. doi:10.1016/j.wasman.2015.11.019.

Ajibola, A., Chamunorwa, J. P. and Erlwanger, K. H. 2012. Nutraceutical values of natural
honey and its contribution to human health and wealth. Nutr. Metab. 9(1), 61.
doi:10.1186/1743-7075-9-61.

Akbulut, M., Bozhuyuk, M. R., Ercisli, S., Skender, A. and Sorkheh, K. 2017. Chemical
composition of seed propagated chestnut genotypes from Northeastern Turkey.
Not. Bot. Hort. Agrobot. Cluj-Napoca 45(2), 425-30. doi:10.15835/nbha45210931.

Alasalvar, C.and Bolling, B.W.2015. Review of nut phytochemicals, fat-soluble bioactives,
antioxidant components and health effects. Br. J. Nutr. 113(S2), S68-78.d0i:10.1017/
S0007114514003729.

Alissandrakis, E., Tarantilis, P. A., Pappas, C., Harizanis, P. C. and Polissiou, M. 2011.
Investigation of organic extractives from unifloral chestnut (Castanea sativa L.)

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



28 Uses and health benefits of chestnuts

and eucalyptus (Eucalyptus globulus Labill) honey and flowers to identification of
botanical marker compounds. LWT Food Sci. Technol. 44(4), 1042-51. doi:10.1016/j].
Iwt.2010.10.002.

Almeida, I. F., Valentdo, P, Andrade, P. B., Seabra, R. M., Pereira, T. M., Amaral, M. H.,
Costa, P. C. and Bahia, M. F. 2008. In vivo skin irritation potential of a Castanea sativa
(Chestnut) leaf extract, a putative natural antioxidant for topical application. Basic
Clin. Pharmacol. Toxicol. 103(5), 461-7. doi:10.1111/j.1742-7843.2008.00301 .x.

Almeida, I. F., Maleckova, J., Saffi, R., Monteiro, H., Goios, F., Amaral, M. H., Costa, P.
C., Garrido, J., Silva, P, Pestana, N., et al. 2015. Characterization of an antioxidant
surfactant-free topical formulation containing Castanea sativa leaf extract. Drug Dev.
Ind. Pharm. J. 41(1), 148-55. doi:10.3109/03639045.2013.850712.

Amarowicz, R., Gong, Y. and Pegg, R. B. 2017. Recent advances in our knowledge of the
biological properties of nuts. In: Ferreira, I. C. F. R., Morales, P. and Barros, L. (Eds),
Wild Plants, Mushrooms and Nuts: Functional Food Properties and Applications.
John Wiley and Sons Ltd, United Kingdom, pp. 377-409. Chapter 11.

Anderson, J. W., Davidson, M. H., Blonde, L., Brown, W. V., Howard, W. J., Ginsberg, H.,
Allgood, L. D. and Weingand, K. W. 2000. Long-term cholesterol-lowering effects of
psyllium as an adjunct to diet therapy in the treatment of hypercholesterolemia. Am.
J. Clin. Nutr. 71(6), 1433-8. doi:10.1093/ajcn/71.6.1433.

Antonio, A. L., Fernandes, A., Barreira, J. C., Bento, A., Botelho, M. L. and Ferreira,|.C.2011.
Influence of gamma irradiation in the antioxidant potential of chestnuts (Castanea
sativa Mill.) fruits and skins. Food Chem. Toxicol. 49(9), 1918-23. doi:10.1016/j.
fct.2011.02.016.

Attanasio, G., Cinquanta, L., Albanese, D. and Matteo, M. D. 2004. Effect of drying
temperature on physico-chemical properties of dried and rehydrated chestnuts
(Castanea sativa). Food Chem. 88(4), 583-90. doi:10.1016/j.foodchem.2004.01.071.

Avsar, C., Ozler, H., Berber, i. and Civek, S. 2016. Phenolic composition, antimicrobial and
antioxidant activity of Castanea sativa Mill. pollen grains from Black Sea region of
Turkey. Int. Food Res. J. 23,1711-6.

Barreira, J. C. M., Ferreira, |. C. F. R., Oliveira, M. B. P. P. and Pereira, J. A. 2008. Antioxidant
activities of the extracts from chestnut flower, leaf, skins and fruit. Food Chem. 107(3),
1106-13. doi:10.1016/j.foodchem.2007.09.030.

Barreira, J. C., Casal, S., Ferreira, I. C., Oliveira, M. B. P.and Pereira, J. A. 2009. Nutritional, fatty
acid and triacylglycerol profiles of Castanea sativa Mill. cultivars: a compositional and
chemometric approach. J. Agric. Food Chem. 57(7), 2836-42. doi:10.1021/jf803754u.

Barreira, J. C., Ferreira, I. C., Oliveira, M. B. and Pereira, J. A. 2010. Antioxidant potential
of chestnut (Castanea sativa L.) and almond (Prunus dulcis L.) by-products. Food Sci.
Technol. Int. 16(3), 209-16. doi:10.1177/1082013209353983.

Barreira, J. C.M., Antonio, A. L., Glinaydi, T., Alkan, H., Bento, A., Botelho, M. L. and Ferreira,
I.C. F.R. 2012a. Chemometric characterization of gamma irradiated chestnuts from
Turkey. Radiat. Phys. Chem.81(9), 1520-4. doi:10.1016/j.radphyschem.2012.01.005.

Barreira, J. C., Casal, S., Ferreira, . C., Peres, A. M., Pereira, J. A. and Oliveira, M. B. P.
2012b. Chemical characterization of chestnut cultivars from three consecutive years:
chemometrics and contribution for authentication. Food Chem. Toxicol. 50(7), 2311-
7.doi:10.1016/}.fct.2012.04.008.

Barros, A.l.,Nunes, F. M., Gongalves, B., Bennett, R.N.and Silva, A.P.2011. Effect of cooking
on total vitamin C contents and antioxidant activity of sweet chestnuts (Castanea
sativa Mill.). Food Chem. 128(1), 165-72. doi:10.1016/j.foodchem.2011.03.013.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 29

Basile, A., Sorbo, S., Giordano, S., Ricciardi, L., Ferrara, S., Montesano, D., Cobianchi,
R. C., Vuotto, M. L. and Ferrara, L. 2000. Antibacterial and allelopathic activity of
extract from Castanea sativa leaves. Fitoterapia 71(Suppl. 1), S110-6. doi:10.1016/
S0367-326X(00)00185-4.

Belitz, H.-D. and Grosch, W. 1999. Minerals. In: Belitz, H.-D. and Grosch, W. (Eds), Food
Chemistry (2nd edn.). Springer Verlag, Berlin, Germany, pp. 395-401. Chapter 7.

Bellini, E., Giordani, E., Marinelli, C., Migliorini, M. and Funghini, L. 2008. Marrone del
Mugello PGI: nutritional and organoleptic quality of European chestnut (Castanea
sativa Mill.). IV International Chestnut Symposium, Beijing, China, pp. 61-8.
doi:10.17660/ActaHortic.2009.844.7.

Benatti, P, Peluso, G., Nicolai, R. and Calvani, M. 2004. Polyunsaturated fatty acids:
biochemical, nutritional and epigenetic properties. J. Am. Coll. Nutr. 23(4), 281-302.
doi:10.1080/07315724.2004.10719371.

Bento, A., Cabo, P. and Malheiro, R. 2016. Nuts: agricultural and economic importance
worldwide. In: Ferreira, I. C. F. R.,, Morales, P. and Barros, L. (Eds), Wild Plants,
Mushrooms and Nuts: Functional Food Properties and Applications. John Wiley and
Sons Ltd, United Kingdom, pp. 353-76. Chapter 10.

Bertoncelj, J., Dobersek, U., Jamnik, M. and Golob, T. 2007. Evaluation of the phenolic
content, antioxidant activity and colour of Slovenian honey. Food Chem. 105(2),
822-8.d0i:10.1016/j.foodchem.2007.01.060.

Bettler, B., Kaupmann, K., Mosbacher, J. and Gassmann, M. 2004. Molecular structure
and physiological functions of GABA(B) receptors. Physiol. Rev. 84(3), 835-67.
doi:10.1152/physrev.00036.2003.

Blaiotta, G., La Gatta, B., Di Capua, M., Di Luccia, A., Coppola, R. and Aponte, M. 2013.
Effect of chestnut extract and chestnut fiber on viability of potential probiotic
Lactobacillus strains under gastrointestinal tract conditions. Food Microbiol. 36(2),
161-9.doi:10.1016/j.fm.2013.05.002.

Borges, O. P, Carvalho, J. S., Correia, P.R. and Silva, A. P. 2007. Lipid and fatty acid profiles
of Castanea sativa Mill. chestnuts of 17 native Portuguese cultivars. J. Food Compos.
Anal. 20, 80-9.

Borges, O., Gongalves, B., de Carvalho, J. L. S., Correia, P. and Silva, A. P. 2008. Nutritional
quality of chestnut (Castanea sativa Mill.) cultivars from Portugal. Food Chem. 106(3),
976-84.doi:10.1016/j.foodchem.2007.07.011.

Braga, N., Rodrigues, F. and Oliveira, M. B. 2015. Castanea sativa by-products: a review
on added value and sustainable application. Nat. Prod. Res. 29(1), 1-18. doi:10.108
0/14786419.2014.955488.

Brizi, C., Santulli, C., Micucci, M., Budriesi, R., Chiarini, A., Aldinucci, C. and Frosini, M.
2016. Neuroprotective effects of Castanea sativa Mill. Bark extract in human
neuroblastoma cells subjected to oxidative stress. J. Cell. Biochem. 117(2), 510-20.
doi:10.1002/jcb.25302.

Calliste, C. A., Trouillas, P, Allais, D. P. and Duroux, J. L. 2005. Castanea sativa Mill. leaves
as new sources of natural antioxidant: an electronic spin resonance study. J. Agric.
Food Chem. 53(2), 282-8. doi:10.1021/jf049341c.

Carocho, M., Antonio, A. L., Barros, L., Bento, A., Botelho, M. L., Kaluska, I. and Ferreira,
I. C. 2012. Comparative effects of gamma and electron beam irradiation on the
antioxidant potential of Portuguese chestnuts (Castanea sativa Mill.). Food Chem.
Toxicol. 50(10), 3452-5. doi:10.1016/}.fct.2012.07.041.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



30 Uses and health benefits of chestnuts

Carocho, M., Barros, L., Antonio, A. L., Barreira, J. C. M., Bento, A., Kaluska, |. and Ferreira,
I. C. F. R. 2013. Analysis of organic acids in electron beam irradiated chestnuts
(Castanea sativa Mill.): effects of radiation dose and storage time. Food Chem.
Toxicol. 55, 348-52. d0i:10.1016/j.fct.2013.01.031.

Carocho, M., Antonio, A. L., Barreira, J. C. M., Rafalski, A., Bento, A. and Ferreira, I. C.
F. R. 2014a. Validation of gamma and electron beam irradiation as alternative
conservation technology for European chestnuts. Food Bioprocess. Tech. 7(7), 1917~
27.doi:10.1007/s11947-013-1186-5.

Carocho, M., Calhelha, R. C., Queiroz, M. R. P,, Bento, A., Morales, P, Sokovi¢, M. and
Ferreira, I. C. F. R. 2014b. Infusions and decoctions of Castanea sativa flowers
as effective antitumor and antimicrobial matrices. Ind. Crops Prod. 62, 42-6.
doi:10.1016/j.indcrop.2014.08.016.

Carocho, M., Barreira, J. C., Bento, A., Morales, P. and Ferreira, |. C. 2014c. Chestnut
flowers as functionalizing agents to enhance the antioxidant properties of highly
appreciated traditional pastry. Food Funct. 5(11), 2989-95. doi:10.1039/c4f000552j.

Carocho, M., Barros, L., Bento, A., Santos-Buelga, C., Morales, P. and Ferreira, |. C. 2014d.
Castanea sativa Mill. flowers amongst the most powerful antioxidant matrices:
a phytochemical approach in decoctions and infusions. BioMed Res. Int. 2014,
232956. doi:10.1155/2014/232956.

Carocho, M., Barreira, J. C. M., Antonio, A. L., Bento, A., Morales, P. and Ferreira, I. C. F. R.
2015a. The incorporation of plant materials in ‘Serra da Estrela’ cheese improves
antioxidant activity without changing the fatty acid profile and visual appearance.
Eur. J. Lipid Sci. Technol. 117(10), 1607-14. doi:10.1002/ejlt.201500018.

Carocho, M., Barreira, J. C. M., Barros, L., Bento, A., Camara, M., Morales, P. and Ferreira,
I. C. F. R. 2015b. Traditional pastry with chestnut flowers as natural ingredients:
an approach of the effects on nutritional value and chemical composition. J Food
Compos. Anal. 44,93-101. doi:10.1016/j.jfca.2015.08.003.

Castro-Vazquez, L., Diaz-Maroto, M. C., De Torres, C. and Pérez-Coello, M. S. 2010. Effect
of geographical origin on the chemical and sensory characteristics of chestnut
honeys. Food Res. Int. 43(10), 2335-40. doi:10.1016/j.foodres.2010.07.007.

Chambial, S., Dwivedi, S., Shukla, K. K., John, P. J. and Sharma, P. 2013. Vitamin C in
disease prevention and cure: an overview. Indian J. Clin. Biochem. 28(4), 314-28.
doi:10.1007/s12291-013-0375-3.

Chenlo, F., Moreira, R., Chaguri, L. and Torres, M. D. 2009. Note. Sugar, moisture contents,
and color of chestnuts during different storage regimes. Food Sci. Technol. Int. 15(2),
169-78.doi:10.1177/1082013208106321.

Chiarini, A., Micucci, M., Malaguti, M., Budriesi, R., loan, P, Lenzi, M., Fimognari, C., Gallina
Toschi, T., Comandini, P. and Hrelia, S. 2013. Sweet chestnut (Castanea sativa Mill.)
bark extract: cardiovascular activity and myocyte protection against oxidative
damage. Oxid. Med. Cell. Longev. 2013, 471790. doi:10.1155/2013/471790.

Cho, G. S. and Jo, J. S. 2003. Screening of antimicrobial activity from Castanea crenata
Sieb. et Zucc. leaves and flowers. I. Chemical compositions. J. Korean Soc. Agric.
Biotech. 46,257-61.

Comandini, P, Lerma-Garcia, M. J., Simoé-Alfonso, E. F. and Toschi, T. G. 2014. Tannin
analysis of chestnut bark sample (Castanea sativa Mill.) by HPLC-DAD-MS. Food
Chem. 157, 290-5. doi:10.1016/j.foodchem.2014.02.003.

Cristofori, V., Muganu, M., Graziosi, P, Bertazza, G. and Bignami, C. 2007. Comparison
of nut traits and quality evaluation of chestnut (Castanea sativa Mill.) germplasm

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 31

in Latium Region (Central Italy). International Workshop on Chestnut Management
in Mediterranean Countries - Problems and Prospects, Bursa, Turkey, pp. 133-40.
doi:10.17660/ActaHortic.2009.815.17.

Cruz, B. R., Abrado, A. S., Lemos, A. M. and Nunes, F. M. 2013. Chemical composition
and functional properties of chestnut starch (Castanea sativa Mill). Carbohyd. Polym.
94(1), 594-602. doi:10.1016/j.carbpol.2012.12.060.

Dall'‘Asta, C., Cirlini, M., Morini, E., Rinaldi, M., Ganino, T. and Chiavaro, E. 2013. Effect
of chestnut flour supplementation on physico-chemical properties and volatiles in
bread making. LWT Food Sci. Technol. 53(1), 233-9. doi:10.1016/j.Iwt.2013.02.025.

Das, A. K., Babylatha, R., Pavithra, A. S. and Khatoon, S. 2013. Thermal degradation of
groundnut oil during continuous and intermittent frying. J. Food Sci. Technol. 50(6),
1186-92. doi:10.1007/s13197-011-0452-7.

De JesUs, M. C., Dominguez, R., Cantalapiedra, J., Iglesias, A. and Lorenzo, J. M. 2016.
Effect of the amount of chestnuts in the diet of Celta pigs on the fatty acid profile of
dry-cured lacon. Grasas Aceites 67(1), e119.

Delgado, T., Pereira, J. A., Ramalhosa, E. and Casal, S. 2016. Effect of hot air convective
drying on the fatty acid and vitamin E composition of chestnut (Castanea sativa Mill.)
slices. Eur. Food Res. Technol. 242(8), 1299-306. doi:10.1007/s00217-015-2633-5.

Delgado, T., Pereira, J. A., Ramalhosa, E. and Casal, S. 2017. Osmotic dehydration effects
on major and minor components of chestnut (Castanea sativa Mill.) slices. J. Food
Sci. Technol. 54(9), 2694-703. doi:10.1007/s13197-017-2706-5.

Delgado, T., Ramalhosa, E., Pereira, J. A. and Casal, S. 2018. Organic acid profile of
chestnut (Castanea sativa Mill.) as affected by hot air convective drying. Int. J. Food
Prop.21(1), 557-65. doi:10.1080/10942912.2018.1454945.

Diaz-Reinoso, B., Moure, A., Dominguez, H. and Parajo, J. C. 2011. Membrane
concentration of antioxidants from Castanea sativa leaves aqueous extracts. Chem.
Eng. J. 175, 95-102. doi:10.1016/j.cej.2011.09.059.

Dimitri, G., Mastrocola, D., Sacchetti, G. and Neri, L. 2008. Chemical composition and
functional properties of three sweet chestnut (Castanea sativa Mill.) ecotypes from
Italy. IV International Chestnut Symposium, Beijing, China, pp. 41-6.

Dinis, L. T., Oliveira, M. M., Almeida, J., Costa, R., Gomes-Laranjo, J. and Peixoto, F.
2012a. Antioxidant activities of chestnut nut of Castanea sativa Mill. (cultivar
‘Judia’) as function of origin ecosystem. Food Chem. 132(1), 1-8. doi:10.1016/j.
foodchem.2011.09.096.

Dinis, L. T., Peixoto, F., Ferreira-Cardoso, J. V., Morais, J. J. L., Borges, A. D. S., Nunes, F.
M., Gomes-Laranjo, J. F., Costa, R. and Gomes-Laranjo, J. 2012b. Influence of the
growing degree-days on chemical and technological properties of chestnut fruits
(var. Judia’). CyTA J. Food 10(3), 216-24. doi:10.1080/19476337.2011.631713.

Donno, D., Beccaro, G. L., Masnari, F., Mellano, G. M., Cerutti, A. K. and Bounous, G. 2014.
Castanea spp. as phytochemical source for herbal preparations. Proceedings of
the lind European Congress on Chestnut. Acta Hortic., pp. 75-82. doi:10.17660/
ActaHortic.2014.1043.8.

Ertan, E., Erdal, E., Alkan, G. and Algdl, B. E. 2015. Effects of different postharvest storage
methods on the quality parameters of chestnuts (Castanea sativa Mill.). HortScience
50(4),577-81. doi:10.21273/HORTSCI.50.4.577.

Ertirk, U., Cevriye, M. and Arif, S. 2006. Chemical composition of fruits of some
important chestnut cultivars. Braz. Arch. Biot. Technol. 49(2), 183-8. doi:10.1590/
S$1516-8913200600030000.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



32 Uses and health benefits of chestnuts

Espafia, M. S. A., Rodriguez Galdén, B., Diaz Romero, C. and Rodriguez Rodriguez, E.
2011. Fatty acid profile in varieties of chestnut fruits from Tenerife (Spain) Perfil de
acidos grasos en variedades de castafas procedentes de Tenerife (Espafia). CyTA J.
Food 9(1), 77-81. doi:10.1080/19476331003686858.

FAO. 2017. Fruit and vegetables for health initiative - FAO. Available at: http://www.fao.
org/3/a-i6807e.pdf.

FAOstat. 2018. Agriculture data (online). Available at: http://www.fac.org/faostat/
en/#data/QC (accessed on 1 July 2018).

FAO/WHO. 2004. Vitamin and Mineral Requirements in Human Nutrition (2nd edn.).
Bangkok, Thailand.

Fernandes, A., Barreira, J. C., Antonio, A. L., Bento, A., Botelho, M. L. and Ferreira, I. C.
2011. Assessing the effects of gamma irradiation and storage time in energetic value
and in major individual nutrients of chestnuts. Food Chem. Toxicol. 49(9), 2429-32.
doi:10.1016/}.fct.2011.06.062.

Ferreira-Cardoso, J. V. 2002. Caracterizacdo, valorizacdo do fruto de Castanea sativa Mill.;
Composicdo quimica, valor nutritivo e efeito da sua utilizacdo na engorda de porcos
Duroc. Doctoral thesis. Universidade de Tras-os-Montes e Alto Douro, Vila Real.

Gajcy, K., Lochynski, S. and Librowski, T. 2010. A role of GABA analogues in the
treatment of neurological diseases. Curr. Med. Chem. 17(22), 2338-47.
doi:10.2174/092986710791698549.

Galifianes, C., Freire, M. S. and Gonzélez-Alvarez, J. 2015. Antioxidant activity of phenolic
extracts from chestnut fruit and forest industries residues. Eur. J. Wood Prod. 73(5),
651-9. doi:10.1007/s00107-015-0936-7.

Gao, H., Liu, S. and Shi, P. 2011. Progress of Chinese chestnut process technology and
production model. Food Sci. 32, 141-3.

Garcia, J., Agar, |. and Streif, I. 1992. Fat content and fatty acid composition in individual
seeds of pistachio varieties grown in Turkey. Gartenbauwissenschaft 57, 130-3.
Geleijnse, J. M. and Hollman, P. Ch. 2008. Flavonoids and cardiovascular health:
which compounds, what mechanisms? Am. J. Clin. Nutr. 88, 12-3. doi:10.1093/

ajen/88.1.12.

Glushkova, M., Zhyanski, M. and Velinova, K. 2010. Nut quality assessment of chestnut
cultivars from ‘Ivanik’ clone collection. Forest Sci. 1, 3-14.

Gongalves, B., Borges, O., Costa, H. S., Bennett, R., Santos, M. and Silva, A. P. 2010.
Metabolite composition of chestnut (Castanea sativa Mill.) upon cooking:
proximate analysis, fibre, organic acids and phenolics. Food Chem. 122(1), 154-60.
doi:10.1016/j.foodchem.2010.02.032.

Gongalves, B., Borges, O., Rosa, E., Coutinho, J. and Silva, A. P. 2012. Effect of cooking on
free amino acid and mineral profiles of sweet chestnut (Castanea sativa Mill.). Fruits
67(3),201-14. doi:10.1051 /fruits/2012013.

Gounga, M. E., Xu, S.-Y. and Wang, Z. 2007. Sensory attributes of freshly roasted and
roasted freeze dried Chinese chestnut (Castanea mollissima) coated with whey
protein isolate-pullulan edible coating. Int. J. Agric. Res. 2, 959-64.

Gounga,M.E., Xu,S.Y.,.Wang,Z.andYang,W.G.2008.Effect of whey proteinisolate-pullulan
edible coatings onthe qualityand shelf life of freshly roasted and freeze-dried Chinese
chestnut. J. Food Sci. 73(4), E155-61. doi:10.1111/j.1750-3841.2008.00694..x.

Gounga, M. E., Omar, K. and Amadou, I. 2017. Volatile compounds analysis in chestnuts
and chocolate-coated chestnuts using GC-MS. Int. J. Curr. Res. Biosci. Plant Biol. 5(3),
70-7.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 33

Grdovi¢, N., Dini¢, S., Arambasic, J., Mihailovi¢, M., Uskokovi¢, A., Markovi¢, J., Poznanovi¢,
G., Vidovi¢, S., Zekovi¢, Z., Muji¢, A., et al. 2012. The protective effect of a mix of
Lactarius deterrimus and Castanea sativa extracts on streptozotocin-induced
oxidative stress and pancreatic B-cell death. Br. J. Nutr. 108(7), 1163-76.d0i:10.1017/
S0007114511006702.

Gunes, M. E., Sahin, S., Demir, C., Borum, E. and Tosunoglu, A. 2017. Determination of
phenolic compounds profile in chestnut and floral honeys and their antioxidant and
antimicrobial activities. J. Food Biochem. 41(3), e12345. doi:10.1111/jfbc.12345.

Ham, J. S., Kim, H. Y. and Lim, S. T. 2015. Antioxidant and deodorizing activities of
phenolic components in chestnut inner shell extracts. Ind. Crops Prod. 73, 99-105.
doi:10.1016/j.indcrop.2015.04.017.

Hansson, G. K. 2005. Inflammation, atherosclerosis, coronary artery disease. N. Engl. J.
Med. 352(16), 1685-95. doi:10.1056/NEJMra043430.

Hardaman, W. E. 2002. Omega-3 fatty acids to augment cancer therapy. J. Nutr. 132,
3508-12.

Hou, F., Shi, X, Li, Q., Xie, S., Wu, Y. and Ouyang, J. 2016. Nutritional quality of Chinese
chestnut and effect of cooking on its bioactive compounds and antioxidant activity.
J. Food Process. Preserv. 40(6), 1383-90. doi:10.1111/jfpp.12723.

Jeong, H.R., Jo, Y. N, Jeong, J. H., Jin, D. E., Song, B. G, Jin, Y. R., Kim, M., Lee, U. and
Heo, H. 2012. Change in the chemical composition of chestnuts (Castanea crenata)
from different periods. Korean J. Food Sci. Technol. 44(4), 393-400. doi:10.9721/
KJFST.2012.44.4.393.

Jermini, M., Conedera, M., Sieber, T. N., Sassella, A., Scharer, H., Jelmini, G. and Hoehn,
E. 2006. Influence of fruit treatments on perishability during cold storage of sweet
chestnuts. J. Sci. Food Agric. 86(6), 877-85. doi:10.1002/jsfa.2428.

Jesch, E. D.and Carr, T.P. 2017. Food ingredients that inhibit cholesterol absorption. Prev.
Nutr. Food Sci. 22(2), 67-80. doi:10.3746/pnf.2017.22.2.67.

Juki¢, H., Jug, T., Nikoli¢, G., Truti¢, N., Muiji¢, ., Rudi¢, D. and Zivkovi¢, J. 2013. Antioxidant
and antibacterial properties of Castanea sativa Mill. catkins extracts. /| European
Congress on Chestnut, Debrecen, Hungary, pp. 167-73.

Kalogeropoulos, N., Chiou, A., loannou, M. S. and Karathanos, V. T. 2013. Nutritional
evaluation and health promoting activities of nuts and seeds cultivated in Greece.
Int. J. Food Sci. Nutr. 64(6), 757-67. doi:10.3109/09637486.2013.793298.

Karadal, F., Onmaz, N. E., Abay, S., Yildirim, Y., Al, S., Tatyuz, I. and Akcay, A. 2018. A study
of antibacterial and antioxidant activities of bee products: propolis, pollen and
honey samples. Ethiop. J. Health Dev. 32(2).

Kirbaslar, F. G., Turker, G., Ozsoy-Giines, Z., Unal, M., Diilger, B., Ertas, E. and Kizilkaya,
B. 2012. Evaluation of fatty acid composition, antioxidant and antimicrobial activity,
mineral composition and calorie values of some nuts and seeds from Turkey. Rec.
Nat. Prod. 6(4), 339-49.

Kolayli, S., Sahin, H., Can, Z., Yildiz, O. and Sahin, K. 2015. Honey shows potent inhibitory
activity against the bovine testes hyaluronidase. J. Enzyme Inhib. Med. Chem. 31(4),
599-602. doi:10.3109/14756366.2015.1054819.

Kolayli, S., Can, Z., Yildiz, O., Sahin, H. and Karaoglu, S. A. 2016. A comparative study of
the antihyaluronidase, antiurease, antioxidant, antimicrobial and physicochemical
properties of different unifloral degrees of chestnut (Castanea sativa Mill.) honeys.
J. Enzyme Inhib. Med. Chem. 31(sup3), 96-104. doi:10.1080/14756366.2016.1209
494,

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



34 Uses and health benefits of chestnuts

Korel, F. and Balaban, M. 2008. Chemical composition and health aspects of chestnut
(Castanea spp.). In: Alasalvar, C. and Shahidi, F. (Eds), Tree Nuts: Composition,
Phytochemicals and Health Effects. CRC Press/Taylor and Francis Group, Boca Raton,
FL, pp. 171-84. Chapter 11. d0i:10.1201/9781420019391.ch11.

Kiguk, M., Kolayli, S., Alpay Karaoglu, §., Ulusoy, E., Baltaci, C. and Candan, F. 2007.
Biological activities and chemical composition of three honeys of different types
from Anatolia. Food Chem. 100(2), 526-34. doi:10.1016/j.foodchem.2005.10.010.

Kuncic, M. K., Jaklic, D., Lapanje, A. and Gunde-Cimerman, N. 2012. Antibacterial and
antimycotic activities of Slovenian honeys. Br. J. Biomed. Sci. 69(4), 154-8.

Kinsch, U., Schéarer, H., Patrian, B., Hurter, J., Conedera, M., Sassella, A., Jermini, M. and
Jelmini, G. 1999. Quality assessment of chestnut fruits. Acta Hortic. 494(494), 119-
28. doi:10.17660/ActaHortic.1999.494.17.

Kinsch, U., Scharer, H., Patrian, B., Hohn, E., Conedera, M., Sassella, A., Jermini, M.
and Jelmini, G. 2001. Effects of roasting on chemical composition and quality of
different chestnut (Castanea sativa Mill.) varieties. J. Sci. Food Agric. 81(11), 1106-12.
doi:10.1002/jsfa.916.

Lau,A.andTymianski,M.2010.Glutamate receptors, neurotoxicityand neurodegeneration.
Pflugers Arch. 460(2), 525-42. doi:10.1007/s00424-010-0809-1.

Lee, H. J., Choi, I. H., Kim, D. H., Amanullah, S. M. and Kim, S. C. 2016a. Nutritional
characterization of tannin rich chestnut (Castanea) and its meal for pig. J. Appl. Ani.
Res. 44(1), 258-62. doi:10.1080/09712119.2015.1031779.

Lee, U., Joo, S., Klopfenstein, N. B. and Kim, M.-S. 2016b. Efficacy of washing treatments in
the reduction of postharvest decay of chestnuts (Castanea crenata ‘Tsukuba') during
storage. Can. J. Plant Sci. 96(1), 1-5. doi:10.1139/cjps-2015-0089.

Lenzi, M., Malaguti, M., Cocchi, V., Hrelia, S. and Hrelia, P. 2017. Castanea sativa Mill.
bark extract exhibits chemopreventive properties triggering extrinsic apoptotic
pathway in Jurkat cells. BMC Complement. Altern. Med. 17(1), 251. doi:10.1186/
$12906-017-1756-6.

Li, Q., Shi, X., Zhao, Q., Cui, Y., Ouyang, J. and Xu, F. 2016. Effect of cooking methods on
nutritional quality and volatile compounds of Chinese chestnut (Castanea mollissima
Blume). Food Chem. 201, 80-6. doi:10.1016/j.foodchem.2016.01.068.

Lin, D. and Zhao, Y. 2007. Innovations in the development and application of edible
coatings for fresh and minimally processed fruits and vegetables. Compr. Rev. Food
Sci. Food Saf. 6(3), 60-75. doi:10.1111/j.1541-4337.2007.00018 x.

Liu, F., Chang, X., Hu, X., Brennan, C. S. and Guo, X. 2017. Effect of thermal processing on
phenolic profiles and antioxidant activities in Castanea mollissima. Int. J. Food Sci.
Technol. 52(2), 439-47. doi:10.1111/ijfs.13299.

Martinez-Ballesta, M. C., Dominguez-Perles, R., Moreno, D. A., Muries, B., Alcaraz-Lépez,
C., Bastias, E., Garcia-Viguera, C. and Carvajal, M. 2010. Minerals in plant food: effect
of agricultural practices and role in human health. A review. Agron. Sustain. Dev.
30(2), 295-309. doi:10.1051/agro/2009022.

McCarthy, M. A. and Meredith, F. . 1988. Nutrient data on chestnuts consumed in the
United States. Econ. Bot. 42(1), 29-36. doi:10.1007/BF02859026.

Mellano, M. G., Beccaro, G. L., Donno, D., Marinoni, D.T., Boccacci, P, Canterino, S., Cerutti,
A.K.and Bounous, G. 2012. Castanea spp. biodiversity conservation: collection and
characterization of the genetic diversity of an endangered species. Genet. Resour.
Crop Evol. 59(8), 1727-41. doi:10.1007/s10722-012-9794x.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 35

Mencarelli, F. 2001. Postharvest handling and storage of chestnuts (Online). Available
at: http://www.fao.org/docrep/006/acé45e/ac645e00.HTM (accessed on 7 August
2018).

Mert, C. and Ertiirk, U. 2017. Chemical compositions and sugar profiles of consumed
chestnut cultivars in the Marmara Region, Turkey. Not. Bot. Hort. Agrobot. Cluj-
Napoca 45(1), 203-7. doi:10.15835/nbha45110729.

Mertens-Talcott, S. U., Lee, J. H., Percival, S. S. and Talcott, S. T. 2006. Induction of cell death
in caco-2 human colon carcinoma cells by ellagic acid rich fractions from muscadine
grapes (Vitis rotundifolia). J. Agric. Food Chem. 54(15), 5336-43. doi:10.1021/
jf060563f.

Meteogluy, I., Kavas, N. C., Saricaoglu, M., llkaya, F., Guzel, H., Alici, O. and Ozturk, F. 2015.
Chestnut honey and sherbet enhance the healing of burn wounds in rat model. Clin.
Investig. Med. 38, E267-73.

Miguelez, J. D. L. M., Bernardez, M. M. and Queijeiro, J. G. 2004. Composition of
varieties of chestnuts from Galicia (Spain). Food Chem. 84(3), 401-4. doi:10.1016/
S0308-8146(03)00249-8.

Milbury, P. E., Chen, C. Y., Dolnikowski, G. G. and Blumberg, J. B. 2006. Determination of
flavonoids and phenolics and their distribution in almonds. J. Agric. Food Chem.
54(14),5027-33. doi:10.1021/jf0603937.

Moreira, L. L., Dias, T., Dias, L. G., Rogdo, M., Da Silva, J. P. and Estevinho, L. M. 2011.
Propolis influence on erythrocyte membrane disorder (hereditary spherocytosis): a
first approach. Food Chem. Toxicol. 49(2), 520-6. doi:10.1016/j.fct.2010.11.042.

Moreira, R., Chenlo, F.,, Torres, M. D., Rama, B. and Arufe, S. 2015. Air drying of chopped
chestnuts at several conditions: effect on colour and chemical characteristics of
chestnut flour. Int. Food Res. J. 22, 407-13.

Morris, M. S., Jacques, P. F., Rosenberg, I. H. and Selhub, J. 2007. Folate and vitamin
B-12 status in relation to anemia, macrocytosis, and cognitive impairment in older
Americans in the age of folic acid fortification. Am. J. Clin. Nutr. 85(1), 193-200.
doi:10.1093/ajcn/85.1.193.

Mota, M., Pinto, T., Vilela, A., Marques, T., Borges, A., Caco, J., Ferreira-Cardoso, J.,
Raimundo, F. and Gomes-Laranjo, J. 2018. Irrigation positively affects the chestnut's
quality: the chemical composition, fruit size and sensory attributes. Sci. Hortic. 238,
177-86.doi:10.1016/j.scienta.2018.04.047.

Muji¢, ., Zivkovi¢, J., Zekovi¢, Z. P., Nikoli¢, G. M., Vidovi¢, S.S., Prgomet, Z. and Dudas, S. D.
2009. Capacity of extracts of Castanea sativa Mill. for removal of organic, hydrophilic
radicals. | European Congress on Chestnut-Castanea, Cuneo, ltaly, pp. 647-52.
doi:10.17660/ActaHortic.2010.866.86.

Muji¢, A., Grdovi¢, N., Muji¢, I., Mihailovi¢, M., Zivkovié, J., Poznanovi¢, G. and Vidakovié,
M. 2011. Antioxidative effects of phenolic extracts from chestnut leaves, catkins and
spiny burs in streptozotocin-treated rat pancreatic B-cells. Food Chem. 125(3), 841-
9.doi:10.1016/j.foodchem.2010.08.068.

Muzzaffar, S.,Magbool, K., Wani, . A.,, Masoodi, F.A.and Bhat, M. M.2016. Physico-chemical
characterization of sweet chestnut (Castanea sativa L.) starch grown in temperate
climate of Kashmir Valley. Acta Alim. 45(2), 258-67. doi:10.1556/066.2016.45.2.13.

Naumann, E., van Rees, A. B., Onning, G., Oste, R., Wydra, M. and Mensink, R. P. 2006.
B-glucan incorporated into a fruit drink effectively lowers serum LDL-cholesterol
concentrations. Am. J. Clin. Nutr. 83(3), 601-5. doi:10.1093/ajcn.83.3.601.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



36 Uses and health benefits of chestnuts

Navarro, S. 2012. The use of modified and controlled atmospheres for the disinfestation
of stored products. J. Pest. Sci. 85(3), 301-22. doi:10.1007/s10340-012-0424-3.
Nazzaro, M., Barbarisi, C., La Cara, F. and Volpe, M. G. 2011. Chemical and biochemical
characterisation of an IGP ecotype chestnut subjected to different treatments. Food

Chem. 128(4), 930-6. doi:10.1016/j.foodchem.2011.03.121.

Nazzaro, M., Mottola, M. V., La Cara, F., Del Monaco, G., Aquino, R. P. and Volpe, M. G.
2012. Extraction and characterization of biomolecules from agricultural wastes.
Chem. Eng. Trans. 27, 331-6.

Neri, L., Dimitri, G. and Sacchetti, G. 2010. Chemical composition and antioxidant activity
of cured chestnuts from three sweet chestnut (Castanea sativa Mill.) ecotypes from
Italy. J. Food Compos. Anal. 23(1), 23-9. doi:10.1016/}.jfca.2009.03.002.

Noda, T., Takigawa, S., Matsuura-Endo, C., Suzuki, T., Hashimoto, N., Kottearachchi,
N. S., Yamauchi, H. and Zaidul, I. S. 2008. Factors affecting the digestibility of raw
and gelatinized potato starches. Food Chem. 110(2), 465-70. doi:10.1016/j.
foodchem.2008.02.027.

Oh, S.-H., Moon, Y.-J. and Oh, C.-H. 2003. y-aminobutyric acid content in selected
uncooked foods. Prev. Nutr. Food Sci. 8, 75-8.

Okuda, T. 2005. Systematics and health effects of chemically distinct tannins in medicinal
plants. Phytochemistry 66(17), 2012-31. doi:10.1016/j.phytochem.2005.04.023.

Otles, S. and Selek, I. 2012. Phenolic compounds and antioxidant activities of chestnut
(Castanea sativa Mill.) fruits. Qual. Ass. Saf. Crop 4(4), 169-216.

Ozel, H. B. 2015. The effects of origin difference on some chemical properties of the fruit
of chestnut (Castanea sativa Mill.). Rom. Biotechnol. Lett. 20(6), 10969.

Oztiirk, S., Cetin, M. and Cetin, M. 2010. Chemical composition and fatty acid contents of
chestnuts grown in Bursa Province, Turkey. As. J. Chem. 22(3), 1845-52.

Panagou, E., Vekiari, S. A. and Mallidis, C. 2006. The effect of modified atmosphere
packaging of chestnuts in suppressing fungal growth and related physicochemical
changes during storage in retail packages at 0 and 8°C. Adv. Hortic. Sci. 20(1), 82-9.

Park,J.S.,An,S.J., Jeong, S. ., Gwon, H. J., Lim, Y. M. and Nho, Y. C. 2017. Chestnut honey
impregnated carboxymethyl cellulose hydrogel for diabetic ulcer healing. Polymers
9(7), 248.

Payne, J. A., Jaynes, R. A. and Kays, S. J. 1983. Chinese chestnut production in the United
States: practice, problems, and possible solutions. Econ. Bot. 37(2), 187-200.
doi:10.1007/BF02858784.

Pena-Mendez, E. M., Herndndez-Suarez, M., Diaz-Romero, C. and Rodriguez-Rodriguez,
E. 2008. Characterization of various chestnut cultivars by means of chemometrics
approach. Food Chem. 107(1), 537-44.

Pereira-Lorenzo, S., Ramos-Cabrer, A. M., Diaz-Hernandez, M. B., Ciordia-Ara, M. and Rios-
Mesa, D. 2006. Chemical composition of chestnut cultivars from Spain. Sci. Hortic.
107(3), 306-14. doi:10.1016/j.scienta.2005.08.008.

Pinto, D., Braga, N., Rodrigues, F. and Oliveira, M. B. P. P. 2017. Castanea sativa bur: an
undervalued by-product but a promising cosmetic ingredient. Cosmetics 4(4), 50.
doi:10.3390/cosmetics4040050.

Poljak, 1., Vahci¢, N., Gaci¢, M. and Idzojti¢, M. 2016. Morphological characterization and
chemical composition of fruits of the traditional Croatian chestnut variety ‘Lovran
Marron’. Food Technol. Biotechnol. 54(2), 189-99. doi:10.17113/ftb.54.02.16.4319.

Portela, E. M. A. C. and Louzada, J. L. P. 2012. Early diagnosis of boron deficiency in
chestnut. J. Plant Nut. 35(2), 304-10. doi:10.1080/01904167.2012.636132.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 37

Powers, H. J. 2003. Riboflavin (vitamin B-2) and health. Am. J. Clin. Nutr. 77(6), 1352-60.
doi:10.1093/ajcn/77.6.1352.

Prosky, L. 2000. When is dietary fiber considered a functional food? BioFactors 12(1-4),
289-97. doi:10.1002/biof.5520120143.

Quave, C. L., Lyles, J. T., Kavanaugh, J. S., Nelson, K., Parlet, C. P, Krosbi, H. A., Heilmann,
K. P. and Horswill, A. R. 2016. Castanea sativa (European chestnut) leaf extracts
rich in ursene and oleanene derivatives block Staphylococcus aureus virulence
and pathogenesis without detectable resistance. PLoS ONE 11(9), e0163655.
doi:10.1371/journal.pone.0163655.

Rackham, R. 1994. Critical factors in establishing chestnuts in the Pacific Northwest. In:
Double, M. L.and MacDonald, W. L.(Eds), Proceedings of the International Chestnut
Conference, Morgantown, WV. West Virginia University Press, Morgantown, WV,
pp. 193-6.

Ras, R. T., Geleijnse, J. M. and Trautwein, E. A. 2014. LDL-cholesterol-lowering effect of
plant sterols and stanols across different dose ranges: a meta-analysis of randomised
controlled studies. Br. J. Nutr. 112(2), 214-9. doi:10.1017/50007114514000750.

Reinoso, B. D., Couto, D., Moure, A., Fernandes, E., Dominguez, H. and Parajé, J. C. 2012.
Optimization of antioxidants - Extraction from Castanea sativa leaves. Chem. Eng. J.
203,101-9. doi:10.1016/j.cej.2012.06.122.

Ribeiro, B., Rangel, J., Valentdo, P, Andrade, P. B., Pereira, J. A., Bolke, H. and Seabra, R.
M. 2007. Organic acids in two Portuguese chestnut (Castanea sativa Miller) varieties.
Food Chem. 100(2), 504-8. doi:10.1016/j.foodchem.2005.09.073.

Ribeiro, A. S., Estanqueiro, M., Oliveira, M. B. and Sousa Lobo, J. M. 2015. Main benefits
and applicability of plant extracts in skin care products. Cosmetics 2(2), 48-65.
do0i:10.3390/cosmetics2020048.

Rios-Mesa, D., Pereira-Lorenzo, S., Gonzélez-Diaz, A. J., Herndndez-Gonzalez, J. Z.,
Gonzalez-Diaz, E. and Salco, V. G. 2011. The status of chestnut cultivation and
utilization in the Canary Islands. Adv. Hortic. Sci. 25(2), 90-8.

Ros, E. 2010. Health benefits of nut consumption. Nutrients 2(7), 652-82. doi:10.3390/
nu2070652.

Sacchetti, G. and Pinnavaia, G. G. 2004. Compositional characteristics of some chestnut
biotypes of Emiliano-Romagnolo Apennine. Il International Chestnut Congress,
Chaves, Portugal, pp. 241-6. doi:10.17660/ActaHortic.2005.693.29.

Sakin-Yilmazer, M., Dirim, S. N., Di Pinto, D. and Kaymak-Ertekin, F. 2014. Yoghurt with
candied chestnut: freeze drying, physical, and rheological behaviour. J. Food Sci.
Technol. 51(12), 3949-55. doi:10.1007/s13197-012-0890-x.

Sanchez-Monge, R., Blanco, C., Lépez-Torrejon, G., Cumplido, J., Recas, M., Figueroa,
J., Carrillo, T. and Salcedo, G. 2006. Differential allergen sensitization patterns in
chestnut allergy with or without associated latex-fruit syndrome. J. Allergy Clin.
Immunol. 118(3), 705-10. doi:10.1016/j.jaci.2006.04.058.

Santos, F. T., Goufo, P, Santos, C., Botelho, D., Fonseca, J., Queirds, A., Costa, M. S. S. M.
and Trindade, H. 2016. Comparison of five agro-industrial waste-based composts as
growing media for lettuce: effect on yield, phenolic compounds and vitamin C. Food
Chem. 209,293-301. doi:10.1016/j.foodchem.2016.04.087.

Sanz, M., Cadahia, E., Esteruelas, E., Mufioz, A. M., Simdn, B. F., Hernandez, T. and Estrella,
I. 2010. Phenolic compounds in chestnut (Castanea sativa Mill.) heartwood. Effect
of toasting at cooperage. J. Agric. Food Chem. 58(17), 9631-40. doi:10.1021/
jf102718t.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



38 Uses and health benefits of chestnuts

Sapkota, K., Park, S. E., Kim, J. E., Kim, S., Choi, H. S., Chun, H. S. and Kim, S. J. 2010.
Antioxidant and antimelanogenic properties of chestnut flower extract. Biosci.
Biotechnol. Biochem. 74(8), 1527-33. doi:10.1271/bbb.100058.

Sarikaya, A. O., Ulusoy, E., Ozturk, N., Tuncel, M. and Kolayli, S. 2009. Antioxidant activity
and phenolic acid constituents of chestnut (Castania sativa Mill.) honey and propolis.
J. Food Biochem. 33(4), 470-81. doi:10.1111/}.1745-4514.2009.00231 x.

Sathe, S. K., Monaghan, E. K., Kshirsagar, H. H. and Venkatachalam, M. 2009. Chemical
composition of edible nut seeds and its implications in human health. In: Alasalvar,
C. and Shahidi, F. (Eds), Tree Nuts: Composition, Phytochemicals and Health
Effects. CRC Press Taylor and Francis Group, Boca Raton, FL, pp. 11-35. Chapter 2.
doi:10.1201/9781420019391.ch2.

Sato, A., Tanaka, K., Takada, N., Sawamura, Y. and Hirabayashi, T. 2010. Comparison of
phenolic content of easily removed pellicle of Japanese chestnut ‘Porotan’ with
other Japanese and Chinese chestnut cultivars. J. Jon. Soc. Hortic. Sci. 79(3), 258-62.
doi:10.2503/jjshs1.79.258.

Sato, A., Truong, V.-D., Johanningsmeier, S. D., Reynolds, R., Pecota, K. V. and Yencho, G.
C. 2017. Chemical constituents of sweet potato genotypes in relation to textural
characteristics of processed French fries. J. Food Sci. 83(1), 60-73.

Selenge, E.,Murata, T., Tanaka, S., Sasaki, K., Batkhuu, J.and Yoshizaki, F.2014.Monoterpene
glycosides, phenylpropanoids, and acacetin glycosides from Dracocephalum
foetidum. Phytochemistry 101, 91-100. doi:10.1016/j.phytochem.2014.02.007.

Selma, M. V., Beltran, D., Garcia-Villalba, R., Espin, J. C. and Tomas-Barberan, F. A. 2014.
Description of urolithin production capacity from ellagic acid of two human intestinal
Gordonibacter species. Food Funct. 5(8), 1779-84. doi:10.1039/c4f000092g.

Seo, D. J., Chung, M. J., Kim, D. J., You, J. K. and Choe, M. 2009. Nutritional constituent
analysis of Korean chestnuts. J. Korean Soc. Food Sci. Nutr. 38(2), 166-76.
doi:10.3746/jkfn.2009.38.2.166.

Seo, K. H., Lee, J. Y., Debnath, T., Kim, Y. M., Park, J. Y., Kim, Y. O., Park, S. J. and Lim, B. O.
2016. DNA protection and antioxidant potential of chestnut shell extracts. J. Food
Biochem. 40(1), 20-30. doi:10.1111/jfbc.12179.

Sequeira, C. A., Ferreira-Cardoso, J. V. and Torres-Pereira, J. M. G. 2004. Effect of year
and cultivar on chemical composition of chestnuts from northeastern Portugal. /Il
International Chestnut Congress, Chaves, Portugal, pp. 271-8.

Silva, A. P, Santos-Ribeiro, R., Borges, O., Magalhdes, B., Silva, M. E. and Gongalves, B.
2001. Effects of roasting and boiling on the physical and mechanical properties of
11 Portuguese chestnut cultivars (Castanea sativa Mill.). CyTA J. Food 9(3), 214-9.

Silva, B. M., Andrade, P. B., Valentdo, P, Ferreres, F., Seabra, R. M. and Ferreira, M. A. 2004.
Quince (Cydonia oblonga Miller) fruit (pulp, peel, and seed) and jam: antioxidant
activity. J. Agric. Food Chem. 52(15), 4705-12. doi:10.1021/jf040057v.

Silva, A. P, Oliveira, |., Silva, M. E., Guedes, C. M., Borges, O., Magalhaes, B. and Gongalves,
B.2016. Starch characterization in seven raw, boiled and roasted chestnuts (Castanea
sativa Mill.) cultivars from Portugal. J. Food Sci. Technol. 53(1), 348-58. doi:10.1007/
s13197-015-2047-1.

Sorice, A., Siano, F., Capone, F., Guerriero, E., Picariello, G., Budillon, A., Ciliberto, G.,
Paolucci, M., Constantini, S. and Volpe, M. G. 2016. Potential anticancer effects
of polyphenols from chestnut shell extracts: modulation of cell growth, and
cytokinomic and metabolomic profiles. Molecules 21(10), 1411. doi:10.3390/
molecules21101411.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



Uses and health benefits of chestnuts 39

Squillaci, G., Apone, F,, Sena, L. M., Carola, A., Tito, A., Bimonte, M., Lucia, A. D., Colucci,
G., Cara, F. L. and Morana, A. 2018. Chestnut (Castanea sativa Mill.) industrial wastes
as a valued bioresource for the production of active ingredients. Proc. Biochem. 64,
228-36.d0i:10.1016/j.procbio.2017.09.017.

Sunitha, K., Suresh, P, Santhosh, M. S., Hemshekhar, M., Thushara, R. M., Marathe,
G. K., Thirunavukkarasu, C., Kemparaju, K., Kumar, M. S. and Girish, K. S. 2013.
Inhibition of hyaluronidase by N-acetyl cysteine and glutathione: role of thiol
group in hyaluronan protection. Int. J. Biol. Macromol. 55, 39-46. doi:10.1016/j.
ijbiomac.2012.12.047.

Tian, B., Tao, H., Hai-ying, Z., Hong-wei, L. and Li-ping, L. 2009. Changes in carbohydrate
metabolism in coated chestnuts during storage. Acta Hortic. 844, 75-82.

Tsujita, T., Takaku, T. and Suzuki, T. 2008. Chestnut astringent skin extract, an a-amylase
inhibitor, retards carbohydrate absorption in rats and humans. J. Nutr. Sci. Vitaminol.
54(1), 82-8. doi:10.3177/jnsv.54.82.

Vadivel, V., Kunyanga, C. N. and Biesalski, H. K. 2012. Health benefits of nut consumption
with special reference to body weight control. Nutrition 28(11-12), 1089-97.
doi:10.1016/j.nut.2012.01.004.

VALCAST project data. 2008. Projecto VALCAST Il- Valorizagdo da castanha portuguesa e
opimizagdo do seu processamento. Relatério Técnico Final. UTAD. Set 2008.

Vasconcelos, M. D. C. B. M., Bennett, R. N., Rosa, E. A. and Cardoso, J. V. F. 2007. Primary
and secondary metabolite composition of kernels from three cultivars of Portuguese
chestnut (Castanea sativa Mill.) at different stages of industrial transformation. J.
Agric. Food Chem. 55(9), 3508-16. doi:10.1021/jf0629080.

Vasconcelos, M. C., Bennett, R.,, Rosa, E., Ferreira-Cardoso, J. V. and Nunes, F. 2009.
Industrial processing of chestnut fruits (Castanea sativa Mill.) - Effects on nutrients
and phytochemicals. | European Congress on Chestnut-Castanea, Cuneo, ltaly, pp.
611-7.

Vasconcelos, M. C. B. M., Bennett, R. N., Rosa, E. A. and Ferreira-Cardoso, J. V. 2010.
Composition of European chestnut (Castanea sativa Mill.) and association with
health effects: fresh and processed products. J. Sci. Food Agric. 90(10), 1578-89.
doi:10.1002/jsfa.4016.

Vaughan, J. G. and Geissler, C. A. 1997. The New Oxford Book of Food Plants. Oxford
University Press, Oxford, UK.

Vella, F. M., Laratta, B., La Cara, F. and Morana, A. 2018. Recovery of bioactive molecules
from chestnut (Castanea sativa Mill.) by-products through extraction by different
solvents. Nat. Prod. Res. 32(9), 1022-32. doi:10.1080/14786419.2017.1378199.

Veluri, R., Singh, R. P, Liu, Z., Thompson, J. A., Agarwal, R. and Agarwal, C. 2006.
Fractionation of grape seed extract and identification of gallic acid as one of the
major active constituents causing growth inhibition and apoptotic death of DU145
human prostate carcinoma cells. Carcinogenesis 27(7), 1445-53. doi:10.1093/
carcin/bgi347.

Vossen, P. 2000. Chestnut culture in California. Division of Agriculture and Natural
Resources. Publ. 8010. University of California, Davis, CA, 18pp.

Wani, I. A., Hamid, H., Hamdani, A. M., Gani, A. and Ashwar, B. A. 2017. Physico-chemical,
rheological and antioxidant properties of sweet chestnut (Castanea sativa Mill.) as
affected by pan and microwave roasting. J. Adv. Res. 8(4), 399-405. doi:10.1016/j.
jare.2017.05.005.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



40 Uses and health benefits of chestnuts

Wenzel, U., Nickel, A., Kuntz, S. and Daniel, H. 2004. Ascorbic acid suppresses drug-
induced apoptosis in human colon cancer cells by scavenging mitochondrial
superoxide anions. Carcinogenesis 25(5), 703-12. doi:10.1093/carcin/bgh079.

Woo, Y., Lee, H., Jeong, Y. S., Shin, G. Y., Oh, J. G, Kim, J. S. and Oh, J. 2017. Antioxidant
potential of selected Korean edible plant extracts. BioMed Res. Int. 2017, Article ID
7695605. doi:10.1155/2017/7695605.

Yang, F., Liu, Q., Pan, S., Xu, C. and Xiong, Y. L. 2015. Chemical composition and quality
traits of Chinese chestnuts (Castanea mollissima) produced in different ecological
regions. Food Biosci. 11, 33-42. doi:10.1016/.fbio.2015.04.004.

Yang, F., Huang, X., Zhang, C., Zhang, M., Huang, C. and Yang, H. 2018. Amino acid
composition and nutritional value evaluation of Chinese chestnut (Castanea
mollissima Blume) and its protein subunit. RSC Adv. 8(5), 2653-9. doi:10.1039/
C7RA13007D.

Yildiz, O., Can, Z., Saral, O., Yulug, E., Oztiirk, F., Aliyazicioglu, R., Canpolat, S. and Kolayli,
S.2013. Hepatoprotective potential of chestnut bee pollen on carbon tetrachloride-
induced hepatic damages in rats. Evid. Based Complement. Alternat. Med. 2013,
461478. doi:10.1155/2013/461478.

Yildiz, O., Karahalil, F.,, Can, Z., Sahin, H. and Kolayli, S. 2014. Total monoamine oxidase
(MAOQ) inhibition by chestnut honey, pollen and propolis. J. Enzyme Inhib. Med.
Chem. 29(5), 690-4. doi:10.3109/14756366.2013.843171.

Zekovi¢, Z., Muji¢, ., Tumbas, V., Cvetkovi¢, D. and Spasojevi¢, I. 2009. Antioxidant
properties of phenolics in Castanea sativa Mill. Extracts. Food Technol. Biotechnol.
47(4), 421-7.

Zhao, S., Liu, J. Y., Chen, S. Y., Shi, L. L., Liu, Y. J. and Ma, C. 2011. Antioxidant potential of
polyphenols and tannins from burs of Castanea mollissima Blume. Molecules 16(10),
8590-600. doi:10.3390/molecules16108590.

Zhu, F. 2016. Effect of processing on quality attributes of chestnut. Food Bioprocess Tech.
9(9), 1429-43. doi:10.1007/s11947-016-1749-3.

Zivkovi¢, J., Muiji¢, 1., Zekovi¢, Z., Vidovic, S., Muji¢, A. and Joki¢, S. 2009a. Radical
scavenging, antimicrobial activity and phenolic content of Castanea sativa extracts.
J. Cent. Eur. Agr. 10(2), 175-82.

Zivkovié, J., Zekovié, Z., Muji¢, I., Tumbas, V., Cvetkovi¢, D. and Spasojevi¢, I. 2009b.
Antioxidant properties of phenolics in Castanea sativa Mill. extracts. Food Technol.
Biotechnol. 47(4), 421-7.

Zivkovi¢, J., Zekovi¢, Z., Muiji¢, I., Godevac, D., Mojovi¢, M., Muji¢, A. and Spasojevic, |.
2009c. EPR Spin-trapping and spin-probing spectroscopy in assessing antioxidant
properties: example on extracts of catkin, leaves, and spiny burs of Castanea sativa.
Food Biophys. 4(2), 126-33. doi:10.1007/s11483-009-9109-8.

Zivkovi¢, J., Zekovi¢, Z., Muiji¢, I, Vidovi¢, S., Cvetkovi¢, D., Lepojevi¢, Z. and Truti¢, N. 2010.
Scavenging capacity of superoxide radical and screening of antimicrobial activity of
Castanea sativa Mill. extracts. Czech J. Food Sci. 28(1), 61-8.

© Burleigh Dodds Science Publishing Limited, 2019. All rights reserved.



