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A B S T R A C T   

Background: worldwide chestnut production is ~2.353 Tg (FAO, 2020). The global chestnut production has 
increased steadily over the last decade, which is due to consumers’ salient beliefs in the health benefits of 
chestnut consumption. Chestnuts have extraordinary nutritional and organoleptic characteristics and chestnut 
quality evaluation is paramount. 
Scope and approach: nowadays, chestnuts are essential food items for many people around the world. This state- 
of-the-art review covers the recent advances in chestnut quality assessment, with particular emphasis on their 
nutritional characteristics, health benefits and the impacts of processing on shelf life. Our aim is to provide a 
general framework for enhancing chestnut quality and supply chain sustainability. 
Key findings and conclusions: According to literature, chestnuts may also provide several health benefits, and 
represent a great economic resource, due to their availability and affordability. This review will be of interest to 
consumers, will help commercial chestnut producers to select the best chestnut varieties to grow in a particular 
geographical region and will ultimately improve the quality of the chestnuts produced.   

1. Introduction 

Chestnut belongs to the Fagaceae family. The genus Castanea Mill. is 
found in southern Europe, eastern North America, northern Africa, Asia 
Minor and eastern Asia. The most important species are Castanea sativa 
(Mill.) in Europe, Castanea dentata (Borkh) in America, and Castanea 
crenata (Sieb et Zucc.) in Japan and Castanea mollissima (Blume) in China 
and Korea (Bounous, 2002) (Fig. 1). Castanea sativa Mill., commonly 
known as European sweet chestnut, is found in European countries such 
as Italy, Spain, France, Greece, Portugal and Turkey. Italy has the largest 
chestnut-producing area in Europe (Gomes-Laranjo, Peixoto, Costa, & 
Ferreira-Cardoso, 2009) and is a leading producer of processed 
chestnut-based products, e.g. marron glacé (Bounous, 1999). Italian 
chestnuts are mostly harvested from “native” chestnut groves that have 
been maintained for decades (Bounous, 2005). Paleobotanical studies on 
fossil data have enabled us to determine that the sweet chestnut 
(C. sativa) was already present in the Italian and Iberian peninsulas 
during the Last Glacial Maximum (approximately 20 ka ago), and to a 
lesser extent in the south-eastern Balkans and central France. (Krebs, 
Pezzatti, Beffa, Tinner, & Conedera, 2019). In Western Europe, it was 
the Romans who introduced the idea of sweet chestnut cultivation 
outside the Mediterranean regions. The current genetic structure of the 
chestnut tree in Europe shows differentiation between the western 

Italian and Iberian populations and the eastern Greek and Turkish ones 
(Mattioni, Martı’n, Pollegioni, Cherubini, & Villani, 2013). A database 
of European chestnut cultivars was evaluated as a reference for 
distinction, registering, conservation, and breeding of European chest-
nut cultivars (Pereira-Lorenzo et al., 2017). The cultivation of the 
chestnut tree (C. sativa) is a very remote practice, we find mention of it 
already in Eustazio, who in his Commentarii ad Homeri Odysseam men-
tions several names including that of “maraon”, from which the name of 
“Marrone” already in use in Italy during the Middle Ages was probably 
derived (Silvanini, Torello Marinoni, Loris Beccaro, & Ganino, 2011). 
During the Medieval Age, central and southern Europeans cultivated 
chestnut fruits as a primary food source (Buonincontri, Saracino, & Di 
Pasquale, 2015). Many studies have been focused on chestnut fruits 
(Bounous 1999, 2002; Krebs et al., 2004). Conedera, Krebs, Tinner, 
Pradella, and Torriani (2004) reconstructed the history of chestnut 
cultivation and its spread across central and southern Europe based on 
studies conducted on pollen, archeology, history and classical literature. 
Using a multidisciplinary approach, the authors provided a clearer 
picture of the role Greek and Roman civilizations played in spreading 
chestnut cultivation throughout Europe. They observed that the ancient 
Greeks had started cultivating chestnuts to obtain both wood and fruit. 
They also revealed that the Romans did not fully appreciate the nutri-
tional value of chestnuts and mainly used the timber from chestnut trees 
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to produce wooden barrels for storing wine (Pereira-Lorenzo & 
Ramos-Cabrer, 2004). Chestnut cultivations have been important for 
humans throughout history as they have provided them with edible 
fruits and durable wood. The fruit and tree of the genus Castanea was 
also a key species in its ecosystem (Youngs, 2000). Nowadays, the term 
“chestnut” can refer to both the trees and the fruit of the trees in this 
genus (Metaxas, 2013). 

According to the Food and Agriculture Organization Corporate Sta-
tistical Database (FAOSTAT), global chestnut production is ~2.353 Tg. 
Chestnuts are mainly cultivated in China (1.965 Tg), Bolivia (84.01 Gg), 
Turkey (63.58 Gg), the Republic of Korea (53.384 Gg) and Italy (53.28 
Gg) (FAO, 2020). There have been several reviews on the composition of 
chestnut fruits, their potential health benefits, and the effect of pro-
cessing operations on chestnut attributes (De Vasconcelos, Bennett, 
Rosa, & Ferreira-Cardoso, 2010; Zhu, 2016), however a thorough review 
has yet to be conducted on the recent advances in chestnut quality 
assessment, which is the overall objective of this research. This 
state-of-the-art review covers the recent advances in chestnut quality 
assessment, with particular emphasis on their nutritional characteristics, 
health benefits and the impacts of processing on shelf life. The authors 
provide a general framework, with positive effects on chestnut quality 
and system sustainability enhancement. 

2. Chestnut trees and nut characteristics 

The chestnut can be grown in the temperate zone between 300 and 
500 latitudes. However, the chestnut species grows in a wide range of 
climates. The optimal amount of rainfall for chestnut trees is 800 mm per 
year (Singh & Rehman, 2019). The Castanea species shows high levels of 
genetic diversity (morphological and ecological traits, vegetative and 
reproductive habits, adaptability and resistance to stress, etc.) which has 
led the genus to adapt to different environmental conditions (Beccaro, 
Alma, Bounous, & Gomes-Laranjo, 2019). Genus Castanea trees are 
normally 12–15 m tall with thin yellowish sapwood and brown heart-
wood rich in tannins and have a strong deep root system. Young 
branches have smooth brown-reddish bark when young that turns gray 
with age. The leaves are simple, alternate in a spiral phyllotaxy and are 

deciduous, elliptical lanceolate in shape (Singh & Rehman, 2019). 
Chestnut trees are generally self-sterile and must have a pollinizer 
within a 60-m radius as chestnuts are primarily wind pollinated. Any 
cultivars should be able to pollinate one another unless one of them is a 
male-sterile plant (Hasegawa, Suyama, & Seiwa, 2009). Chestnut is 
monoecious and has separate male and female flowers on the same plant 
in two different kinds of catkins i.e. staminate and bisexual. However, 
some cultivars, such as the Italian Marrone genotype, do not produce 
pollen and therefore cannot act as pollinators (Pereira-Lorenzo, Día-
z-Hernández, & Ramos-Cabrer, 2009). The pollinator may have a sig-
nificant effect on pollinated nut characteristics, which is a phenomenon 
called metaxenia (Miller, G., Miller, D.D., & Jaynes, 1996). In another 
study conducted by Anagnostakis (2009) the choice of pollinators not 
only appears to affect the morphology of Castanea chestnuts, but it also 
affects nutrient composition, flavor and quality of the chestnuts pro-
duced. Flower bud differentiation in Castanea chestnuts starts during 
late summer on the shoots. In the following spring, new shoots emerge 
from the buds with catkins appearing in the middle region of the shoots. 
Flower primordia are initiated in late April (Guo & Feng, 2014). 
Approximately three weeks later flowers begin to bloom, pollen pro-
duction ceases and the fertilized ovules begin to grow. Based on the 
number of seeds, the embryo defines the differences between chestnuts 
(fruit with many seeds) and marrons (fruit with only one seed). Singh 
and Rehman (2019) described the most important chestnut species as 
follows, C. mollissima (Chinese chestnut): the name “mollissima” means 
soft hairs, and this species is recognized by dense hairs on younger 
leaves. The nuts have small hilum. During dormancy, the chestnut trees 
can withstand cold temperatures as low as − 28.8 ◦C and are resistant to 
fire blight. The C. crenata (Japanese chestnut) has narrow leaves with 
glandular scales on the undersides. The nuts are of poor quality and the 
trees are susceptible to fire blight and low temperatures. The C. sativa 
(European chestnut), also known as the Italian or Spanish chestnut 
(Singh & Rehman, 2019), has long hairy leaves with coarse-toothed 
margins and produces dark brown chestnuts with white stripes. This 
species is susceptible to chestnut blight. The leaves of the C. dentata 
(American chestnut) are lanceolate with bluntly acuminated apex and 
both the surfaces are hairless. The nuts are of good quality. This species 

Fig. 1. Photographs of the most important chestnut species from Castanea sativa (Mill.) in Europe, Castanea dentata (Borkh) in America, and Castanea crenata (Sieb et 
Zucc.) in Japan, and Castanea mollissima (Blume) in China and Korea. 
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is highly susceptible to blight. There are many morphological traits 
selected for identifying different cultivar, generally, for this purpose, the 
criteria of the International Union for the Protection of New Varieties of 
Plants (UPOV, 2017) are used. A recent review (Serdar, Bounous, Ertürk, 
Akyuz, & Fulbright, 2018) focused on some descriptive morphological 
chestnut parameters in order to update the list with new criteria. For 
example, it was observed that leaf symmetrical features, “leaf: the shape 
of base” and “leaf: symmetry of base” may vary depending on age, 
shooting position and sampling points on the shoots. So, they recom-
mend removing these traits from the UPOV Guideline. Pereira-Lorenzo 
et al. (2020) showed that there are interesting genetic resources of the 
sweet chestnut tree in Switzerland. The study was based on the in-
ventory, identification and localization of old chestnut trees with the 
aim of evaluating the genetic diversity and the genetic structure, 
defining a program of conservation. The genetic analysis led to the 
definition of the main collection of 46 genotypes. 

3. Chemical composition 

In order to better evaluate the influence of chestnut quality, the 
knowledge of chemical composition and nutritional value should be a 
piece of indispensable information. Several studies (Table 1) have been 
conducted on the chemical composition and nutritional characteristics 
of chestnut fruits (Bellini, Giordani, Marinelli, & Perucca, 2005; Sac-
chetti & Pinnavaia, 2005; Erturk, Mert, & Soylu, 2006; Borges, Carvalho, 
Correia, & Silva, 2007; Borges, Gonçalves, Carvalho, Correia, & Silva, 
2008; Ros, 2010; De Vasconcelos et al., 2010; Yang, Liu, Pan, Xu, & 
Xiong, 2015; Yang et al., 2018; Choupina, 2019). Sacchetti and Pinna-
vaia (2005) demonstrated that the chemical composition of chestnut 
varieties is influenced by many factors. Three chestnut biotypes from the 
Emilia-Romagna region (Italy) were investigated. Two popular biotypes 
called “Marrone di Alfero”, “Marrone di Zocca’’ were compared with 
“Marrone di Castel del Rio’’ which is IGP (Protected Geographic Indi-
cation) product based on the UE regulation. Different ecotypes may have 
different chemical characteristics linked to the ecological environment. 
Toprak (2019) determined the effect of potassium applications on some 
quality characteristics of sweet chestnut (C. sativa Mill.) and the results 
showed significantly higher fruit yield and enhanced quality charac-
teristics. The starch content of the fruits was 36.3 g/100 g in a 1.0 kg 
N/tree dose, with a 36% increase in starch level compared to the control. 
In the chestnut fruits, a 50% increase in total protein (12.8 g/100 g) was 
recorded in the N (1.0 kg N/tree) treatment compared to the control. 
Strong variations were observed in the chemical composition of the 
chestnuts between harvest years and there was a significant interaction 
between cultivars and years (Ferreira-Cardoso, Torres-Pereira, & 
Sequeira, 2005). This study highlighted that chemical composition is 
significantly affected by cultivar and harvest year. The variations 
observed in starch and crude protein was mainly determined by cultivar 
while the remaining parameters were principally affected by year and 
cultivar × year interaction. Chestnut composition estimated by the 
United States Department of Agriculture (USDA, National Nutrient 
Database for Standard Reference, 2016) and presented in Table 2 
confirmed that chestnuts are relatively low in calories and fat, but are 
rich in starch, minerals, vitamins and phytonutrients which makes them 
a healthy and nutritious food. Borges et al. (2008) studied the chemical 
composition of eight sweet chestnut cultivars (Aveleira, Rebordã, Tri-
gueira, Zeive, Demanda, Longal, Martaınha and Judia) from three pro-
tected designation of origin (PDO) areas located in the Trás-os-Montes 
region of Portugal. The results revealed that the chestnuts contained 
high levels of starch (43 g/100 g dry matter) and were low in fat (3 
g/100 g dry matter). The chestnuts were high in fibre (3% dry matter.), 
Potassium (≈750 mg/100 g dry matter), Phosphorus (≈120 mg/100 g 
dry matter) and Magnesium (≈75 mg/100 g dry matter). Moreover, the 
chestnuts were a good source of amino acids (6–9 g/100 g dry matter). 
More specifically, the amino acid profiles were dominated by L-aspartic 
acid, followed by L-glutamic acid, leucine, L-alanine and arginine. 

Differences were observed in the nutrient composition of the cultivars 
under study, which may prove useful because chestnut cultivars with 
high starch content are more suitable for flour production, while those 
that have a low moisture content may have a longer postharvest shelf 
life. These results were in agreement with those obtained by Borges et al. 
(2007), who by studying seventeen Portuguese cultivars from protected 
designation of origin (PDO) areas namely Terra Fria, Soutos da Lapa and 
Padrela, revealed that chestnuts have contain very little fat which is low 
in saturated fatty acids (17%) and high in unsaturated fatty acids (83%). 
In a study conducted by De Vasconcelos et al. (2010), the composition 
and associated health effects of the European chestnut (C. sativa Mill.) 
were evaluated. In this review, the compositional data of 102 previously 
analyzed C. sativa cultivars (23 Portuguese, 69 Spanish, 5 Italian and 5 
Greek) were presented. Moreover, chestnut fruits are gluten-free and 
therefore products made from chestnuts can replace cereal-based foods. 
On observing the results of various compositional and health studies, it 
was concluded that chestnut fruits have considerable potential as 
functional foods. This may be useful for people with celiac disease who 
need to follow a gluten-free diet. The authors also reported the char-
acteristics of homemade and industrial chestnut products, such as 
boiled, roast and frozen chestnuts and marron glacés. Hernandez Suarez, 
Rodriguez, Rios, Diaz, and Rodriguez (2012) determined the sugar, 
organic acid and total phenolic contents in 21 chestnut varieties from 
Tenerife (Spain). Sucrose, fructose, and glucose were analyzed by 
HPLC/refractive index detector and sucrose proved to be the sugar with 
the highest content. The mean concentration of sucrose was 73.9 g/kg of 
dry weight and significant variations were observed among the varieties 
of chestnuts analyzed which showed values ranging from 31.1 to 99.4 
g/kg. Ascorbic, citric and malic acids were the main organic acids found 
in the fruits. The mean values of ascorbic, citric and malic acids were 
728, 720 and 585 (g/kg dry weight) respectively. The authors found 
some differences in the composition of sugars, total phenols and organic 
acids among the chestnut varieties analyzed. The mean total phenolic 
contents of the varieties (skinless chestnuts) analyzed ranged between 
1.96 and 4.31 g GAE/kg dry weight, therefore chestnuts can be 
considered an important source of these antioxidant compounds. An 
experiment was carried out to investigate the chemical composition, 
processing adaptability and sensory properties of Chinese chestnuts, 
cultivated in various regions of northern and southern China (Yang 
et al., 2015). The results showed that the quality characteristics of 
Chinese chestnuts were significantly influenced by geographical loca-
tion. Chestnuts grown in the central regions of China had a higher car-
bohydrate content, which is probably due to the fact that plants create 
carbohydrates through photosynthesis, therefore both the ambient 
temperature and sun exposure duration would affect the amount of 
starch and sugars. Therefore, high ambient temperatures favor the 
synthesis of carbohydrates. As regards minerals, the authors found that 
Chinese chestnuts proved to have a wide range of calcium content (from 
287 to 1038 mg/kg), probably due to the different types of soil in their 
respective regions. The chestnuts grown in the southern regions con-
tained less iron than those grown in the northern regions (6 vs 23 mg/kg 
for a southern and a northern region respectively). The zinc and copper 
contents of the chestnuts grown in the south were lower than those 
grown in the central and northern regions. The contents of antioxidant 
compounds (ascorbic acid, polyphenols, and flavonoids) were also 
determined. The ascorbic acid content of the chestnuts ranged from 0.59 
to 1.34 mg/g while their total polyphenol contents ranged from 20.4 to 
27.7 mg/g. The authors only observed subtle variations between regions 
and antioxidants appeared to be abundant in all chestnut samples, 
suggesting that they are excellent sources of bioactive compounds. 

4. Nutritional value 

In a recent study (Yang et al., 2018) the amino acid composition and 
the nutritional value of chestnuts (C. mollissima Blume) from three 
Chinese regions (Henan, Hunan, and Guangdong) were investigated. As 
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Table 1 
Chemical composition and nutritional characteristics of chestnuts.  

Chestnut 
cultivars 

Total sugar 
content (g/ 
100 g) 

Sucrose 
(g/100 g) 

Saturated 
fatty acids % 

Unsaturated 
fatty acids % 

Starch (g/ 
100 g dm) 

Crude fat 
(g/100 g 
dm) 

Crude 
fibre (g/ 
100 g dm) 

K (mg/ 
100 g dm) 

P (mg/ 
100 g 
dm) 

Mg 
(mg/ 
100 g 
dm) 

Ascorbic 
acid (mg/g) 

Total 
polyphenols 
(mg/g) 

Crude 
protein (g/ 
100 g) 

References 

Marrone di 
Alfero 

12.21 10.97            Sacchetti and 
Pinnavaia (2005) 

Marrone di 
Zocca 

7.35 5.22             

Marrone di 
Castel del 
Rio 

10.6 9.97             

Terra Fria PDO 
cv   

16.36 82.48          Borges et al. 
(2007) 

Soutos da Lapa 
PDO cv   

17.14 81.79           

Padrela PDO 
cv   

15.55 83.41           

Judia     38.6 2.63 3.13 905 130 66.7    Borges et al. 
(2008) 

Demanda     40.8 3.1 2.5 501 148 93.3     
Longal     39.1 1.97 3.33 673 132 71.7     
Martaınha     41.9 2.5 2.5 473 117 73.3     
Aveleira     42.9 2.57 2.63 626 107 71.7     
Rebordã     44.3 1.73 3.27 937 104 86.7     
Trigueira     46.0 2.6 2.83 947 121 63.3     
Zeive     47.9 2.73 3.33 974 130 70.0     
Judia     52.12 2.52 2.06     7.87 5.40 De Vasconcelos, 

2009a and 
2009b 

Longal     53.89 1.91 2.10     7.66 5.28  
Martaı’nha     51.48 2.00 1.96     11.10 4.82  
Italian     48.74 4.39 2.68     9.16 4.13  
Spanish     50.12 2.38 2.15     11.48 5.20  
Chinese 

chestnuts     
38.6–62.8 4.3–10.2     0.59–1.34 20.4–27.7  Yang et al. 

(2015) 
Chinese 

chestnuts             
7.54–9.74 Yang et al. 

(2018) 
Longal  9.0   48.94 1.96       7.04 Choupina (2019) 
Carpinese  14.88   50.0 2.38 3.19 2094.33 186.56 41.74  8.30 4.83 Lo Piccolo et al. 

(2020) 
Pontecosi  13.50   50.0 2.86 2.86 2050.38 163.66 47.77  9.50 3.80  
Capannaccia  12.50   50.0 2.93 3.48 1897.52 127.51 58.77  10.30 5.16  
Morona  12.34   51.0 2.20 2.25 1816.74 124.04 51.76  6.95 4.69   

R. M
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regards chestnut protein composition, data indicated that albumin 
(71.62% of the total soluble protein) was the most predominant protein, 
followed by glutens (28.38%). The samples analyzed were rich in 
aspartic acid (16.6–18.1 g/100 g protein) and glutamic acid (15.8–16.5 
g/100 g protein), which give chestnuts their characteristic flavor. The 
authors observed that the chestnut fruits were rich in sulfur-containing 
amino acids (methionine and cysteine), approximately 3.8 g/100 g of 
protein, and leucine was observed to be the amino acid present in the 
smallest amounts. The results revealed that chestnuts are a good source 
of plant protein for human nutrition. Choupina (2019) evaluated the 
nutritional and potential health benefits of the European chestnut. He 
reported that Sweet chestnuts are high in carbohydrates (approximately 
40 g/100 g edible product) and a starch content of approximately 27.5 
g/100 g edible product. Besides, an amylose/amylopectin ratio of Eu-
ropean sweet chestnut starch was observed, such that it could have some 
nutritional importance, due to its beneficial effects as a preventive factor 
for diabetes and allergies. Interesting Vitamin C levels were observed 
when evaluating the chemical composition of the sweet chestnut, as well 
as abundant mineral salts. The nutritional properties of the fruits of four 
local chestnut cultivars (‘Carpinese’, ‘Pontecosi’, ‘Capannaccia’ and 
‘Morona’) from Garfagnana (Italy) were investigated and compared with 
their flour obtained using a traditional thermal-drying process (Lo 
Piccolo et al., 2020). Raw fruits contained significant amounts of 
Phosphorus, Potassium, Magnesium (~149, 1960 and 50 mg/100 g dry 
weight, respectively) and starch (~50 g 100/g dry weight). The cultivars 
showed significative differences in crude protein content with the 
highest value observed in ‘Capannaccia’ (5.16 g/100 dry weight) and 
the lowest in ‘Pontecosi’ (3.80 g/100 dry weight). As regards sucrose 
content, the ‘Carpinese’ cultivar had the highest sucrose content (14.88 
g/100 g dry weight), while the lowest value was observed for the 
‘Morona’ cultivar (12.34 g/100 g dry weight). The differences in 
nutritional and nutraceutical properties detected among chestnut cul-
tivars from Garfagnana (Italy) were related to the cultivar. The authors 
found that ‘Carpinese’ showed the best nutritional and nutraceutical 
properties, characterized by a high content in minerals macronutrients 
(especially Phosphorus, Potassium and Magnesium) and good 

nutraceutical characteristics (high total phenolic content). Their study 
provided new insights into the nutritional value evaluation of chestnut 
cultivars, thus enabling consumers and producers to valorize this 
produce. 

5. Antioxidant activities in chestnuts 

There is growing interest in the antioxidant compounds of chestnuts 
due to their multiple functions, antioxidant and nutraceutical properties 
and their potential to extend chestnut shelf life. Abe, Lajolo, and 
Genovese (2010) evaluated the total phenolic and ellagic acid content, 
as well as the antioxidant capacity of eleven kinds of nuts, including 
chestnuts. The total phenolic content in chestnuts was 92 mg/100 g of 
sample in fresh weight. The content of free and total ellagic acid in 
chestnuts ranged from 0.37 to 149 mg/100 g, respectively. The anti-
oxidant capacity, determined using the DPPH (2,2-diphenyl-1-pi-
crylhydrazyl) radical scavenging method developed by Brand-Williams, 
Cuvelier, and Berset (1995), was 6.2 μmol of Trolox equivalents/g fresh 
weight, and a high correlation (r = 0.93) was observed between total 
phenolic content and antioxidant capacity. Another study noted that the 
concentration of phenolic compounds and, consequently, their antioxi-
dant potential, were influenced by certain factors such as variety and 
climatic conditions (Dinis et al., 2012). The analyses were conducted 
using samples collected from different ecotypes of C. sativa Mill. cv. 
Judia in the Trás-os-Montes region (Portugal): Alfândega da Fé, Bra-
gança, Chaves, Valpaços and Vinhais, Macedo de Cavaleiros, Murça. The 
antioxidant capacity was evaluated using several biochemical essays: 
ABTS (2,20-azinobis-(3ethylbenzothiazoline-6-sulphonic acid)) and 
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity, 
FRAP (ferric reducing antioxidant power) and inhibition of oxidative 
hemolysis in erythrocytes, in order to evaluate the protective effect of 
the extracts on hemolysis by peroxyl radical-scavenging activity. Total 
phenolics amounts ranged from 9.6 mg/g of gallic acid equivalent 
(hottest ecotype, Murça) to 19.4 mg/g of gallic acid equivalent (coldest 
ecotype, Valpaços). The authors demonstrated that total polyphenolic 
content and antioxidant capacity showed higher values in chestnuts 
harvested in colder climates than in warmer environments. In a recent 
study (Chang et al., 2020) the phytochemical profiles, phenolics, fla-
vonoids and cellular antioxidant activities of five different Chinese 
chestnuts (C. mollissima Blume) cultivars were investigated. The results 
showed that the total phenolic contents of the analyzed cultivars ranged 
from 42.8 to 58.6 mg GAE/100 g fresh weight (GAE, gallic acid equiv-
alent) and the Fyou cultivar had the highest total phenolic content of 
58.60 mg GAE/100 g fresh weight. As regards phenolic profiles, the 
results showed that the main phenolic compounds found in all five 
cultivars were chlorogenic acid, gallic acid and quercetin. The antioxi-
dant activities of the chestnut cultivars were evaluated using the ORAC 
assay. The Chushuhong cultivar proved to have the highest antioxidant 
activity (13.62 μmol Trolox equivalent/g fresh weight). It is important to 
note that antioxidant activity strongly depends on the extraction method 
and the solvent used for extraction. Xu, Z., Meenu, M., Chen, P. & Xu, B. 
(2020) studied the phenolic profiles and antioxidant capacities of 21 
chestnut samples collected from six Chinese geographical areas. The 
phenolic profiles and the antioxidant activity of all the chestnut samples 
under study showed significant variation. Antioxidant capacities were 
determined using three assays: free radical-scavenging capacity (DPPH), 
ferric reducing antioxidant power (FRAP) and free radical-scavenging 
capacities (ABTS). The results revealed significant differences among 
the phenolic contents and antioxidant activities of chestnut samples 
from the various Chinese regions. The chestnuts from East China showed 
the maximum values for total phenolic content (2.35 mg gallic acid 
equivalents/g), condensed tannin content (13.52 mg (+)-catechin 
equivalents/g), DPPH (16.74 μmol TE/g), ABTS (24.83 μmol Trolox 
equivalents/g), FRAP assays (3.20 mmol Fe2+ equivalent/100 g) and 
total free phenolic acids (314.87 μg/g). The samples from South China 
revealed maximum mean values for total phenolic content (1.89 gallic 

Table 2 
Nutritional value of 100 g chestnut.  

Principle Nutrient Value Percentage of RDA     

Energy 213 Kcal 11%     
Carbohydrates 45.54 g 35%     
Protein 2.42 g 4%     
Total Fat 2.26 g 10%     
Cholesterol 0 mg 0%     
Dietary Fiber 8.1 g 21%     
Vitamins 
Folates 62 μg 15.5%     
Niacin 1.179 mg 7%     
Pantothenic acid 0.509 mg 11%     
Pyridoxine 0.376 mg 29%     
Riboflavin 0.168 mg 13%     
Thiamin 0.238 mg 20%     
Vitamin A 28 IU 1%     
Vitamin C 43 mg 72%     
Electrolytes 
Sodium 3 mg 0%     
Potassium 518 mg 11%     
Minerals 
Calcium 27 mg 3%     
Copper 0.447 mg 50%     
Iron 1.01 mg 13%     
Magnesium 32 mg 8%     
Manganese 0.952 mg 41%     
Phosphorus 93 mg 19%     
Zinc 0.52 mg 5%     
Phyto-nutrients 
Phyto-sterols 22 μg      

Source: National Nutrient Database for Standard Reference (2016) United States 
Department of Agriculture 
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acid equivalents/g), condensed tannin content (9.41 mg (+)-catechin 
equivalents/g), DPPH (11.76 μmol Trolox equivalents/g), and FRAP 
(2.37 mmol Fe2+ equivalent/100 g). Whereas the samples from 
Southwest China exhibit minimum mean values for total phenolic con-
tent (1.41 mg gallic acid equivalents/g), DPPH (8.30 μmol Trolox 
equivalents/g), FRAP (0.99 mmol Fe2+ equivalent/100 g) and ABTS 
(11.52 μmol Trolox equivalents/g). The authors concluded that the 
differences in the phenolic profiles and the antioxidant activities of the 
chestnut samples were significantly dependent on geographical factors, 
such as temperature and exposure to sunlight. High average tempera-
tures during the chestnut growing season (27.26 ◦C in southern China) 
increases phenolic content and antioxidant activity. This is probably due 
to the fact that high temperatures increase the photosynthetic capacity 
of plants and therefore enhance the production of secondary metabolites 
such as phenolic acids. Beccaro et al. (2020) analyzed 18 chestnut cul-
tivars, in particular, the “Marrone-type” and other cultivars such as 
sweet chestnut and Euro-Japanese hybrids. This study highlighted a 
bioactive compound content similar to or higher than the main hazelnut, 
walnut and almond varieties. The antioxidant capacity of the chestnut 
fruits, assessed by the ferric reducing antioxidant power (FRAP) assay, 
ranged from 9.30 to 19.96 (mmol Fe+2/kg dried weight). The total 
polyphenol content ranged from 0.55 g to 1.40 (gallic acid equiv-
alents/kg dried weight). The authors evidenced the synergistic effect of 
each bioactive compound on antioxidant activity and this action could 
affect the overall response of total antioxidant capacity. 

6. Effect of processing and chestnut quality detection 

Chestnuts are generally subjected to various processing operations 
(roasting, boiling, drying, etc.), which makes them tempting, extends 
their shelf life and improves quality. Knowledge of the effect of different 
processing operations on the chestnuts is very important for quality 
improvement. (Table 3). Three Swiss chestnut varieties and a French 
variety were roasted, submitted to sensory and chemical analysis and 
compared with a Marrone variety from Italy (Künsch et al., 2001). The 
results showed that the roasting induced little change in composition 
and varietal differences were observed. Roasted chestnuts contained 
260–350 g/kg of starch, 50–102 g/kg of sucrose and 9–15 g/kg of total 
fatty acids. The authors indicated that the most suitable chestnut vari-
eties for roasting must be selected according to size, peelability, sucrose 
content and typical aroma. Furthermore, the sensory analysis indicated 
that the acceptance of chestnuts strongly depends on sweetness, related 
to sucrose content. The commercial variety “Marrone di Cuneo” has 
demonstrated its suitability for roasting. The Lüina chestnut is known for 
its superior quality among the Swiss varieties. A group of researchers 
(De Vasconcelos, Bennett, Rosa & Ferreira-Cardoso, 2009a, 2009b) 
observed the effects of some industrial processing (A-fresh, B-after 
storage during 3 months at ±0 ◦C and 90% R.H., C-after industrial 
peeling by flame or fire at 800–1000 ◦C, D-after freezing in a tunnel with 
a carbon dioxide flow at − 65 ◦C) on the essential nutrient contents of 
four Portuguese chestnut varieties (Judia, Longal, Martaı’nha, and Lada) 
and two European (‘Spanish’–Puga do Bolo, and ‘Italian’–Viterbes) 
cultivars of C. sativa Mill. The results revealed that the fat and starch 
contents were significantly affected by the cultivar factor, while fibre 
variations were more influenced by the processing. In all processing, the 
chestnuts had low protein levels (4.83–5.12 g/100 g dry matter). The 
essential amino acid values were significantly affected by the cultivar. 
The highest essential amino acid value was observed in Threonine 
(3.6–10.0 mg/100 fresh weight), while Asparagine showed the highest 
non-essential amino acid value (14.9–36.4 g/100 fresh weight). Threo-
nine, Arginine and Leucine contents were significantly affected by the 
processing stage (32.9, 37.1 and 41.6%, respectively). The non-essential 
amino acid Asparagine was more significantly affected by the cultivar 
factor (46.0%), while Aspartic acid, Glutamic acid, Serine, Alanine and 
Tyrosine were more affected by processing stage (59.4, 40.2, 45.0, 70.7 
and 62.5%, respectively). The total phenolic content (9.02–12.02 mg 

GAE/g fresh weight) was more affected by the processing factor. Neri, 
Dimitri, and Sacchetti (2010) evaluated the chemical composition and 
antioxidant activity of cured chestnuts from three Italian sweet chestnut 
ecotypes namely ‘Marrone di Castel del Rio’, ‘Marrone di Marradi’, and 
‘Marrone di Valle Castellana’. The samples were immersed in cold water 
(at approximately 15 ◦C) for 8 days and were then dried at room tem-
perature. The varieties demonstrated high compositional heterogeneity 
and good total sugar content, which is important from a sensory 
perspective since it confers sweetness, which is a critical sensory attri-
bute. All of the cured chestnut ecotypes showed a low polyphenol con-
tent (ranging from 87.2 to 157 μg GAE/g dry weight) and a good 
antioxidant capacity (ranging from 4.77 to 8.15 μmol Trolox equiv-
alent/g). The results of the study revealed that cold-cured chestnuts had 
a higher total polyphenol content than fresh chestnuts, which is prob-
ably due to the diffusion of polyphenols from the epicarp and pericarp 
into the pulp during the curing process. Silva et al., 2011 described the 
effects of roasting and boiling on the physical and mechanical properties 
of 11 Portuguese chestnut cultivars (C. sativa Mill.). The results showed 
that boiling increased the moisture content by approximately 4% and 
roasting reduced the moisture content by approximately 20% compared 
to raw chestnuts. Among the cultivars under study, it was observed that 
more energy was required to break the shells of the Lamela and Judia 
cultivars. Color was also analyzed as it is a parameter that influences 
consumer purchasing behavior, and the processed chestnuts showed 
lower brightness than the raw fruit. The color parameters of fresh, boiled 
and roasted chestnuts varied significantly between cultivars and treat-
ments. Luminosity, Chroma and Hue angle values of boiled chestnut 
shells were 14%, 12% and 9% lower than those of raw chestnuts, 
respectively. After boiling, the most brilliant chestnuts were the Judia 
and Lamela cvs., while after roasting Lada and Lamela exhibited more 
color stability. This study provides valuable insight into the most suit-
able cultivars for the different manufacturing processes, that can with-
stand mechanical harvesting and are preferred by consumers. Ruocco 
et al. (2016) focused on the factors that cause post-harvest chestnut 
decay with the aim of finding a solution. In order to kill the larvae of 
pests, Italian chestnuts are subjected to “curatura” treatment, which 
consists in submerging the chestnuts in hot water (50 ◦C) for 45 min and 
then cooling them in the water at 15–18 ◦C, which may favor the 
development of postharvest moulds. The researchers found that adding a 
biological product derived from the bio-controlled fungus Trichoderma 
harzianum to the water used for “curing” the chestnuts, significantly 
reduced post-harvest chestnut decay and extended their postharvest 
shelf life. Zhu (2016) investigated the of processing on different attri-
butes of chestnut and the results showed that the effect of processing was 
related to the variety, processing conditions, and interactions. There-
fore, it would prove useful to evaluate the genetic characteristics of 
different chestnut cultivars in order to determine their suitability for 
specific processing operations. Zhang et al. (2018) investigated the ef-
fect of five drying methods (i.e. natural drying, microwave drying, hot 
air drying, freeze-vacuum drying, and microwave vacuum drying) on 
the nutritional composition, flavor and functional properties of dried 
chestnuts. The study revealed that the freeze-drying process enhanced 
the nutritional and functional properties of chestnuts better than the 
other four drying methods, while the second most appropriate method 
for preserving the quality of dried chestnuts proved to be microwave 
vacuum drying. The highest texture parameter values (hardness, 
chewiness, and gumminess) were observed for hot air-dried products 
and freeze-vacuum dried products; microwave drying obtained the 
lowest values for these parameters and preserved springiness better than 
the other four drying methods. When the effects of the five drying 
methods on volatile compounds were investigated, hydrocarbons were 
found to be the most abundant volatile aroma components in 
microwave-dried chestnuts and accounted for 42.29% of the total aro-
matic components. Alcohols were the most dominant volatiles identified 
in the four samples (natural drying, hot air drying, freeze-vacuum dry-
ing, microwave drying) and the relative content was 36.622, 37.173, 
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45.059, 27.838%, respectively. The researchers hypothesized that the 
heating process by catalyzing the reaction between amino acids and 
sugars, by the Maillard reaction, may be responsible for the develop-
ment of the product’s color and volatile heterocyclic compounds. The 
results showed that the drying method used in this study significantly 
affected the quality of Chinese chestnuts, and that the vacuum 
freeze-dried chestnuts were better than those dried using the other four 
drying methods. However, vacuum freeze-drying is a lengthy and 
expensive process due to its high energy consumption and is therefore 
not suitable for industrial production. The authors suggested that the 
microwave vacuum drying method for its fast-drying speed and low 
energy consumption, was appropriate for commercialization of the 
chestnut drying process. 

7. Non-destructive analyses to determine the origin and quality 
of chestnut fruits 

Several studies have evaluated chestnut quality using non- 
destructive testing (Li Xiaoyu, Wei, Wu, Jun, & Zhu, 2014; Liu et al., 
2010; Moscetti et al., 2014a, 2014b; Nardecchia, Presutto, Bucci, Mar-
ini, & Biancolillo, 2020; Xu, Meenu, Chen, & Xu, 2020). Nowadays, 
non-destructive techniques such as Near Infrared (NIR) spectroscopy, 
are interesting alternatives to destructive techniques, since they enable 
us to investigate the chemical and physical properties of the samples in a 
non-destructive way and have numerous applications in the agro-food 
sector. Liu et al. (2010) analyzed the sugar content of 185 intact and 
peeled chestnut samples from the MaCheng area (Hubei, China) by NIR 
spectroscopy. After spectrum acquisition (wavelength range from 833 to 
2500 nm) of the samples, their sugar content was analyzed using an 
enzymatic method. The correlation coefficients of the optimized models 
for sugar were 0.90 for peeled samples and 0.83 for intact samples. 
These results demonstrated that NIR spectroscopy could be used as a 
rapid, non-destructive method for determining the sugar content of 
chestnuts and less time-consuming than traditional methods. In another 
research (Li Xiaoyu et al., 2014) protein content in 182 samples of 
chestnuts was measured with the near-infrared (NIR) spectroscopy, and 
five preprocessing methods were compared. The authors indicated the 
NIR spectroscopy as a non-destructive method for measuring the protein 
content of chestnuts, which is rapid compared to traditional methods. 
The correlation coefficients of the optimized models for protein were 
0.90 for peeled samples and 0.87 for intact samples. Hu, Maa, Liu, Wub, 
and Ouyang (2017) carried out a rapid evaluation of the quality of 
chestnuts using NIR diffuse reflectance spectroscopy (the NIR spectra 
were collected in the band at 1000–2500 nm), by measuring internal 
mildew and water and water-soluble sugar levels. The instrumental in-
formation was used for computing models to classify normal and mil-
dewed chestnuts. The R2 of calibration and validation were all higher 
than 0.9, while the root means square errors were all lower than 0.05. 
The results confirmed the efficiency of NIR diffuse reflectance spec-
troscopy for rapidly evaluating the quality of chestnuts. Moscetti, Haff, 
et al. (2014) investigated using NIR spectroscopy for the rapid and 
non-destructive detection of internal insect infestation in chestnuts (C. 
sativa Miller cv. Marrone Fiorentino). The results showed an average 
improvement of 55.3% compared to the traditional flotation sorting 
system, in which chestnuts are placed in saltwater and those that float 
are discarded. Optimal features selected for discriminant analysis 
comprised wavelengths associated with water and carbohydrate content 
(1100–1650 nm, ~1800 nm and 1940–1970 nm). The method enabled 
us to detect insect infested chestnuts based on NIR absorbance values 
from a minimum of 2 wavelengths to a maximum of 6 wavelengths 
selected from within the 1100–2300 nm spectral range when spectra are 
acquired from the flat side of the chestnut. In a recent study (He et al., 
2020) on chestnut quality, online detection technology based on 
acoustics was proposed. A multilevel inspection platform based on 
acoustics was developed to measure chestnut surface defects. With 
acoustic detection, the sound collected from the feature area is 

converted into a time-frequency map, and image processing was per-
formed using matlab software. This study provided new insight into 
chestnut quality assessment and could improve the accuracy of the tests 
used. Nardecchia et al. (2020) developed an analytical method to 
authenticate the geographical origin of “Vallerano” PDO (Protected 
Designation of Origin) chestnuts grown in Central Italy, using 
near-infrared spectroscopy coupled with chemometrics. 441 chestnuts 
harvested in the areas surrounding Viterbo, Vallerano (Central Italy) 
and Solofra (Southern Italy) were analyzed (323 PDO and 118 harvested 
in other Italian territories). The samples were analyzed by near-infrared 
spectroscopy and then classified using two different approaches: a par-
tial least-squares discriminant analysis (PLS-DA), and the soft indepen-
dent modelling by class analogy technique (SIMCA). The authors 
demonstrated that PLS-DA performed better than SIMCA. More specif-
ically, the best results were achieved by PLS-DA calculated on spectra 
collected from the hilum, which led to the correct classification of 97% 
for PDO and common chestnut varieties, respectively, which proved to 
be rapid and non-destructive technique for chestnut authentication. 
Bedini et al. (2020) demonstrated the feasibility of using both conven-
tional and imaging NIR spectroscopy for the detection of unsound 
chestnuts, in comparison with the traditional sorting technique. 720 raw 
chestnut fruits were collected from a local company and classified into 
sound (360 fruits) and unsound (360 fruits) using a manual selection 
system operated by experienced workers. The results showed that the 
total error rate committed by the traditional sorting system was higher 
than the error rates of the other techniques tested in this study, therefore 
the authors confirmed the applicability of the online detection system 
based on spectroscopic measurements. 

8. Future perspectives 

This is the start of a new era characterized by the need to find fast, 
accurate and straightforward methods of quality control. Pradana-López 
a et al. (2021) used deep transfer learning to validate the quality and 
safety of ground coffee and other foods such as chicory and barley. The 
method is based on the processing and analysis of optical images 
collected by camera and their treatment using deep learning algorithms, 
such as convolutional neural networks. These are mathematical models 
that are capable of processing a large amount of information which 
provide a very accurate response (Izquierdo et al., 2020). Bhole and 
Kumar (2020) designed a deep learning-centered mango quality grading 
system. Due to the nature of this technology, it can be adapted to control 
other foods. Therefore, future studies should focus on adapting the 
method for chestnut quality control. 

9. Conclusions 

Firstly, given the impressive health benefits highlighted in many 
studies, consumer awareness campaigns should be implemented to 
promote chestnut consumption. The literature review revealed that 
chestnut production and processing methods should be enhanced in 
order to extend their shelf life. It would therefore be useful to find 
specific information on the most suitable chestnut cultivars for different 
processing operations, with a longer shelf life, and preferred by con-
sumers. This review will also the most suitable chestnut variety to 
cultivate in a specific geographical region, which will lead to an 
improvement in the quality of the chestnuts produced. Future research 
should focus on the factors affecting chestnut quality. One of the most 
important aspects concerns the processing method, since, as underlined 
by recent studies, some parts of processing reduce the nutritional value 
of chestnuts. Future research orientations could also focus on sensory 
analyses, given that brief studies on the sensory evaluation of the 
different chestnut cultivars have been reported, and their sensory pro-
files should be better explored. 

Finally, more in-depth studies will be needed to further support the 
health benefits of eating chestnuts. In conclusion, the few available data 
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Table 3 
Effect of industrial processing on chestnuts quality.  

Industrial 
processing 

Sucrose 
(g/kg) 

Total 
fatty 
acids 
(g/kg) 

Starch 
(g/100 
g dm) 

Crude 
fat (g/ 
100 g 
dm) 

Crude 
fibre (g/ 
100 g dm) 

Crude 
protein 
(g/100 g) 

Asp 
(g/ 
100 g 
dm) 

Glu 
(g/ 
100 g 
dm) 

Ser 
(g/ 
100 
g 
dm) 

Thr 
(g/ 
100 
g 
dm) 

Arg 
(g/ 
100 
g 
dm) 

Ala 
(g/ 
100 g 
dm) 

Tyr 
(g/ 
100 
g 
dm) 

Leu 
(g/ 
100 
g 
dm) 

Total 
polyphenols 
(mg/g) 

Luminosity Chroma Hue 
angle 

References 

Roasting process 
at 210 ◦C 

50–102 9–15 26–35                Künsch et al. 
(2001) 

Storage at ±0 ◦C 
and RH =
90%,   

48.80 2.82 2.18 5.12 9.49 13.67 3.47 9.62 1.14 7.55 0.58 0.48 9.02    De 
Vasconcelos, 
2009a and 
2009b 

Industrial 
peeling by 
flame or fire at 
800–1000 ◦C   

51.19 2.34 2.01 5.02 2.81 4.58 3.84 8.72 1.70 10.04 0.98 0.80 10.89     

Freezing in a 
tunnel with a 
CO2 flow at 
− 65 ◦C   

51.26 2.45 2.31 4.83 11.25 10.87 3.48 7.93 1.10 5.74 0.55 0.47 12.02     

In cold water 
(~15 ◦C) for 8 
days    

3–4.64 2.70–2.90 4.18–5.25         8.72–15.7    Neri et al. 
(2010) 

Boiling at 100 ◦C 
for 20 min                

66.9 20.3 90.5 Silva et al. 
(2011) 

Roasting at 
200 ◦C for 40 
min                

66.3 21.8 85.5  

Microwave 
drying   

42.58   7.65          83.34   Zhang et al. 
(2018) 

Hot air drying   40.8   7.62          85.21    
Freeze-vacuum 

drying   
44.75   7.66          89.29    

Microwave 
vacuum 
drying   

43.58   7.67          84.63     
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shows that further research is essential for superficially addressed topics 
on which only a minimal number of articles have been published. In our 
opinion, the enhancement of chestnut quality represents an important 
economic and environmental challenge. 
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Künsch, U., Schärer, H., Patrian, B., Höhn, E., Conedera, M., Sassella, A., et al. (2001). 
Effects of roasting on chemical composition and quality of different chestnut 
(Castanea sativa Mill) varieties. Journal of the Science of Food and Agriculture, 81, 
1106–1112. 

Li Xiaoyu, L. J., Wei, W., Wu, X., Jun, Z., & Zhu, Z. (2014). Measurement of protein 
content in chestnuts using near infrared Spectroscopy. Journal of Chemical And 
Pharmaceutical Research, 6(6), 938–941. 

Liu, J., Li, X., Li, P., Wang, W., Zhang, J., Zhou, W., et al. (2010). In D. Li, Y. Liu, & 
Y. Chen (Eds.), Non-destructive measurement of sugar content in chestnuts using near- 
infrared spectroscopy (pp. 246–254). © IFIP International Federation for Information 
Processing. CCTA 2010, Part IV, IFIP AICT 347, 2011. 

Lo Piccolo, E., Landi, M., Ceccanti, C., Mininni, A. N., Marchetti, L., Massai, R., et al. 
(2020). Nutritional and nutraceutical properties of raw and traditionally obtained 
four from chestnut fruit grown in Tuscany. European Food Research and Technology, 
246, 1867–1876. 

Mattioni, C., Martín, M. A., Pollegioni, P., Cherubini, M., & Villani, F. (2013). 
Microsatellite markers reveal a strong geographical structure in European 
populations of Castanea sativa (Fagaceae): Evidence for multiple glacial refugia. 
American Journal of Botany, 100, 951–961. 

Metaxas, A. M. (2013). Chestnut (Castanea spp.) cultivar evaluation for commercial 
chestnut production in Hamilton county, Tennessee. In Master’s thesis in 
environmental science. Faculty of the University of Tennessee at Chattanooga.  

Miller, G., Miller, D. D., & Jaynes, R. A. (1996). Chestnuts. In Fruit breeding, volume III, 
nuts. Jules Janick & James N. Moore.  

Moscetti, R., Haff, R. P., Saranwong, S., Monarca, D., Cecchini, M., & Massantini, R. 
(2014). Nondestructive detection of insect infested chestnuts based on NIR 
spectroscopy. Postharvest Biology and Technology, 87, 88–94. 

Moscetti, R., Monarca, D., Cecchini, M., Haff, R. P., Contini, M., & Massantini, R. (2014). 
Detection of mold-damaged chestnuts by near-infrared spectroscopy. Postharvest 
Biology and Technology, 93, 83–90. 

Nardecchia, A., Presutto, R., Bucci, R., Marini, F., & Biancolillo, A. (2020). 
Authentication of the geographical origin of “Vallerano” chestnut by near infrared 
spectroscopy coupled with chemometrics. Food Analytical Methods, 13, 1782–1790. 

Neri, L., Dimitri, G., & Sacchetti, G. (2010). Chemical composition and antioxidant 
activity of cured chestnuts from three sweet chestnut (Castanea sativa Mill.) ecotypes 
from Italy. Journal of Food Composition and Analysis, 23, 23–29. 

Pereira-Lorenzo, S., Bischofberger, Y., Conedera, M., Piattini, P., Crovadore, J., 
Chablais, R., et al. (2020). Reservoir of the European chestnut diversity in 
Switzerland. Biodiversity & Conservation, 29, 2217–2234. 

Pereira-Lorenzo, S., Díaz-Hernández, M. B., & Ramos-Cabrer, A. M. (2009). “Spain”: In 
following chestnut footprints (Castanea spp.): Cultivation and culture, folklore and 
history, traditions and uses. International Society of Horticultural Science, Scripta 
Horticulturae, 9, 134–142. 

Pereira-Lorenzo, S., Ramos Cabrer, A. M., Barreneche, T., Mattioni, C., Villani, F., Díaz- 
Hernández, M. B., et al. (2017). Database of European chestnut cultivars and 
definition of a core collection using simplesequence repeats. Tree Genetics & 
Genomes, 13, 114. 

Pereira-Lorenzo, S., & Ramos-Cabrer, A. M. (2004). Chestnut, an ancient crop with 
future. In R. Dris, & S. M. Jain (Eds.), Production Practices and quality Assessment of 
food crops, vol. 1 preharvest practice. 
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