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ABSTRACT

Tchoukoutou are the most widely consumed alcoholic beverages in Africa. However, several
constraints undermine this sector of activity. The overall objective of this study is to improve the
quality and stability of “Tchoukoutou” by adding leaves of Ocimum gratissimum and Vernonia
amygdalina. Two methods of evaluating the alcoholic degree: densimetry and refractometry were
used to find the physic and chemical characteristics. From the results obtained, it appears that the
red sorghum (Kadag) gives the best organoleptic quality of beers. The addition of the leaves of
O. gratissimum and V. amygdalina followed by anaerobic fermentation allowed the preservation
and stability of «Tchoukoutou» for at least 10 days at room temperature with a bitterness similar to
hops; an alcohol content of 8.87% vol, a pH of 4.37 and a Brix degree of 14° Brix. In conclusion,
the anaerobic fermentation of the must and the addition of the leaves of O. gratissimum and
V. amygdalina contribute to the improvement of the conservation quality and stability of the Chukutu.

Keywords: Tchoukoutou, Fermentation, Stabilization, Alcohol level,
O. gratissimum, V. amygdalina.

INTRODUCTION

Tchoukoutou are traditional beers made
with sorghum and other cereals such as millet or
maize'. In Togo, it exists different types of this beer,
depending on the ethnic groups of the north. Thus,
we distinguish: the «Kablé-Missine», produced
by the Kabye; the “Losso-Missine”, produced
by the Nawdemba and the “Tchakpa-Missine”
or “Tchakpalo”, produced by the Moba2. In the
production technology of Tchoukoutou, we note the

double fermentation: a lactic fermentation that confers
a sour taste and an alcoholic fermentation initiated
by adding to the sweet must part of the previous
infusion or dried yeast harvested from the previous
drink without knowing the nature of the ferment345.
Over time, production conditions have not changed.
The manufacturing process suffers from a crucial
lack of precision measurement instruments and
good hygiene practices®. Brewers face production
and conservation challenges. The quality of beer
varies from one site to another and this variation
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is noticeable. The resulting beer is unstable and its
organoleptic characteristics continue to change, and
in 72 h it becomes too acidic to be consumed also
within the same production site when it comes to
production prior to that of the day’. The short shelf
life of this traditional beer limits its consumption
to less than one day of production. It is therefore
important to improve Tchoukoutou’s production and
conservation technology in order to preserve its
nutritional and market qualities and reduce the risk of
food poisoning. Antimicrobial chemicals have been
widely used as food preservatives, however, their
use increases the risk of toxic residues in products®.

To improve the conservation and stability
of sorghum beer, some researchers in the West
African sub-region have used natural antioxidants to
conserve sorghum beer. The purpose of this study is
to help improve the conservation and stabilization of
Chukutu by adding leaves of Ocimum gratissimum
and Vernonia amygdalina. It will be more specifically
to produce beer according to traditional technology in
order to identify problems of instability; optimize the
production technology by adding the leaves of the
Ocimum gratissimum and Vernonia amygdalina to
obtain a stable product and compare two techniques
of evaluation of the alcoholic degree: densimetry
and refractometry to determine the most practical
and easy-to-use method for brewers.

MATERIALS AND METHODS

Plant material

The sorghum varieties used are selected
and grown in the savannah region: white sorghum
(Sorvato 1); red sorghum (Kadag); mixture (Sorvato
28 and Jerry). They were collected at the Togolese
Institute for Agricultural Research (ITRA-Togo).
The leaves of Ocimum gratissimum (Esro en ewe)
and Vernonia amygdalina (Aloma en ewe) were
purchased at the Agoé Assi yeye market, washed
and dried in the laboratory.

Methods of preparing beer

Traditional Tchoukoutou Preparation process
Two varieties of sorghum have been used:

red sorghum (Kadag) and white sorghum (Sorvato 1)

for the preparation following the traditional process

steps of the brewers in Togo whose major steps are:

malting, brewing and fermentation.
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An 800 g mass of sorghum is soaked in
water for 18 hours. Then the hydrated grains are
washed. After 24 h a second wash is carried out
and the seeds in germination are spread out in a thin
carpet cabinet and covered with a cotton cloth. After
72 h for 12 h for the Kablé-missine in the laboratory
and 48 hin the sun for Tchakpalo. The resulting malt
is then ground into flour for grinding. The deposit is
pre-cooked for 2 hours. After filtration, the sampled
part is added to the filtrate and spontaneous lactic
fermentation begins. After 12 to 15 h of lactic
fermentation, the resulting sour must is brought to
a boil for 2 h and 30 min to concentrate and sterilize
the must. Then cooled down to 30°C, then seeded
with the brewer’s yeast (germination, sprouts are
dried Saccharomyces cerevisize), the local beer
Chukoutou is obtained after 12 h of alcoholic
fermentation.

Optimization and Stabilization Process
Laboratory process

Sorghum is malted under the same
conditions as before. After grinding the resulting flour
is packed at temperature levels at time intervals:
50-55°C for 1 h; 55-65°C for 30 min 65-70-80°C
for 1 hours. Then the must is filtered and brought
to a boil for 1 h 30-2 h of time. The dry leaves of
O. gratissimum and V. amygdalina are added to the
must during boiling instead of hops. The must is
cooled after cooking and seeded with S. cerevisiae
anaerobically for 7 days.

Traditional Enhanced Process

The must is obtained under the same
conditions as the traditional process. A quantity
of 5 g of dry leaves of O. gratissimum and 1 g of
V. amygdalina are added to the must during boiling.
The must is cooled after cooking and seeded
with S. cerevisiae anaerobically for 7 days. After
fermentation, the beer obtained is sampled to test the
organoleptic and physico-chemical characteristics.

Organoleptic characteristics

The organoleptic characteristics determined
are: taste, aroma and colour of the samples. This
assessment was made through a panel of seven (7)
tasters composed of the consumers and those which
is not consumers of this beer.
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Physic and chemical characteristics of beers
Determination of alcoholic strength of beer

The alcohol content of the beers was
determined by the densimetric and refractometry
method.

Densimetry

The density of the beers was measured by
a portable density meter calibrated for a temperature
of 20°C. Graduated generally in specific density (SG)
from 1000 to 1100 or plato degree.

By measuring the density of the must before
and after fermentation, it was possible to estimate
the alcohol content of a fermented and alcoholic
drink. The must obtained from sorghum contains
sugars and fermentable sugars are converted into
alcohol and carbon dioxide (CO,). The other sugars
will participate in the formation of the beer body.
By comparing the initial and final densities, we can
calculate the alcohol mass in the tank. By making an
approximation that the sugar involved in the reaction
is glucose, the balance equation is as follows:

CH..O

6" 1276

— 2 CH,CH,OH +2 CO,

From the alcohol formation balance
equation, the ratio of the weight of the alcohol
produced to that of the weight of carbon dioxide is
calculated as:

This ratio is a constant equal to 1, 04678 = 1, 05.
[Initial Density] — [Final Density] = Attenuation
[Alcohol mass (g)] = [mass of CO, (g)] x 1, 05
[Percentage by mass of alcohol (%.mass)] = Alcohol
weight (g) x100

The BIRRAPPS software version 2.0
pilsener corrects the density of the must according
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to the temperature.

Refractometry

The total soluble matter rate in Brix (°Brix)
was measured by a portable ATC refractometer
graduated from 0 to 32° Brix precision 0.01. The
device was calibrated using distilled water at 20°C.
Two to three drops of the solution are placed on the
refractometer prism and directed to a light source
for reading. +

After measuring the Brix degree, the sugar
content and the corresponding specific density are
found using the conversion table and the alcohol
content is calculated by the Brewing calculator
(SD 1.04).

pH measurement

The pH of the drinks was measured by an
electronic pH meter of type MP522 of precision 0,002
pH, previously calibrated.

Data Processing

The values of the alcohol content by
refractometry were calculated by the software
brewing calculator version: 2.2.5 of standard
deviation 1.04. The curves and graphs were created
with the software Origine®.

RESULTS AND DISCUSSION

Traditional Procedure
Density obtained by the density meter

The density before fermentation DI= 1075
g/L for white sorghum must (Sorvato 1) and 1076
g/L for red sorghum (Kadag). The densities obtained
after fermentation are recorded in Tables | and II.
These results show that the density decreases
during fermentation and stabilizes from the fourth
day for Kadag beer and from the fifth day for Sorvato
1 beer with appearance of mould and acid taste.

Table I: Density of Sorvato1 beer during fermentation

Duration of fermentation (days) 1 2

4 5 6 7 8

Density (g/L) 1082 1030

1027

1024 1022 1022 1022 1022

Table II: Density of Kadag beer during fermentation

Duration of fermentation (days) 1 2

4 5 6 7 8

Density (g/l) 1026 1022

1021 1020

1019 1019 1019 1019
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Determination of Alcoholic Strength
Density method

The alcohol content of red sorghum beer
(Kadag) is 7.48%. vol and 6.84%. vol for white
sorghum (Sorvato1). The results show that Kadag'’s
beer is more alcoholic. Fig. 1 illustrates the evolution
of the alcoholic strength of beers during fermentation.
It can be seen that Kadag’s beer quickly stabilized
compared to that of Sorvato 1.

Fig. 1. Variation in alcoholic strength of Sorvato1 and
Kadag beers as a function of fermentation time
The study of the evolution of the alcoholic
level of beer during aerobic alcoholic fermentation
(Fig. 1) has shown that the alcohol level increases
during the first three days of fermentation and
stabilizes from the fourth day. These results are
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similar to those of Novidzro and et al., (2019).
Sorghum beer undergoes rapid fermentation and
contact with bacteria and oxygen in the air, which
deteriorates the quality and preservation of beer.

Sorghum Beer Optimization and Stabilization
Processes
Organoleptic characteristics of beers

After one week of anaerobic fermentation,
the organoleptic characteristics of taste, aroma,
appearance and other were evaluated by a tasting
panel and the results are recorded in Tables Ill and IV.

The evaluation of the organoleptic
characteristics of the beers shows that the colour of
the beer depends on the type of sorghum used and
the beers have the aroma of O. gratissimum with
a bitterness of V. amygdalina similar to hops. The
beers obtained by the laboratory method are more
acidic and less alcoholic with an unpleasant aroma.
Sorghum Sorvato1 produces more alcohol but gives
a sour taste. Kadag’s beers were more popular. The
beers obtained with 5 g of V. amygdalina had a great
bitterness and the quantity was reduced to 1 g to
have a slight bitterness.

Laboratory process
Traditional Enhanced Process

Table lll: Organoleptic characteristics of beers obtained by laboratory process

Type of ~ Amount of Type of Amount of Amount of Quantity of Alcohol Organoleptic
sorghum sorghum (g) drying O. gratissimum (g) V. amygdalina (g) beer obtained (I) content %.vol  characteristics
Kadag 500 Roasted 5 5 1 - The beer was very
heavy: bad
Sun 5 1 2 3.07 aroma and sour
taste not good
S28 500 Sun 5 1 2 3.10 Not good
Jerry Sun 5 1 2 2.44 aroma and taste
not good
S28 & 500 Sun 3 1 2 4.10 Slightly sour
Jerry
S, 500 Sun 3 2 2 5.51 Good
Table IV: Organoleptic characteristics of beers obtained by the traditional improved method
Type of Amount of Type of Amount of Amount of Quantity of Alcohol Organoleptic
sorghum sorghum (g) drying O. gratissimum (g) V. amygdalina (g) beer obtained (I) content %.vol characteristics
Kadag 500 Shadow 12 h 5 5 2 6.59 Good; slightly
bitter taste
500 Sun 48 h 5 1 2,5 4.86 Very Good
S28 500 Sun 48 h 5 1 2 Pretty good
Jerry 500 Shadow 5 1 2 6.46 Pretty good
500 Sun 48 h 5 1 2 5.10 Pretty good
S28 & 500 Sun 5 1 2 4.58 Good
Jerry
S, 500 Shadow 3 2 2 8.87 Sour and not very
good aroma
Sun 3 2 2 6.39 Good and aroma

not good
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The study of the evolution of fermentation
parameters during the preparation of beer shows
that the quality of beer depends not only on the
type of ferment used but also on the conditions of
fermentation. The beer obtained by the addition of
the leaves of O. gratissimum and V. amygdalina
followed by the anaerobic fermentation with
S.cerevisiae had a higher alcoholic degree and a
longer shelf life than that obtained by the aerobic
fermentation without the addition of O. gratissimum
and V. amygdalina. Indeed, the work of® on the
variability of the physico-chemical properties of
fermented must during the preparation of chapalo,
indicate that producers use ferments whose quality
is often not assured. The fermentation is carried out
in aerobic at room temperature (25-30°C) with the
consequence of the proliferation of the yeast charge.
Which limits the shelf life of this beer. However,
anaerobic fermentation with S.cerevisiae has
improved the quality of this beer. These antioxidant
plants have a conservative stabilizing effect on the
quality of Tchoukoutou. Kadag beer is more popular
than other sorghum beer. Kadag is the best sorghum
for the preparation of Tchoukoutou.

In summary, red sorghum (Kadag) and the
addition of 5 g of dry leaves of Ocimum gratissimum
and 1 g of Vernonia amygdalina give the best
organoleptic qualities of Tchoukoutou beer.
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Physic and chemical characteristics of beers

The results (Tables V, IV and VII) show
that sorghum Sorvato 1 produces more alcohol than
other sorghum regardless of the brewing process
(6.98%. flight for the laboratory process; 8,87%.
vol for improved Kablé-missine and 6,39%.vol for
improved Tchakpalo). The densities, the degree
Brix and the pH of the musts are higher than those
of the corresponding beers. Analysis of the results
of Tables V, VI and VIl shows that the density, Brix
and alcohol content of musts and beers vary not
only according to the sorghum varieties used but
also according to the brewing methods™. Antioxidant
plants make it possible to obtain beers with higher
physic and chemical characteristics. These plants
have a beneficial effect on the quality of beer and
has the highest physic and chemical characteristics
but those of Kadag are most appreciated on.

Density Method

The density of the musts was measured
by the density meter and the corrections were
made with the Birrapps software. The results are
summarized in V, VI and VILI.

Beer obtained by laboratory process
Improved of traditional beer
Enhanced Kable-missine

Improved Tchakpalo

Table V: Alcohol content of laboratory-produced beers

Type of sorghum Initial density (g/L) Final density (g/L) D(g/L) Alcohol content % of weight Alcohol content % of amount  pH
Kadag 1062 1038 24 2.43 3.05 3.78
Sorvato28 1054 1030 24 2.45 3.08 3.50
S28 & Jerry 1071 1039 32 3.23 4.09 3.29
S 1063 1010 53 5.51 6.98 3.75

1

Table VI: Improved Kable-missin alcohol level

Type of sorghum Initial density ~ Final density  Brix level

Alcohol content % of weight

Alcohol content % of amount  pH

(g/L) (g/L) of beers
Kadag 1077 1026 51 5.23 6.57 3.60
Jerry 1058 1009 49 5.1 6.4 3.35
S28 1091 1039 52 5.25 6.66 3.70
S28 & jerry 1065 1018 47 4.45 6.14 3.41
1104 1035 69 7 8.87 4.37

1

Table VII: Improved Alcoholic Level of Tchakpalo

Type of sorghum Initial density (g/L) Final density (g/L) D(g/L) Alcohol content % of weight Alcohol content % of amount pH

Kadag 1078 1040 38
S28 1070 1042 28
Jerry 1069 1026 43
S28 & Jerry 1060 1023 37
S 1091 1041 50

1

3.84 4.83 3.14
2.82 3.57 3.29
4.4 5.54 3.10
3.8 4.78 3.23
5.04 6.39 3.41
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The pH of beers is 4.35 and 3.14. These
values are higher than [10] and [5]; and close
to [6]. The pH values of beers may be due to
the activity of antioxidant plants on the bacteria
responsible for increasing acidity. At pH 4, the
growth of pathogens in food products is inhibited™2.
The acid produced during lactic fermentation
lowers the pH and most microorganisms, including
pathogens, are unable to develop in such an
environment thus guaranteeing the product’s
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sanitary quality [13; 5]. Therefore, these beers
would be of good microbiological quality [14]. In
addition, the Kablé-missine has higher densities,
they are more opaque beers.

Refractometry Method

The degree Brix of musts and beers and
the corresponding alcohol content calculated by
the Brewing calculator software (standard deviation
1.04) are recorded in Tables VIII, IX and X.

Table VIII: Alcoholic strength of beer obtained

Sorghum type Brix degree of the must Brix level of beers Attenuation Alcohol content %.vol
Kadag 14 11 35.72 2.26+ 1,04
S28 12.5 8 59.38 3.72+ 1,04
S28 & Jerry 17 12 49.41 4.34+ 1,04
16 6 63.75 8.47+ 1,04

1

Table IX: Alcoholic strength of improved Kable-missine

Sorghum type Brix degree of the must Brix level of beers Attenuation  Alcohol content %.vol
Kadag 17.6 10 72.24 6.58+ 1,04
S28 21.5 13 66.83 7.54+ 1,04
Jerry 11 4 95.60 5.72+ 1,04
S28 & Jerry 15.5 8 80.21 6.39+ 1,04
S 24 13 77.58 9.86+ 1,04

1

Table X: Alcoholic strength of improved Tchakpalo

Sorghum type Brix degree of the must

Brix level of beers

Attenuation  Alcohol content %.vol

Kadag 18

Jerry 16
S28 16.5

S28 & Jerry 15
S 21.1

1

13 46.77 4.37 +1,04
10 74.38 6.94+ 1,04
11 55.96 4.97+1,04
8 77.31 5.95+ 1,04
14 59.05 6.66+ 1,04

Industrial beer
Improved traditional beer
Kable-missine
Improved Tchakpalo

The physico-chemical characteristics
(density, Brix degree and alcohol content) of the
beers depend on the type of sorghum used and
the brewing method. Indeed, the beer obtained by
the improved traditional method with shade-dried
sorvato1 (improved Kable-missine) had a high
density, Brix degree and alcohol content compared
to those of sun-dried malts (improved Tchakpalo
and laboratory method). This difference would
be due to the loss of some enzymes responsible
for the transformation of starch into fermentable
sugar during drying. According to [15], the physico-
chemical and sanitary qualities of the malts could
be improved by controlled drying in the shell at a
temperature between 45-50°C for 12 hours. ltis then
preferable to do a controlled drying.

The analysis of the results shows that among

the brewing methods used, the laboratory method is
less suitable for the preparation of sorghum beer. The
high alcohol content of improved Tchoukoutou is due
to the fact that it is not possible to use the laboratory
method for the preparation of sorghum beer, since
the saccharification stage, during which the remaining
starch is transformed into sugar, is absent. The high
alcohol content of the improved Tchoukoutou is
due to the activity of the antioxidant plants on the
microorganisms that degrade fermentable sugars,
except for yeast. However, the quality of the beer
depends on the type of raw materials used, the
malting and brewing conditions.

Comparison of densimetry and refractometry
Figures 2 and 3 show a comparison of
the two methods used for the determination of the
alcohol content in sorghum-based beers. Indeed, the
two methods used should give the same result. The
alcohol values calculated by the densimetric method
are not very different from those calculated by the
refractometric method. The results in Fig. 2 and 3
show that Sorvato 1 beer has a higher alcohol content.
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Fig. 2. Alcoholic strength of beers obtained
by the laboratory method

Fig. 3. Alcoholic degree of improved Kable-missine
Refractometry and densimeter are physical
methods that are easy to use. The alcoholic strength
values calculated by the densimetric method are
not very different from those calculated by the
refractometric method. Since the refractometer
only takes into account the sugar contained in the
solution, refractometry would be the more accurate
method than densimetry which takes into account all
the dissolved matter in solution. But the densimeter
is simple and easier to use. Moreover, it is the most
widely used in industrial breweries. Local beer
brewers could use it to have a stable beer quality.
The alcoholic strength of these beers is close to the
alcoholic percentages of industrial beers sold on the
Togolese market and those of Tchoukoutou of Lomé
analysed by Novidzro and et al., (2019)°.

Evaluation of the alcohol content according to
the beer preparation process

The Fig. 4 shows that the beer of Sorvato
1 obtained by the improved traditional method
(improved Kablé-missine) is more alcoholic.
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Fig. 4. Evaluation of the alcoholic strength of beers
according to preparation methods

The analysis in Fig. 4 shows that beers
obtained by adding antioxidant plants followed
by controlled anaerobic fermentation have a
higher alcoholic strength than beers obtained
without adding antioxidant plants and aerobic
fermentation; this is because only S. cerevisiae
yeasts participate in the degradation of sugar in
anaerobic fermentation, compared to traditional
fermentation, in which other microorganisms in
the environment participate in the metabolism
of sugar into other compounds, and part of the
alcohol formed can also be converted into acetic
acid. The effect of antioxidant plants inhibits the
activity of these microorganisms. Furthermore,
studies on traditional sorghum beers in West
Africa show that these beverages constitute a
complex biotope composed of several genera
and species of yeasts''s. Of which yeasts are the
dominant flora'®. Sorvato 1 produces more alcohol
regardless of the brewing method. Sorvato 1 would
have contained more fermentable sugars than
other sorghums. However, the beers from Kadag
and the S 28 & Jerry blend are more popular.
Kadag beer is appreciated. The mixture of Kadag
and Sorvato 1 could have a beneficial effect on
the quality of the beer.

Study of the stability of the beers obtained
Beers obtained by adding the leaves of
O. gratissimum and V. amygdalina followed by
anaerobic fermentation show that the organoleptic
and physicochemical characteristics remained
constant after 7 days of fermentation. Moreover,
the pH varied little during the alcoholic fermentation.
In contrast to the traditional beers, which showed
mould and a very acidic taste from the 4" day of
fermentation, this deterioration continued over
time. The beers obtained by the improved process
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were stable for at least 10 days and up to four
months with no change in characteristics after 7
days of anaerobic fermentation. The leaves of O.
gratissimum and V. amygdalina released certain
substances that inhibit the agents responsible for
the degradation of sorghum beer quality but do not
have an effect on the yeasts. Furthermore, anaerobic
fermentation does not allow other microorganisms
to participate in alcoholic fermentation. This has
a beneficial effect on the organoleptic quality of
sorghum beer. These plants have stabilising and
antibacterial properties that would guarantee the
microbial quality of the beer. Indeed, the antibacterial
properties of the essential oil of O. gratissimumwere
reported by'”who conducted a study in Kenya on an
oil composed of 68.8% eugenol. This essential oil is
active on some Gram-negative bacteria. In Brazil, the
antibacterial activity of the essential oil of Ocimum
gratissimum against a Gram-positive bacterium
(Staphylococcus aureus) and Gram-negative
bacteria (Shigella flexineri, Salmonella enteritidis,
Escherichia coli, Klebsiella sp, Proteus mirabilis) was
also tested by 18. Furthermore, according to studies
by 19, V. amygdalina has hop-like antibacterial
properties and bitterness, which contribute to the
production of: methyl salicylate, beta-damascenone
and numerous terpenes (3-3carene, B-farnesene,
farnesol, B-citronellol, linalool and 1,8-cineole) in
ikigage beer. As in hops, methyl salicylate bound
to the glycoside present in V. amygdalina could
be released during the brewing and fermentation
process 20,21. In addition, linalool and {3 citronellol
present in the leaves of O. gratissimum and V.
amygdalina are in the form of glycoside-bound
aroma precursors. The results are similar to those
of [21 and 11]. V. amygdalina is the possible hop
substitute. Of course, these results are only a first
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step in the search for new and natural antimicrobial
products to be offered in the food industry. Further
studies must be able to confirm the performances
demonstrated in these plants.

CONCLUSION

This study is a contribution to the
improvement of the quality of Tchoukoutou.
Many factors influence the quality of the beer,
and the fermentation conditions are the most
important. They determine the organoleptic
quality and the shelf life of the finished product.
Anaerobic fermentation results in good quality
beer. The addition of Ocimum gratissimum
and Vernonia amygdalina leaves followed by
anaerobic fermentation allows Tchoukoutou to be
stabilised and preserved for at least 10 days after
fermentation. Densitometry and refractometry are
two simple and easy-to-use control techniques
for assessing the alcohol content of Tchoukoutou.
Producers of the local beverage can be trained in
the use of one of these methods to improve the
tasting quality of their beer. Studies are continuing,
microbiological analysis will be carried out and
other antioxidant plants will be studied to stabilise
the local Tchoukoutou beer.
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