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Nutritional and health potential of European chestnut
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A B S T R A C T

Chestnut is a crisp, sweet soft fruit that has already played an important role in the feeding of many European regions 
and is still a very popular fruit. Classical analyzes were used to determine the chemical and nutritional composition of 
European sweet chestnut. Already, for the determination of the starch content, we use the Lintner polarimetric method. 
However, the amylose/amylopectin ratio of the starch was measured by gel filtration chromatography. The values for 
the chemical composition of sweet chestnut were found very interesting, particularly, the values of vitamin C such as 
the abundance of mineral salts. Were also surprising the starch value and in this the amylose/amylopectin ratio, when 
compared with the same ratio in most cereals. The amylose/amylopectin ratio of European sweet chestnut starch may 
help us to explain many of its beneficial nutritional properties and may prove to be of great importance in the industrial 
use of chestnut. Due to the chemical and nutritional characteristics, European sweet chestnut is a recommended food, 
especially for patients with high cholesterol, diabetics, and patients suffering from celiac disease, since the chestnut 
does not have gluten. The aim of this work is to evaluate the nutritional and health potential of sweet chestnut being a 
great part of the results presented the fruit of bibliographical research.

Keywords: Chestnut, starch, amylose/amylopectin ratio, nutrition, health.

R E S U M O

O objetivo deste trabalho é avaliar o potencial nutricional e de saúde da castanha doce europeia, sendo grande parte 
dos resultados apresentados fruto de pesquisa bibliográfica. A castanha é um fruto suave e doce que já desempenhou 
um papel importante na alimentação de muitas regiões europeias continuando a ser um fruto muito popular. Análises 
clássicas foram usadas para determinar a composição química e nutricional da castanha europeia. Já para a deter-
minação do teor de amido, utilizou-se o método polarimétrico de Lintner. A amilose/amilopectina do amido foram 
determinadas por cromatografia de filtração em gel, sendo posteriormente calculada a sua relação. Dos valores para a 
composição química da castanha, pesquisados na bibliografia, são de realçar os valores de vitamina C e a abundância 
de sais minerais. Também é importante o valor de amido e neste a razão amilose/amilopectina, quando comparado 
com a mesma proporção na maioria dos cereais. A relação amilose/amilopectina do amido de castanha-europeia pode 
ajudar-nos a explicar muitas das suas propriedades nutricionais benéficas e pode revelar-se de grande importância no 
uso industrial da castanha. Devido às suas características químicas e nutricionais, a castanha europeia é um alimento 
recomendado especialmente para pacientes com colesterol alto, diabéticos e pacientes que sofrem de doença celíaca, 
uma vez que a castanha não tem glúten.

Palavras-chave: Castanha, amido, relação amilose/amilopectina, nutrição, saúde.
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INTRODUCTION

The chestnut is the fruit of the chestnut tree, a tree 
that belongs to the genus Castanea, of the Fagaceae 
family. The family includes species without great 
aptitude for fruit production and species with a 
good aptitude for fruit production.

Castanea sativa Mill. commonly known as European 
sweet chestnut belongs to the genus Castanea, it 
is distributed in 25 European countries, occupy-
ing about two million hectares. This species has 
a large distribution in Spain, France, Greece, Italy, 
Portugal, and Turkey. In Italy, the area planted 
with chestnut is the largest in Europe (Gomes-
Laranjo et al., 2009).

The chestnut fruit has always had great impor-
tance in the southern Europe countries. It was the 
basis of food before the emergence and expansion 
of potato and cereal crops (Borges et al., 2008). 
Currently, chestnuts are no longer used as the main 
direct food of rural populations. However, it is still 
a very fruit important source of income since there 
has been a growing demand for this fruit abroad, 
favoring an increase in prices.

In addition to domestic consumption, it is also 
very traditional to sell roasting chestnuts by roast-
ers on the streets of European cities. However, it is 
very important to highlight its use, with growing 
interest, in modern confectionery and in the feed-
ing of children with allergic problems.

In this perspective, chestnut can be used as an 
ingredient in ice cream and yogurts, and in confec-
tionery such as sweets, pastes and “marron glacé”, 
being possible also the use of sweet chestnut flour 
in processes of extrusion cooking to obtain pasta 
and breakfast cereals (Silva et al. 1994).

Several studies over recent times have revealed 
that nuts are important allies of health. They con-
tribute to cholesterol lowering, reduce the risk of 
cardiovascular disease and, associated with fish 
and vegetables, help prevent Alzheimer’s disease. 
Dried fruits such as nuts, chestnut, almonds, mac-
adamia nuts, hazelnuts, and others also improve 
cholesterol levels because of their potential to 
reduce the risk of coronary heart disease, as well as 
assist in controlling blood pressure prevent type 2 

diabetes and decrease appetite and consequently 
obesity (Rose, 2010).

In a comprehensive study by Maria et al. (2010) is 
well explored the relationship between the chemi-
cal and nutritional composition of European sweet 
chestnut and its products, with its benefits in 
human and animal health.

As regards the nutritional composition of sweet 
chestnut, this can bring great benefits to the diet. 
It is high in starch as opposed to simple sugars 
(recommended for diabetes prevention), low in fat 
and protein, and a vitamin C content similar to cit-
rus fruit. In addition to the nutritional advantages 
already mentioned, sweet chestnut is free from 
gluten, which gives the fruit aptitude as food for 
celiacs (Rostom et al., 2006) Celiac disease is a food 
intolerance that has an immunological and genetic 
component being triggered by the ingestion of glu-
ten even in small amounts. The global prevalence 
of celiac disease based on serologic test results is 
1.4% and based on biopsy results is 0.7% (Shridhar 
et al., 2015)

It is important to note that depending on the vari-
ety and region of sweet chestnut origin, its nutri-
tional value and its organoleptic quality vary. 
In any case, it is true that this fruit is good food 
with enormous potential in various aspects of 
health and should, therefore, be used by the food 
industry and its production and consumption 
should be encouraged.

This work aims to strengthen our knowledge 
about the chemical and nutritional composition of 
European sweet chestnut and its health potential 
being a great part of the results presented the fruit 
of bibliographical research.

MATERIAL AND METHODS

The determinations concerning the moisture con-
tent, total fat, total protein, cellulose, sugars, min-
eral salts, ash, and starch content, as well as the 
amylose/ amylopectin ratio, were determined by us, 
and five replicates were performed for each exper-
iment, presenting as results the mean calculate of 
the five replications. The most specific determina-
tions are a result of bibliographic research work.
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 Material

The chestnuts studied were collected by us in the 
Northeast of Portugal, consist of a mixture of sev-
eral varieties with a predominance of the variety 
Longal. The samples of sweet chestnut used in the 
analyzes were obtained after milling in an Arnelfield 
mill (cal. Ref. Ff2) using a sieve with 0.71 mm 
mesh. The flours thus obtained were then stored 
in sealed containers for the following analyzes.

All the analyses were made in triplicate. Statistical 
differences between samples were tested using 
analysis of variance (ANOVA). The level of sig-
nificance was determined at P < 0.05 for all 
experiments.

Methods

Humidity – drying in a laboratory oven (100-105 ºC) 
until constant weight.

Ash – calcination in muffle (at 600 ºC) until con-
stant weight.

Total fat – ethyl ether extraction (AOAC Method, 
1990).

Total Protein – obtained multiplying by 6.25 of 
the percentage of total nitrogen obtained by the 
KJELDHAL method, using saturated copper as the 
catalyst (Kirk, 1950).

Cellulose – made by acid hydrolysis for half hour 
followed by alkaline hydrolysis during the same 
period of time (AOAC Method, 1990).

Total Sugars – the total number of reducer sugars 
was determined, expressed as invert sugar, after 
hydrolysis under the conditions described in 
Portuguese Standard Nº. 1420.

Starch – LINTNER polarimetric method (Method 
official AOAC), following the method described on 
the website: https://www.gafta.com/write/MediaUploads/
Contracts/2014/method_23.0_2014.pdf

Amylose/amylopectin ratio – evaluated by chromatog-
raphy using the gel Sepharose CL-2B (Pharmacia 
Fine Chemicals, Sweden), and as eluent NaN3 
(sodium azide) at 0.02% (v/v) at the rate of  
0.5 mL/minute.

RESULTS AND DISCUSSION

The chemical composition of sweet Chestnut

The results of the analytic determinations, done 
to the nutrient, used by us, are exposed in Table 1 
and are very similar to results determined by other 
authors (Vasconcelos et al., 2010).

The edible part of the chestnut is 83%. From the 
analysis of results, it is clear that water is the com-
ponent that exists in greater quantity. The sec-
ond most abundant component is starch which 
expressed in terms of dry matter is close to 50%. 
Moreover, their importance is even greater if we 
look at the specificity of its composition, and to its 
value in the organic equilibrium.

Nutritional value of sweet chestnut

Carbohydrates

Sweet chestnut is, according to several authors 
(Barreira et al., 2010) one of the nuts that have 
higher levels in carbohydrate, about 40 g (in 100 g 
edible product), the starch corresponding to about 
27.5 g (slightly more than that of our determina-
tions). In terms of carbohydrates, it is, therefore, 
the starch that exists, with a difference, in a greater 

Table 1 - Chestnut nutrientes (g/100g edible product)

Chestnut Humidity Ash Nitrogen Total 
Protein Total fat Cellulose Non-nitrogenated 

extract
Reducing 

sugars Starch

Original pulp 53.00 1.22 0.53 3,31 0.92 1.45 40.10 0.64 23.00
Dry extract 2.60 1.13 7.04 1.96 3.09 85.32 1.36 48.94

Daily necessities (adult) 75 75 11
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proposition in the chestnut as we can check in 
Table 2.

Many nuts such as walnuts are low in carbohy-
drates and high in fats. However, the Chestnuts 
have, as Table 2 shows, a large and significant 
amount of carbohydrates.  Carbohydrates are 
important sources of energy and are also indispen-
sable for the good functioning of the nervous sys-
tem since the brain consumes glucose (Rose, 2010). 
Chestnuts are an excellent source of dietary fiber, 
which helps prevent constipation and facilitate 
bowel movement control. Also, soluble fiber, nuts, 
can lower blood sugar levels and contribute to 
lower cholesterol (Blomhoff et al., 2016).

Chestnut because it has a high content of starch, is 
beneficial as a preventive factor of diabetes. This 
also seems to confer anti-allergic action accord-
ing to some studies done in children with vari-
ous types of allergies and intolerances (Kelly and 
Sabaté, 2006).

Amylose/amylopectin ratio of sweet chestnut 
starch

The chromatographic profile obtained with sweet 
chestnut starch revealed two perfectly distinct 
peaks. After calculating their areas, we obtained 
mean values relative to 43% for the fraction of the 
lowest mass molecular and 57% for the higher 
fraction of mass molecular. We think that these 
fractions should mainly to amylose and amylo-
pectin respectively, being, therefore, its ratio of 
0.75. It is relationship may have some nutritional 
importance because it seems that carbohydrates 

with molecule complex such as starch of chestnut 
have beneficial properties as the preventive fac-
tor of diabetes and allergies. For another side, the 
knowledge of the amylose/amylopectin ratio may 
prove to be of great importance in the industrial 
processing of sweet chestnut in processes such as 
extrusion (Silva et al. 1994).

Proteins and amino acids

Compared with carbohydrates the protein content 
of European sweet chestnuts is low (Table 3).

Proteins are indispensable in the diet because they 
perform structural and functional functions in the 
body. They are an ingrained part of cellular struc-
tures and build up for multiple aspects of their 
metabolism, and can still be used as a source of 
energy. Thus, proteins are critical in maintaining 
body tissue, including development and repair. 
Hair, skin, eyes, muscles, and organs are made of 
proteins. Enzymes are proteins that increase the 
rate of chemical reactions in the body. Antibodies 
are proteins that help prevent infections and mul-
tiple diseases. However, the European sweet chest-
nuts protein content represents a small percentage 
of the recommended daily allowance for men and 
women (Bittencourt, 2018).

The amino acid values are presented in Table 4, 
data adapted from Borges et al. (2008).

As can be seen, protein content and amino acid 
percentages are low in European sweet chestnuts; 
however, it contains all the essential amino acids 

Table 2 - Chestnut carbohydrate composition (g/100g edible product)

Chestnut Reducing sugars Sucrose Pentasonas Cellulose Starch Total
Original pulp 0.60 9.00 1.10 1.60 27.50 39.80
Dry extract 1.15 17.48 2.14 3.10 53.39 77.27

Table 3 - Protein composition of chestnut (g/100g edible product)

Chestnuts Digestible crude protein Pure protein Free Amino Acids Other substances (amides) Total
Original pulp 3.30 2 0.21 1.50 7
Dry extract 6.40 3.88 0.4 2.90 13.58
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in the human diet, those who are in greater pres-
ence aspartic acid, asparagine and glutamic acid. 

Lipids

Chestnut, like other foods in its group, has a low-
fat value, having an average value for both oleic 
acid and linoleic acid of about 35%, but the con-
tent of palmitic saturated acid is the highest in nuts 
being about 15%.

It is thought that phytosterols are of particular 
interest in particular beta-sitosterol which appears 
to have a hypocholesterolemic action and to be 
antagonistic to cholesterol both in the digestive 
system and metabolic phenomena. Beta-sitosterol 
is the main phytosterol present in nuts, with sweet 
chestnut being the highest value for other nuts, 
such as almonds, hazelnuts, walnuts, and peanuts 
(Slota and Kozlov, 1998).

Vitamins

As is well known, vitamins are essential in a 
balanced diet, for various health-related effects. 

An essential compound for human health, which 
humans can not synthesize, is vitamin C (ascorbic 
acid).

In European sweet chestnut it is very relevant 
the vitamin C content, is similar to many citrus 
fruits which, as is well known, are a large natural 
source of vitamin C. Vitamin C is very important 
in creating resistance against infections, calcium, 
and iron fixation, in the prevention of scurvy and 
eliminates cancer-causing free radicals in the body 
(FAO/WHO, 2001).

Another vitamin with a relevant presence in sweet 
chestnut is vitamin PP, niacin or vitamin B3. This 
vitamin has an important role in cellular metabo-
lism and repair of genetic material (DNA). Other 
important functions are the removal of the body 
from toxic chemicals and help in the production of 
steroid hormones by the adrenal glands. Its defi-
ciency can lead to pellagra, which is a disorder 
that causes diarrhea, dermatitis and nerve damage 
that affects the central nervous system, leading to 
dementia. In addition to this disease, the lack of 
niacin can lead to fatigue, irritability, insomnia, 
headache, depression, diarrhea and dermatitis 
(Barros et al., 2011).

Table 4 - Amino acids of sweet chestnut g/g nitrogen (mean value) adapted from Borges et al. (2008)

Isol. Leuc. Lis. Met. Cist. Fen. Tir. Tre. Ser.
0.209 0.306 0.318 0.125 0.168 0.225 0.152 0.195 0.260
Trip. Val. Arg. Hist. Alan. Asp. Glu. Gli. Pro.
0.059 0.289 0.388 0.148 0.369 0.900 0.680 0.290 0.270

Table 5 - Fatty acids present in Chestnut (g/100g fat) adapted from Borges et al. (2007)

C14:0 C16:0 C18:0 C20:0 C16:1 C18:1 C18:2 C18:3 Others Insat. Sat.
0 15.50 0.88 0.46 0.70 35.80 35.10 3.92 0.42 75.5 35.8

Legend: C14:0- Myristic; C16:0- Hexadecanoic; C18:0-Stearic; C20:0- Arachidonic; C16:1- Palmitoleico; C18:1- Oleico; C18:2- Linoleico; C18:3- Linolénico

Table 6 - Phytosterols in sweet chestnut oil (mg/100g fat) 
from Weirauch and Gardner (1978)

Beta-sitosterol Campestenol Stigmasterol Total Esterol
4420 355 396 5350

Table 7 - Vitamins present in the sweet chestnut mg/100g 
edible product. Mean values of several references 
adapted from Vasconcelos et al. (2010)

B1 B2 PP C
0.22 0.12 2 51
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Minerals

The content of minerals in European sweet chest-
nut depends on the different varieties and with the 
edaphoclimatic conditions of cultivation. The min-
erals with a greater presence in the sweet chestnut 
are potassium, copper, phosphorus, magnesium 
and calcium, as can be seen in Table 8.

The double sodium and potassium are essences for 
muscle contractions and so it helps maintain nor-
mal heart rhythm. Sodium acts on the metabolism 
of carbohydrates, proteins, and fats, turning these 
macronutrients into energy for the body. Therefore, 
the absence of sodium can lead to fatigue, head-
ache, and cardiac arrhythmia. However, as we 
all know, sodium sources are many and diverse. 
Potassium has been linked to increased blood flow 
to the brain; heighten cognition, concentration, 
and neural activity (Newberry et al., 2018).

Sweet chestnut is an important source of cal-
cium an essential mineral for the construction 
and maintenance of bones and teeth, as well as 
being very important for muscle contraction and 
transmission of nerve impulses (Piste et al., 2013). 
Magnesium is a cofactor of several enzymes such 
as those that act on the fundamental metabolism 
of DNA, RNA and Protein synthesis. Manganese is 
also essential for many enzymes that control blood 
sugar, energy metabolism, and thyroid function. 
One cup of chestnuts possesses a whopping 84 
percent of the recommended value of manganese. 
Deficiencies in manganese can be associated with 
impaired fertility, growth retardation, congenital 
disabilities, and general weakness. Phosphorus 
participates in several essential functions such as 
bone formation along with calcium, chemical reac-
tions of energy release, phosphate buffer system in 
the intracellular fluid and renal tubules and is also 
part of the nucleic acids, DNA and RNA (Soetan 
et al., 2010).

Micro-minerals with a significant presence in sweet 
chestnut are zinc and iron, important components 
of many enzymes. Iron is an essential component 
of hemoglobin that carries oxygen from the lungs 
to the tissues and myoglobin that supplies oxygen 
to the muscles. This is also necessary for growth, 
development, normal cellular functioning and the 
synthesis of some hormones and connective tissue 
(Soetan et al., 2010).

Energetic value

If we consider in the calculations for the energy 
content the coefficients of Atwater and FAO rec-
ommendations, and the values of our determina-
tions, the sweet Chestnut is an excellent source of 
natural energy, provides about 183.52 Calories per 
100 grams of the edible part, as can be observed in 
Table 9. 

CONCLUSIONS

In conclusion, we can affirm that the most signifi-
cant aspect in the nutritional value of sweet chest-
nut is its high content of complex molecule car-
bohydrates such as starch, the content of vitamin 
C and minerals and the existence of low content of 
proteins and lipids.

Table 8 - Main minerals present in sweet Chestnut (mg). Mean values of several references adapted from Vasconcelos et al., 
2010

Phosphorus Potassium Calcium Magnesium Iron Sodium Manganese Zinc Copper
83.88 494.38 26.23 35 0.47 7.88 21.75 62 165

Table 9 - Energy value of sweet chestnut in 100 g of edible 
part

Calories Kj % % Reco- 
mmended

Carbohydrates 162 680.4 88.27 65
Proteins 13.24 55.60 7.21 10
Lipids 8.28 34.78 4.51 25
Total 183.52 770.70 100 100
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In any case, sweet chestnut is good food with enor-
mous potential in human and animal health, espe-
cially for celiac and diabetic patients, prevention 
of cancer, reduction of allergies and strengthening 

of the immune system in children. For all this, the 
production and processing of sweet chestnut in 
various products should be increased in order to 
enhance and increase its shelf life.
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