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Abstract Changes occurring in seven chestnut (Castanea
sativa sp.) cultivars, caused by boiling and roasting, on starch
content, cell and starch granules dimension were evaluated,
and morphological changes were characterized by scanning
electron microscopy. Three clear patterns of variation were
detected after processing, namely: i) decrease of starch content
with processing; ii) starch increase with the applied treat-
ments; iii) increase of starch with boiling and decrease with
roasting. Starch granules of raw chestnuts presented round,
oval or elliptical form, external smooth surface and eccentric
hilum, with rather ellipsoid-shaped growth rings. Processing
resulted in modifications of the granules, with fusion of indi-
vidual granules, and gelatinization taking place with the for-
mation of elongated clusters. The present results indicate that
boiling and roasting, besides changing the starch content of
chestnut, causes important modifications in the starch

granules, which can affect the sensory, rheological and chem-
ical characteristics of chestnuts.
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Introduction

Chestnut (Castanea sativa sp.) is an ancient cultivated
tree crop in Portugal, with a fruit production estimated
in 19,100 tons in 2012, ranking Portugal as the 8th
world’s producer of this commodity (FAO 2012). The
main production area is located in the Trás-os-Montes
region, contributing to 85 % of the total Portuguese
production and has a great social and economic impor-
tance to the local population, being part of the land-
scape patrimony (Borges et al. 2008). The favourable
climatic, edaphic and ecological conditions associated
to the promising chestnut market, result of recognition
of the importance of this nut in human health, have
been encouraging the establishment of new planting
areas. The existence of many well-adapted native culti-
vars, with higher nutritional qualities and greater com-
mercial value (Silva et al. 2011) is an important incen-
tive to perform more research with these cultivars, since
few studies had been conducted and published.
Chestnuts present a starch content (an average of
22.3 g/100 g of raw edible portion) that places this fruit
among the main sources of starch, even when compared
with raw potatoes (about 16 g/100 g) or beans (around
20 g/100 g) (Pizzoferrato et al. 1999). Other important
characteristic to be studied is the starch structure.
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Indeed, in Europe, the utilization of chestnuts to pro-
duce the marron glace, which depends of starch struc-
ture, becomes increasingly important. Furthermore, some
studies about new food industry uses of starches with
desired functional properties where starch from chest-
nuts is employed for production of gluten-free baked
foods (Correia and Beirão-da-Costa 2012), points out
that its characterization is very important for producers
and consumers. Starch is made of two types of α-D-
glucose linked polymers, amylase or amylopectin
(Pizzoferrato et al. 1999), and the botanical origin of
the starch determines the structure of starch. In chestnut,
starch granules diameter can vary from 2 to 21 μm
(Correia et al. 2012; Cruz et al. 2013), and present a
round and oval shape (Correia et al. 2012; Cruz et al.
2013). According to Wen-Yang et al. (2008), in mature
wheat grains, the starch is deposited in two types of
granules, B-type granules (diameter<9.9 μm) and A-
type granules (diameter>9.9 μm) and they have differ-
ent rheological and swelling properties and baking char-
acteristics leading to diverse uses in industrial food. For
instance, an increase in the B-type granule content in-
creases farinograph water absorption and improve
breadmaking quality (Soh et al. 2006). In chestnut, the
starch granule is generally classified into three types (A,
B and C) based on the X-ray diffraction pattern given
by the amylopectin crystalline structure, and recent stud-
ies have classified its granules either as B-type (Cruz
et al. 2013) or as C-type (Correia et al. 2012).

Previous studies (Attanasio et al. 2004) have shown
that during roasting or boiling process, starch suffers ir-
reversible changes, losing its crystalline organization,
that are dependent on the amount of water and heat
available in the process. According to Thomas and
Atwell (1999), the first set of changes during heating is
termed as gelatinization and is characterized by the irre-
versible disruption of molecular order, and the initial
increase in granule size, resulting in increased suspension
viscosity. These changes in starch granules after heat
treatment contribute to food properties such as rheologi-
cal behaviour, texture, moisture retention, as well as to
starch digestibility (Noda et al. 2008). Furthermore, the
use of nonconventional baking (e.g. electrical or micro-
wave ovens) processes have shown that the texture of the
baked products varied with the baking conditions, as a
result of different starch granule morphologies caused by
altered heating regime (Yin and Walker 1995).

Hence, the present study intended to characterize the
starch granule structure and the changes produced by

two of the most common methods for chestnut cooking,
boiling and roasting, on seven cultivars of sweet chest-
nut fruits, which were grown in northeast of Portugal,
in order to evaluate its further use in baked or other
processed products, like marron glace. For this, several
parameters were evaluated, namely biometric parame-
ters, starch content in fruits and the size and morphol-
ogy of starch granule.

Material and methods

Samples

In this study, fruits from seven representative native
cultivars, belonging to three protected designation of
origin (PDO), previously characterized by Borges et al.
(2008), were used: Boaventura, Côta, Lamela and
Trigueira cultivars (PDO Terra Fria); Lada and Longal
cultivars (PDO Padrela); Martaínha cultivar (PDO
Soutos da Lapa). Three trees from each cultivar were
selected, and three replications (1 kg each) of mature
chestnuts were randomly collected from each tree, and
kept in a refrigerator until further analysis.

Sample processing

Three different treatments were applied to fruits: i) raw
fruits: 500 g of raw fruits were peeled; ii) boiling pro-
cess: 500 g of raw chestnuts were cross-cut at the top,
mixed with 2 L of water and 5 g of salt and boiled, for
20 min; iii) roasting process: 500 g of raw chestnuts
were cut with a knife, spread over with 7 g of salt and
placed, for 40 min, in an electric oven (Nabertherm Mod.
– L9R) with air circulation, previously heated at 200 °C.
In both boiling and roasting, the processing was per-
formed in three replicates, and samples were peeled,
cut into small pieces and milled in a Model SK 100
Cross Beater (Retsch GmbH, Haan, Germany) to a uni-
formly fine powder (0.5 mm sieve). Samples were stored
in a freezer at-80 °C until analyses were performed.

Biometric parameters

For the determination of the fruit mass, 15 whole fruits, from
each treatment, where individually weighed, and moisture
content was determined by the official method of the
Association of Official Analytical Chemists (AOAC 2000).
Length, width and thickness were measure using a digital

J Food Sci Technol (January 2016) 53(1):348–358 349



calliper. Sphericity and roundness indexes were calculated as
follows:

Sphericity ¼ L�W�Tð Þ1=3
L � 100 and Roundness ¼ W�Tð Þ

2L ,

where L is length, W is width and T is thickness. For both
cases, the higher the values, a more round shape is presented
by the fruit.

Starch content

For the determination of starch, the method of
Salomonsson et al. (1984) was used. This method in-
cludes a first step of fat extraction, followed by starch
hydrolysis. The percentage of starch was calculated as
follows:

Starch
g

100g
of drymass

� �
¼

glucoseconcentration
mg

L

� �
� volumeof buffer 25mlð Þ � dilution factor 25ð Þ � 0:9 adjustment factorð Þ

samplemass mgð Þ � 10

Light microscopy

Starch granules were stained using Lugol’s iodine solution.
Starch granules were observed with an Olympus IX51 inverted
light microscope (Olympus Biosystem, Munich, Germany) and
photographed with a digital camera (ColorView III; Soft
Imaging System GmbH, Münster, Germany).

Scanning electron micrographs

For scanning electron microscopy (SEM) observations, trans-
verse sections of the raw, boiled and roasted chestnuts of all
cultivars were conducted at 15 kVand 5 Torr, using a Philips/
FEI SEM/ESEMQuanta 400 (FEI, Hillsboro, Oregon, United
States). The samples were held with double-sided carbon ad-
hesive tape on aluminium sample holder. Using the images
obtained by electron microscopy, the area and perimeter of the
chestnut cells and granules of starch were determined. For this
purpose, the image analysis program Image-Pro Plus 6.2 was
used, allowing the identification of the cells to measure,
selecting study parameters, and export the data to a spread-
sheet for further analysis.

Statistical analysis

Data from unit mass, dry mass, and starch content analysis, as
well as length, width, thickness sphericity and roundness in-
dexes, are presented as the mean of 15 analysed fruits
displaying the respective standard deviation (SD) values.
Values of cell and granule size were achieved by measuring
150 different individual cells or granules, and are presented as
mean±SD, with the minimum and maximum measure value
also presented. Differences among means were determined by
analysis of variance (ANOVA), using SPSS v.18 software and
averages were compared using Duncan test (P<0.05).

Results and discussion

Biometric parameters

Results regarding the biometric parameters evaluated in chest-
nut cultivars are presented in Table 1. There were significant
differences detected between cultivars, for all analysed param-
eters, with the exception of dry mass in boiled samples.
Furthermore, the values obtained in the present work are in
accordance to the ones previously reported, regarding chestnut
cultivars, including some presently described (Silva et al.
2007). These authors refer range values of length between 2.9
and 3.5 cm, of width between 2.5 and 3.5 cm and of thickness
between 1.9 and 3.2 cm, similar to the ones reported in the
present work. The length of the fruits where lower in Lada
cultivar (2.9 cm), while higher in Côta cultivar (3.8 cm). By
other hand, the lowest values of width were found for Trigueira
cultivar (2.5 cm), being the highest value of this parameter
detected in fruits of the Martaínha cultivar (3.4 cm). This cul-
tivar also presented the thickest fruits (2.4 cm), although not
statistically different from Boaventura cultivar, being the fruits
of Longal cultivar the ones with lowest thickness (1.6 cm).

In order to characterize the shape of the fruits, both sphe-
ricity and roundness indexes were calculated. Sphericity in-
dexes ranged from 73 to 89, for Longal and Martaínha culti-
vars, respectively, while roundness values presented a mini-
mum of 0.64 and a maximum of 0.86, for the same cultivars,
respectively. Similar values of sphericity and roundness were
previously reported for Portuguese (Silva et al. 2007) chestnut
cultivars as well as for roundness, in Portuguese cultivars.
Fruits from Longal cultivar showed the lower values of sphe-
ricity and roundness, presenting a more elongated form. By
other hand, taking in consideration the high values of spheric-
ity and roundness, the fruits from Martaínha cultivar are the
ones which shape is closer to being round.
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There were significant variations in fruit mass (F.M.) and
dry mass (D.M.) among all cultivars and treatments.
Regarding F.M., Boaventura cultivar presented the higher
mass (19 g), with significant differences to all other cultivars,
while Trigueira (9 g) cultivar presented the lightest fruits
(Table 1), having the fruits of this cultivar half the mass of
the heaviest cultivar (Boaventura). The processing of chestnut
fruits resulted in two different behaviours for F.M.. By one
hand, boiling the fruits increased their mass, in all cultivars,
but particularly for Longal cultivar, with an increase of about
2 g (about 19 % more) and Martaínha cultivar, that increased
its mass by 0.8 g (about 5 %). Contrarily, the roasting of the
fruits resulted in the decrease of the mass, for all cultivars,
being especially noticeable the reduction of this parameter
on the fruits of Martaínha, which recorded a loss of around
6 g (about 44 %). Another noticeable fact is that in either raw
or processed fruits, Boaventura cultivar presented always the
highest F.M. and Trigueira cultivar the lowest, with significant
differences to all other studied cultivars. These results are
similar to the ones previously obtained by our research group
(Silva et al. 2011). In this work, regarding eleven cultivars, the
increase of mass for chestnut fruits, after boiling was also
observed, as well as the decrease on this parameter, in roasted
fruits. Similarly, the fruits from Boaventura and Trigueira cul-
tivars presented the highest and lowest F.M., respectively.

In what concerns the dry mass (D.M.) analysis, values were
higher in boiled fruits (average of 54 g/100 g edible part)
followed by raw (average of 47 g/100 g edible part) and roasted
(average of 43 g/100 g edible part) fruits. There were significant
differences detected in the D.M. values, between raw, boiled
and roasted fruits of all cultivars, with the exception of
Trigueira. For all other six cultivars, a strong influence of the
processingwas found (P=0.0001), and, in all situations, roasted
samples presented the lowest values, followed by raw fruits,
and in boiled fruits, the D.M. was detected in higher amount.
These values, in raw fruits ranged from 40 g/100 g edible part,
in Lada cultivar, to 50 g/100 g edible part, inMartaínha cultivar.
These results agree with previous studies from our research
team (Borges et al. 2008; Gonçalves et al. 2010; Silva et al.
2011). Indeed, data from Spanish samples show that moisture
content of chestnut fruits is usually over 50 %, with an average
value of 54 %, in some cases (Pereira-Lorenzo et al. 2006).
After processing, the same pattern of results was observed:
lowest D.M. in fruits from Lada cultivar after roasting (38 g/
100 g edible part) or boiling (48 g/100 g edible part) and higher
D.M. for fruits of Martainha cultivar (46 g/100 g edible part,
after roasting and 57 g/100 g edible part, after boiling). The
differences on the D.M., hence, the water content, of fruits are
related to many factors including genetic, geographical location
and also soil genesis of the production local (Pereira-Lorenzo
et al. 2006). In the first case, Pereira-Lorenzo et al. (2006)
showed that chemical composition of fruits varied significantly,
due to genetic variations between cultivars, furthermore statingT
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that correlations with environmental factors can be low. By
other hand, the same study refers a significant effect of the
geographical location, reflecting different amounts of summer
rainfall. No correlation was found between the unit mass of
chestnuts and the respective D.M. Indeed, the fruits with lower
and higher D.M. were from Lada and Martaínha cultivars,
which presented fruits with an intermediate mass.

Starch content

Starch is the main bioavailable carbohydrate in human diet,
and chestnuts are among the main sources of starch in the diet,
although as they are a product with low consumption, their
contribution to dietary starch intake is low (Pizzoferrato et al.
1999). Results regarding the starch content of chestnut fruits
from the studied cultivar are presented in Table 2. Significant
differences (P=0.0001) were detected between cultivars, as
starch amounts in raw chestnuts ranged from 57 g/100 g on
chestnuts of Trigueira cultivar to 71 g/100 g on Martainha
cultivar (Table 2), with an average value of 63 g/100 g.
Interestingly, raw fruits of Trigueira cultivar presented simul-
taneously the lower unit mass and starch amount, being this
behaviour not found for the fruits with higher starch content
(Martaínha cultivar). Furthermore, no other correlation was
found between fruits mass or dry mass and starch content.
The detected amounts of starch are similar to the ones
available in other studies. The review provided by
Vasconcelos et al. (2010) refer that starch can represent from
39 to 67 g/100 g of dry matter. Similar starch content varia-
tions were detected by Künsch et al. (2001) in Swiss, French
and Italian cultivars (starch contents ranging from 42 to 58 g/
100 g of dry weight), and by Mert (2010) for Turkish samples
(between 34 to 45 g/100 g dry matter). The variations on the
amount of starch can be related to genetic factors, known to
influence chestnut composition, as well as geographic location
(Borges et al. 2007; Gonçalves et al. 2012; Künsch et al. 2001;
Pereira-Lorenzo et al. 2006).

The processing of chestnut fruits didn’t result in a visible
pattern of behaviour. Average values indicate (67 g/100 g of

dry mass for boiled fruits and 65 g/100 g of dry mass for
roasted fruits) that both boiling and roasting would result in
an increase of starch, when compared to raw fruits. However,
after processing, different variations occurred: i) both boiling
and roasting resulted in a decrease of starch in the fruits
(Boaventura and Martaínha cultivars); ii) the applied treat-
ments resulted in an increase of starch amount (Côta,
Lamela, Longal and Trigueira cultivars); iii) one of the treat-
ments (boiling) increased the starch content, while roasting
resulted in its decrease (Lada cultivar). It also caused that
fruits of Trigueira cultivar, that presented the lowest amount
of starch (57 g/100 g of dry mass) when raw, had one of the
highest quantity when boiled (70 g/100 g of dry mass), and an
intermediate amount when roasted (65 g/100 g of dry mass).
However, only the values of starch content of Lada and
Trigueira cultivars were significantly different, when treat-
ments were compared. In fact, for Lada cultivar (P=0.0084),
both raw and roasted fruits presented statistically similar
values, that were lower than the values recorded for boiled
fruits. For Trigueira cultivar (P=0.0003), raw fruits presented
the lower content of starch, followed by roasted fruits, while
the boiled samples present the higher content of starch, being
all these values significantly different from each other.
Different influence of boiling and roasting on chestnut chem-
ical and physical properties have already been described
(Barros et al. 2011; Gonçalves et al. 2010; Gonçalves et al.
2012; Silva et al. 2011), and showed that a similar response of
fruits from different cultivars to the same processing cannot be
expected. In fact, previous works dealing with the effect of
roasting time (Künsch et al. 2001) showed, that, for similar
times of processing, different cultivars present higher
(Marrone de Cuneo) or lower (Luina, Pinca, Torción negro
and Marigoule) starch content than when raw. By other hand,
both Correia et al. (2009) and Attanasio et al. (2004) point out
that, when drying chestnuts, as temperature increases, the
starch content decreases, at least until reaching 60 °C.
Above this temperature, starch content increases, as detected
by Correia et al. (2009). The variations of starch content in the
present work, are related to both the type of processing that

Table 2 Starch (g/100 g of dry
mass) (mean±SD, n=15) in
kernels of the studied raw, boiled
and roasted chestnut cultivars

Cultivar Raw Boiled Roasted P (T)

Boaventura 66.50±1.80 cd A 62.12±1.64 a A 62.92±5.72 b A 0.2717

Côta 65.21±1.32 bc A 66.65±0.80 bc A 65.24±2.45 bc A 0.5437

Lada 59.26±3.46 a A 64.73±1.03 ab B 56.68±1.10 a A 0.0084

Lamela 70.63±3.56 d A 70.89±2.98 d A 71.51±1.87 d A 0.9273

Longal 57.79±1.98 a A 62.11±1.38 a A 64.17±5.76 b A 0.2248

Martaínha 71.11±8.82 d A 71.01±7.57 d A 70.07±5.58 cd A 0.9854

Trigueira 57.41±1.67 a A 70.33±2.21 cd C 64.60±2.16 bc B 0.0003

P(C) 0.0001 0.0001 0.0001

Means within a column followed by the same letter and means within row followed by the same capital letter are
not significantly different at P<0.05, according to the Duncan multiple range test
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was used, as well as to the studied cultivars, as only for two of
them (Lada and Trigueira), the differences between treatments
were of statistical significance.

Morphological properties of raw starch by light
microscopy

The use of light microscopy is an important way to gather
information about the morphology and characteristics of starch
granules. In Fig. 1, representative micrograph of starch gran-
ules are presented. All cultivars presented the same granular
morphology, being of an irregular form, round, oval or ellipti-
cal. The surface of the granules appears to be smooth, without
visible fractures or wrinkles. Same granular morphology of
chestnut starch has been previously detected using light mi-
croscopy (Correia et al. 2009). The light micrograph allowed
the visualization of the hilum. In the analysed chestnut culti-
vars, the hilum, core of the granule and starting point of growth
(Cai and Wei 2013), presented an eccentric location, towards
the end of the granule rather than a central positioning. This
eccentric location indicates that the enzymes responsible for

synthesis are pushed towards the distal end of the granules,
while being absent or with reduced activity at the proximal
part of the hilum (French 1984). Internal growth rings of in-
creasing diameter extend from the hilum towards the surface of
granules were also visible. The growth rings were somewhat
ellipsoid-shaped and present around the eccentric hilum. These
rings, usually ranging from 120 to 400 nm in thickness, are
considered to reflect the diurnal fluctuations in the deposition
of starch in storage tissues (Donald et al. 2001).

Morphological properties of raw starch by scanning
electron microscopy (SEM)

Scanning electron microscopy was used to study the morpho-
logical characteristics of starch. Figure 2.1 to 2. 7a and B show
the SEM photographs of chestnut parenchyma cell (600xmag-
nification) and starch granules (2500×magnification), respec-
tively. Similar cell and starch granules shape was observed in
all cultivars. Cellular area distribution of all analyzed cultivars
is presented in Fig. 2.1 to 2.7c. This distribution is comparable
in all cultivars, with the large majority of cells (from 68 in Côta
and Martainha cultivars, to 84 % in Lada cultivar) presenting
an area over between 1000 and 2000 μm2. Considerable small
parenchyma cells (<600μm2) where only found in Lamela and
Martaínha cultivars, but in low percentages (1.3 % and 0.7 %,
respectively). Furthermore, large cells (>3000 μm2) were de-
tected in Boaventura, Côta andMartaínha cultivars, also in low
percentages (1.3 %, 1.3 % and 0.7 %, respectively).

The results of the measurement of the cells of chestnut
parenchyma are presented in Table 3. There is a significant
effect of the cultivar on the evaluated parameters, and fruits of
Boaventura and Côta cultivars presented the higher area
(1596 μm2 and 1727 μm2, respectively), length of major
(55 μm and 58 μm, respectively) and minor axis (38 μm)
and perimeter (154 μm and 161 μm, respectively). By other
hand, the fruits with smaller cell areas were from Lamela
cultivar (1239 μm2), although these results didn’t differ sig-
nificantly for the ones recorded for fruits of Lada, Longal,
Martaínha and Trigueira cultivars. Fruits from Lamela cultivar
also presented the smallest length of the major axis (47 μm),
statistically different from data for Boaventura, Côta and
Longal cultivars, as well smaller perimeter length (133 μm),
being these results significantly lower than the ones obtained
for Boaventura, Côta, Lada and Longal cultivars. However,
the smallest length for the minor axis was recorded in fruit
cells of Longal cultivar (33 μm), although results are only
significantly different from those recorded for the two culti-
vars with the largest cell size, Boaventura and Côta.

Starch granules presented an irregular form, round, oval or
elliptical, with an external smooth surface (Fig. 2.1 to 2.7b), as
referred before, confirming previous reports on granule mor-
phology (Attanasio et al. 2004; Correia et al. 2009; Correia
et al. 2012; Gonçalves et al. 2012; Mert 2010). Starch granular

a

b 10 µm

Fig. 1 Light micrographs of starch granules ofMartaínha cultivar stained
using Lugol’s iodine solution
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area distribution of chestnut starch for all analyzed cultivars is
presented in Fig. 2.1 to 2.7d. In all cultivars, the area

distribution is similar, with the major percentage of granules
presenting an area between 20 to 40 μm2, with fruits of
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Fig. 2 Scanning electron micrographs of raw chestnut starch using: a
600x magnification (bar of 100 μm) or b 2500× magnification (bar of
20 μm), 1 - Boaventura; 2 - Côta; 3 - Lada; 4 - Lamela; 5 - Longal; 6 -
Martaínha; 7 – Trigueira and distribution (%) of b parenchyma cells, and
d starch granules, for the studied cultivars: Scanning electron

micrographs of raw chestnut starch using: a 600x magnification (bar of
100 μm) or b 2500× magnification (bar of 20 μm), and Size 1 -
Boaventura; 2 - Côta; 3 - Lada; 4 - Lamela; 5 - Longal; 6 - Martaínha;
7 – Trigueira
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Trigueira cultivar presenting higher (56 %) percentage of
granules with area between 20 and 40 μm2, while fruits from
Boaventura cultivar showed the lowest percentage (39 %) of
granules with this area range. Interestingly, the sum of per-
centages for granules with<20 and with area ranging from 20
to 40 μm2, results, in all cultivars, in over 50 % of granules.
This indicates that in all cultivars, starch granules are of small
to medium size. Similar results were observed by Correia et al.
(2009; 2012) for Longal and Martainha cultivars.

The granular starch measurements are presented in Table 3.
It is known that the granule size is one of the most important
characteristic of starch, which can influence functional prop-
erties (Correia et al. 2012), digestibility and glycemic index of
starch itself (Noda et al. 2008). Furthermore, the dimension of
starch granules can also affect rheological properties, swelling
properties, baking and processing characteristics, even colour
properties, as well as the adaptation of starch to non-food
related used (D’Appolonia and Gilles 1971). As for detected
for cellular size, there is also a significant effect of the cultivar
in this parameter. Indeed, as for cell dimensions, the fruits of
Boaventura cultivar presented granules with higher area
(46 μm2), length of major (9 μm) and minor axis (6 μm), as
well as longer perimeter (24 μm). However, the smaller gran-
ular size was not detected in the fruits from the cultivar with
the smallest cells (Lamela cultivar). In the granular size mea-
surements, the fruits presenting granules with smaller area,
length of major and minor axis and perimeter were from cv.
Trigueira. The area of granules ranged from a minimum of
7 μm2 (Lamela cultivar) to a maximum of 159 μm2 (Lada
cultivar). The range of values for length of major and minor
axis, as well as perimeter, was minimum in Lamela cv. (3 μm,
3 μm and 9 μm, respectively), and reach the maximum values
of major axis length (19 μm) and perimeter (48 μm) in Longal
cultivar, and minor axis (13 μm), in Boaventura cultivar. The
size of the granules of the studied cultivars in the present work
is comparable to the ones previously reported. Earlier studies
show average diameters of 11 μm (ranging between 4 to
21 μm) (Cruz et al. 2013), mean values of length (7 μm)
and width (6 μm) (range from 1.4 to 23.3 μm) (Correia
et al. 2009), and granule length with minimum and maximum
values of 3 to 18 μm (Mert 2010) or 3 to 15 μm (Attanasio
et al. 2004). These variations of the size of starch granules are
explained by the factors known to influence this parameter.
Starch properties, including granule size, are influenced by
both cultivar and by environmental factors (Noda et al.
2008). Although little is known about changes in granular size
caused by these factors on chestnut starch, previous research
using other sources of starch show the effect of varieties
(Tester and Karkalas 2001), development stage, and, of
course, of environmental factors, such as high or low air and
soil temperatures, salinity, nitrogen deficiency, CO2 concen-
tration, source and intensity of light or water availability, as
thoroughly reviewed by Beckles and Thitisaksakul (2014).

Usually, X-ray diffraction pattern analysis is performed to
evaluate granule type, being classified into three types (A, B
and C). An alternative classification of starch granules, B-type
granules (diameter<9.9 μm) and A-type granules (diameter>
9.9 μm), with C-type being a mixture of granules of both A
and B-type have been used in another starch origins (Wen-
Yang et al. 2008). Using this classification, the results of the
present work indicates that chestnut granules are of C-type, as
major axis length ranges from 3 μm (B-type) to 19 μm (A-
type). Previous works, using X-ray diffraction, also classified
chestnut starch granules as C-type (Correia et al. 2012). As
formerly referred, the type of granules and their proportion
influence the farinograph water absorption and improve
breadmaking quality (Soh et al. 2006), as well as final product
characteristics (e.g. Soulaka and Morrison 1985).

Effect of processing on starch morphology

The change in granular morphology of starch from chestnuts
is showed in Fig. 3, where representative SEM micrographs
are presented, using Martaínha cultivar samples. The process-
ing of chestnut starch is known to physically changes gran-
ules, affecting morphological characteristics of granules, and
sensory attributes of chestnuts (Attanasio et al. 2004). When
heated, it suffers irreversible changes, occurring in the first
place the breaking of molecular order and the increase of
granular size (gelatinization), and, afterwards, granular swell-
ing, exudation components from granule and eventually total
disruption of granules (pasting) (Thomas and Atwell 1999).
Furthermore, these changes are dependent on the available
amount of heat and water (Patel and Seetharaman 2006).
When starch is heated in enough water, the starch granule
swells and its volume increases (Tester and Karkalas 1996).
In the samples used in the present work, it is visible that the
starch granules changed their configuration and surface mor-
phology, after boiling and roasting (Fig. 3). In both cases,
granules lost their round to oval shape, and showed a large
elongated form, while the surface lost is apparent smoothness,
and presented numerous wrinkles. Fusion of individual
granules and gelatinization also occurred. Similar granular
behaviour after heating was recorded by Mert (2010) and
Gonçalves et al. (2012), with the changes in shape and surface
smoothness being very similar to the ones detected in the
present work. However, and unlike our results, the cultivars
using by Mert (2010), didn’t show the same response to
heating, as one of them (Alimolla), presented oval starch gran-
ules, rather than elongated ones. The use of the same treat-
ments (boiling and roasting) has previously showed that it
affect rheological properties of chestnut fruit shell and kernel,
as well as colour parameters (Silva et al. 2011). This type of
processing also showed to cause variation of the composition
of the chestnut fruits, including vitamin C content (Barros
et al. 2011), primary and secondary metabolites, as protein,
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ash, fat, fibre, organic acids and phenolics (Gonçalves et al.
2010), and free amino acid and mineral content (Gonçalves
et al. 2012), as well of antioxidant activity of chestnut fruits
(Barros et al. 2011). The application of heat or microwave
irradiation to starches of other vegetable origins have been
reported to cause the surface of granules to be roughened
(Xie et al. 2013). Furthermore, the changes in the morphology
of starch granules can be influenced by the heating rate (Patel
and Seetharaman 2006). These authors showed that a lower
rate of heating increased the folding of granules, while the
increase of granular size occurred at a higher temperature
when heated at a faster rate (25 ° C/min compared to 5 °
C/min). In our case, Figure 3 shows, although small, some
differences in the granules, between the boiled and roasted
samples. Even though no measurement of granular size was
performed, as blending of granules occurred, as well as gela-
tinization, the granules observed in boiled samples (Fig. 3, 1
and 2b) appear to be slightly smaller than the ones observed in
roasted samples (Fig. 3, 1 and 2c). Additionally, the number of
wrinkles present on the surface of the granules is apparently
higher in roasted than boiled samples. It could be expected
that granules of boiled chestnuts increased their volume in a
higher manner than roasted granules, as the swelling of starch
granules in dependant on the water available in the system,
which is much higher in the boiling processing. However, one
of the other major factors affecting granular swelling is the
temperature. Cruz et al. (2013) showed that an increase of
40 °C (from 50 to 90 °C) almost fourfold the swelling power
of chestnut granules, which can partially explain that the size
of the granules has increased in the same way than when
samples were boiled. The fact that the temperature differences

between boiling (100 °C) and roasting (200 °C) didn’t pro-
duce more considerable changes in granular morphology in
linked to the effect of the water availability. Only when the
temperature of starch is higher than the gelatinisation temper-
ature can water molecules penetrate the granules, making
them swell. Hence, at low water content (in this case, the
roasting procedure), the melting temperature increases, and
the addition of water lowers this value (Correia and Beirão-
da-Costa 2012), therefore, making it easy to gelatinization
occurs (Sandhu et al. 2007).

Conclusions

The results achieved in the present work provide further in-
sight on cultivar effect on several parameters of chestnut
fruits, as biometric measurements, starch content, as well as
cell and starch granular size. In all parameters, there was a
marked cultivar effect, which may reflect either one or both
genetic and environmental factors. Furthermore, as far as we
know, this is the first report on the morphological characteris-
tics of starch of seven of the main cultivars of chestnut, and,
additionally, on the effects of the most important cooking
methods (boiling and cooking) on starch morphology.
Chestnuts are predominately consumed cooked, either boiled
or roasted, and the present results indicate that these processes
alter the morphology of starch granules, and, more likely, their
digestibility, therefore, the nutritional and health characteris-
tics of chestnuts. This data is of extreme importance, either to
increase consumer’s awareness to health benefits of this fruit,

a b c

2

1

Fig. 3 Scanning electron
micrographs of a raw, b boiled
and c roasted Martaínha cultivar
starch using: (1) - 600×
magnification (bar of 100 μm) or
(2) - 2500×magnification, for raw
and boiled, and 2000×
magnification for roasted
chestnuts (bar of 20 μm)
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as well as to chestnut industry, as it can provide helpful infor-
mation for the processing of chestnuts.
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