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This study is a contribution at the conversion of the home scale traditional activity
of production of cassava brandy in industrial process of production of bioethanol in
Congo. The experimental results show the possibility to control the fermentation of
cassava mash by the measure of the density in keeping with starch content. The
evolution of the fermentation process of cassava mash depends of the addition of
maize malt, source of a-amylase. The number of stages of temperature of
distillation process increases when the density of the cassava mash submited to the
ethylic fermentation is high. For a cycle of distillation of fermented wort, the
temperature of extraction of ethanol is as much down as the initial density of mash
on fermentating is higher. The fractions of volume of the distillate proceeding from
dense worts are more alcoholic in comparison with those of worts more light. For
the mash at 285 g/L of starch, six fractions of volume of the distillate having an
alcohometric title superior at 20°GL are collected in comparison with two fractions
for the mash at 71g/L. The redistillation process of the fractions of volume of the
distillate has permitted to concentrate the alcohol content.

Introduction

The bioethanol is the ethanol of biological
and agricultural origin and belonging at the
family of the renewable energies. This
alcohol obtained by fermentation process of
worts is separated and concentrated by
distillation process, then dehydrated for
obtaining an anhydre product.
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The world production of bioethanol is in
augmentation and opens, at the present
moment, the way at many opportunities
(World Bank, 1980; Launder, 2001). In
Congo, the brandy of cassava is traditionally
produced by artisanal methods on a
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household scale (Holzapel, 1997; Diakabana
Kiyindou, 2008).

In the frame of this study, ethanol is
producted fondamentally from flour of
cassava (Manihot esculenta L), coarsely
ground of malt of maize (Zea mays L)
(Tiisekwa et al., 2000; Johannes et al., 2008;
Muyanja et al., 2010) and water. These
traditional methods of fermentation and
distillation, employing equipments very
rudimentary are well mastered by the
experimented producers, particularly the old
persons, who have done it a money-making
activity in spite of the great irregulrity of the
quality of product obtained (Diakabana,
2006). Various types of alcoholic beverages
of cassava are equally producted in other
countries (Rakotosaona et al., 20015). The
process of controled fermentation is carried
out by yeasting in adding a yeast stamp
Saccharomyces cereviae (Diakabana et al.,
2007; Nwaga et al., 2009) at the mash of
cassava (Gosselin et al., 2000).

The bilological transformation of starch into
ethanol makes intervene amylases activity
and ethylic fermentation to realize the
saccharification-fermentation process
(Diakabana et al., 2007, 2008; Stewart et al.,
2008). The yeasting improves the ethanol
global productivity (Diakabana et al.,
2014b) and diminishes the formation of
volatile acidity (Diakabana et al., 2007).

In Congo, the flour of cassava employed in
preparation of this brandy originates mainly
from rebus of mills of foufou (flour of retted
and dried cassava roots) (Diakabana, 2006).
Other-wise, in view to valorisate the
endogen ancient technologies executed at
the household scale (Van Noort and Spence,
1976; Moreau, 1985; Aidoo, 1994;
Holzapel, 1997), the traditional method to
elaborate the brandy of cassava is possible
to be converted into industrial process of
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production  of  bioethanol purified,
concentrated and anhydre ethanol usable at
the over ways: medical and chemical
domain, hard-ware, cooling down in
bioindustries.

In the aim to convert the homescale
traditional method of preparation of the
brandy of cassava in an industrial process of
production of bioethanol in Congo, the
correlation between initial content of starch
of the mash of cassava in fermentation
process and temperature of distillation
process of the fermented wort is studied.

Materials and Methods
Methods of production of bioethanol
Fermentation

Conduct of the directed fermentation
process of cassava mash

Six essays of ethylic fermentation variable
in terms of the content of starch (E1= 71g/L,
E2=89g.L, E3=142¢/L, E4= 178¢/L, E5=
2490/L et E6= 285 g/L) were tested each
four times.

In view to obtain fermented wort, the
coarsely ground of corn malt and the yeast
were added at the porridge of cassava dough
cooked (Diakabana et al., 2014b). For the
planting of the samples of cassava mash at
low and high densities, the following
contents of dry yeast Saccharomyces
cerevisiae were employed (Chlup et al.,
2007) after activation (Diakabana et al.,
2013a): for E1 1g/L, E2 1.5¢/L, E3 2¢/L, E4
2.50/L, E5 3.5¢/L and E6 A4g/L. After
mixing, the mixture of the ingredients
obtained was introduced into micro tank
(Diakabana, 2008a) and the volum
standardized with cool water added in
sufficient quantity to make 4 liters. The
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cassava mash obtained, at 25-26°C, was
incubated for the development of the
saccharification and fermentation process
during four at eight days (Figure 1).

Distillation

Conduct of distillation of

alcoholic fermented wort

process

At the end of the fermentation process, the
alcoholic fermented wort obtained was
weakly diluted with one litre of water,
blended, sifted and filtered then introduced
in the boiler of the system of distillation
without column and operating in
discontinuous (Diakabana, 2008b). In the
course of the operation of distillation, the
alcoholic fermented wort was weakly heated
by means of electric plate as far as boil and
the temperature regularly measured. The
steams were gradually condensed and the
appearance of the distillate going out of the
tube of condensation controlled. The liquid
appearing before 78.5°C was not gotten
back (Diakabana, 2006). The useful
distillate appearing from 78.5°C was reaped
by fractions of volume in a graduated
cylinder, collected in a graduated phial and
the alcohometric title measured (Figure 2).
Several plages of temperature relative at the
spraying-condesation  process of the
components of fermented wort were picked
out and characterized.

For every cycle of distillation of alcoholic
fermented wort, the collection of the
distillate was carried out by fractions of
volume as follows: first fraction F1 115 ml,
second fraction F2 135 ml, third fraction F3
150 ml, fourth fraction F4 170 ml, fifth
fraction F5 235 ml and sixth fraction F6 240
ml. The duration of a cycle of distillation
was appreciated between the time of running
of the distillate obtained from 78.5°C
(beginning of collection of the first fraction
F1) and the end of last fraction immediately
evaluated at 18°GL+3°GL.
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Concentrating of alcohol content of the
fractions of volume of the distillate

For carry out the purity and concentrating of
the alcohol, every fraction of volume of the
distillate was submitted at a re distillation
(bi or tridistillation) process in exchange for
use of an equipment of laboratory provided
with column of Vigreux, condenser, balloon
in glass of 500ml and a heating system
permitting to regularize the temperature. The
redistillation process was carried out
following a plage of temperature going from
78.5°C at 92°C.

Methods of physico-chemical analysis

Evaluation of starch content of the mash
of cassava

The evaluation of starch content of the mash
was effected by the anthrone (modified)
method of Haas and Fleischmann
(Diakabana, 2006). The knowledge of the
content of starch (g/L) permits to distinguish
quantitatively the samples of the cassava
mash destined at the different essays of
ethylic fermentation in comparison with the
march of the distillation process of ethanol.

Determination of a-amylase activity of the
corn malt

In order to appreciate the ratio a-
amylase/starch (U/g) in the mash, the
enzymatic activity of a-amylase of malt of
maize used was determined according to
method (modified) of iodine titration at
690nm (Diakabana, 2006).

Evaluation of saccharification

A diluted iodine test was performed on the
fractions aliquot of the wort of cassava to
appreciate the level of fermentation process
by using the EBC method adapted by
Diakabana et al., (2008).
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Measurement of the density of mash of
cassava into fermentation

The density of the wort of cassava was
determined at 20°C every day during the
essays of the fermentation process by means
of decimeters which the scale fluctuates
between  0.900g/ml  and  1.130g/ml
(Diakabana et al., 2007).

Determination of the temperature value

The temperature of the wort in the tank was
measured every day during the fermentation
essays by means of a thermometer at
plunging. During the march of distillation
the temperature of the steam at the entry of
the condenser was regularly measured about
every minute or four minutes.

Determination of alcohometric title of
fractions of volume of the distillate by
alcohometry

For every cycle of distillation, the
alcohometric title of the different samples of
fractions of volume of the distillate collected
were regularly determined at 20°C by means
of a Gay-Lussac alcohometer which the
scale goes from 0 at 100°GL (Diakabana,
2006).

Statistical analysis of results

For the purpose of the characterization of
the production process of bioethanol of
cassava-based, the method based on the law
of Gauss-Lussac in bell was used as
presented it Larrieu (1988), Nicolas et al.
(1988) with modification, in view to
appreciate the repeativity of the analysis and
operations. In the course of ethylic
fermentation of the cassava wort, the initial
content of starch represents the means of the
essays repeated four times for a coefficient
of variation less than or equal at 0.1%. The
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mean values of density of wort in terms of
pouring of corn malt following the ratio -
amylase/starch was evaluated from essays
effected three times with a coefficient of
variation lower at 1%. The data of
alcohometric title of the fractions of volume
of the distillate in terms of the pouring out
of the corn malt following the ratio a-
amylase/starch represent the mean of essays
a-amylase/starch in triple with a coefficient
of variation lower at 5%. The mean values
of temperature of the distillation of the
fermented  worts  originating  from
fermentation process with different initial
contents of starch were obtained from essays
repeated four times for a coefficient of
variation lower at 5%.

Results and Discussion

Behaviour of the ethylic fermentation
process in terms of the pouring of corn
malt

The diminution of the density in terms of
time follows an hyperbolic curve. After 72
hours, the evolution of the density values in
course of the fermentation are same and
presents the same pace for the ratios
123.71/1, 247.13/1 and 346.36/1 (Figure 3) ;
the content of starch tested was 105.5 g/L.
The reach of the limit values of the density
marks the end of the ethylic fermentation
process (for R1 1.01 g/ml and R5 0.9975
g/ml at 72 hours).

The saccharification was unfinished in the
case of the fermented wort with the ratios [1-
amylase/starch equal or lower at 61.85/1
(U/g). On the contrary it was complete with
the superior ratios. Indeed, the test at iodine
on the wort in end of fermentation was
positive for the ratio 15.45/1, lightly positive
for the ratio 61,85/1 and negative for the
ratios equal or superior at 123.7/1.
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Other-wise, with the ratios equal or superior
at 61.85/1, the profile of evolution of
alcohometric title of fractions of volume of
the distillate has revealed a same pace
(Figure 4).

Evolution of the density in the course of
the fermentation

In the course of the development of the
fermentation, the density of the wort relative
at the content of starch has diminished
progressively as far as a limit which marks
the end of the process (Table 1).

The initial density of cassava mash was only
determined for the samples E1 and E2
having a content of starch lower or equal at
89 g/L. For the values of initial content of
starch equal or superior at 142 g/L the wort
is thick and the density non-determined. The
value of the initial density of wort is more
low for the weak content of starch
(1.0344g/ml for E1=71 g¢/L of starch and
1.0345g/ml for E2=89 g/L).

In the course of the fermentation, the density
decreases as far as a lower limit marking the
end of the process, which limit density is
more elevated when the initial content of
starch of the mash is great (1.010g/mL for
E6=285 g¢g/L of starch in comparison with
0.998g/mL for E1=71 g/L). The duration of
the process is more long for the case of the
initial content of starch of the mash elevated.

In the course of the fermentation process,
there is progressively significant fluidization
of the wort and the density was determined
from 96 hours for E3 (142 g/L of starch) and
E4 (178 g/L), 168 hours for E5 (249 g/L)
and E6 (285 g/L). The iodine test was
negative for the worts more light E1-E4 and
positive for the worts many more dense E5
and EG6.
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Evolution of the temperature of
distillation of ethanol in keeping with the
initial content of starch of the worts
employed

For every sample of initial content of starch
of the wort tested, the level of temperature
in keeping with the collecting of the
fractions of volume of distillate has
augmented from the first fraction F1 to the
last (Figure 5). This level of temperature
value of distillation was as much as more
low than the wort more dense.

With the fermented wort orginating from the
mash at initial content of starch of 285¢/L,
the first value of temperature of reaping of
fractions of volume of the distillate is
situated at on average 82.5°C in comparison
with 93.5°C in the case of the mash at 71g/L
of starch. In the course of the cycle of
distillation process, every alcohometric title
of a fraction of volume of the distillate
corresponds with a range of the temperature
more or less extensive. That has allowed at
the operator to regulate manually the heating
in the course of the distillation process of the
fermented wort.

Evolution of alcohometric titles of the
different fractions of volume of the
distillate reaped in the course of a cycle of
distillation

The alcoométric titles (°GL) of the différent
fractions of volume of the distillate progress
in the course of distillation process of
alcoholic fermented worts.

For every cycle of distillation tested, the
fractions of volume of the distillate reaped
have alcohometric titles decreasing (Figures
6). At every plage of values of alcohometric
title corresponds a fraction of volume of the
distillate of one cycle given of distillation.
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For the distillation process of sample of the
fermented wort originating of fermentation
of mash at 285 g/L of starch, the first
fraction F1 measures 65°GL, the fourth F4
40°GL, the sixth and last fraction F6 21°GL.
While for the sample of mash at 249 g/L of
starch, the first fraction F1 measures 58°GL,
the fourth F4 30°GL, the fifth and last
fraction F5 15°GL.

Concentrating of alcohol content of the
fractions of volume of the distillate

Every fraction of wvolume of distillate
relative at a cycle of steaming-condensation
process is submitted at the redistillation (bi
or tridistillation) process. In this context of
redistillation, samples of fraction of volume
of the distillate of alcohol (Photol) are
concentrated by giving products of
alcohometric titles varying between 70°GL
and 93°GL (Photo 2).

In the formulation of the cassava mash, the
pouring of various ingredients plays an
important role in the efficiency of the ethylic
fermentation (Louembé et al., 2004). The
control of the quantity of maize malt, source
of amylases (Nwaga et al., 2009; Zannou-
Tchoko et al., 2011; Diakabana et al., 2013,
2014a ; Rakotosaona et al., 2015), added in
the mash of cassava is important for the well
march of the ethylic fermentation process
(Barcelos et al., 2011).

The fermentation process is more effective
with a content of starch more important
(Nwaga et al., 2009). However, the more
great content of starch tested (285 g/L) is not
still saturating for the ethylic fermentation.
When the content of the starch increases, the
speed of the fermentation decreases and the
duration increases. The yeasting of porridge
by a commercial pur stump Saccharomyces
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cerevisiae for a directed ethylic fermentation
permits to avoid the intoxications by the
methanol (Nwaga et al, 2009).

The number of fractions of volume of the
distillate reaped having an alcohometric title
superior or equal at 20°GL is more great for
a more great density (six fractions for a
mash at 285 g/L of starch in comparison
with two fractions of volume of the distillate
for a mash at 71 g/L of starch).

In addition, the first fraction of the distillate
obtained by distillation process of dense
wort presents an alcohometric title more
high (65°GL for the first fraction originating
of the mash at 285 g/L of starch in
comparison with 35°GL in the case of the
mash at 71g/L of starch).

In effect, the development of the
fermentation process of cassava wort can be
controlled by measuring regularly the
density expressed in gram/litre for values of
initial contents of starch lower or equal at
105.5 g/L. Beyond of this concentration, the
wort becomes more and more thick and the
determination of the density according to
our methodology does not march. In
comparison with that, the evolution of the
fermentation of dense cassava wort can be
followed by measuring the Brix density
(Diakabana et al., 2013b). All in assuring
the acceleration of the speed of the ethylic
fermentation process, the augmentation of
the global productivity of ethanol
(Diakabana et al., 2014c) and the diminution
of formation of volatil acidity, the addition
of Saccharomyces cerevisiae into the mash
of cassava permits to avoid the intoxications
provoked by the methanol in the wort
fermented (Rubio-Arroyo et al., 2011).
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Table.1 Evolution of the density of the cassava mash in terms of the content of starch.
Conditions : Temperature of fermentation : 26°C a 28°C.

Duration of the | Content of starch relative at the formulation of the samples (E1-E6) of cassava mash tested

fementation [ E1 (71 g/L) | E2(89gl) | E3(142gL) | E4(178g/L) | E5(249gL) | E6(285glL)

(hour) dop (g/ml) dy (g/ml) dap (g/ml) dyp (g/ml) tho (g/ml) dop (g/ml)

0 1,0345 1,0345 ND ND ND ND

24 1,014 1,018 ND ND ND ND
48 1,006 1,007 ND ND ND ND
72 1,002 1,001 ND ND ND ND
96 0,998 1,000 1,007 1,009 ND ND
120 0,998 1,000 1,003 1,004 ND ND
144 - 1,000 1,000 ND ND
168 - - 1,000 1,000 1,009 1,010
192 - 1,008 1,010

d20 : density of the mash in g/ml ; ND : non determined because mash thick

Fig.1 Diagram of ethylic fermentation directed by yeasting in cylindrical-conical micro tank

Corn malt Cassava flour [ater

Coarse gi'inding Cooking (100°C)

und of corn malt C‘izﬁgu’ﬂter
Fluic +1'zi11g

Poridge of cassava dough cooked

Coarsely g

Yeast

Mixture of the Ingrédients

Standardization Défjﬁl_m_ll-——-'“’ater
Cassava mash (Mash of ingrédients)

Fermentation (4 — 8 days)

Alcoholic fermented wort
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Fig.2 Diagram of distillation process of alcoholic fermented wort and redistillation

Alcoholic fermented wort
Sitting
Fiﬁ/ring
Wort filteid in boiler
Heating‘kt soft fire

Boil moderated

First drops appeéred befor 78.5°C (Eliminated)

4 F5 F6

-~

Redistillation

Ethanol (70°GL - 93°GL)

Fig.3 Evolution of the density of cassava mash in terms of adding of corn malt following the
ratio a-amylase/starch (U/g). Content of starch tested= 105.5g/L.

Evolution of the density of cassava mash in terms of
adding of corn malt following the ratio a-amylase/starch
R (U/g)

1,05

1,04

!

1,03

\ —o—R1=15,45/1
1,02
\\‘ R2=61,85/1
1,01 >

==fe=R3=123,7/1

Density of wort (g/ml)

1 —  emme=RA4=247,13/1
0,99 R5= 346,36/1
0,98
0,97

!

0 24 48 72 96

» Duration (h)

Development of the fermentation

(®): Density of the wort with ratio R1= 15,45/1, lodine test (+) ; (M): Density of the wort with ratio R2=61,85/1, lodine test (&) ;
(A): Density of the wort with ratio R3=123,7/1, lodine test (-) ; (X): Density of the wort with ratio R4= 247,13/1, lodine test (-);
(%): Density of the wort with ratio R5= 346,36/1, lodine test (-).
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terms of corn malt following the ratio a-amylase/starch (U/g).

Alcohometric title (°GL)

50
40
30
20

10

Alcoometric title (*GL) in terms of ratio R: a-amylase/starch

(U/g)

=== "GL R:15.45/1
\ °GL R:61.85/1

== "GL R:123.7/1

~se
=== °GL R:247.13/1
=== "GL R:346.36/1
115 250 400 570

Fig.5 Evolution of the temperature of distillation of alcoholic fermented worts originating of the

o
'

Development of the distillation

Volum of distillate (ml)

fermentation with different contents of starch

Temperature °C

Ewvolution of the temperature of distillation of different samples of alcoholic
fermented wort originating of the fermentation with different contents of
starch (g/L)
100
20
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7O
&0
—a—"C E1 (71g/L)
“C EZ (89g/L)
S50
i "C. E4 (178g/L)
———"C. ES(249g/L)
e “C E6 (285g/L)
40
30
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o
o] R S SIS ESEzE =
~ P e = a1

Development of the distillation process (Minutes)

(®): Wort of initial content of starch = 71g/L ; (M): 89g/L; (A): 178g/L ; (X): 249g/L ; (%) : 285g.L.
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Fig.6 Evolution of alcoométric titles (°GL) relative at the différent fractions of volume of the
distillate in the course of distillation process of alcoholic fermented worts originating of the
fermentation process with different contents of starch (g/L).

Evolution of alcohometric title (*GL) of fractions of volum of the
distillate (ml)in course of distillation process of alcoholic fermented
7’gorts originating of mash with initial contents of starch (g/L)

60
—
P 50. \\II\
E === "GL (71g/L
—
;3 a0 — (71g/L)
= ." “GL (89g/L
D 30 (89g/L)
§ \.‘ e °GL(249/L)
L
o 20
o o
L | VOO W —-="GL (285¢/L)
10
0

115
250
250
400
400
570
570
805
805
805
1045
1045
1045

Fraction : Ij: ﬂ:_ Ij; I:E i 1\5 2 (ml)

Position of fractions F of volum of the distillate

y

Redistillation

Photo 1. Sample of the first Photo 2. Sample of ethanol concentrated
fractions of volum of the distillate F1 (36°GL) (alcool of boganda at 86°GL) obtained by
originating of the mash at 89g/L of starch. redistillation of the first fractions of the distillat F1

originating of the mash at 89g/L of starch.
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The progressive salvage of the different
fractions of volume of the distillate, in terms
of the dose of alcohol by the operator, is
done following the stages of temperature
well characterized from 78.5°C-93°C to
94°C-96°C. Every stage of temperature
corresponds at a fraction of volume of the
distillate having a given dose of ethanol. The
doses of ethanol of the fraction of the
distillate reaped is as much more important
as the density of the fermented wort more
high.

The stages of the temperature of distillation
process more low correspond at the
collecting of the fractions more alcoholic: in
the case of fermented wort from the mash at
285¢/L of starch, the first fraction doses
65°GL and is reaped at 86.82°C+5,3°C.
Thus, there is a relation between
alcohometric title of fractions of volume of
the distillate and plages of temperature of
distillation process of fermented worts
originating from a mash at initial content
given of starch tested.

The important number of small stages of
temperature of distillation reveals a great
diversity of pur components and azeotropic
mixtures reaped by fractions of distillate
(Diakabana et al., 2007). That needs a
complementary operation of redistillation of
various fractions of volume of the distillate
in proceeding from divided distillation with
a distillator provided of column of
separation in view of best purification and
concentrating of the solutions of alcohol
obtained.

In conclusion, the cassava mash more dense
submit at the ethylic fermentation is best
disposed at the distillation process of
fermented wort in view to obtain more
fractions of the distillate at alcoholic dose
elevated and are interesting for the
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redistillation into bioethanol more
concentrated.
The necessary temperature for the

distillation process of the ethylic fermented
worts denser is more low in comparison
with those originating of the worts more
light. The reaping of the fractions of the
distillate must be done from 78.5°C. To
improve the composition of these ethylic
fractions of the distillate, it is necessary to
submit the fractions of the distillate obtained
at an adequate distillator provided of system
of heating permitting a good extraction of
ethanol of the different alcoholic fractions.

In view to convert the homescale traditional
activity of production of the cassava brandy
into industrial process relative at the
production of bioethanol more concentrated,
one must then obtain regular fractions of
volume of the distillate and sufficiently pur
so as to put on the market, on the one hand
an ethylic fraction destined to medical and
chemical domain, on the other an alcohol
intended for ironmongery, and as ingredient

for preparation of frigoporter fluids
(alcoholic water).
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