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Chestnuts (Castanea sativa Mill.) were subjected to three different coatings - chitosan, alginate and whey protein -
and stored under refrigeration (0 °C, 90% HR) during 6 months. The shell color parameters a*, b* and C showed
a tendency to decrease in all samples, while L* increased in alginate coated chestnuts. Application of coatings
had no effect on moisture, water activity (ay), as well as in the color inside the fruit and texture parameters
(maximum penetration force and hardness). On the contrary, acidity and total soluble solids increased during
storage in coated samples. The chitosan coating reduced chestnuts microorganisms’ counts after 6 months of

storage, compared to the control. In conclusion, chitosan coating improved the microbial quality of chestnuts, so
it is a possible preservation alternative and an effective method to solve the problem of microbial growth in

chestnuts throughout storage.

1. Introduction

Chestnut (Castanea sativa Mill.) is an important tree species, eco-
nomically explored for fruit and wood, having great connection with
the Portuguese territory, especially the North of Portugal. In Tras-os-
Montes region (NE Portugal), this crop is one of the main source of
income in some rural areas. In 2017, the North of Portugal produced
25,652 ton of chestnut (INE, 2017), and the production of chestnuts has
increased from year to year. In the last years, the consumers have been
showing an increased interest in chestnut because of their nutritional
qualities and potential beneficial health effects (Blomhoff et al., 2006).
However, the chestnuts industry and local producers face several pro-
blems during their storage. Particularly, chestnuts are very sensitive to
mold growth. Furthermore, during storage, the chestnuts dry easily,
resulting in flavor decrease and weight loss, contributing to significant
economic losses. So, chestnuts producers are very interested in im-
proving the marketability, not only by increasing chestnuts’ shelf-life
but also by developing new products. In this way, the application of
new food technologies will bring important economic benefits to pro-
ducers, beyond allowing the preservation of product quality for longer
periods of time. Edible coatings can be a new treatment to maintain
chestnuts quality during storage, since edible coatings are mentioned to
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protect the food products from mechanical, physical, chemical and
microbial damages (Campos et al., 2011; Lin and Zhao, 2007). How-
ever, choosing the suitable coating definitely affects the effectiveness of
the treatment. A range of polymers (proteins, polysaccharides, lipids)
can be used in edible coating formulation. Chitosan and alginate are
polysaccharides successfully used in fruits (Varasteh et al., 2017;
Chiabrando and Giacalone, 2016), as well as whey isolate protein
(Cisneros-Zevallos and Krochta, 2003; Alleoni et al., 2006). Particu-
larly, chitosan coatings showed to have antifungal activity and anti-
microbial properties during storage (Chien et al., 2007; Zhang and
Quantick, 1998). On the other hand, whey protein coatings have in-
creasing their interest because they can be obtained from dairy industry
by-products and act as oxygen barrier (Regalado et al., 2006). Alginate
coatings also have been reported to be good oxygen barriers (Conca and
Yang, 1993) and to reduce the natural microflora counts (Amanatidou
et al., 2000). Thus, each polymer used in the formulation of edible
coatings has specific properties, being necessary to investigate their
effect on each food, in order to enhance their properties.

Of our knowledge, until now there is no available scientific litera-
ture about the use of edible coatings for maintaining the quality and
extending the shelf life of the European chestnut (Castanea sativa).
However, few studies on the effect of edible coatings have been

Received 21 September 2019; Received in revised form 19 November 2019; Accepted 3 December 2019

Available online 13 December 2019
0304-4238/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03044238
https://www.elsevier.com/locate/scihorti
https://doi.org/10.1016/j.scienta.2019.109105
https://doi.org/10.1016/j.scienta.2019.109105
mailto:elsa@ipb.pt
https://doi.org/10.1016/j.scienta.2019.109105
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scienta.2019.109105&domain=pdf

L. Fernandes, et al.

conducted on other different species of chestnuts, in particularly on
Chinese chestnut (Castanea molissima) (Gounga et al., 2007, 2017),
using whey protein isolate. Thus, the objective of this study was to
evaluate, for the first time, the effect of three edible coatings (whey
protein isolate, chitosan and alginate) on the quality of the European
chestnut (Castanea sativa), during cold storage at 0 °C and over 1, 2, 3
and 6 months of storage. The following physicochemical characteristics
were evaluated: visual appearance, a,,, color, texture, pH and titratable
acidity, as well as, microbial quality. Furthermore, by solving the pro-
blem of microbial growth and weight loss during storage, this research
can contribute to reduce chestnuts losses, and to increase the economic
return of local producers and chestnuts sector.

2. Material and methods
2.1. Samples

Fresh chestnuts (Castanea sativa) were acquired directly to a
chestnut enterprise of Braganca (Braganca, NE Portugal) in January
2019. After transportation to the laboratory, the chestnuts were hot-
water treated. This process consisted of placing the chestnuts in a bath
containing hot water at a temperature of 47 — 50 °C for 30 min and then
pouring them in cold water to lower the temperature. This process is
recommended by the Portuguese government (DAGV, 2018) to be ap-
plied to chestnuts that will be exported to other countries. However,
some chestnuts companies apply this process to chestnuts that will be
sold fresh. To dry the exterior water, the samples were rested in trays
with absorbent paper for 36 h.

2.2. Edible coatings

Three edible coatings - whey protein isolate, chitosan and alginate -
were applied according to the method used by Nair et al. (2018), with
slight modifications. A total of 36 portions of 300 g of chestnuts each
were divided into 3 groups and were immersed in the following solu-
tions:

(1) An alginate solution was prepared by dissolving sodium alginate
powder in distilled water for 1h, at 70 °C. After cooling, glycerol
was added to a final concentration of 10% (v/v). The chestnuts
were immersed in the alginate solution (2%, w/v) for 1 min. Then
the residual alginate solution was allowed to drain for 5 min before
immersing the samples in CaCl, (2%, w/v) for 1 min, to induce
spontaneous cross-linking reactions;

(2) A chitosan solution (2%, w/v) was prepared by dissolving it in
glacial acetic acid (1%, v/v) in a homogenizer (IKA T25 ULTRA-
TURRAX, Germany) at a speed of 800 rpm for 2 min at room tem-
perature with a final pH of 5.2. Glycerol (0.75%, v/v) was added as
plasticizer. The chestnuts were immersed in the chitosan solution
for 1 min. The residual chitosan solution was allowed to drain for
3 min;

(3) Commercial whey protein isolate was obtained by Prozis (Braga,
Portugal). Whey protein isolate (2%, w/v) were dissolved in dis-
tilled water and glycerol to a final concentration of 2.5% (v/v).
After that, the solution was heated under stirring at 80°C for
30 min. The chestnuts were immersed in whey protein isolate for
1 min and leave to air for 3 min.

Then, all treated samples were put in plastic trays.
2.3. Storage

The coated samples prepared in Section 2.2, as well as fresh un-
coated chestnuts (control), were stored under refrigeration

(T =0.03 £ 0.57°C, RH = 90.7 = 3.1%) during 6 months, in the
company where chestnuts were acquired. The temperature and relative
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humidity (RH) of the cold room of the chestnut company were mon-
itored during storage, with a data logger (blulog, HTLDL-112). After 1,
2, 3 and 6 months of storage, three portions (300 g) of each treatment
(coated and uncoated) were collected and immediately transported to
the laboratory to be analysed.

2.4. Color

Chestnuts’ color was evaluated both outside (shell) and inside the
fruit, with a colorimeter Minolta CR-400 (Osaka, Japan), using the
CIELAB scale, namely: L*, a* and b* coordinates, where L* varies be-
tween O (black) and 100 (white), the chromatic a* axis extends from
green (-a*) to red (+a*), and the chromatic b* axis extends from blue
(-b*) to yellow (+b*). Furthermore, the Chroma (C*) was also de-
termined. In order to analyse color changes due to the application of
edible coatings, the total color difference (AE*) was also calculated
according to the following equation:

AE’ = J(AL)? + (AB)? + (Aa")? 'e))
where A was the difference of the parameters’ values after the treat-
ments along storage and the beginning (fresh sample, day 0).

2.5. Weight loss, water activity (a,,) and moisture

Weight loss (WL) was determined according to Eq. 2:

M- M % 100
M, (2)

WL =

where My is the initial mass of chestnuts at day 0 (in coated samples, M,
was determined after edible coating application) and M is the mass of
chestnuts after storage time.

Water activity (a,) was determined with a portable water activity
meter (Novasina, LabSwift-aw, Lachen, Switzerland). This parameter
was evaluated on three samples before applying any treatment (control)
and on all samples during storage. Moisture content was determined by
drying the samples to a constant weight at 105 °C.

2.6. Texture

Texture profile analysis was performed on a TA.XT. Plus texture
analyser (Stable Microsystems, Godalming, UK). The maximum pene-
tration force (N), the distance at which it occurs (elasticity) (mm) and
the area below the curve between force and time (indicative of hard-
ness) were determined by penetration with a 2 mm cylinder probe and a
test speed of 1.0 mm/s. These parameters were determined on fruit
without dark brown outer shell.

2.7. Titratable acidity and total soluble solids

Titratable acidity (TA) was determined by titrimetric analysis,
consisting of a titration with 0.10 mol/L NaOH. Approximately, 10 g of
each sample (previously ground) was mixed with 50 ml of water and
put on heating under reflux for 30 min. Then, the resultant solution was
transferred to a glass balloon of 100 ml and after filtration a precise
volume (20 ml) was transferred to a beaker with a stirrer. Then, the pH
of the solution was monitored continuously in order to obtain the ti-
tration curve. The pH at the equivalence point was established as 8.1, as
indicated in the Portuguese standard (NP-1421, 1977). The values were
expressed on mg citric acid /100 g dry weight (dw). The solution ob-
tained for the acidity determination (after filtration) was also used to
measure the total soluble solids (TSS) contents (°Brix) in an Abbe re-
fractometer (Optic Ivymen System, Madrid, Spain).
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2.8. Reducing sugars

The extraction procedure used to determine the reducing sugars was
described by Barreira et al. (2010), with slight modifications. Dried and
defatted powder (1.0 g) was extracted with 5 ml of 80% (v/v) aqueous
ethanol at 70 °C for 30 min. The resulting suspension was centrifuged at
4,000 rpm for 15 min. The supernatant was used to determine the re-
ducing sugars by the dinitrosalicylic acid (DNS) method. A calibration
curve was obtained with glucose (0.05 to 0.65g/L) and the results
expressed on mg glucose/100 g dry weight.

2.9. Microbial quality

Control (0 days) and coated samples during storage (1, 2, 3 and 6
months) were collected to determine the microbial quality of chestnuts.
Three chestnuts of each sample was mixed with sterile peptone water
solution and homogenized. Decimal dilutions were prepared in the
same diluent and plated on appropriate media in duplicate. The growth
media and incubation conditions were the following for the studied
microorganisms: (I) Aerobic mesophilic at 30 °C: Plate Count agar (PCA,
Liofilchem, Italy) for 2 days at 30 °C; (II) Yeasts and molds: Dichloran
Rose Bengal Chloramphenicol Agar (DRBC agar, Liofilchem, Italy) in-
cubated at 25 °C for 5 days. All counts were expressed as log;, cfu/g
fresh sample.

2.10. Statistical analysis

The physicochemical and microbial results were statistically eval-
uated in order to check which ones were significantly different. The
statistical analysis was performed using the MINITAB software
(Minitab® 16, Pennsylvania State University, USA). The homogeneity of
the variances was tested by Levene’s test and the normality of the data
was verified by Shapiro-Wilk test. The existence of significant differ-
ences among the different conditions was assessed by one-way analysis
of variance (ANOVA) followed by Tukey’s HSD (variances in the dif-
ferent groups were identical) or ANOVA Welch followed by Games-
Howell test (variances in the different groups were no identical). A
value of p < 0.05 was considered to be statistically significant.

3. Results and Discussion
3.1. Visual appearance

The temperature and RH of during storage are described in Fig. 1.
The temperature varied between -1 and 1 °C, and the relative humidity
between 86 and 96%, remaining quite constant along the storage
period. Fig. 2 shows the appearance of the uncoated (control) and
coated chestnuts throughout storage. At the beginning (0 months), the
coated samples were brighter than the control, after coating applica-
tion, as expected. After 3 months of storage, the chitosan and alginate
coated chestnuts maintained similar appearance to those of day 0. On
the contrary, whey protein coated chestnuts, as well as the uncoated
chestnuts (control), showed some molds growth. At the end of storage
(6 months), chitosan coated chestnuts showed the lowest molds growth.
So, chitosan coating may retard microbial growth for 6 months of sto-
rage, while alginate coating only for 3 months of storage. On the other
hand, whey protein does not seem to be a good alternative. Different
results for whey protein were reported by Gounga et al. (2017), who
mentioned that after 3 months (150 days), the sample stored at 7 and
25 °C still had a glossy appearance; however, these authors used Chi-
nese chestnuts (Castanea molissima) that were previously freeze-dried,
which are different to the European ones.

3.2. Color

The changes in color parameters (L*, a*, b*, C and AE*) of uncoated
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Fig. 1. Average values of temperature (°C) and relative humidity (%) measured
by the data loggers during all storage.

(control) and coated chestnuts (shell and inside the fruit) throughout
storage are shown in Table 1. After 6 months of storage, it was im-
possible to measure the color parameters in chestnuts coated with al-
ginate and whey protein, because many fruits showed molds growth.
The shell color of chestnuts is a very important aspect because it greatly
influences the moment of purchase by consumers. Regarding the L*
values of shell, when comparing start to the end of storage (0 and 3
(whey protein) or 6 (chitosan and control) months, respectively), there
were non-significant differences for chestnuts coated with chitosan and
whey protein, as well as, in the control. On the contrary, for alginate
coating an increase in the L* values was observed, when comparing 0
days (32.46) to 3 months (37.38), resulting in lighter samples. In more
detail, after one month, all coated samples increased the L* values,
probably because after the application of the edible coatings the
chestnuts became brighter and lighter, as a result of the formation of
the film around the fruit. A decline in a*, b* and C values were observed
in all samples throughout storage. Between coated samples, after 3
months, non-significant differences in these parameters were found.
Concerning total color variation (AE*) of the shell, all coated and
control samples showed color modifications throughout storage. How-
ever, no significant color differences were found between treatments
after 3 months of storage and between the control and the chitosan
coated chestnuts after 6 months of storage.

Regarding the color inside the fruit, significant differences between
the control and coated samples after 6 months of storage were observed
in L*, b* and C parameters. The control samples showed the lowest
values of L* (81.85), b* (21.21) and C (21.31) after 6 months of storage,
which indicated a reduction in lightness, yellowness and chroma, re-
spectively. Concerning storage time, the L* values decreased in almost
every situation, while a* increased in all samples indicative of redness.
Concerning the total color variation, low values (< 8) were obtained
for all treatments after 6 months of storage, being the results quite si-
milar and suggesting that the application of coatings did not adversely
influence the color inside the fruit. Furthermore it was interesting to
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0 months

3 months

6 months

Fig. 2. Visual appearance of coated and control chestnuts during storage (0, 3 and 6 months). ALG - alginate, CHI - chitosan; WP - whey protein.

note that the total color variation values were higher in the shell than in
the interior because the application of the coatings is external.

3.3. Weight loss, moisture content and water activity (a,,)

The weight loss is a crucial parameter, since every loss in weight can
be translated into an economic loss. In the present work, the weight loss
increased in all samples (coated and control) during storage. However,
the weight loss was more pronounced in chestnuts coated with whey
protein (between 1.63-14.60 %). The chitosan coating showed the
lowest values of weight loss during storage, ranging between 0.93-2.63
%. Differences in the ability of each coating to reduce weight loss may
be attributed to the different thickness of each coating and moisture
permeability, important factors from the view point of mass transfer
rate (Yaman and Bayoindirli, 2002).The moisture content of chestnuts
before coating treatments (day 0) was 46.7 %, similar to the values (53-
54%) reported by Barreira et al. (2012). During all storage period, the
values of moisture remained practically constant, between 42 and 56%.
In almost every situation, no significant differences (p > 0.05) were
found between treatments and time (Table 2). So, the coatings did not
affect the moisture content during storage. Regarding water activity,
the values maintained high during all storage, ranging from 0.954
(alginate coating at 6 months) to 0.978 (whey protein at 2 months);
however, in all coated samples the values decreased significantly, while
in the control no. Furthermore, no significant differences were observed
between samples, at 3 and 6 months of storage. The high values of
moisture and water activity may be due to the samples having been
kept refrigerated throughout storage. On the contrary, if the samples
were stored at room temperature, probably the dehydration would
occur rapidly (Bhisanbut et al., 2008).

3.4. Reducing sugars

At day 0, reducing sugars in chestnuts were detected in low amounts
363 mg /100 g dw. These results are in conformity with previous stu-
dies in Portuguese cultivars, where sucrose were found in high amounts
(3.71-24.17 g/100 g dw for “Aveleira” and “Boa Ventura” cultivars),
while fructose (0.57-5.32g/100g dw for “Judia” and “Boa ventura”
cultivars) and glucose (0.96-6.79g/100g dw for “Judia” and “Boa
ventura” cultivars), both reducing sugars, were quantified in small
quantities (Barreira et al., 2010). In fact the content of reducing sugars
in chestnuts is low, but chestnuts are rich in starch, which can be hy-
drolyzed to glucose (reducing sugar), during storage. So, reducing su-
gars were determined along chestnuts storage in order to estimate the
occurrence of this process. After one month of storage, a significant
decrease was observed in all samples compared to the beginning. After
this period, different behaviors were observed between the different
treatments. At the end of storage (6 months) the coating samples did
not show significant differences with the control, except the alginate
coated ones, for which an increase was observed. This increase ob-
served during the storage of alginate coated chestnuts, may be attrib-
uted to the increase of the activity of the enzymes responsible for the
hydrolysis of starch and to the decrease of the rate of breaking of sugar
by respiration (Bashir and Abu-Goukh, 2003). This increase in reducing
sugar contents over the storage period was also observed by other au-
thors, such as in ber (Mani et al., 2018) and guava (Wijewardana et al.,
2014). So, in general terms edible coatings did not affect significantly
the production and usage of reducing sugars throughout chestnuts
storage, when compared to the uncoated.
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Table 2

Scientia Horticulturae 263 (2020) 109105

Moisture content, a,, and reducing sugars of uncoated (control) and coated chestnuts throughout storage.

Parameters Treatment Storage Time (months)
0 1 2 3 6
Weight loss CHI — 0.93 + 0.15** 1.08 + 0.09%* 2.63 = 0.58>* *
ALG 1.41 = 0.16™* 1.87 + 1.08™* 7.31 * 2.97>AB
WP 1.63 = 0.25*° 1.97 = 0.10™* 14.60 = 2.13>8
Control 1.29 + 0.23%AB 2.01 + 0.11** 6.95 + 3.15>*
Moisture (%) CHI 46.7 + 4.24° 50.3 + 1.08** 50.4 + 3.44>4 42.0 + 9.30™* 44.4 + 5,07**
ALG 46.7 + 4.24° 48.9 * 1.60%>* 49.9 + 1.933>4 56.0 *+ 3.96™* 46.3 * 3.43%"
WP 46.7 + 4.24° 53.4 + 1.07>P8 55.5 + 3.37>" 51.6 + 3.242>A 48.1 + 285>
Control 46.7 + 4.24 52.2 + 0.97*" 52.8 + 2.46™" 50.7 + 2.32%" 51.6 + 2,95
ay CHI 0.972 + 0.01° 0.970 + 0.01%* 0.971 + 0.01>4 0.969 + 0.01%>4 0.954 + 0.01%
ALG 0.972 + 0.01° 0.971 + 0.01>* 0.972 + 0.01>* 0.975 + 0.01°2 0.959 + 0.01**
WP 0.972 + 0.01° 0.976 * 0.01>4 0.978 + 0.01>F 0.972 * 0.01>4 0.961 + 0.01**
Control 0.972 + 0.01*P 0.977 + 0.01%* 0.976 = 0.01>B 0.972 + 0.01%>4 0.969 + 0.01%4
Reducing sugars CHI 363 + 49° 115 + 4308 59 + 7%A 61 = 20%AB 301 + 3148
(mg glucose/100 g dw) ALG 363 * 49° 131 + 11>8 51 + g 82 + 9PeBC 360 + 228
wp 363 + 49¢ 239 + 21°¢ 101 + 1228 109 + 5*C 288 + 1148
Control 363 * 49° 88 + 2% 42 + 43 49 + 5%A 220 + 49°*
Values are expressed as: Mean * Standard deviation. Lowercase letters -Values with the same letter in the same line are not statistically different (p < 0.05);

Uppercase letters -Values with the same letter in the same column are not statistically different (p < 0.05). CHI - chitosan; ALG — alginate; WP - whey protein. *After

6 months of storage it was not possible to determine the weight loss.

3.5. Texture

The texture parameters are described in Table 3. The skin of
chestnuts functions mainly as a protection against external factors, as
well as, it is involved in growth control. So, the skin strength is one of
the factors of quality and safety of nut, as well as, it is important for
consumer acceptance. In the present study, it was verified that at the
end of storage, chestnuts coated with chitosan and whey protein, as
well as, the control showed no significant differences compared to the
beginning (day 0). On contrary, chestnuts coated with alginate pre-
sented a significant decrease in the maximum penetration force values,
from 33 N (day 0) to 29 N (6 months). However, the differences among
the edible coatings’ samples and the control after 6 months of storage
were not statistically significant. In general, some fluctuation in elas-
ticity values was observed over the storage period for the different
coatings applied. Regarding hardness, the alginate coated samples al-
ways remained with identical hardness, while in the other samples
some variability was stated. Probably, this might be that during the
alginate coating process, chestnuts were immersed in a calcium solution
(CaCly), which is an effective firming agent due to the ability of calcium
to bind cell wall polymers, to maintain its structure, and diminish the
water solubility of pectic substances with the formation of calcium
pectate (Howard and Buescher, 1990; Poovaiah, 1986). So, the addition

Table 3

of the crosslinking agent leads to fewer changes in the texture of the
fruit.

Comparing the hardness values obtained after 6 months with those
at beginning, no significant differences were observed in alginate and
control, whereas in chitosan and whey protein a decrease in hardness
was observed. Consequently, fruit softening may occur in these two
types of coatings after 6 months of storage.

3.6. Titratable acidity and total soluble solids

The titratable acidity and soluble solids are the best maturity in-
dicators for fruit ripeness and taste (Pesis et al., 2002). The TA and TSS
contents of uncoated (control) and coated chestnuts are represented in
Fig. 3. Regarding titratable acidity, as oxygen transfer rate can decrease
when coatings are applied, anaerobic respiration may occur in chest-
nuts. When glucose is subjected to anaerobic fermentation, alcohol is
produced, which decreases titratable acidity (Ball, 1997). Alcohol may
cause off-flavor and rapid decay. So, we considered important to de-
termine the titratable acidity. In the present work, a slight increase in
total acidity up to 2 months of storage was observed in all samples. This
result might be to the acidic properties that coatings have. The pH
values of the solutions of chitosan, alginate, CaCl, and whey protein
were 4.73, 6.72, 5.55 and 6.47, respectively, showing their acid

Texture parameters of uncoated (control) and coated chestnuts throughout storage.

Texture Treatment Storage Time (months)
0 1 2 3 6
Maximum penetration force (N) CHI 33 + 32P 32 + 402 34 + 4> 30 + 7% 31 + 5%
ALG 33 + 3° 33 + 2PAB 33 + 4PA 32 + 7abA 29 + 704
WP 33 x 3P 34 + 42DAB 35 + 4%A 33 x 7abA 31 x 534
Control 33 + 3P 35 + 3bB 34 + 5¥PA 32 + 4204 32 + 424
Elasticity (mm) CHI 2.63 *+ 1.267 2.51 = 0.98** 3.35 + 1.52%A 3.11 + 1.36%* 3.33 + 1.02**
ALG 2.63 * 1.26% 4.22 + 1.56%8 3.66 = 1.55>%A 417 + 1.55%F 3.07 = 0.65*™4
WP 2.63 * 1.26% 3.94 + 1.88F 4,01 * 1.75>* 3.58 + 1.56>>AB 3.19 + 0.95%>A
Control 2.63 * 1.26% 3.22 + 1.57%PAB 3.74 + 1.80>" 3.40 + 1.472>AB 3.23 + 1.382PA
Hardness (N.s) CHI 142 + 20° 131 + 194 146 + 24>A 127 + 34%A 107 + 16"
ALG 142 + 20° 152 + 21*B 155 + 2078 143 + 30*® 100 + 28"
WP 142 + 20° 163 + 15%4BC 168 + 20% 147 + 31>°B 107 + 244
Control 142 * 20° 168 + 14%€ 159 + 19>¢AB 147 + 19%>F 140 + 16

Values are expressed as: Mean * Standard deviation. Lowercase letters -Values
Uppercase letters -Values with the same letter in the same column are not statistically different (p < 0.05). CHI - chitosan; ALG - alginate; WP - whey protein.

with the same letter in the same line are not statistically different (p < 0.05);
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Fig. 3. Titratable acidity (A) and total soluble solids (B) of uncoated (control) and coated chestnuts throughout storage.

character. Since coatings were placed outside chestnuts, by 2 months
the TA may have increased due to the passage of possible coating
compounds to the inside of the fruit. After this storage time, the passage
of these compounds was no longer significant. Between 3 and 6 months
the values of acidity remained almost constant and no significant dif-
ferences were detected between samples (p > 0.05) (Fig. 3A). Com-
paring our data with others in coated fruits, the results were different.
In most of the studies, the coated fruits showed a decrease in TA con-
tents during storage (Taghinezhad and Ebadollahi, 2017; Chiabrando
and Giacalone, 2016). However, most of the studies were performed
during shorter storage periods (ex: 63 days for lemons (Taghinezhad
and Ebadollahi, 2017) and 9 days for fresh-cut nectarines (Chiabrando
and Giacalone, 2016)), due to these fruits being more perishable than
chestnuts.

The TSS contents of coated and the control increased in the first two
months, due to the hydrolysis of starch to simple sugars and to the
conversion rate be higher than the utilization rate, remaining quite
constant afterwards (Fig. 3B). However, the coated samples always
showed higher values than control samples throughout storage, sug-
gesting that chestnuts might have synthesized reducing sugars at a
higher rate or have a lower utilization rate than the control. These re-
sults were different to those reported by Chiabrando and Giacalone
(2016) for nectarines. Our TSS results were in agreement with the re-
ducing sugars as the control sample always showed the lowest values
throughout storage. Moreover, similar results to ours were reported by
Wijewardana et al. (2014), who detected that in all coatings (cassava
starch, rice bran, sun flower oil and bee wax) applied to guavas, the TSS
values has increased with time.

3.7. Microbial quality

Fresh chestnuts contain large amounts of sugars and water which
facilitates microbial growth, being this one of the main problem during
storage (Bhisanbut et al., 2008). Significant differences (p < 0.05)
between the counts of mesophilic, molds and yeast microorganisms in
uncoated (control) and coated chestnuts are shown in Table 4. Chitosan
coating applied on chestnuts had a marked effect in reducing meso-
philic, molds and yeast counts as compared to the control, and to the
alginate and whey protein coatings, after 6 months of storage. On the
contrary, there were no significant differences between the control and
the whey protein coating for aerobic mesophylls and between the
control and the alginate coating for molds and yeasts. These results
were expected because, at the end of 6 months of storage, the alginate
and whey protein coated chestnuts, as well as the control, showed
microbial growth visible to the human eye (Fig. 2). Until 3 months of
storage, in what concerns aerobic mesophilic microorganisms, alginate
coating showed no significant differences with the beginning (day 0),

while in molds and yeasts a significant increase was observed. So,
chitosan coating seemed to give some protection effect against aerobic
mesophilic microorganisms, and yeasts and molds. On the contrary,
whey protein coating did not protect chestnuts against microbial
growth. Our results were in accordance with Chiabrando and Giacalone
(2016), who also concluded that chitosan coating was the most effective
in controlling microbial growth in nectarines, comparing with other
coatings. Furthermore, some studies referred different mechanisms of
chitosan against a wide range of microorganisms, namely: the ionic
surface interaction resulting in wall cell leakage (Goy et al., 2016); the
inhibition of the mRNA and protein synthesis via the penetration of
chitosan into the nuclei of the microorganisms; and the formation of an
external barrier, which can chelate metals and provoke the suppression
of essential nutrients to microbial growth (Goy et al., 2009).

4. Conclusion

The different coatings studied showed distinctive effects on the
physicochemical and microbial parameters of chestnuts throughout 6
months of storage. All coated samples, as well as the control, had si-
milar behaviours for moisture, titratable acidity and a, contents
throughout storage. On the contrary, TSS and reducing sugars increased
in coated chestnuts compared to control. In color and texture para-
meters, little changes were observed during storage for coated samples.
Chitosan coatings exhibited the lowest growth of microorganisms. In
particularly, chitosan coating controlled the growth of microorganisms
during 6 months of storage, appearing to be a promising preservation
technique. However, more works should be done, in the future, on the
effects of other edible coatings and chitosan coating on the sensory
quality of chestnuts during storage, in order to select the best coating to
be used by chestnuts producers and industrials.
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Table 4
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Mean counts (log cfu/g * standard deviation) of aerobic mesophilic microorganisms, yeasts and molds analyzed in uncoated (control) and coated chestnuts

throughout storage.

Microbial groups Treatment Storage Time (months)
0 1 2 3 6

Aerobic mesophilic CHI 4.45 + 0.39° 2.45 + 1.30% 2.84 + 0.73%PA 3.68 + 0.20%%* 4.30 + 0.26>>A
ALG 4.45 * 0.39% 4.56 * 0.27>M8 4.70 * 0.19°8¢ 5.07 + 0.55*>8 6.17 * 0.58>F
WP 4.45 + 0.39° 6.58 + 0.82"% 6.29 + 0.81"¢ 6.81 = 0.77°¢ 7.52 + 0.36"°
Control 4.45 + 0.39% 5.01 + 0.41%% 4.63 + 0.59*" 5.10 + 0.11*® 6.71 = 0.47°BC

Molds and yeasts CHI 3.74 * 0.12*° 2.65 * 1.65™* 4.24 * 052804 4.59 + 0.023>* 5.24 * 0.11>*
ALG 3.74 + 0.122 481 + 0.11>8 4,98 + 0.33>* 5.56 + 0.24°8 6.03 + 0.15%%
WP 3.74 = 0.12° 5.72 + 0.45"% 6.27 = 0.13%¢F 6.42 + 0.24%C 6.51 * 0.03%C
Control 3.74 = 0.12° 4.81 + 0.74>AB 472 = 0.10>* 5.21 + 0.24"8 6.24 = 0.06%°

Values are expressed as: Mean * Standard deviation. Lowercase letters -Values with the same letter in the same line are not statistically different (p < 0.05);
Uppercase letters -Values with the same letter in the same column are not statistically different (p < 0.05). CHI - chitosan; ALG - alginate; WP - whey protein.

influence the work reported in this paper.
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