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Abstract

The main objective of the present work consisted in the transfer to the case of the chestnut of a rice fermentative process that carried
out to the Japanese traditional way to lead to an alcoholic bagasse, the moromi, capable of obtaining distilled. This way, selection assays
of amylolitic Aspergillus oryzae strains and studies of compatibility between microfungi and yeast were carried out. These mixed culti-
vations were performed operating in batch submerged culture. Later on, using solid state system (chestnut, microfungi, yeast), a fermen-
tative fed-batch process (koji, moto, moromi) was defined. By means of this approach a yield of 70% was reached in the conversion of
total carbohydrates in ethanol. Also, the time required by the traditional operation was reduced in half.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Sales of some popular categories of ethnic foods such as
Asiatic foods experimented a noticeably raise in the last
years in occidental countries. The most established sectors
in the market are Indian and Chinese foods, initially as a
result of their widespread restaurant, but interest by Japa-
nese specialities have also rise. Traditional Japanese foods
included very know products such as sushi and fermented
foods obtained from the fermentation of amylaceus crops
like soy sauce or miso, but also traditional alcoholic bever-
ages included the sake (rice wine) and shochu among other
less recognized specialities.

Elaboration of shochu, a popular distilled alcoholic
drink produced from steamed cereals involves two steps
using a fungus (generally, Aspergillus kawachii or Aspergil-
lus oryzae) and a yeast (usually, Saccharomyces cerevisiae
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or S. sake). In industrial shochu brewing, A. kawachii is
used in the first step to make moulded cereals (koji making)
due to the various extracellular enzymes such as a-amylase,
glucoamylase, proteases, and peptidases for digesting mate-
rials (Fukuda et al., 2001). Additionally the fungus also
produces a large amount of citric acid, which allows brew-
ers to maintain the mashed culture acidic, preventing the
contamination by harmful micro-organisms. In the second
step, in mixed culture, S. cerevisiae is used for alcoholic fer-
mentation (moto–moromi fermentation) (Nomachi et al.,
2002). Although rice and barley are the main crops used
as raw materials in shochu manufacture, sweet potato soba
(buckwheat) and, in lesser extend, chestnut are also fer-
mented (Akiko et al., 2001; Yaichi, 1988).

The main difficulties to extend the exportation and con-
sumption of some minor traditional specialities of foods is
the lack of standardization of their production, because
only hedonistic criteria were used along centuries to opti-
mized the manufacture of these foods. Nevertheless the
modern production imposed the application of additional
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Table 1
Micro-organisms used

Species Key internationala Key IIMb

Microfungi

Aspergillus oryzae CBS 125–59 A1.01
A. oryzae CBS 110–47 A1.02
A. oryzae CBS 112–51 A1.03
A. oryzae CBS 115–33 A1.04
A. oryzae CBS 125–49 A1.05
A. oryzae CBS 201–75 A1.06
A. oryzae CBS 205–89 A1.07
A. oryzae CBS 570–65 A1.08
A. oryzae CBS 816–72 A1.09
Yeasts

Saccharomyces cerevisiae IFI 240 S1.01
S. cerevisiae CBS 1907 S1.02
S. cerevisiae (V. ellipsoideus) IFI 87 S1.03
S. cerevisiae IFI 82 S1.04
S. cerevisiae IFI 246 S1.05
S. cerevisiae CECT 1319 S1.06
S. cerevisiae CECT 1685 S1.07

a IFI: Industrial Fermentations Institute (CSIC), Madrid. CECT:
Spanish Type Culture Collection, University of Valencia. CBS: Centra-
albureau voor Schimmelcultures, Baarn, Holanda.

b Abbreviated notation used in this work.
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reproducibility and economic criteria. This problem arises
to some local specialities of manufactured chestnut in
European countries.

In this sense, Japan is the largest world consumer of raw
and elaborated chestnut as well as the biggest chestnut
importer. Japan’s domestic production is chilled fresh
and consumed throughout the winter, especially around
the New Year, being widely used in the elaboration of some
shochu and other delicatessen specialities.

In Galicia (NW of Spain) – one of the most productive
chestnut areas in Europe – the fruit is generally processed
in local industries to obtain different confectionery high-
added-value products like marron glace. Since these delica-
tessen products require high quality chestnuts (in terms of
size, shape or resistance for peeling and sweet processing),
only a reduced percentage of the annual chestnut crop is
destined to industrial transformation.

However, in basis of their starchy nature, overproduc-
tion of chestnuts can be used in the formulation of alterna-
tive foods or in biotechnological purposes. Thus, in the last
years in our lab, two realistic attempted industrial alterna-
tives for exploitation of overproduction are being tested:
firstly, the development of sweet flour destined to confec-
tionary products for celiac people (without gluten), sec-
ondly, the production of an alcoholic beverage from
distillation of fermented chestnut. From an industrial view-
point, the optimization of a process of fermentation to
obtain alcoholic beverage implicate harmonize simulta-
neously, the maximization of the yeast metabolism in terms
of the conversion of glucose to ethanol and flavour produc-
tion and the prevention of the off flavours formation. Until
now we have optimized the enzymatic hydrolysis of chest-
nut starch in solid (chopped) and submerged (pastes) oper-
ation with an enzymatic mixture of a-amylase and
glucoamylase in a single step (López et al., 2004, 2005,
2006). In submerged process (López et al., 2004) total con-
version of starch to glucose can be achieved only when the
enzymatic mixture included a ratio of a-amylase/glucoam-
ylase activity of 0.35 and the enzyme–substrate ratio was
the highest assayed (60 total EU/g of raw chestnut). Syner-
gistic effects in the action of these two enzymes as well as
phenomena of inhibition and thermal inactivation were
described and quantified (López et al., 2006). On the other
hand, solid state hydrolysis allowed obtaining highest glu-
cose concentrated hydrolysates from chestnut than sub-
merged process (López et al., 2005).

Another possible strategy to obtain an alcohol beverage
from chestnut consists in the action of an amylolitic fungus
growing in a mixed culture with yeast. This approach, close
to the traditional procedure to obtain shochu, was success
assayed by us in submerged cultures with an amylaceous
food waste (Siso et al., 1988; Mirón et al., 1988).

In this work, the mixed solid state fermentation of chest-
nut purée with A. oryzae and S. cerevisiae was studied in
order to obtain an alcoholic beverage by ulterior distilla-
tion of the postincubated. Thus, in the basis of traditional
shochu brewing, optimization suitable of combination of
yeast and fungus strains as well as process conditions was
performed.
2. Methods

2.1. Micro-organisms used and chestnut composition

The micro-organisms studied are shown in Table 1. All
stock cultures were stored at 4 �C in malt media (Cultimed)
supplemented with 1 g/L of yeast extract and 20 g/L of
agar and re-inoculated every 2 months. The chemical com-
position (in g/100 g wb) of the chestnut without teguments
used was as follows (López et al., 2004): water content
(56.9 ± 1.0); total sugars (36.7 ± 0.8); sucrose (6.5 ± 0.1);
starch (30.2 ± 0.8); glucose (traces); total nitrogen
(0.46 ± 0.02); proteins (2.24 ± 0.07); total phosphorus
(0.052 ± 0.002); lipids (1.70 ± 0.05); fiber (1.21 ± 0.07);
ash (1.02 ± 0.03).
2.2. Experimental strategies to obtain an alcoholic

postincubate from chestnut

In this work, the shochu brewing process was taken as
model to obtain an alcoholic postincubated form chestnut.
Thus, the experimental scheme used involved the following
stages:

(1) Fermentation of chestnut with A. oryzae to obtain
amylases postincubated called the chestnut koji
(kojic).

(2) Culture of Sacharomyces cerevisiae on kojic to obtain
an alcoholic postincubated called the chestnut moto
(motoc).
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(3) Extension of motoc stage to enhance the alcoholic
contain by addition to the motoc, a mash of fresh
amounts of kojic and chestnut. This stage was called
moromic.

2.3. Culture conditions

2.3.1. Preliminary microfungus cultures

The studies for the selection of the microfungi with the
highest production of amylolytic enzymes were performed
in submerged culture using 300 mL Erlenmeyer flasks with
100 mL of starch culture medium. The composition and
treatment of the media employed has been described in
detail in previous papers (González et al., 1992; Murado
et al., 1993a,b, 1997), with the only change being that these
were buffered with 0.05 M bi-pthalate-NaOH at a pH of
5.5. Incubations were carried out in triplicate, with orbital
shaking at 200 rpm and 30 �C. At pre-established times of
22, 46 and 68 h, culture samples were taken and centrifuged
at 5000g for 15 min; the supernatants were analysed for
total amylolytic and glucoamylase activity and total sugars.
Finally, the sediments were dried at 108 �C until a constant
weight was obtained in order to measure the biomass
values.
2.3.2. Kojic (Chestnut koji)

The process was performed in a 100 mL Erlenmeyer
loaded with 8 g of pre-cooked chestnut (in cubic pieces of
�3 mm size) and a volume of aquatic medium or liquid
phase sufficient to saturate the material without leaving
appreciable amounts of free liquid in the system. A 25%
proportion (w/v) appeared to be adequate whose addition
was performed dividing the 2 mL in two fractions: 1.5 mL
of water or nutrient solution and 0.5 mL of a suspension of
spores of A. oryzae in sterile water, a concentration suffi-
cient to result in an initial population of 5 � 104 spores
per gram of chestnut. The inoculum was aseptically added
on to the mix of chestnut and nutrient solution, which had
been sterilised in free steam for 1 h. The incubation temper-
ature was 30 �C under static conditions with a brief manual
agitation daily.

Although the process is capable of progression without
supplementary nutrients, we decided to compare the effects
of simple wetting with water against a solution containing
sources of nitrogen and phosphorous. Thus, we started
with the following premise:

1: The average total content of carbohydrates in the
pre-cooked chestnut used as starting material was
37% (w/w).

2: Supplementing the liquid phase with inorganic
sources of nitrogen in appropriate proportions of
the oxidised form (NaNO3) and reduced form
(NH4Cl) as a function of the carbon source consump-
tion (Torrado et al., 1998). Under these conditions, in
an initial study we compared the results of three series
of incubations: one of control with distilled water and
two with supplements corresponding to theoretical
consumptions of 5% and 25% (called A and B,
respectively) of the total carbohydrates present in
the chestnut:

� A (5%): 9.73 g/L of NaNO3, 1.03 g/L of NH4Cl

and 1.21 g/L of KH2PO4.
� B (25%): 48.66 g/L of NaNO3, 5.13 g/L of NH4Cl

and 6.05 g/L of KH2PO4.
At pre-established times, the total content of each exper-
iment (in duplicate) was taken and briefly homogenised as
a whole in 20 mL of distilled water under refrigeration in
an ultra-turrax. The homogenates were then centrifuged
for 15 min at 5000g and the supernatant used to determine
the amylolytic activity and the nutrients, drying the sedi-
ments at 108 �C until a constant weight. We should point
out that due the continuous generation of reducing sugars
as consequence of the action of amylases this operative
procedure only represent in a reproducible way the state
of the system at each incubation time.
2.3.3. Motoc y moromic. Preliminary study

The first study to complete the process until obtaining
moromic was performed under the following specific
conditions:

1: Two liquid phases were used: water and a medium
supplement (C) of nitrogen (N) and phosphorous
(P) according to theoretical consumptions of 20% of
the total carbohydrates (a situation close to the 3.2
assay maximum):

� C: 31.86 g/L of NaNO3, 3.32 g/L of NH4Cl and

3.91 g/L of KH2PO4
2: The assays were performed in quadruplicate. All
batches of kojic were produced with 10 g of
pre-cooked chestnut, 2.5 mL liquid phase and an
inoculum of 50,000 spores of A. oryzae per gram of
chestnut. The motoc stage was initiated on adding
25 g of chestnut, 30 mL of liquid phase and an inoc-
ulum of 50,000 cells of S. cervissiae (S1.01) per gram
of the total amount of chestnut (35 g). The feeding of
the moromic stage implied batches of (10 g
koji + 25 g chestnut + 30 mL water). From the moro-
mic stage, the fermenting culture was stirred daily
under aseptic conditions using a glass rod.

3: The analysis was performed on supernatants from
centrifuged aliquots of the liquid phase.
2.3.4. Compatibility of microfungi–yeast

Cultures were carried out using the conventional sub-
merged technique, in malt (Cultimed) medium at 30 �C
with orbital shaking at 200 rpm. At 20, 40 and 70 h, the lev-
els of ethanol present were determined together with the
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biomass of each of the micro-organisms, after separating
the yeast cells from the fungal mycelium using washing
on a mesh of 250 lm, centrifugation and drying of the sed-
iment at 108 �C to a constant weight.

2.3.5. Acceleration of the process and approximation to the

conditions of submerged culture
In the next experimental series the following changes

were introduced with respect to the preceding experiments
(see results and discussion in Section 3.5):

1: The strain yeast S1.01 was substituted by S1.04 because
the distillation of the postincubates of this last strain
provided the best aromatic chromatographic profile
(data will be presented in a further paper).

2: The liquid phase consisted simply of sterile water
without the nitrogen or phosphorous supplements.

3: The incubation temperature for the motoc and moro-
mic stages was established at 25 �C maintaining the
production of kojic in the above mentioned
conditions.

4: The stages for motoc and moromic were carried out
in two liquid phase levels. In the lower of the set,
the motoc was initiated in the normal manner adding
chestnut, water and a yeast inoculum (50,000 cells per
g of chestnut) in a kojic of 4 days with the aim of
obtaining a system of (koji (g):chestnut (g):water
(mL)): (1:2.5:3). The re-feeding during the moromic
stage was performed on batches (koji:chestnut:water)
of the same proportions. For the highest level of the
liquid phase the proportions used were (koji:chest-
nut:water): (1:2.5:6).

5: In the conditions of large liquid phase, the incubation
was performed in two different modes, one in an
Erlenmeyer with the normal diary agitation and the
other in bottles using an incubator with rollers pro-
viding a rotation of approximately two cycles per
minute. By using this method we were attempting
to provide a greater degree of homogeneity of the
mass, avoiding the frequent agglomerations arising
from the addition of kojic, without raising the levels
of aeration.

2.4. Analytical methods

Total sugars (TS) were measured by the phenol–sulphu-
ric method according to Dubois et al. (1956) using glucose
as standard. Reducing sugars (RS) were analysed by the
3,5-dinitrosalycilic acid (DNS) reaction (Bernfeld, 1951)
with glucose as standard. Total nitrogen was measured
by the method of Havilah et al. (1977), applied to digests
obtained by the classic Kjeldahl procedure. Total phospho-
rous was detemined by the fosfomolibdato method of Mur-
phy and Riley (1962) according to the application of
Strickland and Parsons (1968). Ethanol was analysed by
ion and steric exclusion HPLC. The column was an Trans-
genomic ION-300 (30 cm � 0.78 cm) with a precolumn
ICE-GC-801/C (Cartridge 2/pk) operated at 65 �C and
used H2SO4 (6 mM) as mobile phase in isocratic conditions
(flow = 0.4 mL/min) with a refractive index detection (Váz-
quez et al., 2005). Total Amylolytic and glucoamylase
activity (TAA and GA, respectively) was determined in
enzymatic units (EU) as described by Murado et al.
(1993a). All analytical determinations were made in
duplicate.

3. Results and discussion

3.1. Criteria for the selection of microorganism for koji

culture

The approach proposed to obtain an alcoholic beverage
from chestnut is based in shochu elaboration process that,
basically, consists in a mixed culture microfungus–yeast. In
this process, the fungus must provide enough amylolitic
activity to obtain high amounts of reducing sugars that will
be converted into ethanol by the yeast. Thus, it must be
expected that the limit stage in this process could be due
to the capacity of microfungus to produce amylases. For
this reason a selection of a suitable A. oryzae is required.

The strain A1.01 provided (data not shown) the highest
amylase activity (total and glucoamylase) and the biomass
production, suggesting a high potentiality to hydrolyze
starch chestnut generating surplus of glucose that could
be used by the yeast in mixed cultures. For this reason this
strain was selected for further experiments.

3.2. The production of kojic (Chestnut koji)

In order to evaluate the suitability of the before selected
A. oryzae strain to growth and produce amylases using
chestnut as substrate (kojic) a series of cultures following
the procedure described in methods section were per-
formed. The results obtained are summarised in Fig. 1
and demonstrated the following aspects:

1: The total amylolytic activity in the system increases
over a period of 6–7 days at the end of which time
it tends to stabilise or diminish. Nutritional supple-
ments favour an increase rate of production and
length of the stable phase of production over the final
level.

2: In general terms, the profile of the pH is the same,
independently of the supplements used. Although
from the initial value (7.0) here is an initial acidificat-
ion phase, the minimum values are not compromised
in terms of the conservation of the amylolytic
activity.

3: The level of total soluble carbohydrates always shows
a downward trend, while that of the reducers only
descend alter first rising to a maximum (notably
higher in the case of the highest nutritional supple-
ment value) after some three days of incubation. This
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result is a balance between the hydrolysis as a result
of the amylase action and the consumption due to
the growth of the microorganism. Nitrogen and phos-
phorous fall to similar levels for the three cultures
after 150 h of incubation, which indicates that the
consumption rates are approximately proportional
to the levels present, as demonstrated in the case
described by Torrado et al. (1998).

Therefore, we can accept that the chestnut constitutes an
adequate substrate for the growth of A. oryzae, with the
capacity to produce a mass rich in amylases in a reasonable
timeframe, homologous with koji and appropriate for
studying the continuation of the process towards a product
homologous with moromi.
3.3. Motoc and moromic. Preliminary culture

Moto and moromi are two consecutive steps in elabora-
tion of sochu once koji stage is completed. With the aim to
adapt these processes using chestnut as substrate, new
experiences was performed evaluating the effect of supple-
mentation with N and P the culture medium on the ethanol
production.

The results of the study (Fig. 3) showed clearly that the
supplementation with N and P had not effect in the evolu-
tion of the basic variables of the process. The maximum
stoichiometric level of ethanol was estimated assuming that
the carbohydrates (37%) from the chestnut are completely
transformed into fermentable sugars (glucose).

Hence, when the sampling from the motoc phase
includes an aliquot of the total mass in fermentation, we
saw in general that the solid phase of the system contains
the same proportion, in weight, of ethanol. The total result,
represented by the upper lines in Fig. 3E, allows us to esti-
mate the yield in 48% of the stoichiometric maximum.
Although from this value we should discount the implied
consumption of glucose in the biomass, we undoubtedly
found in front of a low productivity in ethanol.

The contributions of kojic mean small increases of the
amylolytic activity in the system, which tend to fall in sub-
sequent intervals, with the exception of the first of these (4–
8 days) in which we can appreciate a moderate increase
coinciding with the lowest levels of ethanol. This could
imply a contribution of this product to the deterioration
of the enzymatic activity.

In fact, in a simplistic approximation formulating the
rate of descend of this activity, vTAA, as the sum of both
a first order kinetic term (proportionality to the present
activity) and another of the second order (proportionality
to the product of the amylase and ethanol concentrations)

mTAA ¼ k1½TAA� þ k2½TAA�½Ethanol� ð1Þ
An acceptable adjustment between the observed and ex-
pected rates (data not shown: r = 0.928) was obtained.
Although the model represents a simplification that
undoubtedly ignores other factors, it also constitutes a
proof in favour of the hypothesis relative to the role of
ethanol.

Among the possible reasons that provoke these low eth-
anol conversions could be: the low availability of reducing
sugars, the high reducing sugars utilization for biomass
production and the low yeast development. The first
hypothesis seems true considering the low amylolytic activ-
ity in the moromi culture in comparison to the koji culture.
However, the second is not valid since the reduced counts
in the microscopic examination of the postincubates sug-
gest scarce yeast growth (data not shown). The problem
of the low yeast development, motivated by the possible
low tolerance from this to the microfungi, it was already
described by Kodama (1970), who described that a pecu-
liarity of the strains of S. cerevisiae used as ‘‘sake yeasts”

is precisely its capacity to develop in the presence of A.

oryzae.
In addition, a low concentrations of volatile molecules

commonly associated to the ethanol production could be
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expected. Consequently the flavour quality of further distil-
lates could be reduced.

3.4. Yeast–microfungus compatibility

In the bibliography relating to the traditional process
(Kodama, 1970), the compatibility between the two princi-
pal microbial entities present is always described in terms
of the tolerance of the yeast to the mould and not the
reverse. In addition, the scarce content of reducing sugars
in the chestnut necessarily forces to use of the high amylo-
lytic capability of the microfungi A1.01. Under these con-
ditions, the compatibility was examined following the
mixed cultures development of each one of the yeasts in
Table 1 (typified by mid or high fermentation capacity
and mid to high tolerance of ethanol) in presence of A. ory-

zae A1.01.
The results (Fig. 3) revealed, indeed, important differ-
ences in the tolerances of the yeasts. S1.01 showed the most
deficient development, with the microfungi reaching the
highest value of biomass. It also suggests that the other
yeasts exercise some form of control on the system, modi-
fying the conditions in those that the development of the
microfungi are limited. If this ‘‘yeast regulation” is
accepted as the primary criteria for selection, the strains
S1.01, S1.06 and S1.07 should be discarded. In addition,
the incapacity of the yeast for such regulation seems to cor-
relate with the tendency for the pH to rise in the culture.

As shown in Fig. 4, we can recognise that the entity
responsible for the production of ethanol is basically the
yeast (there is an acceptable positive linear correlation
between the level of ethanol and the biomass of yeast; neg-
ative and less acceptable for the fungi). This does not
imply, however, that A. oryzae does not produce ethanol,
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nor that the situation in which we see the maximum rela-
tionship between the yeast/mould coincides with the maxi-
mum ethanol production. If all ethanol were attributed to
the activity of the yeast, we would have to accept that
the culture S1.01, even though it is the lowest producer in
absolute terms, because it would be the most productive
in terms of the relationship ethanol/yeast. On the contrary,
if the ordinate in the origin (Fig. 4) is interpreted literally,
we would have to accept that the ethanol produced in these
conditions is a result of the fungii activity. The probable
real situation is an intermediate between these two
extremes, and the most appropriate selection is to consider
the relationship between the ethanol produced and the
biomass.

This criterion would favour those systems in which less
carbohydrate is consumed during the generation of the bio-
mass and would suggest (Fig. 4) the order: S1.03 > S1.02 >
S1.04 = S1.05.

3.5. Acceleration of the process and approximation to the

conditions of submerged culture

In order to improve the ethanol production, S1.01 was
substituted by S1.04 due to that the distillation from the
postincubates provided the best aromatic chromato-
graphic profile (data will be presented in a further paper).
Also, the increase of the liquid phase in the system could
be a favourable factor upon increase of the bioconversion
sugar to ethanol. In the first place, it would take to reduce
the ethanol concentration and, consequently, would elim-
inate it toxic effect in the liquid phase (without affecting
the total extensive production). In second place, because
the microfungus are, in general, more appropriate
micro-organisms for development in solid state culture,
thus the increase of liquid phase proportion should favour
to the yeast.

On the other hand, and with the purpose to accelerate
this fermentative process, we decided to elevate the incuba-
tion temperature in the motoc and moromic phases. This
temperature was maintained inside of an interval: (a)
favourable to the yeast, (b) sufficiently far from the temper-
ature that maximizes the growth rate of both micro-organ-
isms and (c) with low risk of eventual loss of aroma.

The results (Fig. 5) confirmed the expected tendencies
and the efficiency of ethanol production according to the
chestnut load, without any evidence of effects attributable
to a lack of nutritional supplements. Therefore:

(1) The level of ethanol equivalent to that of the experi-
ment described in Section 3.3 was achieved in less
time, and the process did not present such a pro-
nounced stabilisation. This way, the fermentation
was completed in half the time required for the tradi-
tional method.

(2) Throughout the motoc and moromic phases, the pH
remained stable in the three series and with appropri-
ate values for the conservation of the amylolytic
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activity. If we accept the correlation suggested by the
compatibility experiment this could indicate a certain
efficacy of the ‘‘regulation by the yeast” (compare
Fig. 2 with Fig. 5).

(3) The concentration of reducing sugars in the liquid
phase descended rapidly from values approximating
to 20 g/L at the beginning of the motoc phase, until
reaching a stable level of �5 g/L for the rest of the
process. Although, as previously mentioned, this level
may not be a limiting factor for growth it can hardly
be in doubt that the maintenance of higher concen-
trations would benefit the accumulation of ethanol.

(4) As expected, although the level of ethanol in the
liquid phase was below 23% in the diluted cultures,
the efficiency of its production with respect to the
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total load of chestnuts added actually increased
50% over the control. In accordance with the criteria
of quantification established in Section 3.3, the con-
trol culture (concentrated) provides a conversion
equivalent to 48% of the stoichiometric maximum,
while the diluted cultures reached almost 70% in both
methods of mixing.

(5) In spite of the increased homogeneity using rotary
movement, its results were not significantly different
from those achieved by the daily stirring with a glass
rod. Given that the rotation seems preferable in prin-
ciple and the risk of promoting an excessive aeration
does not seem to apply, this agitation procedure
would constitute the best option suited to the defini-
tive scale.
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tal levels of ethanol in the system (overall values) are compared with the
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4. Conclusions

This work showed that is possible to adapt of the tradi-
tional Japanese shochu fermentation to the conversion of
the starch chestnut into ethanol studying the compatibility
of microfungus–yeast in mixed cultures in relation with the
concentrations in the solid state system of the amylolitic
activity and ethanol. The selected fermentation procedure
allowed a high conversion of total carbohydrates in ethanol
in a reasonable incubation time, envisaging an easy scale-
up of the process in the future.
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