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ABSTRACT: Fifty Chestnut, Castanea sativa genotypes comprising of 40 genotypes from Harwan area, 6
from Shalimar (SKAUST-K) and rest from Emporium Garden Lal Chowk were evaluated based on different
parameters (bearing habit, number of nuts per bur, number of plump fruits per bur, nut weight, nut size,
pellicle adhesion and intrusion, cropping efficiency. The clustering of these accessions grouped them into 12
different clades having less than 25 per cent genetic variability among them.  The representative of each clade
was evaluated for its chemical composition. On dry matter basis (mg/g) total carbohydrates ranged between
732.4-861.3, total phenols 0.63-4.10, total soluble sugars 190-337, reducing sugars, 28-60, and non reducing
sugars 175-281, invert sugar 9.4-12.4, crude cellulose 30.0-48.0, proteins 76.0-120.5, starch 530.57-620.8,
sucrose 80.6-210.8, ash 10.0-22.0, total fat 6.7-14.5.
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INTRODUCTION

Chestnut, Castanea sativa grows throughout the
Himalayas up at altitudes of 2000 to 3000 m asl for its
edible nuts. The term ‘bread tree’ or ‘the grain that
grows on tree’ has been used in some places for
chestnuts, which has been one of the fundamental
nutrients used in human nutrition. The term “bread tree”
has been used in some places for chestnuts, which has
been one of the fundamental nutrients used in human
nutrition (Bounous et al, 2000). The fruit is rich in
carbohydrates and low in fat content. This characteristic
increases its use in diets. Chestnut is widely used as a
food by cooking as well as in cake and candy
industry (Anon, 2000). Fresh chestnuts have a high
caloric-content (160 K cal per 100 g of edible product),
high carbohydrate content (sugar and starch) i.e. 34 g
average per 100 g of fresh edible product. It is widely
being considered as a valid alternative food for children
who are allergic to milk or lactose intolerant and its
flour is an ideal carbohydrate alternative for those
individuals with cereal intolerance (coelics). Protein
content of fresh product is equivalent to that of milk and
is of high quality as it contains essential amino acids
(tryptophan, lysine and the sulfonated amino acids,
methionine and cystenine) and is comparable to the
protein content of eggs, considered ideal for amino acid
balance. Keeping in view the nutritional potential of
these nuts, the first attempt was made to catalogue its
available genetic resources from district Srinagar of
Kashmir valley and categorize them on the basis of
different morphological and chemical parameters. The
differences could be detected among the species and the
cultivars with respect to their nutritional value.

This fact should especially be considered in selection
studies. In this way, the genotypes with higher
nutritional value as well as high yield and other
quality characteristics could be improved. This work
was carried out with the aim of determining the
chemical composition of some selected important
domestic accessions of the chestnut from the valley.

MATERIALS AND METHODS

Fifty genotypes were identified as evaluated
comprising of 40 genotypes from Harwan area, 6 from
Shalimar (SKAUST-K) and rest from Emporium
Garden Lal Chowk based on different parameters
(bearing habit, number of nuts per bur, number of
plump fruits per bur, nut weight, nut size, pellicle
adhesion and intrusion, cropping efficiency). Finally
the genetic distance was calculated among the various
accessions by construction of dendrogram using SAS.
From the 12 different clades each representative
accession (HSC026, HSC002, HSC014, HSC040,
HSC013, HSC029, HSC044, HSC016, HSC022 and
HSC042, SKC044 and HSC036) was evaluated for
chemical composition. The fruits were harvested at the
end of September through the middle of October. The
samples of about 120-150 g fruit that were randomly
sampled were squashed with a mortar after their outer
shells and seed coat (testa) were removed and analysis
were carried out. The dry matter contents of the
samples were determined by drying them overnight in
the hot-air oven at 105°C. Ash analysis was carried
out by burning the sample in muffle furnace at 525°C
for 8 h. Total protein quantity was calculated   by
multiplying   the nitrogen content using Kjeldahl
method by the coefficient 5.30 (AOAC, 1990).
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Crude cellulose quantity was determined according to
the method reported in Association of Official
Agricultural Chemists (AOAC) (AOAC, 1990). Total
fat quantity was found after extraction with ether for 6
h in soxhelet device (AOAC, 1990). Dinitrophenol
method was utilised in the analysis of total
carbohydrates, total sugar and invert sugar (Ross,
1959) using the spectrophotometer. Starch quantity
was calculated by multiplying the value obtained
through subtracting the total sugars from total
carbohydrates by the coefficient 0.94. The sugars and
sucrose was determined as per method described by
Galdon and Rodriguez (Galdon et al, 2009). The
phenolic content was estimated by colorimetric assay
described by Singleton and Rossi (Singleton et al,
1965)

RESULTS AND DISCUSSION

Total carbohydrates: Total carbohydrate quantities
ranged between 732.4 and 861.3 m g/g depending on
cultivars. The maximum carbohydrate content was
recorded in HSC013 and this was significantly superior
compared to all the accessions followed by HSC029 and
HSC042. The latter two were at par with each other and
significantly better as compared to all the other
accessions. The least carbohydrate content was observed
in HSC014 and this was significantly lower than all the
other accessions. The chestnut fruits generally contained
high rates of carbohydrates; this was 86.26 g/100g in
American chestnuts (C. dentata Borkh.) (McCarthy et al
1988), 87.50 g/100g in the Chinese chestnuts (McCarthy
et al 1988; Anon, 2003c) and 71.68 - 88.10 g/100g in
European chestnuts (McCarthy et al 1988; Künsch et al,
1999; Bounous, 1999; Bounous et al, 2000). The
carbohydrate content in accessions from valley has a
wide variation falling in the range of 73.24 – 86.13
g/100g. This value changed nearly 16 per cent in the
different materials of C. sativa species (Bounous et al,
2000; Anon, 2003a.). The accessions in the study also
show about 15 per cent variation in carbohydrate
content in the highest and lowest one.
Phenols: The total phenolic content between 0.63 and
4.10 mg/g. The maximum phenols were recorded in
HSC036 and this was significantly higher than all the
other accessions except HSC002 and HSC022. The
accession HSC013 recorded the least phenolic content
and this was at par with the accession HSC040 and
HSC016. The highest o-dihydroxy phenolic content
was recorded HSC002 and this was significantly higher
than all the other accessions except in HSC029,
HSC044 and HSC026. The lowest o-dihydroxy
phenolic content was observed in SKC044 and this was
further at par with HSC040, HSC013 and HSC042. Our
results are in tune with the findings of (Gu et al, 2004)
reporting that most of the castanea tissues are rich in
both simple phenolics and complex tannins. Low levels
(0.1-0.02 g/100g) have been reported in chestnut fruits
(Gu et al, 2004). However, other chestnut tissues e.g,
leaves, wood and bark, have higher levels of these
phenolics (Barreira et al, 2008). Epidemiological
studies show that many polyphenol compounds present

in fruits, vegetables, nuts, wine and tea are partly
responsible for their beneficial health effects. Phenol
compounds are secondary metabolites with
considerable physiological and metabolic importance in
plants. These compounds play an important role in
growth and reproduction, providing protection against
pathogens and predators the higher content of phenols
in chestnut might be responsible for its hardy nature
and resistance to diseases and insects.
Sugars: Total sugar soluble contents changed
between 190 and 337 mg/g. The maximum sucrose
content was observed in HSC044 and this was
significantly higher than that observed in all the other
accessions followed by HSC002 and HSC022, the latter
two were significantly different from each other and
superior as compared to all the other accessions. The
lowest total sugar content was observed in the SKC044
and it was significantly lower as compared to all the
other accessions. This range of sucrose content in the
studied accessions was similar to those obtained by
Bounous et al., (2000) and Bounous et al., (2000) which
were 14.01-20.60 and 20.38 g/100 g, respectively. The
invert sugar content of the cultivars ranged between
9.4 and 13.3 mg/g. The invert sugar content among the
various accessions was at par with each other. Pavaia et
al, (1993) found the invert sugar quantity of the
cultivars between 0.82 and 3.56 g/100g. The invert
sugar contents of the cultivars examined were somewhat
lower than these values as the share of invert sugar in
total sugars was quite low, ranging between 3.67 and
5.68 for the accession with highest (HSC044) an lowest
(SKC044) lowest total soluble sugars. The maximum
amount of reducing sugar was observed in HSC029 and
this was significantly higher as compared to that
observed in all the other accessions followed by
HSC026, the later was at par with SKC044. The lowest
reducing sugar content was observed in HSC014 and
this was significantly lower as compared to all the other
accessions except HSC016. The maximum non-
reducing sugar content was observed in the HSC002
and this was significantly higher as compared to all the
accessions except HSC042. The reducing sugar content
in the chestnut comprised of 51.9 to 88.94 percent of the
total sugar accession with highest (HSC044) and lowest
(SKC044) lowest total soluble sugars. The lowest non-
reducing sugar content was observed in SKC044 and
this was further at par with that observed in HSC014
and HSC044.
Starch: Starch quantities ranged from 530.57 to 620.8
mg/g with among the different accessions. The
maximum starch content was observed in HSC042 and
this was significantly higher as compared to all the
other accessions followed by HSC013 and HSC029,
the latter two were further at par with SKC044 and
HSC036. The lowest starch content was recorded in
HSC002 and it was significantly lower compared to all
the accessions except HSC044. The starch content
reported in chestnut was generally ranged between
49.60 and 65.40g /100g in different species (Bounous
et al, 2000; Liu, 1993; Bounous et al, 2000) and this
was in tune with our findings.
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However, lower (29.80 g/100g) or higher (80 g/100g)
starch content than observed in the present studies has
been reported by Üstün et al (1999) and Demiate et al
(2001), respectively. A part of starch changes into
sugars during storage, thus the ratio of sugars increases
and that of starch decreases (Soylu et al, 1987). The
correlation between the starch and sugar content reflects
a strong negative correlation of -0.78, which may be
indicative of the variable level of conversion of starch
into sugars in these accessions.
Sucrose: The sucrose quantities of the cultivars
changed between 80.6 and 210.8 mg/g. The maximum
sucrose content was observed in HSC022 and this was
significantly higher compared to all the accessions
except HSC013. The lowest sucrose content was
observed in HSC016 and this was significantly lower as
compared to that observed in all the other accessions.
The sucrose content have a positive correlation with the
total sugars and it was observed to be 0.54 for these

accessions. Pavaia et al (1993) reported the sucrose
content between 10.45 and 19.74 g/100g while Künsch
et al (1999) observed 12.40 g/ 100g; the accessions
from Kashmir valley were slightly in a broader range of
20.08 to 8.06 g/100g.
Ash quantity: The ash content ranged between 10.0

and 22.0 mg/g among accessions. The maximum was
observed in HSC040 and this was at par with that
observed in HSC013, HSC016, HSC026 and HSC036.
The minimum quantity of ash was reported in HSC022
and this was significantly lower compared to all the
other accessions except HSC044. The quantity of ash
reported in chestnut ranged between 0.83 and 4.92
g/100g in various species and genotypes (Brighenti et
al, 1998; Üstün et al, 1999; Demiate et al, 2001; Anon,
2003b, Sundriyal & Sundriyal, 2001; Anon, 2003c.),
however the ash quantity in accessions from Kashmir
valley had a very narrow range of 1.0 to 2.2 g/100 g.

Table 1: Biochemical profile (mg g-1 Dry Weight) of representative chestnut accessions.

Accessions
Total

phenols
o-dihydroxy

phenol
Total soluble

sugars
Reducing

sugar
Non reducing

sugar
Invert
sugar

HSC026 2.44 1.97 251 52 199 9.8
HSC002 3.80 2.24 322 41 281 10.0
HSC014 2.10 1.62 202 28 175 11.0
HSC040 0.83 0.78 273 37 236 11.5
HSC013 0.63 0.33 259 37 222 10.0
HSC029 1.63 2.01 243 60 203 12.2
HSC044 2.05 2.00 337 35 175 12.4
HSC016 0.67 1.11 261 29 190 10.0
HSC022 3.76 1.31 305 43 256 13.3
HSC042 2.20 0.54 210 38 267 12.1

SKC044 1.87 0.43 190 47 169 10.8
HSC036 4.10 1.18 245 31 243 9.4
CV 16.83 21.99 3.21 10.72 4.18 14.78
LSD (0.05) 0.56 0.47 13.91 7.29 15.06 NS

Table 2: Biochemical profile (mg g-1 Dry Weight) of representative chestnut accessions.

Accessions Total
carbohydrate

Crude
cellulose

Proteins Starch Sucrose Ash Total fat

HSC026 805.4 48.0 97.8 521.1 140.5 20.0 8.5
HSC002 763.6 44.0 84.4 415.1 180.1 16.8 11.6
HSC014 732.4 56.0 115.5 498.6 100.4 19.0 10.5
HSC040 802.5 40.0 88.9 497.7 163.3 22.0 5.6
HSC013 861.3 30.0 93.3 566.2 194.7 19.9 7.5
HSC029 845.3 47.2 110.6 566.2 155.4 18.0 14.5
HSC044 790.2 44.7 76.0 426.0 132.2 11.0 12.9
HSC016 754.5 35.8 99.5 463.9 80.6 20.0 10.7
HSC022 803.9 41.5 109 469.0 210.8 10.0 6.7
HSC042 834.6 33.8 87.0 587.1 120.5 17.3 9.5

SKC044 783.6 44.3 120.5 558.0 105.5 16.7 12.7
HSC036 824.7 37.1 101.6 544.9 99.06 21.1 14.0
CV 0.95 7.61 2.51 1.37 3.66 11.74 15.43
LSD (0.05) 12.73 5.33 4.15 11.64 8.58 3.47 2.67
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Crude cellulose: The crude cellulose quantities of the
cultivars ranged from 33.8 to 56.0 mg/g. The maximum
crude cellulose content was reported in HSC014 and
this was significantly higher compared to all the
accessions. However in most of the accessions such as
HSC026, HSC002, HSC029, HSC044 and SKC044 the
crude cellulose content was in a closer range of 44.0 to
48.0 mg/ g and all these were at par with each other.
The least cellulose content was observed in HSC013
and it was significantly lower as compared to all the
other accessions except HSC042. Demiate et al (2001)
found the crude cellulose quantity in Brazilian cultivars
(C. sativa) as 2.34 g/100g however, Sundriyal and
Sundriyal (2001) reported the crude cellulose content in
American, European and Chinese chestnuts between
1.00 and 2.00 g/100g. The accessions from valley
showed the notable differences in crude cellulose
quantity between 3.0 and 5.6 g/100g.
Total fat: The total fat content of the samples
ranged from 5.6 to 14.0 mg/g. The maximum fat
content was observed in HSC029 and it was
significantly higher compared to all other accessions
except HSC044, SKC044 and HSC036. Minimum fat
content was observed in HSC022 and this was
significantly lower as compared to all the other
accessions except HSC040, HSC013 and HSCO26.
This fat content ranging between 0.66 and 5.59 g/100g
has been reported in the cultivars belonging to the
species C. sativa Mill. (Ferreria-Cardoso et al, 1993;
Demiate et al, 2001; Soylu et al, 1987; Anon, 2003b).
Fat content was determined as 1.98 mg/g in the Chinese
chestnuts (Anon, 2003c) and as 0.38 g/100g in some
Australian cultivars (Sundriyal & Sundriyal, 2001).
Only few of the Indian chestnuts showed the fat content
as reported in Australian cultivars. However most of
them showed higher fat content but this was less as
reported in Chinese cultivars.
Total protein: Total protein quantity ranged between
76.0 and 120.5 mg/g among the various accessions. The

maximum protein content was reported in SKC044 and
this was significantly higher than all other accessions
followed by HSC014 and HSC029, the latter two were
significantly different from each other. The lowest
protein content was reported in HSC044 and this was
significantly lower as compared to all the other
accessions. The protein content was reported between
3.43 and 13.28 g/100g in C. sativa Mill. Cultivars
(Pavaia et al, 1993; Ferreria-Cardoso et al, 1993;
Brighenti et al, 1998; Bounous, 1999; Üstün et al, 1999;
Anon, 2003a). This range was narrower in the Chinese
chestnuts being between 2.12 and 7.49 g/100g
(McCarthy et al, 1988; Anon, 2003c). However higher
range was observed in Indian-Kashmir chestnuts i.e
between 7.6 to 12.05 g/100g.
The accessions identified offer a wide variety of
chestnut diversity and very promising sources based
on chemical profile. The study offers a first and basic
platform to identify the promising accessions which
can be utilized for breeding programme keeping in
view the nutritive potential of this fruit. From a general
point of view, the chemical composition of chestnut
may vary depending on the source from which the
fruits were taken. However it can be stated that fruit of
chestnut contained mainly carbohydrates, mostly in
starch and sucrose form. It is also good source of
antioxidants indicated by the phenolic content as well
as rich source of proteins. From the various
composition and health studies it is clear that chestnut
fruits, and potentially other extracts from chestnut
trees, have considerable potential as functional foods
or as food ingredients, e.g. chestnut polyphenolic
extracts as a natural source of antioxidants and other
beneficial compounds such as gallic, ellagic acids and
ellagitannins. The benefits that this fruit can provide
for human and animal health are numerous, but it is
clear that improvements can be made for both
production and quality of chestnut products, e.g.
genetic selection and optimizing industrial processing.

Fig 1. Cluster analysis of chestnut accessions based on different morphological parameters clubs them into twelve
different clades.



Kour and Pandit 118

REFERENCES

Anonymous. (2000). “Dr. Decuypere’s nutrient charts”
nuts and seeds chart. Disp. in: http://www.
Healthalternatives2000.com/nut-seed-chart.

Anonymous. (2003a). Danish food composition
databank. Disp. in: http:// www.foodcomp.dk.

Anonymous. (2003b). Nutritional value of chestnuts.
Disp. in: http://www. Chestnutgrowers.
com.au.

Anonymous. (2003c). Nuts, chestnuts, Chinese,
roasted. Disp. in:http://nutrition.about.
com/library/foodfind/
blnutchestnutroast.htm23. McCarthy M A, and
Meredith, F.I., 1988. Nutrient data on
chestnuts consumed in the United States.
Econ. Bot., 42: 29-36.

AOAC. (1990). Official Methods of Analysis.  15th ed.
Washington, DC: AOAC.

Barreira, J. C. M., Ferreira, I. C. M., Oliveira, M. B. P.
& Pereira, J. L. (2008). Antioxidant activaties
of the extracts from chestnut flower, leaf, skins
and fruit. Food Chemistry, 107: 1106-1113.

Bounous, G. (1999). Among the Chestnut Trees in
Cuneo Province. Edizioni Metafore via Carlo
Emanuele, 15-12100 Cuneo.

Bounous, G., Botta, R. & Beccaro G. (2000). The
chestnut: the ultimate energy source
nutritional value and alimentary benefits.
Nucis. 9, 44-50.

Brighenti, F., Campagnolo, M., Bassi, D. 1998).
Biochemical   characterization of the seed
in instinct chestnut genotypes (C. sativa). In:
Proceedings of International Symposium on
Chestnut, 2, Bordeaux, France.

Demiate, I. M., Oetterer, M. & Wosiacki, G. (2001).
Characterization of chestnut (Castanea
sativa) starch for industrial utilization.
Brazilian Archives of Biology and
Technology. 44: 69-78.

Ferreria-Cardoso, J.,   Fontainhas-Fernandes, A. A. &
Torres-Pereira, M. (1993). Nutritive value and
technological characteristics of Castanea
sativa Mill. Fruits- comparative study of some
Northeastern Portugal cultivars. Proceedings
International Congress on Chestnut, Spoleto,
Italy.

Galdon, B.R., Rodriruez, C. T., Rodriguez, E. M. R. &
Romero, C. D. (2009). Fructans and Major
Compounds in Onion Cultivars (Allium cepa).

Journal of Food Composition and Analysis.
22: 25-32.

Gu, L., Kelm, M. A., Hammerstone, J. F., Beecher, G.,
Holden, J. & Haytowitz, D. (2004).
Concentrations of proanthocyanidins in
common foods and estimiation of normal
consumpation. Journal of Nutrition. 134: 613-
617.

Künsch, U., Scharer, H., Conedera, M., Sassella, A.,
Jermini, M. & Jelmini, G. (1999). Quality
assessment of chestnut fruits. Acta
Horticulturae. 494: 119-122.

Liu, L. (1993). The germplasm resources of chestnut
in China. In: International Congress on
Chestnut, Spoleto. Proceedings International
Congress on Chestnut, Spoleto, Italy.

McCarthy, M. A. & Meredith, F. I. (1988). Nutrient
data on chestnuts consumed in the United
States. Economic Botany. 42: 29-36.

Pavaia, G. G. , Pizzirani, S., Severini, C., & Bassi, D.
(1993). Chemical and functional
characterization of some chestnut varieties.
Proceedings International Congress on
Chestnut, Spoleto, Italy.

Ross, F.A. (1959). Dinitrophenol methods for reducing
sugars. Potato Processing, In: Talburt WF,
Smith O (Eds.). A VI Publishing Comp.
Connecticut. pp. 469-470.

Singleton, V. L. & Rossi, J. A. (1965). Colorimetric of
total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American
Journal of Enology and Viticulture. 16: 144-
55.

Soylu, A., Eriş, A. & Sermenli, T. (1987). Researches
on the possibilities of using ethephon (2-
chloroethylphosphonic acid) to facilitate the
harvesting of chestnuts. Publ. Uludağ Univ.
n. 7-008- 0141, Bursa-Turkey.

Suarez, M. H., Galdon, R. B., Mesa, R. D., Romero, C.
& Rodriguez, E. (2012). Food and Nutrition
Sciences. 3705-3715.

Sundriyal, M. & Sundriyal, R.C. (2001). Wild edible
plants of the Sikkim Himalaya: nutritive
values of selected species. Economic Botany.
55: 377-390.

Üstün, N., Tosun, Y. & Serdar, Ü. (1999).
Technological properties    of    chestnut
varieties grown in Erfelek district of Sinop
city. Acta Horticulturae. 494: 107-110.

www.foodcomp.dk
http://nutrition.about

