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A B S T R A C T

Traditional sorghum beer is reputed for its therapeutic virtues in according the consumers. A number of biological
active compounds like phenolic compounds (phenol, tannins, flavonoids, anthocyanins), diets fibers and com-
pounds with clinically demonstrated antimalarial activity (quinine formate, quinine dihydrochloride, chloro-
quine) and antioxidant activity (2,2-diphenyl-1-picryl-hydrazyl and ferric reducing-antioxidant power methods)
were evaluated in sorghum wort and beers fermented by wild yeasts and pure culture of Saccharomyces cerevisiae.
The total phenol content in the samples ranged between 1254.69 � 2.31 and 239.68 � 11.92 μg/mL GAE.
Antioxidant activity with 2,2-diphenyl-1-picryl-hydrazyl analysis method was high in sorghum wort with
73.33 � 1.15% but with ferric reducing-antioxidant power analysis method, the antioxidant activity was high in
beer from pure culture of Saccharomyces cerevisiae. No compounds with clinically demonstrated antimalarial
activity were found in the samples. At bioactive compounds (phenolic compounds) content point view, statistical
analysis showed similarity between the two beers.
1. Introduction

Sorghum (Sorghum bicolor (L.) Moench) plays a crucial role in food
security in developing countries. It is involved in cooking of many foods
such as breads, porridges, pastes and pancakes. It is also abundantly used
to prepare traditional beers commonly named sorghum beers or opaque
beers but known as pito or burukutu in Nigeria, chibuki in Zimbabwe,
dolo in Mali and Burkina Faso, bili bili in Chad and tchapalo in Côte
d‟Ivoire (Maoura et al., 2005; N'Guessan et al., 2010). The processing of
African sorghum beer involves malting, drying, milling, souring (lactic
acid fermentation), boiling, mashing, alcoholic fermentation and
straining (Haggblade et al., 1989; Maoura et al., 2006; Sawadogo-Lingani
et al., 2007), in which variations may occur depending on the regional
location (van der Aa Kühle et al., 2001). Although production was
originally limited to the Northern part of the country (Yao et al., 1995),
today tchapalo can be found in any city with commercial activity. This
expansion may be partially attributed to the migration of populations
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from the North of Côte d'Ivoire to the other regions, but the therapeutic
characteristics (laxative and antimalarial properties) attributed to it by
consumers might also play a role. Since it has been shown that sorghum
(Sorghum bicolor), contains large quantities of phenolic compounds with
considerable antioxidant activity (Devi et al., 2011), it may be assumed
that at least part of the alleged therapeutic effects of sorghum beer can be
attributed to these compounds. The sorghum has various applications in
African traditional medicine and indeed, the traditional medicine uses of
sorghum have been mentioned in literature. In Lagos state, Nigeria,
sorghum leaf is used in local herbal medicine in an infusion of sorghum
leaf with sliced Randia lucida roots that have been soaked in potash water
is used as abortifacient, and sorghum leaf in a mixture with Xylopia
aethiopica fruit, and Afromomum melegueta seeds in hot lemon juice is
drank as a contraceptive (Balole et al., 2009). Again, in Lagos, Nigeria,
sorghum is also used for the treatment of anemia, pain and inflammation.
In South Western Nigeria, sorghum is employed in the treatment of
headache, sickle-cell anemia, leukemia, multiple myeloma, and heart and
libaly).
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blood-related problems. In India, sorghum is used as an aphrodisiac. A
decoction of sorghum grains is demulcent and diuretic and is used for
treating kidney and urinary tract complaints. The red pigment from
sorghum is said to have antimicrobial and antifungal properties and is
also used as a cure for anemia in traditional medicine (Lim, 2013).

Due to the ethno-pharmacological importance of traditional sorghum
beer (tchapalo), the present study was designed to assess its phenolic
compounds, diet fibers and antioxidant activity. For this, phenolic com-
pounds, diet fibers and compounds with antimalarial properties were
quantified and their antioxidant activity was measured. The sorghum
wort and traditional sorghum beers contained an important amount of
phenolic compounds but none compound with antimalarial properties.

2. Materials and methods

2.1. Yeast strains and sorghum wort

The yeast strain used in this study was S. cerevisiae F12-7. This strain
belonged to the culture collection of the Food Technology Department
(University Nangui Abrogoua, Abidjan, Côte d’Ivoire). This strain was
isolated from traditional sorghum beer from the district of Abidjan
(Southern Côte d’Ivoire). It was identified by Polymerase Chain
Reaction-Restriction Fragment Length polymorphism (PCR-RFLP) of the
Internal Transcribed Spacer (ITS) region and sequencing of D1/D2 do-
mains of the 26S rRNA gene (N'guessan et al., 2011). S. cerevisiae F12-7
has been freeze-dried as described by Coulibaly et al. (2016).

The wild yeasts (traditional inoculum) which were harvested from
previous brews and sun dried and sorghum wort were obtained from
randomly identified commercial tchapalo brewers at Cocody-Anono in
the District of Abidjan (Southern Côte d’Ivoire). The sorghum wort was
sampled according the method described by Aka et al. (2008).

2.2. Fermentation experiment

Fermentations were carried out in triplicate under agitation in 1-L
sterile Erlenmeyer flasks, fitted with dense cotton plugs and, contain-
ing 500 mL of pasteurized (10 min at 100 �C) sorghum wort. Five (05)
grams of the freeze-dried S. cerevisiae strain and five (05) grams of wild
yeasts were separately pre-wetted in 100 mL of sterile sorghum wort for
30 min at 30 �C before inoculation. Flasks were simultaneously inocu-
lated with pre-culture to obtain an inoculation rate of 1% and incubated
for 24 h at 28 �C with stirring speed to 150 rpm. From the sorghum wort,
two beers were produced, beer from pure culture of S. cerevisiae (BPC)
and beer from wild yeasts (BWY).

2.3. Physicochemical analysis of sorghum wort and beers

2.3.1. pH, titratable acidity and density
Value of the pH was determined with a pH-meter (Hanna In-

struments; HI 8010) after calibration with KCl buffer. Titratable acidity
was determined through titration with 0.lN NaOH. The titratable acidity
was expressed as % meq of lactic acid. Density of each beer was deter-
mined by using of densimeter (Mettler Toledo). Two independent mea-
surements were made on each sample.

2.3.2. Determination of sugars and ethanol content in the sorghum wort and
beers (BPC and BWY)

The total soluble solids (TSS) content, expressed as �Brix, were
determined in each sample using hand refractometer. Water-soluble
carbohydrates were determined by the phenol sulfuric acid method, ac-
cording to Dubois et al. (1956) and total reducing sugars were quantified
using the dinitrosalicilic acid method described by Bernfeld (Bernfeld
and Colowick N.O.K, 1955). Water-soluble carbohydrates and total
reducing sugars contents were used to determine the saccharification
rate. Ethanol was quantified by HPLC (Agilent Technologies, 1200 series,
UK) using a column Aminex HPX-87H, 300 mm 7.8 mm (Biorad) coupled
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to a refractometer (Agilent Technologies) and a UV diode array detector
(Agilent Technologies).
2.4. Phytochemical analysis of sorghum wort and sorghum beers

2.4.1. Total phenols
Total phenols contents were determined according to the Folin-

Ciocalteu colorimetric method (Singleton et al., 1999). To 50 μL
aliquot of final product after centrifugation were added 250 μL of diluted
Folin-Ciocalteu-reagent (10% v/v). After 1 min, 750 μL of 20% (w/v)
aqueous Na2CO3 were added, and the volume was adjusted to 5.0 mL
with H2O. The controls contained all the reaction reagents except the
sample. After 2 h of incubation at 25 �C, the absorbance was measured at
760 nm and compared to both a gallic acid calibration curve and to
controls. Total phenols were determined as gallic acid equivalents per mL
(μg GAE/mL), and the values were presented as means of triplicate
analyses.

2.4.2. Total tannins
The determination of easily extractable tannins was carried out

using the Bate-Smith reaction, in which colorless proanthocyanidines
are converted into colored anthocyanins through heating at 100 �C in
acidic medium and their levels measured based on their absorbance at
550 nm (Ribereau-Gayon and Stonestreet, 1966). In two test tubes,
2 mL of sample, 1 mL of distilled water and 3 mL of 12 N hydrochloric
acid were added. One of the sample test tubes was left standing while
the other was hermetically sealed placed in water bath at 100 �C for
30 min, and then cooled for 10 min in ice. Ethanol, 0.5 mL was added
to each of the test tubes and their optical densities measured. The
concentration of tannins, which is proportional to the concentration
of anthocyanins, was calculated in g/L using the following equation
(1):

Tannins ¼ 19.33xΔ OD (1)

Where ΔOD is the variation in optical density between the two tubes.

2.4.3. Total flavonoid contents
Total flavonoid contents were determined a using the AlCl3 colori-

metric method (Meda et al., 2005). 0.5 mL of sample was mixed with the
same volumes of distilled water, aluminum trichloride (AlCl3) 10% (w/v)
(Labosi, Paris, France), sodium acetate (1 M) and 2 mL of water. After
30 min of incubation at room temperature, absorbance at 415 nm was
measured on a Rayleigh (UV spectrophotometer; USA). Total flavonoid
levels were calculated from means of three replicates against a
0–300 μg/mL quercetin calibration curve (Sigma–Aldrich Chemie,
Steinheim, Germany) and expressed as μg of quercetin equivalents
(QE)/mL.

2.4.4. Total anthocyanins
Anthocyanins (At) are found in two forms: free anthocyanins (Af),

which are susceptible to discoloration by SO2, and anthocyanins com-
bined with tannins (Ac), which are not (Ribereau-Gayon and Stonestreet,
1965). A mother solution was prepared by adding: 1 mL of sample, 1 mL
of ethanol (95%) acidified with 0.1% hydrochloric acid (HCl) and 20 mL
to 2% hydrochloric acid (35%). In a first test tube, 5 mL of the mother
solution was added to 2 mL of distilled water. In a second test tube, 5 mL
of the mother solution was added to 2 mL of sodium bisulfite (15%). After
incubation of both test tubes for 20 min at room temperature, the
absorbance at 520 nm was measured for an optical path of 10 mm. The
concentration was calculated in mg/L by the following relation equation
(2):

Anthocyanins ¼ 875xΔOD (2)

Where ΔOD is the variation of optical density between the first tube and
the second tube.
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2.5. Antioxidant activities

2.5.1. Antiradical activity: DPPH (2,2-diphenyl-1-picryl-hydrazyl) assay
The DPPH assay method, one of the commonly used methods for the

investigation of the antioxidant capacity of natural products, was used for
its ease of use and accuracy (Alves et al., 2010). The antioxidant activities
of beer and sorghum wort samples are determined by evaluating their
respective free radicals scavenging abilities in the presence of an alco-
holic solution of DPPH, yielding the free radical form DPPH�,
Brannd-Williams et al. (Brand-Williams et al., 1995). The samples were
mixed with the stable DPPH radical in a methanol solution. The reaction
mixture consisted of adding 2 mL of sample, 2 mL of DPPH radical so-
lution 100 mM in methanol. When DPPH reacts with an antioxidant
compound, which can donate hydrogen, it is reduced with a change. In
color from deep violet to light yellow. The changes in color after 30 min
of reaction time were read as Absorbance (Abs) at 517 nm using a Ray-
leigh UV spectrophotometer, USA. The rate of scavenging activity (AA%)
was calculated as follows using equation (3):

(%) AA ¼ [(X–Y)/X] x 100. (3)

Where X is the absorbance at 517 nm of oxidized DPPH in pure unreacted
form and Y is the absorbance of the sample after 30 min incubation with
DPPH.

2.5.2. Ferric reducing-antioxidant power FRAP (potassium ferricyanide-
ferric chloride) assay

The ferric ion (Fe3þ) -reducing capacity of beers and sweet wort
samples was investigated by using the potassium ferricyanide-ferric
chloride method (Liuk et al., 2009). 0.5 mL of each sample, 0.5 mL of
phosphate buffer (0.2 M, pH 6.6), and 0.5 mL of potassium ferricyanide
K3Fe(CN)6 (1%) were mixed and incubated at 50 �C for 20 min. The
reaction was stopped by adding 0.5 mL trichloroacetic acid (10% (w/v)).
0.5 mL of the reaction mixture was mixed with 0.8 mL of distilled water
and 0.1 mL of FeCl3 (0.1%) and absorbance measured at 700 nm. The
reducing power of each sample was expressed as μg of ascorbic acid
equivalents (AAE) per mL.
Table 1
Physicochemical characteristics of sorghum wort and beers (BPC and BWY).

Sorghum wort BPC BWY

Density 1.05 � 0.00a 1.03 � 0.00b 1.00 � 0.00c

pH 3.80 � 0.20a 3.54 � 0.01b 3.47 � 0.01c

Titratable acidity (%) 0.65 � 0.20a 0.73 � 0.01b 0.90 � 0.02c

Total Soluble Solids (�Brix) 15.60 � 1.40a 7.06 � 0.11b 2.36 � 0.05c

water-soluble
carbohydrates (μg/mL)

253.00 � 8.83a 200.43 � 4.50b 63.21 � 7.04c

Saccharification rate (%)
Ethanol (% v/v)

57.39 � 7.19a

0.38 � 0.21a
9.47 � 2.50b

4.30 � 0.70b
22.21 � 4.50c

4.45 � 0.18b

Values are expressed as means � standard deviation for three independent
measurements. Means values with same letter in a line for each parameter are not
significantly different (P > 0.05).
2.6. Chemical analyses

2.6.1. Compounds with antimalarial properties
These compounds were determined by GC/MS method. The analyt-

ical column, a μBondapak Waters, C18, 10μ (300 � 3.9 mm), was oper-
ated at ambient temperature with backpressure of 230 kg/cm2. The
mobile phase consisted of heptane sulfonic acid 0.005 M/Acetonitrile,
(66:34 %v/v) and was delivered at a flow rate of 1.0 mL/min. Fluores-
cence detection was performed at 344 nm (excitation) and 375 nm
(emission). For the quantitative determination of chloroquine, quinine
formate, quinine dihydrochloride (Sigma St. Louis, MO) was used as
internal standard at a concentration of 0.5 ng/mL, resulting in a detection
limit (signal-to-noise ratio 3:1) of 0.3 ng, while the upper limit of linear
range was 0.7 ng/mL. Analysis time was less than 5 min. Values are
presented as means of three measurements.

2.6.2. Diets fibers content
Determination of fibers content was performed according to the

method of Wolf (Wolf and Manuel d'analyses d, 1968). An amount of
25 mL of traditional sorghum beer was introduced into a flask and ho-
mogenized with 50 mL of 0.25 N sulfuric acid. The mixture was heated to
boiling with the aid of a heating cap (JP Selecta, Spain) and boiled for
30 min under reflux condenser. Then sodium hydroxide, 50 mL of 0.31 N
were added to the contents and boiled again for 30 min under reflux
condenser. The extract obtained was filtered on Whatman N�. 40 filter
paper and the residue was washed several times with hot water until
complete elimination of the alkalis. After washing, the residue was dried
in an oven (Memmert, Germany) at 105 �C for 8 h and cooled in a
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desiccator and weighed (m1). The dry residue obtained was incinerated
in a muffle furnace (Pyrolabo, France) at 550 �C for 3 h and cooled in a
desiccator and then weighed again (m2). The calculation of diets fibers as
a percentage of mass was performed using equation (4):

(%) Diets fibers ¼ [(m1-m2) /V] x 100 (4)

2.7. Statistical analysis

An analysis of variance was performed with the XLSTAT software
(Version 2016; Adinosoft Inc.) and differences between mean values
were determined by Tukey's test (P < 0.05). Principal component anal-
ysis (PCA) was performed using XLSTAT in order to visualize relation-
ships among variables represented by tchapalo compounds. Possible
relationships between antioxidant activities and the presence of phenolic
compounds were investigated through Pearson correlation analysis
(XLSTAT software).

3. Results

3.1. Physicochemical characteristics of sorghum wort and beers (BPC and
BWY)

The physicochemical characteristics of sorghum wort and beers are
given in Table 1. For all physicochemical parameters, the statistical
analysis showed a significant difference between samples. The sorghum
wort was characterized by a high pH (3.8 � 0.24), high saccharification
rate (57.39 � 7.19%) and low acidity and ethanol content 0.65 � 0.2%
and 0.38 � 0.21% respectively compared to the two beers. The beer
produced from pure culture (S. cerevisiae F12-7) BPC, showed highest
values of density, total soluble solids, pH, and water-soluble carbohy-
drates than those obtained with wild yeasts. On the other hand, the beer
produced by wild yeasts showed significant higher titratable acidity and
saccharification rate. There was no significant statistical difference in
alcohol content of the two beers.

3.2. Phytochemical composition in sorghum wort and beers

Table 2 shows the phytochemical composition of sorghum wort and
beer from pure culture of Saccharomyces cerevisiae (BPC) and beer from
wild yeasts (BWY). Generally, for all phenolic compounds that were
analyzed, their concentrations were higher in sorghumwort compared to
both beers. The concentrations of total phenolic compounds were
1254.69 � 2.3, 273.53 � 4.23 and 239.68 � 11.92 μg/mL GAE respec-
tively for sorghum wort, BPC and BWY. These concentrations were
significantly different. However, there were no significant statistical
differences in the level of the others phenolic compounds, i.e. (total
tannins, total flavonoids and total anthocyanins) between BPC and BWY.
For these beers, the contents were 3680 � 2.2 and 3600 � 2.5 μg/mL,
39.21 � 0.45 and 38.72 � 0.29 μg/mL QE, 7.87�0.12 and 7 � 0.62 μg/mL
respectively for total tannins, total flavonoids, total anthocyanins.



Table 2
Phytochemical composition in sorghum wort and beers.

Total Phenols
(μg/mL GAE)

Total
Tannins
(μg/mL)

Total Flavonoids
(μg/mL QE)

Total
Anthocyanins
(μg/mL)

Sorghum
wort

1254.69 � 2.31a 13,035�1a 106.99 � 2.94a 664.12 � 1.56a

BPC 273.53 � 4.23b 3680�2b 39.21 � 0.45b 7.87 � 0.12b

BWY 239.68 � 11.92c 3600�2b 38.72 � 0.29b 7.00 � 0.62b

Values are means � standard deviation, n ¼ 3. Means in the same column with
different letters are significantly different according to Tukey's test (p < 0.05).

Table 4
Correlation between phytochemical composition of sorghum wort and beers and
antioxidant activities.

Total
Phenols

Total Tannins Total Flavonoïids Total Anthocyanins

DPPH 0.704a 0.680a 0.689a 0.685a

FRAP �0.702a �0.703a �0.717a �0.720a

a The correlation is significant at the 0.05 level.
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3.3. Antioxidant activities

The antioxidant activities have been assessed from two methods:
DPPH and FRAP. Table 3 shows the antiradical activity (DPPH) values in
the samples. Antiradical activity was highest in the sorghum wort and
lowest less in the BWY. The antiradical activity values were 73.33� 1.15,
59.62 � 2.92 and 16.22 � 2.09% respectively in sorghum wort, BPC and
BWY and were statistically different. By contrast, the FRAP assay indi-
cated highest antioxidant activity in BPC compared to sorghum wort and
BWY. The values in sorghum wort BPC and BWY were 96 � 6.74,
119.99� 8.01 and 106.25� 4.4 respectively. Statistical analysis showed
significant difference between the value for BPC and the sorghum wort
and BWY samples, but no significant difference between sorghum wort
and BWY samples.
3.4. Correlation between parameter

A correlation matrix, presented in Table 4, was created to explore
the possible relationships between the different parameters studied. A
positive correlation was found between the phenolic compounds
(total phenols, total tannins, total flavonoids, total anthocyanins) and
antioxidant activity determined by DPPH method. However, there was
a negative correlation between these compounds and antioxidant ac-
tivity by FRAP method. Total phenol and DPPH were shown to have
the highest correlation (r ¼ 0.704, P < 0.05). The correlation between
total anthocyans and FRAP was significant most higher but negative
(r ¼ �0.720, P < 0.05).
3.5. Principal component analysis of sorghum wort and beers (BPC and
BWY)

The six measured variables of sorghum wort and beers produced
were reduced to two main components (F1 and F2) by the PCA. F1 and
F2 explain 100% of total data variance, with F1 alone accounting for
85.75% of the observed variations. The variables which mainly
contributed positively (F loadings > 0.8) to F1 were total phenols, total
tannins, total flavonoids, total anthocyanins, and FRAP was the variable
which contributed negatively to F1. No variable was strongly correlated
to F2 (Table 5). As shown Fig. 1, along F1, the samples could be
separated into two groups. The first group was composed of beers (BPC
and BWY) which were separated from the second group which was the
sorghum wort.
Table 3
Antioxidant activities of sorghum wort and beers.

DPPH (% Antiradical activity) FRAP (μg/mL Ascorbic acid)

Sorghum wort 73.33 � 1.15a 96.00 � 6.00a

BPC 59.62 � 2.92b 119.99 � 8.01b

BWY 16.22 � 2.09c 106.25 � 4.40a

Values are means � standard deviation, n ¼ 3. Means in the same column with
different letters are significantly different according to Tukey's test (p < 0.05).
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3.6. Diets fibers and antimalarial compounds content

The diets fibers and antimalarial compounds content are presented in
Table 6. Just as the phenolic compounds, the diets fibers had higher levels
in sorghum wort than in the beers (BPC and BWY). The diets fibers con-
tents were 0.565 � 0049, 0.245 � 0.007 and 0.47 � 0.014 (g/100 mL)
respectively in sorghum wort, BPC and BWY. In addition, statistical
analysis showed a significant difference between the levels in all samples.
Unlike dietsfibers, no antimalarial compoundswere found in the samples.

4. Discussion

The use of sorghum (Sorghum bicolor) in African traditional medicine
had probably contributed to the market success of traditional sorghum
beer. This beverage has been perceived by consumers as possessing the
therapeutic qualities. In this context, there is a growing demand for this
beer. As the fermentation process influences the formation of bioactive
compounds of this beverage, the differences observed between their
levels in sorghum wort and beers in this study could be attributed to
fermentation process. During fermentation, the level of physicochemical
parameters and bioactive compounds are strongly influenced by the
metabolism of the yeasts. Indeed, it has been reported that some mi-
croorganisms, in particular yeasts, can degrade phenolic compounds
which then serve them as carbon substrates and thus promote their
growth (Macheix et al., 2005). From the phytochemical view a com-
parison of the two beers allows in a sense to highlight the performance of
the Saccharomyces cerevisiae strain used in the study. In according
Macheix et al. (2005), the yeasts are able to use the phenolic compounds
for their growth. Thus, compared to the traditional inoculum composed
of several microorganisms, S. cerevisiae strain seemed to degrade as many
phenolic compounds as the mixture of microorganisms contained in the
traditional inoculum did. Species belonging to genera Saccharomyces,
Candida, Kluyveromyces, Kloeckera and Torulaspora have been identified
in traditional sorghum beer by several authors (Konlani et al., 1996;
Dedeh et al., 1999; N'guessan et al., 2010). Also, during the course of the
alcoholic fermentation, the death of non-Saccharomyces yeasts is usually
attributed to the lower ethanol tolerance of these yeasts by comparison to
S. cerevisiae (Jolly et al., 2006). Thus, the phenolic compounds content
particularly total phenols of the traditional sorghum beer seemed to be
influenced by the inoculum contrary to others phenolic compounds in
this study. According to several authors, the phenolic compounds have a
synergistic effect on antioxidant activity (Goulas et al., 2010; Xie et al.,
2015; Rahmanian et al., 2015). Antioxidant activity of the sorghum wort
seemed related to phenolic compounds. There are no studies sighted in
literature on traditional sorghum beer antioxidant activities. However a
Table 5
Rotated principal component loadings resulting by principal component analysis
for sweet wort and beers (BPC and BWY).

F1 F2

Total Phenols 1.000 0.012
Total Tannins 1.000 �0.010
Total Flavonoids 1.000 �0.011
Total Anthocyanins 1.000 �0.016
DPPH 0.698 0.716
FRAP �0.811 0.585



Fig. 1. Plot of the two principal components in PCA of sorghum wort and beers
(BPC and BWY).
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study on red sorghum grain antioxidant activity, the variety used for
traditional sorghum beer preparation showed that the antioxidant ac-
tivity was related to total phenols content (Boua et al., 2010). This same
result has been observed in this study where the correlation between
total phenols and antioxidant activity (DPPH method) was significant.
For FRAP method, the results were expressed of ascorbic acid equiva-
lents, thus the antioxidant activity value would depend to the ascorbic
acid concentration in sample. Previous studies showed that ascorbic acid
concentration was lower in the sorghum wort than sorghum beer. In fact,
during alcoholic fermentation of traditional sorghum beer, the ascorbic
acid content was increased (Aka et al., 2008a). This increasing would be
due to the yeast metabolic activities, thus the microorganisms could
influenced the antioxidant activity of traditional beverages fermented.
S. cerevisiae strain used as starter in this study seemed to enhance the
ascorbic acid production. Globally, compared to the several other studies
the results of this study are interesting because of the higher antioxidant
activity values. In addition, it is probable the therapeutic qualities of
tchapalo would be due to the cereal used, which is sorghum. Indeed,
according to Collin et al. (2000), sorghum was distinguished from other
cereals used in breweries by its high content of phenolic compounds
whose antioxidants properties are known. Furthermore, significant cor-
relation between total phenols and antioxidant capacity (DPPH method)
observed in this study had been demonstrated by many authors (Beretta
et al., 2005; Ferreira et al., 2009; Bertoncelj et al., 2007). By contrast, the
negative correlation observed between phenolic compounds and anti-
oxidant capacity (FRAP method) observed in our study could revealed
the importance of other phenolic groups in the antioxidant capacity
measured by ferric reducing-antioxidant power (Fe3þ). The negative
correlation observed in this study has been reported by some authors in
their study on the antioxidant activity of medical plants (Bakchiche and
Gherib, 2014; Albano and Miguel, 2011).

The diets fibers content is significantly different between each of the
three beverages, with sorghum wort displaying the highest contents.
Table 6
Diet fibers and antimalarial compounds contents.

Sorghum wort BPC BWY

Diets fibers (g/100 mL) 0.565 � 0.049a 0.245 � 0.007b 0.470 � 0.014c

Quinine formate nd nd nd
Quinine dihydrochloride nd nd nd
Chloroquine nd nd nd

Values are means � standard deviation, n ¼ 3; Means on the same line with
different letters are significantly different according to Tukey's test (p < 0.05).
nd: not detected
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This difference could mean that the microorganisms carrying out the
fermentation could influence the level diets fibers as a result of the
fermentation process. Also, the diets fibers concentration could
decrease during the different step of beer production. However,
comparatively to previous studies the values in this study were low.
Enou (1997) and Kouame et al. (2015), have reported that the tradi-
tional sorghum beer could enhance the digestion. With the low content
of diets fibers in the samples used in this study, the digestive property of
beers could come from other compounds: phenolic compounds. Indeed,
these compounds have been reported as compounds which enhance
digestion (Gary, 2013; Tarko et al., 2013). However, all this remains to
verify. Indeed, although the beers samples of this study contained the
diet fibers and phenolic compounds but only the digestibility test could
confirmed this property.

None of the antimalarial compounds investigated in this study (qui-
nine formate, quinine dihydrochloride, chloroquine) could be found in
the samples. Although some authors state that traditional sorghum beer
has malaria curative properties according popular beliefs (Enou, 1997;
Kouame et al., 2015), the results of this study do not support that.
However, the high phenolic compounds contents and antioxidant activity
found in tchapalo might be of interest as dietary supplements, and
possibly in the prevention of several diseases. Also, the curatives prop-
erties attributed to traditional sorghum beer could be due to
immuno-stimulation. These aspects will need to be further explored as
part of future studies.

5. Conclusion

The traditional sorghum beer showed good antioxidant activities and
the high phenolic compounds content. These parameters could be
influenced by yeasts during fermentation. None antimalarial compounds
have been found and the diets fibers concentrations were relatively
lowest. Undoubtedly the therapeutic qualities attributed to traditional
sorghum beer were due to phenolic compounds. Also, a study in vivowith
animal model will most appropriate.
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