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a b s t r a c t
Little is known about the biochemistry of the marron (Castanea sativa cv Marrone ﬁorentino) when it
is soaked in water for the curing process; the immersion treatment time is still empirical and based on
traditional knowledge. A study was carried out by keeping marrons in water for 7 d at 14 ◦ C. Tap water
and acid water (pH 3) were used in the following water/marron ratios 1:1, 1:2, and 3:2. After curing, the
marrons were moved to air storage at room temperature (20 ◦ C and 90% RH) for 1 week (shelf-life), and
at 0 ◦ C and 90% RH for 60 d. A large accumulation of carbon dioxide in the head space of the glass jar
where the marrons were kept, was observed during water soaking, above all in samples in acid water
with a water/marron ratio 1:2. In the ﬁrst 5 d of water curing, a signiﬁcant increase in acetaldehyde
concentration and phenol content was measured in the marron pulp and subsequently, both compounds
declined. Ethanol decreased slightly or remained constant. During the following week of shelf-life, the
lowest respiration rate was measured in 1:1 and 1:2 samples while the highest rate was measured in
acid water samples. SSC (solid soluble contents) increased in marrons soaked in acid water but remained
constant under shelf-life conditions. SSC, ethanol, acetaldehyde and polyphenols did not change following
storage at 0 ◦ C for 2 months, but acid water samples showed a higher percentage of decayed marrons.
Finally, it is possible to deﬁne some technological parameters. The immersion time of marrons in water
must be at least 5 and no longer than 7 d, in order to avoid cell destruction. A water/marron ratio of 1:1
is advised. Using acid water, the samples with the ratios of 1:2 and 1:1 showed higher polyphenol and
sugar contents. However, the metabolic response of these marrons was assumed to be a “stress response”
to acid water.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
The chestnut tree is mainly grown in Europe and Asia. The
Asiatic production of chestnuts covers 70% of world production.
China is the leader with 445,000 ha, followed by South Korea
with 430,000 ha, Turkey with 392,000 ha, Japan with 283,000 ha,
and Italy with 275,000 ha. Chestnuts are rich in sugars, mainly
monosaccharides and disaccharides such as sucrose, glucose, fructose, and rafﬁnose, as well as starch (Bernardez et al., 2004;
De la Montaña et al., 2004). The main storage problems with
chestnuts are the presence of insect worms (Cydia splendana
Hb, Cydia fagliglandana Zel. and Curculio elephas Gyll), and fungi
development, mainly Cyboria, which blackens the ﬂesh, but also
Rhizopus, Fusarium, Collectotrichum, and Phomopsis (Wells and
Payne, 1980; Breisch, 1993; Washington et al., 1997). In Italy, the
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most widespread chestnut treatment implemented before storage
or sale is water curing, known in the past as “novena”, meaning that
the chestnuts were soaked in water for 9 d. The aim of this practice
is to reduce fungal development during storage and to aid the killing
of worms in chestnuts (Mencarelli, 2004). Polyphenol compounds
such as cumarin, scopoletin and esculetin have been considered
for the effectiveness of this technique (Bergognoux, 1978). However, no other articles have been published on chestnut metabolism
during water curing. Today, fresh chestnuts are often kept in cold
storage but problems related to pathogen development still exist
(Tian and Bartolini, 1997; Bassi et al., 2001). Controlled atmosphere
storage was proposed with a high carbon dioxide concentration
(Mignani and Vercesi, 2003) also to avoid ﬂesh hardening which
occurs during cold storage, and which is very detrimental to marron
glacè production (Estévez et al., 2005). A very high concentration
of carbon dioxide has been proposed as an alternative to water
curing, but water curing gave better results in controlling fungal decay, if the high concentration of carbon dioxide treatment
was not followed by controlled atmosphere storage (Anelli et al.,
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1984). As an alternative to water curing, hot water treatments are
commercially applied, and both methods have proved efﬁcient in
reducing pathogen development and in maintaining chestnut ﬁrmness (Jermini et al., 2006). The aim of this paper was to determine
the inﬂuence of water curing on the metabolism of fresh marrons during curing, shelf-life, and 2 months of storage at 0 ◦ C, in
order to deﬁne some technical parameters such as curing time,
water/marron ratio, and water pH.
2. Materials and methods
2.1. Experimental procedures
Marrons (Castanea sativa cv Marrone ﬁorentino) harvested
in the area surrounding Viterbo, on Giovannelli’s organic farm,
800 m altitude, were selected following removal of the burr,
for uniform size and external quality. Overall water selection of decayed marrons was carried out by soaking marrons
into tap water and by removing the ﬂoaters. Subsequently,
1 kg of marrons were cut and the percentage of decayed or
injured fruit was calculated. Six different tests were carried
out as follows: 2.5 L tap water + 5 kg marrons, water/marron
ratio = 1:2; 5.0 L tap water + 5 kg marrons, water/marron ratio = 1:1;
7.5 L tap water + 5 kg marrons, water/marron ratio = 3:2; 2.5 L
acid water + 5 kg marrons, water/marron ratio = 1:2; 5.0 L
acid water + 5 kg marrons, water/marron ratio = 1:1; 7.5 L acid
water + 5 kg marrons, water/marron ratio = 3:2.
Acid water at pH 3 was obtained by electrolysis. The
water/marron solutions were kept in open glass jars; when the
gas concentration in the headspace had to be measured the jars
were tightly sealed with a lid adapted for measuring headspace
air. Curing was performed with water at 14 ± 1 ◦ C for 7 d in a cold
room. After this period, the marrons were removed from the water
and dried superﬁcially by ventilation in a temperature controlled
room until their initial weight was reached; subsequently they were
kept under shelf-life conditions (20 ± 1 ◦ C and 90 ± 5% RH) for 7 d
in order to observe the metabolic changes or in storage at 0 ± 1 ◦ C
and 90 ± 5% RH for 60 d. The marrons were analysed during the
water treatment period and, subsequently, at shelf-life conditions
after 1 week and 60 d of low temperature storage. At each sampling time the marrons were frozen at −20 ◦ C. At the end of the
storage period, the marrons were cut to observe the internal quality. To better understand the role of metabolites formed during the
anaerobic process occurring during water dipping, one treatment
with ethanol solution in water at 5, 10 and 20% (v/v), and tap water
as control, for 24 h was performed. After this treatment, the marrons were ventilated and left at room temperature as described
previously. The marrons were analysed for their internal ethanol,
acetaldehyde, and lactic acid content.
2.2. Analyses
During water treatment, carbon dioxide and oxygen accumulation was measured in the headspace of the curing glass jars. The
jars were capped tightly for 3 h, twice a day. During air storage,
the marrons of each test were placed in three glass jars and tightly
sealed for 2 h to measure the accumulation of carbon dioxide in the
headspace. Readings were performed using an OXYCARB 5 analyser [Isolcell, Laives (BZ), Italy] with an infrared CO2 sensor and an
electrochemical oxygen sensor.
SSC was measured using a digital refractometer mod. Palette PR32 (ATAGO Co., Japan); 5 g of marron pulp were added to 10 mL of
distilled water and homogenised with an Ultra-Turrax at 5000 rpm
for 1 min. The homogenised sample was poured into an Eppendorf

tube and centrifuged. Drops of supernatant were used to read the
refractometer and the results were multiplied by two as dilution
factor.
The total polyphenol content was determined by a slight modiﬁcation of the procedure of Montedoro et al. (1993). Eight grams of
marron pulp were cut into small pieces and added to 15 mL of 80%
methanol and homogenised with an Ultra-Turrax at 8000 rpm for
2 min; they were then ﬁltered and left standing for 30 min. Supernatant (0.25 mL) was added to 1 mL of Folin Ciocalteau reagent
(Sigma–Aldrich Co., USA). After 3 min, 4 mL of 10% sodium carbonate (Sigma–Aldrich Co., USA) were added. The solution was taken up
to 20 mL with distilled water and left standing for 90 min. The reading was performed using a Lambda 25 UV/VIS spectrophotometer
(PerkinElmer Ltd., UK) at 700 nm and the concentration was computed on the basis of a gallic acid standard curve.
Ethanol and acetaldehyde contents were measured adapting the
procedure used on peaches by Bonghi et al. (1999). Ten grams of
marron pulp were homogenised with 15 mL of distilled water in
an Ultra-Turrax at 7000 rpm in an ice bath; the solution was then
capped and centrifuged at 4 ◦ C, 5000 rpm for 10 min. Five milliliters
of supernatant were poured into a glass miniﬂask (Supelco, Sigma–
Aldrich Co., St. Louis, MO, USA), equipped with a small magnetic
stirring bar and capped with a PTFE-faced silicone septum; this was
placed in a thermostated bath under continuous stirring at 55 ◦ C for
30 min. Lastly, 1 mL of headspace air was removed with an air-tight
syringe and injected into the gas chromatograph FRACTOVAP 4200
(Carlo Erba Spa, Italy), adapted with 5% Carbowax 20M in a Carbograph 1AW column (Supelco, Sigma–Aldrich USA). Injection, oven,
and FID temperatures were 100 ◦ C, 120 ◦ C and 200 ◦ C respectively.
Lactic acid was measured by using enzymatic test analysis (RBiopharm, Darmstadt, Germany).
Water pH was determined with a pH-meter model pH 300
(Hanna Instruments S.r.l, Italy).
2.3. Statistical analysis
All of the chemical and physiological analyses were replicated at
least three times, each replication coming from different marrons
of the same test. ANOVA was performed for each quality parameter and the least signiﬁcant difference (LSD) was calculated for the
appropriate level of interaction for P ≤ 0.05.
3. Results and discussion
Water curing of marrons produces a lot of carbon dioxide as
a result of aerobic and anaerobic metabolism but no data exist
regarding the details of this production. In a closed environment
where chestnuts are water-cured, the accumulation of CO2 may
represent a risk for operators. Moreover, monitoring CO2 and O2
accumulation in the headspace of curing jars could give indications
of the metabolism taking place. In our case, the gas percentage
read in the headspace of the jars depended on the water/marron
ratio. Just after the ﬁrst day, 1:1 samples, regardless of the type
of water, showed an approximately 50% lower CO2 concentration
than the other samples. Subsequently, all of the samples showed
a rising CO2 concentration in the headspace of the jars during the
ﬁrst 3 d; a new increase was then observed on day 5 with a peak on
day 6 (Fig. 1). The highest and the most rapid CO2 accumulation,
1.1 and 1.4 mol g−1 fresh weight (f.w.) h−1 , in tap water (W) and
acid water (AW) samples respectively, had already occurred on
the third day in samples 1:2, where there was less water. On the
last sampling (day 7), the lowest CO2 accumulation was found
in 1:1 and 1:2 tap water samples (0.6 mol g−1 f.w. h−1 ). The O2
concentration trend was opposite that of CO2 (data not shown).
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Fig. 1. Concentration (%) of CO2 measured in the head space during the curing phase
in tap water and in acid water. AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average of two daily samplings.

Comparing tap water and acid water samples with the same ratio,
we observed that acid water samples accumulated a higher amount
of CO2 . This behaviour can be attributed to a stress response of
marron cells to acid conditions. Lowering the pH of water may have
activated the fermentation by stimulating lactic dehydrogenase,
and thus pyruvate decarboxylase. It is known that fermentation
acidiﬁes the substrate, and in Lactobacillus, low pH is responsible
for poor long-term survival under aeration conditions, when compared to the survival of respiring cells (Razaiki et al., 2004). The
peak in CO2 production corresponds with foam formation on the
water surface. On the seventh day, the decrease in CO2 production
might indicate that the cells are shifting to a critical survival phase.
During air storage, marrons recovered respiratory activity guaranteeing cell survival. All of the samples showed a peak on day
3, and then a decreasing trend (Fig. 2). Acid water samples had
values that were signiﬁcantly higher than tap water samples. The
1:1 tap water sample showed the lowest rate of CO2 production
(around 0.3 mol g−1 f.w. h−1 on day 3), while the highest production was for the samples in acid water (between 0.46 and 0.54 on
day 3), conﬁrming what we observed during the curing period relative to CO2 accumulation. These values are in the respiration rate
range found by Anelli et al. (1984) during storage at 0 ◦ C. Taking into
account that chestnuts, as seeds, have a dormant phase linked to
the availability of stored substances, lower respiratory values are
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Fig. 2. CO2 production of marrons during shelf-life (20 ◦ C and 90% RH). AW = acid
water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average of three readings from three different jars. Different letters indicate
signiﬁcant differences at P = 0.05.

certainly an advantage for chestnuts as they will consume less dry
matter (Kays, 1997). Weight loss in samples with a ratio of 1:1 and
1:2 in tap water reached the value of 0.113 g kg−1 in 24 h, while
that in the sample in acid water at a ratio of 1:1 reached a value
of 0.223 g kg−1 in 24 h (data not shown). During air storage also,
the acid pH of the water affected marron metabolism; indeed, the
highest CO2 production in this phase, and the peak 3 d after the
removal of the marrons from the water, lead us to assume a stress
response. It is well known that an increase in the hydrogen ion
concentration of water causes a strong membrane transfer imbalance thus compromising cell functions (Kang and Saltveit, 2003).
Ethanol concentration in marron pulp during curing decreased
slightly but signiﬁcantly only for the water/marron 1:2 sample,
especially on the last day; ethanol only increased signiﬁcantly in
the water/marron 3:2 sample, on the second day of curing from
220 up to 242 mol g−1 f.w. (Fig. 3). On the contrary, acetaldehyde
immediately increased signiﬁcantly in all the samples, especially
in the tap water samples (Fig. 4). The peak of the rise occurred on
day 2 or 3 with the highest concentration in the water/marron 3:2
sample (232 mol g−1 f.w.). At the end of the curing period the concentrations of samples were not signiﬁcantly different even though
samples with a greater water content in curing had a slightly higher
acetaldehyde concentration. Comparing ethanol and acetaldehyde

Fig. 3. Ethanol content of marron ﬂesh during the curing phase. AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average
of three replicated analyses of different marrons. Different letters indicate signiﬁcant differences at P = 0.05.
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Fig. 4. Acetaldehyde content of marron ﬂesh during the curing phase. AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the
average of three replicated analyses of different marrons. Different letters indicate signiﬁcant differences at P = 0.05.

Fig. 5. Ethanol content of marron ﬂesh during shelf-life (20 ◦ C and 90% RH). AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent
the average of three replicated analyses of different marrons. Different letters indicate signiﬁcant differences at P = 0.05.

data, a more active fermentative metabolism appears in the ﬁrst
step of acetaldehyde formation from pyruvic acid than in the second one, reduction of acetaldehyde to ethanol. In the anaerobic
metabolism, acetaldehyde acts both as a product of the PDC (pyruvate decarboxylase) enzyme activity and as a substrate of the ADH
(alcohol dehydrogenase) activity to produce ethanol. It has been
seen that in bell peppers kept under O2 depletion conditions, there
is a considerable accumulation of pyruvic acid which, through the
action of the PDC, causes an increase in acetaldehyde, and, at the
same time, low ADH enzyme activity and low ethanol production
(Imahori et al., 2002). Burdon et al. (2007) emphasised the role
played by the treatment of CO2 in avocados stored at 6 ◦ C, where
the rise in acetaldehyde content was equal to the increasing concentration of CO2 , while the ethanol level remained very low. In

another paper on peaches, Polenta et al. (2005) conﬁrmed a similar
tendency in the days following nitrogen treatment. Here, CO2 accumulation in the headspace (conﬁrmed by the formation of foam
on the water surface) during the marron curing phase is an index
of intense anaerobic activity which then causes the formation of
acetaldehyde but not of ethanol (CO2 production is the result of PDC
activity). This metabolic increase in acetaldehyde can be explained
by a slowing down of acetaldehyde oxidation to acetic acid and/or of
its reduction to ethanol. Another potential reason for the increase
in acetaldehyde is the back oxidation of ethanol to acetaldehyde
which occurs when high concentrations of ethanol (feedback effect)
occur in the cell. To validate this supposition, the marrons, after
being dipped in ethanol solutions for a short time, showed an
exponential increase in acetaldehyde from 80 mol g−1 of f.w. for

Table 1
Ethanol, acetaldehyde, and lactic acid content of ﬂesh of marrons treated with different concentrations of ethanol for 24 h and then kept in shelf-life (20 ◦ C and 90% RH)

Water curing
Ethanol 5%
Ethanol 10%
Ethanol 20%

Ethanol (mol g−1 of f.w.)

Acetaldehyde (mol g−1 of f.w.)

Ethanol/acetaldehyde ratio

Lactic acid (mg L−1 )

93.3c
196.5b
254.6b
6958.9a

80.2d
458.6c
1462.2b
14102.3a

1.16
0.42
0.17
0.49

19.2b
23.4b
41.2a
41.3a

Data represent the average of three replicated analyses of different marrons. Different letters in the same column indicate signiﬁcant differences at P = 0.05.
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Fig. 6. Acetaldehyde content of marron ﬂesh during shelf-life (20 ◦ C and 90% RH). AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data
represent the average of three replicated analyses of different marrons. Different letters indicate signiﬁcant differences at P = 0.05.

water-cured marrons up to 14,102 for those dipped in a 20% ethanol
solution (Table 1). Ethanol increased, but not to the same extent as
acetaldehyde. The ethanol/acetaldehyde ratio was 1.16 in watertreated marrons, while in marrons treated with 5%, 10, and 20%
of ethanol in water the ratio was 0.42, 0.17 and 0.49 respectively
indicating that ethanol was rapidly oxidised to acetaldehyde. This
event was observed previously in tomatoes (Botondi et al., 1993). A
parallel increase was observed for lactic acid (Table 1) from 19 up
to 41 mg L−1 in the marron pulp treated with 10 and 20% ethanol.
Thus, ethanol was oxidised to acetaldehyde and, at the same time,
caused the reduction of pyruvic acid into lactic acid, as observed
by Perata and Alpi (1993). Thus acetaldehyde accumulation during
the curing phase could be the reason for the antiseptic effect of curing since acetaldehyde is toxic for cells (Perata and Alpi, 1993; Pesis,
2005). Furthermore, the decrease in pH due to the formation of lactic acid which, excreted from the cell acidiﬁes the water as observed
in Fig. 7, could further increase the antiseptic effect. In air storage (following the curing treatment) after 1 d, ethanol had already
lost half of the concentration measured on the last day of curing
(from 220 M down to around 100 M), because of rapid evaporation from the tissue. Subsequently, ethanol increased in the sample
kept in acid water (1:1 and 3:2), while in the tap water samples and
in acid water 1:2, the concentration remained stable during the 7 d
of air storage (Fig. 5). On the ﬁrst day of air storage, acetaldehyde in
the marron tissue, remained at the same level as the concentration
of the last day in water, between 158 and 190 M, regardless the
samples (Fig. 6). Acetaldehyde decreased in acid water samples.
Comparing the ethanol and acetaldehyde values of marrons during air storage, in tap water samples ethanol decreased greatly on
the ﬁrst day and subsequently remained stable, while acetaldehyde had the same concentration as the last day of curing and,
on day 4, decreased signiﬁcantly. This behaviour could mean a
rapid oxidation of ethanol to acetaldehyde as soon as the marrons were removed from water to air; the subsequent decrease in
acetaldehyde on day 4 might well be the result of further oxidation
of acetaldehyde to acetic acid. In contrast, in acid water samples,
ethanol increased during air storage while acetaldehyde diminished as a typical fermentation pattern (reduction of acetaldehyde
to ethanol) which might indicate that cells are in a fermentation
process as a response to stress effect of acid water. The pH of the
tap water decreased on the ﬁrst day of immersion of the marrons
from values of 7 to values of 5.5–6 for the 1:1 and 3:2 samples and
to values of 5 for the 1:2 samples, the values remaining constant
over the curing period (Fig. 7). The pH of acid water increased from

the ﬁrst day in all the samples and, at the end of the curing phase,
the water pH of the 1:1 and 3:2 samples reached values similar to
those of the tap water sample with a ratio of 1:2, while the pH of
acid water with a ratio of 1:2 reached a lower level. This pH value
is optimum for LDH activity which would explain the activation of
fermentation in acid water. The increase in the pH of acid water
could be due to the release of ethanol as well as NH4 + coming from
amino acid catabolism following cell stress. Whatever the initial pH
value might have been, there is a change (increase or decrease) in
the pH values to reach values between 4 and 5.5.
With regard to the polyphenol content in marron pulp which
has been postulated to be the reason for the positive effect of water
curing on insect control and fungal development during subsequent
storage (Bergognoux, 1978), a large increase from 2.65 mg g−1 up to
4.76 and 4.14 mg g−1 was observed on day 5 in samples 1:2 and 1:1
respectively cured in acid water (Table 2). In all samples, the highest increase occurred on day 5, and then the polyphenol content
decreased. Samples in acid water showed higher values than corresponding samples in tap water, and higher water content (3:2)
samples had the lowest increase. This response in acid water could
be due to a more rapid solubilisation of phenols from the perisperm
and/or pericarp towards the pulp which would be conﬁrmed by
the fact that the samples dipped in solution with the highest water
content (3:2) showed a lower increase. The response in acid water
could be due to their major synthesis as stress response. The state

Fig. 7. Variation of the water pH during the curing phase for the different treatments.
AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio.
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Table 2
Polyphenol contents of marron pulp during the curing phase and on the seventh day of shelf-life (20 ◦ C and 90% RH)
Polyphenols (mg g−1 of gallic acid)

Curing treatments

Initial time
Initial time
W–M (1:2)
W–M (1:1)
W–M (3:2)
AW–M (1:2)
AW–M (1:1)
AW–M (3:2)

2nd day of curing

5th day of curing

7th day of curing

7th day of storage

3.22cd
2.48de
2.51cde
1.91e
2.61cde
2.25de

3.34c
3.48bc
2.88c
4.76a
4.14ab
3.55bc

2.69cde
2.83cd
2.97cd
2.79cd
2.84cd
2.74cde

0.92f
1.03f
0.85f
0.63f
0.91f
0.87f

2.64cde

AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average of three replicated analyses of different marrons. Different letters
indicate signiﬁcant differences at P = 0.05.

Table 3
Values of SSC of marron ﬂesh during the curing phase and on the seventh day of shelf-life
SSC (◦ Brix)

Curing treatments

Initial time
Initial time
W–M (1:2)
W–M (1:1)
W–M (3:2)
AW–M (1:2)
AW–M (1:1)
AW–M (3:2)

2nd day of curing

5th day of curing

7th day of curing

7th day of storage

10.8de
11.4d
10.4ef
10.6def
9.8f
11.2de

10.4ef
10.4ef
12.4c
13.2ab
14.0a
13.2ab

11.2de
11.4d
12.4c
11.2de
11.8cd
10.8de

11.4d
13.4ab
12.8bc
12.6bc
11.2de
12.6bc

8.8g

AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average of 10 analyses from different marrons. Different letters indicate
signiﬁcant differences at P = 0.05.

Table 4
SSC, ethanol, acetaldehyde, and polyphenol contents of marron ﬂesh after 60 d of storage at 0 ◦ C and 90% RH
Curing treatments

SSC (◦ Brix)

Ethanol (mol g−1 of f.w.)

Acetaldehyde (mol g−1 of f.w.)

Polyphenols (mg g−1 of gallic acid)

Internal decay (% of marrons)

W–M (1:2)
W–M (1:1)
W–M (3:2)
AW–M (1:2)
AW–M (1:1)
AW–M (3:2)

13.0b
14.2a
14.0a
13.4ab
13.0b
13.2b

85.4c
91.0c
92.3c
112.4ab
120.1a
105.0b

98.2b
102.1ab
110.3a
78.4c
76.1c
80.0c

0.82ab
0.91a
0.76bc
0.66d
0.84ab
0.74cd

13b
15b
20b
35a
38a
40a

AW = acid water; W = water; M = marron. In parenthesis, the water/marron ratio. Data represent the average of 10 analyses for SSC and the average of 3 replicated analyses of
different marrons for the other analyses. Different letters in the same column indicate signiﬁcant differences at P = 0.05.

of oxidation found (redox potential values between +50 and +200)
in marrons soaked in acid water might explain the higher synthesis of phenol compounds considered defensive by the plant cell.
It is known that strong oxidation activates polyphenol synthesis in
fruit rich in phenols such as grapes, as a defense response, especially
when the treatment is continuous (Artés-Hernández et al., 2007).
This result would conﬁrm the previous hypothesis that marron
cells undergoing acid water treatments are subjected to metabolic
stress. This hypothesis seems to be supported by data obtained
after 2 months of storage, where acid water samples showed a fourfold higher percentage of decayed marrons compared to tap water
samples.
A direct comparison of the water colour after curing showed
that the water colour intensity increased with a larger quantity of
marrons, thus indicating a higher solubilisation–diffusion of the
polyphenols in the water, and the consequent lightening of the epicarp (data not shown). This diffusion can take place both inside and
outside the pulp, and this could explain the increase in polyphenols
during the curing phase. Acid water was clearer due to its state of
oxidation. In air storage the polyphenol content decreased significantly from values between 2.7 and 2.9 mg g−1 at the end of the
curing phase to 0.6 and 1 mg g−1 on the seventh day of storage. On
this day, the tap water sample with a ratio of 1:1 had the highest
value (Table 2). The reason for this drastic decrease in polyphenol
content during air storage might be the result of polyphenol oxi-

dation because polyphenols are not strongly bound but free in the
tissue due to water diffusion, thus more sensitive to the effect of
oxygen.
During the curing treatment a signiﬁcant increase in soluble
solids was observed from an average initial value of 8.8% up to
13–14% in marrons cured in acid water (Table 3). In acid water, SSC
increased until day 5 and then decreased slightly, while in tap water
SSC remained constant. This SSC trend is parallel to that of CO2 accumulation which would indicate an active starch catabolism, in order
to obtain greater availability of reducing sugars, above all in acid
water. It is well known that a drop in pH favours starch hydrolysis
(Yahia and Vazquez-Moreno, 1993; Tian et al., 2001). After 1 week
of air storage, SSC remained stable or increased signiﬁcantly in tap
water sample 1:1 and in acid water samples 1:2 and 3:2 (Table 3).
Analyses of the above chemical characteristics after 2 months of
storage (Table 4) showed that sugars increased slightly in all samples and ethanol remained stable, with the highest concentration
in acid water-treated samples; acetaldehyde remained stable with
the highest content in water-treated samples, and, ﬁnally, phenols
decreased in all the samples.
4. Conclusions
Curing marrons in water has a strong effect on their metabolism
causing signiﬁcant changes. An increase in acetaldehyde was
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observed probably leading to an increase in lactic acid as well. An
increase in CO2 , acetaldehyde and polyphenols, together with a presumed increase in lactic acid could be the reason for the antiseptic
effect of water curing. Yet, this can happen within certain time limits and with speciﬁc water/marron ratios. It is therefore possible to
deﬁne some technological parameters. Polyphenols increased until
day 5 of water curing above all in acid water and then decreased
on day 7.The marrons must be immersed in water for a maximum
of 5 d to maintain cells survival. A water/marron ratio of 1:1 is
advised. Acid water seems to stimulate the anaerobic metabolism,
increasing the acetaldehyde concentration during curing and even
the polyphenol content above all in the water/marron 1:1 ratio, but
this response appears to be a stress response, which does not guarantee the antiseptic effect during the subsequent air storage where
ethanol increase was observed.
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